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1,0  ABSTRACT

Fiel d studies conducted during 1981 on the intertidal and backshore
control plots that were laid down 12 nonths previously indicate that wave
action on the exposed coast was effective in removing oil fromthe plots,
but that in the nore sheltered environment, oil was still present in
observabl e anounts on both the surface and subsurface of the intertida
plots. Cbservations conducted in Bay 11, where 15.0 niof aged crude oil
was spilled, indicate that, follow ng discharge of oil into the adjacent
nearshore waters, the oiling of the shoreline was extremely variable. The
vol umes of oil stranded on the shoreline were simlar to those that were
applied to the control and countermeasure test plots. This indicates that
the application technique used in the other phases of the shoreline
conponent were realistic and replicated the action of oil becom ng stranded
fromthe water surface. Cbservations in Bay 9, where a dispersant-water-
aged crude oil mxture was discharged, indicate that little oil was
stranded on the shoreline during or after the spill

The countermeasure control plots laid down in 1981 were effectively
reworked by wave action, so that within 40 days, 80 percent of the oil on
these control plots in the intertidal zone had been dispersed naturally.
The use of incendiary devices to burn oil on the beach surface was
attenpted on a series of test plots, but failure of the devices to ignite
the oil resulted in cancellation of this conmponent of the countermeasures
test. The use of dispersants and of a mixing technique was found to be
effective in initially reducing the volune of surface oil on the beach
sedi ments on the plots. However, after 40 days the total hydrocarbon
values from the dispersed plots and fromthe mxing plots were essentially
in the same range as those fromthe control plots. This indicates that
natural cleaning is as effective as the counternmeasure techniques during
t he open-water season, when stormwave action can rework oil that is
stranded within the intertidal zone. The solidified tests were successful
in that surface oil was encapsulated within the gel conpound. The
countermeasure experiments effectively replicated shoreline conditions that
characterize noderately exposed beaches in an arctic environment

The results of the studies that have been conducted over 2 years
indicate that on high-energy or noderate-energy exposed beaches, wave
action is effective in dispersing oil within the intertidal zone at |oading
levels that are in the order of 2 percent oil in sedinent by weight.



2.0 | NTRODUCTI ON

The 1981 Shoreline Conponent of the Baffin Island QI Spill (BIOS)
experinent involved a continuation of studies that were initiated in 1980
and a series of field experiments on shoreline spill counterneasures. The
first phase of this study was conducted at Cape Hatt during the summer of
1980, and the results of this field programme are described in a report by
Woodward-Clyde Consultants (198la). The prinary goals of Phase 11 of the
Shoreline Conponent conducted in 1981 were: (1) to continue the nonitoring
of the 1980 control plots, (2) to test selected spill counterneasures on
shoreline test plots, and (3) to monitor the oiling of the shore zone
during and subsequent to the Ragged Channel spills. An “InterimField
Report” (dated Cctober 23, 1981) was prepared to docunent in detail the
field activities conducted during 1981. This field report (Wodward-d yde
Consul tants, 1981b) should be consulted for further information concerning

the field schedule, the test-plot sanpling procedures, and the sanple
| ocat i ons.

The specific objectives of Phase Il of the BIOS Shoreline Conponent
Ver e:

« to nmonitor experimental test plots that were
established in 1980 to evaluate the persistence and
weat hering characteristics of aged crude oil and of
enul sified crude oil on shorelines of differing
wave-energy |evels,

+ to prepare test plots of aged crude oil and
emulsified crude oil for a series of nicrobial
experiments that would be conducted by the
Nor wegi an t eam

« to conduct a series of experiments using selected
count ermeasure techni ques on shoreline plots oiled
with aged crude and enulsified crude oil (the four
techniques that were selected were: aeria
igniters, chemcal dispersants, a solidifying agent,
and mechani cal mxing), and

« to monitor the distribution and character of oil
stranded on the shorelines of Ragged Channel during
and  subsequent to the nearshore dispersant
experiment.
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Each of these specific objectives was conpleted on schedule during the 1981
field season. The objective of this report is to describe and discuss the
i ndividual experimental activities and results.

The regional location of the study site is indicated on Figure 2.1,
and the specific locations of the study beaches that are described and
referred to in this report are identified on Figures 2.2 and 2.3. The 1981
test plots and experimental plots were established at the entrance to
Z-Lagoon (a location referred to informally as “Crude G| Point”), which is
identified on Figure 2. 4.
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CAPE HATT

BASIN

BaFFIN

BAY

Figure 2.1 Location of Cape Hatt,

Baffin Island,
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EcLipse soyp,
Cape Hatt

RAGGED CHANNEL

A 1980 Exposed Beach Control Site: Bay 102 - Plots H1I and H2
B. 1980 Sheltered Beach Control Site: Plots L1 and L2

¢. 1980 Backshore Control Site: Plots Tl and T2
1981 Shoreline Counterneasure Experimental and Test Plots

D. 1980 Norwegi an Backshore Control Site: Plots TEl and TE2
1981 Norwegi an Backshore Experinental Site

E. Bay 9
Bay 11
Figure 2.2 Location of study beaches. Greater detail within the area

indicated by the rectangle is provided in Figure 2,3.
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1981 Experiments
Plots

rd
1980 Control Plots

1981 Test Plots

0 500m

Figure 2.3 Location of 1981 test and experinental plots at
Crude G| Point.
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' ¢ e “chbﬂ
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Figure 2.4 View towards the southwest into Z-Lagoon. The exposed beach
site (Bay 102) is in the lower right of the photograph, and
Crude G| Point is indicated by the arrow (30 July 1979).



3.0 I NTERTI DAL AND BACKSHORE CONTROL PLOTS

This section discusses the second-year results of the long-term
control experinments which were initiated during 1980. A brief review of
the 1980 results is provided as background to the discussion, and
subsequent changes that occurred to both the intertidal and backshore
control plots during 1981 are presented.

3.1 SUMARY OF 1980 RESULTS
A brief review of the 1980 experinental results is presented below,
more detailed information is presented in the Final Report on the BIOS

Shoreline Component for that year (Woodward-Clyde Consultants, 1981a).

3.1.1 Backshore Control Plots

Four backshore control plots were established in August of 1980 to
document the effects of atnospheric and microbial weathering (i.e.,
non-nmarine weathering) on oil degradation in the Arctic. The plots were
| ocated on substrates simlar to those of active beaches. Aged crude oil
(Plots T1, TE-1) and a water-in-aged crude oil emulsion (Plots T2, TE-2)
were applied to the test plots (locations C and D, Figure 2.2) at a |oading
rate of 1 cniof oil per cni of plot.

Initial total hydrocarbon contents on the backshore control plots
varied between 0.17 and 5.4 percent (by weight), with nean val ues ranging
between 1.4 and 3.8 percent (Table 3.1). Subsequent hydrocarbon analyses
perfornmed on sanples collected at 2, 4 and 8 days after the spill showed
significant variations; however, the variation was apparently the result of
the sanpling technique, and no detectable oil-concentration changes
occurred during 1980 on the backshore control plots.
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Differences in oil-retention characteristics were apparent between
the two oil types. Mre aged than emulsified oil was retained on the
sediments; initial total hydrocarbon content of the aged oil plots ranged
between 3.16 and 3.78 percent, Whereas emulsified plots initially retained
between 1.42 and 2.64 percent oil by weight.

3.1.2 High-Energy Control Plots

Two intertidal control plots were established on a beach exposed to
the relatively high wave-energy |levels of Eclipse Sound (Bay 102;
Fig. 2.2). The plots were |located in the upper half of the intertidal
zone. Aged crude oil (Plot Hl1) and a water-in-aged crude oil emnulsion
(Plot HZ) were applied separately to the two plots at a loading rate of 1
cm3/cn? of plot surface.

Initial oil contents on the high-energy plots were simlar to those
of the backshore control plots (Table 3.1) , but oil contents were
drastically reduced by marine weathering processes shortly after the spill
Ei ght days after the spill, surface oil contents had been reduced to |ess
than 5 percent of the initial surface oil contents. Subsurface oil
contents varied between 0.4 and 83.0 percent of the initial oil contents
after 8 days because of |ocal variations of cut and fill of the beach
sedi ments (Wbodward-C yde Consultants, 198la, Table 6.3). Between 50 and
90 percent of all the oil that was applied to the plots was removed by wave
action shortly after the spill, and the oil that remained in the plots was
concentrated in localized buried oil |ayers.

3.1.3 LowEnergy Control Plots

Two intertidal control plots were established on the beaches of
Z-Lagoon (Bay 103; Fig. 2.2), a very protected environment in terms of wave
activity. These plots were also located in the upper part of the
intertidal zone. Aged crude oil was applied to one plot (Plot LI) and a
wat er-in-aged crude oil enulsion was applied to the other plot (Plot L2).



3-4

Initial oil contents on the aged crude oil plot were slightly |ower
than those recorded for the backshore control plots (Table 3.1). However
initial oil contents of the water-in-aged crude oil enul sion plot were
substantially less than that recorded for other plots, primarily due to the
hi gh water content of the sedinent at the experimental site (Table 3.1).

Anal ysis of sanples collected eight days after the spill showed that
nearly 64 percent of the aged crude oil remained on the plot, whereas only
48 percent of the water-in-aged crude oil enul sion renained on the plot.
The primary process that removed the oil was tidal action, because these
| agoon shores are protected fromwave action.

3.2 BACKSHORE CONTROL PLOTS, 1981 RESULTS

Sedi nent sanples were collected from each of the backshore contro
plots for total hydrocarbon analysis and GC/MS anal ysis. Analysis of these
sanpl es provides the basis for estimating the effect of weathering on oi
degradation

The sanple grid illustrated in Figure 3.1 was used as a guide to
sanple collection, so that each sanple represented several portions of the
plot, and so that sanpling could be conducted in subsequent vyears wjthout
the risk of sanpling from disturbed areas.

On two of the backshore control plots (TI and T2), one set of
conposite sanples was taken fromthe surface (upper O5 cm and one set of
conmposi te sanples was collected fromthe subsurface between 5 and 10 cm

dependi ng upon oil penetration depth. Approximately 2.4 litres of sedi nent
were collected for analysis. Four sanmples were collected from each of the

control plots - two for GC/MS analysis and two for total hydrocarbon
anal ysi s.

The t wo secondary control plots, established adjacent to the
m crobi ol ogy study site (Plots TE-1 and TE-2), were sanpled in a manner
simlar to that described for the primary control plots. However, because
of the limted size of the plots, it was possible to collect only one




8la 81b 83b 8 2 83b 81h 81la 82a

82a 83a 82b 83a

83b 82b 83a 82a

81b 82a 8la 83a 83b 81b 82b 8la

Figure 3.1  Sanpling schenme for the two prinmary backshore control plots, Tl and T2.
Each division is 100 cmx 100 cm late July sanples were collected from
8la sites and conposite; |ate August sanples were collected from
81b sites and conposite.
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sanple fromthe 4-nfplot (i. e., sanple was not a conposite). A surface
and subsurface sanple of approxinmately 2.4 1 was collected for both GC/MS
analysis and total hydrocarbon analysis.

Visual observations of the plot in 1981 indicated that little
weat hering had occurred. The surface covering was dusted by w nd-bl own
sand material, and sone growth of vegetation occurred within the plot
(Figs. 3.2 and 3.3).

Total hydrocarbon data from the analysis of sedinent sanples
collected in 1981 on the control plots are presented in Table 3.2. Two
sets of total hydrocarbon sanples were collected during 1981; however, to
date only one of the sanple sets has been anal yzed. Surface total

hydrocarbon contents ranged between 1.6 and 3.4 percent, and the val ues for
all of the plots were simlar. Subsurface values ranged between 1.8 and
2.6 percent. On the aged crude oil plots, surface oil contents were higher
than subsurface oil contents, whereas on the emulsified oil plots,
subsurface oil contents were higher than the surface contents. Furt her
conparison of these 1981 data to the 1980 total hydrocarbon data is
included within the discussion section (Section 3.5).

3.3 H GH ENERGY | NTERTI DAL CONTROL PLOTS, 1981 RESULTS

3.3.1 Beach Morphol ogy Changes

Signi ficant beach norphol ogy changes occurred on the high-energy
beach (Bay 102; Fig. 2.2), both between the 1980 and 1981 surveys and
during the 1981 survey season. These changes are, no doubt, a significant
factor in the dispersal of stranded oil on this particular beach.

The sections of the beach on which the plots were |ocated were the
most active, with vertical change in the order of 20 cm between the initia
oiling in 1980 and the early August 1981 surveys (see Fig. 3.4). Between
the 1980 and 1981 surveys, the beach face underwent a landward mgration of
1to 2 mthat was acconpani ed by the devel opnent of a berm or large swash
ridge, landward of the plots (see Fig. 3.4). This change nust have
occurred in late 1980 as a small pocket of oiled sedinments was evident in
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Figure 3,2  (blique aerial photograph of the two primary control plots, T1
and T2 (29 August 1981).



Figure 3.3

Table 3.2

NOTE

3-8

Phot ograph of surface oil on the control plot T2. Note the
new growth on the vegetation, as well as the dusting of
wi nd-bl own material (4 August 1981).

Total Hydrocarbon Anal yses of Backshore Control Plot Sanples

Total Hydrocarbon Content (% by weight)

DATE PLOT SURFACE SUBSURFACE
28 July 1981 TE-1 2.9 2.4
19 August 1981 T1 3.4 2.1
29 August 1981 T2 1.6 1.8
29 August 1981 TE-1 2.2 1.9
25 August 1981 TE- 2 2.4 2.6

Plots Tl and TE-1 are the aged crude oil plots, and
Plots T2 and TE-2 are the water-in-aged crude oil
emul sion plots.
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] — Aug. 2, 1981

HI -Bline - Aug. 23, 1980

H1 - A line MWL

H2 - B line edge cobble
MWL
H2 - A line edge cobble
MWL
boulder
m 10:1
vertical
exaggertion
0 - ’ ~ MWL
0 5m

Figure 3.4  Beach profiles fromthe high-energy plots in Bay 102 show ng
t he beach morphol ogy changes between 1980 and 1981 (see
Fig. 3.5 for profile location in relation to the control
plots) ,
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the southeast corner of Bay 102 at the stormswash line, indicating that a
stormsurge event probably occurred after the surveys were conpleted during
1980.

During 1981 the beaches underwent a net accretion in the vicinity of
the plots, although accretion was not necessarily continuous. Plot HI, the
aged crude oil plot, underwent a net accretion of 0.07 mi, or an average
burial covering of 0.2 cm Plot HZ, the water-in-aged crude oil enulsion
plot, underwent a net accretion of 5.4 m, or an average cover of 13.4 cm
(see Fig. 3.5). Fromthe time of the initial oiling in 1980, Plot Hl
underwent a net loss of material of about 4 ni, whereas Plot H2 remained
stable to slightly aceretional. Cut and fill events, as documented by
profile changes during 1981 (Fig. 3.5), were generally in the order of
10 cm and these could have occurred during a single tidal cycle.

3.3.2 Total Hydrocarbon Content of Sedinents

Sedi ment sanples were collected fromeach of the two intertida
control plots for total hydrocarbon and GC/MS analysis. Sanples for tota
hydr ocarbon anal ysis were col |l ected systematically, using the approach
enpl oyed during the 1980 field experiment. These sanples were collected on
a fixed pattern, rather than one which was dependent on the observed
distribution of oil. Total sanple size was in the order of 2.4 litres.
Both surface and subsurface sanples were collected from each sanple
location. Sanples collected for GC/MS anal ysis were taken from | ocations
of observed oil on the plots, with the exception of surface sanples, which
were taken on the beach surface

Total hydrocarbon contents for the high-energy plot sanples are
shown in Table 3.3. The data indicate that the small anount of oil that
was initially present in the sanples during early summer of 1981 was |ater
conpl etely removed from the beach. H gh wave-energy levels and extensive
sedinent redistribution appears to be the prinmary process that accounts for
this reduction in overall oil content of the sedinents. It is possible
that oil was conpletely buried and actually remained in the beach, but
extensive trenching around the plots during late August 1981 indicates that
this was not the case. A discussion of the conparison between 1980 and
1981 sanples is included in Section 3.5
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Figure 3,5 Beach elevation changes (in cn during the 1981 open-wat er

season as measured at stakes around the plots. Plus (+)
i ndicates deposition; minus (-) indicates erosion.



3-12

Table 3.3 Total Hydrocarbon Anal yses of Intertidal
Control Plot Sanples

Total Hydrocarbon Content (% by weight)

DATE pPLOT SURFACE SUBSURFACE
28 July 1981 H1 0.189 0.073
28 July 1981 H2 0.121 0. 026

29 August 1981 | HI1 0 0

29 August 1981 | H2 0 0

28 July 1981 L1 0.472 0.500
28 July 1981 L2 0.014 0. 007

29 August 1981 | L1 0.16 0.49

29 August 1981 | L2 0. 015 0.016
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3.4 LOMENERGY | NTERTI DAL CONTROL PLOTS, 1981 RESULTS

3.4.1 Beach Morphol ogy Changes

No significant changes occurred to the beach either after the 1980
survey or during the 1981 survey season. Therefore, redistribution of
sedi nent on these particul ar beaches is not believed to be a nmgjor cause of
the weathering of oil. Conparisons of 1980 and 1981 beach profiles are
shown in Figure 3.6. Mlting of ice nmounds, which were present near the
mean water |level, resulted in elevation changes of 30 to 40 cmon the | ower
beach; however, these changes did not affect the intertidal plots. Nor was
there any indirect evidence of ice gouging or sedinent redistribution on
these plots.

3.4.2 Total Hydrocarbon Anal yses

Sedi ment sanples were collected for total hydrocarbon analysis as
wel | as for G¢/MS analysis. Sanple collection procedures were the same as
t hose used on the high-energy intertidal plots (see Section 3.3.2 for
details). The surface oil content on the crude oil plot (L1) was initially
0.472 percent, but was reduced to 0.16 percent by the latter part of the
sunmer (Table 3.3). Subsurface oil contents on the aged oil plot remained
constant throughout the summer at about the 0.5 percent |level. Gl
contents on the water-in-aged oil enulsification plots were significantly
| ower than those of the aged oil plots (Table 3.3; Fig. 3.7). Surface oi
contents on this plot, L2, did not vary significantly throughout the
summer, and remained at the .015 percent |evel. Subsurface oil contents also
showed very little change on this plot (Table 3.3). Conpari son between
1980 and 1981 sediment oil contents are discussed bel ow.

3.5 DI SCUSSI ON OF RESULTS

This discussion focusses primarily on conparison between 1980 and
1981 total hydrocarbon data. The 6C/MS anal yses are inconplete at the
present tine, and are only discussed briefly. The discussion is subdivided
into two sections that focus on (1) conparisons between the backshore
control plots, and (2) conparisons between the intertidal control plots
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Figure 3.6 Beach profiles fromthe [owenergy plots in Bay 103
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Figure 3.7 Oblique aerial photograph of low-energy plots. Note the
relative lack of weathering of crude oil plot, L1, Also
compare weathering changes to Figure 3.2 (29 July 1981).
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3.5.1 Backshore Control Plots

Al'though significant variation occurred within the 1980 total
hydrocarbon sanples, it is nevertheless useful to conpare 1980 tota
hydrocarbon sanples to 1981 total hydrocarbon sanples. The conparative
data are listed in Table 3.4. The 1980 nean val ues were conputed from all
of the total hydrocarbon sanples that were collected during 1980.
Unfortunately, for all but one of the plots, only one 1981 tota
hydrocarbon sanple is avail able; however, because a more rigorous sanpling
techni que was followed during the collection of the 1981 sanples, these
are considered to be better representations of the true sedinment oil
content of the control plots. The 1981 sanples are actually a conposite of
four subsamples, and as such woul d be conparable to a nean of four
subsamples from the 1980 surveys. It should also be noted that the means
for the 1980 sanples actually represent a considerable scatter of data
(e.g., see standard deviation values, Table 3.4).

The scatter of the initial 1980 oil-content data nmakes neani ngf ul
comparisons difficult (see standard deviation values in Table 3.4).
However, if one assumes that the means from both years’ sanples provide an
accurate representation of true oil contents, then there is a suggestion
that a reduction in the total hydrocarbon content of the surface sanples
may have occurred between the 1980 and 1981 surveys.

Possible explanations for the apparent reduction in tota
hydrocarbon contents are that (1) oil percolation into the subsurface
sediments may not be adequately represented by the subsurface sanples,
(2) sedinent was added to the plots by wind transport, effectively reducing
apparent oil content (see Fig. 3.3), (3) actual weathering by evaporation
and mcrobial deconposition may have occurred, (4) surface runoff during
rain and snow nmelt may have renoved some oil prior to 1981 sanple
collection, and (5) the sanpling information does not reflect the true oi
concentrations in the plots. [t is highly unlikely that significant
evaporation and mcrobial deconposition occurred; however, it is likely
that a conbination of all these factors nmay have contributed to the
apparent reduction in oil contents between 1980 and 1981 (Table 3.4).
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TABLE 3.4  Total Hydrocarbon Contents From Backshore Control Plots

Total Hydrocarbon Content (% by weight)

1980 Sanpl es 1981 Samples
Mean | S.D. (# Sanpl es) Mean S.D, (# Sampl es)

Tl Surf ace 4.9 2.0 8 3.4 0 |
Tl Subsur f ace 2.6 1.4 8 2.1 0 |
T2 Surface 2.1 1.7 8 1.6 0 1
T2 Subsur f ace 2.5 1.9 8 1.8 0 |
TE-1 Surface 4.8 0.6 4 2.6 o5 2
TE-1 Subsurface 3.1 1.3 4 2.1 0.3 2
TE-2 Surface 6.0 3.1 4 2.4 0 1
TE-2 Subsurface 1.7 3.0 4 2.6 0 1

3,3 2.2 48 2.3 0.54 10

Al'so of significance is the ratio between surface and subsurface oi
contents in 1981. Surface oil contents were apparently reduced nore than
subsurface oil contents, and this trend was strongest for the emulsified
oil plots. There is the suggestion that surface oil weathering was greater
on emulsified oil plots than on crude oil plots

Compari son of weathering ratios, for exanple, the saturated
hydrocarbon weathering ratio (SHWR) and the al kane/i soprenoi d (ALK/ISO)
weat hering ratio, provides indices of evaporative and biologic weathering
respectively (Table 3.5). Prelimnary analysis of the GC/MS data suggests
that the surface oil was weathered nore than the subsurface oil (Table 3.5;
SHWR for 1981), and that a significant anount of weathering occurred
between the |ast 1980 survey and the 1981 survey. The inconsistency of the
ALK/ISO ratio may indicate that biodegradation of the oil was not
i nportant, although considerable scatter exists in the data

Comparison of the 1980 and 1981 total hydrocarbon and Gc/Ms sanpl e
data allows prelimnary conclusions to be drawn. First, it is apparent
that a significant anount of oil still exists on all of the plots (>1.5 %.
Second, some weathering has occurred and this weathering has preferentially
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TABLE 3.5 Conparison of Saturated Hydrocarbon \Wathering Ratio (SHWR)
and Al kane/lsoprenoid Ratio (ALK/ISO) for 1980 and 1981
backshore Control Plots

SH'R ALK/IS0
1980 1981 1980 1981

[ NI TI AL 8- DAY [ NI TI AL 8- DAY
T1 surface 2.35 2.25 1.6 2.43 2.96 2.1
subsur face 1.7 2.5
T2 surface 1.93 1.79 1.6 2.58 2.29 2.4
subsurf ace 2.0 2.6
TE-1  surface 2.23 2.21 1.5 2.63 2.84 3.1
subsurface 2.0 3.7
TE-2 surface 2.12 2.07 1.2 2.57 2.64 2.4
subsur face 1.7 2.7

reduced surface oil concentrations. Third, it is not possible to estimte
the exact quantity of oil weathered or renoved because of the scatter in
the data. Fourth, it is not possible to delineate the mechani sms which nmay
be reducing oil contents, although this is probably a conbination of oi
percol ation, evaporative weathering, surface runoff, and the addition of
sediment to the plots (conparison of 1980 and 1981 ALK/ISO ratios suggests
that biological weathering has not been significant in reducing oi
contents)

3.5.2 Intertidal Control Plots

Conparisons between 1980 and 1981 total hydrocarbon sanples fromthe
intertidal control plots are shown in Table 3.6. For the high-energy
plots , Hl and H2, an increase in 1981 oil contents over fall 1980 oi
contents indicates that some re-oiling of beach sedinent occurred during
the late fall of 1980 (Table 3.6). The re-oiling was probably the result
of the redistribution of oil previously buried in the beach sedinents. The
GC/MS sanple results (Table 3.7) indicate that the oil on the beach surface
in 1981 was fresher than that present in 1980, and this supports the

suggestion that the 1981 surface oil was reworked buried oil.  Subsequent
data sanples collected in the fall of 1981 show that oil contents in the
plots at that time had been reduced bel ow detectable |imts. In terns of

the initial oil spilled, 100 percent has been renoved, prinarily due to
wave action
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TABLE 3.6  Total Hydrocarbon Contents FromlIntertidal Control Plots
Total Hydrocarbon Content (% by weight)
I NI TI AL FALL JULY FALL | % REDUCTION
1980 1980 1981 1981 1980 - 1981
Hl  Surface 3.6 0.12 0.189 0 100
H1  Subsurface 1.2 0. 002 0.073 0 100
HZ  Surface 1.37 0.002 0.121 0 100
HZ  Subsurface 1.05 0. 0006 0.026 0 100
L1 Surface 1.71 0.64 0.472 0.16 91
L1  Subsurface 1.55 1.39 0. 500 0.49 68
L2  Surface 0.34 0.013 0.014 0.015 96
L2  Subsurface 0.14 0. 008 0. 007 0.016 89
TABLE 3.7  Conparison of Saturated Hydrocarbon Weathering Ratio (SHWR)
and Al kane/lsoprenoid Ratio (ALk/180) for 1980 and 1981
Intertidal Control Plots
| SHVR ALK/1S0
1980 1981 1980 1981
INITIAL | 8-DAY I'NITI' AL 8- DAY
H1 surface 1.27 1.81 2.0 2.67 2.78 1.6
subsurface 2.3 2.1
H2 surface 1.04 1.18 2.1 3*73 2.36 2.4
subsurface 2.2 2.8
L1 surface 2.54 2.52 1.1 2.36 2.55 1.9
subsurface 2.0 2.4
L2 surface 2,09% 2.00 1.0 2. 10 2.80 1.1
subsurface 1.4 1.9

* after 2 days
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Changes on the |owenergy intertidal control plots were not as |arge
as those which occurred on the high-energy plots. Gl contents on Plot LI
the crude oil plot, were reduced between 1980 and 1981, but the oi
contents on L2, the water-in-aged crude oil enulsion, remained unchanged.
Some additional reduction of surface oil contents occurred during 1981 on
the crude oil plot, LI, but no significant subsurface oil content changes
were identified during the 1981 sanple period (Table 3.6). Data from the
GC/MS anal ysis indicate that weathering, rather than direct oil renoval,
may have accounted for the observed changes, and that biological weathering
may al so have been inportant (Table 3.7).

Despite the [|ow mechanical wave-energy levels in Z-Lagoon,
significant reductions in oil content have occurred since the initial
oiling. Geater than 90 percent of the enulsified oil has been renoved
from L2, and approximtely 80 percent of the crude oil has been renoved
fromi1l, Q1 present on the beach surface can be effectively renmoved
despite low annual wave-energy |evels; however, there was insufficient
energy to naturally clean the intertidal plots to the degree that was
observed on the nore exposed intertidal plots. Subsurface oil contents
are likely to be greater than surface oil contents, but this oil can also
be removed by small waves and tidal action.



4.0 O LING OF NORAEG AN PLOTS

A series of backshore control plots was established in Bay 102
(Fig. 2.2) for the purpose of nonitoring mcrobial deconposition of oil
stranded on arctic shorelines. The actual sanpling and nonitoring which
were conducted by the Norwegian m crobiology team are discussed in a
separate report. This section describes the physical norphol ogy and
textural characteristics of the test sites, as well as the changes that
took place on those test sites during the summer observation period.

The five 4m x 5m control plots were located in a |evel portion of
the backshore at Bay 102 (Fig. 4.1), The location of the plots was an area
not normally exposed to wave action; however, later during the sumrer a
hi gh-energy storm event did cause submergence of the plots (see bel ow).
Sediments in the area of the plots consisted of gravelly sand with pebbles
conprising 10 to 20 percent of the coarse fraction.

A 50 percent water-in-oil enulsion was applied to each of the plots
using the ATV-mounted oil-application system described in Section 5, 3.
Approximately 0.2 ni (200 1 or 43 Inp. gal.) of oil were applied to each
plot (i.e., 0.4 nior 400 1 or 86 Inp. gal. of enulsion). This represents
a loading rate of 2 cni of emulsion per 1 cnf of plot surface. In
practice, however, some oil ran off the plot and was recovered in trenches.
Application, recovery and retention volunes are indicated in Table 4.1.
The plots were later treated with fertilizers at various |oading rates,
rototilled and nonitored for mcrobial deconposition of the oil.

Approximately 1 nonth after the application of the oil (on 29 August

1981) , high water levels caused partial submergence of the plots
(Fig. 4.2). Sand and gravel covered the seaward fringes of the plots, and
kel p washed approxi mately m dway across the plots. The fol | owi ng day

(30 August 1981) , an even higher tide, in conbination with waves generated
in Eclipse Sound, caused conplete burial of all the plots (Fig. 4.3). The
burial depths of the oiled surfaces are shown schematically in Figure 4.4.
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Figure 4.1

Phot ograph of Norwegi an backshore test plots immediately after
application of the water-in-oil enulsion. The swash |ine near
the barrels is the 1980 storm-swash | evel and the |ower swash
line is the 1981 high-water swash |ine (1 August 1981).
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TABLE 4.1  oil Application, Recovery and Retention Vol umes,
Norwegi an Test Plots (1 August 1981)

Pl ot Vplume* Vol unme Vol une Actua
Nunber Appl i ed Recover ed Ret ai ned Loading

m |Inp. Gal. m |lnp. Gal. m |lnp. Gal. el erf
102.D 0.2 43 0.034 7*5 0.17 35.5 0.85
102. E 0.2 43 0.043 9.5 0.16 33.5 0. 80
102. F 0.2 43 0.061 13.5 0.14 29.5 0.70
102. G 0.2 43 0. 057 12.0 0. 14 31.0 0.70
102.H 0.2 43 0. 089 19.5 0.11 23,5 0.55

* Volume of oil applied, anpunts should be doubled to reflect the
vol ume of the enul sion which was applied.

Figure 4.2

Phot ograph of backshore test plots after partial subnergence

on 29 August 1981. Note the kelp on the centra

: . _ plots and the
partial burial of the nost distant plots



Figure 4.3

Phot ograph of backshore test plots after burial
30 August 1981. The approximte position of the plots
is shown by the dashed line (cf. position of the
swash line with that of Figure 4.1).

on
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Figure 4.4  Schematic of Norwegian backshore plot |ocations and the
subsequent average burial depth (in cm of each plot.
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The burial of the backshore test plots was unfortunate because it
termnated the mcrobial deconposition studies. Nevertheless, the event is
of interest in terms of understanding the effect of natural processes on
spill behaviour. The interesting points are: (1) if the area of the test
plots had been previously oiled by a spill, then the oiled surface woul d
have been buried to a depth of 15 to 20 cm (2) if a spill had occurred on
the 29th of August, then the oil would have been stranded above the norna
hi gh-water |evel and subsequently buried the follow ng day; (3) if a spil
had occurred on the 30th of August, then the oil would have remmined on the
backshore surface, above the limt of normal high tides; (4) the oil which
is now buried within the backshore sedinents is unlikely to be reworked by
shore-zone processes for several years; and (5) if these sedinments are
reworked in the future, there will be a recontami nation of the |ower
portions of the intertidal zone.

The event illustrates the conplex interaction that can take place
bet ween oceanographi ¢ processes and sedinment redistribution in the shore
zone. The unusual ly high tides that occurred over two days were not
predicted, and on one day these high tides happened to coincide with a
period of high wave activity and this resulted in an unusually high swash
level. The fact that sediment accretion, rather than erosion, occurred in
t he backshore during a relatively high-energy event was al so unusual
Prediction of such events is difficult even with a good environmental data
base, and this illustrates the elenent of uncertainty that acconpanies al
spill situations.




5.0  COUNTERMEASURE EXPERI MENTAL DESI GN

5.1 | NTRCDUCTI ON

The 1981 shoreline counterneasure experinents were conducted on the
north shore of Z-Lagoon adjacent to Crude Gl Point (Fig. 2.3). In order
that the counternmeasure experinents could be conducted efficiently and
effectively, a series of initial tests were carried out to ensure that the
oi | -application system and the countermeasure nethods thenselves were
applicable. The incendiary device, both dispersants, and the solidifying
agent, were tested on both crude oil and water-in-oil enul sion test plots,
On the basis of this experience, the main counterneasure experinents were
carried out on the western shore of the entrance to Z-Lagoon (Fig. 2.3).
The experinmental sites were sanpled prior to application of the oil,
following application of the oil, prior to the counterneasure experinent,
i medi ately follow ng the counterneasure experinent, and on two subsequent
occasions during the 1981 open-water season.

The purpose of these experiments was to determne the applicability
of each of the selected counterneasures for arctic shoreline environments.
Each counternmeasure was to be evaluated in terns of the potential
applicability of the technique and the effectiveness in terms of the
persistence of stranded oil. No attenpts were nmade to conpare the
techni ques with each other. Al of the selected counterneasures were
tested on both crude and water-in-oil enulsion plots. Beach profiles were
established on the section of shore which was used for the counterneasure
experiments, and these were resurveyed at intervals prior to and fol | ow ng
the experinents.
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5.2 O L- WATER EMULSI FI CATI ON SYSTEM

Thirteen drunms of weathered Lago Medio crude oil* and thirteen druns
of seawater were used to manufacture twenty-six drums of (50% water-50%
oil) water-in-aged crude oil emulsion. The system used to nmake the
enul sion is shown in Figure 5.1. Two barrels of crude oil and two barrels
of seawater were poured into a 1.8-m (6-foot) square fiberglass m xing
tank. The oil/water mxture was then drawn off through a bottom drain and
pumped through a 5-cm (2-inch) centrifugal punp back into the mxing tank.
The punping continued until an emulsion was formed (in nost cases, this
required only five minutes of punping), The point at which an enulsion was
formed was very obvious and was characterized by a shift in colour from
bl ack to browni sh-black and a sudden increase in the viscosity of the
mxture. The entire process, including setting up the system making
twenty-six drums of enulsion, and cleaning up the equipnent, was
acconpl i shed in eight hours with a four-nman crew.

Each 4-drum batch of enulsion was labelled (the |ot batch E-7
consisted of only 2 druns) as to batch, and only oil fromthe sane batch
was used on any single experinental plot.

An attenpt was nmade to re-emulsify two drums of enulsified oil which
had been prepared a year earlier (1980), and which had been left at Crude
G| Point. The enulsion in each drum had broken and the oil and water were
separated. The two druns of water and oil were poured into the mxing tank
and recircul ated through the punp for 1/2 hour. The oil and water would
not re-emulsify, which indicates that oil enulsification with water is a
one-tine process only, and that once a water-in-oil enulsion breaks down,
it will not re-emulsify even with a large amount of mXxing energy.

*The Lago Medi o crude oilwas weat hered by evaporative |oss of 8% by weight
of its initial volune.
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Figure 5.1

Schematic (a) and photograph (b) of the oil-water
emul sification systemset up at Crude G| Point
in 1981 (30 July).
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5.3 O L- APPLI CATI ON TECHNI QUE

For the tests and experiments, a small, self-contained all-terrain
vehicle (ATV) was used to apply the oil onto the test plots. The
application systemproved to be flexible and perforned well despite varying
beach slope and sedinment conditions

The basic configuration of the application systemis illustrated in
Figures 5.2 and 5.3 (see also Fig. 4.2 in Woodward-Clyde Consultants,
1981b) . The main conponents of the system consisted of: (1) an

ei ght -wheel ed, ARGO anphibious ATV, (2) a 45-gallon oil drum secured to the
back of the ATV, (3) agasoline-powered, centrifugal punp to transfer the
oil fromthe drumto the distributor pipe (see Fig. 5.3b), which was
designed to pronote sheeting of the oil and to provide a nore uniform oi
di stribution.

At the test site, a full drumof oil would be rolled up a ranp onto
the platform of the ATV and connected by hose to the discharge pump. The
ATV was then positioned to pass over the 2 x 10-mtest plot.

The slope of the beach varied fromplot to plot, so that the
distributor bar was adjusted to the horizontal position imediately prior
to the oiling of a plot to ensure an even flow of oil. The oil punp was
started, and as the oil reached the distributor plate, the ATV transverse
the test plot at a predetermned speed (Table 5.1). In practice, a single
pass took between 60 and 90 seconds, depending on the viscosity of the oi
at the time of application. Because the emulsified oil was conprised of 50
percent water, two passes over the sane 2-mswath were required to apply
the sane anount of oil. The only major difficulty encountered during the
application procedure was runoff of some oil fromthe test plots. In order
to mnimze cleanup operations, the problem of excessive runoff was
countered by digging a trench at the base of the plot, lining it with
pol yethylene plastic, and removing the oil as it collected (see Fig. 5.4).
This procedure also permtted an accurate estimate of runoff, as the anount
of oil or emulsion that was renoved fromthe trench was noted.
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Figure 5.2 Diagramthat illustrates the ATV-nounted oil application system
used during the 1981 field programme.




Figure 5.3 Views of the oil application systemprior to oiling of
(a) the ME and CE counterneasure plots on August 5th, and
(b) the Norwegian plots in Bay 102 on August 1, 1981.
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TABLE 5.1 O Application Paraneters

Application System nodified, 8-wheel ATV with self-contained
storage drum punp, and distribution pipe

Capacity 0.208 nior 208 1 (45 Inp. gallons)

Punping Rate * 2.3-3.1 1/s (30-40 Inp. gal./min.)

Di stribution Swath 2m

Application Rates * 8-10 m/min, or 2.3-3.1 1/s

(30-40 Inp. gal/rein)

*partially dependent on oil viscosity at the
time of the spill
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Figure 5.4 Plastic sheets and lined trench prior to oiling
of the test plots on August 4, 1982.

Figure 5.5 View to the north of Crude 0il Point showing
boom configuration during an experiment:
15:00 hours, August 6, 1981,
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5.4 O L SPILL CONTI NGENCY MEASURES

Control measures were designed to mnimze the spread of oil from
the spill site that would contam nate adjacent beaches in Z-Lagoon or at
Crude Q1| Point. The follow ng nmeasures were taken prior to application of
the oil to the test plots in order to mnimze spillage during
distribution of the oil and to collect oil refloated by rising tidal water
| evel s:

.plastic drip sheets were installed at the end of
each plot to catch oil dripping fromthe ATV
distributor pipe (Fig. 5.3b),

« a trench was dug at the base of each plot, and the
trench was lined with a plastic sheet to collect oi
that ran off the test and experinental plots after
application of the oil (Fig. 5.4),

«booms were installed adjacent to the test plots to
collect oil that was lifted off by rising water
levels; oil wthin the boom was collected using
sorbent pads (Fig. 5.5), and

« oil and oiled sorbent pads were burned in barrels
adj acent to the experinmental plots to mnimze the
transportation of oil and oiled materials collected
after the application procedure.

Al'l the contingency measures were in place prior to application of the oil
and the boons were retained for a mninumof 24 hours follow ng application
of the oil onto the plot.
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Ol was applied to a series of 2 x 2 mplots at the mean hi gh-water
level (Fig. 5.6) in the vicinity of Crude G| Point (Fig. 2.3). The
| ocation of the plots with respect to the 1980 backshore control plots is
shown on Figure 5.7. The oil was applied on a single traverse of the
applicator system and plot separation was achieved by a series of plastic
sheets that were |aid down between the plots (Fig. 5.4), Plot A (Fig. 5.6)
was laid down initially to identify the expected retention of crude oil on
the beach in the intertidal zone. This plot was laid down one day prior to
application of oil to the test plots thensel ves.

The tests that were carried out were conpleted on August 4, and
these tests involved application of the solidified and of both dispersants
to the crude and water-in-oil emulsion plots. Four incendiary devices were
used, one on a water-in-oil emulsion plot, two on crude oil test plots, and
one which failed to ignite. Field logs for each of the tests are given in
the Interim Field Report (Section 4.0).

5.6 EXPERI MENTAL LAYOUT AND SCHEDULE

The experinental beach plots were established on the west shore of
the entrance to Z-Lagoon (Fig. 2.3). The actual |ayout of the plots with
respect to the nean high-tide level is shown in Figure 5.8. The
countermeasures were applied to the plot approximately 24 hours follow ng
application of the oil.

In addition to the counternmeasure experimental plots, a single
cross plot of oil was applied fromthe |lowest |owwater |evel across the
intertidal zone to straddle the beach and to extend above the norma
hi ghest high-water level. This cross plot of crude oil was intended to be
a reference point fromwhich it would be possible to determ ne the upper
limt of reworking by wave action of oil-contam nated sedinments at this
| ocation
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Figure 5.7
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Aerial view of the test plots and the two backshore control
plots (Tl and T2) at 14:30 hours on 4 August, 1981.
Photograph taken at low tide: the nean high-tide level is at
the upper limt of the test plots.
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TABLE 5.2 Pl ot ldentification Codes

D(E)C Cheni cal Dispersion (Corexit 7664): Aged Crude
D(E)E Cheni cal Dispersion (Corexit 7664): Water-in-oil Enulsion
VE M xi ng: Water-in-oil Enulsion
| cE Control: \ater-in-oil Enulsion
cc Control: Aged Crude
MC M Xxi ng: Aged Crude
SE Solidified: Water-in-oil Emulsion
sC Solidified: Aged Crude
D(B)E Chenical Dispersion (BP 1100X): Water-in-oil Enulsion
D(B)C | Chenical Dispersion (BP 1100X) : Aged Crude
| Goss Plot | Aged Crude

The schedule for the counternmeasure activities is given in
Table 5.3. Mre specific information on the timng of the experiments is
provi ded on a series of field | og sheets which are presented in the Interim
Field Report (Section 4.0).

5.7 DATA COLLECTI ON AND ANALYTI CAL TECHNI QUES

Beach profiles were surveyed at an alongshore interval of 20 m
across the intertidal zone from the backshore towards the water 1level, at
low tides. Surveys were taken (i) prior to the experinents,
(ii) following application of the oil and the test procedure, and (iii) at
approxi mately 22 days followi ng conpletion of the experinent. .The
| ocation of the beach profiles is shown on Figure 5.9, and all of the
survey profiles are presented in Appendix Ain this report.

A log of activities was maintained for each of the tests and
experinments conducted at Crude G| Point. These logs are given in the
Interim Field Report (Section 4.0).
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TABLE 5.3  Counterneasure Experiment Activity Schedul e

5 August 0oil distributed onto plots D(E)C, D(E)E, ME, CE, CC and MC

6 August m xi ng experiment on ME and MC
chem cal dispersion experiment on D(E)C and D(E)E
oil distributed onto plots SE, SC, D(B)E and D(B)C

7 August oi | distributed on Cross Pl ot
chem cal dispersion experiment on D(B)E and D(B)C
solidified experiment conducted on SE and SC

Sediment and oil-sediment sanples were collected for analysis of
freon-extractabl e hydrocarbons and for GC/MS anal ysi s, The sample-
collection design is described fully in the InterimField Report
(Section 2.0). Essentially, each plot was divided into |-nf sections, and
each total hydrocarbon sanple, from both the surface and subsurface, was
a conposite of 4 subsamples. For the total hydrocarbon analysis, the
entire conposite sanple was anal yzed. For the Gc/vs analysis, only one
sanple was collected.

Total hydrocarbon sanples were collected from the surface and
subsurface of each plot at the follow ng tines:
.prior to application of oil,

. after application of the oil and prior to testing
of the countermeasures technique,

. inmediately follow ng the counterneasure technique,
.8 days follow ng the counternmeasure experinent, and

«40 or 41 days followi ng the counterneasure experinent.
In addition, sanples of oil were taken fromthe barrels prior to the
application of that oil onto the experimental plots.

Sanpl es for Gc/Ms anal yses were collected on the oiled plots (a)
prior to the counternmeasures experinent, (b) inmediately following the
experiment, (c) 8 days following the experiment, and (d) 40 or 41 days
followng the experinment. The GC/MS anal yses are inconplete at the time of
witing of this report, and the presentation and a full discussion of this
data will be incorporated in future project reports.




6.0  COUNTERMEASURE TECHNI QUES

6,1 | NTRCDUCTI ON

The primary objective of the countermeasure experinents was to test
the effectiveness and efficiency of selected techniques that would be both
applicable and practical in an arctic environnent. Two factors were
consi dered paramount in the selection of techniques to be tested. First,
if a technique had already proven to be effective and efficient, for
exanpl e, the use of a grader on a firmsand beach, then there would be
little value in retesting the technique. Secondly, nethods that are labour
intensive, that involve sophisticated or dedicated equipnment, or that
require el aborate |ogistic support, were not considered to be practical for
| arge-scal e shoreline cleanup operations in remte arctic areas,

Four techniques were selected for testing during the 1981 field
season following a consideration of available or potentially innovative
nethods for shoreline counterneasures:

(1) In-situ conbustion using the DREV igniter;

(2) Chem cal surfactants designed to disperse oil;

(3) Mechani cal m xing of oil-contam nated sedinents; and

(4) Application of a surface solidifying agent.

Prelimnary discussions on the techniques resulted in the decision to
utilize two dispersants (BP 1100X and Corexit 7664) . It was clearly
defined at this initial stage that the intent was to deduce the
ef fectiveness and applicability of dispersants, rather than to conpare
specific products.

Each of these techniques is described in nore detail in this
section, and the results of the experinments are presented in Section 7.0



6-2

6.2 | NCENDI ARY DEVI CE

I ncendi ary devices have been devel oped by DREV to ignite confined
oil slicks. The devices are described in detail by Meikle (1981), and were
manuf actured with the incendiary disc enclosed by plywood and styrofoam
layers. O the four incendiary devices that were used, one msfired. No
attenpt was made to ascertain the reason for this msfire. The devices
were ignited by renoval of a safety pin fromthe outer styrofoam case, and
the igniter itself had a delay, to allow the operator to retire to an
appropriate distance (Fig. 6.1).

IGNITION TRANSFER POWDER PRIMER CAP SAFETY PIN

K4 Al =
DEANITTES

-l \' !

-~ -/

IGNITION
= COMPOSITION

INCENDIARY COMPOSITION

u -~V
WSO MM
A A R N R
~ N T I T~
PEEANA N LAWY
\’—\'/I\,“—-’-‘\"
N SR A KA
FAPHSAYEVIROAS
N7 AW DREN

Figure 6.1  Schematic diagramof the DREV incendiary device used on the
test plots (see also Figs. 7.6 and 7.7).

6.3 EXXON DI SPERSANT

The dispersant Corexit 7664 was applied to both crude and
water-in-oil enulsion plots using a 2"-internal dianeter fire hose, a
Homelite water punp, and an eductor for chemcal addition (Fig. 6.2a).
Approxi mately 45 litres of the chemical, diluted with sea water, were
sprayed onto each of the two plots prior to an incomng tide. The
oi | -to-dispersant ratio was in the order of 4 to 1 by volume. Half of each
of the chemcally treated plots was then flushed with sea water using the
fire hose, until little oil was observed in the runoff stream The actua
| ayout for the chem cal dispersion experiments is shown in Figure 6.3.




Figure 6.2(a)

(b)

Water intake hose (at top) connected with dispersant
(small diameter hose from bucket) and outflow hose

(centre and bottom.

Application of dispersant (Corexit 7664) to crude oi
pl ot D(E)C, August 6, 1981.
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Figure 6.3 Layouts for chem cal dispersion experinents on plots D(E)C and
D(E)E, usi ng Corexit 7664.

Corexit 7664 is conposed of non-ionic surfactants in a water-based
system and was designed for use in the dispersal of oil on shorelines or
for distribution onto shorelines threatened by floating oil, The
di spersant stream (chem cal plus water) was sprayed onto the beach using a
fire-hose nozzle (Fig. 6.2b) so that the high velocity would force
penetration of the chemcal into the sedinents and would provide m xing
energy for the chemcal-oil interaction. Thi s was undertaken because
Corexit 7664 does not have a “self-mx” conposition.

Two test plots, each 10 mlong and 2 mw de, were established as
described earlier (Section 5.6). Approximately 25 hours follow ng
application of oil onto the plots, the dispersant was applied.

6.4 BP DISPERSANT

The dispersant BP 1100X consists of a solution of non-ionic
surface-active agents in a hydrocarbon solvent. This dispersant is
conmposed of oil-soluble enulsifiers designed to rapidly disperse oil into
smal| particles without additional mxing procedures, such as flushing. A
5-litre Cooper-Pegler backpack hand sprayer was used to apply approxi mately
10 litres of dispersant to each of the test plots (Fig. 6.4), The
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Figure 6.4 Application of BP dispersant to plot D(B)C using the
backpack spray; August 7, 1981.

di spersant was applied neat (i.e., not diluted) to each plot approxinately
45 mnutes to 1 hour prior to the incomng high tide, 26 hours after the
oil was laid down on the plots. The dispersant Was then left to be flushed
natural |y by mechanical wave action.

6.5 M XI NG

The two plots were mxed using a gasoline-powered rotovator that was
depl oyed manual ly (Fig. 6.5). The rotovator was used to sinmulate the
action of heavier equipnent that could be deployed on a shoreline to
disturb the surface sediments: for exanple, a bulldozer, a front-end
| oader, or tractor. Each of the two plots was thoroughly mxed to a depth
in the order of 20 to 30 cm Mxing took place on a rising tide, prior to
water covering the plots, approximately 26 hours after the application of
oil onto the experinental sections.



Figure 6.5 Rototilling plot M, August 6, 1981.

6.6 BP SOLI DI FI ED

A solidifying agent, developed by BP, was applied to crude and

oi | -emul sion plots to encapsulate the stranded oil. The agent consisted of
a polymer and a cross-linking agent t hat solidified to form
t hr ee- di nensi onal lattices that absorbed and contained the oil.

Essentially, the solidifying compound produced a |iquid rubber that hard-ens
to forma rubber-like material.

Two cross-linking agents were used, a slow and fast cross link, and
were raked, with the polyner, into the oil-contam nated sedinments. The
exact techniques and their distribution on the experimental plots are shown
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in Figure 6.6. The plot upon which the polymer was nixed With a slow
cross-link and not raked involved application of 20 litres of the pol ymer
with 6 litres of the slow cross link. The central sections of the plot
were treated with 40 litres of the polyner and 10 litres of the slow cross
1 ink. These agents were prem xed and raked into the oil-contan nated
sedinents (Fig. 6.7). On the third section of each plot, 20 litres of the
pol ymer were raked into the oil-contanminated sedinents, followed by 5
litres of the fast cross-link agent, which were also raked into the
sedi nent s

The active ingredients of the solidifying conpound account for
approximately only 5 percent by volume. The remaining volune consists of
odourless kerosene.

LAND
——MHWL——| polymer polymer | mixed polymer
mixed . mixed
ith sl with |slow X
with - siow cross| link with fast
cross link and Iraked cross link
not raked and raked
—N—> SEA

Figure 6.6 Layout used for both gel experiments on plots SE and SC
(see also Fig. 5.8, page 5-13).



6-8

N TR TR
e =8

Figure 6.7 Distribution of polymer to one of the test plots, August 4,
1981. The scale indicates 5 cm squares.



7.0  COUNTERMEASURE EXPERI MENT RESULTS

7.1 | NTRCDUCTI ON

The 1981 counterneasure experiments were conducted at Crude 0il
Point at the entrance to Z-Lagoon (Figs. 2.3 and 7.1a). Crude Ol Point is
a nodified recurved spit (Fig. 7.1b) that has been forned by the longshore
transport of sedinents that are predomnantly in the sandy-gravel size
range. Recent changes in relative sea-level elevations have resulted in
t he abandonment of a series of active beaches to produce a set of backshore
rai sed gravel beaches (Fig, 7.1b).

The spit has grown towards the south into Z-Lagoon as a result of
waves out of the north and northeast. Relatively deep water depths in the
channel allow noderat e-sized waves (>0.75 n) to rework the beach sedinents.
The maxi num fetch distances for this area on the south coast of Eclipse
Sound are in the order of 30 - 100 km towards the north and northeast.
Waves from this quadrant woul d dissipate their energy directly on the
exposed beaches (e.g. , the “H gh-Energy Plots” on Bay 102; Fig. 2.2), but
these waves would be partially refracted and nodified before reaching the
countermeasure beach site, due to the partial protection afforded by the
channel entrance. By contrast, the “Low Energy Plots” in Bay 103 in
Z-Lagoon are sheltered from waves generated in Eclipse Sound, and these
plots have a maximum fetch distance of only 2 km The count erneasure
experiments were conducted on a beach that could be considered as
characterized by “noderate” energy levels for arctic coasts



Figure 7.1

Aerial views of Crude G| Point: (a) looking towards the
south from Eclipse Sound into Z-Lagoon, 30 July 1979, and (b)

detail of the Point |ooking north on 29 July 1981. The
| ower photo is located by the arrow on (a).
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It is inportant to note that following the counterneasures
experiments on Crude G| Point the beaches were subject to stormwave
activity during a period of high water levels (a stormsurge) that resulted
in reworking of all of the beach sediments to elevations above the normal
limt of wave activity. The high tidal water |evels reached 1.2 m above
the mean water-level datum used for this study. Wave heights in the order
of 0.5 mresulted in reworking of sedinents at elevations up to 1.75 m
above the nean water |evel.

A Cross Plot was established at the northern end of this
experinmental beach to provide a long-termcontrol for the upper limt of
active sediment or oil reworking on this shoreline. The Cross Pl ot
extended well above the highest lint of wave activity that was evidenced
by sediment reworking or debris deposition on this section of coast. As a
result of the storm the entire cross plot was eroded (see discussion
bel ow, Section 7.2). The stormwas not considered particularly unusual, as
a simlar event occurred during the 1980 open-water season. The only
potentially unusual aspect of this stormduring 1981 was the high water
| evel s induced by strong onshore winds that coincided with a high tide.

7.2 CONTROL  PLOTS

Fol I owi ng application of the aged crude oil it was determned that
the runoff fromthe plot was minimal, and that the approximte |oading of
oil to the plot was 0.91 cm3/cm2 (Table 7,1) . The mean value of | oading
for all of the aged crude oil plots was 0.876 cm3/cm2. By contrast with the
wat er -i n—aged crude oil enulsion there was a significant runoff of oil into
the lined trench at the base of the plot, and approximately 40 percent of
the enul sion was retrieved. The approximate 1|oading of this plot was
0.52 cm3/cm2, with a mean value for all of the water-in-oil enulsion plots
of 0.632 cni/cnf(Table 7.1). In general, nore oil was retained on the
aged crude oil plots than on the water-in-oil enulsion plots.

Total hydrocarbon sanples were collected on the mxing and control
plots prior to the mxing experiment. These data indicate that the total
hydrocarbon content of the composite surface sanple (4 subsamples that were



TABLE 7.1 Volumes of Q1. Applied to Counterneasure Plots

VOLUME OF* VOLUME OF* | TOTAL LOADING' | APPROX.*

0IL APPLIED | OL RECOVERED F alL LOADI NG

PLOT m lm. Gl.| i |imp. Gl | nf Jimp ol | cnif cn
Control:Crude (CO) 0.19| 42 0. 01 2 0.18 | 40 0.91
Control:Fmulsion (CE) 0.18 | 40 0.08| 17 0.10 | 23 0.52
EXXON Disp:Crude D(E)C 0.19 | 42 0.01| 2 0.18 | 40 0.91
EXXOn Disp:Emulsion D(E)E | 0.18| 40 0.05| 10 0.14 | 30 0. 68
BP Disp: Crude D(B)C 0.18 | 40 0.02| 5 0.16 | 35 0.79
BP Disp:Emulsion D(B)E 0.18| 40 0.05| 10 0.14 | 30 0.70
Mixing:Crude (NO) 0.39| 85 0.02| 4 0.37| 81 0.91
Mixing:Emulsion (ME) 0.36| 80 0.15| 33 0.21| 47 0.53
Solidify:Crude (SC) 0.18 40 0.02 5 0.16 35 0.79
Sol i di fy: Enmul sion (SE) 0.19| 41 0.04] 9 015\ sz | 073

*Volunes and loading rates refer to anount of aged oil only

vol umes of water-in-aged
oil emulsification would be double those indicated.

7-L
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m xed together for analysis) was 2.1 percent (by weight) on the aged crude
oil control plot, and 1.2 percent on the water-in-aged crude oil plot
(Table 7.2 and Fig. 7.2). On both plots there was significant penetration
of the oil, and conposite sanples indicate that total hydrocarbon values in
the order of 0.3 percent and 0.1 percent characterize the subsurface
sediments of the aged crude and water-in-oil emulsion plots respectively.

It is interesting to note that sanples collected fromBay 11 show
total hydrocarbon values in the range of 0.019 to 3.6 percent immediately
following stranding of the spilled oil. Seventeen of the 33 sanple val ues
fell within the range of 0.5 to 2.0 percent, with 14 of the renainder
having values less than 0.5 percent. This indicates that the volume of oi
contained in the surface sedinments on the plots to which oil was applied
artificially is in the same range as those plots where the oil was allowed
to drift onshore “naturally.” Thus the oiling procedures used during this
experinment replicate accurately situations where oil is washed ashore on
the water surface

Ei ght days after the oil had been laid down on the two contro
plots, the total hydrocarbon values remained within the range of val ues of
those sanples «collected inmediately follow ng application of the oi
(Table 7.2) . However, by day 41 follow ng application of the oil to the
control plots the values had lowered to I ess than 0.3 percent by
weight Of oil in sediment for surface sanples, and less than 0.01 percent
for the subsurface values (Fig. 7.3). This reduction in the total
hydrocarbons resulted prinmarily from reworking of the sediments by wave
activity, although it is possible that dispersant washed from nearby test
plots could have had a small effect in reducing oil contents on the contro
plots.  The changes in the beach profiles between August 2 and August 30
(Profile line 60, Fig. 5.9) indicate that the beach surface had been
| onered by approximately 10 cm as a result of strong wave activity
reworking the beach sedinents. In particular, storm waves on August 29 and
30 resulted in significant reworking of all of the counterneasure
experiment plots.



TABLE 7.2  Total Hydrocarbons in Conposite Sanples (in Wight Percent)

POST- QO L/ POST
PLOT PRE- O L PRE-TEST TEST +8 DAYS +40/41 DAYS

Control:Crude (CC)

Surface sanple 2.1 1.7 0.311

Subsurface sanple 0. 302 0.15 0.015
Control : Emul si on (CE)

Surface sanple 1.2 2. 17 0. 093

Subsurface sanple 0. 106 0. 038 0.011
Exxon Disp:Crude (D(E)C

Surface sanple 0 2.5 0.61 0. 044 0. 036

Subsurface sanple 0.03 0.59 0.24 0.017
Exxon Disp:Emulsion D(E)E

Surface sanple 2.4 2.0 0.24 0. 033

Subsurface sanple 0.014 0. 051 0. 029 trace
BP Disp:Crude D(B)C

Surface sanple 0.431 1.05 trace trace

Subsurface sanple 0.31 0.32 trace
BP Disp:Emulsion D(B)E

Surface sanple 0.737 0.27 0. 007 trace

Subsurface sanple 0. 007 0.44 0. 008 trace
M xi ng: Crude (M)

Surface sanple trace 2.1 2.8 0.498 1.9

Subsurface sanple 0. 302 1,0 1.6 0.188
M xi ng: Enul sion (ME)

Surface sanple trace 1.2 2.1 1.9 0.188

Subsurface sanple 0. 106 0. 029 0.031 0.019
Solidify:Crude (SC)

Surface sanple 1.4 2.3 0.176 1.87

Subsurface sanple 0.37 4.0 0. 449 0.29
Solidify:Emulsion (SE)

Surface sanple 1*9 ~

Subsurface sanple 0. 026 0. 023 &
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Figure 7.2 Coseup of water-in-oil emulsion on the surface of an
intertidal plot.
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Over the 40-day period covered by the sanple collection programe,
the volume of oil in the surface and immediate subsurface sedi nents was
reduced from approximately 2.0 percent to less than 0.3 percent. Natural
cleaning of the oiled plots was therefore a relatively effective process
during this short period. Simlar natural cleaning of oiled plots in the
intertidal zone occurred on the high-energy test plots in Bay 102 (see
Section 3.0). It can be concluded, therefore, that oil stranded within the
intertidal zone on the exposed or noderately exposed beaches in this region
woul d l'ikely be cleaned by nornmal and/or stormwave processes during one or
two open-water seasons, depending upon the length of the open-water season
and wave generation during that period.

An initial analysis of the cc/Ms data shows that evaporative
weathering can be clearly identified on both the aged crude and
water-in-oil emulsion plots (Table 7.3) . Over the sample period, the SHRW
val ues were reduced from3.0 to 1.6 and 3.0 to 1.4 respectively for the
crude and enmul sion plots. Biodegradation was |ess apparent on either of
the plots, and the Al kane/lsoprenoid ratio is initially inconsistent on the
crude plot, but by the end of the sanple period, was reduced to 1.6.
Bi odegradation data from the water-in-oil enmulsion plots show no
significant biodegradation at the end of the sanple period when conpared to
the initial sanple.

A further indication of the degree of reworking by wave action is
given by exam nation of the oil swath that was laid down to the north of
the countermeasure experimental area as a Cross Plot. The oil on this plot
was |laid down at a low tide fromthe |owest |owwater mark to an el evation
approximately 1 m above the highest high-water mark on August 8 (see
Profile 180 in Appendix A). Conparison of an aerial photograph taken on
the 9th of August, approximately 50 hours after the oil had been applied to
the Cross Plot, wth a ground view on the 29th of August (Fig. 7.4)
i ndi cates that nuch of the oil laid down in the intertidal zone had been
reworked and redistributed fromthe Cross Plot prior to the 29th of August.
The beach profile indicates that erosion to a depth of 10-15 cm had taken
place up to an elevation of 1.0 m above the nean water level, an elevation
whi ch woul d correspond to the |arge boul der indicated by the arrow on
Figure 7.4b. Following a period of stormwave activity on the 29th and
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TABLE 7.3 Initial GC/MS Results: Aging Ratios

EVAPORATI VE WEATHERI NG Bl ODEGRADATI ON
Sat urated Hydrocarbon A kane to
Rati o \Weathering Isoprenoid Rati o

Days Fol | owi ng Test 0 +3 +407 41 0 +8 +40741
Control:Crude (CC) 3.0 2.6 1.6 2.1 2.6 1.6
Control:Emulsion (CE) 3.0 2.3 1.4 2.7 2.6 2.7
Exxon Disp:Crude D(E)C 2.3 1.8 1.9 3.2 4.1 2.6
Exxon Disp:Emulsion D(E)E 1.9 1.9 - 3.2 2.8 -
BP Disp:Crude D(B)C 7.0 1.4 2.6 3.8 2.9 2.7
BP Disp:Emulsion D(B)E 20.9 3.3 1.2 5.3 4.5 1.2
Mixing:Crude (MO) 3.0 1.8 2.0 2.1 2.1 2.5
M xi ng: Enul sion  ( ME) 3.0 2.1 2.0 2.7 4.0 2.1
Solidify:Crude (SC) 6.6 - 4.2 -
Solidify:Emulsion ( SE) 105.0 5.2 - 5.0 8.1 -
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Figure 7.4 Cross Plot (a) 2 days following the oiling (14:30 on 9 August)
and (b) on 29 August.
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30th of August, the entire beach was further eroded and no traces of the
Cross Plot remained on the profile. Conparison of Figure 7.5 with
Profile 180 (in Appendix A) indicates that erosion had taken place to form
a notch at approximately 1.75 m above nean water |evel, which corresponded
to the upper linit of the Cross Plot, so that the entire Cross Plot had
been eroded during this storm

7.3 | NCENDI ARY DEVI CE TESTS

A series of precounterneasure tests were conducted on the south-
facing shore of Crude G| Point on 4 August. The first test was conducted
on the water-in-oil enmulsion Plot No. 8.  The first device that was
activated did not ignite, for unknown reasons. A second device was placed
on the plot, and this burned for approximately 5 min. (Fig. 7.6a). The oi
on the surface of the plot was not ignited except within a very short
di stance of the incendiary device (approximately 20 cnj. A gray-coloured
residue was left on the surface of the plot in the vicinity of the
incendiary device, and this was probably some of the incendiary conposition
material released during burning of the device (Fig. 7.6b).

A second test, on Plot No. 1 using the incendiary device On a
water-in-oil emulsion surface, simlarly failed to ignite the oil
(Fig. 7.7). On this test burn, two small pools of oil inmediately adjacent
to the incendiary device were not ignited even though the surface of the
oil was heated and bubbled. Hot splashes of the incendiary conposition
landed in the small oil pools, but these also produced no flane.

An additional incendiary devices was ignited on an aged crude test
plot (No. 7), and again the oil was not ignited. On the basis of these
tests, it was decided not to conduct a counterneasure experiment at Crude
Gl Point. The conclusion was drawn that the incendiary device would not
be a practical countermeasure technique for stranded oil that had been
deposited on the shore. The ignition tests took place on plots that had
been oiled only a matter of hours previously, before those plots were
subnmerged by a high tide.
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Figure 7.5 Cross Plot on 30 August 1981. The boul der indicated by the
arrow is the same as that shown on Figure 7,4b.
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Figure 7.6 Burn test on Plot No. 8 (4 August 1981): (a) general view 2
mnutes after ignition, and (b) closeup of the burned-out
device illustrating the grey residue and the unburned oil.
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Figure 7.7  Closeup view on Plot No. 1: (ag) during the initial ignition
phase, and (b) closeup view on Plot No. 1 follow ng the burn
test (scale indicates 5 cm?) (4 August, 1981).
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7.4 EXXON DI SPERSANT

The dispersant Corexit 7664 was applied to the crude oil and water-
in-oil emulsion plots (D{E}C) and (D{E}E) approximately 26 hours after the
oil had been laid down on those plots. The volunes of oil or enulsion that
were applied and retrieved are indicated in Table 7.1. The two plots were
divided in half, so that the southern half of each could be flushed
following application of the dispersant (See Fig. 5.11).

Sampl es were collected fromthe two halves of each plot for tota
hydrocarbon analysis, but unfortunately these were conposite, so that the
total hydrocarbon data reflects a total analysis of four sanples from the
entire area of each of the crude, aged oil and the enulsified oil plots
The results of the total hydrocarbon analysis indicate that the initial oi
| oading on the surface of the plots was approximtely 2.5 percent. The oi
did not readily penetrate into the sedinments, and subsurface sanple val ues
are low, less than 0.3 percent (Fig. 7.8 and Table 7.2).

Sampl es collected follow ng the countermeasure experinent, on the
sane day before the plots were covered by the high tide, indicate that on
the crude plot the surface and subsurface values were almost identical, but
that on the enulsified plot, relatively little change had taken place as a
result of the dispersant. Mre significant are the data from eight days
following the experinment, by which time the surface values had been reduced
from the post-test values by an order of magnitude. At this time the
subsurface sanples had al so been considerably reduced, by approximately 50
percent from the post-test values. At day plus 40, the sanple values were
in all cases low surface sanple values were below 0.036 percent and
subsurface values less than 0.017 percent.

The initial results fromthe GC/MS analysis of sanples collected on
both the aged crude oil and the water-in-oil enulsion plots show no
significant differences that can be attributed to evaporative weathering or
to biodegradation (Table 7.3). The high value of 4.1 on day 8 for the
bi odegradation is probably a result of an increase in the lighter fractions
due to the presence of these fractions in the dispersant that was applied
to the plot
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On the basis of relatively few data points, it can be said that the
di spersant was effective in reducing the total oil loading on the crude oi
plot, although oil was driven deeper into the sedinents. The dispersant
appeared to have been less effective on the enulsified oil plot, both in
di spersing the surface oil and in driving the oil deeper into the
sedi ment s

7.5 BP DISPERSANT

The dispersant BP 1100X was applied to the aged crude oil and the
water-in-oil emulsion plots approximately 26 hours after the oil had been
applied. The total volume of oil that was |oaded onto these plots is
simlar to that which was |oaded onto the Exxon dispersant plots
(Table 7.1), although the total hydrocarbon sanples taken of the oiled
plots prior to testing indicate that less oil survived on the sedinents
following two tidal subnergence periods (Table 7.2).

The total hydrocarbon anal yses results prior to application of the
di spersant indicate that the surface oil and sedinent values are in the
order of 0.4 - 0.7 percent (Table 7.2). Fol |l owi ng application of the
di spersant, the total hydrocarbon value increased on the crude plot but
decreased on the enulsion plot. This difference may be in part due to the
sanpling procedures, even though each sanple was a subset of four that were
conposi te. O greater significance than this apparent disparity on the
crude oil plot is that the subsurface sanple values increased
significantly, and it may be inferred that one effect of dispersant
application was to increase the penetration of the cil-dispersant m xture
into the sediments. This inference cannot be treated as a concl usion
because the post-test subsurface total hydrocarbon value from the aged in
crude oil plot (0.313 percent) is in the sane range as the subsurface val ue
for the control aged crude oil plot (0.302 percent) (Table 7.2).

The sanple analysis results fromday 8 show that nmost of the oil on
the plots had been renmoved, primarily as a result of wave action reworKking
the oiled sedinents. An exception is the subsurface sanmple from the aged
crude oil plot, which indicates a value alnost identical to that neasured
from the imediate post-test sanple (Fig. 7.9). This may reflect the
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I nhomogenous character of wave processes in reworking beach sediments, as
it is rare that all of a beach is uniformy reworked in an al ongshore or
across-shore direction. Therefore, it is possible that one section of a
pl ot may be thoroughly reworked by physical wave processes to a depth of 15
or even 30 cm whereas an adjacent section only a netre or a few nmetres
away may be subject only to surface reworking by wave action. It is
significant that by day 40only traces of hydrocarbons could be found in
the sanmples collected fromthe surface and subsurface of both plots.

The evaporative weathering data (Table 7,3) indicate the initial
hi gh values that are due to the presence of aromatic fractions in the
di spersant that was applied to the plots. The presence of these
hydrocarbon fractions in the dispersant clearly makes the data of limted
val ue. The alkane to isoprenoid ratio is of more value, and indicates that
no degradation was evident on both the aged crude and the water-in-oi

emul sion plots

The data indicate that, on the water-in-oil enmulsion plot, oil was
driven nore deeply into the sedinments follow ng application of the
di spersant.  The subsurface total hydrocarbon values from the crude plot
are not significantly greater than those fromthe control plot, so that on
this test, no definitive conments can really be nmade concerning the
i ncreased penetration of oil into the sedinents on the aged crude oil plot.
The significant parameter is that by day 40, all of the total hydrocarbon
val ues were reduced to trace val ues.

7.6 M XI NG

The m xing experiments were carried out on plots that were 20 min
length each, adjacent to the control plots (Fig. 7, 10a). The m xing
operations took approximately 1 hour for each plot, and were conducted
26 hours follow ng application of the oil to the plots. The loading values
of the oil (0.91 and O, 53 cm3/cm2 for the crude and erulsion plots
respectively) are virtually identical to those values for the two contro
plots (Table 7.1)



7-21

view (15:00, 6 August) of the mxing and control

Figure 7.10 (a) Aerial
plots, and (b) ground view (6 August) of the ME (mxing of

emulsified oil) plot and the CE (emulsified oil control)

plot.
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The total hydrocarbon values from conposite sanples collected
i mredi ately after the mxing of the sedinents indicate a marked increase
when conpared to the pre-test sanples (Table 7.2 and Fig. 7.11). This
probably reflects the fact that oil was spread nore evenly on the surface
of the sedinents, so that the total weight of oil with respect to sedinent
woul d be greater because on the pre-test sedinents, nany of the |ower
under side surfaces of pebbles and cobbles woul d probably be oil free. On
the crude oil plot, there was a significant mxing process, so that the
subsurface sanple fromthis site had a total hydrocarbon val ue of
1.0 percent, a threefold increase fromthe pre-test value. On the
water-in-oil enulsion plot, the total hydrocarbon val ue remai ned low
following mxing (Table 7.2), and this probably reflects the fact that the
sampl e was taken below the actual depth of mixing. The hydrocarbon val ues
from day 8 show that on the crude plot the subsurface value remained high,
whereas the surface value was reduced to 1/5 of the post-test value. These
data reflect that the mxing action probably pronmoted the nechani cal
di spersal of surface oil, but that the subsurface oil was unaffected by the
mechani cal (wave) reworking of the beach’ sedinents. On the water-in-oil
enul sion plot, 1little change was evident from the post-test sanples at day
8, and this section of the beach underwent relatively little or no sedinent
rewor ki ng between August 2 and August 8 (see Profile 40, Appendix 4).

Sedi ment reworking on the enulsified plot by day 41 (Septenber 16)
resulted in a marked reduction of the total hydrocarbon value of the
surface sedinents from1.9 to 0.2 percent (Fig. 7.11). The hydr ocar bon
values from the aged crude oil plot appear to indicate that the surface
hydrocarbon volune increased fromO0.5 te 1.9 percent, and that the
subsurface values decreased from 1.6 to 0.2 percent (Table 7.2 and
Fig. 7.11), It is difficult to explain this apparent reversal in ternms of
observed oil. The surface value fromthe aged crude oil plot of 1.9
percent is in the sane order of magnitude as the initial oil |oading on
this and on the control plots. Some visible oil was present on the nixing
plots, as well as up to 8 cm below the surface (Blair Hunphrey, pers.

comm, ).
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Two potential explanations nay be offered for these data points:
(a) the oiled plot was buried by sediment on day 8 and exhumed by day 41,
or (b) that inadvertently, sanples were mslabel ed, and the surface sample
is in fact the subsurface one and vice versa. The first explanation,
sedinent reworking and burial followed by exhumation, is unlikely, as the
beach profile surveyed at the site (Profile 80, Appendix A) indicates that
followi ng a period of erosion on August 2, the profiles of both August 8
and August 30 show no significant change. Therefore, the |level of the
beach on these latter two dates was virtually identical, and erosion or
burial would not have produced a sanpling error. It is unlikely that the
total hydrocarbon content of the surface sanple could have increased by a
factor of 4, in that the sanple was a conposite of 4 wdely spaced
subsamples, and it is also unlikely that the total hydrocarbon content of
the subsurface sanple could have been increased by an order of magnitude on
a beach where no major norphol ogi cal change occured; therefore, the
expl anation of the data discrepancy apparently l|ies el sewhere. If the
surface and subsurface data points are reversed, it is possible to explain
the results logically. The subsurface sanple would have a high value (1.9
percent) that is in the sane range as the subsurface sanple from day 8.
The surface sanple woul d have decreased in value fromthe day 8 sanple, and
woul d be in the sane range as that from the surface of the mxed enulsion
plot. It is difficult to provide a rational explanation for the data
points on day 41 wi thout invoking mechanisns that did not apply to adjacent
plots, or wthout suggesting that the sanples may have been inadvertently
labelled or misplaced with respect to each other. It may be possible to
verify the data by extracting total hydrocarbons fromthe GC/MS sanple, but
this has not been done to date.

The evaporative weathering data (Table 7.3) indicate that there was
a significant decrease in the SHRWratio from post-test sanples to the
day 8 sanples, but that fromday 8 to day 41 no significant change
took place. The biodegradation data provide less information, and it is
apparent that on the enulsified oil plot at day 8, the surface had becone
contam nated by lighter fractions from outside the plot to give an
excessively high value for that sanple

Wth the exception of the inexplicable data points from day 41 of
the mxed crude plot, the general trend indicated by the data is that
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mxing reduces surface concentrations of stranded oil, but increases
subsurface concentrations. This conclusion supports the hypothesis upon
which selection of the mxing procedure for shoreline countermeasures was
initially based.

1.1 BP SCLIDIFIED

The application of the solidifying agent varied within each plot
(see Fig. 6.6, p. 6-7). Each plot was divided into three sections, and
pol ymer was nmixed with slow or fast cross-link agents (Fig. 6.6). In al
six tests, the conmpound gelled quickly and encapsulated the surface oil
Only total hydrocarbon data for the aged crude oil plot are available, and
this indicates that at the end of the sanpling period, as much oil remained
on the surface as was initially present (Fig. 7.12). This woul d be
consistent with the experinmental design, as the solidifying agent does not
di sperse or renmove any of the stranded oil, but rather bonds it within the
conpound (Table 7.2). A GC/MS sanpl e collected fromthe water-in-oil
emul sion plot produces a saturated hydrocarbon ratio of 105, due to the
presence of odourless kerosene, which constitutes 95 percent of the
sol i difying conpound

The sanples that were collected and anal yzed on these plots provided
little useful data, as the sanpling programe was not designed specifically
for this countermeasure experiment. Field observations indicated that the
solidifying agent acted to retard sedinment reworking in the intertida
zone.  This phenomenon does not show clearly on slides or black-and-white
phot ographs, but field notes show that on several occasions the surface of
the intertidal sediments was | owered between 5 and 10 cm adj acent to the
solidified oil, which protruded above the |owered |evel of the beach.

7.8 DI SCUSSI ON

All field studies that are designed to inprove the know edge and
under standi ng of shoreline processes and spills are an attenpt to replicate
real -world conditions that may exist at the time of a real spill incident.
Thus , any experimental results nmust be qualified by an assessnent of the
environmental conditions at the tine of that experinent to determne if, in
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fact, they are realistic or abnormal. Two years of studies on the contro
and counterneasure plots have indicated that stornms are a significant
element of coastal processes during the open-water season. Both the
hi gh-energy intertidal control plot (Bay 102) and the Crude Q| Point
countermeasure test plots are exposed to waves generated in Eclipse Sound.
Bot h beaches underwent significant wave reworking during the study periods.
The counterneasures experinents are, therefore, not an isolated test of the
techni ques thenselves, but are a test of the techniques in real-world
condi tions.

A primary conclusion drawn from the experinents is that during the
study period, the renoval of oil fromthe control intertidal plots, set up
in 1981, was of the same order as oil renmoval from the counternmeasure
plots, even though the latter were also subject to a variety of cleanup
techniques. Between August 2 and 8, data fromall of the profiles surveyed
on the counterneasures beach indicate that erosion predom nated, wth
sections of accretion on the lower part of Profile 40 and the upper parts
of Profiles 100 and 140 (Appendix A). Between August 8 and 30, accretion
characterized nmost of the net shore-zone change in the intertidal zone,
although this pattern is less uniform, with sections of erosion on Profile
O 80, 100, 120 and 160. The results of the countermeasure experiments
therefore show not only the effects of the countermeasure technique but
also the influence of normal processes redistributing sediments and
reworking contamnated material.

The initial loading of the oil was in the order of 2 percent by
weight oil in sediment. Wthin 40 days on the control plots, 80 percent of
this oil had dispersed naturally. The effects of dispersant application
and of mxing contam nated materials produced significant changes in the
character of the contam nation during the period initially follow ng
application of the particular technique. However, by day 41 there was
little significant difference between any of the plots and the control plot
data. This indicates that the techniques are really no nore efficient than
natural degradation processes on exposed beaches during the open-water
season.
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The application of counterneasure techniques significantly reduced
oi | loadings during the period imrediately follow ng application of the oi
to the beach surface. Therefore, these techniques may be of some value in
the mtigation of potential adverse inpacts imrediately follow ng stranding
of the oil, but over the longer tinme periods, natural reworking of
intertidal sedinments is as effective as man-induced countermeasures. T1he
solidified proved to be an effective agent in the encapsul ation of stranded
oil, but the incendiary devices did not prove effective for the ignition

and burning of oil on the test plots.




8.0 RAGGED CHANNEL EXPERI MENT

8.1 | NTRODUCTI ON

During the sunmmer of 1981, two noderate-scale spill experinents were
conducted to the west of the Cape Hatt canp in Ragged Channel (Fig. 2.2).
One spill involved the discharge of weathered crude oil into a control bay
(Bay 11) which was booned off fromthe main channel. The second spill
involved the discharge of a water, dispersant and oil mxture into a
separate control bay (Bay 9; Fig. 2.2). An observation programre was
conducted during and after these experinents to nonitor the inpact of oi
on the nearby shorelines.

8.2 CRUDE QL SPILL, BAY 11

The characteristics of the Bay 11 spill are noted in Table 8.1, as
are the oceanographic conditions at the time of the spill and the genera
shore-zone character features. The spill involved the discharge of 15,0 m
of crude oil onto the water surface; the spill was confined by means of a
curtain boom  Subsequent skimming of the water surface recovered 5.5 niof
oil (actually 11.9 o of oil-in-water enulsion with 47% oil content were
recovered). It is estimated that as nuch as 1.9 to 2.4 o may have
evaporated after the spill (Peter Blackall, pers, comm. , 1981)

8.2.1 Spill Setting

Cceanographi ¢ conditions during and imediately after the spill were
calm Wave heights were very low (<10 cn) until 24 August, when
significant wave action (probably >30-cm wave hei ghts) caused the
contai nment boom to break. Tidal range at the time of the spill was 1.9 m
with a decreasing range (see tidal curves, Appendix B) . Currents at the
time of the spill are unknown, but the concentration of oil at the east end
of the bay suggests that they were to the northeast.
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TABLE 8.1 Bay 11 Spill Characteristics

DATE : 19 August 1981 (15:45 -

18:45 EDT)

AMOUNT OF O'L SPILLED

~15.0 mor 3,330 Inp. Gl.

AMOUNT OF O L RECOVERED

5.5 mor 1,215 Inp. Gal.

e | AMOUNT OF O L ON SHORE ~7,1 -76m” or
38 1232 -1562 1 mp. Gal .
g
& = | DI SCHARGE CHARACTERI STICS Singl e point discharge on
o wat er surface
TYPE OF QL Lago Medio crude oil,
artificially weathered
= TI DAL CONDI TI ONS 1.9-m range (decreasing)
H oW
EE VAVE  CONDI TI ONS very low (<10 cm) until
g5 24 August
& a
=]
%8 CURRENT CONDI Tl ONS unknown, probably | ow
SHORE- ZONE CHARACTER sandy gravel sedinments with
sl opes; some rock
o out crops
% g LENGTH OF SHORELINE O LED 360 m
=
<
w% W DTH OF SHORELINE O LED 6 -45m

AREA OF | NTERTIDAL ZONE O LED | 9,144 o*
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There are two distinct units of shore-zone character within the bay
(Figs. 8.1 and 8.2). The primary unit consists of a sandy grave
intertidal zone of noderate width, whereas the secondary unit consists of
wel | -jointed bedrock outcrops. Across-beach profiles from the beach
segment of the shoreline are shown in Figure 8.3. Intertidal zone wdth
varies throughout the bay, wth the central part of the bay having the
greatest widths (approximately 50 nm). Slopes are low for intertidal zones,
5° or less, although local breaks in the topography are present at the
high- and lowwater lines. A small ridge at the high-water Iine indicates
the presence of a poorly developed berm A small ridge or nound feature is
al so present near the lowwater line. This |lowwater nmound was present
t hroughout the summer, and is not believed to be one of the ice nound
features discussed in Appendix C

Sedi nent texture varied significantly across the intertidal beach
zone. The surficial backshore sediments were very poorly sorted and ranged
fromnmud nmaterial to cobble-sized mterial; these sedinments were
extensively reworked by surface runoff processes and cryoturbation.
Sedi ments near the high-water line, in the poorly devel oped berm were
better sorted than other intertidal-zone sediments, and consisted primarily
of pebble-sized material with sone cobbles. Sedinments within the md- and
| ower intertidal zones were very poorly sorted, and ranged fromsilty
sand-sized material to boulder material (Fig. 8.2). The ridge along the
| ow-wat er line consisted primarily of cobble and boul der- sized gravel over
sand material. Smal | streams di scharging across the beach produced
al ongshore variation in sedinent-size characteristics. For exanple, a
broad band of fine, silty-sand material is present near the central part of
the bay (Fig. 8.2),

8.2.2 Qling Chservations

As a result of the spill conditions (high discharge rates, |ow
wave-energy levels, confining booms and a wide intertidal zone), a large
amount of oil was stranded in the intertidal zone
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Figure 8.2

(ol i que aerial photograph of Bay 11 on 27 August (eight days
after the spill), Note the effect of streanms in flushing oi
fromthe intertidal zone and al so the absence of oil on the
sandy area in the central part of the bay.
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The distribution of oil on the surface of the beach was mapped
seven days after the spill. The surface covering of oil was visually
estimated along a series of transects in Bay 11 (Fig. 8.4). The estinates
are uncalibrated in terns of an absolute scale, but they do provide
excel l ent background information on the relative oil distribution wthin
the bay. The distribution map indicates that the surface concentrations
ranged from 5 percent surface covering to 100 percent surface covering.
Zones of low oil concentrations were associated with the silty-sand areas
that had high water contents; the high water content prevented the oil from
adhering to the sedinents. Areas of highest concentration were near the
eastern end of the bay (Fig. 85 and also along the ridge at the | ower
water line. Surface coverings seaward of the lowtide ridge dropped off
rapidly

Integration of the surface covering estimates (Fig. 8.4) indicates
that 6,037 ni of the total oiled area of 9,144 nf was covered with oil
(i.e., surface covering of the oil was on the average 66 percent of the
total surface area). Knowing that approximately 7.1 to 7.6 ni(Table 8.1)
was stranded in the intertidal zone, then a mean surface covering thickness
of 1.2 mmis estimated. The thickness of the surface covering on cobbles
and pebbl es appeared thinner than this estimte (<0.5 mm); however, the oil
thickness in sand and granul ar-sized material is |ikely somewhat greater.

8.2.3 Total Hydrocarbon Anal yses

Surficial sediment sanples were collected for analysis of total
hydrocarbon content.  Sanples were collected from upper, md- and | ower
intertidal segments on three profiles in the bay (Figs. 8.1 and 8.4); on
the first lowtide following the spill and thereafter at 8 and 25 days.
The sanple locations in relation to the estimated surface oil covering are
shown in Figure 8.4. It should be noted that these sanple |ocations
provide an index of sonme of the oiled area, but are not necessarily
representative of the entire bay.

The results of the total hydrocarbon anal yses are tabulated in Table
8.2 and illustrated in Figures 8.6, 8.7 and 8.8. The data indicate that
there was considerable spatial and tenporal variation in the content of oi
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line (refer to Fig. 81 for locations).

Figure 8.4(b)

transect segnents.
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Figure 8.5 Photograph of oiled intertidal-zone surface, Bay 11 (25 August
1981, 6 days after spill). Note the very sharp contrast
between the oiled and non-oiled sedinents.
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in the surface sediments. As with other total hydrocarbon analyses, there
remai ns the question of whether this variation is due to the sanpling
technique or to true variations in total hydrocarbon  content
(Wodwar d-C yde Consultants, 198la, 198lc).

The initial surface total hydrocarbon contents varied between 0.011
and 1.8 percent by weight (Table 8.2), with a nean of all surface sanples
of 0.71 percent total hydrocarbon content (Table 8.3). It is interesting
to note that this initial oil content lies within the range of initia
| oadings of oil on the artificially oiled test plots in Z-Lagoon
Subsurface oil concentrations, as determ ned from sanples collected between
-5to -10 cm were significantly |ower, ranging between trace to 0.056
percent, with a mean of 0.017 percent total hydrocarbon content. Hi gh
wat er contents of the subsurface sediments apparently prevented penetration
of the oil into the subsurface sedinents. The low initial subsurface oi
content is also low in conparison to previously docunented subsurface oi
content val ues (Woodward-Clyde Consultants, 198la; Table 6, 3).

It is clear that significant spatial variation in initial oil
contents existed shortly after the spill (Fig. 8.4). It nust be enphasized
that the total hydrocarbon analyses are based on only nine sanple
| ocati ons, and that these sanple locations are not necessarily
representative of the overall distribution of oil within Bay 11.  Spatial
trends in initial oiling concentrations are weak; the md-intertidal zone
has slightly lower oil concentrations (Table 8.3), as does Profile 4
(Fig. 8.6 to 8.8). This may reflect the | ower concentrations which
occurred near the centre of the bay (Fig. 8.4).

Concentrations of oil in time also varied significantly, but again,
evidence for overall trends is not strong due to the variability of the
data. At some locations an increase in oil content occurred in tine,
whereas at other stations a decrease occurred. The overall trend was a
reduction of surface oil concentrations (Table 8.3) and an increase of
subsurface oil concentrations. The upper intertidal zone showed the
greatest reduction (Table 8.3). An opposite trend occurred in subsurface
oil contents, although this trend is only weakly supported by the data
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TABLE 8.2 Total Hydrocarbon Contents (in Wight Percent), Bay 11
Sedi nent Sanpl es Col | ected During 1981

LOCATI ON  UNKNOWN
(pre-spill)
SAMPLE
NUMBER 18 August
1 0
2 0
3 trace
4 0
5 trace
6 0
PROFI LE 2*
20 August 28 August 15 Sept enber
upper surface 0.705 0.284 0.392
subsur f ace 0. 009 0.022 trace
m d surface 0. 048 0. 64 0.192
subsur face 0 .005 0.032 0.033
| ower surface 1.8 0. 454 0. 186
subsur f ace 0. 006 0.019 0.024
PROFI LE 4*
upper surface 0. 344 0. 019 0. 026
subsurface 0.014 0.014 trace
md surface 0. 480 1. 100 1.2
subsur face 0. 006 0.011 0.024
| ower surface 0. 047 0. 205 0.582
subsur f ace 0. 020 0.038 trace
PROFI LE 6*
upper surface 1.6 1.8 1.7
subsurface 0. 056 0.58 0.022
m d surface 0. 609 0. 654 0. 65
subsur f ace 0.017 0. 045 0.036
| ower surface 0.734 0.827 0. 364
subsur face 0.018 0.05 0. 054

% see Figure 84 for sample locationms.
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TABLE 8.3  Summary of Total Sedinent Hydrocarbon Content by \Wight Percent

SURFACE SUBSURFACE
H GH MD LOW MEAN H GH MD LOW MEAN
DAY +0 0.88 0.38 0.86 0.71 0.026 | 0.009 0.015 | 0.017
DAY +8 0.70 0.79 0.50 0.66 0.205 | 0.029 0.036 | 0.090
DAY +25 0.71 0.68 0.38 0.59 0.007 | 0.031 0.026 | 0.021

Some apparent changes in the spatial concentrations of oil in the
al ongshore direction also occurred in time (Figs. 8,6 to 8.8). At
Profile 2, at the eastern end of the bay, a significant reduction in
surficial o0il concentrations occurred, whereas an increase apparently
occurred on Profile 4,no significant change took place on Profile 6.

8.2.4 Discussion

The oiling of the shoreline in Bay 11 provides an interesting data
poi nt between the very small, controlled spills which took place in

Z-Lagoon and large offshore oil spills. Significant observations of the
Bay 11 spill are:

(1) Initial sedinent oil contents were highly variable
over short distances (Fig. 8.4), thus a large
nunmber of sanples were required to determne
“mean” oil concentrations.

(2) Despite the large quantities of spilled oil in the
bay, sedi ment sanpl es showed a  maxi mum
concentration of 1.8 percent, suggesting that a
beach surface has a maxi num retention potenti al
despite the l|oading volune.

(3) Initial oil retention is related to sedi ment
characteristics, and to a |esser extent, |ocal
t opogr aphy. H ghest oil concentrations occurred
at locations of coarse sedinments and topographic
highs (e.g., ridge crests or upper part of
intertidal zone) Lowest oi | concentrations
occurred in areas of fine sedinents, which also
coincide with areas of high water tables, and in
t opogr aphic | ows.
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(4) Approximately 9,150 nf of the intertidal zone were
oiled, wth surface oil covering ranging from
<10 percent to 100 percent; nean surface covering
was 66 percent. Estimated nmean oil thickness was
approximately 1.2 nm for areas oiled.

8.3 O L- WATER- DI SPERSANT SPI'LL, BAY 9

The characteristics of the Bay 9 spill are noted in Table 8.4, as
are the oceanographic conditions at the time of the spill and general
shore-zone character. The spill involved a discharge of 15 m of crude oil
which was mixed with approximately 75 ni of seawater and 1.5 niof
di spersant. The oil-dispersant-water mxture was discharged (Fig. 2.2)
through a discharge pipe |ocated perpendicular to the shoreline in the
central part of the bay (Fig. 8.9); the mxture was discharged through
numerous orifices in the pipe. The spill mxture was not contained by a
surface boom and was allowed to circulate within the bay. None of the
oi | -dispersant-water mxture was recovered and it eventually diffused into
Ragged Channel .

83.1Spill Setting

Cceanographic conditions at the time of the spill were nore
energetic than those which occurred during the Bay 11 spill. \Wave heights
between 20 and 30 cm and wave periods in the order of 3 to 3.5 s were

observed during the early part of the spill; the wave-approach direction
was fromthe north. The general circulation within the bay was that of a

cl ockwi se gyre which caused currents toward the south along the shore and

currents toward the north inmrediately offshore (Fig. 8.9). The gyre
caused the recirculation of oil wthin the bay before being diffused into
the channel. At the time of the spill, the tidal range was 1.7 m and this

increased over the follow ng days.

As in Bay 11, two distinct units of shore-zone character exist
within the bay. The primary unit consists of a well-sorted pebble beach
backed by an eroding, unconsolidated cliff, whereas the secondary unit
consists of resistant bedrock outcrops. The total length of shoreline
within the bay is 670 m and the intertidal zone is generally narrow

(<20 m) .




TABLE 8.4

DATE :
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Bay 9spill Characteristics

27 August 1981 (13:00 - 19:00 EDT)

AMOUNT OF AL SPILLED

15.0 nfor 3,330 Inp. Gal.

AMOUNT OF O L RECOVERED

none - open system

=< | AVDUNT CF OIL ON SHORE trace (<0.1m> or
= 22.5 Imp. Gl.)
- QO
5 2
n = DI SCHARGE CHARACTERI STI CS through 30 m perforated pipe
TYPE OF AL Lago Medio crude oil m xed
with seawater and dispersant
=) TI DAL CONDI TI ONS 1.7-m range (increasing)
o
55 | WVE CONDITIONS hei ght 20-30 cm 3.0 to 3.5-s
§ E period; approach fromnorth
Eé CURRENT CONDI TI ONS to south along the shore;
= to the north offshore
SHORE- ZONE CHARACTER wel | sorted pebble nmaterial;
o some outcrops
=
%J % LENGTH OF SHORELI NE O LED 300 m
o]
mg_:) W DTH OF SHORELINE O LED 0.5- 1.0m
AREA OF | NTERTI DAL ZONE O LED <250 n’




Figure 8.9

Schematic of Bay 9 showi ng major geonorphic features of the
bay, the configurations of the discharge pipe, and the general
circulation pattern (dashed |ine) during the discharge
operation. Nunbers indicate total hydrocarbon sanple

| ocat i ons.
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Some al ongshore variation exists in both beach norphol ogy and
sedinent texture. In the northern part of the bay, the | ower beaches are
sandy or gravelly with a pebbly upper portion, conmonly in the formof a
smal | swash ridge. 1In the southern part of the bay, beaches are nostly
conposed of flat, pebble-sized material (shingle) and are very steep; the
beach width in the southern part of the bay is generally less than 10 m

8.3.2 G ling Cbservations

No oil was observed on the shore during the spill operations;
however, during the high tide of the night followng the spill, a small
amount of oil was deposited in a thin band at the high-water [ine. The
band was narrow (<I m) and was absent in the southern half of the bay. The
sedi ment sanples generally did not have visible oil droplets, but rather
were covered by a sheen of oil; the bottom side of pebbles occasionally
contained snall oil droplets. The md- and |ower portions of the
intertidal zone showed no visible oil covering.

8.3,3Total Hydrocarbon Anal yses

Sanples were collected for total hydrocarbon analysis from the
m ddl e and upper portions of the beach at three |ocations. The total
hydr ocarbon anal yses are listed in Table 8.5, and support the visual
observations of oil covering the sedinents. Only the upper part of the
intertidal zone in the northern end of the bay contained any neasurable
hydr ocar bons.

8.3.4 Di scussi on

The oiling of the shoreline of Bay 9 provides an interesting
conmparison to the Bay 11 crude oil spill. The inplication from the
experinmental results is that the use of dispersants on offshore oil slicks
significantly reduces the potential for oil becoming stranded in the
intertidal zone. It is estimated that |ess than 1 percent of the total
amount of oil spilled was stranded in the shore zone.
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TABLE 8.5 Total Hydrocarbon Contents in \Weight Percent
of Sediment Samples fromBay 9 (Collected
28 August 1981)*
TOTAL HYDROCARBON CONTENT (% BY WEI GHT)
PROFI LE UPPER | NTERTI DAL M D | NTERTI DAL
100 0.126 0
300 0 0
600 0 0

* refer to Figure 8.8 for sample locations



9,0 SUMMARY

The shoreline conmponent of BIOS conducted in 1981 involved three
maj or conponents
« continued monitoring of the 1980 control plots

« nmonitoring of the shores of Ragged Channel adjacent
to the nearshore spills; and

« counterneasure experiments on shoreline test plots.

These studies were conpleted successfully, and this report presents the
prelimnary analysis of data obtained during the Field Programme. An
initial analysis of geochemical data that was available at the tinme of
witing is included in the interpretation of results. Further analytica
results are expected, and these will be considered in future reports,

9.1 1980 BACKSHORE AND | NTERTI DAL CONTROL PLOT MONI TORI NG

Sanpl es collected from the exposed, high-energy beach that was oiled
during 1980 indicated that oil was present on 28 July 1981 in simlar
quantities to those which existed in |late August 1980. However, by late
August 1981, all of the sedinent sanples collected fromthese plots showed
no traces of oil. On these intertidal control plots, wave action was
therefore effective in causing the redistribution of sediments and the
natural cleaning of the oiled test plots

The test plots that were laid down in a sheltered location on the
east shore of Z-Lagoon were characterized in 1981 by observable quantities
of surface and subsurface oil. Conparison with sanple data obtained
i mediately follow ng application of oil to the plots with the sanples
collected during the 1981 season indicates that by August 1981, 5 to 10
percent (by weight) of the original oil remained on the surface of the
plots , and that 10 to 30 percent remained in the subsurface of the
sedi ments (10-15 cnm) below the surface. A difference between the
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water-in-aged crude oil plot and the aged crude oil plot was observed
visual ly and indicated by the total hydrocarbon sanples, with |ower tota
hydrocarbon val ues on the emulsified oil plot.

Sampl e data from the backshore control plots indicate that all of
the 1981 sanple results are within the range of values fromthe 1980 suite
of sanples, Conparison of the overall mean of 1980 oil-in-sediment val ues
with those from 1981 sanples indicates a reduction from3.3 percent to
2.3 percent. It is not possible at this tinme to determne the significance
of this reduction in total hydrocarbon content. Prelimnary geochemical
anal yses indicate that biological weathering was not a significant factor
of oil degradation on these backshore plots, but that a significant amount
of evaporative weathering occurred between the 1980 and the 1981 surveys.

9.2 1981 RAGGED CHANNEL EXPERI MENTS

The distribution of oil on the shoreline of Bay 11, where an aged
crude oil was spilled on the water surface, was extremely variable, with
hi ghest oil concentrations observed on topographic highs or in areas of
coarse sedinents. The total hydrocarbon content of sedinent sanples
collected fromthe surface of the beaches shortly after oiling indicated
oil -in-sedinent values in the range of 0.0l to 1.8 percent by weight.
These values are in the sanme range as those of sanples collected
i mediately after application of the oil to the control plots and
countermeasure plots, where oil was “artificially” applied to the shore
zone. This indicates that the oiling procedure used during the other
components of the shoreline study replicates accurately situations where
oil is washed ashore from the water surface

On the Bay 9 spill, where a dispersant-water-aged crude oil mxture
was discharged into the water, visual observations and analysis of tota
hydrocarbon content of beach sanples indicate that very little oiling of
the Bay 9 beaches occurred
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9.3 1981 COUNTERMEASURE EXPERI MENTS

Control plots of aged crude oil and water-in-aged crude oil were
| aid down on one section of the beach where the counterneasure experiments
were to be conducted. The initial oil loading was up to 2 percent by
weight. Wthin 40 days, 80 percent of the oil which had been |aid down on
the control plot had been dispersed naturally.

A series of tests were conducted prior to initiation of the
counterneasures experiments in the vicinity of Crude Ol Point. The
techniques to be tested included

e in-situ conbustion using an incendiary device

e nechanical mxing of contam nated sedinents,

« chemcal surfactants to disperse oil, and

e application of solidifying agents to oiled surface

Prelimnary tests indicated that the incendiary device could not
ignite oiled sediments, and this technique was therefore not tested
further. The plots that were subject to mechanical m xing showed initially
a reduction in surface concentration of oils and an increase in the
subsurface concentration of oil in the sediments. Wthin 40 days fol |l ow ng
the countermeasures experinments, the values fromthe mxing plots were in
the same range as those fromthe control oiled plots. The application of
two different commercially available brands of dispersants resulted in a
significant reduction of surface and subsurface oil volunes imediately
following the tests. The total hydrocarbon sanples indicated that the
di spersants reduced the oil-in-sedinent volume by approxinmately one order
of magnitude. However, after 40 days the total hydrocarbon val ues fromthe
di spersant plots were in the same range as those fromthe control plots.
The application of solidifying agents to the oiled test plots was
successful in terms of the objectives of these tests, as oil was
effectively encapsulated within the gel

The results indicate that, with the exception of the solidified
tests, the counterneasure techniques which were applied initially reduced
the volumes of oil on the test beaches, but that after a period of 40 days
the levels of contam nation were simlar on the control plots to the
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countermeasure plots . The techniques could significantly reduce oi

| oadi ngs during the period inmmediately follow ng stranding of oil at the
shoreline, but in the long run it appears that these techniques are really
no nore efficient than natural degradation in terns of reducing the volune
of oil that resides in the intertidal zone

9.4 | MPLI CATI ONS OF 1981 STUDY RESULTS

The prinmary conclusions that result from the 1981 studies are that
there are significant differences between the exposed and sheltered contro
plots that were set up in 1980, in terns of the volunme of oil that was
natural Iy dispersed. Gl was still present on the sheltered beach
(lowenergy plot) , whereas plots of the same oil applied in 1980 to the
sane relative location in the intertidal zone at a nore exposed site
(high-energy plot) were cleaned, with no detectable trace of oil present in
the sedinent sanples by the end of August 1981. Conparison of total
hydrocarbon sanples from the control and counterneasure plots falls within
the same range as sanples that were collected from Bay 11; this indicates
that the application systemused for the control and experinental plots is
realistic in terms of oil loadings. The counterneasures that were tested
were effective in reducing the volume of oil initially, with the exception
of the incendiary device and the solidified, but by the end of the survey
period (41 days) there was no significant difference in the total
hydrocarbon vol unes between the control plots or the dispersant and m xing
counterneasure plots.



APPENDI X A - BEACH PROFILES

A series of beach profiles were surveyed across the intertidal zone
on the counterneasure experiment shoreline. The profiles were surveyed at
| ow tide, using a self-levelling | evel and survey staff. Al profiles were
tied into a coomon line that ran parallel to the shore zone above the
present-day beach, so that all elevations on the plotted profiles are
related to the same datum

The exact location of the mean high-water and nean |ow water nmarks
are not known on this beach. For conparative purposes, all of the profile
data have been reduced to a comon |evel, the nean water |evel (MWL), that
has been approximated from both the profile data and from available tida
wat er-1evel data.

The tides of this area are characterized by unequal, sem -diurna
tidal levels. Thus, on a single day the height of the two high tides may
vary by as much as 0.25 m  Were sufficient evidence was visible during
the survey on August 8, the heights of these two high tides for that day
are indicated on each profile (HHWM = Hi ghest H gh-Water Mark: MHWM = Mean
H gh-VWater Mrk).

The location of the experinental plots with respect to the beach
profile is indicated where appropriate

The location of the profiles is given in Figure 5.9 (Page 5-15).
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APPENDI X B - TI DE DATA

Uncorrected tidal data for both the Z-Lagoon side of Cape Hatt and
the Ragged Channel side of Cape Hatt (Fig. B.1) is included as background

information to the oil spill countermeasure experinents and the Ragged
Channel  spill experinents. The tidal data are not corrected for
at nospheric pressure variations, which could cause errors of up to 10 cmin
the curves shown. However, the curves are useful for illustrating the
periods of spring and neap tides in relation to the spill dates, as well as
for illustrating the relative magnitudes of the tidal changes.

The tide data was collected as part of the physical oceanographic
studies around Cape Hatt (conducted by Petro-Canada and Seakem Qceanography

Ltd.), and was reduced by personnel fromthe Institute of Ccean Sciences in
Si dney, B.C
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APPENDI X C - | CE MOoUND OBSERVATI ONS

During the early part of the 1981 sumrer, low gravelly sand ridges
cored by ice were a coomon feature of the Cape Hatt beaches (Fig. c¢.1).
These features, tentatively referred to as “ice nounds,” were noted during
the 1980 studies (Dickens, 1981; Barrie et al., 1981; Woodward-Clyde
Consul tants, 1981a) and were the subject of a separate investigation during
| ate spring of 1981 (Semples, pers. comm.). The norphology of the “ice
nmounds,” investigated during the early 1981 sunmer, is discussed briefly
bel ow in conjunction with possible mdes of origin

The “ice mound” features typically consisted of a l|inear ridge
parallel to the shore and located in the lower intertidal zone, wusually
just above the nean lowwater line. Relief of the ridges was |ess than
1 m although some nelting of the ice core may have occurred prior to our
observati ons. The width of the “ice nounds” averaged about 2 m A
gravel ly sand veneer of about 10 cmin thickness typically covered the
ice-cored mound.  Cobble- to boul der-sized material occurred on sone of
these ridges (Fig. c.2).

In some cases, the sand-gravel veneer was absent and the ice core
was exposed in the intertidal zone (Fig. €.3). The presence of the ridge
created a barrier to the surface runoff, and water was frequently ponded on
the landward side of the ridges (Fig. C.4).

A narrow trench excavated through an ice core showed that somne
sediment (up to pebble size) was incorporated within the ice material, but
the sediment did not appear to formany distinct layers within the ice
(Fig. €.5). The maxinum thickness of the ice core at this site was 35 to
40 cm (Fig. c.6).

The origin of the “ice nounds” around Cape Hatt is uncertain, but
appears to be related to groundwater extrusion during freeze-up. Sadler
and Serson (1981) have suggested that anchor ice noted along the shores of
Cornwallis Island may have formed due to groundwater  extrusion
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Figure C. 1 The distribution of “ice nmounds” in the Cape Hatt vicinity
(shown by heavy lines), as observed during a helicopter survey

on 29 July 1981
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Figure C2

29 July 1981).

Phot ograph of an “ice nound” in Bay 10 showi ng an exposed ice
C.1 for location;

core (see Fig

Figure C.3
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Figure C.4 Photograph of an “ice nound” on Crude Q|

Poi nt near the
entrance to z-Lagoon (see Fig. )

showi ng the pending of

water on the landward side of the ridge. The trench shown in

Figure C.5 was cutat the |ocation of the survey staff
(30 July 1981).
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Phot ograph of a cross section through an ice nound (see
Fig. C.4). It is apparent that some sediment, up to
pebbl e-size material , was incorporated in the ice; however, no
distinct layering was present.

Figure C5
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Figure C6  Cross section of trench shown in Figure C.5.
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Qther origins which have been suggested include that of ice-foot
formation (Wiseman et al., 1981) or kaimoo formation (More, 1966).
I ce-cored mounds in the intertidal zone have been observed at nunerous
locations in this region during breakup. In 1968, owens observed
non-linear ice-cored mounds up to 1.5 min height on the north coast of
Lancaster Sound. These mounds were simlarly masked by a 5-10 cm thick
| ayer of pebble-cobble sedinents. The fact that the ice nmounds occur
extensively in | ow wave-energy environnents such as Z-Lagoon, and that the
i ce nounds are veneered by sediments up to the cobble or boul der size,
woul d appear to preclude mound formation solely due to hydraulic reworking
of material. The spatial extent of the “ice nounds” noted in this survey
al so precludes ice push as a viable explanation of origin.

Qther features noted in the Cape Hatt area |lend support to the
groundwat er extrusion hypothesis. First, anchor ice was also noted bel ow
the mean water |evel in Z-Lagoon, suggesting that Sadler and Serson's
(1981) explanation of anchor ice formations nmay be related to the ice mound
formation. Secondly, many of the Cape Hatt beaches are conprised of a thin
sandy gravel veneer over finer "solifluction-like" deposits; in some areas
these finer sediments had been squeezed through the sandy gravel onto the
beach surface, suggesting that sonme hydroplastic deformation of the
underlying sediments had occurred. A simlar process of groundwater
extrusion and freezing during active layer freeze-back is not uncommon in
terrestrial environments, and considerable quantities of water can be
extruded (Taber, 1943). Al though groundwater extrusion appears to be a
pl ausi bl e hypothesis for the “ice nobunds” at Cape Hatt, as with all
ice-related shore-zone features it is rarely possible to provide an
accurate interpretation of the formative processes without actual field
observations of these processes. Positive explanation of the processes
that formthe “ice nmounds” would require afield programme to determne
shore-zone norphology prior to and immediately following ice-foot
formtion, as well as data that groundwater extrusion can take place
simultaneously with sea-ice formation.
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