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ABSTRACT 

Estero Bay, California, located midway between San Francisco 
and Los Angeles, may be the site of the first deep water terminal in 
the United States capable of handling tankers larger than 200,000 
deadweight tons. The ships would be moored 2.6miles from shore 
at a single point mooring (SPM). Crude oil would be transferred to 
the San Francisco Bay area by a 280-mile pipeline. 

One of the first questions asked by most permitting organiza-
tions is, what is the chance of an oil spill and how would you clean 
it up. The environmental studies for the project have addressed this 
question with particular attention to the prevention of spillage and, 
secondarily, to the cleanup equipment and organization required in 
the event that spillage should occur. Equal consideration is being 
given to the operational procedures, including use of owner-trained 
mooring masters. A plan for manpower organization and the pooling 
of people during an emergency has been developed. 

INTRODUCTION 

Today there are no terminals in the United States that can un-
load ships larger than 150,000 deadweight tons (dwt). Yet, in 1980, 
it is forecasted that two-thirds of the world tanker capacity will be 
ships larger than 150,000 dwt [1]. The deepwater terminal pro-
posed by Standard Oil Company of California (Socal) for Estero 
Bay, California, will provide a means of unloading deep-draft ships 
transporting crude to serve Northern California refineries. 

In order to construct an oil terminal with the absolute minimum 
risk of oil spills, one must adopt the philosophy at the beginning of 
the project that There will be no oil spills. The philosophy that the 
facility will be designed and the necessary protection from oil spills 
provided as a secondary consideration cannot achieve the objective. 

Estero Bay is a large open embayment along the central Cali-
fornia coast about halfway between San Francisco and Los Angeles 
and approximately 15 miles northwest of the city of San Luis 
Obispo. Socal has operated two conventional buoy moorings (CBM) 
at this location for some 45 years. Heated heavy California crude is 
currently being loaded for transport to California refineries by 
coastal tankers. 

The proposed deepwater terminal will add a single-point mooring 
(SPM) located about 2.6 miles from shore in 150 feet of water. The 
mooring will be designed for ships up to the 400,000 dwt class. The 
crude oil would be transferred to a tank field located in a nearby 
canyon. The aesthetic impact of the project has received careful 
consideration. There will be no above ground facilities within the 
first 1,000 yards from the beach. Existing tankage and offices 
within that area will be relocated. The tank field will be screened 
from the scenic coastal highway by the setting and landscaping. Five 
to six million barrels of floating roof tankage would be provided for 

surge between the pipeline and the ships. The pipeline would extend 
to the San Francisco Bay area, a distance of approximately 280-
pipeline miles. 

Estero deepwater terminal 

Why is a deepwater terminal being proposed for the Pacific Coast? 
Today California is producing about 900,000 barrels per calendar 
day (BPCD) of crude oil. We are consuming something over 1.5 
million BPCD. The difference, 600,000 BPCD, is arriving by ship. In 
1985, on a very conservative forecast basis, the demand is predicted 
to climb to about 2.5 million BPCD [2]. California's traditional role 
in supplying products to other areas (principally Arizona and 
Nevada) would increase the California demand by an additional 0.3 
million BPCD in 1985. If we are able to produce 200,000 BPCD 
from the outer continental shelf in 1985, it would not be quite 
sufficient to maintain California's production at current levels. The 
balance of this shortfall of about 1.9 million BPCD must be made 
up with imported oil (either from the Persian Gulf, Alaska, or both). 
What are the problems of handling this crude? 

A specific example using Socal's own experience will help with 
an understanding of the shipping problems. Socal has offshore 
moorings at the El Segundo refinery in Southern California. The 
crude oil berths have approximately 65 feet of water which is 
adequate for a 130,000-dwt ship. On the other hand, Socal's Rich-
mond refinery (as well as the other San Francisco Bay area refin-
eries) has only about 35 feet of water at their dock. The severe 
limitation on water depth at our Richmond wharf is usually com-
pensated for by unloading one-half of the cargo of a 100,000-dwt 
class ship at El Segundo. The half loaded ship then journeys to San 
Francisco where the remainder is unloaded. This mode of delivery 
requires two port calls and a journey through 400 miles of coastal 
waterways to deliver a half-loaded 100,000-dwt class ship to Rich-
mond. This same quantity of oil for the San Francisco area refin-
eries could have been delivered to the Pacific Coast in a large deep-
draft ship—one ship could take the place of five smaller ships. One 
port call could take the place of five port calls and could eliminate 
five ships traveling 400 miles each or 2,000 miles in the coastal 
waterways. 

Receiving and unloading of deep-draft tankers at Estero Bay to 
supply imported crude for Northern California will significantly re-
duce the chance of an oil spill due to a collision or grounding. 
Estero Bay is open, relatively uncrowded, and is 16.5 miles outside 
the north-south coastal shipping route. Ships entering the bay will 
not have to negotiate an entrance channel, nor will they encounter 
as much marine traffic as in a major harbor. Socal studies show that 
the use of deep-draft tankers to import this oil at Estero Bay would 
reduce the potential for spillage from groundings and collisions com-
pared to current two porting [3]. The use of deep-draft vessels will 
also significantly reduce the number of cargo transfer operations. 
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Socal studies show that this reduction in transfer operations will 
reduce the potential for spillage [ 3 ] . 

These evaluations are based on data from existing SPMs through-
out the world that are used for unloading. Data from existing CBMs 
were also considered and they were found to fit the same distribu-
tion pattern. A prediction of casualties was made using an analytical 
method developed by the U.S. Coast Guard for the Council on 
Environmental Quality. The Corps of Engineers in their West Coast 
Deepwater Terminal study reached a similar conclusion-that a 
deepwater terminal could reduce the oil-spill risk to the Pacific 
Coast [4J. 

The use of deep-draft tankers berthed at an offshore SPM termi-
nal with provisions to transfer the oil by pipeline to refineries will 
reduce the statistical risk of oil spills, but this is not enough. In 
constructing a facility such as the Estero Terminal, three principles 
must be adopted in order to achieve the lowest level of risk from oil 
spills: 

1. must design terminal to avoid all spills 
2. must train all personnel, including operators and mooring 

masters, to operate and maintain equipment in a manner that 
will avoid all spills 

3. must provide a workable contingency plan to handle a possi-
ble spill. 

In others words, one must not plan on the basis that the oil-spill 
contingency plan will be the basis for oil-spill protection, but 
instead plan to avoid all spills and then provide the contingency plan 
to back up an adequate design and operating organization. 

The design and operation of offshore moorings is not new to 
Standard Oil of California. Along the Pacific Coast a total of seven 
conventional buoy moorings are in operation under the direction of 
Socal. Another conventional buoy mooring is located in Hawaii. We 
have been an active participant in the design of the SPM at Canaport 
in St. John, New Brunswick, Canada, and have consulted on a num-
ber of other projects. In other words, a project such as an offshore 
mooring should be designed and engineered under the direction of 
people who have had engineering, operation, and maintenance ex-
perience with offshore moorings if oil spill risks are to be kept at a 
minimum. 

Let us specifically examine some of the decisions that have been 
incorporated into the Estero Bay SPM design to provide absolute 
minimum risk from oil spills. 

The Estero Bay site was compared with some 28 alternative sites 
[5] during the engineering studies. Estero was the best all-around 
site and combines proper water depth for a mooring, good bottom 
conditions, mild weather, easy access from the sea, remoteness from 
coastal vessel traffic, and an onshore site that can be aesthetically 
developed with excellent separation from urban development. 

While we have operated safely for 45 years at Estero, this fact is 
not accepted blindly. The new mooring is closer to the open seas 
than the existing conventional buoy moorings. A thorough study 
was undertaken of oceanographic conditions [6 ] . The work per-
formed by our consultants over a period of one year included the 
establishment of wind velocities and directions for each season; 
maximum wind intensities and their frequency; current conditions 
at the mooring and other locations as required to predict oil-spill 
movement; forces on submarine pipelines and the ships that use the 
mooring; wave characteristics including frequency versus size distri-
bution and a design basis for a 100-year storm. Also included as part 
of this project was the release of over 3,000 drift cards to further 
assist with studies of potential oil movement. A thorough bathyme-
try [7] and geology [8] study was instigated along with base-line 
biology studies. 

A typical SPM mooring is shown diagramatically in figure 1. The 
floating hoses at the Estero mooring will be 24 inches inside diame-
ter and approximately 1,100 feet long. 

Some single-point moorings leave these floating hoses full of oil 
when a ship is not at the berth. This was considered an unacceptable 
risk at Estero Bay. A variety of procedures are practiced at other 
moorings for removal of the oil from the hose after the ship is 
discharged. In some cases, seawater is introduced into the submarine 
line. This was considered unacceptable because of the high corrosion 
rates if the interior of the line is not properly coated, and yet a 
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Figure 1. Typical single point mooring (SPM) layout 

severe problem exists in achieving a perfect coating job. Another 
alternative practiced at some moorings releases very small amounts 
of oil (sheen only) to the surrounding waters. This, also, was not 
satisfactory. A satisfactory solution was achieved for the Estero 
design by providing two submarine lines of smaller diameter to oper-
ate in parallel. The operating plan [9] will specify that the ship at 
the completion of discharge flush sufficient seawater through the 
hoses into the submarine pipeline to displace all oil from the hoses. 
As a result, some water may be introduced into the submarine pipe-
line. The submarine pipelines will then be circulated to replace the 
water with oil by pumping down one line through the buoy cross-
over and back the other line into tankage. The result will be subsea 
lines with near-zero internal corrosion without the cost and risk of 
an internal coating. 

The exterior of the line will be wrapped with a protective ex-
terior coating and then covered with concrete for weight. And then 
to be sure that corrosion is not a problem, the necessary cathodic 
protection will be supplied. 

When the subsea pipeline is not being used, the pressure will be 
reduced to less than atmospheric by a vacuum pump. This pump will 
be located on the shore end of the line and will pull a vacuum on 
the line whenever it is out of service. Maintenance of this vacuum 
will provide a warning of a potential leak problem. 

Socal currently provides trained mooring masters for all ships 
berthing at our CBM moorings. This practice of using mooring 
masters aboard all ships will continue when the deep-water terminal 
is placed in operation. Plans provide for the mooring master to 
board the ship while it is some eight to twelve miles at sea. Along 
with him will go a group of Socal trained personnel skilled in the 
problems of safely bringing the mooring hawsers aboard and con-
necting the large-size hoses over the rail to the ship's manifold. The 
mooring masters, all experienced mariners who hold unlimited 
masters' licenses, will receive special training in the mooring of 
VLCCs prior to the arrival of the first ship. The mooring master will 
ascertain that each ship has a copy of the terminal manual which 
outlines the details of the safety and mooring procedures to be 
followed. Similar manuals are now in use at our Richmond and El 
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Segundo refineries. They contain details of the physical features of 
the mooring and prescribed operating and safety procedures. The 
mooring master will hold a pretransfer conference with the captain 
and first mate prior to the start of any transfer operations. Included 
in this discussion will be a detailed check-off list to ascertain that all 
preparations have been completed. Included will be a double check 
of all scupper plugs, drainage receptacles, valve settings, and oil 
transfer plans. He will see that English-speaking crewmen (or inter-
preters) are available. 

The mooring master aboard the ship will serve as the coordinat-
ing link between the shore and the ship. He will be provided with 
the necessary portable radios so that he can talk to the berthing 
launches during the mooring procedure, with other local ships, and 
to the terminal over a dedicated channel which is reserved for the 
exclusive use of the terminal loading operations. Oil transfers will 
not be started until he so directs and then at rates that he pre-
scribes. While the details have not been worked out, it is anticipated 
that facilities will be provided ashore to monitor all the variables of 
flow and pressure. The valves located in the subsea manifold will be 
remotely operable from shore. This will prevent the draining of the 
subsea pipeline should there be a leak in the underbuoy hose sys-
tem. 

Operating procedures provide for testing the system at operating 
pressure before each start up. 

In preparing adequate oil-spill plans [10] for a terminal such as 
this, it is essential to consider the possible failures that could occur. 
It is also necessary to provide a workable scheme for providing the 
necessary equipment and manpower should a spill occur. 

The Estero terminal is located approximately 125 miles north of 
Santa Barbara. Santa Barbara is the headquarters of Clean Seas, Inc., 
a co-op formed to provide oil-spill clean-up capability in the Santa 
Barbara Channel area. Estero Bay is located within the territory 
served by Clean Seas; however, the distance of the Clean Seas' head-
quarters to Estero Bay limits their support to back-up equipment 
and supervision. Steps are already underway to develop a local 
organization which would have its own first aid capacity in Estero 
Bay. This group would be composed of the three other companies 
that now have moorings in Estero Bay as well as another petroleum 
company with loading and receiving facilities about twenty miles to 
the south. 

The local first aid group will have available the necessary equip-
ment to respond immediately to a spill situation. Figure 2 itemizes 
the specialized equipment that will be provided locally for first aid. 
In addition to this, all standard equipment from boots to rakes to 
plastic bags and drums will be available. The specialized equipment 
would include an ocean-going skimmer capable of working in the 
seas at Estero in excess of 97% of the time that a ship is at the 
mooring. The skimmer would be backed up with the necessary 
heavy-duty boom which would be deployed by fishing boats or 
runabouts, the crews of which will have been trained in its proper 
deployment. 

Providing adequate supervision for any emergency is a key func-
tion of the plan. The first personnel called will be from the local 
first aid group and then they, in turn, will be backed up by other 
co-ops. The organization "call-out" plan will be modeled after the 
Clean Bay, Inc., concept (figure 3). This mobilization has been 
tested under conditions of both hypothetical spills and several 
actual response situations involving oil-spill emergencies. 

Featured will be extensive training of each person who is on call 
to fill a specific spot in this organization. This training will be class-
room in nature and backed up by field training as appropriate. The 
program will be conducted by personnel who have had extensive 
experience in this type of training as well as in the problems of 
oil-spill cleanup. 

Morro Bay is located about seven miles from the proposed moor-
ing. It is a small bay which opens to the sea through a narrow 
channel requiring frequent dredging. A large portion of Morro Bay is 
marshland or mudflats. It is an important nursery for a number of 
fish species. It is also an important asset as a bird sanctuary. Drift-
card studies showed that the probability of oil entering Morro Bay 
was small. Only 4 out of 1,563 cards released over a one-year period 
at or near the proposed mooring were found in Morro Bay. Total 
recovery of drift cards was approximately 20%. Nevertheless, should 

One high-capacity skimmer system similar in effectiveness to the 
Marco Skimmer now owned by Clean Bay, Inc. 

- possibly self-propelled 
- equipped with two sections of boom (30-in. Kepner Sea Curtain 

or its equivalent), each 250 to 500 ft long 
- fully equipped with lights, telecommunications, pumps, and 

tankage 
- berthed in Morro Bay 

Four medium-capacity adjustable-weir skimmers, each having a 
maximum pumping capacity in the order of 100 gpm 

- will be in dry storage at the Pacific Gas and Electric Company 
power plant at Morro Bay. 

3. Three tooms totaling about 4500 ft (23-in. Kepner Sea Curtain or its 
equivalent). 

- will be maintained in dry storage facilities at the entrance 
to Morro Bay 

- dedicated to protection of Morro Bay as shown in Exhibit 4 

4. Open-water boom (1000 to 2000 ft long) 

- will be stored at Morro Bay 

5. Special equipment as necessary to make the line launch and the water 
taxi function as boom tenders (for the boom on the high capacity 
skimmer) 

6. Lights, telecommunications equipment, pumps and tankage adequate to 
equip the high-and medium-capacity skimmers. 

7. One radio repeater station (installed near the terminal office) 

8. A first-aid supply of absorbent materials, hand lines, life jackets, 
and hand tools. 

9. Contracts with two (2) runabouts to use in deploying and tending 
the open water booms kept in Morro Bay. 

10. Contracts with as many other medium duty boats berthed in Morro 
Bay as necessary to boom the harbor and provide propulsion for 
the medium-capacity skimmers 

11. A launch available at the SPM during all oil transfer operations. 

Figure 2. Spill cleanup equipment planned for the Estero Bay 
Terminal 

there be a significant spill, detailed plans have been developed for 
the early deployment of booms to ensure that oil does not enter 
Morro Bay. Figure 4, which is an artist's overlay, details the boom 
plan. Channel velocities are in the order of 1.7 to 1.9 knots. The 
booms have been designed as diversionary to compensate for this 
velocity. Adequate water area is available close to shore where water 
velocities are low for impounding and pick up of the oil using 
vacuum and/or pumps. The boom has been duplicated to provide 
the assurance that we feel is required to guard against oil entering 
Morro Bay. The concepts proposed were tested in March of 1973 
during the Alameda-Oakland Estuary spill that Clean Bay, Inc., 
handled for the Coast Guard (the spill was not the result of any 
action by a member company). Work boats will be used to hold the 
ends of the boom in position. This will permit folding back the 
boom and allow normal operation of fishing and pleasure boats 
during ebb tides or periods when there is no threat of oil entering 
Morro Bay. Permanent anchors will be installed along the edges of 
the channel for proper attachment of the shore ends of the boom. 

The design of the terminal-tank field area is less controversial 
than the offshore mooring in terms of design to prevent oil spills. 
However, a few items should be highlighted. The entire terminal 
area will be diked to prevent any oil reaching the adjoining creek. A 
special oily-water drainage system has been provided to collect man-
ifold and pump drips, water draws on tanks, and the drain lines 
from the floating roofs. All of this water will be treated to meet the 
California Ocean Plan Standards prior to release to the sea through a 
3,000-foot long submarine pipeline which will terminate in a 100 to 
1 diffuser. The general area drainage will be collected in the im-
pounding basin (in excess of the capacity of the largest tank) for 
release after monitoring for quality. It will be released to the sea 
through the monitoring pond provided at the outlet of the waste 
water treating plant. 

The pipeline portion [11] of the project has received equal con-
sideration from the standpoint of oil spills. 
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Figure 3. Oil spill emergency organization 

Figure 4. Oil spill boom protection for Morro Bay 

The selection of the optimum route has done much to reduce 
the oil-spill risk, as well as the effects of a spill on the human and 
natural environment. The route is largely through rural areas with 
only 10% being in or adjoining urban areas. 

The route avoids areas of potential subsoil plowing wherever 
possible. In the few areas the pipeline crosses where subsoil plowing 
is practiced, the line will be laid deep to avoid the risk of third-party 
damage. The route, of course, will be identified with pipeline mark-
ers at all road crossings. To minimize the risk of leaks from corro-
sion, the pipeline will be externally coated and then protected with 
cathodic protection. At all canal crossings (in the irrigated San 
Joaquin Valley) the pipeline will be located inside a pipe sleeve. The 
pipe sleeves would extend outside the canal banks. A chance leak in 
the line inside the sleeve would spill oil on the surrounding farmland 
but not in the water supply. 

The line has been routed down slope of the major water reser-
voirs that it passes. A leak at any of these locations would not 
contaminate the water supply. 

The pipeline is estimated to be between 30 and 36 inches in 
diameter with the final size selection to be made after the potential 
traffic for the system has been re-evaluated following granting of the 
basic permits. Block valves will be located a maximum of 15 miles 
apart and will average 6 miles. These valves will all be remotely 
operable from the Bakersfield headquarters and will be located at 
river crossings, aqueduct crossings, pump stations, faults, and other 
strategic locations. 

In addition to the block valves, check valves will be provided at a 
number of locations to minimize back drainage in the event of a 
leak at a low spot. A microwave network is planned which will 
control the entire pipeline from our existing pipeline control center 
in Bakersfield, California. Not only will operation of the valves be 
controlled from this location, but also the start-up of the system 
will be computerized along with the monitoring functions, including 
a leak detection system. 

Special pipeline designs will be incorporated at all earthquake 
fault crossings. Displacement of the San Andreas Fault at Cholam 
on Highway 41 during a maximum credible1 earthquake is predicted 
to be as much as thirty feet horizontally with a five-foot vertical 
displacement. While this may never occur, the pipeline design will 
provide sufficient flexibility to avoid failure should it occur. In 
addition, a location such as this would have block valves on each 
side of the fault zone so that the drainage could be stopped immedi-
ately should there be a failure because of unforeseen circumstances. 

The greatest risk of an oil spill is from damage by a third party. 
The line will be inspected from an airplane weekly to note the 
threat of impending construction or encroachments that could re-
sult in damage. Of course, this flight will also observe any oil seeps 
that could indicate a minor leak. A response team would respond to 
any leak in the same fashion as on the sea. Booms and excavation 
equipment will be available at several locations in the San Joaquin 
Valley should it be required. 

The environmental impact report and the conceptual engineering 
required for its preparation serves a vital role in ensuring that the 
facilities are designed to minimize oil spills and the damage that 
might occur. The procedure provides for a thorough evaluation of 

Maximum credible earthquake—largest earthquake that appears 
capable of occurring under the conditions of the presently known 
geologic framework. 
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alternatives that include both site and facilities. The ideas and con-
cepts proposed must stand up under the scrutiny of consultants 
hired by the permitting agency to evaluate the environmental im-
pact report, or review by the public, as well as of a review by the 
permitting authorities themselves. Opinion without substantiation 
will not survive in this atmosphere. The net result is a thoughtful 
evaluation of all environmental factors prior to permitting. 
Naturally, a great deal of attention becomes focused on the oil-spill 
risk aspects of the project. 

The proposed Estero Deep water Terminal is now in the permit-
ting phase. The environmental impact report has been prepared and 
the project is now before the Board of Supervisors of the County of 
San Luis Obispo for land use permits and the State Lands Commis-
sion for leasing of submerged lands. The Coastal Commission and 
the Corps of Army Engineers are also actively considering the proj-
ect with their permitting action to follow the acquisition of the land 
use permits. 

SUMMARY 

The philosophy of the project has been that there will be no oil 
spills. Designs have stressed the elimination of oil spills. All person-
nel will be trained with special emphasis on procedure to be fol-
lowed to avoid oil spills. Maintenance procedures and frequency of 
inspection will be established to avoid component failure. In the 
event of an oil spill, the necessary trained supervision, manpower, 
and equipment would be available to minimize the spread of the oil 
and ensure a rapid cleanup of any affected areas. 

The Estero Bay Deepwater Terminal and Pipeline will signifi-
cantly reduce the oil-spill risk for importing crude to Northern Cali-
fornia. The project can be achieved without disturbing the aesthetic 
beauty or the environment of the Estero-Morro Bay area. 

REFERENCES 

1. American Petroleum Institute. 1973. Statement of the American 
Petroleum Institute on Deepwater Terminals. Submitted to 
the Merchant Marine and Fisheries Committee, U.S. House of 
Representatives, July 19,1973, p. 3. 

2. Cahill, Edward J. 1974. Statement before the South Central 
Coastal Commission at Avila, California, hearing, October 15, 
1974. 

3. Environmental Impact Report, Estero Deepwater Terminal and 
Estero Bay to Richmond Pipeline Project, Volume 1, Appen-
dix IV. 

4. Corps of Engineers. 1973. West Coast Deepwater Port Facilities 
Study: Summary Report. June 1973, p. 96. 

5. Environmental Impact Report, Estero Deepwater Terminal and 
Estero Bay to Richmond Pipeline Project, Volume I, Part I. 

6. Volume 3, Section J. 
7. Volume 3, Section I. 
8. Volume 3, Section H. 
9. Volume 1, Part II, and Volume 3, Appendix F. 
10 Volume 1, Appendix IV and Volume 2, Appendix D. 
11 Volume 1, Part III; Volume 1, Appendix IV; and 

Volume 2, Appendix D. 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1975/1/287/1738635/2169-3358-1975-1-287.pdf by guest on 16 January 2021




