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NOTICE

Th is document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liabil ity for it s contents or use
thereof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers . Trade or manufacturers ’
names appear herein solely because they are con-
sidered essential to the object of this report.
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PREFACE

This report is one of a series of studies conducted by the

united States Coast Guard in support of the Presidential initiative

of March 1977 , concerning the ability of the United States to

respond to the threat of larger oil spills in U.S. waters. The
study was directed by the U.S. Coast Guard Office of Research and

Development and Office of Marine Environment and Systems. The

authors wish to acknowled ge with thanks the expert and indispensible

assistance rendered by these Offices throughout the project , and in

particular that of Cdr. J.T. Leigh/GDOE , Cd r . J . L .  Va lenti / GWEP ,
Lt. R.V. Ilarding/GDSA and Lt. G.D . Mar sh/GDOE . They are also

indebted to numerous Coast Guard personnel , both at headquarters and

in the field organizations , who were enthusia stic in the provision

of data , advice and information .

This , the second of two volumes , contains the technical

Appendixes.
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APPENDIX A:
MAJOR OIL SPILL INFORMATION SYSTEM (MOSIS)

The data base assembled for this study has been des igna ted the
Major Oil Spill Information System (MOSIS). It contains infornia-

tion on all iden ti f iable oil sp ills of 50,000 gallons or more
affecting waters in and around the U. S. during the period from

January 1974 through July 1977. The primary sources of information

for the MOSIS f i le  were Coas t Guard main tained records , namely:

a. The Pollution Incident Reporting System (PIRS)

b . The Na tional Response Cen ter (NRC) case f i les

c. The On Scene Coordinator (OSC) Reports.

Supplementary information from other sources was included wherever

possible- and so identified.

The MOSIS file is reproduced in this Append ix following a
sheet defining the coded entries. Further exp lana t ion of the f i rs t

few entry columns is given here . The TSC file number is construc-

ted as follows : The f i rs t di g it (5)  indica tes tha t the da ta base
is res t ric ted to sp il l s  of 50,000 gallons or more ; the second digit

identifies the year (e.g., 4 1974); and the next three represent

the sequen ti al number of the spi l l , w ith a P as the third digi t
identifying a potential spill. The NRC file number consists of two

parts: the first three digits are the case number and the last two

the year .  The P I RS f i le number al so consis ts of two par ts: the
first two digits indicate the Coast Guard district involved and the

remaining five digits represent the sequential oil spill count with-

in that district. The “O ther ” column is to be used to identify
incidents contained in filing systems other than NRC and PIRS . The

en try CG in this column refers to the Coas t Guard Vessel Casual ty
File. The entries PDS and SDS refer to primary and secondary data

sources. The remaining headings are self-explanatory . Entries are

in chronological order.
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APPENDIX B:

OUTFLOW RATES FROM SEVEN MASSIVE TANKER SPILLS

In this Appendix seven massive tanker oil spill incidents
selected from Table 4-4 of Section 4 are analyzed in order to esti-
mate the rates at which oil entered the water during the incident .
Only rough estimates are possible , in most cases , because no direct
observations are usually made of oil outflow at the time of the
incident . As a result , outflow rates must be deduced indirectly
from several sources.

1. POLYCOMMANDER (Source: Reference 4-4)
May 5, 0330 : 49,414 tons onboard .
May 5, 0420 : Went aground , immediately began to spill oil.

Spark from assisting vessel started fire .
“Now appears there are three big fires.”

May 6, 1530*: Fire quenched 36 hours after start .
May 7 : Fire considered terminated as of PM May 6.
May 8, 1200*: “Engineers battled to stem flow of crude oil leaking

from Norwegian Motor tanker.”
200 tons out of 35,000 onboard have been pumped off ,
slowly.

May 9 : Navy officials estimate “500 tons of oil had leaked
from the tanker.” Offloading stopped .

May 12 , 1200* : Oil leakage stopped , apparently.
“Officials estimate small vessels transferred
15,000 of the 35,000 tons of crude oil left inside
the vessel.”

May 16 : Estimated 20,000 tons pum ped out , 15 ,000 tons
remaining.

From May 5, 0430 to May 8, 1200*, a total of about 80 hrs, the ves-
sel lost about 49,414-35 ,000 — 14,414 tons of oil to the fire and
to Vigo Bay. If the Navy estimate of 500 tons leaked is correct ,

‘Indicates estimated time .
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then about 13,900 tons burned in 36 hours. Assuming the leakage
was constant over the 80 hours gives an outflow rate of 6.25 tons
per hour (1875 gallons/hr.). If the leakage continued from May 8
to May 12 at the same rate, then about 1050 tons was leaked in
168 hours.

2. WAFRA (Source: Reference 4-4)
Feb. 28 , 0530 : Grounded at Pt Agulhas, No. 6 port and center

1~nks also No. 5 port breached. A further

four port side tanks filling slowly.
Feb. 28, 1200*: An oil slick about 1/2 mile long reported .
Feb. 28, 1800* : Oil slick 5 miles long.
March 1, : Slick 30 miles long. At least 2 center tanks

and 4 port tanks are leaking .
March 3, : Oil slick more than 30 miles long and five miles

wide .
March 3, : Crude oil from ~JAFRA “continued to foul ocean .”
March 5, : Ship continued to leak.
March 6, : Found that a seventh tank was also leaking (See

March 2).
March 8, 1517 : Vessel refloated shortly after 3 PM.
March 8, : Some 20 percent of cargo ... estimated to have

spilled into sea .
March 9, : 32 ,000 tons remaining.

When refloated it was estimated that 20% or 8,000 tons of oil
had spilled , from Feb. 28 , 0530 to March 8, 1517 , a period of about
226 hours. This gives a leakage rate , averaged over the period ,
of 35.4 tons/hour (10,620 gallons/hr). No oil was pumped off or
burned off in the 226 hours.

3. SHOWA MARU (Reference 4-4)

Jan. 6, 0530 : Ran aground in straits of Singapore. Master claims

about 3600 kl (3168 tons) leaked in first 4-S

hours from 3 tanks.
Jan. 6, PM : Still leaking. Master says 1 million gallons

leaked so far , three tanks damaged . He also stated

that the leakage had almost stopped .

8-2
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Jan. 7, 1200* : Master says 3,300 tons (1 million gallons) has

leaked so far.
Jan. 7, PM : “The SHOWA MARIJ has stopped leaking:
Jan. 13 , : At least 4,000 tons are believed to have leaked

out.
Jan. 25 , : “Previous estimates of cargo spillage may have

to be revised downward .”

The estimated leakage in the first 4-5 hours comes to a rate
of 633 to 792 tons per hour . If the vessel stopped leaking at say

1200 hrs on Jan . 7, then the leakage rate from 1000 Jan . 6 to

1200 Jan. 7, was about 32 tons per hour assuming that a total of

4000 tons was lost, as stated on Jan. 13. But if the total lost

was the 3300 tons stated by the vessel master on Jan . 7, then the

rate would be only 5 tons per hour . (See Figure B-i). From
Figure B-i , it is seen that in either case there would have had
to have ~~en a dramatic drop in outflow rate from Jan. 6, to Jan .
7 if the vessel master ’s est imates on Jan . 6 are correct . These
estimates are consistent with (a) his later statements and (b)
the ultimate estimates of total loss made on Jan . 13. If correct ,
the initial loss rate was very high.

4. URQUIOLA (References 4-4, 4-6, and 4-8)
May 12 , 1200 : URQUIOLA grounds , 100 ,000 tons of crude on board .

Tugs tried for an hour to free her.
1247 : Port closed due to explosion and fire. Series of

blasts reported . Still burning late in day.
May 13 , : Oil turns water of port black. Huge oil slicks

moved towards shore. 80,000 tons believed still
on board .

May 14 : Undersecretary of State for Spanish Merchant Navy
said last night that “as little as 5 ,000 tons” of
oil cargo could have seeped into the sea , with
the balance going up in flames.

May 14 : An estimated 5000 tons going toward shore. New
explosion and fire; fire brought under control
same day.

B-3

‘
4

__ —--
4-

- - -a- - 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ i: .



4- - — - -  _________________

U)
z
0

UI” -
<0

0
U) “ - .
UI

S/)
S/l u) OZ us

I;.,

0,0 
0 541 (14 Z

U, ~~~~~ 
U

50. 54. <
>0  6

4 “.‘C ~~~~~

/ 544 < 4/5
/ .,4 €’)~~~

41,
/ 1410 0

I U)
/ 

C/ ‘ (45

.3 
~

41/

4 U)

- I-.
3 ~ /
5/) 

~ / 
0.

0 ‘oI U,

C 0 0 z U)
-4/

C

/ 
Ill

Ill 
/

U)

/
/

~~~0 
/ 0

CU,  4/ ~ .—~
00(5  P.s
C C  

~~ /
°

/

uaYOH NO SNOi. ao SQNY SflO~~.

I I

B-4

~~~~~~ 

, 

_  

‘4

-

4- ‘.  ~~‘ ‘



—--4--- - - - ‘ 4--.” 
-~~~~

May 25 : Still 9,000 tons in the vessel , salvage experts
estimate. “More than 6,000 tonnes have been
discharged. ”

If the Undersecre tary ’s statement is correc t, and if it was
made at , say , 2000 May 13, then at least 5,000 tons leaked out in
32 hours , which gives an ave rage out flow rate of 156 tons per
hour.

Subse quent repor ts , howeve r , repo rt that the vessel contained
107 ,000 tons of crude and 3,000 tons of Bunker C , and that an

est imated 100 ,000 tons were lost in the fire and leakage to the

water (Reference B-2). Reference 4-6 notes that an estimated

25 ,000 - 30 ,000 tons of oil were washed ashore , and “mos t of the
oil burned in the fire ,” wh ich burned for a day (May 12-13) and

restarted on the 14th. It is noted that the POLYCOMMANDER (50,000

DWT ) supposedly burned off 14 ,000 tons in 36 hours , or about
10 ,000 tons per day. If the URQUIOLA burned at a rate of 10-

20,000 ton s per day for two days , then some 20-40 ,000 tons went

up in smoke. Taking the upper figure leaves 67,000 tons to account

for of the original 107 ,000 tons. Since there were about 9,000 tons
still on board on May 25 , and allowing 30,000 tons washed ashore ,
one obtains 28,000 tons of oil lost to the harbor directly, about
the same amount as came ashore . This entire chain of conjecture

yields about 58 ,000 ton s out flow between May 12 and May 25.  The
correspond ing outflow rate , wh ich is a lso highly conjec tural , is
185 tons per hour on the average.

The surpr is ing as pec t of this number , howeve r, is that it is

only 18% more than that obtained above from the statements of the

Undersecretary of State for the Spanish Merchant Navy , for the
first day ’s outflow rate. The average of the two estimates is 170
tons per hour .

5. METULA (Reference B-3)
Aug. 9, 2220 : METULA with 194,000 tons of light Arabian crude

grounds at 14.5 knots , opening up S of her forward
compartments. “About 6,000 tons of oil was
initially released .”
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Aug . 9-19 : “Loss of cargo increased due to the action of

tides and current .”

Aug. 19 : Spring tides open 4 more compartments , resulting

in an additional loss of 14 ,000 tons.

Aug. 20 : Estimate total of 40,000 tons have been lost.

Sept . 19 : Estimate total of 50,000 tons lost.

Sept . 25 : Estimated 54,000 tons lost . (Shell Oil Co. esti-

mate). Little leakage after refloated on Sept .

24.

Later estimates based on offloaded amounts revised the 54,000

ton figure to 51 ,500 tons of crude plus 2 ,100 of Bunker C • Th is
g ives a total of 53 ,600 tons lost from Aug . 9 throug h Sept . 24. The

above history of outflow is shown in Figure B-2. The “initial

release ” was assumed to take 6 hrs , and the 14 ,000 ton loss on

August 19 was assumed to take one day , with a loss of 1,000 tons

from 2400 Aug. 19 to 1200 Aug . 20, when the 40,000 ton loss estimate

was assumed to have been made. 
-

6. ARGO MERCHANT (Reference B-4)

A time-history of outflow rates for t h e  stranding of the ARGO

MERCHANT (15 December 1976) was constructed from Reference 8-4.

This reference agrees approximately with the On-Scene Coordinator ’s

Report for the incident with regard to oil outflows , but some

differences exis t between the two w ith regard to wave he ight
read ings , which are shown in Figure 8-3 as given in Reference B-4 .

7. AMOCO CA DIZ (Reference 4-4)

March 16 , PM : AI.IOCO CADIZ , 230 ,000 tons of crude on board ,

disabled in Engl ish Channel , taken in tow by

PACIFIC. Towl ine parted , tanker drifts toward

Brest. Towline parted three t imes.

March 16, 2326: Aground at 48 36 12N , 04 45 54W .
March 17 , 1000: Vessel breaks in two , pollution heave. Believe

one tank ruptured . “Sp illage is 50,000 tons.”
March 18, (?) : Spillage es timated at 80 ,000 tons , has 140 ,000

tons left . (Based on 220 ,000 total).
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March 2 0 : “About 60,000 tons of oil leaking into the sea.”
March 2 1 : “Heavy seas have apparently opened another leak

in a tank. ”
March 2 1 : “Senior official of owners of AMOCO CAD U said

toni ght the vessel had leaked some l’~0,000 tonnes

of crude. ” Estimates that only 50 ,000 tons were

still onboard . “more than 3 tanks have blown .”
March 24 : Aft part completely free of fore part , which is

issuing more and more oil.

March 24 : Estimates are that 30 ,000-35 ,000 tons are still
ins ide.

March 26, 1300: French Navy opens hatches to release oil.

March 27 : About 25 ,000 tons still on board .

March 29 : Breaks into 3 parts; almost all oil released.
March 30 : About 10 ,000 ton s left.

March 30 : Depth charges release remainin g oil.
March 31 : Divers report no oil remaining, only Bunker fuel

left.

The time history of outflow for t h e  AMOCO C AD E  i s  shown in
Figure 8-4. The initial rate of 4200 tons per hour is relativel y

uncertain because of the t ime at wh ich the first estimat was

made is uncertain. Because the vessel broke up early (1000 on

5 
March 17) ,  it seems that the pattern seen in Fi gure B-4 is realis-

tic., i.e., rapid discharge at first , followed by slower discharges .

The average outflow rate of 600 tons per hour , shown by the dotted

line in Figure 8-4 , is probabl y accurate to within 5% , the main

uncertainty being the initial amount onboard.
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A P P E N D I X  C:

D I S T R I B U T I O N  OF U . S.  COASTAL TANKER TRAFF IC  IN 1935

Reference 4-16 , Vol ume 3, g ives U.S. petroleum imports and ex-
ports by trade route for the years 1973-2000. The U.S. exports in

1985 are small and will be ignored , and only the major import
rout es w ill be employed. The flows of cr ude/produc t in thousands
of long tons for 1985 , as extracted from Reference 4-16 , are shown
in Table C-l along with the origins and destinations. The routes

of Reference 4-16 are grouped by one of seven foreign or igins and
one of three domestic dest inations. The major U.S. coastal pas-

sage area for each route is shown above the crude/product figure.

It should be noted that the petroleum movement projections of

Reference 4-16 were made by assuming a 9.8% increase per year from

1975 throug h 1980 , and a 1.1% increase from 1980-2000 , in accordance
with administrative goals for reduction of energy imports.

Next , one must add to Table C-l the Canadian , Alask an and
U.S. Gulf-Ea st Coast traffic , as is done in Table C-2 .

Canadian Traffic. This has three components. The Car ibbean-

Canadian component was obtained by taking the 14,000 ,000 tons of

Venezuelan-Canad ian oil shown in Reference 4-1 for 1977 and divid-

ing it evenly be tween crude and products , and then allowing an ex-
pansion of 3% per year from 1977 to 1985. The East Coast-Canada

and the Gulf Coast-Canada fi gures for 1985 were taken directly from

Reference 4-16 , and include exports as well as imports.

Ala skan Traffic: The Trans-Alaska Pipeline is projected to

put out 2.0 million BBL per calendar day at its peak in 1983-86.

It was assumed that 80% of this amount is transported by vessel

f rom V aldez to the Wes t Coas t and 10 % to the Eas t and Gulf Coas ts
each. Transshipment of refined and residual oil from the West

Coast is allowed for by assigning 35% of the incoming crude as out-

bound produc t movemen t , 25% to the Eas t Coas t and 10% to the Gulf
Coast. This is arrived at by allowing for 25% consumption on the
Wes t Coas t and 4 0% shipment by pipel ine to the Texas/Lous iana
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TABLE C- i: CRUDE AND PRODUCT IMPORTS IN 1985 (1)
(THOUSANDS OF LONG TONS)

From To East Coast Gulf Coast West Coast

Ecuador Mona Passage Gulf of Mexico Pacific Coast

216/110 315/ 14 5 ,398/109

l)Gulf of Mex ico
Caribbean PR-VJ 2) PR-VI , Str . of Flor ida Pacific Coast

25 ,580/83,760 33,965/6,687 2 ,766/2 ,452

N. Europe N. Atlantic Str. of Florida Pacific Coast
554 /4 ,859 539/185 16/15

Mediterranean Atlantic Str. of Flor ida Pac if ic Coas t
25 ,700/10 ,832 11 ,239/548 273/160

S .W.  Pac if ic 
. 

Pac if ic Oc ean
26,148/855

Persian Gulf Atlantic* Str. of Florida * Pac if ic Ocean
14 ,660/325 34,207/759 28,42 6/4 64

W. Afr ica At lantic Str. of Florida

45 ,759/867 23 ,233/65

(1) Source: Reference 4-16

The 1~eference givcs only a single figure for East and Gulf Coasts. It has
been assi gned 70% to the Gulf and 30% to the East Coast.
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refineries and the rest as product out by vessel.

U.S. Gulf to U.S. East Coast Traffic: Reference 4-2 has esti-

mated that 9 million tons of crude and 43 million tons of product
moved eastward through the straits of Florida in 1974 , based on
ACOE and USGS data. This number would tend to decrease if domes-

tic Gulf Coast production decreases , but increase if crude impor ts
to the Gulf increase. In all likelihood it will increase with

total demand and with shift of refining capability to the Gulf

Coas t . Hence produc t movemen t has been expanded by 3 1 /2% per
year from 1974 through 1985 , in unison with anticipated world-wide
demand increases (Reference 4-1 p. 243), while crude movemen t has

been left at 9.0 million tons per year on the assumption that any

additional refineries built in the Ea st Coas t would be balanced
by increases in crude imports to the area directly via the Atlantic.

In interpreting Tables C-I. and C-2 it should be realized

that the Maritime Administration projections included under a

Car ibbean origin much of the oil that reached the U.S. through

trnashipment at Puerto Rico and the Virgin Islands. It is not

known exactly how much oil is involved in these transhipments , but
the MARAD repor t shows 15 ,64,000 tons of crude imported to Puerto

Rico and the Vir gin Islands in 1973, 13 ,683,000 tons in 1975 and
projects 20 ,812 ,000 tons in 1985. This last figure is about mid-

way between the amounts projec ted to be rece ived by the Gulf Coast
and by the Eas t Coas t from the Per sian Gulf in 1985 , and undoubtedly
is more than Puer to Rico and the V irg in Is lands can consume in a
year. This 20,000,000 tons may go direc tly to the Eas t and Gulf
Coasts in 1985 if deepwater facilities are available to receive it.
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APPENDIX D:

I

Repor ts on Mar ine O il Spills
1967 — 1978

Prepared for:
U.S. DEPARTMENT OF TRANSPORTAT ION
RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
Transportation Systems Center
Cambridge Massachuset ts 02142

Submitted by:
The Center for Short-Lived Phenomena , Inc.
138 Mt. Auburn Street
Cambridge Massachusetts 02138
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AMOCO CADI OIL  SPILL
16 March 1978
o f f  Por tsall , France
(4 8 ° 3 6 ’ 02 ” N , 04°45’09”W)

Even t :
A t 2226 LT on 16 March 1978, the 224 ,914-DWT tanker Amoco

Cadi: ran aground in heavy seas off Portsall , France , on Men
Goulven Rocks at 48°36’02”N , 04°45’09”W , after experiencing a

f lange fa i lure  in her steering hy draulic system . She incurred a

30-meter gash below the water line , just forward of the house.

The rupture widened in the severe weather , and the af t storage
tank began sp illing its cargo of Arabian crude oil into the
E n g l i s h  Channel .

At 1045 LI on 16 March , whi le  navi gating in a storm through
the Channel , the shi p los t its rudder.  At 1110 LI , the cap tain
summoned the assistance of a German tug from Brest. By 1330 LT,
the tug had the tanker in tow but made little progress toward

port. At 1615 LT, the wea ther worsened and the towline broke .
A second tow , established after nightfall , was only able to slow
the tanker ’s dr if t, and the Amoco Cadiz grounded while  sti ll
under tow.

By 2305 LI , French Navy he l i cop te r s  arrived on-scene to air-
lift the 41 crew members to safety . The captain and first offi-

cer remained on board until dawn . At 0500 LT on 17 March , af ter
hours of pound ing by 6-meter seas in winds up to 80 km per hour ,

the tanker ruptured 3 tanks on its starboard , forward of the aft

tank , and began to spill oil. By 18 March , the Amoco Cad iz had
sp i l led 80 ,000 tons of oil . On 24 March , the stern section split

off and swung around 180 degrees.

The Amoco Cadiz was bu ilt in 1974 in Cadiz , Spain , and had
no h is tory of previous spill incidents. Under Liberian registry ,

she was on lease to Royal Dutch Shell from a subsidiary of the

Standard Oil Company (Indiana). She was carrying 216 ,000 tons of

crude oi l  from Saudi Arabia  and Iran to Le Havre , and then to
Lyme , England , for transshipments to Rotterdam .
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( AMOCO CADIZ OIL SPILL)

Cleanup :

Ini tial salvage efforts focused on offloading the cargo , but

the heavy seas and spring tides precluded recovery . Seas of
5 meters and winds of up to 45 knots prevented salvage crews from

navigating through the rocks surrounding the grounded tanker.

The French governmen t quickly nationalized the cleanup effort

and placed it under military jurisdiction. More than 7000

soldiers and 7000 civilians participated in the cleanup . Early

efforts concentrated on protecting the most environmentally

sensi tive areas. On 17 March , workers began deploying booms along

the river estuaries to protect the oyster beds. Commercial

lobs ter pens were emptied , and the lobsters taken to other parts

of France . Vacuum pumps were deployed to recover oil from

inshore wa ters .  The French governmen t allowed the use of disper-
san ts in wa ters grea ter than 50 meters deep and wi th curren ts
moving offshore . A fleet of 30 ships treated the oil with the

dispersants BP-l000 X and Corexit. They relied on absorbent

polystyrene-based agents and on sinking agents such as chalk for

inshore operations.

Prime Minister Raymond Barre immediately announced new regu-

la tions to guard agains t sp ills , including a ban on all transient

tankers within 7 nautical miles of the French coast , increased
surveillanc e of oil-bearing vessels , and a requiremen t that such

ships keep officials informed as to their location at all times

when in French waters . The government promised to pay ~l2
million in damages to fishermen and others . The tanker ’s owner ,
the Amoco International Company , said its insurance policy will

cover cleanup costs and damage payments totalling up to $30

million .
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(AMOCO CADIZ OIL SPILL)

Spill:
By 19 March , 10 cm of oil covered the harbor of Portsall ,

while oil fumes spread over coastal regions . After a week of
heavy seas , the tanker had spilled over 200,000 tons . The slick
was then 6.5 kin wide and 201 km long . It stretched from Portsall
to the lie du Brehat and the port of Paimpol along the Britanny
coast. The French military bombed the tanker from 29 to 31
March to release the remaining cargo .

According to local authorities , the spill has caused severe
damage to the fishing grounds and commercial seaweed beds. The
authorities expect that the seaweed beds , which provide 90% of the
French commercial harvest , will take several years to recover and
that the fishing industry will take at least a year. A 50%
decrease in tourist business is already evident in Britanny .
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TORREY CANYON OIL SPILL
18 March 1967
near Scilly Islands , England
(5O°00’N , 06°0S’W)

Event:
At 0850 LI on 18 March 1967, the Liberian-registered tanker

Torrey Canyon ran aground on Pollard Rock of the Seven Stones ,
approximately 20 kin west of Land 4 s End , England , and 10 km east-
northeast of the Scilly Islands . The previous night , the vessel
had gone off its planned course west of the islands. The tanker
was travelling at 15.75 knots. The grounding reportedly tore
6 of the tanker ’s 18 tanks arid damaged several others .

The Torrey Canyon was built in Newport News, Virginia , in
1959 and was extended fr~~i 66,000 DWT to 120,000 DWT in Japan in
1964. She was owned by a subsidiary of the lessee, Union Oil
Company . She was under time-charter to British Petroleum to carry
a cargo of 119,193 tons of Kuwaiti crude oil from Mina al Ahmadi
in the Persian Gulf to Milford Haven in Wales.
Cleanup :

The British government assigned overall control of the cleanup
operation to the Under Secretariat of State (Royal Navy) . Offloading
the oil from the tanker was not attempted since it was impossible
to maneuver receiving vessels into the area. Some of the escaping
oil burned , after the British military bombed the Torrey Canyon
from 28 to 30 March . Booms were deployed but proved ineffective.
As a result , the British concentrated their cleanup strategy on
dispersants. Two naval vessels began applying dispersants on
18 March , and were later joined by other ships . Within 3 days,
15,000 gallons of detergent were applied. Detergents and steam-
cleaning were used to clean the shore.

While the British used dispersants near the Channel Islands ,
the French applied chalk powder to sink oil in the Bay of Biscay .
Sea booms of jute fiber and plastic were deployed to keep the oil
out of Roscoff harbor in Iritanny . The British government reim-
bursed local authorities for more than 75% of the cleanup costs
and provided troops at no local expense to help during the cleanup .
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(TORREY CANYON OIL SPILL)

The Navy ’s threat to seize and impound the Torrey Canyon ’s sister
ship, the Lake Palourde, enforced demands that the tanker ’s owner ,
in turn , reimburse the British government.

Spill:
By dusk of 18 March , northerly winds had carried a narrow

slick over 13 km long to the south. By the next day , an estimated
20,000 tons had leaked from the tanker , with another 10 ,000 tons
leaking out on 20 March. The slick was then more than 30 km long.
The winds shifted to the west , driving oil into the English
Channel. The westerly winds continued until 24 March , and on
25 March the morning tide broug ht the first oil onshore in t h i c k
layers. On 26 March , when the tanker broke in two , more than
40,000 tons of oil escaped , threatening the British coast and then
the Britanny coast , before moving into the Bay of Biscay . After
the bomb ing , oil seeped out in small amounts. In late April ,
the Torrey Canyon slipped off Pollard Rock and sank . Officials
estimated that the sunken tanker contained no si gnificant amounts
of oil.

The spilled oil contaminated about 140 km of British coast
from Trevo~!e Head to Lizard Point , 150 km of French coast from
Roscoff to1 Paimpol , 40 km of Britanny ’s west coast , and 25 km
along the Channel Island of Guernsey . The oil caused extensive
mortalities among seabird populations . The oil and especially
the detergents were extremely toxic to marine life , especially
planktonic organisms.
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TRANSHIJRON OIL SPILL
26 September  1974
Kil tan Island
( l l ° 3 0 ’ N , 7 3 ° O l ’ E )

Event:

A t 1630 LT on 26 Sep tember 1974 , the U.S. tanker Transhuron

ran aground on Kiltan Island , an atoll in the Arabian Sea 300 km

from the coast of India. The accident occurred when the tanker

went out of control due to a fire hazard in the boiler room . The
tanker ’s crew abandoned ship about 400 meters from the island.
Upon grounding , several tanks ruptured , and approximately 5000
tons of furnace oil spilled into the sea . Of the remainder of the
18 ,000-ton cargo , 12 ,700 tons were removed from the Transhuron
on 3 December. The 19 ,650-DWT vessel , under charter to the U.S.
Navy from Hudson Waterways Corp ., was en route from Bahrain to the
Philippines.

Cl eanup :
Several research institutions , with support from the Indian

Navy , took measures to prevent further spillage from the grounded
tanker. These efforts culminated in the offloading on 3 December.
Navy officials made several aerial surveys to track the shoreward
movement of the oil. No efforts were undertaken to cleanup the
coast of Kiltan Island.

Spill:
The spill impacted all of Kiltan Island , except for the

beaches on the eastern shore. Oil that entered the atoll’ s lagoon
was washed ashore , and thick oil patches were reported on the
beaches there . The volatile components evaporated , while the
remainder seeped into the coarse sand up to a depth of 3 to 10 cm.
The oil caused heavy contamination along the rocky intertidal area
along the southern shore.

During the first week after the grounding, local flora and
fauna suffered widespread mortalities. Dead plankton and seaweed

were reported floating in thick layers in the lagoon , along with
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(TRANSHURON OIL SPILL)

dead f ish , lobs ters , crabs , and other species. Some of them

washed onto the beach a few days later. The spill adversely
impacted the h e rma t y p i c  c o r a l s, which build and protect the atoll.
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ENNERDALE OiL SPILL
1 June 1970
Port Victoria , Mahe , Seychelles Islands
(04°30’S , 55°30’E)

Event:
On 1 June 1970, the British Royal Fleet auxiliary tanker

Ennerdale struck a pinnacle of granite while leaving Port Victoria ,
Mahe , in the Seychelles Islands , and badly ruptured its hull on the
starboard side. The tanker sank rapidly in 40 meters of water ,
with the bow remaining sli ghtly above water for some time. The
Ennerdale was carrying 41 ,500 tons of oil , and was en route to
refuel the British Navy fri gate Andromeda at sea.

Cleanup :
A tanker was retained in ballast at Bahrain pending a decision

to offload oil from the Ennerdale , but adverse weather prevented
the transshipp ing of the cargo , as well as a survey of underwater
damage. The British Ministry of Defense directed the cleanup ,
which included attempts to contain the slick with a boom and to
spray it with dispersants.

Spill:
Due to favorable winds and water currents , the oil did not

cause significant contamination along the coast. On 19 June ,
there was still a large slick of diesel oil and aircraft fuel on
the water. Oil continued to leak through the sunken tanker ’s air

vents. It is not known how much cargo spilled. The major concern

was that the slick would cause an extensive mortality among the
Seychelles seabird population , which includes many endangered

spec ies .
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NAPIER OIL SPILL
8 June 1973
Island of Guamblin , Chile
(44°50’S, 75°00’W)

Event :
On 8 June 1973, the 35,000-DWT tanker Napier ran aground on

the Is land of Guamblin , 35 kin off the Chonos Archipelago in Chile.
The ship ’s radar was not functioning when the ship struck the
island , which is 330 km south of Puerto Montt , the nearest port .
Af ter a severe storm on 14 June , the tanker reportedly sank . The
Napier was carrying an unspecified quan tity of light Bolivian
crude.

Cleanup :
Becaus e of the remoteness of the Island of Guamb lin , the

Chilean government decided that the most effective way to deal
with the spilled oil was to burn it. On 12 June , the Chilean
Air Force dropp ed incend iary bombs on the slick, igniting the
tanker ’s st ern . The next day , airplane pilots observed that the
ship was burning.

Spill:
It was not known how much oil spilled , burned , or remained

in the Napier. There was no reported fouling of any shorelines
or coastal waters . The spill raised concern about the fate of a
mussel farm located in the interior of the Chonos Archipelago.
There was , however, no reported damage to the farm.
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ESSO ESSEN OIL SPILL
29 April 1968
off the Peninsula Coast, South Africa
(34°18’30”S , l8°20’OO”E)

Event:
At 0640 LT on 29 April 1968, the West German-registered

tanker Esso Essen hit a submerged object at a speed of 18 knots
while headed almost due northwest 5 km off South Africa ’s
Peninsula Coast , and ruptured 8 tanks. The weather was good with
fair visibility , almost no wind , and a moderate swell. The
tanker proceeded under her own power in a northwesterly direction
to 20 km west of Duiker Point and then northeastward towards
Table Bay. She waited more than 9 km west off Green Point Light-
house for clearance to enter the harbor of Cape Town.

The Port Captain at Cape Town refused clearance and ordered
the ship to sea. The Esso Essen departed the same day to drift
roughly 130 km offshore, where the Port Captain inspected the
damaged tanker. An estimated 15,000 tons of oil were lost ,
including about 4000 spilled off the Peninsula Coast. A slick
1 to 2 km wide and more than 30 km long was reported at a distance
from the coast varying from 3 to 25 km. The 50,897-DWT Esso
Essen, built in 1960, was bound for West Germany with a load of
heavy Arabian oil from the Persian Gulf.

Cleanup :
Aerial surveys were initiated over most of the Peninsula

Coast shoreline and waters at roughly the time that slicks were
first observed . Machinery such as “slick-licker” belts was not

available for removing oil from the ocean. The cleanup efforts
concentrated on spraying dispersants , flown to Cape Town from
the United States. The South Afr ican Minister of Industries
approved the use of Esso Corexit as a dispersant , af ter finding
that Corexit was generally less toxic than those chemicals used
during the Torrey Canyon cleanup. In total, an estimated 80 to
90% of the 4000 tons of oil spilled off the Peninsula Coast
washed onto beaches.
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(ESSO ESSEN OIL SPILL)

Spill:
The slick , first seen extending from Scarborough to Clifton ,

was carried southeastward by northwesterly winds. It followed
the coast until , by 1 May , the northern end had cleared Duiker
Point. The first landfall was on the night of 30 April from
Scarborough to a point 25 km south . On 2 May , Chapman ’s Bay, just
north of Scarborough , was contaminated . On 3 May , oil reached
Cape Point and began moving across the mouth of False Bay. On
4 and S May , the slick impacted Cape Hangklip and Pringle Bay , on
the other side of False Bay . The oil had a frothy appearance ,
indicating emulsification. Thick oil was deposited above the
kelp, which had been washed up by heavy seas. Beach cores showed
little penetration into the sand .

The oil killed millions of sand hoppers , but that seemed to
be the only massive mortality . Periwinkles , limpets , and anemones
suffered appreciable mortalities. Many pelagic birds were seen
oiled , but only a few gannets and cormorants were found dead.
Scientists sampled the water and found no probable adverse effects
to phytoplankton but moderate to high mortalities among zooplank-
ton . By 6 May, the pollution along the Atlantic coast had dimin-
ished , except for some oil-covered rocks in Chapman ’s Bay .
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BRAZILIAN MARINA OIL SPILL
9 January 1978
Sao Sebas-tiao , Brazil
(23°48’S , 45°43’W)

Event :
Late at night on 9 January 1978 , the Liberian-registered

tanker Brazilian Marina struck a rock while entering a dredge
channel near Sao Sebastiao , Brazil , and ruptured 2 port wing tanks
with a hole 40 meters long and 1 meter wide . About 15 ,000 tons of
crude oil sp illed. The vessel , under lease to Petrobras , was
entering Sao Sebastiao harbor while en route from Kuwait to the

— Petrobras refining facility.

Cleanup :
Under the coordination of the Sao Paulo State Environmental

Control Agency, local municipalities undertook the cleanup effort ,
which lasted for several weeks . A S-man USCG/EPA team provided
advice to the Brazilian officials and conducted surveys of envi-
ronmental damages. Cleanup efforts were largely manual , involv-
ing rakes , shovels , and straw . Officials reported particular
success with Japanese pine straw . Limited use was made of vacuum
machinery . The tanker ’s owners paid punitive fines totalling
$137 ,000. On 30 January , they agreed to pay damages and cleanup
costs not exceeding $500 ,000. On 31 January , when the insurance

company assured payment , the ship was allowed to sail.

Spill:
On 10 January , the spilled oil was reportedly moving along

the shoreline from Sao Paulo north towards the state of Rio de
Janeiro. A layer of oil , 0.S to 2.5 cm thick , impacted the beaches
in the state of Sao Paulo , and oil slicks along the coast threatened
further contamination for several weeks . Heavy rain helped disperse
the slicks . On 17 January , they were observed 40 km south of
Rio de Janeiro. 
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( B R A Z I L I A N  MARINA OIL SPILL)

The USCG/EPA team found no serious long-term danger to marine
life . Local officials estimated that short-term mortalities of
sardines , shrimp , and mussels will ruin the season ’s harvest. Few
dead fish or oiled birds were found , although it was estimated
that thousands had been contaminated.

D-lS

5.-- -

- 
--

- -----—

~~~~~~~~~~~;. TTT T - - -  —-- k 
~~~~~~~~~~~~~ -~~~~~--~ -~ ---~~~ — ~~-- - -- .- -~-- -~~~~



~~~~~~~~~~ -- - --------- - -  — — -- - - _ _ _ _ _ _

ARROW OIL SPILL
4 February 1970
Chedabucto Bay , Nova Scotia , Canada
(45°2 7’57”N , 67°06’24”W)

Event :
At 0934 AST on 4 February 1970 , the Liberian-registere d

tanker Arrow , carrying 3.8 million gallons of Bunker C fuel oil ,
ran aground on Cerberus Rock in Chedabuc to Bay , Nova Sco ti a , in
high seas and winds. Immediately upon grounding , the bo ttoms of
the forward oil tanks ruptured , and oil began to spill into the
bay. On 8 February , the tanker split in two , leaving the bow
section stuck firmly on the rocks , with 6 out of its 9 tanks
ruptured. The stern section , with 950 ,000 gallons of oil , sank
on 12 February before it could be towed and sunk in deep water
off the continental shelf.

By 14 February , an estimated 1.5 million gallons had spi lled ,

making the Arrow spill the largest in Canadian history , and
another 1.3 million gallons had been salvaged. Extreme cold pre-
vented further salvage . Plans to steam-heat the oil were not
carried out because the tanker ’s boilers were inactive . The wreck
continued to leak oil , including a spill of 30,000 gallons on the

night of 24 March. The 18,000-ton Arrow , owned by Sunstone
Maritime Ltd., was on charter to the Imperial Oil Company . She
was carrying her Venezuelan cargo to the Nova Scotia Pulp Ltd.
mill at Point Tupper , Nova Scotia.

Cleanup :
A fine mesh seine-net boom was constructed about 600 meters

long and 9 meters deep , with flotation about 30 to 60 cm above
the surface. In combination with peat moss absorbent , this boom

was effective in containing the spilled Bunker C oil in sheltered
areas , but rough seas precluded the containment of oil on the

open ocean. Oleophilic “slick-lickers ” were deployed with
success in recovering oil in sheltered areas . Where recovery was
impossible , burning was attempted. Magnes-um flares and glass

beads were dropped on the spill to both gen,rate and retain
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(ARROW OIL SPILL)

enough heat for combustion. By 9 February , the cleanup crews had
still not decided on the best way to ignite the oil , and a large
amount of the oil had emulsified , reducing the probability that it
would burn . Where the oil had not already emulsified beyond
flammability, it was difficult to sustain combustion temperature.
The Canadian Ministry of Transport, respons ible for cleanup opera-
tions , reported that no dispersants or sinking agents had been
used on the slick , although Imperial Oil Co. had reportedly char-
tered 2 planes to spray dispersants. Due to low temperatures and
poor penetration into the slick , the dispersants were largely
ineffective . The Ministry of Transport planned to hold both
Sunstone Maritime and Imperial Oil liable for cleanup costs ,
estimated at $3 million .

Spill:
During the first day after the grounding, the slick was

carried north and east by SO-knot winds blowing from the south .
In the f irs t severa l hours , a falling tide helped initiate the
seaward movement of the slick . On the second day , the wind
changed and blew largely from the north for 3 to 4 days . The
slick extended for 6.5 kin on the open ocean, with smaller slicks
remaining inside Cape Auget. After water cushions had
developed in many tanks , precluding further major spillage , oil
leaked only sporadically from the bow . Although no divers
inspected the sunken stern , officials do not believe it leaked
any oil.

In total , the spilled oil impacted 320 km of Chedabucto Bay
coastline , with the larger portion on the southern shore. A rock
dam constructed from Ile Madame to Cape Breton Is land to combat
the spill prevented contamination of the sound between the
islands . On 27 February , oil washed ashore on the northern coast
of Sable Island , some 200 km southeast of the Arrow. Chemical
analysis traced the oil to the spilled Bunker C.

D-l7

~~~~~~~~ 

_  

-
- 5.

• .

- ~~ - - -- -~~~-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~
-

~~~ 
--k- 

~~~~~~~~~~~



‘0- 4 - 4 - - - — - - -~~~~~~~ ---- -— - — - - — - -- - —- - - 4--- -

(ARROW OIL SPILL)

As a result of the spill , 10 gray seals were reported dead ,

with others heavily oiled and disoriented. The most heavily

impacted fauna were sea birds . An estimated 2300 died in

Chedabucto Bay , another S000 dead washed onto Sable Island , and

many more dead birds were probably carried south of Sable Island

into the open ocean .
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BORA G OIL SPILL
7 February 1977
Keelung, Taiwan
(25° l2 ’ lO” N , l2l°44’30”E)

Event:
At 1145 LI on 7 February 1977 , the Kuwaiti-regis -tered tanker

Borag hit a reef and ran aground in the East China Sea , 3 km north
of Keelung, Taiwan . The grounding ruptured 2 of the vessel’ s 30
tanks; other tanks leaked later. An estimated 4000 tons of the
33,068-ton cargo of crude oil spilled into the sea. A Keelung
pilot was on the Borag at the time of the grounding. Of the 37
people on board , 19 were taken ashore immediately, and the others
were rescued by 10 February .

On the first day , no attemp t was made to refloat the tanker
since the pilot feared a break-up . The next day, 3 tugs and 2
patrol vessels failed to free the Borag from the reef. The bow
sank during the first 4 days , and the buoyant stern finally sank
on 15 February . Strong winds and high waves hampered efforts to
remove oil prior to the sinking . On 8 March , a dredge struck the
submerged tanker and sank . The 35 ,35l-DWT Borag was en route from
Kuwait to a Shenao , Taiwan refinery when the grounding occurred.
The cargo was owned by the Chinese Petroleum Corporation and the
vessel by Hamoor Tanker Corporation .

Cleanup :
The Taiwanese Navy supervised the efforts to contain and

cleanup the spilled oil , and received assistance from the Keelung
Harbor Bureau , other government agencies , and industry experts.
Industrial and utility plants using seawater coolant systems shut
down their operations . On 8 February , the Harbor Bureau prepared
a sea boom to fend the spill away from the coast. Aside from
attempts to offload the cargo from the sunken ship, there were no
reported efforts to recove r the oil. Large amounts of disper-

sants were used to keep the slick out of Keelung harbor. No
attempt was made to disperse the entire slick.
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(BORAG OIL SPILL)

Sp i l l :
On the first day , southwesterly gusts blew slicks away from

the coast. By 11 February , the wind had shifted to a prevailing

northeasterly direction , blowing oil onshore in amounts ranging

from small patches to thick layers . Yeh-Lin harbor and adjacent

resort areas were heavily polluted , wi th oil collec t ing in coves
and behind breakwaters. Keelung harbor received progressively

larger amounts of oil from 11 to 24 February, by which time
fishing boats could no longer cross the SO-cm-thick rafts of oil.
Smok ing and welding were s tric tly forbidden in and around the har-
bor. The slicks remained offshore for almost two weeks , threaten-
ing the coolant intakes. The oil curtailed fishing off a 60-km
s tre tch of coas t line , and killed almo st all the young eel in the

sp ill area. Potential costs to the fishing industry were esti-
mated at millions of dollars.
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PACIFIC GLORY OIL SPILL
23 October 1970
off Isle of W ight , England
(0l°0S’W , 50°40’N)

Event :
On 23 October 1970 , the tankers Pacific Glory and Allegro

collided in the English Channel while headed towards Rotterdam
and Fawley , England , respectively, and the Pacific Glory immedi-
ately caught on fire. Thirteen of the Pacific Glory ’s crew were
killed in the collision and fire. The Allegro sustained minor
damage and proceeded to Fawley to unload its cargo. After the
co l l i s i on , the Pacific Glory was grounded in 5 me ters of wa ter
5 km off the Isle of Wi ght. Two weeks and several storms later ,
20,000 tons of the Pacific Glory cargo were offloaded to another
tanker. Then the grounded tanker was refloated and repaired , and
14,000 tons were loaded back onto the tanker. On 17 November ,
the Pacific Glory arrived in Rotterdam with 64,000 tons of her
original 77 ,000-ton cargo . The 6000 tons that had been offloaded
were also shipped to Rotterdam . In total , almost 7000 tons of
oil spilled from the Pacific Glory .

Cleanup :
The Br it ish Admiral ty coordina ted the init ial effor ts to

cleanup the oil. The Navy employed two Dutch government-owned
ships: one speciall y equipped to apply dispersants and the other
a dredger converted to spray chemically treated sand for sinking

oil slicks. Shell Marine International , the Pacific Glory ’s
charterer , volunteered its service during the cleanup . Since
the collision was outside British territorial waters , C.Y. lung
of Hong Kong , the owner , contracted with a Dutch salvage firm on
27 October to refloat the tanker and relieve the Admiralty of the
cleanup operation .

Channel tugs moving at full speed sprayed dispersants on

the slicks . Wooden frames towed behind the tugs agitated the
water , mixing together the oil and dispersant and thereby
increasing the dispersant’ s effectiveness. Officials described
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(PACIFIC GLORY OIL SPILL)

the dispersants and sinking agents as successful in preventing
shoreline pollution. Boats with dispersants on board acr-inpanied

the Pacific Glory to Rotterdam .
C.Y. Tung and Shell International Petroleum Company Ltd.

were both party to TOVALOP , which substantially reimbursed the

British government for its efforts.

Spill:
Most of the oil which spilled from the Pacific Glory was

diesel and fuel oil. Some burned on the water , while the rest

was either dispersed or sunk before wind or current could carry

it far. There was no reported pollution of the coastline , but for

3 weeks , until the damaged tanker reached Rotterdain , officials
feared that she would rupture again and spill her cargo into the

Channel.
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OCEAN EAGLE OIL SPILL
3 March 1968
San Juan, Puerto Rico
(l8°30’N , 66°lO’W)

Event:
At 0937 LT on 3 March 1968, the 18,524-DWT , Liberian-

registered tanker Ocean Eagle ran aground in heavy seas while
heading into San Juan Harbor , Puerto Rico . The captain attempted
to head the tanker seaward by pivoting her on the grounded mid-
section. During this procedure , the 15-year-old Ocean Eagle split
in half. The tanker was carrying 5.7 million gallons of crude oil
from Venezuela to San Juan . The stern half , which remained
intact , retained its oil , which was eventually pumped out . The
spillage from the bow was estimated at 2 million gallons :
1 million by 7 March , and 1 million by 19 March.

Cleanup :
The USCG and Navy undertook a lead role in the cleanup , with

the tanker owners paying for the cleanup costs. On ‘. April , the
bow and stern sections reportedly contained no oil , and the Army
towed them to deep water to sink them.

Where oil threatened shores and beaches , cleanup crews
initially used detergents. Marine scientists objected to the
potentially adverse ecological effects of the detergents , and the
cleanup crews switched to Ektopearl , a non - toxic , porous substance
that absorb s oil and floats. The damage to the marine environment
appeared sli ght.

Spill:
Oil spread east and west , covering a 16-km stretch and

impacting public , private , and military beaches. Currents carried
the oil onshore , where patches washed within 100 meters of resort
hotels. By 19 March , favorable currents had carried most of the
oil out to sea, and public beaches were reopened . Some oil
remained in San Juan Harbor , with accumulations at La Perla and
slum areas .
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(OCEAN EAGLE OIL SPILL)

As of 19 March , 500 pelicans had been pulled from the oil ,

cleaned , and taken to rehabilitation centers. Some waders and

plovers were found , but in general the bird populations were
sparse. A few octop i were found dead.
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VENOIL/VENPET COLLISION AND OIL SPILL
16 December l9~~near Port Eli zabeth , South Africa
(34°2S’S , 24°0S’E)

Event:

At 0938 LI on 16 December 19 ’7 , the Liberian-registered
sister tankers Venoil and Venpet collided and caught fire less
than 40 km off the South Afri can coastline near Port Eli :aheth.

The motor vessel Clan Men:ies successfully evacuated the entire
44-man crew of the Venpet. When the crew members from the Venoil
abandoned sh ip, many lept into the shark-infested waters around

the tanker : 38 men were rescued , and were reported missing .

~f ter the col l ision , the ships separated from each other and both
drifted in a southeasterly direction until they were taken under
tow on 17 December.

The Venoil and Venpe t are both owned by the Venoil Company .
The Venoil , laden wi th 307,045 tons of Irania n heavy o il, wa s en
route from Kharg Island in the Persian Gulf to Point Tupper ,
Nova Scotia; the Venpet was making a return voyage in ballast
along the same route , with only cargo residues and bunker fuel on
board .

Cleanup :
On 16 December , 5 coas tal anti-pollution vessels arrived on-

scene , along with rescue boats and fire-fighting salvage tugs .
The fire hampered efforts to approach the damaged tankers and
offload the cargo , but the heat increased the rate of emulsifica-
tion and evaporation .

As soon is the fire was extinguished on F December , the
anti-pollution vessels started to apply dispersants to the slick.
Conservation organization s were reportedly pouring dispersants on

the slick with little effect. From 5 to 7 January 1978 , the
Venoil’ s cargo was safely offloaded to another tanker , the
Litiopa. When the wind and swells increased , the offloading

hoses were disconnected , and the vessels were kept headed into
the wind by tugs.
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(VENOIL/VENPET COLLISION AND OIL SPILL)

Spill:
On 17 December , press reports said that the Venoil was trail-

ing a 100-km slick and the Venpet a small slick of undetermined
size. Some of the spilled oil burned on the water near the
tankers. For more than a week , the slick threatened South African
resort beaches on the country ’s southeastern shore. On 29 Decem-
ber , gusting onshore winds drove a slick 11 meters wide and 14 km
long onto the beaches between Kwysna and Mossel Bay, while other
larger slicks remained offshore and to the south. Oil washed up
near the mouth of the Gouritz River , accumulating in deposits up
to S cm thick . On 30 December , the main slick was less than 2 km
from shore. As the day progressed , southeasterly winds gusting up

to 40 knots drove much of the slick onshore , and the next day,

onshore winds carried oil onto Tougaart Beach north of Durban.
In total , the oil impacted 100 k-rn of beaches. The spill destroyed
prawn beds , although its full environmental effect was largely
unreported.

0-26

4 

-— -- -4-- -- ——-41----- -- - -- - - - -4-
- - _L~~~~ — --- - 

- - - - 

—



______ —— — - —— — -- —---- -— ---- - -—--———— ‘—————-—- --— .------—

TSESIS OIL  S P I L L
26 October  1977
Sode tal je , Sweden
(5 8°4 9 ’4 2 ” N , l7°43’48”E)

Event:

A t 1000 LT on 26 Oc tober 1977 , the 177-meter Soviet tanker
Tsesis struck an uncharted , submerged rock while navigating
through a narrow 480-meter-wide channel into Sodetalje , near
Stockholm , Sweden . A Swedish pilo t was on board when the vessel

hit the rock at the edge of the channel. Navigational charts
indicated a channel depth of 9.75 me ters , al though subsequen t

soundings showed a rock 8.23 meters below the water surface.
The grounding ruptured 8 cargo tanks , and the Tsesis began

to spill oil immediately. An estimated 1600 tons of oil were
lost. Initially, the Soviet captain of the Tsesis wanted to off-
load his cargo into another Soviet tanker. When that tanker
arrived , its tanks proved unfit to receive the oil. The cargo
was offloaded into Swedish ships . The Tsesis was pulled free on
31 October and anchored near the grounding site. On 4 November ,
the Tsesis proceeded slowly to a Stockholm shipyard under her own
power for repa i rs .

Cleanup :
Swedish authorities responded quickly to the spill. The

Swedish Coast Guard assumed responsibility for the cleanup opera-
tions , and the Air Force undertook helicopter overfli ghts.

Booms were deployed around the tanker , and “slick-licker ” belts
and suction equipment were used to recover the oil. While the
weather was calm , recovery proceeded with fair success.

On 29 October and again on 1 November , strong winds and
rough seas rendered the booms , skimmers , and suction equipment
ineffective . Local fire brigades helped cleanup the shore . On
31 October , the Soviet captain said that Sweden should pay the
cleanup costs since a Swedish pilot was aboard. Swedish law ,
however , requires the shipowner to pay , even when a Swedish

pilot is on duty.
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(TSESIS OIL SPILL)

Spill:
At the time of the grounding , the weather was relatively

calm. Shortly thereafter , a westerly wind with gusts up to
almost 25 knots began to alternate with a calm , and the oil
started moving towards the eastern shore of the channel. Later ,
the wind shifted from the west to the south , and the oil began to
drift north. By 28 October , a water cushion had formed inside the
ruptured tanks , stopping further leakage. On 30 October , oil had
washed up along about 3 km of coastline on islands in the channel

to Sodetalje. The next day, the spill , covering an estimated
13.7 sq kin, had impac ted as many as 10 islands . Most of the oiled

areas were rocky cliffs , but some ground areas were affected.
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JULIANA OIL SPILL
30 November 1971
Niigata , Honshu , Japan
(38°0O’N , l38°40’E)

Event:
On 30 November 1971 at 1650 LT, the Liberian-registered

tanker Juliana dragged her anchor in rough weather , while waiting
for a pilot to guide her into Niigata harbor on the west coast of
Honshu , Japan . Drifting aground just outside the harbor , the
Juliana split in two, the bow coming to rest 300 meters and the
stern 100 meters from shore , with a distance of 3000 meters
separating the sections . All 47 crew members were rescued.
The Juliana was carrying 18,000 tons of crude oil from the
Persian Gulf to Niigata . In total , an estimated 4000 tons of oil
spilled , and the remainder was offloaded to other boats.

Cleanup :
In Japan, at the time of the grounding , there was only

enough dispersant to treat 5000 tons of oil . By 2 December ,
nearly 600,000 liters of dispersant had arrived in Niigata , and
60,000 liters had already been applied to the slick. By
3 December , 2 helicopters and 6 fire engines joined the 12 patrol
boats applying dispersants.

Oil companies , on the recommendation of the Japanese govern-
ment , placed a floating plastic boom around the slick. Initially
high winds rendered the boom ineffective . On 2 December , winds
subsided , and the boom was able to contain the slick . Straw mats
were used to absorb the oil.

On 5 December, the tanker ’s sections were secured with
anchors at sea and ropes onshore . A plan to place a siphon pump

inside the stern section was abandoned , because rough weather
made it impossible for salvage tugs and a small tanker to
approach the wreck. As an alternative , a 10-cm water hose with
PVC flotation collars was laid from the ship along the shore to
the harbor , but bad weather also hampered this plan .
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(JULIANA OIL SPILL)

Sp i 11:
One day after the grounding , an oil slick , 20 kin long and

4 km wide , had formed . Ocean currents and winds carried a large
part of the slick to sea, but some oil and oil-soaked flotsom
reached the shore. Officials expressed concern about the impact
of the oil slick on the rich fishing grounds in the Sea of Japan .

On 7 December , helicopters reported a thin oil film extending
8 km from Niigata north to the mouth of the Agano River.

Oil from the Juliana killed all the fish in the offshore

stationary nets that local fishermen had set before the grounding .
The nets were set on the sea bottom 1810 meters off Tayuhama beach

in Niigata . The haul was abnormally small , and no octopi were

reported.
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M/V SAINT PETER OIL SPILL
4 February 1976
off coast of Colombia
(0l°30’N , 79° 34 ’ W)

Event:
On 4 February 1976 , a fire broke out in the engine room of

the 34,l75-DWT Liberian-regis tered N/V Saint Peter while the

vessel was sailing 45 km west of the Ecuadorian coast. Due to
the danger of explosions , the 34-man crew abandoned ship. A t the

time , the tanker was bound for Peru with a cargo of 243,442
barrels of crude oil , and 6000 to 7000 barrels of bunker fuel oil.

( On 6 February , at Ol°35’N , 79°13’W , oil was observed bubbling to
the surface and spreading out into a large slick. It was assumed
that the ship had drifted and then sunk near this location in more
than 700 meters of water.

Cleanup :
The USCG undertook overflig ht surveys and predicted that sea

currents and wind would disperse much of the light oil before it
reached the shore . As of 19 February , no cleanup operations had
been initiated . Officers from the USCG and the Canadian Coast
Guard developed a cleanup plan for Colombia in case of pollution .
The Ecuadorian government also asked the USCG for advice.

Spill:
On 13 February , 3 separate oil ribbons , covering a total area

of approximately 124 sq kin , were observed drifting toward shore.
The longest ribbon was 24 kin long and 15 meters wide and was still
being fed by oil bubbling to the surface. As of 13 February , the
slicks were about 24 km from shore. The slick characteristics
indicated that the discharge had been cargo rather than fuel oil.

On 17 February , oil slicks of medium to heavy thickness ,
covering approximately 52 sq kin , were observed 5 km from the
Colombian coast. The slicks , which had spread southward into
Ecuadorian waters and had streaks extending into Tumaco Harbor ,
reached beaches and mangrove swamps in Tuinaco. There was appre-
hension that local tuna and shrimp industries would be adversely

impacted by continuing seepage.
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IRENE’S CHALLENGE OIL SPILL
18 January 1977
Nor th Pacific Ocean
(2 6° 53’N , l7 3° 5 2 ’ W )

Event:
On 18 January 1977 , the Liberian-registered tanker Irene ’s

Challenge broke in two in the North Pacific Ocean, about 350 km

east-southeast of the Midway Islands and over 1600 km west-
northwest of Honolulu. On 17 January at 1700 Honolulu time, the
tanker issued an SOS , which was relayed to the USCG by the
Universal Conveyor, a ship in the area. The merchant ship Pacific
Arrow rescued 28 of the crew of 31 and took them to Japan on
18 January . The other 3 reportedly stayed behind to prevent
Irene ’s Challenge from sinking . They were missing and presumed
dead. -

The USCG dispatched 2 cutters and an airborne strike team to
the scene . The two halves of the tanker remained afloat for
several days , drifting southeastward 40 km from each other. They
sank after 21 January . The 21 ,090-GWT Irene ’s Challenge, owned
by Tsakos Shipping and Trading Co. of Piraeus , Greece , was en
route from Japan to Venezuela with 3.15 million gallons of light
Arabian crude oil in her 4.2-million-gallon capacity tanks.

Cleanup :
The USCG strike team arrived at 1145 GMT on 19 January to

determine the feasibility of containing and recovering the spilled
oil. High capacity A .D.A .P.T.S. pumps were ready for deployment
from aircraft .

Spills:
An undetermined amount of the cargo spilled into the sea .

The slick covered more than 400 sq km by 19 January , and was
heading in an easterly direction . Seas in the area were about
2 to 3 meters with a wind at 10 to 15 knots.
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HAWAIIAN PATR IOT OIL SPILL
24 February 1977
Nor th Pac ific Ocean
( 2 l ° l 0 ’ N , 164°00’W)

— Event :

At 104 0 Honolulu time on 24 February 1977 , the Liberian -

registered tanker Hawaiian Patriot caught fire and exploded in
the North Pacific Ocean more than 600 km west of Honolulu. A

pilot in a reconnaissance plane reported seeing smoke amidships ,
as the crew began to leap in to  the sea . The merchant ship

Philippine Bataan rescued 38 of the 39 crewmen . One was found
dead.

The Hawaiian Patriot burned fiercely for several hours and
eventually sank. The 258-meter , 51 ,576-GWT tanker was owned by
Indo-Pacif ic Carriers and was under lease to Groton Pacific

Carriers. She was carrying 2 8 . 2  m i l l i o n  ga l lons  of l i g h t  Indone-
sian crude oil to Honolulu.

Cleanup :
Although the USCG monitored the spill , no cleanup operations

were undertaken . Some of the spilled oil burned with the ship.

Spill :

The oil started leaking from the No. 2 port and stern cargo
holds. It is unclear whether there was a crack or an entire
missing hull plate. The spill was reported at 1639 Honolulu time
on 23 February . By the time of the explosion , an estimated
5.25 million gallons of the cargo had leaked into the sea , forming
a slick almost 85 km long . The rest of the cargo sank with the
ship .

On 28 February , the slick was about 750 km west of Honolulu
and reportedly 23 km wide and 70 km long , with the heaviest con-
centration of oil at the western end . On 7 March , the slick ,

located more than 780 km west of Honolulu , had evaporated and

emulsified until it was only 32 km long and 3 km wide.
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APPENfl IX E:

DEBARK A TION PORTS

The debarka tion point is usually selec ted by the OSC soon
after he determines that pollution control equipment must be
brought to the scene . He usually selects the nearest port that

can handle the required equipment . It may be more convenient

to s tage different equipment at differen t points , so there may be
several debarkation points. It is not necessary that the debark-

ation point be a port. The equipment may be staged at a conven-

ient dock or beach. For open water spills , however , the recovery
equ ipment (barrier , barges) is so large that a port is much more

likely to be selected. A review of USC r epor ts on f ile wi th the
USCG shows a wide variety of selections (although the precise
debarkation point is not always apparent in the report). Some
samples:

M/V ORIENTAL WARRIOR (5/25/72) : Port of Jacksonville , FL.
UANNAU BARGE 2901 (2/24/75): Breakwater at entrance to Milwaukee

Harbor , access ible by road .
T/B TM-l0 (7/8/74): Upper Galveston Bay.

ZOE COLOCOTRONI (3/ 18/7 3) : Bah ia Sucia , Cabo Ro jo (sou thwes t
corner of Puerto Rico).

M/V CORINTHOS (1/31/75) : Marcus Hook , PA , B.P. docks.
NO/TK TAMANO ( 7 / 2 2 / 7 2 ) : Por t land Harbor , Hussey Sound.
BARGE Z-l02 (12/9/75): San Juan Harbor and Palo Seco area ,

Puerto Rico.
USNS JOSEPH MERRELL (12/29/74): Pt. San Luis , CA.

Dredge CARIBBEAN (1/11/75): Miami Harbor , FL.
T/B STC-lol (2/2/76): Reedville and Fleet Pt. MD.

(These were used by contractors as debarkation points.)
SS ARGO MERCHANT (12/15/76): Woods Hole , MA.

Not all cases cited here are open water spills. (The CORIN-
THOS and CARIBBEAN incidents occurred in harbors.) In none of
these cases was the USCG open water boom deployed , and in only
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three cases were the ADAPTS deployed (HANNAH 2901 , TB Z - l 0 2 , A R GO

MERCHANT) . While  the major ity of incidents we re at or near ma jor
harbors , three were relatively remote from a major harbor: Cabo
Rojo , P.R.; Port San Luis , CA; Reedville , MD. Because of cases
such as these , it can not be assumed that the debarka tion po int s
for open water sp ills will always be at a major port. At the other

extreme , not every harbor on the U.S. coasts  (p lu s  P u e r t o  R i c o ,
Hawaii , and the Virgin Islands) can accommodate the drafts of the

USCG vessels likely to be needed at a debarkation point. While the

minimum depth required depends on the nature of the spill , this

minimum is not likely to be greater than 10 ft. because only

the larges t cutters (27 0 ’ WMEC and 378’ WH EC) and buoy tenders
— 

(180’ WLB) have more than 10 ft. drafts. In further support of the

10 ft. reference point , it is noted that the debarkation point for

the ARGO MERCHANT inc ident (Woods Hole , MA) has a channel depth

in the 11-15 foot range.
A comprehens ive  l i s t  of por t s  in the  s t u d y  a rea  ~ca s  ex t r a c t e d

from the World Port index , Defense Mapping Agency Pub. 150 , F ifth

Edition (1976). This list contains about 450 ports on the U.S.

Great Lakes and East , Gulf and West coasts. If a minimum channel

or pier depth of 11 feet is taken as the criterion , the number of

potential debarkation points in the study area is about 400.

Another criterion for selecting potential debarkation po ints

is the existence of a lift or crane at the harbor. This would ex-

clude debarkation points unable to load or unload very heavy equip-

ment such as the barrier (17 ,000 lbs.) or the Type 0 barge (13 ,000

lbs.). The loading/unloading capability may be necessary unless

a buoy tender is available at the debarkation point. If avail-

ability of a lift or crane is required in addition to the 11 ft.

depth criterion , then the number of potential debarkation points in

the study area is 149.

A third criterion for selecting potential debarkation joints

is the ability to accept a USCG buoy tender , which has its own
crane. The WLB/l80 and WLM/l75 have 14 and 12 feet drafts , re-

spec tively while the WLM/157, WLM / 133, WLI/l00 and WL I/65 require
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7, 9, 5, and 4 f ee t  d e p t h s , r e s p e c t i v e l y .  T h e r e f o r e , these  l a s t
four may use the 400 ports that have 11 feet minimum depth. The

WLB/180 and WLM/157 , however , would he restricted to ports that

ha’:e 15 feet minimum depth. There are approximately 342 such ports.

This appendix lists those U.S. and Puerto Rican ports in the
W o r l d  Port Index, 1976 edition , that have lifts or cranes. Pierside

and channel depths are also given. Unfortunately, this reference

does not g ive crane capacities , or a breakdown of lift capacities

below 24 tons. The codes employed are as follows:

1st Column

ULO = United States Lake Ontario

ULE = United States Lake Erie

ULH = United States Lake Huron

ULM = United States Lake Michi gan

ULS = United States Lake Superior

UEC = United States East Coast

UGC = United States Gulf Coast

PR = Puerto Rico

tJWC = United States West Coast

2nd Column = Index Number of Reference

3rd Column = Name of Port

4th Column = Country of Port

5th Column = North Latitude , DDMM

6th Column = West Longitude DDDMM

7th Column: Port Size

L = Large
M = Med ium
S = Smal l
V = Very Smal l

E-3

- 

1
- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~- — - - - 4- - 4- _ _

8th Column: Harbor type

CN Coastal Natural
CB Coastal Breakwater

CT Coastal Tide Gate

RN = River Natural
RB River Basin
RT - River Tide Gate
LC • Canal or Lake
OR Open Roadstead
TH Typhoon Harbor

9th Column: Type of protection afforded

E Excellent
G Good
F Fair
P- Poor
N = None

10th Column: Channel Depth (Feet)

A = 76-over
B = 71-75
C 66-70
D = 61-65
E 56-60
F 51-55
G = 46-50
H = 41-45
J - 36-40
K 31-35
L 26-30
M • 21-2S
N • 16-20
0 • 11-15
P • 6-10

Q • 0-S
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11th Column : Ancho rage  Dep th  ( F e e t )

See codes fo r  8 th  c o l u m n .

12 t h  Column : Cargo  P i e r  Dep th  ( F e e t )

See codes for 8th column .

13th Column : Cranes

v = one or more cranes

bl ank = no cranes

14th Column:  L i f t s

V = one or more lifts

blank = no lifts

In order to aid visual ization of the distribution of debarka-

tion faciliti es of interest to the pollution response problem , two

plots were prepared.

Figure E-1: Debarkation ports with more than 10 feet draft

in channel and p ier areas and a lift or crane.

Figure E-2: Debarkation ports with more than 15 feet draft

in channel and pier areas.

Reference: Pub . 150 “World Port Index ,” Fifth E dition ,

1976 , De f en se M a p p i n g  Agency llvd rogra p hi c

Center , Code NVP3 , lca s h i n g t o n  DC 0390 .
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APPENDIX F:

LOAD/RANGE TRADEOFF CURVES FOR THE (*13-F AND HC13O AIRCRAFT

This Appendix presents approximate curves for trading off
payload and range for the HH3-F helicopter and the Lockheed

Hercules Models HC13OB and HC13OH. The approximations are based

on d iscussions with USCG search and rescue personnel (G-OSR-2)

and the operating manuals of the aircraft involved. The curves

and equations are not accurate enough for planning a specific mis-
sion , but will suffice for system analysis.

HH3-F HELICOPTER

Three limitations on range and payload are taken into account
for the HH3-F. They are:

a. The gross weight of the (*13-F cannot exceed 22 ,050 lbs.

at any time during the flight. The gross weight is a maximum at

takeoff in the missions to be considered.

b. The gross weight cannot exceed a value , MGWHOGE , when
the aircraft is hovering out of the ground effect. The value as-
sumed here is 20,200 lb., corresponding to 22°C air temperature
and sea level pressure.

c. The fuel carried cannot exceed the normal tank capacity
of the 1-11-13--about 4200 lb. for JP-4.

Additional fuel cannot be carried without modification and
reduction in interior space for the payload.

These three limitations may be expressed as inequalities in-
volving the payload , L , the mission range , R, and other mission
and aircraft parameters:

L ~~MGW - WAC 
- FR 

- f0 
- LHtH 

- 

~R ~
‘R 

(1)

F-i

4

4

- _ _ _  
. 

~~~~~~~~~~~~~~~~~~~ ~~ _ _~~~~~~~~ -



-~~~~~~~~~~~ -~~~ , - - -~~~~~~~~~~~~~- - -- .-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- --~~~~~~~~~

L ~~ MGWHOGE - WAC 
- F R - fhth 

- 

~r VR 
(2)

FR + + + 
~R VR 

CT (3)

where

MGW = maximum gross weight , lbs.

MGWHOGE = maximum gross weight when hovering out of ground
effect , lbs.

WAC = weight of empty aircraft plus crew , lbs.

— F R = weig ht of fuel reserve , lbs.

= fuel consumption in outbound travel , hovering,
and return travel , lbs/hr

Vo ,VR speed outbound and returning, knots

tH = hovering time , hrs.

CT - fuel tank capacity, lbs.

The value s for the above parameters will , in general , depend
on the mission. Three missions are considered; the values of the
parameters assumed for each are tabulated in Table F-l , and the
resultant L-R limits are plotted in Figure-F-i .

Mission 1: One-Way, Internal Payload

This mission is to transport cargo from base to base; i.e.,
takeoff , straight line flight , landing . The hovering restriction ,
b., does not apply. It is assumed that the payload is carried
internally; i.e., equipment and/or personnel are loaded into the
cargo area and not removed until landing. A crew of four is
assumed , at 200 lbs. per crew member. The fuel reserve is adequate
for 20 minutes , based on USCG practice.

As seen in Figure F-i , the zero-range payload is 6350 lbs.,
and the max-range payload is 2600 lb. The maximum range is 410 n.mi.
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TABLE F-i PARAMETERS FOR THREE
HH3-F MISSIONS

Parame te r  U n i t s  M i s s i o n  1 M i s s i o n  2 M i s s i o n  3

MGW lb s 22 , 050 22 , 050 22 , 050

MGW (IOGE lbs - 20 , 2 00 20 , 200

WAC lbs 15 ,300 15 ,300 15 ,300

FR lbs 400 400 400

f
0 

l b s/ h r  1,200 1,200 1,000

lbs/hr - 1 ,200 1,200

l b s/ h r  - 1,200 1 ,200

V0 knots 130 130 60

VR kno ts - 130 130

tH 
hrs - 20 20

C1 
lbs 4,200 4,200 4,200
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Miss ion  2: Two - Way , In ternal Pa yload

In this mission , the helicopter proceeds from its base to the
spill site , where it hovei s for 20 minutes while the payload is
lowered out of the cargo door , and then returns to its takeoff
base.

As seen in Figure F-i , the hovering weight limit restricts
the payload for almost all ranges up to the fuel tank capacity
range. MGW is a limiting factor only for the ranges 200 n.mi. to
205 n.mi. It will be noted that at the maximum range of 205 n.mi.,
the maximum payload is just 1/2 of that for the one-way mission of
equal range. This fraction is higher at shorter ranges , rising to
65% at zero range .

Mission 3: Two-Way, Belly Sling Payload

If the load is slung under the belly the speed on the out-
bound leg is reduced to 60 knots and fuel consumption to 1000
lbs/hr , according to USCG experience. The hovering weight limit
and return leg are the same as in Mission 2, where the payload is
internal. Because of the increased fuel consumption on the out-
bound leg (16.7 lbs/n.mi. compared to 9.2 lbs/n.mi.) the fuel tank
capacity limits mission 3 to 130 n.mi., or 75 n.mi. less than if
the cargo were carried internally. As in the case of the internal
cargo mission , the belly sling method is limited in range primarily
by the cruising speed rather than the MGW limit.

HC 130 FIXED WING

The USCG maintains two versions of the HC13O aircraft . The
H-version has greater range and a higher maximum gross weight .
Operational parameters for the two versions are shown in Table
F-2. These parameters are based on common USCG practice .

In determining the maximum payload-range combinations for
the Cl30, account must be taken of the fuel and gross weight limi-
tations , of the fuel reserve requirements , and of the weight of
the auxiliary tanks themselves.

F-S

I 
- 

_ _  

- —-~~~~~~~~~~-~ -~ .- --, - —~~-~~ -~~~ - 
--- -,~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~ - -  - .



TABLE F-2 PARAMETERS FOR TWO HC13O AIRCRAFT

HC13O-B HC13O-H

Cruise speed , kts 290 300

Fuel consumption , lbs/hr~
1
~ 4,500 5,000

Minimum operating wt , lbs 70,000 70 ,000

Nominal operating wt , lbs~
2
~ 85,000 90 ,000

Wing fuel capacity , lbs 4S ,000~~ 45,000

External tank capacity , lbs - 18 ,000

Reserve fuel required , 1b~ - 45% mm or 10% of total -

Weight of external tanks , lbs - 2,000

~-~~Based on JP4 weight fuel , 6.5 lbs/US gal .

~
2
~Approximate wei ght of equipped aircraft , exclusive of

fuel and payload and external tanks.

~
3
~Including auxiliary tanks .

F-6
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I-1C130-B

Figure F-2 shows the maximum gross aircraft weight , less
fuel , as a function of the total fuel wei ght . (The gross air-
craft wei ght , less fuel , is the nominal operating wei ght plus pay-

load.) It may not exceed the values shown in F i g u r e  F-2 at any
point in the fli ght in order to stay within the recommended !.SG

maneuver factor . Since the gross wei ght , less fuel , is constant
during a fli ght , while the fuel weight decreases with time , (not
necessari ly to ze ro )  the operating point moves on the chart from

right to left on a horizonta l line segment of length equal to the

fuel expended , at a distance above the x- a xis equal to the gross

wei ght less fuel.

Using the chart of Fi gure F-2 , it is possible to determine

the maximum achievea hle gross weight , less fuel , as a function of

the mission range. The latter is defined as the one- w ay distance

from takeoff to landing. The result is shown in Fi gure F-3. The

reserve and nominal fuel consumption and speed shown in Table

F-2 were employed in constructing Figure F-3.

Finally, the payload is d e t e r m i n e d  b y  subtractin g aircraft

operating wei ght (nominally 90 ,000  lbs. for the IIC l3t ’-B) from the

Vertical axis of Fi gure F-3 for the selected range.

HC13 O-H

The payload-range relation for the H-ver sion is obtained in

the same way as for the B-version. The combinations of gross

wei ght , less fuel , and total fuel that lie under the lines of

Fi gure F-4 are permissible at load factors up to 2.25G in the

H-version . The corresponding ranges , allowing for the fuel re-

serves , speed , and fuel consumption rates shown in Table F-2 are

plotted in Fi gure F-S . As is the case of the B-version , the

nominal operating wei ght of about 90 ,000 lbs. must be subtracted

from the gross weight less fuel. Finall y, 2000 lbs. must he sub- 4
tracted from the payload if the aircr aft is fitted with external

tanks.

F-7
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H( 130-  B
L I M I T S  OF GROSS W E I G H T  LESS F U E L
.-\NI) TOT A L FuLl .  l~l IGHT FOR 2.  SC
M A S F I J V C R  LOAI) FACTOR

130 -
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APPENDIX C:
CURRENT U.S. MILITARY HEAVY HELICOPTER CHARACTERISTICS

BOEING VERTOL MODELS 114 AND 234 (CHINOOK SERIES)

The Chinook CH-47 is a U.S. Army , all-wea ther , med ium

t r a n s p o r t  h e l i c o p t e r .  The l a t e s t  U . S .  v e r s i o n  is the  C H - 4 7 C ,

for which the following data apply under 4 conditions of

operation , A , B , C , and F ( f er ry )

A B C F

Wei ght empty, lbs 21 ,464 21 ,464 21 ,633 21 ,162
Payload , lbs , 11 ,650 6,400 21 ,700 00

internal)
1-0 w e i g h t , lb s 38 , 5 00 33 , 000 4 5 , 4 0 0  4 6 , 000
Cruise speed , kts l39 (l~ 

137 (1) 114 (1) 133 (2Mission radius 100 ‘ 100 20 1 ,156
Appx. fuel consumption , lbs/hr 2500

Cabin length , ft/in 30/2
width (mean , ft/in 7/6
width , at floor , ft/in 8/3
hei ght , ft/in 6/6
floor area , sq. ft 226
Usable volume , cu. ft 1474

A: 1-0 gross weight = desi gn gross wei ght

B: 1-0 gross weight = gross weight to hover out of ground
effect at 6,000 ft and 95°F

C: 1-0 gross weight = gross wei ght to hover out of
ground effect at sea level , International Standard
At mosphere

(1) Maximum distance from base before return , with 10%
reserve

- - (2) One-way distance , 10% reserve.

Source : Jane ’s All the World’ s Aircraft , 1976-1977

G-l

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
.
-. ~~~.



- . -~~~~~ --~~~-~~~~~~~~~~~~~-

UTTAS - UTILITY TACTICAL TRANSPORT AIRCRAFT SYSTEM

The U.S. Army will replace the UIl-1H Iroquois assault

transport by this twin turbine combat assault squad transport

in the late 1970’s. The following data are for the Boeing

YU1I-61A version :

YUH -61 A

Weight empty, lbs 9,750

Max payload , lbs 5,924

Max useable fuel , lbs 2,288

Cruising speed , kts 145

Range at cruise speed , n. m i .~~’~ 321

Mission 1-0 weight , lbs 1 5 ,157

Max T-O we ight , lbs 19 ,700

Cabin length , ft.in . 12’8”

max width , ft.in. 7’2”

max height , ft.in. 4’6”

Volume , cubic ft. 412

(1) 30 minute reserves

G - 2
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SIKORSKY - 64 SKYCRANE

This heavy lift twin turbine helicopter was intended as

a troop transport , minesweeper , cargo and missile transporter ,

anti-submarine aircraft , and field hosp ital. It has
I

designations C }I-54A , ( U . S .  Army , 1963), CI!-S4B (U.S. Army ,

1968), plus commercial versions.

Wei ght empty, lbs 19 ,234

Max 1-0 wei ght , lbs 42 ,000

Max payload , lbs 20 , 000

Max fuel , lbs (@ 6.5 lb/gal) 8,580

T y p i c a l  M i s s i o n  ( O n e - W a v ~
T-O w e i g ht , l b s  38 , 000

Cruise speed , kts 91

r:uel . lbs 8 ,580

pa yloa d , lbs 10 ,000

Range , with 10% reserve , n.mi. 200

Payload Dimensions (Internal
dimensions of external pod)

Length 27’5’~

Width

Hei ght

G-3
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CH - 53A SEA STALLION ( U . S .  NAVY) 2 - T U R B I N E

The first of these heavy assault t r a n s p o r t  h e l i c o p t e r s

w a s  d e l i ve red  in 1966. V e r s i o n s  are: C}4-53A , RH-53A ,

1111- 53 8 , llli - 53C , 110-53 Pave Low III (USAF) , CH-5 3D , RP-53D ,

p l u s  n o n - m i l i t a r  v e r s i o n s .  Data  fo r  the  CH - 5 3 D :

W e i g ht  em p t y , lbs  2 3 , 485

M ission 1-0 wei ght , lbs 36 ,400

Max 1-0 wei g h t , lbs 42 ,000

Cruising speed , kts 150

Fuel , lbs , with 10% reserve 4,076

Range at 4,076 l b  f u e l , 150 k t s  2 2 3  ru . m i .

Payload 223 n. mi. range , lbs 8,839

Cabin , length 30’O”

ma x w i d t h

max he i g ht

G-4
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CH-5 3E (U.S. NAVY) 3-TURBINE

This is a three-engine version of the S-65A. The

U.S. Navy plans to use the CH-53E for vertical on-board

delivery operations , to support mobile construction battalions ,

and to remove damaged aircraft from decks.

I

Weight empty, lbs 32 ,048

Typical mission

T-O weight , lbs 56 ,000

Cruising speed , kts 150

Range , n.mi. 266

Internal payload at 100 n.mi.
range , lbs. 30 ,000

Cabin

Length 30’O”

Width at Maximum 7’6’~

Height at Maximum 6’6”

NOTE : The following aircraft evolved from the U.S. Navy SH-3A
Sea King , first ordered in 1957 and flown in 1959;
their performance characteristics are not dissimilar
enough from the USCG HH3F to warrant separate tabulation .
Sikorsky designations S-61A , S-61B , S-6lF , S-6lR; Military
Designations RH-3A , SH-3A , CH-l24 , HH-3A , VH- 3A , SH-3G ,
SH-3H, S-61R , CH-3C , CH-3E .

G-5/G-6
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AP PENDIX 1-I :
A V A I L A B I L I T Y OF IJ SCG T O W I N G  V E SSELS

I t  is n e c e s s a r y  to  deve lop  the statistics of the time re-

quired to make available at a USCG coastal equipment storage site

one of the USCG cutters or boats that is suitable for towing the

FSD or s i m i l a r  h u l l , loaded  wi t h pollution control equi pment , to

a d eb a r k at i on p o i n t , o r d i r e c t ly  to  a s p i l l .

SELECT ION OF V E S S E L S

In selecting (ISCG v e s s e l s  s u i t ab l e  f o r  t o w i n g  d u t y  on s h o r t
n o t i c e , v e s s e l s  l ess than 40 fee t  long  were  e x c l u d e d .  A l t h o u g h  it
is p o s s i b l e  that some vessels less than 40 feet long can perform
t h i s  d u ty , t h e  only test information available (Reference 1 .1 ,
P E - 2 4 )  is  fo r  t he  I J TB /4 1 .  T h i s  r e f e r e n c e  m e r e l y  s t a t e s  t h a t  t he
41 fo ot UTB s u c c e s s f u l l y  towed  t h e  loaded  FSI ) a t  12 k n o t s  on
se v e r a l  o c c a s i o n s .

Not  a l l  US (~ . v e s s e l s  o f 40 foo t  l e n g t h  or g r e a t e r  w e r e  in-
cluded in  t he  c a l c u l a t i o n s .  lcehreaker s ( W A G B ) ,  Rese rve  T r a i n i n g
C u t t e r s ( W T R )  , Co n s t r u c t i o n  T e n d e r s  ( I c L I C )  , R i v e r Buoy T e n d e r s
( W L R )  , L i g h t s h i ps ( h 0 4 , t 1 2 , ~ 13) , T r a i n i n g C u t t e r s  ( W I N )  and
Oc e a n o g r a p h i c  C u t t e r s  ( W A C O )  w e r e  j u d g e d  no t  s u i t a b l e  or not
generally available for pollution response duty. Of those that

a r e i n cl u ded so m e are not usuall y underwa y along the full length

of District coasts , a nd have  been  t r e a t e d  w i t h  a n o m i n a l  c o a s t l i n e
d i s t a n ce D , as e x p l a i ned b e l o w .

The u se  of  t he  378 WIIEC for pollution response is s l i g h t l y
compromised by i t s  draft ( 2 1  f e e t )  w h i c h  m a k e s  it unsuitable for

some p o r t s .  N e v e r t h e l e s s , t h e  F SD and similar towed vessels are

more likely to he stationed with pollution control equipment at

the larger ports where draft is not a serious limitat ion on use
of the 378 WEIEC . Hence , the 378 has been included in the list.
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DAT A AND MODELS

The availability models to he described were tailored to ex-

i s t i n g  d a t a .  The d a t a  are der ived  from the Annual Abstract of

Operations for 1975 , Ref erence H-l. These volumes are compiled

f rom fo rms  CG-3273A (aircraft), CG-3273B (boats), CG-3273C (cut-

ters), as per C o m m a n d a n t  I n s t r u c t i o n  3123 .7E. The data were pro-

vided by USCG C-UP; the 1975 report was the latest available in

documented form. It provides adequately accurate statistics for

our purposes , because cutter and boat dep loyments have not changed

su b s t a n t i a l l y  s i n c e  1975 .
The A b s t r a c t  of Operations gives , for each cutter type , the

a n n u a l  hours  u n d e r w a y , t h e  h o u r s  i n B r a v o - 6  s t a n d b y , t h e  h o u r s  i n
o t h e r  s t a n d b y ,  and the hours in maintenance. For boats , there is

g iven  the  a n n u a l  h o u r s  underway, the hours in standby , the hours

in maintenance , and the hours in storage. The f o l l o w i n g  approxima-

tions are made:

(a )  C u t t e rs and b o a t s  in  m a i n t e n a n c e  or s t o r a g e  a r e
u n a v a i l a b l e .

(b)  Cu t t e r s  in B r a v o - 6  or l e s s  s t a t u s  a r e  a v a i l a b l e , on the

ave r age , i n 3 h o u r s .

( c ) C u t t e r s in  s t a n db y o t h e r  t h a n  B r a v o - 6  arc available ,

on t he  a v e r a g e , in 6 h o u r s .

(d)  B o a t s  in s t a n d b y  s t a t u s  a r e  available , on the average ,

in  3 h o u r s .

(e) Boats or cutters underway are uniformly distributed along

the coastline of their Di strict , and , upon receipt of

request for towing assistance , immediately proceed at full

speed t o the equipment (sled) location.

(f) The possible sled/equipment locations are uniformly

distributed along the coastline of the district.

From assumptions (e) and (f) one can deter mine the probability

distribution of the availability time for a vessel under way in

terms of D, the length of the Di strict coastline , and V , the maxi-

mum speed of return of the vessel to the site. The distribution

1-1- 2
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is shown in Figure H-1(c), where it is seen that the probability

the vessel will return in t hours is just P 2Vt/D - (Vt/D)2.

If there are N s im ilar vessels  d istribu ted alon g the coas t, then
the probability that one or more will be available in t hours is

1 - (1 - ~) N or 1 - (1 - V t / D ) Th .

F u r t h e r  a s su lnp t  i ons  a r e  now made r e g a r d i n g  t he  a v a i l a b i l i t y  of
c u t t ers on B r a v o - b  s t a t u s , on B r a v o - N  s t a t u s  ( w h e r e  x ~ o) and
b o a t s  on s t a n d b y  s t a t u s .  The d i s t r i b u t i o n  of  a v a i l a b i l i t y  t i m e  fo r
three cases is assumed to he s h ow n  in P i g u r e  11-3. These diagrams

essent i a l  1 , q u a n t i f y t h e u n c e r t a  m t  i es  e x p r e s s e d  in a s su m p t ions

(b) , I C )  and ( a )

F r o m  t h e  p r eced ing  i t  can  he seen t h a t  t h e  p r o b a b i l i t y t h a t
one or more  cutters w i l l  be a v a i l a b l e  in  t hours or less is

P ( t )

P ( t )  = 1 - (I - P ) N uC (1 - P~~)~~b ( 1  - P~ )
\x (1)

w h e r e  P , P , and  P are the p r o b a h i  ii t v  f u n c t  i o n s  o f t s h o w n  inuc 6 x -

Fi gures H-l(c), 11-2 (a) and 11-2(b) for cutters underway, on

Bravo— h status , and on standby o t h e r  t h a n  R r a t - o - h .  S i m i l a r l y , t h e

p r o h a b  i i i  t v  that one or more b o a t s  ~ i l l  be a va i l a l - l e  i n  t h o u r s  or
l e s s  i s

~~~~ = 1 - 1 - P 103 ) N uB (1  - F 5 ) \~ ( 2 )

~ç1lere P
~IB 

and P~ are the p r o h a b  i i i  tv  functions o f  t shown in
[‘i gures 0-1(c) and H-3(c) for boats underway and in standb y

status .

I n ( 1 )  and ( 2 ) ,  t h e n u m b e r s N~1( .~ NUB, N(~ etc., have the fol-

lowing meanings:

= Av erage number of c u t t e r s  of  the g iven type , speed V ,

u n de r w a y  at any time in the District

N b = .- \ v e r a g e  n u m b e r  of c u t t e r s  of g iven  type , on Bravo-6

status , at an~- one port of the district

= Same as N(~ bu t  for Bravo-N status

11- 3
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x = distance of equipment site along coast; y = distance of vessel underway along coast

Z =

(i.) Distance z from
D Site to vessel as

I a function of site

4 
and vessel location

y

x

~~

y

D = Length of District coastline

t 
p (y, x)

( b )  P r o b a b i l i t y  de n s i t y
di assume d

~
‘u ta £ (c) Cumulative distribu tion

— 
___________ 

for availab ility t imes , t

1.0 (EzV) ,derive d from
( a )  and ( b ) , f e r  v c s s e l s

2(Vt) 
~~~ 

underway.

DIV

F I G U R E  0 -1 .  D I S T R I B U T I O N  OF A V A I L A B I L I T Y  T IMES
FOR VESSELS UNDERWAY
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Probability that a cutter on Bravo 6 status will be
available in t hours or less

(a) 1 . 0 

. ~HOURS

P = P r o b a b i l i t y  t h a t  a eu t t r on s t an d b y  other than Bravo 6
X w i ll h~ a v a i l a b l e  in t hours or le s s

(b) 

1.0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 12 18 HOURS

P
S 

= Probability that a boat on standb y will be available
in t h o u r s  or l e s s

( c )  

~~1/2 HOURS

FIGURE 11-2 . ASSUMED DISTRIBUT ION OF AVA ILAB ILITY TIMES FOR

BOAT S A ND CUTTERS ON READY STA TUS
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NUB 
= Average number of boats of given type , speed V ,

underway at any time in the District

N5 
= Ave rage number of boa ts of g iven type , on standby status ,

at any one port of the district.

Note: Port is used above to designate a US Coast Guard coastal

station or base.

The number N is obtained from the Abstract of OperationsuC
by tak ing the resource hours * of the US Coast Guard Type Totals

(p 75 ff) by cutter type and multiplying it by the ratio of total

District resource hours to total USCG resource hours , for all types

of cutters . This procedure was necessary because District resource ’

hour totals by type are not available in the Abstract. The type-

specific resource hours , pro rated to the District , is then divided

by 8760 , the number of hours in 1975 , to get average number of

cutters underway in the District.

The numbers N6, Nx, NUB, N5 were obtained in the same way as

Nec, except that US Coast Guard Type Totals were used as follows

N6: Type Total for Standby Hours (Cutters)

N
~
: Type Total for Other Standby Hours (Cutters)

NUB : Type Total for Resource Hours (Boats)

N
~
: Type Total for Standby Hours (Boats)

The various Type Totals above are shown in Table H-i , along with
totals for maintenance and storage. The ratio used to pro-rate to

Districts in each case was the ratio of total District hours to

total USCG hours for the type of utilization involved (Standby ,

Other Standby , Storage , Underway , etc.). These data are g iven in
Table H-2 .

The vessel speeds and District coastal lengths employed are

given in Table H-3. Several approximations were made , in addi-

tion to those described above: (1) In order to obtain the number

*A resource houT is synonymous with an underway hour here.
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TABLE H-i USCG VESSEL UTILIZATION FOR FYl975~
1
~ BY TYPE

CUTTER S

Cutter Underway Bravo-6 Bravo-X Maintain
Type Hours Hours Hours Hours

WHEC/327 14,517 1 ,231 3,015 25 ,037
W IIEC/ 37 8 37 ,023 1,881 12 ,395 53 ,823
WN E C / 2 10  37 ,522 36 ,230 26 ,635 39 ,852
WNEC/2l3 1 ,581 4,803 280 2 ,095
WM [IC/ 2 0 5 3,919 10 ,433 671 11 ,256
W M E C/ l 4 3  3 , 900 9 , 070  0 4,550
WMEC / -  2,912 2,102 1 ,049 2,697
WPB / 9 5 15 ,047 116 ,558 16 ,577 46 ,713
WPB/82 41 ,333 276 ,283 44,735 101 ,923
WLB/l80 47,819 75 ,414 78 ,068 72 ,695
WLM / 177 5,313 4,139 15 ,648 9,940
WL M/ 157 5 ,104 15 ,151 13 ,426 10 ,119
W LM/ 133 6,948 15 ,480 24 ,124 14 ,768
WLI/l00 12~ 7,015 12 ,094 21 ,912 13 ,747
WLI/100~ 

-‘ 1 ,42 5  41 13 ,527 2 ,527
WLI/74 3 ,219 4,356 6,694 3,251
WLI/ 65 4,983 16 ,647 20 ,802 10 ,128
WYTM/llo 9,130 57,835 13 ,896 33 ,019
WYTL/65 13 ,633 40,292 49,866 27,609
WYTM/UNK 219 0 8,507 34

BOAT S

Boat Underway Standby Maintain. Storage
Type Hours Hours Hours Hours

BU/40 727 9,740 637 6,008
BU/45 9,758 115 ,414 17 ,065 19 ,883
MLB/41 42,909 702,834 125 ,180 46,216
MLB/52 1 ,333 30 ,434 5 ,481 0
UTB/4 0 

~ 
69,099 864,567 214 ,174 251 ,605

OTII/>40 48,199 385 ,408 79 ,887 38 ,435

~~~Source : Reference H-i.
Re ference has two entries for WLI / 100 .

“ ‘Total Accounting hours for the type is the sum of the four
entries on the line .

~
4
~ Type not specified. Apparently includes such types as ANB/ 6S ,

BUSL/4 6, UTB/4 1 , Bu/52.
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TABLE H-2 VESSEL UTILIZATION FOR FY1975~~~ BY DISTRICT~
2
~

CUTTERS

District Underway Bravo-6 Bravo-X Maintain.
No. Hours Hours Hours Hours

1 39 ,239 56 ,360 68 ,060 72 ,861
3 35 ,916 95 ,240 54 ,817 85 ,767
S z8 ,967 100 ,864 21 ,540 70 ,873
7 38,968 91 ,155 73 ,825 61 ,059
8 36,511 95 ,514 59 ,248 54 ,007
9 17 ,133 51 ,812 24 ,337 29 ,380
11 24,035 65 ,669 4,129 22 ,255
12 18,540 70 ,029 10 ,546 32 ,285
13 27 ,256 42 ,695 47,483 45 ,755
14 10 ,458 9,865 13 ,998 25 ,759
17 22 ,807 57 ,225 14 ,606 32 ,621

299 ,830 736 ,428 392 ,589 532 ,622

BOATS

Di s tric t Underway Standby ?~hiiitain. Storage
No Hours Hours Hours Hours

1 34,127 639 ,853 132 ,996 362 ,832
3 48,793 884 ,753 214 ,042 247 ,436
5 35 ,846 714 ,281 106 ,267 66,281
7 42 ,706 701 ,652 153 ,851 119 ,965
8 41 ,685 877 ,840 110 ,176 135 ,322
9 37,960 1 ,192 ,138 70 ,481 580 ,914

11 12 ,934 176 ,022 45 ,470 80 ,696
12 18,291 378 ,915 48,007 72 ,077
13 36,324 590 ,334 83 ,109 350 ,071
14 4,750 65 ,477 20 ,561 22 ,975
17 4,467 46,304 11 ,365 18,321

317 ,883 6,267 ,569 996 ,325 2 ,056 ,890

~~~Source : Reference H-i.
~ ~‘rhe 2nd District was excluded because a large number of the

vessels in that District have been excluded from our vessel
list. The vessels of Table H-i are predominantly coastal
vessels. Headqua rters utilization has been excluded for the
same reason .
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TABLE H-3 USCG CUTTER AND BOAT SPEEDS USCG DISTRICT COASTAL
LENGTHS

Vessel Type Max Speed , V District Distance , D~
’
~

CUTTERS

WHEC/327 28 knots 1 925 n.mi.
WHEC /3 78 28 3 525
W l 4 E C / 2 l 0  16 5 600
WM EC/ 2 13  16 7 1100
W M E C / 2 0 5  16 8 1100
W M E C / l 4 3  16 9 2 5 0 0
W M E C/ -  16 11 250
WPB/95 20 12 650
W P B / 8 2  24 13 700
WLB/180 13
W L M / 17 7  12
W M L / l 5 7  13
WLM/l33 10
WL I/lOO 10
W L I / l O O  10
WLI/74 10
WLI/65 10
WYT M/ 110 10
WYTL/65 10
WYTM/UNK 10

BOATS

BU/40 10
BU/45 10
M L B / 4 4  14
MLB/52 11
UTB/40 26
OTFI/>40 15

~
1’
~ Approx imate length of coast when traversed , at about 25 miles

fr om shore.
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of ve ssels on s tandby a t the FSD s ite , the numbers of standby
ve ssels N6, N and Ns were divided by the number of Coast Guard
installations in the District at which the vessels are stationed

(Reference H-2. The assumption implicit here is the fact that

the waterborne sleds will be stationed with equal likelihood at
such USCG installations. This assumption is good except where
there are only one or two installations in the District that harbor
the specific vessel type. To compensate for those few cases , the
number of installation s in a District having a specific vessel
type was incremented by one. (2) The length of coastline D ,
patrolled was taken to be 100 n .mi. for small buoy tenders
(WL I/ 74 and WLI/ 65 ) ,  SO n .mi. for all the boats , and 10 n .mi . for
harbor tugs; the values of Table 7-C.3 were used in all other
cases.

RESULTS

The probability Pc (t) that one or more cutters will be avail-

able at the equipment site in t hours or less is plotted in

Figures 11-3 (a) through (i) for Districts 1 through 13.

Similarly, the probabilities PB(t) for boats is plotted in Figure

11-4 (a) through (i) The probability that either a cutter or a

boat is available in t hours or less is 1 - (1 - P
~
(t)). (1 - PB(t)).

The curves shown in Figure 11-3 indicate that a cutter is

always available in one hour or less at all storage sites. Howeve r,
this conclusion rests on the somewhat arbitrary assumption that

Coas t Guard harbor tugs (WYTM ’s and WYTL ’ s) are among the avail--j

able ocean-going cutters . If these tugs are assumed to operate

over a range of 10 n. miles from each site and to have a maximum

speed of 10 kno ts , it follows that one of them should always be
avai lable w ithin one hour , regardless of the ava ilability of other
large vessels. Although these are reasonable assumptions for many

East and Gulf Coast ports , they are not val id for the Wes t Coas t

since no CC tugs are stationed there . For this reason the cutter
availability curves for the 11th , 12th and 13th Districts (Figure

11-3) do not represent the actual situation at West Coast ports.
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It can be concluded from this analysis that while there is a

high  probability of a boat being available within one hour , the

corresponding probability for cutters is more difficult to estimate

using the present method. An accurate estimate of cutter avail-

ability can be obtained only by a port-by-port analysis using

actual vessel assignments for data and models tailored to each

control area.
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APPENDIX J:

SPILL POTENTIAL DATA BASE

The sp ill potential data base was assembled from (1) the U.S.
Army Corp . of Engineer ’s “Wa terborne Commerce of the United
States”, 1976, (2) USGS es timates of future OCS leases and data
on current (1977) OCS produc tion , and (3) sp ill rates obtained
in Section 3 of this report .

1. ACOE PORT OIL MOVEMENT

Reference J-l contains ACOE CY 1976 data on domestic water-

borne petroleum movements , plus Bureau of the Census data on oil

imports and exports. The data are classified by

(1) Waterway , channel , or port

(2) Type of petroleum or product

(3) Type of traffic .

Sele cti on of data was made , based on these three classifications ,

so as to most nearly represent the oil movement of concern to the

study . The selection was based on the following criteria.

(1) Waterway, channel or port: The ACOE data represents oil
movements , rather than oil landed or shipped. This is not in-

appropriate to the estimation of spill potential , since many

spills occur in passage through channels due to groundings , coll i-

sions and rammings. However the study area does not encompass

movements on the Mississippi River System above Baton Rouge , the

Intraco astal wa terways , and i n l a n d  lak es and rivers , except the
Great Lakes. In addition , many coastal rivers and creeks carry

almost insignificant amounts of petroleum , mainly light oils ,

and can be ignored. A comple te li s t of exclus ions from Parts 1
through 4 of Reference J-l is given at the end of this Appendix.
All other movements of the 1976 ACOE data were included in the

spill potential dat a ba se. Exclus ions of over 1 ,000 ,000 tons of

pet roleum/year are noted in the li s t , as well as exclusions of

J-i

_ _ _ _  ~~~~~~ T



— --~~-— •~~~~

be tween 100,000 and 1,000,000 tons/year. All other exclusions are

less than 100,000 tons .

(2) ~ypç 
of petroleum or product

Data were tabulated for two general ca tegor ies of petroleum
using the following ACOE type codes

a. Heavy and Crude , compr ising :

1311 Crude Pe troleum
2915 Residual fuel oil

2916 Lubr ica ting oils and greases

b . Light Oils , comprising :

2911 Gasol ine , includ in g na tural  gasol ine
2912 Jet fuel
2913 Kerosene
2914 Distillate fuel oil

291 7 Naphtha , mineral sp iri ts , solven ts ,

(3) Type of Traffic

The ACOE and Bureau of Census traffic at ports is classified

as:

a. Impor ts
b. Expor ts
c. Coas tal Rece ipts
d. Coastal Shipments

e. Internal Rece ipts

f. Internal Shipments

g. Lakewise Receipts

h. Lakewise Shipments
i. Local

j .  Intraterr itorial Receipts

k. Intraterritorial Shipments

River , channel and Waterway Traffic is classified as above , or as:

1. Upbound

in. Downbound

J- 2

A

~~~~~~ 

-

- _~~~~~~~~ _--— - _—- -— -_ -_ —-
~~~~~‘-~~~~-~ ~~

.
- ~~~L7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

~~~~~~~

n.  Inbo und
o. Outbound
p. Through.

These categories were extracted separately (for the waterways

and petroleum types of (1) and (2)) and then grouped as follows :

Group 1 , Coastal and Foreign , comprising types a ,b ,c ,d ,g,h ,
j ,  k, n , o

Group 2, Internal and Local , comprising types e,f,i ,l ,m ,p.

Traffic at some of the smaller ports is broken down by petro-

leum type (2) but not h traffic type (3). They are listed

simply as total tonnage. Such totals were classified as Group 2.

2. ESTIMATES OF OCS PRODUCTI ON

The expected total reserves and production life of East

Coast , Gulf Coast and West Coast OCS areas were extracted from

References 3-8, 3-9, 3-10, 3-11, 3-13 , and J-2 , and es timates for
1985 made as follows (Table J-l).

For future well fields the annual production shown was

assumed to he distributed evenly over

13 well fields in Georges Bank

4 well fields in Baltimore Canyon

8 well fields in South East Georgi a Embavinent

14 well fields in Eastern ~ Western Gulf
• 6 well fields in Southern California .

based on the number of lease sites planned. Their geographic

distribution was as shown in Section 3, Figures 3-19, 3-20, 3-21 ,
3-22 , 3-23 , and 3-24. The present well fields were assumed to

continue to produce , although both a shift in location and produc-

tion level is likely. Nevertheless the existing sites , and pro-

duction shown in the Table were taken as an approximation to the

situation in 1985 with regard to present wellfie lds. Their

locat ions were extracted from Reference J-2 and inserted into

the spill potential data base. The estimated total reset %es of

the present fields were also extracted from reference J-2 and

J- 3
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TABLE J-l : ESTIMATED 1985 ANNUAL OCS PRODUCTION (TONS)

L RESERVES YEARS ANNUAL
LOCATION TOTAL LIFE PRODUCTION REFERENCE

Georges Bank (1)* 68.x106 25 3.1x106 3.8

Baltimore Canyon (1) 135. 25 5.4 3.9

S.E. Georgia (1) 90. 25 3.6 3.10

Ea stern Gulf
Wes tern Gulf 10. 25 0.4 3.11

Louisiana (present) 265.1 25 lO.S 8-A.2

S. California (1) 85 25 3.4 3.13

S. Cal i forn ia (presen t) - - 12. 8-A .2

960 25 38.4

(1) Proposed

J-4
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TABLE J- 2: EXISTING OCS WELL FIELDS~
1
~

-, 1976 RE SERVES
F I E L D LAT /LON~~~ PR ODUCTION AS OF 1/77

io 6 BBL/YR 106 BBL

Louisiana

Bay Marchand Blk 2 290 5 /9010  22 176
Eugene I . Bik 330 2840/9142 31 132

Eugene I. Blk 276  2849/9133 3 111
Grand I. Blk 16 2903/8955 8 119
Grand I. Blk 4 3 2900/8950 15 174

Main Pass Bik 41 2924/8900 1 120
Ma in Pass  B lk  69 2 9 1 5/ 8 9 0 5  5 58
S h i p  Shore Blk  207  2 8 3 2 / 9 10 5  6 119
South Pass Blk 24 2 9 0 0 / 8 9 2 0  11 95
Sou th Pass Blk 27 2855/8925 6 111

South Pass Bik 62 2900/8900 4 132
South Pass Blk 65 2 9 0 0 / 8 9 00 7 128
Timbalier Bay B lk 30 2 4 0 1 / 9 0 16  2 92
Ves t Delta Blk 30 2910/8936 17 103

~Ves t Delta Blk 73 2855/8945 10 143

We st  Del ta Blk  58 2 9 0 0 / 8 9 5 0  8 130

Southern California

Dos Cuadros 3420/11935 12 93

San ta Ynez 3418/12022 0 -

Huntington Beach 3340/11805 15 120
Ici lm ing ton 3346/11811 60 610

(1) Source: Reference J-2

(2) Approximate only .

J-5
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pro-rated over a 25 year period to get the annual production shown

in Table J-l which averages about half of present production.

The present wellfields are listed in Table J - 2 .

3. SPILL RATES

The sp ill rates for port oil movements and OCS production were
calculated in Section 3 of this report. The spill rates for

transient tankers , deepwater ports and ligh tering were found to be

an order of magnitude less than those for port movements and the

OCS , and hence were not included in the data base. The port and

OCS spill rates employed are as f o l l o w s  (sp ills per million tons):

Port Movement

Greater New Y o r k  . 0 2 1 2
Delaware Bay .0627

Louisiana Coas t .0682

North Texas Coast .0193

All other areas .0314

OCS Production

All fields .0271

The annual oil movemen t and production tonnages projected from

the sources cited above were multiplied by these spill rates to

obtain the sp ill potential data base.

4. LIST OF PORTS AND WATERWAYS FROM REF . J-l EXCLUDED FROM SPILL

POTENTIAL DATA BASE

* indicates 100 ,000 to 1,000 ,000 tons/year; ** indicates over

1 ,000 ,000 tons of petroleum/year.

PART 1

** 1. Federal Lock; Troy, N . Y .

** 2. New York State Barge Canal System , NY

** 3. Narrows of Lake Champlain , NY and VT

J-6
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PART 1 (Cont’d)

* 4. Burlington h arbor , VT
* 5. Plattshurgh , NY

** 6. Inland Waterwa y from Delaware R. to Chesapeake Bay-

Chesapeake and Delaware Canal
* 7 . Mantua Creek , N . J .
* 8. Big Timber Creek , N . J .

9. Cohansey River , N.J.

10. Oldman ’s Creek , N .J .

11. Cooper River , N .J .

12. Chaptank River , N . J .
13. Warwick River , MD

* 14. Atlantic Intracoasta l Waterway Between Norfolk , Va and the

St. John ’s River , Fla. (Norfolk District) via Great Bridge

Loch Route.
* 15. Roanoke River , N .C. (Alherniarlv Sound , Plymouth , NC)

16. Pamlico and Tar Rivers , N.C.

17 . Neuse River , NC

18. Atlantic Intracoasta l Waterwa y between Norfolk V.-\ and t he
St. John ’s River , Fla. (1~i1ming ton District)

19. Cape Fear River , (except 1i lmi n gton Harbor) , NC
* 20. Cape Fear River above Wilmington
* 21. Northeast Cape Fear River

2 2 .  Smi t h ’ s Greek (Pamlico County) NC
* 23. Atlanti c Intracoasta l Waterway between Norfolk VA and the

St. John ’s River (Charleston District)
24 . Atlantic Intracoastal Waterway between Norfolk Va and the

St. John ’s River , Fla (Savannah District)

25. Satilla River , Ga.
* 26. Savannah River below Augusta , Ga.
* 27 . Atlantic Intra coastal Waterway between Norfolk , Va and

the St. John ’s River , Fla . (Jacksonville District)

** 28. St Johns River Fla , Jacksonville to Lake Ilarney

** 29. Intra coastal Waterway , Jackso nv i l l e  to M i am i , F l a .
30. Intra coastal Waterway , Miami to Key West , Fla .

*3 Q 5  Rice Creek Fla .

J-7
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PART 1 (Cont’d)

31. Canapitsit Channel MA

32. Cross Rip Shoals , Nantucket MA

PART 2

* 1. Vicksburg, Miss., D i s t r i c t

2.  Memphi s , T e n n . ,  D i s t r i c t
3 . St . Lou is , MO ., District
4. St Paul , Minn ., District

** 5. Little Rock , Arkansas , District

* 6. Missouri River Division ,
* 7.  Nashv i l l e , Tenn ., District

8. Lousiville , KY , District
* 9. huntington , W . Va., District

** 10. Pittsburgh , Pa ., District

** 11. Ohio River Division

** 12. Gulf Intracoas tal Waterway (Applachee Bay to Mexico)

(Between Apalachee Bay, N a . , and the Mexican Border)
* 13. Intracoastal Waterwa y , Caloosahatchee River to Anclote

River Fla.

* 14. Black Warrior and Tomb i ghee Rivers , A l a.
* 14 .5 La Grange Bayou Fla.

15. Mississippi River - Gulf Outlet , La .

16. Waterway from Empire , La., to Gulf of Mexico

17 . Barataria Bay Waterway , La .

* 18. Bayou Lafourche and Lafourche - Jump Waterway , La.

19. Bayou Terrehonne , L a .
* 20. Bayou Little Caillou , La .

** 21. Houna Navigation Caval , La .
22. Waterway from Intracoastal Waterwa ,’ to Bayo u Du lac , La.

** 23. Mississippi River (Except Baton Rouge , and New Orleans)
** 24. Atchafalaya River , La . above Morg an C it y , L a .

* 25. Red River below Fulton , Ark.
** 26 .  G u l f  In t racoas tal Wa terway , Morgan City - Port Allen Route

27. Petit Anse , T igre and Carl in Bayous , La.
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PART 2 (Cont’d)

** 28. Lake Charles Deep Water Channel Intracoasta l Waterway, La .

29. Bayou Teche , La.
30. Mermentau River , La.

31 . Bayou Teche and Vermi l l ion River , La .
* 32 . Mermentau River , Bayous Nezpique and Des Cannes , La.

33 . Bayous: Dupre , Segnette Waterway, La. Loutre , St. Malo ,

vs Closkey, Big Pigeon , Little Pigeon.

34. Chefuncta and Bogue Falia Rivers , Franklin Canal , Fresh
water Bayou , Vin ton Wa te rway ,

35. Lake Pontchartrain

* 36. Johnson ’s Bayou
** 37 . Chocolate Bayou , Tex .

* 38. San Bernard River , Tex.

39. Colorado River and Flood Discharge Channels , T ex.
* 40. Tributary Arroy o Colorado , Te x .

41 . Port Mansfield , Tex.

42 . Chicago , Ill . Dis trict. (Port of Chicago is tabulated)

43 . Blackwater River , Fla .

44 . Gulf County Canal , Fla.

45. La Grange Bayou , Fla .

PART 3

** 1 . Illinois River , Illinois Waterway

2. St. Marys River , M ich

3. St. Clair River , Mich ,
*

4. Channels in Lake St. Claire

** 5. Detroit River , Mich . (includes port of Detroit , which is
tabulated)

* 6. Gray ’s Reef Passage , Mich (all through)
7. Sturgeon Bay and Lake Michi gan Ship Canal (through)
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PART 4

** 1. Through Traffic in San Pablo Bay F~ Mare Island Strait (St .

Joaquin River and Stockton are included)

** 2.  Throug h Traff ic in Carquiny Strait , and Suisan Bay Channel
* 3. Columbia River and Tributaries above McNary Loch ~ Dam
* 4- . Snake R ive r , Oreg. and Idaho .

** S. Columbia River and Willamette River except Astoria , St.

Helens , Longview , Vancouver Kalama , Por t land , and other
ports on Columbia and Willamette up to McNary Loch ~ Dam

- (  6. Clatskanie River , Oreg.
7. Iloquiam River , Wash.
8. Waterway connecting Port Townsend Bay and Oak Bay, Wash.
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APPENDIX K

POLLUTION RESPONSE ALLOCATION MODEL

This Appendix derives the optimum levels of oil pollution

recovery capability to be allocated to each of N equipment storage

sites when the total capability is limited . The ~th site , i =

1,2,3,... ,N , is to be assigned an amount of equipment w ith oil

recovery capability s
~~
, measured in gallons , which will be broug ht

to bear upon any spill that occurs in the geographic reg ion served

by that equipment site. The major assumptions are:
VI

1. The regions do not overlap.

2. Spills occur one at a t ime.

3. The distributions of the number and volume of spills

in a year are independent and are known for each

reg ion.

4. The amount of oil recovered at a spill is no greater

than the recovery capability sj of the reg ion in

which it occurs , plus a fraction a~ 3 of the capability

of each other site j. Symbolically,

= 

j~~l 
13

where r - is the maximum amount of oil recovered at

a spill in reg ion i. (Note that a1~~ l.)

5. The total capability s~ is limited .

6. The optimum deployment is that which maximizes the

expected value of the total amount of oil recovered

from all sp i lls.

With the above assumptions , the problem is to assign the site

capabil iti es s 1 SO as to maximize the amount of o il recovered in a
year , subject to the equipment limit 5. and the assistance from

K- 1
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region to reg ion as assumed in 4. To do so , it is necessary first

to devise a model for the recovery operation , as follows:

If the amount of oil spilled in an incident is x , the amount

recovered , p ,  is assumed to be

x if x < r .
p = ( 1 )

r~ if x > r 1

This is an elaboration of assumption 4 . and is only approximately

true. In any spill , no matter how small , some of the oil escapes

recovery . A more realistic model is

ax for x r.
(
~~

) 1
I .

~r. if x > r 1,

where 1 is the fraction of oil recovered on a single spill. Even

this model describes the situation poorly since p is a random

function of x . The important question is how the amount recovered

varies from region to reg ion. In that respect both models (1)

and (2) embody the reasonable assumption that the amounts recovered

differ from region to reg ion only in the limits rj of recovery

capabilities of the regions. Hence , the model (1) will be

employed for simplicity.

The above model applies to a single spill in the reg ion.

When there are exactl y n sp ills in the reg ion , of sizes x 1, x-, ,

x~~, the total amount recovered will be

~~ ( x 1 ) + 
~~~

. ( x 2 ) + ~1 (x 3) ...  + r~~(x ) .

The average value of this sum is~~ 1 (n):

i~ (m) = j  dx 1 J dx 2 J dx 3 ... f dx~0 0 (3)

{ p~~(x~ ) + p 1 ( x 2 ) + ... + Q
~~

(x
~ )] 

f~ (x 1,x2 ., x~ ),

wh ere f 1 (x 1, x 2, x3, ., x~ ) is the joint density of the n

sp ill volumes. By assumption 3, the spill volumes x 1, x2 , x 3,
X
n 

are independen t of n, and hence of each o ther , so that
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f
~

(x 1, x 2, • . .,  Xn ) = f
~

(x i
) f~ (x 2) . ..

where f~ (x) is the volume distribution of a sing le sp ill in

reg ion i. When this is substituted into (3), one has

~~ (n) =j n ~~ (x )f 1 (x)dx.

F inal ly, this may be averaged over all possible n , to obtain the

expected amount recovered in reg ion i:

R. = 
~~ p 1 (n)L(n)n=0 1

n 0  
n p 1 (n) j  o~~(x )f 1 (x )dx

~ i f -
~~

(x )f
~
(x)dx (4)

where p~~(n) is the probability of exactly n spills in the region.

Substituting (1) for ~‘~~(x) g ives

= 
~~ [i’ x f~ (x)dx + 

J 
r.f~ (x)d x]

= 
~~j [rj - 

r. 

F 1 (x)dx]

(5)

whe re F~ (x) is the cumulative distribution of spill volum e

(correspond ing to f1 (x)). The last expression is obtained by

in tegration by parts. The total amoun t recovered has an expected

value TZ given by
N

~= .z~~ii=l

K-3
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r r.
N I ( 1

= r. - 
J F.(x)dx

t=1 L 0 (6)

There is to be max imized by selection of the 5i values , subject

to s~ > 0, i=l ,2,3,. . . ,N and to the constraint:

N N

•~~~~ 
~~~~ < K , where r

~ 
= 

~ l 
~~~~~~

i=l 3 (7)

Here K is the total capability limit. The equality sign may be

assumed without loss of generality.

CASE 1, NO ASSISTANCE

In this case s~ 
= r 1 , and the problem may be solv ed by

introduction of a constant \ which is used to multiply the con-

straint (7), taken as equality, and appending the product to R , to

form the function H:

IN  1
ii = + H Z r. -

~~~ J (8)

The necessary conditions for a maximum (see Reference 1) are:

~t1.

~~~~~~

- 0, i-l , . . ., N (9)

~H 0 (10)

which g ive

— (1 
- Fi (r j)~ + x = 0 (11)

and

i~~l 
r
~ 

= K . (12)

These equations may be so lved by a s imple it era ti ve procedure.
From (11) one obtains

— (13)
F~~(r~) = 1 + (~~in~~)

K-4

A 

~~~~~~~~~~~ ~~ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



or

— r. = F. -l /1 + .1 \
1 1 

\ ~~~~) 
(14)

Thu s , by choosing A , thc r. may he obtained from (14), or

graphicall y as shown in Fi g. K-I. The sum r~ is then compared
i=1

to K to determine if (12) is satisfied. If not , increasing (or

decreasing) A will increase (or decrease) that sum until it

equals K. The success of this process derives from the monotony

of the cumulative distribution functions F
~
(x). In detail , the

proc es s is as f o l lows :

1. Select a small , negative value for A

2. Calculate 1 + X/~~. for i = 1 , 2 , 3 , . . . , N

3. Find r. , i 1 , 2 , 3 , ..., N from (14) or grap hically
1 N

4. Calculate TEST = E r.
i=l 1

5. If TE ST > K , decrease A by a small amount 6 , and go to

2. Otherwise , STOP.

Note that A < 0 and 6 > 0. Decreasing -\ by an amount 6, in step

S., amounts to replacing A b y  - 6.

When the process terminates the resulting set of response

capabilities s ., I = 1 , 2 , 3 , . . . , N will be the optimum alloca-

tion of the total available capab il i ty to the N reg ions , under

the g iven assumptions , with no assistance among site~~.

A 
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r. volume
1 spilled

FIGURE K-i GRAPHICAL SOLUTION OF (14)
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CA Si~ 2 , ~ss 1 Sl’.-\Nc t~ .-\MONI ; SI TES

If a fraction of the capabi l ity of site j is brought to

the assistance of s i t e  i , where i 
~ 

j ,  then the matrix a. . is no

longer t h e  iden t i t v nat r i x . The a b o v e  p r o c e d u r e  m a y  be e m p l o y e d

t o  o b t a i n  t h e  ne t  r eg i o n a l  c a p a b i l i t i e s  r .  and  t h e n  t h e  u n a s s i s te d

s i t e  c a p a b i l i t i e s  s .  o b t a i n e d  f r o m  ( 7 )  by i n v e r t in g  t h e  m a t r i x

B u t  t h e  r e s u l t i n g  s i t e  c a p a b i l i t i e s , s~~, a r e  o f t e n  n e g a t i v e .  To

a v o i d  such  an u n r e a l  i s v  ic  answer it i s  des i r a b l e  to  s e l e c t ~he  s

d i r e c t l y , s u b j e c t  to  t h e  constraint s~ 0 , so t hat ~ of (b) w i l l
be a max imum. The c o n s t r a i n t  ()  m u s t  he s a t i s f i e d  as  w e l l .  The
( a s s i s t e d )  reg i o n a l  c a p a b i l i t i e s  r .  m u s t  also he c a l c u l a t e d , h u t
o n l y  as i n t e r m e d i a t e  q u a n t i t i e s  b e c a u s e  t h e y  r e l a t e  t h e

independent v a riables s. to the ob ject i v e  fu n c t  i on  ( 6)  . A sli ght

g e n e r a l i : a t i o n  of  t h i s  p r o b l e m  r e p l a c e s  the  c o n s t r a i n t s  s .  0 by

s. m . , where m a r e  g i v e n  m in  i m u m  s i te  c a p ab  i i i  t Ii’ s

The pi~oblcm just described is a common one i n  mathematical

progra mming. the solution is obtained he a proces s no t unl ik e

t h a t  in  t h e  p r e v i o u s  c a s e .  The cons  t ra i nt I 7) is mul t ipi I ed by a

constant k and  t h e  constraints s. > m .  a re  m u l t i p l i e d  by c o n s t a n t s

~~~

. •  B o t h  p r o d u c t s  a rc  added to  k to form the lla m iltonian II:

+ S .  - 
K) + 

l
I

l 
~i .  (s 1- m . )  ( I S )

The n e c e s s a ry  c o n d i t i o n s  f o r  a inax imu m * i r e.

N

i= l 
~~ - K = 0 (16)

~t I ~R= .~~— + A + ~~ = 0 (17 )

= 0 for s. > m. (18)

> 0 for s~ = m i (19)

Bryson and Y-C. Ho . “Applied Optimal Control ,” Bl aisd e l l
Publishing Co., 1969, p. 27 .
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The sites are divided into two Sets; one for which tile constraints

( 1 8 )  h o l d  ( s i t e s  w i t h  m o re  t h a n  t h e  m i n i m u m  c a p a b i l i t y )  and one
f o r  w h i c h  t h e  c O n s t r a i n t s  ( 1 9 )  h o l d  ( s i t e s  w i t h  e x a c t l y  t h e
m i n i m u m  c a p a b t i  i t v l

-\ p r a c t i c . . ’ p r o c e d u r e  f o r  a c h i e v i n g  t h e  o p t i m u m  a l l o c at i o n
was  d e v i s e d  f o r  t i l l s  p r o b l e m  w i t h o u t  e x p l ic i t  use  of t h e  e q u a t i o n s
( 1 6 1 , ( 1 ) ,  1~~l , 1 1 9 ) .  I t  i s  based  on t h e  m o n o t o n i c  n a t u r e  of
t h e  o bj e c t i v e  f u n c t i o n , i . e . ,  i n c r e a s i n g  any site capability s.

c a n n o t  d e c r e a s e  t h e  a v e r a g e t o t a l  a m o u n t  r e c o v e r e d , R . The
p r o c e d u r e  i s  as f o l l o w s :

To s t a r t , the total capabilit y K is divided evenly among the

N s i t e s .  ( T h i s  i s  p o s s i b l e  p r o v i d e d  K / N  > mn~~)

Then , t h e  d e r i v a t i v e s  a r e  c a l c u l a t e d :

a .  = = 

~~ 
a~~ (1 

- F 1 (r ~~)~ ( 2 0 )

N e x t , t h e  c a p a b i l i t y  s .  i s  r educed  by an  i n c r e m e n t a l  a m o u n t
6 f o r  t h e  s i t e  w i t h  t h e  m i n i m u m  a j .  and an e q u a l  i n c r e m e n t  is
added  to  t h e  s i t e  with the largest value of t j~ provided the
r e d u c t i o n  does  no t  b r i n g  s .  b e l o w  t h e  m i n i m u m  m .  . T i l l s  w i l l

— — 1 1
c h a n g e  R by an a m o u n t  6R , a p p r o x i m a t e l y ,

= - a~~~

Final ly ,  the derivatives are recalculated and the process repeated

until all sites that are not at their minimum capabilit y have the

same value of i .

In effect , this process relocates equi pment from sites of

l owe r effe ctiveness (lower a) to sites of hi g her effec tiveness

(hi gher a). Since equal amounts are added and subtracted at e ach
s tep, the total capability constraint (16) is always satisfied.

At tcrminat ion , condition (17) is satisfied for all sites: for

sites with s. > m. (condition (18)), one has i .  = 0 and therefore

= + A = 0 (21)
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where A = cimax ; for sites with s1 
= 
~~~ 

(condition (19)), one has

u . such that

.

~~~~

— = ci1 + A + 1
~i 

0 (22)

It will be observed that A here is negative , just as in the

previous case. In fact , when no site is at its minimum = 0

for all i and the present case reduces to the previous. As in

the previous case , the procedure terminates because as s~ increases

a1 generally decreases and ~ increases.

The major difficulty in carrying out the procedure is
I’ sd ‘cting the step size 6. It was found that a second-order

gradient (Newton-Raphson) technique worked satisfactorily for

about 20 sites , provided the step was limited to about 0.1 K/N .

Specifically, 6 was calculated as

K / I O N

6 = 

- amjn )/~ mjn (23)

(ctm9x 
- 

~~~~max

S
1 

- m~

where

= ~ c t . / N  ( 2 4 )
i=1

= -

N 2
= 

i~~l ~~ ~~
i f~ (ri

) (2 5)

The subscri pts max or mm indicate the values of i for which

‘ m. and a. is maximum or minimum .
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APPENDIX L :

SPILL PROBABILITY MODELS

I . P R O R A B I  I. I T Y OF L A R G E  SP I LL S - G E N E R A L  D I S T R I B U T I O N

In this section we derive the probabi l it y that in any

one year one or more oil sp i l l s  in U .S. waters will he l a r g e r

than x gallons in magnitude. The resu lt , P(x), will turn out

to he

P(xI = Fi(l — F (x ) ) ,  ( I )

where n is the average n u m b e r  of sp i l l s  per year in U . S .

waters , and F (x) is the probabilit y of a spill being x gallons

o r l e s s . The a p p r o x i m a t i o n  i s  good i f  x r e p r e s e n t s  a l a r g e

sp i l l , i . e . , one l a r g e  enoug h so t ha t  F ( x )  i s  c l o s e  to  1.

‘lo re p r e c i s e l y , the  e r r o r  F i n  the approximation is abou t

f# 
(

~~~~ 2 
+ (

~~~~) 2  - 
~ ) / 2 , ( 2 )

where I = l - F ( x )  and o i s  the  v a r i a n c e  of n .

T wo o b s e r v a t i o n s  m ax ’ he m a d e  r e g a r d i n g  t h i s  r e s u l t .

Obse r v a t i o n  1. The e s t i m a t e  depends  on the  d i s t r i b u t i o n

F ( x)  of  s p i l l  s i z e , hu t  on o n l y  t h e  mean  ~ of t h e  distribution

of t h e  number of sp i l l s .  -\s w i l l  he see n i n  i t s  d e r i v a t i o n ,

t he  e s t i m a t e  i s  v a l i d  w h e t h e r  or not  t h e  s p i l l  n u m b e r  i s

d i s t r i b u ted a cc o r d i n g to  Poisson , Negative Binomial , or oth er

l aw , as long  as the mean and variance of the numbe r of s p i l l s

are known .

1- 1
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Observation 2. The error ( 2 )  may  he substantial , rela-

tive to the estimate (1), if n is more than , say, 10 .0 and f

greater than about .05. Fi gure L-l is a plot of the percent

error in the estimate as a function of ii for f = .01 and

for ~~~~ = 0.25 , 0.50 , 1. 0, 2.0, 5.0 and 10.0.

To d e r i v e  the r e s u l t , le t  f be t h e p r ob a b i l i ty t h at

one or more Spills have exceeded the specified volume , given

that exactly n spills have occurred. Then

f f + f - f f  (3)n-’- l n n

whe re f = f 1 
= 1 - F(x). The product term ff~ is small ,

suggesting that In may he approximated by nf . Let

= nf - 
~~ (4)

where e~ is the error in the approximation.

The probability f~ applies to exactly n spills. Consider-

ing all possible values for n gives the desired probability,

P( P(x)):

P = ~ f~ p ( n )  (5 )
n=0

where p(n) is the probability of exactly n spills in the

interval. From (4),

= 

1P () 
nf p(n) - E

=~~ f - F

= n (i - 
F(x ))  

- F. (6 )
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as stated initial l y, where the error in P is F:

F = 

n~ 0 
en p(n) (7 )

where e0 
= 0. To evaluate F , substitute (4) into (3) to

obtain

F = 

n I  
p(n) [(l-f)e~~ 1 

+ (n~ l)f 2]

n~ 1 
p(n) [e~~ 1 

+ (n-l)f 2]

~ p ( n )  ( n - l ) ( n ) f 2 / 2 .
n= 1

f 2 
(~~2 

+ (
-
)
2 

- r~l) (8)

where ~
2 is the variance of n.

1 -4
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2. PROBABILITY OF LARGE SPILLS - PO I SSON DIST R IBU T ION

If one is willing to assume that the sp ill number is

Poisson distributed , and independent of spill size , then an

exact answer to the large spill question is easily obtained.

If n spills occur in an interval I then they constitute n

Bernoulli trials , each with probability f(x) that it will

exceed the level x. The probability that exactly k of these

n spills will exceed x gallons is therefore Binomia ll > ’

distributed:

B(k/n) = 
(
~~)[f(x)]k[I - f ( x ) ]~~~~ (9 )

When a l l  p o s s i b l e  v a l u e s  of n are  c o n s i d e r e d , one has  t he

probability Pk(x) that exactly k spills w i l l  exceed the value

Pk(x) = ! B(k/n) p(n), (10)
n-k

where p(n) i s  the probability of n spills in the ~nterval T.

I f , now , one assumes  t h a t  p ( n )  i s  a P o i s s o n  d i s t r i b u t i o n ,

i . e . ,

p ( n )  = ( A T)~ e~~
T/n! ( 11)

he o b t a i n s  the  f o l l o w i n g  f rom ( 1 0 )  and (9)  fo r  n ~

P ( x )  = [ f ( x )j k  e~~
T (AT lk 

~ [ AT ( 1 - f [x J ) ]  n - k
k k!  n=k  ( n - k ) !

= ~ATf(x)]
k e T

~~~~~/ k ! ( 1 2 )

L - 5  
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which indicates that the number of spills larger than x

gallons is also Poisson distributed , with intensity param-

eter Af (x), if the total number of spills is Poisson dis-

tributed with parameter A .

From ( 12 )  i t  f o l l o w s  t h a t  t he  p r o b a b i l i t y  of one or more

spills of size greater than x is P:

P = I - P0(x)

- AT (x)1 - e

= IT f(x) -(IT f(x)) /2! + . (13)

When only the first term is taken , one obtains the approxima-

tion (1) previously arrived at:

P nf(x), (14)

where n = AT and f ( x )  = (1 - F(x)). In this case the error

F is bounded h~’ the first term discarded in the alternating

series:

F < f 2 j~
2/Z . (15)

L-6
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3. PROBABILITY OF SIMULTANEOUS l ARGE SPILLS

In this section we derive the prob ability that one or

more spills greater than y gallons will occur while recovery

efforts are still in progress for a spill of size x gallons.

This result has implications for the selection of storage

levels for pollution response equipment.

First it is necessary to estimate the probability of a

sp ill of size between x gallons and x + Ax gallons.

Th is is h(x)

h(x) = F(x+Ax) - F(x). (16)

If n spills occur the probabilit y that exactly k of them will

be between x and x + Ax is

B(k/n) 
(~)[h(x)]

’
~{

1 - h(x)]~~~ , (17)

j u s t  as in (9)  above . By an a r g u m e n t  s i m i l a r  to  t h a t  employed

for  (9)  - ( 1 2 )  above , one may determine the probabilit y that

e x a c t l y  k spills are  in  t h e  r ange  x to  x + Ax , w i t h  a result

a n a l o g o u s  to ( 1 2 ) :

P k (x)  = [AT h ( x ) ] k  e Th~~~~/ k ! . (18)

As in  ( 11) it has been assumed that sp ill number is  Po i s son

d i s t r i b u t e d .  In t he  p r e s e n t  case , however , it is  more con-

venient to interpret T and A as time and spills per unit

time , rather than as throughput and spills per unit throughput.

L - 7
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Next it is necessary to assume that some relation

6(x) exists between spill duration 6 and spill size x.~

The duration of a spill is taken as the time during which

(JSCG pollution response equipment is required to cope with

it. In general , the larger x , the larger will he 6(x). The

probability of a spill of more than v gallons occurring

within ~c (x) times units from the start of one of size x

gallons is obtained from (12) by replacing I by 6(x) and

1(x) by f(y), to get q:

q = i - e 6
~~~~~~~ (z q ( x ,y)) (19)

X6(x)f(v), i f  A~~( x ) f ( ~~) < <  1 .

I f  the re  a re  exact1~- k sp ills of s i z e  x , wi th probability

given by (18), then the probability that j  of them ( j  < k)

will he simul taneous with spills larger than y is Q (j/k):

/ k\  -

Q( j/k ) = q3 (1~ q)kS3 , (20)

and t he  net  p r o b a b i l i ty  of j spills of s i z e  g r e a t e r  than  ,

simultaneous with spills of size x , is

S(j,y,x) = 
~ 

Q(j/k) Pk (x) , j > k , (21)
k=0

By a sp i l l  of s i z e  x i s me an t a sp i l l  in the si ze ran ge
x to x + ~x.

1. - 8
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Subst ituting (18) and (20) into (21) gives , after a calcula -

tion similar to that of (12),

S ( j , y , x )  = [\ T ~~(x , v )] J e~~
T (x~ \~)/~ ( 2 2 )

where

w (x,~~) = h(x) (1 - e 6( f1
~’)) ( 2 6 )

I f  the p rohahility is s m a l l  of  a s econd  s p i l l  of  s i z e  y or
4

grea ter occurring in the interval 6(x), t hen  t he a p p r o x i m a t i o n

in (19) may he u sed , g i v i n g

~(x ,v) A h ( x )  Lc (x) f ( y )  ( 2 4 )

1. It sh’~uld he no ted that i here is not the number of

spills occurring simul taneousl y , hu t the number of t ime- ~ that

simultaneous spills occur , i.e., the number of times in the

period I that one or more sp ills of size greater t h a n  v ec cu r

during a spill of size x .

2. It should also he noted that the calculation is not

restricted to large spills if the exact form (23) is used

instead of the approximation (24). Moreover , (24) jc a good

approximat ion as long as 1 -S(x)f(y) is small , w h i c h  can occur

if (a) the spill rate -A is small , or (h) the duration ‘(x) of

the first spill is small , or (c) the second sp ill size, y , i s

so large that the prob ability f(y) of its occurrence is small ,

or if (d) some combination of (a), (h) and (c) occurs.
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The function S(j, y, x) is plotted in Figure L-2 , for A =

20 sp i l l s/ year , 1=1 y e a r , Ax = , x = y > 50 , 000 g a l l on s ,

1 (x) from Figure 3-5, and 6(x) = 5 d a y s .
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4 .  SUMMARY

Let

n = near) value of the distribution of the numb er of

spills in interval T

F (x) = p r o b a b i l i t y th a t  any g i v e n  sp i l l  w i l l  he

x gallons or less

f ( x )  = 1 - F ( x )

= var iance of the d i s t r i b u t i o n  of the number of

s p i l l s  in i n t e r v a l  T

1 = P o i s s o n  s p i l l  r a t e , s p i l l s  per u n i t  t h r o u g h p u t

(or  t ime)

I Poisson spill interval , throughput (or time)

~ (x) = duration of spill size x

h(x) = probabili t y of sp i l l  s i z e  be tw e e n  x and x +

= F ( x + A x )  - F ( x )

Then the pro h ahili ty of a spi l l greater than x in interv al I is

n (1 - I:(x))

with error

~f~
) .

fi ~o + (nr  - 
n ) / 2

regardless of the distribution of n , and

i - 
~~~~~~~

with no error , for a Poisson di stribution of n. Further ,

the prob ability of one or more spill s of size greater than

y simultaneous with a spill of between x and x + 
~~~
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where

~ (x ,y) = h(x)(1 -

and where i is the number of times in I that simultaneous

spills occur.
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APPENDIX M:

NON-COAST GUARD EQUIPMENT C A P A B I L I T I E S

Appendix M contains a discussion and presentation of geogra-
phical locations and performance capabilities of the following

selec ti ve p ieces of polluti on re sponse equipment:
1 . Boo m s
2 .  Sk immers

3. Pumps
4. Storage Containers

The capabilities presented herein are predicated upon a knowl-

edge of the extent of existing equipment inventories and some

reasonable assumption s concerning the availability and perform-

ance degradation that reflect pseudo-real-world situations.

Emp has is is placed upon Non-Coast Guard equipment inventories

such as those owned and opera ted by:
1 . U.S. Navy
2.  Private Companies

3. Cooperatives

4. States , Cities , and Towns
Emphasis was also placed upon equipment stored at locations close

to the shoreline of the states including the Great Lakes. Close

means within approximately 100 miles. All other inland locations

were dele ted from the established inventories.

The b u l k  of the equ ipmen t information was derived from a data

base entit led , Sp ill-Cleanup Inventory , developed by the Coast

Guard at headquar ters. It , in turn , was compiled from data sup-

pl ied by the existing strike teams , MSO ’s and CTOP ’s. TSC then
collapsed th is data base further by aggregating all non-federal

governmen t owned equipment at or near previously specified port

c iti es. In shor t , this then becomes the total amoun t of capabil ity
that can be called up and deployed subsequent to a notification

at a spill , grounding, etc. The resulting collapsed data base is

given on Table M-l.
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TABLE M- l  NON-FEDERA L GOVERNMENT POLLUTION RESPONSE EQUIP MENT

I ’RA NS F FR ~ I. I G I I T F R I N G  SY S T I M S

‘rot Al . TOT.\ 1. 10 1 Al.
NW’1 R FR P1 IM 1’ STO RA ( I

OF CAPA C I Ti IN
C III ST.-\TE I_A r lON G UNITS GPM A I . I . O N S

P } - \B(M1i M,.\ 422 9 ‘058 3 9(1 0

- lO l l N SION R 1 4 1 49 12 8 1 1 00 300

NIW ll- \fl N Cl 4 1 1 9  2 5 4  5 1 , 320  40 ,110(1

BAI. ’l’ I MO R F Ml ) 391 ~ 7t 3 - ~ 1 500 2 ,930

f WILMIN (;ION N C ‘ S S  3415 300

TAMPA F!. 2~~~~ S~~~ 8 2 2 6  1 2 , 500

FLOUR B LU F F TX 2 36 ¶1 1 1 630

CORPUS C H R I S T ! TX 2~~55 9 3 1  3 45  94 ,500

‘ I I L W A U K E E  W I  4 30 ( )  8 5 5  I ~0O 6 , 000

ST J OSEP H ‘lI 420o S~~~8 1 ~S 300

O R E G O N  OIl 41 3 8329 48 3 ,510 36~ , 000

LONG BE AC h CA 3343 1 181 2

( ‘ONCO RL ) C.-\ 3 39 1 221 ~ 1

PORT IAN I) OR 4 534 1224 3 1 1 , 000

T.- \ N K S I I I P S

TOT A l .  TOTAL
N l ’ M B E R  CAP. \ C I I I

OF IN
C I Ti Si’Al’ 1 FAT l ONC UN ITS GAl . ION S

BOSTON MA 4 2 2 3  ~l02 6 59 , 500

DETROIT MI 421 6 83T 2 1 , 2 6 0 , 000

SI ATT LE W .-\ 4 3 5  12221 1 3 , 500

M- 2
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TABLE M-1 NON-FEDERA L GOVERNMENT POLLUTION RESPONSE EQUIPMENT
(CONTINUED)

PUMPS WIT h CA PACITY 200 GPM

TOTAL TOTAL
N!l ~!BE R PUMP

OF CAPA C ITY
C I T Y  STATE L.-\T l , ON C U N I T S G PM

STOUGHTON 4 2 1 5  7 10:’ 13 5 , 500

BOSTON ~t-l 4221  ~102 23 11 ,390

GLOUCESTER ~IA 4238 7035 3 1 ,500

BRIDGEWATER MA 4139 7014 8 3 , 150
FAL M OU TI I ~L-\ 4131 703 7 8 2 ,240
BANG OR ~ii: 4448 5846 2 400

PORTLAND ME 4338 7 0 1 7  8 10 , 160

GRA Y ME 4342 7 (112 1 260

SOMERSET MA 4 2 3 0  7111 4 960
JOHNSTON RI 4149 7128 3 1 ,500

DUBUQUE IL 4 2 3 0  9030 6 360

ROCK ISLAND IL 4130 9030 2 200

SPRING PARK MN 4500 9310 1 380

EAU CLAIRE WI 4450 9212 3 1 ,485

SPOONER WI 4555 9155 1 385

S P R I N G  PARK MN 4 4 5 0  9337 2 380

WOOD R I V E R  IL 3854 9006 1 340

HARTFORD IL 3845 9008 1 300

G R A N I T E  C I T Y  IL  3842  9010 3 700

RENSSELAER NY 4239 7344 2 575

WEST HAVEN CT 4117 7 2 5 6  1 350

BAYONNE NJ 4040 7406 12 8,380
NEWARK N J 4044 7405 1 300

LONG ISLAND CY NY 4045 7358 2 400

NEWARK NJ 4042 7047 1 600

V E R P L A N K  N Y 4115 7 4 5 8  1 350

EDISON NJ 4 4 2 0  7430 10 2 , 600

CLAYTON NJ 3940 7509 2 500

BALTIMORE MD 3914 7636 42 21 ,555

M-3
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TABLE M-1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

PUMPS WITH C.-\ PACITY > 2 00 GPM ( C O N T I N U E D )

TOT A L TOTAL
Ntfl”BFR PUMP

OF C A P A C I T Y
C I T Y  STATE 1.11 LONG U N I T S  GPM

NORFOLK VA 3650 76 1 7  4 2 , 200
CHARLESTON SC 3250  79 58  2 3 , 600
MIAMI FL 252 6 8020 4 1 ,2 4 3
[~‘f LAUDERDALE FL 2~~04 8012 1 200
S.- \VAN NA I I  GA 3 2 0 4  8 105 7 3 , 550
BRUNSWICK GA 31(19 8129 1 250

CAGUAS PR 1826 6606 6 2 2 5
CAGUAS PR 1826 6606 5 2 , 7 5 0
CAGUA S PR 1826 6606 5 1 , 500
HOUSTON TX 2 9 4 0  951 5  15 300
HOUSTON TX 2 9 4 4  9508  21 187 , 250
GULFPORT MS 3023 8906 1 380

MIDFIELD AL 3328 8655 1 200
V E N I C E  LA 2916 8929 1 200

NEW ORLEANS LA 2936  9 0 4 3  8 1 , 600
MORGAN C I T Y  LA 2941  9113 1 300
HARVEY LA 3000 9 0 0 2  167 260 , 000
}IARAHAN LA 2925 9012 1 1 ,725

UOUMA LA 2936  9 0 4 3  15 3 , 000
WE STWEGO LA 3000 9 0 0 2  1 1 , 000
PORT ARTHUR TX 2 9 4 9  9354 7 9,500
LAKE CH A R L E S  LA 3010 9319 2 4 4 0
BEAUMONT TX 3002 9402 2 1 ,200
SULPHUR LA 3014 9323  13 2 , 900
PORT NEC HES TX 2959 9358 2 15 ,000
NEDERLAND TX 2 9 5 7  9400 13 2 , 660
C I C E R O  IL 4150 8746  8 4 , 710
CHICAGO IL 4 1 4 3  8733 13 27 , 310
LOCKPORT IL 4 1 4 0  8803 1 1, 300
F I N L A Y  IL 4 1 2 5  8850 1 700
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TABLE M-l NON FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

PUMPS I’ IT II  CAPACITY > 200 GPM ( C O N T I N U E D )

TOTAL TOTAL
NUMBER PUMP

OF CAPACIT Y
CITY STATE LAT LONG UNITS GPM

LEMONT IL 4140 8800 3 880

FINLAY IL 4125 8850 1 900

BLUE I S L A N D  IL  4140  8741 1 300

L EM ONT IL 4140  8801 3 900

B R I D G E V I E W  IL  4 1 4 5  8748  1 1, 200

FINLAY IL 4125 8850 1 700

TRENTON MI 4208 83135 31 25 ,055

BAY CITY MI 4337 83505 1 1 ,500

ECORSE MI 42I~ 8309 2 1 ,280

MOUNT CLE M ENS MI 4 23~ 82472 8 2 ,860

DETROIT MI 4217 83070 4 12 ,800

KAWKAWLIN MI 4340 8353 1 1 ,500

ROSEVILLE MI 4230 82576 1 360

INKSTER ~‘1I 4218 8320 7 2 ,940

WAYNE MI 4217 8324 2 1 ,000
FERNDALE MI 4228 8306 3 1 ,020

BAYFIELD WI 4750 9105 1 250

IIOUGHTON MI 4 7 0 7  8835 3 2 ,400

SUPERIOR WI 4642 9202 10 3 ,400

HOLLAND MI 4243 8607 1 1 ,000

FRUITPORT MI 4307 8610 3 965

PENTWATER MI 4345 8625 6 2 ,615

MUSKEGON MI 4313 8620 40 17 ,395

FRUITPORT MI 4307 8610 3 600

RAPID RIVER MI 4445 8557 9 3,400

PLAINWELL MI 4227  8538 3 3 ,600

FRANKFORT MI 4440  8615 3 900
ELBERTA MI 4438 8615 1 200

ST JOSEPH MI 42 06 8628 S 1,500
OXNARD CA 3410 11911 4 950

M-5
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TABLE M-1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

PUMPS WITH CAPACITY > GPM (CONTINUED)

TOTAL TOTAL
NUMBER PUMP

OF CAPACITY
CITY STATE LAT LONG UNIT S GPM

VENTURA CA 3424 11930 1 500

LONG BEACH CA 3347 11813 8 2 ,360

NAT IONAL CITY CA 3240 11706 20 5 ,000

MONTEREY CA 3637 12154 6 1 ,350

SAN LIJIS OBIS CA 3509 12046 1 600

MORRO BAY CA 3522 12052 2 500

CROCKETT CA 3803 12213 5 1, 200

PITTSBURG CA 3801 12151 2 4,000

BENICIA CA 3802 12208 3 1 ,500

OAKLAND CA 3746 12213 3 600

ANTIOCH CA 3800 12146 4 6,000

MARTINEX CA 3808 12208 13 7 ,500

SO SAN FRAN CA 3738 12223 28 8,600

E M ERYVILLE CA 3750 12218 5 1 ,650

PORTLAND OR 4534 12243 6 7,430

SEATTLE WA 4740 1220 14 10 ,450

FEDERAL WAY WA 4720 12222 2 600

OPEN- h~-\TER SKIMMERS

TOTAL TOTAL
EQUIPMENT LOC NUMBER RECOVERY

OF CAPACITY
CITY STATE LAT LONG UNIT S IN GPM

MOSS LANDING CA 3648 12147 1 10

CONCORD CA 3739 12216 1
RODEO CA 3803 12215 1

MARTINEZ CA 1 40

SAN FRANCISCO CA 3747 122 23 4 206
EMERYVILLE CA 3750 12218 2 200

PORTLAND OR 4 534 1224 3 10 1 ,621
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TABLE M-i. NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

OPEN-WATER SKIMMERS (CONTINUED)

TOTAL TOTAL
EQUIPMENT LOC NUMBER RECOVERY

OF CAPACITY
CITY STATE LAT LONG UNIT S IN GPM

ANACORTES WA 4831 12236 3 290

FERNDALE WA 4852 12245 1 265

BELLINGIIAM WA 4846 12230 1

HONOLULU HI 1944 15503 1 30

PEABODY MA 4229 7058 1 750

PORLAND ME 4342 7012 1 25

DAVISVILLE RI 4136 7125 4 2 ,000

FINDLAY OH 4102 8340 4

NEW HAVEN CT 4119 7254 1 200

BROOKLYN NY 4040 7401 1

ELIZABETH NFl 4039 7411 2

MIAMI FL 2548 8013 5 208

FT LAUDERDALE FL 2605 8007 2 205

BRUNSWICK GA 3109 8129 1 40

SAVANNAH GA 3205 8106 1 600

YABACOA PR 1803 6550 1 20

SAN JUAN PR 1828 6607 5 60

SAN JUAN PR 1826 6606 1 40

FLOUR BLUFF TX 2736 9717 1 500

BAYTOWN TX 2943 9501 2 70

VENICE LA 2916 8929 1

INTERCOASTAL LA 2947 9209 1
NEW ORLEANS LA 2936 904 3 5
BELLE CHASE LA 3000 9002 2 588

SULPHUR LA 3014 9323 2 400

WADDINCTON NY 4452 75 12 2 1,000
WAYNE MI 42 17 8324 1 300
MOUNT CLEMENS MI 4 2 3 5  8 2 4 7 2  5 2 , 100

BAY CITY MI 4337 83505 1 100

VENTURA CA 3424 11954 6 650
LOS ANGELES CA 342 3 12003 1 15
SANTA BARBARA CA 3424 11930 16 5 ,643
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TABLE M- 1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

BARGES (CONTINUED)

TOTAL TOTAL
NUMBER CAPA C ITY

OF IN
CITY STATE LAT LONG UN IT S GALS

STOUGHTON MA 421 5 7107  2 17 , 500
EAST BOSTON MA 4 2 2 2  7 102 53 , 905
FALMOUTFI MA 4131 7037 4

MENEMSHA MA 4123 7050 1 15 ,000

CHELSEA MA 4127 7036 3 210 ,000

FA L MOUT H MA 4 131 7 0 3 7  5
CHARLESTO WN MA 4 2 2 3  7103 20 600 , 000
SO PORTLAND ME 4342 7012 1

PORTLAND ME 4345 7012 13 804 ,000

KITTERY ME 4305 7045 1 75 ,000

LAWRENCEBURG IN 3901 8450 1

LOUISVILLE KY 3818 8540 1 5 ,000

MEMPH I S TN 3505 9006 1

ST PAUL MN 4450 9310 1 600

CAPE GIRARDNA MO 3718 8930 1 879 ,900
MILFORD CT 4113 7302 2

PHILADELPHIA PA 3953 7511 10 33 ,967 ,240

CAMDEN N .J 3958 7 50 5 2
NORFOLK VA 3650 7617 1 60,000

CHARLEST ON SC 32 5 1 7 9 5 7  6 116,510
JACKSONVILLE FL 3019 8139 2 829 ,500
FT LAUDERDALE FL 2605 8007 2 1 ,000

SAVANNAH GA 3205 8106 4 1 ,078 ,000
PONCE PR 1758 6637 3 1 ,533 ,000
GUAYA MA PR 1756 6608 1 1, 176 , 000
TAMPA FL 2757 8226 5

CORPUS CHRIST I TX 274 9 97 24 3 504
HOUSTON TX 2943 9513 2 55

MOBILE AL 3042 8802 1

ABBEVILLE LA 2947 9209 30
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TABLE M-1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

BARGES (CONTINUED)

TOTAl. TOTAL
NUMBER CAPACITY

OF IN
CITY STATE LAT LONG U N I T S  GAL S

BELLE CHASE LA 3000 9(102 6

NEW ORLEANS LA 2916 8957 2 4,200

INTERCOASTAL LA 2947 9209 2 4,200

MORGAN CITY LA 2931 9113 3

HOUMA LA 2936 9043 7

BERWICK LA 2941 9113 12

VENICE LA 2916 8929 2 192 ,570

PORT ARTHUR TX 2 9 5 2  9356 4 22 ,000

CHICAGO IL 4143 8733 3

CICERO IL 4150 8746 1

LEMONT IL 4140 8801 1 1 ,000

CLEVELAND OIl 4131 81415 3 6,000 ,000

DETROIT MI 4217 83070 2 6,400
MOUNT CLEMENS MI 4235 82472 1 4,000

SIJPERIOR WI 4649 9202 5

DULUTH MN 4 6 4 7  9 2 0 5  2 1 ,400

SUPERIOR WI 4649 9202 5 78 ,000
MUSKEGON MI 4 31 2 8 6 2 0  29 15 , 000

FRANKFORT MI 4440 8615 2

RAPID R I V E R  M I 4445 8537 3

FERRYSBURG MI 4305  86 2 0 8

ST JOSEPH MI 4205 8630 4

FRUITPORT MI 4307 8610 1 15 ,000

FERRYSBURG MI 4305 8610 3

OREGON OH 4140 8328

SANTA BARBARA CA 3408 11912 1 329 ,280

NATIONAL CITY CA 3240 11706 3 680 ,400

MOSS LANDING CA 3648 12147 1 748

ALAMEDA CA 374 7 1 22 17 2 1,320

SAN FRANCISCO CA 3747 12223 2 175 ,968
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TABLE M-1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

BARGES (CONTINUED)

TOTAL TOTAL
NUMBER CAPACITY

OF IN
CITY STATE LAT LON G U N I T S  GAL S

RICHMOND CA 3754 12222 12

EMERYVILLE CA 3750 12218 1

BELLINGIIAM WA 4846 12230 1 3,200
SEATTLE WA 4740 12220 1

RUBBER BLADDERS

TOTAL TOTAL
NUMBER CAPACITY

OF IN
CITY STATE LAT LONG UNITS  GAL S

MIAMI FL 2548 8013 3 1 ,500
BRUNSWICK GA 3112 8133 2 20 ,000
BELLE CHASE LA 3000 9002 2 10 ,000
FINLAY IL 4150 8850 1 12 ,000
MORRIS ~~~~~- — IL 4123 8823 1 1 ,000

ECORSE MI 4215  8309 1 500

LOS ANGELES CA 3523 12003 1 1 ,200
SANTA BARBARA CA 3424 11930 8 17 ,200

EUREKA CA 4046 12412 1 2 ,500
RICHMOND CA 3754 12222 2 1 ,250

CONCORD CA 3739 12216 2

PORTLAND OR 4 534 12 2 4 3 5 9,000

OFFSHORE BOOMS (WAVE HEIGHTS > 3 FT.)

TOTAL TOTAL
LENGTH NUMBER OF

CITY STATE LAT LONG FEET UNITS

GLOUCESTER MA 4238 7035 300 6

PEABODY MA 4229 7058 612 1

BEVERLY MA 4233 7053 600 12
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TABLE M-1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

OFFSHORE BOOMS (WAVE HE I GHTS > 3 FT .) (CONTINUED)

TOTAL TOTAL
LENGTH NUMBER OF

CITY STATE LAT LON G FEET UNITS

LONGISLAND ME 4342 7004 750 1

DAVISVILLE RI 4136 7125 1,000 10

TIVERTON RI 4 138 7 11 4 2 ,000 20

BAYONNE NJ 4039 7407 5 ,000 100

PERTH AMBOY NJ 4031 7415 1,000 40

ELIZABETH NJ 4039 7411 2 ,500 50

JACKSONVILLE FL 1,730 1
FT LAUDERDALE FL 2605 8007 10 ,500 3

SAVANNAH GA 3204 8105 1 ,500 30

BRUNSWICK GA 3112 8132 750 18

ST PERTERSBURG FL 2751 8236 800 8

BOCA GRAND FL 2738 8233 1 ,410 44

CORPUS CHRIST I TX 2 7 4 9  972 4 540 1

HOUSTON TX 2940 9515 6,000 190
MOBILE AL 3045 8803 2,000 40

PANAMA CITY LA 3009 8536 1 ,640 82

BATON ROUGE I A  3030 9110 102 48

NEW ORLEANS LA 3000 9002 1 ,500 30
CHICAGO IL 4141 8733 930 9
RIVER ROUGE MI 4216 83080 350 7

— MILWAUKEE WI 4300 8755 200 4

TOLEDO OH 4139 8332 400 4

SANTA BARBARA CA 34 24 119 4 1 3,600 12

VENTURA CA 3420 11938 2 ,800 11

LOS ANGELES CA 3423 12003 1 ,400 2

MORRO BAY CA 35 22 12052 30 ,000 1

SAN LUIS OBISBO CA 3510 12044 1,300 26

PITTSBURG CA 3802 12253 1,800 2

HERCULES CA 3801 12216 2 ,200 1

SEATTLE WA 47 35 122 21 9,750 71

BELLINGHAM WA 4845 122 30 7 ,000 60
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TABLE M-1 NON-FEDERAL GOVERNMENT POLLUTION RESPONSE EQUIPMENT

OFFSHORE BOOMS (WAVE h E I G H T S > 3 FT .) (CONTINUED)

TOT AL TOTAL
LENGTH NUMBER OF

CITY ST AT E LAT LONG FEET UNITS

RENTON WA 4729 12212 1 ,200 2
FERNDALE WA 4852 12245 4,640 62
MUKILTEO WA 4756 12217 1 ,500 3
TACOMA WA 4716  1 2 2 2 5  300 3

MANCHESTER WA 4733 12234 2 ,100 42

PORT AN GELS WA 484 6 1 2 3 2 6  1 , 000 10

OAK HARB OR WA 4810 12236  600 1

M- 1 2
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The capabilities of U.S. Navy equipment - predominantly barges ,

sk immers , and booms were derived from information supplied by :

1. Navfac

2. Navsea

The loca tions and equipmen t levels shown on Table 9C-2 are ,

howeve r, tentative at the present time . Since there is an abun-

dance of harbo r booms , the number of fee t of Navy booms was not
included. The barges and skimmers are attractive candidates for

recovery operations .

The following three pieces of equipment were added to the
total available capability from the Navy inventory :

1. JBF 3001 Skimme r

2. Mark Clas s V Skimmer

3. Ship ’s Was te Offload Barge (SWOB)
These are essen tially harbor and coas tal equipment , howeve r ,
under reasonably good environmental conditions they can be employed
in open waters. A small skimmer , if it can surv ive , has be tter
wave - following characteristics than a large heavier one with cor-

respond ingly higher momen ts of iner tia , etc., but its ability to

surv ive is doubt fu l  unless  accompanied or pro tec ted by a lar ger
vessel.

The Dip 3001 skimmer is a self-contained skimming system.

It is designed to harvest oil in the open harbor with waves up to

two feet in height. It can also operate effectively in between

piers or in a s tationary mode at the apex of a boom catenary
configuration . This unit is approximately 25 feet long and 10

feet wide . Articulating sweeps extend the skimming width to 15

feet. It is diesel powered with two screws for propulsion . All

pumping, propuls ion , and bel t functions are hydraulically opera-
ted. One thousand gallons of storage capacity is provided on

board for collec ted o il.
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TABLE M- 2

U.S.  NAVY EQU IPMENT

NUMBER DESCRIPTIO N LOCATION

1 Skimme r* Earle , NJ
1 Skimme r Portsmouth , NH
2 SWOB**

1 Skimmer Newport , RI
1 Skimme r New London , CT
I SWOB “
1 Skimmer Philadelp hia , PA
2 SW OB
8 SWOB Nor f olk , VA
2 Skimmer

1 SWOB Portsmouth , VA
1 Skimmer “
3 SWOB L itt le Creek , VA
1 Skimmer “ U

4 SWOB Charles ton , SC
2 Sk imme r “
1 Sk imme r Pensacola , FL
1 Skimmer Mayr ’ort , FL
1 Sk immer Pascagoula , FL

4 
3 Sk immer San Diego , CA
7 SWOP “
3 SW O B Long Beach , CA
1 Sk immer “
1 Skimmer Panama City, FL
1 Sk immer Almeda , CA
1 Skimmer Vallejo , CA
1 SWOB “

1 Sk immer Richmond , CA
3 SWOB “ “
1 Skimmer Keyport , WA
1 Skimme r Bancor , WA

M-14 
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TABLE M- 2 (CONT’D)

U,S. NAVY EQUIPMENT

NUMBER DESCRIPTION LOCAT ION

1 Skimmer Manchester , WA
5 SWO B Breme rton , WA
1 Skimmer “
4 Skimmer (Mod)* Yorktown , VA
4 Sk immer York town , VA
4 Sk immer Stock ton , CA
4 Sk imme r (Mod) Stock ton , CA

*JBF..3001 Skimme r, up to 100 gal./min.

**Shjp l s Was te Off load Barge (SWOB) , 5~ 000 gal.

***Marco Class V Skimmer 300 gpm

(Mod) Mod i f ied Class V Sk imm~ i

M- 15
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The Marco Class V Sk imme r i s a s imi lar dev ice hav ing about
the same applications . The Navy plans to modify some of their

Class V Skimmers. They will be subdivided into three sections re-

q u i r i n g  reassembly  at the scene of the sp i] l .  The sect ions w i l l
be bo l t ed  together (4 b o l t s )  and w i l l  r equ i re  no p lumbing , elec-
trical connections , etc. This approach circumvents the need for

special permits for over-the-road transportation . These permits

are not obtainable during the evening or weekends . Also , large

expansive cargo carrying aircraft are not needed since two

C-l30’ s can carry the three Marco Skimmer sections.

The SWOB is a large floating tank with offloading pumps .

4 The purpose of the SWOB is to collect oily waste. It is essen-

tially a non-self-propelled floating tank 106 feet long by 26

feet wide having a storage capacity of 75 ,000 gallons . The on-

board diesel prime mover supplies power to two electrically

dr iven 160 gpm offloading pumps. The pumps are for only offloading

the SWOB. The SWOB can accep t was te flow rates up to 400 gpm .
Four 50 foot lengths of 2-1/2 inch hose together with hose hand-

ling equipment are provided with each barge. A tug or comparable

vessel is required for movement of the SWOB . The SWOB is a pos-

s ible cand ida te s tor age of pollutant s subsequent to sk imming or
lighter ing oper ations.

TSC limited the comprehensive U.S.C.G. Spill Cleanup Inventory
to the following:

1. Heavy duty offshore booms

2 .  Open- water skimmers

3. Pumps , tr a n s f e r/ l ighter ing systems
4. Barges , tanksh ips , and rubber bladders

The der ived capabilities are considered a function of the

fo l low ing charac ter isti cs :

M- 16
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1. Total feet of available offshore booms

for :

A. Sea state (0-3 ft.)

B. Sea state (over 3 ft.)

2. Total gallons capacity of available:

A. Barges

B. Tankships

C. Bladders

3. Maximum recovery rate (gpm) of skimmers*

4. Storage (gal.) and pumping rates (gpm)

of:
A. Pumps *
B. Transfer/ligh tering syst& ”s

All hand-held skimmers and vacuum types were deleted .

The amount of pollu tant or oil to be recovered or ofUu~~Ld
respectively, the loca tion, and some primitive form of s ~~

-

(time intervals over which specified recovery operations a c  per-

formed) mus t be es tablished to fac ilitate the es timate of required
equipment capab ility levels. This toge ther w ith the es timate of
the actual levels indicated in the inventories will point out

areas where there are excessive amounts of capability or defic-

iencies. The equipment capability levels contained herein are

based upon a subjective judgement of the availability of equip-

ment and some fac tor for degrad ing performance to account for the
influence of average environmental conditions and product types .

Availability is the fraction of the response equipment that

is operational and/or not diverted to the performance of other

services from which revenue is derived .

Since the maximum performance of skimmers and pumps is u-

sually specified , it is assumed that the above-mentioned inven-

tories contain maximum values. Tables M-3 and 4 are tabulations

of the factors that were emp loyed to yield more realistic values.
The follow ing is a description of the primitive scenarios employed.

~l imited  to units that exceed or are equal to 200 gpm .

M-l7

4
- 

V

~i_ ~~~~~~~~~~~ 
- - - 5  

~~~~~~~~~~~~~~~~ 
— —-———. - - - — — ---- — ---— -- -  _ _ _ _-  _ _ _  - - _ _ _- - - - 5 — -.  

-
~~~~~~ 

-—
~~

_

~~~ ~~~~~~~~~~~~~~~~~~~



____-— -5— - - - . 
-‘

0 0

cx:

Lfl *

0
d’~ 0zLU

0
—~~ I I IU,

U,
I4.4 Q
00 E

E
“—I
.~‘

>.. u, >-
E-~~~~0 ~

-.
I-I — — 0

-~~~~
-. .. ~

~-. U) *-*

0~~ . L U  ~~~~
.

~~~~~~~~~~ < )‘<
< 0 0  0< • 0.

x
~~~~~~~~~~ LU

~ z <  ~~~ ~ —
I- LU~~~ <0 —

LU C/)~~~~~U
~~~ 0~~~-~~~U >.
< 0~~~~~~0 <

z u ~~< L
0 ~~~~~ —<I -

~~~
0 0  ~~~~0I
~~ ~.L. ~~ r - j  -

~~ 
CJD ~~ ~C

< L U  ~ —I

M-l8

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
---



00

Q I C’~ 0 (‘4 0
—~~~~~~~~~ 3-4

3-I

0 .0

0
LU

LU U,
I Iz

0z
LU

0
-~ LU

o i.u
( I 0

>.. ~1_ 0  ‘0
F- 00
i-s d )  LU
.-~~ L)— —< U )  >-
0 . —  F-

—
0 L~~ LU -~
~~~ 

I-. —

< F - U  ~~~~~~<

~~ z <  <
I L 5 L U~~~~ 0.
x ~~~~~~~< 0 0

F- 0. U IL. s o
0

LU

~~~~0~~~~~~LU d.~ øP
< U LU U
F- I Z

LU
0 L U~~~~ >
Z E -~~~~ <

< 0
~~~ IL.
I 

~~~Z L U  .-* <
F -O0. ~~~~ 

I (-5-4 U,
0 ~~~J) ~~

. 
~~~

F-

U,
0 O~—~ * .

— .-I 0 0

Co
I-
Z CO
LU i. 4) ~~ 0)
Xiu 0) 00 •-4 Co
0.0. u~ E in t~-~~ EE E 0. I .O E  ~~~~~~~

0 .
~~~ E 0 14.4 .-I O ’4.4 144

0 0 .~~ ~ ~.‘ .w
LU U) 0. U) U) Cd) 0

M-l9

V

r - —- ---5 - ---- -- -— -

~~~~~~~~ 

- — — -—-

-

~ 

—-5 —-5 - - -  ~~~~~~~~~~~~~~~~~~~~~ - —  
.- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
-

~~



Pumping opera t ion:
A. Harbors

Pumping starts 8 hours after notification .

Pumping ends 4 days after notification.

B. Open Waters

Pumping starts on 10th hour
Pumping ends on 5th day

Containment ope ration
Capab ility not time dependent

Skimming opera tion :

4 
A. Harbors

Skimming starts on 8th hour

Ski mmi ng ends on 4 th day
B. Open waters

Skimming starts on 10th hour

Skimming ends on 3rd day .

Storage assoc iated w ith off load ing opera t ions :
A. Harbor

Dracones put into serv ice on 8th hour
Dracones removed on 18th hour

Barges put into se rv ice on 18th hour
Barges removed on the 4th day

B. Open Wa ter
Draco nes put into serv ice on 10th hour
Dracones removed on 30th hour
Barges put into service on 30th hour

Barges removed on 5th day
Storage assoc iated w ith skimm ing opera tions :

• A. Harbor

Same as storage under offloading operations
B. Open Wa ter

Dracones put into service on 10th hour
Dracones removed on 30th hour
Barges put into service on 30th hour

Barges removed on 3rd day .

M- 20
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In order to calculate the spill response capabilities of e-

quipmen t available to each site of Configuration S from organiza-

tions other than the Coast Guard , we d e f i n e the fo l low ing quan titi es
at each of n loca tions close to the s ite in ques ti on:

S~ = maximum skimming capability (gals/hr.)

‘
~n 

= maximum pumping capability (gals/hr.)
= floating storage capacity (gals.)

Cm = boom containment capacity (gals.)
- (2 / 3 L~) x l0~~, where
L~ = boom length (ft.)

The relation between containment capacity and boom length

was arrived at by selecting a nominal harbor sp ill size and boom

effectiveness. Thus , on the assumption that 3,000 fee t of boom can
contain 2,000,000 gallons of oil , L~ feet of boom have been as-

signed a nominal capacity equal to the integral part of Lr/3~
O OO

times 2,000,000 gallons.* The total respons e capab ility ava il able
to each site is proportional to the sum for the n locations nearest

to each site. Complete formulas for harbor and open-water equip-

ment are given in Tables M-5 and M-6. Numerical results for each

site of Configuration S are given in Tables M-7 and M-8 .

L 

*Two million gallons of oil is approximately half the cargo of a
tanker of 10 ,000 gross tons.
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TABLE M-7

NON-COAST GUARD
HARBOR EQUIPMENT CAPABILITY*

(XI LOGALL ONS)

SITE BOOMS PUMP S SKIMMERS STORAGE

P h i l a d e l p h i a , PA 25 , 588 67 , 335 4 3 . 4  27 , 296

New Or l eans , LA 11 , 598 735 ,968 255  15

New York , N.Y . 12 , 767  38 , 651 4 3 . 4  92

San F ranc i sco , CA 53 , 514 103 , 950 1, 170 385

G a l v e s t o n , TX 178 7 , 150 0 0 . 0 4 4

Los An geles , CA 7 ,733 13 ,502 347 1 , 4 2 2

Pascagoula , MS 11 , 598 2 , 145 130 153

Sabine , TX 11 , 159 79 , 860 F3 1 7 . 6

Port Aransas , TX 11 ,598 0 217 1 ,587

Boston , M1 3 ,11 1 102 ,052 1 , 280 621

Portsmouth , VA 11 ,598 15 ,950 1 ,302 621

Seattle , 1%A 15 ,491 50,820 434 1 ,545

Clearwat er , FL 5,537 14 ,418 304 6,213

Chicago , IL 6,4S1 350 ,460 0

*Ad justed
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TABLE M-~
NON-COAST GUARD

OPEN-WATER EQUIPMENT CAPABILITY*

(KILOGALLONS)

SITE BOONS PUMPS SKIMMER S STORAGE

Philadelphia , PA 69,048 32.5 27 ,296

New Orleans , LA 7 54 ,702 191 6.7

New York , NY 39,63S 32 .S 92

San Franc i sco , CA 106 ,596 8’7 382

Galveston , TX 7 ,332 0 0.044

Los Angeles , CA 13 ,846 260 1 ,40~

Pascagoula , MS 6,048 97.5 154

Sabine , TX 81 ,892 130 1 7 . 6

Por t Aransas , TX 0 162.5 0.88

Boston , MA 104,650 959 1 ,587

Por tsmou th, VA 16 ,356 975 621

Seatt le , WA 52 ,113 325 305

Clea rwa ter , FL 14 ,785 227 1 ,529

Chica go , IL 359 ,380 0 6,201

*Adjusted
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APPENDIX N:

A BRIEF REVIEW OF THE BEHAVIOR OF SURFACE OIL SLICKS

When pet ro leum or pe troleu m produc ts are sp illed on the sur-

face of the sea a complex se t of phys ical changes takes place tha t
are determ ined by the compos ition of the oil, the state of the sea,
and the prevailing atmospheric conditions. All these factors com-

b ine to inf luence  two ma jor process es:

1) Oil movemen t
2) Oil weather ing

The movement of the oil may be either on the surface of the wa ter
by spread ing and by transport through the action of wind and cur-
rent , or it may be down into the water column by mixing and sub-

vec tion due to waves. Wea ther ing is used here to designate the
comp lex of phys ical , chem ical and biolog ical proc esses tha t  a f f ec t
the  composition of a surface oil slick exposed to a marine environ-
ment . Of these the most prominent is the evaporation of the lig ht-

er fractions of the  oil leaving a residue which interacts with the

sea water to form heavy viscous “pancake s ” and “tar balls ” some
of which sink beneath the surface and some of which float . All of

these processe s are strongly influenced by the amount of o il spilled
and its physical and chemical properties.

A var iety of emp ir ical and analytical studies have been made
of the movemen t and transforma t ion of o il on the surface of the sea.
Many of these have been reviewed and evaluatod in Ref. N-l ,
which is the bas ic source of material for this d iscus sion.

1.1 OIL MOVEMENT

1.1.1 Wind Induced

The w ind at the ocean ’s surface affects the movement of oil

through the generation of surface waves and through the shear stress

induced on the slick surface. Neither of these mechanisms is well

N-l
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understood. No analysis of wave-induced transport has yet been

made (1977)  t h a t  has y ie lded  r e a l i s t i c  r e s u l t s , nor is it known
how the e f f e c t s  of wind and waves i n f l u e n c e  each o ther . Wind in-
duced motions are usually considered in isolation through a so-

ca lled “wind fac to r ” which has been empirically approximated as 3%

of the wind speed in the d i r ec t i on  of the wind vector. This ap-

proach , in itself only a very roug h approximation , leaves aside the

equally large effects of waves and the detailed spatial and tem-

poral fluctuations of the wind so that the confidence level of

analytical results is rather low.

1.1. 2 Cur ren t  Induced
C a l c u l a t i o n  of t he  e f f e c t s  of su r f ace  and subsu r f ace  ocean

cu r r e n t s  is in an even less satisfactory s t a t e  than  those of the
wind s ince t h e r e  a re  many components  of such cu r ren t s , none of
which  has  been a d e q u a t e l y  mode led .  These inc lude :  wind - induced

c u r r e n t s , l a rge  scale ocean c u r r e n t s , c u r r e n t s  induced by b o t t o m
e f f e c t s  and t i d a l  c u r r e n t s .  There  are no s i m p l e  f a c t o r s  t ha t  can
accoun t for  a l l  of th ese  and none can be i gnored w i t~Iout l a rge
e r r o r .  A t t e m p t s  at mode l ing  o i l  s l i ck  movements  us ing  a v a i l a b l e
s t a t i s t i c s  of ocean winds  and c u r r e n t s  have produced random walk
p a t t e r n s  tha t  somet ime s t r end  in the  r i g h t  d i r e c t i o n  but  are
g r o s s l y  i n a c c u r a t e  w i t h  respect  to the p lace  and t ime  of a r r i v a l
at any p a r t i c u l a r  p o i n t .  F u r t h e r m o r e , as t he  s l i ck  approaches
s h a l l o w  w a t e r s , t he  bottom effect is s t r o n g ,  but as yet  indeter-
m i n a t  e.

1 .1.3  Subsu r face  T r a n s p o r t
Subsu r f ace  t r a n s p o r t  seems to be l a r g e l y  the  resu l t  of dis-

s o l u t i o n  and d i s p e r s i o n  due to wave act ion . No more than  a few
percen t  of the  s l i ck  is removed by these  mechan i sms , wh ich  are much
l e s s  i m p o r t a n t  t h a n  e v a p o r a t i o n  in r educ ing  the  volume of the oi~
s l i c k .  There  is  v e ry  l i t t l e  da ta  on e i t h e r  of these  processes .

N- 2
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1.1.4 Spreading

Oil slick spreading is defined as the movement of oil on the

surface of the water relative to the center of mass of the slick.

This movement is governed by gravitational , v iscous and sur f a c e
tension forces and by the processes tha t change the mass of oil in

the slick. All of these forces are different for different com-

ponen t s  of the  o i l  so t h a t  some spread much f a s t e r  t h a n  o t h e r s ,
w i t h  the  r e su l t  t h a t  t he  oi l  t end s to fr a c t i o n a t e  in to  v i scous
c lump s (pancakes )  w i t h i n  t h i n n e r  pa t ches  of more r a p i d l y  s p r e a d i n g
c o m p o n e n t s .  These pancakes  may cover  on ly  10 percen t  or less  of
t h e  a r ea encompassed by the oil (Reference N-i , pp. 4-32).

An additional complication is that analytical spreading models

assume radial spreading whereas actual ~‘1icks are distorted by

wind , currents , and the pressure of new oil leaking from the source.
The result is that prediction s from spreading models and observa-

t ions of actual slicks usually do not agree very well. For example ,
Bl okke r ’s spreading model (Reference N-2)predicts tnat in

24 hrs. the area of a crude oil slick will increase by a factor of

4, while some observations (Reference N-3 )indicate that the

increase is by a factor of 100.

Reference N-4 points out that most pure hydrocarbons do not

spread spontaneously b y surface forces. “Only aromatic and ali-

p h a t i c  h y d r o c a r b o n s  more v o l a t i l e  t h a n  n -n o n a n e  have  p o s i t i v e
spreading coefficients while none of the c y c l i c  h y d r o c a r b o n s  w i l l
spread by surface forces. ” T h i s  ma y  provide partial explanation

of observations by Jeffrey (Reference N-5) and Hollinger and

Mancila (1973) which “have shown that with time one or more patches

of thick oil (several millimeters thick) were surrounded by a much

larger area of thin film , (less than 4 micrometers). \pproxim ate ly

90 percent of t h e  o i l  vo lume  was l o c a t e d  in these thicker l a y e r s

t h a t  occupied only 10 percent of the visible slicked area of t h e
sea .” Reference N-i also notes this phenomenon , as observed
in the 1975 San Francisco Bay spill , where observations show that

the area actually covered with oil may he only about 10 percent

of the area spanned by the oil around its center of mass.

:~~::i~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~~~~~~~
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It is interesting to note t he  t ime of pancake formation in

J e f f rey ’s experiment ( 2 - 2  1/2 d a y s )  agrees very well with the

evaporation time for an average crude , as d iscussed in 1 . 2 . 1 below.
I f  the  mechan i sms  are  co inc iden t , then  pancake  t h i cknes s  would  be
a p p r o x i m a t e l y  t h a t  of a 1 or 2 day  old s l i ck .

1 . 2  O I L  W E A T H E R I N G
The w e a t h e r i n g  of an o i l  s l i c k  is t he  r e s u l t  of evapora t ion ,

e m u l s i f i c a t i o n , and c h e m i c a l  and b i o l o g i c a l  changes .  Reasonab ly
accurate models of these processes exist only for evaporation and

even in this case t h e  e f f e c t s  on evapora t ion  of wind speed , tem-

perature , and solar radiat ion are not well understood.

1.2 .1 Evaporation

For a constant volume of oil , the rate of evaporation increases

as the surface area increases ani the slick thickness decreases due

to spreading. Evaporation is also enhanced by sea turbulence which

results from hi gher wind speeds and produces faster spreading and

the ejection of oil from the surfac e as sprays and aerosols.
A n a ly t ical  models  of evapo ra t i on  assume a s l i c k  of u n i f o r m

thickness , perfectl y mixed in all of its components , ly ing on a
c a l m  sea at 20 °C w i t h  no w i n d  - c l e a r l y  an i d e a l i z e d  s i t u a t i o n .
N e v e r t h e l e s s , c a l c u l a t i o n s  based on t h i s  model  g ive  a lower  bound
f o r  evapora t ion and i n d i c a t e  t ha t  as much as 30% of the  i n i t i a l
vo lume  of c rude  o i l  may evapora te  in 2 - 3 3  hours  ( R e f e r e n c e  N - 2 ) .

R e f e r e n c e  N-S  shows a char t  (reproduced in Reference  N - i )
of p e r c e n t  r e m a i n i n g  vs. weathering time for the components of
crude oil. The evaporation rate of each component depends on

its concentration , which varies as lighter components evaporate

off. Hence the entire set of volatile components of the crude oil

mus t  be t a k e n  i n t o  accoun t in c a l c u l a t i n g  i t s  evapo ra t i on  r a t e s .
As far as can be determined such estimates have not been made for

the crudes likely to t ransit US waters in the future , for the sea
conditions there prevalent .
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An “avera ge” crude was determined by Koons (Reference N-6)

to con sist of
Gasol ine (C5 - C10) - 30%

Kerosene ( ( 10 -C 12) - 10%
Light Distillate (C12 - C20) - 15%
Heavy Distillate (C20 

- C40) 
- 2 5 %

Res id ium (C40~ ) - 20%

The e v a p o r a t i o n  of the lig hter molecule s , up to C14, is ap-

proximately uninfluenced by the  heavier ones , and they exp er ienc e

an exponent ial decay in concentration . As given in References

N-i and N-6 , the  t i m e s  r e qu i r e d  fo r  9 0% e v a p o r a t i on  a re :

8.7 hours

C12 : 16.4 hours

C 13 : 2 to 2 . 5  days
C 14 : 5 days

\ comp os i t e  cu rve is g iven in F i gure  10-5 of the repor t .

1 .2.2 Emulsifica tion

One of the most important and least understood of the pro-
cesses affecting an oil slick at sea is the formation of water-
i n - o i l  e m u l s i o n .  These e m u l s i on s  may c o n t a i n  up to  80% w a t e r  and
may be 2 o rde r s  of m a g n i t u d e  mo re v i s c o u s  t h a n  the o i l  a l o n e .
They sp read  more s l o w l y  and are less s u s c e p t i b l e  t o  w e a t h e r i n g .
When the water content is hi gh they become semi-solid and grease-
like (chocolate mousse). Emulsification is a weathering process
t h a t  occur s  1-3  days  a f t e r  a sp i l l .  I t s  f o r m a t i o n  and subsequen t
f a t e a re  m a t t e r s  of c o n j e c t u r e .  ~ i et h e r  c h o c o l a t e  mousse  can be
sk immed  f r o m  the  sea su r f a c e  and pumped i n t o  s t o r a g e  c o n t a i n e r s  is
p r o b l e m a t i c .  In  any case , the  r ecovered  produc t may be m o s t l y
w a t e r .

The data of Reference N— 6 are valuable as an approximation
of the water -in-oil emulsion characteristics . They show that
changes in viscosity and density are closely related to the
changes  in  t he  amount  of w a t e r  in t h e  o i l , and are g r e a t e r  fo r
oil undergoing natural weatherin g than for oil in sealed con-
tainers. For Kuwait crude and Iranian heavy crude , viscosity
increased from 16 cs to about 316 in one day and to about 800 in

N - S
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2 days of natural weathering. At the same time , however , Arabian

li ght crude increased in v is cosity from about 8 cs at the start to

about 56. Cs in 1 day and to about 80 cs in 2 days. In 7 to 21

days the Kuwait and Iranian oils had viscoisties in the 5,000 to

20 ,000 cs range , and the Arabian light had viscosities in the 500

to 5 ,000 cs range . Obviously, mo re experimentation is needed to

cove r the cases of concern for oil recovery .

2.0 CONCLUSION S

It seems clear from the above that neither analytic or obser-

va ti onal  models  of oi l  s l i ck  behav ior a re fa r eno ugh advanced to

warran t a detailed study of its impact on sp ill recovery operations.

However , a few crude approximations may be of some use :
1) The center of mass of the slick moves in

the direction and at the speed of the resultant of the local ‘-ur-

rent vector and 3% of the local wind vector.

2) The linear dimension of the oiled area

increases by a factor of 2 to 10 between 1 hour and 1 day after

the sl ick has formed.
3 ) The vo lume of (crude)  o i l de cr eases by 30 %

or mo re af te r a few days through evapora ti on.
4) In turbulent seas this decrease may be

negated by emulsificat ion and formation of a “chocolate mousse”

wh ich would ser ious ly impede recovery operations .
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