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ABSTRACT

Bear Cove is a small community on the Northernifseta of Newfoundland and Labrador in
the Straits — St. Barbe region. Originally settfed proximity to fishing and hunting grounds, Bear
Cove still maintains a small population of approately 83 people [1]. The cove itself is a small,
shallow inlet unsheltered from the Strait of Belide. By current standards, the cove is far from
optimal for a typical Newfoundland outport; manysidents of Bear Cove still own small fishing
vessels of 26 feet or less. Very few stages exigie area, and most vessels are stored on tha baac
of reach of the land-wash or in a large field boirttethe beach.

During an undefined period prior to the year 2ah@, coastline of Bear Cove transitioned from
what was once a well-defined, exposed cove to tlapigmprotected and stationary body of water. This
transition was the result of a sandbar formatiat #tretched from the western point of the covas Th
berm was naturally formed as a result of ocearsprart and deposition, consisting of sand, cobbles,
and boulders.

While this berm initially provided protection fong coastal structures and vessels on the shore
and was welcomed by the residents of the communitgr time it began to develop a significant
problem. Sediment was also being deposited behi@dérm, creating a progressively shallow basin.
This continued until the floor had been raised siheth no water existed in the basin during low tide
addition to the sediment deposit behind the bernfipren of aquatic algae - kelp was also being
deposited. During the transition from high tidddw tide when water would vacate the area protected
from the berm, this seaweed would settle and beatpesed in the absence of water. Over time there
became a significant deposit of seaweed which bégalecompose and essentially create a ‘mat’ of
seaweed along the floor of the cove. Ultimatelyaassult of the berm formation, seaweed deposition
and decomposition, an unbearable stench was gedeeating an unfavourable environment for the
residents of the community.

This paper serves as a discussion of the natuvakps’ leading to the development of a coastal
berm, the progression which resulted in the devakag of an issue, and the actions taken to retttdy
problem.

1 INTRODUCTION

Bear cove is a former fishing outport located ore tNorthern Peninsula of Newfoundland
approximately 300 kilometers north of Deer LakeeHite, while in operation consisted of a wooden
breakwater and an L-shaped wharf which acted a®yng, a marginal wharf with a fish-plant, gear
repair shed and an ice-plant (See Figure 1 — FogiterConditions). Over the past several decadles, t
area has become less active, and the breakwaterdesisoyed by the ocean. As a result of the
breakwater destruction, the L-shaped wharf begasutiain damage as well. Given the decline in
fishing activity and closure of the fish plant inetarea, the Department of Fisheries and Oceans —
Small Craft Harbours (DFO-SCH) contracted the reahoV the L-shaped wharf.
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Figure 1 — Former Site Conditions

2 SITE CONDITIONS
2.1 Erosion

Following the demolition of the L-shaped wharf seenFigure 1, the material located
immediately west of the wharf (left in Figure 1)ga@ eroding. This resulted in the shoreline being
pushed further back nearly to the gear repair sdtedigh normal tide (HNT). This presented the
potential danger of undermining for the gear rephagd which still exists today.

This erosion was the direct result of the wharf@gat, which was acting as a groyne. Groynes
are structures used to impact the near-shore satimaasport processes to modify beach response to
wave and tidal conditions [2]. The wharf forced theposition of sediment to the west due to the west
to east net transport in the location. The reftectf waves from the breakwater and wharf resuted
destructive interference between reflected and minag waves. This interference resulted in the tdss
energy from the waves and ultimately the settling deposition of material contained in the water. |
can also be noted that on the East side of theapeshwharf, a sediment pile can also be seen uréig
1. This is a result of the loss of energy fromwlaes diffracting around the wharf structure.

In the absence of these structures, waves mairtiem energy and minimal settling and
deposition occurs. This increased wave energysis i@sponsible for the erosion of the shorelineeonc
the wharf was removed. The loose sediment thatomas deposited in the area was now exposed to
higher energy waves, begins eroding and resumsngest to east transport.

2.2 Sandbar

As higher energy waves began transporting the drotserial northward, the marginal wharf
which still existed became the next structure tmaee energy from the waves. Most of the material
which had eroded to the west was now becoming depla® the southeast of the marginal wharf. This
was mainly a result of the energy loss from theavdue to diffraction around the marginal wharf. As
seen in Figures 2 and 3, this deposition begarotm fa large sand-bar which extended from the
headland created by the north corner of the widris sandbar continued to increase in size (height,
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length and width) over time. Shown in figure 2 #re approximate extents of the sandbar at +0.25 m
lowest normal tide (LNT), +1.0 m LNT, and +2.0 LN June of 2010.

+225m LNT.

+ + +
+.Om LNT

+10m LNT.

SANPPAR

1
L e LR T TR A T TR T ELAT B

Figure 2 — Sandbar Survey

Figure 3 — Sandbar Aerial Photo
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2.3 Basin

As a result of the sandbar formation, a small basas created behind the sandbar, bordering the east
side of the marginal wharf. This basin was becomimgeasingly isolated from the ocean as the
sandbar increased in size. As the basin became iswated and protected, the water inside the basin
became nearly stationary and received minimal ifpam wave action.

Due to the stationary water, at high tide muchhef$ediment would settle out of the water onto
the floor of the basin, resulting in the depth bé tbasin constantly decreasing. In addition to the
sediment deposition, during a rising tide and flolvocean water into the basin, kelp was also
transported into the basin. This kelp would setitighe floor, and while the tide was lowering and
water exited the basin, the settled kelp would iamEhis process continued for an extended perfod o
time until the floor of the basin was completelypeged at low tide, while still completely submerged
at high-tide.

24 Decomposition

Initially the process outlined above did not pospr@blem for the community given that the
fishing industry had all but vacated the locatiBlowever, shortly thereafter it would begin to deyel
into an issue. During summer months the kelp wéadome exposed to the heat of the sun and began
to decompose. The continuous flow of tides in andad the basin meant that the kelp was not able to
dry out and the decomposition cycle continued. Tdyisle resulted in a large mat of a sludge-like
material which was permanently lodged in the ba$ie continuous decomposition of the material
began emitting an unbearable stench which was asaie for the residents of the community, and
those driving by on the nearby highway.

3 REMEDIATION
3.1 Survey

The Department of Fisheries and Oceans — Smallt Glafbours (DFO-SCH) program is a
nationwide program of the Department of Fisherie$ @ceans. SCH operates and maintains a national
system of harbours to provide commercial fish hsters and other harbour users with safe and
accessible facilities [4]. DFO-SCH requested Publiorks and Government Services Canada
(PWGSC) to survey the Bear Cove site to quantigyaimount of material contained in the sandbar, and
present potential solutions to rectify the problem.

Upon completion of the survey PWGSC were succesgfantifying the amount of material
and assessing the damage to the site. PWGSC susvegole two important findings: the proximity of
surf to the gear repair shed, and the massive iquanimaterial deposited in the sandbar [3].

It was noted that the erosion of the shorelinemoftthe gear repair shed had resulted in the
exposure of the concrete foundations of the stracaind continued erosion would likely continue
undermining the structure and potentially resultsrcollapse [3].

The measurements of the sandbar were as follovso=ipnately 130m long, ranging from a
width of 30 m to 45 m. The crest was approximafeiy wide and had an average elevation of +2.55 m
LNT. The sandbar was composed of approximately 38%@ and 65% stone. The stone patrticle size
ranged from 25 mm to 600 mm (former protective arngione located to the west of L-wharf). From
the survey of the sandbar on June 12, 2010 it wtmated that 4,000 m3 of the material was located
above +0.00 m LNT, and 6,500 m3 was located ab@a5-m LNT.
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3.2 Solution

There were two potential solutions outlined by PV@GI® rectify the problem presented by
DFO-SCH. One solution was a higher budget, longiteolution that would provide stability to the
shoreline, while the other was a low budget, skemm solution that would rectify the issue at hamat,
have minimal impact on preventing the issue frowuogng again.

The long-term solution involved the constructidracnew groyne in the approximate location
of the former L-wharf, and protect the seaward gMk=st) with approximately 4 tonnes of armour
stone. This would result in the expansion of thersline near the gear repair shed, and cease the
deposition of material onto the sandbar.

The short-term solution involved the excavatiorihef sandbar to a depth of +0.00 m LNT and
relocating the material to the shoreline. Whilestholution immediately address the issue at hdnd, i
was likely that upon completion the deposition aitemial will continue and the sandbar will begin to
reform. Whether a basin would form again would bknown as the material would be relocated into
the current basin location. The detailed outlireduded in the proposal was as follows [3]:

1) Push the crest of the sandbar to the front of tlaeginal wharf. This will eliminate the 2m wide spac
presently between the sandbar and the wharf thomvang the kelp from collecting in this area. Slope
the material toward the ocean.

2) Relocate the sandbar material east of the margm@drf. Place this material to the intersection loét
East side of the marginal wharf and the shorelifibis will remove the sandbar from its present
location. It also fills the basin adjacent to theanf eliminating an area that kelp collects.

3) Continue this infilling until the fill material uittit reaches the berthing face of the marginal.

4) Relocated the sandbar material to the area wesh®fgear repair shed. It is presumed a large petrcen
of this material was originally located in this a.eThis will replenish the shoreline where it hasded
and provide protection to the gear repair building.

5) Cover all deposited material will armour stone, imom 2 to 4 tonnes to resist wave and ice action.

Shown in the following figure (Figure 3) is theended site view following the completion of the
short-term solution.

2
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Figure 3 — Short Term Solution
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Due to a limited budget for the project, it wasedmined that the short-term option would be
the method of choice to remediate the area. Thisid& was mainly a result of the high cost of
constructing a groyne when considering the liméetivity in the cove.

On September 29, 2010 the Bear Cove Project comedesnd was completed on October 3,
2010 by Floyd’s Construction Ltd. The work was cdetgd according to the outline provided in the
project proposal with the exception of relocatiématerial to the north side of the gear shed. Upon
further consideration it was determined that tiiisrewould be too futile as the natural processhaf
ocean would quickly remove the material once agaWGSC revised the project plan to include the
creation of a small breakwater pointing northwaahf the north corner of the marginal wharf using
the former armour stone that had been excavated thhe sandbar. See figures 5 and 6 for photos of
the site upon project completion.

igure - _ Relocated Material Figure 6 — Be Cove Project Completion

Upon completion of the project, an immediate flagheffect occurred. In the following days,
much of the sludge previously located in the coegam working down the shoreline to the east and out
into the ocean. This was a result of the increagse energy that the cove had been deprived oewhil
the sandbar was in place. It was also noted tleatctive was returning to a more even depth. The
increased wave every removed much of the sludgel@osk sediment previously located in the
stationary basin to more closely match the depthefntire cove.

4 REFORMATION

As metioned previously, the project was perforraedh short-term solution. Prior to beginning
the project of receiving funding, it was fully azipated that the sandbar would reform in some way.
How similar in size, shape and the presence ornalesef the stationary basin behnd the sandbar
however, was more difficult to predict.

While completing the project, PWGSC received cistn for the method from several
community locals. Many people who had lived in doenmunity for their entire lives expressed their
disapproval of the operation, as they believedstimae issue would occur again shortly after.

When contacted for comment, PWGSC stated thathhdynot followed up on the project and
had not yet been requested to do so by DFO-SCHWN&BC Project Officer stated that they belived
that the infilling had continued immediately aftee project was completed, and would continue to do
so until a groyne was constructed. The followingtpoh(Figure 7) was taken in March of 2013, and
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despite ice conditions, a noticable sandbar cam keen to have reformed of the east corner of the
embankment near the marginal wharf.

| Figur7 — Sandbar Refrmtio (poto courtsy of Bris Gaslard)

While no reports of the stationary basin or sludegponsible for creating the stench have been
received since the project was completed. DFO-S€#lizes the potential for the reoccurence of the
issue and holds the potential construction of gmgan its future plans.

5 CONCLUSION

By viewing historical documents of the Bear Couve sind applying basic principles of wave
action and ocean transport, it is relatively easydétermine the factors which contributed to the
formation of the sandbar and basin. Given thanntaginal wharf and the L-shaped wharf were
constructed at the same time, it was unknown tphahuhe removal of the wharf that this phenomenon
would occur to such a magnitude. Prior to the goetibn of either of these structures in the atkea,
cove remained open with very little deposition dadterial. Once these structures are implemented, the
way in which wave action interacts with the sharelchanges. Changing the layout of these strugcture
or removing one or more of them will simply resuitaltering the interaction of the waves and the
shoreline yet again. This was apparent in the Bxare case as the response to the removal of the
wharf was the erosion of material deposited orstiweline near the gear shed which was redesposited
in the sandbar as the waves diffracted aroundehdlbnd created by the marginal wharf.

While the sandbar has already begun reformingsirformer location, it is likely that it will
form at a slower rate that it had previously du¢hi® absence of loose material to erode near the ge
shed. However it is uncertain if the basin willrfoin a similar manner due to the altered shoreline
resulting from the project. If the basin does happereform, it is highly probable that the kelpllwi
once again be deposited into the basin and decandd®e process of removing the sandbar and
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placing the material in the basin location may eberrepeated several times with a sandbar and basin
developing each and every time.

When the ocean displays a particular pattern, sirol@aning up after it will do little to solve
the problem in the end. To optimize the way in whilce ocean interacts with the shoreline, engineers
must intervene rather than perform damage contnothe Bear Cove situation this is interference
would likely be to construct a new groyne in th@gar location. Unfortunately, given the harsh
environmental conditions in the area, lack of sreftom heavy ice conditions in the winter, the
expected lifespan of a groyne in the required looats very low. It would be highly expensive to
construct a groyne designed to withstand the heleshents to which it would be exposed.

When considering all the factors at hand, DFO-S@ et with a dilemma. Is is more cost
effective to build a structure that is severely dged year after year and will have high maintenance
costs, or to return periodically to perform low-lgetl dredging that temporarily solves the problem?
Possibly the best option is one that has not yeh lpgesented; removing the marginal wharf and fish
plant that is no longer usable. This would let doean run its natural course and interact with the
shoreline the way it did before any of these stmes existed. The ocean would likely restore theeco
to a layout similar to before these structuresterlisind it requires absolutely no maintenance.
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