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1. Introduction

This report has been prepared for the Marine Scotland Licensing Operations Team (MSLOT), on behalf of the
Scottish Government acting through Marine Scotland. MSLOT require an independent review of work
completed by ABPmer on behalf of the Montrose Port Authority in support of a license application under Part
4 of the Marine (Scotland) Act to dredge the River South Esk navigation channel and deposit the dredge
material at approved disposal site, Montrose FO010. The current license (05450/16/0), which permits the
extraction of 100,000m3/year from the navigation channel using a small to medium sized Trailing Suction
Hopper Dredger (TSHD) and its disposal via vessel bottom method, will expire on 29" April 2018.

The work completed by ABPmer includes two documents; a Coastal Process Assessment report (ABPmer,
2017a) and a Maintenance Dredging Best Practicable Environmental Option (BPEO) report (ABPmer, 2017b).

The Coastal Processes Assessment presents the findings of a desk study for the main access channel and
surrounding coastline to Montrose Port to provide an up-to-date understanding of coastal processes operating
along this coastline. The study seeks to determine if there is a potential relationship between channel
maintenance and coastal erosion at the (Montrose) golf course.

The Maintenance Dredging BPEO report provides a Waste Hierarchy Assessment (WHA) to determine the best
method for dealing with dredged material, required for a Marine License under Marine (Scotland) Act 2010.
The study seeks to identify the most practical options to dredge and dispose of material removed from the
River South Esk, considering any alternative methods to that currently used.

The Scottish Government and Angus Council commissioned an appraisal of the reports, which was completed
by[Redacted]

[Redacted and [Redacted] University of Glasgow). The appraisal determines if the reports
sufficiently:

1. Provide an accurate summary and up-to-date understanding of the coastal processes operating along
the Montrose coastline;

2. Determine if there is a potential relationship between channel maintenance and coastal erosion of the
golf course frontage;

3. Consider the pros and cons of the existing and alternative methods to dredge disposal, namely the
beneficial use of dredged material for beach replenishment at Montrose Bay (‘the Bay’).

The appraisal raised a number of questions and concerns, namely that the ABPmer reports provided a good
summary of the coastal processes, albeit with some information missing; but there is insufficient evidence to
back-up the conclusions made with regard to the relationship between channel maintenance and coastal
erosion of the golf course frontage and there is insufficient consideration of the pros and cons of alternative
options to the current dredge disposal method (specifically beneficial use).

MSLOT have responded to this by requesting an independent review of the ABPmer reports to better
understand the contents of the reports, and help to provide answers to the questions and queries raised by
the appraisal, specially:

1. If the cost assumptions presented in Table 2 of the BPEO reflect current standard industry prices and
methods.

2. If the omission of changes to Annat Bank and Mean Low Water Springs affect the conclusions of the
Coastal Process Assessment and therefore the BPEO.

3. If the removal of material from Montrose Harbour and navigation channel to the Lunan Bay disposal
site is contributing to coastal erosion in Montrose Bay

4. What are the likely impacts on the navigation channel from beneficial placement of material on
Montrose beach and/or Annat Bank.
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2. Appraisal Questions and Concerns

As described in the Introduction to this report, appraisals of the Coastal Processes Assessment (ABPMer,
2017a) and Maintenance Dredging BPEO reports (ABPmer, 2017b) was completed bylRedacted]

(Rennie, 2017) and[Reédacted]  (2017) on behalf of MSLOT. The appraisals raised a number of questions and
concerns, which are summarised in Table 2-1. These comments are considered alongside the questions raised
by MSLOT, in the review presented in this report.

Table 2-1 Summary appraisal questions and concerns

Where Stated in
Comment |
Appraisal
[Redacted] Scottish Government Placement with Scottish natural
Heritage
1 Insufficient evidence provided to disprove linkage dredging of the River South Esk and erosion along Detailed Notes:
the golf course. Paragraph 2
2 The ABPmer report does not consider or include a review/assessment of changes to the Annat Bank Detailed Notes:
and MLWS to the north. Paragraph 3
3 The viability of using dredge material along the length of the frontage for the purpose beach feeding Detailed Notes:
over a wider area, not just the golf course, is not sufficiently addressed. Paragraph 10
4 The ABPmer reports suggests to place the dredge material to the north of the drift divide, which Detailed Notes:
appears to reflect a greater concern to limit the return of sediment to the south. Paragraph 10
5 Mapping of MLWS post 2013 is required. Detailed Notes:
Paragraph 11
6 Recommended to strengthen the licensing approach. Detailed Notes:
Paragraph 12
niversity of Glasgow
[Redacted] University of Glasg
1 Wave climate understanding lacks wave refraction analysis, which would identify potential north or Aim 1: Paragraph
south longshore currents and potential for directional sediment transit. 1
2 ABPmer report suggests that sediment transits on/offshore - but this has not been qualified in Aim 1: Paragraph
published work. 1
3 ABPmer report suggests that upper foreshore erosion is a response to loss of sediment below the Aim 1: Paragraph
wave closure depth — but this is not quantified in the report. 1
4 ABPmer report does not address movement of MLWS. The migration of MLWS in recent years; the Aim 1: Paragraph
understanding of lower beach change requires analysis of MLWS and against MHWS. 1
5 Sediment budget needs to be better understood with a time-series sediment budget analysis matching | Aim 1: Paragraph
beach and dune volumes lost in the south against beach and dune volumes gained in the north. 1
6 Insufficient evidence provided to disprove linkage erosion along the golf course and dredging of the Aim 2: Paragraph
River South Esk. 1
7 The ABPmer report does not fully articulate/emphasise the wider benefits of recharging the intertidal Aim 3: Paragraph
foreshores to the north of the dredged channel, rather it focuses on a case to reduce the impact of 2
sediment delivery back to the dredged channel.
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3. Summary Understanding and Uncertainties

The following section presents an overview of our understanding of coastal processes along the Montrose
coastline and the key factors influencing shoreline change, the existing and proposed dredging options and
costs, and highlights where we believe there are related outstanding uncertainties. The overview is based on a
review the ABPmer reports, but in addition draws from other existing data and reports, namely the Angus
Shoreline Management Plan (SMP) 2 (CH2M, 2016a; 2016b) and prior work in Montrose Bay completed by
Jacobs (Mannion, 1999 and Banyard and Mannion, 2002). Page references to the ABPmer reports and SMP2
have been included, where relevant, for transparency.

3.1 Summary Understanding / Key Findings

311 Summary Understanding of Coastal Processes

1. The predominant wind-wave direction along the Montrose coastline is from the south-east and east
and the predominant swell-wave directions are from north-east and south-east (ABPmer, 2017a; Page
12). The largest waves tend to approach the shoreline from the east and south-east.

2. Historically, wind and wave directions/patterns have changed; a 38-year long hindcast shows an
increased period of wave activity (waves of greater height) between 1989 and 1997 (ABPmer, 2017a;
Page 13).

3. Offshore of Montrose, the flood and ebb tidal currents are rectilinear, flowing parallel with the coast
in a southwest and north-east direction respectively (ABPMer, 2017a; Page 10, CH2M, 2016b; Page C-
20). Current flows southwards for most of the tidal cycle due to the flood flow on the rising tide and
the formation of an anticlockwise eddy is caused by ebb flows through the entrance to Montrose Basin
during the falling tide (CH2M, 2016b; Page C-20).

4. Tidal flows through the River South Esk channel are fast, reaching 3.5m/s (7 knots) on a spring tide
(CH2M, 2016b; Page C-20). As the ebb flow exists the channel, it becomes entrained in the counter-
clockwise eddy, created in the lee of Scurdie Ness (ABPmer, 2017a; Page 10). Deposition of material
entrained in the ebb flows from Montrose Basin have formed the Annat Bank (CH2M, 2016b; Page C-
33), and close to the shoreline tidal currents are an important process; playing an important role in
shaping the Annat Bank (ABPmer, 2017a; Page 10). Closer to the shoreline, south of the Faulds,
nearshore tidal flows are southwards on both the flood and the ebb tide as a result of the identified
tidal eddy (ABPmer, 2017a; Page 31).

5. Net sediment transport is driven by both waves and tidal currents;

a. Net sediment transport by waves, between Milton Ness and Montrose Basin, is generally in a
northerly direction in response to the predominant south-easterly wave direction (CH2M,
2016b; Page C-8). For example, sediment eroded from the golf course frontage is largely
deposited at the northern end of the Bay where contemporaneous accretion has occurred
(Milne, Dong and Davidson, 2012).

b. Small changes in wind/wave climate can affect the rate and pattern of erosion, driving
sediment transport in the opposite direction (CH2M, 2016b; Page C-8, 35). As such, the gross
longshore drift in Montrose Bay is bi-directional, with material moving both north and south
throughout the Bay dependent on wave conditions, albeit the net drift direction is northerly.
For example, ABPmer (2017a; Page 6) reports that requirements for dredging increase
following easterly storms, suggesting an increased southerly drift along the Bay during such
events.

c. Between the south of the Faulds and the River South Esk, Scurdie Ness provides shelter to the
frontage from predominant waves from the southeast, and so the southerly tidal flows on the
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flood (and the ebb) become the dominant mechanism for sediment transport. In response, the
net movement of sediment is southerly (ABMPmer, 2017a; Page 21).

6. There is minimal, if any, wave or tidal-driven transport of sediment around the headlands of Milton
Ness to the north and Scurdie Ness to the south (CH2M, 2016b; C-34), indicating that the coastline
between Montrose and Milton Ness is a closed sediment system. The beaches at Montrose Bay and
Lunan Bay effectively function as independent sediment systems (CH2M, 2016b; C-13).

7. There is relatively little natural loss of sediment from within Montrose Bay (CH2M, 2016b; Page C-34).
Sediment is lost from the Montrose coastal system (between Milton Ness and Scurdie Ness), as result
of:

a. Dredging of sediment from the River South Esk in order to maintain the channel for navigation
access to Montrose Port (Mannion, 1999, ABPMer, 2017a).

b. Potentially via beach draw-down during storms to offshore, where it becomes entrained by
tidal currents, and transported so far north or south that it becomes lost from the system
(ABPMer, 2017a; Page 21).

8. Historically;

a. Between Milton Ness and the mouth of the River North Esk has been beach accretion. Beach
modelling of the northern part of Montrose Bay for the period between 1989 and 1996
(Mannion, 1999) showed the coastline to be in dynamic equilibrium, with limited accretion at
the River North Esk.

b. Between the mouth of the River North Esk and the River South Esk, the coastline has been
eroding.

i. Between the middle of the golf course and the River South Esk, comparison of former
high and low water positions show that the rate of erosion has increased over the past
20-30 years in response to wave action (when compared to the last 130 years)
(Mannion, 1999).

ii. Along the southern third of the Montrose Bay, between 1989 and 1996, beach losses
were in the region of 51,000m?/year (Mannion, 1999).

iii. Beach modelling of the southern third of the Bay for the period between 1989 and
1996 (Mannion, 1999) shows southerly drift in the region of 20,000 m? -
80,000m3/year (average 49,500m?3) into the River South Esk; this compared well to the
average dredge volume of 51,300m? for the time.

iv. Erosion rates along the length of the Montrose golf links estimated to be 2.5m/year
(Milne and Dong, 2011).

v. Throughout Montrose Bay, the entire intertidal area has substantially narrowed and
retreated, representing a significant loss of sediment from this closed system. Mean
High Water Springs (MHWS) has retreated faster than erosion of the dune vegetation
line in recent years (Rennie, 2017), narrowing the backshore area. These changes lead
to an increase in exposure of the hinterland to wave energy and hence erosion
potential.

vi. Annat Bank has reduced in size significantly over the last century, and presently is
approximately 15% of its size in the 1970s (Rennie, 2017).

9. There is a proposal by Rennie (2017) that Annat Bank acts as a ‘plug’ stopping material from moving
into the dredge channel. This could be true for average conditions but during north-easterly storms it
is likely that the bank provides a source of material that is washed into the channel. As such, it is also
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possible that loss of the bank actually reduces sedimentation in the channel (under certain
conditions).

10. In response to erosion, the coastline to the south of Montrose Bay has been substantially modified
over time, including:

11. Today;

1920 - The Faulds seawall constructed (ABPmer, 2017a; Page 4). The wall was later replaced in
1954, with concrete/asphalt sloped seawall and wave return wall, and added to in 1989/1990
and 1991 with rock revetment. The seawall and rock armour around the Splash (the Faulds)
recreation area has formed a promontory where the frontage is currently 40-60m seaward of
the natural shoreline position and beach lowering in front of this defence is a continuing
problem (CH2M, 2016b; Page C-116).

1999 - GlaxoSmithKline Coast Protection Scheme — construction of a rock armour revetment,
three rock groynes and 70,000m? of beach replenishment using dredged material from the
River South Esk navigation channel (with top ups in the region of 70,000m3 proposed every 20
years, based on alongshore losses between the groyne bays of 3,500m?) (ABPmer, 2017a; Page
4; Mannion, 1999; Banyard and Mannion, 2002). /t was recommended that future dumping of
maintenance-dredged material be near low water offshore of the Pavilion Seawall (i.e. just
north of the Faulds), to reduce erosion and retain sediment in the (‘Montrose’) Bay (Mannion,
1999).

1994/1995 — Local defences constructed to protect two golf tees, later upgraded sometime
after 1999 with additional rock, to form two strong points along the coastline (ABPmer, 20173;
Page 4).

2012 - Timber dune protection constructed along the Montrose Golf Course (ABPmer, 2017a;
Page 4).

The coastline to the north of the Faulds remains undefended and is subject to natural erosion
and accretion patterns (ABPmer, 2017a; Page 30).

North of the River North Esk, including St Cyrus, the beaches are accreting in response to
increased wave activity from the south-east (Milne, Dong and Davidson, 2012) driving net
northerly transport of material eroded from the Montrose golf course. This is evident by the
growth of embryo dunes (although intermittent periods of erosion occur in response to
temporary migration and breach of the River North Esk mouth) (Mannion, 1999).

South of the mouth of the River North Esk, along the Montrose Golf Links coastline, the dunes
and beach are eroding. Dune toe erosion occurs at high-tide (ABPmer, 2017a, Page 25).

Around the Faulds, the backshore is fixed by defences, but beach levels are lowering (ABPmer,
2017, Page 28).

Along the length of the South Links Caravan park, the formerly eroding backshore is now fixed
in position by the defences (Mannion, 1999), but beach levels are lowering (Banyard and
Mannion, 2002).

The recharged beach adjacent to GlaxoSmithKline is reported to have reduced by an average
volume of 2,200m3 between 1999 and 2004 (HGL, 2004), with annual accretion up to
10,900m? and annual loss up to 8,900m? in individual years.

12. Future management policy for the coastline at Montrose has been set out in the Angus SMP2 (CH2M,

2016a);
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a. No Active Intervention for the coastline to the north of Montrose Bay (between the Montrose
Golf Links and Milton Ness).

b. Managed Realighment along the Montrose Golf Links coastline.

c. Hold the Line for the coastline to the south of Montrose Bay, between the Fauld and the River
South Esk.

31.2 Summary Understanding Dredge Operations

1. Dredging of the River South Esk Channel and Montrose Basin commenced in 1973 (CH2M, 2016; Page
C-34), with a capital dredge of the channel and berth areas.

2. Detail of any capital or maintenance dredging between 1973 and 1984 is not included within the
reports reviewed.

3. In 1984, a maintenance dredging programme was started to accommodate navigation vessels of up to
25,000 tonnes (dead weight)/with drafts of up to 8m, and to maintain a minimum depth in the
navigation channel of 5.5m below CD (ABPmer, 2017b; Page 4, Page 6, 13). Maintenance dredging is
undertaken on an annual basis, anywhere between 0-3 times per year (ABPmer, 2017b; Page 13).

4. Since maintenance dredging began, a total of 1,366,464m? has been removed from the River South Esk
(at time of writing the Angus SMP2) (CH2M, 2016b; Page C-35).

a. Between 2010 and 2017, the average dredge amount has been 65,844m?*/year (ABPmer,
2017a; Page 22).

b. The volume of material dredged each year varies from 20,000m? to 100,000m?, and is
reported to vary in response to a c.4-6 year cycle, caused by a combination of changes in
weather patterns, sediment supply, tides (under lunar nodal cycle) and commercial
requirements (ABPmer, 2071a; Page 6).

c. No maintenance dredging is reported to have occurred in 1999 (Manion, 1999) because the
dredged material was used to recharge the beach as part of the 1999 GlaxoSmithKline Coast
Protection Scheme.

d. No dredging took place in 2013 (ABPmer, 2071a; Page 22).

5. Asdescribed above, ABPmer (2017a; Page 6) reports that requirements for dredging increase
following easterly storms (which would drive a southerly longshore drift).

6. Dredging is undertaken using a small to medium sized Trailing Suction Hopper Dredger (TSHD). During
each campaign, dredging starts in the navigation channel and moves into the Inner Harbour. Material
is disposed of via the dredger vessel bottom (ABPMer, 2017a; 2071b; Throughout).

7. Dredging of the River South Esk channel will effectively remove material deposited into the channel so
it is not able to be transported back north (CH2M, 2016b, Page C-35).

8. Disposal of dredge material has mainly been at a designated disposal site off shore of Lunan Bay, as
well as various other locations including Montrose beach in 1999, Aberdeen in 2006 and St Cyrus (date
not specified) (ABPmer, 2017b; Page 15).

9. The proposed plan going forward as set out in the BPEO report, would be for these dredging and
disposal practices to continue, without beach replenishment, unless funding is provided (ABPmer,
2017b; Page 19).

3.2 Review of Dredge/Disposal Options and Costs

The Maintenance Dredging BPEO Report (ABPmer, 2017b) provides a summary of the various dredge options
and disposal methods available to the Port to undertake dredging of the River South Esk navigation channel
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and the Montrose Basin. We have reviewed the dredge disposal options and costs presented in the report,
consulting with our in-house coastal and ports engineers, as well as our contacts within dredging companies,
to determine the appropriateness of the options considered and the estimated costs. A summary of the key
findings of our review are presented below.

e The dredge methods presented consider the material type being dredged, tidal conditions, commercial
operations and potential for re-settlement of agitated sediment.

e Arange of dredgers have been used in the past (listed in Appendix A of the BPEO). On Page 12 of the
report, is noted that the optimum method for maintaining the depths at the port of Montrose, is
Trailer Suction Hopper Dredger (TSHD). It is also noted that this method ‘removes the sediment (sand
and silts) out of the local sediment circulation cell that helps cause sedimentation in the channel’.

e The dredge disposal methods considered include (i) beneficial re-use; including spreading on
agricultural land, using for land reclamation, using for beach building (beach
nourishment/replenishment), and (ii) disposal, via sacrificial landfill or at sea. The options considered
are appropriate, but the assessment/rationale behind defining the optimum disposal method is
lacking.

e Notes on beach building (beach nourishment/replenishment) options:

o As noted on Page 14 of the report, the dredged material (sand and gravel-grade) would be
suitable for beach replenishment along the Montrose coastline. However, as noted on Page
15, material contaminated with mud would not.

o Given that the TSHD dredger is the optimum method for maintaining the depths at the port of
Montrose, consideration of the equipment is given in the report to the suitability of the
dredger for the disposal of the dredge material. On Page 11, it is noted that the TSHD has the
capability to pump the sediment ashore either in the form of ‘rainbowing’ or through a pipe
onto land or a beach. However, the option of rainbowing is not discussed further within the
report or costed for in the options. For this reason, we briefly reviewed the suitability of
rainbowing;

= Notwithstanding Health and Safety considerations, dredged material could be
rainbowed directly from the dredger to the beach at the location of the ‘southern
groyne’ along the GlaxoSmithKline Coast Protection Scheme. However, this would
retain the sediment in close proximity to the channel.

= Elsewhere along the Montrose coastline, rainbowing may not be a possible option as it
can only be undertaken over a limited distance. The beach and nearshore slope may
be too shallow for the dredger to be able to get close enough to the beach/intertidal
area. As such the potential viability of this option will depend on the actual present-
day beach/nearshore slope and the area of the beach onto which material is intended
to be placed (i.e. placement close to MLW could be viable, whereas onto the upper
beach would not).

o Following on from above, the report (Page 14) notes that the TSHD has the capability to pump
the sediment ashore through a pipe onto a beach, with the most viable way to do this would
be direct from the dredger or from a mooring point offshore via a floating pipeline. This
appears to be a viable option, however, the report appears to discount this option on the basis
of cost (Page 14, Section 6.2.2, Paragraph 5 and Page 15, Paragraph 7) and dredging efficiency.

o On Page 14 of the report, reference is made to the destination of the dredge material once
placed on the beach, and suggests, that on the basis of the findings of Partrac’s (2016) trial,
the material would need to be placed a further 600m north of the trial deposit location to
prevent short-term circulation of a proportion of the material back to the Port. The report also
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notes that for there to be any significant benefit of placing the material on the beach, the
dredge material would need to be placed up high on the beach, and to be re-profiled with
excavators.

®  These findings are based on theories about the sediment movement along the
coastline, including an assumption that there is a fixed drift-divide north of the Faulds
and that sediment is drawn-down and lost from the beach.

= Consideration is not given to the benefit that placement of material on the intertidal
part of the beach could have.

= On Page 14, the report goes on to say that the [placed] material would only be
sacrificial, slowing but not eliminating current erosion rates. This is the aim of any
beach recharge/replenishment scheme and is understood to be acceptable.

o On Page 33 of the Coastal Processes Assessment Report (ABPmer, 2017a), it is noted that
mounding of the disposed material could occur if the dredger is not moving, which could alter
local wind and waves patterns. However, the material would be naturally redistributed by
waves and tides, so this would not a strong argument against renourishment/replenishment.

e Asnoted on Page 18 of the BPEO, the proposed optimum method of dredging and disposal is via
current methods (i.e. disposal at sea), however, costs for both this option and recharge/nourishment
using a floating pipe are provided.

o Discussion with a number of dredging contractors has confirmed that the prices are generally
reflective of current industry standards, albeit the £2/m3 value is unlikely to go down, whilst
the £11/m3 could fluctuate (on the basis of many factors outlined below). The values could
move closer together so no longer 5 times the value, but equally they could move further
apart.

= Dredging operations and therefore costs really come down to how long you are using
the dredger, as this is the key cost item in the operation. The more efficient you can
be, the better. The larger the dredge quantity the more cost effective and the less you
are affected by downtime (due to tides or operational constraints) the better. Back
and forward to the disposal site has less risks and constraints.

®  The beach recharge is impacted by how close to the shore you can get, over either all
or a part of the tide (which will impact the length of pipe). The sail distances between
the disposal site and the beach is marginal but still different in duration due to
complexity and distance. Approximately, 2.5km to the beach (from the channel),
compared 5km to the disposal site. It makes pricing very complicated and not
something that can be considered easily or quickly.

o Areview of the dredge quantities against the disposal rates presented in Appendix A of the
BPEO appear to be reasonable.

o Areview of unit costs arising from recharge projects completed recently by Jacobs presents
costs both above and below the rate £11/m? used in the BPEO, as follows:

= Beach recharge for a scheme along the Lincolnshire coastline returned a rate of
£13.75/md.

® |nthe Middle East, recharge of an artificial island using a THSD, returned a rate of
between £6.5/m?® and £9/m3.

o Asdiscussed in the reports, dredging and disposal campaigns have previously been carried out
cost-effectively at Montrose and Aberdeen, however, these were undertaken as part of a
dedicated beach nourishment project.
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3.3 Outstanding Uncertainties and Questions

Following the review of the ABPmer reports and other published data and reports presented above, a number
of key uncertainties remain. It is recommended that, where relevant and possible, work is undertaken to
address these items, in order to better the existing understanding of coastal processes and therefore enable
more concise conclusions to be made as to whether there is a potential relationship between channel
maintenance and coastal erosion of the golf course frontage and what the impacts may be on the navigation
channel from beneficial placement of material on Montrose beach and/or Annat Bank.

3.31 Uncertainties and Questions Relating to the Assessment of Coastal Processes

1. On Page 21 of the Coastal Processes Assessment Report (ABPmer, 2017a), it is noted that during
storm conditions (particularly from the east), it is ‘quite likely’ that some (sand) can be drawn-down
off the beach beyond the closure depth, form where it is ‘unlikely’ to be moved back up the beach
during benign conditions. This material is ‘likely’ to be transported in the nearshore tidal flows
creating a loss from the system.

a. Key to note here is the use of language; quite likely, likely and unlikely, which suggests that
this text describes theory and not fact. The theory is not supported with qualitative or
quantitative evidence within the report.

b. Beach draw-down may be likely, but it is not believed to be correct to assume that once
entrained by tidal currents, the material eroded is entirely lost from the Montrose coastal
system. Much emphasis is placed on the theory as a primary method of permanent loss of
beach material from the system and the report does not present evidence to support the
theory. The material may be temporarily stored elsewhere within the Montrose coastal
system, be it up/down-drift or even offshore, and eventually returned to the beach. This is a
typical beach process.

2. On Page 31 of the Coastal Processes Assessment Report (ABPmer, 2017a), it is reported that dredging
of the River South Esk Channel (and the disposal of the dredge material elsewhere) mimics the
historic behaviour of the Montrose Basin. The report describes this behaviour, noting that prior to the
port development and dredging of the channel, Montrose Basin was in equilibrium, and suggests that
strong ebb flows would have transported sediment from the channel beyond the beach/nearshore
(and therefore beyond the reach of wave-driven transport), where it would be entrained by tidal
currents and removed from the ‘system’ completely. The report concludes that it for this reason that
dredging has no artificial impact on erosion occurring, as it is mimicking this natural process. There
are several questions relating to this conclusion:

a. There is no obvious source of this theory within the reporting, and it appears to be
contradictory to information presented in Section 3.2.1 of the same report (Page 10/11),
which describes the process of sediment transport via the back-eddy flows and the
contribution to the nearshore sediment budget at the southern end of Montrose Bay as
sustaining Annat Bank.

b. This theory places a huge emphasis that dredging mimics the historic natural loss from the
channel to offshore; and in doing so it, (i) assumes that the quantities dredged are similar to
those that would have been flushed out in the past for which there is no evidence presented,
and (ii) that the grade of sediment dredged from the channel is the same as that which would
have naturally been flushed out from the channel, for which again there is no evidence.

c. The theory does not consider the impact of waves on transport across the channel at
different states of the tide and in doing so, assumes that all material is flushed out. The
location of wave -induced transport will vary with the tide.
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d. Dredging the channel, and effectively making the channel deeper and therefore increasing
the flow speed, would create higher flow volumes and potentially increase rates of erosion
through the channel. This does not mimic pre-dredge conditions.

3. Mapping of the MLWS line from various historic maps, included in Figure 1 of [Redacted] apprajsal
notes (Rennie, 2017), shows a landward movement of the MLWS at the position of Annat Bank and a
general reduction it its overall footprint. This information suggests that Annat Bank is eroding. As
described above, the SMP2 (CH2M, 2016b) reports that ebb flows (and therefore the sediment within
it) have helped to form the Annat Bank. The impacts of dredging, including the removal of material
from the system, as well as any potential effect on tidal flows as a result of channel deepening (via
dredging), will therefore have a direct influence on the Annat Bank and should therefore be
addressed in the BPEO. As Rennie (2017) suggests, this should include reporting on changes of MLWS.

4. The reporting lacks a quantitative sediment budget. This would be helpful to calculate how losses and
gains across Montrose Bay compare.

5. The report does not include a description of what happens to the dredged material once it is placed at
the disposal site. It may be transported onshore and contribute to the beaches in Lunan Bay.

3.3.2 Uncertainties and Questions Relating to the Dredging and Disposal Options

1. On Page 6 of the Coastal Processes Assessment Report (ABPmer, 2017a) and Page 15 of the
Maintenance Dredging BPEO Report (ABPmer, 2017b), it is confirmed that dredge material from the
River South Esk navigation channel has been placed on the beaches at Montrose, Aberdeen and St
Cyrus in the past. Details on when this took place, the grade of sediment placed on the beaches, the
form of placement operations, volumes and the success of those schemes are not included in the
ABPmer reports, and, as suggested on Page 15 of the Maintenance Dredging BPEO Report (ABPmer,
2017b), it would be helpful to assess the merits of such works to determine the suitability of the
dredged material for replenishment along the Montrose coastline.

2. On Page 14 of the Maintenance Dredging BPEO Report (ABPmer, 2017b), it is noted that the material
dredged from the outer navigation channel (sand and gravel) is of a grade suitable for beach
replenishment, albeit a different particle grading from the natural beach in Montrose Bay. As
described on Page 6 of the Maintenance Dredging BPEO Report (ABPmer, 2017b), during each
campaign, dredging normally commences in the navigation channel, and then moves into the inner
harbour. What would be the feasibility of the dredger removing material from the outer navigation
channel, disposing this on the beach, and then returning to complete the remainder of the campaign
for ‘unsuitable material’ and deposing of this material as suitable?

3. On Page 14 of the Maintenance Dredging BPEO Report (ABPmer, 2017b), it is reported that the
findings of the Partrac Study (Partrac, 2016) conclude that for significant benefit to be gained from
replenishment, the dredged material would need to be placed within the beach closure depth, and at
the toe of the dunes/defences. ABPmer have assumed a method to sand placement approach of
pumping the material high up the beach and re-profiling with excavators. While this is a standard
method for beach material placement as part of capital nourishment projects, further consideration
should be given to other options for material placement. Notwithstanding the potential for increased
mobility of the placed material, it may be feasible to place the dredged material lower on the beach
profile, within the range of wave and tidal action, which would naturally redistribute the material.
While this may not result in the immediate gain in backshore width (and hence be more difficult to
measure immediate benefits), it could potentially provide a more cost-effective option for returning
the dredge material to the Montrose Bay beach system. Therefore, consideration should be given to
alternatives methods of placement of the dredged material on the beach.

4. Pages 15/16 of the Maintenance Dredging BPEO Report (ABPmer, 2017b), present a series of points as
the basis for discounting beach replenishment as a viable method of dredge disposal at the current
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4. Answers to Questions Raised by MSLOT

The purpose of this independent review is to establish answers to a series of questions posed by the MSLOT
(as described in Section 1 of this report). The answers are provided to each question in the sections below, and
draw from the summary understanding and uncertainties of coastal processes and shoreline change, dredging
and dredge disposal (as presented in Section 3 of this report). For clarity, the answers are presented as a series
of summary bullet points, drawing directly on the discussion presented in Section 3.

41 Do the cost assumptions presented in Table 2 of the BPEO reflect current
standard industry prices and methods

e Yes, the prices are reflective of current industry standards. Both the £2 and £11 rates could increase,
i.e. are possibly on the low side of rates we’d expect to see. The rates of £11 for beach replenishment
could vary as a result of many factors, such as time spent using the dredger (i.e. tidal
windows/operational constraints), dredge volumes being handled and the amount of sorting that is
required etc.

e Discussion with a number of dredging contractors has confirmed that costing for dredging and disposal
is notoriously complicated and difficult and requires time to determine accurate rates, however, the
rates, as presented by ABPmer, are generally in line with industry standards.

e There is little supporting data to explain the basis of the costs as presented, the addition of which
would improve the clarity of the BPEO report.

e The two dredge disposal options presented are both valid and in line with industry methods. However,
it is possible that less ‘engineered’ placement of the dredge material onto a lower section of the beach
(intertidal or below low water) could also potentially provide significant benefits. This could reduce the
‘pump’ cost and remove the ‘profiling’ cost (Table 2, ABPmer 2017b), as material would be naturally
redistributed under normal wave/tidal activity.

e The basis for discounting beach replenishment as a viable method of dredge disposal at the current
time as presented in the BPEO report is not considered to present a balanced appraisal. Disruption to
Port operations and higher costs are the main reasons presented, which do not necessarily make the
option infeasible.

4.2 Does the omission of changes to Annat Bank and Mean Low Water Springs
affect the conclusions of the Coastal Process Assessment and therefore the
BPEO

e The impacts of dredging, including the removal of material from the Montrose system, as well as any
potential effect on tidal flows as a result of channel deepening (via dredging), on ebb flows are very
likely to have a direct influence on the Annat Bank and should therefore be addressed in the
Maintenance Dredging BPEO Report.

e There does not appear to be sufficient evidence in the Coastal Processes Assessment Report (AMPmer
2017a) to support the key assertion that erosion of material from the Bay is primarily due to cross-
shore losses from the beach-face during storm conditions.

e The processes presented in the reports explaining the erosion of the golf club frontage (i.e. draw-down
below depth of closure and movement of material northwards) would not adequately explain the
evident loss of Annat Bank or the dramatic reduction in intertidal width (MLWS retreat), as described
in [Redacted] appraisal (2017). These observed changes would likely be explained by the ongoing
impact of rising sea levels and a significant reduction in beach/nearshore sediment volumes. This
wider loss of material from the system is not identified in the reports and thus not explained. This is a
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critical aspect of the processes operating in Montrose Bay, and as such it’s omission raises questions
on the reports’ conclusions.

The coastal process assessment focuses on explaining dune erosion, as being caused by cross-shore
sediment losses. However, given the evidence of intertidal retreat and loss of nearshore beach
volume, it would appear that the dune erosion is a symptom of the real problem, rather than the
problem itself. The problem within Montrose Bay is that the retreat/loss of intertidal area and beach
volume is greatly increasing the exposure of the backing dues to erosive wave and tidal forces. A wide
healthy intertidal area buffers the backshore/dunes and provides material to maintain/sustain them;
consequently, it’s loss results in increased dune erosion.

As such, the conclusions drawn in the Coastal Processes Assessment Report and the Maintenance
Dredging BPEO Report do not explain the wider observed changes that are causing dune erosion, and
consequently cannot be considered to adequately address potential links between dredge operations
and the beach-dune changes in Montrose Bay.

Incorporation of analysis of MLWS and Annat Bank changes and linking these to the processes
operating throughout Montrose Bay, would be important to determine any links with the dredge
operations.

Is the removal of material from Montrose Harbour and navigation channel to
the Lunan Bay disposal site contributing to coastal erosion in Montrose Bay

Potentially, yes it could be, given the uncertainties around a number of the assumptions presented in
the coastal process and BPEO reports.

The Coastal Processes Assessment Report (Page 31) suggests that dredging mimics a natural process
whereby sediment in the River South Esk channel would naturally be flushed out by the ebb tide flow,
into coastal tidal flows beyond the nearshore wave dominated region and hence lost from the system.
This theory of loss of sediment from the system appears to be at odds with the counter-clockwise tidal
eddy phenomenon in the lea of Scurdie Ness, which is described in Section 3.2.1 of the Coastal
Processes Assessment Report as sustaining the Annat Bank. This eddy is described as transferring
sediment down the channel into the eddy tidal current, recirculating to the north and west and
depositing on the Bank.

Further, there is no evidence (literature or model) cited to support the theory that sediment is
‘naturally’ flushed from the main channel (with no dredging) and entirely lost from the nearshore
system. This is a major assumption for the Coastal Processes Assessment Report, as any potential for
beach grade material in the channel to naturally re-join the Montrose Bay beach system would
indicate that dredging does contribute to erosion (of the Montrose Bay beach system as a whole — not
specifically the golf club frontage). The potential for this recirculation process to naturally occur must
be better understood.

Existing literature suggests that the coastline between Milton Ness in the north and Scurdie Ness in
the south is a closed system, with minimal movement of new sediment from the rivers or offshore to
the coastline, and natural losses relating to draw-down of material during storms. There is a lack of
existing data and reporting on whether any naturally occurring losses are temporary or permanent.
Removal of up to 100,000m>/year of dredged material from this closed system can therefore only
represent a loss of sediment that is never returned, and with that, a loss of beach building material,
which would naturally contribute to beach and dune decline within that closed system. Regardless of
whether this mimics a natural process, this removal of sediment clearly represents a net loss from the
closed Montrose Bay sediment system.

Much of the process assessment is based on the existence of a sediment drift divide near The Faulds,
with a net northward drift to the north of this point, and south to the south. While this widely
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supported in literature for the net drift within the Bay, the wave data presented clearly shows a
strongly bi-directional longshore transport potential, and hence likelihood that material has potential
to move south along much of the Bay over much of the year. The Coastal Processes Assessment
Report (Page 6) confirms that the Port Authority observe that “dredging is required particularly
following easterly storm events”. These events would drive a southerly drift across the majority of the
Bay, potentially transporting material from the golf course frontage towards the channel. It is not
sufficient to state that there is a drift divide at The Faulds and conclude therefore that erosion at the
golf course isn’t linked to the River South Esk channel. Such drift divides are not fixed, and simply
represent a net result over the long-term.

What are the likely impacts on the navigation channel from beneficial
placement of material on Montrose beach and/or Annat Bank

The Coastal Processes Assessment and Maintenance Dredging BPEO reports state that placement of
dredged material south of The Faulds would likely result in increased sedimentation in the River South
Esk channel and hence increased dredge requirements. The reports do not make any categorical link
between placement elsewhere in the Bay and the dredge operations, rather suggesting that
placement elsewhere would simply be sacrificial.

The potential movement of any replenishment material will be determined by the incident tide and
wave conditions in the period following its placement, and since these forces vary along the Montrose
coastline, will depend on where the dredged material it is placed within the Bay and the conditions at
the time.

Regardless of where beach nourishment material is placed it will enhance the overall beach volumes
locally and over time will distribute across the Bay. This enhancement of the beach volume will
increase the dissipative properties of the intertidal area, acting to absorb more wave energy and keep
tidal currents farther from the backshore. As such, the addition of the nourishment material would be
expected to act to reduce the erosion potential along the Bay, while also providing additional material
to be eroded before the backshore area is impacted. This is the basic premise of beach nourishment as
an erosion management technique and is not adequately presented in the BPEO, which simply states
that the placed material “would still be sacrificial to storm activity, thus only slowing the current
coastal erosion rather than protecting the defence/dune face” (page 16, ABPmer, 2017b). This
statement is incorrect as the material would build the beach which is the protection to the
defence/dune face.

It is reasonable to suggest that nourishment of the beaches of Montrose Bay, would create conditions
for increased wave energy dissipation and hence potentially reduced erosion. This could impact rates
of longshore transport within the Bay, potentially resulting in less sediment being transported to and

deposited in the River South Esk channel.

If the material is placed towards the southern end of the Montrose coastline, it is possible (likely) that
additional accumulation on Annat Bank would occur. In turn it is possible that during storm conditions
material from the bank could be transported into the channel.

Given the variation in longshore transport directions (due to prevailing wave conditions), any
nourishment material could potentially move north or south from wherever placed, albeit the net
divide at The Faulds could be used to inform potential placement of nourishment — to minimise
potential return to the navigation channel.

Given the above, it is considered likely that any beneficial placement of dredge material within
Montrose Bay could be designed to benefit the areas of greatest ongoing erosion, while minimising
any potential detrimental impacts on the navigable channel.
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