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RESOLUTION 

SANTA MONICA BAY RESTORATION PROJECT 
TECHNICAL ADVISORY COMMITTEE 

WHEREAS, under the Cwperative Agreement between EPA and the State, the SMBRP is 
required to develop a characterization report for Santa Monica Bay as part of the 
Comprehensive Conservation Management Plan (CCMP), 

WHEREAS, this committee and the SMBRP Management Committee adopted the State of 
the Bay report as the preliminary characterization report in June 1992, 

WHEREAS, the SMBRP initiated a contract to prepare the final Santa Monica Bay 
Characterization Study report by updating the State of the Bay report with new scientific 
information, 

WHEREAS, members of this committee as well as outside experts have carefully reviewed 
and helped revise the draft of the final Santa Monica Bay Characterization Study report, 

WHEREAS, this committee finds that the final Santa Monica Bay Characterization Study 
report as received on this date has accurately presented the information regarding the Bay's 
history, status, and trends, and can be used as a credible scientific reference for management 
decision making, 

BE IT RESOLVED THAT, the final characterization report be approved and be submitted to 
the Management Committee for approval, 

BE IT FURTHER RESOLVED THAT, this committee recommends that the characterization 
report be periodically updated during the implementation of the Santa Monica Bay CCMP. 

/ / 
s, 

Craig J. Wilson, Chair 
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Santa Monica Bay is an open embayment on the central part of the southern California coast 
which lies seward of Los Angeles County (Figure 1-1). The Bay is bordered offshore by 
Santa Monica Basin, on each end by rocky headlands (Point Dume and the Palos Verdes 
Peninsula), and onshore by the Los Angeles Coastal Plain and Santa Monica Mountains. 

Five hundred years ago the shores of Santa Monica Bay and the Palos Verdes Peninsula were 
probably inhabited by less than 10,000 native American Indians. These natives used the 
natural resources of the Bay for a variety of purposes, but there were so few of them that any 
impacts on the environment were probably not perceptible. From the time of European 
contact to the twentieth century human impacts on the environment remained relatively 
minor: much of the area remained undeveloped or was used for ranching. However, during 
the twentieth century the area became a major population and indusmal center which 
increasingly imposed itself on the natural environment of the area. 

Today, Santa Monica Bay is a valuable natural resource that contributes to the local economy 
and enhances the quality of life for those who work or live in the area or visit it. The Bay 
supports a commercial party boat fishing industry and offers recreational fishing from piers, 
beaches and private boats. Approximately 500,000 tourists and local residents visit the 
beaches annually to surf, swim, and pursue the many recreational activities. This influx of 
visitors bolsters the local economy and constitutes an important source of revenue. Greater 
Los Angeles is the second largest metropolitan area in the United States, and is home to 
about 15 million people, nearly 6% the population of the United States (Hoffman 1992). This 
population uses the Bay not only for recreation, but also for domestic and indusmal waste 
disposal. Multiple uses of a single resource inevitably lead to conflicts of interest and 
opinion. 

PUBLIC CONCERN FOR THE BAY ANII WATERSHED 

Although concern for the condition of Santa Monica Bay and its watershed has increased 
dramatically during the last 25 years, solutions to some multiple-use conflicts were enacted 
long ago. For example, prior to 1884 raw sewage was discharged across the beach near the 
present Hyperion Treatment Plant and in the following decades nearshore discharges also 
contaminated the beaches with oil, grease, other floatables, and enteric bacteria. However, as 
the population and volume of discharge grew, sewage treatment was improved and discharge 
.outfalls were moved further offshare into deeper water, so recreational use of the shore 
would not be affected. In 1935 the California Department of Fish and Game recognized the 
value of Santa Monica Bay for sport fishing and prohibited commercial fishing (by most 
methods) throughout the Bay. Public concern for the condition of Santa Monica Bay grew 
gradually after World War Il and received a major impetus when the Federal Clean Water 
Act was established in 1972. The heightened awareness of the impacts of pollution which 
accompanied this legislation has resulted in public pressure to restore the natural state of the 
Bay. 

In 1987, the Southern California Association of Governments (SCAG -Appendix A lists all 
acronyms used in this report) established the Santa Monica Bay Steering Committee and 
Santa Monica Bay Scientific Review Committee, and conducted public workshops at which 
issues and concerns about the Bay were aired. SCAG initiated one study to evaluate the state 
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Figure 1-1. Santa Monica Bay and the greater Los Angeles Basin. 

of Santa Monica Bay and another to guide the management of resources and problems in the 
Bay and its watershed. The studies were followed by the preparation of two State-of-the- 
Bay reports: Assessment of Conditions and Pollution Impacts (MBC 1988) and Management 
Framework (SCAG 1988). The information, findings, and recommendations of the two 
reports were publicized at a "State-of-the-Bay" conference in November 1988. 

THE NATIONAL ESTUARY PROGRAM 

T h e  National Estuary Program (NEP) was established by U.S. Congress in the Water 
Quality Act of 1987 and is administered by the United States Environmental Protection 
Agency (EPA). The purpose of the NEP is to create a conservation and management plan 
which will protect and enhance water quality in specific bodies of water (USEPA,OMEP 
1987). In 1988, California Governor Deukmejian nominated Santa Monica Bay to be 
included in the NEP and in July 1988 the Bay became one of 21 bodies of water nationwide 
to be granted this status (Table 1-1). 

SANTA MONICA BAY Under sponsorship by EPA, State Water Resources Control Board (SWRCB), and State 
Environmental Affairs Agency (SEAA), the Santa Monica Bay Restoration Project 
(SMBRP) was established and mandated to meet the goals outlined by the NEP. A 
Management Conference was established to overview the activities of the Project and is 
being conducted by a Management Committee composed of representatives of 54 organiza- 
tions, including Santa Monica Bay area Congressional and State legislative representatives, 
cities bordering. Santa Monica Bay, Los Angeles County, regulatory and resource agencies, 
major dischargers, environmental and industry groups, and public interest groups. A 
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STATE BODY OF WATER 

WEST COAST 
California San Francisco Bay 
California Santa Monica Bay 
Oregon Tillarnook Bay 
Washington Puget Sound 

Florida Indian River Lagoon 
Florida Sarasota Bay 
Florida Tampa Bay 
Louisiana 

Estuarine Complex Barataria-Terrebonne 
Texas Corpus Christi Bay 
Texas Galveston Bay 

EAST COAST 
Delaware Delaware Lnland Bays 
Maine Casco Bay 
Massachusetts Buzzard's Bay 
Massachusetts Massachusetts Bays 
New Jersey, Pennsylvania, 

Delaware Delaware Bay 
New York Peconic Bay 
New York, Connecticut Long Island Sound 
New YorkNew Jersey New York/New Jersey Harbor 
North Carolina Albemarje-Parnlico Sound 
Rhode Island Narragansett Bay 

Puerto Rico San Juan Bay 

tble 1-1. Bodies of water included in the National Estuary Program 

Technical Advisory Committee (TAC) provides scientific and technical expertise to the 
Management Committee while a Public Advisory Committee (PAC) advises those affected 
by the Management Committee's recommendations and actions. 

T h e  goal of the SMBRP is to develop a Comprehensive Conservation and Management Plan 
CONSERVATION & (CCMP) for the Bay which includes the following goals: 

To restore the beneficial uses of Santa Monica Bay and to protect present and future 
beneficial uses of the Bay. Beneficial uses include active and passive recreation, sport 
fishing, shellfish harvesting, and protection of marine habitat, including habitats for rare 
and endangered species and for fish spawning. 

To improve or eliminate discharges to the Bay that may adversely affect biloically sensi- 
tive sites, including wetlands, or important swimming and fishing areas. 

To improve water quality to a point where local marine species are not degraded and 
human health is not threatened. 
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To accomplish these goals, the SMBRP concentrates is in the process of building a 
consensus among all user groups; identifying the major environmental problems in Santa 
Monica Bay; and preparing a plan that can be implemented to protect the Bay and its 
resources. 

PURPOSE AND OBJECTIVES OF THE STUDY 

In 1990. the SMBRP adopted the "State of the Bay: Assessment of Conditions and Pollution 
Impacts" report (MBC 1988) as its preliminary characterization report. Since then the 
SMBRP has developed an outline of the CCMP, drafted Action Plan Elements to be 
addressed in detail in the Plan (Table 1 -2), and has commissioned several studies to fill data 
gaps identified in the State of the Bay report. Meanwhile, the need to document present 
conditions in the Bay was recognized. In April 1992, MBC Applied Environmental Sciences 
was contracted to update the State of the Bay report. 

ACTION DISCUSSION 
PLAN lxAmEm 

I. REDUCE SOURCES OF POLLUTION 
A. Mass Emission Policy 
B. Pollution Prevention Program 
C. Comprehensive Storrnv;ater/Urban Runoff Management Program 
D. Municipal and Industrial Discharge 
E. Prevention and Response to Oil and Hazardous Materials Spills 
F. Remediate Contaminated Sediments 

11. PROTECT THE PUBLIC FROM HEALTH RISKS ASSOCIATED WlTH 
SWIMMING AND CONSUMLNG SEAFOOD FROM THE BAY 
A. Ensure that Bay Seafood is Safe to Consume 12 
B. Reduce Human Health Risks Associated with Swimming in Bay Waters 1 1  

111. RESTORE, PROTECT AND MANAGE HABITATS AND WATERSHEDS 
A. Marine Ecosystem 3,8,9,10 
B. Wetlands 3.8 
C. Beaches and Intertidal Zones 3,8 
D. Watersheds 3.6 

;able 1-2. Draft Action Plan Elements of the Comprehensive Conservation and Mana~ement Plan for Santa - 
donica Bay. 

The objectives of the present study are to update the State of the Bay Report and to provide a 
final characterization report for the Santa Monica Bay Restoration Project. emphasizing the 
tentative Action Plan Elements identified. The general aims of the update, like those of the 
original study, are to assess historic and present levels of pollution and to evaluate the 
impacts of that pollution in the study area. Specific goals include the following: 

to document what is and is not known about the condition of the Bay and its watershed, 
with an emphasis on the effects of pollution on human health and the marine environ- 
ment. 

to determine inconsistencies in the literature regarding the condition and effects of pollu- 
tion in the Bay and its watershed. 

to summarize the reviewed literature and evaluate conclusions from major documents and 
reports. 
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STUDY APPROACH 

to identify areas where additional research is needed to resolve inconsistent findings or to 
clarify appropriate clean-up measures; and, 

to prepare recommendations based upon this information. 

The  basic study approach was to collect, compile, review, summarize, and evaluate new 
information (collected between 1988 and 1992) relevant to the issues of concern. No field 
collections or measurements were made and few original analyses were performed. The orig- 
inal working bibliography of more than 1,000 citations was reviewed, leading to the 
identification of additional pertinent studies. Some of the information in this report was 
derived from published studies, but most of the recent data were collected from unpublished 
reports and personal communications from knowledgeable persons. Unpublished data from 
local agencies were integrated into existing figures and tables. However, the large number of 
studies and the quantity of data which have been generated precluded the inclusion of all 
information; only the more important references are actually cited. 

HUMAN USES OF THE BAY 

T h e  developed area adjacent to Santa Monica Bay is important to Southern California for its 
social, economic, and environmental resources. The Bay forms the western-most edge of 
much of the Los Angeles metropolitan area and is simultaneously a marine environment and 
a densely populated urban area. The kinds of human uses that occur at the interface between 
the Pacific Ocean and Los Angeles have varied over time, including: 

Recreation, Tourism, and Aesthetic Enjoyment 

Sport and Commercial Fishing 

Coastal Development 

Industrial Uses 

These uses constantly compete with each other for the limited amount of land and water, 
resulting in the current patchwork of open space as well as commercial, residential, and 
industrial development. Some uses are mutually exclusive, others can coexist. Recreation, 
tourist facilities, and aesthetic features (views and mild climate) have a symbiotic relation- 
ship in which the elements reinforce one another; in contrast, some shipping and industrial 
uses are incompatible with fishing and recreational uses. 

The following inventory of human uses in and adjacent to Santa Monica Bay emphasizes the 
social, environmental, and economic significance of these activities. When possible, the 
economic value is described. Coastal Santa Monica Bay includes the eleven incorporated 
cities adjacent to the Bay plus the communities of Playa del Rey, Westchester, Venice, 
Pacific Palisades (City of Los Angeles), and Marina del Rey (County of Los Angeles) 
(Figure 1-2). The eleven incorporated cities are El Segundo, Hermosa Beach, Manhattan 
Beach, Malibu. Palos Verdes Estates. Rancho Palos Verdes, Redondo Beach, Rolling Hills, 
Rolling Hills Estates, Santa Monica, and Torrance. Malibu was incorporated in April 1991 
and has a population of about 15,000. Major factors behind incorporation were the local resi- 
dents' desire for low-growth policies and to block construction of a new county sewer 
system. 
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I RECREATIONAL, TOURIST, 
AND AESTHETIC USES I 

14 RMchoPd08Vordrs 
15 Rdling Hillr 
16 Rdlhg Hilk Estrdss stat mi. 

Figure 1-2. Local coastal jurisdictions in the Santa Monica Bay study area, 1992 
(modified from MBC 1988). 

Recreation features and activities can be natural or developed, commercially or non- 
commercially operated. Examples of the four possible combinations abound throughout the 
Bay area. 

Undeveloped natural recreation areas are scarce along the predominantly urban coastline; 
pristine wildlife conditions no longer exist in the study area. Yet significant natural resources 
remain. The Ballona wetlands (between Marina del Rey and Playa del Rey at the mouth of 
Ballona Creek) is a surviving wetlands that contributes to recreation, tourism. and aesthetic 
enjoyment. Urban development has impacted the marsh in recent decades, but efforts to 
reestablish and enhance 15 1 acres of degraded wetlands habitat are being advanced (MBC 
1988). Some relatively undisturbed marsh and riparian habitat is also found in the Malibu 
Creek drainage and the Santa Monica mountains offer a wide range of natural habitats, espe- 
cially inland of the Malibu and Carillo coasts. 

T h e  many miles of bathing beaches between Torrance and Point Dume almost define Santa 
Monica Bay for many persons. The 22 public beaches along the shore provided more than 46 
million person-days of recreation in 1991. Activities include sunbathing, swimming, boating, 
and surfing as well as access to the nearshore waters for skin- and SCUBA-diving. Most of 



these beaches are at least partially developed, offering parking, restrooms, concessions, and 
rental equipment. The natural state of most of them is supplemented with imported sand 
andlor landscaping. The busiest beach in the County is the three-mile long Santa Monica 
Beach. Other developed natural recreation facilities include the beach bike path, which 
extends from Santa Monica to Redondo Beach, and several bluff-top parks overlooking the 
Bay. 

Recreational use of Los Angeles 
County beaches increased 
sharply until the early 1980s, 
attendance peaking in 1983 at 79 
million visitors. While the 
region's population and visitors 
to the area have increased 
steadily since then, beach anen- 
dance has decreased 56% since 
1983 (Figure 1-3) (LAC,DBH 
1987,1992). Although changes 
in the weather account for 
annual fluctuations, the dramatic 
decline may indicate basic 
changes in recreational condi- 
tions at the beaches. In particular is 
public fear of water pollution, 

Figure 1-3. Beach attendance dong Santa Monica Bay, 
1972-1991 (LACPBR unpubl. data). 

congestion, and lack of parking. For example, despite warm temperatures, beach attendance 
declined in late October and November 1987 following two sewage spills into the Bay from 
the Hyperion Treatment Plant (HTF') when some beaches were closed for up to seven days 
(LAC,DBH 1987). In 1991, beaches were closed on five occasions due to spills or overflows, 
and in 1992 beaches were closed at least eight times, including several days following conta- 
mination flowing from the storm drains created from the civil unrest in the spring of 1992. 

Commercial recreation opportunities range from bicycle and roller skate rentals, and "fun 
zone" arcades, to restaurants, bars, and an galleries. Most of these establishments capitalize 
on the pedestrian traffic attracted to the beach and some areas have evolved into recreation 
attractions of their own: Main Street and Santa Monica Pier in Santa Monica; Fisherman's 
Village in Marina del Rey; and King Harbor in Redondo Beach. 

Tourist facilities and activities are abundant around Santa Monica Bay. Hotels, motels, apart- 
ments by the week, restaurants, shops, and conference facilities all cater to day visitors and 
out-of-town visitors. While neither the local economy nor the beach environment alone 
would attract tourism, in combination they create a powerful magnet for visitors. In addition, 
Los Angeles International Airport (LAX) is situated directly on Santa Monica Bay and it 
funnels a large percentage of its 48 million annual passengers into the Santa Monica Bay 
area for at least a portion of their stay. 

Tourist services and attractions are not distributed evenly in the Bay area. Hotel development 
is centered around LAX, although small numbers of guest rooms and conference facilities are 
available in Santa Monica, Marina del Rey, El Segundo, Manhattan Beach, and Redondo 
Beach. An average of 9,372 guest rooms are available daily in the Santa Monica-LAX area, 
10.4% of Los Angeles County's total (Pannell Kerr Forster 1992). The Santa Monica market 
has performed well despite the recession and is expected to remain strong even after the 
addition of two high-end hotel properties that are being added and will diversify the supply. 
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SPORT AND 

Demand in the LAX market has declined in recent years due to reductions in domestic and 
international tourism and in corporate travel. In addition, 700 new rooms were added to the 
market in 1991. Hotel supply in Los Angeles County outpaced demand by moderate levels: 
between 1986 and 1990 the daily average number of rooms available increased by 5%. 
Growth in new hotel rooms during the 1990s is expected to be at a slower rate than in the late 
1980s due to the slow economy, cutbacks in corporate and leisure travel, escalating land 
prices and a more difficult development climate (Pannell Kerr Forster, 1992). There are few 
parcels of land left in the coastal area which are large enough to accommodate hotel-confer- 
ence complexes (LAVCB 1988, pen. comm.). 

Tourism is a powerful economic factor in the Bay area. Complete visitor data are not avail- 
able for most jurisdictions, but a profile of Santa Monica's experience indicates the 
magnitude of visitor contributions to the local and regional economy. Santa Monica reports 
2.5 million visitors annually, 64% of them day visitors. On average, day visitors spend $25 
per day; overnight visitors staying in hotels spend $81 per day and constitute 15% of the 
city's visitor volume. Visitors who lodge with friends and relatives spend approximately $30 
per day and make up about 2 0 8  of the total. In 1986, these visitors added $232 million and 
more than 3,OOO jobs to Santa Monica's economy and the city received $4.2 million in tax 
revenues generated by tourist expenditures. In total, Santa Monica garnered approximately 
6.8% of the state's $3.4 billion tourist income (MBC 1987). 

T h e  aesthetic features (especially marine) and favorable climate of Santa Monica Bay enjoy 
a worldwide reputation. These resources are an amalgam of natural and man-made features 
which have been achieved through merging of coastal themes with urban development. 

The Santa Monica Bay shore offers numerous opportunities to appreciate physical beauty: 
broad beaches, boardwalks, and piers; vistas of Palos Verdes Peninsula, Malibu, and Santa 
Catalina Island; and a variety of public and private facilities and spaces. Local jurisdictions I 

review proposed development plans in order to preserve and enhance existing aesthetic 
resources and scenic areas. 

E 
I 

m 
Aesthetic resources make an intangible but important conmbution to the local economy. - 
They tend to boost tourism and recreation and are closely tied to specific businesses such as 

I 

television and motion picture filming, two staples of the regional economy. I - 
Fishing is one of the most fundamental human uses of the Bay and includes commercial 
passenger fishing vessels (party boats), pier fishing, private boat fishing, scientific collecting, 
and limited commercial fishing. While sport fishing is allowed throughout the Bay, comrner- 
cia1 fishing has been prohibited in about 62% of Santa Monica Bay proper to protect local 
fish populations, which could be depleted by a combination of both commercial and sport 
fishing. Commercial fishing for white croaker off Palos Verdes has been banned since early 
1990 due to white croaker contamination problems (Velez 1993. pers. comm.). Purse 
seining, gillnetting, and traps are prohibited in parts of the Bay east of a line between Malibu 
Point and Palos Verdes Point. 

Commercial fishing activity in the rest of the Bay centers around gillnetting for California 
halibut west of Malibu and south of Palos Verdes Point, and purse seining for northern 
anchovy in the outer portions of the Bay (MBC 1985). Under Assembly Bill 2315, experi- 
mental gear permits are issued for round haul net fishing for live bait (Velez 1993, pers. 
comm.) throughout all the Bay. Commercial catches from Santa Monica Bay are negligible. 
Limited commercial marine life collections are made for scientific and educational speci- 
mens and unauthorized commercial fishing and poaching may occur to some extent, although 
its magnitude is not known. 
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Although statistics are not available for Santa Monica Bay alone, 5.5 million sport fishing 
trips were made in Southern California in 1989. It is estimated that 11% of those trips 
involved beach fishing, 22% involved pier fishing, 30% involved commercial passenger 
fishing vessels (CPFVs), and 37% involved private fishing boats (NMFS 1991). The sport 
fishery catch from Santa Monica Bay is monitored by the California Department of Fish and 
Game (CDFG). In 1987 the sport fishery catch (79,197 anglers) was dominated by Pacific 
bonito, chub (Pacific) mackerel, and barred sand bass (CDFG,MRD, unpub. data). In 1991- 
1992, the sport fishery of the Bay was dominated by chub mackerel, barred sand bass, and 
kelp bass (MBC, in prep.). 

The sport fishery catch has some economic value as food, but fees paid to charter operators 
and other onshore expenditures have a much greater impact on the local economy. 
Expenditures on saltwater fishing in Southern California totalled $536.3 million in 1989, 
16% of which was on licenses and gear, 23% on boat related expenses, and 61% on trip- 
related expenses. Los Angeles County residents accounted for 37% of that total. About 
465,000 of the 6.1 million households in Southern California coastal counties included at 
least one member who went sportfishing in 1989. 

Los Angeles residents spend an average of $27.13 per fishing trip on tackle, food, lodging. 
boat fuel, boat fees, and gasoline. Shore anglers spend an average of $27.44 per fishing trip 
and party boat anglers spend an average of $72.76 per fishing trip. The average expenditures 
noted above, if applied to the totals counted by CDFG, would account for a total contribution 
to the local economy by sport anglers in Santa Monica Bay in excess of $3.6 million. 

Recreational fishing facilities in the Bay area include piers at Malibu, Santa Monica, Venice, 
Manhattan Beach, Hermosa Beach, and Redondo Beach and a fishing barge off Redondo 
Beach. There are small craft harbors at Marina del Rey and at King Harbor in Redondo 
Beach. Fourteen artificial reefs designed to enhance marine life and improve spon fishing 
opportunities have been installed offshore at Malibu, Paradise Cove, Santa Monica, Marina 
del Rey, Manhattan Beach, Hermosa Beach, and Redondo Beach since 1958 and nine of 
these remain (Lewis and McKee 1989). Commercial passenger fishing vessels (party boats) 
can be taken at Malibu, Marina del Rey, and Redondo Beach. Party boats from Los Angeles 
and Long Beach Harbors also fish in the area. 

COASTAL DEVELOPMENT IN THE SANTA MONICA BAY AREA 

Development of the Santa Monica Bay area is extensive: of the 67.6 mi? of land adja- 
cent to the Bay (for which data exist) about 55% are devoted to residential uses; 14% 
commercial uses; 1 1% industrial uses; and 3% to transportation comdors (Table 1-3) 
(SCAG 1992a). Although 17% of the area are vacant. few sizable vacant parcels 
remain, the Hughes Playa Vista property is the largest. 

Like the rest of the region, the Santa Monica Bay area is under pressure for living and 
working space: several regional employers in the area have fueled competition for the limited 
supply of coastal land. Density in areas adjacent to the Bay has increased in response to the 
demand for housing and business locations with coastal amenities. 

For the most part land-use is regulated by the individual jurisdictions bordering the Bay and 
are specified in each cities' General Plan. The California Coastal Commission also regulates 
development in the Coastal Zone through Local Coastal Plans which are formulated by the 
jurisdictions in accordance with Commission policies and planning principles. 
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Area (mlz) 
Jurisdlct Ions Commercial Industrial Resldentlal TIC Vacant Total 

El Segundo 
Hermosa Beach 
W e n i c e  
L M A X  Westchesler 
LAmacific Palisades 
LANalibu 
WPlaya Del Rey 
LAlMarina Del Rey 

Manhattan Beach 
Palos Verdes Estates 
Rancho Palos Verdes 
Redondo Beach 
Rolling Hills 
Rolling Hills Estates 
Santa Monica 
Torrance 

Total Area 
Total Percent 

Table 1-3. Major land uses of local coastal jurisdictions within the Santa Monica Bay area, 1992. 

Coastal development itself is a major economic activity. The assessed valuation of property 
in jurisdictions around Santa Monica Bay ranged from $296 to $7.618 million in 1987 (Table 
1-4) (LAC,AC 1988) and the full-market value of residential, commercial, and industrial 
properties in the area exceeded $30 billion. This figure does not include the value of 
publicly-held or otherwise tax exempt property such as libraries, schools and colleges, and 
parks and recreation facilities, nor does it include City and County of Los Angeles Plan 
areas, for which statistics were unavailable. Nevertheless, this indicator of private investment 
accounts for 9.7% of the Los Angeles County total. 

In addition to its ultimate assessed value, development contributes to local and regional 
economics during construction. Construction jobs and expenditures are a major segment of 
the southern California economy. Coastal development also supports the local economy 
through property taxes and development fees, which are used in part to fund recreation and 
open-space amenities that encourage still other economic benefits, primarily tourism. 

The predominant human use in the Santa Monica Bay area is residential (Table 1-3). The 
Bay's recreation and air quality resources make it one of the most desirable sectors of the 
region in which to live: housing unit vacancies fall well below the County's 4% average in 
all but a few of the Bay jurisdictions. Except for the Palos Verdes Peninsula, the average 
household size is also below the Los Angeles County average, indicating a trend toward 
smaller, denser housing units (LAC,DRP 1987). The Bay area's housing stock is 7% of the 
Los Angeles County total (Table 1-5) (SCAG 1992b) and it houses 7% of the County's 
population, underlining the small household size along the coastal area. Torrance, Santa 
Monica, and Redondo Beach have the greatest number of housing units (Table 1-5) (SCAG 
1992b). Between 1987 and 1992, the number of housing units increased 450% in Playa del 
Rey; the next highest rates of increase were Marina del Rey with 16% and Rancho Palos 
Verdes with 7% (Table 1-5). Pacific Palisades, Westchester, and Venice had fewer housing 
units in 1992 than in 1987, with decreases of 66,58, and 20%, respectively. 
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Commercial and industrial land uses 
in the Santa Monica area contribute 
to the regional economy in terms of 
employment. In 1980, commercial 
and industrial land users in the Bay 
area provided 18% of the five-county 
region's jobs on only 4% of its land. 
These figures include inland portions 
of West Los Angeles, but exclude 
major job centers such as UCLA, 
Westwood, and Century City. Jobs 
within the Bay area are diffused 
throughout the 16 jurisdictions, 
although there are major concentra- 
tions in Santa Monica, South Bay, 
and at LAX. While the absolute 
numbers of jobs have changed since 
1980, the general patterns have been 
reinforced through additional land 
development and employment growth. 

Valuation 
($ in millions) 

El Segundo 4,724 
Hermosa Beach 1,002 
W e n i c e  na 
WLAX Westchester na 
WPaclfic Pailsades na 
W a l l b u  na 
W l a y a  Del Rey na 
W a r l n a  Del Rey na 
Manhattan Beach 2,533 
Palm Verdes Estates 1 284 
Rancho Palm Verdes 2,571 
Redondo Beach 3,690 
Rolling Hills 296 
Rolling Hills Estates 767 
Santa Monica 5,863 
Torrance 7,610 

Total 30,348 

rable 1-4. Assessed values of development within 
/urisdictions of the coastal Santa Monica Bay area. 
1987. 

Commercial and industrial land uses in the area support 17% of the region's retail jobs, 16% 
of financial jobs, 22% of business sector employment, 23% of service and entertainment 
jobs, 16% of professional workers, and 15% of public administration positions. The area also 
accommodates 20% of the region's manufacturing workers, 23% of transportation employ- 
ment, and 18% of wholesale employment. This impact is augmented by the goods and 
services produced by the workers, which have regional, national, and international signifi- 
cance (Gordon 1988, pen. comm.). 

Marine development in the Bay area includes piers, artificial reefs, and breakwaters. 
Commercial and industrial activities which depend on a coastal location are clustered in and 
around the small craft harbors and piers. Boat building and maintenance, fishing. and tourist 
facilities are coastal dependent commercial and industrial activities. However, electric power 
generating stations and an oil refinery must also be included as coastal-dependent, the former 
for cooling water and the latter for tanker access. 

Secondary economic impacts from the Bay area's commercial and industrial activities 
emanate to the rest of the Los Angeles region. Employees from outside areas spend most of 
their income elsewhere, thus boosting sales and tax revenues there. Goods and services 
produced in the Bay area are often sold or consumed in other sectors of the region. 

With the exception of the Playa Vista land holding, which is being planned for mixed-use 
development, the study area is at or near build-out. Future coastal development is limited by 
the lack of available vacant land. Future growth, along with its primary and secondary 
economic benefits, will be restricted to scattered infill development, recycling, and redevel- 
opment activities. Thus, significant expansion of the Bay area's economic position in the 
region is likely to result in a denser pattern of human activities and development. 

Infrastructure constraints - the willingness of local jurisdictions to work together to fund and 
construct new streets, parking, and sewage treatment capacities - will also limit future 
growth. Downzoning and other growth-curtailing planning and policy actions are now being 
considered in several local jurisdictions. Some of these proposals affect residential growth 
only, others address commercial growth, and some would impact all development. The 
outcome of these deliberations may freeze the present land use pattern and thus limit the 
area's current contribution to the regional economy. 
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Jurlsdictlons 
Percent 

Difference 

El Segundo 
Hermosa Beach 
W e n i c e  
WUU( Westchester 
W a c i f l c  Palisades 
LAlMalibu 
WPlaya Del Rey 
M a r i n a  Del Rey 
Manhattan Beach 
Palos Verdes Estates 
Rancho Palos Verdes 
Redondo Beach 
Rolling Hills 
Rolling Hills Estates 
Santa Monlca 
Torrance 

Total Coastal Unlts 
Total Los Angeles County Unlts 
Percent of Total County 

F 

- 

Table 1-5. Housing stock in the coastal Santa Monica area, 1987 and 1992. 

I N D U S T R I A L  U S E S  1 0 1  T H E  BAY AREA I Industrial land use is found in all but two Bay area jurisdictions. El Segundo, Torrance, and 
Westchester-LAX-Playa del Rey contain industrial centers of 1,500 acres or more, while 
Santa Monica, Redondo Beach, and Manhattan Beach contain industrial centers of 250 to 
500 acres (LAC 1987). Industrial uses also affect the marine environment directly through 
wastewater discharges and use of the ocean for transport. 

The industriaUmunicipa1 activities that most impact the Bay are power generation, oil 
refining, and waste disposal. Most of the industrial facilities of concern are located 
nearshore, between Marina del Rey and Redondo Beach: the Los Angeles Department of 
Water and Power's Scattergood Generating Station; Southern California Edison's (SCE) El 
Segundo and Redondo Generating Stations; the Chevron USA's El Segundo Refinery; and 
the City of Los Angeles Hyperion Treatment Plant (HTP). 

Los Angeles International Airport (LAX) is an industrial facility and aerospace-related 
manufacturing center which is located on the Bay but provide essential regional services; the 
airport relies upon its proximity to the Bay for safe flight paths exiting the airport. 

The three power generation facilities use Bay water for condenser cooling and disposal of a 
small amount of treated effluent. Together, these plants circulate up to 238 billion gallons of 
seawater per day. Southern California Edison's plants generated $625.5 million worth of 
electrical energy sales to the region in 1987 (SCE,SGD 1988). 

Chevron USA uses Santa Monica Bay to transport crude oil and refined petroleum products 
to and from its El Segundo Refinery. Small coastal lightening tankers load and off-load at 
the refinery using a three-berth offshore facility which connect the marine terminal to the 
refinery with subsea pipelines (Chevron USA 1988, pers. comm.). Small amounts of treated 
effluent are also discharged. 
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HTP discharges treated municipal wastewater at a distance of five miles from shore, relying 
on ocean water to dilute the effluent to safe levels. HTP disposes of a mixture of secondary- 
and primary-treated wastewater via a 5-mi long outfall pipe into the Bay. The 5-mi outfall 
discharges 60% secondary and 40% primary treated effluent. A 1-mi outfall is used for 
emergency purposes, to discharge chlorinated secondary treated effluent. A 7-mi outfall 
was used for sludge disposal until November 1987. 

The Los Angeles County Sanitation Districts' Joint Water Pollution Control Plant (JWPCP) 
discharges approximately 325 mgd of treated municipal wastewater onto the Palos Verdes 
Shelf. The JWPCP disposes of a mixture of 60% secondary- and 40% advanced primary- 
treated wastewater through two outfalls, 90- and 120-in. diameter, with a 72-in. diameter 
outfall for emergency backup. JWPCP is the central solids processing facility for five 
upstream water reclamation plants located in Los Angeles County; these plants provide 
primary, secondiuy, and tertiary treatment for 150 mgd wastewater (Stull 1993, pen. 
comm.). 

Each of these industrial/municipal uses impacts the economy in two ways. Each generates 
employment and goods for the local economy and each also provides a regional service 
with a high replacement value. Replacement costs for SCE's electrical generating stations at 
Redondo and El Segundo illustrate the magnitude of the economic value that major indus- 
trial uses for the study area and the region. Based on 1987 totals for capital investment, 
operations and maintenance expenses (including payroll and repairs), fuel expenditures, 
property taxes, and electricity sales, SCE estimates the power replacement value of its El 
Segundo station at $918,000,000, and for its Redondo station at $1,442,000,000 (SCE,SGD 
1988). 

HTP also represents a substantial replacement value, although no estimates are available. 
Some facilities might not be able to replace the loss of a Bay location or resource, at any 
cost. For example, loss of its marine t e d n a l  pipelines across the Bay could force Chevron 
to relocate to an area without transportation constraints. 

Future impacts of industrial facilities on regional economics will depend on the amount of 
expansion and updating that occurs. LAX is the hub of a regional airport system, which is 
expected to grow to 65 million passengers annually by the year 2000 (CLA,DA 1992). HTP 
is being expanded and upgraded at present and is expected to remain the linchpin of Los 
Angeles' wastewater treatment system, whether or not additional capacity is added else- 
where. However, as additional land is unavailable, any expansions can only occur with 
more intensive use of existing land holdings and water resources, or through eminent 
domain. 

Plans for further oil and gas development in  and around Santa Monica Bay have changed in 
recent years. The Department of the Interior Lease Sale No. 95 Offshore Drilling Proposal 
for Southern California, which would have made areas immediately west of Santa Monica 
Bay available for oil and gas exploration and development, has been dropped. Lease Sale 
No. 95 was originally slated for January 1990 but in June of that year President Bush 
deferred the sale until 1996 and in 1992, a moratorium was placed on offshore drilling and 
Lease Sale No. 95 was canceled. In addition, Occidental Petroleum's 22 year effort to drill 
for oil on the company's two acres of coastal property along Pacific Coast Highway ended 
in 1992. Occidental decided not to pursue the drilling plan any further and transferred 
ownership of the property to the City of Los Angeles (LA Times 1992). 
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Santa Monica Bay is an open embayment on the Southern California coast just west of Los 
Angeles, with natural boundaries which extend from Point Dume to Palos Verdes Point. For 
the purposes of this study, the Bay has been defined as extending from the Ventura-Los 
Angeles County Line (west of Point Dume) to Point Fermin (south of Palos Verdes Point) 
and offshore to water depths of about 1,650 feet (Figure 2-1). 

Santa Monica Bay is a relatively small feature in a larger geographic region [the Southern 
California Continental Borderland (Emery 1960, SCCWRP 1973)] - the offshore, 
submerged lands from Point Conception, California to Cape Colnett, Baja California and 
seaward to the Patton Escarpment. Without the geological connotation, this region is known 
more commonly as the Southern California Bight, the seaward boundary of which is the 
California Current. 

The study area consists of three regions: Santa Monica Bay itself; its natural watershed; and 
the wasteshed which drains to it (Figure 2- 1). Santa Monica Bay includes the marine waters 
and seafloor of the area already defined. The watershed is that region of coastal land from 
which surface waters drain naturally to the Bay. The wasteshed is that area from which 
municipal wastes are collected before being treated and discharged to the Bay. The surface 
area of Santa Monica Bay is approximately 266 mi2 and that of the combined watershed and 
wasteshed is approximately 1,380 mi2. Most surface runoff from the wasteshed is carried to 
Los Angeles' Long Beach Harbor (east of the Palos Verdes Peninsula) but some is carried to 
the Bay. 

The physical characteristics of the Santa Monica Bay ecosystem are determined primarily by 
the geology, climate, and oceanography of the region. Geological features provide the 
framework for the system within which climate and oceanography determine many natural 
environmental cycles. 

GEOLOGY 
T h e  present configuration of the Southern California Continental Borderland is largely the 
result of the movement of the Pacific tectonic plate against the North American tectonic 
plate, the San Andreas fault marking the line of contact between the two. Many local 
features in the area result from block-faulting, a geological process in which large blocks of 
the earth's crust are thrown upwards or downwards. Offshore islands and banks represent 
upthrown blocks whereas basins represent downthrown blocks (Emery 1960). The Santa 
Monica Mountains were uplifted, then shifted to the West. 

Santa Monica Bay is the submerged portion of the Los Angeles Coastal Plain, which extends 
southeast of the Santa Monica and San Gabriel Mountains, southwest of the San Bernardino 
Mountains, and north of the Santa Ana Mountains. The Los Angeles Basin lies beneath the 
Coastal Plain and the Bay and was formed as a downthrown block. Sediments eroded from 
the surrounding mountains have subsequently filled the basin to its present surface, near sea 
level (Teny et al. 1956, Emery 1960, Miller and Hyslop 1983)..Sediments near the surface 
of the Basin have been deposited during the last two million years (BLM 1981). 

Offshore of the Los Angeles Basin is the Santa Monica Basin, which is a downthrown block 
that has only been partially filled with eroded sediments; hence it is still a fairly deep marine 
basin. The shelf in Santa Monica Bay is partly the sediment-filled Los Angeles Basin and 

Characterization Study m 



Figure 2-1. Santa Monica Bay study area, watershed, and wasteshed (modifed from MBC 
1988. 

partly the sill that separates the Los Angeles and Santa Monica Basins. Bedrock lies much 
nearer the sediment surface beneath the sill than beneath the two basins (Emery 1960). 

The Palos Verdes Peninsula is an uplifted block that appeared as an island about three million 
years ago; it was later connected to the mainland as a result of sedimentation on the Coastal 
Plain (Reiter 1984). During ice ages, which occur about every 100,000 years, sea level drops as 
much as 425 ft because water is retained in polar glaciers (Covey 1984); during interglacial 
periods sea level rises, to present levels or higher. Most of the terraces which are obvious on the 
Palos Verdes Peninsula (and can be detected on the adjacent seafloor to water depths of 500 ft) 
were formed by wave erosion of the shore when sea level was at a different height for a consid- 
erable period of time. Terraces far above the shoreline on Palos Verdes Peninsula were probably 
exposed as a result of uplifting of the peninsula in recent geologic time. 

The present continental shelf has only been submerged for the last 10,000 years and to the 
present depth for the last 3.000 years. During the peak of the last ice age (18,000 years ago). sea 
level was 384 ft lower than now (Nardin et al. 1981); this would have exposed the entire shelf 
and dry land would have extended as much as 12 miles offshore of the present shoreline. 

Santa Monica Bay is characterized by a getly sloping (about 0.5") continental shelf which 

SANTA MONICA BAY 
extends seaward to the shelf break at a water depth of about 265 ft (Terry et al. 1956). At the 
break, the seafloor steepens along the continental slope but decreases again as the floor of the 
Santa Monica Basin is approached at a water depth of about 2,630 ft. 
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Figure 2-2 Topographic features of Santa Monica Bay (modifed from MBC 1988). 

The shelf in the Bay ranges in width from a few hundred yards to about 12 miles (Figure 2- 
2). It is broadest off El Segundo, narrowest off Redondo Beach, and is transected by three 
submarine canyons: Dume Submarine Canyon across the northwestern shelf off Point Dume; 
Santa Monica Submarine Canyon, seven miles offshore of Ballona Creek; and Redondo 
Submarine Canyon, a few hundred yards off King Harbor. In this report the region between 
Santa Monica hand Point Dume is called the Malibu Shelf and the region between the 
Ventura-Los Angeles County Line and Point Dume is called the Carillo Shelf. 

The Palos Verdes Shelf extends from the southern edge of Redondo Canyon around the 
Palos Verdes Peninsula to Point Ferrnin and offshore to water depths of about 245 feet 
(SDWG 1988). The Palos Verdes Shelf ranges in width from about 1.2 to 4.6 mi, and is 
steeper than in the Bay proper. The shelf break is shallower but less pronounced; below the 
break the seafloor is relatively steep to the boundary of the study area at depths of 1,640 feet. 

T h e  shore of the study area is generally mountainous, with coastal cliffs between the 
Ventura County and Santa Monica and along the Palos Verdes Peninsula. Prior to develop- 
ment, the coast between the palisades at Santa Monica and Malaga Cove consisted of sand 
dunes; wetlands were abundant in the vicinity of Ballona Creek. At present approximately 
50% of the shore of Santa Monica Bay is sandy, constituting the popular recreational 
beaches from Torrance Beach to Santa Monica and intermittently from there to Ventura 
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County. The coast from Point Dume to Pulga Canyon consists of narrow, sandy beaches 
interrupted by rocky outcrops or short stretches of rocky shore. Along the Palos Verdes 
Peninsula the shore is largely cobble with some small sandy pocket beaches (Terry et al. 
1956); these beaches comprise coarser sand than those along the rest of Santa Monica Bay 
and contain some cobble. 

Since creeks in the Ballona Creek drainage were channelized in the 1930s. little sand is 
transported to the Bay from the coastal plain. In the past. occasional shifts in the course of 
the Los Angeles River to Santa Monica Bay probably replenished beach sand. Now the 
primary source of beach sand is cliff erosion (Woodell and Hollar 1991) with some inputs 
from runoff from the Santa Monica Mountains (M~tchell 1987, pen. comrn.) and the Santa 
Clara River (Kolpack 1988, pas. comm.). A landslide at Portuguese Bend has been an 
important source of sediment to the Palos Verdes Shelf since 1956, contributing about 9 
million MT of sediment (Stull 1988, pen. comm.); it has been particularly important since 
1980 (SDWG 1988). 

Sandy beaches are an extension of the intertidal zone, as they are formed by the combined 
action of wind and waves. The source of the sand on Santa Monica Bay beaches is bluff 
erosion and sediment carried from the watershed by coastal streams and rivers. Sand is trans- 
ported longshore and is eventually lost into Redondo Canyon. In some locations, beaches 
have been augmented by nourishment projects which have added more than 24 million cubic 
meters of sand to the shoreline (Woodell and Hollar 1991). 

Dunes depend on a supply of sand which is moved onshore by waves, then further inland 
across low-lying areas by frequent strong winds. Coastal dunes protect low-lying inland 
areas from ocean storms, but they may be completely eroded during a single winter storm 
and reformed during calmer periods. The El Segundo Dunes are the only significant dunes 
remaining in the Santa Monica Bay area. 

Historical. Prior to development, the coast between the palisades at Santa Monica and 
Malaga Cove consisted mostly of sand dunes. Adjacent to Ballona Creek were wetlands with 
fine sediments. Occasional shifts in the course of the Los Angeles River to Santa Monica 
Bay through Ballona Creek probably replenished beach sand. Since the channelization of 
creeks in the Ballona Creek drainage in the 1930s, little sand has been transported to the Bay 
from the coastal plain. Now the only natural source of sand besides bluff erosion is in runoff 
from the Santa Monica Mountains (Mitchell 1987, pers. comm.) or from the Santa Clara 
River in Ventura County via longshpre transport (Kolpac$1988, pers. comm.). The few 
remaining natural dunes are just weit of Los Angeles International Airport (Sharp 1978). 

The shoreline of Santa Monica Bay is gradually eroding because sea level is slowly rising. 
Early developments in the Santa Monica Bay coastal zone included the construction of 
commercial structures on beaches and in the littoral zone and, later, other projects to protect 
these investments from the impacts of natural events. The fust efforts to rebuild eroding 
beaches began in 1930 with the establishment of the Los Angeles County Coastal Studies 
Division. Periodic surveys of the beaches began in 1933; there have been 36 surveys to date. 
As a result of many efforts to counteract the erosion process (construction of groins and 
beach replenishment), beaches along much of Santa Monica Bay are wider than in the past 
(Woodell and Hollar 1991). 

Location and Jurisdiction. The beaches of the Santa Monica Bay study area are variously 
under the jurisdiction of the state, county, city, and private groups. State beaches are run by 
the California Department of Parks and Recreation and include Leo Carrillo, Westward, 
Point Dume. Corral, Malibu Lagoon (Surfrider Beach), Las Tunas, Topanga, and Will 
Rogers to the west of Santa Monica and Dockweiler, Manhattan, Redondo and Royal Palms 



south of there. Beaches, parks, and reserves falling under the jurisdiction of Los Angeles 
County include Nicholas Canyon Beach, Zuma Beach Park, Torrance Beach, Abalone Cove 
Beach, and Abalone Cove Ecological Reserve. 

City jurisdictions include beaches (Santa Monica, Venice, and Hermosa Beaches) and piers 
(Santa Monica Municipal, Venice Fishing, Manhattan Beach Municipal, Hermosa Beach 
Municipal, and Redondo Beach Municipal Piers), Seaside Lagoon , and the Palos Verdes 
Estates Shoreline Preserve. Private beaches include Paradise Cove and Marina del Rey 
Public Beach. Private piers include Paradise Cove Pier, Redondo Sportfishing Pier, and 
Monstad Pier. 

Rocky Intertidal. On coasts exposed to the full force of incoming waves, loose sediments 
have been stripped away leaving underlying bedrock exposed as rocky intertidal habitat. In 
the study area, natural rocky intertidal habitat is found along the Carrillo coast, on the 
Malibu coast from Point Dume to Paradise Cove, along occasional rocky patches from there 
to Big Rock Beach, and along the coast of Palos Verdes Peninsula. Reefs around Point 
Dume are primarily bedrock, but those on the Palos Verdes Shelf include cobble, which is 
less stable than bedrock. Jetties, groins and piers provide artificial intertidal hard-bottom 
habitat along the central Bay. 

The rocky intertidal can be divided into four discrete zones (Hedgpeth and Hinton 1961, 
Carefoot 1977). The splash zone is above the high tide mark and is essentially terrestrial, 
although it is splashed by waves. The upper intertidal zone extends from the bottom of the 
splash zone to about mean high tide, and it is exposed to the air longer than it is under water. 
The middle intertidal zone extends from about mean high water to mean low tide mark; it is 
exposed and submerged for about equal periods of time. The lower intertidal extends from 
mean low tide to the subtidal and is submerged longer than it is exposed. 

The demarcation of zones is also affected by the prevailing wave heights. In an area which is 
exposed to frequent and high waves, the upper zones are displaced upward and the bound- 
aries between adjacent zones are blurred. In protected areas where the average wave height 
area is low, there is no splash zone and the other zones are marked distinctly. 

Sandy Intertidal. Where the coast is not directly exposed to strong waves, sand accumu- 
lates to form beaches. The sandy intertidal is exposed to extremes in temperature, hydration, 
salinity, and movement. During high tides it is covered with cool salt water; on hot days 
during low tides it dries out and heats up rapidly. On rainy days when the tide is out it may 
be exposed to freshwater. Organisms in the sandy intertidal are also subjected to forceful 
wave shock and shifting sand with each high tide. Sandy beaches are less productive of plant 
and animal life than most other marine habitats and zonation is less apparent than on m k y  
shores. 

Sandy beaches have relatively large spaces between sand grains which permits the ready 
flow of water and oxygen well below the sediment surface. Where the sand is coarse and 
wave action is great, fixed bumws are impossible to maintain and most inhabitants are 
small enough to live between the sand grains or, if larger, to quickly bury themselves in the 
loose sand. 

The infaunal communities of the sandy beaches of Santa Monica Bay have not been studied 
in detail, but data from studies conducted at beaches at Point Dume (Patterson 1974, 
Straughan 1982), El Segundo (MBC 1982b,c), Torrance (Straughan 1977b), and King 
Harbor (Straughan 1977a.b) are available. Bight-wide, sandy intertidal habitats support three 
slightly different communities separated along geographic lines (Straughan 1982). All sites 
between Point Mugu and Palos Verdes Peninsula are similar. 
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The bottom type of the seafloor is largely a function of h e  water movement in h e  over- 
lying water mass, although the proximity of the sediment source can be important. Coarse 
sand and gravel are found under swiftly moving water whereas fine silt and clay settle to the 
bottom in quiet water. In most parts of Santa Monica Bay the seafloor consists primarily of 
fine to moderately coarse, unconsolidated sediments. However, hard bottoms of bedrock, 
gravel, and phosphorite are found in some areas (Figure 2-3). 

lm Rock 

Monica 

Unconsolidated (soft) sediments are classified on the basis of grain size into sand, silt, and 
clay fractions. In general, sediments grade from coarse nearshore to fine offshore; thus sedi- 
ments on the shelf are sand whereas those on the slope are silt. Most nearshore sediments of 
Santa Monica Bay are olive green sands, which form an elongate bed which is broadest off 
Manhattan Beach and extending from Venice Beach to the central shelf (Teny et al. 1956). 
Sediments on the northwestern part of the Palos Verdes Shelf are generally coarser than 
those on the Santa Monica Shelf whereas those on the southern. part of the shelf are finer 
(SDWG 1988). 

Silty sand is found over much of the central plateau and on the Palos Verdes Shelf, but only 
in a narrow, nearshore band along Malibu and on the southern portion of the central shelf. 
Sandy silt is characteristic of the upper portion of the basin slope, much of the middle and 
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deep depths off Malibu, and the outer portion of the central plateau. Deeper portions of the 
basin slope have silty sediments (Terry eta[.  1956). Clay was a minor fraction of Santa 
Monica Bay sediments in the 1950s (Terry era[. 1956), but was more common in the 1970s 
(Bascom 1978). 

Most sand on the shelf is fine quartz-feldspar that is being eroded from land, although small 
patches of relict red sand are found on the central plateau and south of Redondo Canyon 
(Terry era[. 1956). Relict red sands were deposited when the sea level was lower; they 
represent ancient beaches or sand dunes that have been reexposed Much of the sand on the 
basin slope and the outer portions of the shelf are glauconite; shell sand occurs on some of 
the basin slopes. 

Sediment composition and distribution change in time and place due to prevailing currents 
and storms. Winter stormsmove beach sand offshore to deeper (10 to 20 feet) water; in 
summer reduced wave intensity allows the sand to reaccumulate onshore (Grant and Shepard 
1939). Currents generally move sand east along the Carillo Shelf toward Dume Canyon 
(Kolpack, 1988, pers. comm.), east along the Malibu Shelf, south along the central shelf 
toward Redondo Canyon, and north from Malaga Cove to Redondo Canyon (Grant and 
Shepard 1939). From time to time sand flows down Redondo Canyon and is lost to the 
nearshore system (Drake and Gorsline 1973). Numerous dikes, groins, and jetties have been 
constructed to help sand accumulate (Woodell and Hollar 1991). Sediments along the upper 
slopes of Santa Monica Canyon and the Palos Verdes Shelf occasionally slump into basins 
as a result of earthquakes and turbidity currents (Haner and Gorsline 1978, Gorsline et al. 
1983, SDWG 1988). 

Sediments-arc typically exposed to oxygen and any organic material is processed by aerobic 
infauna and bacteria which live in the sediments. However, if there is insufficient oxygen in 
the sediments for aerobic decomposers, anaerobic sulfur bacteria may dominate, These 
produce hydrogen sulfide which g&es the sediments the odor typical of rotten eggs. 

Exposed bedrock is found nearshore along the Carillo and Malibu coasts from the Ventura- 
Los Angeles County line to Pulga Canyon and from Malaga Cove to Point Fermin on the 
Palos Verdes Shelf. Exposed bedrock is also found offshore, on the central shelf (Short 
Bank) of the Santa Monica Shelf and in both Santa Monica and Redondo Submarine 
Canyons. Inshore rocky bottoms are similar in composition to those on land nearby; 
however, the offshore bedrock generally consists of siliceous shales with mudstone. silt- 
stone, sandstone. and schist (BLM 1975). 

Stream deposition and the erosion of rocky shore have formed nearshore gravel beds off 
Malibu and along the Palos ~erdes '  Shelf. These gravels are primarily rounded pebbles of 
igneous rock but include metamorphic and sedimentary rock. Other gravel beds surround the 
exposed bedrock areas of Short Bank (Shepard and MacDonald 1938, Terry e ta[ .  1956, 
Bascom 1978) and in Santa Monica Submarine Canyon (Bascom 1978). These presumably 
resulted from the erosion of outcrops at lower sea level stands or from stream deposition at 
that time. 

Anthropogenic hard-bottom substrates in the study area include municipal wastewater 
outfall pipes (three from Hyperion Treatment Plant and four from the Joint Water Pollution 
Control Plant), as well as smaller outfall structures for generating stations and the refinery. 
Other artificial hard-bottom structures include jetties, breakwaters, groins, and artificial 
reefs. 
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Because subtidal, hard-bottom habitats suppan algal growth and attract sportfisheries 
species, the California Department of Fish and Game (CDFG) has constructed 14 artificial 
reefs in Santa Monica Bay since 1958. The first five were consuucted of depradable mate- 
rials (streetcars and automobiles) and have since disappeared. Nine artificial reefs 
(constructed since 1962 out of quarry rock. concrete, pier pilings, tires, and marine vessels) 
are expected to remain for much longer (Lewis and M c K ~  1989). 

T h e  terresrrial environment bordering Santa Monica Bay consists of two major regions: 1) 

WATERSHED 8t WASTESHED 
the watershed and 2) the wasteshed (Figure 2-1). The watershed is the region of coastal land 
that comprises the natural drainage arca of the Bay (i.e.. the land from which surface waters 
drain into the ocean). The natural drainage and its potential to carry pollutants into Santa 
Monica Bay makes the watershed important as it pertains to the Bay's environmental 
quality. The wasteshed is that land area from which municipal wastes originate before being 
treated at municipal waste treatment facilities which discharge to the Bay and hence is not a 
natural physical region. Much of the surface runoff in the wasteshed is carried to the Los 
Angeles-Long Beach Harbor area east of the Palos Verdes Peninsula but some is carried into 
Santa Monica Bay. The surface area of the combined watershed and wasteshed of Santa 
Monica Bay is approximately 1,380 mi2; the watershed drains about 4 14 mi2 (SMBRP 
1992). 

The topography of the terrestrial environment bordering Santa Monica Bay is dominated by 
the Santa Monica Mountains, the Los Angeles Coastal Plain, and the Palos Verdes 
Peninsula. Mountain peaks in the Santa Monica Mountains are up to 3.1 1 1 ft high (on the 
western border of the natural drainage) and in the Palos Verdes Hills up to 1,480 ft (Reiter 
1984). However. most of the plain is less than 500 ft above sea level (Terry et al. 1956, 
CLADPW 1982). 

Historically. the Los Angeles River occasionally emptied into Santa Monica Bay at Ballona 
Creek instead of into San Pedro Bay at Long Beach. This resulted from changes in the 
river's course during unusually heavy storms and is known to have occurred in 1815-1825, 
1862. and 1884 (Terry et al. 1956). When the Los Angeles River discharged through Ballona 
Creek. the natural drainage to Santa Monica Bay was much larger, including the San 
Fernando Valley and part of the San Gabriel Mountains. Because the Los Angeles River is 
now channelized, future discharges through the Ballona Creek are unlikely. 

The area between Ballona Creek and present-day Beverly Hills was often a vast swamp 
(Johnston 1962, Reiter 1984); in fact. the Spanish word for swamp (la cienega) is given to a 
major boulevard in this region. During torrential rains in the winter of 1861-1862, the entire 
area from Los Angeles to the ocean. both toward San Pedro and toward Ballona, was a vast 
lake (Kuhn and Shepard I98 I) .  

The natural drainage of the study area (Figure 2-1) follows the crest of the Santa Monica 
Mountains from the Ventura - Los Angeles County Line (and following a ridge to the sea in 
that area) to a point inland from Point Dume north of Lake Silverwood and from there east 
to Hollywood. From Hollywood it extends south and west across the Los Angeles plain to 
include the area east of Ballona Creek and north of the Baldwin Hills. South of Ballona 
Creek the natural drainage is a narrow coastal strip between Playa del Rey and the Palos 
Verdes Hills. 
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CLIMATE 

A I R  T E M P E R A T U R E  T h e  climate of southern California is Mediterranean, characterized by warm, dry summers 
and mild, wet winters. Although less than half of the days of the year are cloudy, insolation 
(i.e., sunshine) is greatest from March to September. The sun heats the air, land, and water; 
in turn, the land and water heat the air. The average daily (24 hr) air temperature in the study 
area ranges from 45 to 72°F annually (SCCWRP 1973), being coldest in January and 
w m e s t  in July. In summer the Los Angeles Coastal Plain is generally cooler than the 
nearby mountains and inland valleys due to the onshore flow of marine air (Mdler Ad 
Hyslop 1983). Relative humidity is typically about 90% at night and about 60% during the 
day (Kimura 1974). 

A temperature inversion often develops on the Los Angeles Coastal Plain during the 
summer. Cool coastal air is trapped beneath warm air at higher altitudes, resulting in hazy or 
smoggy air. Cool air over upwelling regions of the ocean often results in fog. During late 
spring and early summer, fog may deepen to several thousand yards. causing drizzles 
throughout the Coastal Plain (Miller and Hyslop 1983). At Los Angeles International Airport 
there are usually about 53 days of fog per year (Kimura 1974). 

I R A I N F A L L  
I T h e  average annual rainfall on the Coastal Plain is 12 to 13 inches but ranges from four to 

25 inches (SCCWRP 1973, Kimura 1974, Miller and Hyslop 1983). About 90% of the rain- 
fall occurs between November and April (SCCWRP 1973). In winter cold-front storms 
typically come from the northwest; in summer tropical storms called chubascos occasionally 
come from the southeast. Most storms originate over the ocean as low pressure cells, but 
thunderstorms occasionally result from hot air rising over land (Kimura 1974, Miller and 
Hyslop 1983). 

1 W I N D  
J Prevailing winds along the coast are from the west-northwest and wind speed is generally 

low throughout the year. At Santa Barbara Island, west of Santa Monica Bay, wind speed 
ranges from six to eight mph in the fall to ten to 12 mph during the spring, although gusts 
may reach 60 mph during the winter and spring (Kimura 1974). In summer sea breezes typi- 
cally blow onshore in the morning as air over the land heats up, rises, and pulls cool air from 
the ocean (Miller and Hyslop 1983). At night offshore land breezes often develop as air over 
the land is pulled seaward as air over the warmer ocean rises. 

During winter (but occasionally at other times) Santa Ana winds blow to the west off the 
deserts east of the Los Angeles Basin. These winds result from high pressure cells over the 
desert and enter the coastal zone through mountain passes. Santa Anas are very dry and hot 
as a result of compression as they drop in altitude, and gusts of 50 mph have been recorded. 
Santa Anas are responsible for dispersing dust and air-borne contaminants out over the 
ocean (Miller and Hyslop 1983). 

OCEANOGRAPHY 
Oceanographic conditions in the study area are largely a function of the California Current 
and other offshore currents, as modified by local topography and conditions. 

I C U R R E N T S  ) Oceanic Currents. The California Current is a low-temperature, low-salinity, and nutrient- 
rich current that flows south along the California coast (Figure 2-4). It varies in velocity 
from year to year but is usually weakest in winter and spring (CLA,DPW and USEPA 
1977). South of Point Conception, the California Current generally flows along the Patton 
Escarpment (100 miles offshore) and approaches the coast again near Cape Colnett, Baja 
California. 
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Off Baja California part of the California Current flows north into the Southern California 
Bight as the Southern California Countercurrent. Part of this countercurrent exits the Bight 
through the Santa Barbara Channel and rejoins the California Current while the rest flows 
south nearshore (CLA,DPW 1982). Beneath the surface water mass (i.e., from the surface to 
depths of about 820 ft) is a relatively high-temperature and high-salinity current called the 
California Undercurrent which flows to the north (CLA,DPW and USEPA 1977; Jackson 
1986). This current surfaces nearshore north of Point Conception during the fall and winter 
and is known then as the Davidson Current. 

Figure 2-4. General ocean circulation of the Southern California Bight (modified from CLAPWF' and USEPA 
1977). 

Local currents are affected by local submarine topography, winds, and tides and are of two 
kinds: iongshore currents which flow parallel to shore and cross-shore currents which move 
perpendicular to shore. Longshore currents are fastest near the surface; near-bottom they are 
slowed by seafloor friction. Off Palos Verdes and the seaward edge of Santa Monica Bay 
longshore currents flow north at approximately 0.09 kn (CLA,DPW and USEPA 1977). 
However, surface currents with speeds up to 1 . I 3  kn for several days have been measured on 
the Palos Verdes Shelf (SDWG 1988). Cross-shore currents flow shoreward or seaward near 
the surface and at depth; they are generally caused by surface wind forcing or by internal 
waves (Jackson 1986). 

Surface currents in Santa Monica Bay are complex but those below the upper 100 ft flow 
north (Hickey 1988, pers. cornrn.). Surface currents along the Palos Verdes Shelf may flow 
northwest or south-southeast, at all depths and throughout the year. However, during the 
winter they tend to flow northwest and west-southwest below 150 ft; in summer they flow 
northeast and south-southeast near the surface (SCCWRP 1973). 

Water sometimes enters Santa Monica Bay from the south, moving in a slow counterclock- 
wise eddy. However, when the northward current is weakened, a clockwise gyre may 
develop. During these periods, a southward, longshore flow with speeds of 0.04 kn is 
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induced (SCCWRP 1973, Hendricks 1980, CLA,DPW 1982). Recent studies suggest that 
the clockwise gyre may dominate on the shelf, except when it reverses for a few days at a 
time and inshore of the 70 feet isobath due to tidal action. The residence time of surface 
water (0-300 ft) in the Bay is estimated to be three to four days (bckey 1988, pers. comm.). 

Littoral currents move along shore and adjacent to the shore. and are caused by breaking 
waves, as modified by shore topography. The littoral currents may move as much as 8 feet 
per second and often transport beach sediments in a turbid layer which is denser than 
seawater and which may flow into submarine canyons as turbidity currents (Drake and 
Gorsline 1973). Point Dume and the offshore islands shelter much of Santa Monica Bay 
from most westerly and northerly storms. However, long period waves from southern 
storms may generate surf ten to 15 feet high along the Malibu coast, reworking sediments to 
water depths of 250 feet (Haner and Gorsline 1978). On the Palos Verdes Shelf, storm 
waves can resuspend sediments to water depths of 150 feet (SDWG 1988). 

Southern California has a mixed, semidiurnal tide, which is composed of two unequal high 
tides and two unequal low tides every 24 hours and 50 minutes. In Santa Monica Bay the 
high and low tides generally differ by 3.7 feet, although spring tides may differ by 5.4 feet 
(NOS 1986). Tidal currents tend to flow onshore-offshore, but they achieve their greatest 
velocities along shore (SCCWRP 1973. Down-canyon tidal flows in Santa Monica 
Submarine Canyon have been measured at 0.14 ftl second and up-canyon velocities at 
0.1Wsec (Hendricks 1980, CLASPW 1982). Similar flows probably occur in Dume and 
Redondo Submarine Canyons. 

During prolonged northwesterly winds, nearshore surface water is transported offshore 
along coasts with a northwest-southeast orientation. In this process, known as upwelling 
deep, oxygen-poor and nutrient-rich watercomes to the surface to replace the surface water. 
In the study area upwelling is most likely to occur off the southwest portion of the Palos 
Verdes Shelf during the winter and spring (CLA,.DPW and USEPA 1977). 

Natural seawater is characterized by a number of physical and chemical attributes, all of 
which vary seasonally as well as in irregular fashion. Key characteristics are described 
below, especially as they may be influenced by man's activities. 

Horizontal differences in the temperature of seawater are due primarily to variations in the 
California Current and Countercumnt. Surface temperatures in the Southern California 
Bight range from about 52 to 73°F and are warmest (61 to 73°F) from July to December and 
coolest (52 to 63°F) from January to June (AHF 1965, CLA.DPW 1982; Bratkovich 1988, 
pers. comm.). Average annual surface water temperatures in Santa Monica Bay ranged from 
60 to 65.8" between 1956 and 1986 (Mearns 1987, pers. comm.). 

Below 100 feet seasonal temperature patterns are different (Jackson 1986). At 200 feet 
temperatures range from 50 to 59°F and are w m e s t  from October to March and coolest 
from April to September. At 500 feet temperatures are relatively constant at 47 to 50F (AHF 
1965, CLA,DPW and USEPA 1977). 

T h e  major feature of seawater is the dissolved salts which produce its characteristic salti- 
ness. Sality is measured in parts per thousand (ppt), which refers to the amount of salt it 
contains. Most of the salt is common table salt, sodium chloride (NaCI); abundant ions in 
seawater include sodium (Na+), chloride (CI-), sulfact (SO,--), magnesium (Mg++), calcium 
(Ca++), potassium (K+), and bicarbonate @KO3-). Chloride comprises about 55% of the 
ions, sodium about 30%. and sulfate about eight percent. The concentration of most of these 
ions is fairly constant and they are so abundant that even unusually high levels do not affect 
the overall salinity and hence are not considered contaminants. 
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Salinity in the California Current ranges from 33.5 to 34.1 ppt, whereas in the California 
Undercurrent it ranges from 33.4 to 34.6 ppt (CLA.DPW and USEPA 1977; Jackson 1986). 
The coastal waters of Santa Monica Bay are normally more saline during the summer due to 
evaporation of water and less saline in winter as a result of freshwater runoff. Salinity is 
usually less variable at greater depths. 

T h e  density of seawater is a function of its temperature and its salinity. Thus, layers of 
sharply different densities adjacent to one another (a pycnocline) can result from differences 
in temperature, salinity, or a combination of the two. If separated primarily by temperature, 
the pycnocline is also a thermocline; if separated primarily by salinity, it is also a halocline. 
Water above the pycnocline usually has little internal structure; it tends to be homogeneous 
and is called the mixed layer. 

A pycnocline is a natural barrier to the exchange of water between the two layers. 
Wastewater is usually discharged below the pycnocline in order to prevent movement of the 
effluent into surface waters; except for oil and grease the plume is unlikely to reach the 
surface when the sea is stratified (CMPPW and USEPA 1977). 

In Santa Monica Bay a thermocline often develops (from spring to fall) as a result of warm 
surface temperatures. In winter and spring there may also be a low-salinity lens at the 
surface which results from stream runoff. In summer a pycnocline occurs over the shelf at 
depths of about 35 feet. When the surface temperature drops in the fall the density of the 
upper layer approaches that of the lower layer, the pycnocline breaks down. The mixed layer 
then extends into depths of 100 feet between December and March (Jackson 1986). 

A s  light penetrates the ocean it is reflected, absorbed, or scattered. The depth of light pene- 
tration is greatest in transparent waters and least in turbid waters. Water transparency (as 
measured by a standard Secchi disk) generally ranges from 20 to 50 feet in southern 
California. However, within a mile of stream deltas it may be less than 20 feet and off rocky 
areas it is often greater than 40 ft (AHF 1965, CLAPPW and USEPA 1977). From 1956 to 
1986 it ranged from 33 to 66 feet in Santa Monica Bay (Mearns 1987, pen. corn.).  

Light penetration is especially important to photosynthesis (the process by which plants 
utilize carbon dioxide and water to produce, in the presence of light, organic matter and 
oxygen. Most photosynthesis occurs in the mixed layer, from the surface to water depths of 
about 33 feet. As light levels decrease photosynthesis decreases. The "compensation depth" 
refers to the depth at which light levels are so low that no net photosynthesis can occur; this 
depth marks the bottom of the "photic" zone. 

Because inshore waters are generally more turbid, the photic zone may be less than 160 feet 
deep, whereas offshore it may extend deeper. Sunlight intersects the sea surface at a steeper 
angle in summer than in winter, thus light penetrates more deeply in summer and the photic 
zone is deeper. 

T h e  pH of seawater over the shelf ranges from 7.5 to 8.6. High values result from photo- 
synthesis which removes C02 from the water. Because photosynthesis decreases and net 
respiration increases with depth, C02 increases and hence pH decreases with depth 
(CLA,DPW and USEPA 1977). 



Oxyeen is required for respiration (and thus life) of both plants and animals. As organic 
material decomposes, oxygen is used up, creating a biochemical oxygen demand (BOD). 
Dissolved oxygen (DO) levels are generally high near the surface as a result of input from 
the atmosphere and from photosynthesis; DO decreases with depth, as distance from the 
surface increases and photosynthesis ceases. The DO level near the sea surface is generally 
near saturation (approximately 5.5 mH), but saturation varies with temperature and salinity. 
At water depths of more than 200 feet, DO is usually about 2.8 m u ,  but is only 0.5 ml/l at 
depths of 1,640 feet along the slope of Santa Monica Bay. DO is virtually absent at the 
bottom of Santa Monica Basin (Emery 1960; BLM 1975; CLA,DPW and USEPA 1977; 
CLA,DPW 1982). 

Nitroeen (ammonia, nitrite, nitrate), phosphate, and silicate are dissolved, inorganic mate- 
rials which are required for photosynthesis and are called nutrients. Nutrients are especially 
important in the formation of amino acids (protein, nitrogen) and nucleic acids (phospho- 
rous) as well as nonliving shells or tests (silicate). 

Nutrient levels are generally low in the mixed layer and high in deeper water. This results 
from their utilization by phytoplankton in the photic zone and their regeneration by bacteria 
which are most abundant near the pycnocline. Nitrate is the predominant form of nitrogen 
found below the photic zone (Williams 1986). 

In freshwater systems phytoplankton productivity is generally limited by the availability of 
phosphate. In the ocean, however, phytoplankton activity tends to be limited by the avail- 
ability of nitrogen. Nutrients are replenished in the photic zone during upwelling or when the 
pycnocline breaks down in the winter; however, sewage and surface runoff may also add 
nitrogen and phosphate to local areas. 

Virtually all trace metals occur naturally in seawater. Among the more abundant are copper 
(Cu), manganese (Mn), zinc (Zn), cadmium (Cd), cobalt (Co), silver (Ag), nickel mi), and 
iron (Fe) (Williams 1986). Iron, manganese, and cobalt are abundant in the natural surface 
runoff from the Santa Monica Mountains (SCCWRP 1973). 

Manganese and cobalt are typically more concentrated in surface waters than at depth, 
whereas the concentrations of cadmium, zinc, nickel, copper, and silver increase with depth. 
These patterns reflect both biological and chemical processes. For instance, iron is used by 
fish and other organisms to secure oxygen from the water and hence its concentration may 
be related to the abundance of organisms requiring it. Most trace metals are required for the 
growth of some organisms. 

Both particulate and dissolved organic compounds are found in seawater. The particulate 
phases are described as total particulate organic carbon, particulate organic nitrogen, and 
particulate organic phosphorus. Particulate organic materials are most abundant in the photic 
zone, less so with depth. Particulates absorb trace metals and other contaminants; hence they 
are important in transponing these substances from the water column to the bottom 
(Williams 1986). 

Dissolved organics include material from decaying organisms, their excretions and secre- 
tions, as well as synthetic materials produced by man. The major components are total 
dissolved organic carbon, dissolved organic nitrogen, and dissolved organic phosphorus. The 
concentrations of these components are high in the mixed layer and low at greater depths. 
For the most part materials are produced by phytoplankton in the photic zone and are broken 
down by bacteria at greater depths (Williams 1986). 

Characterization Smdy Em 



I EL N I N O  
( Every so often, with a quasiperiodicity of three to five years (Graham and White 1988), the 

oceanic environment of Southern California changes dramatically as an El NiAo Southern 
Oscillation (ENSO) event takes place. During an El Nifio, the normal water mass off the 
California coast is replaced with water which is warmer, more saline, and lower in nutrients 
than usual. These conditions extend through the water column and may persist for months or 
years. 

El Nifios result from large-scale changes in the climate and oceanography of the Pacific 
Ocean as a whole. Normally tradewinds, which blow to the west north of the Equator, force 
water to pile up in the .western Pacific. When the tradewinds weaken, seawater flows down- 
hill (as a long-period wave) toward the eastern Pacific. When this wave encounters the 
Americas, it moves both north and south along the coast. Because currents in the North 
Pacific also decrease in strength, the south-flowing California Current is weakened and the 
warm-water mass from equatorial latitudes penetrates into the Southern California Bight. 
The most recent large El Nifio Event was in 1982-1983, with the previous large El Niao in 
1957- 1959. Events of lesser magnitude occurred in 1986- 1987 and in 199 1-1 992 (Radovich 
1961, Graham and White 1988, Kerr 1992). 

During an El Niiio marine organisms with more southern distributions occur in the Bight 
whereas cold water species become less abundant: pelagic red crabs were abundant offshore 
southern California in 1982 and 1983. During an El Niiio the sport and commercial fisheries 
(and success) for pelagic species may increase dramatically. 





TERRESTRIAL ENVIRONMENTS 

Terrestrial organisms in the study area are largely warm-temperate species of the California 
Wildlife Region (Brown and Lawrence 1965). The only life zone in the watershed is the 
Upper Sonoran life zone (Grinnell 1935); although the altitude lies within the range normally 
classified as Lower Sonoran, the temperatures are cooler and humidity is higher along the 
coast than in areas of similar altitude elsewhere in Southern California. 

H A B I T A T S  A N D  P L A N T  1 COMMUNITIES I 
T h e  Santa Monica Bay watershed and its surrounding area includes a variety of terrestrial 
habitats and plant communities (often regarded as habitats because of the nature of the phys- 
ical structure they provide to the habitat). Many of these would have occurred prior to 
European contact but several have developed since that time, particularly with urbanization. 
The Santa Monica Mountains alone have more than 860 species of flowering plants (Ikeda et 
al. 1991); the more urbanized areas of the watershed have many additional species, most of 
which are introduced. 

Thirteen terrestrial habitats are found in the Santa Monica watershed (Figure 3-1) (Mayer 
and Laudenslayer 1988). Nine of these occur throughout the watershed: Eucalyptus, Valley 
Foothill Riparian, Coastal Scrub. Annual Grassland, Fresh Emergent Wetland, Riverine, 
Lacustrine, Orchard-Vineyard, and Urban. The four remaining habitats (Valley Oak 
Woodland. Coastal Oak Woodland, Mixed Chaparral, and Chamise-Redshank Chaparral) are 
specific to the Santa Monica Mountains. 

Three of the ubiquitous habitats (Fresh Emergent Wetlands, Riverine, and Lacustrine) are 
wetlands habitats, two (Eucalyptus and Annual Grassland) consist primarily of introduced 
species, two (Orchard-Vineyard and Urban) result from human development, and two 
(Valley Foothill Riparian and Coastal Scrub) are entirely native to the area (Mayer and 
Laudenslayer 1988) 

T h e  Valley Oak Woodland occurs exclusively in the western part of the Santa Monica 
Mountain portion of the study area (Mayer and Laudenslayer 1988). particularly in the Upper 
Malibu Creek Drainage. This habitat is dominated by valley oak, a deciduous oak 50-1 15 
feet tall. The trees may be sparsely distributed as in a savannah or more densely distributed 
with partially closed canopies. It is best developed on deep, well-drained alluvial soils in 
valley bottoms. The Valley Oak Woodland habitat usually merges with the Annual 
Grassland habitat or near streams with the Valley-Foothill Riparian vegetation. 

There is generally little recruitment of young valley oaks to this habitat to replace the older 
oaks which are being destroyed by urban and agricultural development. Most surviving 
stands in the state are from 100 to 300 years old, some reaching 400 years old. Valley Oak 
Woodland is important to mammals such as the gray fox, western gray squirrel, and mule 
deer, and for birds such as the redtail hawk, European starling, and California quail (Mayer 
and Laudenslayer 1988). At Malibu Creek State Park grasses have been planted to associate 
with Valley Oak Woodland in an effort to expand the potential habitat for valley oak 
(Danielsen and Halvorson 1990). 
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Figure 3-1. Major habitat areas of the Santa Monica Bay watershed. 

T h e  Coastal Oak Woodland occurs in the Santa Monica Mountains, but not immediately 
near the coast (Mayer and Laudenslayer 1988). This habitat is dominated by coast oak and 
California walnut; the oak is evergreen and the walnut is deciduous. In moist sites, the trees 
are dense and form a closed canopy 15-70 feet high; in dry areas they are more widely 
spaced, forming a savannah. The understory ranges from lush, shade-tolerant shrubs and 
ferns beneath closed canopies to annual grassland in dry areas; shrubs from neighboring 
chaparral and coastal scrub communities may contribute to the understory (Mayer and 
Laudenslayer 1988). 

This habitat can be further divided into a number of subhabitats based on understory plants 
(Allen 1990). The Coastal Oak Woodland community is best developed on moderately to 
well-drained soils which are moderately deep and have low to medium fertility. Coastal oak 
woodlands consist of slow-growing, long-lived trees that require 60-80 years to regenerate 
large mature trees; most stands consist of medium to large trees with a few saplings. This 
community has experienced an increased frequency of fires in recent years but coast oak 
generally survives fires. Important vertebrate species in this community include California 
quail, western gray squirrel, and mule deer (Mayer and Laudenslayer 1988). 
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T h e  Eucalyptus habitat occurs throughout the watershed and wasteshed in disturbed, agri- 
cultural, or urban sites (Mayer and Laudenslayer 1988). This habitat is usually dominated by 
blue gum, to a lesser extent by red gum. Eucalyptus, or gum trees, were introduced into 
California from Australia in 1856. The structure of the habitat ranges from thickets of a 
single species with no understory to scattered trees with a welldeveloped shrubby under- 
story. They are planted in rows to provide wind breaks or in groves for hardwood 
harvesting. Gum trees typically stand 87 to 133 feet high, but some reach a height of 264 
feet. Understory plants range from annual grassland species in groves to coastal scrub or 
chaparral species; near streams, riparian plants may occur in the understory. They are also 
planted near orchards and vineyards. The allelopathic nature of gum tree litter prevents 
many other plants from developing in the understory. Gum irees regenerate rapidly 
following fires, reproducing vegetatively as well as by seeds. Most gum trees achieve 70- 
90% of their height in their fust 15 years. Crows, ravens, and barn owls are common in the 
Eucalyptus habitat; the bark litter provides habitat for southern alligator lizards, gopher 
snakes, and woodrats. The habitat does not occur above 2,100 feet altitude (Mayer and 
Laudenslayer 1988). 

T h e  Valley Foothill Riparian habitat occurs throughout the watershed and wasteshed, in 
valleys, coastal plains, and foothills; next to low velocity streams on gravelly or rocky soils; 
and in association with annual grassland or oak woodland (Mayer and Laudenslayer 1988). 
This habitat is dominated by Fremont cottonwood, California sycamore, and valley oak; 
California sycamore is dominant in coastal areas of the Santa Monica Mountains. White 
alder is the dominant subcanopy tree but many shrubs (e.g., wild grapes, willows, poison 
oak) and herbaceous plants occur in the understory. The dominant species are deciduous. 
The canopy is about 100 feet high and coverage is 20-80%. Cottonwood trees become large 
mature trees at 20-25 years. Willows generally dominate in early stages of succession and, 
where there are good flows of silt, may persist indefinitely. The Valley Foothill Riparian 
habitat is important to many species of mammals, birds, reptiles, and amphibians (Mayer 
and Laudenslayer 1988). 

mDW'AW1AL 
T h e  Mixed Chaparral habitat is only found in the Santa Monica Mountain portion of the 
watershed. It is dominated by shrubs with stiff evergreen leaves (Mayer and Laudenslayer 
1988). It generally occurs above the coastal scrub habitat and occurs predominantly on moist 
coastal or north- and east-facing slopes with Chamise-Redshank Chaparral on drier, south- 
and west-facing slopes. It usually is found on steep slopes with thin, well-drained rocky, 
sandy, or gravelly soils; soils in this habitat are deeper than in the Chamise-Redshank 
Chaparral. Shrubs range in height from three to 13 feet, occasionally to 19 feet, and form an 
impenetrable thicket of 80% cover. Dominant species include scrub oak, ceanothus (wild 
lilacs), and manzanita, with many other shrubs (e.g., laurel sumac, sugarbush, birch-leaf 
mountain mahogany, and toyon) also included in the community. Leaf litter may accumulate 
beneath the shrubs for years until consumed during a fire. The community is fue-adapted 
with large rootbases. Following a fire, annuals and perennials dominate for one to three 
years until seedlings and root-crown shoots appear; the shrub canopies do not overlap until 
ten to 30 years after a fire. Wildlife species found in mixed chaparral are also found in 
chamise-redshank chaparral and coastal scrub (Mayer and Laudenslayer 1988). 

chamise-~edshank Chaparral is found in isolated stands in the Santa Monica Mountains 
(Mayer and Laudenslayer 1988). Most stands in the study area are almost exclusively domi- 
nated by chamise with some redshank occurring at higher elevations (Raven and Thompson 
1966). l t  occurs on steep slopes with thin, coarse soil-These stands are three to seven feet in 
height but can reach 10 feet (Mayer and Laudenslayer 1988). There is no overstory or under- 
story and canopy cover can reach 80%. It occurs primarily on dry, south- and west-facing 
slopes above the coastal scrub habitat. Near the coast other shrubs (e.g., laurel sumac, toyon, 
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and ceanothus) are also found in this community along with white sage, black sage, and 
California buckwheat. As with mixed chaparral, chamise-redshank chaparral is fire-adapted. 
Annuals and perennials dominate for one to three years following a fue until chamise and 
associated plants sprout from seedlings and roots. Charnise canopies do not overlap until 
three to 15 years after a fue. Wildlife found in this habitat are also found in mixed chaparral 
and coastal scrub (Mayer and Laudenslayer 1988). 

Coastal Scrub Habitat occurs on well-drained clay, gravelly, and rocky soils and was the 
dominant habitat of the Los Angeles Coastal Plain prior to urban development. At present it 
is found on undeveloped slopes of the Santa Monica Mountains adjacent to the ocean, in 
drier areas at higher levels, and in the Palos Verdes Hills (Jaeger and Smith 1966). It lies 
within 20 miles of the o m  between the coastal dune habitat and the mixed chaparral, 
chamise-redshank chaparral, and coastal oak woodland habitats of slightly higher elevations. 
It is typical of steep, dry, south-facing slopes with sandy to shale soils but also occun on 
moderate slopes and stabilized dunes. This community consists of low to moderate-sized 
shrubs (to a height of 7 ft) with a canopy cover of up to 100%. The dominant species in the 
community varies with moisture; California sagebrush, California buckwheat, purple sage, 
and chaparral yucca generally dominate in the Santa Monica Bay watershed. The conunu- 
nity is fire-adapted and takes about ten years to recover following a fire. Unburned stands 
can survive intact for up to 60 years. The community can invade disturbed areas (Mayer and 
Laudenslayer 1988). Air pollution has reduced the cover by native species in some areas of 
Southern California (Westman 1979). The California ground squirrel is probably the most 
abundant, obvious mammal (Reiter 1984). The California gnatcatcher, a species of concern, 
is found exclusively in this habitat and endangered peregrine falcons include this as an 
important habitat (Mayer and Laudenslayer 1988). 

T h e  Annual Grassland habitat occurs throughout the watershed and wasteshed. The habitat 
is found on flat plains to gently rolling hills. It consists of open grasslands dominated by 
annual pass and forb species (Mayer and Laudenslayer 1988). Most of the dominant species 
are introduced grasses (e.g., wild oats and red brome). Redstem filaree is a common forb in 
southern California annual grasslands and California poppy, the State Flower, is also found 
in this habitat. It often occurs as an understory in Valley Oak Woodlands and is found next 
to Coast Oak Woodland, Coastal Scrub, Valley Foothill Riparian, Fresh Emergent Wetlands, 
Orchard-Vineyard, and Eucalyptus habitats. Annual grasslands are generally found at lower 
elevations than Chamise-Redshank and Mixed Chaparral habitats. Seeds germinate 
following fall rains, grow slowly in winter but rapidly in spring as temperatures rise. During 
the summer the habitat can have a large amount of standing dead material if there is little 
grazing. The Annual Grassland habitat has replaced the pristine native grassland habitat in 
the area which was dominated by perennial bunchgrasses. Fall rains followed by extended 
dry periods encourage growth of deeprooted forbs and grazing favors low-growing forbs. 
Important mammals in this habitat include black-tailed jackrabbit, California ground 
squirrel, and Botta's pocket gopher. Western meadowlark, turkey vulture, and American 
kestrel are common birds. Western fence lizard and western rattlesnake are important 
reptiles in this habitat (Mayer and Laudenslayer 1988). 

T h e  Fresh Emergent Wetlands habitat is found in localized areas throughout the watershed 
and wasteshed. It is dominated by erect, rooted water plants such as the perennial sedges, 
rushes, and cattails (Mayer and Laudenslayer 1988). The habitat is found on periodically 
flooded basins; thus the roots must do well in anaerobic silts and clays. This habitat natu- 
rally accumulates silt and over centuries is replaced by an upland community. It usually 
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occurs in  association with Riverine or Lacusmne habitats; its limit lies with the deepwater 
limit of emergent plants (usually at about a depth of 7 ft). This habitat is highly productive 
and provides food, cover, and water for many species of mammals, birds, reptiles, and 
amphibians, with some species utilizing the habitat for their entire life cycle. The endan- 
gered peregrine falcon utilize the habitat for feeding and roosting (Mayer and Laudenslayer 
1988). 

T h e  Riverine habitat consists of streams and rivers with intermittent or continually running 
water. This habitat occurs in a natural state primarily in the Santa Monica Mountains in the 
watershed; in the coastal plain the stream channels have been fixed as open concrete 
drainage channels with urban runoff rather than springwater constituting the stream flow. 

Most of the natural streams in the watershed are intennittent, with greatest flows in the 
winter. There are 28 stream drainage basins in the watershed (SMBRP 1992). Malibu Creek 
is the largest stream in the watershed and best represents this habitat. In faster or upper-level 
streams, water moss and filamentous algae are attached to rocks, and stream insect larvae 
live on the underside of gravel in riffles or pools. In slower or lower-level streams mollusks 
and crustaceans replace the insects and emergent vegetation grows along the edge of the 
stream. Many insectivorous birds feed above this habitat and some water-associated birds 
are also found there (Mayer and Laudenslayer 1988). 

T h e  Lacustrine habitat is found at several sites within the watershed and wasteshed. It 
consists of inland depressions or dammed streams that contain standing water and is often 
associated with riverine and fresh emergent wetlands habitats. The largest lakes in the water- 
shed are Lake Sherwood and Malibu Lake. Light penetration is dependent on turbidity and 
oxygen levels may decrease with increasing depth. Dominant phytoplankton organisms 
consist of diatoms, desmids, and filamentous algae; other plants include duckweed and 
submerged algae and pondweeds. Rotifers, copepods, and cladocerans are important 
members of the zooplankton of lakes. Protozoa, hydras, snails, aquatic insects, and insect 
larvae also occur in lakes and ponds. Most lakes and ponds support fish populations (Mayer 
and Laudenslayer 1988). 

T h e  Orchard-Vineyard habitat is sometimes found in rural areas of the watershed in the 
Santa Monica Mountains. It is an artificial, agricultural habitat that typically consists of a 
single tree (or in the case of grapes) vine species planted in rows with an open understory of 
low-growing grasses and herbaceous plants (Mayer and Laudenslayer 1988). In Southern 
California dominant fruit and nut crops grown in orchards and vineyards include almonds, 
apples, apricots, avocados, dates, grapes, grapefruit, lemons, oranges, olives, and walnuts 
(Miller and Hyslop 1983). The habitat typically occurs in deep fertile soils and is sometimes 
irrigated. Individual orchards or vineyards may persist for about 40 years, with replacement 
of orchard type resulting from a decline in market value or productivity. Deer, rabbit, and 
squirrels feed on orchard trees or their products (Mayer and Laudenslayer 1988). 

T h e  Urban habitat is found over much of the Santa Monica watershed south of the Santa 
Monica Mountains and over most of the wasteshed (Figure 3-1) (SMBRP 1992). It is also 
developed in the Thousand Oaks and Malibu areas and as residential areas near Point Dume 
and Topanga Canyon. Most of the habitat consists of single or multiple family residential 
areas but large areas of Santa Monica, Los Angeles, the Los Angeles Airport area, and El 
Segundo are put to commercial and industrial use (SMBRP 1992). Vegetation types include 
tree groves, street strips, shade trees, lawns, shrub cover, and demolition sites. Vegetation 
consists of a mixture of native and exotic species. Commercial and industrial areas often 
have little vegetation but nevertheless provide habitat for some species. Subhabitat types 
include downtown, urban residential, and suburbs. Rock dove, house sparrow, and European 
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starling dominate the poorly vegetated downtown areas. Scrub jay, mockingbird, and house 
finch are the major birds in urban residential areas. Suburban areas approximate the natural 
environment and provide habitat to species from adjacent habitats. Air temperatures are 
generally warmer in urban areas and wind velocities lower, except where high-rise buildings 
are found (Mayer and Laudenslayer 1988). 

-ARBAS- Unique areas in the Santa Monica Mountains include the Santa Monica Mountains National 
Recreation Area (SMNRA) developed by Congress in 1978 to protect part of the mountains 
from further development (Ikeda et al. 1991). The Santa Monica Mountains Conservancy 
was created at about the same time to acquire lands until the 70.000 acres necessary to 
complete the SMNRA could be completed; this acquisition is still in progress. 

ENDANGERED S P E C I E S  I I N  T H E  W A T E R S H E D  I 
Four species of flowering plants in the Santa Monica watershed are cumntly listed as rare, 
threatened, or endangered (Ikeda et al. 1991 ). The Santa Monica Mountains dudleya was 
listed as State Endangered in 1976. It is endemic to the Santa Monica Mountains where it 
has been found at less than 10 sites. It occurs on steep rocky areas along Malibu Creek. 
Lyon's pentachaeta has been listed by the California Native Plant Society. It occurs at less 
than 12 sites in the Santa Monica Mountains on the edge between annual grassland and 
chaparral communities. Conejo buckwheat was listed as State Rare in 1976. It occurs on dry 
rocky hillsides in coastal scrub and chaparral. Santa Susana tarweed was listed as State Rare 
in 1978. It grows on rocky outcrops in chaparral in the Santa Monica Mountains (Tkeda et a[. 
1991). 

Federally endangered insect species in the study area include the Palos Verdes blue and El 
Segundo blue butterflies (CDFG 1992). Endangered birds in the watershed include 
American peregrine falcon (State and Federally Endangered), California gnatcatcher 
(Federally Proposed Endangered). and Belding's savannah sparrow (State Endangered). 

N A T U R A L  VARIABILITY 
( Many of the habitats in the Santa Monica Bay watershed are adapted to frequent fires. 

Plants in the chaparral and coastal scrub communities, in particular, have specialized 
methods by which to deal with what would ordinarily be a catastrophic event. Many peren- 
nial species, such as chamise, can resprout after the plant crown has been burned, and 
several species actually require that their seeds be exposed to the high temperatures of fires 
to germinate (Head 1989). Annual species have dispersal mechanisms which allow them to 
be transported long distances beyond the burned area (O'leary 1989). Fire provides a means 
by which old growth and senescent plants are removed, making room for new individuals or 
new growth. The resulting ash, when carried by winter rains, provides nutrients to streams 
and coastal plains and wetlands (Faber et al. 1989). Fire also promotes greater diversity in 
the community, both among the plants and the animals which use them for food and shelter, 
by increasing the number of plant species available and providing more levels of habitat, 
such as open ground, opening-chaparral interfaces, and different age-class individuals. Fire 
also helps to maintain native plant communities by suppressing nonadapted, invasive, intro- 
duced plants (Wells 1990). 

T h e  climate of Southern California is classified as Mediterranean, with mild, rainy winters 
and hot, dry summers. Near the coast, rainfall varies from about ten to 20 inches per year, 
and temperatures range from highs of 68°F to 90°F in summer to lows of 37°F to 48°F. with 
infrequent frosts. Further inland, average rainfall is a little greater, up to 25 inches per year, 
and temperatures vary more, with summer highs up to 94°F (or over 100°F during a Santa 
Ana wind) and winters down to 29°F (Munz 1973). However, the distribution of rainfall. 
with most of it occurring in the cool, nongrowing season, requires that plants accomplish 
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their warm-season growth during a period of little rainfall. Precipitation is also extremely 
variable from year to year, and periods of several consecutive years of below-normal rainfall 
result in extreme fire danger in the chaparral plant communities. Even within a normal-rain- 
fall year, uneven distribution of the precipitation, with most occurring during only one or 
two storms rather than spread more evenly over the season, will affect how much of the 
available moisture is able to soak into the soil. Native vegetation is most affected by the 
worst conditions than by the average (Clark 1992). Prolonged drought may predispose plants 
to diseases and disorders caused by opportunistic parasites (Brooks 1992). 

Native plants deal with drought conditions (annual or cyclical) in various ways. Many 
species have hard or waxy-coated leaves to prevent evaporation or white, shiny, or fuzz- 
covered leaves to reflect light. Some species (droughtdeciduous) drop their leaves during 
the hottest period of the year, or turn their leaves to avoid the direct rays of the sun (Head 
1989). Deep root systems and water-storage capabilities are also present in many species. 
Physiological mechanisms are also employed, such as resistance of xylem embolism (Davis 
er al. 1992). 

WETLANDS HABITATS 

Periods of greater-than-normal precipitation may adversely affect plants which are adapted 
to low-moisture conditions. Soil oxygen may be lowered, affecting the root systems or 
promoting the growth of infecting disease organisms. The absence of fires which are 
required for germination of seeds of some species may result in a shift of dominance by 
some species within the plant community. 

1 BACKGROUND 1 

C IMPORTANCE 1 

T h e  California Coastal Act of 1976 defines wetlands as "land within the coastal zone which 
may be covered periodically or permanently with shallow water and includes saltwater 
marshes, freshwater marshes, open or closed brackish water marshes, swamps, mudflats, and 
fens." 

Wetlands generally occur where the slope of the land is sufficiently flat to retain water for 
some length of time. Freshwater wetlands usually occur along streams or in depressions 
which may fill with rainwater (vernal pool). Marine wetlands develop where streams enter 
the ocean across low, flat coasts; they are characterized by freshwater or saltwater marshes 
and channels. If stream flow is sufficient some salt marshes alternate between fresh and salt- 
water. Thus, the dominant natural factors which affect wetlands habitats bordering the sea 
are variable salinities and the tidal cycle which alternately exposes and covers it with water. 
Marshlands are depositional in nature; because wave forces are minor, fine silts and clays 
accumulate. Thus, regardless of man's impact they are slowly filling in with fine sediments 
by natural forces. 

Historically. the ecological importance of wetlands was overlooked and wetlands were only 
considered useful for reclamation for more "consmctive" purposes. However, this outlook 
has changed dramatically because the vital ecological roles that wetlands served have been 
documented. Wetlands mitigate flooding and recharge groundwater; provide feeding and 
breeding habitat for fish, waterfowl and other wildlife; filter pollutants from sewage and 
agricultural runoff; and stabilize the biosphere by using carbon dioxide and producing 
oxygen. Energy flow patterns involve the direct consumption of green plants, such as 
eelgrass, by grazers and the breakdown and consumption of detritus, or organic debris, by 
bacteria and other organisms. The patterns are complex and often intertwine. 
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downcoast (southeast) side of Malibu Point and is normally open only during the winter 
rainy season. The sand bar which develops across the mouth is purposely breached by the 
Los Angeles County Department of Parks and Recreation for flood control purposes (CDPR 
1978). As a result of the varying salinities, the species diversity is low compared to other 
coastal lagoons. 

Water quality is a main concern in Malibu Lagoon. High nutrient loading makes the Lagoon 
susceptible to eutrophication, and colifonn levels are frequently high due to various uniden- 
tified point and nonpoint sources of pollution, such as horse stables and septic tanks. The 
approved expansion of TWRF, which will increase the volume of freshwater input, may 

-escalate the-existing problems-with the Lagoon entrance and water quality. 

I,. I 

Wetlands support a wide variety of plants and animals, and are populated by marine, estu- 
B I D L D G I C A L  R E S D U R c E S  arine, or freshwater organisms, depending upon the salinity of the water. Upstream wetlands 

OF WETLANDS n are populated entirely by freshwater and terrestrial organisms. As a result of fine sediments 

and high organic content, wetlands support abundant bacteria (Pollock 1971). For the same 
reasons, oxygen concentrations in the sediment decrease rapidly with depth and reach zero 
within a few inches of the surface. Anaerobic bacteria in these zones produce hydrogen 
sulfide. Most of the Santa Monica Bay wetlands exhibit decreased biological diversity and 
productivity because of their degraded condition. 

located five miles upstream. The natural channel of Malibu Creek enters the ocean on the 
I 

T h e  present Ballona Wetlands Complex supports marine algae as well as marine and terres- 
ma1 flowering plants. Microalgae are abundant in the water column and on the sediments; 
the subtidal substrate (only in Basin D in Marina del Rey) supports eelgrass (Stephens et a[, 
1991) and sea lettuce occurs on mudflats. Immediately above the mudflats the saltmarsh 
plant assemblage consists of five species, dominated by one or more species of pickleweed. 
Upstream, the marsh grades into freshwater plant communities which include willows and 
freshwater marsh plants (Gustafson 1981). The higher areas of the wetlands and the adjacent 
sandy coastal strand and disturbed land contain 23 terrestrial plant species (Bakus 1975, 
Ford and Collier 1976). 

Many marsh plant species which typify the pristine saltmarsh environments of southern 
California are absent from the Ballona Wetlands, possibly because of restricted water flow 
between the marsh and Ballona Creek proper (Gustafson 1981). Related factors (stagnation, 
salinity, and temperature fluctuations) have kept species density in the marsh low. 
Pickleweed is the dominant saltmarsh plant; topographically it occurs lower than in other 
Southern California saltmarshes with greater tidal influence. The saltmarsh is lacking in a 
low and middle marsh flora and has reduced the breeding, nursery. and foraging areas for 
fishes, birds, and reptiles. 

There is a small pickleweed marsh at Malibu Lagoon, but this wetland differs from the 
Ballona Wetlands Complex in that riparian woodland, with cottonwood and alder trees, and 
chaparral are found upstream (Dock and Schreiber 1981). Trancas Lagoon, Zuma Beach, 
and lower Topanga Canyon are less saline, and support a limited number of plant species. 
Their conmbuting creeks support riparian woodland species. El Segundo Dunes supports 
native dune species, but the native wetlands plants have been mostly replaced by invasive 
introduced species. 
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The endangered (state- and federally-listed) salt-marsh bird's beak, a low-growing annual. 
historically occurred in wetlands along the northern part of Santa Monica Bay. In other 
coastal wetlands of Southern California and Baja California, it occurs at the landward edge 
of the salt marsh, where it is frequently disturbed. Introduced species often threaten to 
invade its habitat but no displacements have been documented (Zedler 1991). 

T h e  shallow subtidal, marsh channel, and mudflat communities integrate the flow of energy 
through the wetlands. The marine invertebrates (primarily nematodes, annelids, crustaceans, 
and mollusks) in these environments recycle organics in the muds and are primary food 
sources for resident and transient fishes and shorebirds (Peterson 1975, Quarnrnen 1980). 
Thus, the water and sediment quality and abundance of benthic invertebrates are likely to 
influence the distribution of higher trophic level organisms in the area. 

The marine benthic invertebrate communities of the mudflats and tidal channels of the 
wetlands of Santa Monica Bay resemble those found in the sandy intertidal, but nematodes 
may be more abundant (Soule and Oguri 1985). Polychaetes, molluscs, and crustaceans 
dominate the invertebrate fauna of the Ballona Lagoon, however, oligochaetes are abundant 
in some places. Although the Ballona Wetlands are not well described, they are comparable 
to those of nearby Marina del Rey (Soule and Oguri 1987), Ballona Lagoon (Bakus 1975. 
Ford and Collier 1976), Playa Vista (Reish 1980). and other modified, shallow subtidal or 
mudflat embayments in southern California such as Sunset Bay, Anaheim Bay, and Upper 
Newport Bay. In these environments, combinations of physical and chemical stresses limit 
biological diversity, and community structure is dominated by hardy forms with life histories 
that are tolerant of the stressful conditions, whether natural or man-made (Kauwling and 
Reish 1975, McCall 1977, MBC and SCCWRP 1980, MBC and Marsh 1985, MBC 1986b). 
Several of the abundant species are indicators of organic enrichment and low dissolved 
oxygen. Ballona Lagoon may support the northern-most population of the fiddler crab on the 
west coast (Dorsey 1988, pers. comm.). 

In the mid-1970s invertebrate assemblages of Ballona Lagoon were diverse and similar in 
species composition to those of the larger and more natural Tijuana Estuary, suggesting that 
the flora and fauna represented a reasonably natural and healthy assemblage of estuarine 
organisms. These conditions were attributed to adequate tidal exchange and flushing. despite 
the Lagoon's long and narrow configuration and restricted entrance (Ford and Collier 1976). 
In 1980-1982 the marine molluscan fauna of Ballona Lagoon was comparable in diversity 
and abundance to Mugu Lagoon and Mission Bay; the same species were present in all three 
saltrnarshes, in approximately the same numbers (Rarnirez 1981). 

Nagano et al. (1981) identified 474 insect species from the Ballona Wetlands saltmarsh and 
estimated that as many as 1,200 may actually inhabit the region. On the basis of the presence 
of known indicator species, the Ballona region was characterized as a natural coastal salt- 
marsh and associated sand dune habitat. At least ten of the species found have restricted 
coastal distributions, and destruction of Ballona Wetlands habitat could result in their elimi- 
nation. 

Fishes. The Ballona Wetlands, primarily Ballona Lagoon, support a number of transient 
fish species but only nine resident species. The dominant species are the arrow goby, which 
lives commensally in burrows of other organisms in the intertidal zone; the mosquitofish, a 
freshwater species which was introduced to control mosquitos; and topsmelt, a pelagic 
marine species which moves in and out with the tides (Swift and Frantz 1981). 
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Marine lagoons and back bays in Southern California serve as spawning and nursery 
grounds for resident species (such as several species of gobies, California killifish, Pacific 
staghorn sculpin, and possibly topsmelt) (Fitch and Lavenberg 1975) and as important 
nursery grounds for the California halibut (Haaker 1975). The imponance of Ballona 
Lagoon and Marina del Rey to these species in the past is not known. 

Rainbow trout (steelhead) and tidewater goby were present at Malibu Lagoon in the past, 
and those species might return there if the entrance to the ocean were kept open to improve 
water quality (WRA 1990). Topsmelt and gobies (and possibly other bay species) which 
occur in Marina del Rey probably also occur in the Oxford Flood Channel and the Venice 
Canals. 

Amphibians and Reptiles. Three species of amphibians and six of reptiles are known from 
the Ballona Wetlands. Most of the amphibians are frogs and toads and most of the reptiles 
are lizards (MBC 1988). All are associated with freshwater areas in the wetlands. 

Birds. Numerous terrestrial birds, shorebirds, and water fowl are found in the Ballona 
Wetlands Complex and Malibu Lagoon. However, diversity is greater at Malibu Lagoon 
because it is adjacent to riparian woodland and chaparral habitats. Most species in the 
Ballona Wetlands Complex are shore birds, perching birds. and waterfowl. Relatively few 
birds breed in the Ballona Wetlands Complex due to both human disturbances and limited 
habitat diversity (Dock and Schreiber 1981). 

Two endangered species live andlor breed in the Ballona Wetlands: Belding's savannah 
sparrow and California least tern. The savannah sparrow is a year-round resident which 
forages and nests in pickleweed, while the least tern is present only during spring and 
summer, feeding in the shallow waters and nesting at nearby Venice Beach (Dock and 
Schreiber 1981, Atwood and Minsky 1983). 

Two species of birds which have not been observed in the Ballona Wetlands in recent 
decades probably bred there early in the 19th century. The range of the light-footed clapper 
rail (a federally-listed endangered species) presently extends between the saltmarshes of 
northern Baja California and those of southern California. Clapper rail nesting was recorded 
in nearby Santa Monica marshlands early in the century (Grinnell and Miller 1944) and they 
have been found in various marshes in Los Angeles County (LFCRRT 1983). Their absence 
at Ballona may be a result of a lack of suitable nesting habitat, preferably cordgrass Wassey 
and Zembal 1979). Although it will nest in upper marsh areas, especially following flooding 
of lower marsh habitat, this habitat is generally lacking at Ballona. Overharvesting by 
museum collectors and hunters, which occurred early in the century from Santa Barbara to 
San Diego, may also have contributed to their limited population size (Bent 1926). Since the 
clapper rail is a poor flyer, its natural immigration into Ballona is unlikely. 

The same considerations probably also apply to the black rail, which occupies similar habi- 
tats (Grinnell er al. 1918). Early in the century the black-necked stilt bred at Playa del Rey 
(Willet 1933) and may have attempted to breed in the Ballona Wetlands during the summer 
of 1980 although no nests were found. 

Mammals. Seventeen species of mammals are known to live in the wetlands complex and at 
least 2 1 more have occurred there in the past or forage in the area. Carnivores (including the 
introduced red fox), rodents, and rabbits are the most diverse groups (Friesen et al. 1981). 
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E N D A N G E R E D  SPECIES Salt  Marsh Bird's Beak. The salt marsh bird's beak was placed on the California and 
Federal Endangered Species Lists in 1978. This plant has suffered major population declines 
at all of the California coastal wetlands, and no longer occurs at any of the wetlands along 
Santa Monica Bay. The decline in numbers is due to loss of habitat (CNPS 1988). 

Belding's Savannah Sparrow. The Belding's savannah sparrow depends on the upper salt- 
marsh habitat and is particularly abundant in areas dominated by pickleweed (Massey 1973. 
Zedler 1982), which it uses for foraging, breeding, and perching. This species is present year 
round in upper saltmarsh areas of the Ballona wetlands, but is limited to nesting territories 
between January and August (Dock and Schreiber 1981). 

A beneficial, but short term, impact of placing dredge-spoil on the northern parcel of the 
Ballona wetlands during the construction of Marina del Rey was to increase the amount of 
suitable nesting habitat for Belding's savannah sparrows. Because of the long active 
breeding season and sensitivity to disturbance, human activity in this high marsh habitat may 
cause both habitat degradation and reproductive failure (Zedler 1982). 

Territorial males have been observed on 
Playa del Rey and Ballona saltflats between 
1973 and 1991, although there are no 
records of fledglings (Zembal 1992, pen. 
comm.). During the period from 1973 to 
1987, the population was fairly stable, with 
23 to 39 breeding pairs occumng in the 
wetlands each year (Table 3-1). Starting in 
1990, the number of pairs started to decline, 
partly due to predation by introduced red 
foxes (Jurek 1992, pers. comm.) (Attempts 
have been made to trap and remove the . 

foxes from the wetlands, but the program 
has encountered strong opposition from the 
animal-rights activists, to the extent that 
biologists were afraid to conduct surveys for 
fear of retaliation. Therefore, despite 

Number of 
Yoar Bredlng Pahs Area 

1973 23 r b  Playa D ~ I  RW 
1877 n . playa ~d ROY 

1990 12 Ballona 
1991 5 '  Ballonr 

Table 3-1. Number of breeding pairs of 
Belding's savannah sparrow In the Ballona 
Wetlands, 1973-1991. 

declining numbers of birds, surveys were 
not conducted in 1992.) The number of breeding pairs in the area may also be affected by 
changing habitat conditions, such as increased amounts of standing water during flooding 
and, in the case of the dredge spoil nesting site, a reduction in the quality and quantity of 
pickleweed habitat (Dock and Schreiber 1981). 

California Least Tern. The California least tern is a summer visitor which breeds in 
Southern California coastal habitat from late April to September. It builds its nests in 
shallow depressions in hard or soft dirt, dried mud, or sandy areas, usually on beaches or 
islands cleared of vegetation. The closest breeding site to any of the Bay wetlands is the 
Venice Beach site (Table 3-2). 

Least terns commonly utilize the open waters of Ballona Creek and, to a lesser extent, 
Ballona Lagoon to forage for food, principally northern anchovy, topsmelt, various surf- 
perches, killifish, and mosquitofish (CLTRT 1980). Topsmelt, killifish, and mosquitofish are 
probably principal items in the tidal channels, creeks, and lagoons of the Ballona Wetlands, 
whereas northern anchovy is most important in offshore waters. Breeding success is partially 
dependent on food availability (Massey 1972). 
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Western Snowy Plover. Snowy plovers nest 
on beaches and salt flats which have some 
vegetation, and feed on mud flats in the B e r h  D ~ I R D ~   each m~~ey 

wetlands. Historically, snowy plovers nested rela m-75 25-30 

on the beaches at Malibu and on a stretch 
I im m-I. m-a 1; ~;l 
1 W J  157 M 2 4  

between Santa Monica and Redondo Beach 
(Page and Stenzel 1981). A few snowy 
plovers winter on the beaches of Santa 

was about 20% lower than 10 years earlier Same% CDFQ, ulpuDl. am: Masmy mnd 
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Monica Bay (Page et al. 1986). However, 
nesting in the area has not been observed 
since 1949. The number of breeding birds in 
the U. S. in 1988-1989 (roughly 7,900 birds) 
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raised concern for the future of this species, I 
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and the process of listing as threatened or Table 3-2. California least tern breeding 
data in tbe Ballona region, 1978-1992. endangered has been initiated. 

NATURAL I Although there is little information on the natural variability of wetlands plants and inverte- 
brates in the area, seasonal and interannual variation would be expected under most 
conditions. Phytoplankton (and other seasonal plants) are most abundant in the spring and 
least abundant in winter. In addition, the aquatic and saltmarsh organisms would vary in 
abundance with regard to the relative influence of freshwater (runoff) and seawater, which 
may vary either seasonally or interannually. 

Intertidal zones are used as classrooms for amateur and professional naturalists. Rocky tide- 
pools, in particular, are visited by school classes and casual beach-goers, and may be heavily 
impacted during extreme low tides. Fisherman collect mussels for bait and some ethnic 
groups collect limpets and abalone for food, thereby depleting the shoreline of these species 
in some areas. 

S A N T A  MONICA BAY HABITATS 

The  biological community and the physical environment function together as an ecological 
system or ecosystem (Odum 1959). The term ecosystem is usually applied to naturally 
defined systems to describe systems with unique physical and biological attributes. The 
biological environment of Santa Monica Bay is not a naturally defined ecosystem but rather 
an integral part of the larger Southern California Bight and California Current ecosystems; 
the study area is artificially defined here as the Santa Monica Bay ecosystem, with that 
understanding. 

The following section includes a description of the plants and invertebrates found in most 
habitats. The marine vertebrates of Santa Monica Bay and their responses to human activi- 
ties are discussed in Chapter 9. A complete list of scientific and common names of species 
used in this report are given in Appendix C. 

Most marine organisms found in Santa Monica Bay and its watershed are temperate species 
with geographic ranges extending far beyond the immediate area. The majority are members 
of the San Diegan Province, which extends from about Point Conception, California. to 
Magdalena Bay, Baja California Sur, but some belong to the Oregonian Province, which 
ranges from southern Canada to northern Baja California (Hubbs 1974, Allen and Smith 
1988). 
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Life zones are areas with distinct organisms with adaptations for special physical conditions 
(e.g., pressure, darkness). Life zone schemes usually divide the marine environment into 
pelagic (open-water) and benthic (bottom) environments, with these being further divided, 
usually by depth (Hedgpeth 1957, Allen and Smith 1988). Intertidal and estuarine environ- 
ments are also included as separate categories (Hedgpeth 1957). Each of these environments 
can be divided into smaller habitat units, each characterized by particular physical attributes 
and a suite of specially adapted organisms. 

The marine ecosystem is divided into the pelagic and benthic environments. The pelagic 
environment includes the entire water column from the surface to the bottom of the sea. 
Pelagic organisms typically meet their needs for food, space, and refuge in the water mass 
itself, with relatively little to no direct interaction with the underlying seafloor. Horizontally, 
the pelagic realm can be divided into two zones: neuritic and oceanic. The neuritic includes 
the water column that overlies the continental shelf. Oceanic zone includes all other open 
waters. The pelagic environment can be further divided vertically. Two life zones of the 
pelagic realm are represented in Santa Monica Bay: Epipelagic and Mesopelagic. The 
Epipelagic zone (euphotic zone) is part of the pelagic environment that is lighted; its lower 
boundary is the limit of light penetration and varies in depth with water clarity. The 
mesopelagic extends from the permanent thermocline and extends to about 1,500 ft - the 
artificially defined deep boundary of the study area. 

The benthic environment (Figure 3-4) has three major habitats based on substrate type (hard- 
bottom and soft-bottom) or the presence of kelp beds. Benthic communities generally show 
a change in composition along a gradient of water depth. The sublittoral zone (from shore to 
a depth of about 600 ft) is divided into inner shelf (5-100 ft), middle shelf (100-300 ft), and 
outer shelf (300-600 ft) zones (Allen 1982, Allen and Smith 1988); the mesobenthal zone 
extends from a depth of 600 to 1,500 feet (the deepwater boundary of the study area) (Allen 
and Smith 1988). Kelp beds are only found in the inner shelf zone, where waters are warmer 
and with sufficient light for kelp growth. The term benthos is used variously to describe both 
the habitat and the organisms which live on or in the seafloor. Some organisms move about 
in the water column and feed or find refuge on the bottom; these are called demersal. 

PELAGIC HABITATS 
i 

T h e  pelagic habitat is the most obvious habitat in Santa Monica encompassing approx- 
imately 306 mi2 (since it extends from the surface to depths of 1, and a total water 
volume of about 914 billion ft-7 (6,840 billion gallons, using an 

The pelagic environment varies on a fairly regular, seasonal basis well as periodically. 
Temperature and phytoplankton production are two of the most i rtant factors which 4 affect the abundance of pelagic animals. Natural surface water te ratures in Santa Monica 
Bay range from 11.7"C to 22.0°C annually (EQAIMBC 1973). S 7 water temperatures in the 
Bay are higher in late summer and fall and lower in the winter Stratification and 
increased light levels in spring and summer enhance which forms 
the basis for the pelagic food web and the bacteria 
ents. 

Organisms of the pelagic habitat are planktonic or nektonic. Plank onic organisms are too 
small (or are otherwise unable) to swim against the prevailing curr t nts and thus drift with 
the water mass. However, some are able to move vertically throug the water, undertaking- 
daily migrations to the surface (usually at night). Nektonic organis s are those which are 
large enough or strong enough to swim against prevailing currents they can remain in one 

large fishes. 

I 
place or move to another at will. The largest of these (macronekto ) are whales, sharks, and 1 
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Most zooplankton are primary consumers and eat phytoplankton. In turn, they are consumed 
by larger, secondary consumers. However, many zooplankten are secondary consumers 
themselves. Zooplankton are found throughout the water column, although certain species 
are characteristic of various depths. Mysids are typical of shallow, nearshore waters while 
euphausiids are typical of middle and upper layers of deep offshore water. Many planktonic 
crustaceans undertake a daily vertical migration, swimming to the surface at night and to 
deeper waters during the day. 

Most zooplankton species reproduce several times in a single year, the life span of individ- 
uals being measured in weeks or months. Eggs are usually broadcast into the water and 
develop through a variety of larval stages to mature adults. 

Zooplankton abundances typically increase immediately following plankton blooms, espe- 
cially in spring; in fact, predation by zooplankton contributes to a decline of phytoplankton. 
However, a decline in phytoplankton is primarily caused by depletion of nutrients. The 
volume of zooplankton in the surface waters of the Southern California Bight generally 
range from 90 to 300 mYl00 m3 OvJullin 1986). In 1980, zooplankton (mostly copepod) 
volumes in Santa Monica Bay ranged from 100 to 1,300 mY1,000 m3 (Kleppel et al. 1982). 

The eggs and larvae of many invertebrates are planktonic, even though the adult stages may 
not be. These meroplankton may last for only a short period (days to months) before the 
larvae become nektonic or settle to the bottom. The pelagic nekton includes larger mobile 
invertebrates such as squid and shrimp. The most important large nektonic invertebrate is the 
California market squid, although the pelagic red crab and the jumbo squid may be abundant 
locally during El Niiio periods. Ocean shrimp feed in the water column at night but rest on 
the bottom during the day. The production of phytoplankton (and secondarily of 
zooplankton) in the water column provides the primary basis of the food web that supports 
most of the larger organisms in the Bay. 

I N A T U R A L  V A R I A B I L I T Y  1 Phytoplankton assemblages in Santa Monica Bay are relatively distinct from those else- 
where in the Bight. Dinoflagellate abundance is higher in the Bay than in other areas along , 

the coast. This has been attributed to high concentrations of ammonium, a result of nutrient 
regeneration at the bottom of the relatively broad shelf or from anthropogenic inputs. In 
addition, maximum phytoplankton production is at shallower depths (mostly less than 30 ft) 
in Santa Monica Bay than in other coastal and offshore areas of the Bight (Mullin 1986); it 
is greatest nearshore and decreases offshore. The distribution of bacterioplankton abundance 
parallels that of the phytoplankton (Azarn 1986). 

Most of the variability of plankton in Santa Monica Bay is natural (SCCWRP 1973). and its 
abundance may vary by an order of magnitude at periods of several years. Thus, in 1979 the 
concentrations of chlorophyll (a measure of total phytoplankton abundance) were less than 
one-tenth those in 1975 (Eppley 1986). During El Ni:o periods, phytoplankton productivity 
drops as the thermocline deepens and the availability of naturally occurring nutrients 
decreases (McGowan 1984). Cool surface waters are generally from the productive 
California Current whereas warm surface waters are generally from the less productive 
southern waters which move into the area during an El Niiio. 

Phytoplankton abundance in the Bay also varies seasonally, as a result of variations in light 
levels and nutrient availability. Primary production may vary by a factor of three between 
seasons. In general, phytoplankton abundance and production increase in spring as the sun m 
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waters) traps nutrients in the mixed layer. However, as phytoplanliters deplete the nutrients, 
they become less abundant; predation by zooplankton also conmbutes to this decrease. A 
bloom may also occur in the fall when stratification breaks down and nutrients enter the 
photic zone. 

Both spring and fall blooms are less pronounced in southern California than to the north; 
most local phytoplankton blooms are the result of local nutrient conditions from runoff, 
upwelling, and sewage discharge (Eppley and Holm-Hansen 1986). Upwelling in the Bay, 
particularly along the southern Palos Verdes Shelf. may lead to phytoplankton blooms which 
are dominated by diatoms rather than dinoflagellates (Eppley and Holm-Hansen 1986, 
Mullin 1986). In 1980 diatom abundance was sometimes high over Santa Monica and 
Redondo Submarine Canyons, suggesting upwelling there (Kleppel et al. 1982). 

"Red tides" (which are typically dominated by dinoflagellates) sometimes develop in 
nearshore areas when warm temperatures. high light levels, abundant nutrients. and a 
-shallow pycnocline occur together (Mullin 1986). Localized red tides occur almost every 
year, extensive ones less frequently. A red tide which developed in Santa Monica Bay in 
1945 extended from San Luis Obispo to Los Angeles Harbor (Sommer and Clark 1946). 

Zooplankton abundance also varies with oceanic conditions; it is generally low at high 
temperatures and high at low temperatures. Zooplankton abundance generally increases 
during a phytoplankton bloom (as during the spring) and decreases as phytoplankton abun- 
dance decreases. The abundance of microzooplankton in Santa Monica Bay generally 
parallels primary productivity (Eppley and Holm-Hansen 1986). 

Because many zooplankters migrate between deep water during the day and the surface at 
night, zooplankton abundance in surface waters varies between day and night. Larger 
species such as euphausiids and mysids are generally more abundant in the surface waters of 
the Bay at night than during the day. Smaller species such as calanoid copepcds do riot 
migrate as much and day-night differences are less pronounced. 

INTERTIDAL HABITATS 

I O R G A N I S M S  1 
Plants in the rocky intertidal display vertical zonation, with distinct species assemblages at 
different tidal levels, although the patterns may be disrupted by grazing, by dominant 
attached invertebrates, or by trampling. Lichens dominate in the splash zone, whereas the 
upper intertidal flora includes green algae such as sea felt and sea lettuce, brown algae 
(rockweeds), and various red algae. The middle intertidal includes a more diverse algal 
assemblage with foliose, filamentous, and coralline red algae and brown algae. The lower 
intertidal zone has red and brown algae as well as surfgrass (Hedgpeth and Hinton 1961, 
Dawson 1966). 

Few plants are found in the sandy intertidal, although one-celled algae may be abundant on 
beaches with fine particle sizes (Pollock 1971). Benthic diatoms sometimes form a brownish 
preen layer on sands where wave action is not toa great and green algae, such as sea felt and 
sea lettuce, may occur on protected beaches where there is little sand movement. On the 
mudflats of backbays, cordgrass forms dense stands at the lower tidal level, while pickle- 
weed dominates the upper level.Where conditions are favorable for dune formation, above 
the high-energy intertidal zone, the sand may be sparsely vegetated with salt-tolerant sand 
verbena, silver beachweed, beach primrose, beach morning glory, salt bush and salt grass. 
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Many introduced exotic plant species, such as Hottentot fig and sea fig (both known as 
iceplant), and sea rocket have taken over much of the extant dunes in Southern California 
(Munz 1964, 1973). The vegetative cover helps to stabilize the dunes but is fragile. Its 
disturbance by vehicles and foot traffic may lead to eventual loss of the dune system. 

0 n rocky shores, only shelled species can live at the highest zones; soft-bodied forms 
cannot tolerate exposure to the air for very long. The splash zone is best characterized by 
periwinkles, barnacles, limpets, and rock lice. Periwinkles and limpets p e  on diatom 
films, barnacles filter-feed when the tide is in, and rock lice are scavengers. 

In the upper intertidal zone, species diversity increases with additional species of snails 
(periwinkles, turbans, limpets), attached bivalves, chitons, hermit crabs, and striped shore 
crabs. The upper limit of this zone is marked by California mussels and Pacific goose (or 
gooseneck) barnacles both of which are filter feeders and which are preyed upon by ochre 
starf~sh. A variety of sea anemones, snails (including black abalone), sea slugs, octopus, 
polychaetes, barnacles, isopods, crabs, shrimp, and brittle stars is also found here. 

The lower intertidal is very similar to the subtidal; sponges, sea anemones, polychaetes, 
snails, sea slugs, attached bivalves, octopus, bryozoans, crustaceans (arnphipods, isopods, 
shrimp, hermit crabs, crabs), sea stars, brittle stars, sea cucumbers, sea urchins, and tunicates 
are all abundant (Hedgpeth and Hinton 1961). 

The meiofauna, the smaller organisms of sandy beaches, is found in the upper sediment 
layers to a depth of several feet in coarse sand, to only two inches in fine sediment. 
Abundance is generally highest in coarse sands, but diversity is greater in fine sands. Similar 
species occur here as are found on the subtidal soft-bottom habitat. 

The macrofauna of the sandy intertidal consists largely of polychaetes, bivalves, and crus- 
taceans, the most obvious-of which is the sand crab. This species is an important food for 
many surf zone fishes and is collected commercially for fishing bait. It filters particulate 
matter from the incoming waves but rapidly burrows deeper into the sand as the wave 
retreats. 

The bloodworm is an infaunal polychaete which feeds on bacteria, microalgae, and meio- 
fauna beneath the sand. Bean clams are abundant in some years; in other years they are rare. 
The pismo clam is a popular recreational species which is found on sandy beaches, and 
along with the little bean clam, extend subtidally. Populations of these two species appear to 
have declined over the past few years. The reasons are not clear, although recruitment has 
been very low, perhaps due to overfishing of parent stocks or habitat degradation (Shaw and 
Hassler 1989). The Pacific littleneck is found in coarse sand and gravel near rocky areas; 
this clam is also a popular recreational species. Although the status of this species is not 
known, it is subject to the same problems of overfishing and habitat degradation as Pismo 
and bean clams (Chew and Ma 1987). Amphipods are also important species on the inter- 
tidal sandy beach: beach hoppers (gammarid amphipods) live in burrows at low tide or under 
and around drift kelp (Hedgpeth and Hinton 1961). Further inland, on undisturbed, vegetated 
dunes, there are numerous species of insects, including the endangered El Segundo blue 
butterfly (WRA 1990). 

Fishes. Rocky tidepool fishes are typically small and wellcamouflaged. Woolly sculpin, 
opaleye, rockpool blenny, spotted kelpfish, and California clingfish are all found in the study 
area (Cross 1982a). The spotted kelpfish associates with turf algae, while the others are 
found where algae are not abundant. The rockpool blenny and California clingfish are most 
common in cobble areas whereas the woolly sculpin and opaleye are typical of fixed tide- 
pools. 
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I R A R E ,  T H R E A T E N E D ,  OR 
E N D A N G E R E D  S P E C I E S  I 

California grunion is a small, silvery fish, which deposits its eggs in the sandy intertidal 
zone. It spawns from late February to early September on the second night after a full moon, 
the so-called "grunion runs" of Southern California beaches. Spawning occurs near the peak 
of the high tide during and just after high spring tides. Female grunion burrow tail-first into 
the sand and lay their eggs; males follow the females, wrap themselves around the females, 
and fertilize the eggs. They leave on succeeding waves and the eggs remain until the next 
spring tides two weeks later. when the eggs hatch and the larvae are carried out by waves. 
While buried on the beach. grunion eggs may be eaten by sand worms, isopods, flies, beetles 
and shorebirds (Fitch and Lavenberg 1971, USFWS 1985). Grunion may be caught (legally) 
by hand during the spawning season; they are taken incidentally in commercial nets along 
with other species (Fitch and Lavenberg 1971, USFWS 1985). 

Several fishes live nearshore or in the surf zone. California corbina. barred surfperch, and 
shovelnose guitarfish all feed on sand crabs and are caught by sport fishermen. Surf fish- 
ermen often take California halibut as they move inshore to feed on grunion. 

Shore Birds. Numerous shorebirds forage on crustaceans, mollusks, and polychaetes in the 
rocky intertidal zone. These include spotled sandpipers, willets, ruddy turnstones, black turn- 
stones, surfbirds, wandering tattlers, black oystercatchers, Heermann's gulls, and western 
gulls (Jaeger and Smith 1966, MBC 1985). These species are most common locally during 
the winter; many migrate north in summer to breed. 

Sandy beaches also provide foraging habitat for several species of shorebirds and nesting 
habitat for one endangered species, the California least tern. Western snowy plovers and 
willets are present on local beaches all year round; whimbrels. marbled godwits and sander- 
lings spend the winter only; and ruddy turnstones visit southern California beaches during 
spring and fall migrations (Garrett and Dunn 1981). 

-Marine Mammals. California sei lions sometimes haul out i n  rocky intertidal areash Santa 
Monica Bay or rest on sandy beaches when sick or injured. 

Beaches are the part of the marine ecosystem where the land meets the sea. As such, they 
present a unique and difficult environment for which a few species have become specially 
adapted. On sandy beaches, sand crabs and clams must cope with shifting sands (caused by 
waves) and with intermittent exposure to air during low tide. Species such as sand crabs and 
bean clams (also known as coquinas), move up and down with the tide, while others simply 
burrow deeper to avoid desiccation and predators. Pismo clams prefer the lower intertidal 
and are vulnerable only during the lowest tides. California grunion spawn in the sandy inter- 
tidal. All of these species are preyed upon at some time in their life cycle by other intertidal 
organisms, shorebirds, and human;. 

Dunes provide protection for inland areas and serve as living and breeding areas for many 
species. Plants which have colonized dunes, in turn, act to stabilize the dunes, preventing 
them from blowing out during strong winds. 

Rocky shores support a very different intertidal community. They provide points of attach- 
ment for algae which are primary producers and so are a source of algal as well as shell 
detritus. Rocky shores are the sole habitat for many species and they constitute nursery areas 
for the young of some fish and invertebrates. 

California Least Tern. California least tern is a spring and summer visitor which breeds in 
southern California coastal habitat from late April to September. It builds its nests in shallow 
depressions in hard or soft dirt, dried mud, or sandy areas. 
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Historically, least tern nested on the upper reaches of sandy beaches along much of Southern 
California. As nesting habitat and suitable feeding grounds were lost and disturbance by 
humans increased (CLTRT 1980), terns made use of alternative sites (Dock and Schreiber 
1981). California least terns formerly nested on salt- and mudflats at Playa del Rey in lieu of 
the larger and permanent site on Venice Beach. As a result of a program to protect least tern 
nesting grounds, the numbers of nesting pairs and fledglings at Venice Beach have almost 
tripled since 1984 (Table 3-2). 

Breeding success of least terns varies greatly from colony to colony each year due to preda- 
tion, unfavorable weather (CLTRT 1980). flooding (Dock and Schreiber 1981), and 
availability of food (Massey 1972). Least terns forage in the shallow, open waters of Ballona 
Creek, and to a lesser extent, Ballona Lagoon and Marina del Rey, principally for northern 
anchovy, topsmelt, surfperches, killifish. and mosquitofish (CLTRT 1980). Topsmelt, killi- 
fish, and mosquitofish are found in the tidal channels, creeks, and lagoons of the Ballona 
wetlands, whereas northern anchovy occurs in nearshore marine waters. 

No studies have linked contamination of least tern food resources to reproductive success. 
However, since they prey on northern anchovy and topsmelt like the brown pelican, they 
may also have been impacted by the accumulation of chlorinated pesticides and PCBs in the 
1970s. 

Western Snowy Plover. The western snowy plover has recently been proposed for Federal 
threatened status (CDFG 1992). Its population has declined due to loss of beach nesting 
habitat in California (Garrett and Dunn 1981). Snowy plovers flock on the beach at Malibu 
and Hermosa Beach during winter but apparently do not nest there (Stenzel 1993, pers. 
corn.).  The closest breeding colony is at Bolsa Chica in Orange County; other colonies 
nest at the Santa Clara River mouth, McGrath Lagoon and Mugu Lagoon in Ventura County, 
and some Channel Islands. 

El Segundo Blue. The El Segundo blue is a subspecies of butterfly which inhabits (almost 
exclusively) dunes where its sole host plant, coastal wild buckwheat, is found (Ernel  and 
Emmel 1973). It is presently limited to the dunes at the west end of LAX and Chevron 
USA's 1.6 acre butterfly preserve at the northwest corner of the refinery (Coonan 1992, pers. 
corn.).  At one time the dunes encompassed 2,900 acres and included small seasonal pools 
and marshes; currently there are 338 acres of dunes, although potential enhancement sites 
are present within dunes owned by the airport and Chevron USA (WRA 1990). Attempts to 
protect the El Segundo blue from extinction have included protecting and propagating its 
host plant. 

Wandering Skipper. The El Segundo Dunes are also inhabited by another rare butterfly, the 
wandering skipper. Wandering skipper larvae are restricted to one host plant, saltgrass. The 
decline in wandering skipper populations is due to loss of undisturbed beach dunes and 
coastal wetlands habitat (Zedler 1991). Thus, it is a valuable indicator of an ecosystem in 
continual decline. The wandering skipper has been a candidate for endangered status, and 
was listed in the Federal Register review of endangered or threatened invertebrate species 
(USFWS 1984). 

Black Abalone. Black abalone are found in the intertidal and shallow subtidal of rocky 
shores from central Oregon to the southern tip of Baja California. Because they are large and 
easily noticed, they have been collected for food, beginning with the prehistoric coast- 
dwelling native Americans (Haaker er al. 1986). Indian middens along the southern 
California and Baja California contain great numbers of black abalone shells. 
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1 N A T U R A L  V A R I A B I L I T Y  1 

The black abalone population in Southern California has been drastically reduced by 
commercial and spon harvesting as well as a mysterious "withering syndrome". Abalones 
also compete with sea urchins (which have increased along the coast) for the same food, 
brown algae. Collecting of black abalone has been banned in Southern California from Palos 
Verdes Point to Dana Point and commercial harvesting is prohibited in Santa Monica Bay. 
The legal harvest size for black abalone is 5 in., but currently very few legal-sized animals 
are found in Santa Monica Bay (Hanis 1992, pen. comm.). 

Potential recovery strategies for black abalone include completely closing the fishery for up 
to five year; continuing research on "withering syndrome" (evidence suggests that other 
abalone species may also be susceptible); and stricter enforcement of poaching regulations. 
Transplantion of larval or juvenile abalone onto Santa Monica Bay rocky beaches would not 
be practical until the cause of the withering syndrome is ascertained and until it can be 
demonstrated that transplantion actually works. 

Under normal sea conditions, beaches exposed to wave surge erode or accrete in response to 
changing sea conditions. During winter storm events, beaches erode and sand is transported 
offshore. The resulting beach and nearshore profile are in equilibrium with the prevailing 
sea conditions. Typically, winter beaches are characterized by a steep beach face, relatively 
coarse sediment, and a sea cliff or winter berm (Anikouchine and Sternberg 1973). During 
summer much of the eroded sands is transported back to the beach by smaller waves 
(Bascom et al. 1980) and the beach profile becomes less steep, with a smaller berm and finer 
sediments. During a severe storm, there may be insufficient sand on the beach to shape the 
equilibrium profile, and the upper beach dunes may be eroded to supply sand to the beach 
and nearshore zone. In winter 1982-83 there were four successive major storms with insuffi- 
cient time between them for the beach to recover its stable protective profile (Armstrong 
1991). Where the continental shelf is steep, waves cannot return sediment back to the beach 
after a severe storm and permanent erosion results (Woodell and Hollar 199 1 ). 

The coastline of Santa Monica Bay is naturally eroding because of the rise in sea level (more 
than six inches. per century) (Woodell and Hollar 1991). The general long-term trend of 
shoreline erosion is very irregular and is punctuated by storm events, leading to a gradual, 
long-term trend of beach erosion. Major storm events during the last century which impacted 
Santa Monica Bay beaches occurred in 1905,1915, 1926, 1931, 1939, 1941, 1952-53, 1957- 
58, 1972-73, 1977-78, 1982-83, and 1988. Recently, it has been recognized that these storms 
are associated with the El Niiio-Southern Oscillation phenomenon. 

Rocky intertidal habitats are subject to natural alteration by wave turbulence, inundation by 
sand, desiccation during hot, dry days, and freshwater dilution during rains. Storm surf 
damages these areas because they typically take the brunt of breaking waves; small cobbles 
are hurled about, damaging attached organisms. During winter the rocky intertidal is typi- 
cally free of sand because beach sand is carried offshore; during summer, rocky intertidal 
areas may be covered with beach sand which is pushed ashore. Hot, dry weather subjects 
exposed organisms to desiccation and warms tide pools. During rain, attached organisms 
may be exposed to freshwater and tidepools may be affected by both freshwater and sedi- 
ment canied in the runoff waters. 

Thus, the abundance of intertidal organisms is expected to vary seasonally and interannually. 
Catastrophic destruction of individuals and habitat may occur at irregular intervals corre- 
sponding to major storms or dry periods. The natural variability of intertidal organisms in 
the Bay has not been quantified. 
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SOFT BOTTOM HAITATS 

The  soft-bottom habitat is by far the most extensive benthic habitat in Santa Monica Bay. 
Most of the seafloor of the study area consists of unconsolidated (soft) sediments, which 
consist of mixtures of sand, silt, and clay (Figures 2-3,3-4). Most of the energy entering this 
habitat is detrital fallout and phytoplankton from the water column, although detritus from 
surface runoff and sewage may be important. 

I ORGANISMS I 

T h e  few photosynthetic organisms that live on the soft-bottom habitat of the Bay include 
diatoms, blue-green algae, green algae, and flagellates which attach to sand grains or move 
about on the surface of the sediments. These are most abundant on the inner shelf, at depths 
of less than 30 feet, where sufficient light reaches the bottom (Round and Hickman 1971). A 
few green, filamentous red, and small brown algae attach to worm tubes and cobbles on the 
bottom; these have the same light requirements as the one-celled plants and only occur in 
shallow water. 

T h e  meiofauna are the smallest (less than 0.5 mm in one dimension) infauna. Meiofauna 
(organisms which live in the sediments) includes small organisms such as one-celled proto- 
zoans, small roundworms (nematodes), small polychaetes and oligochaetes, copepods, 
gastrotrichs, flatworms, kinorhynchs, and tardigrades. These organisms are dense in aerobic 
sediments throughout the year. feeding on bacteria, one-celled plants, detritus, and other 
meiofauna. The meiofauna of the Bay has not been well studied, but organically-enriched 
sediments generally have higher proportions of nematodes and oligochaetes than normal 
sediments. 

T h e  invertebrate macrofauna which are less than about 0.5 in. in one dimension m the 
dominant members of the soft-bottom infauna. The soft-bottom habitat of the shelf supports 
an extremely diverse (numbers of different species) and abundant (numbers of individuals) 
infauna. As many as 1,200 infaunal species have been reported from Santa Monica Bay 
(Dorsey 1988). Samples from uncontaminated sediments along the 200-feet isobath in the 
Bight averaged 71 species and 423 individuals in 0.1 mZ of bottom sediment. However, 
because these animals are usually quite small, the biomass is small averaging 7.0 gl0.1 m2 
(Word and Mearns 1979). These values vary with depth and sediment type. 

The infauna is usually dominated, in numbers of species and numbers of individuals, by 
polychaete worms. Polychaetes are soft-bodied, and may be free moving or sedentary. The 
free-moving ones generally crawl along the surface or burrow through the soft sediments 
like earthworms; sedentary forms move, but usually within a tube which they construct in or 
on the sediments. Most soft-bottom polychaetes feed on the bottom, engulfing sediments and 
digesting off the attached bacteria, or filter feed on bits of organic detritus in the water. A 
few polychaetes are predatory, feeding on other infauna. Polychaetes are important 
constituents in the diet of many demersal fish and are important in reworking (bioturbating) 
the sediments. 

Crustaceans are usually the second most diverse and abundant group of soft-bottom infauna. 
Among this group of animals, amphipods are the most common, but others such as 
cumaceans, isopods, and ostracods are also important. Some species of amphipods and all of 
the benthic cumaceans and ostracods burrow in the sediments; some amphipods live in tubes 
while others, hide among debris. All of these crustaceans brood their eggs and hence do not 
have pelagic larvae; the males of many amphipods, cumaceans, and ostracods migrate up 
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into the water column at night. Some crustaceans filter plankton and detritus from the water 
column and others feed on meiofauna, diatoms, and detritus in or on the sediments. Still 
others scavenge on dead organisms. Amphipods are particularly important prey for many 
demersal fishes (Allen 1982). 

Mollusks are usually the third most diverse and abundant p u p  of soft-bottom macrofauna. 
Bivalves (clams, mussels, etc.), snails, and sea slugs make up most of the molluscan portion 
of the benthos. Most bivalves are infaunal but scallops and mussels are epifaunal. Clams 
generally filter the water for bacteria, phytoplankton, and demtus but some species engulf 
sediments as they burrow. Snails and sea slugs tend to scrape material from the sediments or 
hard surfaces, but many are predatory, preying largely on clams and other snails by drilling 
holes through their shells. 

Echinoderms (especially brittle stars) are also quite abundant and diverse. Brittle stars feed 
on demtus in the sediments or filter it from the water. Other less common invertebrate 
groups may be important at particular times or places. For instance, the spoonworm (an echi- 
urid) is occasionally dense in some areas and is important in bioturbating sediments. Many 
benthic macrofaunal species have do not survive in contaminated areas, even though the 
sediment texture may be appropriate. Therefore, the benthic community composition differs 
with the degree of sediment pollution as well as with normal differences in sediment type. 

T h e  soft-bottom, invertebrate megafauna (excluding nektonic forms) of the Bay includes 
epibenthic sea stars, sea cucumbers, sand dollars, sea urchins, crabs, snails, and sea slugs. 
Being larger than the macrofauna, these species are less common and are spaced further 
apart. However, sand dollars and sea urchins often occur in very dense, single-species 
patches which limit the abundance of other species. Because they are larger, they often 
comprise the bulk of the biomass in an area. Most of these species feed on detritus and 
infaunal organisms. Sea cucumbers ingest sediments, sand dollars filter water, and sea 
urchins feed on demtus. However, moon snails, crabs, and the California sea slug are preda- 
tory. 

Nektonic megafaunal species swim occasionally, but most spend much of their time on the 
bottom. Important invertebrate species include octopus, eastern Pacific bobtail (a squid), bay 
shrimp, ocean shrimp, and ridgeback rock shrimp. 

[ N A T U R A L  V A R I A B I L I T Y  1 Sewage was discharged into the study area long before information on the infaunal commu- 
nities of the area was available. The earliest large scale investigation of the infauna in the 
area was conducted (in 1952 to 1954) prior to operation of the HTP 5- or 7-mi outfalls. This 
study (Hartman 1956) did not sample sites off the Palos Verdes Peninsula, but included 
about 150 samples from the remaining portion of Santa Monica Bay. Six faunal assemblages 
were recognized, based mainly on physiographic differences in the habitat. 

The above study was expanded into a survey of the entire Southern California Bight from 
1957 to 1958 (CSWPCB 1959) which included stations on the Palos Verdes Shelf. Analyses 
of the data from this survey continued for years and these provide a background for impact 
studies (CSWQCB 1965, Jones 1969). 

Historical information on the megafauna of Santa Monica Bay was not collected regularly 
nor is it comprehensive. The distribution of crabs and shrimp in the area are discussed by 
Wicksten (1984) on the basis of collections made prior to 1930. Qualitative comparisons of 
these data with those from 1958 to 1963 (Carlisle 1969) show little change in the species 
composition of Santa Monica Bay, but provide no information on abundance or fine scale 
distribution. 
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The abundance and distribution of individual species of the infauna and megafauna may 
vary seasonally and interannually, although most accounts of this are in studies concerned 
with human impacts. Most of this natural variability is difficult to separate from the vari- 
ability associated with human impacts (Bernstein et al. 1984). However, any natural 
disturbance of the sediments or oceanographic changes, is likely to affect benthic soft- 
bottom invertebrate populations. For instance, a change in the species composition of the 
inshore megafauna assemblage of the Bight occurred after 1981, perhaps as a result of the 
1982-1983 El Niiio or because of severe winter storms in 1983 (SCCWRP 1986e). These 
events may also have been important in changing the composition of the infauna assem- 
blages off Palos Verdes during this period (Swartz et al. 1986). 

HARD BOTTOM HABITATS 

Hard-bottom substrate includes natural hard bottom and artificial structures. Natural hard 
bottom substrates may be formed by rock or animals, such as Sabellarid worms which form 
tubes of cemented sand grains. Artificial structures include outfall pipes, artificial reefs, 
jetties, groins, and piers. Hard-bottom habitats have a diverse and abundant assemblage of 
organisms that are often unique to the habitat. Reefs provide forage, shelter. and nesting sites 
for many animals. Hard-bottom in the photic zone is generally dominated by algal growth 
whereas that in deep water lacks algae altogether. Nearshore reefs may also provide habitat 
for giant kelp, which in turn provides habitat an additional diverse assemblage of organisms. 
Because of the diverse and abundant assemblage of unique organisms, reefs are important 
sites for recreational diving and fishing. 

The rocky subtidal bottom off the Palos Verdes Peninsula is composed of sedimentary strata. 
Shale boulders and shelves are often isolated by reaches of sand and cobble. Reefs are more 
diverse, with two to four times higher vertical relief on the western side of the peninsula. 
The eastern rocky subtidal (36-54 ft depth) is characterized by greater water turbidity and 

associated bottom sediment derived from the Portuguese Bend landslide. Most rock 
substrate is covered by a 1-2 cm layer of fine grained material and the surrounding soft 
bottom channels may have up to 20 cm of this sediment (Stull 1993, pers. comrn.). 

1 ORGANISMS I 
Although, hard bottoms support diatoms and other one-celled plants, they are distinguished 
for their growth of kelps and other macroalgae. Macroalgae are anchored to the bottom with 
a root-like structure called a holdfast and reproduce in a complex system which produces 
both spore and gamete stages. In the study area macroalgae are only abundant along the 
Carillo and Malibu coasts, the Palos Verdes Peninsula, and artificial structures along the 
shore. 

The major plants of the rocky subtidal in Santa Monica Bay are red and brown algae. 
Typically, the red algae form a low turf or understory of coralline, foliose, and filamentous 
forms from shore to the edge of the photic zone. Brown algae are generally larger and form 
an overstory; locally the feather-boa kelp is dominant nearshore while giant kelp dominates 
deeper areas of a reef (Quast 1968). 

Hard-bottom invertebrates include sessile and motile forms. Sessile forms are firmly 
attached to the surface of the rocks whereas motile forms move about on the reef or swim 
near the reef. Most hard-bottom invertebrates have planktonic larvae, although some 
amphipods and isopds brood eggs and larvae; sea squirts and sea anemones also reproduce 
asexually to form colonies. 
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N A T U R A L  V A R I A T I O N  1 

The most obvious forms on this habitat are sessile species: mussels, barnacles, sponges, sea 
anemones, sea fans. tube worms, and sea squirts. Date mussels and piddock clams actually 
burrow into the rocks. Most of the sessile invertebrates feed by filtering plankton and 
detritus from the passing water mass. They are generally less abundant where macroalgae 
cover is high but are the dominant organisms elsewhere. 

Most of motile invertebrates hide in crevices in the habitat or are protectively colored. Large 
species include abalone and other snails, octopus, shrimp, lobsters, and crabs. Smaller 
species include polychaetes, bivalves, snails, amphipods, and isopods. A variety of small 
motile forms live in and among the bases of the relatively large sessile species. Among the 
motile forms, abalone feed on drift kelp while sea urchins graze on macrophytes and 
diatoms. Many of the small crustaceans (amphipods, isopods, shrimp) eat algae but crabs, 
shrimp, lobsters, snails, sea slugs, polychaetes, and sea stars are carnivorous or omnivorous. 

Abalone, California spiny lobster, yellow rock crab. Pacific rock crab, red sea urchin, and 
Pacific purple urchin are fished recreationally in shallow water and spot shrimp in deep 
water. 

Natural variations in the plant and invertebrate populations of subtidal hard-bottom areas 
occurs seasonally (particularly in shallow water) and during El Niiio periods but these have 
not been well documented in the Bay. Studies of artificial reefs in the Bay indicate that the 
plant and invertebrate assemblages on newly-exposed hard substrates undergo a succession 
in dominant species and area coverage of epifaunal growth with increasing time (Carlisle et 
al. 1964). A red tide which occurred from San Luis Obispo to the Los Angeles Harbor in 
1945 killed California spiny lobster and sheep crab, both hard-bottom species (Sommer and 
Clark 1946). 

Additional factors which affectthe st~dlow habitat include hxrbidity, sea urchin predation. 
water movement, temperature, and inundation by sand. Changes in the biota of a shallow. 
reef may be seasonal or long-term. Turbidity and sea urchin predation reduce the algal 
growth whereas the turbulence, scouring, and inundation by sand affects the suitability of the 
habitat for sessile and crevice-seeking species. Seasonal changes are caused by differences 
in light intensity and temperature, which affect photosynthesis and may mgger spawning in 
a variety of organisms. 

Annual inundation by sand is common in shallow areas; it may smother the existing biota, 
resulting in a bare surface when the sand is gone. As a newly exposed hard surface appears, 
the process of succession, from small sessile forms to a dense cover of macroalgae and 
mussels begins. Thus, shallow reefs may be almost constantly in an early state of develop- 
ment. 

KELP BEDS 

Kelp beds are associated with the hard-bottom habitat. However, most hard bottom in the 
Bay is of low relief and the presence of kelp extends this relief to the sea surface. Giant kelp 
is probably the best known of the macroalgae. It generally grows on hard, subtidal bottoms 
at depths of 20 to 70 feet, where the water is clear (Abbott and Hollenberg 1976). More than 
other macroalgae, giant kelp becomes a part of the habitat, providing fwd,  shelter, nursery, 
or a point of reference for invertebrates and fishes. 

Giant kelp is harvested to produce compounds such as algin, which is used in the manufac- 
ture of ice cream; cosmetics, and many other commodities. Kelp beds are also important for 
sport fishing, commercial harvesting of abalone and sea urchins, and recreational diving 
(North and Hubbs 1968). 
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I O R G A N I S M S  1 

Giant kelp has a complex life history which is normally completed in 12 to 14 months 
(Neushul and Haxo 1968). The mature kelp plant (a sporophyte) produces spores which are 
shed into the water column. When the spores settle and survive, they develop into a micro- 
scopic plant (a gametophyte) which produces eggs and sperm. The eggs and sperm unite to 
form a young sporophyte which grows to become a mature kelp plant. Kelp may live for 
more than five years (North 1968) and may grow as much as 12 to 20 inches per day, 
making it among the fastest growing plants known. 

Mature giant kelp consists of a root-like holdfast, the stem-like stipes, and leaf-like blades. 
Gas-filled bladders at the base of each blade buoy up the plant, keeping the blades near the 
surface where light levels are maximal. 

Giant kelp is found in the northeastern Pacific from Alaska to southern Baja California 
(Abbott and Hollenberg 1976). Not only are there replacement species along this latitudinal 
and temperature gradient, but within species there are strains which are adapted to particular 
temperature ranges. At present and in the recent past, giant kelp in Santa Monica Bay has 
been limited to rocky bottoms along Leo Carillo beach and the Malibu coast and along Palos 
Verdes Shelf (Figure 3-4). 

The cover provided by California kelp beds provide protection and habitat for more of than 
800 species of fishes and invertebrates, some of which are uniquely adapted for life in the 
beds. When kelp is absent from a reef, many of the associated invertebrates and fishes are 
also lacking. 

Manyother algae associate with giant kelp, adding to the complexity and productivity of 
the habitat. These shrub or understory algae are similar to those found in other rocky 
bottoms at similar depths and include foliose, filarnentou~ and coralline red algae, smaller 
kelps and brown algae, and some green algae. In a dense bed, the canopy of kelp blades can 
actually limit the amount of light reaching the bottom so that understory algae (especially 
turf species) are less abundant. Feather-boa kelp is sometimes found on the inshore side of 
giant kelp, thus extending the bed shoreward (North 1976). 

T h e  invertebrates found in kelp beds are similar to those found on hard-bottom environ- 
ments without kelp. Because turf algae is often lacking, encrusting animals such as sponges, 
hydroids, sea fans, moss animals, and tunicates are more abundant. Pink abalone and 
California spiny lobster are often common in kelp beds, and red sea urchins and Pacific 
purple urchins are generally present. Several sponges, sea stars, and snails are unique to the 
holdfasts of giant kelp, as are file shells and warty sea cucumbers (Limbaugh 1955). 

Kelp fronds become senile in about six months and individual blades deteriorate in one or 
two months; therefore, long-lived encrusting organisms like mussels and barnacles do not 
develop on them. However, some encrusting moss animals settle and form flat, white 
colonies that can completely cover a blade in three weeks. Broadtail isopods, carinate doves- 
nails, and kelp scallops are common on the stipes and many other invertebrates are found on 
the blades, though not exclusively (Limbaugh 1955). 

] N A T U R A L  V A R I A B I L I T Y  I Thehistoryofkelpbedsinthestudyareacanbetracedfromrecordsdatingto1911. 
Because kelp beds are licensed for harvesting each year they have been numbered by the 
California Department of Fish and Game (CDFG), which manages the resource (Figure 3-5). 
Beds 1 1, 12, 13, and 14 are located along the Palos Verdes Peninsula, between Point Fermin 
and Lunada Bay. Giant kelp has not been dense in this century along the sandy, central 
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portion of Santa Monica Bay, although individual plants may have grounded there or grown 
on temporarily exposed rocks. Beds 15 and 16 are located between Santa Monica and Point 
Dume; Bed 16 is in the ~ u g u - ~ a t i g o  Area of Special Biological Significance (CSWQCB 
1979). In the early part of this century, the Malibu coast beds extended from Point Dume to 
Santa Monica Canyon (Ulrey and Greeley 1928), but they now extend from Point Dume to 
Malibu. 

From 1940 through 1974, the general trend in giant kelp was one of decline and appears to 
have been centered on the White Point outfall (North 1968). By 1959, following the strong 
El Niiio Event of 1957 and 1958. kelp was almost completely gone; only small patches 
remained in Abalone Cove and at Portuguese Bend. By the fall of 1968 the last of these 
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Figure 3-5. Kelp bed designations by the CDFG (CSWQCB 1%4). 

plants had perished (North 1970) and only transplanted kelp remained. Efforts to re-establish 
the Palos Verdes beds had begun in June 1967, initially with little success. During 1950- 
1960 as a result of increased urbanization, the marine environment became the disposal site 
for industrial and domestic waste. A decline in the size and number of productive kelp 
forests was documented during this time (Carter et al. 1985). 

Between 1970 and 1977, the CDFG attempted to restart kelp at nine separate sites along the 
Palos Verdes Peninsula (Wilson et al. 1977). By 1975, kelp was thriving in Abalone Cove 
and was redeveloping in Bluff Cove (Figure 3-6). The total canopy area in 1982 was nearly 
what it was in the mid-1940s; it continued increasing, reaching a peak off Palos Verdes in 
mid-1987 which was 36% greater than recorded in 191 1 (Neushul 1981). Kelp acreage was 
still high (617 acres) in early January 1988 (CDFG unpubl. data), but as in 1983, stoms in 
midJanuary decimated the bed, severly reducing canopy cover. Storm decimation of the 
beds is a natural, ephemeral event with active regrowth following. 
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V A R I A B I L I T Y  

The history of Beds 15 and 16 in the western part of the Bay is not as well documented. Bed 
15 (Figure 3-5) covered 182 acres in 191 1 but has had a maximum canopy of seven acres 
since 1955 (Neushul 198 1 ). Between 1930 and 1980, the average cover was about five acres 
but kelp was often altogether absent (Harger 1983). Bed 16 in Paradise Cove is much larger 
and has been present continuously. In 191 1, it covered 376 acres, but between 1959 and 
1979 never exceeded 222 acres (Neushul 1981). 

T h e  reasons for fluctuations in kelp bed canopy area and in health of the plants have been 
studied and argued for decades. Over-harvesting, recreational boating, waste discharge, 
storms, oil spills, turbidity. and warm water have all been identified as conmbuting to the 
disappearance or decline in kelp. To date no single cause has been identified and the luxu- 
riant regrowth of kelp in areas from which it had disappeared has reassured many that 
declines are reversible. Many factors appear involved in the success or failure of any partic- 
ular kelp bed, and neither natural nor contaminant related causes are of overwhelming 
importance. 

Figure 3-6. The kelp beds along Palos Verdes Peninsula in 1982 (MBC 1988). 

Nutrient availability and storms seem to be the major natural factors which influence the 
health and survival of kelp. For a long time it was thought that warm summer temperatures 
and warm El Niiio events caused the deterioration of giant kelp fronds. However, evidence 
indicates that lack of nutrients rather than warm temperature causes the summer degenera- 
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tion (North 1983). The complicating factor is that in summer a density gradient (pycnocline) 
forms in nearshore waters, preventing nutrients (either natural or from sewage) from 
reaching surface waters. Thus, then may be both a yearly cycle in canopy extent and an 
irregular multi-year cycle which reflects El Nino influence. 

Although low nutrient levels reduce canopy cover, they seldom result in the death of the 
plant. However, storms fiquently do lead to complete loss of kelp. Whole beds may be 
uprooted during major storms and cast on or off shore. During the storms of winter 1987- 
1988 most kelp in the study area was lost. This repeated the 1983 winter storm decimation of 
beds in the study area (Wilson and Togstad 1983). and throughout Southern California 
(Dayton and Tegner 1984) In both cases, high levels of growth followed. 

Natural turbidity may also be important. Turbidity reduces light levels reaching the bottom 
and hence reduces plant growth. In addition, sediments settling to the bonom from turbid 
water may smother young plants or make the bottom unsuitable for settlement of sporo- 
phytes. Turbidity in near-bottom waters is greater in the eastern area of the peninsula 
primarily due to sediments from the Portuguese Bend landslide (Stull 1993, pen. corn . ) .  
Since 1980 the landslide at Ponuguese Bend has supplied more than seven times the 
suspended solids than the TWPCP outfall (SDWG 1988) and may have reduced kelp beds in 
the immediate area. 

UNIOUE AREAS AND HABITATS 

There are several unique habitats within Santa Monica Bay; these areas include Torrance 
Beach, Marina del Rey, and Short Bank. The shallow nearshore protected areas of the Bay 
(e.g.. Torrance Beach, Redondo Beach) serve as important nurseries for local marine fishes 
(e.g., juvenile California halibut, juvenile white seabass), comparable to the productive estu- 
aries of the East Coast (Barnett 1984). Marina del Rey (and King Harbor) are artificially 
deepened calm areas; Marina del Rey also has Estuarine organisms. Short Bank is the only 
naturally occurring deep rocky area in Santa Monica Bay with a thriving population of 
several rockfish species and invertebrates. 

Several areas within SMB had bctn recommended for consideration as potential 'Ecological 
Reserves." There are only two areas within SMB that provide rocky bonom habitat, Palos 
Verdes Peninsula (from Palos Verdes Point to Flat Rock Point) and Malibu (from Point 
Dume to Paradise Cove). Los Angeles County has designated these sites as "significant 
ecological areas." These areas along the coast provide important habitat for many species of 
fish, marine mammals, and birds. These areas also serve as important habitats for the 
recruitment of various fish species taken by sport anglers as a result of kelp beds located 
offshore of these sites. 

L 

The marine habitat north of Point Dume up to the Ventura County line is considered an area 
- 

of biological significance by the California State Ocean Plan; therefore no discharge of - 
municipal waste or thermal effluent should be discharged in that area. B 

C 

Characterization Study 





During the last ice age (about 18,000 years ago) sea level was about 384 ft lower than at 
present (Nardin et al. 1981) and the continental shelf of Santa Monica Bay (which is 
presently submerged) would have been dry land and beach, probably backed by steep cliffs 
and rocky shores. Much of the land behind these cliffs was a broad, flat plain; Ballona Creek 
probably extended across this plain to enter what is now Redondo Submarine Canyon. 

The land around Santa Monica Bay would have resembled that presently found near 
Monterey California, with forests of cypress and pine near the coast, brush and grasslands 
more inland, and riparian forests along the Ballona Creek drainage. In addition to the 
mammals and birds, which are still present, the area supported species which have since 
become extinct - mammoths, mastodons, giant ground sloths, sabertooth tigers, camels, 
and llamas. 

Smoke from brush fues would have lingered in the valleys as "smog" and fallout from them 
would have contributed the same kind of "background materials as they do today. The 
offshore oil seeps of today may have constituted tarpits near the mouth of Ballona Creek (at 
what is now Redondo Submarine Canyon). The sea was cooler and populated by marine life 
more typical of cooler waters than at present, and probably more abundant. 

Sea level gradually rose, covering previously dry land, until the present sea level and coast- 
line were attained about 3,000 years ago. Sandy beaches were the predominant shoreline 
during this period as the sea gradually progressed to higher levels across the plain; sea 
temperatures increased and the climate became warmer and drier. 

THE NATIVE AMERICAN PERIOD 

T h e  earliest record of native Americans in the area is from about 6,000 years ago at Malaga 
Cove. although they were probably present much earlier (Reiter 1984). From 6,000 years 
ago to the 1700s, the area was populated largely by Indians with a hunting and gathering 
economy that emphasized plant foods such as seeds and acorns. Those living near the shore 
relied heavily on marine life for food. 

Northern anchovy were more abundant, and large fishes, sea birds, and marine mammals 
which prey on anchovy may have been more abundant than at present (Soutar and Isaacs 
1969). Hunting and fishing pressure increased with the native population and began to 
impact the plants and animals of the watershed, wetlands, and Bay. Some larger mammals 
may have been hunted to extinction and the food organisms along the shore were also prob- 
ably impacted (Reiter 1984). 

Although intermittent Spanish contact with the Indians occurred during the Cabrillo expedi- 
tion of 1542 and the Vizcaino expedition of 1602, it was not until the late 1700s that the 
Venturano Chumash, Gabrieleiio, and Femandeiio Indians of the Santa Monica Bay water- 
shed area had sustained contact with white men. The Gabrieleiios lived from the Santa 
Monica Mountains south to the Aliso Creek Drainage in Orange County. The Fernandeiios 
occupied the San Fernando Valley and the Santa Monica Mountains from the Topanga 
Canyon watershed east. The Venturaiio Chumash were found west of the Topanga Canyon 
watershed to Ventura and inland to the Thousand Oaks area (Kroeber 1925). The entire 
Chumash population probably never exceeded 15,000 (Green 1980); less is known of the 
Gabrieleiios. although their entire population was less than 5,000 in 1770 (Johnston 1962). 

Characterization Study m 



Early Spanish and Mexican navigators had passed Santa Monica Bay, but did not land, 
possibly because they did not see the Indians' huts and the coves did not appear suitable for 
anchoring. Inland journeys of 1769 and 1774 also by-passed the coastal areas occupied by 
the Chumash, although they encountered some inland Gabrielefios settlements. Chumash 
villages were at the mouths of canyons (Robinson 1959); a Venturaiio Chumash village 
named Maliwu was located near the present city of Malibu, which took its name from this 
village (Kroeber 1925, Johnston 1962). Gabrieleiio villages were located throughout the Los 
Angeles Coastal Plain. Their villages were generally located on bluffs overlooking rivers or 
wetlands, some being located at Santa Monica (Kuruvangna), Los Angeles (Wenot), Culver 
City (Sa'angna), Redondo Beach (Engnovangna), and Palos Verdes Peninsula (Masau) 
(Kroeber 1925, Johnston 1962). In the late 1700s the Chumash Indians moved further inland 
using trails forged by explorers who had landed further north (Robinson 1959). 

Little is known of the Venturaiio Chumash, Fernandeiio , or Gabrieleiio Indians; their tribal 
names are unknown and their current names are derived from their later association with 
missions in the area San Buenaventura, San Fernando, and San Gabriel Mission (Kroeber 
1925; Reiter 1984). Acorns were the staple food of all three tribes, but other plants and 
animals were also eaten. Coastal Chumash and Gabrieleiios were skilled fishermen, the 
former using plank canoes and the latter using boats of made of rushes and tules. They 
fished for Pacific sardine, California halibut, lingcod, and tunas; hunted marine mammals 
such as dolphins, sea lions, seals, and sea otters; and gathered shellfish from the intertidal 
zone. In inland areas, they hunted deer, rabbits, and other small mammals (Johnston 1962). 
Indians made use of beach tar to waterproof their baskets and caulk their canoes. 

PANISH/MEXICAN PERIOD 

T h e  influx of Europeans in the late 1700s marked the beginning of the end of native 
Americans in the Los Angeles area. The Spanish occupation began in 1769 with the Ponola 
expedition which founded Franciscan missions throughout California, the first being San 
Gabriel mission in 1771 (Josselyn er al. 1992). The missionaries encouraged the Indians to 
give up their traditional lifestyle and to live at the coastal missions but the stress of the 
mission routines and exposure to new diseases only hastened their demise. Some women 
practiced voluntary abortion rather than have their children grow up under such conditions 
(Robinson 1959). As the numbers of European and Mexican settlers increased, many natives 
desened the area, and by 1852 there were approximately 3,700 "domesticated" Indians and 
4,000 Europeans in southern California (Green 1980). 

Several of the early explorers settled and purchased land in the Santa Monica Bay area. In 
1775 Jose Bartolame arrived in Malibu with 240 colonists from Sonora, Mexico (Robinson 

1 1959). He had a Spanish land grant for 13,000 acres which he called the Rancho Topanga 
Malibu Sequit and which was used primarily for cattle grazing. Bartolame cultivated a small 
area, planted a vineyard and cornfield, and built a mill, but after gold was discovered in the 
Sierra foothills in 1848, he sold Rancho Topanga. The three subsequent owners were a 
Frenchman, an Irishman, and a Puritan from New England who continued to raise cattle, the 
leading industry at the time. 

In Santa Monica, Francisco Sepulveda purchased the majority of the land for cattle grazing 
(Robinson 1959). Other ranchos in the area included Rancho San Vicente y Santa Monica at 
Santa Monica, Rancho Rodeo de las Aguas at Beverly Hills, Rancho Ballona at Ballona 
Creek, and Rancho Sausal Redondo at Hermosa Beach (Josselyn et al. 1992). 

IP 
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From the mid-1700s to the mid-1800s, inland vegetation was altered. Coastal scrub was 
converted to grassland as a result of burning and grazing (Johnston 1962). Smoke levels 
probably increased and bacteria from livestock entered streams draining to the sea. Without 
the Indians, intertidal organisms may have received a brief respite from fishing pressure, as 
the Europeans focused on fish, whales, and game. However, fishing and hunting pressure 
increased with firearms and better fishing methods, with marine mammals, seabirds, and 
water fowl probably the most affected (MBC 1988). 

Although they occurred throughout history, major stoms were first recorded in the 1800s. 
Storms from the southeast were common in the early 1800s and they often generated waves 
to 40 feet or higher (Kuhn and Shepard 1981). 

EARLY STATEHOOD: 1850 TO 1899 

In 1850, California became the 31st State. The collection of warm-water fish species in 
southern California in the 1850s suggest that El Niiio events occurred during this time 
(Hubbs 1949). Extremely heavy rain fell i n  1862 and from 1884 to 1891, causing the Los 
Angeles River to shift course between Ballona Creek and San Pedro (Kuhn and Shepard 
1981). These storms probably affected beach erosion, offshore sedimentation, and coastal 
turbidity for months (MBC 1988). 

Between 1864 and 1885, a whaling station was operated at Portuguese Bend (Sayers 1984) 
and by 1879 commercial and sport fishing had begun in Santa Monica Bay. Commercial 
landings at Los Angeles were dominated by pelagic and nearshore fishes (Jordan 1887). 

Through the early 1870s the Santa Monica Bay region was largely open land used for cattle 
grazing, and very few Americans held land in the area. In 1872,38,000 acres of Spanish 
Ranchos were purchased by New Englander Robert Baker, who hoped to develop a railroad 
terminus and shipping port. In 1875, when the local population was about 1,000. Baker sold 
two-thirds of his land to Senator John P. Jones of Nevada, who wanted to build a railroad to 
transport silver to ocean ports Ongersoll 1908). Shortly thereafter the population began to 
grow, out of interest in Jones' plans and the emerging popularity of the area as an ocean 
resort. By 1877, the Comstock Crash forced Jones to sell the Los Angeles and Independence 
Railroad to Collis Huntington. The large ranchos were subdivided and sold to easterners and 
property values began to rise. 

In 1878, the Southern Pacific Railroad dismantled the Santa Monica wharf, whereupon busi- 
ness declined. Santa Monica attempted to offset the loss of railroad and wharf resources by 
promoting its image as an ocean resort. This image was enhanced in 1886 with the construc- 
tion of the luxurious Arcadia Hotel, which attracted people from all over the world. Santa 
Monica was also convenient for residents of Los Angeles and increasing numbers of people 
moved to Santa Monica and commuted to jobs in Los Angeles. 

In 1891, Collis Huntington built a larger wharf in Santa Monica, intending to regain the 
shipping trade. Santa Monica and San Pedro vied for over five years as the location of a 
deep water port for the Los Angeles area, as the region had no natural harbor. The selected 
city would receive $3 million in federal funds to construct the new port. The Free Harbor 
League, an association of 400 members, supported San Pedro as the port site. Both public 
officials and private citizens feared that if located at Santa Monica, Collis Huntington and 
his Southern Pacific Railroad would dominate the port and form a monopoly. In 1897, the 
Army Board of Engineers selected San Pedro because it was better protected from winds, 
storms, and prevailing westerly swells (Marquez 1975). 
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By 1897, the population of Santa Monica had grown to approximately 2,000 people, twice 
that of 1875. With hopes of a shipping industry shattered, Sam Monica residents and entre- 
preneurs again tried to develop tourist and recreational opportunities. Since then, there has 
been opposition to large-scale industrial development (McQueen 1979). 

1 8 0 0  TO WORLD WAR I1 

T h e  period from 1900 to 1920, was one of rapid population growth. Increases were espe- 
cially pronounced between 1900 and 1905, when the population increased from 3,057 to 
7,208 (136%), and again between 1910 and 1920, when it nearly doubled, from 8,700 to 
15,000. These increases set the stage for dramatic regional growth and development between 
1920 and World War II. 

Establishment of the Douglas Aircraft Company @AC) in the 1920s opened a new era for 
the Los Angeles area. Donald Douglas had moved to Santa Monica from the east coast to 
raise his children and to establish his own aircraft manufacturing company. With financing 
from David R. Davis, Douglas began work on an airplane which could fly coast to coast 
nonstop. With east coast associates, Douglas and his company received its first formal 
contract from the Navy in 1921. Douglas also secured the signatures of ten prominent Los 
Angeles businessmen on a $15,000 promissory note (Maynard 1962), and as the company 
grew, Douglas moved first to an abandoned movie studio in Santa Monica and in 1929 to 
Clover Field. The number of DAC employees increased from 20 in 1922 to 1 12 in 1924 
(Maynard 1962) and at its wartime peak in 1944 DAC employed 160,000 persons in six 
plants. The fm manufactured 16% of all aircraft built in the U.S. between 1942 and 1945. 
Three of Douglas' plants closed in 1946, bringing employment down to 27,000, although 
there was an increase in sales during the Korean conflict in the 1950s. In the 1960s most of 
the company's operations were relocated to Long Beach. 

The population of Santa Monica continued to grow substantially during this period, 
increasing from 15,000 to 37,000 between 1920 to 1930 (147%). from 37,500 to 53,000 
(41%) between 1930 and 1940, and from 53,500 to 72,000 between 1940 and 1950 (35%) 
(USBC 1890- 1970). 

WORLD WAR I1 TO PRESENT 

CITY OF S A N T A  MONICA 
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T h e  population of ~ a n t a  
Monica has increased dramati- 
cally since 1910 but the rate of 
increase was less after 1960 
(Figure 4-1). In 1949, Santa 
Monica was characterized as a 
middle class community with a 
moderate degree of urbaniza- 
tion and little ethnic and social 
integration (McQueen 1979). 
Between 1950 and 1958, the 
population increased to 78,000, 
but residents were predomi- Year 
nantly white, native-born Figure 4-1. Population, housing, and employment 
American citizens. Ten percent of trends in Santa Monica 1875 - 2010 (data from MBC 
the population were foreign-born 1988, SCAG 1991); USCB 1940,1950,1%0,1970,1~8~, 

1990). 
residents and 5% were non-white, 
predominantly black (90%) and Hispanic. 



By 1990, the population of Santa Monica (including the City of Malibu) had increased to 
98,388,75% of whom were white, 14% Hispanic, 6.2% Asian, and 4.3% black. The median 
age of the residents was 37.9 years, significantly higher than the statewide median of 31.5. 
Santa Monica is home to a number of retired and senior citizens, 20.8% of whom are over 60 
years old. Employment in Santa Monica increased dramatically between 1980 and 1990 
(Figure 4-1) (MBC 1988; SCAG 1991). In 1990 18.6% of the employed residents were in 
managerial, executive, and administrative positions (USBC 1990; CSM,PPD unpubl. data) 

The income of Santa Monicans is also higher than the statewide average: in 1990 the mean 
household income in Santa Monica was $55.522,20% higher than the state mean of 
$46,247. The number of housing units has increased at a slower rate than that of population 
or employment (Figure 4-1) (MBC 1988; SCAG 1991). Most Santa Monica residents rent; 
in 1990 only 26% of the 47,753 housing units in Santa Monica were owned by the occupant 
(USBC 1990; CSM,PPD unpubl. data). Rent control ordinances enacted in the 1980s have 
stabilized housing costs and apparently residents are reluctant to relocate from their current, 
low-cost homes. 

Santa Monica continues to grow: the population is expected to increase 20% between 1990 
and 2000 to approximately 104,683 persons (Figure 4-1) (USBC 1940. 1950, 1960. 1970; 
MBC 1988; SCAG 1991). A large percentage of residents continue to hold managerial, 
administrative and professional positions, but retail positions account for 13.6% of total 
employment (USBC 1990; CSMQPD unpubl. data). The predominant land use is residential 
(61%), followed by commercial (22%), and industrial (6%) (Table 1-3) (SCAG 1992a). The 
tendency to keep industry to a minimum is still apparent: in 1991 9.8 million ft2 were in 
commercial use and only 1.7 million ft2 in indusuial use (CSM 1991). 

1 ~ 0 s  ~ N B E L E S  C O U N T Y  ( In  the past decade, many Los Angeles area businesses and industries have been bought by 
out-of-state and foreign companies. For example, in 1987 Pacific Southwest, Western, and 
Aircal airlines were taken over by U.S. Airgroup of Washington D.C.. Delta of Atlanta, and 
American of Dallas, respectively. As of September 1992,45.8% of the large downtown 
office buildings were foreign-owned (Cushman Realty Corp. 1992). 

Trade is a major factor in this trend. The Ports of Los Angeles and Long Beach (located just 
outside the study area in San Pedro Bay) constitute the fastest growing major cargo center in 
the world. The value of import-export cargo going through the Ports increased from $35.4 
billion in 1983 to $56.2 billion in 1985, and from $61.8 billion in 1986 to $1 trillion in 1990 
(Leinberger 1988, Journal of Commerce 1990). 

The population of Los Angeles County has increased rapidly since 1920 (Figure 4-2) (MEIC 
1988, SCAG 1991). As of 1990 Lds Angeles County had a population of 8,863,164 (Figure 
4-2), 57% of whom were white, 32% foreign-born, and approximately 11% black. Twenty- 
two percent of the residents were over 60 years (up from 13.3% in 1970) and the median age 
of 30.7 was very close to the statewide median of 31.5 years. Employment in the County has 
increased steadily, but at a lower rate in 1980-1990 than the population (Figure 4-2) (MBC 
1988, SCAG 1991). The mean household income of Los Angeles County was $47,252, 
comparable to the statewide mean of $46,247 (USBC 1990). 

The number of housing units in Los Angeles County has increased steadily since 1920, but 
at a much lower rate than either the population or employment (Figure 4-2) (MBC 1988, 
SCAG 1991). Los Angeles has a young homeowners market; 32% of households are headed 
by people under the age of 35, compared to 29% nationally. The national average for house- 
holds with a college degree is 21%; Los Angeles is slightly higher with 24%. Managerial 
and professional positions are held by 27.5% of employed residents, while technical, admin- 
istrative, and sales positions account for 32.3% (USBC 1990). 
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FUTURE PROJECTIONS 

T h e  population of h s  Angeles 
County is projected to increase by 
2,514,032 or 28.3% between 1990 
and 2010, an annual increase of 
125,701 residents per year (Figure 
4-2) (MBC 1988, SCAG 1991). 

Housing in Los Angeles County is 
projected to increase by 879.538 
units or 27.8% between 1990 and 
2010, an increase which is close to 
the 28.3% increase projected for 
the population as a whole (Figure 4- 
2) (SCAG 1991). 

1880 lQ00 1920 1940 1960 1980 2000 

Year 
Figure 4-2. Population, housing, and employment 
trends in Los Angeles County, 1875 - 2010 (data from 
MBC 1988, SCAG 1991). 

The three basic components of population dynamics are births, deaths, and net migration. 
The first two components make up natural increases; net migration can be further separated 
into domestic migration (people moving to and from other parts of the nation) and foreign 
migration (including both legal and illegal immigration). 

Immigration to California from elsewhere in the United States has eased due to the 
economy. In Los Angeles County there is an emigration of residents to surrounding counties. 
The major unknown is the rate of undocumented immigration from Mexico into Southern 
California. In 1991,539,436 aliens were apprehended at the San Diego Zone of the Mexican 
border. The general rule is that for every apprehension at least two people enter the United 
States (Economic Development Corporation 1992). 

Employment in Los Angeles County is projected to increase by approximately 1.2 million 
employees (25%) between 1990 and 2010 (Figure 4-2) In recent years Southern California 
has been shifting from a goods-producing, manufacturing economy into an information- 
based service economy. In 1991, the largest industry in the fivecounty Los Angeles area 
was business and management services (Calif. Employment Development Department 
1992). The trend toward a service-based economy is expected to continue through the 1990s 
the moderate between 2000 and 2010. 
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GENERAL CONSIDERATIONS 

REGULATION 
I I OF CONTAMINANTS I 

Numerous substances enter the waters of Santa Monica Bay via a variety of pathways. 
Some of these substances are neutral, some are beneficial, and some are detrimental to the 
Bay's environment. Some may not be particularly harmful alone but may have harmful 
synergistic effects when found with other substances. Those which have harmful effects on 
the ecosystem or on human health are generally considered to be contaminants or pollutants. 
"Pollutant:" is often applied to contaminants resulting from human activities. The two terms, 
"contaminants on human health and on the ecosystem are discussed in subsequent chapters. 

The point at which a body of water becomes contaminated differs for each contaminant and 
impact of concern (e.g., marine life, human health). The critical level for each contaminant is 
generally determined by scientific studies which test the toxicity or carcinogenicity of the 
contaminant against living organisms. Based on these studies regulations are made which 
restrict contaminant levels in input sources. 

There is no single number or index by which the level of contamination of a water body can 
be measured; usually a water body is polluted in terns of some substances and perfectly 
normal as far as others go. The contamination of the body of water as a whole is determined 
by the diversity and levels of contaminants found but may also be determined by extremely 
high levels of specific substances alone. In general, unless a specific contaminant is 
extremely important (as with mercury in the Minimata disease of Japan; Eisler 1978), the 
degree of contamination of a body of water must be determined by comparison with other 
bodies of water with similar geographic and/or population settings. 

T h e  U.S. Environmental Protection Agency (USEPA) has periodically issued ambient water 
quality criteria since 1969. The technical basis for water quality objectives are described in 
section 304(a) of the Federal Clean Water Act of 1977 and toxic pollutants are listed in 
section 307(a). The priority pollutant list includes about 126 substances and the list grows as 
more synthetic substances are develop and tested. Most of these substances are man-made 
compounds which have been shown to be toxic or carcinogenic, at least in laboratory 
animals. The EPA provides water quality criteria for 136 water contaminants; of these, 99 
(73%) are priority pollutants and 50 (37%) are carcinogens. The remaining priority pollu- 
tants have not been studied sufficiently to define water quality criteria and standards at 
present ( O M S  1987). 

The California Ocean Plan sets water quality objectives for contaminants discharged into the 
ocean off California from point and nonpoint sources. The plan sets criteria that apply to all 
discharges excluding enclosed bays and estuaries (which are covered by the Enclosed Bays 
and Estuaries Policy) and thermal pollution (which is covered by the Thermal Plan). State- 
adopted numerical objectives have been set for 23 toxic materials and apply to all ocean 
discharges. Effluent limits have also been set for six other constituents or properties 
common in publicly-owned treatment works and industrial discharges but for which effluent 
guidelines were not established in sections 301,302,304, or 306 of the Federal Clean Water 
Act (CSWRCB 1990). 
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1 PHYSICALICHEMICAL 1 

The agencies which regulate contaminants in the study area and the pertinent regulations are 
described in SCAG (1988). In general, the U.S. Environmental Protection Agency (EPA) 
provides guidelines for water and air quality and human health. State agencies such as the 
California State Water Resources Control Board (CSWRCB). Regional Water Quality 
Control Board, Los Angeles Region (RWQCBLAR); California Air Resources Board 
(CARB), and California Department of Health Services (CDHS) implement regulations 
prescribed in California law. The Bay is also governed by Chapter 5.6 of the California 
Water Code: Bay Protection and Toxic Cleanup. Other state and federal agencies including 
the South Coast Air Quality Management District and the U.S. Food and Drug 
Administration, as well as city and county agencies also play important roles in regulating 
contamination in and around the Bay. 

Most contaminants enter the marine environment by way of the water column. Once in the 
ocean the movement of contaminants is dictated by water turbulence, the direction and 
strength of currents, and the presence (or absence) of a pycnocline. The presence of a 
density gradient in the water column (pycnocline) restricts upward mixing of wastewater 
effluent and downward mixing of material discharged to the surface. The HTP and JWPCP 
sewage outfalls are located near the edge of the continental shelf, at the 2 0 0 4  depth 
contour. The HTP sludge outfall, which was inactivated in 1987, is located in about 300 !I of 
water, near the head of the Santa Monica Submarine Canyon. The configuration and location 
of these outfalls were designed to maximize dispersion and minimize transport of contami- 
nants to the water surface or to the beach. 

Drainage channels, on the other hand, provide a different input pathway, discharging into 
surface waters adjacent to the shoreline. Flow from these channels tend to form a freshwater 
surface layer, or lens, that is resistant to mixing with the underlying water. 

The dilution and dispersion of dissolved or colloidal pollutants is entirely a function of the 
mixing and advection of water masses. Nutrients such as ammonia and phosphate are highly 
soluble and can be used to mce  the dissolved component of sewage effluent plumes in the 
early stages of mixing. Dissolved contaminants can become associated with or transformed 
into particulates by the processes of sorption, precipitation, and ion exchange. Sorption 
occurs more readily on fine-grained silts and clays than on coarse, sandy sediments. Fine 
suspended organic particles such as living or dead plankton and sewage particles have high 
sorption capacities, especially for dissolved organic contaminants. Trace metals absorb onto 
organic particles and iron or manganese oxyhydroxide phases, which form in oxygenated 
marine environments and coat the surfaces of particles. 

The pathways followed by particle;bound contaminants are a function of particle density and 
current strength. Fine particles are easily transported by relatively slow currents; therefore 
they are easily dispersed. Studies of the distribution of suspended particulate material near 
the HTF' 5-mi outfall indicate that the sewage plume rises rapidly from the discharge depth 
of 200 ft to about 66 ft below the water surface (Kolpack 1979). The initial direction of 
transport is toward the shoreline southeast of the outfall for most of the year, with wave 
action dispersing the plume over a large part of the Santa Monica shelf. Subsequent transport 
offshore occurs in well-defined zones near the sea surface. 

Coarse-grained or dense particles are more resistant to transport. Sand accumulates on 
beaches because it is resistant to the wave energies that erode fine material. Similarly, 
coarse-grained material, which is resistant to turbulence and currents, accumulated near the 
HTF' sludge outfall (Bascom et al. 1980). The settling of a particle onto bottom sediments 
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does not mean that its journey is over. Stronger currents can rework the sediments, resus- 
pending material and transporting it until the current velocity diminishes and the particles 
once again are deposited. Current velocities necessary for sediment resuspension in the 
vicinity of the JWPCP outfalls are often met (Hendricks 1976). 

Water depth determines the susceptibility of sediments to resuspension by storm waves. 
Storm waves introduce energy that is proportional to their frequency and size. Although 
shallow water sediments are most affected, severe coastal storms can resuspend accumulated 
contaminant-laden particles from greater depths. Chemical concentrations in vertical sedi- 
ment profiles on the Palos Verdes Shelf indicate that surface sediment losses in the 
nearshore region were induced or accelerated by several severe storms (Stull et al. 1986a). 
Recent studies have indicated that DDT-laden sediments are periodically resuspended in 
relatively shallow shelf areas, transported and redeposited elsewhere along the shelf 
(Hendricks 1987). 

The accumulation rate and the physical mixing of surface sediments also influence the fate 
of particle-borne contaminants. The accumulation rate is a function of the rate of supply 
from both natural and anthropogenic sources and current velocities at the sediment-water 
interface. Mixing of the sediments can result from the activities of benthic organisms, a 
process called bioturbation. Both sediment accumulation and mixing act to bury freshly 
settled particles, thereby minimizing the potential for resuspension. Because benthic mixing 
derives from the activity of organisms, it is either absent or reduced in sediments with low 
abundances of benthic organisms. In a recent 30101) waiver application (LACSD 1988), it is 
argued that decreases in solids discharged from the JNTCP outfalls could increase contami- 
nant levels in surface sediments on the Palos Verdes Shelf. In this scenario the contaminated 
subsurface sediments from historical discharges would be mixed with the less contaminated 
sediments from more recent discharges and would be available for resuspension. The combi- 
nation of reduced sediment accumulation rate and enhanced benthic mixing (greater 
densities of organisms which resulted from decreased levels of contamination in surface 
sediments) were identified as the primary determinants of DDT distribution along the 200-ft 
depth contour on the Palos Verdes Shelf. 

Several processes enhance the size of particles and thus the speed at which they sink through 
the water column. Flocculation is aggregation of colloidal material as freshwater mixes with 
seawater; differences in ionic strength (electrical charge) between fresh and salt water cause 
changes in the charges of the colloids and they attach to one another. Coagulation is the 
aggregation of particles brought about by physical contact. The higher the concentration of 
particles, the greater the chances of collision, and the greater the possibility of particle 
aggregation. Coagulation is probably an important process in the vicinity of sewage outfalls 
and storm drains where the concentration of particles, particularly particulates rich in 
organic matter, is high. 

Pollutants can be incorporated into biologically produced particles such as fecal pellets, 
which are relatively large and sink quickly. It has been suggested that vertical transport by 
fecal pellets is an important mechanism for transporting particles to the sediments. 

The behavior of oil spills illustrates the complex array of pathways and processes followed 
by a single kind of waste. Crude oil consists of a variety of organic compounds, a small frac- 
tion of which are soluble in water. The lighter, less dense fraction floats to the water surface, 
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the atmosphere; or degraded by exposure to sunlight. Denser materials aggregate into tar 
balls that sink to the bottom, where they are subject to erosion, burial by accumulating sedi- 
ments, or degradation by organisms. Oil and grease in sewage effluent tend to rise to the 
water surface and undergo similar processes. 

Biological processes further complicate the fates of contaminants. Organisms can store 
contaminants, or can transform and decompose them through their metabolic processes. The 

PROCESSES 
rnicrobially mediated degradation of organic matter is an oxidative process that transforms it 
into basic inorganic components (i.e., carbon dioxide, water, ammonia, orthophosphate). 
Biodegradation can also be a less drastic process that changes an organic contaminant to a 
more oxidized form that may be more or less toxic than the original compound. The chem- 
ical form of a contaminant can also be changed by the process of biotransformation. 
whereby a pollutant form is altered by an organism to make it less toxic to that organism. 
Biological processes also affect the fate of contaminants indirectly by altering environmental 
parameters. Degradation of organic matter lowers the pH (increasing the acidity), reduces 
the oxygen concentration and redox potential, and produces chemicals such as ammonia and 
sulfide that can impact aquatic life and interact with contaminants. 

Many types of microorganisms derive energy by degrading organic matter, which also trig- 
gers changes in pH and redox potential in the environment. Marine aquatic systems are 
well-buffered by the presence of carbonate alkalinity, and relatively small changes in pH 
typically accompany organic matter degradation (seldom decreasing below a pH of 7). 
Changes in redox potential are more extreme. The degradation (i.e., oxidation) of organic 
matter by microorganisms requires the concurrent reduction of an electron acceptor, which 
in most environments is oxygen. If organic loading is sufficient and available oxygen has 
been consumed, nitrate, sulfate, and carbon dioxide are utilized squentially as electron 
acceptors, producing reduced forms of these chemicals. The change in redox potential that 
accompanies organic matter degradation can change the oxidation state of some metals. Iron 
and manganese, which are present as insoluble oxyhydroxides under well-oxygenated condi- 
tions, are much more soluble in their reduced form. Moreover, metals that are sorbed to the 
surfaces of iron and manganese oxyhydroxides under well-oxygenated conditions may 
become mobilized as the phase undergoes dissolution in reducing environments. The reduc- 
tion of sulfate is a particularly important process because sulfide is the degradation product. 
Many metals react with sulfide and precipitate as metal sulfides. 

T h e  uptake and retention of chemical contaminants by organisms is called bioaccumulation. 
Chemical properties that make a particular contaminant more prone to bioaccumulation (i.e., 
that increase its solubility in fatty tissue) were described in the section on Chemical 
Properties and Behavior. Characteristics of organisms that result in high bioaccumulation 
potential include: 1) having a higb fat content, 2) living on or near the bottom sediments, 3) 
filter-feeding on organic particles, and 4) being high on the food chain. Examples of such 
organisms include demersal fish (e.g., Dover sole), mussels and clams (filter feeders), and 
seals (high in fat and the top carnivore). Greater accumulation of a contaminant by organ- 
isms higher on the food chain is termed biomagnification. The accumulation of 
contaminants by the biota may result in biological effects to contaminated organisms or their 
predators. 

Studies of the spatial distribution of hazardous substances in mussel tissues indicate that 
elevated concenaations of silver and chromium are found in the vicinity of the WPCP and 
HTP outfalls, while elevated concentrations of lead and PCB are more widespread. 
Interpretation of fish bioaccumulation patterns indicates that the JWPCP and HTP outfalls 
may have been major sources of PCB, but elevated tissue concentrations of PCB are found 
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far from these outfalls because fish are mobile. The highest concentration of DDT in fish 
tissue occurs near the M C P  outfall, a documented historical source. Spatial and temporal 
panerns in contaminant bioaccumulation in Santa Monica Bay are described in greater detail 
in Chapter 12. 

Microorganisms are responsible for most of the biotransformation or biodegradation of 
contaminants that occurs in the environment. Highly chlorinated hydrocarbons like PCB and 
DDT are relatively resistant to degradation, but are slowly degraded over time. DDT, a 

SOURCES OF I CONTAHlNATlON I 

major contaminant in Santa Monica Bay. is slowly degraded to DDD and DDE. 
Measurements in sediments on the Palos Verdes Shelf, described in Chapter 9, indicate that 
degradation of DDT is more rapid in shallow water than in deep water. as indicated by a 
comparison of DDEDDT ratios. The redox potential may influence the rate of contaminant 
degradation. The degradation of anthracene and naphthalene (PAH) is not observed in sedi- 
ments in the absence of oxygen. Under toxic conditions, these lower molecular weight PAH 
compounds are more susceptible to degradation than higher molecular weight PAH 
compounds. 

The microbial synthesis of methylmercury is a good example of the process of biotransfor- 
mation. The microbial synthesis of methylmercury and other organometallic compounds has 
advantages for cellular elimination because nonpolar compounds are more easily transferred 
across the cell membrane (Wood and Wang 1983). Unfortunately, these compounds are 
more easily bioaccumulated by higher organisms for similar structural reasons. 

contaminants entering Santa Monica Bay may originate on land, in the air, or at sea outside 
of the Bay itself. The ultimate source of a contaminant, as used here, refers to the place at 
which it is introduced into the system that carries it to the ocean. The proximal source of a 
contaminant is the point or pathway by which it actually enters Santa Monica Bay. The ulti- 
mate source of most lead in the local environment was the leaded gasoline used in 
automobiles. After combustion, some lead entered the atmosphere and eventually landed on 
the ocean surface as aerial fallout - a proximal source. Other lead particles adhered to 
material on streets and driveways and eventually entered Santa Monica Bay with storm 
runoff - another proximal source. 

The variety of ultimate sources of contaminants found in Santa Monica Bay is great, (Table 
5-1) and it would be nearly impossible to identify all the possible sources for all the possible 
contaminants in the Bay. Knowledge of ultimate sources is especially important when source 
control programs are at issue, whereas knowledge of proximal sources helps to explain the 
distribution of contaminants in the Bay. There are two general kinds of proximal sources - 
point sources and nonpoint sources - although the distinction is sometimes difficult to 
make. 

A point or discrete source is an identifiable place at which substances enter the receiving 
waters (usually continuously) and at which water quality samples can be taken repeatedly; it 
is usually a pipe or open drain built specifically to carry the waste material. Point sources 
include outfalls for municipal wastewater discharges, power plant cooling water discharges, 
and industrial waste effluent. All point sources which discharge to the Bay are issued 
National Pollutant Discharge Elimination System (NPDES) permits by the Regional Water 
Quality Control Board with the concurrence of the U.S. Environmental Protection Agency. 

A nonpoint or diffuse source is widespread, changing, or not identifiable; as such it may be 
difficult to sample. Nonpoint sources include aerial fallout, surface runoff, advective trans- 
port, ocean dumping, and boating and shipping activities. Aerial fallout and advection are 
clearly diffuse, whereas surface runoff and ocean dumping have some discrete aspects. 
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TRACE METALS: 
Dissipative decay of products containing the contaminant. Combustion of coal, residual oil, distillate oil, gasoline, 
and other fossil fuels. 

Cadmium: 

Copper: 

Chromium: 

Lead: 

Mercury: 

Nickel: 
Selenium: 
Silver: 
Tin: 
Zinc: 

Oil and gasoline combustion, batteries, pigments, plastics, synthetics, plating, galvanized 
pipe. photoelectric cells 
Oil and gasoline combustion, paint, electrical, building, automobiles, manufacturing, 
antifouling paint. pipes, roofing insecticides 
Oil and gasoline combustion, Chemical industrial (Chrornite, chromic acid, sodium 
dichromate), pigment, plating, protective coating 
Oil and gasoline combustion, paint, antifouling paint, lead metal, storage batteries, pigments, 
lead arsenate 
Oil and gasoline combustion, industrial catalysts, agriculture, dental preparations, thermometers, b m m  
eters, electrical, paints, antifouling paint, pharmaceuticals, batteries 
Stainless and heat-resistant steel, alloys, cast iron, electroplating, catalysts batteries, protective coating 
Electronics, photographic uses, catalyst 
Chemical industry, electronics, plating, alloys 
Antifouling paint, pewter, plating, alloys 
Oil and gasoline combustion, alloys, paint, pigment, plating, batteries, auto parts 

INORGANIC. NON-METALLIC CONSTITUENX 
Chlorine: Antifouling agent for generating stations, disinfectant 
Phosphate: Fertilizer, detergent 
Nitrogen: Fertilizer, refrigeration 

PESTICIDES: 
DDT: 

Chlordane: 

BHCllindane: 
Aldrin: 
Dieldrin: 
Endrin: 
Heptachlor: 
Toxaphene: 

Montrose Chemical c o p ,  Torrance (past) agricultural application to: 
grains, vegetables, small fruits, grapes, nuts 
Private and industrial application to structures and vegetation; 
primary use for termite control 
Agricultural application to vegetables, p p e s  
Agricultural application to vegetables 
Agricultural application to vegetables, small fruits, hay 
Agricultural application to vegetables, cereals 
Agricultural application to vegetables, hay 
Agricultural application to vegetables, grains, cereals 

PCBs: 
Direc~ discharge from production facilities into holding reservoirs, receiving waters. 
municipal sewerage 

Decay of products releasing the contaminant to the environment: transformers (approx. 
21 50 lbs each); capacitors (approx. 25 Ibs each); antifouling paint; plasticizers; lubricants; 
heat transfer f1uids;hydraulic fluids; wax extenders; fluid in vacuum pumps; and compressors 

OTHER ORGANIC COMPOUNDS: 
PAH: Crude Oil, fuel oil, crankcase oil; combustion releases contaminated soot which 

falls back on land 
Phenol: Phenolic resin, fuel-oil sludge inhibitor, solvent, rubber chemicals 
Detergent: Emulsifier, soap 
BOD: Organic material including human and animal waste and food refuse 

Source: CSWRCB 1983, SCCWRP l986a. Sax and Lcwis 1987, Versar 1988. 

I 
Table 5-1. Ultimate sources of contaminants found in Santa Monica Bay. 
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Offshore petroleum activities which may occur in the area in the future also have point and 
nonpoint aspects. Offshore oil production platforms, for example, are required to have 
NPDES permits for the discharge of treated sewage, drilling muds, and cuttings; however. 
deckwash from a moving work boat is diffuse. 

The Clean Water Act considers storm drains to be a nonpoint source of contaminants even 
though the effluent from a single drain can be sampled repeatedly. However, many channels 
drain to the Bay, resulting in a diffuse input of contaminants along the shore after a storm. 
At present. storm water is not treated and there are no facilities for storing it for later treat- 
ment. The operating and regulatory agencies have only limited power to control what is 
discharged into the drainage system upstream and little or no power to enforce effluent limi- 
tations or water quality objectives. 

Figure 5-1. Major point and nonpoint sources in the Santa Monica Bay area. 
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Los Angeles County and 89 cities in the Santa Monica Bay watershed have received NPDES 
permits requiring them to control pollution from urban runoff. In addition, industrial facili- 
ties and construction sites also receive general stormwater discharge permits. Operators and 
regulators must encourage source control programs (Best Management Practices) which 
reduce the likelihood of contaminants entering the system. 

There are seven facilities in the study area with NPDES-permitted point discharges: three 
municipal waste treatment plants; three coastal generating stations; and one oil refinery 
(Figure 5-1). With the exception of the Joint Water Pollution Control Plant (JWPCP) outfalls 
at White Point on the Palos Verdes Peninsula, and the Tapia Water Reclamation Facility 
(TWRF) on Malibu Creek, these facilities discharge offshore in the south-central part of the 
Bay between Playa del Rey and Redondo Beach. 

POIWT SOURCES 

MUNICIPAL WASTEWATER 
TREATMENT PLANTS u Municipal wastewater in the Los Angeles region includes sewered wastes from domestic, 

commercial, and industrial sources. Storm water runoff is collected in a separate system, 
although some infiltrates into sewers during exceptionally heavy rains. Residential sewage 
contains a variety of household cleaners and detergents; oil, grease, and solvents; food 
wastes; and enteric bacteria from human fecal waste. Commercial and industrial wastes 
include oils and grease, metals, and a variety of synthetic organic substances. About a 100 
gallons of sewage per capita per day is discharged into the study area (Barletta and Webber 
1986; CLADPW 1988; Smll 1988, pers. comm.). Human fecal waste is produced at the rate 
of about 75 g (dry weight) - just under one-sixth of a pound -of solids per person per day 
(Bascom 1977). 

Municipal wastes are collected by an extensive network of main and feeder sewers which 
drain into central treatment plants. The level of treatment which is attained can vary widely. 
Raw sewage (i.e., untreated sewage) is ordinarily not discharged to the ocean or any stream 
discharging into the ocean. Sewage is initially subjected to preliminary treatment, which 
consists of screening, comminution (pulverization), and grit removal. Primary treatment 
consists of the removal of much of the suspended solids by sedimentation but not colloidal 
and dissolved matter. It does not include biological oxidation and usually consists of clarifi- 
cation with or without chemical treatment. At the end of this stage substantially all floating 
and settleable solids have been removed (Rogers et 41. 1981). 

Secondary treatment is defined by the U.S. EPA in terms of BOD-5, suspended solids, and 
pH, and is primarily a biological process (e.g., activated sludge) followed by settling that 
produces an effluent very low in solids, BOD, and sludge (Dorsey 1993, pers. comm.). 
Tertiary treatment (advanced waste treatment) includes the removal of nutrients (e.g., 
nitrogen and phosphorus compounds) and most of the remaining suspended solids. Finally, 
the effluent may be subjected to disinfection, whereby the effluent is treated with a disinfec- 
tant (e.g., chlorine or sulfur dioxide) to kill bacteria and viruses (Rogers et al. 1981, Dorsey 
1993, pers. comm.). 

The Clean Water Act (Public Law 92-500) of 1972 requires all domestic wastewater 
dischargers in the nation to achieve a minimum of secondary treatment. The effluent may 
have no more than 30 mgA of biological oxygen demand (BOD) and of total suspended 
solids (TSS) (CLA,BE 1977). However, in 1977 Congress amended the Clean Water Act to 
add section 301(h) which provides for a NPDES permit with modified secondary treatment 
requirements (i.e., less than secondary). At present the Los Angeles County Sanitation 
Districts (LACSD) have been granted an evidentiary hearing after being denied a 301 (h) 
waiver for the W C P  discharge and judgment is pending. Hyperion Treatment Plant was 
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denied a waiver and is presently upgrading their treatment to full secondary treatment, which 
is scheduled to be in place by 1998. Although full secondary treatment has not been attained 
by these dischargers, the quality of discharged wastewaters has improved greatly in recent 
years. This is the result of more stringent regulations with better enforcement; improved 
waste treatment technology and facilities; and better source control through education and 
enforcement. 

Two municipal wastewater treatment plants discharge directly into Santa Monica Bay: 
Hyperion Treatment Plant (HTP) and Joint Water Pollution Control Plant (JWPCP). The 
Tapia Water Reclamation Facility (TWRF) discharges tertiary-treated wastewater into 
Malibu Creek. 

At one time raw sewage from the City of Los Angeles was used, untreated, for inigation. 
The first ocean outfall was completed in 1894 and discharged across the beach near the 
present site of HTP. In 1907, a new outfall was constructed which discharged at a water 
depth of 16 ft. After the Los Angeles-Owens River Aqueduct was completed in 1913. much 
of the San Fernando Valley was annexed to the City of Los Angeles. Because of population 
growth and storm overflows in the 1920s. a screening plant and a new submarine outfall was 
built at HTP in 1925. In 1943, because of nearshore odors, discoloration. grease, and high 
levels of the bacteria E. coli (Dorsey 1993, pen. comm), the State Board of Health quaran- 
tined about 10 mi of beach from Hermosa Beach to Venice Beach. Soon an upgraded HTP 
was designed to implement full secondary treatment, with a high-rate activated sludge 
system, digestion, and sludge-drying facilities. HTP was placed on-line in 1950 and began 
discharging 193 mgd of chlorinated, secondary effluent through a 12-ft diameter concrete 
pipe one mile offshore. at a water depth of 50 ft (WSED 1982. CLA,DPW 1987; Dorsey 
1988, 1993, pers. cornm.). 

Continued growth and the threat of beach contamination resulted in the construction of a 12- 
ft diameter pipe which discharges 5 miles offshore at a water depth of 190 ft. This pipe, built 
in 1959 and in full service by 1960, has a Y-shaped end with 83 diffuser ports (WSED 1982; 
Dorsey 1993, pen. comm.). HTP was also modified at this time to provide 100 mgd of acti- 
vated-sludge, secondary treatment, and up to 420 mgd of primary treatment. 

Beginning in 1950, an effort was made to recycle digested solids as fertilizer but this 
resulted in air pollution and was uneconomical to operate. The excess solids which could not 
be processed were discharged into nearshore shallow waters and created a water pollution 
problem. To rectify this, a 7-mi long 20 inch diameter sludge pipe was constructed to 
discharge at the head of Santa Monica Canyon to a depth of 320 ft (WSED 1982). This pipe 
became operational in 1957 (Carlisle 1969, SCCWRP 1986b, CLA,DPW 1987) but use was 
discontinued in November 1987 (CLA,BE 1977; CLA 1987). At that time about 80% of the 
dewatered sludge was being transported to a landfill with the remaining 20% being treated 
by Chemfix, a chemical fixation process whereby the sludge is mixed with lime and silicate 
to produce a clay-like product (CLA 1987; Crosse 1988, pers. corn.) .  

By 1989, all sludge, now referred to as biosolids, was being recycled; none went to landfills. 
Presently, about 1,100-1,200 wet tons per day of biosolids are used as follows: 

14% Dehydrated and combusted in HTP's cogeneration facility (Hyperion 
Energy Recovery System - HERS) 

3 1 % Directly injected into agricultural fields for crops not used for human 
consumption 
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39% Composted along with bulking materials (e.g., farm wastes, some green 
trimmings from the City) to produce a soil amendment for agriculture and 
horticulture 

16% Chemically stabilized with lime and silicate to produce part of a clay-like 
substance used for covering landfills (Dorsey 1993, pers. comm.). 

In 1988, HTP increased secondary treatment to 165 mgd from 90 mgd in 1985 (CLA,DPW 
1988). This increase in secondary treatment is a direct result of the replacement of the air 
delivery system with a fine-bubble diffuser system, chemical addition to enhance capture of 
solids during the primary treatment phase, and development of innovative operating parame- 
ters which produced a high rate, secondary treatment operation (Dorsey 1993, pen. comm.). 
The improvements in the quality of effluent can be attributed to the Hyperion Interim 
Improvement Plan of 1986. The plan set compliance limitations which were revised in 1991 
for BOD, total suspended solids, oil and grease, and settleable solids (CLASPW 1991). 

To achieve the 1991 levels, upgrades in chemical addition and aeration resulted in a 35% 
reduction of BOD in primary effluent, which allowed for an increase of up to 200 mgd of 
secondary effluent treatment (CLA,DPW 1991). HTP continues to decrease mass emissions 
of constituents in effluent discharged from the 5-mi pipe and in 1992 reached the 1998 
mandated limitations for all constituents except BOD (Dorsey 1993, pers. comm.). The 
Hyperion Full Secondary Expansion Propam is expected to be fully operational by 1998. 

Influent Waters. As of 1990 the City of Los Angeles was treating wastewater of 3.5 
million people over an area of 600 mi2 (Figure 5-2). Most waste is processed at HTP but 
waste from San Pedro, Wilmington, and Terminal Island is processed at the Terminal Island 
Treatment Plant and discharged into outer Los Angeles Harbor (Barletta and Webber 1986). 
The wasteshed of HTP is about 480 mi?. 

HTP is supplied via four main collector lines (Figure 5-2). A new main sewer pipe, the 
North Outfall Replacement Sewer (NORS), was completed late in 1992 and is expected to 
be fully on-line by spring of 1993. When NORS goes on-line, the North Outfall Sewer 
(NOS) will be refurbished (Figure 5-2) (Dorsey 1993, pers. comm.). The influent sewage 
delivered by the present four tributary lines has remained fairly consistent since 1975, fluc- 
tuating annually due to wet and dry years. Influent sewage flow generally increases during 
heavy rainfall periods as surface runoff enters the system (Dorsey 1988, pers. comm.). 
About 85% of the influent sewage is domestic and about 15% is industrial (Crosse 1988, 
pers. comm.). Approximately 52% comes from the north collector, 35% from the north- 
central, and 6 to 7% each from the coastal and central collectors. Most constituents (i.e., 
potential contaminants) are also from the north outfall, followed by the north-central 
collector (CLA-DPW 1988). ' 

In 1986, the total influent averaged 1.26 @ of solids, about 7 5 8  dissolved and 25% 
suspended. The north-central line was the major contributor of phenols, cadmium, total 
chromium, nickel, sulfate, total identifiable chlorinated hydrocarbons (TICH), total pesti- 
cides, heptachlor, and lindane. The coastal line contributed most of the chloride, magnesium, 
and sodium, probably a result of saltwater intrusion into the outfall (CLA,DPW 1988). 

Treatment. In 1991, HTP processed about 349 mgd of wastewater. Presently 60% of the 
flow receives secondary treatment and sludge digestion (CLA,DPW 1991; Dorsey 1993, 
pen. comm.). The influent is initially treated with chemicals to enhance the capture of solids 
and to control odors; the raw sewage is then screened and grit is removed. Next it is sent to 
primary settling tanks and from there to the secondary treatment system. In the secondary 
treatment system the primary effluent is pumped to aeration basins where oxygen and acti- 
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Figure 5-2. HTP watershed and influent collector lines (modified from CLAPPW 1987 and 1993). 
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vated (biological) sludge are added to reduce the amount of organic matter. After four hours 
this effluent is pumped to secondary clarifiers which allow the activated sludge to settle out 
and be recycled. Of the secondary effluent, 30-40 rngd are recycled within the plant (mainly 
in the HERS process). The remaining effluent is blended with primary effluent and 
discharged from the 5-mi outfall (Dorsey 1993, pers. cornm.). Most volatile organics are lost 
to the air during secondary treatment and metals (particularly chromium and copper) 
concentrations are reduced by adsorption to the particulates which are removed during treat- 
ment (Young 1978; Dorsey 1988, pers. comm.). 

Mass emissions of most constituents have decreased in recent years due to improved chem- 
ical treatment and an increase in secondary treatment from 100 rngd in 1986 to 200 rngd in 
1991. HTP expects to provide full secondary treatment by 1998, a project that is expected to 
cost $1.1 billion (CLA,DPW 1987; Biagi 1988, pen. comm.). The Hyperion Energy 
Recovery System (HERS) became fully operational in 1989 producing over 100 million 
kwhs of electricity and up to 28.000 tons of steam used for the energy recovery system 
(CLA,DPW 1988,1989, 1990,1991). By 1991 it produced 146 million kwhs, an increase of 
approximately 45% from 1988. Increases in the amount of electricity and energy recovery 
were due to improvements in on-line availability of turbines, generators, and the retrofitting 
of new gas burners into all of the combustion trains (CLASPW 1991). 

Volumes Discharged. The volume 
of wastewater discharged from HTP 
has generally increased since 1950, 
when 193 rngd was discharged 
(Dorsey 1988, pers. comrn.). During 
the first six years of operation, the 
combined flow from the 5- and 7-mi 
outfalls ranged from 261 to 283 rngd 
(Carlisle 1969); between 1974 and 
1987 the combined flow averaged 
371 mgd. During this period, flow 
from the 7-mi sludge pipe averaged 
1.28 of the combined flow (Mitchell 
and McDermott 1975; Schafer 1976, 
1977, 1978,1980,1982,1984; 
SCCWRP 1986a; CLAPPW 1987, 
1988). 
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Figure 5-3. Average flow from the HTP 5-mile outfall, 
19741992. (Data from Mitchel and McDermott 1975; 
Schafer 1976,1977,1978,1980,1982,1984; SCCWRP 
1986c; CLAPPW 1987,1988,1989,1990,1991,1992). 

From 1987 to 1992, the total volume discharge from the 5-mi effluent pipe decreased from 
375 mgd to 298 mgd (Figure 5-3 and Appendix D). In 1989 the flow increased slightly to 
365 rngd then continued to decrease to the current level of 298 rngd in 1992. The average 
flow between 1988 and 1992 was 339 mgd, which is approximately 10 percent lower then 
the 1974-1987 period. 

5-mile Effluent. The 5-mi outfall discharges a nonchlorinated mixture of primary and 
secondary effluent. This effluent is usually discharged by pumping during daily peak periods 
or storm flow; however, during low flow periods it is usually discharged by gravity (Dorsey 
1988, pers. comm.). From 1974 to 1987 an average of 367 rngd of effluent was discharged 
from this outfall. This compares with an average discharge of 343 rngd for the period 1987 
to 1992, a decrease of approximately 07% over the previous 13 year period (Figure 5-3 and 
Appendix D). 
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Figure 5-4. Annual mass emission rates of selected contaminants discharged from HTP 5-mi outfall from 1974-1992. 
(Data from Mitchel and McDennott 1975; Schafer 1976,1977,1978,1980,1982,1984; SCCWRP 1986~; CLAPPW 
1987,1988,1989,1990,1991,1992). 
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The lowest mass emission values for BOD, TSS, settleable solids, and oil and grease were 
recorded in the period 1987 to 1992 (Figure 5-4 and Appendix D). Peak values for these 
constituents reported in 1985 were caused by hydraulic overloading, increased influent flow, 
and construction at HTP, which resulted in a temporary reduction in the number of primary 
tanks in operation (SCCWRP 1986a; Dorsey 1988, pen. cornm.). 

Nitrate nitrogen was measured at 141 MT in 1974, however, no measurements were taken 
for the period 1975 through 1984. Levels for the remaining 8 year period ranged from a 
reported high of 273 MT in 1989 to a low of 110 MT in 1992, a decrease of approximately 
60% (Figure 5-4 and Appendix D). 

From 1974-1988, phenols decreased 96% from a high of 28 MT (Figure 5-4 and Appendix 
D). Mass emissions for phenols have remained relatively constant averaging 0.8 MT for the 
five year period 1988- 1992. Mass emissions for cyanide have remained within a fairly 
consistent range from 14.0 to 6.6 MT since 1984, compared with a range of 94.2 to 25.0 ?vlT 
in the preceding ten year period. 

Mass emissions for organic nitrogen, total phosphorus and detergents (MBAS) remained 
constant from 1975 through 1987. Levels for phosphorus elevated to 6.180 MT in 1985 but 
declined from there to the 1992 value of 2,530 MT. MBAS stabilized at approximately 1,500 
MT in 1987. the last year measurements were available. Although ammonia nitrogen levels 
have fluctuated since 1974, the general trend indicates a gradual increase in mass emissions 
for this constituent, from a low in 1974 of 6,501, to the present high of 12,203 MT (Figure 
5-4 and ~ppendix D). 
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In general, from 1974 to 1992, mass emissions of trace metals from the 5-mi outfall 
declined, with some metals displaying periods of fluctuation (Figure 5-4 and Appendix D). 
Overall, discharges of trace metals declined during the 1974-1992 period by the following 
percentages: silver (66%), arsenic (47%), cadmium (99%), chromium (97%), copper (82%), 
mercury (99%), nickel (92%), lead (96%), and zinc (69%) (Appendix D). 

Total DDTs and PCBs were measured by different methods from 1974 to 1979 than from 
methods used during 1980 to 1987, therefore, reported values for the two periods may not be 
comparable. During the earlier period values were generally higher; however, DDT levels 
dropped sharply after 1976 and PCBs after 1978 (Figure 5-4). Since 1987, mass emissions 
for DDTs and PCBs have remained under the detection limits with the exception of trace 
amounts of DDT measured in 1991 (Figure 5-4 and Appendix D). The decline of DDTs and 
PCBs is credited to prohibitions placed on their use and production during the 1970s. 

7-mile Eflluent. As described in State-of-the-Bay report: Assessment of Conditions and 
Pollution Impacts (MBC 1988), between 1974 and its discontinuation in November 1987, 
the 7-mi pipe discharged an average of 4.4 mgd of a mix of secondary effluent and digested 
sewage sludge. Annual mass emissions and concentrations of total suspended solids (TSS) 
averaged 50,030 MT from 1974 to 1985 while those of oil and grease averaged 2,687 MT 
(CLA,DPW 1988). TSS and oil and grease levels peaked in 1975 and were relatively 
constant since 1979 (Mitchell and McDermon 1975; Schafer 1976, 1977,1978, 1980,1982, 
1984; CLA,DPW 1988). BOD was not reported because no limits were set, but levels in 
sludge were generally high (Dorsey 1988, pers. comrn.). 

A complete scan of EPA priority pollutants in sludge from the 7-mi outfall in 1978 identified 
three volatile organics (l,2-transdichloroethylene; ethylbenzene; toluene) and two 
extractable organics (4-nitrophenol; phenol) which exceeded 10 ppb, the EPA mandated 
quantification limit (Young 1978). 

Sludge Removal. Since the termination of the 7-mi sludge outfall in 1987, sludge wastes 
have been relegated to land disposal locations, for land applications, nonconsumption agri- 
culture, chemical fixation for cover material at landfills, HERS, or landfill. All sludge is 
anaerobically digested and dewatered by centrifuge with polymer conditioning to 20% solids 
(CLA,DPW 1988). Quality assurance measures have been implemented by HTP to regulate 
and monitor contamination levels of sludge. Materials found hazardous must be disposed at 
an alternate disposal site that meets with California State codes regarding the disposal of 
contaminated material. 

In November of 1987, all sludge was hauled to landfill sites for disposal, the most econom- 
ical and flexible method of disposal at the time. By 1988, alternatives for sludge (biosolids) 
disposal resulted in 18 1 memc tons per day (MTtd) used for land application, 181 MTld for 
cover material, (chemical fixation), 181 MTld for HERS, and 590 MTld relegated to landfill 
disposal, for a total of 1,134 MTId. By 1989 biosolids disposal at landfills was halted. 
Disposal at alternative sites in 1992 accounted for 100% of all material with 31 % for land 
applications, 39% for city composting, 16% for chemical solidification, and 14% for use by 
HERS, accounting for approximately 1,100-1,200 wet tons per day (Dorsey 1993, pers. 
comm.). 

l-mile Effluent. Power outages or mechanical failures (which .are usually associated with 
periods of heavy storm flow) occasionally cause effluent pumps to malfunction. When pump 
failure occurs, part of the 5-mi effluent is diverted to the 1-mi outfall. Since 1988 overflows 
into the 1-mi outfall have occurred 25 times, ranging from a high of eight in 1988 to none in 
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1992 with an average of 5 bypasses per year (CLA,DPW 1988-1991). Such diversions to the 
I-mi outfall are now rare, but when the need to divert occurs, the flow is split between the 1- 
and 5-mi outfalls with primarylsecondary blend discharging to the 5-mi, and chlorinated 
secondary to the I-mi (Dorsey 1993, pers. comm.). 

Storm Overflows. Increased inflow and infiltration into the N o h  Outfall Treatment 
Facility during rainstorms occasionally necessitates discharges into Ballona Creek, although 
the facility can store about 1.1 million gallon before this occurs. Such overflows presently 
receive primary sedimentation, two stages of screening, and chlorination at 40 mgfl (Crosse 
1988, pers. comm.). The chlorination results in at least a four-order of magnitude bacterial 
kill (Crosse 1988, pen. comm.; Dorsey 1988, pen. corn.) .  However, there have been over- 
flows in the past consisting of raw sewage (Sowby 1988, pers. comm.). 

Ninety-four incidents of overflow discharges into Ballona Creek (and other storm drains) 
were recorded between 1965 and 1992 (Appendix H); none occumd in 1968, 1972, 1973, 
1975, 1976, 1989, or 1991. Between 1965 and 1987, the average overflow lasted appmxi- 
mately 5.8 hours and discharged average of 4.6 million gallons (Crosse 1988, pers. comm.). 
Between the years 1988 and 1991, three wastewater overflows entered Ballona Creek 
discharging an average of 3.4 million gallons (Appendix H). On three consecutive days of 
heavy rain in February 1992, overflow discharges totaled 66 million gallons with the 
average overflow lasting 9.2 hours (CLA,DPW unpubl. data). 

The primary reason for these overflows is the inability of the old NOS line to handle exces- 
sive water during storms. The new NORS line, completed in 1992 and due on-line in 1993, 
will be able to handle a total system flow to HTP of approximately 850 mgd (Figure 5-2). 
Presently HTP is unable to handle flows over 680 mgd, but interim projects scheduled for 
completion by spring of 1993 will enable the plant to receive system-wide flows to 850 mgd 
(Dorsey 1993, pers. comm.) 

Permit Requirements. From 1979 to 1987, HTP discharges were subject to the require- 
ments of an NPDES permit issued in 1979 that had expired in 1984. In 1987, a new permit 
was issued which established discharge limitations for 27 constituents in the 5- and 1-mi 
effluent and the 7-mi sludge discharge, which was terminated in 1987. Because the EPA 
could not sanction the discharge of sludge, standards specific to sludge were not set in the 
NPDES permit; therefore, the sludge discharge was subjected to full secondary treatment 
standards (Dorsey 1988, pers. comm.). The constituents included BOD (five day), suspended 
solids, oil and grease, settleable solids, turbidity, toxicity concentration (chronic and acute), 
arsenic, cadmium, chromium (hexavalent), copper, lead, mercury, nickel, silver, zinc, 
cyanide, total chlorine (residual), ammonia (N), nonchlorinated phenolic compounds, chlori- 
nated phenolic compounds, aldrin and dieldrin, chlordane and related compounds, DDT and 
derivatives, endrin, HCH, PCBs, and toxaphene. These Iimitations generally included six 
month median values and daily maximum values. The same limitations were set on gross 
constituents (total suspended solids, settleable solids, BOD, oil and grease, turbidity, and 
toxicity) as well as limitations on residual chlorine for all three outfalls (RWQCB,LAR 
1987). 

In 1991, limitations on BOD, suspended solids, oil and grease, and settleable solids for the 
5-mi pipe were revised to comply with a consent decree between the EPA, Region IX, and 
the RWQCB, LAR. HTP is currently in compliance with the permit scheduling to reach full 
secondary treatment by 1998. 
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Compliance with standards. During the past eight years, noncompliance for 1-mi effluent 
limit has decreased. In 1985, the effluent exceeded the daily maximum discharge limits on 
occasion for five parameters: fecal colifom, residual chlorine, beta-radiation. chromium, 
and toxicity. The seven day mean limits on fecal colifom were also exceeded. In 1986, the 
daily discharge limits were exceeded for three constituents. Beta-radiation levels were too 
high for the year, residual chlorine during five months, and fecal coliform during one month. 
In 1987. the daily limits of residual chlorine were exceeded in  two months and the six-month 
median for beta-radiation was exceeded for the year (RWQCB,LAR 1988). From 1988 to 
1992, compliance with NPDES permit requirements were met for all overflows through the 
I-mi effluent outfall (Dorsey 1993, pers. comm.). 

The 5-mi effluent has been well within compliance with all standards estabIished in HTP's 
NPDES permit since 1987. Presently all heavy metals are meeting the standards for full 
secondary effluent that will be required in 1998, at which time BOD and TSS are also 
expected to meet standards (Dorsey 1993, pers. comm.). 

Proposed Improvements. By 1998, HTP must be at full secondary treatment to comply 
with current NPDES regulations. In 1986, in  order to comply with these regulations. HTP 
began the Interim Improvement Program to ensure that the highest quality of effluent was 
being discharged by the time the secondary treatment program was operational (CLA,DPW 
1991). Recent improvements include a fifth pump in the effluent pumping plant and new 
maintenance facilities. Current construction includes a fully enclosed truck loading station to 
control odors, an intermediate pump station between primary and secondary systems, a cryo- 
genic oxygen system and new secondary reactors and clarifiers for phase 1. and new 
headworks now in start-up (CLA,DPW 1991; Dorsey 1993, pen. comm.). 

Proposed projects that will help HTP reach full secondary treatment by 1998 and increase 
the amount of effluent flow include a dewatering cenmfuge and anaerobic digester expan- 
sion for phase 1 and la respectively, medium and high pressure gas compressors, steam 
dryer for sludge dehydration, waste activated sludge thickening. and the expansion of cogen- 
eration facilities to remain completely self sufficient. With current projects in construction 
and the proposal of future work HTP expects to be in full compliances of the 1987 consent 
decree to discharge full secondary treatment effluent. 

Until the 1920s, most of the communities in Los Angeles County not serviced by HTP used 
cesspools and septic tanks. In the late 1920s the County Sanitation Districts were formed 
and White Point on the Palos Verdes Peninsula was selected as an ocean outfall site, partly 
because of 11s distance from the popular beaches of Santa Monica Bay. 

The first Joint Disposal Plant was completed in 1928 and effluent was discharged into 
Dominguez Slough which flowed into Los Angeles Harbor. The ocean disposal of waste- 
water onto the Palos Verdes Shelf began in 1937 through a 5-ft diameter pipe; a 6-ft 
diameter pipe was added in 1947 (Rawn 1965). These outfalls discharged at water depths of 
1 10 and 160 ft, respectively, and the initial flows were about 14 mgd each. A 7.5-ft diameter 
outfall, ending in  a Y-shaped multipon diffuser at a water depth of 200 ft, was completed in 
1956; in  1966 a 10-ft diameter pipe with a dog-legged, multi-pon diffuser discharging at a 
200 ft depth was added. The two diffusers are approximately 1.9 mi offshore (RWQCB,LAR 
1977; Stull er al. 1986a). 

Influent Waters. The Los Angeles County Sanitation Districts Joint Outfall System 
(LACSD,JOS) presently treats the wastewater of five million people and more than 70,000 
businesses and industries in a service area of approximately 583 mi?, as well as processes 
solids from five upstream treatment plants (Figure 5-5) (Stull 1993. pers. comm.). 
Approximately 30% of the influent sewage is treated to teniary standards in upstream water 
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Figure 5-5. JWPCP watershed (modifled from LACSD map C-m-450). 

reclamation plants and 70% is treated at the TWPCP in Carson (Horvath 1988, pers. comm.). 
The JWPCP provides advanced primary and partial secondary treatment for about 330 mgd 
of wastewater (Stull 1993, pen. cornm.). About 15% of the influent sewage is industrial and 
about 85% domestic (Horvath 1988, pen. comm.). 

Treatment. In 1983, the JWPCP began operating new secondary treatment facilities and by 
1985 was treating an average of 179 mgd (SCCWRP 1986a). Currently the wastewater is 
screened and grit removed prior to receiving advanced primary treatment, which includes the 
addition of a polymer to remove suspended solids. Sixty percent of the effluent receives pure 
oxygen secondary treatment while the rest is screened to remove grease and floatables. The 
combined flow is chlorinated and discharged. About 50% of the resulting sludge is sold as a 
soil amendment or land spread and the rest is hauled to the Puente Hills landfill (Horvath 
1993). Air disposal (via anaerobic digestion of sludge and subsequent combustion of the gas 
for energy production) increased from 26 to 35% between 1973 and 1985 (Horvath 1988, 
pers. comm.; Stull and Haydock 1988). 

Volumes Discharged. From 1937 to 1970, the volume of municipal waste discharged from 
the JWPCP increased in approximate proportion to the population growth in its service area; 
it has remained relatively constant since 1970 (Figure 5-6 and Appendix D) (Stull et al. 
1986b; Stull and Haydock 1988). From 1974 to 1987 JWPCP discharged an average of 356 
mgd of effluent, with a peak flow of 382 mgd in 1989. In 1991 and 1992, flow dropped by 
12% to 330 and 333 mgd, respectively, the lowest recorded since 1977. This decline coin- 
cided with water conservation measures in response to the drought, as well as the economic 
recession (Stull 1993, pen. comm.). 
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In addition to the two main and two emergency ocean outfalls, JWPCP has 11 other 
discharge points; Harbor Lake, Dominguez Channel, Los Angeles River, and the Pacific 
Ocean nearshore zone, which may be used for extreme emergency relief (RWQCF3,LAR 
1991). 
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Effluent. The JWPCP improved effluent quality substantially between 197 1 and 198 1, 
partly through better source control and partly as a result of advanced technology -the use 
of polymers to help settle particulates, better sludge dewatering, and better screening tech- 
niques (Stull et al. 1986b). 
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Mass emissions recorded in the period 1987 to 1992 for BOD, TSS, settleable solids, and oil 
and grease were the lowest reported since 1974 (Figure 5-7 and Appendix D). From 1974- 
1992, phenols declined to 3(KJ MT, a decrease of more than 80%. Cyanide levels declined 
98% from a hgh of 206 in 1974 to 3 MT 1992. Although detergents (MBAS) fluctuated 
over the 19 year period, the overall trend declined (Figure 5-7 and Appendix D). 

Mass emissions of organic nitrogen, total phosphorus, and ammonia nitrogen remained 
constant from 1974 to 1992, displaying little variability between years with 1992 values 
slightly lower than those in 1974 (Figure 5-7 and Appendix D). 

In general, from 1974 to 1992 mass emissions of trace metals from the JWPCP outfall 
declined. Few metals displayed periods of high fluctuation; e.g.. silver peaked in 1979 at 9.6, 
compared with a current value in 1992 of less than 2 MT; arsenic levels rose to 9.7 in 1984 
before dropping to 1.9 MT in 1992 (Figure 5-7 and Appendix D). Overall, discharges of 
trace metals declined during the 1974-1992 period by the following percentages: silver 
(68%), arsenic (84%). cadmium (98%). chromium (98%), wpper (95%). mercury (80%). 
nickel (87%). lead (98%), and rinc (95%) (Appendix D). 

Total DDTs and PCBs were measured by different methods during 1974 to 1979 than from 
methods used 1980 to 1987, therefore, reported values for the two periods may not be 
comparable. During the earlier period values were generally higher; however, PCB levels 
dropped sharply after 1974 and to non detectable levels by 1987 where they have remained 
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Figure 5-7. Annual mass emhion rates of selected contaminants from JWPCP ouffall, 19741992. (Data from 
Mitchell and McDermott 1975; Schafer 1976,1977,1978,1980,1982,1984; SCCWRP 1986c; Stull1988, pers. 
comm.; Horvatyh 1992, pen. comm.). 

through 1992 (Figure 5-7 and Appendix D). A precipitous decline in DDT emissions 
occurred in 1970-1971, following termination of inputs from the primary industrial source, 
the Montrose Chemical Corporation, which was prohibited from discharging processing 
wastes into the JWPCP system (Chartrand 1988) (Figure 5-7 and Appendix D). 

Permit Requirements. In 1991, the Regional Water Quality Control Board, Los Angeles 
Region (RWQCB,LAR), adopted a new NPDES permit for JWPCP which established 
discharge limitations (in concentrations) for 86 constituents. These include all of the major 
wastewater constituents, aquatic life toxicants, non-carcinogens, and carcinogens included in 
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the 1990 California Ocean Plan, plus BOD. Many of the limits are more stringent than the 
Ocean Plan, and are based on either previous performance or practical quantitative limits. 
Limits for major constituents and aquatic life toxicants are provided for both concentrations 
and mass emissions, and are expressed for various time periods (e.g., 30-day, 7-day, daily, 
instantaneous, in various combinations) (Stull 1993, pers. comm.). The pennit also includes 
limits and provisions for receiving waters established by the 1990 California Ocean Plan. 

Compliance with Standards. In the period 1983-1987, JWPCP effluent was in compliance 
with the California Ocean Plan limits except that daily concentration limits for suspended 
solids and chlorine were exceeded in 1983 and pH and turbidity in 1984. Each of these 
constituents were found in noncompliance during just one month (RWQCBLAR 1988). 
Presently JWPCP is unable to comply with limitations regarding secondary treatment of 
effluent and until the 30101) variance is resolved, or full secondary aarment is reached, 
must operate on interim limits set in a 1988 cease and desist order issued by the Board for 
secondary treatment. JWPCP's application for a variance to section 30101) was denied in 
1990 by the EPA Region IX. Subsequently. JWPCP requested and was granted a challenge 
to the denial. Dates for the challenge hearing are still pending (RWQCB.LAR 1991; Stull 
1993, pers. comm.). A lawsuit was also filed in District Court by EPA seeking resolution of 
the secondary treatment issue (Stull 1993, pen. comrn.). 
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Proposed Improvements. By 1995, LACSD will have finished construction of their sludge 
dehydration and thermal processing facilities (RWQCB,LAR 1988). Expansion is estimated 
to handle all sludge currently hauled off site to landfills, approximately 240 dry tons per day, 
and will be used for the energy recovery facility to generate electricity. 

T h e  Las Virgenes Municipal Water District (LVMWD) was formed in 1958 and by 1965 
construction of TWRF was completed with up to 500,000 gpd capacity. TWRF's capacity 
was expanded to 2 mgd after construction of sewer trunk lines were completed. Expansion 
in 1972 increased capacity to 8 mgd of effluent with solids handling capabilities of 4 rngd 
and at this time TWRF installed facilities to allow for water reclamation. Between 1972 and 
1982, TWRF underwent area-wide facility upgrades, from the expansion to 8 mgd of 
hydraulic capacity, to the design and completion in 1982 of Rancho Las Virgenes with a 
capacity to handle 8 mgd of dewatered sludge. In 1984, filtration systems were installed and 
1989 expansions allowed TWRF to increase capacity to 10 mgd. In 1991 construction began 
at TWRF and Rancho Las Virgenes that will allow for the handling of 16.1 mgd of influent 
and dewatered sludge (Gamble 1992, pen. comm.). 

populations in Figure 5-8. Average flow from TWRF, 1974-1992 
(RWQCB,LAR 1989). (Whitbeck 1992, pers comm.). 

In the past discharge of -- - 

Treatment. TWRF currently provides primary, secondary, and tertiary treatment of waste- 
water. Primary treatment includes coarse screening, grit removal, and primary sedimentation 
using rectangular clarifiers. Secondary treatment employs activated sludge with single-stage 
nitrification followed by secondary clarification. For tertiary treatment, coagulation chemi- 
cals are added and the water is flocculated, filtered, chlorinated and dechlorinated 
(RWQCB,LAR 1989). Tertiary treated wastewater is reclaimed and used for irrigation, dust 
control and fire suppression. 
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Sludge is currently being treated by aerobic digestion, screened, and either pumped to land 
injection farms, or dewatered in belt presses and hauled to landfills. Solids collected from 
coarse screening, grit removal, and sludge screening are hauled to landfills. Additional 
sludge incurred from expansion will undergo composting for use in landscape related activi- 
ties. 
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Volumes Discharged. Flow from TWRF has averaged 2.7 mgd since 1974 with a 
maximum of 4.5 mgd discharged in 1978 (Figure 5-8, Appendix D). Over the last five years, 
flow has averaged 2.5 mgd. The wend of the previous five years has been fairly stable, 
though declining. This decline coincides with drought periods and subsequent water conser- 
vation measures. 
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Figure 5-9. Annual mass emission rates of selected contaminant. from TU'RF, 1974-1992 (Whitbeck 1992, pen. 
comm.) 

Effluent. Emissions of total suspended solids, phosphorus, BOD, total nitrogen, detergent, 
chromium, copper, nickel, and zinc have generally been low but have erratic variation 
(Figure 5-9 and Appendix D). Copper emissions have increased slightly in recent years but 
appears to be part of this variation. 

Permit Requirements. TWRF is subject to discharge requirements established in a 1985 
NPDES permit, revised in 1989. 
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Wastewater discharge is limited to t e r t iq  treated water with 30-day mean and daily 
maximum limits set for six constituents: BOD, suspended solids, oil and grease, residual &lo- 
rine, settleable solids, and turbidity. Eighreen other constituents, as well as EPA priority 
pollutants, are monitored and reponed on a regular basis. Because Malibu Creek has rela- 
tively low dilution and is subje~:t to human contact, discharged wastewater must be 
completely pathogen free (RWz?CB,LAR 1989). 

Proposed Improvements. By 1993-1994, TWRF is projected to be complete, with the capa- 
bilities to treat and discharge 16.1 mgd. Improvements in the plant consist primarily of 
expansion and upgrades to the current facility. 

Industrial dischargers include three power generating stations; Scanergood, El Segundo, and 
Redondo, and the El Segundn Refinery. 

The power generating stations use seawater from Santa Monica Bay to cool steam condensers. 
Cool seawater is pumped into the station. circulated through noncontact heat exchangers, and 
discharged at elevated temperdtures. In addition to increased temperatures, the once-through 
cooling water may include treated wastewater which is nonhazardous as defined by state and 
federal regulations. The wastewater may include water-side boiler tube cleaning wastes, 
cooling water blowdown, and -:arious Icw-volume wastes consisting of fireside boiler tube 
wash water, water purification wastes, boiler and evaporator blowdown, in-plant floor 
drainage, and rainfall runoff. Chlorine is also injected into the once-through cooling system 
(condensers) periodically to control biological growth (RWQCB,LAR 1985a,b,c; Karapetian 
1988, pers. comm.). 

In addition, the following wastes could be discharged along with the once-through cooling 
water: wastewater from laboratory drains, metal cleaning wastes, treated wastewater from fuel 
pipeline hydrostatic testing, treated sanitary wastes, treated oil wastes, and groundwater. 
These wastes are held in settling basins before they are discharged to the ocean; residues from 
the basins are land disposed (RWQCB,LAR 1985a,b,c; Karapetian 1988, pers. comm.). 

The growth of marine biofouling organisms in the discharge and intake conduits is periodi- 
cally removed by recirculating a portion of the cooling water to achieve higher temperatures. 
These "heat treatments" kill fouling organisms as well as some fish and other nekton resident 
in the cooling water structures. Heat treatments are conducted every five to eight weeks and 
last two to four hours (RWQCB.LAR 1985a; Karapetian 1988, pers. comm.). Routine opera- 
tion of generating station cooling systems may impinge and entrain a variety of marine 
organisms. 

NPDES permits for generating stations limit constituents, as instantaneous and daily 
maximum or minimum levels or six-month median values. The regulated constituents include 
physical characteristics, metals, nonmetallic inorganics, toxicity, and radioactivity 
(RWQCB,LAR 1985a,b,c; 1991). 

Concentration levels are measured in the discharged cooling water. However, because this 
water is unfiltered seawater, the same constituents are also found in the seawater entering the 
intake conduit. Calculations of mass emissions using cooling water flow and final discharge 
concentrations give unrealistically high values for these constituents. Therefore, the mass 
emissions given in the following sections are based on concentrations and flow from the 
retention basin discharge before it enters the cooling water effluent and reflects the mass 
emissions actually discharged I;, the plant itself. Chlorine is the only constituent added 
directly to the cooling water at another site in the system (Alcaino 1988, pers. comm.; 
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Schumann 1988, pers. comm.). An earlier study of the cooling water discharge of power 
generating stations in Southern California indicated that the transit through the plant 
increased intake (background) levels of trace metals by 0.21 ppb or less for each metal 
examined (Young er al. 1977). Thus the contribution of the cooling water discharge alone to 
trace metal concentrations appears to be very low. 

T h e  Scattergood Generating Station (SGS) in Playa del Rey is owned and operated by the 
City of Los Angeles, Department of Water and Power. It consists of three fossil-fueled, 
steamelectric generating units and has been in operation since 1958 (LCMR,IRC 1979; 
RWQCB,LAR 1985a). The cooling water intake is located about 1,600 ft offshore. at a 
depth of 18 feet below the surface. The discharge to Santa Monica Bay is 1,200 ft offshore 
at a depth of 15 feet below the water surface (LCMRJRC 1979; RWQCB,LAR 1985a; 
Karapetian 1988, pers. comm.). 

Effluent. The maximum flow from Scattergood is about 500 mgd with the average flow 
about 322 mgd (RWQCB,LAR 1985a). For the last five years the flow from the retention 
basins to the cooling water averaged 0.16 mgd (CLA,DW unpubl. data). The temperature 
of the discharge averages 80.7"F in winter and 82.4"F in summer. During normal operations 
the temperature differential is approximately 20°F. The maximum allowable discharge 
temperature during a heat treatment is 135°F. and averages approximately 120°F. Flow 
during heat treatments is about 75% of that during normal operations, with 50% being recir- 
culated within the station. The difference between intake and discharge temperatures can 
range from 35 to 85°F. The flow from other in-plant waste streams accounts for less than 
0.05% of the total discharge (RWQCB,LAR 1985a; Karapetian 1988, pers. comrn.). 

Since 1987, Scattergood discharged an average of 1.6 h4T of total suspended solids, and 
0.32 h4T of oil and grease to the once-through cooling water. Mass emissions of chromium 
and zinc have been measured in trace amounts during the 1988-1992 period (CLA,DW 
unpubl. data). Emissions over the past five years have remained fairly consistent. 

Permit Requirements. The NPDES permit for the SGS discharge no longer includes limits 
for suspended solids, oil and grease, or BOD. Based on five years of monitoring data, limits 
for these constituents were determined by the RWQCB to be unnecessary (Karapetian 1988, 
pen. comm.). 

T h e  El Segundo Generating Station in El Segundo is operated by the Southern California 
Edison Company (SCE) and consists of four stem-electric generating units. Units 1 and 2 
have been in operation since 1955- 1956 and Units 3 and 4 since 1963- 1964 (LCMR and IRC 
1979). Cooling waters for the two pairs of units have separate intake and discharge struc- 
tures. Water for Units 1 and 2 is drawn from a water depth of 20 feet at the end of a conduit 
which extends 2,600 feet offshore and is discharged 1,900 ft offshore at a depth of 16 feet. 
Cooling water for Units 3 and 4 is drawn at a depth of 16 feet at the end of a conduit which 
extends 2,600 feet offshore and is discharged 2,100 feet offshore at a depth of 16 feet 
(LCMRJRC 1979). 

Effluent. From 1985 to 1987 the average flow through all units was 370 mgd; the flow 
through Units 1 and 2 averaged 106 mgd and through Units 3 and 4,264 mgd. Discharge 
temperatures averaged 80°F for Units 1 and 2 and 85°F for Units 3 and 4 (Hertel 1988, pers. 
comm.). The average flow from the retention basins to the cooling water of all units was 
about 0.16 mgd in 1987 (Alcaino 1988, pers. comm.). The maximum temperature during a 
heat treatment is 125°F with the maximum difference between intake and discharge temper- 
ature during a heat treatment is 73.2"F (RWQCB,LAR 1985b). 
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Since 1989, emissions have averaged 3.4 MT of TSS and 1.7 MT of oil and grease. In 1991, 
the El Segundo Generating Station discharged about 4.8 MT of TSS, and 1.6 MT of oil and 
grease from the retention basin to the cooling water. Total flow from the El Segundo waste- 
water treatment plant in 1992 averaged less than 1 mgd, discharging approximately .07 MT 
of BOD, .09 MT of TSS, .03 MT of oil and grease, and 4,527 Uyr. of settleable solids (SCE 
unpubl. data). 

Permit Requirements. Southern California Edison operates the El Segundo generating 
station under a NPDES permit issued in 1984, amended in 1985, and amended again in 1990 
to include the objectives stated in the revised California Ocean Plan of 1988. Discharge 
limits for metal cleaning wastes, low volume wastes, and wastewater from treatment facili- 
ties must meet 30-day mean and daily maximum for: BOD, suspended solids, oil and grease, 
settleable solids, total copper, and total iron (RWQCB,LAR 1990). 

The  Redondo Generating Station, located in King Harbor, is operated by SCE and consists 
at present of four steam-electric generating units. Units 5 and 6 have been in operation since 
the early 1950s. and Units 7 and 8 since mid-l%0. Units 1 to 4 went on-line in 1940 but 
were withdrawn from service in November 1986 (Curtis 1988, pers. comm.). 

Cooling water for the two pairs of units are drawn and discharged in separate cooling water 
systems. Cooling water for Units 5 and 6 is drawn into two intake conduits at a water depth 
of 20 ft within King Harbor and discharged at a depth of 25 ft, north of the Harbor and 1,600 
ft  offshore. Cooling water for Units 7 and 8 is drawn at a depth of 20 ft from a conduit 
extending 1,000 ft offshore at the entrance to King Harbor and discharged within the Harbor 
at a depth of 20 ft (RWQCB,LAR 198%). 

Effluent. From 1985 through 1987 the average flow through Units 5 and 6 was 227 mgd and 
through Units 7 and 8,530 mgd. The average flow in 1987 from the retention basins to the 
cooling water of all units was about 1.2 mgd (Alcaino 1988, pen. comm.). The average 
discharge temperature for Units 5 and 6 was 857°F and that for Units 7 and 8, 83°F (Hertel 
1988, pen. comrn.). The maximum temperature during a heat treatment is 125°F. which 
represents an increase of 68SoF, over intake temperatures (RWQCB.LAR 198%). 

In 1992, the Redondo Generating Station discharged about 3.4 MT of oil and grease, and 6.7 
MT of total suspended solids to the cooling water from the on site retention basin. a decrease 
of 85-90% from 1990. An average of 74 MT of suspended solids and 32.8 MT of oil and 
grease have been discharged during the period 1988-1992 (SCE unpubl. data). 

Permit Requirements. Redondo Beach Generating Station is currently operating under an 
NPDES permit issued in 1984, amended in 1985, and amended again in 1990 to include the 
objectives stated in the revised California Ocean Plan of 1988. Limits on effluent 
constituents for metal cleaning, and low volume wastes are set with a 30day mean and daily 
maximum for suspended solids, oil and grease, total copper, and total iron (RWQCB,LAR 
1990). 

Chevron USA's El Segundo Refinery has been in operation since 191 1 and now manufac- 
tures various petroleum products, including gasoline, jet fuel, kerosene, solvent, coke, fuel 
oil, liquefied petroleum gases, and propylene polymer. The refinery occasionally uses 
benzene and toluene in its processes, but these petroleum derivatives are manufactured else 



where. Manufacturing processes used at the refinery include distillation, catalytic cracking, 
alkylation, isomerization, coking, catalytic reforming, hydrogenation, sulfur recovery, and 
blending. The refinery has a maximum production capacity of about 405,000 barrels per day, 
although the average production is about 240,000-290,000 barrels per day (RWQCB,LAR 
1984; Chevron USA 1988, pers. comm.). 

Since the early 1970s ,the El Segundo Refinery has discharged treated wastewater through 
an outfall 500 ft  offshore of the beach at Grand Avenue at a depth of approximately 20 ft 
(RWQCB,LAR 1984; Chevron USA 1988, pers. comm.). This discharge consisted of non- 
contact cooling water bleed-off, petroleum processing wastewater, treated boiler water, 
shallow recovery well groundwater, and stormwater runoff. All petroleum processing waste- 
water and shallow recovery well groundwater had been treated at an Effluent Treatment 
Plant (ETP) on the facility before being discharged. 

In early 1993, Chevron announced plans to extend its wastewater pipeline two-thirds of a 
mile from the beach, effectively removing the last industrial discharger from the nearshore 
environment. The construction, which involves revamping an unused series of pipelines that 
stretch from the refinery to a tanker mooring, is expected to be completed within a year (LA 
Times 1993). The discharged effluent will still be processed through the ETP with treatment 
consisting of both primary and secondary processes including dissolved air flotation units, 
an equalization basin, and activated sludge (biological) units. Stormwater runoff is 
discharged after treatment in oiVwater separators and induced air flotation units; if neces- 
sary, this can also be routed to the ETP for biological treatment. About 90% of this runoff 
may contain oil or other spilled contaminants (RWQCB,LAR 1984; Coonan 1993, pers. 
comm.). 

Three tanks and an induced air floatation unit were constructed in 1988 as part of the 
Effluent Diversion Project to increase the residence time of the effluent during treatment. 
Two of the tanks have 7,140,000 gallons capacities and one has a capacity of 2,940,000 
gallons (Chevron USA 1988, pers. comm.; Coonan 1993, pers. comm.). 

Effluent. The refinery discharges 6 to 7 mgd of treated wastewater, with maximum 
discharges of up to 20 mgd and dry-weather flows of about 6.2 mgd (RWQCB,LAR 1984; 
Chevron USA 1988, pen. comm.; Dorsey 1988; Coonan 1993, pers. comm.). The most 
abundant constituents in the discharge are COD, BOD, and TSS, with average annual mass 
emissions of 1,760, 123, and 105 MT, respectively. 

Permit Requirements. Chevron's NPDES permit limits a number of effluent constituents 
and includes six month medians, 30 day averages, and daily maximums for both dry and wet 
weather discharges. The regulated constituents include physical characteristics, metals, 
nonmetallic inorganics, organics, and toxicity (RWQCB,LAR 1984; Coonan 1993, pers. 
comm.). Settleable solids and turbidity do not have permit limitations but are monitored 
nevertheless (Chevron USA 1987; Coonan 1993, pers. comm.). 
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While most of the contaminants found in Santa Monica Bay probably came from point 
sources and urban runoff (a nonpoint source), other nonpoint sources may also be a major 
factor. These include marine vessel activities, oil and hazardous material spills, dredging, 
ocean dumpsites, historically deposited sediments, advection, and aerial fallout. 

MARINE VESSEL ACTIVITY 

Although boats berthed elsewhere use Santa Monica Bay, most small boat traffic is concen- 
trated in Marina del Rey and King Harbor. Marinas act as collecting basins for a variety of 
substances, including raw and chemically treated sewage, fish wastes, antifouling paint addi- 
tives, oil and grease, wash water, and trash as well as surface runoff. During ebb tides or 
storms these contaminants enter the Bay through harbor entrances and porous breakwater- 
sand jetties. 

I M A R I N A  DEL R E Y  1 Marina del Rey was constructed between 1958 and 1962. from Ballona Wetlands. It 
includes about 403 acres of waterways (navigation channels and small craft berthing basins) 
and a similar amount of land-based support facilities. About one-third of the land is used by 
the Los Angeles County Department of Small Craft Harbors and two-thirds is leased to 
private entities (Soule and Oguri 1977). 

About 6,000 boats can be harbored at Marina del Rey and hundreds more are in dry storage 
nearby: the number of boats berthed there increased from 5,500 in 1973 to 5,800 (SCCWRP 
1973, Soule and Oguri 1992). The Marina includes four dry docks and two fuel docks 
(LACHP 1988, pers. comm.; MDRHMI 1988, pers. cornm.). In addition to storm drains 
which empty directly into the Marina, tidal action carries storm water from Ballona Creek 
and Ballona Lagoon into Marina del Rey. 

I KING H A R B O R  
( King Harbor was constructed between 1962 and 1968 (CCC 1987; Pitzer 1988, pers. 

comm.) and lies along the open coast between Hermosa Beach and the head of Redondo 
Canyon. It is surrounded by a porous breakwater which parallels the coast. 

King Harbor includes about 110 acres of waterways and three small craft berthing basins. It 
has one fuel dock, two fishing piers, and berths for about 1,600 small boats (Straughan 
1977a; Clemens 1988, pers. comm.; Pitzer 1988, pers. comm.). In 1973 there were about 
1,400 boats in the harbor (SCCWRP 1973). Contaminants also enter King Harbor from 
surface runoff and the cooling water discharge of the Redondo Generating Station. 

During the late 1800s Santa Monica served as the City of Los Angeles' deep water port. At 
present most commercial and naval shipping activities occur outside Santa Monica Bay, in 
the shipping lanes offshore, and in nearby Los Angeles and Long Beach Harbors (Figure 6- 
1). 

The entrance to Los Angeles Harbor is about 2.5 miles east of Point Fermin. In 1990,7,013 
vessels arrived at the Los Angeles-Long Beach Harbors, with over 1,000 of these tankers. 
Over 10,000 are expected to amve in the year 2000 (USACOEILAHD 1992). It is not 
known how many of these vessels pass by Santa Monica Bay, but it can be assumed that 
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Figure 6-1. Shipping lanes and reported vessel spills (1973-1987 and 1991) in or near Santa Monica Bay area. 
(Numbers indicate number of spills; US .  Coast Guard, Dept Trans., unpubl. data). 

several thousand pass the Bay during the year. The coastwise shipping lane extends west of 
Point Fennin for 8.9 miles before turning northwest and running parallel to the 1,640-ft 
isobath of Santa Monica Bay; it generally lies about 3.4 miles offshore of Santa Monica Bay 
(Figure 6-1). 

Chevron USA maintains three submerged pipelines which extend from shore to a three-berth 
offshore tanker mooring facility in 42 to 66 feet of water. For the most part, these pipes 
transport crude oil and refined products (mostly gasoline and jet fuel) to tankers moored in 
the area (Chevron USA 1988, pers. corn.); refined product is occasionally off-loaded to the 
refinery. 

Oil tankers cross the Bay from the coastal shipping lane to the moorings at a frequency of 
ten to 20 tankers per month (O'Reilly 1988). In 1980 and 1985, about 305 and 310 vessels 
arrived at the moorings respectively (h4MSP0CSR 1983). About 200 tankers arrived in 
1986 but only 92 in 1987. ' 
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I TRACE CONTAMINATION 
FROM MARINE VESSELS I Trace pollutants from marine vessels include antifouling bottom paints, anticorrosion 

anodes, and fuel residues. Formerly, antifouling paints included copper, with trace amounts 
of mercury, arsenic, and PCBs; primers may contain zinc, chromium, and lead (SCCWRP 
1973). In recent years tributyl tin (TBT) has been used in bottom paints as an antifouling 
agent. TBT is lethal (especially to mollusks) at parts per trillion levels. In 1984,50 to 75% 
of pleasure craft used TBT paints and this percentage was probably higher for larger vessels 
(Soule and Oguri 1987). TBT-based paints are now banned on vessels less than 82 ft long 
that are not made of aluminum (CSG,MAP 1988). 

Although its use is now restricted, much of the TBT paint from earlier applications has been 
sloughed, sanded, or scraped off boat bottoms, and may form a reservoir in the sediments of 
harbors and marinas. Because recreational vessels spend more time in port than large vessels 
and because their hulls are often scraped while in the water, small craft harbors may repre- 
sent an important source of TBT (Soule and Oguri 1987). 

In 1973,90% of the sail and power craft in Marina del Rey used sacrificial zinc anodes to 
control galvanic corrosion; some cadmium was also used. Each boat uses an estimated 4 to 5 
kglyr for this purpose (SCCWRP 1973). If similar usage rates occur today, the two marinas 
contribute about 30 to 38 MT of zinc per year to Santa Monica Bay. 

Most of the fuel sold to recreational vessels is leaded gasoline (Bender 1988, pers. comm.). 
In 1973, it was estimated that the use of leaded fuel by vessels in Marina del Rey conmbuted 
about 0.55 MTfyr of lead to the environment (SCCWRP 1973). Spillage of oil and combus- 
tion of fuel by small craft introduced PAHs to the harbors. Higher than back~ound levels of 
benzo(a)pyrene have been found in King Harbor (Puffer 1988, pen. comm.). 

In 197 1, the estimated mass emission of mercury to the Southern California Bight from 
vessel-related sources (bottom-paint) was greater than the total estimated mass emission of 
mercury from the municipal wastewater and surface runoff combined. The estimated PCB 
and copper emissions from this source were about half of the combined emission for waste- 
water and runoff. Hence, vessel-related contaminants may be a significant contaminant 
source (SCCWRP 1973). At present the concentration of PCBs in antifouling paints is low 
but higher levels were found in older paints. Thus, the sediments in harbors may represent a 
reservoir which can release PCBs during dredging operations (Young and Heesen 1976). 

OIL AND HAZARDOUS MATERIALS SPILLS 

POTENTIAL SOURCES I OF SPILLS I T h e  potential sources for spills and contamination from oil and other hazardous materials in 
the Santa Monica Bay area include small craft boating and harbors, commercial shipping 
activities, refinery transfer activitits, offshore oil and gas operations, natural oil seeps, 
underground contamination at Los Angeles International Airport and El Segundo refinery. 
and accidents on land which could move into the Bay through its tributaries. Spills can be 
highly variable in size, and consist of very different substances. They are unpredictable, and 
are usually caused by unexpected problems or equipment failures. They can cause little or 
no problems to major damage, coating miles of shoreline. A spill on the order of the Exxon 
Valdez could impact an area from the Mexican Border to the Central coast. Spills in the 
watershed can move through drainage systems to reach wetlands, the intertidal communities, 
and finally the ocean. Spills on the ocean can evaporate into the air, coat the surface, 
suspend by emulsion into the water column, or sink to the bottom, depending on the proper- 
ties of the substance spilled. Petroleum products may separate into different constituents, 
each reacting differently. 
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The  US. Coast Guard lists at least 82 vessel spills in Santa Monica Bay between 1973 and 
1987, with an average of six spills per year; the locations of 37 more spills were question- 
able (Appendix E) (US. Coast Guard, unpubl. data). The spills listed were almost 
exclusively of petroleum products, including automotive and aviation gasoline and jet fuel; 
31% of the spills were fuel oil, 17% crude oil, and 174 miscellaneous oil products. Spills 
totalling just under 2,000 gallons were recorded during this period; the median amount 
spilled was two gallons and only two spills were greater than 100 gallons. A tanker offshore 
El Segundo in 1977 spilled 1,000 gallons of crude oil, most of which was recovered. In 
1973, 370 gallons of clarified oil were spilled from a recreational vessel in Marina del Rey. 

In 59 of the 82 instances the vessel causing the spill was identified; 51 % of these were recre- 
ational vessels, 29% tankers, and 14% fishing vessels. Twenty-four spills occurred in or near 
Marina del Rey, 17 were off El Segundo and Hermosa Beach, and 12 were in the commer- 
cial shipping lanes (Figure 6-1). More than 50% of these spills took place from 1973 to 
1979. 

In the past, there have been occasional small spills and leaks at Chevron's offshore terminal, 
with only two larger spills. A tanker leak of crude oil in December 1980 was cleaned up and 
caused no apparent harm to beaches or marine life (Chevron 1988, pers. comm.). 

In March 1991, a transport vessel's anchor snagged the offshore mooring complex at the 
Chevron El Segundo Refinery, resulting in a spill of 9,240 gallons of a diesel oihaphtha- 
lene mixture (MBC 1991a). At the time of the accident, an approaching low pressure 
weather front produced strong winds from the south-southeast, driving the floating oil to the 
north-northeast where it contacted the shore at Malibu. Beaches were closed to swimmers 
for a few days at Malibu and El Segundo during this period (Appendix 1). 

Offshore oil and gas operations generate contaminants from a variety of point and nonpoint 
sources. Crude oil may be leaked in small amounts during exploration and production 
drilling or spilled in large amounts in a blowout, a tanker accident, or a rupture of a 
submerged pipeline. Refined petroleum products may be leaked or spilled during routine 
transfer operations and in tanker accidents or pipe ruptures. 

Trace metals and other synthetic compounds are found in drilling muds and a variety of 
metals, combustion by-products, and other substances resulting from the operation of heavy 
gasoline- and diesel-powered machinery on boats and platforms. Domestic wastes generated 
at drilling platforms and aboard work vessels are treated in self-contained treatment plants 
and discharged overboard. Although operators in the Federal Outer Continental Shelf (OCS) 
dispose of drilling muds and cuttings at sea under a general permit, those from State Lands 
operations must be barged ashore for land disposal. 

At present the major oil and gas operation in Santa Monica Bay is tanker traffic to and from 
Chevron USA's refinery in El Segundo, the largest refinery in California with a capacity of 
405,000 barrelslday. The refinery does not treat Federal OCS production. In the past spills or 
leaks occurred about once a year during offloading or onloading at the offshore terminal. 

Although oil and gas reserves are believed to occur on the Santa Monica Shelf, oil and gas 
development in or near Santa Monica Bay has been limited. It is estimated that the 40 tracts 
within the Bay have about 70 million barrels of oil and 90 billion ft3 of gas. 
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By 1983, several lease plans had been considered which could affect Santa Monica Bay. 
Several alternatives were described in the draft Environmental Impact Statement (EIS) for 
the Southern California lease offering, describing different drilling scenarios as well as 
potential risks (MMS,POCSR 1983; MBC 1988). However, by June of 1990, Federal OCS 
lease sale 95 was canceled. In addition, no leasing will occur in any other areas offshore of 
California before the year 2000. In the Santa Barbara area, 87 tracts will be offered for lease 
before January 1996, adjacent to areas currently in production (MMS,OCSNC 91). It is not 
clear what impact this new activity in the Santa Barbara area would have for the Santa 
Monica Bay. 

Two  natural oil seeps are known from Santa Monica Bay. One, with three seepage zones, is 
located about 2.3 miles off Redondo Beach, near the head of the Redondo Submarine 
Canyon; the other has two seepage zones and is located about 4.6 miles off Manhattan 
Beach. It is estimated that an average of about ten barrels (420 gallons) of oil from the seeps 
reach the surface each day; additional oil probably does not surface, either deteriorating or 
forming tar balls underwater. The daily flow (to the surface) is estimated to range from two 
to 18 barrels (84 to 756 gallons) per day, but may be several times this amount during and 
after local earthquakes. 

In calm weather surface oil slicks several miles long have been observed; in windy condi- 
tions the slicks dissipate rapidly. Surface oil generally drifts northward, towards shore, 
reaching the beaches from Redondo Beach to Malibu in one to two days. In 1971, 18 to 836 
oil globules were found in a 2,500 ft2 area of sand along Redondo Beach and Manhattan 
Beach; about 86% of these deposits originated from natural oil seeps (Marconsult 1971). 
More recent studies suggest that about 75% of the tar on Santa Monica beaches is from the 
Santa Barbara Channel (Hartman and Hammond 1981). 

Natural oil from the vicinity of the La Brea Tar Pits also seeps into the Ballona Creek 
drainage system, contributing to contamination of the Creek and the Bay, especially during 
periods of low flow (Mitchell 1988, pers. comrn.). 

At least two accumulations of refined petroleum products have been identified adjacent to 
the shores of Santa Monica Bay. Although there is no evidence that any of these products 
have seeped into the Bay, their proximity to it has raised concern by the general public and 
regulatory agencies. 

During its first 77 years of operation, a variety of oil and refined products had leaked into 
the ground beneath the El Segundo Refinery (Chevron USA), from surface spills, storage 
tanks, and leaking pipes. The refinery is located atop sand dunes, under which three aquifers 
or subterranean layers of groundwater are located in sand beds separated by relatively 
impervious layers of clay. The removal of drinking water from the aquifers has caused 
seawater intrusion (Waters 1988). 

For several years, Chevron contractors drilled numerous delineation wells to identify the size 
and nature of the contaminated pool located in the aquifers. The results indicated that the 
pool contained about 252 million gallons, primarily crude oil, gasoline, and jet fuel. Most of 
the petroleum contaminants had accumulated in the uppermost of three aquifers. Trace 
amounts had been found in the middle aquifer while the lowermost aquifers (the only one 
from which drinking water is extracted) appeared uncontaminated. Having identified the 
nature of the pool, Chevron began a program to recover as much of the pool as possible. 
1988 estimates indicated that 50 to 70% of the materials could be recovered over the next 20 
years (Waters 1988). 
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During the years LAX has been operating, jet fuel has leaked into the ground beneath the 
airport from underground pipes or from the 500,000 gal storage tanks. Initial investigations 
indicated that the contamination extended to a depth of 60 ft and included the uppermost 
aquifer (which is brackish from saltwater intrusion), but the full extent of contamination is 
unknown (Kelley 1988). 

Since the initial reports, LAXFUEL, a nonprofit consortium of 50 commercial airlines 
serving 98% of airline operations at LAX, has initiated investigations to characterize the 
extent of contamination. Phase I and 11 groundwater investigations were completed between 
1989 and 199 1. A free-hydrocarbon recovery system was approved by the RWQCB and 
installed in September of 1991. Since that time, approximately 10,000 gals of free-hydre 
carbon product has been recovered. LAXFUEL is currently modernizing and upgrading its 
bulk storage facility. and conducting Phase Ill groundwater contamination investigations 
(Speelmans 1992, pers. comm.). 

IMPACTS OF SPILLS 1 Impacts of oil or other hazardous material spills can reach all areas of the environment. 
Birds and marine mammals can be affected by a surface oil slick, by bioaccumulation in the 
food chain, or by direct toxicity from chemical spills. As spilled contaminants disperse 
through the water column, they can affect plankton, both plant and animal, as well as fish. 
They can also have toxic effects on kelp and other algal species which provide habitat for 
many animals in the Bay. When an oil spill sinks it coats the bottom and it can smother 
benthic communities that live in the sand and mud. Oil that washes up on the beaches or the 
intertidal zone can coat and smother species that dominate those areas. The California 
grunion. a fish that spawns on sandy beaches could be heavily impacted if a spill occurred 
during spawning season. Land spills, as well as ocean spills, could move into biologically 
sensitive wetlands, which are nursery areas for many species. Many of these areas do not 
have adequate baseline (pre-spill) information to determine the impacts on the communities 
and populations if a spill did occur (Lees 1992). 

Following the 1991 spill at the Chevron USA offshore terminal, there were no observed 
impacts to California p n i o n  spawning, sand crab populations, and the Santa Monica Bay 
artificial reef at Malibu (where the spill contacted the shore) nor were petroleum hydrocar- 
bons found in beach sand; however, there was some mortality of mussels, spiny mole crabs, 
and possibly smooth turban snails (MBC 1991a). 

In addition to the biological effects, there are aesthetic and economic effects for the human 
population. Large areas could be closed for recreational activities such as fishing, swim- 
ming, surfing, diving and sunbathing. This has an extended effect on businesses that depend 
on these activities. The fumes of a spill occumng, or moving ashore, in a heavily populated 
area could also result in health effects. Toxic materials could accumulate in sportfish 
species, and also cause residual health problems. 

I R I S K  FUTURE current plans for oil and gas lease activity appear not to add any increased risk for future 
spills. However, if exploration and drilling resume, the risk will increase. 

Commercial shipping is expected to increase for the near future. Los Angeles/Long Beach 
Harbors are expanding berthing facilities in their 2020 Plan to meet expected increases. In 
1990,7,013 vessels arrived at both ports, with over 1,000 of these tankers. Over 10,000 are 
expected to anive in the year 2000 (USACOELAHD 1992). This will mean more traffic in 
the shipping lanes, with potential spills or accidents more frequent. It is not clear what 
number of these vessels transit the shipping lanes offshore of Santa Monica B.ay. 
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The number of tankers loading and unloading at the El Segundo refinery has been steady for 
a number of years, however, Chevron recently received a permit to tanker from Santa 
Barbara to Santa Monica Bay. Currently none of these tankers has had a major spill, but 
should one occur, it could have a significant impact in the bay as evidenced by the 
Huntington Beach spill in 1990. 

I P R E V E N T I O N  A N D  
R E S P O N S E  I 

TO OIL B. HAZARDOUS I M A T E R I A L S  S P I L L S  I 
In 1990, the State of California passed the Lempert/Keene/Seastrand Oil Act (SB2040) in 
response to the Exxon Valdez and American Trader oil spills. The result of this law was to 
create an Oil Spill Prevention and Response (OSPR) group in the California Department of 
Fish and Game (CDFG). The goal of the Act is to protect the marine ecosystem, sensitive 

b habitats, and marine biota from the effects of petroleum while the objectives of the Act 
include the prevention and rapid response to petroleum spills. The Office of Oil Spill and 
Prevention and Response meets the objectives of this Act through inspection of facilities, 
development and promulgation of regulations pertaining to contingency plans, rapid 
response to petroleum spills, and the oversight of response tasks including containment, 
treatment, removal, cleanup and abatement. Wildlife rescue and rehabilitation, evidence 
collection, natural damage assessment and post-impact recovery monitoring are also ways in 
which the Office of Oil Spill and Prevention and Response meets the Act's objectives 
(Sowby 1993, pers. comm.). 

The law states that every oil facility, transporter, and vessel in state waters have contingency 
plans, preventative methodology, and containment equipment on hand in case of a spill. This 
must include a list of contacts for reporting and assistance and identification of rescue and 
rehabilitation groups. A Response Unit must be created to assist in a spill, if needed. OSPR 
provides for Natural Resources Damage Assessment methodology to be applied to determine 
what impacts occur during a spill, and to provide help with remediation efforts after the 
event. One function of OSPR is to identify sensitive biological areas that would be most 
affected by a spill, and provide this information to maximize efforts to keep these areas from 
being impacted. 

The Santa Monica Bay is within two of the OSPR response areas. One extends from San 
Luis Obispo to Point Dume, with the OSPR Coordinator stationed in Santa Barbara. The 
other extends from Point Dume to Dana Point, with the OSPR Coordinator stationed in Long 
Beach (Grant 1992, pen: comm.). 

In addition to California legislation, the U.S. government passed the Oil Pollution Act of 
1990 (OPA go), which addresses spill prevention and response and contains requirements 
similar to California's SB2240. In addition, federal regulations are also being written to 
cover marine transfer facilities, bulk cargo carriers for oil landings in the ocean and mobile 
facilities, e.g., pipelines, railroad transport, and tank trucks. These are expected to be 
released in 1993, and will only cover specific types of oil and facilities. The regulations 
covering other types of hazardous materials have not yet been written. 

The U.S. Coast Guard, Long Beach, has created a Port Area Committee, which is making 
contingency plans for the local area. These plans are pre-designed responses to spills of any 
size and type, from small up to the worst case scenario (Exxon Valdez size). The plans 
designate response actions and responsibilities for management, so implementation can be as 
rapid as possible. 
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A more general set of regulations exist under MARPOL, issued by the International 
Maritime Organization of the United Nations, effective in 1983. Regulation 26, Annex I, 
MARPOL requires response plans for all ships of 400 Gross Tons (GT) or greater and bulk 
oil carriers of 150 GT or greater, and will be in effect in 1995 for existing ships. The regula- 
tion is presently in effect for ships under construction (Panagakos 1992, pers. comm.). 

Local agencies, primarily fire departments, respond to spills occurring on land. They are 
trained in containment and response procedures and maintain a list of agencies to notify in 
case of storm drain contamination. Local laws are in effect requiring businesses to provide 
hazardous material inventories to response agencies, and also require containment method- 
ology and response plans to be present on site. A regular inspection program provides 
enforcement of this legislation. Inspection and response programs are also undertaken by 
interested groups, e.g., Ballona Creek Task Force. 

Dredged sediments are the only materials that may be dumped into the Southern California 
Bight in large quantities, however, they must meet Ocean Dumping Act requirements 
(USEPA 1988). The Army Corp of Engineers, RWQCB,LAR and the EPA regulate and 
manage all dredging and oceanic dumping. 

Dredging is necessitated by the accumulation of sediments around harbor entrances which 
pose potential navigation hazards to vessels. Removal of this material has typically been 
done by hopper dredges, clam shell dredges or dragging. Dredged material can be used for 
beach replenishment, landfill in harbors, dumped at oceanic dumpsites, or disposed in sani- 
tary landfill sites. Disposal of dredge material must meet specific criteria for each disposal 
type. Beach replenishment material must undergo chemical analysis and meet grain size 
limitations for the location of disposal. Ocean dump site material has to undergo chronic and 
acute toxicity analysis as well as chemical analysis for trace constituents and heavy metals 
(USEPA 1988). 

Net sediment transport in Santa Monica Bay is to the south in the northern part of the Bay 
and to the north in the southern portion of the Bay with the accumulation of the majority of 
materials at the head of the Redondo Submarine Canyon (Woodel and Holler 1991). Two 
areas of concern in sediment buildup are the Marina del Rey entrance channel and King 
Harbor. 

King Harbor is uniquely situated along the coast at the head of the Redondo Submarine 
Canyon. Sediment transport and accumulation around King Harbor varies with seasonal. 
tidal and long shore current patterns. In general, transport of sediments is downcoast with 
accumulation on the upcoast side of the Redondo breakwater. Sediments transported around 
the breakwater are deposited at the head of the Redondo Submarine Canyon where they 
move down and off the nearshore shelf (Terry er al. 1956). 

Between 1960 and 1963, the original Ballona Wetlands was dredged to create Marina del 
Rey Harbor and was, at that time, the largest dredging project on the West Coast removing 
approximately 10.1 million yd3  of dredged material. Since that time, occasional dredging is 
necessary due to sediment deposition in the entrance channel of Marina del Rey. This depo- 
sition is partially due to the position of a breakwater off shore and parallel to the coast which 
creates an area of calm water inside the breakwater that facilitates the build up of sediment. 
Urban run-off from Ballona Creek also deposits material at the mouth of the harbor entrance. 
Dredge activities since 1969 have produced 684,080 yds3 of material, ranging from 298,000 



yds3 in 1969, to 17,000 yds3 in 1992 (Woodel and Hollar 1991; Chang 1992, pers. comm.). 
Dredge spoils from 1969 to 1987 dredge operations were disposed on the beach directly 
down coast of the Harbor entrance. Records were not available to determine if any chemical 
analyses were done for the 1981 and 1987 activities. 

lpnr 1 k n g  Harbor was dredged in 1990 for the removal of accumulated sediments inside the 
Harbor following storm activities. In 1990, 156,000 yds3 of material was dredged and used 
for beach replenishment 0.5 miles south of the Harbor. No chemistry data are available for 
this project because it was deemed clean and met all gain size criteria for disposal (Chow 
1992, pers. comm.). All earlier dredging activities at Kmg Harbor were similar to the 1990 
dredging operations (Chow 1992, pers. comm.). 

In 1992, approximately 17,000 yds3 were dragged from the entrance of Marina del Rey 
Harbor to downcoast of the entrance, where long shore currents transported the material 
downcoast. Beach and LA-2 dumpsite disposal were not viable alternatives due to high 
levels of lead and heavy metal contamination which probably originated in run-off from 
Ballona Creek (Chang 1992, pers. comm.). Future dredging activities will be handled by 
dragging, as needed, until appropriate disposal sites can be found or measured contamination 
levels are below EPA regulations (Chang 1992, pers. comm.). 

OCEAN DUMP SITES 

T h e  dumping of unwanted material at sea has been practiced for centuries and has been 
regulated by federal law since 1886, originally to prevent navigational obstnrctions. EPA 
permitted ocean dumpsites are point sources in the sense that only specified amounts of 
specific materials can be disposed in a prescribed area. In practice, however, every load is 
not carefully monitored, and the kind and amount of material dumped may differ from what 
is permitted. In addition, "short-dumping" (i.e., dumping before the vessel reaches the desig- 
nated site to save vessel time and money) of materials may be common. Accurate records of 
dumping activities at dumpsites are generally lacking. 

Illegal dumping has occurred in the study area, but quantification of the kinds and amounts 
of materials dumped is almost impossible. The California Salvage Company illegally 
dumped industrial wastes off White Point on the Palos Verdes Peninsula on two occasions in 
1968, but it is not known what or how much waste was dumped in the area (Chartrand er al. 
1985). 

[ HlsroRICIL 1 industrial wastes have been dumped into San Pedro Channel since the 1930s and continued 
more or less unregulated until 1967. Between 1967 and 1972, dredge spoils, oil refinery 
wastes, chemical wastes, filter cake, oil drilling wastes, refuse and garbage, radioactive 
wastes, and military explosives were dumped at 17 regulated dumpsites off Southern 
California (Figure 6-2). In 1972, the Marine Protection, Research, and Sanctuaries Act 
(Ocean Dumping Act) was enacted to regulate ocean dumping more closely and the disposal 
of hazardous materials (chemicals, munitions, bacteriological agents, etc.) at any offshore 
site was forbidden (Chartrand er al. 1985). 

Prior to 1973, industrial wastes were dumped at a site (LA-1) in the San Pedro Channel, 
approximately ten miles northwest of Santa Catalina Island in 2,500 feet of water (Figure 5- 
1). Between 1947 and 1960 the California Salvage Company dumped about 125 million 
gallons of caustic and acid wastes from oil refineries and 2,000 to 3,000 gpd of acid sludge 
from the Montrose Chemical Company. This sludge contained DDT and it is estimated that 
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Figure 6-2. Designated ocean dumping sites in the Southern California Bight, 1931-1978 (modified from 
Chartrand el al. 1985). 

over the years between 348 and 696 MT of DDT were dumped. Because of new oil refinery 
methods the total volume dropped from 1.2 million gallons per month to 210,000 gallons per 
month in 1961. Approximately three million gallons of refinery wastes were dumped 
between 1961 and 1972 (Chartrand et al. 1985). 

In 1961, the RWQCB,LAR began regulating ocean dumping, requiring that wastes be in 
containers which were perforated just before they were dumped. Between 1965 and 1972, 
about 0.8 million gallons of aluminum chloride and 0.3 million gallons of cyanide were 
dumped in the ocean. Solvents and acid wastes, beryllium, cesium, bromine, and film- 
processing materials were also included (Chartrand ei al. 1985). 
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Between 1961 and 1964, the Pacific Ocean Disposal Company also dumped liquid and solid 
wastes at LA-1. Most liquid wastes were pumped directly overboard, but some liquid and 
the solid wastes were in containers. About 1.6 million gallons of sodium hydroxide and 0.1 
million gallons of calcium fluoride were dumped; polymer acid sludge, acid wastes, nitric- 
hydrofluoric acid, paint and lacquer, and hydrolyzed aluminum chloride solution were also 
present (Chartrand er al. 1985). 

The Texaco Humble Union Mobile Standard (THUMS) dumpsite is a three miles diameter 
circular site near the center of the San Pedro Basin at a water depth of 2,910 ft (Figure 5-1). 
The closest edge is approximately eight miles from the study area. This site was designated 
by the EPA in 1985, for a period of three years, for the disposal of drilling muds and cuttings 
from THUMS' production operations in Long Beach Harbor. The drilling muds are similar 
to those approved by the EPA under a blanket permit for disposal in Outer Continental Shelf 
(OCS) waters (Chartrand er al. 1985). The THUMS dumpsite was in use for about one year 
(1986-1987), during which time about 50,000 barrels of drilling muds and cuttings were 
pumped from a barge as a slurry. THUMS did not reapply for an extension to the permit, 
allowing the site to become inactive (Otott 1988, 1992, pers. comm.). 

I L A - 2  D U M P S I T E  
( A t  present. there is one permitted dumpsite near, but outside of the study area (Figure 5-1) 

(Chartrand et al. 1985). This site may contribute to contamination of the Bay via advection 
but no estimates have been made of the amounts of material which might have moved 
toward shore. 

The LA-2 dumpsite is a 1 .I mi diameter circle at a water depth of 600 feet, about 1.5 mi 
south of the study area (Figure 5-1). The site was given interim status by the EPA in 1977 
for the ocean disposal of dredged materials (Rote 1985). Fine sediments which might be 
contaminated are tested in a laboratory bioassay before they can be dumped in the ocean, 
and if found to be toxic, are land-disposed. 

The material dumped at LA-2 originates from maintenance and construction dredging in Los 
Angeles and Long Beach Harbors, which have multi-year permits for the disposal of 
dredged sediments. From 1978 to 1988 the U.S. Army Corps of Engineers issued permits for 
the disposal of 2.1 million yds3 of dredged material at LA-2, but only 1.6 million yds3 had 
been dumped. An average of about 180,000 yds3 of material was dumped each year (USEPA 
1988; Welch 1992, pers. comm.). 

In 1989, SCCWRP estimated the quantity of material dumped and inputs of trace contarni- 
nants contained in disposed dredged material from 1984 to 1988. Six permit applications for 
dumping dredged material into LA-2, involving a total of 386,000 yds3 were examined. 
Chemical data were available for only one dredge activity of 46.000 yds3. It was assumed 
that the volume of dredged material discharged was equal to the amount permitted to be 
dumped in the application. Mass emission values were calculated from the available chem- 
istry data and the total amount of sediments discharged. Due to the small size of the database 
it was difficult to determine exact mass emissions rates but a general trend can be distin- 
guished. In general, the concentrations of contaminants in dredged materials is one-half to 
one-sixteenth those in municipal wastewater effluent. Although only limited chemical 
analysis of dredged materials has been conducted, dredge materials can reintroduce trace 
levels of constituents into the environment (SCCWRP 1989). 
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ADVECTION 

From January 1989 to March 1991, the LA-2 dumpsite was closed to dumping activities 
while an EIS was completed by the EPA (Cotter 1992, pen comm.). In March 1991, the LA- 
2 site was reopened under a new designation which allowed for continued dumping over a 
five year period. During this time potential environmental impacts will be monitored using 
current meter arrays, satellite imaging, and analysis of fisheries data. Continued use of the 
LA-2 dumpsite at the end of the five year period will be based on the environmental findings 
from this monitoring program. In the event EPA closes the LA-2 site, an alternative site 
must be designated within two years (Cotter 1992, pers. comm.). The EPA holds the final 
approval over permitting and can reassign the disposal of dredge material to land fills, beach 
restoration, and alternative ocean dump sites as needed (USEPA 1988). 

Currently the Port of Long Beach has a five month contract ending in April 1993 for the 
disposal of approximately 710,000 yds3 of dredged material at the LA-2 site. Other dredge 
contracts are planned for the Los Angeles and Port of Long Beach Harbors but anticipated 
dredged amounts are unknown at this time (Cotter 1992, pen. comm.). 

Advection is the transport of material by ocean currents. Prevailing currents not only 
disperse contaminants which are discharged into the Bay, but bring contaminants into the 
Bay from other areas. However, current patterns in the study area are complex and not well- 
known and very little effort has been expended in estimating the mass balance between 
contaminants entering and those leaving the Bay. 

In general, water enters and exits at the seaward edge of the study area, along the 1,640-ft 
isobath. Surface water generally enters from off Ventura County or Redondo Canyon and 
leaves at the same places or to the south, offshore of the Palos Verdes Peninsula. Recent 
studies suggest that a clockwise gyre is dominant seaward of the 65-feet isobath (Hickey 
1988, pers. comm.), but a counterclockwise gyre has been observed in Santa Monica Bay. 
Surface currents generally flow south off the Palos Verdes Peninsula, while below 2904,  
water enters the study area from the south. 

Oil slicks, contaminants in the surface microlayer, and other floatables are likely to be trans- 
ported into the Bay by wind-generated currents and waves. Tar from the Santa Monica 
Channel is carried into the Bay by advection (Hartman and Hammond 1981). Contaminants 
form the Los Angeles-Long Beach Harbor may enter the Bay from the south, in the subsur- 
face current which flows north along the Palos Verdes Shelf. 

The sediments at nearby ocean dumpsites may constitute reservoirs of contaminants which, 
if resuspended, could be transported into the Bay in deep currents. However, the general 
pattern is for fine sediments to move offshore and into basins where they are deposited. 
Thus, the likelihood of significant amounts of contaminants moving against that natural 
gradient is remote. 

Many anthropogenic substances, such as trace metals, chlorinated and petroleum hydrocar- 

M I C R O L A Y E R  
bons, and plastics, accumulate in the sea surface microlayer. Little information exists on the 
distribution of contaminants in the microlayer in Santa Monica Bay because effective 
sampling methods have only recently been developed ( S C C W  19864 Cross et al. 1988). 
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In general, trace metal and PAH concentrations in the microlayer are higher by orders of 
magnitude in inshore areas of harbors than in offshore areas (SCCWRP 1986d, Cross et al. 
1988). Chlorinated hydrocarbons were not detected in offshore areas but occurred in low 
levels at King Harbor. Benzo(a)pyrene, a carcinogenic and mutagenic PAH, has been found 
in the microlayer of King Harbor (Puffer 1988, pers. comm.). 

The dominant trace metals in the particulate phase of the microlayer in King Harbor were 
iron, manganese, and zinc with concentrations of 1,105; 20; and 12 p g A .  The most important 
metals in the dissolved phase at King Harbor were copper, zinc, and manganese with 
concentrations of 4.14,3.44, and 2.97 p g A ;  at White Point these were iron, zinc, and copper 
with concentrations of 4.48,3.93, and 2.08 p g A  (SCCWRP 1986d). 

Oil and grease concentrations in the microlayer were 1.04 p A  on the Palos Verdes Shelf at 
White Point. Total PAH levels were 2.65 p A  at King Harbor and 0.59 p A  at White Point. 
Total DDT occurred at 11 p A  at White Point (SCCWRP 1986d). 

1 W A T E R  C O L U M N  1 Most contaminants enter the ocean dissolved in or carried by water. However, their concen- 
trations are affected by circulation rates and panerns and are often low; rapid dilution of 
point discharges makes concentrations even lower. Impacts are usually observed only in 
biota carried along with the water mass and exposed for longer periods. 

Natural and anthropogenic debris are most visible at the surface of the sea and at the shore. 
The distribution of debris is generally determined by wind or currents, and is not necessarily 
related to its origin. No estimates are available on the relative contributions of marine versus 
terrestrial sources, but tons of debris are removed annually from the shoreline of Santa 
Monica Bay. Much of this material, such as kelp, is natural and is removed for aesthetic 
reasons. Natural debris is eventually decomposed or consumed whereas man-made refuse, 
especially plastic, is persistent. 

Ever increasing amounts of plastic debris are found at sea and on the shore. The average 
daily production of solid waste in Los Angeles County has increased from ten pounds per 
person in 1980 to 12 pounds per person in 1988 (MBC 1988). Although data are not avail- 
able, trends in the marine environment probably parallel those of land disposal. 

In enclosed areas the addition of heated ocean water by power generating stations can cause 
severe impacts. In open coastal waters, waste heat seldom creates environmental problems. 
Waste heat from the three generating stations in Santa Monica Bay is detectable only in the 
nearshore surface waters between Dockweiler Beach and the Redondo Submarine Canyon 
(Figure 6-3). 

The Thermal Plan prohibits a surface temperature elevation of more than 4OF above ambient 
following initial dilution and local power plants comply with this limitation (EQAIMBC 
1973, IRC 1973). Areas of Santa Monica Bay which are affected by waste heat are actually 
smaller today than in 1973 because the availability of hydroelectric power from the Pacific 
Northwest has allowed most local power plants to operate below peak loadings. Two of the 
Redondo Generating Station's 8 units are now out of service, reducing the total potential for 
thermal pollution of the Bay. 
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coastal waters are frequently murky, 
as a result of phyto- and zooplankton 
or of fine sediment suspended by 
nearshore turbulence. This natural 
phenomenon is often visible from the 
beach after a storm, when nearshore 
waters are brown, and offshore waters 
blue or blue-green. Both plankon and 
suspended sediments interfere with 
light penetration into seawater and 
restrict growth of seafloor plants. 

Within a mile of shore, turbidity , 
usually limits light penetration to less 
than 20 feet off sandy beaches and 20 
to 40 feet off rocky shores (SCCWRP 
1973). Off landslide areas at 1 

Portuguese Bend on the Palos Verdes 
Peninsula, turbidity is higher and light 
penetration less. Seaward of the surf- - 
zone, turbidity declines and light 
penetration increases. 

f 

Around the HTP 5-mi outfall the 
turbid plume caused by outfall partic- Figure 6-3. M d m u m  extent of 1°F above ambient k 
dates seldom reaches the surface; it tbennal field from the Scattergood, El Segundo, and -. 

usually remains below the thermocline, Redondo Generating Stations, August 1971 (Eliason 
at depths of 65 to 100 ft (Kolpack and Foote 1972, EQAlMBC 1973). 
1979). Turbidity is highest near the - 
ends of the outfalls but is rapidly reduced by dilution. Initially the plume moves southeast 
and toward shore, where it mixes with natural nearshore turbidity; it is then transported 

L 

seaward by tidal currents. 

Currents on the Palos Verdes Shelf are complex but primarily move along shore and toward 
the northwest. In the late 1970's the turbidity plume from JWPCP outfalls rose to within 45 
ft of the surface, and extended westward to Palos Verdes Point (Sweeney and Kaplan 1980). - 
This plume most affected light transmission near-bottom, where it formed a flocculent I 

particle layer (Meistrell and Montagne 1983). Water transparency in the study area generally 
increased between 1956 and 1979 (Mearns 1980); a trend which continued off Palos Verdes m 

through 1985 (Stull er al. 1987). I 

Trace metals in the water column are found in two phases: dissolved and particulate. In the C 

L 
open ocean most metals are predominantly present in dissolved form, but in nearshore 
waters more are associated with particulates. Dissolved metals in marine waters are gener- 
ally very low, even adjacent to outfalls (Katz and Kaplan 1981). Dissolved cadmium levels 

I 

I 
near the JWPCP outfall were about the same as those at control sites but chromium was 
elevated two-fold, nickel four-fold, and copper six-fold near the TWPCP outfalls (Young and 
Jan 1975). B 

= - 
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Over 9 0 8  of the metals in wastewater of the study area associated with particles (Young and 
Jan 1975). Ninety percent of the particles in the HTP 5-mi effluent and 75% in the JWPCP 
effluent remain suspended for at least three hours, and travel six miles or more before 
settling (Hemng and Abati 1978). Metals concentrations on suspended particulates near 
JN'TJCP were elevated 8 (cadmium) to 65 (chromium) times over background levels. The 
average enrichment (over background) of mercury on particulate matter near the JN'TJCP 
outfall was 36-fold. When the HTP 7-mi outfall was in operation, mercury enrichment 
ranged from 36 to 191 times, averaging 49. 

The concentration of organotin compounds (tri-, di-, and monobutyltin) have been measured 
in seawater from both Marina del Rey and King Harbor. In King Harbor, total organotin 
levels ranged from 0.171 to 0.480 ppb, with tributyl tin (TBT) levels between 0.021 and 
0.060 ppb (Stallard et al. 1986). TBT and total organotins were both higher in Marina del 
Rey water, TBT reaching 0.470 ppb (Soule and Oguri 1987). Dissolved tin compounds were 
not detected outside of enclosed marinas. 

Nutrients are introduced to the photic zone in runoff, via upwelling and destratification of 
the water column, and by sewage disposal. They stimulate plant growth and are generally 
beneficial, although excessive algal growth can have deleterious effects. Nutrients in the 
water column are linked with those in sediments by cyclic chemical transformations. 
Nitrogen is found in numerous forms including ammonia, nitrate, organic nitrogen, and 
nitrogen gas (Valiela 1984). After advection and upwelling, sewage was the most important 
source of these materials. 

Nitrogen is never available for long in the open ocean. Nitrate, nitrite, and ammonia uptake 
by plants is swift and prevents their accumulation in surface water. Both nearshore and 
offshore ammonium inputs were clearly visible along the HTP 5-mi outfall in Santa Monica 
Bay (Figure 6-4) (Eppley et 41. 1979). Inshore, near the El Segundo Refinery outfall, surface 
waters showed elevated ammonium on seven of ten cruises between 1975 and August 1977. 
Elevated levels have not been measured there since August 1977 and even the highest 
observed levels pose no hazard to exposed organisms (Eppley 1986). 

DISTANCE OFFSHORE (km) DISTANCE OFFSHORE ( km 

Figure 6-4. Concentrations of ammonium in ug-atomsll from shore through mid8anta Monica Bay parallel to 
the HTP outfalls in December 1975 and April 1977 (Eppley et aL 1979) 
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Toxic substances such as chlorine, sulfide, cyanide, and asbestos fibers are introduced with 
both sewage and runoff waters and by fallout or in solution from the air. Chlorine is gener- 
ally introduced only as residual chlorine in sewage following its application as a disinfectant 
and is present in wastewater as chloramines. At present, HTP does not routinely chlorinate 
its 5-mi effluent (nor did it chlorinate its sludge), although it chlorinates overflows 
discharged through the 1-mi outfall. 'WF'CP routinely chlorinated its effluent from 1972 to 
1985 during cold months when the thermocline is absent and year-round since September 
1985 (Ackerman 1988, pen. comm.; Weisman 1992, pen. comm.). The discharge limit for 
chloramine is 0.3 mgn - typically WF'CP effluent is <0.1 mgn (the detection limit) (Stull 
1993, pers. comm.). 

The three generating stations in the Bay use chlorine to control biofouling growth in cooling 
systems, but under normal circumstances none is discharged into the Bay. It is not known 
whether significant levels of by-products of chlorination. such as chloramines and 
bromamines. occur in this effluent. 

Data on dissolved sulfides and cyanide are not available from the study area. Asbestos has 
not been monitored sufficiently in the study area to establish either distribution or input 
levels (MBC 1988). 

contrary to popular belief, all organic materials are not contaminants. The input of natural, 
terrestrial organic material via rivers predates man's influence and is an essential part of the 
normal nutrient cycle. However, man has controlled the input of organics to the sea by 
diverting them to drainage channels or sewage waste streams. Basic measures of organic 
loading in waters and sediments include biochemical oxygen demand (BOD), chemical 
oxygen demand (COD), and organic carbon. These quantify organic matter in terms of 
oxidation demand or carbon content. In open water such as the study area, dissolved and 
particulate organic materials almost never depress available oxygen below levels safe for 
marine organisms on the continental shelf. Particulate organic material may, however, be 
present to excess. 

Bacteria, viruses, and protozoans are introduced into marine waters at sewage outfalls, 
bathing beaches, and storm drains. To minimize pathogens, sewage effluents which are 
discharged nearshore are treated (i.e., disinfected) with chlorine. Once introduced into the 
marine environment, pathogens are found both free in the water column and on particulates. 
Biological pathogens are discussed in more detail in Chapter 1 1. 

AERIAL FALLOUT 

Aerial fallout is a diffuse and potentially large source of contaminants which also derive 
from other sources. However, it is probably the least controllable source and possibly the 
most difficult to quantify. Relatively few studies have been conducted to assess the kinds 
and amounts of contaminants which enter the ocean via this path. Trace metals, chlorinated 
hydrocarbons, and PAHs (SCCWRP 1973,1986a) have been identified in aerial fallout to 
the study area. 

During the late 1960s, zinc, lead, and manganese were the most abundant trace metals in 
rainfall in Southern California. Bight-wide, it was estimated that the mass emissions of lead, 
mercury, and manganese in aerial fallout actually exceeded those from discrete sources. 
However, given the smaller area and the presence of two major sewage discharges, this is 
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not likely to be true for Santa Monica Bay and the Palos Verdes Shelf. The mass emissions 
of copper and zinc in aerial fallout in the Bight were about the same as from discrete sources 
and those of iron and nickel were less (SCCWRP 1973). Levels of lead in aerial fallout were 
greater in  the vicinity of Los Angeles than on the offshore islands. 

Bight-wide, dry-weather fallout emissions of DDT and PCB in 1973-1974 were lower than 
those from municipal wastewater, about 1,300 and 1,500 kg/yr, respectively (SCCWRP 
1973, Young and Heesen 1976). The highest fluxes of dry-weather aerial fallout of DDT in 
the Bight were at Santa Monica and Point Ferrnin where averages were estimated at 0.665 
and 0.575 pg/m? per day, respectively. For comparison, Point Dume and Palos Verdes Point 
averaged 0.280 and 0.155 pg/m2 per day, respectively (Young er al. 1976b). Based on the 
area of the present study and average fluxes at the four sites, the mass emission of DDT to 
Santa Monica Bay during that period was about 113 kglyr. 

Dry-weather PCB fluxes in 1974 were 0.650,0.500,0.190, and 0.052 pg/m2 per day at Santa 
Monica, Point Ferrnin. Point Dume, and Palos Verdes Point, respectively (Young er nl. 
1976b). The mass emission to Santa Monica Bay during this period is estimated at 94 kg/yr. 

DDT was manufactured at the Montrose Chemical Plant in Torrance; until 1972, Montrose 
disposed of DDT process wastes at the Palos Verdes Landfill on the Palos Verdes Peninsula. 
The flux of DDT from the air near the plant and landfill were 3 1 and 16 times higher, 
respectively, at Santa Monica, whereas the flux of Aroclor 1254 was about twice as great at 
the Montrose plant as at Santa Monica (Young et al. 1976b). The flux of both DDT and PCB 
to Santa Monica Bay was twice as high during Santa Ana wind conditions as during normal 
dry weather (Young and Heesen 1976). In 1986, chlorinated hydrocarbons in the sea surface 
microlayer were higher near Los Angeles than further offshore (SCCWRP 1986d). possibly 
reflecting aerial fallout. 

Brush fires create pulses of wace metals to the atmosphere by mobilizing metals deposited 
on foliage. In 1975, smoke from a large brushfire in the Angeles National Forest was carried 
out over Santa Monica Bay and the aerial fallout of most metals increased. The fluxes of 
manganese, iron, and chromium were six to eight times higher than normal; the area directly 
beneath the smoke cloud had by far the highest levels (Young and Jan 1975). 

Airplanes departing Los Angeles International Airport fly directly over Santa Monica Bay. 
The combustion ofjet fuel and gasoline probably contribute to the aerial fallout in this 
region. PAH and other hydrocarbons may be especially high in fallout below this air corridor 
although this has not been quantified. In addition, airplanes experiencing difficulties have 
been known to dump fuel over the ocean before attempting to land. 
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Urban runoff is probably the most important of nonpoint sources of contamination to Santa 
Monica Bay and has been the focus of much public, political, and scientific attention during 
the past five years. Surface runoff (consisting of stormwater and nuisance water) is trans- 
ported to the Bay via the watershed's drainage channels (i.e., natural creeks and open or 
enclosed storm drains). Because surface runoff from urban areas generally transports more 
contaminants than natural creeks, surface runoff is generally called urban runoff, 

In many parts of the country, the storm drain and sewer systems are combined into a single 
system. However, in Southern California the storm drain system is separated from the 
sewage system because storms are infrequent and heavy in flow. Because urban runoff is not 
treated it may now be the most significant source of contamination to Santa Monica Bay. 
Surface runoff is discharged to the ocean via about 80 storm drains. Because there are so 
many drains and because the flow varies with the time of year, it has been difficult to quan- 
tify the kinds and amounts of total contamination. 

Surface runoff probably constitutes an important source of trace metals, pesticides, and 
coliform bacteria. As the quality of sewage effluent has improved over the years, the relative 
contribution by storm drains has increased, even if its absolute contribution has remained the 
same. 

DRAINAGES TO THE BAY 

I D R A I N A G E  A R E A  
( T h e  total natural drainage area of Santa Monica Bay comprises about 414 mP (SMBRP 

1992). In the north part of the Bay, the natural drainage follows the crest of the Santa 
Monica Mountains from just west of the Los Angeles-Ventura County Line to Hollywood; a 
small crest separates the drainage west of Point Dume from that to the east (Figure 7-1). 
From the Santa Monica Mountains it extends south to Ballona Creek and the Baldwin Hills 
and east to downtown Los Angeles. South of Ballona Creek, the natural drainage is a narrow 
coastal strip from Playa del Rey to Point Ferrnin on the Palos Verdes Hills. 

Inland, urban runoff from most of the wasteshed of Santa Monica Bay (i.e., the area with 
sewer lines leading to Hyperion Treatment Plant and the Joint Water Pollution Control 
Plant) flows into the Los Angeles River, San Gabriel River, and Dominguez Channel, all of 
which drain into Los Angeles and Long Beach Harbors (Figure 2-1). Hence, while most of 
the sewage from the metropolitan area of Los Angeles County discharges into Santa Monica 
Bay, most of the urban runoff from the same area discharges into Los Angeles-Long Beach 
Harbor in San Pedro Bay. 

) oRl I N A  liE 1 Numerous storm drains (pipes or open channels) empty onto or across the beaches of the 
study area (Figure 7-1). There are at least ten between the Los Angeles-Ventura County Line 
and Point Dume (Terry et al. 1956) and 68 between Big Rock Beach (east of Malibu) and 
Point Fermin; 37 of these are maintained by the Los Angeles County, Department of Public 
Works (LAC,DPW) and 31 by other organizations (LAC,DPW 1985). Along the Malibu and 
Palos Verdes coasts there are many small drains which collect runoff from a single street, 
parking lot, or small arroyo. Presently LAC,DPW is in the process of mapping drainage 
channels maintained by the cities in the study area (Hildebrand 1993, pers. comrn.). 
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Figure 7-1. Present watershed and major drainage channels of Santa Monica Bay. Eech dot represents one 
storm drain or channel (modified from LACPPW maps). 

Of the major drainage channels in the area, Ballona Creek (including Centinela Creek and 
Sepulveda Channel) is channelized; Pico-Kenter and Santa Monica Canyon are partially 
enclosed storm drains; while Malibu Creek and Topanga Canyon are natural creeks. Ballona 
Creek drains about 130 mi2 and Malibu Creek drains about 110 mi2 (LAC,DPW unpubl. 
data). 

The water quality of Marina del Rey is influenced by point source and nonpoint source 
discharges which enter either the Marina or adjacent contiguous waters (Soule et al. 1992). 
Ballona Creek, Ballona Lagoon, and the Oxford Flood Control Basin collect runoff from 

. urban areas which enters the Marina as a result of tidal exchange or storm water runoff 
(Soule et al. 1992). Oxford Street flood control channel is one of the smaller drainage chan- 
nels in the watershed, however, it is important because it drains into the Marina through a 
tide gate. Although Ballona Creek flood control channel carries a much larger volume of 
water from a larger area than Oxford Street basin, Ballona Creek seems to have less of an 
impact on the Marina (Soule et al. 1992). Heavy wet weather flow will carry much of the 
debris into Santa Monica Bay, but during dry weather low flow, debris will enter the Marina 
on rising tides. 

Charactc"zation Study 



RUNOFF FLOW RATES 

Surface runoff has two major components: rainfall and nuisance water (street runoff from 
domestic activities, irrigation water, and commercial and industrial discharges). In the dry - 
season, from May to October, surface runoff consists primarily of nuisance water. In the wet 
months, from November to April, most of the surface runoff is from rainfall. 

I A N N U A L  FLOW T h e  average surface runoff flow to Santa Monica Bay fmm all storm drains and creeks has 
been estimated at 143 to 153 rngd (NRC,COWT 1984; Garber and Wada 1988). However, 
flow rates vary widely by season, by year, and during a storm due to the amount of rainfall. 
Ballona Creek and Malibu Creek are the major channels in the drainage with gauging 
stations. However, because the gauging stations are located upstream, they do not measure 
the entire flow from either creek (Figure 7-1). Hence, the absolute flows are actually larger 
than indicated below. Santa Monica Creek and Sepulveda Channel also have gauging 
stations (Engineering-Science 1987) but flow rates are not measured on a regular basis at 
these locations. The Topanga Canyon gauging station was destroyed during a storm in 1992 
and at present there are no plans to replace this station (Hildebrand 1993, pen. comrn.). 

In normal (i.e., dry) years the annual flow in Ballona Creek is typically two to ten times 
greater than that in Malibu Creek whereas in wet years the two flows are more comparable 
(Figure 7-2). For instance, in 1984 (a dry year), the Ballona Creek mean annual flow was 19 
mgd whereas that of Malibu was 12 rngd (MBC 1988). Similarly, in the dry years of 1988 to 
1991, the mean annual flow from Ballona Creek was 24 rngd whereas that of Malibu Creek 
was 10 rngd (LAC,DPW, unpubl. 
data). In contrast, in 1983 (a very 
wet year) the flow in Ballona Creek 
was 81 mgd while that in Malibu 
Creek was 82 mgd. 

However, in some wet years the 
flow from Malibu Creek is higher 
than that of Ballona Creek. For 
instance, in 1969 the Malibu Creek 

50 55 60 65 70 73 80 83 90 *5 flow was about 1.5 times that of 
Ballona Creek. Similarly, in 1992 Year 

(January to September) the Figure 7-2. Annual flow from Ballona and Malibu 
Creeks for 1950-1951 (LACPPW unpubl. data). 

average daily flow in Malibu 
Creek was almost twice that of 
Ballona Creek (LAC,DPW unpubl. data). 

Flow rates for Topanga Creek were only available for 1989 (a dry year). Flows averaged 0.2 
rngd in Topanga Creek while flows averaged six rngd and 15 rngd in Malibu and Ballona, 
respectively (LAC,DPW unpubl. data). 

I S E A S O N A L  FLOW In  addition to annual variation in flow there is seasonal variation between wet-weather 
(storm) and dry-weather months. In water year 1971-1972, wet- and dry-weather flows were 
estimated on the basis of instantaneous volumetric flows which were extrapolated to 
seasonal and annual flows for Ballona Creek, Pico-Kenter Storm Drain, and Malibu Creek 

(SCCWRP 1973). The annual flow during that period in Ballona Creek was about ten times 
that of the Pico-Kenter Storm Drain or Malibu Creek, although only dry-weather flow was 
reported for Malibu Creek. In Ballona Creek wet-weather flow was 1.7 times greater than 
dry-weather flow, but in Pico-Kenter Storm Drain wet-weather flow was about 33% of dry- 
weather flow (SCCWRP 1973). 
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I STORM FLOWS i 

Based upon 1983 gauging station records, about 48% of the total flow in Ballona Creek and 
about 64% of it in Malibu Creek occurred during January and March. In 1984, about 39% of 
the total runoff in Ballona Creek was in December (LAC,DPW, unpubl. data). In 1991.22% 
of the flow in Ballona Creek occurred in December and 65% occurred from January to 
March; however, in Malibu Creek about 15% occurred in December and 81% in January 
through March. Based on 1992 gauging station data for January through September, 86% of 
the total flow in Ballona Creek and about 88% in Malibu Creek occurred during January 
through March. 

Surface runoff is highest during and following storms and hence is usually highest during 
the winter. About 70% of the surface runoff in Southern California occurs during storms 
(NRC, COWT 1984). During a storm in 1986, the peak flow in Ballona Creek was 275 times 
the dry weather flow (Schafer and Gosset 1988a). 

CONSTITUENTS OF URBAN RUNOFF 

Surface runoff carries large quantities of sediment, debris, and dissolved materials to the 
ocean. Many of these constituents are characteristic of natural runoff and do not pose a 
problem to the environment. However, some contaminants are potentially a threat to human 
health, impact the marine habitat, or affect the aesthetic qualities of the Bay. Three cate- 
gories of pollutants found in stormwaterlurban runoff are of concern in Santa Monica Bay 
because of their potential impact on the marine environment and human health. These 
include toxic compounds, biological pathogens, and litter. Naturally occurring nutrients and 
sediment from consauction activities may also impact enclosed bodies of water such as 
wetlands or streams. 

Existing monitoring progams conducted by LACDPW include regular dry weather and 
storm sampling at Ballona Creek, Pico-Kenter Drain, Malibu Creek, Santa Monica Canyon 
Channel, Topanga Canyon. and Dume Creek (Hildebrand 1993, pers. comm.). Several one- 
time studies have also examined levels of constituents in urban runoff from the area 
(LACDCAO 1981; Schafer and Gosset 1988b; UCLA and WCC 1992). 

1 S E D I M E N T  1 Sediment naturally enters runoff during storms when rainwater flows over open areas. 
During the periods when the Los Angeles River discharged into Santa Monica Bay via 
Ballona Creek, storms probably transported large quantities of sediment to the Bay from the 
enlarged watershed area. However, even in the absence of a connection with the Los 
Angeles River, more sediment would have been transported in Ballona Creek prior to the 
construction of flood control channels during the early part of the 20th century (Terry et al. 
1956) because the land in the drainage was less developed. Suspended sediments have not 
been measured in all surface runoff entering Santa Monica Bay, but aerial photographs of 
runoff plumes suggest that emissions are substantial, especially in natural drainages along 
the Malibu coast (Mitchell 1987, pers. comm.). 

Mass emissions of silt are still highest in Ballona Creek. In water year 1971-1972, mass 
emissions of silt from Ballona Creek, Malibu Creek, and Pico-Kenter Storm Drain were esti- 
mated at 10,800, 1.000, and 700 MT, respectively. About 93% of the silt from Ballona Creek 
and about 7 1 % from Pico-Kenter was discharged during storm flows (SCCWRP 1973). 
Sources of this silt include dust blown into the watershed by winds and sediments from 
upstream construction sites. 
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The soil in terrestrial areas adjacent to the Oxford Street flood control channel is highly 
contaminated with trace metals, pesticides and PCBs accumulated from earlier dumping or 
from World War Il industrial contamination (Soule er al. 1992). During rainstorms, exca- 
vated soils erode and become suspended carrying pollutants into Marina del Rey harbor 
(Soule et al. 1992). 

NATURALLY OCCURRING 
Naturally occurring compounds and metals dominate the dissolved solids in surface runoff. 

DISSOLVED CONSTITUENTS u These constituents are abundant in surface runoff in both developed and undeveloped areas 
and are not considered to be harmful. Naturally occurring dissolved solids in surface runoff 
include calcium carbonate, bicarbonate, sulfate, chloride, calcium, sodium, magnesium, 
organic carbon, potassium, nitrate, nitrite, ammonia, iron, fluoride, barium, and manganese, 
with traces of other metals. These constituents form the background environment to which 
contaminants or pollutants from human activities are added. Nevertheless some human 
activities in the watershed may increase concentrations and emissions of some of theses 
constituents. 

From 1962 to 1982, the overall most abundant constituents from the five major drainage 
channels in the watershed were calcium carbonate, chloride, calcium, barium, and boron 
(Garber and Wada 1988). In 1983-1984 and 1989-1990, the major constituents of the surface 
runoff from Malibu Creek, Santa Monica Canyon. Pico-Kenter Storm Drain, Ballona Creek, 
and Centinela Creek were calcium carbonate. bicarbonate, sulfate, chloride, and calcium 
(Tables 7-1,7-2) (LAC,DPW unpubl. data). The most abundant metallic ions were calcium, 
sodium, magnesium, and potassium. Dominant metals include iron, boron, and barium; 
abundant nonmetallic, inorganic constituents were chlorides and nitrates. 

Constituent levels differ somewhat between drainage channels. In 1971-1972, mass emis- 
sions of most constituents were five to ten times greater in Ballona Creek than in the 
Pico-Kenter storm drain or Malibu Creek (SCCWRP 1973). In 1989. mass emissions of 
constituents in surface runoff were generally higher in Ballona Creek than in Malibu Creek 
(Table 7-3) (M. Stenstrom, Univ. Calif., Los Angeles, unpubl. data; LAC,DPW. unpubl. 
data). This was due in part to a flow in Ballona Creek that was more than twice that of 
Malibu Creek. Sulfate was dominant in both creeks but chloride, calcium, and sodium 
followed in Ballona Creek whereas in Malibu Creek, the order of the last three constituents 
was reversed (i.e.. sodium, calcium, and chloride). 

I C O N T A M I N A N T S  I constituents of concern in urban runoff are generally the same as are limited in NPDES 
permits for point source discharges. Toxic compounds include organic chemicals and trace 
metals can be directly toxic to marine organisms or can accumulate in the tissues of marine 
organisms and thus potentially cause adverse effects to the organisms or make them unfit for 
human consumption. 

Contaminant levels in urban runoff are generally low, however, the more general categories 
of BOD and oil and grease as well as nutrients such as nitrates; ammonia, and phosphates 
are often abundant. For instance, in 1983-1984, mass emissions of contaminants (estimated 
from average concentrations in major channels) of BOD, oil and grease, ammonia, and phos- 
phates were 1 3  14; 664; 277; and 201 MTIyear, respectively (Table 7-4)(NRC,COWT 1984; 
LAC,DPW, unpubl. data). These constituents come from both natural and anthropogenic 
sources. 

Trace metals are generally the next most abundant chemical contaminants. From 1962 to 
1982 the major trace metal contaminants discharged to the Bay in urban runoff were zinc, 
lead, nickel, total chromium, copper, arsenic, selenium and mercury, with average mass 
emissions of 72.3, 17.9, 14.2, 12.4, 1 1.7,2.9,2.2, and 0.09 MTIyear (Garber and Wada 
1988). In 1983-1984, mass emissions of the dominant trace metals (estimated from average 
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Average Concentrations' 

Malibu Santa Monica Pico-Kenter Ballona Centineia 
Creek Canyon Storrndrain Creek Creek Grand 

Variable (n - 15) (n - 15) (n - 15) (n-18) (11-16) Mean 

Hinh Concentration Constttuents (maA) 
Total Dissolved Solids 907 764 
Calcium carbonate 469 448 
Bicarbonate 238 231 
Sulfate 284 231 
Chloride 83 61 
Calcium 104 92 
Sodium 89 55 
COD 29 35 
Magnesium 51 53 
Total Organic Carbon 10 13 

Low Concentration Constituents (maA) 
BOD 
Potassium 
Oil and Grease 
Nitrate 
Ammonia 
Iron 
Nitrite 
Phosphate 
Fluoride 
Barium 
Boron 
Manganese 

Trace Constituents (urn  
Zinc 59.8 
Nickel 29.5 
Hexavalent chromium 40.0 
Chromium 19.5 
Copper 13.3 
Lead 10 
Silver 1.82 
Cadmium 4 .3 
Mercury <I .O 

Chlorinated Hvdrocarbons hall) 
DDT - 
Endosulfan - 
Endrin - 
DDE - 
Llndane - 
DDD - 
Heptachlorepoxide - 
Dieldrin - 
Aldrin - 
Heptachlor - 
Bacteria (cells/ml) 
Total collform 72 
Fecal streptococcus 49 
Fecal coliform 4 

Source: Modified from LAC,DPW, unpubl. data. 
'Average concentrations of constituents from the combined years of 1983 (a wet yea.) 
and 1984 (a dry year). No attempt was made to specifically sample storm runoff. 

Table 7-1. Average concentrations of constituents in surface runoff in creeks and storm drains entering Santa 
Monica Bay during 1983 and 1984. 
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Average Concentrations 

Malibu Santa Monlca Pico-Kenter Ballona Centinela 
Creek Canyon Stormdrain Creek Creek Grand 

Variable (n = 19) (n - 24) (n - 24) (n = 24) (n - 24) Mean 

H i ~ h  Concentration Constitltuents ( m a  
Total Dissolved Solids 1263 925 
Chlorlde 149 118 
Sulphate 51 2 265 
Sodium 156 102 
Calcium 136 113 
Magnesium 77 64 
Potassium 10 7 

Low Concentration Constituents (mall) 
Total Organic Carbon 3.75 3.89 
Oil and Grease 1 .65 1.93 
Nitrate 5.43 2.73 
BOD 0.92 1.21 
Phosphate 2.33 0.08 
Fluoride 0.67 0.55 
Iron 0.13 0.99 
Ammonia 0.07 0.15 
Boron 0.38 0.18 
Nitrlte 0.14 0.18 

Trace Concentration Constituents (um) 
Barium 37.1 57.1 
Zinc 25.3 45.4 
Lead 31.6 25.6 
Manganese 8.7 31.9 
Copper 8.9 11.3 
Chromium 13.2 11.9 
Hexavalent chromium 10.5 10.0 
Nickel 11.1 11.0 
Cadmlum 7.4 6.3 
Silver 5.8 5.0 
Mercury 0.5 0.5 

Chlorinated Hvdrocarbons (ud) 
Endosulfan N A N A 
Endrin N A N A 
Lindane N A N A 
Hept ac hlorepoxide N A N A 
Dieldrln N A N A 
Aldrin N A N A 
Heptachlor N A N A 

Bacteria icelislml) 
Total Coiiform 39 406 
Fecal ~treptococcu~ 9 58 
Fecal coliform 13 23 

Source: Modified from LAC, DPW, unpubl. data. 
NA = Not analyzed, ND - Not detected. 
DDT, DDE, DDD - Data not available. 
For bacteria levels, when parameter was recorded as >n for a particular month, n was used 

Table 7-2. Average concentrations of constituents in surface runoff in creeks and storm drains entering Santa 
Monica Bay during 1989 and 1990. 
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Malibu Creek Ballona Creek 
Total Total Total Mean Total Total Total Mean Grand 

Flow (billion Vyr) 114 16 
Flow (mod) 82 12 

Hiah Emlssion Constituents 
Calcium Carbonate 35672 9038 
Bicarbonate 20920 3423 
Sulfate 15100 6808 
COD 8500 346 
Chloride 7946 1484 
Calcium 8033 1945 
Sodium 6308 1802 
Magnesium 3779 1002 
TOC' 3228 98 
BOD" 478 44 
Potassi um 354 85 
Oil 8 Grease - - 
Iron 544 0.5 
Nitrate 247 101 
Phosphate 164 40 
Ammonia 25 1 
Flouride 57 10 
Boron - - 
Low Emlsslon Constituents WT) 
Barium 25.29 0.6 
Manganese 29.19 0.16 
Nitrite 18.06 0.33 
Zinc 10.04 0.13 
Hexavalent chromium 5.69 0.82 
Nickel 10.09 0.18 
Chromium 5.33 0.16 
Copper 2.68 0.18 
Lead 1.14 0.16 
Silver 0.45 0.02 
Cadmium 0.23 0.02 
Mercury 0.1 1 0.02 

Bacteria (trillion cellSlvr (cell x 1 0 ~ ~ 1 )  
Total Collform 13991 132 
Fecal Streptococcus 17747 49 
Fecal Collform 1 384 7 

Source: Modified from LAC, DPW, unpubl. data; M. Stenstrom, UCLA, unpubl. data 

Note: Mass emissions for 1989 was calculated by adding monthly mass emissions. When parameter 
was not detected during a particular month, half the mlnlmum detection level was used. 
Selenium, aldrln. lindane, dieldrin, Heptachlor, heptachlorepaxide. ~ndosulfan. and Endrin were all 
not detected at Ballona Creek and not analyzed at Malibu In 1989. 

BOD was not analyzed throughout 1989 at Malibu. 
Data not available for DDE, DDD. and DDT in 1989. 

TOC - Total Organic Carbon 
" BOD - Blochemlcal Oxygen Demand 

- p- - - - - - - 

I'able 7-3. Mass emissions for Malibu and Ballona Creeks for 1983-1984 and 1989. 
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Malibu Creek Ballona Creek 
Total Total Total Mean Total Total Total Mean Grand 

83 84 89 83-8489 83 84 89 83-84.89 Mean 

Flow (billion Ilyr) 114 16 
NOW (mgd) 82 12 

H i ~ h  Emlssion Constltuents WT) 
Calcium Carbonate 35672 9038 
Bicarbonate 20920 3423 
Sulfate 15100 6808 
COD 8500 346 
Chloride 7946 1484 
Calcium 8033 1945 
Sodium 6308 1802 
Magnesium 3779 1002 
TOC* 3228 98 
BOD' ' 478 44 
Potassium 354 85 
Oil L Grease - - 
Iron 544 0.5 
Nitrate 247 101 
Phosphate 1W 40 
Ammonla 25 1 
Flouride 57 10 
Boron - - 
Low Emission Constltuents WQ 
Barium 25.29 
Manganese 29.19 
Nitrite 18.06 
Zinc 10.04 
Hexavalent chromium 5.69 
Nickel 10.09 
Chromium 5.33 
Copper 268 
Lead 1.14 
Sllver 0.45 
Cadmium 0.23 
Mercury 0.11 

Bacteria (trillim cellslvr (cell x 10'~)) 
Total Cdlform 13991 132 
Fecal Streptococcus 17747 49 
Fecal Coliform 1 384 7 

Source: Modified from LAC, DPW, unpubl. data; M. Stenstrom, UCLA, unpubl. data 

Note: Mass emissiw for 1989 was calculated by adding monthly mass emissions. When parameter 
was not detected during a particular month, half the minimum detection level was used. 
Selenium, aldrln, lindane, dieldrin, Heptachlor, heptachlorepaxlde, ~ndosulfan, and Endrin were all 
not detected at Ballona Creek and not analyzed at Malibu In 1989. 

BOD was not analyzed throughout 1989 at Malibu. 
Data not available for DDE. DDD, and DDT in 1989. 
' TOC - Tdal Organic Carbon 
" BOD - Biochemlcal Oxygen Demand 

Table 7-4. Comparison of mass emissions for Pico-Kenter Storm Drain and major drainage channels in 
Santa Monica Bay in Ule early 1980s. 
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concentrations in major channels) contributed by urban runoff from major drainage channels 
in the watershed were 14.4, 11.5, and 10.6 MTIyear for zinc, nickel, and hexavalent 
chromium, respectively (Table 7-4) (NRC,COWT 1984; LAC,DPW, unpubl. data). The 
dominant chlorinated hydrocarbons were total DDT, endosulfan, and endrin with estimated 
mass emissions of 31,24. and 18 kglyear. 

A previous estimate of mass emissions based on the same flow but using constituent concen- 
trations obtained from the Pico-Kenter Storm Drain during dry weather conditions produced 
somewhat different values (Table 7-4). Total dissolved solids, chloride, sodium, COD. 
calcium. BOD, potassium. boron, zinc, lead, and cadmium had higher values while sulfates, 
magnesium, oil and grease, nitrates, phosphates, manganese, nickel, chromium, copper, and 
silver were lower (NRC,COWT 1984). 

As with other constituents, contaminant levels differ between drainage channels. In 1971- 
1972, mass emissions of most contaminants were five to ten times greater in Ballona Creek 
than in the Pico-Kenter or Malibu discharges (SCCWRP 1973). In 1983-1 984, Ballona 
Creek was higher in ammonia, oil and grease, and BOD while Malibu Creek was higher in 
phosphates, nitrates, and sulfates (Table 7-3) (LAC,DPW unpubl. data). In 1989, 
constituents that were more than ten times higher in Ballona Creek than in Malibu were 
TOC, nitrates (M. Stenstrom, Univ. Calif., Los Angeles, unpubl. data; LAC,DPW, unpubl. 
data). Levels of phosphates and lead were higher in Malibu Creek. Pesticides were only 
measured in Ballona Creek and these were dominated by total DDT and lindane (MBC 
1988). 

In 1980, dry-weather flow from Pico-Kenter Storm Drain was scanned for the presence of 
about 600 compounds; 250 were subjected to Ames testing for possible mutagenic proper- 
ties. Although some components were mutagenic, no specific mutagen was identified. 
Possible mutagens found in the discharge were petroleum products; phthalate esters from 
thinners, lacquers, and varnishes; and automobile coolant (ethylene glycol esters and propy- 
lene glycol) (LAC,OCAO 198 1 ; NRC,COWT 1984). Mutagenic organic substances have 
also been found in other stormwater samples of the Los Angeles area (Garber and Wada 
1988). 

/aloLoolcr T H O G E N S  j Urban runoff also contributes bacteria and viruses to the marine environment. Pathogenic 
(disease-causing) forms may pose potential health risks to swimmers and waders. Indicators 
of potential human contamination include total coliform, fecal coliform, fecal streptococcus, 
and enterococcus bacteria. The concentrations of these bacteria is measured to indicate 
possible presence of pathogens of concern to humans (Greenberg et al. 1985). Pathogenic 
agents which survive in seawater include viruses (hepatitis A and poliomyelitis), bacteria 
(Staphylococcus, Salmonella, and Vibrio), and a fungus (Candida albicans) (Kim 1975, 
Moms and Kim 1975, Dufour and Cabelli 1983). 

Enteric bacteria are introduced via runoff in all drainage channels in the watershed. Enteric 
bacteria from Santa Monica Mountain streams (including Malibu Creek) and urban storm 
drains (including Ballona Creek) could pose a health risk to swimmers and waders in those 
areas. 

In 1980, total coliform counts in dry-weather flow were highest in Centinela Creek while 
fecal coliform counts were highest in Pico-Kenter Storm Drain; lowest counts of both were 
in Ballona Creek (LAC,DPW unpubl. data). In 1983-1984, average concentrations of total 
coliform was highest in Ballona Creek; fecal coliform and fecal streptococcus was highest in 
Pico-Kenter Storm Drain. 
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I LITTER I 

In 1989, average concentrations of total coliform were more than 10 times higher in Ballona 
Creek than in Malibu Creek (Table 7-2)(LAC,DPW, unpubl. data). Average concentrations 
of total coliform, fecal streptococcus, and fecal coliform were highest in Pico-Kenter Storm 
Drain; the second highest concentrations were found in Centinela Creek. 

Dry-weather colifom counts from the surf zone near storm drains during 1985- 1987 were 
greatest near the Pico-Kenter and Pulgas Canyon Storm Drains. Elevated counts occurred 
throughout the surf zone of the Bay after storms but particularly near storm drains. The 
highest counts were off the Pico-Kenter Storm Drain and Ballona Creek (both sides); 
however, high counts were also found between Pulgas Canyon and HTP and off Torrance 
south of King Harbor (MBC 1988). Storms or extreme high tides carry fecal material 
washed off the jetties, such as dog, bird, and human feces, into the Marina (Soule et al. 
1992). 

Litter enters the Bay with surface runoff, via ocean currents, and as a result deliberate or 
accidental disposal into the ocean or onto beaches (Pruter 1987). Most is aesthetically 
unpleasing and some litter may represent a physical hazard; however, some may provide 
food and habitat for marine life. Plastics and metals degrade slowly and may persist indefi- 
nitely. 

Creeks receive a large amount of debris such as yard clippings, Christmas trees, fast food 
plastic containers, waste motor oil, and aluminum cans. Trash and debris significantly affect 
the aesthetic quality of the seashore and may cause the death of fish, birds, and marine 
mammals that become entangled in or attempt to consume items of litter. 

INFLUENCE OF STORMS ON CONTAMINANT LEVELS 

The  major constituents in dry- and wet-weather flows differ considerably. In general, 
suspended and settleable solids are greater during storms while dissolved solids (mostly 
salts) are greater in dry weather. Calcium, magnesium, sodium, potassium, hexavalent 
chromium, calcium carbonate, bicarbonate, nitrate, chloride, fluoride, and endosulfan have 
greater dry-weather mass emissions. The mass emissions of most metals, ammonia, phos- 
phates, TOC, BOD, COD, oil and grease, heptachlor epoxide, and lindane are greater in wet 
weather. Thus, most of the annual input of metals and organics to the ocean occurs in storm 
flows whereas most salts enter in dry-weather flows (LAC,DPW unpubl. data). Salts can 
generally dissolve in a small amount of water whereas a sizeable flow is required to suspend 
and carry silt and organics. 

Highest concentrations generally occur in channels with the greatest flows also making them 
the greatest sources of mass emissions (Schafer and Gossett 1988). Highest contaminant 
concentrations occurred near the peak flows and not at the first increase in flow (Schafer and 
Gossett 1988b). 

High mass emissions generally occurred in months when flows were highest (Figure 7-3). In 
1991 mass emissions of lead and oil and grease were highest in March when the flow was 
highest in both Ballona and Malibu Creek. In 1992, flows in Malibu Creek and Ballona 
Creek were highest in February and decreased in March. In general, mass emissions of lead 
and oil and grease varied in respect to flow, with highest emissions in February and 
decreasing at the same rate as flow in March and April. Mass emissions of lead were 
extremely high in January 1989, in both Ballona Creek and Malibu Creek when flow was 
relatively low. This may be the result of heavy rains that occurred in December 1988, prior 
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Figure 7-3. Average monthly flow and estimated mass emissions of lead and oil and grease in Ballona and Malibu 
Creeks, 1988-1992 (LACPPW, unpubl. data). 

to sampling. These high values in lead may also be due to a spike or illegal discharge, or an 
error in sample analysis, however, concentrations were high in all drainage channels during 
that time. During dry periods mass emissions showed little to no variation from month to 
month. 

T h e  first storm of the season (or any storm which follows a dry period of several weeks or 
more) that significantly increases stream flow generally creates an immediate pulse in the 
concentrations of contaminants which accumulated in streets, gutters, and channels during 
dry weather, low-flow conditions (Engineering-Science 1987. MBC 1988). The highest 
contaminant concentrations occur near the peak flows, not at the first increase in flow 
(Schafer and Gossett 1988b). During a storm in 1986, peak flows in Ballona Creek occurred 
24 hours after the rainfall began but concentrations of most constituents were highest 13 
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I COMPARISON WITH 
OTHER WATERSHEDS I 

hours after the beginning of the storm (when flow was 40% of the peak flow). Maximum 
concentrations of the constituents at 13 hours were greater than the minimum levels (which 
generally occurred 24-42 hours after the storm began) by the following multipliers: DDT. 
1.360; lead, 26 1; total suspended solids, 192; total pesticides, 162; chromium, 1 10; 
cadmium. 29; zinc. 26; nickel, 19; and oil and grease, I7 (Schafer and Gossett 1988b). 

Compared to other drainage channels in Ventura and Los Angeles Counties, Ballona Creek 
stormwater had the highest levels of oil and grease, DDT, and trace metals in runoff samples 
from the first storm after the dry season in 1986 (Schafer and Gossett 1988b). Both the Los 
Angeles River and Ballona Creek had the highest mass emissions of the contaminants exam- 
ined; this was the result of both having the highest flow and highest mean contaminant 
concentrations. Ballona Creek had both higher concentrations and higher mass emissions of 

DDT than the Los Angeles River (Table 7-5) and other locations sampled within the 
Southern California bight (Schafer and Gossett 1988b). Concentrations of oil and grease and 
trace metals, except copper and chromium, were higher in Ballona Creek than in the Los 
Angeles River but the higher flow at the Los Angeles River resulted in higher mass emis- 
sions there (Schafer and Gossett 1988b). 

Station Station 
Ballona LA. River Ballona LA. River 

Constituent Creek W~llow Total Creek Willow Total 

Total Volume 
(LX lo0) 
Hlah Constituents 

Total Solids 
Sus. Solids 
TEOs 
Oil & Grease 
Zinc 
Lead 
Copper 
Nickel 
Chromium 
Cadmium 

Low Constituents 

n-Alkanes 
Total PAHs 
Total PCBs 
Total DDTs 
Lindane 
HCBs 

Concentrations (udQ 

324 887 
32.3 56.3 
0.353 0.451 
0.5 0.131 

0.025 0.025 
0.004 0.006 

Mass Emissions (MT) 

6900 10000 
3400 7100 
120 380 
67 110 
6.4 7.9 
24 2.9 
1.2 2.0 
0.36 0.52 
0.31 0.5 
0.030 0.064 

Mass Emlssions &q) 

1 100 6300 
110 400 
1.2 3.2 
1.7 0.93 

0.086 0.18 
0.015 0.044 

Source: Schaler and Gossett 1988 

Table 7-5. Flow and mass emissions of several runoff constituents in Ballona Creek (Santa Monica Bay 
Watershed) and the Los Angeles River (Los Angeles Harbor Watershed) during the September 23-25,1986 
storm. 
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SOURCES OF CONTAMINANTS 

Potential sources of contaminants in runoff include household and industrial wastes, acci- 
dental spills, sewer overflows, septic tank leaks, illegal and illicit connections, excess runoff 
and chemicals from landscape irrigation, rubbish, used crankcase oil, grease, fwd by-prod- 
ucts, wash water, debris discarded on the street, animal droppings, and settled air pollutants. 
Street runoff carries the metal, rubber, and oil residues from highways, while garden runoff 
canies pesticides (Soule et al. 1992). 

Enteric bacteria in Malibu Creek may also come from the TWRF, which has discharged into 
the creek since the late 1970s. As of 1987, about 90% of the treated effluent is recycled and 
sold during the summer but in the winter, most is discharged into Malibu Creek. The 
effluent received advanced secondary from the late 1970s to 1984 and has received tertiary 
treatment since then. The effluent has been below NPDES limits for colifonn about 99% of 
the time. However, since the effluent is dechlorinated (after disinfection with chlorine) 
before being discharged to the creek, it is possible that regrowth may occur (Colbaugh 1988, 
pers. cornm.). Colifonn bacteria in Malibu Lagoon and Malibu Creek may be from this 
source but may also be from soil, lower animal wastes, septic tanks in the drainage, or from 
waterfowl (Sowby 1988, pers. comm.). 

Most of the residential area along the coast west of Palisades is unsewered and sewage is 
disposed of in septic tanks. Tanks that are in disrepair may leak and may contaminate the 
ocean. High coliform counts have been noted in the area after storms. Many residents in the 
area do not believe that a new sewer system is necessary because septic tank problems have 
been less common in recent years. The coliform contamination in this area may also be from 
pets, wildlife, and birds (Stewart 1987). 

CONTRIBUTION OF CONTAMINANTS BY LAND USE 

Pollutant loadings are affected by various factors such as rainfall pattern, land use, and area 
of the drainage basin. There are 28 separate drainage basins within the Santa Monica Bay 
watershed (Figure 7-4). Each drainage area is unique due to topography and land use: the 
largest drainage areas are Ballona and Malibu Creek. Major types of land use include resi- 
dential (single-family and multi-family), commercial, public, light industrial, other urban, 
and open areas (Figure 7-5). Open space is the primary land use in the Santa Monica Bay 
watershed with 57% of the total watershed area; it is followed by single-family and multi- 
family residential at 26% and 7%, respectively. Commercial and light industrial uses 
constitute the remaining 10% of the total watershed area (UCLA and WCC 1992). 

The type of land use strongly influences the pollutant load: the more impervious area, the 
greater the runoff (UCLA and WCC 1992). The dominant form of land use, open space, has 
no impervious surface area whereas commercial land use has the highest (92%) impervious 
surface area. Thus, more runoff per unit area will result from commercial areas than from 
open areas. In single-family residential areas, an average of 35% of the surface is imper- 
vious. Since more land in the Santa Monica Bay watershed is devoted to residential use than 
commercial, residential accounts for a greater percentage of runoff pollutants. (SMBRP 
1992). 
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