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IMPORTANT NOTICE

This report has been developed for the sole use of the Department
of Environmental Protection (DEP), State of Maine. Its purposes are
to provide DEP with guidelines for assessing the oil spill potential
in Portland Harbor and Casco Bay and identifying vulnerable resources,
and analytical means for predicting the'tréjectory of an oil slick.
It also provides a recommended containment, clean-up and disposal
plan and an evaluation of oil monitoring and navigational aid systems.
The report is not intended for use by third parties and Arthur D. Little
Tnc. assumes no responsibility or liability in connection with their

use of the contents of this report.
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EXECUTIVE SUMMARY

INTRODUCTION

Assoclated with the transfer, transport, handling and storage of
petroleum crude and products is a certain level of risk that a spill
might occur. Should such a spill occur near or on sea water, the spilled
material will float, spread and move with the prevailing winds and
tidal currents. Depending on the magnitude of the spill, the resultant
direction of its mévément, and the effectiveness of response efforts,
the spill may impact and damage coaétal regions which harbor valuable
marine life and/or serve as public recreational areas. The economic
losses and ecological damage that an oil spill can wield upon the
environment can be very large. It is important, therefore, that passive
measures be taken td prevent the occurrence of an oil spill in the first
place. However, should a spill occur, effective active measures should
be deployed quickly and at the optimum location, to contain, collect and
dispose of the poliuting material to the maximum extent possible before

it can reach and damage vulnerable coastal resources.

The Department of Environmental Protection (DEP) of the State of
Maine is deeply concerned with the fate of oil spills that may occur in
Portland Harbor and Césco Bay. The DEP would like to be able to predict
the trajectory of an oil slick and to identify vulnerable resources which
may be damaged by the slick. Improved navigational aids and effective
0il monitoring systems that may be used in Portland Harbor and Casco Bay
are also of interest. The DEP is equally concerned in developing an
emergency response and contingency plan that would deal effectively with
most oil spills in the area. To achieve these objectives, Arthur D.
Little, Inc. contracted with the DEP to conduct a study in which these

concerns were addressed.

SCOPE OF WORK

The program consisted of several tasks, the results of which are

detailed in this report and summarized below. The output of one task,

1 ! | Arthur D Little Inc




e

-

-

the development of a contingency response manual, was submitted as a
separate report. In addition, working charts which identify vulnerable
regources and which may be used for predicting the trajectory of an oil

spill have been provided directly to the DEP.
Summaries of the tasks described in this report follow.:

Identification of Vulnerable Resources

A comprehensive review was conducted of available literature on
marine and recreational resources in the study area. Combined with
actual site surveys, the review took into consideration seasonal changes
and identified important coastal areas used as breeding and nesting
grounds for marine mamméls, waterfowl, fish and shellfish. It also
identified areas used for recreational and commercial fishing purposes.
The severity of impact of an oil spill on the various resources was
examined and a chart prepared showing regions which are highly vulnerable
and which should réceive immediate attention if threatened by .an

approaching oil spill.

Potential 0il Spill Locations

Shore facilities which handle petroleum crude and products.were
visited and their storage tanks and handling practices examined. As a
result of this task, a chart was prepared in which potential oil spill
sources were identified. The sizes of typical spills at these sites
were categorized és'"miﬁor," "medium" and "Large' in accordance with

*
definitions given in 40 CFR 1510.5.

0il Spill Movement

An analytical technique was developed for predicting the trajectory
of an oil spill on water so that potential impact areas may be identified.
The analytical model took into consideration the increase in the area of
the slick with time and the effects of wind and surface currents. The

model was used to calculate the probabilities of impact at various coastal

" regions in the study area for spills occurring at four specific locations,

during two seasons (winter, summer), two tidal conditions (peak flood and

I
Code of Federal Regulations, Title 40, paragraph 1510.5

Arthur D Little Inc



peak ebb) and four wind conditions. A summary of the results of this

analysis is given in Table 4.3.

Containment,Clean~up and Disposal Systems

In the event of an oil spill, the material must be contained, col-
lected, and eventually disposed of in an acceptable manner. Containment
and cléan—up equipment, supplies and services, alternative modes of
transfer, transport and storage of collected oil-water-solid mixtures,
and disposal techniques presently available to the DEP were examined.
Several specific recommendations were made to the DEP for the deployment
of its containment and clean-up equipment and for improving its response
effectiveness to oil spills. A flexible disposal plan was proposed in
which locally available barges, trucks and railroad cars can be used for
the dual purpose of storage and transport to incinerators or future

burial sites.

0il Monitoring Systems » :

If an oil spill is detected soon after it occurs and an alarm
is transmitted to responsible agencies, the likelihood of effective con-
tainment and leak stoppage is increased. An oil spill monitoring and
alarm system could thus play an important role in minimizing damage to
vulnerable resources.

Qil monitoring systems which are presently available on thé market or

which are nearing final development were identified and evaluated for

their utility in the study area.
Three categories of spill monitoring systems were examined:

1. In-Stream Sensing Units: these units appeared to be best

suited for utilization by privately owned industrial shore facilities.

2. In-Water Detection Units: These are ideally suited for use by
dock owners and along piers in the Fore River and Front Harbor Area.

Effluent discharges may also be monitored with these units.

3. Elevated Water Surface Scanning Units: DEP could install these
units on both bridges crossing the Fore River to monitor oil spills

upstream.

Arthur D Little Inc.
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Navigational Aid‘Systems

Marine navigational aids and procedures presently employed in
Portland Harbor and Casco Bay were evaluated for their adequacy and
accuracy. Several fecommendations were made which would improve the
safety of navigation, reduce the probabilities of collisions and ground-

ings even if tanker traffic should increase at a modest rate.

RECOMMENDATIONS

Several recommendations and suggestions are made throughout this
report. In this 8ection, we have selected those recommendations which,
in our opinion, should receive immediate attention or a high priority
in consideration. The order of presentation of these recommendations
follows the order of their appearance in the report and is not an indi-

cation of their relative importance or merit.

1. 1Install a tidal adjusting boom anchor on the pilings of State
Pier and on another pier in South Portland such as Pine State Bi-Products
Pier. The South Portland anchor point should be located near an access

road so that vehicles may approach the collected oil and pump it out.

2. The DEP should attempt to enter into a working agreement with
Portland Pipeline Co. to boom in an emergency, from Fish Point area to

Portland Pipeline Co. Pier 2 and Pier 2 to Fort Preble Breakwater.

3. Provide tidal adjusting boom anchor fixtures to allow the deploy~
ment of a boom across the Presumpscot River, preferably at itsvinter~
section with Highway 95 and Blue Star Memorial Highway (U.S. Route 1)
Bridges. The fixtﬁres should be designed to permit boombdeployment
upriver or down river of bridges. A similar system should be provided

at Back Cove.

4., Clean and repair the available 1000-ft boom in the State Pier

warehouse.
" 5. Activate the available DEP skimmer as an emergenéy unit.

6. Uncrate the new section of boom that DEP has acquired and get it

in a ready state for deployment to close off the harbor (Fore River).

Arthur D Little Inc



7. Investigate and develop means for joining various sections of

boom presently available from the sources ldentified in Appendix H.

8. Prepare an inventory of pipeline diameters in shore areas
where o0il is handled and fabricate or purchase closure clampé'for the
various pipeline diameters. Also, DEP should stock a supply of wooden
wedges that could be driven into holes, cracks or broken'pibés to stem

the leakage of oil.

9. DEP response personnel should be trained in boom deployment,
clean-up operations and methods for stemming liquid flows. The DEP
should take advantage of the USCG training program offered in Yorktown.
Manufacturers and suppliers of booms and other equipment should also be

able to provide training programs to DEP personnel.

10. The DEP should have access to a boat which is compatible with
the boom that DEP presently owns and which is capable of transpdrting
it, response personnel and other ancillary equipment to the boom
anchoring locations suggested above. ‘
11. It is highly recommended that the DEP have access to a fast
service helicopter so'that spills in Casco Bay may be investigated and
assessed first-hand and the location of spill origin determined accurately

for oil trajectory calculations.

12. Establish at DEP headquarters and continually update, a master
file of data and information on all equipment and supplies available
from local containment and control equipment and supply companies. The
file should alsoc include sources of alternative transportation systems
that may be used for the dual purpose of storage and transport of recovered

spill materials,

13. DEP should begin the long process of selecting and obtaining

EPA approval for one or more burial sites, preferably near rail spurs.

14. Until an approved burial site is found, the recommended disposal
procedure for oil-soaked solid debris entails collection, transfer and
storage in trucks, barges or railroad cars and disposing of the debris

by burning in one of the two operating incinerators (IDSOM and McKin).

1
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15. For oil-water mixtures, d13posai cén be achieved by collecting
the mixture in bargeé and transporting it to shore storagévand separation
'facilities. Unused tanks, barges, tank trucks or railroad tank cars may
be used for shoreside storage purposes. Disposal may be achieved by

separation, followed by incineration or resale.

16. The DEP should consider renting on a trial basis an elevated
water surface scanning monitor such as Wright and Wright manufactures.
The unit could be tested by installing it on both bridges across the Fore
River with a direct alarm system to elther bridge attendaﬁts or the DEP.

17. The DEP should approach the appropriate Federal agencies with
the following suggested improvements in the navigational aid systems:

e Place a Riding Light on the Portland Sea Buoy.

e Install a high intensity light showing not more
than 2° each side of a bearing 319°T on the '
steeple of the Cathedral.

@ Place a station buoy off Witch Rock approximafely
30 yd, 100°T from the present Witch Rock Lighted
Buoy No. 2. '

e Establish and set a new lighted buoy 2090 yd, 275°T
from Poftland Head. '

e Increase the intensity of the Diamond Island Ledge
Light.

e Replace No. 1 can buoy upstream from Portland Bridge

-with a light buoy.

e Place a station buoy on Soliders Ledge approximately
124 yd 020° from the charted position of Lighted
Buoy No. 6. ‘

e Erect a 40-ft tower on the existing concrete base

~on Overset Island with a 360°T light which has a

e

high intensity beam on a bearing of 349°T. Ten

feet below the light, a fixed white sectional (passing)
light showing white sectors of 330° to 029° and 069° to 180°
should be installed as a temporary light for evalua-

ation pufposes.

Arthur D Little Inc



e

Py
P

P

i

18. The following dredging operations should be suggested by the

DEP to the cognizant Federal agencies:

o Dredge the area behind red nun buoy No. 6 at the

turning basin to a depth of 25 feet.

e The present volume of traffic and present deﬁths
do not require that Soldiers Ledge be removed.
However, an increase in traffic volume and in
vessel drafts to over 50 feet will require that
the ledge be removed. to a minimum of 65 ft con-
trolling depth. Similarly, in the Portland Outer
Harbof, the controlling depth of Anchorage é'should
be increased to 45 feet if the traffic of veséels,
with drafts of 40 feet or more, increases in the

future.

19. Tankers anchor in the vicinity of the Portland Light Buoy
while awaiting a berth in Portland Harbor. This congested anchorage 1is
outside normal USCG jurisdiction. The location and supervision of this
anchorage should be given thorough consideration before a serious accident

develops.

Consideration should be given to the establishment of a
designated hurricane anchorage in Luckse Sound as an alternate to the

non-designated anchorage near the Portland Light Buoy.

20. The restriction on the movement of vessels past Soliders Ledge
to + 1/2 hour each side of high tide does not give sufficient time to
make a transit from Hussey Sound to Portland Pipeline berths before
the changing of tidal flow. The period for transit should be widened
so that the transit could be made in one tide and anchoring offshore in

unprotected waters could be avoided.

21. The impact of the marina planned in South Portland between
Spring Point and Portland Pipeline Pier No. 2 on navigation safety should
be examined carefully before the marina is allowed to operate in that

area.
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1. TINTRODUCTION

1.1 BACKGROUND

Portland Harbor in Maine is the second largest oil terminaling ‘port

on the East Coast of the United States ' Large quantities of oil and
refined petroleum products are brought into Casco Bay in large tankers
and barges. Associated with these shipments are the usual complementary
activities such as lightering, berthing, unloading/loading, terminaling
and transfer to barge, rail, truck and pipeline. The conduct "of these
activities presents a potential threat of oil spillage and the subsequent
pollution of the environment. The possibility of large releases of

0il in Portland Harbor and in Casco Bay is of particular concern to

the Maine Department of Environmental Protection (DEP).

Large 0il releases may occur as a reault of massive failures of
shore storage facilities as well as barge and tanker groundings and
collisions. O0il spilled on sea water spreads and travels with the
prevailing currents and winds and impaets shores qnite removed from the
source of the gpill. The environmental and ecological damage that could
be inflicted is extremely high, particularly to an area where the economy

is highly dependent on marine resources.

The Maine Department of Environmental Protection has been deeply
interested in reducing the potential for an oil spill in Portland Harbor
and Casco Bay. Should a spill accidentally occur, the DEP is equally
interested in being able to predict the locations of vulnerable resources
and to direct the impetus of the response effort towards minimizing the
environmental and ecological damage. To this end, DEP contracted with

Arthur D. Little, Inc. to conduct a program addressing these concerns.

1.2 OBJECTIVES

The objectives of Lhe program were to collect pertinent data and
information relating to vulnerable resources in the study area (roughly

defined in Figure 1.1), develop analytical procedures for predicting
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FIGURE 1.1
APPROXIMATE BOUNDARIES OF STUDY AREA
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oll movement and trajectoriles on sea water, evaluate navigational
alds and oil monitoring systems for the study area, and prepare a con-

tingency plan for the prevention and control of oil spills in Portland

" Harbor and Casco Bay.

1.3 SCOPE OF WORK

To achieve these objectives, Arthur D. Little, Inc. conducted a

program consisting of the following tasks:

Task A ~ Development of an 0il Spread Movement Model

The geographical and meteorological environments peculiar to Portland
Harbor were examined by utilizing published data on the subject and by
undertaking some field trips in the area. Based on the physical environ-
ment and recent advances in the theory of oil spread on the sea, the
trajectories of oil'sﬁills_of various sizes at several likely locations
within the harbor wére quantified. A simplified procedure that may be
used by DEP for prédicting impact areas of an oil spill was déveloped.

Task B -~ Identification of Vulnerable Resources

The Casco Bay area was surveyed to determine the locations of
valuable resources which may be vulnerable to oil spills. These areas
were found by taking into consideration the extent of the environmental,

ecological and social damage that could be inflicted upon them as a result

of an oil spili.

Task C ~ 0il Spill Monitoring Systems

The state of the art of hardware that may be used for oil spill
monitoring and sensing was reviewed. Several systems that may be

utilized advantageously in Casco Bay were identified.

Task D — Analysis of Critical Shoreside Operations

A survey of critical shoreside operations was conducted. Locations
where o0il spills may occur were identified and ways in which operations
at these locations may be improved so as to reduce the probability of

0il spills were suggested.
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Task E - Analysis of Navigational Systems

The navigational systems now in use in Casco Bay were surveyed.
Based on knowledge of other available systems and the specific traffic
conditiéns in Casco Bay, the adequacy of the existing systems was assessed.
Recommendations were made for additional systems,which would reduce the
likelihood of collisions and groundings. Justifications were provided

for each new system suggested.

Tagk F - Identification of Containment Equipment

Methods for contalning and cleaning up oil spilled on water and land
were reviewed. Sources for containment and clean-up equipment available

to the DEP were identified,and recommendations made for DEP action.

Task G - Study of Dispoéal Means

The availability of oil disposal equipment, gsystems and sites in
Portland Harbor was examined. A flexible system of disposal ideally

suited to that area was recommended.

Task H - Preparation of a Response Manual

The information developed in earlier tasks was used to develop an
operational emergency response manual. The manual allows DEP personnel
to predict the trajectory and impact area of an 0il spill and to identify

gources of containment and disposal equipment in the study area.

1.4 PROGRAM RESULTS

The results of Tasks A through G of the program are presented in
this technical report. The order of presentation of results has been
slightly changed from the task order to provide a logical presentation.
In Chapter 2, we describe the study area and jdentify the vulnerable
resources and their locations (Task B). This is followed by the iden-
tification in Chapter 3 of potential sources and locations of oil spills
(Task D). Chapter 4 consists of a description of the analytical models
used to predict the trajectory of an oil spill in water (Task A).
Methods and systems that are presently available to the Maine DEP for
containing and disposing of oil spills are discussed in Chaﬁter 5 (Tasks

F and G).
11
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A review of oill monitoring systems and their applications to the
gtudy area 1s given in Chapter 6 (Task C),while the final chapter covers.
navigational aid systems presently utilized in Casco Bay and provides

recommendations for improvements (Task E).

Several appendices have been provided to supplement the discussion
in the bulk of the report. A large chart which identifies vulnerable

resources in the study area has also been included.

Task H, the contingency response manual, is provided as a separate

report.

1.5 LIMITATIONS

This study was limited to the area roughly defined in Figure 1.1.
The identification of vulnerable resources for this area was based on
available published data. No attempt was made to assess the completeness
or statistical adequacy of the data or to conduct a new marine resource

survey.

In estimating the sizes of potential spills at various shoreside
facilities we considered only typical spills encountered at similar
facilities. Obviously, larger spills may occur as a result of catastrophic

failures, but such eVents are very rare and highly improbable.

Several assumptions were made in developing the oil movement model.
Although it is based on sound hydrodynamic and scientific principles, no
experimental data‘are available whereby this model can be tested. A
check on the adequécy of the model will have to await the actual occur-

rences of oil spills under various weather and tidal conditions.

In developing a recommended containment and disposal system for the
DEP, State‘funding limitations, the present equipment that DEP owns, and
the availability to the DEP of local containment supplies, equipment and
disposal sites were taken into consideration. The result was a very flexible
system that can cope with most reasonably likely oil spill emergencies

in Portland Harbor and Casco Bay.
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2. TIDENTIFICATION OF VULNERABLE RESOURCES

2.1 DESCRIPTION OF STUDY AREA: PORTLAND HARBOR-CASCO BAY

Portland is the largest urban center in the State of Maine and 18
the second most active petroleum port on the East Coast, with an annual
throughput of crude oil and petroleum products totaling over 210 million
barrels. The majority of oil-related activity is conceﬁtrated along the
Fore River with the focus being on the Portland Pipeline Company crude
receiving facility in South Portland. Petroleum industry activity 1is a
major end use of the shorefront property in Portland Harbor. Heavy
urbanization has eliminated much of the natural wildlife habitat on the
mainland but considerable areas of relatively undisturbed natural resources

exist in the wetlands,'coastal islands, and the marine environment [2.1].

Beyond the immediate area of Portland Harbor, a diversity of activities
or end uses are associated with the mainland shorefront property, inter-
tidal zone, coastal islands, and offshore environment of Casco Bay. Cul-
tural end uses méde of the coastal zone include commerce, recreation, and
waterfront residential development. The petroleum industry's co-existence
With this multiplicity of acitivities is a concern of the industrial,l
public, and governmental sectors. One adverse impact of the petroleum
industry activity is oil spill contamination. 0il spills have been a
recurring problem in Maine and particularly in the Portland Harbor-Casco
Bay area. Based on available oil spill records, a total of 451 spills
occurred in the State of Maine between 1950-1971. Of these, 336 occurred
within the Portland vicinity. This figure ig considered to be a conser-
vative estimate in light of the relative lack of records prior to 1968
[2.2].

Efforts have been made at various levels to minimize both the fre-
quency and likelihood of oil spillage and the impacts of oil spillage
once it has occurred. The Coast Guard, Multi-Agency Oil and Hazardous
Material Pollution Contingency Plan, Region I (coastal); the State of

Maine, Department of Environmental Protection, Revised Statutes of 1964,

Title 38 (as amended); and the Department of Fnvironmental Protectinn
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(Maine), 0il Discharge Prevention and Control Regulations, are applicable
to the Portland study area. Despite these efforts, o1l spills will
hndoubtedly continue to be a source of pollution to the Casco Bey environ~
ment, particularly if projected increases in petroleum facilities and

tanker activity are realized.

Prevention is obv1ously the best method of protecting the natural
resources, but even with the best handling procedures, improved navigation
systems, and better facility operations, oil spills will occur. Where an
0oil spill has occurred, protection of the natural resources is best
accomplished through quick response and rapid recovery of the spilled
0il. This minimizes exposure of resources and minimizes impacts. Response
and recovery efforts are influenced by the magnitude, location and type
of spill, the weather conditions and the availability of containment
equipment and persomnel. 1In all 1ikelihood, the longer the response time
the greater will be the area and number of resources impacted Undoubtedly,
total protection of the environment under all spill situations will not
be possible and recovery personnel will be forced to choose among areas
to receilve protection based on limited equipment, personnel or accessibility.
The purpose of this part of the contingency plan is to provide guidance
in maximizing the efficiency of protective efforts when protection cannot
be afforded all resources at all locations of potential contamination.

Based upon this and more detailed studies of locations and variations in

use and vulnerability of ecological and cultural resources, clean-up

\\\\x\Nfersonnel should be able to minimize the long-term impacts of oil spillage.

The Greater Portland Region is comprised of three cities and ten towns:
Portland, South Portland, Westbrook, Scarborough, Falmouth, Cape Elizabeth,
Cumberland, Freeport, Gorham, Gray, Yarmouth, North Yarmouth, end Windham.
The population for the region is appioximately 157,000, with this figure
doubling during the months of July and August due to tourism.

0f the thirteen municipalities in the Greater Portland Region, eight
are coastal: Freeport, Cumberland, Yarmouth, Falmouth, Portland, South
Portland, Scarborough, and Cape Elizabeth. The study area, shown in

Figure 1.1, includes six of these municipalities with Scarborough and
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Freeport respectively south and north of the study area bouhdaryo
Resources are identified in the eight municipalities with emphasis on
the six municipalities within the study area. ‘

An o0il spill occurring within the study area could readily lead to
0il contamination outside the boundaries. Of note is the TAMANO spill,
that began in Hussey Sound, and led to 0il contamination as far south as
Portsmouth, New Hampshire and north at least to Falmouth. Where condi-
tiong might lead to oil spreading beyond the defined study area, efforts
should be taken to pinpoint potential spill movements and the vulnerability
of the resources that may be impacted. The methodology ﬁresented in
the following discussion is appropriate for assessing the vulnerability
of ecological and cultural resources elsewhere within the Maine coastal

zone to oil spill contamination.

2.2 METHODOLOGY

Guidance regarding the protection of various areas against oil spill

contamination is presented below based on the following criteria:
(a) Nature of end use(s) represented by the resources of an area
(b) Vulnerability of these resources to oil spill contamination

Variations in seasonal use patterns and seasonal resource vulner=—

ability are also discussed.

+2,2.1 End Uses and User Groups

A diversity of end uses are made of the Casco Bay area. These end
uses may be placed in two general categories: ecological and cultural.
There is also a diversity of human user groups which frequent the coastal
zone. These fall into four basic categories: residents, commercial .

users {e.g., fishermen), recreation seekers, and the scientific community.

In analyzing the end uses and the usexr groups with reference to the Casco
Bay coastal zone, a general picture of the use patterns by geogranhic

location can be discerned.
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‘ Physically, Casco Bay is typical of the Maine coastline. It is
o charaéterized by an intertidal zone dominated by rocky headlands inter-
épersed with areas of marsh and coarse-grained beaches. In addition to
o the shorefront property of the mainland, numerous offshorevislands
increase the area potentially requiring protection from oil spili con-
- tamination.
To assess the locational aspects of end use activity, the study
;ﬂ area was divided into two zones: the inshore zone and the offshore zone.
The inshore zone 1s the intertidal environment comprised of rocky shores,
: tidal flats, salt marshes, beaches and estuaries (specifically the Fore
- River and the Presumpscot River within the gtudy area). Thé 6ffshoré zone
; is the subtidal marine environment and overlying waters.
- The degree of development associated with shofefront property exerts
‘ important influences on the character and intensity of uses of the inéhore
et zone. The following is a list of some of the types of resource-dependent
; end uses occurring in the inshore zone: |
- Group 1: Ecological End Uses
] ® Habitat is maintained for a wide varity of organisms on a
> seasonal basis.
] Natural processes influence geophysical/geochemical events
bl . (e.g., storm buffering, protection against erosion, water
quality control by marshes). -
- Group 2: Cultural End Uses
| ® Commerical fishing
o - shélifish beds (clams, mussels)
- marine worms
;w - seawged
@ Regidential activity
f - view/aesthetics
el - recreation
: - property value
bl ® Recreational/tourism activity
. - beaches (swimming, picnicking)
;a ; - sightseeing (aesthetics)

| 16
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- fishing

-~ historical sites v

- designated natural areas (Audubon sanctuaries, other
Federal, State, or local conservation properties)

i

® Scientific study and education

In most cases,'aréas where public access to the intertidal zone is
available, the intensity of use will be greéter than in those areas

where access 1s limited to private groups Or individuals.

A diversity of end uses, though not as extensive a list, covers
the same general categories for the offshore zone. The following list
indicates the types of resource-dependent end uses occurring in the off-

shore zone:-

Group 1: Ecological End Uses
) Habitat functions

® Influence of natural processes on events

Group 2: Cultural lnd Uses
® Commercial activity
- lobstering and other shellfishing
- finfishing

@ Recreational activities

boating
fishing

- commercial recreation
- sightseeihg
@ Scientific study and educational activities

Theloffshore zone within Casco Bay is used less intensively than

the inshore zone and represents fewer end uses.

2.2.2 Vulnerability of Resources to 0il Spill Contamination

In assessing the vulnerability of the inshore and offshore zones
of the‘study area, published data concerning spill impacts in these and/
or analagous environments were used. The biological impact of an oil

spill in the marine environment depends on many factors. A summary of
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these factors is given in the National Academy of Sciences report,

"Petroleum in the Marine Environment," [2.3] and includes:

® 0ll dosage and location

® oil type

e oceanographic conditions
] meteorological conditions
e turbidity

& geason

e biota type

The extent to which any oil sbill has short- and long-term impacts
will depend upon a combination of these factors. Some of these factors,
primarily oceanographic and meteorological conditions, may enhance or
minimize the observable impact of the spill by influencing its direction

and speed, either towards or away from the various resources.

Investigations of the biological impact of oil spills within the
Maine Coastal Zone have been of limited scope. The Maine Department of
Marine Resources provided some of the earliest investigationé of the
biological impacts‘of oil spill contamination in the marine environment
in Maine. The most frequently documented impact was to shellfish,
specifically in terms of losses or tainting of soft shell clams (Mya
arenaria). Of particular interest has been the retention of oil in the
sediments and by the clams. In the case of the Northern Gulf spill (1963),
samples of sediment and clams had high contaminant hydrocarbon concen-
trations nine years after the spill. Other observed biological impacts
have included losses of lobsters in storage lagoons, losses of finfish,

shellfish, marine worms, and marine plants [2.2].

The impact of oil on the marine environment is not completely
understood and the level of impact will be specific to each individual
spill, with environmental conditions and the type and quanfity of oil
agpilled being of primary importance. Based upon documented. incidents,
the following criteria are valuable indicators of the sensitivity of a

resource or biotic communities to 0il and requirements for protection:

18

Arthur D Little Inc



patterns of the inshore and offshore zones and seasonal vulnerability

as related to individual resources. Variations in use and vulnerability

st
i & known high sensitivity of a speciés or community to oil,
- low recuperative power
qA e persistence of oil and possibilitybfor recontamination
L
@ feasibility and practicality of employment of clean-up
% methods |
- | ‘
Long~term spill impacts, such as the elimination or modification of
} a habitat,vcan result in changes of species composition and subsequent i
et changes in productivity. This could result in eventual losses to commercial ‘
} fisheries. Short-term impacts may be more visible to the public, as in
{ |
s the case of the aesthetic impact of olled beaches.
f 2.2.3 Variation in Seasonal Use and Vulnerability of the Resource !
el Another consideration in making protection choices is seasonal use J
!
are: !
i ® seaéonal variation in use by user groups |
® seasonal variation in use and vulnerability by wildlife
Ltk populations

| ‘ 2.2.3.1 Seasonal Variation in Use by User Groups

- The intensity of cultural uses of the inshore and offshore zones
{ varies on a seasonal basis. The most obvious variation in use occurs
- during the months of July and August when the population of the Greater
| Portland area doubles due to the large influx of summer residents.
?W Cultural end uses made of the Casco Bay environment are exploited most
| intensively by all major user groups during the summer months. At this.
i&w time, the major user groups are expanded from year-round residents and

commercial interests (e.g., fishermen) to include summer residents,
i: tourists, and recreation seekers. ‘
e . :
' 2.2.3.2 Seasonal Variation in Use and Vulnerability by
i&g Organism Populations

Use pattefns bx organisms, also vary on a seasonal basis. Seasonal
e
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variations occur in the distribution and composition of waterfowl
populations, breeding areas for birds and marine mammals, and areas used

as nursery grounds, such as salt marshes.

This plan is not directed at the protection of a specifid species
or a specific end use bUt‘the protection of areas which possess value
to a number of user groups, and are relatively vulnerable to 0il spill
contamination. The following discussion of the inshore and offshore
zones of the study area describes the end use(s), vulnerability or sen-
sitivity to oil contamination and seasonal variation in use and vulner-
ability of the zonal components. Its purpose is to assist those involved
in o0il-spill clean-up in making environmentally sound decisions as to
protection priorities when all resources cannot be afforded equal pro-

tection.

A resource map (Chart I) is attached to this report. This map
indicates the location of major inshore and offshore resources and end
use activities. Inshore resources identified include mudflats soft-
shell clams, mussel beds, worms, marsh, rocky shores, seaweed and recrea-
tional beaches. Offshore resources identified include bird nesting sites,
winter waterfowl sites, seal haul-out énd pupping sites and major con- |
centrations of boats. Resources, such as lobsters, that occur throughout
the study area have not been indicated on this map. Throughout the study
area several remmant salt maréhes, small private recreational beaches or
small clamming areas do occur, but are too numerous to indicate on this
map. Also as dévelopment patterns change, the locations of bird nesting
sites and seal haul-out sites may change. Only documented resources have
been identified, but as additional areas are recognized as important
resources they may be indicated on the resource map. This map is intendéd
to be used to identify particularly vulnerable resources to oil spill
contamination. It is not intended to represent a complete resource

inventory of Casco Bay.

2.3 STUDY ARFA ENVIRONMENT: RESOURCES AND VULNERABILITY

2.3.1 1Inshore Zone
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The sensitivity of four distinctive types of intertidal environments

to oil contamination is relevant to this study. These environments are:

‘mud flats, marshes, beaches, and rocky shores. Representative examples

of each of these environments have been impacted by oil spills and sub-
jected to subsequent scientific study in recent years. These studies
appear to provide sufficient information to allow for reasonable estimates

of the relative sensitivity of the four zones.

2.3.1.1 Mud Flats

Mud flats are particularly sensitive to oil contamination. The
substrate is extremely difficult to clean; and affords opportunities for
extensive retention of spilled oil. Mud flats impacted by the TAMANO
spill of No. 6 fuel oil in 1972 were judged by the on-site investigators
to be the most severely disturbed of the affected marine communities
{2.4, 2.57. The invertebrate infauna, which includes the majority of
organisms in the mud flat community, typically experiences heavy initial
mortality as the result of smothering by deposited oil. This impact
accompanies spills of most crudes and petroleum products in the weight

range bounded by "Bunker C" and No. 2 fuel oil.

Depending upon the type of oil and duration of exposure to fractional
evaporation prior to impact (i.e., weathering), substantial invertebrate
mortality may élso be attributable to the toxic effects of the soluble
fractions of spilled oil. 1In general, the most severe of these effects
are associated with the lighter refined products and with spills reaching

the intertidal zone with less than two days exposure to weathering.

Over the longer term, contamination by oil has resulted in habitat
modification of intertidal mud flats. It drastically redhced success in
organism recruitment and vigor, and caused subsequent changes in the
species composition of the faunal assemblages. Initial recruitment of

the commercially valued soft clam (Mya arenaria) was reported to be

severely impaired on mud flats in Casco Bay contaminated»by No. 6 fuel
oil [2.4, 2.5]. Commercially valued worms (probably Nereils sp.) obtained
from oiled areas have been reported by fishermen to be in poor condition

[2.5]. Opportunistic oil-tolerant species which rarely dominate unpolluted
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climax communities tend to be disproportionately abundant in contaminated
sites for several years following a spill. In particular, certain pqu—
chaete worms in the families Spionidae and Capitellidae can be expected
to flourish in place of other indigenous organisms in oiled intertidal
(or subtidal) regions [2.6].

Finally, there is the potential problem of the transfer of petroleum-
related toxicants and carcinogens from the invertebrate fauna of the tidal
flat to vertebrate‘consumers, including birds, fish, and man. This is
one of the least understood aspects of the oil pollution problems. The
National Acadeﬁy of Sciences concluded that the available evidence sug-
gested highly individualistic relationships between petroleum hydro-
carbon availability and uptake by various marine consumer species [2.3].
However, there seems to be a paucity of empirical data on the effects
from the standpoint of immediate toxicity or long term hydrocarbon

accumulation.

There are 2,663 acres of tidal flats within Cumbefland County,
which includes the six townships of the study area and Scarboro [2.1].
Mud flats within the study area are delineated on the Resource Map.
The most vulnerable of these to 0oil contamination are the extensive flats
found along the Fore River, which serves as the focal point for most of
the smaller product tankers and barges servicing Casco Bay. While these
flats reportedly exhibit somewhat limited faunal diversity_énd abundance
12.71, they serve as sheltered feeding grounds for large numbers of
aquatic birds, including cormorants, ducks, wading birds (e.g., herons) ,
shorebirds, and ghlls. These birds are found elsewhere in the study '
area, but feed in relétively‘dense concentrations on and around the flats
adjacent to the several petroleum terminals in the Fore River. The com-
bination of dense reéeptor populations and nearby petroleum transfer
operations ascribes high vulnerability to the Fore River mud flats.
This usage implies thaﬁ extensive cleanup capabilities could be logically
and desirably located at each of the terminal sites, including those
dealing primarily with the lightest products (i.e., gasoline, kerosene),

where booms are currently not required for each offloading operation.
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The convenient geographic spacing of these facilities as well as the
potential for collisions anywhere in the heavily traveled Fore River

‘further justify such an allocation of cleanup resources.

2.3.1.2 Marshes

The above discussion of the vulnerability of mud flats to oil con-
tamination can be eqﬁally applied to tidal marshes. However, several
additional considerations apply to marsh systems. First, tidal marshes,
to a greater extent than mud flats, serve as nursery grounds for a wide
variety of commercially and/or recreationally valued organisms. These
organisms frequent the tidal marsh at stages of their life cycles when
they are most vulnerable to oil pollution. Second, tidal marshes con-
tribute substantially to regional biotic productivity through the wide-
spread distribution of decayed marsh vegetation. These and other bene-
ficial functions of tidal marshes (e.g., storm buffering, sediment re-
tention), coupled with their vulnerability to spills, justify the assign-
ment of high priority to the protection of this type of environment.

Characteristic marsh vegetation (e.g., Spartina sp.) seems relatively
resistant to long-term adverse impacts from oil contamination. In fact,
the marsh is an effective digestor of such contamination. 'HOWever,
the role of oil-contaminated plant detritus in the estuérine food web
is poorly understood. Many organisms known to feed upon such detritus
(e.g., mullet, fiddler crabs, amphipods) are sensitive to the tainting
or toxic effects of various petroleum fractions. The impacts of petroleum
contamination (specifically No. 2 fuel o0il) on secondary_prbductivity

(i.e., the invertebrate community) in a salt marsh has been extensively

 documented in the Wild Harbor marsh near West Falmouth, Mass., in the

aftermath of a small spill in September 1969. One of the most recent
of these studies concluded that in 1973, four years after the spill,
secondary productivity in the intertidal area was still significantly
affected [2.6]. Actual sampling during this investigation produced an
average of 310 individuals per sample (marsh samples based on duplicate
1/128 m2 cores, i1.e., 1/64 mz) in the impacted Wild Harbor Marsh versus

an average of 1712 individuals per sample in the Sippewissett (control)

23

Arthur D Little Inc




marsh., These findings are significant in view of the apparent lack of

other spills near either location since the 1969 spill. Although the
Tecovery process aﬁpearelincomplete in the Wild Harbor marsh as of 1974,
the investigators noted in this and previous studies a continued improve~
ment with time [2.6]. Based on available findings, it is reasonable to
expect short-term mortality among many components of a spill-impacted
tidal marsh with a rapid recovery of vegetative components.(i.e., primary
productivity) and a much slower recovery of invertebrate faunal ‘compon-

nets (i.e., secondary productivity).

» There are 3,678 acres of salt marsh and salt meadow within Cumberland
County. The largest areas of salt marsh within the study area are along
the upper portions of the Fore River (Portland and South Portland) and
along the Presumpscot River (Falmouth). The Maine Department of Inland
Fisheries and Game has identified the 86 acres of salt meadow along the
Fore River and 127 acres of salt meadow along the Presumpscot River as
valuable waterfowl habitat [2.1]. Major areas of salt marsh and salt
meadow are delineated on the Resource Map (Chart I). Scattered sites of
remnant salt marsh are located on the mainland and coastal island shores

throughout the study area.

The salt marsh and coastal salt meadow of the Fore River have been
studied recently in conjunction with preparation of the Draft Environmental
Impact Statement, Westbrook Arterial, Wesébrookaortland, Maine [2.8].
Along the main channel and tidal creeks are 56 acres of regularly flooded

salt marsh dominated by the salt marsh cordgrass (Spartiné alterniflora).

Other vegetation of the salt marsh are wideongrass (Ruppia maritima) and

dwarf spikerush (Eleocharis parvula). Located above the regularly

flooded salt marsh are 76 acres of coastal salt meadow dominated by the

saltmeadow cordgrass (Spartina patens). The marsh of the Presumpscot

River ig similar in species composition.

Marsh areas are a valuable source of detritus to the adjacent marine

environment. The Maine Department of Inland Fisheries and Game has

estimated that about 916 acres of tidal wetlands contribute a portion
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of their production to the Casco Bay food web. It is estimated that
approximately one-half of vegetative production is consumed in the marsh
and the remainder 1s exported to the estuary and marine environment [2.8].
Based on this estimate, the Fore River marsh contributes about 500 tomns

of vegetative detritus each year to adjacent'coastal waters. The Fore
River marsh is a prdductive area. Productivity of the marsh in the Cousins

River-Maine was 3.7 tons/acre for S. alterniflora and 7.8 tons/acre for

S. patens. However, proportionately greater amounts of low marsh (S.

alterniflora) are exported as detritus [2.8].

The marsh in the Fore River is the most vulnerable of the salt marsh

‘communities in the study area to oil spill contamination due to its close

proximity to the terminal sites. Protection of the Fore River marsh

would best be accomplished by the location of containment and clean-up
equipment at each of the terminal sites. The major concentration of Fore
River marsh is above the Congress Street bridge, at which point the Fore
River narrows to approximately 100 feet. Under normal tidal fluctuations,
booming of this area could help to protect the upper marsh from inundation

of oilby an unconfined spill.

2.3.1.3 Beaches

The impacts of oil spills on the biota and recreational uses of beach
environments have been studied in many locations, including Casco Bay.
Much attention has been focused on the efficacy of cleanup efforts,

particularly in relation to sandy recreational beaches.

From the standpoint of indigenous biological productivity, beaches
may be considered less vulnerable to oil spills than marshes or mudflats.
With their constant exposure to harsh physical conditions, beaches,
especially the shingle beaches common to the New England doastline, tend
to support sparser organism populations than the latter two intertidal

environments. Beach environments contribute less to areawide biological

'productivity than do tidal wetlands. However, the seasonal cycle of

littoral sediment transport gives beach sands relatively wide distribution

throughout adjacent nearshore waters. The upper layers of these sands
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are readily permeéble to unweathered oil. Thus, oil-contamination of

a sandy beach may lead to subsequent and repeated contamination of more
productive environments flushed by adjacent waters. When large amounts
of sand are removed in beach cleanup efforté, the potential for further
erosion may be enhanced [2.9]. In addition, accessible saudy beaches

are seasonally valued as recreation areas in New England. 0iling 18 a
presumed deterrent to the recreational use of beaches. These factors
combine to make sandy beaches sensitive enviroﬁments, if left unprotected

against oil spills.

The seasonal variations of the littoral sediment transport cycle
result in the need for a flexible protective strategy for sandy beaches.
If a spill occurs during the warmer months, when sediment accretion is
predominant on coastal beaches, cleanup efforts must provide for both
initial and subsequent removal of oily sand if chronic contamination is
to be avoided. 1If a spill occurs during the colder months,vwhen sediment
is being removed from the beaches, maximum protection could be achieved
by preventing initial sedimentation of the spilled oil, especlally on
the beach itself.

Recreational beach areas are relatively limited within the study
area. Most beaches are small and are located in scattered locations
along the rocky shores of the mainland and islands,. Major recreational
beaches within the study area are Willard Beach, South Portland; Sandy
Point Beach, Cousins-Island, Western Beach, Long-Island; and Crescent
Beach in Cape Elizabeth. A fifth beach area is Promenade Beach in
Portland which is not pegularly used for recreational purposes due to

the poor quality of adjacent waters for swimming [2.10]. Major recreational

beaches are identified on the Resource Map (Chart I).

0i1ling of beaches can be expected along the Maine Coast. .When a
spill occurs well off shore, the oil may become mixed with ocean-surface
debris that often washes ashore. Removal of this material from a beach
is relatively easy. O0il impacting a beach directly presents a more diffi-
cult clean-up task. Where initial protection of beach areas is not pos-

sible, clean-up activities should proceed as soon after initial contamination
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as possible. The TAMANO spill resulted in the contamination of Western
Beach, Long~Island. The clean~up effort required the removal of 4,510
cublc yards of material of an average sand depth of eight inches.

Crescent Beach, Cape Elizabeth was also impacted by the TAMANO spill.

2.3.1.4 Rocky Shores

Most of Casco Bay ié bounded by rocky shores. Areas of rocky shores
are indicated on the Resource Map. This type of intertidal environment
occupies more coastline locally than any of the three zones discussed
above. This wide distribution implies that for .any giveﬁ spill incident
there would be minimal opportunity for severe reductions in the overall
productivity of the rocky shores. In addition, while they are rich in
terms of vegetative aﬁd invertebrate biomass, these shores do not appear
to be among the most vulnerable intertidal habitats to oll contamination
in Casco Bay. This judgement is made in light of studies conducted
pursuant to the TAMANO spill (1972) and the grounding of the GENERAL M.
C. MEIGS in a similar environment in the Pacific Northwest, also in
1972 [2.5, 2.11].

The dominant intertidal algae which function as primafy.producers
on rocky shores (i.e., Fucus sp. and Ascophyllum) possess mucdus coatings
which are reported to serve as relatively effective protection against
long~term adverse impacts of coating by oil. However, Eggg§ sp. has
evidenced retention of spilled oil, with the potential for further con-
tamination of adjacent waters and biota [2.5, 2.11]. Data are lacking

on the specific vulnerability of the commercially wvalued Irish moss

(Chondrus crispus) which occupies the lower reach of intertidal rocky

shores in Casco Bay.

Harvesting of seaweed, principally Irish moss (Chondrus crispus), is

performed most extensively in the northern part of the Bay. In 1974,
Cumberland County had a harvest of Irish moss in excess of one million

pounds valued at $54,720. Within the study area, regions particularly

valuable as sources of Trish moss have not been identified. At the present

time Irish moss is being harvested in the area between Long'Island and
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the Cheabeague Islands. Irish moss is used for packaging of lobsters
[2.12]. TImpacts of oil contamination to this enterprise are as yet

undocumented.

Populations of dominant macrofauna among thé invertebrate inhabitants
of temperate rocky shores, including periwinkles (Littorina sp.) and
barnacles (Balanus sp. and Chthamalus sp.) generally exhibit rapid recovery
after suffering heavy initial mortality to the coating effects of oil.
Certain other members of these communities, including various amphipod

crustaceans and gastropods (Littorina obtusata) have become noticeably

less abundant at olled versus control stations. Closely-related oppor-

tunistic species (e.g., Littorina saxatilis) have coincidentally increased

in abundance at such locations [2.5]. Overall, it appears that the
absence of conditions favoring sedimentation and retentioh of relatively
fresh oil on rocky shores, combined with their exposure to strong current
and wave activity makes these zones more resistant to long~term spill

impacts than marshes, mud flats, or beaches.

2.3.2 Offshore Zone

~ The sensitivity of the offshore zone to oil spill contamination is
not as readily documeﬂted as that of the inshore zone (intertidal environ-
ments). Impacts to four components of the offshore zone within the
study area have been documented and have received varying degrees of
scientific study. These four components are (1) birds, (2) sea mammals,
(3) commercial fisheries (lobsters, finfish, and shellfish, and (4) sub-
tidal benthos.

2.3.2.1 Birds

The plumage of seabirds 1is water-repellent but oleophilic, (i.e.,

it readily accumulates 0il). Once oiled, the water repellent capacity

of plumage is severely impaired. Sea birds are thus readily susceptible

to Q;lkqon;aminationrparticularly those species that spend most of their

lives on the water surface. Included in this category of seabirds are

the alcids (auks, guillemots, murres, puffins), diving sea ducks (scoters,

scaup, eiders, goldeney etc.), loons and grebes. These birds tend to
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dive when alarmed, and frequently do so in an oil slick. Within the
Portland study area a number of these species are permanent or seasonal
inhabitants; and they may be adversely affected by an oil slick. A
listing of the birds of the coastal zone of Maine, identifying ‘those that

inhabit the study area is given in Appendix A.

Seabirds in the study area which are particularly susceptible to
0il contamination include the alcid species: the black guillemot
(Cepphus grylle), a permanent resident; the diving sea duck species:

Greater scaup (Aythya marila), lesser scaup (Aythya affinis), common

goldeneye (Bucephala clangula), Barrow's goldeneye (Bucephala islandica),

bufflehead (Bucephala albeola), oldsquaw (Clangula hyemalis), harlequin

duck (Histrionicus histrionicus), common eider (Somateria spectabills),

white-winged scoter (Melanitta deglandi), surf scoter (Melanitta perspicillata),

common scoter (Oedemia migra), hooded merganser (Lophodytes cucullatus),

common merganser (Mergus merganser), and the red—breasted'merganser (Mergus

gserrator). With the exception of the common eider, all the diving sea
duck species repreéent wintering populations, with five species, common
goldeneye, white-winged scoter, surf scoter, hooded merganser, and red-
breasted merganser gsometimes seen in the study area year~round [2.13].
Other species partiéularly gusceptible to oil contamination are the loons
and grebes. The common loon (ggyig'immgz) is a permanent resident of

the coastal zone and the red throated loon (Gavia stellata), a winter

resident. Both species spend much of the winter in marine waters.

Several species of grebes do likewise. Loons and grebes feed primarily

on fish.

These species spend a great portion of their 1ife on the water surface,
dive for food, and are weak fliers, illustrated by their behavior of
diving rather than flying in response to danger. This diving behavior
and the fact that these birds are highly gregarious enhance the probability

of their feathers becoming coated with oil. The cormorants, great

cormorant (Phalacrocorax carbo) and double-crested cormorant (Phalacrocorax

auritus), also dive for food and may become oiled. The cormorants spend
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time swimming or resting on the water surface as. do the alcids and diving
ducks, but also loaf about on pilings and rocky cliffs, thereby somewhat
minimizing the possibility of becoming oiled from a gpill confined to

the water surface,‘ P, auritus is among the most common seabirds of the
study area most of the year, being replaced by P. ggghgﬁin the winter.

One primary effect of oll on seabirds is to pentrate or cling to their
plumage. Water then éan fill the spaces where air was trapped, resulting
in a decrease in heat-insulation and buoyancy. Heavily-oiled birds are
further inhibited in their swimming movements and in their attempts to
fly. Oiling also éncourages excessive preening behavior that further
results in damage to the plumage. These birds alsd may ingest oil which
can produce metabolic and behavioral abnormalities. Studies in the British
Isles, the Dutcﬁ coast and southerﬁ Baltic have shown that most oil
spill-related casualties occur during the winter when large concentrations

of wintering birds are feeding [2.3].

Records of the Maine Audubon Society show that oiled birds found in
Casco Bay have included eiders, loons, cormorants, and scoters. The
greatest numbers of recorded oiled bird mortalities associated with the
TAMANO spill were gulls. During the first week after the TAMANO spill;
the 0il was heavily concentrated on the water surface resulting in the
heaviest loss of eider ducks. The oil was washed ashore on the western
side of Ram Iéland where 1t collected on rocks and in tidal pools; and
oily seaweed was washed ashore on the western side of Outer Green Island.
The heaviest recorded mortalities were to gulls, followed by cormorants
and eiders [2.5].:

Eiders make up a large percentage of the duck population in Casco
Bay. Maine is the only eastern state with a breeding population of eiders.
Casco Bay represents the southern breeding limit of the eider population.
Eiders are not near-shore birds and the largest concentrations occur at
Ram Island, with other large concentrations found about Bangs Island,
Inner Green Island and Outer Green Island. The known feeding areas are
mugsel shoals around Ram, Inner Green and Outer Green Iélands. There 1is

a seasonal and tidal variation as to preferred feeding sites. No studies
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are available to pinpoint the eider feeding sites other than about these
offshore islands, though it has been speculated that the number of feeding
gites has expanded in past years [2.13]. The heaviest concentrations of
elder occur between October and April. Eiders nest from mid-April to v
mid-July, with major nesting sites being on Outer Green, Inner Green,

Banks, Munk Rocks, Vail, West Brown Cow, Sand and Crow Islands [2.1].

The islands also serve as nesting sites for a variety of other sea-
birds. In addition to eiders, the islands are the southern Breeding
limit for the black guillemot, puffin, razorbill auk and Leach's petrel.
The islands represent the northern breeding limit for the glossy ibis and
for the snowy egret. Osprey have been observed at the upper end of Casco
Bay in the vicinity of Clapboard Island, off Falmouth Foreside [2.13].
Maine's coastal islahds also serve as the bréeding site of herring, great
black back, and laughing gulls; arctic, common, and roseate terns and
great blue and black crowned night herons. Nesting activity occurs from
the first week in May‘through the second week in July with nesting activity -
extending into August for seabirds other than eiders. These islands
are of high value aé nesting sites due to their seclusion and absence
of human activity; Preceding and during the breeding season, areas
supporting large concentrations of seabirds should receive priority in
protection from oil spill contamination. 01l is also known to affect
the viability of eggs. O0iled adults, or the use of oiled seaweed as
nesting material have an adverse effect on the hatching rate. Pro-
tection of the inshore area, or immediate collection of oiled material
would help minimize this possibility. A listing of these-islands'known
to be major nesting sites of seabird populations in Casco Bay is given

in Appendix B.

The black duck (Anas rubripes), a surface feeding duck, is a dominant

waterfowl in the estuarine portion of the study area. This species
occupiles the upper Fore River, and the Presumpscot estuary from September

through mid-April. Black ducks number from 3,000-5,000 in this area with
the heaviest concentrétion occurring in the Back Cove. During the spring

and summer months, other birds occupying these same areas are gulls,
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cormorants, herons, and shorebirds feeding on the tidal flats. Black
ducks and eiders are the major specles hunted. Hunting areas for eiders

include Richmond, Ram, and Outer Green Islands.

: Thg winter waterfowl inventories conducted by the Maine Fish and Game
Department indicate that an estimated 16,000 ducks winter in Casco Bay.
In addition to the black ducks and eiders, are the wintering populations
of the goldeneye, bufflehead, scaup, scoter and oldsquaw. A tabulation
of the abundance of wintering waterfowl species for the past five years,

as recorded by the Fish and Game Department, is given in Appendix C.

Both black ducks and eiders are species of limited abundance on
the East Coast. In particular, concern has recently been expressed over
the decline of black duck populations supplanted by mallards. Based on
this consideration, the large numbers of individuals and consistent
presence of heavy concentrations in localized areas, the eider and the
black duck populations of the study area are worthy of special protection.
Eider breeding sites should be protected during mid-April and mid-July.
Major bird nesting sites are indicated on the Resource Map- (Chart I).

Eiders feed about the mussel shoals associated with Ram, Outer Green,
and Inner Green Islands. The heaviest concentrations occur between
September and April., These areas of surface water should be protected,
and where an oil slick'is in close proximity to concentrations of feeding
eiders, these birds should be dispersed until the spill is removed or
contained. As other major feeding areas are identified,‘they should be

included in the oil spill contingency plan.

2.3.2.2 Sea Mammals

Marine mammals spend a portion of their time at the water surface
during feeding and swimming activity. Their fur easily traps oil, ‘

and decreases heat-insulation and water repellence. 0il can also

result in severe eye-irritation to these mammals [2.141.

The harbor seal (Phoca vitulina) and the gray seal (Halichoerus

grypus) utilize at least 200 half-tide ledges and small islands in Maine's

estuarine and open ocean waters.
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RECOMMENDATION #19

The Arthur D. Little Study states ﬁhat the anchorage area
near the Portland Light Buoy is congested and that thought should
be given to an alternate area such as Luckse Sound.

We in the DEP Oil Division feel that this type of decision
is outside of our jurisdiction, nor do we have the resourcés or
manpower necéssary to make the proper investigation. We suggest
that this recommendation be referred to the United States Coast

Guard and any other pertinent agency.

Priscilla House

Environmental Technician

Dept. of Environmental Protection
State of Maine
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No incidents of contamination of seals by oil have béen recorded for

the Maine Coast, though incidents of damage to seals have been reported

during both the TORREY CANYON incident in Cornwall and the Santa Barbara

splll in California [2.14]. Within the study area a number of seal haul-
outs and pupping areas occur for the harbor seal. The grey seal has not
been sited in the study area for about ten years and has its western

1imit in the vicinity of Penobscot Bay.

Harbor seals may be observed throughout the study area, including the
marine and estuarine oil transfer areas. Appendix D lists seal haul-out
and pupping sites‘within Casco Bay. The harbor geals can be considered
most vulnerable in May and June, when the pups are born aﬁd are too weak
to swim long distances. During other times of the year, the seals may

relocate to areas not contaminated by oil [2.15, 2.16].

2.3.2.3 Commercial Fishery

The inshore fishery of Casco Bay is dominated by 1obsteting, which
is practlced extensively throughout the Bay. The total value of lobstevr
landings in Maine exceeded that of all other species combined in 1974,
16.5 million pounds worth approximately $23.2 million. The Portland
Harbor study area is located in Cumberland County, for which lobster
landings in 1974 totaled 2.3 million pounds worth approximately $3.2
million. Lobster landings for 1974 in the seven coasfal counties of
Maine are shown in Table 2.1 with Cumberland County providing approximately
14 percent of the total [2.17]. Yet, since 1957, lobster landings have
decreased statewide while the number of boats and fishermen have increased.
This has also been the case in Cumberland County, where overharvesting
of the resource has been cited as the cause of the decreased landings

[2.18].

To date, known impacts to lobsters in the»immediate study area have

~ been primarily limited to oiling of traps and lines during hauling.

One major incident of impacts to lobsters by oil on the Maine coast occurred
when the NORTHERN GULF in 1963, lost approximately 1.6 million gallons of

Iranian crude oil after running aground on West Cod Ledge in Casco Bay.
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TABLE 2.1

LOBSTER LANDINGS, STATE OF MAINE [2.17]

County

Cumberland
Hancock
Knox
Lincoln
Sagadahoc .
Washington
York

TOTAL

(1974)

Pounds
2,357,571
4,036,936
4,540,240

1,883,347

466,882

2,092,157
1,080,533

16,457,666

34

Dollars
3,280,112
5,647,808
6,485,556
2,636,777

630;799
2,979,699
1,552,057

23,212,808
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Five tidal storage impoundments, containing 647,000 lobsters were located
] iﬁwihé épiil érea; The impoundménts locéted on’Long’island (Friendship,
'Maine) contained 300,000 lobsters and recorded immediate losses of 28,000
lobsters. Under normal conditions, the dam enclosing the impoundments
would have prevented the entrance of oil, but storm conditions led to

- contamination of the’impoundments {2.19].

Impacts of oil to adult lobsters is uncertain. Some of the spilled
0il generally floats on the water surface, but various mechanisms, such
as sedimentation can result in sinking and a resultant contamination of

the substrate and benthic biota. The lobster (Homarus americanus) is

sygﬁeptiblg to tainting through direct contact with low concentration

oil/water emulsions [2.20]. Tainting could result in adverse affects

Bay have not been recorded.

As reported in reference [2.3], investigations of the changes in the

feeding rate and behavior of Homarus americanus to 100 ppm of La Rosa

\
| to the lobster industry. Such impacts to lobsters harvested from Casco
|
E
|
|
crude or its extracts showed that the exposure to this low concentration

|

of crude produced changes in behavior, while exposure to the soluble

fractions did not. The long-term affects of adult lobster exposure to

petroleum hydrocarbons is uncertain.

Of greater concern is the effect of oil on the larval stages of the

lobster. Larval stages are characteristically more sensitive to oil than
adult forms. Wells [2.3] found 100 ppm of Venezuelan crude to be lethal

e to all four larval stages of Homarus americanus. Long-term exposure of

newly hatched larvae to 10 ppm Venezuelan crude resulted in a nine-day

g mean survival time.

Lobster larvae are present throughout the study area, residing in
Y the plankton of the surface waters. Loss of lobster larvae would probably
occur at the immediate site of a spill, irrespective of the type of oil.

Whether or not a sufficient concentration of o0il would be maintained over

: a wide enough area for a sufficient period of time to result in measurable
L; ' losses to the lobster fishery is uncertain. Since the entire study area
A
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is known as a lobster ground, rapid response, containment and removal
of the o0il from the marine environment is recommended to limit the area

of exposure and possible losses or tainting of lobsters.

The commercial fishing industry in Portland is based primarily on
the offshore fishery within the Gulf of Maine, beyond the three mile
limit. The primary exception is menhaden, which aré caught within Casco
Bay. The Cumberland county menhaden landings for Ju1y>1975, were six
million pounds [2.12]. Table 2.2 gives an indication of the species
composition, size, and value of commercial laﬁdings for finfish and shell-

fish in Cumberland County during 1973 and 1974.

Data are limited on the effects of spilled oil on adult fish in
the field. Some investigators, following the spill of the TAMPICO MARU
(diesel fuel) and the Santa Barbara Channel crude spill, suggest that
adult fish avoid areas of heavy oil contamination [2.14]. However,
heavy finfish mortalities were recorded in light product spills off
Wake Island and West Falmouth, Mass [2.3]. Low level contamination of

surrounding waters can produce an oily taste in fish.

The adult species of the Gulf of Maine fishéry are of limited concern,
compared to the planktoﬁic and estuarine nursery grounds. Presently, the
extent to which the Fore River or the Presumpscot River serve as significant
nursery or'spawning grounds is undocumented. The Presumpscot River caﬁ
potentlally serve as a coldwater fishery according to the Control Planning
Group, but this is dependent on pollution abatement and fish passage.
Impacts of oil contamination on estuarine nursery grounds were discussed

in Section 2.3.1.2.

Potential impacts to commerical fishermen also include oiling of

nets and other equipment, resulting in economic losses due to down-time.

As shown in Table 2.2, the Cumberland County soft clam 1andings
were valued at approximately $450,000 in 1973 and $250,000 in 1974,
ranking this local shellfishery second in dollar value to lobstering
(shrimping ranked higher but is less confined to the study area covered

by this report). The soft-clam fishery is scattered throughout some
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TABLE 2.2

CUMBERLAND COUNTY LANDINGS 1973 AND 1974
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¢ ATLANTIC o o ¢ o o o o | 1,565 626 |
< “ONe o o o o« o o o o o o | 168 31 |
SAL FISH o o o o o o o a o o | 112,977 106,781 |
TILEFISHe o ¢ o o o o o o s o | 510 168 |
TUNA, BLUEFIN o« o o = o s o o F 136.570 76,897 |
WHITING o ¢« o o« o o o » o o o | 2942574458 134,975 |
WOLFFISH: o o o o o o o o o o | 44086 315 |
UNCLASSIFIED FOR FOGD o o o o | 51,582 &y 617 |
UNCLASSIFIED FOR INDLSTRIAL o | - - |
TOTAL FISH ’ | 252911823 1:895.139 1
| |
SHELLF1SH | |
€8Sy ROCK o o o o o o o » o | 779,519 244573 |
L STERS, AMERICAN, UNCL. o « | 2,357,571 3,280,112 |
SEAIMP, SALTWATER {HEADS-ON), | 4,044,120 1,284,191 |
CLAMS, HARD (MEATS) o« o o o o | 45 35 |
CLAMS, SDFT, PUBLIC (MEATS) . | 2764368 2344164 |
MUSSELS, SEA (MEATS)e o o o o | 7,845 2,384 |
SCALLOPS, SEA {MEATS) . o « o | 12,513 21,780 |
SQUID o o o « o o o o o o o o | 7,035 53¢ |
SEAWEED, TRISH MOSS & o o o « | 1,368,000 54,720 |
BLOODWORMS . « o « o o o o o o | - - |
SANDWORMS ', o o o o o o v = o | - - [
TCTAL SHELLFISH | _B:313,016 5.002.565 1

e GRAND TATM ol 34,220,839 6.891.£84 1
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8,000 acres of the shallow subtidal benthos of Casco Bay, focusing on
locations identified on the Resource Map. An enumeration of the various
fracts, as compilled by'the Maine Department of Marine Resources is

given in Appendix E. This enumeration includes estimates of productibn'
capabilities and percent closure (i.e., contamination) of the various

tracts.

Numerous reports have documented the extreme vulnerability of soft

clams (Mya arenaria) to oil spill impacts. In Maine, spills near

Searsport and in Casco Bay have reportedly resulted in héavy soft clam
mortality [2.5, 2.19]. The SEARSPORT spill illustrated this species
vulnerability to the relatively high percentage of soluble‘éromatics in
gome 5~10,000 gallons of light refined products (No. 2 fuel oil and JP--5).
Investigators reported the loss of approximately 4.5 million commercial
sized clams in less than two weeks following this spill [2.19]. This

fuel is currently transported in the vicinity of valued clam beds around
Harpswell Neck. The TAMANO spill in Casco Bay apparently demonstrated

the adverse 1mpact potential of heavier oils, where investigators reported
severely reduced ratés of successful larval recruitment of Mya on benthic

substrates containing large amounts of spilled #6 fuel oil [2.5, 2.21].

. The TAMANO spill also illustrated the degree to which extensive
subtidal areas can be quickly contaminated by spilled oil., Cleaning
such areas appears impractical. In view of this fact and the wide
geographic distribution of clam beds about the Bay, maximum protection
of this and the lobster fishery can probably be achieved by locating
spill response equipment in the vicinity of potential accidents, rather
than the resource. Special attention should be given to routes around
Harpswell Neck, where potentially toxic products pass in close proximity

to commercial clam beds.

2.3.2.4 Subtidal Benthos

Two principal inadequacies in the existing data preclude an in-depth
discussion of wvulnerability of benthic communities in the study area.

These are: (1) the lack of a comprehensive baseline survéy of benthic

38

Arthur D Little Inc.



faunal assemblages in the area; and (2) the lack of sufficient data points
to determine the existence of uncontaminated (i.e., "control") conditions.
Sampling programs conducted for the Central Maine Power Company [2.22],
NEECO [2.23] and following the TAMANO spill [2.5] provide scattered data
from various locations. None of these results reveal faunal assemblages
representative of "uncontaminated" diversity and abundance (e.g., greater
than 300 individuals of 25 or more species). Nor, in general do they
show severely "pollution limited" conditions (e.g., fewer than 50 indivi=-
duals of 10 or fewer species). Diversity and abundance were extra-
ordinarily low in éentral areas of the Bay in the month following the
TAMANO spill. However, the large number and frequency of Sméller spills
over the years [2.2] casts doubt on elaborate interpretation of all the

aforementioned sampling results.

Michael [2.6] noted the persistence of severely limited benthos
in the most heavily contaminated subtidal areas 5 years after the West
Falmouth spill. As in similarly contaminated intertidal sediments,
opportunistic specles, such as Spionid and Capitellid polychaete worms,
tend to be disproporﬁionately abundant in oil contaminated benthic
faunal assemblages. Where such assemblages already exist in the study
area (as is probably true, at least seansonally, in the Fore River and
Presumpscot Cove) the vulnerability of this benthos to further contamination
is relatively slight. These 1imited communities have fast turnover
rates and rapid recovery times. However, the continued uncertainty
over benthic faunal cémposition throughout the study area (excepting
the distribution of commercial shell fisheries) precludes further assump-

tions about community recovery rates.

In any case, it is‘reasonable to assume that protection or “cleaning"
of subtidal benthic environments is impractical in situ. Maximum pro-
tection would be afforded by the strategy recommended for protecting
of fshore commercial fisheries: 1i.e., maximum availability of containment

and removal equipment at likely spill locations.
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2.3.3 End Uses of Inshore and Offshore Zones

A varilety of end use activities are dependent upon both the inshore
and offshore zones. Two end use activities that are important within
Casco Bay, and which are also vulnerable to oil apill contamination, are

recreational activities and scientific/educational activities.

2.3.3.1 Recreational Activities

Recreation opportunities within the offshore zone are primarily
boating and fishing,'with these activities being practiced most intensively
during the summer months. The présence of an oil spill in>the offshore
zone could impact recreational sailors and fishermen by prohibiting thelr
use of an area where a slick occurred, causing damage to paintwork or
creating an adverse visual impéct. Loss of recreational bpportunity and
damage to paintwork has resulted from oil spills in Casco Bay. Under
the class action suit filed by clam diggers, real estate ownérs and boat
owners against the Tanker TAMANO, tentative settlement included payment

of damages to 62 boat owners [2.24].

Yacht clubs and marinas where major concentrations of moored boats
are located should be protected from oil slicks. The paintwork of boats
is easily spoiled by oil. Major concentrations of moored boats include
the areas listed in Table 2.3 and indicated on the Resource Map (Chart I).
~ Scattered areas with small numbers of boats occur throughout .the study
area, usually associated with private residences. All are used most

heavily in the summer months.

Sailboat racing is another end use of the offshore zone. Within
the study area, racing is sponsored by the Centerboard, Portland,
Harraseeket, and Cheabeague Island Yacht Clubs. Racing activity is

concentrated in the following offshore areas:
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4. OIL SPILL MOVEMENT

4,1 TINTRODUCTION

=24

Wt

An o1l spill on the ocean is moved both by wind and surface water
currents. The oil slick also spreads due to buovancy and surface tension
forces. Thus a spill offshore may reach the shore and pollute the beaches
and the shore area. The purpose of this analygis'xﬁ to develop a pro-
cedure for predictingvthe movement {(tracking) of an‘oil spill and cal-
culating the probability of oil impacting a given shore area when the

spill occurs at a specified location.

The need for knowing the oil slick path and the location of the
shore impact arises because of khe concern of the public and private
agencles for the environmental consequences and danger to the coastal
ecology that can be caused by an oil spill occurring near a harbor or a
few miles offshore. If the probability of oil impacting a given point
of the shore can be predicted, appropriate public agencies can dispatch
the necessary personnel and pollution-fighting equipment to the viéinity
of the high impact probabillity area.

To trace the movement of the spill and calculate the shore impact

probability one needs to know the following:

® quantity of oil spilled

the physical properties of the oil
e the wind data for the region
® the tidal and current data for the region.

4.2 ANALYSIS OF OIL MOVEMENT

4.2.,1 0il Slick Size Increase with Time

The model available in the literature for predicting the size of
the oil slick (spilled instantaneously) with time has been reviewed in
Appendix G.l. Based on this analysis, the radius of spill as a function
of time for three different spill quantities of crude oil (lO ’ 10 and
106 gallons) has been plotted in Figure 4.1. The manner in which these
data are used in the analysis is explained in the next section (4.3).
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4£.,2.,2 Movement of 0il by Wind

Even though the exact mechanism by which the wind interacts with an
0il slick on an ocean and moves the slick is not well understood, approxi-
mate measurements indicate that the o1l slick moves in the direction of
the wind at about 3% of the wind speed. The direction of the wind and
its velocity vary Qith time. In Appendix G.2, a method is given by
which the probabilitybof wind blowing in a given direction and its average
velocity can be computed from weather data compiled by the National

Climatic Service.

4.2.3 Movement of 0il by Surface Water Current and Tides

The slick formed by an oil spill on the water surface is known to
move with the prevailing surface current. The tides in the sea also
affect the oil slick movement. The tidal velocity and direction in a
given location on the sea depend on the time of the day and the geographical
configuration (such as the presence of islands) near the location. An
oil slick is carried towards the shore by tidal currents during the flood
flow and away from the shore during ebb flow. In the absence of wind,
an oil slick will move in phase with the tidal ebb and flood and travel
approximately along a stream line. However, because of the action of
wind, the slick moves on different stream lines at different times of
the tidal cycle, reaching a location other than the starting point at

the end of one complete tidal cycle.

The reduction of tidal data (available from National Oceanographic
and Atmospheric Administration) into suitable form for use in tracking

an o0il slick in a tidal cycle is explained in Appendix G.3.

In the following section a specific example is considered to
illustrate the methodology for predicting the oil impact probability
taking into account the effects of o0il slick size increase, the wind and
tidal effects. The same methodology is utilized in obtaining the oil
impact probabilities for Portland shore line. The results are given in

Section 4.4.
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4.3 METHODOLOGY FOR CALCULATING THE PROBABILITY OF IMPACT OF AN OIL
SLICK ONTO THE COASTLINE

The method of calculating of the impact probability:is based on
the oil slick tracking principle. With the wind assumed to be blowing
in a given direction, the path of the oil is tracked on the water surface
‘(method of tracking is explained later) until the oil impacts the shore.
Then the probability of impact of that particular area of shdre is equal
to the probability that the wind is in the assumed direction. If the
same area of shore is impacted by the o0il movement caused by winds
in other directions, then the totél probability of that Shore being

impacted is the sum of the probabilities of wind being in those directions,

The methodology indicated in this section is a genefal one and can
be applied to an oil spill occurring in any season, any time of day, and
any location, provided sufficient data exist for tide and wind. The

procedure of calculation is illustrated with a specific example.

Consider a:(hypOthetical) spill occurring near Portland Harbor with

the following conditions:

Quantity of oil spilled

instantaneously = 100,000 gallons
Location of spill (see = near the oil transfer
location number III on the area [43° - 43'N, 70° -
map shown in Figure 4.2) 10'W approximately]
Season of the year = January

Time of day when spill
occurs

at peak flood tide

Before the actual plotting can be made on the map to determine the
path of the oil slick and hence the shore impact probability, some pre-

liminary calculations have to be made. These are:
® O0il slick size: TFor the given quantity of spill, the
radius of slick is calculated as a function of time.

Such a plot is shown for the 100,000 gallon spill on
Figure 4.1. For other spill sizes, use the method des-

cribed in Appendix G.1.
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Wind data: The most probable weather condition that occurs
in Portland area is the D type atmosphere (which occurs 61%
of the time). Using the methods discussed in Appendix G.2,
the four wind directions having high probability of wind
are considéred, and the wind probabilities and mean wind
speed in each direction are calculated. Tables'similaf

to Tables G.2.2 and G.2.4 are prepared.

It is seen from Table G.2.4 that in the season DJF near
Portland Harbor, the four highest probability winds blow
from the overall directions Ny NW, SW and E. For

our example here, we consider the East wind, which has

a probability of 3.24%.

Tide data: The tidal current data obtained from the

tables are reduced to a form shown in Table G.3.1 which
indicates tHe peak tidal velocities in flood and'ebb

and their respective 'periods'" for different seasons

and locations near Portland Harbor. For the exaﬁple

under consideration for the January season (DJF), at the

oil transfer location, the peak flood velocity is 1.5

knots with 5.5 hour half period, and 0.9 knot and 6.5

hour half period respectively for ebb flow. Even though
these data are not available for the 0il Transfef Area.(III),
the tidal data from Hussey~Crow Island measuring station

are used judiciously (after suitable modification for

the surrounding geography) to obtain the tidal data for the
0il Transfer Area. Also, a single streamline is dréwn
(shown on the map in Figure 4.2) through the 0il Transfer
Area. Judgment is used in drawing this line, taking into
account the measured data at Crow Island as to the direction
of the current, other nearby geographical features, and

knowing thevgeneral direction of flow of water during tides.
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"Bas«:d on the values of tidal amplitude and period, the distances

' 'traveled by the oil slick cente: for every nalf hour are calculated by

the method given in Appendix G.3. A table of values of intervals of

‘time, the distance traveled in hautical miles, and the length this. re-

presents on the linear scale of the map is prepared. Such a table

for a spill in the oil tramsfer area in January is shown in Table G.3.4.

Haviig calculated the mean wind velocity, its direction, and the
tidal excursion table, we are mow ready to plot the oilvslick path.
This is shown on the map in Figure 4 2. The spill point is represented
on the map by Nc. IIL. During the f rst half hour after the spill, |
the slick center moves 0.74 nautical miles (see Table G.3.4) and at
the same time is moved by the East wind in a di-ection 4.08° south of
west (see Table G.2.4) by a dis:ance equal to 3% x 11.13 knots x 1/2 (hr)
= (.17 nautical miles. On the mnap, the location of the spill center
after 1/2 hour is obtailned by first tracing 0.74 nautical miles along
the floodward streamline, then noving 0.17 nautical miles at 270-4.08°
clockwis¢ from North. This possition is shown as point No. 1. The size
of the sjill after one half hour is 0.03 nautical miles in radius

(Figure -.1). This is shown as a small circle at location 1.
At .ocation 1, another strcamline is now drawn approximately
parallel to the previous one but. keeping in mind the presence of

Sturdivant Island. Then, thé procedure indicated above is repeated,

noting that the wind blows in the same direction all the time.

1t is seen from the map that between one hour and one and one half
hour after the spill, the eastern shore of Sturdivant Island is polluted
by the oil. Also,'because of the East wind, the slick gets pushed toward
the main shoreline. ' During the ebb tide, when the slick is moving in a
southerly direction, it is imp:cting the mainland. Counservatively we
assume in our calculations that no oil is lost from the slick to the
impactec shore. The center of the slick is assumed to stay on the
appropr  ate streamline one radius from the shore and the slick "rolls"

like an expanding hoop along the shoreline.
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In the present example,the o0il slick impacts the shore line just

south of Wildwood Park (see Map ln Figure 4.2) to Prince Point in the

- Portland Harbor area. The probability of impact of this aréa due to a

spill in the oil transfer area (III) is equal to 3.2% (which is equal

to the probability of wind being in that direction), when the spill
occurs in peak flood tide. However, to obtain the overall impact pro-
bability other wind directions and spill times (in the tidal cycle) have

to be considered. Results from such calculations made for Portland

Harbor area are discussed below.

4.4 RESULTS

For Portland Harbor, we have calculated the probabilities of oil
impacting various points on the shore due to an oil spill occurring in
one of several spots in the harbor region. Four possible locations for
oil spill were considered with spill occurring in either peak flood tide
or peak ebb tide. Two seasons were considered. These conditions arve

sumnarized in Table 4.1. Sixty-four plots were made and the oil trajectory

traced as described in the previous section.

To present the results of the impact data, we have divided the
islands and mainland shore into several regions shown in Figure 4.3.
The impact of each region by any of the spills considered.ié recorded
in a table. The details of such impacts to various regions of mainland

shore and the islands are given in the tables of Appendix G.4.

4.5 DISCUSSION

The results presented in Tables G.4.1 through G.4.4 indicate that
the probability of impact of a given shore area depends to a large extent
on the location of the spill relative to the shore point. For example
the highest probability of impact due to a spill in Portland Breakwater
is 63.4% impacting Cushing Island I. However, the probability with which
Cushing Island I gets impacted by a spill at Hussey Sound - Cow Island
is only 1.29%. The above conclusion could have been qualitatively obser—
ved by noting the relative positions of the épill points and Cushing
Island (see Figure 4.3), but the quantitative results can be obtained

only by a detailed calculation illustrated in earlier sections.
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TABLE G.4.5a

Effective Wind Probabilities

Assuming Only

Four Principal Directions are Possible

Season DJF D Weather Portland Harbor
. Direction Probability _Effective
o Probability
Mean of Vector of Occurrence Percent
Wind from N from Wind
Approximate Velocity Clockwise data, percent p = E.
. e . Ip
Direction Knots Degrees P
N 10.35 180 - 1.03 26.10 41.61
NW 10.49 135 + 1.93 18.73 29.85
SW 10.41 45 + 4.06 14.67 23.38
E 11,13 270 - 4.08 3.24 , 5.16
Total 62.74 100.00
TABLE G.4.5b
Effective Wind Probabilities Assuming Only
Four Principal Directions are Possible
Season JJA D Weather Portland Harbor
Direction Probability | EffeCtiYe
Mean of Vector of Occurrence Probability
_ Wind from N from Wind Percent
Approximate Velocity - Clockwise data, percent - p = E-
Direction Knots Degrees P e p
S 10.17 + 0.93 28.22 _ 50.03
W 8.93 90 - 4.58 9.72 17.23
E 8.31 270 - 1.81 11.58 20.53
NW 8.81 135 + 0.68 6.89 12.21
Total 56.41 100.00
174
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APPENDIX H
RESPONSE CAPABILITIES
AND
INVENTORY OF CONTAINMENT AND
CLEAN-UP EQUIPMENT
IN PORTLAND, MAINE

AMOCO Ray MacLean .
Clarks Road Home: 799-1336
South Portland, Maine

(207-799-8566)

1700 Feet BP 18" boom

240 Feet mini seal boom 8"

Boom barge 26 feet

1 Floating saucer skimmer powered gas engine
(5) 15 pound boxes o0il snare

BOSTON FUEL TRANSPORTATION, INC. Vincent Tibbetts
36 New Street . :
East Boston, Massachusetts

(617) 567-9100

1 Towboat
1 Bunkering barge

WILBUR BROWN

202 Cottage Road
South Portland, Maine
(207) 799-5505
1 50' Work boat (Venturer)

CASCO POLLUTION CONTROL CO., INC.

14 Bagley Avenue _
South Portland, Maine
(207) 799-0850

Floating Equipment:

32' Work board :

16’ Fiberglass boat (modified as work boat)
16" Aluminum work boat

40 HP outboard motors

30 HP outboard motor

25 HP outboard motor

85 HP outboard motor

e e el N e e
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34'x15' Barge equipped with 2000 gallon tank and 800' 18" boom
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Casco Pollution Control Co., Inc. (cont.)

Trucks and Trailers
1 International Tank Truck 2,600 gallon
1 GMC 2-ton van
1 Ford Econoline 200
1 Boat trailer
1 Boom trailer equipped with 500' 18" boom
1 Tank trailer 5,000 gallon

Pumping Equipment

1 Trash pump 4 cycle rated 36,600 GPH

1 Trash pump 4 cycle rated 21,600 GPH

2 High pressure pumps rated 105 1lbs. PSI
500' 3" Discharge hose

200" 3" Suction hose

200" 2-1/2" Discharge hose

60" 2-1/2" Tapered Nozzles

1 Acqua pump rated 600 gallons per hour
1 24" Skimmer head

Lighting Equipment

1 Homelite generator
-4 500 watt Flood lights (500'string-l light per hundred feet)

Miscellaneous

25 Bags Ecopearl

550 Conweb .
Anchors: 4 22s Danforth, 2 40s Danforth
500" 5/8" Poly line
1,000' 3/8" Poly line
24 Pair work gloves

100 1bs. Rags

12 Pair rain gear

6 Brooms

6 Shovels

6 Rakes

100 4-mill Plastic bags
1255 gallon drums

Access To:
50 Bags Slick Wick
100 Sorbent sheets

50 Sorbent pillows
100" Absorbent boom

177
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Casco Pollution Control Co., Inc. (cont.)

Equipment on Order

1,000" 18" Boom

1 20" Aluminum work boat

1 40 HP Outboard motor

1 20' Boat trailler

VHF Communications under negotiation

CENTRAL MATINE POWER Herb Griffin

Cousins Island
Yarmouth, Maine

(207) 846-5730

1700 feet of 36" Sea boom

CENTRAL WHARF TOWBOAT COMPANY, INC.

100 55 Gallon drums (200 within 24 hours)

72 Commercial Street Home: 799-2137
Portland, Maine
(207) 772~8319

1 1600 HP Towbcat
1 1900 HP Towboat
1 3500 HP Towboat

CHEVRON OIL COMPANY - " H. Bruns

175 Front Street Home: 799-3933 -

South Portland, Maine
(207) 799-5561

5 Cases of absorbent blanket
2000° 36" boom

30 55 gallon drums (30 within 24 hours)

CIANBRO CORPORATION Robert Thomas

1004

Congress Street

Portland, Maine
(207) 772-1968

Floating Equipment:

o N B

Pontoon barge 40'x45' 90 tomns, 20,000 gals

Pontoon barges 40'x50' 100 tons, 23,000 gals
Steel barges 50'x70°' 200 tons - '

Monarch barge 34'x110' 200 tons, 46,000 gals
Newport dump barge 28'x115' 250 c.y.

Dinny self-prop barge 20'x40' 10 tons

Tug cadet 40' 165 HP

Tug Fannie J 67" 400 HP

178

Home: 623-3492
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[ Cianbro Corporation (cont.)

s Pumpsg:

5 : 3 11/2" 5,800 gallons per hour
wi 23 on ‘ ’ 8,000 ] 1} "
24 3" 16,000 " " "
68 4" 30,000 " " "
C 46 6" 90,000 " " "
~ 14 8" 125,000 " "o
- 1 10" 200,000 " mooo
" THE CRAGO COMPANY, INC. Brian Preble
r Route 26 Home: 657-3349
| Gray, Maine :

(207) 657-4785

| 2 5200 gallon Thompson Tank vacuum trailers
E 1 350 gallon Thompson Tank vacuum trailer
= 3 6000 gallon Tank trailers with pumps
; 2 Van trucks equipped for tank cleaning or oil spills ‘
f 1 Trailer mounted trailer ’ |
- 3 Utility pick-ups _
1 Air compressor-gas & electric portable pumps
1 Floating Weir skimmer
- 1 30' Work boat equipped for boat booming
DEPARTMENT OF ENVIRONMENTAL PROTECTION David Sait
a 40 Commercial Street Home: 892-6632
= 2nd Level

Portland, Maine

. 2000 feet 36" T/T Boom
1 Chevrolet C/10 truck
1 19 foot Grady white boat

EXXON COMPANY, U.S.A. T. F. Dunn

1 Lincoln Street Home: 799-7588
{ South Portland, Maine :
= - (207) 767-2141

_ 6 cases Absorbent blanket
" * 1500 ' 36" boom SHARED WITH GULF AND GETTY
50 55 ballon drums within 24 hours

179
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GOLTEN SHIP REPAIR, INC. James McCabe
400 Commercial Street . Home: 799-4685
Portland, Maine ' »
(207) 774-7846

50'x14' Steel work boat 225 HP diesel (Boyce)
45'x14"' Wood work boat 200 HP diesel (Pilot)
25'x12' Steel barge ~ 200 HP gas
14"x8' Steel barge 25 HP diesel
4'x40" Steel barge 200 HP diesel
93'x16' Steel tanker - Buda Diesel capacity
(1,000 bbls. Audrey Hudgins)

2 1/2" Centrifugal pumps powered by 100 HP engine
Pump units are built up to pump plain water or plain
chemical, or the chemical can be mixed in the pump
with the water at any given percentage

Single cylinder gas driven 1 1/4 pumps
Experimental oil scoop units with 25' suction hoses
2 1/2" Centrifugal trash pump 100 HP powered for use
with oil removal equipment

3/4 Ton vans

3/4 Ton pickup trucks for transportation of equipment
11/2 Ton stake body truck

Ll e e e

N W

=R

All floating equipment is equipped with VHF radios plus
two portable radios for supervisor control of operations.

GULF OIL COMPANY

601 Danforth Street
Portland, Maine
(207) 774~8204

1500 feet 36" Boom shared by Exxon and Getty
100 55 gallon drums (500 within 24 hours)

KING RESOURCES COMPANY " Richard Shields
Long Island f Home: (207) 345-2161
Maine .

(207) 766-2914

3 100,000 gallon Underground slop tank

1 60,000 barrel Underground concrete glop tank

1 Viking transfer pump, 100 barrels per hour capacity
1 5,000 Gallon tank truck '
2 Twin weirs, 5'x25' with baffles

750 feet of o0il boom

80 )
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MAINE’COASTAL SERVICES Joseph Pastore

Wharf 3, 50 West Commerical, R. ' Home: 829-3767
Portland, Maine
(207) 774~-6044

Floating Equipment:

N e

70" work boat

32" work boat (inboard)

22' steel work and tug boat (inboard)

35' x 15' steel work barge

18" fiberglass boat/55 horse (outboard)

16' fiberglass boats/40 horse (outboard)

15" aluminum boat/35 horse (outboard)

Swiss & Thompson skimmer

Portable vacuum tank unit (1,000 gal) on order

Trucks and Trailers:

D R e

30" o0il spill trailer

Tandem diesel with 3,300 gal. vac tank

Vacuum unit 4,200 gal '

Vacuum unit 6,300 gal

GMC 2 ton rack truck/2 ton winch (20¢ per mile)
Dodge 1 ton vans (15¢ per mile)

White tank truck 2,800 gal. (20¢ per mile)

Boat trailers

6 ton steel trailer

Pumping Equipment :

e

N

10,000 PSI water blaster on trailer

Trash pump 4"/100' suction hose & 100' discharge hose
2-1/2" goulds molasses pump/100' suction hose & 100'
discharge hose

2" goulds molasses pump/100' suction hose & 100'

discharge hose

2" petroluem pumps/100' suction hose & 100' discharge hose
Aqua pump: rated at 600 gal per hour

(more hoses available on all pumps at green book rates. )
Plus 10%

Booms

1500'/36" colloid o0il containment boom
500'/15" colloid oil containment boom

Miscellaneous equipment such as brooms, shovels, rakes, pitch forks,

wheel barrels, squeegees, maps, Sorbent Sciences' sorbent sheets, pillows,
sponges, polyurethane and polyester pads, rolls and bales of 3M sheets,
sweeps and pollow.

30

55~gallon drums.
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MAINE HELICOPTERS, INC. Andrew Berry
465 Congress Street - Home: 865-3861
Portland, Maine

(207) 774-8214

2 Helicopters for patrol, surveillance, etc.

MOBIL OIL COMPANY Andrew Kowalsky
48 Main Street Home: 883-4913
South Portland, Maine

(207) 799-8541

2000 Feet sea‘boom’

NORTHEAST PETROLEUM CORPORATION Richard Chase

17 Main Street ‘ Home: 781-2704
South Portland, Maine »
(207) 799-4755 Location:

1 2" Portable electric pump (110V-AC) Main Warehouse
self priming centrifugal, 75 GPM :
with 100' extension cord Exp. Proof) :

1 2' Portable gasoline driven pump Main Warehouse

60' 2" 611 discharge hose quick coupled Main Warehouse

10 50 Gallon oil drums Tank Farm Rd.

1 300 Gallon skid tank Tank Farm Rd,

1 Roll 36' conweb absorbent Storage Shed at Pond
6 Colloid absorbent 4' pillow booms Main Warehouse

1 Box Conweb pads Storage Shed at Pond
1700 36" Seaboom (stored in water) Mobil Dock

(360" permanently installed,
1340' rafted in water)

' PORTLAND FIRE DEPARTMENT Chief Joseph Cremo

380 Congress Street , Phone: 772-6531
Portland, Maine
(207) 772-6531

1 Fire Boat
PORTLAND HARBOR POLLUTION ABATEMENT Edward Langlois
COMMITTEE Home: 623-3492

40 Commercial Street
Portland, Maine
(207) 773-5608

500 Nierad Slickbar boom (used) stored at Maine State Pier

Supply of 0il Spill Booklets (Information booklet on 0il Spills)

Supply of State of Maine Contingency Plan
- Copy of Marine Disaster Plan
01l Spill Red Alert Book (Pertinent information for Portland
Harbor and State of Maine)
Helicopter Pad on Roof
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Portland Harbor Pollution Abatement Committee (cont.)

15" Boat

15 HP Motor and tank

20' Barge

1,000 gallon Tanks

5,000 gallon Rubber tank (with fittings)

=N

%

The PHPAC has»an inventory of known boom manufacturers
throughout the country where contact could be made to move
boom into Maine in case of serious emergency.

PORTLAND PILOTS INC. Captain Howard Wentworth
42 Commercial St. = Home: 772 5258
Portland, Maine

(207) 774 5623

2 Steel boats (Portland Pilor) Director 6 channel
VHF 60 KW 110 volt generating capacity

PORTLAND PIPE LINE CORPORATION Wallace McGrew
335 Forest Avenue Home: 799-0187
Portland, Maine
(207) 772-4603

Location:

403" 3' Sea boom 3PF Stationary under Pier #2
550" 6" Neirad Mark IV Boom

50' 6" Bennett Float Boom '

1875' 18" Uniroyal Model "C" mini Sealdboom-Marine Terminal-Pier #2
188' 3' Sea boom 3 PF | Used for Routine

165" 3' Goodyear Sea Sentry Inflated Boom | Booming of Tankers

1400' 18" Uniroyal Model "C" mini Sealdboom—(Spare—stored at Pier #2)
1200' 36" Coastal Boom

2,000 36" Colloid Chemical CoBoom

312" 36" T-T Boom

200" 36" Uniroyal Model "C" Mini Sealdboom

100' 18" Bennett Wireless Boom

100' 4" Neirad Fload Boom

45" 6" Neirad Mark VI Boom

Other Equipment and Materials:

1 60 Bbl. Unitized Vacuum Truck

10 55 Gallon Drums (20 within 24 hours)

2 Apparatus OELA III Portable, Self-adjusting, floating
oil skimmers, with one Flexible 50' metal suction hose

200 bbs. Miscellaneous absorbent materials manufactured by
Conwed and others.
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SEACOAST OCEAN SERVICES Robert Madsen
P. 0. Box 2316 Home: 799-5047
South Portland, Maine 04106 '
(207) 774-2111

Sl et Sl
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veecper
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£

35" Diesel powered work boats
25 Ton Loraine track mounted crane
19" Fiberglass I/0 workboats/speedboats 165 HP
19" Aluminum I/0 workboat/speedboat 140 HP
20" Aluminum custom boom boat
16' Aluminum custom boom boats
17' Fiberglass runabouts
15' Fiberglass runabouts
16' Aluminum runabout
12' Aluminum runabout
65 HP Mercury motor
50 HP Evinrude motors
20 HP Mercury motors
18 HP Evinrude motors
10 HP Mercury motor
Rheinwerft Skimmer - Model 1500
1000 gallon skid mounted vacuum units
T-T Skimmer self propelled ,
33'x14" Pontoon barge (for storage of 1800' boom & 6000 gal. slops
4800 Gallon vacuum truck
2000' Used 36" Containment boom
2000' New 36" Containment boom
320" Used 18" Uniroyal boom
400 Bags urethane absorbent

HFERERERDEREFRLDNORERRMRNNNRRF N MW

- 100 Rolls absorbent blankets

50 Boxes absorbent pads

30 Colloid absorbent booms

100 Grefco absorbent booms '

1 Trailer mounted heated high pressure water washer 150 175
1000-1200 PSI

1971 Ford Econovan truck A :

1972 Ford 1z passenger van truck :

1972 Dodge 500 stake truck 14' with 1600 1b. power lift gate

Holsclaw boat trailer model C-450

Holsclaw boat trailer model 575

25 Watt base VHF radio

Portable VHF Radios - explosion proof

150 55-gallon drums

Miscellaneous pumps, blower, hoses, chemicals, etc.

I e e

Equipment located at 37 Custom House Wharf, Portland,‘Méine
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SHELI, OIL COMPANY Richard Anderson
5 Central Avenue Home: 781-2704
South Portland, Maine .

(207) 767-2161

5 18 1b. Sorbent C

16 Bags petropak

16 Absorbent booms 5' each

0-10 55 Gallon drums ‘

1500' 36" boom. shared by Exxon, Gulf and Gett

SUN OIL COMPANY Kevin Brennan
93 Kensington Street Home: 767-2258
Portland, Maine -
(207) 773-6467

1000' MP Bar boom
50-200 55 Gallon drums (200 within 24 hours)

TEXACO ' Charles Farnham
102 Mechanic Street Home: Buxton, Maine
South Portland, Maine . 929-4410

(207) 799~3394

1950 feet Mark VI suck bar boom

500 feet Jaton boom

14'x26' Barge 240 HP

Slurp skimmer with gasoline pumps and related hose

U. S. COAST GUARD

259 High Street

South Portland, Maine
(207) 799-5531 ’

40' Utility boat
44" Motor lifeboat
110" Tug yankton
65' Harbor tug

40" Buoy boat

b e b

All boats equipped with communications
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APPENDIX I
MANUFACTURERS AND GENERAL

SUPPLIERS OF OIL MONITORING SYSTEMS

I.1 AQUALERT MODEL - 240

Manufacturer

Bull and Rorberts, Inc.

785 Central Avenue

Murray Hill New Jersey 07974
(201) 464-6500

Operational Characteristics

Range - Heavy 0il 0-50 ppm‘
Light 0il 0-100 ppm

Accuracy - 5% full scale (standard application)

Repeatability - 2%

Operates with less than 1% light transmission

Ambient Temperature - 32°F to 140°F

Lamp Life - 5,000 hours

The Aqualert Mode1~240 is an in-line, continuous, oil detector, pollution
monitor. Instrument operation is based on the measurement of light
transmission through the fluid being monitored and ifs potential
contaminant. The measured value of the transmitted light is used as
an index of sample stream contamination. Two segments of light
spectrum are monitored. The first is an ultraviolet wavelength which
is selectively absorbed by organic materials. The second is the
visible light portion of the lamp output, ﬁsed as a reference which
compensates for the presence of light absorbent materials that are not
épecific absorbers in the UV wavelength. Absorption depends on the ‘
absorption coefficient of the material. The reading is éompared with
a curve for a specific contaminant and indicates the contaminant

concentration. A sketch of this device 1s showvm in Figure I.1.
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oz .

FIGURE I.1 - AQUALERT MODEL - 240

Cost

The base price of the device is $3,250 without the alarm.

manufacturer does not install the system.
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1,2 OIL-IN-WATER ANALYSIS SYSTEM

Manufacturer

Teledyne Analytical Instruments
333 West Mission Drive

San Gabriel, California 91776
(213) 283~7181

Operational Characteristics

The TAI oil-in-water analysis system is a dual wavelength ultra=-
violet analyzer combined with an essential sample conditionihg system.
The dual beam analyzer employs a reference signal at a Waveiength of
4,000 Angstroms where oil does not absorb. Although the reference
signal is affectéd by turbidity, as is the measuring signal (2,540
Angstroms), electronic circuitry within the unit compensates by
comparing the two signalé and ratioing turbidity to zero. The unit
functions as the sample is fed into both sides of a conditioning
system for sample preparation. A high-speed, high-sheer hbmogenizer
disperses any oil in the sample, including small and 1argeboil
droplets, and oil adsorbed onto foreign matter. A-portion of the stream
is conditioned to remove all oil (dissolved and undissolved) without
altering the background (organic or inorganic non-oil compoﬁnds).

The analyzer then substracté the background from the total and reads
the contribution of oil only. The analvzer is calibrated with a known
standard on a one-time basis,v Figure 1.2 is a sketch of the svstem.

The unit can be used continuously or intermittently to gain an
accurate analysis (fl%) of o1l in an effluent stream discharges.
The samples are drawn from both sides. A continuous record of oil
content is obtained and relays are provided that would permit the
use of an alarm system such as a light, bell or sirén, The cubicle

pfovides sheidling against cold weather and human interference factors.
Cost

The base price of a standard unit Model 661C is $10,530 whereas
an explosion proof unit adaptable for industry which handled flammable
liquids is $12,030.
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FIGURE I.2  TELEDYNE'S OIL-IN-WATER ANALYSIS SYSTEM
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1.3 OIL~IN~WATER DETECTOR AND CONTROL SYSTEM

Manufacturer

‘Galbraith Pilot Marine Corporation

166 National Road

Fdison, New Jersey 08817

(201) 287-2810

The system is also handled and distributed by Poliution Measure-
ments, Inc., 600 Fourth Avenue, Brooklyn, New York 11205, (202)

768-8300.

Operational Characteristics

This is an in-line, direct liquid-sensing type, oil-in-water
detector. The unit is self-cleaning, and installed directly in the

main pipe stream with no bypass required. The standard system consists

~of a 1-1/4 inch cell and valve assembly, and control panel. The

components are constructed of marine grade materials suitable for use
with sea water. The sigﬁal alarm point is preset to the desired
detection level (nbrmally five parts per thousand); when reached, the
relay 1in the control box is energized, the cdhtrol gystem actuated.
The unit can be wired to stop pump motors or to operate a golenoid

check valve. It could also be designed to divert a contaminated

‘water flow into a temporary retention tank or waste treatment. pond

or holding bagsin. It is capable of detecting oil at a level of 5000 ppm.
Figure 1.3 shows the various components of the Galbraith detection

sensor.
Cost

The base price of the panel cell and valve is $1,000 with an
additional $800 if a solenoid valve is desired.
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. I.4 DURHAM OIL DETECTOR SYSTEM

Manufacturer

Durham Associates, Inc.

100 Elm Street

Milford, New Hampshire 03055
(603) 673-6021

Operational Characteristics

The Durham System is a portable, floating, in-the~water type oil
and/or petroleum products detection device. The main housing
supports a selective permeable membrane at the water line, allowing
petroleum products to pass into a receptacle while preventing the
penetration of wéter. The ingested oil coalesces, and actuates an
audible, visual alarm in the control receiver. The control receiver
can be activated in two ways: (1) Via a cable, up to 1,000 ft 1in
length, or (2) by transmitted radio signal. Detection time is
dependent upon slick thickness. For a large spill of crude oil,
detection time required to. trigger the device may be 30 seconds or less.

The cable unit has the following specifications:

Detector Buoy Power Supply None Required
Detector Buoy 4 Dimensions 16" high (12" draft)y
: : 12" diameter '
Detector Buoy | Weight 15 1b-
Receiver/Monitor Power Supply " 115 VAC; 50/60 Hz
Receiver/Monitor Emergency Power External 12 VDC
Alarm Threshold 8 ml collected sample
Alarm Range : .1,000 ff

The radio unit has the following specifications:

Detector Buoy Power Supply 13.5 volt Mercury Cells

Detector Buoy Dimensions Same as cable unit,

except for 54'" antenna

mast '
Detector Buoy Weight 17 1b -
Receiver/Monitor Power Supply 110/220 VAC, 50-60 Hz.
Receiver/Monitor ' Emergency Power External, 13.6 VOC
Receiver/Monitor . Dimensions : 3" X 12" x 18"
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Alarm Threshold

Alarm Range

Transmission Mode

Transmission Mode

Cost

8 ml collected sample

5-25 miles depending
upon monitor antenna
height

16F3, Two-tone sequential
148-174 MHz

The base price of a single channel unit which includés one buoy

is $975; a 10-channel unit capable of monitoring ten locations

simultaneously again with one buoy, is $1,275.

It is possible to

connect two buoys if they are not too far apart in parallel to a

single alarm. This would be a typical installation for one dock

location using detectors at each end of the dock.

In the event that

the dock and loading or offloading vessel is fully boomed one detector

may make an appropriate installation.
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I.5 INFRARED OIL FILM MONITOR

Manufacturer

Wright and Wright, Inc.

80 Winchester Street

Newton, Massachusetts 02161
(617) 969-2915

OperatiOnal Charxacteristics

This monitor was developed under USCG sponsorship. It utilizes
infrared reflectance at the 3 micron water molecule resonance band to
detect floéting oil slicks. The instrument consists of a transmitter
and a receiver in rugged, cast aluminhm housings which are mounted |
above the water to be monitored. The transmitter projécts a light
beam to the water surface and the reflected infrared light ig analyzed
by the receiver. An alarm is activated when o0il is detected. If
desired, instrument'response time can be adjusted to ignore small
slicks. The Infrared 01l Film Monitor, Model C, includes an>automatic
failure alarm and self-test features, and is designed for six months

of continuous unattended operation in a harsh environment.

Once installed the system can provide continuous spill detection
under any weather conditions. Since the unit, or any of its components
does not make phjsical contact with the water, it is not suéceptible
to marine fouling or impact damage. It can be mounted on a piling,

pler, bridge, or small craft bow with the sheen detection'instruments

‘mounted from six to 30 ft above the water. One model is évailable

for use at heights in excess of 30 ft and explosion proof housings

can be provided.

An auxiliary piece of equipment, the "Remote Readout Unit," is
available. This unit is cabinet mounted and is comnnected by cable
to the Infrared Oil Film Monitor. It is designed to permit the
Infrared 0il Film Monitor to activate automatically remote control
equipment (e.g. motors, solenoids, skimmers,‘etca)a With the Remote
Readout Unit, a technician at a remote location can observe the status

of the Infrared 011 Film Monitor and the water surface below it.

194

Arthur D Little Inc



The Remote Readout Unit incorporates the following features:

1. A red lamp (OIL ALARM) to indicate that the instrument

has detected an 0il film. This lamp is normally off and

lights when an oil glick is within the instrument field-

of-view. The lamp goes off when the slick has passed.
| 2. A loud audible alarm sounds when the red lamp (OIL ALARM) is
- on. The audible alarm can be switched off, if deéired.

3. A DPDT reléy (with each contact rated at 10 Amps, 115 VAC)
is activated when the red lamp (OIL ALARM) is on. This

! relay can be used to activate remote control equipment when

oil is detected. . o
4. An analog meter readout of the signal processing circuitry |
of the Infrared 0il Film Monitor. ]
Low meter reading - clean water (no oil)
» High meter reading - oil on water
- 5. A green lamp (INSTRUMENT STATUS) to indicate that the Infrared
/ 011 Film Monitor is operating properly. This lamp is normally

on and goes off only when a component failure has occurred
within the instrument. The Infrared Oil Film Monitor has been
designed for at least six months continuous unattended operation

with no maintenance required during this period.

6. Built-in logic to prevent OIL ALARM from activafing_when
| INSTRUMENT STATUS lamp is not on.
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Figure I.4 depicts a typical installation:

P

distance, D

height, H

water surtace
to be monitored

\

y
«-s—-g l«-— area, A

FIGURE 1.4 INFRARED OIL FILM MONITOR INSTALLATION

The Infrared 0il Film Monitor is mounted 6 to 30 feet (H) above the
water directly above the water surface to be monitored (A) normally one
square foot of water surface. The transmitter and receiver are less
than 1 foot apart (D) and the tilt angles are within + 1% off.vertical.
The tidal range of 8 to 10 ft as experienced in Casco Bay'will_héve
no effect on this instrument since it is equipped with.an'adtomatic

gain control that is activated by any weakening of the signal.

196 o
Arthur D Little Inc



Coat -
The following price and delivery information applies tb this

J gystem and its components as of 9/8/75:

1-5 units*

Infrared 0il Film Monitor ~$ 7,100.00
Model C

3 Infrared 011 Film Monitor 8,400.00
Model CX v
(for operation over 30 feet)

Infrared 0il Film Monitor 9,100.00
Model D . :

; (Model C in explosion proof

w housing ~ not certified)

Infrared 011 Film Monitor -Contact factory
: Model D
4 (certified explosion~proof

by UL or Factory M ual)

Remote Readout Unit 800.00
a Model R

Additional Transmitters . 720.00
Model FL
(in floodlight housings)

Custom Housings Contact faétory
(boat~mounted, etc.) ’

Rental Units Contact factory
| (Model C only) :
g for evaluation or short-

term use

For Delivery Information Contact factory

* Prices are FOB factory and do not include applicable taxes, duties,
‘ insurance and other shipping charges. Prices are subject to change
d without notice.
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The DEP may be interested in an evaluation rental . On this basis,
the following rental charges were applicable as of 9/5/75:

Option {1 _ ,

$710/month* for Model C Straight rental @ 10% of purchase

$80/month* for Remote price per month. 50% of rental

Readout Unit fee will be applied toward purchase
price 1f instrument is bought at
end of rental period.
One-way shipping cost paid by

Wright. Return shipping cost
pald by customer.

Option #2

game as Optioh #1 Instrument delivered to installa-

: tion site by Wright & Wright. One
plus 5200 and round trip Wright & Wright engineer will assist
alr fare from Boston,
Mass ‘ customer for three consecutive days
’ in set-up, alignment, calibration,
and testing of instrument.

Return shipping costs paid by customer.

50% of rental fee plus 50% of air fare
will be applied toward purchase
price 1f instrument is bought at
end of rental period.

% Rental fees do not include insurance on rental equipment, mounting

costs (e.g. hardward, brackets, cabling, conduits...) or applicable
taxes.

NOTE: The explosion—proof Infrared 0il Film Monitor, Model D, 1is not
avallable for Evaluation Rental.
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1.6 D-0-W (DISPERSED OIL-IN-~WATER) MONITOR

Manufacturer

C~E Invalco

Division of Combustion-~Engineering, Inc.
g P.0. Box 556

@ Tulsa, Oklahoma

(918) 932-5671

Operational Characteristics

The D-0-W (Dispersed Oil-In-Water) Monitor provides éontinuous
on-line monitoring of effluent streams, detecting oil in water normally
in a range of O to 150 ppm, with accuracy of * 5.0%. The monitor
} operates effectively to temperatures up to 175°F, and wofkihg pressures
- _ of 60 psig. H

‘ ‘ The monitor a dual beam light measuring system which continuously
wé monitors the rate of ultraviolet absorption in the process sfream.
Clear water transmits UV light with very little absorption whereas most
petroleum oils and their derivatives absorb UV elther pértially
or completely. Thus, variations in absorption provide a sensitive and
accurate means for the determination of oil contained in water.

Output from the system is displayed on an indicating:meter or
operational chart recdrder. With some modifications, audible and visible
alarms could be inéorpqrated in the system.

; Power requirements - 95-130 VAC, single phase 60 Hz, 60 watts

wé Input range (crude, fuel and lube oils) - 0-20 or 0-150 ppm
Maximum Fluid Temperature - 175°F

Ambient Temperature - 40°F to 150°F

Maximum Pressure of Detector Cell - 60 psig working, 100 psig test
Nomihal Sample Flow Rate - 1 gpm

Pressure Drop at .1 gpm - 10 psig

Pressure Drop at 1 gpm with static mixer - 20 psig

Detector Cell Connections - 1/4" NPT inlet and outlet

Connections Required in Main Stream Piping - 1' NPT

- For use at a loading/unloading pier, the incorporation of a small
pump would be required to draw a continuous water sample from the dock

area and feed the sample into the monitoring system.
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Cost

The base price of a unit with a weatherproof and explosion proof

housing is $5,732.83. About 2 weeks lead time can be anticipated following

an order.
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'I.7 OIL SENSOR MODEL I

‘Manufacturer

! Rambile, Inc.

' Irving Business Park
1100 E. Airport Parkway
Irving, Texas 75061
(214) 438-6909

Operational Characteristics

The 01l Sensor consists of two major assemblies, the Transmitter-

Receiver and Power Supply with interconnecting cables.

. ! The Transmitter-Receiver is mounted at any height bétween 10 and
100 feet above water, with its optical axis perpendicular to the water
surface. An infrared beam is transmitted to the water, then reflected
back to the receiver where it is Spectraliy analyzed at two wavelengths
to test for the presence of oil. The Transmitter—Receiver 1s located
where oil spilled on the water surface is likely to be carfied past its
field of view by nétural spreading, wind, water current or waves.

The Powef Supply conditions the power line voltage for the Receiver
‘ and is mounted at any convénieng location. It is connected to the
2 - Transmitter-Receiver with an electrical cable. An alarm cable connects

the user supplied alarm equipment to the sensor through the Power Supply.
w% The transmitter receives its power directly from the power line.

Two sets of relay contacts, one normally open and one normally
closed, are provided through the alarm cable from the Power Supply. The
relay changes state when an alarm occurs.

At the user's discretion, the alarm can be actuated when oil is
first detected or delayed any period between 1 second and 36 minutes.
Two delay alarm modes can be used, when oil is present continuously
for a selected period or when oil is present at the beginning and end

of a selected period.

wi _ The processed +1.0 to -2.5 volt dc signal is available to a load
greater than 5,000 ohms. o

The sensor continuously checks its power supply voltages, input
signal lever and processed output signal. A relay is actuated when any
of these voltages are out of tolerance. The relay contacts are provided
to the user in the alarm cable.

A circle of diameter .02 times the height is viewed.

201 - Arthur D Little Inc




- ‘{;gw o

r_',;

P i T

—

S SR SR S

&

Elghty volt-ampere is fequired from a 115+ 12 voltIGOT 5 Hz

single phase source.

The operating range is ~-28°C to +65°C.

Environmental tests have been performed in accordance with Military
Specifications MIL—E—164000'and MIL-STD-810B for supply :line voltage
and frequency variatidn, +75°C storage temperature, operating temperature,
radio frequency, susceptibility and emission, accelerated life, rain,
salt fog, sunshine énd shock.

The sensor is designed to comply with the NationallEleCtrical'Code
for operation in Class I Division I Group D areas, and to meet the ex-
plosive atmosphere tests of MIL-STD~816B, Method 511, Procedures I and II.

Size and Weight: ’ '

Transmitter~Receiver:

Weight - 50 1b (22.7 kg)
Size - 26 in. x 16 in. x 12 in. high
(660 x 406 x 305 mm) »
Mouriting -~ Three 5/16"-18 (7.9 mm - 18) tapped hoies at
120 degree intervals on a 5 in. (127 mm) diameter

bolt circle
Power Supply:

Weight - 75 1b (34.5 kg)
Size - 19 in. x 17 in. x 10 in. high
(483 x 432 x 254 mm)
Mounting - Four 1/2 in. (13.7 mm) diameter bolt holes
in a 15 3/4 in. x 5 1/2 in. (400/140 mm) pattern

Figure I.5 shows the operation of Rambie's 011 Sensor Model I
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w FIGURE I.5 RAMBIE'S OIL SENSOR MODEL I

| Cost
~ The base price is $16,700 FOB Irving, TX and units are available
within 120 days after receipt of an order.
i »
¥
B;
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1.8 OIL~ON-WATER DETECTOR (MODEL 1479)

Manufacturer

Totco Division of Make 0il Tool Corp.
506 Paula Avenue

Glendale, California 91201

(213) 240-3314

Operational Characteristics

This system was originally manufactured by Hallikainen Instruments
of Richmond, California.

This oll-on-water detector consists of two parts, a monitor and a
control section. The monitor, which is tethered, floats in the water.
Two floating pontoons support an explosion-proof housing. An S shaped
baffle provides a path for the flowing surface water through the
monitor at the base of the housing. A beam of light is focused through
a lens onto the water surface. The resultant reflected light is
refocused by another lens onto a photocell. As a hydrocarbon aslick
appears, the reflected light intenéity at this cell increaéed by 50 to
100%. The measuremeﬁt is then based on the differential between the
reflected light photo-cell and a photo-cell measuring the source lamp
intensity. The two cells are used in a bridge circuit, the output of
which is converted to a current signal which is transmitted to the
control séction via a shielded cable. Power is also carried by this
cable. ' ' ‘

The control section provides an alarm function as well as a 0-10
volt DC output signal proportional to the reflected light intensity. The
maximum signal level achieved by a hydrocarbon slick is 7-8 volts.
Clean water had approximately a 2 volt output.

The detector response 1is adjustable at the control section by the
setting of a time constant and the desired alarm level. Minimum

sensitivity of the unit is 5 or 6 drops of oil flowing on a water

~gurface.
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Periodic maintenance is required at the monitor. The lens window
should be cleaned every few months. An air column is maintained between
‘the water surface and the window to minimize the effects of splashing.
However, to maintain maximum sensitivity, this window must be kept clear.
A dirty window is indicated by a reduction in the average'signal_level

from the control section.

Monitor dimensions - 3 ft x 5 ft with pontoons

Cable Length ~ Maximum 5,000 ft from monitor to control

Power at Control Section - 115 volts, 60 , single phase, 200 watts

External Alarm Contacts - Up to 1 amp at 125 volts o

Qutput to a Reqordér -~ 0-10 volts DC

Response ~ Adjustable from 5-600 seconds

Approximate Shipping Weight - 300 1b

Ambient Temperature Limits - 32-120°F

zZero Drift - +2.5%

Housings - Designed for Class I, Group D, Division 1 areas as defined
by NFPA ‘ :

The alarm circuit can be present to any desired signal level and
once activated can energlze remote visual or audible alarms at one or

more surveillance stations.
Cost

“he base price for the entire unit less remote alarm installations
is in the vicinity of $1,500. The local distributor for the New England
area states that bhe unit has temporarily gone off the market and 1s

undergoing 12 months of evaluation prior to incorporating a number of

improvements into the system.
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Manufacturer

Bennett Pollution Controls, Ltd.
119 Charles Street

N. Vancouver, B.. C.

Canada

Operational Characteristics:
Detector/Transmitter

The oil detection element is constructed in the form of a 100?
from a porous oleophilic material. Two pieces of the material are butt
bjoined using an oil soluble, watef insoluble adhesive. invthe presence
of hydrocarboné, the joint parts separate thus ﬁermitting the sensing
tube to drop and initlate the transmission of the detector signal. The
detector element will part within a few seconds of oil contact in the
case of #2 or light oil and within one minute in bhe case of #5 oil or
equivalent. Higher viscosity olls have difficulty in penetrating the
element and as a result, the unit is not recommended forfsﬁch oils.

The element is replaced by the use of two ball 1ock‘pins.‘ Adjustment

of the joint line to just above the water level is easily performed.

Each positioned buoy is identified with a three digit number with
the first digit identifying its group. Prior to shipping, this number
is set into the telemetry system of the transmitter permitting its
identification by the receiver. Once the sensing tube has ;ripped the
mdgnetic switch, the telemetry system and transmitter are automatically
turned on. At that time, a double series of coded, two‘tone frequency
shift keyed signals are transmitted. To ensure reception of the signal,
it is repeated after twenty seconds and every minute thereafter. The
system provides a high degree of security and permits reception even

in the presence of other transmissions.

Because the security of the system is considered to be extremely
1mport§nt, a battery level check is prbvided= Should the battery
voltage drop below the required operating level, the transmitter wiil
initiate a separate signal. This results in a flashing Qiéual display
and the lightiﬁg of the "Low Battery indicator on the receiver.
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To ensure water tightness, an air valve is installed which permits
preSSurizing of the transmitter capsule and checking for leakage. To
minimize damage to seals, the unit has been designed to be charged
througﬁ the antenna. Similarly, an 'On—Off' switch is provided which
is activated by a magnet mounted in a plastic holder, screwed into a
blind hole on the top of the transmitter cépsule.

Detector/Receiver

v Each receiver is coded to accept signals from a group of monitoring
buoys. Upon receiving a signal from a buoy, the receiver automatically
scans the message for accuracy and coding. Should the incoming signal
match the group coding of the receiver and not contain and coding data
errors, the number of the signaling buoy is displayed on the console of
the receiver, the oil spill'indicator light is illuminated, and the
external alarm contacts close. Subsequent signals are displayed as

‘they arrive with the preceding signals being moved into the storage register.
Messages stored are shown by indicator lights which are numbered from
one to four. Pushing the 'Cancel' button permits the recall of the
preceding messages. This memory feature allows more than one budy to
signal into the receiver without loss of a message and permits deter-
mination of the size or direction of travel of a spill when a number of
‘buoys are being used.

When incoming signals are not coded to match the receiver coding
the signal is ignored. When the signal approximates the receiver coding
but contains a data error, which is determined by the receiver logic,
the buoy number is diéplayed in a flashing mode and the 'Data Error'
indicator is illuminated but the external alarm contact will not close.

The receiver is not fitted with an 'On-Off' switch in order to
prevent the inadvertent shutting down of the receiving system. A
small light appearing in the upper display window indicates 'Power On'.
To ensure that all lights are operational, a "Lamp Test' button is
provided. Should it be desired fo listen to the channel of the system
in operation, the 'Audio Test' button may be pressed and locked into
position. When the 'Audio Test' button is released, all background
noise is filtered out and the distinctive noise of the frequency shift-
keyed (FSK) signal is heard. This may be turned off by pressing the
"Audio~Off’' button.
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%”é "An antenna 1s provided.for use with the recéiver. In some instances,
W it may be preferred to use a remote antenna, which has proven to be

f satigfactory. ‘

St

The power input 1is normally set for 110 volts AC with a normal

draw of 1/10 amperé; When desired, the recelver can be prdVided Wifh a
220 volt AC connection. ’

Cost

The base price.ofvthe unit 1s as follows:
01l spill detection transmitter - $1,600.00
0il spill detection receiver - $1,600.00

F.0.B. Vancouver, B.C.

€

NOTE: 10% import duty applicable for deliveries within USA

w
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I.10 OIL DETECTION SYSTEM

Manufacturerx

Spectrogram Corporation

385 State Street

North Haven, Connecticut 06473
(203) 281-0122

Operational Characteristics

| The system operates on the principle of petroleum products exhibiting
a fluorescent characteristic when subjected to high energy activation.
When an oil sample is irradiated with high energyemission such as short
wavelength ultraviolet or x-ray énergy, the sample will absorb a portion
of the excitation energy and reradiate lower energy of a longer wavelength
such as visible light. Since both the wavelength of maximﬁm energy
absorption and the wavelength of reradiated energy are a function of the
molecular composition of the oil, the oil detection budy provideé an
alarm signal upon the detection and identification of a specific oil
type.

The basic system consists of a land station, 3 buoys (2 simultaneously
operational, ons stand-by) and the interconnecting cables. The land sta-
tion or main console contains the power supplies, strip chart recorders
and the alert/alarm logic circuitry. Each buoy contains an excitation
energy source, a multi-channel optical detection system, solid state
detectors, integrated circuit photometric amplifiers and lqgic circultry,
and various local power supplies. The buoys derive operating power from
the main console via the interconnecting cable. This watérproof cable
also carries the necessary data signals from the buoys to the console
recorders and the alert/alarm network, thus providing final contact
closures for external and remote indications such as lights, audible
alarms, or the "shut-down" of the transfer pumping system.

The units have had a 12 month test period under varying weather
conditions. One system was installed at a tidal river location, and
the second at a barge loading/unloading dock.

The basis system typically included three oil detection buoys, one -
land based recorder/power console, and the required interconnecting water-

proof cable.
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Cost

An oil detection buoy consists of a flotation housing and an

electro~optical sensor head. The sensor head is a completely sealed

unit and contains the detection optics and all electronics including
threshold and alarm circuitry. The oil detection buoys are priced at
$3,650.00 each.

The land based recorder/power console is capable of providing power

and recording the signal levels from two operating buoys. ' The recording

signal levels providé a permanent record of the area under surveillance.

Included in the land system is an audible alarm that indicates a buoy

has detected o0il. The console operates from 115 volts, 60 Hertz, AC
and provides the 12 Qolt DC power required by the buoy. ' The land
console 1is priced at $950.00

Additionally a five wire waterproof cable is required to interconnect
the oil detection buoy to the land based console. This cable is priced
at $5.00 per foot, and depends upon the specific installéti@n.

The manufacturer/supplier normally provides a two day installation,
supervision and training period that also covers the routine maintenance
requirements. This training and installation program is priced at $525.00
plus travel expenses. Instruction and operating manuals are provided.

Therefore, a system consisting of 3 oil detection buoys, one land
station, 500 feet of interconnecting cable and installation and training

has a selling price . of $14,925.00. Delivery is nominally 90 days ARO
and is FOB North HaVen, Connecticut.
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I.11 MULTISPECTRAL ACTIVE/PASSIVE SCANNER

(Fluorescence 0il Spill Detector)

Manufacturer

Baird-Atomic, Inc.

125 Middlesex Turnpike
Bedford, Massachusetts 01730
(617) 276-6140

Operating Characteristics

The oil sensor projects a beam of ultra-violet radiation and
simultaneously observes the fluorescence emitted by oil7on water. To
overcome the effects of varying range, natural sea fluorescence, atmos=—
pheric conditions, and lamp aging, the ratio (rather than the amplitude)
of the observed fluorescence in two spectral regions is used to determine
the presence and type of oil.

Recent tests indicate a maximum useful range of 600 feet at night
and 30 feet in daylight with 6 month lamp life. A range. of 900 feet
has been achieved, but with a lamp life of 4 hours continuous use.

Head - 24" W x 30" D x 12" H, 95 pounds
Base - 24"W x 30" D x 24" H,‘110 pounds
Power - 110 VAC, 60 Hz, 1400 watts
Operating Temperaturé - -30 to 120° F

Environment - Waterproof, oilproof, dustproof, explosion proof,
(internally pressurized with dry inert nitrogen,
pressure switch power interlock)

Lamp Life - 6 months (12 hours per night)

Because light is mostly reflected at shallow 111umination angles,

fluorescence cannot be effectively stimulated within 6 degrees of the

horizon. Thus, to achieve a range of 600 feet, the detector must be at
least 60 feet above sea level to provide an illumination angle of more
than 6 degrees. This maximum ration (10:1) of range to height represents
one of .the major 1nstallat10n considerations in some applications. The

following specifications would fall into a preliminary category.
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Range - 600 f¢ maximum, less in foy
Hours of Operation - 45 minutes aftcr sunset to 45 minutes before sunrige

Elevation Scan ~ 6 to 30 degre:s below horizon (adjustable) at 0.5 degrees
per second '

Azimuth Scan - + 150 degrees (adjustible) at 2.5 deg eces per secoid
Scan Patterm - Programmat le
Alarm Criteria - Detecticn on two consecutive scans

Beam Size - 0.5 degrees elevation x .5 dagrees azimuth (projects to.
maximum of 50 x 25 ft. o . sea surface at 600 ft. and 6 degrees
below tlie horizon)

Minimum Spill Size -~ 75% of beam are:
Minimum Spill Thickress ~ 1 micron (¢t maximum range)
Display ~ Remote vi: RF ot wire

Indicators - Power (1
Equipmeat Active
Equipment Failure
011l Alarm
0il Type
Position

Lost

The base price of a unit has Be:n estab ishec at $35,000 for the
initial rnitc although this price wou d probably drop to $25,000 o ce

productirn was underway.

Motorola AR.81 ¥M transmitter alarms are available at $2,000 which

greatly reduce the expense of a travel line.
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I.12 SPILL SENTRY

Manutacturer

Sentry Systems, Inc.
5202 Ashbrook Street
Houston, Texas 77036
(713) 661-0216

Operational Characteristics

Rather than being classified as an oil sensing syStem, this product
would fall under ﬁhe category of a spill prevention unit. It comprises
a system of power actuators that operate loading valves and controls
asséciated with tanker or barge ioading dperations. A mastér panel
incorporates controls for opening, closing or throttling loading valves.
It is also equipped with an "Emergency Shut Down Knob'" (ESD Knob); the
actuation of which shuts down the entire loading operation:immediately.
A lightweight hand carried "emergency station" equipped with one ESD
knob on either the dock or the on-loading vessel can shut down the entire

loading process once a potential spill has been sensed or is imminent.

Normally the manufacturer would send a company represéntative to
survey and measure the_dock, pipelines and valving to determine where the
various mountings would be located and to determine the engineering
requirements for either cylinder or rotary actuators for adaption of
existing valves. This action can be eliminated if the plant can provide

a detailed engineering description of the dock and its loading equipment.

Figure 1.6 indicates a typical installation of the system,

The Control Valves F. in the power circuit, are iocated‘on the Master

Panel, and are positioned manually to open, close, or throttle the Loading
Valves J. Speed Controls H govern the opening and closing rates. For
gate valves, the closing thrust, supplied by Actuator I, is limited by

Regulators C2, to assure that force for opening Valves J will be greater.
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FIGURE I.6 SPILL SENTRY

During normal operation, pressure is maintained in the Signal circuit,
holding Valve K in the position shown. Actuation of Valves L or M, or
breakage of the Hose N, as by excessive motion of the vessel, results in
the loss of signal pressure. This causes Valves K to shift, thereby
initiating Emergency Shut Down.

" When Valve K shifts, pilot pressure is applied at Valves F, shifting
them to the extreme out position. This closes (or opens, if so intended)
Valves .J, shutting down the loading operation. Valves J can be reset

only from the Master Panel.

214
Arthur D Little Inc



Not shown are other devices which can be incorporated in the system.
Among these are sensors to detect level of liquid in the tanks, to
automatically initiate EDS, sound an alarm, 6r perform other functions,
such as shutting off pumps. Similarly, protective devices can be
included to respond to excessive flow, preésure,'EX91051Ve vapors, fire,

or other undesirable or unsafe conditions.
Cost

It is difficult to present a base price since the installation
would differ by terminal; however, an average loading dock_having
8 to 16 flow control valves would cost in the vicinity of $1,000 a o

valve to modify into an automated system.
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