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SUMMARY

This report describes a measurement program designed
to monitor the behaviour of seafloor sediments on  the
scotian Shelf under winter storm conditions. The project
was initiated in January 1986, ran throughout the duration
of the Canadian Atlantic Stomms Program (CASP) and continued
inte the sumner,

Four moasu?emont gites were spaced along a transech
Line established earlier for CASP. This transect line ran
seaward Lrom Martinigue Beach, Nova Scotia, on a bearing of
approximately 156° true. One site was lo {nhﬁd on gravel in
30 m water depih. The other three sites were on sand in
depths of 20 m, 30 m and 37 m.

The main noaSULan device was a rod, driven

sea  bottom, onto which was ﬂfaﬁ“d specially
: asgsenbly bto monitor sealbloor aé'
" unipnﬁ.: :

Type

.' .“i sual observations and
Jor (OMDOH(Ni ol the

G riods of

b ‘1de“on 2
weather in uﬁﬁbﬁ
ses bobitom.

Bedformm features crved at the sand E O CONS

of vipples rying from 20 to 100 mmo in height and 100 to
500 mm :g%ha Larger ripples were observed at b
gravel NG from 0.3 to 0.4 m o in height and 1.2
.9 m J

~
-
.
i

sured val

t}:ﬁ' erosion were ﬂ:nﬁei? 1At
The maximuwmn erosion i mm and the maximnoam ¢
129 rm. The small 5 of erosion may be
t rald caa"w vely f*%"(>1*1n “ree  winter period.

Lstic wave Ya”xﬁﬁ: recordad was 5.2 o, much ;
than the extreme values of 7.5-8.0 m in an 1) SYEAY WaVE
rider record at & nearby site. Thus, no wave heighis
approached the values of 10 to 15 m used in design for OFf-
shore structures and pipelines.

While working near the 30 wm  sand site, divers
discovered large depressions in the sandy seafloor 10 to 30
m owide and 0.8 to 2.4 m deep. These features displayed
vertical walls of mud and were partially infilled with
sand.  Theilr origin remains unclear.
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Le présent rapport décrit un programie de mesures
élaboré en vue de suivre le comportement des sédiments des
fonds marins de la plate-forme continentale de Nouvelle-
feosse dans les conditions créées par les tempétes dthiver.
Le projet, lancé en janvier 1986, a continué pendant toute
la durée du Programme Canadien d'Btude des Tempétes dans
1iatiantique (PCETA), et a éLé prolongé jusqu'en &té.

Quatre sites de nesures onht é&té échelonnés le long

drun profil établi auparavant pour le PCETA. Ce profil,
partant de la plage de Martinique Beach (Nouvelle-Ecosse),

se dirlgealt en mer vers 1tazinmuth géographigue de 156°.
Liun des sites était sur fond de gravier par 30 m de profon-
deur . has trois auvtres sites étaient sur fond sablonneux.
par 20 m, 30 m et 37 m de profondeur respectivement.

e principal apparell de mesures étalt une verge
enfoncée dans le fond de la mer, et sur laguelle on avalt
placé un sssemblage de rondelles gpéoialement constyullt pouyr
suivre les changements d°élévation du fond marin en fonction
du temps. Le reste de l'éguipement comprenalt des camnéras
vidéo et & prises de vues au ralenti, des détecteurs
' tement du type & chaine, des courantométres, et un
& boite. Une part importante du travaill de
fervain a congisté en observatlons visuelles et photogra-
phies effectuées par des plongeurs. Les observations ont
2té restreintes & des périodes ol le temps étalt relative-
ment calme, afin de bénéficier du minimum de visibilité
nécessaire au fond de la mer.

fos  structures du  fond marin obsecvées aux  gltes
sablonneux, consistaient en ondulations variant de 20 a 100
mm de hauteur et de 100 & 500 mm de longueur dtonde.  Au
site & gravier, l'on a observé des ondulations plus grandes,
allant de 0.3 & 0.4 m de haut et de 1.2 & 1.9 m de longueur
dronds.

Les valeurs dférosion mesurées ont été faibles & tous
les sites. Lférosion maximum a &té de 97 mm et l'accrétion
magimum de 129 mm. Les faibles valeurs de 1'érosion peuvent
atre attribuées au fait que la péricde dihiver a été rela-
tivement dépourvue de tempétes. Lo plus grande hauteur
caractéristigque de vagues enrigistrée, a été de 5.2 m, scit
bien moins que les valeurs extrémes de 7.5 &4 8.0 m chaervées
sur un enregistrement de 11 ans fourni par un flotteur
enregistreur sur un glite voisin. Ainsi, la hauteur des
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vagues n'a jamais approché les valeurs de 10 & 15 m prises
comme base pour la construction des structures industrielles
pour le grand large et des oléoducs.

Au cours de leur travail prés du site sablonneux de 30
m de profondeur, les plongeurs ont découvert, dans le fond
marin sablonneux, de grandes dépressions de 10 & 30 m de
large et de 0.8 & 2.4 m de profondeur. Ces structures
étaient bordées par des parois verticales de boue, et
étaient partiellement remplies de sable. Leur origine reste
incertaine.,



1.0 INTRODUCTION

During the winter and spring of 1986, Martec Limited
conducted measurements of sea bed stability at four sites in
20 to 37 m water depth at the locations shown in Figure
1L Dominion Diving International Limited provided the
diving vessels and conducted all of the diving operations
under the quTVi&lOﬂ of Martec Limited. This report
summarizes th@ proue&ures employed and the results. Some
analysiz of the results is presented, but it was not part of
the terms of reference of this study to enter iato detailed
data analysis. This report is principally a data report.

The overall objective of the study was to obtain a
better understanding of the stability of unconsolidated non-
cohesive gea baeds {e.g. sand and gfavzi) in water depths of
20 to 40 m during winter storms. This regulirement was
precipitated by the ongoing planning of the oll and gas
Lnduﬁavy to bring hydrocarbons onshore. Knowledge of sca
bed iubiJLLY Auring stormm is 7 ular interest to
designe arshore areas,
and any g and bottom

charachaenis BTEH .

BES, t,llcitm

R . da

gimilar to tho

inshore end of

The StuQY‘ was conducted at the
v Abla GO

St s Program  (OF

Storn
k@Va Scotla (Figure 1-1
o take advantage of the CASP wave dud
wy collected during that uay (January to
) sh Lt he present study covered the period from
January 17 to July 7, 1986, mue to weather and waler
vigibility reguirements (see Section 2.5), the study was aoi
LOM@] t at the end of the © prodject, as originally
time from April to Juiy

B
R

: Wave conditions fow
can be 9utimatﬁd by first correlating ongoing Osborne Head
waverider data (collected by Marine Environmental Data
Service) with appropriate CASP wave data collected prior to
April and then employing the Osborne Head data, suitably
adtusted, Ffor the April to July time period.

The locations for the study were gelected on the basis
of sidescan data available pricr to nh? field program and
ﬂaua from an additional sidescan operation  that was
conducted as part of this study. The selected gites were in
20 m water depth on sand, 30 m on sama, 30 m on gravel, and
37 m on sand. These erihb are below mean water level (not
chazt datum), which is why., for evamplef gite 5~1 is not on
the 20 m depth contour of Figure 1-1, T was ﬂot nossible
to locate sand in water deeper than 37 m. A £ifth site, 30
m north of the 30 m sand site, congisted of a Q@L1\S of =ea
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bed depressions having depths of 0.8 to 2.4 m and lateral
expanses of 10 to 30 m. Section 2.7 describes these
features in more detail.

current meters were deployed at each site and sea bed
stability was measured by taking repeated meagurements on
arrays of steel rods and the depth of disturbance indicators
(washers) placed on them. This apparatus is schematized in
Figure 1-2. The c¢omplete methodology and results of the
study are presented in the following sections.



B VP e e e aeesrerr et nan, e oo RO,

I "ASEA SURFACE

- DR
-

3 e
e LB ORIGINAL LOCATION OF TOF WASHER

By 8, _DOUBLE WASHER ASSEMELY

ORIGINAL LOCATION OF BOTTGH WASHE!

GRIGINAL SEAL

HET SEABED CHANGE
e NEW gbam

SEEY A: ey \5'

£ ‘\'”\“9& 2V I

MEASY FAKEN

fe T

B SEAB

G SEABED
(REDUNDANT
SERVE AS DATA

ii”@iz’?? WASHER

TROL

MET SEABED CHANGE = 8,- B,
MAXIMUK SEABED CHANGE = A

N.B. GEE SECTION 2.2 FOR |
BMATERIALS USED EOR BOD AND FIGURE =2
WASHER ASSEMBLIES
TYRIOAL BOB AKRD
WASHER SET-UP



2.0 METHODLOLOGY

2.1 Summary

The study followed a four-phase course of action.
Phaze T included the initial eqguipment design, testing,
final design and final procurement. This was conducted at
the same time as Phase 11, the site selection. Phase IIX
was the insgtallation of measuring @quipm@nt at individual
sites.  This started before, but overlapped with, Phase 1V,
the site monitoring program.

Phase 1T included fi ejﬁ and laboratory testing of the
egquipnent and testing of the in%%aL}aﬁxan orocedures The
testing was regquired in ordex tw the design Qf ]
pment  and  to  establish Lon  procedu

i

i phiase of the work was Qrimarjiy uuaiwidulva in order
aild in the final sgulipment design.

Pi

ng, wvide
”iuuc
in

~nnalgance dd
O 337

AN
SLTE

".y i
tion and

umuLLLmrjj

ting and nent Design

P
(‘: = ({l

devices ware used:

(1Y a stesl rod Fitkted with a steel double washer
agsenbly;

s steel rod Ffitted with a nvlon double wash
aggembly: and

{3y  a chain scour detector.

T

W

-
]

1.

£

The rod and washer sssembliles are shown schematblo:
in Figure 2-1. At each site, helf of the rods were 1
with steel washer assemblies and the other rods were i
with nylon washer assemblies.

ﬁ“‘("f“ﬁ;
e Gt

N

5
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The washer asgemblies are installed with +the bottom
washer regsting on the sea bed. During a storm, the bottom
washer sinks to the lowest level of sediment disturbance.
pue to the different density of steel and nylon, the steel
washers should sink to the bottom of & liguefied layer of
sediment, while the nylon washers should float near the top
of a ligquefied layer (should such a layer exist). The nylon
washers indicate the depth of disturbance due to bedload and
gsuspended load transport and the steel washers indicate this
depth of disturbance plus any depth of liguefaction that
exists during the storm.

The maximum erosion (plus liguefacticn, 1f the washers
are steely that occurred during the storm is found from the
difference between the original and new positions of the top
washer with respect to the top of the rod. If ascoretion of
gsediment cccocurred after a storm or during the latter part of
the storm, net erogion 1is caleulated as the difference
betwaen the original and new pesition of the ses bed with
respact to the top of the rod.

absolute elevabtions of the rods were checked

benchmnark installed at sach site by divers. The
anchor rvod ugsed asg a beschmwark 1s  gshown
schematically in Flgure 2-2. The anchor rod is drilven into

the gea bed with the anchor polpnts retracted. The driving
extension lg then ingerted into the pipe and umed Lo force
the anchor points out of the botton end of the rod. A clamp
installed by divers on the pipe serves as the benchmark for
the zite.

The chain scour detector, which served as a backup
system for the erosion vod and steel washer assembly, 1is
shown schematlcally in Figure 2-3. This device gives an
independent check of the depth of disturbance in the event
that local scour or vibratlons of the rod and washer
asgembly cause the washers fo work themselves into otherwise

undisturbed sediment. The location of the device is
documentad and the chain is cut off at the ses bed. A

sediment 1z ervoded or liguefied during a storm, the chain
collapses onto the firm sediment to indlcate the maximum
depth of disturbance (plus liguefaction) by the length of
collapsed chain. Tf aceretion of sediment occurred douring
oy after pagsage of a stoom, the accretion lg caloulated as
the difference between the collapsed length of chailn and the
new position of the sea bed after the chaln iz dug out by
the divers.

Laboratory and field tests resulted in modifications
of the eguipment design during the course of the project,
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The final specifications for the eguipment are presented
helow.

The laboratory i@Stiﬂg progran& involved pidClng the
rod and washer assembllies in a sand bed comparable to that
expected at the survey sites. The tests were conducted in
the later part of December 1985 in the wave Flume of the
Technical University of Nova Scotia. A test section of sand
0.9 m by 0.2 m and 0.4 m thick was placed in the bottom of
the {flume. The water depth over the sand in the test
section was approximately 0.42 m. The sand was exposed to
wave action for an extended period to ensure that the
sediments were properly consolidated prior to installation
of the test apparatus

The test rods were 610 mm long and were installed with
apout 280 mm of the rod buried in the sand. The tops of the
rods were monitored by reference levels marked on  the
observation window and ijﬁbiﬂg back wall of the wave flume
and the critical aspects of the esperiment were recorded on

video. The behaviour of the rod and washer dSSGﬂQl? 5 was
examined during ten tests with wave heights of 50 to 190 mw
and pericds of 1 to I seconds. Bach test was iypi“ally 25
minutes long. ALl of the tests used sand with gra;u size
ranging from 0.21 to 0.42 mm (Dgy approximately 0.3 mm),
ﬁ‘@ep% o the final test which used silica flour, wiih a

grain size between 0.11 and 0.15 mm {Dgg &@plﬂxiﬂdgviy 0.12
g .

The laboratory tests indicated that the rods were
vartically and horizontally stable under the wave acition in
the flume. However, they did cause local scour and affected
the configuration of the bedforms. Conseguently, TtThe
clearances between the vods and washers were veduced to
mindimize rocking motions and the washers were made as thin
ag possible. The new washer assenblies were re-tested and
the local scour around the washers was found to be minimal
{lesg than the accuracy of the measurements to be made in
the field). There was no apparent alteration in  the
behaviour of the rod and washer assemblies when installed in
the finer sand.

Preliminary field testing of tﬂ@ eguipment  was
conducted on December 13 and 28, 1985 stalling the rod
and washer assemblies, anchor rod“ and chain detectors in
the swash zone of Lawrencetown Reach, N.S, An additional
field test was performed on December 30th in a water depth
of 4 m off of Hastern Passage, N.5. Modifications were made
To the equipment design based on the results of the labora-
tory and field testing. The final design specifications for

10



the rod and washer assemblies are presented in Figure 2-4(a&)
for two of the sand sites and in Figure 2-4(b) for the
gravel site and the deep sand site. The rods were longer
and the washer assemblies had cloger tolerances than in the
original design.

The final design of the chailn detector is presented in
Figure 2-5. The loose end of the chain was taped to the top
of the pi@? to prevent the chain from becoming kinked and
jdmmlua in the pipe. A polypropylens “+rfng was tied to the

top Jlink and to th@ "spearhead” to permit divers to keep the

chain taut while removing the outer pipe and also to assist
in finding the chain detector on subseguent crulses. Poly-

propylene was used because it floats up from the seas bed
after the exposed chain is severed.

2.4 Site Selschtion

inm;n&ry sites were selected in consultation with
] o advigoer, D.L. Forbes,. and with Dr. R. zpyﬂ i
sie  University's Centre for Marine Geology.

’St¢mg gidescan Sonar was US@& te identify potent

i

. e largest horizontal ewpanses of uniform sediment
conditions . rotential its g where there appeared to be

>u${tfxaﬂt gand or gtav&l at the reguisite water depths were
~d as cloge az possible to the CASP transect line. An
tonal sidescan survey was carried out on Jaonuary 11th

vify the site conditicns and four potential sites were
wilth imgalnygbyo Miniranger and Loran C© wers tThe

ﬁmVJQ&L(Uh syatems used. On subseguent crulses, diver or
ROV rbvaVaLimm and grab samples werse uged to confirm that
esch site was sulitable for the study. ALl sites were more

han 30 m from any change in sea bed conditions. The
locations of the sites are shown in Eﬁguga -1 and Table
21

2.4 Site Installation

Plan wviews of the meagurement sites are presented in
Figures Z-6 to Z-%. A1l sites had a vessel mooring, current
meter, and rod and washer assenblies installed. The rod and
washer assemblies were established ln arrays as shown lo the
gite plans. The even numbered rods carried nylon washers
and the odd numbered rods had steel washers. An anchor rod
b@msﬁmalk was used at all sites except site 8-4. Siw chaln
zeour detectors were deploved at site 5-1 and a single chain
detector was deployed at sasch of sites S$-2 and 8-3. Grab
samples were taken and bedform size and orientation were
measured by divers at each site. A time lapse camners was
deployed at site 8-1. One paddle-equipped handeraa current
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TABLE 2-1

SITE COORDINATES

Locat Lo

Loran C
Longitude/ 5930-%
Description Latitude 5830-Y

20 m depth 63°07 1 18% W 13901 .4
sand 44°39133% W 29970,

30 m depth 63°077 36" W 13803.4
gravel 44°38718% N 298721

i

30 m depth GEe072aY W 13894 .7
sand 44°38733% N SB970.8

s

[

37 m depth GI°07Z2LT W 13
sand ALERT L 4RE

1689 .1
N 29968, 6
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meter was deployed at each site, mounted 1 m above the
bottom. The deployment and recovery dates are given in
Table B-1 (Appendix B). The Aanderaa current meters
recorded a 30-minute average speed and instantaneous direc-
tion every 0.5 hours. Near gite 8-1, the Atlantic CGeo-
science Centre (AGC) deployed an dnstrument system
('Ralph'), including an 84 electromagnetic current meter
provided by INRS-Oceanologlie (Rimouski), while another S4
current meter was deployed approximately 100 m east of site
5-3. 'The $4 meters were mounted at 0.6 m {site 8-1) and 1.0
m (site 8-3) above the seafloor, and collected I1-hour
samples of x-y (magnetic N-E) current data at 1-s inter-
vals, Data from these instruments may be obtained by
contacting D.L. Forbes at AGC and C. Drapeau at IRRS,
regpectively.

2.5 Site Monitoring

The site monitoring procedure followed the general
sequaence of esvents listed below.

1. Divers took measurements &t each rod and washeyr

assenbly by placiog s Tesguare on the crests of the
small bedforms in the wvicinity of the yod. The

vertical distances from the sea bhed to the top of
the rod and to the top of the washer assembly were
meagured. s a check, the distance along the rod
from the top edge of the top washer to the top of
the rod was measured. The error for individual
measurements should be no more than %5 mm, although
for some conditions of adverse lighting and visibil-
ity it may be somewhat greater.

2. Divers meagured bedform gize and corientation, made
general observations and tock photographs of the
sedinent conditions at the site.

3. aAfter the meagsurements weve completed, approximately
half of the washer assemblies were repositioned such
that the bottom washer was at the sediment surface.
A still photograph was teken of each rod with the
sediment surface and top of the washer agsembly in
the file of view.

4, Sediment grab samples were collected at each site.
Some deviations from this general procedure ocourred

because of poor visibility near the seafloor, limited bottom

time, lack of daylight, or rough weather conditions.



Zz.6 Video Reconnaigsgance

Video data were collected at sites 8-1 and $-3 during
the installation phase of the project using & mini-ROV and a
diver-held camera. petaililed video records were obtained
using a larger ROV (Hysub-10) on May 29 at all sites except
8~3, which was not found because the vessel mooring had been
removed in ervor by the CASP project team.

During the search for the lost site 8-3, large anomalous
seafloor depressions described below were discovered in the
gseafloor. The Hysub-10 was used toe conduct a video recon-
naigsance in this area on June 21st.

Z.7 Seafloor Depresgion Survey

While searching for site 5-3 on May 29, a diver encoun-
tered large seafloor depressions with horizontal dimensions
of 10 to 30 m and depths (below the adjacent sesbed) of 0.8
te 2.4 m. During a later investigation of this site (8SH) on
June 21, four vod and washer agssemblies were installed
across the end of one U-shaped depression, with twoe rods
located inside the hole and the other two outside on oppo-

gite sides of the depression. The rods were positioned
along a transect running approximately 95° magnetic. A

level line was installed and vertical neasurements were
taken at each rod and washer assembly relative to the level
tine and the seafloor. Horizontal measurements were then
taken from rvod 1 to each of the other rods and to the top
and bottomn of the banks nesr vods 1 and 4. Grab samples
were collected from the bank on the edge of the hole and
from the seafloor in the base of the depression and on the
adjacent surface outside., 8till photographs were taken of
the banks forming the sides of the depression near each of
the rods.
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3.0 REBULTS
3.1 Seafloor Scour and Accretilon

In order to establish values for sea bed changes that
took place between measurements, three distinct parameters -
net erosion, gross erosion, and post-storm accretion are
defined.

The pet erosion (Table 3-1) is defined as the total
apparent change 1in seafloor elevation ag indicated by
measurements taken at the start and end of a wmonitoring
period.

The grogs erogion (Table 3-23) is defined as the maxni-
mum  erosion of the seafloor that took place at any time
between detections (as indicated by total settlement of the
washer assembly).

Post-gtorm accretion (Table 3-3) 1is the height of
gediment accumulated at the measurement locatlon subseguent
to  the ocourrence of the lowest sea bed level during s
particular monitoring period.

Gecassionally, there was evidence of  physical
disturbance of the wash assemnblies. In some cases, divers
returning to the gite found the top of the washer assembly
free from the gsteel rod. Negative values were occassilonally

calculated for gross erosion. This was attributed to
disturbance of the washer assemblies by the vessel mooring
line. Also, it ls speculated that when this occurred the

bottom washer had been covered with asccreted sediment and
either kelp or the wmooring line pulled the washer agsembly
up through this sediment o that the washer was higher than
its previocus location.

3,2 Bedforms

The bedforms (Filgure 3-1) were measured at esach of the
four sites on each wvisit. Measurements included vipple
height, ripple wavelength, and ripple orientation (crest
aligmment).

During the initial cruise to site $-1 on January 1L7th,
the diver reported rvipples 30 to 40 mm high and 150 to 200
mn apart, with the crests running B-W. Measurements taken
on January 25th  indicated that there were two sets of
vipples present. The small ripples had crests from 25 to
100 mm bhigh and 140 to 240 mm apart running about 240° from
magnetic north. The large vipples were at right angles to
the small ones and had crests 150 mm high and 500 mm apart.
There wag a faivly large ses gtate after January 25th and on
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TABLE 3-1

SUMMARY OF ROD MEASURBMENTS

Sea Bed to Yop of Rod (ma) Het Erosfon (mm) From Previous Measuremsnts
Net
SitatRod| Jan {Feb | Feb { Feb | Feb [Feb Mar | Mar |Juty]|dan |Feb {Feb |Feb [Feb iFeh |Mar [Mar {July} Over
Ke. [Ho.{ 25 |1 [ 8 11 (25 |4 23 47 25 {1 4 g 13 [25 14 23 17 Partod
S-1 1§ 927 | 945 920 w-mi Q02 | BIO 18 -25 -18| ~12| -37
213000 {1010 G0 e 1020 11017 10 ~20 30 -3; 17/
3 974 | 004 970 - Q88 | 965 20 ~24 31| ~16] -8
A11103%11333 1122 ---~|1114 [1iC2 30 -ii =Bl 12 -1
511030 |10562 1032(1037)1082 (1072 22 -20 5[ 45§ ~i0| +62
6 876 (1015 1000[300011020 1 960 39 ~15 G} 20f -GO| ~i§
7 993 1010 995 ~~-1 998 {1017 17 -15 3 +19] 24
8| 985 | 998 OB4 e | 1000 [ 990 i3 ~i4 16 ~10 5
g} 975 | 9586 Se [~ 281 (1000 21 -6 i g 28
Wiomee 1533 — -
Pl F12G4
S-3 12 1329%i1328% 1312|131311347 -1 16 O34 18
i3 1369%11334% IBE2 115601552 ~3% ¢ B -8 RD
14 1336%115316% e e -24 3 17
5 1269%i1272% - 3 Z 4
16 13G7H[1374% = e P11 17 RO ]
17 1208% 1256 1265 -2 ¢} 7
18 1414%11411% e e $1323 -3 ~B8 -4}
19 1IB0%1336% e ~i4 2B -h2
20 1358%f1332® - ~26 -3 ~37
21 L3V2EIIAT6E [ g z
-2 | 22 ji3a% 1162|1372 (1192 30 W0 26f &0
23 1119 1136[1135 (1167 17 =3 32} 48
24 1156% 11471862 {1227 -8 5 65} 721
25 1152 116B[ 1204 {1202 16 36 2| s
26 1204 120211342 (1047 i ~§0 5 54
27 62% 127458202 11197 12} -7z 5] -6%
28 1148% 115211182 {1194 3 40 2] 46
29 1300% 132215322 11357 13 0} 35| 48
30 1338% 13081225 (1187 =30 | B3] ~38(-161
31 1270% 12871160 {1182 17 {127 22| -88
5+4 1 32 028511072 1066 [1051 47 -6 | -15] +26
33 935%(1032 948 1012 a7z -84 G4 77
34 976%| 985 970 | €81 9 -5 15 5
5 1044% 11082 1082 ;1052 38 10 | 40 g
36 982%| 983 1029 131000 H 46 | 28 18
37 Q9% 976 960 § 980 -1 12§ -10 i1
38 1036%11031 1050 (1019 -5 0 -3 -7
39 1049% {10647 1652 11028 -2 5| 241 21
40 1036%[1030 1037|1027 -8 7] -0 -4
43 13120%(1136 1542 13132 6 6 | -1b| 12

® Hot a dirsct measuremant but daduced from adding distance
to top of washer pius distance from tep of wash to top of

RO » Rod disturbed.

from ses bed
rodg.

o
[




TABLE 3-2

SUMMARY OF WASHER MEASUREMENTS

Top of Washer to Top of Rod (k) Gross Scour {ma) Froa Previous HMeasurements
Natl‘l
Siteikod |Jan jFeb |Feb [Feb |Feb [Feb Har Mar  jauiy||Jdan |Feb {Feb |Feb |Feb |Feb [Mar jHar (July] Over
ke. ko (25 |% 4 8 11|25 4 23 7 25 11 4 8 11 125 |4 23 7 Pariod
Sl 1| 440| 515 Wi420 | -~~~ 40 409 75 W ] ]
2] 425] 518 W/435 | —~--1 480 {480 23 3 55 Ky 45
3] 411} 492/ /400 | ----i 465 1465 81 65 0; 69
334
4 1 498| 552/ 573 - 564 1665 G4 5 H if 42
523
5 | 476] 566 565 5571 595/ {548 9 ’ 3] 10y io
534
G | 3801 482 458 438] 454/ 1430 82 H# iG] 14 )4
436
71 432) 488 LBY 1 e -1 690 520 56 H 3 36f 68
8 | 375 458 [ERE] AT p— 485|430 &0 W i W 50
9 | 4206 508 530 | ----j 513 {510 &) 4 3 Wi a&
10 [eeeeaee ] GED P, - [
R .7, N S R e ) P [
S-3 | 12 Fayy 758 55 7461 778 il [ Hl o 36 33
i3 BLe} 799 W/L06#] 104281032 H W H f# EO
4 1461 726 W/R e S TS # Y I -
15 714y 718 Wik e 1/ GBG 4 W RH
16 7589 777 Wi e {1926 ig i R
i7 F1G1 7% e | 729 i i8 i
8 8201 818 e et JEF i B e
9 756) 760 e S B L 4 74 B
z20 1361 739 -WITBE 3 54 e
Zi 8151 816 85¢ i 43 44
S-% § 22 550 555 [W/846 | 585 b Wi 40 48
23 528 wWiszrt 814 | 682 Wl 47 B 5%
24 548 W/ G20 | 625 W R 5 3
25 538 5487 G630 | 635 0] B2 5 o7
20 Go7 a8t B33 | 880 i Wy 47| 47
27 700 641 64077 610 H Wi 221 22
588
28 530 iR 580 | oS08 H 28] 28
28 714 W/707}  FFB/) 778 Wi 71| BB 58
i
3G 723 Wit 605 | Bi0 W 7 § 5
31 694 GBegy 691 | 700 it p b4 &
5-4 1 32 435 (w7278 W/AGS {u W Y W -
33 364 |H/437 440 W o 3 ¥
34 391 [W/386 H/405 W k3] 15 ¥
35 4901 510 W/509 |4 20 S i -
36 404 |W/446 W/430 |¥ i W Wi oo
37 383 392 440 | 445 9 88 51 G2
38 4301 439 454 | 448 8 28 i i@
39 4401 443 &87 [ 468 3 &4 By 5%
40 4381 4318 455 | 440 i ] H e
43 5i6) 529 5045 [ BA3 ig 85 Wl 73
fotes:

# - Redepioyed washer assesbly, but no measurenent taken.

W - Washer assesbly off rod.
H - Hegative vatue {indicates elther no change within measuring accurscy

or & disturbance of washer assabiy took place)
/ - Separstes keasurements taken hefore/after washer asseably redepioyed,
% . Change since Yast time washer assembly was redsployed.

2
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TABLE 3~3

SUMMARY OF POST-STORM SEDIMENT ACCRETTION
(where calculables)

Accretion (mm)
Site|Rod|Jan |[Feb [Peb [Feb |Fab [Feb |[Mar (Mar [July
No. |No.|25 1 4 8 11 25 4 23 7
S-1 1 57 i8 0
2 813 25 0
3 61 54 16
4 14 27
5 68 20 0 20
6 43 i5 0 T4
7 3% 15 0 11
8 67 55 0
9 59 10 2 0
10
i1
5-3 (12 12 16 0 0
13
i4
15
16
17 3 g
18
19 18 102
20 29
21 0 45
S-2 122 48 20
23
24 46
25 a 7
26 0 42
27 27
28 26
28 71 21
30 43
31 0 §129
S-4 |32
33 87
34
35 O
36
37 10 36 15
38 14 & 0
39 5 39 32
40 0 31 0
41 3 59 0
Note:

The occurrence of accretion as presented in this table

is conditional on the occurrence of some gross eroslon
cccuring between measurements. It is calculated as the
downward shift in the washer assembly minus the downward
shift in the seafloor with respect ot the top of the rod.
1f there was negligible shift in the washer assembly or the
washeyr assembly was found to be disturbed, then post-storm
accretion could not be measured.
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the following cruise of February lst, the diver reported
. that there were small ripples with crests 30 to 40 mm high
and 170 mm apart, with the crests running in a NE direc-
tion. On  February 25th, the bedforms at site 8-1 were
reported to be small regular ripples 20 to 30 mn high with
crests 76 mm apart and running BE-W. During a subsequent
cruise on March 23rd, the ripples were found to have a
height of 38 mm and a wavelength of 110 mm, running in an
E-W direction. On the final cruise of July 7th, the bed-
forms at site 8-1 had crests 38 to 51 mm high and 200 to 254
mm apart, running E-W.

During the initial cruise to site 8-2 on February 8th,
large gravel ripples were observed. These were 0.30 m high,
with a wavelength of 1.83 m and crests orientated B-W. On
the following cruise, February 1lth, the ripples were
reported to be 0.36 m high and 1.52 m apart. Measurements
taken on March 4th indicated that the ripples were 0.44 m
nigh with a wavelength of 1.89 m. 7The diver stated that a
shift dn crest orientation appeared to have taken place,
with the crest of the gravel ripple staked by rods No. 22 to
No. 2B being concave to the north (i.e. the orest had
migrated south about 0.3 wm by rods No. 23 and No. 24). On
Marchh 23rd, the rvipples were found to have crests 0.29 m
hlgh and 1.22 m apart. During & subsequent cruise on May
28th, the diver reported that the gravel troughs were
infilling with coarse-fine sand bedforms running at right

angles to the gravel ripples. The rvipples appeared to be
recorientatad as they were on PFebruary 8th. On the final

cruige of July 7th, the bedforms at site -2 had crests 0.16
m high and were 1.5 m apart.

During the initial cruise to site $-3 on Pebruary 4th,
the measuvrements indicated that the bedforms were small
vipples 13-25 mm high with crests 100 mm apart running m-w.
On the following cruise of February 8th, two sets of ripples
were vreported. One set had crests 19 mm high and 290 mm
aparit, orientated E-W, and the other ripples had crests 13
mm high and 570 mm apart, orientated N-S. On February 25th,
the diver reported ripples with crests 15 mm high and 170 mm
apart orientated H-W. On the final cruise to site 3-3 on
March 23rd, the ripples had crests 20 to 40 mm high and 990
te 210 mm apart running in a variety of directions (i.e. a
three dimensional ripple fieldy.

During the initial cruise to site S-4 on February
1ith, the diver reported ripples 25 to 51 mm high with
crests 305 mm apart, aligned in an E-W direction. Measure-
ments taken on February 25th indicated that the crests were
10 to 25 mm high and 130 to 180 mm apart orientated B-W.
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buring the crulse of March 23rd, the vipples were reported
to be 25% mm high with crests 178 mm apart, orlentated ENE-
WSW. On the final crulse of July 7th, the bedforms at site
S-4 had crests 30 mm high and 230 mn apart orientated E-W.

3.3 Gralin Size

The results of the grain size sieve anslysis of 45
sediment bampleq taken from the measurenent sites are
presented in Table 3-4 and Appendlx . The time series of
average Dgo for each site are plotted in Figures 3-2 to 3-

Analysis of sanples taken from the box core at site
$-3 shows that the material near the bottom of the core is
slightly coarser than the material near the top. Migure 3-6
shows the resin peLL prepared from this box core. The grain
gsize distribution for the disturbed top of the box core may
not he accurate bacause some sand was lost when recovering
the box core.

‘ Res uluv of tThe grain sige anulg ol grab sample

i iken at the seaflcorn d@@L@S%JOﬂ site 1@@1?““& that the “éé
ments both insgide and outzide the depression were sand,

wi’i Dy of about 0.2 mm. The sand inside the depression

had a sli ghiiy coarser fraction with Do of 10 mm, while the
gsand outside the d@pravﬂian had Dgg of 0.22 mu. The %@di
ment on the walls of the depression was silt and clay with
6% sand.,

3.4 Coeancgraphic Conditilons

The two principal sets of ﬁanamographic data obtained
during the study were measurements of surface gravity waves
and near-botton water velocities.

The wave data were collected hourly by CaspP for the
period from January 10 to March 31, 1486, and every three
hours by Marine BEnvironmental Deta Service, using a perman-
ant waverider located off Osborne Head, N.3. There were two
CASP wave instruments locsted near tThe sgtudy site as shown
on Figure 1-1. Tables 3-5 and 3-6 provide a summary of wave
conditions during the study.

The nearv-bottom danderasa current meter data show thatb
the largest mean currents vecorded were 0.23 m/s. More
typically the daily current maxima were in order of 0.1 m/s
and the average current was roughly .08 wm/s. This demon-
astrates that the study area was one of wave dominated near-
bottom water velocities.
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TABLE 3-4

SUMMARY OF GRAIN SIZES

Dyo : Graln Size
Sample Distribution
Site No. {mm)| Date Location® Plgure #*##*%
S-1i S5i-1 0.L7188/1/25]|G~10 -1
51-2 0.16{86/1/2510-10 C~2
S51-3 0.15]B6/1/25|G~19 C-3
S51-4 0.15{86/1/25|6G~25 C~4
51-95 0.16186/2/1 |by rod 5 C-8
5106 0.19|86/2/7) |by rod g2 C-9
Sl-7 0.23186/2/25|5 of rod #2 C-24
51-8 0.19186/2/25818 of rod #6 C-25
31-9 0.22{86/3/4 |5 of rod #5 C-27
$1-10] ¢.20186/3/23|by rod #7 C-32
81-11 0.22{86/3/23|by rod #5 C~-33
S1-12 0.19(86/7/7 by rod §7 C-41
S1-131 0.20(86/7/7 |by rod §5 C-42
S-21 S2-1 13.0 |86/1/25at highflver C-5
822 4.0 [86/2/8 |between rods #23 (cerest)
and #24 (trough) 13
11.0 [86/2/8 [betwean rods $£30 and #31 034
9.0 |B&/3/4 jhy rod §286 C-26
13.0 |86/3/23 by rod $#25 C-34
6.0 186/3/23 by rod §26 {135
TL0 |B6/T/T by rod $29 O d 4
2.6 |86/7/77 by rod #31 £ 45
5-31 853-1 2.0 186/1/2% by mooring % C-6
53-2 0.18186/2/4 [y mooring #%% C-10
533 C.18i86/2/4 (17 m B of highfflyer C-13
§3-4 0.17186/2/4 |at highflyer G132
535 0.19186/2/8 |by rod #16 C~15
836 0.17186/2/8 by rod #1717 C-16
537 0.30186/72/25 by clump C~22
53-8 0.30186/2/25 by current meter C-23
53-8 0.24186/73/4 |bottom 10 com of box core C-28
83-10}1 0.20186/3/4 [10-20 om of box core 29
53-11 0.19|86/3/4 |0-10 om of box core C-30
$3-12) 0.2)1|86/3/4 [disturbed top of box
Core wERX C-31
83-1: 0.22{86/3/23 by rod £20 (36
53-14] 0.25{86/3/23(by rod {14 C-37
G-4] 54-1 114.0 [86/1/25]at highflyer C-7
542 0.18186/2/11122.9 m SE mooring C-17
S4-3 0.18|86/2/11 by mooring C-18
544 0.20|86/2/25 by current meter C-19
345 0.27(86/2/25 by rod $#37 C-20
S4-6 0.27186/2/25 by rod #37 C-21
547 0.22186/7/7 by rod #36 C-43
5D SDe-X 86/6/21edge of hole 36
502 86/6/21 inside of hole C-36
5D~ 3 86/6/21|cutside of hole C-a0
# See site plans in Section 2.3 for locations.
® R This vessel mooring was subsequently moved on Cruise No. 6.
KRR Some fines may have been lost,

wxxx o appendix B figure numbers are sequential in the chronological
order in which the samples were obtalned.
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3.5 Seafloor Depressions

The anomalous depressions discovered on May 29 near
site 5-3 were rveported by the diver (see sketch reproduced
as Figure 3-7) as being roughly elliptical in planform, with
long axis dimensions of about 24 to 30 m and widths of
roughly 2 to 15 m. The depth of the depressions observed on
that occasion was between 0.6 and 1.2 m.

Measurements obtained at the gite later, on June 21,
were used to prepare a plan and profile (Figures 3-8 and
3-9). The profile was taken along a survey line running BE-W
across the gouth end of a roughly elliptical depression,
which appeared to be partly infilled with sand at the north-
east end, giving it a ‘'horseghoe' appearance. Both the
floor of the depression and the adiacent seafloor werc
approximately horizontal, with ripples 10 mm high, 30 mm in
wavelength, aligned roughly B-W. The sidewalls were irregu-
lar near- veftical faces developed in mud (see Section 3.3),
partly covered by deposits of cobble-sized cohesive sediment
rubble. Sidewall faces up to 2.4 m high were observed by
the diver. Photographs of the depression site are shown in
Flgure 3-10.

3.6 Summary of Seafloor Changes

The largest net changes in seafloor elevation (Table
3-1) were 97 mm of erosion between February 11 and February
25 at site S-4 (37 m sand site) and 127 mm of accrebion
between March 4 and March 23 at site $-2 (30 m gravel
site). Note that the relief of the gtave} ripple bedforms
at site 5-2 was 280 mm on March 23 (Section 3.2). In some
cages, the measurements indicated no nebt change in seafloor
elevation between visits. The largest gross erosion betwesan
detections (as indicated by the washer ”5gomblies} was 93 mm
between January 25 and February 1 at site S-1 (Table 3-2).
A more detailed examination of the data for site S-1
follows.

Between Januvary 25 and February 1, site S-1 experi-
enced gross erosion of 77 £26 mm {mean +985% confidence in
the estimate). By Irebruary 1 the seafloor had accreted 56
+17 mm to bring it back up to 21 #17 mm below the January 25
level. By February 25, the seafloor had accreted an
additlonal 17 +12 mm, bringing it back to the January 25
level (within +5 mm). From PFebruary 25% to March 4, there
was no apparent change (based on measurements at om]y two
rods)y . Betwean March 4 and March 23, there was 64 <416 mm
grogsg erosion. On March 23 the seafloor was down 11 iJS e
with respect toe the January 25 and February 25 levels. The
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large error in the esgstimate suggests that there may have
been no statistically significant net change between Febru-
ary 25 and March 23, but perhaps changes such as the migra-
tion of a long wavelength bedform could have resulted in a
more uneven bottom. From March 23 to July 7, there was 12
5 mm grosg erogion, followed by accretion to bring the sea-
floor 15 +37 mm above the March 23 level. The fotal change

o

from Janpuary 25 to July 7 was 4 148 mm of net erosion.

Foyr site 5-2 (fthe 30 m gravel zite), there waz a tran-
sient tendency for the gravel ripple crests and troughs to
erode, followed by an infilling of the troughs. The final
result was a slight shift in the orientation of the crests,
with a tendency for the peaks of the crests (where they
remained at the rods) to experience 10 to 20 mm of accre-
tion.

For the 30 m and 37 m sand and S/
there was no statistically signi & the
fioor elevation. 7The individual changes were all within
approximate rvange of the bedform helghts with only a
excephions.

3 at the
EHLons up

Givern the small grosg and nelt ol x5 obser
monitoring sites, the discovery of anomalous depr
to 2.4 m deep in the area yralzes serious guestions aboubt the
potential  for deep scour. Thess depressions were not
apparent  on  sidescan records obtained in  the area in
January. Their age and genesis remaln unclear.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The data collected during this study may be used for a
more rigorous analysis of the behaviour of the seafloor
under the oceanographic conditions that existed during the

study. However, the oceanographic conditions were not
extreme. The sea state never approached what could be

considered desgign conditions for offshore structures and
pipelines. Because of this, additional detailed analysis of
the information gathered is required in order to make the
best use of the data for furthering the understanding of
seafloor stability under extreme conditions as well as the
more moderate oceanographic conditions experienced during
the study.

The cursory interpretation of the data that has been
conducted for thils report revealg that, while the seafloor
was active at all sites, the erosion was less than 0.1 m as
was the accretion that followed {(except at one location in
the gravel ripple site). The gravel ripples are apparently
mobile. There is noc  obvious difference between the
behaviour of the steel and nvlon washer assemblies. How-
ever, detailed checking of the data and evaluation of
individual rods should be conducted before it can  be
concluded that no liguefaction of the sea bed took place.

The cause of the seafloor depressions, that were
observed during this study, ig not koown at this time and
further investigation of these features ig required. ‘'hese
features are a natural sediment trap, particularly Ffor bed-
load transport, and their existence should be exploited to
asgist in field calibration of numerical sediment transport

models, The existence of these features 1s cause for
concern, particularly until the mechanism for their fFforma-

tion is understood. This iz because of the potential danger
to pipelines and the problems that would arise during pipe-
line construction, if such features were encountered.
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APPENDIX A

ARCHIVED DATA

The following notes, documents, and records produced
during the course of this study have been deposited with the

Atlantic

Geoscilence Centre at the Bedford Institute of

Oceanography in Dartmouth, Nova Scotia. Interested persons
may contact D.L. Forbes at 802-426-7737.

2.

One copy of unpublished contract report.
Laboratory notes providing details of the {flume
testing program for the rod and washer agssenblies
{Section 2.2).

Original sample grain size date (Section 3.3).
CASP wave records (Section 3.43%.

Aanderaa and S84 current meter records (Section
3.4y,

One copy of original field notes.

AlLL wvideo records, photographs, and time-lapse
Tilm.

Sidegcan sonar survey records and navigation log.
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APPENDIX B

OCEANQGRAPHIC DATA

The CASP wave data stored at the BIO computer centre
was accessed and wave data recorded by the CASP Waverider #2
and Wavec #1 were recovered. The significant wave heights He
and peak spectral periods Ty from January 10th to March 3ist
are presented in Figures gal through B-6. To access this
data, refer to Appendix A Ttem 1.

The locations of all current meters and their dates of
deployment and recovery are shown in Table B-1. Analysis of
the current water records was performed by the data shop of
AODL. Time series plots of these data are presented in
Figures B~7 to B-11.
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TABLE B-1

LOCATIONS AND DATES OF DEPLOYMENT
AND RECOVERY OF CURRENT MBETERS

handeraa current meter data (gampling every nalf hour).

Site Current Meter Number Duration

S #1039 Ty Jan. 25/86
Out: Feb. 1/86

#6404 Tn: Feb. 1/86

Oubt: May 29/86

S $217 in: Mar. 4/86
Out: May 29/86

53 $7132 In: ¥Feb. 4/86
Quts July T/86

B 4 #1039 Iin: Fab., 25/86
Cut: Mar., 23/86

S~4 type burst sampling curvent meter data.

Site serial Nuwnber Duration

LO0 m ® H#034B0552 Ty Beb. L/86
of 8ite 8-3 Out: Mar. 4/86
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APPENDIX

GRAIN SIZE PLOTS

Sediment samples collected during the c¢ruises are
listed in Table C-1. The locations at which the grab
samples were taken are defined with reference to the site
plansg in Section 2.3,

Grain size analysis of the sand samples was performed
by Seatech, except for sanmples 8D-1, 8D-2, and 8D-3 which
were analyzed by D. Clattenburg, Atlantic Geoscience Centre,
Bedford Institute of QOceanography. Gravel samples were
analyzed by Nolan Davis and Assoclates. The graln size
plots are presented in Figures C-1L to C-45.



in fate

Si-1  86/01/25

S1-5  86/02/01
-6

$3-2  BB/G2/04

S2-2 86702708

SA-7  #afu2/1d

Sé-4 0 BE/OZIZG

Sz-d BEI03/D4

Si-10 86/G3/23

S0-1 86/08/21

Si-12  86/07/07

TABLE C~1

LIST OF GRAB SAMPLES

Seatech  Figure
Crutse  Site and Lecation® i No .
3 S-1, G1G LGOi6-1 C-1
S5-1, G-0 - C-2
S-1, G-18% -3 C-3
5-1, G-25 w4 -4
S$-2, G at highfiy -5 -5
$-3, G by mooring#¥ i) C-6
S-4, G at highfly -7 C-7
5 S-1, near rod #5 ~8 -8
S=1, near rod #2 «G -8
¥ 5-3, G by mooring -~ 10 C-10
S-3, 17 m E of hightly =11 C-1%
5-3, G at highfly ~id C-12
7 5-2, between rods #23 and #74 ~-13 C-13
5~2. between rods #30 and #33 ~14 £-14
5-3, near rod #16 15 {15
5-3, near rod #17 ~16 N
4] S-4, 22,9 m SE mooring -7 C-17
a-4 . by mooring ~18 18
g 3-4, by current meter LGOZO-1 C-19
S-4, by rod #37 {urab #2) ~2 C-20
3-4, by rod #37 {grab #1) -3 C-21
S5-3, by dump - C-27
3-3, by current meter & C-23
5-1, § of rod #8 w8 C-24
S-1, S of rod £5 -7 C-2%
i0 S-¢, by rod #i18 ~f C-26
S-1, by rod #5 -9 27
S-3, bottom 10 om of box core -1{ C-28
S5~3, 10-20 cm of box core -11 €-29
5-3, 0-10 om of box core -1 £-30
5-3, disturbed top of box core -13 C-31
il 5-1, by rod #7 -14 32
S-1, by rod #5 -15 £-33
S-2, by rod #25 -16 C~34
5-2, by rod #26 -17 £-35
5-3, by rod #20 -1 C-36
$-3, by rod #14 1% (0-37
i4 Sh, edge of hole (AGC No. 3964) N/A -38
S0, inside of hole {AGC Wo. 3965) N/A C-39
S0, cutside of hole {AGC No. 3966) N/A C-40
i5 S-1, by rod #7 LGO59-1 C-41
S-1, by rod #% -2 C-47
S$-4, by rod #36 -3 £-43
5-2, by rodg #29 ~ 4 C-44
5-2, by rod #31 -5 C-45%
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