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PREFACE o

The grounding of the supertanker Amoco Cadiz near the coast of
Brittany on March 16, 1978, resulted in the greatest single discharge
of petroleum in maritime history, with tragic consequences for the
people of France. Strong onshore winds and unusually high spring
tides (quite unlike the conditions encountered in the Argo Merchant
spill in late 1976) forced the 220,000 ton cargo of the vessel high
on the beaches and well into estuaries and marshes along 210 kilometers
of the Brittany coast. The effects of the spill, although not totally
evaluated to date, were nonetheless devastating in a region heavily
dependent on the quality of its coastline and nearshore waters for
the maintenance of an active maritime economy and way of life.

Few coastal regions of the world are immune from incidents of
this nature; lessons learned from the French experience must be immedi- o e
ately tranalated into effective national and international regulations Yy
governing the safe shipment of petroleum and other hazardous substances i
by sea. In addition, we must establish the means to deal more effec-
‘tively with incidents of this magnitude when they do occur. The French
experience, as regrettable as it was, will yield a wealth of information
on the effectiveness of various means of containment and cleanup and
improve the capability of scientists and engineers around the world to
mitigate and assess the environmental consequences af such ewl;;;ﬁ,ﬁﬁ[
the future.

The United States was fortunate to have in place a taam.ﬁf\'
Federal, state and academic scientists trained and equipj :
on short notice to marine pollutant incidents of t. 7
the cooperation of the French government, members of
able to work closely with their French counterparts t
mitigating the effects of the spill, assess the
damage, and compile information vital to futuge
in this area. ; '

This report is a preliminary U.S. con ib
the Amoco Cadiz disaster. A longer-term
clearly warranted to explore the lon
of the incident, as well as to und ratan
of natural recovery processes. Ce y
continue to support this endeavor.
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SEFI Figure 3-7. High-resolution gas chromatogram of an n-hexane solution
of mousse NOAA-13, collected about 25 km from the wreck site.
Numbers refer to n-alkanes of corresponding chain length.
(NOAA-NAT)




Figure 3-9. Gas chromatogram of the aromatic fraction of mousse
“sample #11, from the Amoco Cadiz oil spill. For peak identities
e Table 3-4. (NOAA-NAF) . . '
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From these limited data it appeared that as the mousse was rafted
over the tidal flat a relatively small amount of incorporation of oil
into the sediments occurred. As the mousse moved shoreward, the combina-
tion of decreasing water depth and increasing wave action caused more
incorporation of oil into sediments at the lower beach face. Finally,
the mousse was deposited on the top portion of the beach.

A core sample obtained at EPA-3 on March 31, 1978, was cut into a
0-5 cm and a 5-10 cm section. The concentrations of total hydrocarbons
were 25 ppm (dry weight) in the 0-5 cm section, and 48 ppm (dry weight)
in the 5-10 cm section. While gas chromatograms from the aliphatic (F-
1) and aromatic (F-2) portions of both core sections were similar (0-5
cm F-1 and F-2 chromatograms shown in Fig. 3-15), the proportions of
hydrocarbons present in the aliphatic and aromatic fractions were
different (Table 3-6). The cause of these differences is unknown, but
may have resulted from the incorporation of dispersed oil droplets from
the overlying water. The water sample obtained at the location was
tinted brown and contained 42 ppm hydrocarbon material.

The highest concentrations of oil were found in se ' les
from heavily polluted 1'Aber Wrac'h (Plate 3-6) (EPA-7) and tthuiled
marsh Ile Grande (EPA-2). At Ile Grande oil and mousse were scraped

from the sediment surface before the sample was taken. !haLIQUESt
concentration observed in sediment samples was obtained ch a
Locquirec (EPA-4). Landward of this sample location large quantities o
mousse had accumulated. Presumably this low value reflected the small
scale patchy distribution of o0il in sediments of this area.

Table 3-6 lists the n-C,/pristane and n-C _ﬁ'h . ti
lated from gas chromatograms of the sample gntniﬁtnﬂ-‘ﬂians
be utilized to determine the bacterial degra 0
present in petroleum, because bacteria degrade s
(i.e., n-heptadecane and n-octadecane) more
chain isoprenoids pristane (2, 6, 10, 14~
phytane (2, 6, 10, 14-Tetraaethy1hexades. ~ No
observed relatlng the distance from the wreck to
degradation of petroleum present in the n];
several possible explanations for this :

(1) The oil leaked from the mv.k
which resulted in different lengths of e
the sediments sampled.

(2) The spilled oil contaminated d:
from the tanker may have varied. ;

(3) Variations may have “1‘§ﬂ‘ﬂ
sediments relative to the bacterial pe
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Similar variations in degradation were observed in soil and adE < e
ments taken on a vertical transect up a cliff at 1 Aber Blaait iiggn_.:if“”~.
structed gas chromatograms obtained from theualiph“tic.aﬁd'aron;tigm'm : e
fractions of these samples are shown in Figs. 3P16'and 3-17. .Théie
figures show that relatively low levels of aliphatic and aromatic
hydrocarbons were found in the soil sample taken above the high water
mark on the face of the cliff. The chromatograms of this SHﬁple'Hiré e
not similar to those obtained for contaminated samples, indicating that
the oil did not impact this soil. Chromatograms obtained from sediments
taken 30 cm below the high water mark and at ok Rins Qf-tﬁe CIiff ot
showed the presence of petroleum hydrocarbons in the aliphatic and B
aromatic fractions. Comparisons of these chromatograms indicated that
the oil in the sediments at the cliff base was more weathered than the
oil from sediments on the face of the cliff. The increased weathering
is shown in the chromatograms of sediments at the cliff
crease in the peak heights of n-Cy; and n-C;5 relative to
noids, pristane and phytane, in the aliphatic fraction, ar
in resolved vs. unresolved components in the a ‘ ;

of oil from the wreck, the length of time tha
these samples may have been different. se

Fig. 3-18 shows a three-dimensional pl
selected aromatics in these cliff samples.
that concentrations of these aromatics wer
the upper cliff soil sample, and shows the
these aromatics on the cliff face and in
base.

3.3.3 Photochemical Processes

Figure 3-19 shows the high-resc
methanol fractions from AMC-12, A
Arabian crude oil), and AMP-C (nonp
The presence of a complex unres
control sample and the two envir
significant hump in the unphoto!
evidence for photo-oxidation pro
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Gas chromatograms of hydrocarbons extracted from water taken near
the shoal area were similar to chromatograms of the reference mousse
(Figs. 3-5, 3-28, 3-29). Alkanes from n-C;q to nfC30, pristane, phy-
tane, and many other less prominent branched/cyclic and aromatic hydro-
carbons were detected in the water samples. As would be expected some
weathering was apparent, particularly the loss of volatiles. In the
unfractionated reference mousse sample, n-C;; was the most abundant
normal alkane. In the water, n-C,7 was usually the most abundant.
Microbial degradation removes normal (straight-chain) alkanes in prefer-
ence to branched alkanes, such as pristane and phytane. In the unfrac-
tionated reference mousse, the n-C;;/pristane and n-C;g/phytane ratios
were between 2 and 3, while in water samples the ratios were 1 or less,
indicating the possibility of microbial degradation of middle-molecular-
weight n-alkanes. The peaks in the region of the mono-, di-, and tri-
methyl naphthalenes were also enriched compared to the normal alkanes in
the water samples, consistent with their greater water solubility and
greater resistance to degradation. Samples taken in the shoal area on
all three cruises were similar, but displayed varying amounts of weath-

ering because fresh oil was still being released from the wreck during
the sampling period.

Water samples taken upstream of the shoal area contained a much
lower GC pattern of hydrocarbons, but were obviously more contaminated
than any offshore station except that near the wreck site (Fig. 3-30).

Analysis of 0il in Subsurface Water Off the North Coast of Brittany

From March 30 to April 4, 1978, the French research vessel Le
Suroit (Southwest Wind) occupied 46 stations (Plate 3-2, Fig. 3-31).
French scientists conducted extensive sampling for measurements of
subsurface oil in water, as well as for standard chemical and biological
parameters (Plates 3-3 and 3-4). At the invitation of Dr. Michel Mar-
chand of the Centre Oceanologique de Bretagne, NOAA personnel partici-
pated in the cruise. At nine of these stations, near-surface and near-
bottom samples were collected with the Niskin sterile bag sampler (Plate
3-5). Samples were transferred immediately upon retrieval to hexane-
washed glass jugs with Teflon-lined caps. Extraction of the water with
hexane was performed upon return to the shore laboratory. The extracts

were analyzed by both UV-fluorescence and glass capillary gas chromatog-
raphy.

This cruise was conducted two weeks after the wreck occurred and
several days after the bulk of the oil had leaked from the ship. Thus,
the concentrations reported here may not represent the maximum values
attained at the height of the spill. Background values are taken as 0

to 2 ppb as determined by UV-fluorescence on water from station 16
(Table 3-10).
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ick. or globular oil, was present at stations [
3, 6 s:ziagg.mogzzzé :i:ti;ns a%so showed high concentrations of oil (9
t; 96 ppb by UVF) at 2 m depth. Surface oil was absent at the other
stations and the concentration at the 2 m dep?h was lower (0 to 3 ppb by
UVF), essentially at background levels. , Stations ? and 3 were reoccu-
pied as stations 37 and 39 near the end of the cruise (April 3). Con-
centrations observed at this later time were near background levels,'
All oil had leaked from the ship by this time and the water column did
not contain residual hydrocarbons.

Except at station 1 (37), near-bottom samples contained greater
hydrocarbon concentrations than at 2 m depth, even when floating oil was
observed at the surface. The highest offshore concentration was 140 ppb
at 65 m depth at station 29. The role of dispersants and sinking agents
used to counteract the oil spill must be clarified with regard to the
observed increase in hydrocarbon concentration with depth.

Gas chromatographic data reflect the relative UV-fluorescence data.
The chromatogram of station 1, 2 m (90 ppb) contains n-C,, to n-C3o n-
alkanes, pristane, and phytane (Fig. 3-32). At station 9, the 2 m
sample (3.4 ppb) contains nothing that can be attributed to the oil

(Fig. 3-33) while the 70 m sample (16 ppb) has elevated concentrations
of a few peaks which bear a resemblance to the station 1 sample.

Analysis of 0il in Interstitial Water from Beaches

Interstitial and ground water samples were obtained by digging a
hole in the beach, placing a closed sampling container in the hole
allowing the hole to fill with w :

: ater, and opening the sampling container.
The cap of the container was then replaced before the container and

sample were withdrawn. Fig. 3-18 shows a three-dimensional plot of the
concentration of selected aromatics in samples of round .
from AMC-1, AMC-3, and AMC-17. Almos =8 water obtained

samples. Table 3-11 lists the concentrations found ip interstitial

water samples and in surf samples obtained at EPA-4 ang -
27, 1978. The chromatograms of the samples from i 125,00 Yarch

the i ez
and the surf were quite similar at EPA-4, The chronatzziiizlﬁial ?a:er_
stitial and surf water samples from EPA-5 showed Some differe = ?g'er
3-34), but the presence of oil was evident. nces (Fig.

The finding of petroleum hydrocarbons in interstit
EPA sample sites contrasts with the absence o
water samples analyzed by UNO-CBS. This discrepancy pa :
differences in sample locations, sample size, or dzzectgozflgzylalned by
analytical instrumentation, but is believed to result frop dif;ts of
in the types of water sampled. The EPA samples were taken withf:rences
meters of the shoreward limit of the surf zone and representeq in 30
stitial water at that location. The UNO-CBS samples were.obtailnteF-
areas higher on the beach and probably represented an inpyt froned in
water from natural aquifers. +0m ground

; ial water at the
f oil aromatics jip ground
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Analysis of 0il in Water Taken from Beach Surf

One subsurface water sample was collected from a'calm surf west of
the mouth of 1'Aber Benoit (EPA-3, see Fig. 3-1). This sample contained
an exceptionally high concentration of oil, 42 mg/1 (42 ppm): The water
itself had a brown coloration believed to be the result of oil droplets
dispersed in the water. The calmness of the surf and the ab§ence of
visible surface mousse indicated that entrainment of mousse into the
water column was not occurring at the time of sample collection. One
could speculate that the extensive use of dispersants in offshore areas
resulted in this finely dispersed oil.

Table 3-11. 011 in surf water and beach ground water!

3 S Date n'C17/ n'Clg/
Station Description collected Conc(ppm) pristane phytane
NOAA-16  Reference mousse 26 Mar 78 - 3.3 2.3

EPA-3 Subsurface water 31 Mar 78 42.0

0.4 0.3
from surf zone
EPA-4 Locquirec, inter- 27 Apr 78 0.3 3.0 > 1.8
stitial water '
EPA-4 Locquirec, surf 27 Apr 78 0.9 2.4 1.7
water :
EPA-4 Locquirec, tide 6 Apr 78 0.2 3.3 i
EPA-5 St. Efflam, in- 27 Apr 78 3.0 10 1.3
terstitial water g ;
EPA-5 St. Efflam, surf 17 Mar 78 0.6 1.8 0.9

lAnalysis by EPA-ERLN

A comparison of the chromatogram from this water sample
obtained from the reference mousse sample collected on March 2¢ 1978
shown in Fig. 3-35. The mousse sample shows a series of Normay
(n-alkanes) from n-Cg to n-Cgo. In addition to the n-alkaneg
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4.2 Introduction

The objectives of the work discussed in this chapter are to dg-
scribe the influence of beach processes and sedimentation on thg disper-
sal, grounding, burial, and long-term fate of the Amoco Cadiz oil.

These observations should provide valuable insights for coastal zone
managers in the United States concerned with contingency planning for
oil spills. This is true especially with regard to understanding the
vulnerability of different coastal environments to oil spill impacts, as
well as to planning for the availability of equipment and manpower
needed for shore protection and clean-up in the event of a major spill.

In order to achieve these objectives, a program of field studies
was begun on Sunday, March 19, 1978, three days after the initial wreck
of the tanker. In total, 15 days were spent in the field during the
- first visit. The first field crew consisted of Miles 0. Hayes, Erich R.

Gundlach, and R. Craig Shipp of the U. of South Carolina (under contract
to the Research Planning Institute, Inc. (RPI) of Columbia, South
Carolina, U.S.A.). Also, Laurent D'Ozouville of the Centre Oceano-
logique de Bretagne (COB) participated in several days of field activ-

ities. The site was revisited between April 20 and April 28, 1978, by
Gundlach and Kenneth Finkelstein of RPI.

Dr. D'Ozouville again partici-
pated in each day of the field work. -

In the field, our work consisted of overflights and intensive
ground inspection and surveys of the entire affected area.
of description, the study area is divided into 11 sections. Descrip-
tions of 19 permanent beach survey stations and 147 beach observation
stations (Fig. 4-1) are given under the discussion of each of the 11
sections (below). Extensive photography was carried out, with approxi-
mately 3,000 photographs being taken on the first trip and approximately
1,200 on the second. Thirty-five representative color p

hotographs that
illustrate the beach processes are given in Plates 4-1 through 4-33
(Appendix B).

For purposes
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; much of the oil on the tidal flat was gone. However,
the 12.&?;:::%5;“& remained oiled. An estimated 10 tons of oil
remained (Table 4-12). Figure 4-42 and Plate 4-33 show the extent of
the surface oiling. A hard, sandy gravel substrate prevented deep
pmeﬁntiu’u of the oil. The walkway and park above the beach had re-
ceived heavy oiling due to overwash by large, mousse-laden waves on
March 24. Over 3 cm of oil was on the walkway at that time (Fig. 4-43).

By the first of April, little oil remained on the beach face. &
minor amount was found buried by pebbles along the upper beach face.
The walkway was cleared of oil, but the park was still blackened, By
April 25, the park had been restored. Only the lightly stained cobbles
and blackened sea wall (which was being cleaned with pressurized steam)
remained as evidence of the spill. We estimated that less than 0.4 ton
of oil remained in this particular area on April 25(Table 4-12).

Station AMC-7. This station is located within the jetties at
Roscoff harbor (Fig. 4-44). The site is pictured in the background of
Plate 5-17A. 1t is a small medium-sand beach bounded on both sides by
large rocks. A fine-sand tidal flat is located seaward of the beach,

while in back is a high seawall. Sediment data are presented in Table
4-11. ]

Figure 4-43. More tha
station AMC-8 in Rosc
was also heavily oiled.
april 1. The park was

Our observations indicate that the heaviest accumulations of mousse
arrived in Roscoff on March 20. On March 24, there was heavy oil
coverage over most of the intertidal area at low tide (see our survey of
that day, Fig. 4-45). Only where the ground water rills cropped out on
the beachface did oil co rage red (to 70%). Some oil was also found
buried. Returning the next day (two ‘tidal cycles later), 60%-70% of the
0il in the | ad be oved. Comparing the two beach profiles
presented in Figure 4-46, it can be seen that a lirg,g amount of material
had heen llxé!d from the beachface. In total, 23 ¥ of sediment per 1m
width of beach had been removed during the night, High wave ;ct_]'_vit_y
brought about by a low pressure storm and near spring tides combined to
create the new beach profile. P .
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Table 4-13 (continued)
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e R T ¥5.00 20 cm across the entire beach face,
DUSTANCE M

Summary

The most striking observation in this area was the tremendous
biological damage at the sand flat at St Michel-en-Greve, even though
it was located 87 km from the wreck, Also, the technique used to clean
the heavily oiled gravel beaches may have applicability in New England
and Alaska where similar beaches are prevalent, should oil spills occur
in those areas. :

4.9.9 Section IX--Ile Grande area

This section is one of the more important ones, because it includes
2 heavily impacted marsh area (Figs. 4-56 and 4-57). The general
orientation of this shoreline is northeast-southwest, A large sandflat
with scattered bedrock outcrops makes up most of the area, Except for
the outer beaches of Tle Grande, the area 15 exposed to very little wave
action. On a large scale map, it can be seen that this entire area
protrudes out from the general shoreline trend (Fig. 4-1) making it a
perfect interception point for the oil that bypassed Roscoff. Descrip-
tions of the study sites are given in Table e

0il act










Table 4-17A. Grain size data for station AMC-18 in Section IX
(Ile Grande marsh).

sample  Graphic Mean  Size Class'  Skewness Standard Deviatign?

AMC-18A 4.613 LS -0.295 1.863 (vps)
AMC-188 2.100 FS -0.134 0.934 (Ms)
L 2

Size Class Sorting

CS = coarse silt

FS = fine sand

VPS = very poorly sorted
M5 = moderately sorted

Table 4-178. Calculations of ofl quantity at AMC-18 during first
(March 19-April 2) and second (April 20-28) study periods.

: 011 Present 041 Present
‘Station Number Date {meticte nain) Date leatrts oau) % Change

AMC-18 29 Mar 7400 25 Apr 2761.8 £3.00

(station AMC-18), we found an average oil layer of 4 mm
‘the bottom sediments and grasses. We calculated the oil
time on the following basis:

mostly coating
tonnage at this

Q) 20% of the original ciling (3 cm) remained the : ide, wi
g?i% being lightly niledha ma) 5 o RICTh Xide, With

(2) 5 cm oiling at F-135; and

(3) 10% of the original 1 cm oiling on the tidal flat.

On the basis of these assumptions, we estimate t]T-, D et vt e riantor
Apri Thi

©il remained in the Ile Grande marsh area on April 2. is is a 63%
reduction from our estimate for March 29 (before cleanup). gt
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ng and driving over the marsh may have

Iy questions usually raised during an oil spill are
' and "How did it change?". In a very basic . |
questions, we have made extrapolations from our
the entire oil-affected coastline, This

28 were generally limited to beaches. Thus, extrapo-
‘rocky areas may not be valid. -
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Table 4-24. S data c
estimated total quant

rning shareline coverage by ail
or study sessions one and two.

Session one (19 ar - 2 Apr)

Session two (20 - 28 Apr)

iz

72

63,828 m tons

Total reduction between sessions = 834

180

=
213
393

11080 m tons
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5.1 General Field Observations

5.1.1. Impact on Intertidal Communities

The portion of the Brittany coast impacted by the oil spill com-
sists of diverse ecological habitats and biological communities, includ-
ing exposed sandy beaches, rocky headlands, protected bays, estuaries,
‘and marshes. Biological communities in all these habitats were e
jected to stress by the oil. j

As discussed in_ the p—tn'viwu :hqgter shorelines facing westward
et



f freshly killed or moribund organisms was
Appendix), the most notable of which was Arenic
latiin ‘Several individuals of this species were observed extending

part-w t of t.lw ~sand, yet Arglucola has been generally shm to be

m acute situation at Corn ar Gazel may have been related to the
of di'nmsam:a smce the milky color of the water could have
ified oil. This milky water was very
5 than one-half kilometer to the west
ater, and relatively few dead organisms were
possible that the milky water came from
the French Navy were actively discharging dis-
were also used by clean-up crews along the
clean-up crew was observed using dispersants
lky color that could still be seen
crews llxo had been uuking on the
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rsants in coastal waters accelerated the dissolution

of the oil, Whatever the cause, oil was effectivel;

in the Bay of Lannion; large numbers of dead

x depth during cruises of the CNEXO/COR ;

ples of sediment from this same area had extremely
s of total hydrocarbons (Dr. L. Laubier, personal

f polychaete tubes on the beach may have been cau
s rather than by toxicity. The tubes appeared
orn with the top portion being transported to.
occurrence can be more easily explained as resulting
wave action that pounded the coast following the wreck
effects of the oil. We would not expect the latter
t in the breaking of the parchment-like tubes, "

te of proposed long-term studi
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5.1.3 Potential Impact On Coastal Fisheries

: on of the Brittany coast impacted by the oil spill
of both tn&iﬁml and developing fisheries. Like most coastal f
:‘ﬁu ‘they are very diverse and the effect of the o0il on them wil
ies-specific. The full impact may never be known. The nature of
be uplex and will vary from short-term impacts on p

ability to fishermen to potential chronic effec
n, the future marketability of coastal fi ish
evels Q'E'hyd;o_c bons is not known. In

; ove




L. A small scallop fishery (about 100 metri,
ted in the Bay of Morlaix and could be

Biological Station have observed mousse on
of Morlaix. This could affect either the scallog
could interfere with fishing for them.

es of crab are fished in the impacted area, I:am-,e;;
_--sgnimdn (spider crab). As with the other Fish

ess effects. Spider crabs were in pr

stal waters when the spill occurred

off the Bay of Morlaix, my
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uth Africa, Braz
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Intertidal communities on coastlines facing west, as well as the
Aber- t e and Rulosquet marsh near Ile Grande, were severely
impacted by the petroleum. The effects were maximized by spring
which occurred just after the wreck. Massive mortalities of interti
communities occurred near St. Efflam and at Rulosquet marsh over a

} short time (a few days) whereas mortalities of other pop-
bserved to occur more gradually (over several weeks),
Populations ertidal crabs, nereid worms, bivalve molluscs and
limpets ‘much more acutely affected by the spill than was the
ding chaete Arenicola. For epifauna, mortality appe:
cal coating by the oil. The dissolved fract
i stitial water was probably the p
of infauna. Acute effects gene
ed macroalgae although some evidence ob
indicated that the fertilization process of







APPENDTX, CH. 5
ONSHORE SURVEY OF MACROBENTHOS

Jeffrey L. Hyland*

survey was conducted March 27 to March 31,
t ast from Argenton east to Ile Gra



the substrate. The list includes only the obvious species that were
large enough to recognize and enu ate in the field, and is therefore
exclusive of the mller organisms, particularly lnph:pods and small
gastropods, associated with microhabitats. Limpets (Patella vulgata)
and periwinkles (Littorina obtusata and L. littorea) were were the most
numerous. Other species included the snstroped, Gibbula mbilicnlm*_
the chiton Lepidochitona cinereus; the tube dwelling pelm;_""
Spirorbis borealis; and the e barnacle, Elminius modestus.

Table 5A-1. Species list for rocky intertidal quadrats at Roscoff.

Species Quadrats (no.'s per 0.25 m*}
i 3 4 5

occasional
calcareaus

quadrats w
included
ostoma ZiZ
Close exa
thick coat




These same rocky intertidal species were similarly affected a
Cornish coasts in 1967 after exposure to a mixture of detergents i s
crude oil spilled from the Torrey Canyon (Smith, 1968; Nelson-Smith,
1968a). However, in contrast to Smith's account that oil alone had
caused little harm to shore life, effects on rocky intertidal organi
‘were observed in an area where detergents were allegedly not used pri,
to sampling. ;

Mussels, Hytilus edulis, were not observed on the rocks at Ro 5
However, dense populations w y equently at Locquirec (EPA

station 4). The mussels were o yet they appeared unharmed at that
time.




Since such large numbers of organisms were found still living
within the sediments at the time of sampling on March 29, it appeared
that up to this time many of the infaunal species had escaped initia]
impact. Perhaps the surrounding sediment provided a blanket of Protec-
tion against immediate impact, whereas rocky intertidal organisms suc=
cumbed to the effects of direct physical contact with heavy oil slicks.
These infaunal species are nonetheless considered at risk in view of
several observations including the visible levels of sediment and gre
water contamination throughout the study area, and the observed death o
member organisms (e.g., cockles, clams, and polychaetes) in the immedi-
ate vicinity. Subsequent surveys of neighboring localities (e.g. z
St. Michel-en-Greve four days later) revealed massive kills of infauna,
particularly heart urchins (Echinocardium cordatum) and razor clams i
(Pharus legumen and Ensis siliqua). Dead urchins and razor clams we:
similarly reported along the Cornish coast after the Torrey Canyon spill
(Smith, 1968). Also, impact spills on soft-bottom intertida [
communities has been reported el where by Hamp and Sanders (1
Thomas (1973), and Bender et al. (1974).

A striking

ervation was that of reproductively active poly-
; samples. Perinereis cultrifera was
sta and other polychaetes including P
a, Nephtys hombergii were carrying nus
sible that adult mortality at such a sexuall
have an effect on the recruitment of young,
cal distribution of species f
known to be extremely sensi




Intertidal Sand Beach at Corn ar Gazel

Station 3 was situated on a high energy, ocean-exposed sandy beach, 1
located approximately 500 m N.W. of the small town of Corn ar Gazel ]
6 km S.E. of the wreck site. The beach was apparently once well coated
with oil, since at the time of sampling on March 31 occasional stains
and droplets were still visible both on the surface and at depth in the
sediment. Also, grass growing on the sides of the steep dunes still
showed traces of oil. For the most part, though, the waves and tides
effectively removed the bulk of surface oil From the beachface. On the
other hand, seaward the oil was still heavily concentrated and appeared
as an oil-in-water emulsion throughout the water column. Nearby boul-
ders located just offshore were still heavily oiled.

Toxicity was apparent. The jetsam line was litt 1
number of dead and moribund organisms, many of which revealed wisible
quantities of oil. Species included the edible crab, Cancer
unidentified fish; the lugworm, Arenicola marina;
thuroidean (sea cucumber); the gastropods, Patella sp., Calliostoma

h , Gibbula cineraria, and G. umbilicalis; and the bivalves
losinia exoleta, Venerupis pullastra, and Venus verrucosa (Fig. 5A-3).
Some of these washed up from the neighboring rocks (e.g., Patella and
Gibbula); others arrived from the soft-bottom intertidal and subtidal
areas. 0il was also lethal to or

ered with a large

Pagurus; an
an unidentified Holo-

: ganisms living higher up on the shore.
For le, Eric Gundlach observed on a similar beach 5 km west theu-
sands | Talitrus saltator, which normally live am
the de

sited jetsam. Many of these specie

e deposi Lear - th cies were similarly affected
after the Torrey Canyon spill (Smith, 1968)

Table 5A-2 reveals the results of the quantitative sampling of
There were no apparent patterns in the distribution of species
istations and variation was most likel

: y attributable to normal
I]htchinen In general, values for the number of species,

richness were between those observed at the two
~for J' for all three substations were pa




Dead and moribund organisms were observed at all stations and
i,nrzluded limpets (Patella vulgata), periwinkl 3 i
) shells Zﬁﬂx‘bula clnemunai G

zizyphinum), cockles [§
%a;, polychaetes (Nereis dﬂemitmlnri
maenus) at Roscoff; polychaetes (Nereis d
marina), cockles (Cardium edule) and gr green crab a
_E__E’.&ae and .ﬂr abs rus mﬁm-




Michael, 4. D,, C. R. Van Raalte, and L. S. Brown, (1975):
effects, of an oil spill at West Falmouth, Mass. In Proc - of
Conference on Prevention and Control of 0il Pollution, San Fran-
cisco, Calif. March 25-27, 1975, API, EPA, USCG, pp. 573-582
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Table 6-1. (continued)

e

Section Beach i Topographic Map

No. Name Nearest City Name (1/50,000)

—_—-___‘——-__

E70 Ker Maria Plougasnou : Plestin les-Graves

E71 Kerdrein St. Jean-du-Doigt i

E72 Beg an Fry Kervourc'h "

E73 les Charrues Poul Roqou . "

E74 le Moulin de la Rive le Mog11n de la Rive 1

E75 Roches d'Argent Locquirec "

E76 Rocher Rouge St. Efflam N

E77 Gréve de St. Michel St. Michel-en-Grave "

E78 an Treuzec Trédrez Lannion

E79 Malabri Kerguerven 3

E80 Plage de Notigou Locquémeau i

E81 Plage de Porz Mabo Beg-Leguer |

£82 Plage de Tresmeur Trébeurden "

E83 Plage de Porz Terman Crec'h Héry :

E84 Goaz-Trez Kerhellén Perros-Guirec
No. 5-6

E85 Rulosquet Dourlin i

EBE Ile 3 Canton Dourlin i

EB7 Carr Dourlin i

Ess Pointe de Toul-ar-Staon Dourlin "

E8S le Corbeau Porz Gélin it

ES0 Ile Mouton Penvern i

E91 Ile d'Erc'h Kerénoc 4

£92 1le Plate Landrellec :

E93 1le Jaouen Bringuiller i

ES4 Ile Tanguy Bringuiller A

ES95 Kerlavos Kerlavos .

E96 Haren "

ES7 la Gréve Blanche 1a Gréve Blanche "

E98 Ile Ronde la Gréve Blanche "

ES9 Beg ar Vir Ile Renote "

E100 Ste. Anne Ste. Anne o

Eig% :1|ge de Trestraou Perros-Guirec L

| nse de Perros St. Quay-Perros 0s-Guirec

E103 Feu de Nanthouar Tré]gvein ret " .

E104 Port 1'Epine Keriec u

E105 Plage du Royau Trévou-Tréguignec "

E106 Anse de Pellinec Penvénan "

E107 Anse de Gouermel Ralévy "

E108 Baie d'Enfer Kerbors Tréguier

E109 Port la Chaine Pleubian i

Sillon de Talbert Lanmodez "

Prat Léac'h-Kerros Kerros Plouarzel-Ile
w2 i Portsall d Oueﬁsnnt
w3 Kerdeniel Portsall "

Wa Mon Repos Portsall Il
W5 Portsall Portsall W
Wé Barr al Lann Barr al Lann "
W7 Barr al Lann Barr al Lann "
wa Amer Amer "
W9 hﬂ ar Galéti Trémazan 2 "
W10 Beg ar Manac'h Trémazan "
Wil $t. Samson 5t. Samson "
Wiz Pointe de Landunvez , Kerhoazoc "
W13 Kerl : Landunvez "
Wl4 Penfoul Landunvez i
W15 St. Gonvel Argenton u
Wi6 St. Gonvel "
g‘r st. noma e : mm "
W Pre squ e du vier H‘m "
w19 Presqu'fle St. Laurent Porspoder “
W20 Melgorn Bihan Porspoder "
w21 Me Braz Porspoder "
w22 Rad Porspoder "
w23 . Porspoder "
w2 o sl Porspoder .
w25 Mazou Porspoder "
w26 Prat ar Men Porspoder »
w27 Ile de Melon Porspoder "
wzs Mentiby Lanildut "
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The fourth phase of cleanup is the collection of floating o4} from
the surface of the water in locations where pumping and vacu

; , UM equipment
can be used. Specific examples of this were in the Portsall ang Roscoff
areas.

The fifth phase is removal of stranded oil. In the Amoco Cadiz
case, the priority that apparently was established was to remove stranded
0oil first from those areas with highest population or with h

igh-use
resort beaches. The first phase of the removal involved col

lection ang
pumping of the oil from the beach. This was accomplished by tactics
such as the trenching and the digging of pits on the St. Michel-en-

Greve beach, and the use of natural pockets and low points in other
beaches. The removal of stranded oil also included washing down stone

breakwaters and rip-rap areas that had been coated with water, and
flushing the oil either into trenches or behind sand dikes.

Several marsh areas were affected in varying degrees.
marsh in the Ile Grande area was almost entirely covered with oil 2 to

8 inches deep. The only course available to avoid the extended damage
as seen in the Espora marshes imp

acted by the Metula spill in the Straits
of Magellan was to remove the oil. Less oiled marshes observed near the
Baie de Kernec and near Gréve de Goulven were probably best left alone
since removal of oiled vegetation

would probably cause more harm than
the moderate oiling.

A large

A sixth phase of the Strategy is to remove oil-contaminated materi-
als. This includes removing oiled seaweed from rock
beaches, and oiled detritus of all sorts. The collected material is now

low in oil content, but bulky and difficult to handle. Ultimate dis-
posal of this material is a major problem.

, oiled sand from

A seventh phase of the strategy is to handle the collected mousse
and detritus material for recovery or ultimate disposal.

6.5 Specific Cleanup Operations

A major activity of the Texas ASM team was to document the cleanup
activities. During a series of visits to the cleanup site during 5 of
the first 6 weeks following the spill, operations were observed visually
and extensive photographs and 8-mm movies were taken. During the second
project trip from April 15 through April 30, 1978, survey forms were
filled out on the beaches at the time cleanup ope

rations were observed.
A copy of the form is shown as Fig. 6-9,

We believe that the most important part of the cleanup of this
particular spill took place ashore where the ?il was stranded against or
on the beaches and rocky shoreline. Seven unit-proce

; ss diagrams (Figs.
6-10 through 6-16) document cleanup operations on shore and serve as a

250




































c it takes to clean up the spill,










U.S. team conducts helicopter overfligh
uﬂmm-bngdhwsh and estuarine
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1-3. The Amoco Cadiz wreck is only about 2 km ¢
This section of the coast could experience
frequent storms at this time of year.

heavy Wave ICLivily and



t

CHANNEL 1SL.ANDS

1-4. Map of the northwest section of France.

1-5. The town of Portsall in Brittany. '3¥:ﬁj“‘




1-6. Beach near Portsall

This area has been heavily oiled repeatedly.

about 2 km east of the wreck on April 2,

There has been a
is visible in

large effort to clean up this beach. The wreck
the background.

1-7. A beach about 2 km west of Portsall on April 2. This beach has
received very little oil because it is west of the wreck,

P-4



' mousse concentration in deep water
‘under moderate wind conditions.




2-2.

Mousse and sheen distribution in offshore

region under strong wind conditions (40 kn). G e e

Le Suroit cruise.



2-4. TFrothy form of mousse seen in surf zone.

2-5. Pool of mousse accumulating along shore line.



8-d

2-6.

Stream of oil moving downwind between rocks.

A f

0il moving in along-shore drift being fed
by wind-blown sheen and mousse from offshore.



overflowing a small bay and &

2-8, 0il concentration
along-shore drift.




2-10. Significant amounts of mousse being washed, or refloated off rock
during flood tide.




ation of mousse samples into oil and water in the laboratory.

3-2. The French research ship Le Suroit loading equipment in P
tion for chemistry cruise.




Zl-d

=3

Taking water samples for chemistry analysis
using niskin bottles.

3-4.

Dr. Marchand of COB carrying out hydrocarbon
extractions and UV fluorescence scans on
board Le Suroit.



3-5. Sterile bag Butterfly sampler suspended from a float ring ready
take subsurface water sample.

ment samples in 1'Aber Wrac'h.

3-6. Dr. Calder taking sedi




3-7. Detergents being used on rocks at Santec.

P-14



Heavily oiled marsh behind
heavily impacted salt mars
were carried out in the ma

Ile Grande (AMC-1
h in the study are
rsh area left of t

P=-15

8). This was the most
a. Detailed studies
he bridge. (30 March 1978)




91-d

4-2.

Oiled marsh grasses and dead polychaete
worms within a mousse pool on the surface
of the marsh at Ile Grande (AMC-18). The
pool is 15-20 cm deep. (2 April 1978)

Mousse in tidal creek at Ile Grande marsh.
Photograph was taken at low tide. The
mousse flow is caused by late stage drain-
age of the marsh. (2 April 1978)



Pits were dug in
0il was

eve on 2 ‘April- 1978.
ed into them with rakes.

ks and hauled to disposal sites.

4-4. Pitted beach at St. Michel-en-Gr
order that the mousseé could be scrap

then pumped into tan

4-5. Clean-up in progress at St. Michel-en-Greve (F-55). Filling the pits
with mousse in this manner undoubtedly accelerated the rate of pollu-
tion of the ground water under the beach.

P=17
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4-6. Dead heart urchins on intertidal surface at St. Michel-en-Greve on 2
April 1978. The urchins, which floated freely on the water's surface,
were distributed evenly over the intertidal zone as the tide receded.

4-7. Clam accumulation at high tide swash line at St. Michel-en-Greve on
2 April 1978. These clams, which were rolled along the bottom by
wave-generated currents, were deposited at the middle level of swash
action at high tide.

P-18



4-8., Front-end loader scooping sand at Les Dunes-West (AMC-5). Im this
s being removed from the beach,

42 considerable amount of sand 1
1d be avoided if at all possible. (31 March 1978)

case,
a practice that shou

A
A
- A

(AMC-2). (20 March 1978)

4-9. Deployment of skimmer at Portsall

P-19



10. Heavily oiled beach and low-tide terrace near Roscoff. Linear pattern
perpendicular to beach is caused by ground water runoff. (21 March 1978)

4-11. Heavily oiled beach near Ile Grande. Note presence of mousse in the
surf (low-tide photograph). This mousse moved back and forth across
the beach with each change of the tide. (30 March 1978)

P-20



4-12.. Oz swash lines on beach near Kerlouan (F-47) . This beach resembles
the coarse-sand beaches on Cape Cod. (27 March 1978)

4-13. Oiled beach at St. Michel-en-Greve (AMC-IS). The heavily oiled gravel
and rocks at the spring high tide level will prove to be very difficult
to clean. (28 March 1978)

P-21



4-14. Heavily oiled gravel beach at Pointe de Sehar (AMC-16). This

gravel beach resembles
(28 March 1978)

steep
many gravel beaches in New England and Alaska.

4-15. Mousse on gravel beach at Pointe de Sehar (AMC-16). (28 March 1978)




nnec (AMC-13). Shovel sits in oil-

ach at Roc'h Quele
(27 March 1978)

4-16. Heavily oiled be
1 beside boulder.

filled scour poo

Note oil accumulation along
(27 March 1978)

'h Quelennec (AMC-13) .

4-17. Oiled rocks at Roc

bedding surfaces in the rocks.

P-23
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4-18. Oiled marsh near Pellinic (F-70). (29 March 1978)







4-20. Crenulate bays. There are several bays of this type in the oiled
area,




it=d

These sand spits develop in the lee of
f wave refraction around the islands.

bo o mear 1'Aber Wrac'h.

pffshore islands as a result o
(3 April 1978)



Granite blocks in
inantly erosional,
as the shoreline re
the coast of Maine.

intertidal zone at Coz Porz. The coast is predom-
a process which leaves these granite blocks exposed
treats. This area is similar in many respects to
(28 March 1978)

Dune scarp at Les Dunes-West (AMC-5).
rare, occurring primarily at the mouths of streams,

Dune areas of this type are

(31 March 1978)

P-28
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4=24.

Dead amphipods at high tide swash line
units are 1 cm. (31 March 1978)

at Les Dunes-Center.

Scale



LV

=25. Accumulation of dead cockles at the toe of the beach face at St.
The dead cockles were rolled up and down the beach at hi

nally accumulating at the toe of the beach as the Lide r
(26 March 1978)

Cava.
gh tide, fi-
eceded.

P=30
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upper portion of the beach at Cough ar Zac'h (AMC-9)
0il layers to depths of 10-15 cm below the sur-

(1 April 1978)




4-27. Heavy mousse in surf at Tremazan (F-1) on 20 March 1978.

The mousse
was gone and the rocks were clean on 31 March 1978.

4~28. Mousse being kept offshore from rock
Roscoff. (30 March 1978)

y areas by reflected waves,

Near

P-32



The entire upper
(29 March 1978)

4-29. Boom on sand flat (at low tide) near Kerenoc (F-75).

portion of the flat was heavily oiled.

P33




4-30.

4-31.

0il (sheens) streaming through the 0il boom at the mouth of 1°

Wrac'h. (21 March 1978)

Heavily oiled beach at Port la Chaine (AMC-17).

P-34
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(29 March 1978)

\ber



4-32. Oiled tidal flats at east Roscoff (aMc-8). (21 March

n 6 near Roscoff on March 24.

4-33. 0il on gravel beach at statio




Petroleum in "mousse" form mixing with attached seaweeds in rocky

intertidal area near Roscoff (March 29, 1978).

Recently emerged cockle (Cerastroderma Sp.) in moribund stage
near Roscoff (March 29, 1978).

P-36




intertidal limpets (Patella sp.) near Roscoff (March 29, 1978).

eaten by seagull near Roscoff

5-4. Remains of limpet recently
(March 29, 1978).




9=5. 0il in Pericardi
limpets are on s
over by scientis

um of limpets near Roscoff.
and at base of rock,

t (April 1, 1978).

Two recently kil
Limpet on rock was turned

5=6. Nereid worm emerging
(April 6, 1978).

from sand on beach near St. Efflanm

P-38



5-7. Dead crab in heavily oiled marsh near Ile Grande (March 30, 1978).

5-8. Nereid worms seeking refuge in small pool of water Sﬂrrom&ed by aal
in marsh near Ile Grande (March 30, 1978). ' o

P-39 e




5-10. Wind rows of subtidal urchins, moll

which covered the beach from St. Efflap to St. Michel-ep-
(April 2, 1978).



p-41



5-12. The number of dead organisms was estimated from counts in seve

ral

one-square-meter quadrants (April 2, 1978).

5-13. Surface and subtidal organisms alike were impacted at St Efflam
(April 2, 1978).

P-42



at Les Sept Iles bird

5-14, Nesting gannet colomy on Rouzic Island
sanctuary near Perros-Guirec (April 2, 1978).

P-43
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5-15. Carcasses of oi ing inventoried at bird hospital in
Brest (April 16, 1978).

5~16. OQiled oyster farm bein

g cleaned near St, Pabu op Aber-Benoit
estuary (April 4, 1978).

P-44



April 1, 1978), and aerial

5-17. Oiled lobster-holding pen at Roscoff (
view.

P-45
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Inside view of one lobster-holding pen showing extent of oiling
(April 1, 1978).






5-20. Oyster racks off the Brittany

5~21. Fishing stopped near Portsall after the wreck. Many people in
the area fish part-time as a second occupation,

P-48




hat vere found up on the beach in

5-23. Some fishes and a crab t
the first few days of the spill.

the Portsall area during

P-49




6-3. A simple bucket brigade was used to dip the thick mousse from the

It was stored in the
ans until a vacuum truck could pick up the oil.

surface of the water and carry it ashore.
30-gallon garbage c

6-4. Workmen remove debris from two Acme skimme
the very few to be used to skim the oil fr

it into tank or vacuum trucks.

rs which were among
om the water and pump

P~52



6-5. Middle dunes of the beach northeast of Portsall. Soldiers working
with hand tools squeegee oil into pits where it is picked up by

suction lines from two honeywagons.

6-6. Workers scoop the oil into the loader bucket. The loader elevates
it and dumps it into an Army dumptruck (shown in the background)

for transport off the beach.

P=53



L i 3 4 5‘-.
Soldiers and a front end loader are piling up oil-soaked se:

aweed
so the oil can drain out for collection and the seaweed can be
removed for disposal.

harbor area.

This beach is just north of the Portsall

6-8. Trenches on the beach at St. Michel-en-Greve. The trenches proved
effective in collecting the o0il except where the sand surface was
heavily marked with vehicle tracks.

P-54



Pits created by a front-end loader are used as a receptacle for
0il moved across the beach with hoes and squeegees. The oil is
picked up from the pits by honeywagons for transport to interim
storage areas.

The ability of the algae at the upper intertidal level to absorb
large quantities of oil is demonstrated. It appears that the
algae become dry during low tide and are then oil-wetted by oil
on top of the incoming tide before they are water-wetted.
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6-11. A group of local seaman volunteers work to remove heavy deposits
of oil from a rocky area.

6-12. Soldiers work with small tin cans to remove oil
They then transfer the oil to successively large
transport from the rocky area.

from in among rocks.
I containers for
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6-13. Volunteer firemen wash down steps and rocky areas with detergent
solution on the beach at Perros-Guirec.

6-14. Clean-up at Portsall, 31 March 1978.
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6-15. Oiled algae are removed by hand and placed in bags for disposal.

6-16. A group of local women work with a company of soldiers to collect
0il in the marsh at Ile Grande for removal,
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0Oil/water/seaweed separation station and interim storage near
Roscoff. A lesson learned from the spill is that a large interim
storage has to be created, because the logistics train cannot
handle the large volumes of oil removed from the water and beaches.

6-18. Close-up of the separation pits shown in Fig. 6-17. Note the
use of dual pits with a screen between to separate the seaweed
from the mousse,
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6-19. A vacuum truck decants water collected along with the oil. Much

effort was lost early in the spill by failure to properly decant
tankage.

6-20. A small coastal tanker is loaded with the oil
removed from the water's surface and the beachesg,
large backlog of trucks waiting to be loaded,

/water mousse
Note the
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6-21. One of six ultimate disposal pits prepared in a clay area near
the coastal town of Tregastel. Chemical stabilization has been

considered for this material.

Close-up of material delivered to storage basins near Brest
Harbor. The plastic bags used to transport the algae and oiled
sand are a hindrance to either burning or chemical stabilization
of the residual material.
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6-23. Unemptied disposal pits were left on St. Michel-en-Greve beach.
Digging through some 4 inches of recently deposited clean sand
yielded an oil mousse layer 6 to 8 inches thick.

6-24. The result of the extensive use of mechanized equipment on St.
Michel-en-Greve beach is evident here.
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Close-up of the oiled sands at St. Michel-en-Greve. Shown are
the oiled sand at the surface and the various oiled sand layers
that have resulted from the deposition of sand and oil since the
oil first reached this spot.

N A e

6-26. In the early stages of the spill, booms were not effective. ‘
However, booms deployed later across some harbor ent and
adequately tended reduced the amount of oil enterin
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Two Cyclonet skimmers
Harbor.

6-28. A French Navy ship discharging chalk on

to patches of mousse

The
sinking agent was discouraged by man
chalk was used because the ships were equipped

Y, but
the supplies were on hand.

to usge it and




The use of plaster as an absorbent material was tried on a coarse
beach near Tregastel. Several other techniques using rubber
absorbents, peat, and other fibrous materials were also tested.

6-30.

Rocks that have been sprayed with dlsperaant ate,wind Enwed ln
the lower intertidal zone. This was done in hope that the wave
action associated with the incoming tide would wash the oil fsml _;H*f

the surface of the rocks.
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6-31 ;

Heavily oiled beach near 1’

Aber Wrac'h, 21 March 1978.
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