








EXXON VALDEZ· 672 Hours After Spill
Spill Size =10,500,000 Gallons
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APPENDIX E

OIL SPILL SKIMMERS

NOTES

(1) This appendix is not a complete review of all skimmers available. Rather, it only considers those that
are readily availablle, that is, those manufactured in the U.S. or made by foreign firms that have a U.S.
distributor. Small ()f low capacity skimmers are not considered and, in fact, only those that have potential
for effective use in Alaska.

(2) Skimming spe~~d with a deployed containment boom is assumed to be 0.7 knots in every case. At this
speed, the sweep rate is 0.02 square nautical miles per hour (Sweep width 167 feet) with 500 feet of
boom in a "U" coniHguration and 0.012 square nautical miles per hour (sweep width of 100 feet) with 500
feet of boom in a "J" configuration.
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OIL SPILL SKIMMERS

Recovery Rate 1

BBUHr (GPM) Sweep Rate
Manulaclurer/ Size (It) Tesled (T) Skimming Speed lktasslsted Approxlmale

Model HxWxL Weiaht IIbs\ Published 'PI Unassisted Kls (NM2/HRI C05I Performance Assessmenl
SUCTION SKIMMERS

HYDE·VAC
2415 3.1x6.6x7.6 995 146 (102) (P) · $36,200 Mosl suction skimmers are Independenl and do nol have any skimming speed
3325 7.2x7.8xl0.8 3240 801 (561) (P) · - $69,600 exoepl when used with a tawed containment boom. Sweep rale is lor
3515 4.2x8.3x9.9 1921 587 (411) (P) - · $95,800 500 Feot of boom with a sweep width of about 167 leet Is 0.02 NM 2A-tR
:I 525 6.8x8.3x12.8 3361 1174 (822) (P) · - $98,800
H15 4.8x8.9x12 3656 1361 (953) (P) - - $91,900 Any suction skimmer that CIIn be transpor1ed 10 the spill can be used, but
4725 8.9x9.0x16.0 6157 2721 (1905) (P) · · $155,000 highly viscous oit wiD require a large Inlet hose opening and high power.

All suction skimmers will recover a large percenl waler 80 lhese syslems
SI../O(BAR must be us..Kl with an oiVwater separator or an oiVwaler separation process
Model 60 2.5x2.7x2.0 204 57 (40) (P) · - $3,000
Model160 5.5x3.6x3.2 645 171 (120) (P) · - $13,000
Model 5000 12x 7x 7 7000 714 (500) (P) · · $54,400

WEIR SKIMMERS

DESMfTHSKE WxL
OS-ISO 5.9x4.9 265 94 (66) (P) · . · The Oesmithske and PHAROS Marine weir skimmers are basically
08-210 8.2x5.6 .... 1 314 (220) (P) · - $100,000 lhe same, both use an oil recovery hopper Inslead of a convenlional

94 (66) (T) · · weir with an archimedean screw pump below Ihe weir to draw 011 the oil.
05-31.0 9.8x7.2 992 880 (616) (P) - · These skimmers can be used In almost any viscosity oil 88 long as
05·250 7.4x6.7 375 471 (330) (P) · lhe 011 can be dirllded Inlo the hopper. In 8 tesl, lhe P5·210 pumped

88 gpm wllh 76% oil. All weir skimmers must be used in a Ihick
FW.ROS MARN: concenlrallon 01 011 or they will recover a large % water. Oil/water
OT-185 7.5x6.2 330 286 (200) (P) · · Ilep8ralJon should be expected In every case.
OT·260 10.2x6.9 778 629 (440) (P) · -

VIKa..tA
F!>SR..ON 11.8x7.2x3.0 484 440 (308) (P) 5KTS 0.0135 The FASFLOW uses an expanding venturi 10 reduce lIow veloclly In lhe

skimmer. Although Ihls syslem can be used Independenlly up 10
5 kts, when used with a containment boom sweep speed is reslricled
to <1 Kt because at boom lallure.

DISC SKtMMERS

FRAfII< A.01N The ACW 402 is a large deck-mounted skimmer wilh a hydraulic arm
FRANO ACW 402 33x6.6x5 17800 611 (428) (T) · $600,000 Ihat conlrols the skimmer head. it Is a weir/disc skimmer Ihal

97 (68) (T) · - achieves a high rate 01 recovery using Ihe weir part 01 Ihe skimmer.
The discs ara elfective In light 10 medium viscosity oil bul are nol
ellective in highly viscous oil.



OIL SPILL SKIMMERS

ReoovllfY Rale
BBUHr (GPM) Sweep Rate

Manufaclurerl Sile (II) Tesled (T) Skimming Speed Unasslsled Approllimale
Model Hl(WllL Welahl /Ibs Published ;PI Unassisled Kis /NM2/HR) Cool Perloonance Assessmenl

OISC SKIMMERS (Conl'd)

LOO<HEED
CleBnSweep 27' vessel - 536 (375) (P) 2 kl 0.0025 OIAof The 3001 Is an Independent skimming vessel suhable lor use In harbors.
3001 143 (100) (T) · - Producllon " Is 8 disc: skimmer wllh vanes across lhe edges of Ihe dlsc:s 10

dlrecl Ihe 011 Inlo Ihe skimming heads. This syslem Is likely 10
become clogged quickly in highly viscous oil. (Lockheed has disconlinued
manulaclurlna skimmers.)

Hoyle Marlne
lt8 4.2x3.8 298 116 (81) (P) - . Hoyle Marine 'T' disc skimmers have 8 capacily Ihat Is 3 10 6 limes
120 5.8x 1.9 165 126 (881 (P) · - grealer Ihan convenllonal IIat plale skimmers and because lhe discs
130 5.3x3.3 220 189 (132) (PI · - are more widely spaced, Ihey are more ellecllve In highly viscous oil.
T54 8.2 diameler 1433 340 (238) (P) - -
V1'(OWA These convenlional disc skimmers have been used extensively
KOMAAA9K 5.2x2.6l(2.6 132 57 (40) (P) <1 kl (Fils In $16,000 world wide. They recover 8 very high 'Yo lighl 10 medium viscosity oil

5 (3.4) (T) bul are less elleclive In medium viscosity.
KOMAAA 12K 4' diameler 136 76 (53) (P) <1 kl booml $22,000

I KOMARAJOK 4.5 diameler 220 189 (132) (P) <1 kl $44,000 The KOMARA SDK Is an olfshore skimmer.
I KOMARA 50K 7.4x7.4x4.6 15OCO 314 {2201 {PI <1 kl

WEIR/VORTEX SKIMMERS

I
Man,son ProducflJr
WM.OOEP 3.3 diameler 111 63 (44) (P) - . $oC5,000 The Walosep Is e weir skimmer Ihal uses a rolaling vane 10 improve lhe
Wl 4.6x4.3x2.9 189 251 (176) (P) · - \low of oillnlo Ihe syslem. Thesa skimmers are less allecled by
W3 8.9x7.5113.5 889 189-377 (132-264 ) (TIL' · - debris and viscous oil Ihan noonal weir skimmers, and were elleclive

180-610 (126-427) (T)H' - In Ihe Valdez spill lor a much longer period of lime Ihan simple weir
skimmers and disc skimmers. 'Tesls In "L' low viscosily oil
and 'H' h1ah vlscosllv 011.

ROPE MOP SKIMMERS
Rope Mop Skimmers can be deployed along side a barge or large wort<.

.N:WnJ boal Irom a lib or simply aloog Ihe side 01 Ihe ship. The AS 29
AU 1.2x1.8 160 10 (7) (P) - $8,000 and RS212 have lhelr own libIboom 10 deploy lhe mop. Rope mops lire
W26 6113 1250 30 (21) (P) · - $22,000 ellecllve In a wide range of 011 vlscoshles l4J 10 and Including any oil
W29 7.6l(3.8 2200 100 (70) (P) · - $32.000 Ihal will llow. They war" well in waler Ihal oonlains debris and even ioEl.
RS29 1lx5x7 5000 100 (70) (P) - - $35.000 Rope mops have exoellenl wave 'ollowing charaderlslics.
RS2t2 12x5l(8 6000 150-200 (105-1401 (PI - - $92,000
Nl:AT 65· Vessel 50000 180 (126) (P) 1-3KIs 0.003 $600,000 "AFICAr Is lhe skimming vessel used by Alaska aeao Seas based III

PrUdhoe Bay. Wllh lour g Inch rope mops. h has Ihe polenlial'or
recovering up 10 168 gpm. A highly maneuverable vessel. il can
operale in 75 10 88'Yo Iighl Ice cover and recover oil in 25 10 50% ice covor
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OIL SPIU SKIMMERS

Recovery Rate
BBUHr (GPM) SweepAale

Man=urerl I Size (II)
IWelQhl flbsll

Tesled (T) ISMmmklg Speedl lkIassIsted IApproklmale
HkWkL Published (PI Unasslsled. KI. (NM2/HRI COI!II Ipettormance Assessment

ROPE MOP SKINMERS (Cont'd)

I
COIIlainmfHII Systems
MW"l 12111 1165 110 (7) (P) I - I · I $8,000

MW62 5113.5k" 900 30 (21) (P) ·
\

·
\

$13,000

MW92 7.5k3.5k5 2000 100 (70) (P) · - $27,000

Oil MCf'
Mark I 3."1l1.61l1.7 191 6 (...2) (T) ·

10 (7) (P) - ·
Mark 11-" 13.8112.1Il2.7 1.. 50 \30 (21) (P) · -
Mark 11-9 100 (70) (P) ·

19 (13) (T) -
O.P.E.C.

116118117.5 18.2 lOllS 1....1Force 7 (308) (T)· I 2KII I 0.016 I $200,000 I· Tesled In 6mm 01 oil. This dovlce can be lnslalled on the s.em 04a large
wOfl( boal or lug. Ten rope mops are winched out, spread wilh a paral/ane.
and re.rIevad. The mops recover a wide range 01 viscoshy oils and Ihe system

:1 I I I I I I
has ellcellenl wave 'ollowlng charaderisllcs. The syslem will operale

lellecllVelY In 50me debris and Iighl Ice up 10 Ihe point Ihal 1loallrtg'malerials
intettere w~h Ihe peravane. The peravane spreads the mops 80 lhal Ills
syslem has a good sweep wldlh whhout using a boom. Force 7 III hard
10 maneuver In restricled walers.

LIFTING BelT SKINMERS I I I I I I

.'MRXJ
128' V_eI 16500 116-30Class I (11-21) (T) 0-2 KIa 0.0033 $200,000 These aklmmera earry recovered 011 up a ramp and deposit h Inl08'

21 .. (150) (P) hopper. Good tn medium 10 high v1scoshy ols and will even recover any

Class 10 138' Vessel 1
1

..
500 1214 (150) (P) 0-2 Kia 0.00"6 $300,000 chunks of oil It can carry up Ihe ramp. Highly auceesslul whh

CIa9s V 36' V_eI 18500 60-94 ("2-66) (T) 0-2 KIa 0.0059 $"00,000 Valdez &pIU but had problema In unloading; Syslem needa a po!Jlllve

357 (250) (P) dlsplaoement pump Ihal can move the most vlscoua producta.

Class VII 5O'Vessel 34000 714 (500) (P) 0-2 KIa 0.0118 $900,000

MAC LORI
Lori Type A 33 10 5T vessel 20000 0-4 Kia 0.0032·0.05" Lori usea a lIet of moving blushes 10 lift recovered oil up • ramp. Very

Lori Bow Colleclor 20' Vessel' 176 95 (67) (P) 0-2 KIll 0.0066 ellecllve In medium 10 heavy viscoshy 01111 and very durable even

33' Vessel' 287 139 (97) (P) 0-2 KIa 0.0099 when ~-lrallng In severe environmenill. Since lhe vessels are primarily

49' Vessel· 397 190 (133) (P) 0-2 KII 0.013 boOm sweeps and can IIMm aI .. Kill, Ihey are more eI'edlve operallng
independenlly Ihan 'hey would be In 8 boom con'igurallon.

• The LORI Bow colleclor Is 10 be Inslalled on vessels 01 opportunhy
of ,he IIlzes Indicaled. These units could wort< well 011 Ihe LCM vessels
slallOl1ed III Horner, Alaska.
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Oil SPill SKIMMERS

Recovery Aale
BBlIHr (GPM) ~fWe

Maoulaclurer/ Size (II) Tesled (T) Skimming Speed lktasslsled Approxlmale
Model HxWxl Welahl IIbsl Published (PI Uoasslsled Kls (NM2/HRI CoEa Pelformance Assessm8ll1

SUBMERGING BelT/RAMP SKIMMERS

J8F ScltKltillc
DIP-3001 27 Vessel 14100 143 (100) (P) 0-3 KIa 0.0074 $450,000 The JBF DIP skimmers use a "dynamic Inclined plane" Ihal hall a
DIP-3003 38' Vessel 26000 571 (400) (P) 0-3 KI. 0.00S8 $800,000 moving ben lhal forces Ihe oIlIwaler mixlure down and lhe 011 comes 10
DIP-5001 73' Vessel 190000 714 (500) (P) 0·3 KIa 0.00S8 $2,500,000 lhe sulfaoo In .. hopper all 01 lhe plane. These skimmers are best In lighler
DIP-6001 l1a Vessel 840000 1571 (1100) (P) 0-3 Kta 0.008S - oils because of Ihe slow rise lime of the mora viscous products.
DIP-7001 160' Vesael 1120000 1571(1100) (P) 0-3 KII 0.0123 -
Wartsi/allORI
Ice Cleaner 24'x40' 22 Ions 6 (402) (T)" 0-3 KIa 0.00119 AboIJI $1.5M "Three Ions of 08 were recovered In 3 hCItJB 10 an actual spin sIluelion

In los. The Wal1sllaJ1..0RI "100 Cleaner" Is an Independenl Ice breaker
bowbarg8 lhal Is pushed by a large work boal or lug. The lORI brushes
raoover pooled 011 and dean oiled Ice. The Iylllem capachy may
be very large bulln los enoounler rale may be very low. On lhe other hand,
slnoe lhe toil II conlalned by Ice In winter, lime Is available 10 recover
011 slowly. This device shows greal polentlal lor spill recovery 10 broken
Joe and Is well sulled 10 wlnler operallons In COok Inlet h Is also likely
10 be effective In ooen waler and In oiled debris.

SUBMERSION PLANE SKIMMERS

LPI 35' Vessel 12000 1570 (1100) (P) 2·4 KII. 0.0033 1280,000 this cktvlce sho'Ned greal polenllalfor lUOC88lI In IsslI, but has probably
LPI - 80-279 (56-195) (T) 0.0066 not been produced aller lhe prolotype model. Since lhe un. has an on-board
LPI 66' Vessel - 4900 (3430) (P) 3 KIa 0.0118 $920,000 oIff separalor, recovery ettldenlly was near 100%. II Is likely 10 be mosl
LPI lla Vessel · 12343 (8640) (P) 4 KIa 0.0283 $1,470,000 effective In light and medium vlscosl1y oils, bul probably has nol been

220' Vessel 6629 (24640) (P) 6 KIa 0.OS38 $3,780,000 lesled In high vlscoslly 0115. The separalor may have a problem whh viscous
oils, bul Ihis could probably be adjusled or separation could probably be
Derformed by oumplnQ oil the bottom 01 a sloraae lank.

BOOM (WEIR-BOOM SKIMMERS)

Villoma
10Weir 370' · 3286 (2300) (T)" 3 Kta 0.0608 $490,000 " Performance reponed In Ihe 1XTOC (Gult 01 Mexico) blowout.

1286 (900) (T) Weir-boom skimmers ohen have very high capacity but tend to become
5Welr 265' · 1964 (1375) (P) 3 KIa 0.0436 dogged In highly viscous oil.
3Weir 232' - 1179 (825) (P) 3 Kls 0.0382

Skimmer deployed wllh an addillonal1S40 teet 01 boom, sweeping al a
speed 01 0.7 Kls. this boom Is available al Valdel, but no! 10 Cook lolel.
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Oil SPill SKIMMERS

Recovery Rate
BBUHr (GPM) Sweep Rate

Manutacturerl Size (II) Tested (T) Skimming Speecj lkIasslsled Approxlmale

Model HxWxL Weiaht IIbs' Published 'PI UlllIssisted Kts INM2/HRI Co9l Pet10rmance Assessment --

BOOM (WEIR·BOOM SKIMMERS) (Confd)

I
a:F'!H:YIEDf'\Ia:ES The High Sau Skimming Banter wu developed lor lhe Coast Guard and

~11=:'.g 86iilJS12'

Is stocked by the Coast Guard, but Oltllhore DevIceI has gone out of

17500 757 (530; (1; 1·2 Kia 0.087 - buslr_ and ih. device la 00 Iongor avaliabie. The Barrier wa used

1071 (750) (P) successfully In the Valdez epIl1 lor OI1e week until the all became so

',(IS 65' 4650 757 (530) (T) 1-2 Kta 0.013 . viscous Ihal It couldn't go Ihrough the weirs, then II was Jusl

1071 (750) (P) used u a CClftalnment boom.

s:o:::P 68' 7000 357 (250) (P) 1-2 KII 0.0148 .
151 (106) (T)

Trlleor Marine
9D< 51' 7000 57·214 (40-150) (T) 2 KII - $400,000 SOCK II a vessel of opportunity Iklmmer lhal was tesled oflshofe

370 (259) (T)' 8uccesslully Dnd Is repOf1ed to recover 011 at a rale of ~ to 259 gpm'
In the IXTOC spin. TrDcN Is Ihe tlcensed manulaclurer, but the S'~$18m is
probably out 01 produclion.

HALL BURTtXV
Fost Response

Unit (FRU) 30' - 293-6&0 (205·462) (T) 1 Kt 0.005 Fast Response Unit Includes a Jib 10 carry a conlalnment boom along
side a large vessel ot opporlunlly, probobly a large supply boal. A
wair skimmor recovers oil In Ihe pocket of Ihe boom and sends it to an
oil/water separalor.

Skimming Barrier 670' . 293-660 (205-462) (T) 1 Kt The Skimming Barrier Is similar 10 the Fast Response Unit ellcepl
that iI. can be ustld with a IIIIge towed containmenl boom. The encounler
rate depends on the size of the conlalnmenl boom.

He
Slick Trail (also 373' Vessel - 6290 (4403) (P) 2-3.5 KIa 0.089 The Dutch dredge ship 'COSMOS' Willi conslrucled with a ooIlaleral mission 01

known as COOM05
splU response. It was designed 10 handle a spill 01 30,000 rn3 (188,700

HYOAO'JM::., &
BBl). The ship hllll a slorage cepadlyof 31,450 BBl. It Is equipped

MARFlEX)
with lwo sleel booms thaI extend aI a 60" angle hom both sides of lhe
ship. The ooIlecled 011 goes Ihrough a weir at the apex of the skimmer,

MARFlEX SweepinI; then 10 open hoppers. where waler Is pumped oCt lhe

Ann Type 8 52.0' 9700 2100 (1470) (P) 1-3 KI, 0.086· bottom 10 an OIW leparalOf. The ekImmlng booms are portable
and can be rigged 10 any vessel of Ihls type. The ·MARFlEX· skimming
81m Is Ilmllar and Is currenUy assigned to a barge In Valdez.
·Capacly assumes one arm 011 each side of lhe berge; sweep widlh
Includes bolh arms and beam of barge.
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OIL SPILL SKIMMERS

,
Rec::overy Rale
BBLlHr (GPM) Sweep Role

Manu'aclurerl Size (II) Tesled (T) Skimming Speed lkIasslsled ApprolC'male
Model HxWICL Welohl lIbsl Published IPI Unasslsled Kis INM2/HRI Cost PertormR/lCIII Assessmenl

BOOM (WEIR-BOOM SKIMMERS) (Cont'd)

JASmAM
ORASII 75' 72 Ions 31. (220 (P) 1.5 Kis 0.013 ORAS Ills a dedlcaled skimming V8S581 using HYDAOVAC type system. The

enllra recovered oiVwal8l' mlxlure goes Ihrough a eeperalor which resuhs in
a very low percenl waler In recovered 011 and cleM w81... retumec:l 10 lhe sea.

ORAS F10aIer 40' 10 Ions 314 (220) (P) 1.2 KI, 0.0304 ORAS F10aler Is a tell oonlU1ed skimming 8rm lhat can be a1lached 10 a
vessel of opportunhy. Skimming rale Is lor 2 unltl aIlac:hed 10 a barge
whh an 84 II beam.

OTHER v.a.s.s, SKIMMERS SARAWAK provides alb 10 deploy a conlalnment boom 'rom a vessel 01
CIf'JPOflunhy. The conlalnment boom II drawn ~ Inlo a pockel where a

Hyde ProdIJCflf 110811110 sklmm... removes Ihe recovered oR. In \his cate a DESMI-250
SN'\AWAK 50' 353 536 (375) (P) 1 KI 0.008 - Ia assumed, bill other skimmers could also be UHd.
(double) 100' 706 1071 (750) (P) 1 KI 0.0165 -
SAAAWAK 18' 03 536 (375) (P) 1 K. 0.003 - The eecond enlry (cIcllbIe) ..urnes lhailwo of Ihoee un", arv

(Imall IhlDI Id8Dloved aIona &Ide of • berae with a beam 01 40 ft.

FISH HET SKIM,ERS Swedlrawl COfIIIIstI of a loweble oIlshore boom lhat coIleds oil Inlo
10 lunnels. AI !he lunnels become IIIIed with aU, lhey can be clolled

SVENSKa..JET IW. snd removed by a ,upport vessel. Funnels can be emptied and re-used.
5wed!rawl 61' 778 Variable 1 KI 0.0076 - Freeboard Is a membr8118 whh segmenled 'oam 11081, lor buoyancy; dratl

Is a netllng. Good only 'or highly viscous 011.

The Swedlrawl Is a skimmer; more convenllonal IllIne netllng 01 viscous
011 Is also possille. 011 Is lurrounded by a net.boom and 011 Ihld\l1ess la
Increased by hauling In the net. Ofllrapped In lhe net Is recovered using an
air conveyor or Iarae vacuum unit.



APPENDIX K

THE EXXON VALDEZ OIL SPILL: A REASSESSMENT OF
OIL SPILL CLEANUP TECHNOLOGIES





Systems Analysts for EngIneers, Economists and Environmental Scientists

E:NGINEERING COMPUTER QPTECNOMICS, INC....

THE EXXON VALDEZ OIL SPILL:
A REASSESSMENT OF OIL SPILL

CLEANUP TECHNOLOGIES

PREPARED FOR:
ALASKA OIL SPILL COMMISSION

707 "Alf STREET, SUITE 202
ANCHORAGE, ALASKA 99501

PREPARED BY:

ENGINEERING COMPUTER OPTECNOMICS, INC. (ECO)
1036 CAPE ST. CLAIRE CENTER

ANNAPOLIS, MD 21401

OCTOBER 30, 1989

1036 Cape St. Cliaire Center, Annapolis, Md. 21401 Tel: (301) 757-3245





TABLE OF CONTENTS

OVERVIEW OF OIL SPILL RESPONSE CAPABILITIES

MECHANICAL RESPONSE TO MAJOR OIL SPILLS

RECOVEF~Y SYSTEMS

CONTAINMENT BOOMS

DEPLOYMENT ASSETS

INTEGRATED SYSTEMS

SITE RESPONSE TO OIL SPILLS

CHEMICAL DISPERSANTS

BURNING

BIOREMEIDIATION

AVAILABILITY OF OIL SPILL RESPONSE TECHNOLOGIES

SOURCES WITHIN THE UNITED STATES

SOURCES OUTSIDE THE UNITED STATES

ALYESKA ACQUISITIONS

LOGISTICAL AND LEGAL CONSTRAINTS

SUMMARY

i

pAGE

1

6

8

30

38

41

48

48

50

51

52

53

58

60

61

62



LIST OF FIGURES

pAGE
FIGURE 1 - SLICK RADIUS VERSUS TIME FOR 300 API GRAVITY

OIL SPILLS OF VARIOUS VOLUMES (10-105 BBL),
ACCORDING TO FAY (1971) THREE PHASE
SPREADING 3

FIGURE 2 - CHANGE IN DENSITY OF OIL AS A FUNCTION OF
EVAPORATION 4

FIGURE 3 - CHANGE IN DENSITY OF OIL AS A FUNCTION OF
WATER UPTAKE 4

FIGURE 4 - VISCOSITY OF PRUDHOE BAY CRUDE - 10 MM
SLICK, DAYS 1 THROUGH 10 5

FIGURE 5· VESSEL·OF·OPPORTUNITY SKIMMING SYSTEM 42

FIGURE 6 - MULTI-PURPOSE OIL SKIMMER SYSTEM (MPOSS) 44

FIGURE 7 - OIL-SKIMMING CATAMARAN 45

FIGURE 8· TWIN-HULL OIL RECOVERY VESSEL 46

FIGURE 9· GENERAL ARRANGEMENT OF THE COSMOS 47

LIST OF TABLES

TABLE 1 - REQUIRED DEPLOYMENT ASSETS 39

TABLE 2- MAJOR SOURCES OF SKIMMERS IN THE U.S. 54

TABLE 3- MAJOR SOURCES OF CONTAINMENT BOOM IN U.S. 55

TABLE 4· MAJOR SOURCES OF DISPERSANT DELIVERY
SYSTEMS IN U.S. 56

TABLE 5· MAJOR SOURCES OF OFFLOADING PUMPS IN U.S. 57

ii



ANAILYSIS OF OIL SPILL RESPONSE TECHNOLOGIES

The recent EXXON VALDEZ massive oil spill incident in Prince William Sound,

Alaska, has led to a need for the analysis of the capabilities of government and

private organi2:ations to respond to a major oil spill incident. The consequences of

the EXXON VALDEZ spill has brought into question the usefulness of existing

technology, the adequacy of planning efforts, and the ability of those who were

responsible for maintaining a response capability.

This study will focus on two aspects of the technologies and capabilities that are

available to re~spond to a major oil spill. A major spill in this context is defined as a

spill in excess of 100,00,0 barrels, in an offshore, remote, or sensitive area, under

potentially difficult physical and environmenta.l operating conditions. The first section

of this report will provide a general description of the technologies and capabilities

available in the United States and the world to respond to the major spill. The

second section will provide a discussion of the availability of the resources capable

of being utilized in a major spill, their location, ownership, and logistical impediments

to their use.

OVERVIEW OF OIL SPILL RESPONSE CAPABILITIES

The response to oil spilled in an open water environment is always a difficult effort

due to the physical and environmental conditions in which it is undertaken. The key

conditions that the spill response effort faces are discussed below.

1



Spreading of the oil. Oil spilled on the water starts to spread rapidly through gravity

and surface tension forces. This spreading is dependent on the type of oil, its

volume, and the amount of weathering that takes place. The spreading is commonly

described by a three phase process. The initial phase is dominated by gravity

forces collapsing the spill into a thin pool, countered by the inertia forces. The

second phase is retarded by the drag of the oil slick over a viscous surface-water

layer. The third phase is driven by differential surface tension forces between the

water-air interface and the water-oillwater-air interfaces. Figure 1 shows this process

for calm water conditions and uniform slick thickness, not necessarily real world

conditions. The extent of the areal dispersion is affected by the wave action and by

the current forces acting on the spill lens. The extensive area encompassed by a

spill of significant volume substantially increases the amount of resources necessary

to respond to the spill.

Composition of the oil. The viscosity of the oil can be a critical factor in the response

effort. High viscosity oils are more difficult to recover mechanically and disperse than

low viscosity oils. In addition, weathering processes such as evaporation and water

takeup (emulsification) will increase the viscosity of the spilled oil over time. Figures

2 and 3 show the effect of evaporation and water takeup, respectively, on the density

of the oil. Pumping capabilities typically show that liquid viscosities in excess of

2000 centistokes become very· difficult to pump in commonly available pumps on

skimmers and other response equipment. Figure 4 from the "Field Guide to Arctic Oil

Spill Behavior" shows that Prudhoe Bay crude quickly exceeds 3000 centistokes at
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0°-5° C. overpowering all but the very largest systems such as dredges with over 12

inch suction hoses. The effectiveness of burning and dispersants also decreases as

the viscosity of the oil increases.

Sea conditions, Seas in excess of 2 meters will render most response equipment

inoperable or ineffective along with the small boats that may be used to deploy the

equipment. Containment with booms becomes virtually impossible with current

velocities perpendicular to the boom in excess of 1 knot. As skimmers become

ineffective without containment. current velocities over 1 knot also shut down most

recovery efforts. Current velocities of 1 knot or more can be developed by natural

current patterns. wind. and wave action from 2 meter waves.

Location. The location of the spill in terms of logistic support and in terms of the

nearness of environmental resources will affect the response effort in critical ways.

The remoteness of Valdez and limited transport facilities limited the amount of

resources that could be brought to bear on the spill event.

MECHANICAL RESPONSE TO MAJOR OIL SPILLS

This section of the report will discuss the relative capabilities of categories of oil spill

response equipment. The discussion will focus on each category but it is necessary

to keep in mind that each category is not independent of the other categories, The

mechanical containment and recovery of oil spilled on the water is made up of a

number of components which are used normally in a serial manner, The

components are:
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• containment

• reCOVEtry

• deployment

• transfElr

• storage

• disposal

The absence of, and/or deficiency in, any of the components will reduce the

effectiveness of any oil spill response effort and may cause its failure. In the

ALVENUS spilll of the mid-80s, the refusal of a barge owner to authorize discharge of

the recovered oil into his barge delayed the response efforts past the time of effective.

cleanup, even though the United States Coast Guard (USCG) was ready to start

response efforts with deployed containment and recovery equipment. Each of the

components is also a system unto itself and requires additional equipment and

personnel to be deployed effectively.

The ability of mechanical response equipment is affected by the environmental and

physical conditions under which it must operate. The major factors are:

• current velocity

• wind velocity

• wave height

• ice/deibris presence

• visibiliity

• volume of oil spilled

• type olf oil
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The discussion below focuses on the capabilities of the containment and recovery

components of the mechanical recovery process, and on the factors which affect their

performance.

RECOVERY SYSTEMS

This section describes oil spill recovery skimmers and classifies them according to

type. Next. it describes how these skimmers can be expected to operate in various

types of oils and marine environments Finally, it provides an overall assessment of

each skimmer type with specific information on:

• operation and expected performance

• availability

• testing

• recent experience

Skjmmer Types

Oil recovery skimmers are generally arranged in categories according to the way

they pick up oil. That is. skimmers with similar principles of operation are generally

grouped together. The "World Catalog of Oil Spill Response Products" defines

thirteen different kinds of skimmers. These definitions include just about every kind

of skimmer that is available.

8



Skimmer type~; can be defined as follows:

• .5..u.c1:iQll - Any simple suction head used on a hose from a vacuum truck or

portable pump.

• Will: - A device with a slightly submerged lip, that is designed to drain oil

off the surface of the water. In spill recovery, the weir is generally a

floating skimming head that is used with a pump.

• ~m Skimmer - A recovery system with one or more skimmers mounted

in the face of a spill containment boom. The skimming device is

genE~rally a weir.

• Brw:ih Skimmer - A horizontal, cylindrical brush rotates through oil, which

is then scraped off into a sump.

• ~: - A series of vertical discs that are rotated through the oil surface. Oil

that adheres to the disc surface is scraped away into a sump.

• ~ax. - A skimmer that separates oil and water by centrifugal force. This

principle is sometimes combined with a weir so that the oil is drawn into

the l;kimmer and separated in the weir.

• B.e..!1- Belt skimmers are identified according to the way they operate:

- f)addle Belt: Paddles are attached to the belt to lift oil out of the water.

- ~,orbent Belt: A sorbent belt moves horizontally over ~he water

illbsorbing oil.

- ~;orbent Lifting Belt; A sorbent belt that lifts the oil out of the water.

Recovered oil is scraped 'from the surface and wrung out of the

s~orbent belt.

- I~Ol$h Lifting BeU: A chain of brushes lifts oil from the water. Cleaning

devices remove oil from the brushes.
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- Sybmersion Belt: A solid belt moves along a plane and forces the oil

under water. The oil then surfaces in a collection sump.

- Sorbent Submersion Belt: A submersion belt that also acts as a

sorbent.

• Submersion Plane - A solid plane that forces the oil under water. The oil

then surfaces in a collection sump.

These categories describe nearly every type of skimmer currently in use. In some

cases devices use a combination of methods to recover oil, such as the submersion

belt/weir skimmer, and the weir vortex skimmer.

Skimmer Performance as a function of Oil Viscosity and the Marine Enyironment

Skimmer performance varies widely depending on the viscosity of the oil being

recovered. Some skimmers recover light fuels such as diesel oil very well, but are

quickly clogged by highly weathered crudes or heavy fuel oils. On the other hand,

some skimmers are designed to recover thick accumulations of viscous oils, but

would not be effective in thin layers of light fuels.

In some spill situations the viscosity of oil changes dramatically as it weathers and is

emulsified by rough seas. When the oil is first spilled, it may have a low to moderate

viscosity and be suitable for skimming by a great many devices. As it weathers, it

often becomes highly viscous, emulsified by the rough seas, and mixed with debris.

Only a limited number of skimmers can deal with oil in this condition.
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In large spills tlhe spill response effort may continue for months. During this time the

character of th.~ spilled oil may change substantially. As a result. skimmers that were

effective when the oil was first spilled are not effective a month or more later. In

these cases a great variety of spill response equipment must be available so that the

response effor1: will be effective in every phase of operations.

Waves effect skimmer performance because rough seas move the skimmer

collection mechanism away from the oil floating on the water surface. Simple

skimmers, such as weirs, often perform poorly in rough seas because the weir lip is

alternately abclve or below the oiVwater interface causing the skimmer to alternately

draw in air or water.

Skimmers with a large inertial mass generally have problems following the oil-water

interface. To solve this problem, some skimmers are designed so that the mass of

the skimmer in the water is quite low and heavy equipment, such as pumps and

tanks, are storied on the host ship.

Ufting belt and submersion belt skimmers are only able to operate in waves that are

not higher than the vertical dimension of their belts. Similarly, submersion plane

skimmers can only operate in waves that are not higher than the vertical dimension

of their submelrsion planes.

Cyrrents affec:t the performance of skimmers because high currents generally cause

oil to escape under collection booms. Also, high currents may swamp. skimmer

intakes or cause the surface to move past the skimmer collection element so fast that
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it is not effectively recovered. Skimmers that are effective in high currents often have

a collection element that moves with the current. These skimmers are generally

called -zero relative velocity- skimmers. In some cases these skimmers can recover

oil in currents up to 6 knots.

Measures of Skimmer performance

Skimmers are generally rated according to recovery efficiency, which is the percent

oil in the recovered mixture. They are also rated according to oil recovery rate, which

is the rate at which pure oil is being recovered, generally expressed in gallons per

minute.

These two skimmer performance parameters, recovery efficiency and recovery rate,

should be considered together. A high skimmer recovery rate and a high recovery

efficiency (percent oil) do not generally occur together. Typically, recovery efficiency

goes up as recovery rate goes down, and vice versa. This means that as you try to

recover oil faster, you generally have higher water content in the recovered product.

The best method of operation depends on the spill situatjon. If an oiVwater separator

is available, a high recovery rate with a low recovery efficiency can probably be

tolerated because the excess water can be removed in the separator. If however, a
separator is not available and the recovered product has to be removed in a tank

truck, or jf storage space is limited, than recovery efficiency (percent oil) may be very

important. In this situation recovery rate should probably be sacrificed for carrying

away a more concentrated product.
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In most spill Elmergencies, oil must be recovered as quickly as possible in order to

mitigate the damage to the environment and to protect public health. In these cases

oil must be recovered as fast as possible with the hope that adequate storage space

will be availab,Ie. Sometimes if oiVwater separators are not available, an elementary

separation can be performed by decanting water from the bottom of a storage tank.

In some spilll), however, this is not possible because the oil is viscous and the

temperature h) so low that the oil becomes congealed in the collection tank and the

separated water freezes. In addition, the specific gravity of the oil may be so close to

that of water tlhat the two elements do not separate easily and the collection tank may

have layers of oil and water alternately from top to bottom. In this case oil/water

separation or even decanting of the tank is not possible. This condition occurred in

the spill in Valldez.

Overall Recoyery System Assessment According to Type

Suction Skiml~

Operatjon and expected performance. Suction skimmers may use a simple open

hose or they may have some sort of a simple skimming head that serves to float the

attached hOSEI and direct the suction to the oiVwater interface.

Suction skimmers are simple to operate and can be used almost anywhere.

Although they can be used in a gentle swell, they are not effective in choppy waves.
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Suction skimmers have the disadvantage of being easily clogged with trash or even

highly viscous oil. These problems can be reduced by using larger suction devices

with very large diameter hoses.

Suction skimmers are likely to have a high pumping rate but they typically recover a

low percentage of oil in a thin slick. The pumping rate is only limited by pump

capacity, but in practice, pumping rate must be reduced in order to obtain a higher

percent oil.

Availability. Suction skimmers are the most common oil recovery devices used today

.for every application and they are available virtually everywhere. Vacuum trucks are,

in fact, suction skimmers and these are used by oil spill contractors in nearly all spill

situations.

Testing. Most testing has been directed to the use of special skimming heads on

suction skimmers. Suction skimmers can have problems passing highly viscous oil

and debris. and in some cases, even ice. The problem is generally the size

(diameter) of the suction lines. Lubrication may also be required in the lines for

viscous oil and debris. This could be an area in which additional testing is needed.

(Also see comments in the following paragraphs.)

Recent experience. Suction skimmers have been used extensively in the recent spill

near Valdez. Sometimes these skimmers were highly successful and sometimes

there were problems. Large vacuum units were successful when used with 8 inch

diameter suction hose; 4 inch hose was too small and in some cases a 6 inch hose
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was too small to transfer the recovered product. In an extreme case the problem of

small hose diclmeter was solved using an Army Corps of Engineers hopper dredge.

The dredge has a suction head with a diameter of about 24 inches. This suction

head was led under a boom that contained a heavy accumulation of oil. When

inside the boclm, the suction head was pointed vertically upward so that it operated

like a weir. This system evacuated collected oil in minutes that could not be moved

by other means in days.

Even vacuum trucks were used on barges in Valdez. The trucks were moved around

by means of barges to accumulations of oil, and they recovered oil with 8 inch

diameter hOSElS. In some cases the oil was so viscous, it could be recovered with an

8 inch hose but it could not be emptied out of the truck with a 6 inch hose. In this

case a speciatl large funnel was constructed so that the entire end of the truck tank

could be opened and the recovered oil emptied into a barge hatch.

Weirs

Operation and expected performance, Weir skimmers use gravity to drain oil off the

water surfaCE!. These skimmers work best if the edge of the weir is right at the

oiVwater interface, but in practice, this adjustment is difficult to achieve. Some weir

skimmers have t:lotation elements 'that can be mechanically adjusted so that the weir

lip is positioned at the oil/water interface. (Of course the position of the interface

changes as the oil layer becomes thinner.) Some "automatic" weir skimmers can

adjust the "bite" of the weir by varying the pumping rate. As the oil layer becomes

thinner, the pumping rate must be reduced to get a higher percent oil. This
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technique requires a fair amount of operator attention, and as the recovery effort

continues, recovery rate may become very low. In thick accumulations of oil, weir

skimmers may recover up to 50 percent oil; however, in thin slicks, the recovery

efficiency is likely to drop to about 10 percent.

Most small weir skimmers are the first to be clogged by debris and highly viscous oil

during a spill emergency. These skimmers are likely to be the first to drop in

effectiveness as the oil weathers in a long term response effort.

Some special kinds of weir skimmers are more effective in large accumulations of oil,

or even in debris and highly viscous oils. One of these is basically a combinatio~

weir and vortex skimmer in that it has rotating paddles that draw the oil into the weir.

Large skimmers of this type extend the effectiveness of weir skimmers over a much

wider range of oil viscosities.

Another kind of weir skimmer has an oil recovery hopper for an intake instead of a

conventional weir, with an archimedean screw pump to draw off the highly viscous

oil. This type of skimmer can be used in almost any viscosity oil as long as the oil

can be directed into the hopper. This skimmer is quite effective in large spills where

thick layers of oil are available for recovery or where thick layers of oil have been

accumulated by containment boom. The characteristics of this type of skimmer could

probably be improved for highly viscous oils by increasing the size of the skimming

hopper.
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An innovative system developed in Europe incorporates an adjustable weir in a

system that contains an oil/water separator. Since these units are always used

together as a system, the results are far different from a standard weir skimmer. This

system must therefore be considered separately.

The adjustable weir system is generally employed from a specially fitted vessel. This

vessel has "guiding walls" like containment boom that can be extended at an angle
,

of about 60° frclm the side of the vessel. The oil that acclJmulates in this area passes

over a "pre-wlair" to smooth the flow then moves to a "slide gate," which is an

operator-contrc)lIed weir. The slide gate can remain closed until oil accumulates in

'the system, thEm can be lowered hydraulically by an operator. The operator control~

the flow of the oil/water mixture that enters the vessel by adjusting the level of the

hydraulica.lly controlled weir. Since the entire mixture goes through an oil/water

separator, some water flow with the oil is desired. The output of the separator is oil

that contains lelss than 5 percent water and water that is less than 100 ppm oil.

These systems are sometimes installed on very large vessels and have 'a

tremendous capacity to process oil/water mixture. Smaller units can handle about

220 gallons per minute while larger units are rated up to 2,800 gallons per minute at

the stern, that lopens to form the inlet section with its hulls. Smaller, floating systems,

are completely self contained and can be fitted on to a vessel of opportunity.

Availability. Nlearly all of the simple weir skimmers are manufactured in the United

States and are generally available. The two newest, and most effective weir

skimmers, the! weirtvortex skimmer and the weir/hopper skimmer, as previously
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described, are only manufactured in Europe. These skimmers are available through

distributors in the U.S. and are used by many of the large spill coops; however, they

are not in general use among oil spill contractors. The adjustable weir systems have

been produced in some quantity and are currently in use in Europe and Mexico.

Testing. Many of the simple weir skimmers produced in the U.S. have been tested.

Most models of the advancing weir/vortex skimmer have not been tested, but these

skimmer types show great potential for success in large spills. The large, adjustable

weir systems cannot be tank tested because of their size; however, these systems

show great potential for application in large spills and their performance should be

investigated.

Recent experience. A great many weir skimmers were used in the recent spill in

Valdez. The simple weir skimmers worked well early in the spill when the oil was still

fresh. As the oil weathered and became more viscous, emulsified, and mixed with

debris, the simple weir skimmers quickly clogged and were no longer useful. The

simple weir skimmers were the first to become ineffective as recovery became

difficult. The weirlvortex skimmers were effective for a much longer period of time,

especially some of the larger models.

The recovery hopper weir skimmers were effective for a longer period of time, but

were finally stopped by very viscous oil mixed with pot weed and kelp. In some

cases these skimmers could be used if the oil could be moved into the hopper.

These skimmers could possibly be more effective if they had large hoppers.
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800m SkjmmetrS.

Operation and expected performance. 800m skimmers are designed for recovering

large, high rate spills at sea. In tests these skimmers have recovered 400 to 1500

gallons of oil per minute with a recovery efficiency of 50 percent to 60 percent in thick

accumulatioml of oil. Systems presently available use several weir traps in the

collection poc~cet of large offshore containment booms. These weirs skim the surface

oil and a pump transports the collected oil to a storage area. Where the oil

accumulation is thick enough, recovery may occur with a very low percent water. If

booms can follow the wave surface reasonably well, the weir skimmers are able to

maintain a relatively high level of recovery effectiveness. The weirs can be screened

from some types of debris, but they cannot generally recover highly viscous or

emulsified oils.

Availability. Bc)om skimmers are manufactured in Europe and the U.S. Because they

are large, expensive systems, they are not easily available everywhere. In the U.S.,

the Coast GUlard 001 boom skimmer is the only known model. It is available to the

Coast Guard Strike Teams and was used in the Valdez spill.

Testing. The Coast Guard Boom skimmer has been tested extensively by EPA in the

OHMSETT facility. Additional testing is probably not required.

Recent expedi~. The Coast Guard boom skimmer system was put into service six

days after thel Valdez spill occurred and it worked well for a period of a week. After

that the oil became too viscous to go through the weirs. The system continued to be
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used as a sweeping net. The oil was accumulated in the boom, which was drawn

together as a net (purse) and the oil was pumped out. In some cases a large sorbent

lifting belt skimmer was used inside the boom.

Brush Skimmers

Operation and expected performance. This skimmer has a horizontal, cylindrical

brush that rotates through oil, which is then scraped off into a sump. This is an

experimental skimmer that is being developed for skimming highly viscous oil and oil

on ice.

Ayajlability. Only prototype models are available.

Testing. The skimmer has been tested briefly by the oil industry. Additional testing

and development is required for this system to become operational

Recent experience. No experience other than prototype tests.

Rope Mop Skimmers

Operation and expected performance. Rope mops employ a long, continuous loop of

absorbent oleophilic material that floats on the surface of the water and is then led

through a wringer that removes the oil. The rope is generally guided over the oiled

water by a pulley that has been secured at some convenient location. The rope can

be deployed in a single loop with one pulley or over a larger area by using two
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pulleys. The important advantages of rope mop skimmers are that they can skim

over a large alrea and they are relatively unaffected by debris. They can even be

used in a brokEm ice field.

Rope mop devices are also used in catamaran hull vessels. A series of separate

ropes are arranged between the hulls of the catamaran. They are allowed to hang

loosely on the water surface and are rotated aft at a velocity that is close to the

forward speed of the vessel.

One offshore rope mop skimmer deploys five large rope mops over the stern of a

large supply ship. They are cast out 410 feet astern and separated by a spreader t~

increase swath width. The mops are then recovered. wrung out, and redeployed.

These skimmers have the ability to recover large amounts of viscous oils in rough

seas.

Rope mop skimmer have a recovery efficiency 50 percent to 80 percent in light to

medium viscosity oils and may have an efficiency of more than 90 percent in thick

layers of crudes.

Availability. RClpe mop skimmers are readily available in the U.S. and they are even

used extensivedy for industrial waste oil recovery operations.

Testing. Although more recent models of rope mop skimmers have not been tested,

the skimming principle was tested on earlier models.
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Recent experience. Rope mop skimmers were not used in the general response

effort in Valdez but they are being used to recover oil draining off the shoreline.

Large rope mop skimming systems designed for use in recovering viscous oils are

manufactured but apparently were not available for use at Valdez.

Disc Skjmmers

OperatiQn and expected performance. Disc skimmers rely on the adhesion Qf oil to

the surface of aluminum Qr plastic discs. As the disc is rotated through the oiVwater

interface, the oil adheres to the surface and is then removed with a scraper. Scraper

blades are installed on each disc and the oil is collected in a sump and pumped

away.

Disc skimmers come in many sizes and shapes. There are floating disc skimmers

that range in size from small devices that can easily be handled by one man, to large

devices that have a draft of two meters and have to be lifted over the side of a ship

with a large crane. Some of these large devices have the capacity of recovering up

tQ 100 tons of oil per hour.

Disc skimmers are most effective in medium viscosity oils, but their effectiveness can

sometimes be extended into higher viscQsities if the discs are operated very slowly.

Some skimmers use a combination disc/weir mechanisms. This extends the range

of operation considerably; however, in highly viscous oils, only the weir system is

operating.
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In ideal conditilons. disc skimmers have a very high recovery efficiency. often as high

as 97 percent. On earlier skimmers. this high efficiency was accepted as a trade-off

for a fairly low recovery rate; however. recently a tiT" disc skimmer has been

developed that has both a very high recovery efficiency and a high recovery rate.

Ayailability. Disc skimmers are only manufactured in Europe and Canada. but they

are generally Cllvailable in the U.S. from distributors.

Testing. Early models of the disc skimmers were tested extensively, but more recent

developments, such as the "T" disc skimmer. have not been tested. This should be

done.

Recent exper;I~. At Valdez. disc skimmers were effective early in the spill before

the oil had bE~come viscous, emulsified, and mixed with debris. The disc/weir

skimmer was lJsed for a longer period of time because. as the oil became viscous,

the rather lar~~e weir could be used alone. Some observers believe that disc

skimmers could have been used for B. longer period of time if the skimmer operators

were more familiar with their use.

Vortex skjmme!La

Operation and expected performance. Vortex skimmers are essentially centrifugal

separators thalt create a vortex in the center of a collection chamber where the oil

gathers and can be pumped away. Powered vortex skimmers are troubled by a high

power requirement and a low through-put. A natural vortex skimmer used the
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forward velocity of the platform vessel to develop a cyclone where the oil collected

and was pumped away. These devices have a small sweep width and do not

perform well in waves. Vortex skimmers can achieve a reasonable recovery rate in

medium to heavy oils, but the recovery efficiency is generally not more than about 25

percent.

Availability. Vortex skimmers are made in Europe and available in the U.S. through

distributors.

Testing. Skimmers have been tested in the U.S. and Canada.

Recent experience. Vortex skimmers were not used in Valdez.

Paddle Bett Skimmers

Operation and expected performance. A typical paddle belt skimmer pulls oil up a

ramp using four or more paddles. In one of these skimmers the paddles draw a

wedge of oil/water over a ramp. The water settles down through the holes in the

ramp leaving an oil-rich fluid wedge in a sump where it is pumped off. In tests and in

spills these skimmers have had a high recovery rate and a recovery efficiency of 60

percent to 88 percent. They operate best in medium to high viscosity oils.

Availability. Paddle belt skimmers are manufactured in the U.S. and are easily

available.
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Testing. They have been tested at the EPA tank at OHMSETT. Additional testing in

highly viscous oils would be in order.

Recent Experil~. The device was used briefly in Valdez but did not work well. The

paddles on this skimmer move up a ramp with small holes. For highly viscous oils,

the skimmer should have a ramp with large holes. This may not have been

available. Thiis skimmer has the potential for use in highly viscous oil and merits

additional development and attention. A special paddle belt skimmer that moves

down through the oil and scoops it up into a sump was used in Valdez and it worked

quite well.

$orbent Belt Skimmer

The sorbent belt skimmer is one that has a continuous, flat belt that moves

horizontally over the water in the well of a collection vessel. Although there is only

one known e:(ample of this skimmer, it represents a significant example of spill

recovery technology.

The sorbent belt skimmer was developed by the Shell Oil Company and the USCG.

This zero rela1:ive velocity skimmer consists of two continuous sorbent belts that are

pulled between the catamaran hulls of the support vessel at the forward velocity of

the vessel. The oleophilic belts collect oil from the water surface and are scraped

and squeezed in a series of rollers.
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In tests, the skimmer achieved high recovery rates with a high recovery efficiency in

light and medium viscosity oils. The skimmer is not much affected by debris and it

can perform effectively at very high speeds for a skimmer (up to 6 knots) or in very

high currents.

Availability. Only a single prototype was built.

Testing. The prototype was tested extensively at OHMSETT.

Recent experience. There are no known cases of the system being used

operationally. This is a concept that should be investigated further.

Sorbent Lifting Belt

Operation and expected performance. Sorbent lifting belts are made of porous

oleophilic material that allows the water to pass through. The belt is rotated at an

angle to the water and passed through a set of rollers where the oil is removed by

scraping and squeezing. Highly viscous oils ride near the surface of the belt and are

removed by scraping. The skimmers operate best in medium to heavy oils up to and

including cold Bunker C or nearly solid products. High viscosity products can be

transported up on the filter belt and removed by a scraper. .These devices are

usually not adversely affected by debris, unless the pieces are very large. Sorbent

lifting belt skimmers are generally mounted on fairly large vessels and are intended
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for use in hal1bors and offshore. Sorbent lifting belt skimmers can be expected to

have a high rlBcovery rate and recovery efficiency. Recovery efficiency can be

expected to run from 70 percent to 95 percent.

Availability. These skimmers are manufactured in the U.S. and are available in many

oil spill coops. A great many of these skimmers are available from the U.S. Navy.

Testing. Sorbent lifting belt skimmers have been tested extensively at OHMSETT.

Recent experiE~. Sorbent lifting belt skimmers have been the main stay in the spill

. at Valdez. Since the spilled oil became so viscous and emulsified, the sorbent part
. .

of the belt was; not generally used. The sorbent surface was removed and only the

conveyor belt type material was used to transport the viscous oil up the ramp. One of

the big problems with these skimmers was pumping the recovered oil out of the

sumps.

Brush Lifting Bett Skimmers

Operation and expected performance. These skimmers have a chain of brushes that

lift oil from the water. Cleaning devices remove oil from the brushes at the top of a

ramp. This is a new concept that has not yet been used extensively. however the

concept shows; potential for success, particularly in large spills of highly viscous oil.

Availability. These skimmers are manufactured in Europe and are available in the

U.S. through distributors.
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Testing. There are no known government tests. Testing is required.

Recent experience. These skimmers were not used in Valdez.

Submersion Belt Skimmers

Operation and expected performance. There are two types of submersion belt

skimmers; specifically, a solid belt and a sorbent belt. The operating principle of

submersion belt skimmers is the opposite of lifting belt skimmers. Instead of carrying

the oil up out of the water, the submersion belt skimmers force the oil below the

surface of the water where it rises through natural buoyancy to the surface in a

collection sump. The sorbent belt absorbs low viscosity oil as well as forcing the oil

below the surface of the water.

The solid submersion belt skimmers work best in low viscosity oils and thin slicks,

which is in contrast to most other skimmers that require thick accumulations of oil.

The sorbent submersion belt skimmer is effective in light to heavy oils. Both of these

skimmers have a relatively low recovery rate and a high recovery efficiency.

Ayailability. Solid submersion belt skimmers are manufactured in the U.S. and are

available in coops and in the U.S. Navy. The Navy has purchased a great many of

these skimmers and generally at least one of these skimmers is available at every

Navy base. On the other hand, the sorbent submersion belt skimmers are made in

Canada and not generally used in the U.S.
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Testing. These skimmers have been tested extensively at OHMSETT.

SubmersiQn Plane Skimmer

The submersiQn plane skimmer is similar tQ the submersiQn belt skimmer except that

it dQes nQt have any mQving parts. The fixed plane is advanced thrQugh the Qil,

submergin!~ it and directing it intQ a cQllectiQn area aft. The skimmer can be

expected to have excellent perfQrmance in light and medium visCQsity Qils. Since the

skimmer us.es an QnbQard separatQr, it cQllects virtually water-free prQduct. In tests at

OHMSETT, the skimmer recQvered Qil at a rate Qf nearly 200 gallQns per minute with

a recQvery efficiency Qf 93 percent tQ 100 percent. This is excellent perfQrmance.

SQme effic:iency may be IQst when skimming at high speeds, hQwever the best

perfQrmance range is frQm 2 tQ 3 knQts. (This is a relatively high skimming speed.

MQst skimmers operate at about 1 knQt.)

Ayailability,. This skimmer was develQped and prQduced in the U~S., but as Qf this

writing there are nQ knQwn examples except the tested prQtQtype. It appears that this

is a very !~Qod skimmer that has never been prQduced because Qf the lack Qf

demand fQr large harbQr and QffshQre skimmers.

Testing. The submersiQn plane skimmer was tested at OHMSETT. Results were very

prQmising.

Recent eXIJedence. There is nQ knQwn QperatiQnal experience using this skimmer.

This is a good cQncept that needs attentiQn.
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CONTAINMENT BOOM

This section briefly tells the reader what containment booms are and how they

operate. It describes boom requirements in general terms, summarizes test results.

and discusses containment boom requirements based on the reports of experience

in the Valdez spill.

Boom Components

Oil spill containment booms generally have five operating components.

• .El.aa1 - the buoyancy element that keeps the boom riding on the surface of

the water. Heavier booms and booms used in rough seas need more

buoyancy and therefore have a larger volume of float materials.

• Freeboard - the vertical height of the boom above the water line. the

freeboard prevents oil from washing over the top of the boom, but if it is too

high it may cause the boom to be pushed over in high winds.

• .sJsi11- the continuous portion of the boom below the floats. The skirt helps

to contain the oil.

• Tension Member - any component that carries horizontal tension loads on

the boom. The tension members may be cables. chains, or may be the

boom fabric itself.

• Ballast· weight applied to the skirt to improve boom performance. Ballast .

is generally a chain (which is also a tension member) or lead weights

attached to the bottom of the skirt of the boom.
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How 800m:; Operate

Three physical processes determine how booms operate.

• buoyancy

• rolll response

• helave response

Buoyancy is important to keeping the boom afloat and maintaining adequate

freeboard. A boom should be designed with adequate buoyancy, however, the

flotation ele!ments providing the buoyancy may be damaged with use. For example,

some kinds of foam flotation can be crushed and the result is a loss of buoyancy ..

Some boorns have inflated chambers as buoyancy members. If these chambers are

tom, the boom may sink.

Roll respor~ is the rotation of the boom from rest caused by wave, wind, or current

forces. Oil may be lost under a boom if the skirt is deflected excessively or has

"rolled" from the vertical position.

Heave response describes the vertical movement of a boom. A boom with good

heave response is one that can closely follow the water surface as a wave passes by

the boom. If a boom does not have good heave response, it may sink below the

surface as a wave passes. This, of course, can result in oil being lost over the top of

the boom.
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Types of 800m Available

There are basically two types of booms in general use today:

fence booms have a rigid or semirigid material as a vertical screen against oil

floating on the water. The fence boom mechanically couples the skirt and freeboard

together causing them to roll and heave as a single unit. If current and wind roll a

fence boom away from the vertical, there is also a loss of freeboard and draft.

Further, if the fence boom is too rigid to conform to the surface of a passing wave

(poor heave response), there is also a loss of freeboard and draft.

Curtain booms have a flexible skirt that is held down by ballasting weights or a

separate tension line. A flexible curtain boom has a skirt that is free to move

independently of the flotation and freeboard; therefore, movement of the skirt away

from the vertical does not necessarily result in a loss of freeboard. Conversely,

depression of the freeboard by the wind does not necessarily result in the loss of skirt

depth.

Fireproof booms include both fence booms and curtain booms that have been

designed to withstand the heat and stress of in situ burning. These booms vary from

stainless steel fence booms that can withstand fire with repeated use to curtain

booms 'that are constructed of fire resistant material (or covered with fire resistant

material) and are generally intended for one use.

Ice booms are designed to be used for spills in broken ice conditions.
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Sorbent bo!Q!D.a are booms made of cylinders of sorbent materials enclosed in nylon

netting. These devices are not "booms· in the sense that they have a flotation

element or a·skirt, but they are simply a device used to absorb small amounts of oil

on the surface of the water.

800m failure Mechanisms

In order to understand how booms should operate, it is also necessary to understand

how they fail and the causes of this failure. There are five types of boom failure,

which are (jescribed below.

EntrajnmelDt failure occurs when strong currents cause a headwave to build up

upstream elf the boom. Oil collects in the headwave, where turbulence causes oil

droplets to break away from the headwave, and oil passes under the boom.

Drainage fsW1.l.m occurs when oil collected at the boom face increases in depth until it

finally flows down the face of the boom and escapes to the other side. Drainage

failure occurs because the water at the boom face is diverted downward and

accelerates to keep up with the water flowing directly under the boom skirt. Since

increasing skirt depth increases the distance the water must travel to go under the

boom, it calvses a greater acceleration of the water and may cause dra.inage fa,ilvre

to occur a1t a lower velocity. Drainage failure is a problem that is aggravated by

having a dE~eper skirt.
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Spill response supervisors in the Valdez spill reported some cases of massive

drainage failure. In these cases a very thick (or deep) layer of oil contained inside a

boom suddenly drained and passed under and out of the boom enclosure~ This is

not something that anyone there had witnessed before. A recent article in the 1989

Oil Spill Conference Proceedings discussed a similar phenomenon called

curtailment which causes failure through immediate drainage rather than

entrainment for very viscous oils contained within a boom as the radius containment

boom decreases to a given limit.

Splashover failure occurs in choppy seas when oll splashes over the boom's

freeboard.

Submergence failure occurs when the water (and oil) is carried over the top of the

boom. SUbmergence may occur either when a boom is anchored in rapidly moving

water or is towed at a high velocity.

Planing failyre may occur when a boom tays flat on the water as a result of a strong

current and a high wind moving in opposite directions.

Structural failure occurs when the boom parts because of excessive tensile loads.

Classification of Booms According to Use

Containment booms have been classified according to intended use to help spill

response personnel to determine the kinds of equipment they need in different
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situations (Ref: World Catalog). Booms are classified according to their physical

characteristics, which fncludes freeboard. draft. reserve buoyancy to weight ratio,

total tensile strength. skirt fabric tensile strength. and skirt fabric tear strength.

Although alii of these characteristics are important to the user, only the freeboard and

draft will be mentioned here to give the reader an idea of the overall size of booms

that are used for various applications.

BOOM CLASSIF1CA"ON ACCORDING TO FREEBOARD AND DRAFT

~ FREEBOARp pRAFT
Inches Inches

Calm Water 4-10 6-12
Harl:>or 10-18 12·24
Offshore >18 >24

This table sihows that boom recommended for harbors and offshore is quite large. That

is, boom recommended for harbor uses would have a vertical dimension (freeboard plus

draft) of 22 to 42 inches and boom recommended for offshore use would have a vertical

dimension c)f more than 42 inches.

Reports from spill response supervisors at the spill at Valdez indicate that some very

large boom was used, but also that boom of nearly every vertica.l dimension down to 18

inches was used successfully. This provides new information on the kinds of boom that

users feel is necessary in offshore operations.
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One..~upervis~~reports t~~t,there was boom u,sed in Valdez that had a vertical dimension

of 60 inches and even 80 inches. He further reported that they did not need this large
"-~"""''''''- ~ _~ _o,"'''iC ,." _ ,- __ "._ ... _." •.•• ," __ ~._

boom to contain the oil, rather the large boats that were used to tow it could not slow

down enough to tow it slowly, therefore they used big boom for drag to slow them down.

(Most work boats and fishing boats do not operate well at very low speeds. This is a

problem with using vessels of opportunity for spill response.) He further reported that

boom with an overall vertical height of 36 to 48 inches would have been adequate jf they

had had the right kinds of boats to tow it.

Other spill response supervisors reported similar experience with booms. One rep~rted

that 32 to 36 inch boom is adequate and there is an application for boom in the 18 to 24

inch range, even offshore. A senior official reported that there was a shortage of boom in

the 36 to 42 inch range.

These reports are both interesting and helpfUl, because they indicate that for successfu I

spill containment offshore, boom does not have to be as large as Y{as previously

assumed. Clearly other characteristics are also very important, such as heave response.

In offshore operations, ability to follow the wave patterns may be one of the most

important characteristics.
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Tests of COlntainment Booms

A number ()f tests of oil spill booms have been performed over the years. Although the

results of these tests are helpful in understanding how some types of booms perform,

they are nlot very useful in selecting a boom for a particular application. There are

several reasons for this.

First, most of the tests were performed many years ago. Since then many of the booms

tested have been improved or changed substantially. In fact, the results of the tests

themselves provided the information needed for the changes. Second, only a small

number of products were tested as compared to the number of booms that are curr~ntly

available. In fact, most of the booms tested are no longer on the market, at least not in

the configuration tested. Some offshore boom tests have also been performed. In many

cases, these were only sea-keeping tests. That is, the booms were deployed in severe

weather conditions to see how well they would ride the waves and also to see how well

they would survive. These tests provide useful information, but they do not tell the user

how well the booms will perform their primary mission, to contain oil.

In most cases, offshore boom tests were conducted without oil present because of the

problems of getting necessary permits to release oil at sea. In one set of tests, however,

oil was released, even in rather severe weather conditions off the coast of

Newfoundh:lnd. In these test the best of booms were able to retain oil for periods of about

45 minutes. These' results may be viewed as either adequate or unsatisfactory

depending on your point of view. As a practical matter, this performance could be

considered to be quite good. If a skimmer were employed inside the boom, most of that

37



oil could probably have been recovered in 45 minutes. This also emphasizes that

offshore boom can contain oil for recovery, provided skimmers are available at the spill

site, ready to go, and are able to recover oil in existing wave conditions.

Tests of Fireproof Booms

Recently more time and money has gone into developing and testing fireproof booms

than any other R&D development activity for spill response. In limited, controlled

conditions, these tests have been quite successful. Typically a slick of 2 to 3 mm has

been burned away in about 2 hours with a burn efficiency of something like 98 pecent.

'Although this seems to be encouraging, it does not provide conclusive evidence that. this

technique will be effective in real spill situation. To burn effectively, the slick must be a

few millimeters thick, it must have adequate volatility, it must be continuous, and it cannot

be emulsified. All of this means that the burn must be conducted in very special

conditions, generally early in the spill when the product is still fresh. Additional work is

probably needed in developing methods for effective in situ burning.

DEPLOYMENT ASSETS

Recovery and containment systems cannot be deployed at the site without the provision

of significant support resources. These support resources include material handling

equipment such as forklifts and cranes, boom and skimmer handling vessels. storage

vessels, and trained personnel. Table 1 shows the deployment assets required at a

minimum for various response components.
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TABLE 1: REQUIRED DEPLOYMENT ASSETS

SYSTEM

CONTAINMENT

RECOVERY

STAGING AREA

Space
For1dilt-4 ton
Crane-4 ton
Maintenance facilities
Spares

TO SITE

Vessel with minimum of 8' by 20'
clear deck space for each 2000'
of boom

ONSITE PERSONNEL
(per system)

A-lrame/davitlhandling equipment 2
with minimum one ton capability

Boats capable of tending boom 2 per boat
3-5 foot waves per 2000' 01 boom
·one if boom anchor used
·Iwo if no boom anchor used

~

Skimming Barrier Space
Forklilt-10 ton
Crane-10 ton
Maintenance facilities
Spares

Vessel wilh minimum of 8' by 35'
clear deck space per system

A-frame/davitlhandling equipment
with minimum one Ion capability

Two boals for mainlaining barrier
opening and shape and capable of
operating allow speeds-1-2 knol

Barge for receipl 01 recovered oil
Tug 10 lend barge or to shuttle barge 10
onshore storage localion

Platform for prime mover(may be barge)

4·6

Self-propelled/Self- Space
propelled skimmer Forklift-l0 ton

Crane-10 ton
Maintenance facilities
Spares

Vessel with minimum of 12' by 35'
clear deck space per system

A-frame/davil/handling equipment
minimum one Ion capability

Two boals for mainlaining barrier
opening and shape

Barge for receipt of recovered oil
Tug 10 tend barge or 10 shuttle barge to

onshore slorage localion
Boat with 1O-ton crane al 35' reach

deploy and recover

7-8

Vessel of oppor1unltySpace
skinmer Forklift-10 ton

Crane-l0 ton
Maintenance facilities
Spares

Vessel with minimum of 8' by 24'
clear deck space per system

A-frame/davit handling equipment 3 10 deploy
minimum one ton capabilily for 2 to operate
deploymenl and recovery

Barge lor recelpl 01 recovered oil
Tug to lend barge or 10 shultle barge to

onshore storage location



TABLE 1: REQUIRED DEPLOYMENT ASSETS (CON'D)

SYSTEM STAGING AREA TO SITE ONSITE PERSONNEL

DISPERSANT APPLICATION

TRANSFER PUMPS Space
Forklift-2 ton

. Maintenance Facilities
Spares

Pumps to Iransfer from See onsile requirements
barrels 10 tank lruck

Tank truck
Ground personnel

~

Air deliverable

Vessel deliverable Space
Forklift-8 Ion
Crane·8 ton
Maintenance facilities
Spares

Vessel with 8' by 24' clear deck
space

Vessel with approx. 8' by 24' clear
deck space

Helicopter with one-ton lift capacity

SUlVeillance aircraft for spoUlng 2
Aircraft equipped to spray dispersant

SUlVeiliance aircraft for spanlng 2-3 to deploy
Vessel capable ofaccepting vessel 2 to operate
system

Barge for receipt of offloaded oil
Tug to tend barge or to shuttle barge to
onshore storage location

Hoses and couplings
Fenders



INTEGRATED SYSTEMS

The difficulties encountered in spill response incidents, with respect to obtaining

deployment resources such as boom and skimmer handling vessels and storage

vessels, have led to the development of integrated systems which are equipped to

perform alii the functions of the mechanical recovery process. These systems fall into

three basic: categories: vessel-of-opportunity systems; single purpose specially designed

oil spill response vessels; and mUltiple purpose vessels of which one of the purposes is

oil spill rec1overy. These systems all use conventional skimmer techniques to recover the

oil and are subject to the efficiencies and shortcomings of those systems. However, they

also have the advantage of being independent of other supporting equipment in .their

recovery process, until their storage capacity is exceeded.

vessel-Qf-OppQrtunity Systems (VOSS)

VOSS are! systems designed tQ be deplQyed frQm any suitable vessel. They are

arranged fixed to the side of the vessel, and they recover oil while the vessel progresses

through thE~ oil slick. Rgure 5 shows a typical layout of this type of system. The VOSS

was initially designed to be utilized with offshore supply vessels and in response tQ

offshore drilling platform spill events. Several cQoperatives on the east and west coast

utilize the system and have additionally installed dispersant spray equipment on the

vessels so that the vessel can now perform all functions Qf the spill response prQcess.
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Figure 5. Vessel-of-opportunlty skimming system
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Specially Designed Oil Spill Response Vessels

Various entities, mainly the Germans and the Dutch, have developed designs for unique

oil spill response vessels !hatarecapable of operatio.n in open water situations. These

vessels are_large units, <operating eitherunder their own power or with tug assistance.

Figures 6, jr, and 8 are examples of those designs. The most innovative of them, shown

in Figure 8, is a tank vessel that is hinged at the stern and operates in a V-configuration,

using its spllit hulls to form a boom-like collecting system. Two of these vessels are in use

and a third has been reported ordered by Mexico. These systems are very expensive

and are location limited. They do have the advantage of being complete systems with

significant cmboard oiVwater separation capability and storage capacity.

Multiple Purpose Vessels

The publicity surrounding the use of the Russian dredge in the VALDEZ spill has focused

attention 011 the use of dredges and other vessels as platforms for oil spill response

systems. The Russian dredge was designed from the beginning as a trailing hopper

dredge with oil recovery capability. The first report of using a dredge as a platform was in

19n with the design of the COSMOS shown in Figure 9. The great capacity of these

vessels for storage of viscous materials, and their pumping systems (including suction

hose up tC) 24 inches in diameter), make them ideal for recovering very viscous

weathered oil. U.S. Army Corps of Engineers dredges were also used in the VALDEZ

spill without specific modification. The dredge concept should receive further

investigation to improve its application in oil spill response activities.
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Figure 8. Twin-hull oil recovery vessel
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Figure 9. General arrangement of the Cosmos
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SITE RESPONSE TO OIL SPILLS

With the general inability of mechanical removal systems to cope with large oil spills in

the open ocean, processes that do not involve the physical removal of the oil from the

water are presented as alternatives. The main processes that are involved include the

dispersal of the oil by chemical means, the burning of the oil on site, and bioremediation.

CHEMICAL DISPERSANTS

The use of chemical means to disperse the oil into the water is probably the most

controversial issue in the field of response to oil spilled on water. The National Academy

of Science has recently completed an exhaustive study of the use of dispersants. Of

particular interest to this study was the reiteration that dispersants must be applied at the

early stages of the spill since oil becomes less dispersible as its viscosity increases. The

NAS study concludes that -Dispersants are most effective for oil viscosities less than

about 2,000 centistokes. and almost no dispersion occurs over 10,000 centistokes.

In general, a dispersant sprayed onto an oil slick is intended to reduce the cohesiveness

of the slick so that the oil is broken into small droplets by wave action and water current.

The resulting oil droplets are then dispersed into the water column and diluted to low

concentrations. The operational advantages of using a dispersant include:

• their simplicity in use as opposed to booms and skimmers and the obviation

for handling recovered oil or emulsions

• their utility and effectiveness in all sea states
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• . their faster response time and their ability to treat more oil per unit of time than

mechanical means, particularly if aerial application is utilized.

The basic condition for dispersant use is that it must result in the least overall

environmental damage of the options available. In essence, this involves trading the

probable environmental effects of a treated slick with an untreated one.

Dispersant Application Systems

Dispersants can be applied by either fixed wing aircraft, helicopters, or systems installed

on a vessel. The major consideration that is involved in applying the dispersant is to

achieve a r1elatively uniform application on the oil without undue wind drift losses.

Fixed wing aircraft Large aircraft have been equipped with spray boom and interior

storage and are most useful for large spills because of their range, capacity, speed, and

potential for areal coverage. However, due to the controversy regarding dispersant use,

the fixed wing assets are not readily available, although Conair out of Canada does have

a fleet of six planes. The Airborne Dispersant Delivery System is a unit developed for

deployment on a C-130 commercial aircraft and is the only system that does not require

a permanent installation as it can be used with almost any available C-130 aircraft.

Logistics are not trivial for aircraft deployment, as civilian aircraft, normally in competitive

trade, must be relied on.
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Boat systems, The application of dispersants from vessel platforms has some distinct

advantages such as selective spraying on the leading edge of the slick to mitigate further

spreading. The major disadvantage, as with Helicopter systems, is the low volume of

dispersant they can carry and their relatively short range,

BURNING

In-situ burning is defined as the process of burning an oil spill on land or water, Since

the early 1970's many tests have been conducted in Alaska and Canada to evaluate the

effectiveness of this technique as an oil spill countermeasure,

In order for oil on water to burn, the slick must be relatively fresh and at least 3mm thick.

Since the volatile components in the oil begin to evaporate as soon as the spill occurs,

the potential for in-situ burning decreases with time, Fresh oil slicks on any surface

which have sufficient thickness can be ignited by matches, burning rags, air deployable

igniters, and lasers, The field tests suggest that up to 90 percent of an oil spill can be

removed from the water surface by in-situ burning. However, depending on wind speed

and temperature, as much as 50 percent of an oil slick can evaporate in 24 hours or less,

Once this occurs, it may be impossible to ignite the oil remaining on the water surface,

In-situ burning produces a tarry residue which could be difficult to clean up, Under

optimum burn conditions, about 10 percent of the oil will remain on the water as burn

residue. In addition, the burning creates black smoke which could violate air quality

control regulations and present a health hazard for nearby communities,
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Burning ma~f not be prudent near populated areas because it produces a variety of toxic

chemicals which may adversely affect human health and welfare. For example, soot and

polynuclear aromatic hydrocarbons created by in-situ burning can cause cancer and

mut~tions in living tissue. A"iong "';ith these items, the smoke from burning oil may also

contain zinc, vanadium, lead, nickel, or other metals which were in the oil. It is important

to recognize! that the combustion products from in-situ burning can travel great distances

before fallin!~ to earth.

The fallout resulting from in-situ burning can affect the environment in the following ways:

• Carcinogenic compounds and heavy metals in the fallout could enter both the

aquatic and terrestrial food web.

• Fallout can contaminate fresh water lakes which provide drinking water.

• Excessive fallout can coat plants and block the sunlight needed for

photosynthesis.

• F'allout can increase the absorption of solar radiation by ice and snow.

• The sulfer content of the oil can produce sulfur dioxide as the oil burns and

can exacerbate the acid rain problem.

BIOREMEDIATION

Bioremediation is the use of microbes to biodegrade spilled hydrocarbon molecules in

place. The! microbes could be naturally occuring in the spill area or they could be

non-indigenous naturally occurring or engineered microbes, and nutrients could be

added to enhance their activity. Bioremediation is potentially the least damaging and
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least costly. cleanup option. However, cleanup times are very long and significant

scientific and practical application issues must be addressed. The effect on local habitat

,o~ increased microbe creation, both indigenous and non-indigenous, must be studied in

depth to ensure the cure is not worse than the disease. This is a new but burgeoning

area that should be carefully monitored for its great potential.

AVAILABILITY OF OIL SPILL RESPONSE TECHNOLOGIES

Prior to the discussion of the worldwide availability of major spill response equipment, it

should be emphasized that this equipment is large and expensive, and normally has

been purchased to serve a particular need in a defined area such as the Caribbean or a

defined activity such as offshore drilling, or to provide unique capability such as those

resources of the U.S. Coast Guard Strike Team. The owners of these resources are

normally either government or industry cooperatives who have come together to

purchase and operate these expensive resources in order to be able to economically

share the expense. Even the cooperative arrangement does not allow for the acquisition

of large stocks of these resources in terms of their response capability. The API Task

Force Report on Oil Spills states that "The only cooperative world wide which has a

capacity greater tha.n 20,000 tons (144,000 barrels) is Oil Spill Response Ltd. (OSRL) in

Southampton, England." That same report indicates that the equipment required to

respond to a 30,000 ton spill - approximately the size of the EXXON VALDEZ - would

have an acquisition cost of approximately fifteen million dollars and would include the

following:
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• fo,ur lightering pumps and associated equipment

• 3(),OOO feet of offshore boom

• 31).000 feet of medium boom

• fOlur skimming barriers and twelve other skimmers with a combined capacity

01~ 7400 barrels per hour

• tVI/O ADDS Pack dispersant systems and four helicopter dispersant systems

aliong with 22,000 gallons of dispersant

• associated logistics equipment.

This voluml~ of equipment would be the largest stockpile in the world, with the possible

exception of Alyeska's planned increase in resource availability.

SOURCES WITHIN THE UNITED STATES

The following four tables provide information on the availability of major oil spill response

components within the U.S. Where possible, information on the performance

characteristics of the component is given in terms of:

• g,allons affected

• Sl9a state performance

• clJmposition of the oil encountered.

In addition, a sense of the ready availability of the resources is provided as not all assets

can be utili2~ed in a direct manner. The regime for availability is as follows:
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TABLE 2: MAJOR SOURCES OF SKIMMERS IN THE US

STORAGE PERFO~MANCE(dJ VISCOSITY DEBRIS EXPECT

REGION LOCATION SERViCE TYPE NO. TYPE (a) POWER(bJ CAPACITY(c] RECOVERY SEA STATE AVAil
(gallons) (gpm) 1 2 3

EAST COAST DAVISVILLE, RI WEIR 2 B N 0 1000 G G-F F G F B

WILLIAMSBURG, VA SORBENTLFTING BELT 8 SC Y 1700 200 G F F-P F G A

DAVISVILLE, RI WEIR 4 VOO N 0 120 G F P G F BIC
DAVISVILLE, RI WEIR 2 VOO N 0 120 G F P G F B/C

GUlF COAST MOBILE, AL WEIR 8 B N 0 1000 G G-F f G f A

VENICE, LA WEIR 1 VOO N 0 120 G F P G F BtC

VENICE,LA WEIR 1 VOO N 0 120 G F P G F B/C
INTERCOASTAl, LA WEIR 1 VOO ·N 0 120 G F P G f B/C
CAMERON,LA WEIR 1 VOO N 0 120 G F P G F B/C
CAMERON,LA WEIR 1 VOO N 0 120 G F P G F B/C
HOUMA,LA WEIR 2 VOO N 0 120 G F P G F BtC

GRAND ISLE, LA WEIR 1 VOO N 0 120 G F P G F BIC
GRAND ISLE, LA WEIR 1 SC Y 0 G F P G F C

ROCKPORT,1)( WEIR 1 VOO N 0 120 G F P G F B/C
GALVESTON, IX WEIR' 1 VOO N 0 120 G F P G F BlC

WEST COAST STOCKTON, CA SORBENT LIFTING BELT 8 SC Y 1700 200 G F F·P F G A

~ PORT SAN LUIS, CA WEIR 1 VOO N 0 120 G G F F F C

PORT SAN LUIS, CA WEIR 2 SC Y 0 250 G G-F F G F C
SANTA BARBARA, CA WEIR 2 SC Y 0 250 G G-F F G F C
SANTA BARBARA, CA WEIR 1 VOO N 0 120 G G F F F C

HAMILTON MB, CA WEIR 19 B N 0 1000 G G-f F G f A

CONCORD,CA WEIR 1 VOO N 0 120 G P P F F C

SAN PEDRO, CA WEIR 1 VOO N 0 120 G P P F F C

SAN PEDRO, CA WEIR 1 VOO N 0 120 G G f F f C

SAN PEDRO, CA WEIR 1 VOO N 0 200 F P G G C

SEAmE,WA SUBMERSION BELT 1 SC Y 10000 500 G G F G F C

ALASKA VAlDEZ,AK WEIR 1 SC Y 1700 200 G F F-P F G C

VALDEZ,At< WEIR 1 SC Y 3400 400 G F f·P F G C

DUTCH HARBOR,AI< WEIR 1 VOO N 0 300 G F P F F B
DUTCH HARBOR,AI< WEIR 1 VOO N 0 120 G G F F F B

DEADHOASE, At< WEIR 1 SC Y 0 G f F/P G G C

DUTCH HARBOR, AK WEIR 2 VOO N 0 120 G F P G F B/C

(a) B· Barrier skimmer
SC - SeU-propellad/seU-<;ontained skimmer
VOO • Skimmer system operated from a ·Vessel of Opportunity·

(b] y. Self-propelled
N - Requires external source of power

(d) Source; COMDTINST M16466.2"Oil Pollution Re:;ponse Planning Guide for Extreme Weather"
Rating indicates estimated performance of the system as a whole, including barriers, support, etc.



TABLE 3: MAJOR SOURCES OF CONTAINMENT BOOM iN US

REGION LOCATION TOTAL FREE DRAFT UNIT TENSILE SEA STATE EXPECT
LENGTH BOARD WEIGHT STRENGTH PERFORMANCEfa) AVAIL

(per 100') (Ibs) 1 2 3 MAX

EAST COAST DAVISVILLE, AI 1000' 24- 36- 1280 18000 GIG FIG PIG 4 B
DAVISVILLE, AI 1476' 14- 16- 880 69000 GIG fiG PIF 5 O/C
DAVISVILLE, AI 2000' 24- 36- 1200 120000 GIG GIG FIG 5 B
WILLIAMSBURG, VA 12000' 12- 24- 1280 18000 GIG FIG PIG 4 A

GULf COAST MOOllE, AL 2448' 21- 2r 1600 50000 GIF GIG FIG 5 A
MOBILE, AL 2448' 21- 2r 1600 50000 GIF GIG FIG 5 A
GRAND ISLE,LA 1040' 12- 24- 300 20000 GIP GIG GIF 5 0
VENICE,LA 1000' 12- 24- 300 20000 GIP GIG GIF 5 0
VENICE,LA 1000' 12- 24- 475 16500 GIG FIG PIG 4 0
INTRACOASTAL, TX 1000' 12- 24- 1400 40000 GIG FIG PIG 4 B
GALVESTON, TX 1000' 12- 24- 1400 40000 GIG fiG PIG 4 0
ROCKPORT, TX 1000' 12- 24- 1400 40000 GIG fiG PIG 4 0

WEST COAST CONCORD, CA 8000' 17- 2r 152 55000 GIG GIG GIG 5 C
CONCOAD,CA 4000' 14' 17' 156 5700 GIG fiG PIG 3 B/C
SAN PEDRO, CA 5000' 20- 30- 1800 104000 GIG FIG PIG 5 B/C
SAN PEDRO, CA 5000' 14- 16- 880 69000 GIG FIG PtF 5 B/C

C1I SAN PEDRO, CA 4100' 16- 23- 360 95000 GIG GIG FIG 5 BIC
C1I SAN PEDRO, CA 3100' 12- 24- 1280 18000 GIG FIG PIG 4 B/C

SAN PEDRO, CA 16500' 14- 1r 156 5700 GIG FIG PIG 3 B/C
SAN PEDRO, CA 4000' 20- 23- 353 16500 GIG GIG FIG 4 B/C
SAN PEDRO, CA 6400' 17" 2r 152 55000 GIG GIG GIG 5 C
SANTA BARBARA, CA 2000' 20- 23- 353 16500 GIG GIG FIG 4 O/C
SANTA BARBARA, CA 10900' 14- 1r 156 5700 GIG FIG PIG 3 B/C
SANTA BARBARA, CA 3200' 17" 2r 152 55000 GIG GIG GIG 5 C
SANTA BARBARA, CA 2696' 12- 24- 1280 18000 GIG FIG PIG 4 B/C
SANTA BARBARA, CA 2035' 14- 24- 1280 18000 GIG fIG PIG 4 B/C
STOCKTON, CA 11000' 12- 24- 1280 18000 GIG FIG PIG 4 A
HAMILTON AFO, CA 12852' 21- 2r 1600 50000 GtF GIG FIG 5 A
SEAmE,WA 6000' 14- 16- 880 69000 GIG FIG PtF 5 B/C
SEAme,WA 14000' -- .. 475 25000 GIG GIG FIG 4 B/C

ALASKA VAlDEZ,AK 11000' 14- 16- 880 69000 GIG fiG PIF 5 B/C
VAlDEZ,AK 11000' 12- 24- 290 30000 GIG fiG PIG 4 C
VAlDEZ,AK 8000' 17" 2r 152 55000 GIG GIG GIG 5 C
DEADHOASE, AK 5400' -- -- BIC
DEADHORSE,AK 4000' 14' 16' 880 69000 GIG FIG PtF 5 BIC
DEADHOASE, AK 2035' 14' 24' 1280 18000 GIG FIG PIG 4 BIC
DUTCH HARBOR,AK 4500' 14' 17' 156 5700 GIG FIG PIG 3 BlC
ANCHORAGE, AK 4500' 12" 24- 1280 18000 GIG FIG PIG 4 A

[d) Source: COMDTINST M16466.2"Oil Pollution Response Planning Guide for Extreme Weather-
Rating indicates estimated performance 01 the system as a whole, Including barriers, support, etc.



TABLE 4: MAJOR SOURCES OF DISPERSANT DELIVERY SYSTEMS IN US

LOCATION PLATFORM OIL TREATMENT{a] STORAGE EXPECTED
RATE COMPARISON CAPACITY AVAILABILITY

(gpm) (gallons)

EAST COAST DAVISVILLE, RI BOAT 500 500 B

GULF COAST GRANO ISLE, LA BOAT 500 500 B
HOUMA, LA BOAT 500 500 B,
ROCKPORT,1X BOAT 500 500 B
GALVESTON, 1X BOAT 500 500 B

CHANDLER, AR DC-4 <8000 2500 B
CHANDLER, AR ADDSIC·130 <8000 5000 A
MESA,AR DC-4 <8000 2500 B

WEST COAST SAN PEDRO. CA BOAT 48 DRUMS B
SAN PEDRO. CA BOATlbJ 48 DRUMS C
SANTA BARBARA, CA BOATlbJ 48 DRUMS C
SANTA BARBARA, CA BOATlb] 48 DRUMS C

CJl SANTA BARBARA, CA BOAT 48 DRUMS B0)

ALASKA ANCHORAGE, AK BOAT 500 DRUMS B
ANCHORAGE, AK HELICOPTER 1600 DRUMS B



\
TADLE 5: MAJOR SOURCES OF OFFLOADING PUMPS IN US

REGION TYPE CITY UNITS CAPACITY PERFORMANCE CI tARACTERISTlCS EXPECTED
AVAILABILITY

(gpm) Viscosity Debris Tolerance Emulsily
light Heavy Silt Gravel Seaweed liquids

EAST COAST DESTROIL WILLIAMSBURG, VA 2 310 G P G G F G A
UIUNE-EUAEKA WILLIAMSBURG, VA 10 2000 F G G G P P A
VISCOUS Oil ElIZABElli CITY, NC 1 2000 F G G G P P A

GULF COAST ADAPTS MOBILE ,AL 12 1000 P G G G P P A
VISCOUS OIL MOBILE, AL 1 2000 F G G G P P A

WEST COAST ADAPTS HAMILTON AFB, CA 12 1000 P G G G P P A
VISCOUS OIL(a) HAMILTON AFB, CA 2 2000 F· G G G P P A
THUNE·EUREKA STOCKTON, CA 11 2000 F G G G P P A
DESTROL STOCKTON, CA 2 310 G P G G F G A

(Jl ADAPTS CONCORD,CA 1 1000 P G G G P P B
...... ADAPTS SAN PEDRO, CA 1 1000 P G G G P P B

ALASKA DESTROL ANCHORAGE, AK 1 310 G P G G F G B
STOPS VALDEZ,AK 2 1000 G G G G P P B

OTHER THUNE-EUREKA DETROIT, MICH 5 2000 F G G G P P A
ADAPTS DETROIT, MI 2 1000 P G G G P P A



• A· Readily ava.ilable in most cases. This equipment is mainly Government

resources of the USCG and the U.S. Navy.

• B - Equipment which may be available depending on specific equipment

needs and circumstances existing at the time of need. These assets are

mainly held by cooperatives for the convenience of its membership

within a de'fined area either as a matter of operating or economic necessity. In

the case of the former (such as offshore lease requirements), waivers from

Governmental entities may have to be obtained, or agreement may be required

among the members to cea$e operations, continuing or planned.

• C - Resources that may be made available but only within a specified area.

Equipment that is permanently installed on a vessel would, for instance, only

be availab!e within that vessel's areal limitation.

Only containment. recovery, dispersant application. and pump availability will be

considered. as storage and disposal components are subject to local availability and

local jurisdiction.

SOURCES OUTSIDE THE UNITED STATES

Almost every country in the world with a significant coastal area has developed at least

some oil spill response capability. The extent of that development is dependent upon the

level of oil transport and development that impacts upon the country, the assumption of

risk of spill that will occur, and the perceived responsibility of the oil industry in making

contingency plans within the country's sphere of influence. Germany, for instance, has
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developed a significant offshore capability for the Baltic Sea with dedicated oil spill

response vessels IJnique in their construction and operation. For the majority, the

response c:lssets are barely sufficient for their particular needs and reflect a risk

assumption limiting the major spill event to a maximum of 10,000 tons.

Cooperativlas have been developed in many parts of the world where several oil

companies operating in close proximity to each other have made arrangements for a

pooling of resources in the setting up of a centralized cooperative. A listing of major

cooperatives are given below a.long with their area of influence.

Clean Caribbean

Clean Nigeria

Tiereid Area Response

GAOCMAO

Oil Spill Response Ltd.

Engllish Channel

North Sea

Caribbean area

Nigeria

Malacca and Singapore Straits

Persian GIJlf

Worldwide

English Channel

North Sea

The use of these assets outside the particular area of influence is marginal. The Clean

Caribbean cooperative was asked by EXXON to provide an ADDS dispersant system

and had to advise that the equipment was not allowed to be used outside its area of

intention. The Tiered Area Response Capability equipment may be used outside its area

but must be returned or replaced within 24 hours on demand in case of need. The only

stockpile that is available on a world wide basis is that of Oil Spill Response Ltd. which

has sufficient resources to respond to two 10.000 ton spills.

59



ALYESKA ACQUISITIONS

Alyeska has, since the EXXON VALDEZ spill incident, substantially increased the

amount of response equipment that it will have on hand to respond to any future spills.

The equipment obtained, or on order, is listed below along with its source if available.

Los Angeles (under modification)

Los Angeles (under modification)

Panama Canal (under modification)

Singapore

Florida

Seattle

Skimming/Ughtering

Storage Barges

Vikoma Weir Boom Vikoma, England

Framo Transrec Under construction-Frank Mohn. Norway

Marflex Sweep Arm Purchased from emergency stockpile of Holland

(to be fitted to integrated tug barge of 140,000 bbl capacity)

Vikoma Skimmer 50 Vikoma. England

Vikoma Boom Deck Reel Vikoma, England

Expandi 4300 Boom Swedish Coast Guard

Scot Boom Macclellan Rubber, Scotland

RoBoom Ocean 2000 German and Dutch government reserves

Vikoma HI 950 Boom Vikoma, England
~

Containment System _ Containment Systems. Inc. USA

( Arctic Harbor Boom)

Response Vessels

60



The equipment was selected on three criteria:

• suitability for the requirements of present oil spill response strategy

• available by May 15, 1989, as required by the of State of Alaska

• suitable for incorporating into long term plan and alternative spill scenarios.

It is appare!ntthat the equipment required to respond to an open water spill is not

normally an off the shelf item and in most cases is required to be manufactured to order.

In this instance, the availability of excess equipment from Sweden, Germany and

Holland was probably a provident occurrence. It is interesting to note that Alyeska was

l10t able to clbtain equipment within the U.S. with the exception of the harbor boom.

LOGISTICAL AND LEGAL CONSTRAINTS

As has been seen from the above discussions, major oil spJ1l response equipment is

widely dispelrsed and the amount at anyone location is insufficient to respond to a major

oil spill incident. The ability to orchestrate the transportation of massive amounts of

equipment in terms of size and numbers can be decisive to the response effort. In the

EXXON VAILDEZ spill, equipment was obtained from the east and west coast of the U.S.,

England, and Canada utilizing commercial and military aircraft. Two incidents are typical

of the time and logistics required. In the first incident, EXXON ordered a Boeing 707 to

Southamptcln to pick up skimmers and boom at 0600 on 24 March; that plane arrived in

Anchorage Ion 26 March at 0518. In the second case, the ADDS dispersant system was

ordered also at 0600 on 24 March; the C-130 and the ADDS system departed from
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Phoenix at 2155 on 24 March. The point of these two inddents is that the acquisition of

transportation assets, which are normally involved in other commercial activities, is or

can be, an extended process.

Legal constraints on obtaining resources take two basic forms. The first has been

addressed in the discussion of availability of resources from operational mandated

stockpiles of cooperatives. Flexibility in terms of both current and future (short term)

operations may be required to fully address the availability of these assets for a major

spill incident. The second legal issue has to do with the acquisition of resources from

countries outside the U.S. In the Prince William Sound spill, resources from Canada, the

UK, and Russia were subject to customs requirements that may have inhibited their

timely use. In particular, there was much concern about the arrival of the Russian

dredge/skim ship.

SUMMARY

The above discussions have described the capability and the availability of the

components of oil spill response equipment for responding to a major oil spill of the size

and complexity of the EXXON VALDEZ oil spill incident in March of this year. Details

proViding an indication of the resources currently available for major response activitives

have been provided including the limitations of such resources in terms of environmental

and physical operating conditions that may be encountered. In addition, the

effectiveness of the resources in the EXXON VALDEZ spill have been discussed. It
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should be emphasized that the conditions of that spill may not be typical of every major

spill, and that performance characteristics of the response equipment will vary according

to those physical and environmental factors that are encountered.

It must be concluded that the success of mechanical recovery of oil spilled at sea was

not reinforcE~d by the performance of resources deployed at the scene of the Alaskan spill

and that si~lnificant improvements - an order of magnitude or more - must be made if

mechanical recovery is to be an effective front-line tool in oil spill response.
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The area diiscussed by this paper, which includes the Chukchi Sea and the Beaufort
Sea, is vast and diverse, particularly when considering the differences caused by ice
cover. This discussion, therefore, must be divided into units according to ice seasons,
spill behavior, and logistics problems caused by spills in remote areas. The principal
division is according to ice season, and the discussion within that division describes
expected spill behavior and likely response effort. The ice seasons used here are:

• Summer
• Fall
• Shorefast ice
• Break-up

Even using these divisions is a simplification of the diversity of ice forms and possible
problems with ice; however, it will give the reader a good basis for understanding the
types of problems that can occur.

The format for this survey, therefore, includes a brief discussion of ice conditions in
each season, a description of spill behavior in that environment, a brief description of
the kind of spjll that may occur, and finally, a very general assessment of the type of
spill response effort that could be mounted in the various areas under consideration.

SUMMER ICE SEASON

Ttle summer ice season begins after the shorefast ice has broken up and
disappeared. This usually happens dUring late July or early August. Typically the
summer iCEl season lasts about 60 days along the Beaufort Sea coast of Alaska. Any
fragments ()f the shear zone, or multi-year floes, nearshore decay as the polar pack ice
edge retreats north, usually through the middle of September. Open water conditions
(less than about 10 percent ice cover) prevail from the coastline to about 16 to 35
nautical miles from shore.

Periodic movement of the pack ice means that the summer ice season is not always
"open water." During exceptional years the edge of the polar pack ice may retreat to
more than 50 miles from shore, or it may advance to the coastline eliminating open
water areas. During the summer of 1975 the polar pack ice edge moved in to the
shoreline causing shipping along the North Slope to be virtually halted. That summer
the polar pack ice covered 30 to 60% of the normally open water area. In other years
the edge olf the pack ice may advance shoreward into open water areas on a smaller
scale.

The point here is that even in arctic summer the actual open water time for spill
response is very short, from the end of July when some floating ice persists until the
end of September when new ice starts to form. In unusual conditions, the polar pack
may move in during the normal open water season and close things do~n. We are
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specifically calling this period of time the "summer ice season" rather than the "open
water season" because it is a time when open water conditions may not prevail.

Spjll Behavior jn Open Water

Spill behavior in the Aretic is mainly concerned with ice conditions; however, even
though a spill may occur in ice, the spill may move the open water at break-up. As a
result, spill movement on open water is still an important consideration for all arctic
spills.

As an example of Prudhoe Bay crude spreading on water, some computations for the
instantaneous release of 50,000 barrels of oil have been done. Based on a
mathematical model, the central portion of the spill would be 2.8 cm thick. The central,
thick part of the slick would only go out to a radius of about 300 yards - this gives a
slick diameter of about 0.3 nautical miles, but the thin, outside part of the slick moves
more quickly from a radius of about 800 yards to a radius of a little more than 5 miles in
a period of two days. The reason the central part of the slick is so thick is that the
spilled oil is quickly chilled to its pour point by low air and water temperatures. The air
and water, even during the open water season, will remain close to ace (or 32°F).
(Even in August, the average air temperature is only about 4°C, or 39°F.) This cools
the oil very quickly to a temperature that is near its pour point. Based on this
information, there is evidence to conclude that a spill on open water may have a
thickness that ranges for 5 mm to several centimeters depending on how rapidly it
cooJs. If the spill is continuous, a 50,000 barrel release 3 cm thick would have a radius
of about 300 yards, or a radius of about 700 yards if it spreads to a terminal thickness
of 5 mm. That is to say, the range of the radius of a continuous slick is likely to be 300
to 700 yards.

Based on reports of large spills, however, the slick is not likely to remain continuous for
a long period of time, even in a low energy wave environment. Instead, the spill is
likely to stretch out in windrows and break into pancakes 10 to 30 cm in diameter and
5 mm to several centimeters thick. It is very likely that the heavier parts of the spill
would bleed off into a sheen a few microns thick. As time goes on, the larger
formations are likely to break-up into globs a few centimeters in diameter down to
particles that are a few millimeters in diameter. These spill components would move
with currents, winds, and waves to be deposited on shorelines, ice, or move out to sea,
depending on the local situation. At this point spill behavior becomes a process of
transport rather than spreading.

Spill Response in the Summer Ice Season

Spill response in our defined area depends on where the spill occurs. If the spill
occurs offshore at Prudhoe Bay, a sizable response effort can be mounted. If the spill
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occurs in the Chukchi Sea, the response effort would be limited. These two areas
represent the extremes and they will be discussed in order.

Spill Respoose at Prudhoe Bay

In the area offshore Prudhoe Bay, the ARCAT response vessel would be the principal
recovery vE~hicle. It would probably be used with 500 to 1500 feet of containment
boom to increase the sweep width. Mathematical models show that a small spill of
crude oil is likely to be concentrated in a relatively small area, so if response is rapid,
the ARCAT skimming system may be able to contain and skim a significant amount of
the spilled ()il. If the cold water causes the oil to chill quickly to a temperature near its
pour point, recovery with the ARCAT rope mop skimmers could be more difficult.
Although rope mop skimmers are known to be successful in skimming everything up to
and incl~ding industrial grease, skimming a highly viscous product is slow because
the wringers do not remove the viscous product from the mop very well.

Alaska Clean Seas also has about a dozen smaller, portable rope mop skimmers.
These units can be mounted on barges so the mops will be able to skim abeam the
barges. These units could skim oil that has accumulated in booms and they probably
could also be used in a sweeping mode. All of these skimming systems could have
problems skimming in areas close to the shore line because most areas are so
shaiiow. The ARCAT draws about four feet of water, but the tugs and supply vessels
are likely to have a much deeper draft and therefore a much more limited area of safe
operation.

The centrall, thick part of the spill would be handled by oil skimmers, while the micron­
thick sheen that bleeds off the edges could be treated with dispersants. Dispersants
could be expected to be quite effective on the sheen but they would not be at all
effective on the central, viscous accumulation of oiL

Some of the spilled oil could probably be isolated in fire resistant containment boom
and burned. Burning could be an important part of the response effort. A recent
response equipment list shows that Alaska Clean Seas has 2,500 feet of fire
containment boom. Much more fire resistant boom needed if contained burning is to
be an important part of the response effort.

Storage of the recovered product should oot be such a great problem as it is in other
areas of Alaska because there are generally 30 to 32 barges available in the area. As
in other areas, there could be problems in off-loading the barges because of the
viscosity ot the oil. If the oil could be removed from the barges, it could be re-injected
ioto the oil wells. It probably could also be burned in open pit burners orin the high
capacity open flame burner maintained by Alaska Clean Seas.
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Sensitive shoreline areas could be boomed off and protected from the migrating spill.
Oil collected ahead of these booms could be recovered with portable rope mop units.

The spill response effort should be effective for small to moderate size spills. For large
spills, there probably would not be enough equipment to contain and recover the oil
so large quantities of spilled oil would escape into the environment.

It is never possible to anticipate exactly how much recovery equipment will be
necessary for spill response, but experience has shown that there is never enough.
Even though models show that Prudhoe Bay crude will not spread rapidly on cold
water, spill recovery is likely to be slow, so there will be ample opportunity for oil to be
transported out of the area. This means that more recovery platforms will be required.

When considering the types of equipment that should be procured, thought should be
given to obtaining equipment with some diversity in recovery mechanisms. Recent
experience in Prince William Sound emphasizes the fact that no single recovery
mechanism is effective across the entire range of spill conditions as oil weathers. After
the oil had been in the water a considerable period of time. the lifting belt skimmers
were just about the only devices, other than Corps of Engineers suction dredges, that
were recovering oil at all. There are even reports that the product became so viscous
that the lifting belt skimmers were recovering chunks of oil that had to be broken apart
with a shovel so that they would fit up the conveyer belt ramp.

At Prudhoe Bay, emphasis has been put on using rope mop skimmers because of their
ability to operate in a variety of environmental conditions, even in light ice. There are
even actual spill situations in which rope mop devices have been effective in
recovering oil mixed with ice and even oil under ice; however, in most of these spill
situations, the rope mops were recovering No. 2 fuel oil and diesel. This is vastly
different than recovering Prudhoe Bay crude that has chilled in near-freezing water.
There were some laboratory experiments performed with rope mop skimmers
recovering Prudhoe Bay type oil in ice, but these tests cannot be considered to be
conclusive proof that the rope mops will do the job in all stages of weathered oil.

Bearing this in mind, equipment procurement programs should place special
emphasis on consideration of recovery devices that have been successful in
recovering oil that has weathered to the point that it is tloating (and sometimes only
barely floating) in chunks. Right now the skimmers that meet these requirements are
the MARCO Class V and VII and the LORI Type A lifting belt skimmers. This is not to
say that the rope mop concept should be abandoned or that additional rope mop units
should not be procured. Rope mop skimmers are likely to have a very important role in
spill recovery at Prudhoe Bay. The point is that response equipment should represent
a diversity of skimming techniques so that there will be some devices available that
can deal with oil in all stages of weathering.
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Finally, thEHe should be some testing of recovery equipment in the actual spill
environment. Contingency planning at Prudhoe Bay relies very heavily on response
with the ARCAT skimmer, but to date all tests of this device have only been to
determine its maneuvering capability and sea-keeping characte_ristics in light ice
conditions. So far there have been no tests to see how well it recovers oil, and
specifically" how well it recovers highly weathered Prudhoe Bay crude.

Spill ResPQnse in Remote Areas

As far as spill response is concerned, any area that is distant from Prudhoe Bay is a
remote area. An effective response effort could probably be launched from Barrow, but
not promptly. Nearly all of the equipment would have to be flown in, so it is likely that a
large part of the spilled oil would escape before the response effort began. The
Chukchi SE~a must be considered as a very remote area and an effective response
effort could only be launched long after the fact. As examples of spill response in a
remote area, consider the cases of a spill from a drill ship and a spill from a tanker.

If a drill ship in a remote area had a blowout, the first consideration would probably be
evacuation of the crew. The blowout might light spontaneously, or it may be ignited
intentionally, after evacuation, as a response measure. Except for the part of the spill
that could be consumed by burning, most of the spilled oil would be lost to the
environment. A recovery effort could be made after the blowout had been stopped, but
only a small percent of the oil would be recovered. For a relatively small spill, a fairly
effective reisponse effort could probably be launched from a drill ship, providing they
had the plans and equipment to deal with it. Drill ships could maintain recovery
equipment on board that could take care of small to moderate size spills that occur
along sidEl the vessel. These vessels could also probably launch small boats with
containment boom to recover spilled oil providing weather conditions are not severe.
There is likely to be a storage problem for the recovered oil if barges are not available;
however, some of the recovered oil could probably be eliminated with special open
flame bum4ars.

A tanker accident in a remote area would present a considerably more complex
problem for spill response. If the tanker is leaking as a result of running up on a
grounded piece of ice or a large ice floe, the first concern is for the safety of the ship
and the cnaw. Saving the ship is the first order of business, and evacuation of the
crew, is t~le next order, if that becomes necessary. The ship could carry some
containment boom and skimmers, but skimming oil back onto a leaking or sinking ship
is not a viable option. First the ship must have a Iightering tanker or barge. Once the
flow of oil out of the ship has been stopped and the safety of the ship has been
secured, then some response effort could be mounted. This would, of course, happen
a long timE~ after the aCCident occurred both because of the problems of saving the
ship and also the problems of getting response equipment to the spill area. An
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effective response effort for a tanker spill that is very far from either Prudhoe Bay or
Barrow would be extremely difficult.

FALL ICE SEASON

The fall ice season occurs from freeze-up to the time that the shorefast ice becomes
stable. Typically, freeze-up occurs during late September in sheltered waters along
the Beaufort Sea coast. Calm, cold air accelerates freeze-up. The initial freeze may
be followed by a warmer or windy period during which some or all the new ice is either
melted or deformed. By the first or second week of October, the freeze-up process is
usually well underway and substantial areas of new ice cover the coastline and stretch
out into the protected waters of bays and inside the barrier islands. At this time, the
polar pack ice moves toward the shore and large areas of new and young first-year
ice occur along its advancing edge. Eventually the ice growing seaward and the ice
moving toward shore meet and the first shear zone of the year is created.

Fall season weather is important in determining the new ice growth and deformation.
This season begins with SUbfreezing nighttime temperatures, and the first ice forms
during the typical SUbfreezing cold spell in September. By October the average
daytime maximum temperatures are normally about -6°C (21°F) and readings of -20°C
(-4°F) at night are not uncommon. Sea ice forms quickly on the ocean under these
conditions if the wind is calm.

The surface features of the new ice sheet depend upon the type of deformation
processes that occurred as it was forming. Cold calm air provides ideal ice growing
conditions, and results in a featureless expanse of ice. This flat ice may extend for
many miles. The only surface features are snow drifts that form later in the winter.

A discussion of the fall ice season is not complete without reference to the extreme ice
motion events that have been recorded. There is evidence that the barrier islands
have been at least partially covered by moving sea ice sheets up to three feet thick
more than once during the last 20 years. Ice-ride up onto beaches is fairly common
with ice pileups nearly 36 feet high, reaching up to 20 yards inland. The barrier island
events usually occur in the fall, while shoreline pileup events can occur during the fall
and spring, when the 'first-year ice is free to move.

Spill BehaVior in Fall Ice

Laboratory experiments found that Prudhoe Bay crude oil, introduced in a field of
grease ice and pancake ice, occupies the spaces between the pancakes and is
pumped onto the surface of the pancakes as they- move in a wind generated wave
pattern. Oil in the areas of grease ice is also confined and spreads very little.
Although it is not possible to calculate the area covered by a spill in these ice
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conditions, it is sufficient to say that the spill does remain confined to a relatively small
area.

812m Resppnse at Prudhoe Bay

Spill response options in a growing ice field are fairly limited. Since rope mop
skimmers have some effectiveness in growing ice. the ARCAT would probably be fairly
effective early in the fall ice season. Ice pieces could not be so large that they would
have problems going between the twin hulls of the catamaran. and in low
temperatunes there could be some problems with ice on the rope mops and ice in the
oil collection sumps. The AACAT would probably be used independently without
containment boom to increase sweep width.

Portablle rope mop skimmers could be used over the side of barges. These skimmers
could be expected to have a fair level of effectiveness in recovering the oil on ice and
between the pancake ice, but their response effort would be quite slow. The weir
skimmers, such as the SOCK and Halliburton units. would not be effective because
they would be quickly jammed with ice. !n~ burning may be possible in some of the
thicker accumulations of oil. Dispersants are not likely to be effective.

Currently there are no oil skimmers at Prudhoe Bay that were designed for use in a
growing iCE! field or during break-up. At this writing. the only known device that has
been designed for this environment is the Wartsila Marine/LORI "Ice Cleaner." This
device is a self-contained skimmer unit that is pushed by a supply ship or tug. It has
been used to recover oil from a tanker spill in ice near Finland. A video tape and
literature dl3scribing this system was presented at the "Alaska Arctic Offshore Oil Spill
Response Technology" conference that was held in Anchorage in December of 1988.
Based on the requirement for a response vehicle which could be used in growing and
broken ice conditions. this concept should contin'ue to receive attention in contingency
planning.

The spill response effort in the growing ice field would only be marginally effective;
however. tlhere would be no immediate impact on the environment because the oil
would be frozen into the ice. Although this alternative seems to be more favorable
than the spreading and transport of spilled oil that occurs in summer, there could be
significant problems in the long run. The oiled ice could be rafted up on the barrier
islands and along the shoreline. When spring comes, there would be a new spill
wherever this ice happened to land. The ice could be transported to a wide variety of
locations, and. in a highly dynamic break-up environment. spilled oil would be rapidly
released in areas that were a considerable distance from the original spill. Spill
response at this time would be very difficult. and the small number of skimmers
available would be hard pressed to recover a significant amount of oil in the widely
spaced areas where the oil was being released.
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Spj!! Response in Remote Areas

As in the summer ice season, a blowout at a drill ship is an emergency in which all the
effort would be directed to saving the crew and the ship. The growing ice would retard
the transport of spilled oil. As a result, there is a possibility that some response effort
could be launched during the shore fast ice season. This could be done by
transporting men and equipment onto the ice for response. If this is not possible, or if it
appears that the oil frozen into the ice would be inaccessible to the response teams,
there would be a second opportunity for response at break-up in the spring. At break­
up, there are likely to be large amounts of oil released from the ice that could be
disposed of by in~ burning. It would not be necessary to put a crew down for this
response effort; rather pooled oil could be ignited from aircraft. If this action is taken
promptly as the oil comes out of the ice, it could be effective providing the oil had not
weathered to the extent it could not be ignited.

There are virtually no effective response measures that could be taken for a tanker
accident in a remote area in the fall ice season. As in the case of the drillship spill, in
~ burning would probably be possible in spring when the oil is released from the ice.

SHQREFAST ICE SEASON

Stable, shorefast ice characterizes this season. Shorefast ice is defined as 'first-year
ice that is attached to the shore. In shallow water the ice is frozen to the sea floor.
Often multi-year floes may be incorporated into the shorefast ice if the floes are
relatively near shore during freezeup. The shorefast ice varies in extent dUring the
season but it always retains the property of being virtually immobile. The shorefast ice
season usually begins around late November, but there is considerable yearly
variation. For example, in some years the nearshore new ice becomes stable in late
October, but in other years significant ice motions can still occur in December. The
shorefast ice season generally ends in late Mayas the break-up process begins.

Shorefast ice grows in a fairly regular pattern. Sheltered areas are always the first to
develop shorefast ice and the ice grows seaward as it thickens. The ice thickens at a
rate of about 10 moo per day through February. Later growth proceeds more slowly so
that ice reaches an average maximum thickness of 6 to 7 feet in early May.

The seaward growth is not as regUlar. Forces generated by the wind and currents can
break away large pieces of shorefast ice, and interactions with the pack ice can
change the boundary of the stable ice by deforming the seaward edge. These
deformations reduce the extent of the shorefast ice by creating shear ridges and
rubble.
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Shorefast ice grows seaward dUring the winter and reaches its maximum extent in
April of mClst years. Typically, the outer edge of shorefast ice is bounded by shear
ridges in clbout 60 feet of water. During years of intense pack ice pressure, the
shorefast ice may be limited to a narrower offshore area. This is especially true near
headlands and points where the stable ice may only reach to the 20 or 40 foot isobath.
In other years, the shorefast ice may reach to the 66 foot isobath and beyond, if the
pack ice does not impact the seaward edge. This extreme seaward growth of landfast
ice occurs seaward of the shear zone. When the pack ice reapplies shearing forces,
or when a, storm surge changes sea level, the floating fast ice seaward of the
grounded ridges is likely to move.

Surface features of the shorefast ice sheet do not have much vertical development,
generally less than 1 foot. Most, if not all, of the surface features are caused by early
season deformation. Thin ice is easily moved and deformed by the wind, causing
ridges only a few inches to a foot high to be formed. Rafting is common as one ice
sheet overrides another and leaves a "micro ridge" only a few inches high on the
surface.

Sometimes the new ice does not remain in a flat sheet. Wind or wave action breaks
thin ice into many pieces. As the pieces bump and rub together they form small round
floes called pancake ice. Pancake ice can be identified by the tiny, round ridges on
the perimeter of each floe that are preserved as the season progresses.

Taller features are also found in the shorefast ice and are commonly associated with
an old shear zone or with mUlti-year ice pieces. Multiple sets of shear ridges are often
formed OVE~r the course of a winter. The shorefast ice grows seaward until it interacts
with the pack ice. This interaction forms shear ridges that protect the remaining
shorefast ice from deformation because they are grounded. The next time the pack
retreats from the edge of the shorefast ice, new ice becomes attached to the shear
ridges. This new ice can then become part of the shorefast ice sheet and have a new,
active set of shear ridges at its seaward boundary. This process continues until the
pack ice prevents the further expansion of the shorefast ice. Generally the shear
ridges that form later in the winter have more vertical development because the ice is
thicker anci the deforming forces are greater with increasing distance offshore.

Snow accumulates on all ice surfaces except for very smooth refrozen melt ponds and
the upwind side of pressure ridges. The snow accumulates in drifts parallel to the
wind leaving spaces between drifts covered by very little snow. Thicker snow acts as
an insulator and inhibits ice growth. Thus, the shorefast ice develops a bottom
topography of undulating troughs and ridges that correspond to the surface snow
drifts.

In summary, new ice forms in the fall and becomes stable in late November.
Nearshore ice becomes bottom fast during the winter as the ice becomes 6 to 7 feet
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thick. Floating shorefast ice is generally undeformed and has snow drifts aligned with
the wind. Shear ridges formed in the early winter may be encountered shoreward of
the final active set of shear ridges usually grounded in about 60 feet of water. During
the winter, the shorefast ice is virtually immobile.

Spill RespQnse at Prudhoe Bay

Spill respQnse in the shQrefast ice seaSQn is tQtally different from that practiced in the
other seasons. During the shQrefast ice seaSQn spill respQnse becQmes an effQrt of
mQving heavy equipment and personnel Qut Qn the ice where pQQled Qil and Qiled
snow is recovered with scrapers and front end loaders. The Qiled snQW and ice may
be separated by heating in portable open tanks; then the oil can be burned in pQrtable
open pit burners or transported in a tank to the shoreline. .Oil that has accumulated
under the ice can often be recovered by drilling and pumping the oil out of the ice or
permitting it to naturally rise to the surface. In some cases the ice can be trenched to
collect accumulatiQns of Qil that are recovered with rope mop skimmers.

Spill recovery Qn shQrefast ice is not easy, but generally there is a positive trade-off in
that there is more time to recover the Qil. During the shQrefast ice season, spilled oil
will accumulate on the ice, in the ice, and under the ice, but it is unlikely tQ rapidly
move out of the area as it may in the summer.

Spill Response in Remote Areas

Spill response at a drill ship during the shorefast ice season would be the same as
spill respQnse near Prudhoe Bay except that it would be much more difficult to get the
necessary people and heavy equipment on the ice to do the job. Barring safety
problems, the crew of the drill ship could probably go out on the ice and perform some
response. (This is in the case of a normal spill, not a bIQWQut.) Depending on the ice
conditions and the distance from the distressed ship from land bases, some response
equipment could probably be flown to the spill site. This equipment could be brought
in by helicopter, or if smooth, flat stretches of ice are available, fixed wing aircraft may
even be able to land on the ice to bring in equipment.

In spite of these alternatives, spill response in a remote area on the ice is likely to be
minimal. If the spill site is within helicopter range Qf land bases, a fairly extensive
program of in sJ1u burning eQuid occur when the spilled Qil surfaces in the spring.

BREAK-UP ICE SEASON

The break-up ice season usually begins during the last two weeks of May when the
majQr rivers of the north slope region flood over the fast ice. Water absorbs much more
shortwave solar radiation than ice, accelerating the melting of the ice under the
flooded areas. Since the ice surface is above sea level, any openings through the ice
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act as dra.ins. Sea.l breathing holes or naturally occurring thin spots develop into
major drainage points for water that has accumulated on the ice surface. Large
whirlpools. called strudel zones. often develop as the water drains. These areas are
dangerous to approach.

In early June the ice surface begins to melt. and melt pools form because of the long
daylight hClurs and rising temperatures. On undisturbed. flat shorefast ice. a shallow
layer of water may develop stretching several miles in all directions. Water does not
accumulatl~ on ridged ice, and therefore ridges remain relatively dry and reflective.
After about three weeks. (at the end of June). the shorefast ice is usually decayed to
the point that cracks develop and the previously stable ice begi ns to move. Floes
many mile::; across have been observed during this time. The presence of open water
greatly enhances the ocean's ability to absorb energy. This causes the cracks to
quickly expand, and the remaining ice is then free to move with the wind. Floe size
generally decreases as the break-up season progresses because the ice deforms
and decays. By the end of July or beginning of August the shorefast ice is usually
gone.

During thE~ early stages of break-up the shear zone remains intact, especially if
grounded features are present. The ridges resist decay since they are more reflective
than the water covered ice. The shear zone breaks up as the ridges melt away and
the surrounding ice becomes mobile. Some of the more massive ridge fragments
survive thle break-up and summer seasons and become multi-year ice fragments.
Usually thl~ shear zone deteriorates rapidly in mid to late July as the ridges collapse
and capsi2:e.

Spill BehaviQr in Broken Ice

Oil movingj in broken ice can be expected to enter the cracks and leads between the
various floes and chunks of ice. The oil will then spread to some equilibrium thickness
governed by ice concentration and the physical properties of the oil. At first the ice will
restrict the flow of the oil so that the area covered by the spill will be less than for open
water. As break-up progresses, or as the oil enters an open area, the floes and pieces
of ice will move freely with winds and currents. At this point the effect of the ice
becomes uncertain. Instead of restraining the movement of the oil, the ice may now
transport the oil great distances from the original spill and contaminate a wider area
than if the ice had not been there at all.

During break-up there are several forces operating on spilled oil. The oil on ice or the
oil being neleased from the ice will follow the path of the melting water: it will tend to
cover the surface of melting ice; it will move from pool to pool with the water; it will
follow the vortex flow of the water down through the ice; it will follow the water spilling
off the ice into leads; and, it may even be blown by the wind over the water pooled on
the ice. In short, oil moving on melting ice at break-up time becomes a major problem
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for the spill response personnel. Whereas the winter ice provides a barrier to oil
movement, summer ice provides many paths for it to flow, and the melting ice may
even accelerate its flow into new, previously inaccessible areas. Break-up can turn
the slow routine of winter cleanup on ice into a real disaster. The prospect of
uncontrolled spill movement at break-up emphasizes the importance of a maximum
response effort while the ice is still secure.

Spill Response at Prudhoe Bay

Spill response at break-up will begin slowly. As break-up begins, there will be some
pooling of oil on ice and in some locations oil will accumulate between pieces of ice. If
the oil has not weathered extensively, in~ burning may be possible. At this point it
will no longer be safe to have personnel working on the ice and the accumulations of
oil will also be inaccessible to any mechanical recovery equipment. There could be a
period of fr,om one to several weeks in which response crews could observe the
dynamic break-up of the ice and equally dynamic movement of spilled oil and have no
effective means of recovering oil.

As areas of open water appear, some mechanical recovery may be possible. In a
summer field test performed in 1983, the ARCAT skimmer was able to successfully
maneuver in water containing 88% broken ice. Whether or not the skimmer can
effectively recover oil in this environment is another question. The ability of ARCAT to
operate in broken ice will depend on the size and movement of the ice pieces, and
skimming effectiveness will depend on the average size of the ice pieces. The
skimmer will not be able to operate when large pieces of ice become wedged between
the catamaran hulls. The skimmer is also not likely to be able to operate with
containment boom designed to increase sweep width. Barges with rope mop
skimmers deployed over the side are also likely to operate. These systems will be
able to skim accessible pools of oil.

If a WartsiiaiLORI ice cleaner is procured, it would probably be effective in recovering
pooled oil and oil mixed with low formations of ice that are deteriorating. This system
may be the most effective mechanical recovery option available at break-up.
Skimming rate is likely to be slow, but some progress could be made.

Spill Response in Remote Areas

During break-up remote areas will be even more inaccessible than they were during
the shorefast ice season. During break-up crews will not be able to work on the ice
and aircraft will not be able to land on the ice. Further, because the decaying ice
remains thick and marked with deep pressure ridges, it remains an obstacle to nearly
all shipping other than ocean class ice breakers, and even these vessels would move
very slowly. Remote areas, therefore, would remain inaccessible to both air and
surface craft, so in Mu. burning using air dropped igniters is about the only response
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option available. Of course oil released froni ice at this time would be transported by
the ice and currents so there would be extensive transport of the oil that remained.
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Conclusions and Recommendations

Summer Ice Season

PRUDHOE BAY

Conclusions: The spill response effort should be quite effective for small spills. For
large spills. there is insufficient equipment to contain and recover the oil, so that large
quantities of spilled oil would escape into the environment.

Recommendations: Additional response equipment should be procured with special
attention given to providing a diversity of response methods. Particular attention
should be given to the problems of recovering highly viscous oil.

Conclusions: Contingency planning at Prudhoe Bay relies very heavily on response
with the ARCAT skimmer, but so far there have been no tests to see how well it
recovers oil, and specifically, how well it recovers highly weathered Prudhoe Bay
crude.

Recommendations: Offshore tests of the ARCAT skimmer should be conducted during
cold weather and under severe ice conditions.

REMOTE AREAS

Conclusions: An effective response effort for a large spill from a drill ship or for a
tanker accident that is very far from Prudhoe Bay or Barrow is extremely difficult.

Recommendations: A plan should be devised for dealing with or mitigating the impact
of large oil spills in remote areas. Prevention should be the first line of defense.

Fall Ice Season

PRUDHOE BAY

Conclusions: The spill response effort in a growing ice field using currently available
equipment would only be marginally effective.

Reco'mmendations: Steps should be taken to investigate response alternatives for use
in growing ice and during break-up.
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REMOTE AIBEAS

Conclusioni~ There are virtually no effective response measures that could be taken
for a large oil spill in a remote area in the fall ice season.

Recommendations: A plan should be devised for dealing with or mitigating the impact
of large oil spills in remote areas. Again, prevention should be the first line of defense.

Shorefast Ice Season

PRUDHOE BAY

Conclusiona;, Spill recovery on shore fast ice is not easy, but generally there is a
positive trade-off in that there is more time to recover oil.

Recommendations: Steps should be taken to insure there is enough equipment
available to respond to a large spill on ice. Special attention should be given to
stocking portable open pit burners, graders, tanks, pumps capable of moving highly
viscous oil, and down hole drills to remove oil under ice and oil encapsulated in ice.

REMOTE AREAS

Conclusion~ Spill response at a drill ship during the shorefast ice season would be
the same as spill response near Prudhoe Bay except that it would be much more
difficult to get the necessary people and heavy equipment on the ice to do the job.

Recommendations: A contingency plan should be developed for transporting
equipment and personnel to remote locations for spill response during the shorefast
ice season ..

Break-Up Ice Season

PRUDHOE BAY

Conclusion~ There could be a period of from one to several weeks during break-up in
which response crews could observe the dynamic break-up of the ice and equally
dynamic movement of spilled oil and have no effective means of recovering oil.

Recommendations: Steps should be taken to investigate response alternatives
available for use during break-up.
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REMOTE AREAS

Conclusions; Remote areas would remain inaccessible to both air and surface craft,
so in~ burning using air dropped igniters is one of the few available response
options.

Recommendations; Steps should be taken to investigate response alternatives
available for use in remote areas during break-up.
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