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ABSTRACT

This report responds to a need for better data on
coastal processes in the Canadian Beaufort Sea required by
Government and by the 0il and Gas Industry for the siting and
design of new shore-base facilities. Numerical estimates of
alongshore sediment transport and nearshore profile adjustments
are developed for the following sites: Atkinson Point, N.W,T.;
Kay Point, Yukon; King Point, Yukon; North Head, N.W.T.; Stokes
Point, Yukon; and Tuktoyaktuk, N.W.T. The influgnce of storm
surges of coastal processes is also investigated. The evolution
on the shoreline at King Point under existing conditions and
with a total littoral barrier structure has been modelled.
Offshore and nearshore wave climates have been computed for
seven sites; the six mentioned plus Pauline Cove on Herschel
Island. They are based on new fourteeﬁ—year parametric
hindcasts. The inshore wave climates were computed using
two-dimensional spectral transfer technigques with allowance for
shallow water equilibrium spectral forms. The report is in two
Parts: Part I comprises the full text with summaries of

results; Part II comprises seven complete data packages, one for

each of the sites considered.
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BEAUFORT SEA COASTAL SEDIMENT STUDY

Numerical estimation of sediment transport and nearshore profile
adjustments at coastal sites in the Canadian Beaufort Sea -

Part of the Northern 0il and Gas Action Plan (NOGAP)

SECTION 1 INTRODUCTION

1.1 Purpose

This addresses the need for better data on coastal
processes in the Canadian Beaufort Sea. Data and information
are required by Government and by the 0il and Gas Industry for
the siting and design of shore-base facilities. For this, one
of the most urgent requirements is for a better understanding of

the magnitudes and variations of the following:

- inshore wave climates;

- influence of surges on coastal processes;
- alongshore sediment transport rates;

- nearshore coastal profile adjustments;

- impact of a typical structure on coastal processes.




The purpose of this study was to apply advanced
numerical estimation techniques to each of the above-mentioned

phenomena at one or more of seven designated sites:

1. Atkinson Point, N.W.T.

2. Kay Point, Yukon

3. King Point, Yukon,

4, North Head, N.W.T

5. Pauline Cove, (Herschel Island), Yukon
6. Stokes Point, Yukon

7. Tuktovaktuk, N.W.T

The site locations are shown in Figure 1.1,

King Point was to be regarded as a key location, being
considered the most likely site for the next new shore-base
facility. For this reason it was selected for study of the
impact of a structure and generally to be treated preferentially

in the course of the work.
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l1.1.1 Readership

The intention of this study was to generate data of
direct value to those in Government and Industry responsible for
detailed planning of shore-base facilities, pipeline shore

crossings and the like.

To the extent that it has produced acceptable data, it
can be so used. 1In this respect the wave climate data will be

of value where it fills gaps in the available data base.

The inshore wave climate data is of special value, not
only because it fills gaps but because it corrects some
significant errors that have characterized most previous work
due to the over~simple methods used, and in particular their

neglect of the shallow water spectral saturation effect,

The alongshore sediment transport computations and
coastal profile adjustment data to a large extent fill a gap and
should also provide better estimates for several places that

have been studied previously.

For coastal research workers the report will be of
interest as a demonstration of the application of state of the
art coastal process software to the complex arctic coastal

environment. It shows, on one hand, the strength and




versatility of the wave analysis techniques, and on the other
hand, the need for further research and development of the
coastal sediment transport models. Some steps in this direction
will be implemented in the immediate future; others will regquire

a major new research effort.

Finally, it is probable that one of the major benefits
of this work has been to highlight the inadequacies of the
available field data base and to point to the urgent need to
rectify the deficiencies before coastal development actually

takes place,
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Arrangement of the Report

The report is arranged in two parts:
»

Part I Main Text describing:

Input data and Information
Methodologies

Summaries of Results
Discussion

Conclusions
Recommendations

Appendices

Part II Complete Data Compilations for each site:

Site Descriptions

Wave Climate Statistics

Coastal Process Data




1.4 Scope of the Report

1.4.1 Part 1

Numerical estimates of annual alongshore sediment
transport and nearshore profile adjustments under storm action
are developed for six coastal sites in the Canadian Beaufort
Sea. The six sites are near Atkinson Point, Kay Point, King

Point, North Head, Stokes Point, and Tuktoyaktuk,

The influence of storm surges on alongshore sediment
transport and nearshore profile adjustment was also investigated

at the same sites.

The evolution of the shoreline near King Point has been
investigated under existing conditions and as it would be with a

total littoral barrier structure in place,

Offshore wave climates were computed for the six sites
mentioned plus another near Pauline Cove on Herschel Island.

They are based on new fourteen-year parametric wave hindcasts.

Two-dimensional, directional spectral transfer
techniques with allowance for shallow water equilibrium spectral
forms were used to obtain the inshore wave climates from the

hindcast results,




The sequence of presentation of the work is as follows:

4.

5.

6.

Data and Literature Searches, (Section 2)

Computation of inshore wave climate,

(Sections 3 and 4)

Investigation of the sensitivity of coastal

processes to storm surge action, (Section 5)

Estimation of alongshore sediment transport rates.

(Section 6)

Estimation of coastal profile adjustments under

different patterns of wave attack. (Section 7)

Evaluation of the effect of a coastal structure at

the King Point site. (Section 8)

Part I the Report concludes with discussion of methods

and results (Section 9), Conclusions (Section 10), and

Recommendations (Section 11).




1.4.2 Part II

Part II of the Report contains an outline of
methodology and seven complete sets of numerical results for
each of the sites in alphabetical order., Each data set is
separately paginated. For each site information is presented in

the following sequence, (according to availability):

- Description of Site and Site Plan

~ Deepwater/Offshore Wave Statistics

- Nearshore Wave Transformation Analysis

- Inshore Wave Statistics (King Point only)

~ Alongshore Sediment Transport Rates (excludes
Pauline Cove)

- Nearshore Profile Adjustment Results (excludes
Pauline Cove and North Head)

- Beach Plan Evolution (King Point only)




1.5 Summary of Numerical Work

This summary of the numerical work is intended as a
preview of the report proper, It is in the sequence indicated

in 1.4.1 - Scope df Part I.

1.5.1 Computation of Inshore Wave Climates

Inshore wave climates were computed for fourteen years
for two "nodes"™ at each of the seven sites. The nodes were
located just beyond the breaker zone, typically around the
four-metre contour. The work was done in two interactive

phases:

1, computation of offshore wave climates using wind-

wave hindcasting (See Section 3), and

2, conversion to inshore climate with computed
nearshore wave transformation functions using

the spectral transfer technique. (See Section 4),




The procedure used to predict the offshore wave
climates used in this study, parametric hindcasting of effective
waves (PHEW), provides a flexible vehicle for calibration
purposes with good definition of wave directions, However, in
the absence of directional wave measurements, the hindcasting
procedure had to be calibrated and verified using four sets of

non-directional wave measurements,

A wind data set for use in the hindcasts had to be
synthesized by selectively merging three sets of wind records

from Tuktoyaktuk (1970-1983).

The two-dimensional directional spectral transfer
technique (SPECTRANS) used for computing wave refraction is
based on linear wave~ray backtracking and deepwater JONSWAP
spectra. A shallow water spectral saturation criterion was also

incorporated.

The method provides accurate unambiguous definition of
inshore wave conditions for virtually any combination of
bathymetry and sheltering conditions. It would appear from the
results obtained here, that most previous studies have
significantly overestimated the severity of inshore wave

climates.
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This project has provided a useful opportunity for the
implementation of some improved procedures for parametric wave
hindcasting and nearshore wave transformation at the seven
sites. These include procedures to accommodate:

-Time~varying fetch lengths due to changing ice edge

-Effective depth of fetches varying with time and

direction

-Simultaneous wave generation in deep and shallow

fetches

-Shore parallel and offshore wind effects

-Complex shéltering due to adjacent coastal forms

-Wave height reduction due to spectral saturation

Both offshore and inshore wave climate data were
computed for the seven sites. The inshore wave climate results
were used as primary imput data for coastal sediment transport

models.

Offshore wave climate statistics for all sites are
presented in Part II of this report, Inshore wave statistics

are also presented for King Point only.
1.5.2 Sensitivity to Surges
1) The effects of storm surge events on estimates of

alongshore sediment transport and nearshore profile adjustment

were extensively investigated. The objective was to determine
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the extent to which storm surge events contribute to coastal
change and to determine how to incorporate these effects in

subsequent sediment transport computations,

2) Typical "large" and "average" surge events were
defined for each site using the results of previous studies.
These surges were then applied to the alongshore sediment
transport computation system SEDX and to the profile adjustment

model SEGAR.

3) 1t was found that water level changes due to surges
may either increase or decrease the alongshore transport rates
depending on local conditions but that the effect on average
rates would not exceed 10% for the sites examined. This is
negligible considering the level of acéuracy attainable by

current alongshore sediment transport estimation methods.

Surges have a much greater effect on nearshore profile
adjustments and the reports of surge effects must therefore be
attributed more to this cause. This is apparent in the results
described in Section 7. However, the most spectacular reports
of major coastal retreats in the Beaufort Sea include effects of
ground ice melting which were not accounted for in the nearshore

profile adjustment model SEGAR.




1.5.3 Alongshore Sediment Transport Estimates

The alongshore sediment transport estimates were

carried out using a modelling system which incorporates twelve

different state of the art predictor models, Three were simple
non-~detailed bulk energy models including the original CERC
formula. The remaining nine models were detailed predictors
which incorporate roughness estimators and an alongshore current

model, All models draw from a common input data set.

These models had previously been found to give
relatively consistent results on oceanic beach coasts but rather
more scattered answers in less typical places such as Pointe
Sapin, New Brunswick (Fleming, Philpott, and Pinchin, 1984).
This project was therefore a valuable test of the limits of
applicability of these models to non-~typical site conditions
involving such special features as exceptionally mild wave
climates, transgressive barrier beaches, ice bonded sediments,
cohesive coasts, fine grained sediments on steep slopes, and

gravel beaches,

All of the detailed predictors gave more or less
unstable results at some of the sites but the Nielsen et al.,
(1978) breaking wave model was judged better than the others

overall, Stable, though not necessarily more accurate, results
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were consistently obtained from two of the three bulk energy
models, the CERC model itself and a recent development of it,

Davies (1984).

"Best estimates"of alongshore sediment transport were
obtained by averaging results of several models after
eliminating those that yielded unrealistically high or low
results., The selection of valid models varied from site to
site, The wide scatter of results from detailed predictors
underlines the need for further development and calibration of

these models.

The results of the alongshore transport computations
are summarized in Section 6 of Part I and complete results for

all six sites are given in Part II.

1.5.4 Nearshore Profile Adjustments

The investigation of profile adjustment was performed
with a numerical model based on onshore-offshore sediment
transport theory developed by Swart (1974)., The model computes
changes in the position and shape of the nearshore profile

resulting from wave attack at variable water levels.




Results from this model and similar models have been
verified at several oceanic sites and in the laboratory.
However, significant difficulty was encountered in applying the
model at the study sites. At sites where the investigation
provided reasonable results there was a definite trend for
shoreline retreat to increase with increased water level. A
complete presentation of the nearshore profile adjustment

investigation is presented in Section 7.

1.5.5 Evaluation of the Effect of a Coastal Structure

at King Point

As the "key site", King Point was selected for
investigation of the effect of a hypothetical coastal
structure, This was carried out assuming the construction of a

jetty forming a total barrier to alongshore sediment transport.

The effects of the structure were investigated by
successful adaptation of the existing beach plan evolution model
BPLAN to the non-typical conditions at King Point. The model
assumes a simple beach coast with unrestricted sand supply
whereas the King Point coast includes eroding cohesive tundra
bluffs, non-saturated alongshore transport rates, and a

prograding barrier beach with overwashing.




The inshore wave data for the beach plan evolution
model were derived from SPECTRANS for five nodes, with wave data
utilized in chronological sequence. Additional nodes are
interpolated, The wave data were applied to a "one-line" beach
model using a bulk energy alongshore transport predictor. BPLAN
was modified to account for the special characteristics of the
site by introducing a spatially varied beach height adjustment
factor. 1t was successfully calibrated with simple sediment
budget data derived from bluff composition, bluff recession, and

beach accretion data from the field,

Although this is a simple model, the incorporation of
several data points to ensure a well defined shoreline, the
evaluation of the effects of continuity among them, and the
facility for calibration, all suggest that beach plan modelling
provides a practical operational tool corellating shoreline
change data with estimates of alongshore transport for the less

typical coastline,

See Section 8 of this part of the report for further

details and Part II for a complete compilation of results,




SECTION 2 DATA SOURCES AND REVIEW OF PREVIOQUS WORK

2.0 Introduction

All sources of regional and site specific data and
information used in this study are identified in this section. This
includes meteorological and oceanographic, and geotechnical/
geological data together with technical reports and published
literature referred to for interpretive purposes or as sources of

relevant information.

Basic environmental data and related studies are presented
first, followed by site specific data related to coastal processes or
morphology, and finally, brief descriptions of the seven sites are
given, Here, and elsewhere in this report, the sites are introduced

in alphabetical sequence by name.

In concluding this introduction it should also be mentioned
that the data in the region are still relatively scarce, so that in a
number of cases resort has been made to interpolation, extrapolation,
and , in some instances, to inference where data actually are

lacking.




2.1 Environmental Data

2.1.1 Previous Reports

A considerable number of studies have been made of
environmental factors that could influence alongshore sediment
transport and coastal profile adjustments on the shores of the
Beaufort Sea, Most of these have appeared since 1974/75 when the
"Beaufort Sea Project" was put in hand by the Government of Canada.
For example, Lalonde and McCullogh (1975), on ratios of wind speed
over water to that over land; Henry (1975), Henry and Heaps (1976) on

storm surges.

At that time there was little field evidence on which to
base conclusions, As field data became available further studies
appeared: Baird and Hall (1980) produced hindcast wave estimates for
several island sites, In 1981 Hodgins et al, and Hodgins and
Dal-Santo produced studies of extreme water level and wave conditions
obtaining results which were substantially more severe than Baird's.
These were updated in later studies by Hodgins and Harry (1982) and
MEP (1983) which led in turn to more moderate estimates of extreme
storm conditions. More recently, Danard (1983); Danard and Grey
(1984); and Niwinski and Hodgins (1984), have cooperated with Henry
(1984) in a new study of extreme water level and wave conditions at

Tuktoyaktuk.




Among the recurrent issues evident in these studies is the
paucity of wind and water level records, from around and over the
Beaufort Sea, Comparisons of wind over water with winds measured on
land were made in several of the above studies and also Readshaw
(1982 and 1983). Tuktoyaktuk wind records have commonly been used as
a basis of comparison because they provide the longest relatively

complete data set in the region.

Water level records are quite fragmentary with numerous gaps
even in the Tuktoyaktuk records, which Henry 1975, 1984 has
nonetheless used for calibration and verification of numerically
computed positive surge results. Although the relative abundance of
negative surges has been noticed (Henry and Heaps, 1976) and
observers have commented on their probable effects (private
communications, D.L. Forbes, J.R. Harper); they have not yet been

studied in detail.
2.1.2 Water Level Records

Water level records are sparse. The only permanent gauge,
the one at Tuktoyaktuk, has operated since 1961, Unfortunately, the
record is marred by numerous gaps, some of several months duration.
Elsewhere there are only temporary gauge records mostly of one or two
months for one or more years, Where several years are available they
are not necessarily consecutive; for example, at Atkinson Point, one

of the better represented sites, one to two months of data are




available from 1971, 72, 74, 75, 81 and 82, Henry, (1984) provides a
water level data coverage report which is reproduced in Figures 5.5

and 5.6 of this report.

Tide ranges throughout the area of interest are relatively
small, about 0.3 m for average tides and 0.8 m for large tides. The
mean water level relative to tidal datum has been taken as 0.5 m for

all sites examined in this study.

For the purposes of this study the primary interest in water
levels concerns the effects of surges on coastal processes, Henry
(1984) has provided an overview of positive surges recorded or
observed at Tuktoyaktuk, which is illustrated in Figure 5.5 of this
report. It shows that five large storm surges exceeding 1.5 m
occurred in the 23 years from 1961 to 1983, The most recent of these
occurred in 1972. Only two of the five were recorded. Also
twenty-one smaller surges less than 1.5 m were recorded in the same
period, There may well have been at least four or five other small
surges that went unrecorded. Only four surges were recorded in the
ten years 1974-1983, Almost all surges occur in three open water

months: July, August, September,

The 1:100 year storm surge at Tuktoyaktuk was estimated to
be 3.3 m by Henry and Heaps (1976). Kolberg and Shah (1976) obtained
the same value in an independent study. Also, Henry and Heaps using

a numerical storm surge model have provided storm surge distribution




maps from which storm surge heights at Tuktoyaktuk can be related to
probable surge heights at the other six sites., It is based on a

typical north-westerly storm., See Section 5.

Using Figure 5.5 (from Henry, 1984) as a guide, complete
sets of Tuktoyaktuk water level records were obtained from MEDS for

all months in which storm surges were recorded.

2.1.3 Wind Records

Wind data is used for wave hindcasting. It had been decided
to extend the wave hindcast over the longest possible period for
which suitable wind records existed. Tuktoyaktuk, for which records
extend back to 1970, was the only feasible source. Wind data on
magnetic tape was obtained from the Atmospheric Environment Service

of Environment Canada.,

The standard information required for the wind-wave hindcast
model (PHEW) is one~ or three-hourly wind speed data measured to the
nearest ten degrees, However a complete and continuous data set
meeting the above requirements did not exist. Instead, three
heterogeneous sets of data had to be merged to form a usable data
set. See Table 2.,1. The measurements were taken at two stations,
Tuktoyaktuk and Tuktoyaktuk A, which are in close proximity to each
other, At Tuktoyaktuk wind speeds and 36 point direction

measurements were taken 4 times a day. At Tuktoyaktuk A measured




Table 2.1

wind Data Records

Tuktoyaktuk, N,W.T. Source: A,E.S. Jan. 1970 to Dec, 1983.
Directions: sixteen directions from Jan. 1970 to Dec. 1970 and
thirty~six directions from Jan. 1971 to Dec. 1983, Wind
speeds: km/hr. Wind data every sixth hour. Magnetic Tape No.

C21056.

Tuktoyaktuk "A", N.W.T. Source: A.E.S. April 1970 to Dec. 1983,
Directions: sixteen directions from April 1970 to Sept. 1970
and thirty-six directions from Feb, 1971 to Dec, 1983. Wind
speeds: km/hr. Wind data hourly but not for 24 hours each

day. Magnetic Tape No. C21056.

Tuktoyaktuk "A", N.W.T. Source: A.E.S. April 1970 to Sept.

1983. Directions: eight directions, Wind speeds: km/hr., Wind

mileage averaged hourly. Magnetic Tape No. C20977
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wind speeds and 36 point direction measurements were recorded on an
hourly basis but not for 24 hours each day; they were available for
varying time intervals during the day. Finally, the third data set
consisted of measurements from a mileage type anenometer located at
Tuktoyaktuk A. An average wind speed for each hour of the day at 8
compass points was given, derived from the measurements. The other
two data sets provide instantaneous velocities. Details of the
procedure by which these data sets were merged and edited are

outlined in Section 3.

2.1.4 Wave data

Wave records were required in this study for the purpose of
calibrating the wave hindcasting procedure. Directional measurements
are very desirable but none were available, However, non-directional
data are available from Marine Environment Data Service, Fisheries
and Oceans Canada. The output comprises significant wave height and

peak period plus spectral density data at 3 hourly intervals.

Although non-directional accelerometer wave gauges have been
deployed at numerous sites in the Canadian Beaufort Sea, since 1975
all records are of short duration and most are incomplete, It was
therefore not possible to obtain six months of records at one site as

had been proposed. After reviewing seventeen possible wave records,




it was eventually decided to calibrate the wave hindcast for two
offshore island wave recorder sites, Pullen NE (MEDS sStation 50) and
Gulf #2 (MEDS Station 191) with records aggregating less than five
months. These stations were more or less centrally located in the
area offshore_from the seven coastal sites. Two other nearby
simultaneous sets of wave data were also used for verification (MEDS

Stations 25 and 193). See section 3.5 and Table 3.2 for details.

It was subsequently concluded that it would have been of
considerable value to have used wave records from one of the
shallower and confined water areas represented in the study such as
Kugmallit Bay or near Stokes Point., However, no suitable shallow

water records yet exist,

2.1,5 Other Environmental Data

Several other paramaters of secondary importance to this
study have been examined and referred to in this study. These
include currents, water temperature and radiation. The main sources
of information on these secondary parameters have been data syntheses
such as the Beaufort Sea E.I.S. In addition, sea ice data in the form

of ice charts has been analyzed in detail. (See 2,2,1).

The main source of information on these secondary parameters

has been data syntheses such as the Beaufort Sea E.I.S.
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2,2 Surveys Graphics

2.2.1 Ice Charts

Because wave generating fetches in the Beaufort Sea are
largely bounded by the constantly changing edge of the ice, it was
considered necessary to introduce a time varying-fetch into the wave

hindcasting procedure.

Data to define the ice limited fetches was obtained from
weekly ice charts which are available since before 1970, the starting
year for the wave hindcast, Nearly 400 charts were obtained from the
Ice Centre, Atmospheric Environment Service, Environment Canada.

They were at three different scales and more than one method of
describing ice coverage had been used over the period of the charts.

See Table 2.2 for further detail,

2.2.2 Hydrographic¢ Charts and Field Sheets

Published hydrographic charts have been used for general
reference purposes (Table 2.,3). However, for detailed analysis of
bathymetric data, in particular for the preparation of wave
refraction grids, hydrographic field sheets in U.T.M. coordinates
have been used. Prints were supplied by the Canadian Hydrographic

Data Centre, Fisheries and Oceans, Canada,
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Table 2.2
Ice Charts
Atmospheric Environment Service
Ice Centre, Environment Canada.

Weekly ice charts were obtained for open water season (which is
generally from June until mid-October) for the period 1970 to 1983.

Period: Scale:

May 21, 1970 to Oct. 29, 1975 1:8,790,000

June 20, 1975 to April 20, 1982 1:4,900,000

May 15, 1982 1:16,000,000

June 22, 1982 to Dec. 8, 1983 1:4,900,000
Table 2.3

Hydrographic Charts

Canadian Hydrographic Service

Name Scale Title Date

7650 1:500,000 Barter Island to Toker Point 1974

7651 1:500,000 Toker Point to Cape Lyon and 1974
Cape Kellet

7604 1:500,000 Pelly Island to Toker Point 1972
including Kugmallit Bay

7625 1:15,000 Tuktoyaktuk and Approaches 1975

7603 1:60,000 Herschel Island to Kay Point 1984

7601 1:150,000 Siku Point to Kay Point 1975




Twenty-three field sheets were utilized as listed in Table
2.4. Variations in scale from 1:6,000 near Tuktoyaktuk, to 1:100,000
created matching problems, as did the fact that a U.T.M. zone
boundary passes through some of the grids. The age range of the

surveys, 1956-1983, was not in itself a problem.

2.2.3 Air Photos and Other Site Graphics

At least two airphotos were provided for each site. These
were used to assist in understanding the morphological character of
each location, Except in the case of the barrier beach at King

Point, they were not used to assess coastal changes,

A detailed oral and visual presentation of tundra cliff
morphology and degradation processes near King Point was provided by
David Harry, GSC. A collection of photos from the King Point area
was provided late in the study by W. Field, Fisheries and Oceans, who

has also given detailed descriptions of the King Point barrier,

Site locations are shown in Figure 1.1, and plans of the
seven sites are shown in Figures 2.1 to 2.7 in alphabetical order.
The nodes which appear in these figures mark the locations for which

nearshore wave climate data and sediment transport data were

developed. (See section 4 et seq.)




F.S.
F.S.
F.s.
F.5.
F.SC
F.S.
F.S.
F.s.
WOA.
W.A.
F.S.
F.S.
W.A.
W.A.
E‘.s.
W.A.
W.A.
W.A.
W.AI
W.A.
F.S.
WIA.
FUS.

NO.

2651

2651

3588

3589

3590

3591

10018
10026
10028
10037
10045
10059
10070
10071
10072
10073
10085
10086
10087
10093
10101
10128
10189

Table 2.4

Hydrographic Field Sheets

Canadian Hydrographic Service

Location

Tuktoyaktuk Harbour

Appreoaches to Tuktoyaktuk Harbour
Herschel Island & Mackenzie Bay
Herschel Island & Mackenzie Bay
Beaufort Sea Sheet #1

Beaufort Sea Sheet #2

Trent Bay

Toker Point to Hutchison Bay
Atkinson Point to Novorak Point
Kugmallit Bay

White Summit

Hutchison Bay

Herschel Island to Kay Point
Western Arctic Mackenzie Bay
Mackenzie Bay

Mackenzie Bay (Norhtern Part)
Beaufort Sea Sheet #1

Beaufort Sea Sheet #2

Beaufort Sea Sheet #3

Beaufort Sea Sheet #3

Mackenzie Bay

Approaches to Tuktoyaktuk Harbour
Herschel Island, Yukon Coast

Year

1956
1956
1969
1969
1969
1970
1963
1964
1979
1964
1964
1967
1970
1970
1970
1970
1971
1971
1971
1972
1974
1979
1983

Scale

1:6,000
1:24,000
1:50,000
1:50,000
1:100,000
1:100,000
1:12,000
1:50,000
1:50,000
1:75,000
1:50,000
1:50,000
1:50,000
1:50,000
1:50,000
1:50,000
1:100,000
1:100,000
1:100,000
131001000
1:50,000
1:40,000
1:100,000
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2.3 The Arctic Coastal Environment

2.3.1 Arctic Coastal Processes

There is a growing literature on the special characteristics
of arctic coastal processes. These studies were effectively
summarized by Owens and Harper (1983). They briefly describe how sea
ice, shore zone ice and terrestrial ice all affect coastal
processes. Although this is not the place for an indepth review of
the subject, it is necessary to indicate the more important ways that
arctic coasts differ from the sandy beach coasts assumed in the
derivation of virtually all of the sediment transport models utilized

in this study.

First, for purposes of comparison, there are four
fundamental assumptions on which the coastal process models used in

this study are implicitly based.

l. Coastal processes are wholly mechanical.

2. They are controlled by the unrestricted effect of wave

energy, modulated to a limited extent by variations in

water level,




3., The solid phase of the coastal interface consists entirely

of a permeable assemblage of mobile cohesionless particles.

4. The extent and thickness of the non-cohesive material is
great enough to ensure that wave-particle interaction cannot
be affected in any way by an impermeable surface or bonded

material such as rock, clay, ice, or ice-bonded sediment,

The basic ways in which an arctic coast differs from a typical beach

are:

1. Arctic coastal processes are influenced by thermal effects

as well as mechanical effects.

2., The solid phase of an arctic coast can include varying
proportions, and patterns of occurrence of ice and/or ice
bonded sediment which may interfere with wave action and/or

particle motion,

Where erosion of a given volume of material from an ice=rich
coast takes place, the yield of sediment released into the littoral
zone is less than in the case of a sandy beach coast. This could
have the effect of increasing the rate of recession or reducing the
rate of accretion, if the supply of sediment, and hence the actual
alongshore sediment transport rate, is less than the potential rate
as determined by wave action, This is similar to the situation that

occurs in the case of cohesive coasts where only a fraction of the




eroded material remains in the littoral zone and the supply of
cohesionless material is less than the alongshore transporting
capacity of the waves (Philpott, 1984)., A practical problem in both
cases is that available models can only compute potential rates and
hence, other things being equal, will tend to overestimate alongshore
transport rates. This also means that there is no longer the direct
connection between alongshore transport and shoreline recession on

which beach-coast theory is built.

Typical arctic coastal processes which may accelerate
coastal change include seabed ice scour, ice-override of the coastal
zone, ground ice melt and ground ice slump. Processes which may
retard coastal change include formation of protective ice ridges, ice
foot, and ice bonding of beach material. In each case, the
variations in rates of coastal change in an arctic environment are to
be understood as being relative to rates of change of a classical

sandy beach coast exposed to the same wave action.

This discussion is concluded with a brief assessment of
probable influence of each of the above~mentioned thermal phenomena

and their likely effect on the model results.

Sea bed ice scour in the littoral zone may cause
deformations of the nearshore profile (W. Field, private

communication), but these are qQuickly erased by wave action with

little or no lasting effect.
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Ice override has received a lot of attention because of its
potentially disastrous consequences, See, for example; Croasdale
(1978), Harper and Owens (1981) and, Harper (1983). However, the
frequency of occurrence is very low and not likely to have seriously
affected any of the seven sites since 1970, the starting year of our

model simulations.

Melting of ground ice and consequent slumping are the
principal factors leading to the high recession rates observed along
arctic shorelines where bluffs are present (Harper 1978). This has
probably affected several of the sites, such as Pauline Cove, King
Point, North Head and in particular, Tuktoyaktuk. These phenomena
are not reproduced in the sediment transport and profile adjustment
models although they can be allowed for in the beach plan evolution

model (See Section 8).

Melting ground ice also affects beaches creating furrowed
profiles where melting has occurred. However, such profile
deformations are quickly erased by wave action and appear to have no
lasting effect on coastal change. The same appears to be generally

true of beach deformations due to ice-push and ice-thrust.




Ice masses tend to build up along coastlines in the form of
ice foot and ice ridges. Opinions seem to differ on their protective
effect. Where such ice formations persist after the adjacent floe
ice has melted, they provide protection, as mentioned by McDonald and
Lewis (1973). However, Forbes (private commu;ication) has suggested
that the persistence of these shore fast ice forms is not generally
an important factor, since most of this ice has melted by the time

the ice edge has retreated far enough to allow moderate seas to be

generated,

Ice bonding of beach material will have some effect, but due
to the rapid intrusion of salt water into the beach face in the
spring, the rate and extent of melting of interstitialnice is quite
rapid. (Owens and Harper, 1977; Harper et al 1978.,) However, Harper
also concludes that "the normal thaw of ice bonded material in the
beach limits the depth of which littoral sediments can be
distributed". Supporting this: a typical thaw depth is in the order
of one to one and a half metres, while coastal profile changes during
major storms may exceed two metres vertically and five metres

horizontally.




2.3.2 Beach profiles & Sediment Texture Data

Beach and nearshore bottom profiles are used along with
bottom sediment texture data in the computation of alongshore
sediment transport rates using detailed predictors (models in which
ﬁhe distribution of alongshore transport is computed from computed

roughness and computed alongshore current distribution).

Profile and sediment texture data proved to be somewhat hard
to come by, and at one site - Pauline Cove -~ unavailable. At the
other six sites, a variety of sources was tapped yielding usable data
in variable amounts and qualities., Sources and amounts of data are
summarized in Table 2.5 which is supplemented by the following

comments.

Not surprisingly, Tuktoyaktuk data was most prolific.
Numerous nearshore profiles had been measured, forty-four boreholes
were sunk and numerous sediment samples collected and anlayzed by
Kolberg and Shah (1976). These were supplemented by some data from

1984 obtained by an A.G.C. (Atlantic Geoscience Centre) field team.

Stokes Point had also been relatively well investigated for
Gulf Canada Resources in 1982 by Hardy Associates as well as by
Readshaw (1983). Again additional information was also available

from A.G.C.
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The other sites were generally less well supplied with
data., Virtually, no direct evidence from North Head other than
descriptions (Forbes, private communication) and the upper sample
results from two bore hole records. At King Point, also, it was
necessary to rely on descriptive material (C.P. Lewis, W. Field)
supplemented by sample analyses and a sounding survey from Peter
Kiewit and Sons Co. Ltd. From Kay Point there were two sets of
profiles and seven sample analyses (Forbes and Frobel, 1985), part of
a larger data base assembled by McDonald and Lewis (1973) and Lewis
and Forbes (1975). From Atkinson Point there were again two profile

data sets, but only one textural analysis result.




Atkinson Point

Kay Point

King Point

North Head

Pauline Cove

Stokes Point

Tuktoyaktuk

Table 2.5

Data base for Coastal Profiles

and Sediment Texture

4 nearshore profiles. C.P. Lewis 1973
2 beach profiles. A.G.C. 1984
1 foreshore sediment sample, A.G.C. 1984
2 nearshore profiles, A,G.C. 1984
2 beach profiles. A.G.C, 1984
6 nearshore samples. A,G.C. 1984
1 beach sample A.G.C. 1984
1 beach profile McDonald &Lewis 1973
with notes by B. McDonald D.C.Mcbonald 1972
nearshore profiles C.H.S. F.S.

" " Kiewit 1983 survey
6 nearshore samples Kiewit 1983
site descriptions W. Field 1984
profiles deduced C.H. 8., Fu5.
sediment samples A.G.C. boreholes
site description D.L. Forbes

No usable data

2

nearshore profiles Hardy 1983

beach and nearshore profile A.G.C. 1984
10 samples beach & nearshore Hardy 1983

1 beach sample A.G.C. 1984
2 nearshore samples A.G.C. 1984
Detailed survey D.P.W. (Kolberg) 1976
44 bore holes D.P.W. (Kolberg) 1976
2 beach profiles A.G.C. 1984
2 nearshore profiles A.G.C. 1984
2 nearshore sample A.G.C. 1984
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2.3.3 Previous Site Specific Studies of Coastal Processes

Detailed studies of coastal processes, including
numerical estimates of alongshore sediment transport have been

undertaken at four of the seven sites addressed in this study.

1) Atkinson Point:

A preliminary coastal engineering study was undertaken
for Gulf Canada in connection with a possible supply base at
McKinley Bay, Readshaw (1982). The study included a l0-year wave
hindcast, forward-tracked wave refraction, and monthly aloengshore
sediment transport computations based on a modified CERC bulk
model (Kamphuis and Readshaw, 1978). The average net alongshore
transport was found to range from 29,000 to 38,000 ms/year,
eastwards towards McKinley Bay. This study also suggests that
the distal end of Atkinson Point had diminished in width from

1950 due to overwashing into the Bay.

2) Kay Point:

Coastal processes at Kay Point were examined by Forbes
(1981) as part of a research project concerning the hydrology and
sedimentology of the Babbage River Estuary. This investigation
included day by day alongshore sediment transport estimates for

two open water seasons, 1975 and 1976. Fetches were defined from




ice charts; winds were obtained from Kay Point (temporary

anemometer). Forward tracked wave refraction was used, together
with the conventional CERC bulk model. Rates obtained varied
from 7000 to 21000 ma/year southwards towards the tip of the Kay

Point spit.

3) Stokes Point:

Another coastal engineering study was carried out by
Readshaw (1983) for Gulf Canada for another possible supply base
marine facility at Stokes Point. The methodology was basically
similar although in this case more detailed supporting work was
performed to obtain the best wind data corrections and to
calibrate the hindcast. The nearshore bathymetry appears to have
created some problems and modified procedures using smoothed
contours and applying plane beach refraction were apparently
introduced to circumvent the problems., This was evidently a
difficult site to deal with using conventional forward-tracked
refraction because of the complex pattern of depth variation and
the sheltering effects of Herschel Island and Kay Point, It is
noted that Readshaw used monthly average ice edge data to define
fetches at both Stokes Point and Atkinson Point, which would have

affected the results.

The potential net annual alongshore sediment transport
rates at Stokes Point were found by Readshaw to be suprisingly

high, 140,000 ms/year to 560,000 m3/year for various points along
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the shoreline and a second set of lower estimates in the range
30,000 m3/year to 120,000 m3/year were also provided by him. The
latter set of estimates were obtained using a reduced coefficient
in the CERC equation based on results published by Kamphuis and
Readshaw (1978) for surf zones characterized by spilling
breakers. However, in both cases the pattern of transport
diverged from the point towards the east and west in a relatively
symmetrical pattern. This pattern led to the suggestion that
Stokes Point is a relict depositional structure now subject to
relatively rapid erosion. However, this hypothesis is not in
accord with geomorphological indications (McDonald and Lewis,

1973).

4) Tuktoyaktuk:

Tuktoyaktuk was studied by Kolberg and Shah (1976).
This was an engineering study of shore erosion and protective
measures, It included extensive profile measurements,
geotechnical, sediment and permafrost studies as well as the
estimation of alongshore sediment transport. It is the most
detailed coastal investigation of Tuktoyaktuk that we are aware
of, Coastal geomorphology and coastal recession rates, which
were very high, were also examined. The net alongshore transport
rate was estimated at about 31,000 m3/year, moving in a southerly
direction. Their estimation method is not described in detail

but it is known that they used forward-tracked refraction
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diagrams and a CERC~type bulk model., Unfortunately frost table

monitoring data is imcomplete.

2.3.4 Site Descriptions

The following subsections provide brief descriptions of
morphological characteristics of the coastal environments of each
of the sites. These are based on several sources, including
regional sediment studies such as Harper and Penland, 1982 and
Fissel and Birch 1984, as well as more detailed studies like
McDonald and Lewis, 1973, and the most recent studies: Forbes

and Frobel, and Harper et al., both of 1985.

1) Atkinson Point

At Atkinson Point a 3 km long, low, wide, medium~fine
sand spit extends towards the north-east across the western half
of the mouth of McKinley Bay from an anchor point comprising a
reach of receding low, sand rich cliffs, The distal end of the
spit terminates in a wide, low sand bank which extends a further

3 km across the mouth of the Bay. See Figure 2.1.

Atkinson Point Beach differs from the other six sites of
this study; it is all sand, whereas at each of the other sites
there is either a significant proportion of gravel or coarser

material or very fine material.
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According to Forbes and Frobel, (198%) Atkinson Point
has been stable for the last decade even though previous evidence
including Readshaw, 1983, suggests a significant rate of

transgression.

2) Kay Point

Kay Point is a narrow transgressive, gravel barrier
which extends over 4 km southwards from the rapidly retreating
cliffed headland to which it is anchored at its northern end.
See Figure 2.2, The spit features a narrow relatively steep

coarse grained beach face,

McDonald and Lewis 1973 mapped shore line changes from
1944 to 1970 using air photos, This suggested cliff recession
rates of the order of two metres per year. The spit itself
retreated one hundred metres and was breached, while the tip
prograded by more than 600 m., Sand banks extend 1.5 to 2 km

beyond the tip of the spit.

3) King Point

The King Point site includes a 50 m high ice-rich
eroding cliff to the west of a lagoon with a barrier beach 2 km
long. See Figure 2.3. Similar cliffs about 20 m high occur east

of the lagoon. The lagoon was evidently formed by transgressive




breaching of a lake. Its depth was about 3 metres in the
nineteen fifties. According to airphotos the barrier was
complete in 1970, but 16 years earlier it appeared as a spit
which extended from the west, about three quarters of the
distance across the mouth of the lagoon from King Point. The net
eastward transport required to produce this change was estimated
20,000 ms/annum (Gillie, private communication). The barrier
beach consists of sand and gravel, its crest about 2.5 metres
above sea level. Recession rates for the bluffs for 10 to 20 km
west from King Point have been estimated at about one metre per
year (McDonald and Lewis 1973). The western end of the barrier
must have transgressed at a similar rate. The cliffs to the
east, within about half a kilometre of the lagoon, were subject
to higher recession rates, about 3 m/a and beyond that, further
to the east, the rates were 1.5 - 2.5 m/a (McDonald and Lewis,
1973). Textural composition of the cliffs suggested that 5 - 10%

of the material is coarse enough to remain in the littoral zone.

4) North Head

Very little direct evidence was available for this site
other than some recent nearshore bore holes, (K. Moran, private
communication), North Head is a low cliff, largely composed of
ice-rich fine grained sediment, bordering very shallow water.

See Figure 2,4. Indications are that beach slopes are gentle
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although no profile data is available. There is some doubt that
conventional sand-beach process models can be applied at this
site, The extremity of North Head is known to be receding.
From the geography of the area it is apparent that alongshore
sediment transport must be southwards into a more sheltered area

where accumulation must take place.

5) Pauline Cove

This site is located on the exposed south-facing
headland outside the cove by which it is named. See Figure 2,5.
There is no detailed documentary evidence, but it appears that
there is a comparatively narrow coarse-grained beach at the foot
of the cliff. (Forbes, private communication). Nearshore
bathymetry was inferred from CHS field sheets. There was
insufficient data to apply the sediment transport models at the

Pauline Cove Site.

6) Stokes Point

Stokes Point is a beach ridge foreland complex about 5
km long and up to 700 m wide formed from sand and gravel. See
Figure 2,6, The overall configuration, and in particular the
ridge and swale formation of the eastern 2 km, indicate formation

due to alongshore transport from the north west, with




progradation to the south east, [McDonald and Lewis (1973);
Forbes, private communication]. Harper et al., 1985, report
small rates of coastal change suggesting the morphology of Stokes
Point is relatively stable. In contrast, Readshaw (1983)
suggested that the en;ire foreland is undergoing rapid erosion,

although, on the whole, that appears incorrect.

7) Tuktoyaktuk

The site at Tuktoyaktuk comprises the shore of a barrier
which separates part of Tuktoyaktuk Harbour from Kugmallit Bay.
The barrier is described as sandy gravel. (Forbes and Frobel,
1985)., See Figure 2.7. A sparse, coarse-grained beach fronts
low tundra cliffs, but there is a substantial deposit of sand
close to the shoreline. High rates of recession have been
reported., Kolberg and Shah, 1976; Forbes and Frobel, 1985;
Harper et al., 1985. Because the area is well sheltered (and the
recession rates are relatively high), it appears that thermal

erosion may be important at this site,




SECTION 3 WAVE HINDCASTS AND COMPARISON WITH MEASUREMENTS

3.1 Sunmary of Wave Hindcasting Work

Month-long calibration wave hindcasts were performed at two
Beaufort Sea wave recording stations for periodé when wave
measurements were available for comparison. Four parametric hindcast
models were applied with various procedural options to determine the
best fit with measurements by comparison of time series plots.
Fourteen-year (1970-1983) hindcasts were then performed for the seven
field sites using the preferred combination of options. The
month-long calibration comparisons are shown in Appendix A as time
series plots and the fourteen-year hindcast results are presented in
the form of standard wave statistics plots and tables, in the

appropriate sections of Part II of this report,

3.2 Parametric Hindcasting by the Effective Wave Procedure

The philosophy underlying the hindcasting procedure is that
parametric models are approximations to two-dimensional spectral
models, Hence, to optimize parametric model performance it is at
first necessary to approach the two-dimensionality of the spectral

models by eliminating the subdivision of the wave generation




process into predetermined sectors of fetch, When wind direction
varies gradually but continuously, it is impossible to divide time
into clearly defined sequences of wave generation and wave decay.
Thus, generating and decaying wave trains are present, varying in

height and period at all times and both must be considered.

The hindcasting procedure used is referred to as the
Parametric Hindcasting of Effective Waves (PHEW). It will work with
any parametric model which takes wind speed, wind duration, and fetch

length as inputs. (Fleming, Philpott, and Pinchin, 1984).

The PHEW procedure permits fetches of arbitrary angular
width and requires no fetch defining pre~processing of wind data. 1In
effect, the hindcast proceeds hour by hour irrespective of fetch,
with wave generation and decay sequences being defined by the
occurrence of rapid changes in wind speed and direction, not by the
crossing of fetch boundaries. Accurate definition of wave direction,
the smoothing of directions, and the transitions from fetch to fetch

are implicitly built into this procedure.

The result of each time-step of the hindcast calculation is
an "effective" significant wave height, a peak period, and a
direction defined to the nearest degree. The effective wave
incorporates two components: a generated wave and a decayed wave,
The resulting statistics can be accumulated by any chosen ranges of

direction independent of the fetch sectors used in the calculations,




3.2,1 Input Data for the Parametric Models

The parametric hindcast models require wind speed, wind
duration, and fetch length as input data. Wind data is input to the
PHEW procedure as an equal increment time series of wind speed and
direction. The PHEW procedure computes the wind speed and duration
to be used in the parametric models by averaging the input wind
speeds over an appropriate length of time. This method is described

in Section 3.2.3.

Fetch length is defined as a function of azimuth from the
hindcast site., The PHEW capabilities include the option of using
either "straight fetches" or "effective fetches". Straight fetches
are measured directly from ice charts or hydrographic charts and are
subjectively chosen to represent an average fetch for the sector
under consideration., Effective fetches are computed from the
measured straight fetches by adapting the method presented in the
Shore Protection Manual (CERC, 1977). With this method the fetch
length of a sector is determined by summing and averaging the cosine
components of fetch length from other sectors whose central radials
are within 45 degrees (on either side) of the central radial of the

fetch under consideration.




3.2.2 The Effective Wave

The effective wave condition predicted at any given time
step is assumed to be composed of two components: a generated wave
and a decayed wave, The generated wave will have been generated by

the current wind field and the decayed wave by an earlier wind field,

Both components are defined by three parameters:
- a characteristic wave height;
- a characteristic wave period;

- the deep water back-azimuth direction,

The component wave with the greater height is referred to as

the dominant wave. The effective wave is then defined as follows:

height = r.m.s. sum of generated and decayed wave heights
period = period of the dominant wave
direction = direction of the dominant wave,

Any waves less than 0.1 m in height are neglected as and
when they arise in the computation. This means that effective waves
up to 0.14 m in height may be neglected. The wave decay process is

only applied to dominant waves,




3.2.3 The Generated Wave and Wave Generation Sequences

The characteristic parameters of the component generated
wave, at any given time-step, are determined from the selected
parametric hindcast model by the application of a wind speed and
duration computed from the input Qind data for the time-steps
immediately preceding and including the given time-step. The PHEW
procedure hindcasts the wave height produced by the average wind
speed over a number of time-steps, that is the wind duration, for a
gseries of wind durations ending at the given time-step and starting
at progressively earlier time-~steps., This is referred to as

back-stepping.

At the end of a back-stepping sequence the largest wave
height that was hindcast during the back-stepping is considered to be
the generated wave height for the time~step under consideration, The
wind speed that generated the wave was the average of the input data
wind speeds over the duration of the generating process., The
direction of the wave is taken as the mean of the wind directions

over the generating sequence,

The hindcast wave computed at each back-step may have been
either fetch limited or duration limited. The wind duration was
equal to the time interval between time-steps multiplied by the
number of back-steps being considered. The maximum fetch length was

the fetch length in the direction of wave generation, that is the
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mean of the wind directions., Each of the parametric hindcast models
has its own criteria for determining whether a wave is fetch or

duration limited.

The back-stepping process is terminated by one of two
possible occurrences: a rapid change in wind direction, or having
considered a fixed maximum duraéion. The latter proves necessary to
guard against cases where the wind has been slowly varying over
arbitrarily long durations, A rapid change in wind direction is
considered to have occurred when the wind direction at the next

back-step differs from the average wind direction (i.e. wave

direction) of the immediately preceeding sequence of back-steps by an

amount exceeding a pre-~set wave divergence angle. The wave
divergence angle and the maximum allowable number of back-steps are

options available to be set as desired in the PHEW procedure.

3.2.4 The Decayed Wave and Decay Sequences

A wave decay seqguence is initiated under the PHEW procedure

by one of two possible events.

1. When a calm is encountered after having
completed all operations at a given time~step,
(i.e., when the effective wave condition has

been defined) and the next step forward is begun.
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2. When, during back-stepping, a rapid change of
wind direction is encountered, defined by

exceeding the pre-set wave divergence angle,

In each case, the wave to be decayed is the dominant wave component

immediately preceding the event., The period and direction of the

decayed wave remain the same, while the decayed height Hy decreases

with time t from its initial value HD as follows:
= - X
Hd(t) HD(l t.Cg/F) for Hy >0.1m (3,1)

If H4y < 0.1 m, then it is assumed to be zero.
Where: Hp = dominant wave height preceding decay

Hq = decayed wave height

t = time from start of decay

Cg = group velocity associated with the
dominant wave period Tp

F = fetch length

X = wave decay exponent.

The wave decay exponent may have any positive value, Tests were made
with x = 1, linear decay; x = 2, quadratic decay; and x = =« ,
instantaneous decay (Hyq = 0). Linear decay produced marginally

better results and was therefore adopted.




In practice, the wave decay process will invariably be
completed in substantially less than the maximum wave generation

duration,

3.2.5 Parametric Models Applied

Four parametric¢ wave hindcasting models have been

investigated:

l. Darbyshire and Draper (Coastal Waters Version);

2. JONSWAP (parameterized version);

3. S.M.B, deep water (revised version by
Bretschneider);

4. S.M.B. shallow water (revised version by

Bretschneider).

The first method, based on Darbyshire and Draper (1963), has been
formulated in parametric form (Carter, 1980). This is a purely
empirical method based largely on data from the Irish Sea. The
second method, JONSWAP (Hasselman, 1974) is based on a
semi-theoretical approach of wave spectrum development as a function
of wind speed. The version used here for wave hindcasting has been
parameterized to incorporate the usual hindcasting parameters of
fetch and wind duration as well as wind speed (H.R.S., 1982). The
third and fourth methods are based on the Sverdrup-Munk-Bretschneider

(S.M.B.) deep water and shallow hindcasting equations as revised by




Bretschneider (1973). The shallow water version, which was used for
fetches less than 20 m deep, provides for wave energy losses due to
bottom effects. Details of the equations used in each of these

models may be found in Fleming, Philpott, and Pinchin, (1984).

3.3 Modification to Hindcasting Procedure for Use in the

Beaufort Sea

A number of modifications had to be made to the PHEW
procedure to make it suitable for use in the Beaufort Sea, These
changes were required because of the moving sea ice and large shallow

areas near the hindcast site.
3.3.1 Time-Varying Fetches

In most cases fetches in the Beaufort Sea are limited by the
extent of the sea ice. A routine was incorporated in the PHEW
procedure for automatic variation of fetch lengths depending on the
location of the sea ice. Fetch lengths can be input for any dates
during a hindcast run, and fetch lengths are then linearly
interpolated for each day. The PHEW procedure does not restrict the

dates at which fetch lengths may be input.




3.3.2 Deep and Shallow Fetch Sectors

Because of the relatively large areas of shallow water in
the Beaufort Sea, a capability for shallow water wave generation was
introduced to the PHEW procedure. Any fetch sector can be designated
as always being a "shallow water" fetch, as always being a "deep
water" fetch, or as being either a shallow water or deep water fetch
at any time, depending on the fetch length at that time. If the last
option is chosen then the fetch length at which the fetch changed
from shallow water to deep water has to be input. It was necessary
to include this option because a fetch which may have predominantly
deep water when the ice edge is far off the hindcast site could be
predominantly shallow when the ice edge is close to the hindcast

site.

if a fetch is designated as deep water then the parametric
model that has been chosen for that hindcast run is used to predict
the wave height and period. 1If, however, a fetch is designated as
shallow water then the S.M.B. shallow water parametric hindcast model
is used, irrespective of which parametric model has been selected for
the hindcast run. (Although it was developed and used in this study,
the need for this option is under review in the light of ongoing work

on shallow water equilibrium forms).

3.3.3 Frictional Hindcast Model

The inclusion of shallow water fetches, as described in

Section 3.3.2, was to cover the instances when a fetch sector could
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be considered to have mostly deep or mostly shallow water. At
Tuktoyaktuk, however, when the ice edge is well offshore there are,
to the north, fetches which are deep offshore but shallow for a
significant portion nearshore, The shallow portion of these fetches
are long enough that the wave energy losses due to bottom action will

have a significant effect.

The shallow water S,M.B. parametric hindcast model could not
be used to hindcast waves for these fetches. Even though the model
implicitly considers the effects of bottom action, it assumes that
the bottom effects are present during the entire wave generation
process, At Tuktoyaktuk, however, deep water waves are generated
without the effects of bottom action, and are then subjected to this
action as they propagate through Kugmallit Bay. This results in the
wave heights being significantly reduced but the wave periods

remaining essentially unchanged.

This problem was handled by providing a "frictional
hindcast" option in the ﬁHEW procedure. When this option is selected
the PHEW procedure hindcasts the wave heights with the S.M.B. shallow
water parametric model and the wave periods with the S.M.B. deep

water parametric model,
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3.4 Input Data for the PHEW Procedure
3.4.1 Wind Data

Wind data is not normally pre-processed with the PHEW
procedure. However, a considerable amount of effort was required to
repair and fill in missing data. Three sets of wind measurements
from two Atmospheric Environment Service recording stations,
Tuktoyaktuk and Tuktoyaktuk A, had to be selectively merged to obtain
a sufficiently complete data set, The desired result was a record
with directions to 10 degrees as well as average hourly wind speeds.
However, in several areas of the record, instantaneous velocities had
to be used and interpolation was sometimes required to fill data gaps

up to a maximum of twelve hours.

The time increment for thé hindcast was made equal to the
wind sampling interval of one hour. Wind speeds less than a
specified threshold were treated as calms that could trigger wave
decay. The threshold wind speed used in this work was 1.0 m/s.
Hindcasts were not performed when wind speeds, averaged over time,

fell below the same threshold,

The overland wind speeds measured at Tuktoyaktuk were
adjusted to account for differences in friction between the land and
sea. Baird and Hall (1980) present an extensive review of wind ratio
modifications used in previous hindcasts., They developed a wind

speed transfer function as a function of overland speed by comparing
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frequency of occurence histograms between overland measurements at
Tuktoyaktuk and overwater measurements at offshore islands Ukalerk
and Kopanocar, The ratios derived by Baird and Hall were used in this

study and are shown in Figure 3.1.

A more restricted study on winds in the area, which was only
made available to the consultant at a late stage in this work,
suggests that onshore overwater winds above 20 km/hour should be
higher than proposed by Baird and Hall (Danard and Gray, 1984). 1In
this study wind data measured at Tuktoyaktuk Airport was compared

with wind measurements taken at offshore drilling rigs. See Table 3.1

3.4.2 Fetch Definitions

The fetch lengths were taken from hydrographic charts for
land restricted fetches and from ice charts for fetches which were
restricted by ice. The ice charts show areas covered by ice with
different regions categorized by the fraction of the water surface
covered with ice floes, Ice charts are available on a weekly basis
as described in Section 2.1.5., Ice limited fetch lengths were
defined on a daily basis by interpolating between the weekly chart

data.




Comparison

3-14

Table 3.1 From Danard and Gray, 1984

of offshore and Tuktoyaktuk winds in the summer of 1982

Station Lat. Long, Speed Angle Number of
ratio diff. () wind pairs
Tarsuit Island 69.8 136.2 1.28 0.1 367
McKinley Bay 69.9 131.2 1.01 0.9 117
Irkaluk B=35 1.16 -0.6 241
Nerlerk M-98 70.5 133.5 1.12 0.4 136
Kenalook J-94 70.7 134.0 1.19 -0.3 335
Kiggavik H=32 1.18 -0.5 244
Aiverk I-45 1.05 0.2 96
All stations 1.18 -0.1 1737
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The limit of the ice coverage was taken as the boundary of
the 3/10 ice concentration region, that is to say concentrations up
to 2/10 are included as part of the wave generating fetch. Fetch

lengths less than 2 km were not considered.

3.5 Calibration of the PHEW Procedure

The basic method of calibrating the PHEW procedure is to
perform hindcasts with a number of procedural options and to compare
the results with measured wave data. The combination of options that
gives the best results is then used for hindcasting. Although wave
measurement gauges have been deployed at a number of sites in the
Beaufort Sea all data sets are of a short récord and most of these
are incomplete. Problems in recording wave data are often
encountered in the Beaufort Sea so it was decided that the measured
wave data used for the calibration comparisons should be verified if

at all possible.

Two main hindcast calibration stations were chosen, MEDS
Station 191 and MEDS Station 50, These were verified by MEDS
Stations 193 and 25 respectively, Table 3.2 gives a brief
description of the stations, and Figures 3.2, 3.3, and 3.4 show the
data comparison plots. The study area map, Figure 1.1, shows the

locations,




Table 3.2 MEDS Wave Recording Stations

MEDS
Station Latitude N Longitude W Depth(m) Coverage .,

191 70°-08'-24" 136°-24'-48" 42,7 Aug. 16=-0ct.l1,'77

193 70°-23'~54" 135°-06'~00" 64.0 Aug. 7-0Oct. 1,'77

50 69°-57'-05" 133°-50'-05" 15.0 Aug. 8-Oct. 8,'76

25 69°-58"-05" 134°-59'-00" 15.0 Aug. 8-Oct. 9,'76

Examination of Figure 3.2 shows very good agreement between
Stations 191 and 193 with the exception of the August 26 and 27
storm. It was concluded that Station 191 could be used for hindcast
calibration. The agreement between Stations 25 and 50 is not as
good, as can be seen from Figures 3,3 and 3.4. There appears to be a
possible 48-hour time difference in the September 7-9 peaks of these
two data sets. The two data sets are quite close during August, with

the exception of the 14th, but not as good for September and October,
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It was concluded that Stations 25 and 50 could be used for
hindcast calibration, but could not be considered to be as reliable
as the data from Station 191. It was decided that the hindcast
calibration would be first performed for Station 191. The resulting
best estimates of procedural options would then be verified against
Station 50 with the exception of August 17 to August 26, 1977.

Station 25 would be used for this period.

A total of thirty-six month-long trial hindcasts were made
for the months covered by the recorded data. The results are shown
in Appendix A pages Al to A24 and A28 to A39. The various
combinations of models and input parameters are listed in Tables 3.3

and 3.4.




Table 3.3

MEDS Station 191

List of Month-~Long Calibration Tests Comparing

Hindcast with Measured Wave Heights and Periods

Run (2)
l\ SMB
2 JONSWAP
3 Draper
4 SMB
5 SMB
6 SMB
7 SMB
8 SMB

Notes: (1)

(2)

(3)
(4)

(5)

(6)

(3) (4) (5) (6) Appendix
(45) straight linear 4 days Al - A3
(45) straight linear 4 days A4 - A6
(45) straight linear 4 days A7 - A9
(45) straight linear 2 days Al0 - Al2
(45) effective linear 4 days Al3 - Al5
(60) straight linear 4 days Al6 - AlS8
(60) straight total 4 days Al9 - a2l
(60) straight quadratic 4 days A22 - A24

a run was performed for each month Aug. - Oct,

Parametric Hindcast Models

SMB = SMB (deep water version), Bretschneider (1973)
Draper = Darbyshire and Draper (1963) parameterized
by Carter

JONSWAP= Hasselman (1974) parameterized by HRS (1982)

Wind Direction Divergence Angle 45, 60 degrees

straight = gtraight fetch as described in 3.2.1
effective = effective fetch as described in 3.2,1
linear = linear decay as described in 3,2.4
total = total decay as described in 3.2.4
quadratic = quadratic decay as described in 3.2.4

Maximum Wave Generation Duration 2 or 4 days.




Table 3.4

MEDS Stations 25 and 50

List of Month-Long Calibration Tests Comparing

Hindcast with Measured Wave Heights and Periods

Run (2) (3) (4) (5) (6) Appendix
1 SMB (45) straight linear 4 days A28 - A30
3 Draper (45) straight linear 4 days A3l -~ A33
5 SMB (45) effective linear 4 days A34 - A36
6 SMB (60) straight linear 4 days A37 - A39

Notes: (1) a run was performed for each month Aug. - Oct.

(2) Parametric Hindcast Models
SMB SMB (deep water version), Bretschneider (1973)
Draper Darbyshire and Draper (1963) parameterized
by Carter
JONSWAP= Hasselman (1974) parameterized by HRS (1982)

(3) Wind Direction Divergence Angle 45, 60 degrees

(4) straight = straight fetch as described in 3.2.1

effective = effective fetch as described in 3.2.1
(5) linear = linear decay as described in 3,2.4

total = total decay as described in 3.2.4

guadratic = qguadratic decay as described in 3.2.4

(6) Maximum Wave Generation Duration 2 or 4 days.
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The determination of the best combination of parametric model
and other optional parameters, such as the wind divergence angles,
is ultimately a matter of judgement, Although some aspects are
easily recognized as being different, it is not always obvious that

one trial hindcast is definitely better or worse than another.

it seems that the S.M.B. deep water model gives the best
results overall (and Run 6 was judged the best hindcast), although
the results from the Draper model are very close and even better in
some instances especially when wave period is considered. The
JONSWAP model had a tendency to considerably over-predict wave
heights. 1In common with other hindcasting models, the estimates of
wave height are significantly better than those of wave period.

Longer swell-type waves are not described well.

In general, there was a tendency for the calibration and
verification hindcasts to under-predict measured occurrences of
large waves. One particular instance of this was on September 1llth,
1976 at MEDS Station 50 when the measured wave height was 2.6 m (See
Appendix A29). The wind speeds measured at Tuktoyaktuk for the same
date are considerably less than would be required to produce such a
wave, A detailed check showed that 2.6 m waves could not be
hindcast even with an exaggerated land-sea wind speed ratio. It was
also found that during periods of rapidly changing winds at

Tuktoyaktuk, the calibration was poor. (This can be observed by

comparing the measured wind profiles for Aug.-Oct. 1976 at
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Tuktoyaktuk -« Appendix A25«A27, to the calibration hindcasts for
Station 191 - Appendix Al6-Al8; and measured wind profiles for
Aug.-0ct. 1977 at Tuktoyaktuk - Appendix A40-A42, to the verification
hindcasts for Stations 25 and 50 - Appendix A37-A39). Most of these
problems are directly attributable to the remoteness of the wind
measuring station from the wave measurement stations. In some cases

rapid changes in the position of the ice edge would have contributed.

3.6 Fourteen-Year Hindcasts

Basis of Hindcasts

From available wind data and on the basis of calibraiton and
verification test runs, the following conditions were established for
the fourteen-year deep water wave hindcasts off the seven field
investigation sites (Pauline Cove, Stokes Point, Kay Point, King

Point, North Head, Tuktoyaktuk, and Atkinson Point).
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-Hindcast model SMB deep and shallow water versions
~Location of wind record Tuktoyaktuk
~Years of wind record 1970~-1983 incl.
~Maximum open water season 1 June = ] November
-Wind direction increments 10 degrees
~Hindcast time-step 1 hour

-Minimum wind speed for hindcast 1.0 m/s
-Fetch sector maximum width at

ice boundaries 20 degrees
-Maximum wave divergence angle 60 degrees
-Maximum duration of wind in

one wave generation sequence 4 days
-Wave decay exponent unity (linear decay)
-Wave decay time duration of wave travel over fetch
-Fetch type straight
-~Model precision
wave height 01 m
wave period 0.1 m
wave direction 1 degree
3.6.1 Common Fetches

It had been originally anticipated that the seven study
sites could be described by three sets of deep water fetch sectors.
There was to be one set for the four westerly sites: Pauline Cove,
Stokes Point, Kay Point, and King Point (see Figure 3.5), one set for
North Head and Tuktoyaktuk (Figure 3.6), and one set for Atkinson
Point (Figure 3.7). It was felt that the distances from the common
fetch points to the study sites would be small compared with the
distances from the fetch points to the edge of the ice, and since
hindcasting is insensitive to fetch lengths that this approximation
would be acceptable, Each of the seven study sites was to have its
own local hindcast fetches which would usually be restricted by land

rather than ice.
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It was found, however, that the 3/10 ice edge was gquite
close to the study sites for significant durations and this caused
the error in using common fetches to become significant, As a
result, deep water fetch lengths were measured for all sites until
the ice was approximately 150 km offshore. After this the common
deep water fetches were again used. Figures 3.8 to 3.11 show the
local fetch sectors as well as the outline of the refraction grids
for the four western study sites. The fetches for Atkinson Point, as
shown in Figure 3.7, remained unchanged. The fetch sectors which are
shown with arrows are the deep water sectors that use a common

hindcasting point when the ice is well offshore.

As fetches are defined by angular limits the gaps shown
between some of the fetch sectors do not indicate areas where fetches
have not been defined. These apparent gaps are a result of the need
to measure fetch lengths to the proximity of the refraction grid
boundaries rather than to a specific common point within the grids.
The results of the hindcasts are presented in Part II as standard

wave statistics plots and tables as described in section 3.6.4.

3.6.2 Hindcasting at North Head

The spectral transformation wave refracion analysis results

for North Head (as described in section 4 and presented in Part II)

showed that it was possible for deep water waves with a
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mean direction of 200 degrees (back azimuth) to refract to the
inshore nodes. Since the wave refraction analysis results apply to
wave conditions at the refraction grid boundaries, this meant that
the North Head deep water hindcast fetches had to include, for the
southwest sectors, Mackenzie Bay. This sector is shown in Figure
3.12. However, southwest winds would also generate waves over the
shallow bay to the southwest of North Head and south of Hooper
Island. This meant that two separate wave trains could be generated
by the same winds and reach the same inshore points from two separate

paths.

This overlap was handled by performing two fourteen-year
hindcasts for North Head. The first hindcast, referred to as the
Ydeep water hindcast", used the eight northern fetches and one
western fetch shown in Figure 3.12. These results were then
transferred inshore using the refraction analysis results. The
second hindcast, referred to as the "local shallow water hindcast"
was performed using_the five fetch sectors in the immediate vicinity
of North Head. The two wave data sets were combined at the inshore

nodes, i.e, after refraction effects were considered (section 4.2).
3.6.3 Hindcasting at Tuktoyaktuk
An outline of the Tuktoyaktuk refraction grids is shown

along with the Tuktoyaktuk deep water hindcast fetches in Figure

3.13.
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When the deep water hindcast wave data was transferred inshore, using
the results of the wave refraction gnalysis, the resulting inshore
wave heights were considered to be unrealistically low. This was
attributeds to the problems caused by running a conservative spectral
transfer model (no energy input or losses) over such a large shallow
area. In essence the model results suggested that very few waves
would make it from the outer grid boundaries to the inshore nodes
when the model was run under the specified conditions. This matter

is elucidated in section 4.3,

The ideal solution to this problem would be to refract each
wave condition independantly, adding energy due to wind generation
and removing energy due to bottom effects as the wave propogates
inshore, This sort of solution, however, was not feasible within the
scope of this project. The solution chosen was to bring the
refraction boundaries closer to Tuktoyaktuk and to allow for bottom
effects on wave height by using wave heights from the S.M.B, shallow
water parametric model. The S.M.B. deepwater model was used to
hindcast the wave periods because bottom effects do not significantly
alter wave periods. This combination of parametric models was
referred to as the "frictional hindcast" model. When the edge of the
ice was close to Tuktoyaktuk all hindcasting was done with the S.M.B.

shallow water parametric model.




3.6.4 wWave Statistics Plots and Tables

The results of the fourteen~year hindcasts have been
converted into statistical plots and tables., Results for each of the
seven study sites are presented in Part II. An example and

explanation of each plot is presented as follows:

1. Scatter Diagram of Significant Wave Height vs. Peak Period

(Figure 3.14)

These diagrams represent the fouFteen years of hindcast data
in parts per thousand. Two wave steepness lines are shown,
1:20 and 1:40. The 1:20 line is in the proximity of a
limiting steepness for deep water waves, the 1:40 line is

shown for reference purposes,
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2.

Weibull Long-Term Distribution of Wave Heights

This is a standard Weibull analysis where Log(Log(l/P)) is
plotted against Log (wave height), and P is the probability
of exceedance of a given wave height. The wave data is
collated into cumulative wave height groups as shown in
Table 3.5. The cumulative probability of occurence is
computed by dividing the number of occurences in each group
by the total number of occurences, A least squares curve
fit is then performed on the logarithmic data points as

shown in Table 3.6 and Figure 3,15,

A coefficient of correlation of 0.99 can be achieved by
excluding the lower one and sometimes two wave height
groups, This is standard with a Weibull analysis. Results
such as in the form of Tables 3.5 - 3.8 and Figure 3,15 are

given in Part I1 for each of the seven study sites,
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TABLE 3.5 WEIBULL PROBABILITY ANALYSIS - KING POINT

WHT LIMIT  CUM TOTAL  CUM PROB(P)  LOGLOG(L./PIH))  LOG(NHT)

( .4 3213 . 999969 -4,877672 -, 397948
¢ W7 21867 . 6430923 - 717974 -, 154982
N | 11128 . 339860 -, 329185 .besees
¢ L3 4151 126798 -. 847263 113943
¢ 1.b 1433 . 044384 131225 204128
(LY i L2719 228936 278794
{22 3n .81577 286995 342423
{ 2.5 148 . 084321 378182 397948
< 2.8 &9 .082188 427517 447158
(3.1 29 . 080885 484676 491362
(3.4 b .2e8183 372518 331479

TABLE 3.6 LEAST SBUARES CURVE FIT ON LOBLOB(1/{1-P)) - KING POINT

LOG{WHT) LOBLOG!L. /P(H)) CURVE FIT RESIDUAL
- 39794 -4.897787 =.a1204 -23. 18418
-, 15490 -.117%98 J4179 98.01848

.B80a0 - 32911 2029 59, 55455
L1394 -.84726 24T 35.91456
28412 13123 27526 12,7997
27875 22894 . 28937 2.41347
38242 20699 29975 ~9.35083
39794 37818 »3128¢ -17.88817
71b 42752 . 32184 -24.06424
49136 48468 33082 ~38.99318
33148 57254 « 38453 -34.96507

5L0Pe= 15718 INTERCEPT=, 25464 CORR COEFF=,84019
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TABLE 3.7  LEAST SGUARES CURVE FIT ON REDUCED DATA - KING POINT

2 GROUPS OMITTED FROM FIT: LOG{WHT) LOGLOB(1. /P{H)) CURVE FIT RESIDUAL
{4 32734 .oecs - 32911 -. 04856 -8.91697
{7 21867 11394 - B4726 13545 5.87721
+ 20412 32 +24692 19. 35781
27875 122094 30295 5. 72834
34242 . 28699 34420 41818
39794 701 .39510 = 42242
4714 42752 43194 -3.43935
49134 48468 46765 -3.31243
33148 137254 32231 =2, 435

SLOPE= 42451 INTERCEPT=. 16497 CORR COEFF=,98948

TABLE 3.8 PREDICTED WAVE HEIBHTS FOR GIVEN RETURN PERIODS - KING POINT

RETURN PERIDD(YEARS) WAVE HEIGHT{HS)

1.0
3.8
19.9
20.8
.8
188.8

B
S 0D g U e
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3.

Deep Water Wave Energy Distribution

Wave energy distributions are presented as shown in Table

3.9 and Figure 3.16., The fourteen-year hindcast is collated

into wave height, period, and direction groups with user

defined group sizes. The total energy for each direction

sector is computed using the mean wave height, mean period

and number of waves for each wave height and period group in

that sector,

The energy (kinetic and potential) per metre width of wave

crest per wave is found by:

1 2 |
£ = g P9 Hrms L (3.2)
where ¢ = density
g = acceleration of gravity
Hrm5= root mean square wave height
L = peak period wave length

The percentage energy in table 3.9 is found by dividing the

total energy from all waves in each sector by the total

energy of all waves at the site, The percentage frequency

is the total time of waves per sector divided by the total

time of all waves., The mean wave power is the weighted

--------—-‘
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average of the power per wave group and the time of
occurance of each wave group. The wave power is calculated

as:i

o CaE (3.3)

where Cg is the wave group velocity and E and L are as

defined for Equation 3.2.




DIRECTION SECTOR

----------------

278, - 288.
288, - 298,

298, - 308,

3od. - 38,
318, - 328,
32, - 33,
33, - 348,
J48. - 358,
358. - 3b8,

38,
1.
28,
8.
18,
.
68,
78,
g,
9.

188.

119,

128,

138,

140,

158,

1

1.
28,
e,
48,
3.
68,
70,
ge.
98,
fee,
118,
128,
138,
149,

- 158.

148,

140, - 178,

178,
18,

188,
19BI

TABLE 3.9
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PERCENTAGE WAVE PONER DISTRIBUTION - XING POINT

PERCENTAGE FREBGUENLY

4,44
3.90
4.16
2.9
5.33
4.38
313
.95
.33
2.85
2.47
3.48
3.93
3..32
b1
4.73
8.93
.73
6,28
.79
3.74
1,42
2. 24
3.17
.34

.49
.87

.82

NEAN POMER (Ki)

---------------

PERCENTAGE ENEREY
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Wave Height Exceedance and Wave Period Exceedance

The wave height exceedance and wave period exceedance plots
(Figures 3.17 and 3.18) show the percentage of time that the

significant wave height and peak periods exceed any values.

Wave Period Occurance

Figure 3,19 shows the percentage occurence for the peack

wave periods in each of the user defined wave period groups.

Wave Height Persistence

Figure 3.20 shows an example of both favourable and
unfavourable wave height persistence diagrams. These show
the number of times that wave hejghts are either above
(unfavourable) or below (favourable) certain wave heights
(1.0, 2,0, 2.5, and 3.0 m here) for continuous durations.
For example, the waves were below 1.0 m for 100 continuous
hours approximately ninety times in the fourteen open-water
season, The waves were above 2.0 m for 24 continuous hours

four times.
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Wave Tables

Wave height and period tables are presented for each of the
user defined direction sectors as well as one table for all
directions. Table 3.10 is an example of an all-direction

table,
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TABLE 3.18 ALL DIRECTIONS WAVE TABLE - KING PDINT

ALL DIRECTIONS

-----

gl Pt e

INAVE ! Wave Period(secs) Total!
HT(N) ! ! !
! ! ! !
Py 12-3'13-44-55-6%-717-8'8B-919-18¢ - !
t |
!o.i8! 5308 o3t I o8y 3 @t @l @ oSS!
!o.4BY 238! eB24! f11' 3! 20 B @ B 9I5H!
PLIRY W OAIRZY 8B 4L 1! @Y @t @ e9S!
lelro@r 202593 e &t @t B B 2e9E
LIS Rt #1320 Bt 9t @ 8 8 T2
TLet! BB oM 28 822 @ 0w @ 332
PLes! @ ¢ @ o2t 0 # %
e @ o B o#om o o ™
V- L L L L L LA L LA 1
‘.88 W 2 ¥ & & 230 o 23
IS LI L L D L L I L )
R L N L L L U [ e e
Y/ N D U I e e e
N L L U D L L e e O |
{ [}
'TOTAL! 7693111231 54B2! 1B31! MM 49! B! Bi2bM4b!

SUMMARY
EREREEEE

NO. IN TOTAL SECTOR = 32735

NO. OUTSIDE TOTAL SECTOR = 1329
NO. OF CALMS = 64020

TOTAL NO. DF ALL RECORDS = 32734
PERCENTABE CALMS = 19,4




SECTION 4 NEARSHORE WAVE TRANSFORMATION

4.1 Wave Refraction Analysis and Spectral Transfer

4.1.1 Qutline of Procedure

The following paragraphs outline the overall process by
which the deepwater wave climate is transformed into a
corresponding shallow water wave climate at or near the breaker
line. The shallow water wave data is in a form that may be
directly applied to the alongshore sediment transport models
described in Section 6 of this report. The two principal
components of the computational software are the linear wave
refraction model LINREF and the spectral transfer post-
processor, SPECTRANS. The latter calculates the wave
transfer functions which in turn provide wave height
coefficients and direction changes from deep to shallow water.
A more comprehensive explanation of these models including

relevant equations c¢an be found in Pinchin et al., (1985),.

The wave refraction program computes wave ray paths
using either forward or backward tracking techniques. The
seabed is defined by a series of digitized depth grids. Waves
of specified period and initial direction are refracted over the
numerical bed for any specified tide level. For each ray
traced, the program outputs a file containing initial and final

ray conditions.




When backward tracking with high ray density, wave
spectra may be transferred from one location to another by using
the directional ray concentration information produced by the
refraction program. By transferring a number of offshore
spectra encompassing the full range of possible mean wave
directions and peak spectral periods, it is possible to compute
wave height factors and direction shifts for all_offshore wave
conditions, These factors are a function of offshore mean

direction and peak period only.

Wave ray backtracking is not essential to a wave
spectrum transformation calculation. It merely ensures that all
direction and frequency components'are represented at a point of
interest, 1In mathematical terms, the identical wave ray path
will be calculated irrespective of whether the start point is in
deep or shallow water, given that the boundary conditions are
identical, However, backtracking provides much the simplest way

of obtaining comprehensive data at a specified inshore location.

4.1.2 Wave Ray Tracking

Wave refraction is the bending of wave crests in

response to seabed topography. It is a function of wave speed




\
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which is itself a function of water depth and wave period. When
constructing wave refraction diagrams it is convenient to work
with wave orthogonals, often called wave rays, which are

perpendicular to the wave crests.

The techniques used in LINREF are based on the

"circular arc" method originally developed at the Hydraulic
Research Station, Wallingford (Abernethy and Gilbert, 1975).
Briefly, the method assumes that within a small triangular
element the variation of wave speed can be closely approximated
by linear interpolation, The wave ray path is then described by
a circular arc within each element and is tahgential to the
corresponding arcs in adjacent elements, With appropriate
boundary conditions wave rays can be refracted over the

numerical bed to some unknown destination,

4.1.3 Preparation of Grids

For refraction analysis, the bathymetry was reduced to
a number of rectangular grids with dimensions and grid size
varied according to proximity to the area of interest, the
absolute value of depth, and the bottom gradient. The general

principles for selecting grid sizes are as follows:
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- The grid spacing in the shallow water area of
interest should be of the same order of magnitude as
the wave lengths to be considered,

- The solution technigque makes the basic assumption
that wave speed varies linearly within each of the
elements of the grid. If follows therefore that the
wave speed corresponding to depths at adjacent grid
points should closely follow the curve described by
the shallow water wave speed relationship, that is,
the departure from the curve at the mid-point between
two nodes should be no more than a few percent.

- Taking the above into account, experience has shown
* that a grid size of 50 m is adequate for the inshore
grid area in the immediate area of interest,

- These conditions may be relaxed in the shoreline
regions outside the area of interest. Here one is
only concerned with identifying those highly oblique
wave rays which are invalid as they return to shallow
water,

- As the water depth increases, so may the spacing
since the change in wave speed becomes progressively
less dependent on the change in water depth.

- In the interest of computational economy grid spacing
is increased as quickly as possible. At the same
time, significant bottom features cannot be
overlooked,

- The seaward limits of the grids should be in
"deepwater" or at a point where offshore wave data is
available, The former is theoretically half a wave
length but in practice wave refraction at such depth
is so slight that a depth of about 30 m is usually
sufficient.

The sources of the bathymetric data are given in

Section 2.2.2.

A number of difficulties had to be overcome in

preparing the depth grids. These include:




- field sheets using different U.T.M. 2zones

- field sheets in geographic coordinates only
- field sheets in different units

- field sheets with different scales

- field sheets with different datum

- gparse data at some sites

- overlapping field sheets with different depths.

Diagrams showing the location, nodal dimensions, and
mesh sizes of the refraction grids are presented for each site

in the appropriate sections of Part II of this report,

4.1.4 Forward and Back-tracked Refraction Diagrams

Forward-tracked ray-diagrams may be constructed by
tracking a number of rays from the offshore boundary to cover
the inshore area of interest. Such a diagram for King Point is
shown in Figure 4.1. Whilst this method provides a good picture
of general wave refraction patterns in an area, assoc¢ciated
methods of calculation of wave refraction coefficients are
unsatisfactory for a number of reasons which are fully discussed
in Abernethy and Gilbert (1975), but may be summarized as

follows:
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(i)

(ii)

Wave refraction coefficients calculated from the
wave intensity equation are highly sensitive to
wave ray position and wave frequency for

non-uniform topography.

Forward-tracking tests using different wave ray

spacings give significantly different results.

(iii)Results are sensitive to initial wave ray

(iv)

(v)

direction.

Bottom topography smoothing can reduce the
variability, but the results then tend to become a
function of the smoothing strategy adopted (Poole,

1975).

As a result of the above, it was concluded that
refraction results from forward-tracking rays used
to evaluate a wave intensity relationship exhibit
an inherent bias towards high wave heights, an
excessive sensitivity to frequency, offshore
direction and position which is greatest in

regions where refraction coefficients are large.
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These difficulties may be overcome by constructing a
large number of wave rays at very small angular increments for a
number of wave periods from each single point of interest. This
process is known as backtracking. It allows an inshore two-
dimensional frequency-direction wave spectrum to be subdivided
into elements by frequency and direction each of which is
individually tracked during the spectrum transfer process.
Abernethy and Gilbert (1975) showed that this technique gives

more stable and realistic results even in regions of caustics.

Caustics are regions where forward-tracked wave rays
converge and cross producing singularities with theoretically
infinite concentrations of wave energy (Pierson, 1951). With
backtracked wave rays the phenomen does not explicitly arise.
By using spectral transfers wave energy concentrations are
diffused in a manner which more accurately reproduces what is

actually observed.

In contrast with forward-tracking, backward-tracked ray
diagrams are not visually enlightening. Hence, only one
back~-tracking diagram for each site is presented in Part II, An
example of a back~track diagram for King Point is shown in

Figure 4.2.
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4.1.5 Wave Spectrum Transfer

The process of refracting a wave spectrum is based on
the assumption thaﬁ the wave energy flux in a frequency band of
width df centered about frequency f will remain in that band as
the wave spectrum is transferred inshore, With this assumption
it is possible to take a discrete element from an offshore
spectral density distribution and to independently transfer it
inshore applying only shoaling and refraction coefficients.
This conservative method applies over distances where the
shoaling and refraction effects dominate over dissipative
effects, i.e. outside the breaker zone. This method also

neglects local generation.

The selection of the initial inshore directions and
periods will partition the inshore spectra into a corresponding
number of discrete elements of size df,de. Each element of the

inshore spectrum will thus be represented by a single wave ray.

The principal output from the wave refraction analysis
is the deep water direction of all wave rays., This gives the
original deep water direction @, of the energy flux in each
element df.de of the inshore spectra. The deep water energy
flux that is present at any deep water direction at a given
frequency is dependent on the deep water directional spectrum

model used.




4-11
4.1,6 The Deep Water Spectrum Model

The offshore spectrum model used was the JONSWAP as
described by Hasselman et al,, (1973). Having specified a
series of wave periods for wave ray backtracking the
corresponding peak frequencies were used to construct JONSWAP

deep water spectral density distributions S(f).

A value of Y=-B 2.2 was used for the JONSWAP "peakedness
parameter” which relates a JONSWAP spectrum to a fully developed
Pierson-Moskiwitz spectrum. This value was determined by
comparing theoretical with measured spectra from the Beaufort

Sea (Leblond et al., 1982).

Each JONSWAP spectrum is assumed to be directly distributed

according to the power cosine function

F(eo)=cosn|€o-e°| (4.1)

where 5°is the mean deep water direction of wave propagation

and n is the direction spreading index., An index value of 2
corresponds to a broad-banded energy distribution characteristic
of locally generated waves, whereas an index value of 10
corresponds to a narrower spectrum which would be more

characteristic of a wave condition generated outside the area,




The direction and frequency components of the spectral

energy term are assumed to be independent such that

S (fi8,) = S (f) - F (8,) (4.2)

It is important when applying the power cosine function
F(o) that the values are normalized so that the area under the
two~dimensional spectral density surface is equal to the area
under the one-dimensional JONSWAP curve, The deepwater
significant wave height is computed from the zeroth moment of

the one-dimensional JONSWAP spectrum

Hso =4;/.rs, (f) df (4.3)

4.1.7 The Conservative Inshore Directional Wave Spectra

To summarize the above steps, it is possible to compute
the spectral density for each frequency-direction element of an
inshore spectrum S(£f,0). Each such element is then uniquely
represented by one wave ray and hence one deep water wave
direction., The deep water spectral density element which is
transferred along a ray path is computed using a directionally
distributed JONSWAP speéérum. It is therefore necessary to
define the mean direction 50 and peak frequency fp of the deep
water spectrum. The elements of the deep water spectrum are then
refracted inshore by applying refraction and shoaling

coefficients,




A conservative one-dimensional inshore spectral density

S(f) can then be defined by the following Equation:

S(f) = srs(£,0) de (4.4)

The zeroth moment and first moment of direction of the

inshore spectra are computed as:

Mo, = 51 S(f.e)df de

M —
1D; = £5 S (f,8)(6, -0)df de (4.6)

where eo is the mean offshore wave direction. The inshore
significant wave height and mean inshore direction are then

found by:
M
Hsy = 4l 94 (4.7)
- - Mmi (4.8)
91 = 90+M0—""‘
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4.1.8 The Inshore Wave Height Factor

An inshore wave height factor for each offshore
complete JONSWAP spectrum is computed by dividing the inshore
significant wave height (Equation 4.,7) by the offshore

significant wave height (Equation 4.3). Because the offshore
directional JONSWAP spectrum is dependant on only the spectral

peak frequency and mean direction of wave propagation, the wave
height factor is also a function of only peak frequency and mean

offshore direction.

For any offshore wave condition the significant wave
height can be multiplied by the appropriate inshore wave height
factor (as determined by the offshore mean direction and peak

period) to predict the corresponding inshore wave height.

This procedure for predicting inshore wave heights was
recently applied to measured offshore wave data during the
Canadian Coastal Sediment Study (Pinchin et al, 1985). The
results, when compared with measured inshore wave data, showed a
substantial overestimation of the predicted inshore wave
heights. This discrepancy was corrected by allowing for energy
dissipation due to wave-wave interaction using the shallow water
equilibrium spectrum theory of Kitaigorodskii et al., (1975).
The inshore wave heights computed using spectral transfers that

allowed for wave-wave interactions compared very well with the
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measured wave data., The Kitaigorodskii theory was therefore
incorporated in the spectral transfers performed for each of the

seven study sites of this project.

4,1.9 shallow Water Saturated Spectrum

Kitaigorodskii et al.,, (1975), proposed that the
maximum spectral density that can be sustained in a given depth

of water is

2.-5 o(w,)
ag. f h
Splf) = “qﬂ'—m (4.9)
where wp = 2xfJh/g (4.10)

o is the Phillips constant 0.0081, h is the water depth,

and ® (wp) is the dimensionless function shown in Figure 4.3.




Dimensionless Function ¢(mh)
FIGURE 4.3

This theory is incorporated into the spectral transfer
process by comparing the value of the computed inshore
congservative spectral density S(f), from Equation 4.4, with the
value of the saturated inshore spectral density from Equation
4.5. When the computed density S(f) is greater than the
saturated density, all values of S(f,0) (Equation 4.4) are

factored linearly by the ratio Sm(f)/S(f) .

The inshore significant wave height and mean inshore
wave direction are again computed by Equations 4.7 and 4.8, and

the inshore wave height factor is computed as in Section 4.1.8.
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4.,1.10 Computed Nearshore Wave Conditions

Two inshore points of interest, or nodes, were chosen
for each of the seven field sites. The node locations are
shown in Figures 2.1 to 2.7. An additional three nodes were

chosen at King Point in connection with the beach plan shape

modelling (Section 8).

For each inshore node, wave height factors and mean
inshore wave directions were computed for spectra with
frequencies corresponding to wave periods of 3.2, 4.0, 5.0, 6.3,
7.9, 10.0 and 12,6 seconds and ten degree increments of
deepwater wave direction covering the complete range of possible
deepwater conditions., Thus, for any offshore wave condition the
corresponding inshore wave condition can be computed by applying
the appropriate wave height factor and direction shift. The
peak periods are assumed to remain unchanged from offshore to

inshore.

Plots of the inshore wave height factor and inshore
wave direction as a function of deepwater wave direction have
been prepared for periods 3.2, 5.0, 7.9, and 10.0 seconds. An
example of the 5.0 second plots for King Point are shown in
Figure 4.3. The complete sets of plots for each site are
presented in Section II. The wave height factors refer to the
significant wave height associated with the deepwater sea state

and not to any individual spectral constituent,
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Three values of the power cosine direction index n
(Equation 4.1) were considered: ‘2, 4, and 10, In the absence
of field data a moderately focused value of 4 was used to
compute the fourteen years of inshore wave conditions for use in

the rest of the project.

4.2 Inshore Wave Statistics

Wave height factors and direction shifts were applied
to the fourteen years of offshore hindcast wave data to compute
fourteen years of inshore wave data at each of the seven study
sites. Detailed inshore wave statistics were computed and
plotted for one node at King Point, using the procedures

described in Section 3.6.4 and presented in Part II.
4.3 Wave Transformations at North Head

Since the offshore directions of the wave rays define
the amount of wave energy that is transferred along a ray path,
it is essential that only one offshore wave condition exists for

any one direction at any one time. At North Head, however, the




back~track diagrams showed the wave rays could exit the western
edge of the refraction grids both to the north and south of
Hooper Island. These two areas are defined by two very
different hindcast fetches as shown in Figure 3.12. As
explained in Section 3.6.2, this meant that two separate

wind-wave hindcasts had to be performed.

It was obvious that these two hindcast data sets could
not use the results of the same refraction analysis. In order
to compute the offshore to onshore wave transformation functions
for the deepwater data set, it was essential that the wave rays
be restricted from exiting the refraction grids south of Hooper
Island. A back-track diagram for this case is shown in Figure

4. 4.

Spectral transfers were performed using backtracks with
this restriction and the deepwater wave climate was transferred
to the inshore nodes. The spectral transfer results for the 7,9
second case are shown in Figure 4.5. 1t can be seen here that
deepwater spectra with a mean back-azimuth of 200 degrees will
have constituent waves that can refract to the inshore nodes,

Because the local shallow water hindcast was performed
in essentially the same depth of water as the wave refraction
nodes were located, it was éoncluded that the shallow water

wave data did not need to be refracted before it was combined

i---------
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with the refracted deepwater wave data. It is therefore
important to note that the spectral transfer results which are
presented in Part II of the report do not apply to the local

hindcast wave data,

4.4 Wave Transformations at Tuktoyaktuk

A deepwater wave refraction analysis similar to that at
North Head was performed at Tuktoyaktuk. 1In this case, wave
rays were not permitted to exit the western edges of the
refraction grids within Kugmallit Bay (See Figure 3.13). Figure
4.6 shows a wave ray back-track diagram computed with this

restriction,

When the deepwater hindcast data was transferred
inshore, the resulting inshore wave data seemed unrealistically
low. It was concluded that this was caused by considering such
a large refraction area and not considering wind energy input
within the grids. The refraction grid sizes are shown in Figure
4.7. The ideal solution to this problem would be to refract
each wave condition independently, adding energy due to wind
generation and subtracting energy due to bottom effects., As
this sort of solution was not feasible within the scope of this
project, the chosen. solution was to reduce the area of

refraction grids,
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As part of the initial wave refraction analysis at
Tuktoyaktuk, a separate series of wave back-tracks had been
performed using grids 1 to 5. This was originally going to be
used to refract the results of a local hindcast from southwest
of Tuktoyaktuk. However, this analysis was not completed once
the problem with the deepwater wave transformation was

identified,

The problem with the deepwater wave transformation was
solved by re~hindcasting the wave climate using the "frictional®
model described in Section 3.6.3. These results were then
refracted through the small grid system. The spectral transfer

results are presented in Part II.

o




SECTION 5 SURGE SENSITIVITY ANALYSIS
5.1 Objective

The objective of the work described here is to determine the
sensitivity of alongshore and onshore-offshore sediment transport to
positive storm surges. It shows that surges have an important
influence on nearshore profile adjustments but only a secondary
influence on alongshore transport which may be increased or decreased
by a positive surge. These results are used to evaluate the
influence of surges on yearly estimates of alongshore and
onshore~offshore sediment transport presented in Sections 6 and 7

respectively.
5.2 Effects. of a Surge on the Numerical Models

Before examining results from surge analyses it is important
to have a general understanding of how surges influence the various

models used in this study.
5.2.1 The Hindcast and Wave Transformation Models

The deepwater wave hindcast remains unaffected by surges,
However, at sites where shallow water hindcasts were performed (North
Head and Tuktoyaktuk), there will be a significant effect due to the

reduced friction losses over fetches with increased water depth.




In comparing wave transformations at different water levels
it is first noted that the node locations are automatically adjusted
to maintain a specified water depth when the water level is changed.
Consequently, if the bathymetric contours were regular and parallel
to the shoreline, the wave transformation would not be influenced by
a change in water level. However, due to the irregular nature of the
bathymetry in the Beaufort Sea some differences are inevitable,
Figures 5.1 to 5.4 show spec¢tral transfer results for King Point at
two different water levels (0.50 m and 2.25 m above CHS datum) for
wave periods of 3.2 s, 5.0 s, 7.9 s and 10.0 s. The comparison shows
only very small differences in the wave height factors and direction
changes. This indicates that surges do not significantly affect

nearshore wave transformation results at King Point.

One water level related effect which is not within the scope
of the wave transformation technique used in this study concerns wave
breaking over offshore shoals. A close examination of the study
sites reveals that with the exception of Stokes Point and Kay Point,
shoals are either very localized and some distance offshore or non-
existent. At Stokes Point the shoal affects waves originating from
the east, which is not the prevailing direction of wave attack. The
same shoal affects the Kay Point inshore climate, where it will have
had some effect. However, due to the blurring effect of directional
wave spectra, the shoal has less influence than one might expect from

consideration of idealized uni~directional wave fields.




5-3

FIGURES.1
1.4
L A
o
T2 F
c "L
L L
.8 fF
o [
o !
T ge |
v |
> =
:g b
@2.8 N
i
8.4 [
).
i
8.2 -~
ﬂ.' 1 3 L 3 '] l 1 I 1 ' l B 2 ] l I Il 3 1 ' ] i ' 2 L 'l L I
250.4 320.28 350.2 42.8 9.8 144.0 198.9
Offshore Directlion(deg. true)
12.8 |
Y 100 |
L C
* =
o 6.8 t
] L
o [
5 60.8 r
+ )
U 4.8
L C
o L
o 28.8 -
L =
o
5 .0 |
c R
- 3
340.0 N S S DU S N SRNP U S TS WU T SN SR S VO S Y S
253.8 390.8 350.8 4.0 8@.@ 148.0 198.4
Offshore Directionldeg. true)
Node No: 1 Spreading Index: 4
Peak Period: 10.0 sec, Tide Level: 0.50m-=-—
2.25m
BERUFORT SER COASTAL SEDIMENT STUDY Dertai 7 Moy 65
Scales ax shown
Chacked by:

King Polnt:Comparlson of Spectral Transfer Results at

Different Water Levels

Kelth Phllpott
Consulting Limited




5-4

—
»
o~

—
.
N

Wave Helght Factor
2 &

=
.
E Y

N
A\
N\

m
L)
N

ill"‘lIllfT!l"llT_'l"'Iif

A W} ] L i I i 1 L L L 1 Il I i b I

308.0 352.8 4.8 92.8 148.2 198.2
Offshore Direction(deg. true)

gﬁ

128.0

1“.“

L] :g
m
LI LR I LN e

I
I
|
\

Inshore Directlonl(deg, true)

[ ]
Ty VT v rrTrrrTs

34“ a '] ] A L l i L L L I L 1 L ]l ' i ' L A l L A P ' 1 A L L
250.8 398.8 358.8 4.9 99.4 148.0 190.8

Offshore Direction(deg. true)

Node No: 1 Spreading Index: 4

Peak Period:; 7.9 sec. Tide Level: 0.50m----
2.25m

FIGURE 5. 7|

BEAUFORT SEA CORSTAL SEDIMENT STUDY Oatet 7 May 8S

Scales a5 shown

King Pbln+=ComparIson of Spectral Transfer Results at Checked byt

Kalth Phllpott

Different Water Levels Consulting Limltad




5-5

FIGURES.3

—
.
-~

—
M
N

¥Wave Helght Factor
= —
™ =

=
-
o~

lfl’lfl'l('Il'!l‘l'l[lTl'lllT

i L H El l Il 3 I} { ' [ ' 3 'l l 1 1 i ] ' 1 1 l Il 1 s 1
258.0 3¢a.a 35¢.4 44.8 92.4a 148.8 190.8
Offshore Direction({deg. true)

120.8

102.2

Inshore Directionl(deg. true)

‘iflrll]lfill‘lllllrf"'rl'

B‘B. B 1 Il i A ' [l [l 1 'l l bl 1 A L l L L 1 L l A L 1 1 l 'l 'l K —
258.2 380.0 358.0 42.0 98.4 140.2 190.8

Offshore Direction(deg. true)

Node No: 1 Spreading Index: 4
Peak Period: 5.0 sec. Tide Level: 0.50m ----—
2.25m "

Datet 7 May 85

BEAUFORT SEA CORSTAL SEDIMENT STUDY
Scalus as shown

King Polnt:Comparlson of Spectral Trensfer Results at Checked by:
Kelth Philpott
Different Water Levels Consulting Lim! ted




5-6

FIGURE 5. 4
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5.2.2 The Alongshore Sediment Transport Package

The breaker zone moves inshore with a rise in water level
and offshore with a fall, Its width may increase or decrease
depending on the profile shape. Thus an increase or decrease in
water level could result in a change in the effective beach slope
within the zone of active sediment transport and near the beach. It
may also alter the sediment particle size distribution across the
surf zone due to the change in position. Evidently there would be no
change in sediment transport for the case of a plane beach slope with

a uniform sediment particle size distribution,

The preéonception that alongshore sediment transport is

always increased by raised water levels is also not supported by a
detailed study of the behaviours of the various models. Changes in
the slope and grain size distributions may have somewhat different
effects on each of the sediment transport models employed. Thus, in
profiles having varying slopes (concave, convex or undulating) with
varying sediment texture, a surge may cause either an increase or
decrease in transport rates., This issue is investigated further in

Section 5,.5.1.
5.2.3 The Nearshore Profile Adjustment

The profile adjustment model is based on the concept that a

developing part of the nearshore profile evolves toward an equilibrum
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form corresponding to a specific wave condition. As the water level
changes the position of the developing profile changes and
consequently surges have a significant effect on profile adjustment.
Section 7 of this report deals specifically with the effect of surges

on the profile adjustment.

5.3 Surges in the Beaufort Sea

Both positive and negative surges are common in the Beaufort
Sea. The occurence of both types has been examined by Henry and
Heaps (1976). The coastline of the Beaufort Sea is subject to
positive surges when strong northwesterly to westerly winds occur
during ice-free periods. The surges are amplified by the bathymetric
features of Kugmallit Bay and also by the outflow of the Mackenzie

River into Mackenzie Bay and to a lesser extent into Kugmallit Bay.,.

Negative surges occur during periods of offshore and
easterly winds in the Beaufort Sea; while these surges are quite
frequent, they seldom drop the water level more than a metre, (Henry

and Heaps, 1976).

Tide gauges have been in operation at Tuktoyaktuk
intermittently since 1961 and temporary gauges have been used
elsewhere (see Figures 5,5 and 5.6). The periods of tide gauge
operation and the recorded and unrecorded surges are shown in Figure
5.5 (after Henry, 1984)., During the past ten years surges have been

relatively insignificant. The largest known surges occurred in 1944
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and 1970, although both were unrecorded they have been estimated to
be in the neighbourhood of 3 m at Tuktoyaktuk. Henry (1984)
suggested 3 m (above MWL) could be taken as a rough lower limit of
the 100-year surge height at Tuktoyaktuk, including tide but

excluding wind wave effects.

Henry (1984) used an explicit finite difference model to
predict the 100-year storm surge. The numerical details are
described in Henry (1975) and Henry and Heaps (1976). Wind stresses
corresponding to a 70-year design storm were used to drive the storm
surge model to determine the 100-year surge level (this was based on
assumptions by Burns, 1973, and Markham, 1975, that ice cover is
sufficient to prevent large storm surges in 3 summers out of 10). A
100-year surge level of 3.5 m above CHS datum was predicted at
Tuktoyaktuk by the model. However, Henry (1984) qualified the result
as tentative since alproper calibration was not possible due to

insufficient water level data.

An earlier study at Tuktoyaktuk by Kolberg and shah (1976)
provides estimates of approximate return periods for various water
levels (See Figure 5.7). These were determined using data on storm
water level occurences obtained from available references and
available tidal and wind records. The estimate of the 100-year
return period water level is about 3.5 m above CHS datum which agrees

with the more recent study by Henry (1984).

The sensitivity analysis at King Point was performed with a

large surge and also with an average surge. The large surge was
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based on a peak height of 2.7% m above CHS datum at Tuktoyaktuk which
would have an approximate return period of 1 in 20 years (according
to Keolberg and Shah). The average surge was taken as one metre,

typically a yearly occurrence,

5.4 Description of the Storm Even Used in the Sensitivity

Analysis

The initial surge sensitivity analysis was performed at King
Point using a two-day storm surge. The hybrid storm event that was
simulated consisted of waves from the largest hindcast storm series
(around 2 September 1972 at most sites) superimpoéed on a typical
large storm surge water level profile represented numerically in step
form. The surge was based on an assumed peak height of 2.75 m above
mean water level at Tuktoyaktuk. The 2.75 m surge at Tuktoyaktuk can
be translated to surge heights at the other study sites using results
of the numerical model of Henry and Heaps. At King Point the factor
is 0.6 and the peak surge would be 1,65 m above MWL or 2.15 m above
CHS datum., Surge factors at all of the seven sites, normalized
relative to Tuktoyaktuk, are presented in Table 5.1. Figure 5.8
shows the wave climate and water level time series used at King Point

for the surge analysis,
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5.5 Results and Comments
Table 5.1
Surge Factors (after Henry, 1976)

Site
Atkinson

Kay Point
King Point
North Head
Pauline Cove
Stokes Point
Tuktoyaktuk

w
(g
O
a

ONEECOCHASO

HOORROOKHMm
L%

Table 5,2

Comparison of Net Sediment Transports in cubic metres at Mean Water
Level and with a large Two Day Surge at King Point (node 1)

Model At MWL Storm Surge
CERC 5703 2722
Queen's modified CERC 3315 2536
Swart modified CERC 4886 2338
Bijker 42 0
Engelund and Hansen 2197 1602
Swart model 171 38
Willis model 3568 2318
Van Der Graaf and Overeem model 3289 2042
Nielsen model (breaking waves) 4168 3051
Nielsen model (non-breaking wave) 1794 1311
Fleming model 679 670

Swart and Lenhoff model 1970 1114
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5.5.1 Alongshore Sediment Transport

The initial sensitivity analysis was performed at King
Point, The results of sediment transport runs using the SEDX
package, a) at mean water level and, b) with the synthesized storm

surge are presented in Table 5.2.

According to all of the models used in SEDX, there is less
alongshore sediment transport at the higher water level of 2,15 m
above CHS Datum at node 1 at King Point. A similar result was found

at node 2 with a very different upper beach profile.

A closer examination of the implications of large surges at
King Point explains these results. At node 2 a 2.15 m surge would
partially submerge a very steep bluff which causes a significant
reduction in the width of the active sediment transport zone, and

reduces the alongshore sediment transport rate.

At node 1, a 2,15 m surge would submerge the barrier beach,
creating in effect, a profile with a very large bar which the model
was not designed to accommodate. Consequently, a modified profile
was introduced in which a long gentle upward slope was connected to
the crest of the barrier at the same slope as the top of the barrier

in place of the back slope. Therefore, the decreased sediment

transport at node 2 during the surge can be attributed to a much less

steep slope in the zone of active transport at the raised water
level, This is believed to be a good simulation of what occurs in

reality except that overwashing of the barrier was not included.
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The analysis was repeated for a smaller surge with a peak
height of 0,9m above MWL. A slight decrease in sediment transport

was observed at both nodes.

The greatest effect was found at Atkinson Point where
similar surge sensitivity calculations were made. There, large
surges (with a peak height of 2,75m above MWL) were found to increase
the alongshore transport to a significant extent (by approximately
50%). Smaller surges with a peak height of 1.5m above MWL do not
significantly increase the transport (less than 10% during a storm
event) .In that case the profile was moderately convex and the grain
size was taken to be constant., Taking account of surge frequencies
it is inferred that the effect of surges on the annual rate at
Atkinson Point would be to increase it by 5-10%, which is not
significant compared to the standard deviation of sediment transport

estimates (see Section 6.4.,2).

A sensitivity analysis was also completed at Tuktoyaktuk.
The shallow water wave hindcast and the wave transformations were
repeated at storm surge depths., While the inshore wave heights were
greater, the sediment transport during the storm surge decreased
significantly because the sediment distribution changes in the
shoreward direction from sand to gravel, which is less mobile., A

similar trend was evident for small surges.

Surges at Kay Point, Stokes Point, and Pauline Cove are not

significant (see Table 5.1). A surge sensitivity analysis could not
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be completed at North Head due to a lack of profile data above mean

water level.

The sensitivity analyses at Atkinson Point, King Point and
Tuktoyaktuk demonstrate that the response of alongshore sediment
transport to water level changes is site dependent. The response is
very sensitive to input parameters which characterize the raised
water level zone of active transport. It would appear that in cases
where the slope of the surge-inundated area is either much steeper
(in the case of bluffs) or much more shallow (in the case of

low~lying areas), sediment transport will tend to be reduced.

The foregoing results, in general, show that the effects of
elevated water levels on alongshore sediment transport cannot on
their own account for large shoreline recessions known to have
occurred, However because they usually occur in conjunction with
severe wave conditions, storm surges are, in fact, normally
associated with major sediment transport events that accompany the

more striking examples of coastal change.
5.6 Implications of the Surge Sensitiviy Analysis

The onshore~offshore sediment transbort model (SEGAR) shows
much greater sensitiviy to water level changes associated with storm
surges, this is reported in Section 7. It can be postulated that
alongshore sediment transport plays an important interactive role in
profile adjustment, However, this is not reproduced directly with

the techniques employed in this study.
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Considering that the sensitivity of the profile adjustment
model to water level changes overshadows the sensitivity of the
alongshore sediment transport models, the fourteen year sediment
transport runs have been performed at mean water level (0.5 m above
CHS datum) for each site. The assessment of the recession rates and
the change in morphology at each of the study sites will have to
incorporate both the sediment transport results and the

onshore-offshore profile change results.




SECTION 6 LITTORAL TRANSPORT ESTIMATION

The sediment transport numerical modelling package,

SEDX, was implemented at two inshore nodes for each of the

following sites: Stokes Point,'Kay Point, King Point, North

Head, Tuktoyaktuk, and Atkinson Point. A detailed description

of SEDX is given in Fleming, Philpott, and Pinchin (1984); only

a summary is provided herein.

6.1 Qutline of Method

The sediment. transport rates were computed using data

from the hindcast, statistical analysis, spectral transfer and

refraction analysis stages. The procedure used was as follows:-

+Hindcast hourly deep water significant wave
conditions for the fourteen year period 1970-1983.

.Collate these wave conditions into statistical groups
of 10 degree directional increments, 0.3 m wave height
increments and 0.5 s wave period increments.

.Transfer the offshore statistics to corresponding
inshore statistics., This was done by combining the
offshore statistics with the spectral transfer output,
.Apply the alongshore sediment transport suite SEDX to
the inshore wave conditions to compute alongshore

transport rates using twelve different models.
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6.2 Alongshore Sediment Transport Package

The sediment transport package, SEDX, incorporates
three variants of the bulk energy.model and nine different
detailed predictor models (see Table 6.1). The detailed

predictor models are coupled with a longshore current model.
6.2.1 Bulk Energy Models

The three total energy bulk alongshore sediment
transport models assume that the available energy of waves
approaching the shoreline can be related to the alongshore sand

transport rate. All three methods are variants of the U.S. Army

Coastal Engineering Research Centre, Shore Protection Manual

original model. The metric version of the original formula is:

‘ 2 i (6.1)
Q= 0-01974 T (Hy(Kp)® sin ()

where q ¢ is the alongshore sediment transport rate
in m3/s, Tp is the peak wave period, HS is the
deepwater significant wave height, Kp is the refraction
coefficent and @ is the wave breaker angle to the
shoreline. Swart (1976b) introduced a parameter to
account for the grain size of the bed material. This
parameter can be represented as a factor,

0.00146 . {(6.2)
K = 1.466 log,q ( =p—)
to be applied to Equation 6.1 (Dg, is the median grain

diameter),
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Table 6.1

The Sediment Transport Models - References

and General Classification

Model/Name

CERC rormula

Queen's modified CERC
Formula

Swart modified CERC
Formula

Bijker Formula

Engelund and Hansen
(by Swart)

Swart model
Willis model

Van der Graaf and
Van Qvereem
Nielsen model

(breaking waves)

Nielsen model
(non~breaking waves)

Fleming model

Swart and Lenhoff
model

References

U.S. Army Coastal
Engineering Research
Centre =~ CERC (1977)

Kamphuis and sayao (1982)

Davies (1984)

Swart (1976b)

Bijker (1971)

Swart (1976b)

Swart (1976a)

Willis (1978)

vVan der Graaf and Van
Overeem (1979)

Nielsen et al.,, (1978)

Nielsen (1979)

Nielsen et al,, (1978)

Nielsen (1979)

Fleming (1977)

Swart and Lenhoff (1980)

General Classification

Bulk energy model

Bulk energy model

Bulk energy model

Based on bed and/or
suspended load
concentration

Based on bed and/or
suspended load
concentration

Adaptation of Ackers
and White

Adaptation of Ackers
and White

Adaptation of Ackers
and White

Based on bed and/or
suspended load
concentration

Based on bed and/or
suspended load
concentration

Based on bed and/or
suspended load
cong¢entration

Adaptation of Ackers
and White
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Sayao and Kamphuis (1982) introduced the surf similarity
parameter to account for the effect of beach slope and the rate
of wave energy dissipation. To be applied to Equation 6.1 this

parameter can be described as a multiplying factor,
N D) (6.3)
Y
where Y is the breaker index and m is beach slope.
Recently, Davies (1984) has developed an expression for «
from a study of field experiments. He found .K was related to
suspended sediment concentrétion which was a function of energy
density per wave at breakpoint, E,,, defined as
pg3/2Hg d;/z T

E = - (6.4)
bw 8

where p is the density of water and dp is the beaker depth.

The expression for K was found to be:

' 0.54

Epw

bwc

with Ebwc = 0.95 KJ/wave/m crest.

6.2,2 Detailed Predictors

The remaining models may be classed as detailed sediment
transport predictors. These provide either, a) suspended load

plus bed load, or b), total estimates of sediment concentration




which is then transported by the action of background currents.
All such models have been developed for use with linear wave
theory and require a current to be applied for any net movement
to take place. A brief description of these models is provided
here. The models fall into two very general categories, those
which are similar to the Bijker (1971) derivation (e.g. includes
a suspended load distribution and usually a bed load expression)
and those which are modifications of the Ackers and White (1973)

formula.

6.2.2,1 Bijker Related Models

Bijker's original formula developed in 1967 is one of
the earliest attempts to describe in detail both bed lcad and
suspended load due to waves and currents . The bed load formula
was adapted from the Frijlink (1952) formula for sediment
transport in unidirectional flow by modifying the shear stress
terms to account for the stirring action of waves., The
sugspended load is found by defining the Rouse-Einstein
distribution of suspended material from the bed to the free
surface and integrating the product of this distribution and
instantaneous velocity through the depth, (See Einstein, 1950).
Although the formula contains no inception of motion criterion,
the transport rates predicted for shear stresses below the

threshold shear are very low.




Swart (1976a) adapted the original formula by Engelund
and Hansen (1967) for the prediction of total sediment transport
rates in any depth under steady flow conditions in an analagous
manner to the Bijker formula., The expression does not contain

an initiation of movement criterion either.

Fleming (1977) developed a transport formula from which
the bed load and suspended load for wave action can be
predicted, He defined a reference concentration close to the
bed and used a force balance of bed particles to derive a
theoretical expression for its value. It contains an incipient
motion criterion, It also assumes that the concentration at the
bed cannot exceed 0.52 and that the eddy diffusivity is constant
above the bed load region. Integration of the product of
concentration and a one-seventh power law velocity distribution

through the depth provides the transport rate,

Nielsen (1979) and Nielsen et al. (1978) determined the
distribution of suspended sediment with distance from the bed
for breaking (spilling breakers) and non-breaking wave
conditions in the laboratory. The data were used to develop
guantitative predictors for the eddy diffusivity, which were
found to be.constant with distance from the bed for non~breaking
waves and increasing strongly with distance from the bed for
breaking waves. Nielsen also defined a reference concentration

at the top of the bedforms. It contains an incipient motion




criterion., The total load transport rate is determined by
integrating the product of the respective concentration
distribution (either for non-breaking or breaking waves) with
the one-seventh power law velocity distribution. The Nielsen

derivation assumes all transport is by suspension,

6.2.2.2 Adapted Ackers and White Models

Ackers and White (1973) developed a technique for
estimating sediment load in unidirectional flow by considering
that the work done in moving sediment is the product of the

power available to move the sediment and the efficiency of the
system. Their derivation makes a distinction between bed load

and suspended load on the basis of dimensionless grain size and
not on the basis of position in the water column, Distinct
ranges of dimensionless grain size are considered to be moved
predominantly as bed load, as suspended load or by a mixture of

both. A threshold of sediment movement criterion is included.

In his version of the Ackers and White formula, Swart
(1976b) adapted the fine grained component of shear stress to
include the effect of wave action. A subsequent version

adjusted initiation of movement relationships.




Willis (1978) concluded that the critical (incipient
motion) value of mobility number given by Ackers and White is
different for combined wave and current action from the value
for currents alone. To compensate for this difference he
multiplied the wave induced shear stresses by an empirical
coefficient which is a function of'grain size, Willis also
adapted both the fine grained and coarse grained components of

shear stress to include the effect of wave action.

vVan der Graff and Van Overeem (1979) added the effect
of waves on shear stresses to both the fine-grained and
coarse-grained components of shear. At the same time, they used
the same critical mobility number as for steady state conditions

as well as a steady state formulation for wave power.

Another version of the Ackers and White formula has
been developed by Swart and Lenhoff (1980). This version
integrates all instantaneous time dependent variables through a
wave period. Values for instantaneous resultant velocity at the
bed and instantaneous shear stress at the bed are found by
vector addition of the contributions by the waves and the
currents. An empirical formulation of critical mobility number
is developed from 800 data sets for a wide range of flow

conditions inc¢luding:




- observed incipient motion on a flat bed for waves
only

- observed incipient motion on a rippled bed for waves
only

- observed incipient motion on a flat bed with waves
and currents

- gsediment load data over rippled beds for waves only

- sediment load data over rippled bed with waves and

currents,

6.2.3 Alongshore Current Model

The rationale behind the SEDX package approach is
explained by Swart and Fleming (1980). 1In order to objectively
compare results from the different sediment transport formulae
the input variables must be determined consistently.
Accordingly, the same longshore current model should be used in
each detailed predictor, A new framework for the prediction of
alongshore currents was proposed by Fleming and Swart (1982). A
brief summary of the principles and assumptions they applied

follows,

The magnitude and distribution of the wave-driven
alongshore current in the breaker zone depends on the momentum
balance, which in turn depends on the underwater profile, the

incident wave characteristic¢s and the wave breaking mechanism,




In 1970 Longuet-Higgins solved this momentum balance equation in
the alongshore direction in the shdre area by making specific
assumptions regarding three individual terms; namely, the
driving force or radiation stress term, the bed shear and the

lateral mixing, the latter two being dissipative terms,

The momentum balance in the alongshore direction x as

given by Longuet-Higgins is:

38R 8

X A

3y + Bx + 3y 0 (6.6)

aR

where _3%5 = variation in £flux of x-momentum

with distance y offshore;

By = bed shear in the direction of the
longshore current; and

aD

3?1 = exchange of momentum due to lateral

' mixing.

The type of solution obtained, or more specifically the
variation of the current with distance offshore, depends on the

assumptions made regarding these three terms.

Predicted alongshore sediment transport rates are very
sensitive to the distribution and magnitude of the alongshore
current. An error in prediction of the alongshore current of 10

percent could cause an error in the prediction of the alongshore




sediment transport of as high as 70 percent. (Fleming and

Swart, 1982).

In a laboratory study into current patterns in the
vicinity of a proposed coastal structure, it was observed that
alongshore current velocities generated by regular waves on a
very flat beach (a slope of 1 in 100) were between 2 and 5 times
higher than predictions with the Longuet-Higgins model would
tend to indicate (CSIR, 1978). This anomaly is seemingly

coupled to the bed roughness.

Fleming and Swart in a reanalysis of the data
originally used by Longuet- Higgins, developed a functional
expression for the roughness parameter C|y used by
Longuet=-Higgins to determine bed shear. Many investigators have
assumed C y to be a constant equal to 0.01; Fleming and Swart
have shown it is in fact related to bed slope and bed roughness

as follows:

9 0.85
= W . (6.7)

where Ch Chezy roughness coefficient

wave friction factor.

M
z
(]

beach slope

8
W




A theoretical framework for the prediction of
alongshore currents generated by random waves was developed by
Battjes (1974) which yielded reliable results. It is comparable
to the Longuet- Higgins approach for regular waves except that
wave set-up was not neglected and for the obvious differences
between regular and random waves. The method has to be applied
numerically since no analytical solution was found. Battijes
draws the very important conclusion that lateral mixing is not
important in the determination of the velocity profile for

random waves and may therefore be omitted.

For SEDX a derivation for random waves was carried out
at the same level of assumption as used by Longuet-Higgins for

regular waves:-

(i) Linear wave theory is used;

(ii) Waves are random with a Rayleigh height
distribution;

(iii) wWaves break as spilling breakers with a constant
breaker index Y, = Hp/dy throughout the
breaker zone;

(iv) The wave spectrum within the breaker zone is
treated in the same way as by Battjes

(1974), that is, waves in excess of'm times the




where

and

6-13

water depth are reduced to ybtimes the water

depth;

(v) Wave set-up is initially neglected and the
implication is discussed in Fleming and Swart
(1982);

(vi) The bed slope m in the breaker zone is

considered constant;
(vii) The bed roughness coefficient C y is constant
over the breaker zone; and

(viii) Lateral mixing is neglected (Battjes, 1974).

The final expression for longshore currents is given as

Vo= Voip FY) (6.8)
5x 'Yb(gdbs)o.5 .
VOir = -1-6-—-(:1-'-?'— tan m Sin= bs COS“bS (6.9)
2 .2
ap” d
F(y) = (af‘b—) ) vy ep (- =) (6.10)
| s

’ frms

where Hepps = fictitiaué rms wave height at water depth
d, which would have existed under the influence of
shoaling, refraction, and bed friction if no wave

breaking had occurred.
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H = mean wave height at depth d, after including the
effect of wave breaking and subscript bs refers to the

significant breaker line,

6.3 Application of the Alongshore Sediment Transport Model
6.3.1 Optional Modes of Operation

A complete summary of the different operational modes
in the sediment transport package is presented in Fleming,
Philpott, and Pinchin (1984). Only an update of additional
features which have been incorporated into the model in the

interim is presented.

In order to apply SEDX to shorelines with coarse-
grained sediment a change had to be made to allow the option of
calculating the roughness length on the basis of 2*D90 instead
of ripple height, This alteration reflects the assumption that

ripples do not form on gravel beds.

For the detailed predictor transport models, the
profile is divided into sediment transport zones. The
availability of sediment distributions at different depths along
the profile prompted another change in SEDX to incorporate this

more detailed information.
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6.3.2 Input Data

Several input parameters were common to the six sites
where SEDX was implemented. At each site an average water
~temperature of one degree Celsius was used for the computation
of kinematic viscosity. Also, for each site, for the sediment,
a relative mass density of 1.52 and a porosity of 0.6 were

used. The porosity is required for mass transport to volume

conversions.

Site specific information is summarized for each node
at each site in tables preceding the detailed sediment transport
results given in Part 1I of this report. As an example, the
data at King Point is examined herein (See Table 6.2),
Information is presented for both nodes on this table. The
first item is the profile data and the corresponding profiles
for King Point are shown in Figure 6.1. (Beach profiles are
presented for each site in Part II of this report). The profile
data is followed by the input grain size distributions. At node
1, the first distribution shown (a gravel) applies to zone 1 on
the profile, profile zones 2 to 8 are characterized by the
second grain size distribution which is a medium to fine sand.
The chosen option for calculating bottom roughness is also shown
alongside the grain size distributions. The next data item is
the depth at the node which was set in the refraction analysis.

The U.T.M. coordinates of each node used in the study are
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Table 6.2 - King Point, Input for SEDX (Nodes 1 and 2)
BEAUFORT SEA COASTAL SEDIMENT STUDY

Current date is 82/27/85
Current tise is 17:45:43.45

14 YEAR AVERAGE SEDINENT TRANSPORT HINDCAST
WAVE DATA IS HINDCAST FAON TUKTOYAKTUK N.W.T. WINDS
This run used the following sedisent transport sodels

1 CERC formula

2 Queen®s sodified CERC (March 1985)
3 Swart sodified CERC

4 Bijker formula

5 Engelund and Hansen ( hy Swart )

7 Swart sodel

8 Willis nsodel

9 Van Der Braaf and Oversen sodel
19 Nielsen sodel (breaking waves)

11 Mielsen model (non breaking waves)
12 Fleaing aode]

13 Swart and Lenhoff sode}

KING POINY NODE | MEAN WATER LEVEL

Profile Data
lone { 2 3 4 S b 7 8
Shoreline 0/§ to aid-zone 3.2 127 25,2 4B 1313 3565 586.5 B96.5
Sed. Transport Zone Midth b8 12,5 12,5 25.8 150.8 J@e.@ 140.9 280,28
Depth at Centre of Ione 23 g9 L2 2.8 LW A5 675 935
Sediaent Transport Switch On On On n On Gn Bn On

Input Grain Size Distribution (am)
Ione D16 025 D35 0se D45 075 a4 LT ] )
I .1 L980 4.980 9.300 12,798 16,200 21,7209 25.080 Roughness Based on 2099
2toB8.168 .21 265 .38 .528 .78 L.M45 1,399 Roughness Based on Ripple Height

refraction analysis was to a depth of 4.0 aters
beach norwal azisuth = 43.5 degrees
weighted breaker depth = 47 seters

KING POINT NODE 2 MEAN WATER LEVEL

Profile Data
Ione {. 2 3 4 §
Shoreline 0/5 to mid-zone 3.6 123 32,3 107,37  282.3
Sed. Transport Zone Nidth 7.3 8.9 388 128.0 238.8
Depth at Centre of Ilone W25 5  L73 408 8.00
Sediaent Transport Switch On fn On in On

Input Grain Size Distribution (mm)
Ione D16 028 JIk4] D50 D&% T4 a4 09
I .0 .98 4900 B.380 12,780 16.200 21.200 25.888 Roughness Based on 2098
2ted . 168 218 265,388 520,738 1,045 1,399 Roughness Based on Ripple Height

refraction analysis was to a depth of 4.8 aeters
beach norsal azisuth = 38.0 degrees
weighted breaker depth = .48 aaters
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provided on the location plans in Part II of this report. The
beach normal azimuth of the profile used in the sediment
transport calculations is also given. Finally, the weighted (or
average) breaker depth provides an indication of the intensity

of the inshore wave climate.

6.4 Sediment Transport Results

6.4.1 Form of Results

The results for King Point (node 1) are presented in
the following pages. Complete sets of results (excluding
Pauline Cove) are presented in Part II of this report. The six

basic forms of output are described as follows:

Tables 6.3 and 6.4, Gross, net, positive and negative
sediment transport rates for each profile zone and in total
across the profile. Positive values are defined as clockwise
with respect to the beach normal and negative is
counter—clockwise with respect to the beach normal, Cumulative
distribution of net sediment transport and percentage
distribution of net sediment transport across the profile., The
detailed output for King Point is also presented in graphical

form in Part Il of this report.
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Table 6.3 - King Point SEDX results (I) - Node 1

RESULTS OF ALL WAVE CONDITIONS

KING POINT NODE 1, MEAM WATER LEVEL
GROSS SEDIMENT TRANSPORT RATES (cu.s./w./yr)
Model B(1) B( 2) B{ 3) Bl &) Bl S Bl &) BN B{ 8) Total Transport(cu.s,/yr.)
LHBBE+R5
« 1632E405
LA832E+05
LIBRRE+ED . 15A5E+@2 ,208BE«32 .7IIZE+@0 L 1191E-32 ,B000E+20 . DODOE+0D . PDODE+DD  ,40A4E+E]
226126482 L 1GASE+R4 L 7TATE+D3 L 1393E4B3  L7252E+B1 ,7B03E-02 .DOQRE.B8 .Q0QDE+DB  .J4BOE+QS
LI0OBE+E8 L TASIESE2  (BA2TE+BZ  .1RBSEMI2  .2021E-91  .UAME+U8 .DOGRER® .MRQOE+G@ ,2257E+¥4
AJA0EI2  L2204E+B4 12606404  2943EM0T L J195E492 L 1877E+0D  ,BOBRE+BR . OQORE+BD . 5597E+@5
LS236E4BY L 22BAE+@4 L U1SSE+R4 L 194BE+@T  (BRNTEMR!  .7574E-82  (DRAQE+EQ  .Q0QOE+DB  .4920E+R3
18 .2337E-B1 .23G8E+B4 . 1BAJE+E4  ,1916E+@3  .1O31E+B2  .1386E-91  .QQRNE+Q0 .DERE+GR  .4949E+85
{1 . 4B50E+88 .9129E+@T L ASOSE+DI . 1218E+03  ,1038E+92 . 13B5E-B1 .BRORE+BD  .BR03C+RE . 214BE+RS
12 JI5G4E+92  LS127E+B] L2BAREWT  LISTIE4R2  .2073E+Bl  .6996E-82 .GRODE+QD  .DORGE+ED  .1B26E+85
13 .ADROE+B9  .{3Z2BE+B4  .GOSOE4RS L IBSJE+@3  (3234E+@1  .BOMME-B2  .DOUOE+A0  ,A080E+G0 . 2829E+ED
HEFH S L A I R R R M S RS H R HH E R R R R
HEAN .1233E482 .1263E+84  LHJA3ECDT  .1212E+83 ,.B12BE+Q1  .274BE-d1 ,BEOOE+ED .BBODE+Q0 .295{E+dS
8.0, 2125E+82 .93SIEHI3 . A7O3E+BT  .94926+82 .9Bi3E+B1 OREBE+RA  .DBGDE+O8  BOGRE+AR L 1919E+85

O O s WA e G R

KING POINT NODE 1, MEAN WATER LEVEL
NET SEDIMENT TRANSPORT RATES (cu.a./wm./yr.)
Model B(1) B¢ 21 BL 3 Bt &) Bt % B( &) BL D B( 8) Total Transport(cu.s./yr.)
‘ JSRE9E+04
+SB13E+04
. 2B35E+84
LIBBRE+RD L 11BOE+E2  L2B47E+82 .7312E+00 L 1191E-32 .BOO8E+GR  ,QR00E+00  .DOQRE+BD L 4226E+83
~. 50096401 ,9136E41  ABTGEAEI 12096483 72246481 ,7803E-02 .DOROE+d9  .GOQ0E+QD  ,92G5E+d4
LIBH06+80  (2947E+82 . TOO3E+02 L 18B4E+02  (2821E-§1  .DOSOE+RD . 0DBOE+DD  ,DOOBE+BD . 1S591E+B4
-, 1655E+02  ,294TE+B2  .5B98E«B3 (23426483 L JIT7E+D2  .1B7TE+QD  .BOBOE+A8  .0000E+9d ., 1BI4EMDS
= AA22E4R1 L IAZ8E+3  .7A7BEDY  L1B3TE#B3  .79BSE4B]  ,7074E-92  .BOROE+GQ L BOQUENR  ,1H91E+ET
18 AB20E-87 L 192%E4BY  LOTIZEWIT L IBI2E+B3  (IB29E492 L 1396E-81 L DOROE+DD . BOGRE+DR ., 1ABSE4R5
11 - 9882E-81 9124482 ,2359EeQ3 . 11G6E+@3 L 1N29E+D2  1380E-@1  .GOQ0E+3Q  .QQQ8E+30 .B4H0C+84
12 ~,3930E+81 - 6BIRE+D1 . 963AE+B2  ,2996E+82 .2063E+81  ,6995E-02 .BOAGE+GD  ,0083E+@8 ,2154E+Q4
13 .O000E+B8 . 1JA9E+83  4066E+BT  L9951E+@2  (3224E+Q1  .BOSAE-§2 . D00BE+QR . DRORE+0D  ,1D74E+ES
S M P R R R L R R R R L S M R H R R R LR R R M R R R R AR
MEAN-,JBBTE+@1  .TPAZE+82 . 37026eQ3 . 1@B2E+@3  LBO97E+@!  .2740E-81  ,ROQOE+dD . BDAME+2D  .B2B1E+D4
5.0, JSA29E4R]  ,TIT@E+82 (2733E+@3  .Q275E+82 ,9759E+81  .0080E+00  ,BOQDE+RD .DREDED . 537HE+DS

O OO TR S S b e

KING POINT NODE 1, MEAN WATER LEVEL .
POSITIVE SEDIMENT TRANSPORT RATES (clockwise wrt. beach norsal)
Model B(1) Bt 2) Bt 3 BL &) Bt 5 B( &) BN B( 8} Total Transport(cu.s./yr.)
{ .2491E+@5
«J1L7E+ES
+ L IBAE+D5

LIRQ0ERD L 1426E482  (2064E482  ,TIIZE+00 L 1191E-3Z  .DOODE+3R . BOQQE+ED  .9ROOERR . 454ASE+D]
J032E4Q2  (B240EHT L S9E9E+03 L 1201E+83  ,7238E+91 .78@3E-92 .D0Q0EAQ8  ,BBRGE+0d  ,220BE+85
ODBDE+30  ,SIB9E+B2  .BMASE+92 .18BTE«2 ,2021E-B1  .BOQOE+00  ,B000E+80 .BOQ0E+BD . 1924E+D4
JAIMTEHR2  LLUITESRE 92496483 (265E+@3  .JIBGEHE2 L 1877E4ER L 0OU0E+E0  ,MOQOE+d  .I7IHE+RD
9 LI907E+@t  L1213E404  9T37E4@S 19926483  .7996E+@1  ,7574E-32 .DOMBE+d0  ,D0Q8E+@p . 3305E+BS
10 IMIBE-0)  LI129BE+B4  LBO73ECD3 L 1BAAE+BS  .1030E+2  .I3BGE-1  .O0Q0EXQQ  .00Q0E+B9 . 3IJ1BE+DS
11 J1972E+88  .GO21E+Q3  JASTE+83 L 115BE+3 . 1B30E+02  .13BUE-@1 .DORGC+08 .00QBE«RD . 1DB4E+ES
12 .GB54E+B1 . 2029E+83 . ISEOE+B3  .3264E+82  286BE+81  ,6996E-02  .BOQ3E+08  .00REEHDE  ,5209E+4
13 .0000E+08 .7IITE+D3  LJBG3EM3  AB24EADT L 3229E+81  .BBAAE-D2  .D0RDE+BD  ,QBQE+08 . 1952E+4@3
HH M S A H R R R R L R R R L R HE A
HEAN .460BE+Q]  .5066EHNT  .OO22E4O3 L I1ATEMET  LB1126+81  L2740E-91 ,Q200C+80 .@0Q0E+B@ . 1Bl4E+BS
S.Da J7T0EHRL ATMIEXDT LJGORE40T  (B9L9E+82 L 97BGE+8]  ,B00BE+09  .DQBRE+2D . DOGBE.RD . 1234E+Q5

0O~ WA M

EEEEEEEEEEEEEEEEE—————
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Table 6.4 - King Point SEDX results (II) - Node 1
KING POINT NODE 1, MEAN WATER LEVEL _ I
NEGATIVE SEDIMENT TRANSPORT RATES {counter clockwise wrt. beach noraal) '
Model B(1) B{ 2) MY Bl &) Bt 5 Bt &) B(7) B( 8) Total Transport(cu.s./yr.
. 1998£+85

1

2 «S354E+D4
3 AR19EHES
§  D0BBE+RD  .2387E+Q1  ,1646E+00 ,1533E-19 .A0QRE+32 ,0009E+@9 .00ME+Q0 .@0BE+BE . 3199E+D2
5 .1560E+B2  LBI77E4BI  .1B33E+83 .7167Ed1 . 1AG3E-D]  .0000E+39 ,0000E+2Q .QOARE+A0  ,1288E+B5
7 .Q008E+B0 ,22426+92 .4223E+B)  .5709E-82 ,BOOGE+0 ,MOQOE+3D .BOOOE+D .BOQOE+ED  .3332E+B3
B .4000E+@2 ,1007EWQ4  (J3G2E+4Q3  .298SE+@2  .B962E-#1  ,B000E+09 .09@PE+)  .Q0BBE+@P  .187BE+@5
9 J3329E+B]  LI071E+B4  ,285BECDT  LGSA3E+D1  L1079E-81  .0000E+BD ,DOOE+B® ,0BARE+B0 . 1315E+BS
18 .9276E-82 L IB9GE4M4  .I9H1E+BI  .S211E+@) ,G790€-02 ,DOQOE+R8  .DOUDELDR  .DBUGE+IR  .1431E+BS5
11 .2878E+8@  A10GE+@3 .1098E+83 ,S209E+B1  .B7TAE-02 .000C+@D .DOQOE+00 .DPARBE+AD  .4b41E+B4
12 . 9785E+Q1  ,209BE+B3 . 5A126+82 ,2673E+0! .5O5BE-82 .Q000E+A .B0ROE+G0 ,DRGOE+00 . ABSAE+B4

13 BRO0E+A0  ,S0GGEE3  L99A1ED2  .2874E+B1  .SISIE-92 ,D000E+00 .Q00DE+@R  .9BORE+D0  .877SE+D4
A M R R F R M R R R LR R

MEAN .7669E+B1 .5962E+B3  .1J20E+B3  .4526E+81  .15BOE-81 ,DGQOE+R .BO0BE+B .DOQDEBD  .9942E+34
§.D. ,I333E+82 L M467EXE3  .1BOBYE+RT  .B834E+8]  .Q0BOE+@0  .BOBDE+BR  ,DOROE+A8  ,QOGBE+ED  .4BYSE+Rd

KING POINT NODE 1, MEAN WATER LEVEL
CUMULATIVE DISTRIBUTION OF NET SEDINENT TRANSPORT (cu.m./yr.)
Model B(1) Bt 2 Bt 3 Bl 4) Bt S Bt &) B 7 Bt 8)
§ 00005480 LABMEHDT  ABATEXAT  LA226E483 L A226E¢@3  (A220E4B3  LA22GE+E3  L4226EHRT
S -.J28BE+82 .BITZE+Q2 .SI76E+d4  .BZMBE+B4  ,9283E+04  ,9203E+B4  .92BSE+D4 L 9285E+04
7 BO0BEHR  ,3LBMEDT  L{31GE+D4 . (SEOE+B4  .1S91E+04 L {5IEMM4 L ISOIEHR4  ,1S91E4Q4
8 - 1BETEHAT  (2614E+BT  .TH33E+@4 L 1334E¢B5  1B30E485  .1B3LE+B5S ,{BILE+ES . (BISEHS
9 -.9189E+81 L 1756E+Q4 L LI11E+BS . ISTIE+BS  ,1A9RE+BD L 14F1E4B5 L 1691E+BS L 1691E+485
18 JISE-81  .2407E+@4  (10G0EX0S  .ISI3E+5  .1ABTE+BS L 140BE+@5 . 16B9E+@5 . 14ABE+AS
11 -.GBASE+BR . [14DE+@4 . 4DEVE+@4  AB53E+E4  B396E+E4  .B4U0E+D4  ,BARGE«D4  ,B4ROE+BA
12 -.2540E+02 -.11BSE+BT  (1094E+@4 . IBASE+D4  L2152E+@4  21S4E+Q4  21S4E+@4 L 21S4E+@4

13 (DORBE+E0 . 15BOE+BA . 7TA9E+@4 L 1026E+@5 L LBTE«ES  ,1074E+DS L 1O7TAE+@S L 1874E+@5 l |

HEHEHH R HHH U H S R R R R R S R R S R E R R R L L H R R R R E R R E

MEAN-,1944E+02 .B0Q8E+@T  .5SABBE+B4  O193E+04  9407E+B4 . 94ISE+M4  ,9A15E+04  ,941SE+94
S.0. .JSOBE+B2  ,91B2E+Q3  4096E+@4  S9B2E4E4  AQATEHD4  LA977E+04  LB97TE+B4 L A9TTE+R4

KING POINT NODE 1, NEAN WATER LEVEL
PERCENTAGE DISTRIBUTION OF NET SEDIMENT TRANSPORT

Model  Bil) B2 B 3 Bl 4) B( S B( &) B(7) B( 8)
4 .98 35.98 61,89 2,2 .08 .00 N[ .00
5 -.94 1.69 75.51 2.4 1.34 .00 .89 .00
7 .08 25.37 65.27 9.35 42 .89 .09 .00

' 8 -1.98 1.38 67.72 27,12 3.45 R .00 .00
] -13 13.15 59.24 1.0 J4 .20 .09 .28

19 .08 18.24 63.61 17,17 98 .00 .08 .09
11 -8 2.7 52,47 24,48 2.39 .28 .09 .0
12 -3.34 ~5.79 81.90 25.47 1.75 N ) .28 .09
13 .00 18,42 67,19 13.74 A5 .00 N ] .08

FREFHEEE M R R R L R R R R R R R R R H R R R R R R R R E R R R R R R E R R R R R R R R R R RS R R E A F R R E 1RSS4 21 4E

MEAN -.78 14.53 67.22 17.48 1.25 .48 .18 .20
§.D. 1.18 12,94 8.26 8.26 1.18 N ] .08 )

-
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6.4.2 Summary of Results

The totals of positive and negative sediment transport
estimates from each model are presented for each node at each
site in Table 6.5, It is apparent that at each site estimates
of sediment transport vary among the models by at least two
orders of magnitude. Best estimates of sediment transport (as
shown on Table 6.5 and on Figures 6.2 to 6.7 ) were produced by
screening out invalid results. Those models which were
considered to produce valid results are identified on Table
6.5. The choice of valid models varies from site to site since
it depends on environmental conditions such as beach slope and
sediment size distribution. A full description of the beach
profiles and sediment distributions is given for each site in
Part II of this report. The selection of valid models is

described in the following sub-section.

It should be recognized that the variation in results
could have been reduced by individually tuning the models.
However, the package deal approach was adopted specifically to

facilitate objective intercomparison of models. (6.2.3)

6.4.3 Selection of valid Models

The principal conclusion from the SEDX runs is that

some of the detailed predictors yield unreasonably high
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Susmary of Sedisent Transport Results and Best Estimates - All Sites (m3 per annum) ‘

TABLE 4.3
Stokes Point  Node | Stokas Point  Node 2 North Head Node { North Head ~ Node 2
Model SIE N/ Nodel 8/& N Hodel N/M 8/E Nodel NN S/E
1 49810 7871 ] 479 B i 1251 37499 ! 1382 11973’
2 13888 1849 2 £1358 ] 2% u 361 P ; 29 1423
3 52988 198228 3 8328 2 3 1519 45148 3 1663 143000
4 18888 3919 4 S044 ] 4 ¥ (] 918 LR '] 1298
H 104588 42878 3 188588 8 5 1746 88538 3 1268 17358
7t 1.0E+86 162199 7 16978 2 7 a 17978 7 ! 113269
B* 1. 4E+Rb 385720 B+ 154108 ] g+ 3293 228888 g 1922 47538
9¢ 1.9E+06 526889 9+ 198308 9 9¢ 1947 203808 9% 1448 54643’
19 19258 8393 M 26378 ] 18 1284 62788 18 914 4818
11 14358 5884 i1 18248 ] i1 382 29458 il 264 Jad98
12 93400 37000 12 47048 ] 12 1232 53009 12 787 18578
13+ 1.8E+04 255788 13 888%% B 13 572 Thé18 i3 413 24450
Best Best Best Best
Estimate 44984 14951 Estimate 40471 Estinmate {aa2 51376 Exstinate gag WBBII
Kay Point Node 1 Kay Point Node 2 Tuktoyaktuk  Node | Tuktoyaktuk  Node 2
Hodel N/E §/%  Model N/E S/¥ Hodel N/E SN Model NJE srl
1 .8 29784 { ) 49070 1 548 22490 i 569 25058
2 8 12578 2 @ a9 2 b1} 1522 2 58 254
3 ] 4318 3 ] 58430 3 265 10538 3 522 1475’
4% 8 9329 4 '] 7297 4 ] ] it ?
H ) 95188 5 [} 68826 ] 636 108908 3 551 133
7 B 82188 7 2 73408 74 2 ] 7% | i
ge | 287904 B [ 214600 8 810 14388 8 999 2244
9 8 3568089 9% ] 263808 9 232 4349 9 294 7274
8 e 15388 12 2 8797 ig 243 7338 18 240 1826
{1 ? 12094 1} ] 1982 i 143 4224 i 145 617!
12 [} 5328 12 8 37090 12 183 3065 12 284 411
13+ ] 177889 13 # '] 135680 13 186 2184 13 158 388
Best Best Best Best '
Estinate 49825 Estimate 43025 Estisate 3 8833 Estisate 333 1888
King Puint Node 1 King Point Node 2 Atkinson Point Node | Atkinson Point Node 2 I
Nodel S/E NN Nodel 5/E N/W Node} N/E 8/ Hodel N/E §/W
1 24915 19908 i 28448 25880 { 74100 15219 1 153280 i 13’
2 11178 3354 2 12500 9484 2¢ 17814 1328 2 44548 {5
3 13848 10198 3 12948 16260 3 98748 20278 3 284200 15148
4 434 ¥4 4% 218 163 4 137188 161%0 4 186408 SEI
5 22089 12808 5 18588 13289 S 722299 98714 R 545988 350
7% 1924 I8 7% 958 862 7% b.TE+Bb 4556308 73 5. JE+D4 Thib6B
8 N 18788 8 16728 23398 B¢ 7.2E486 714708 gt 5.3E+04 1974
9 J30%50 16158 9 15729 21390 9 & 9.7E+86 973588 9% 7.4E+85 2669’
19 31180 16310 1t 15618 21570 18 138408 214688 18 {84508 77
i1 15849 bhdl 13 6326 9155 11 181708 14818 t 79650 5224
12 4209 4054 12 J813 45435 12 # 488080 924658 12 ¢ si310a 327
13 19528 8775 13 9318 12278 13 ¢ 4. 7E+05 443500 13# 3.4E+4 1145
Best Bast Best Best
Estinate 21334 11895 Estisate 12799 15922 Estisate 110088 14948 Estisate 113413

+ sadels NOT used in Best Estimate

76'




[ .

—— 7692000 N

on

Mc Xinley Bay /6,9
Phitlips Bay{ﬁ

‘ 7762000 N g
Universal Transverse Mercator Projection Scale
Zone 8 in
Netres Universal Transverse Mercator Projection Scal
1008 a 1000 2000 3000 Zone 8 ’ca e
n
1000 o 000 2000 3000 Metres
BEAUFORT SEA CORSTAL SEDIMENT STUDY Dutat 2 Py B Dater 2 Foy €5
Scales as shown BEAUFORT SER COASTAL SEDIMENT STUOY —
Atkinson Point: Best Estimate of Net Potential Sediment Oracked byt 2o shown
Transport Rates 1000°s ma Farth Philpatt Kay Point: Best Estimate of Met Potential Sediment Chacked byt
Corulting Linited Transport Rates  1000's w° Keith Philpott
i Consulting Linlted




FIGURE 5.4 (313 6.5
%
*.'&‘
X =
i
e
o
= - X
%
>
2
7730000 K
o
'
™
»
£ i/
e fien i
M K
5 s
5::-'?":‘.': [—
o [=3
E: L~
=
L]
Y
1
500 Py 500 1000 1500 | 2000 Scale Universal Transverse Mercator Projection Scale
== == in Ione 8 in
Universal Transv;;:: l;ercator Projection Metres 1000 0 1000 2000 3000 Metres
BEAUFORT SEA CORSTAL SEDIMENT STUDY Doter 2 Moy 8S BEAUFORT SEA COASTAL SEDIMENT STLDY Drta: 2 roy 83
Scales as shown Scalas as shown
King Point: Best Estimate of Potential Sediment {hecked by North Head: Best Estimate of Net Potential Sediment Chacked bys
Transport Rates 1000°'s " Keith Philpetrt Transport Rates 1000's " Kelth Philpett
Consulting Linlted Conmulting Linlted




G¢-9

FIGURE 6.6 FIGURE 6.7
3
2
S
o
bl w
=4
2
&
Node 2
Kugmallit Bay
1695000 N ——
&
Kode 1
7701000 N _—
Universal Transverse Mercator roje:tinn Universal Transverse Mercitor Projecti ;
Ione ? ?:ale Zore & cJection .:,:..le
1000 0 1000 2000 3000 Metres w0 ____ I 1000 Metres
BEAUFORT SER COASTAL SEDIMENT STUDY Buter 2 oy 85 , BERUFORT SEA CORSTAL SEDIMENT STUDY Date: 2 Koy 65
Lpemt 2¢ shown Scol os shoun
Stokes Point: Best Estimate of Net Potential Sediment Orackond byt Tuktoyaktuk: Best Estimate of Net Potential Sediment Chacked byt
Transport Rates 1000's n Kelth Philpott Transport Rates 1000's n Kulth Philpott
Consulting Linited Consulting Limtted




6-26

sediment transport rates for fine grain size distributions,
Since all the models are to some degree empirical, they will
have been formulated for a specific range of grain sizes and
slopes, and extrapolation outside of these ranges can cause
instability in places which have a median grain size less than
about 0.25 mm. This is especially true at Atkinson Point where
results from models 5 to 9, 12, and 13 were not included in the
best estimate. It is also apparent to varying degrees at Stokes
Point and Kay Point. Part of the reason for instability of
these models at fine gréin sizes may be related to the threshold
for incipient sediment motion. A recent paper by Wang and Shen
(1985) suggests that the threshold of motion at fine grain sizes
and with turbulent flow may be much higher than under the
laminar sub-layer condition assumed in this modelling system., If
this is true, the Ackers and White models would be expected to

overpredict sediment transport at fine grain sizes.

At Atkinson Point and at node 1 at Stokes Point the
Engelund and Hansen model and the Fleming model were not
included in the best estimate of sediment transport. Again, the
instability is probably related to applying the model outside of
the range of environmental conditions used to derive the
empirical coefficients. The Fleming model was specifically
develpoed for one particular site which had a relatively flat

profile with fine sand,




Results from the Bijker model were also omitted from
best estimates at many sites because the sediment transport
rates were very low. This is a specific instance where
individual calibration would have provided more reasonable
results, Typically, exaggerated roughness lengths are used in

conjunction with this model.

The North Head results bring the influence of another
important factor to light: beach slope. Almost all of the
models at this site produce apparently reasonable results even
though the median grain size diameter was taken as 0.20 mm. The
difference at North Head is an extremely flat beach slope
ranging from 1:200 to 1:425 in the zone of active transport.

The mild slope would act to spread the surf zone producing a
less concentrated zone of wave energy dissipation,
Consequently, the shear stresses would be significantly reduced

thus offsetting the influence of fine grain diameters,

The results at King Point, where the median grain size
was 0.27 mm, proved to be guite reasonable. Only the results
from the Bijker and Swart (Ackers and White, adaptation) models
were not included in the best estimate since the estimates from

these two models were quite low.
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6.4.4 Evaluation of Sediment Transport Models and

Possible Sources of Error

some limitations of the twelve sediment transport
models have been revealed through an analysis of the results.
Other probable limitations which exert an influence on the
results, but yet have not been explicitly identified, will also

be discussed in the following paragraphs.,

Bulk Models:

Because they have a strong empirical basis the results
from the bulk models have been generally accepted as valid.
However, a weakness is that these models do not possess a
threshold criterion for incipient motion and all alongshore wave
energy even that due to minimal wave heights is assumed to be
equally capable of causing sediment transport. Obviously this
is erroneous., Although the strong empirical basis of the
formulae tends to counteract this deficiency, it does mean that
the models can only be accurate within the range of
environmental conditions for which they were derived. These
include wave climate, beach profile, and sediment

characteristics.

Along the Beaufort coast both very fine and very coarse

grain sediments are common, and the results from the bulk
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models should therefore be cautiously interpreted. For example,
the original CERC model was derived from field data with median
grain sizes of 0.2 mm, 0.4 mm, and 0.6 mm. Also, mathematical
instability precludes the use of the Swart CERC model for a
sediment distribution which has a median diameter greater than

1.5 mm,

Detailed Predictors:

Before proceeding to specific comments on the causes
for the wide range of results obtained with the detailed
predictors, some general comments may be in order. First and
foremost it should be appreciated that the development of
detailed alongshore sediment transport models is still in its
infancy. Also, most models have not been thoroughly tested
against data other than that used in their original
derivations. Possibly more important are the facts a) that
most of the models derive from modifications of unidirectional
flow sediment transport techniques; and b) that they depend on a
complex chain of interrelated computations several parts of
which were originally derived under rather different boundary
cases, often only at laboratory scale. The bulk models avoid
the resulting instability problems by making the transport rate
a simple proportion of the alongshore wave power. However, they
do not provide details of the process that are required in many
applications, A final general comment addresses the package

deal approach. Many of the models would produce more realistic
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results if they were calibrated individually, however, the
package deal approach was chosen for this study for the purpose

of objective comparison between sediment transport models.

The calculation of bed roughness and shear stress is
one of the most important steps in the sediment transport
model., These parameters influence both the amount of sediment
mobiljzed as well as the velocity of the longshore current which
moves the mobilized sediment, The effect of bed roughness on
the magnitude of longshore currents has been quantified with the
aid of over 350 individual data sets by Fleming and Swart
(1982) and included in the longshore current model, The effect
of bed roughness on shear stress and the amount of sediment
being mobilized is treated differently in almost every model,
However, the modified Ackers and White formulae exhibit a
greater dependence on shear stress in this respect than do the
Bijker related formulae (with suspended and bed load
expressions) and presumably errors in shear stress will be
magnified in these models., This may partially explain the
instability in these models at fine grain sizes, especially
considering the possible error in threshold shear stress at fine

grain sizes discussed in Section 6.4.3.

The influence of breaking waves will affect the
validity of all model results in several ways. Both sediment
mobility (or suspended concentration) calculations and longshore

current determination are affected. The effect of breaking




waves has been shown by Nielsen et al., (1978) to significantly

influence the level of turbulence in a region of the water

column extending down from the free surface to five times the
ripple height above the bed, Those models which are based
either partly or wholly on the suspended load distribution
through the water column should include the influence of the
increased turbulence caused by breaking waves, Of the five
models of this type only one of the Nielsen models does this. A
comparison of the Nielsen non-breaking and breaking wave
versions reveals that including the influence of turbulence
causes sediment transport rates to increase by up to a factor of
two. Nielsen et al., (1978) determined empirical coefficients
for eddy diffusivity from laboratory measurements of suspended
sediment under spilling breaking and non-breaking waves. The
data set included a wide range of grain sizes from 0.08 mm to
0.55 mm which may be the reason the Nielsen models are the only
detailed predictors which give consistently reasonable results
at fine grain sizes., It should be stressed that none of the
detailed predictors consider plunging breakers which can occur

at some of the Beaufort Sea sites.

There are several other inaccuracies related to the
influence of breaking waves. The wave characteristics inside
the surf zone are definitely not sinusoidal, as assumed. Also,
the bed roughness and wave~-induced bedforms, derived for

non-breaking waves are probably not valid inside the breaker

zone,




There are also several sources of error related to the
longshore current model which could affect the estimated
sediment transport rates. The effect of bed roughness on
longshore currents has already been mentioned. One assumption
in the development of the longshore current package (described
in section 6.2.3) is that all waves break as spilling breakers
and this in turn leads to the assumption that lateral mixing can
be ignored for random waves (Battjes, 1974). However, the steep
nearshore slopes at King Point will cause most waves to form
plunging breakers, and many breakers will be of plunging form at
Stokes Point and Kay Point. Fleming and Swart (1982) suggest
that in the case of longshore currents generated by random waves

breaking as plunging breakers lateral mixing should be included.

Steep beach slopes also cause reflections which
effectively increase the breaker index according to recent field

studies by Thornton and Wu (1984), and hence the constant value

of 0.78 is probably a non-conservative assumption,




SECTION 7 NEARSHORE PROFILE ADJUSTMENT

7.1 Introduction

The nearshore profile adjustment model, SEGAR, computes
changes in beach profile geometry due to changes in wave and
water level conditions such as those due to storm surges, It
was implemented at one inshore node for each of the five
following sites: Atkinson Point, Kay Point, King Point, Stokes
Point and Tuktoyaktuk. There was not sufficient data to use

this model at North Head or Pauline Cove,

SEGAR was developed by D.H. Swart based on his
onshore-offshore sediment transport theory, Swart (1974). The
model computes changes in the nearshore profile as a function of
gradients in onshore-offshore sediment transport based on the
difference between the current profile and an eguilibrium

corresponding to current wave and water level conditions,

This model has been verified at several oceanic sites.
Also, Swain and Houston (1983, 1984) using the same theory and
computational approach have independently developed and verified

their own model usihg different field and laboratory data,




7.2

Theoretical Background

The principles underlying the model may be summarized:

i)

(ii)

A beach profile is characterized by three
distinct zones, each with its own transport

mechanism. These are:

- the backshore which is the area above the wave

run-up limitg;

- a developing profile (D-profile) where a
combination of bedload and suspended load

transport takes place;

-~ a transition area, seaward of the D=-profile
and landward of the point where sediment
transport by wave action is initiated and
where only bed load transport normally takes

place.

The most basic assumption is that the developing
D-profile will eventually reach a stable
configuration under steady wave attack
conditions., This profile is then considered to

be stable in both form and position.
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(iii) The sediment transport rates into (or out of) the
D-profile from (or to) the backshore or

transition area provide the boundary conditions
for the change in the D-profile,

(iv) The rate of onshore/offshore sediment transport
at a given time is a function of the deviation of
the profile at that time from the equilibrium
condition, Consequently, the time dependent
profile development may be examined in relation

to a time series of wave conditions.

A more detailed explanation of these principles and the
computational methods used in the model are presented in a paper

by sSwart (1976) which has been appended to this report.




7.3 Qutline of Methods N

7.3.1 Calibration

The initial step in the analysis is to calibrate the
model against a measured profile. The purpose of calibration is

to tune the model to reproduce a representative measured profile

under the action of the given wave climate. It therefore has to

be assumed that the measured profile is a good representation of
the mean annual profile, a typical wave formed profile

undistorted by antecedent storm or ice action.

For calibration purposes the fourteen year hindcast
wave data set was collated into statistical groups by wave
height, period and direction. The frequency of occurence of
each group was then divided by fourteen to produce an average
year of wave data, This data set was treated as a time-series
and then randomized to remove any biases introduced in the

statistical collation process.

The process of calibration begins by running the model
with the one year of randomized wave data using the measured
profile as the initial condition., Surges were not considered in
the calibration process because they could not be related to the
randomized wave data, The objective of calibration is to produce
a computed profile at the end of the run that closely matches

the measured profile used at the start of the run.




This can generally be achieved by varying a scaling
factor WSKAAL. This factor is used to adjust the active length
of the developing D-profile. A better calibration fit can
sometimes be achieved by also adjusting the mean water level

used during the calibration run.

Once an adequate calibration fit is achieved the
measured profile is recalibrated using a "one-third rollback" of
the initial wave data set. This consists of taking the first one
third of the randomized time-series of waves and splicing it to
the end of the data set, The rollback calibration is a check on

the validity of the initial "random" data set.

The assumption that the input profile should return to
its initial form and position following one year of average wave
data will be valid providing that the wave climate follows an
annual cycle and no sediment is lost from the profile or added

to it,

Four factors which weaken the validity of the

calibration process in the region under study are listed:

1. The annual c¢yclic variation of the wave climate
in the Beaufort Sea is accentuated by the fact
that the open water season is very short, leaving
the possibility of very large year to year

variations in the wave climate.




2. The fact that the shoreline is retreating at many
of the sites indicates that sediment is being
lost either offshore or alongshore, contrary to

one of the assumptions.

3. While surges have a pronounced effect on the
coastal morphology they are not considered in the

calibration process used in this study.

4, Only instantaneous profile measurements were
available at the study sites, and these were not
necessarily representative of the average

profiles at those sites.

Quite often the profile that resulted from a trial
calibration run was different from the input profile. 1In some
cases the subseguent surge analysis was then performed with the
output profile resulting from the calibration run rather than
the measured profile. In these instances the measured profile
was assumed to be non-typical due to profile composition or
antecedent conditions such as ice effects which are not

accounted for by the model.




7.3.2 Storm Surge Analysis

The nearshore profile adjustment analysis is in effect
a surge sensitivity study of nearshore profiles including
estimates for shoreline retreat during large storms, At some

sites rates of annual retreat could also be estimated based on

the recession during individual storm surges.(See section 9).

The storm events used in this analysis are identical to
those used in the surge sensitivity analysis of alongshore
sediment transport (Section 5). Typically, a two to three day
storm event was synthesized using the largest wave event in the
fourteen year hindcast series (around 2 September 1972 at most
sites) superimposed on varying storm surge water level profiles
represented numerically in step form. Each site was usually run
first with no surge and theﬁ'with at least two different levels

of peak surge.

7.4 Application of the Nearshore Profile Adjustment Model

7.4.1 Operational Modes

The SEGAR package has two basic operational modes -
perpendicular or oblique wave attack. In the latter case shear

stresses are increased to account for the presence of nearshore




currents generated by oblique waves, For this study only the
perpendicular wave attack mode was employed since most of the
previous verification for SEGAR has been associated with this

mode.

T.4.2 Input Data

Several input parameters were common to the five sites
investigated, At each site an average water temperature of one
degree Celsius was used for the computation of kinematic
viscosity. A relative mass density of 1.52 was used for the

sediment at each site.

A single sediment size distribution is required for
each profile. The distribution was taken as the shoremost
sediment distribution used for the alongshore sediment transport

modeling,

The profiles used at each site were derived from the
measured profiles used in the alongshore sediment transport
runs., However, in some cases these profiles had to be slightly
altered to be compatible with the software., The profiles are

shown superimposed in Figure 7.1.
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A table showing the maximum wave height and period
during the storms at each site is provided (Table 7.1). The

listing of the wave data files for the storm events are given in

Part II.
Table 7.1
Maximum Wave Condition During Simulated
Storm Surges for SEGAR Runs
Site Inshore Maximum Total Storm Surge Levels
Hs Tp Duraton (hrs) Tested
(m) (s) (No. of wave {peak surge)
conditions) (m.)

Atkinson 2.31 9.06 45 0.0,1.0,1,5,2,75
Kay 2.26 8-48 46 0.0'0-5'1-1
King 1.19 6.65 42 0.0,1.0,1.65
Stokes 1.61 8.48 42 0.5,1.0
Tuktoyaktuk 1.00 6.29 54 0.5,1.5,2.75
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7.5 Form of the Results

In this study the reSultslare presented as figures
showing both initial and final profiles. The model also
provides the amount of retreat or advance at any point along the
profile, The recession at Mean Water Level is given on the

figures under the heading Supplementary Data.

7.6 Discussion of Results
7.6.1 Atkinson pPoint

Calibration runs were attempted at Atkinson Point on
the measured profile using WSKAAL values of 0,7, 1.0 and 1.25
(see Figures 7.2-7.4), The best fit was achieved with a WSKAAL
of 1.25, however it was still not a good representation of the
shape of the measured profile, A further calibration run was
performed with a one metre rise in water level (referred to as
"tide" in Figure 7.5) This produced a very good fit below MWL,
but a relatively poor fit above MWL. Possible reasons for

obtaining a better fit at a raised water level could be:

1, The majority of waves occur at increased water
levels,
2. The datum associated with the profile measurement

could be inaccurate,
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It is also probable that the poor fit above MWL is
related to the fact that the beach at Atkinson Point is actually
on a spit which experiences overtopping. SEGAR was not designed
for spits or barrier beaches. The calibration at Atkinson Point
was deemed unsuccessful because the match above mean water level
was inadequate. Hence the analysis was terminated. It appeared
that the measured profile was inconsistent with the theory

underlying SEGAR.

7.6.2 Kay Point

A series of calibration runs produced the best fit at
Kay Point with WSKAAL = 0,7. There is some deviation between the
final profile from the calibration run and the measured profile
(see Figure 7.6). However, both profiles were thought to be
plausible and conseguently storm surge runs were performed with
both. The results are presented for both profiles for three
storm runs, one with no surge, one with a constant surge of 0.5
m and one with a step form surge series with a peak height of
1.1 m, The latter corresponds to a 2.75 m surge at
Tuktoyaktuk. The results indicate that shoreline retreat
increases at Kay Point as the surge level increases. During a
two day storm with a peak surge of 1.1 m, wave height of 2.26 m,
and wave period of 8.48 s, SEGAR predicted the shoreline would
retreat 9-10 m depending on which initial profile (measured or
calibrated) is adopted. A constant 0.5 m surge produced a
shoreline retreat of about 6.5 m on average. (Results are

presented in Figﬁres 7.7=7.9).
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74643 King Point

Calibration runs on the measured profile at King Point
did not prove to be entirely successful. The best match occurred
with a WSKAAL of 0.7, however the resulting profile was higher
and less steep than the actual measured profile (see Figure
7.10). As with Atkinson Point it is believed that part of the
reason for the poor match relates to the fact that King Point
is a barrier beach subject to overwashing. Consequently, the
resultant profile from the calibration run, rather than the
measured profile, was chosen as the representative profile at
this site. Calibration runs with the initial wave data set and
with a one third roll-back on the déta set gave consistent
results for the adopted profile. (See Part II of this report for

a full set of figures showing all the model runs).

Figures 7,11-7.13 show the results of three storm runs
at varying surge levels., Again, shoreline retreat at mean water
level increases with a rise in water level to a maximum of 4.75

m for a peak surge of 1.65 m above MWL.

Figure 7.13 also shows major flattening of the beach
face in which the crest of the beach berm retreated about 50
metres and rose more that a metre in elevation. Although such
changes are probably not fully realizable on the barrier beach
at King Point they may be interpreted as an indication of

overwashing on the real beach.
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7.6.4 Stokes Point

The most successful calibration run on the measured
profile of Stokes Point was obtained with a WSKAAL value of 0.7
and a water level adjustment (or tide) of =-0.5 m (see Figure
7.14). The need for a negative water level adjustment may

indicate that the reported profile datum is in error.

Storm surge runs were performed on the measured profile
with surges of 0.5 m and 1.0 m which in light of the calibraton

results levels may represent 0.0 m and 0,5 m surges.

The surge runs once again indicated that shoreline
retreat increases as water level increases. At the larger surge
the two day storm produced about 2 m of shoreline retreat at

MWL. (Figure 7.15)

7.6.5 Tuktoyaktuk

In order to obtain a successful calibration run on the
measured profile at Tuktoyaktuk the water level had to adjusted
by the addition of a 0.5 positive tide (see Figure 7.16). Again,
this either indicates an error in establishing the datum of the
measured profile, or it suggests that a majority of the waves
which influence the profile occur when the water level is 0.5 m

higher than the MWL.
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The surge runs gave unusual results at Tuktoyaktuk, in
which a shoreline advance rather than a retreat was recorded at
mean water level for all surge levels, Several explanations can
be offered for this. The primary points are that above MWL the
profile is composed (at least on the surface) of very coarse
material and conseqguently the upper backshore profile is very
much steeper than the relatively gentle sloping nearshore which
is ‘covered with fine sediment. Thié made it impossible to
choose a single representative sediment distribution for the

entire profile,




SECTION 8 EFFECTS OF A STRUCTURE AT KING POINT

8.1 Introduction

The objective was to determine the effect of a hypothetical
structure located at the west end of the barrier beach at King
Point, The structure, in the form of a jetty or causeway, was
assumed to be a total littoral barrier allowing no bypassing of

littoral sediment.

The beach plan shape evolution model (BPLAN) was used to
investigate this problem. The model computes changes in the planform
of a shoreline due to spatial and temporal variations in alongshore
sediment transport rates. It uses wave data in strict chronological
order and updates shoreline geometry at the end of each wave
condition so as to simulate the actual evolution., Coastal planform
adjustments from 1970 to 1983 were determined with and without the

coastal structure.

There is also a discussion of the feasibility of having an
opening in the structure near the shore to facilitate fish

migrations,




8,2 Description of the Model

8.2.1 Theoretical Background

The model (BPLAN) is a one-line shoreline change model based
on the Pelnard-Considere (1956) principle which assumes that the
shoreline erodes or accretes in parallel slices., A simple equation

of continuity illustrates the basic principle, as follows:

aQ
X ay _ (8.1)
—% * = 0

where Q, is the littoral transport rate at point x,
h is the active beach height below and above water,
dy/at represents the rate of shoreline change.

(See Pigure 8.1).

With the present limits of knowledge, only potential
alongshore transport rates, which assume unlimited availabiltiy of
sand, can be computed directly. Similarly, there is an underlying
assumption that all of the material eroded from the active beach face
is transported as littoral material; possible offshore losses of fine
material or overwash losses of coarser material are neglected.
However, where field data is available for calibration it is possible
to approximate the effects of restricted sand supply and offshore or

inshore losses in BPLAN,.

Assume the actual alongshore transport rate Qy is equal
to o Qp » where Qp is the potential transport rate and ¢ is a factor

less than 1. Also, if part of the erosion product of an eroding
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face of height h is lost offshore then the second term in eguation
8.1 becomes Bhdy/at where B is the fraction of erosion product that
is not lost offshore. The case of an accreting beach face where a
proportion of the material is either "lost" over a barrier beach, or
offshore, can be similarly represented, although in that case B8 is

greater than unity. With these two adjustments, equation 8,1 becomes

aQ
a g+ 8h =0 (8.2)

For simplicity the two factors may be combined:

aQ
P B RO . (8.3)

ax*uh% 0

It will be clear from Equation 8.3 that the application of a
single factor to the beach height, in effect the use of a fictitious
height, suffices to calibrate the model to account for either or both
of actual alongshore transport rates and losses from the beach face.
The factor can be varied from one segment of beach to another as
required., Generally, different factors'apply to zones of erosion and
accretion.

The BPLAN model also includes facilities to allow for the

effects of beach nourishment, and for partial littoral barriers as

well as total littoral barriers as used in this study.




8-5

FIGURE 8.2

Depths in Metres

X 1000 Metres

Derte: 8 Mar 85

Scales a5 shown

BERUFORT SER COASTAL SEDIMENT STUDY

Chacked by:

Basel ine Location for Beach Plan Evolution Model Kaith Philpott
Corsulting Limitad

i w




8.2.2 Input Data and Operation

The definition of the shoreline at King Point is shown in
Figure 8.2. The coast was divided into 11 sections and the shape was
determined by the offset from a baseline (dashed lines in Figure
8.2). The 1970 shoreline was used to define the initial condition.
A fictitious erodable beach height was assigned to each section of
beach., The input data for runs without and with a structure are

shown in Tables 8.1 and 8.2 respectively.

The inshore wave climate was defined at five nodes shown on
Figure 8.2. Nodes 1 and 2 were used for the alongshore sediment
transport estimations described in Section 6. The inshore wave
climate for each of the three additional nodes was determined
specifically for application of the beach plan shape model, The
three additional node locations were selected located with the aid of

forward tracking wave refraction diagrams (see example in Figure 8.3)

The wave characteristics were interpolated at seven more
locations to provide twelve littoral drift calculation points (these
points fall on the solid lines in Figure 8.2). The model was applied
using fourteen years of sequential hindcast data (1970-1983). Waves
are refracted from the inshore node (at a depth of 4 m) to the
breakpoint using plane beach refraction, assuming the contours are

locally parallel to the shoreline., The potential littoral drift rate

is then calculated for the twelve points using the Swart (1976b)
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Table 8.1
Application of the Beach Plan Model at King Point
Conditions Without a Structure

Operating Conditions for Final Run 1978-1983

Beach Plan Shape Mode) Results - Without a Structure - Run KPBRP?7
No. of beach sections = {1

Initial beach offsets
at each sectionti to 11): 818.8, 988.@, 908.0, 908.B, 879.8, 780.8, 728.8, 640.B, S30.8, 728.8, B70.8

Length of each section(l to 11): 650.9, 490.0, 308.8, 380.8, 490.9, 4Bp.2, Joa.B, +88.3, 200.9, 5p0.R, 380.9
Angle of baseline noraal to true north = 47.9

fefraction data specified at

l drift calculation points: 2, 4 B, 10, 14
' Refraction datz given at  4.B a. contour

Calibration height
{for sections | to 11): 50.8, S0.8, S50.8, 58.8, 5.9, 5.8, 25,8, 25,8, 25.8, 25.8, 25.8

Drift calculation point | is an open boundary

Drift calculation point 12 is an open boundary

Notes: 1. Distances and heights are in setres: angles are in degrees.
2. Calibration beach height equals (actual height) X (height factorl,




Table 8.2
Application of the Beach Plan Model at King Point
Conditions With a Structure

Operating Conditions for Final Run 1978-1983

Beach Plan Shape Medel Results - With a Structure - Run KPBPE
No. of beach sections = 1}

Initial beach offsets
at each sectionil to 11): 810.0, 9088.8, 90¢.3, 908.8, 878,83, 786.8, 720.8, A4e.0, 53a.9, 720.8, B79.9

Length of each section(! to 11}: 450.0, 400.9, 308.9, 13IOB.B, 4@0.8, 400.8, 3Ie0.84, 449.3, 209.9, 500.0, J@e.B,

Angle of baseline normal to true north = 47.0

drift calculation points: 2, 4, 9,19, 11
Refraction data given at 4.8 o. contour

Calibration height
(for sections { to 11): 5.8, 5.8, 5.8, 5.4, 5.8, 5.8, 25.8, 25.8, 25.8, 25.8, Z25.0

Drift calculation paint ! is an open boundary
Drift calculation point 5 is a long groyne

Drift calculation point 12 is an open boundary

Notes: 1. Distances and heights are in setres; angles in degrees.
2, Calibration beach height equals (actual height) X (height factor).

Refraction data specified at I
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modified CERC bulk energy model. The amount of erosion or accretion
is determined by the difference in the littoral drift entering and
leaving a beach section., The shoreline position offsets change with
each wave condition and therefore the beach plan shape is redefined
after each wave, This ensures that shoreline change is properly

evolutionary (i.e. in correct chronological sequence).

8.3 potential vs, Actual Littoral Drift

All sediment transport models determine the potential
maximum alongshore transport rate which is only realized when there
is an unlimited supply of sand. 1Ideally, beach plan shape models
should only be applied where there is a fully developed beach with an
unlimited sand supply. At King Point, the potential transport is
often not realiZed‘since there are no fully developed beaches east or

west of the barrier beach.

At King Point the actual sediment transport was estimated by
using recession rates of the bluffs east and west of the barrier
beach (McDonald and Lewis, 1973; Harper et al,,1985). Confidence in
this approximation was strengthened by a separate calculation of
infilling of the barrier beach over a period of fourteen years,

1956-1970.

Through a personal communication from R. Gillie, Dobrocky Seatech,

the composition of the bluff was estimated from information included




in McDonald and Lewis (1973). The information included sediment
particle size distribution and the percentage ice content. The
volume of sand and gravel which might be expected to be moved as
littoral drift was then taken as a percentage of the total volume per
metre alongshore (bluff height multiplied by the recession rate).
This calculation indicated that actual drift was about 15,000-25,000
ma/year from the west and 2500 ma/year from the east, The separate
analysis for the infilling of the barrier beach produced an estimate
for gross littoral transport of 21,000 m3/year which agrees well with

the result determined from the recession rates.

The potential littoral drift along the coast at King Point
reaches a maximum gross potential transport rate of 183,000 m3/year,
according to the beach plan model., This is obviously much greater
than the actual transport rate. Input to the beach plan shape model
had to be adjusted to accommodate the discrepancy between actual and

potential rates of transport.

Initial calibration runs were performed with estimated
actual beach height parameters. The results from these runs showed
an unreasonably large amount of deposition at the east end of the
barrier beach and larger recgssion rates along the bluff west of the
beach than actually occurred. It was possible to compensate for the
artificially high accretion and erosion by applying a factor to the
beach height to restrict shoreline change (using the principle
described by Equation 8.3). A reasonable estimate of the required

beach height factor could be made in both cases. The excessive
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erosion was thereby brought into correspondance with the known
recession rates. To calibrate for accretion at the east end of the
beach, the beach height was multiplied by the ratio of deposition
predicted from potential transport rates to the deposition calculated

from the actual sediment transport rates,

Some of the calibrated beach heights were adjusted when the
structure was added. West of the structure, the calibration beach
height factors were reduced to reflect the altered coastal processes
in this area. East of the structure calibration factors remained the

same,

8.4 Form of Results

The results are presented in Part II of this report in the
form of summary tables for the end of each open water season
(1970-1983), The tabular results consist of yearly and cumulative
values of beach line position (offset) changes and beach volume
changes at each littoral drift calculation point. The tables also
include the littoral drift estimates (left, right and net) at each
calculation point, The BPLAN model has the facility to produce

summaries for any chosen period of time,




8.5 Discussion of the Results

The beach plan shape change between 1970 and 1983 for the
run without a structure is shown in Figure 8.4. The noticeable
changes include some erosion at the west end of the barrier beach and
a very large area of deposition at the east end of the barrier beach.
The results from this model could be checked against aerial
photographs, but unfortunately no photographs have been taken by EMR
since 1970. The depositional feature does seem to be overestimated;
150 m of accretion was predicted at beach in section 9. The
calibration would have been improved if an estimate of the amount of
sediment lost over the barrier beach into the lagoon was available.
This could also be accounted for by an increase in apparent beach

height to limit the extent of accretion,

The second run was performed with an impermeable structure
at the west end of the beach. This hypothetical coastal structure
has been included in some conceptual designs proposed for a King
Point harbour development (for instance, the Beaufort Sea

Environmental Impact Statement, 1982.)
T
The run with a structure in place again probably over-
estimates deposition east of the barrier beach for the reasons

presented above. (See Figure 8.5). Furthermore, the area of erosion

" immediately east of the structure for a distance comparable to its

length will have been overestimated because the sheltering of the

structure on local wave action is not taken into account.
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Considering thét this volume of erosion is overestimated and that no
bypassing occurs at the structure, deposition east of the beach would
be considerably less than computed. One interesting conclusion from
the model is that net deposition.west of the structure is not likely
to occur in the long term, although in some years deposition may
occur, (resulting from net transport to the east), as evidenced by
the predicted shoreline position after 1974. 1In Figure 8.5 the
structure appears to have been outflanked, however, the erosion in
the immediate vicinity of the structure will be reduced or even

reversed by the effects of sheltering, thus reducing the risk of

outflanking.

8.6 Feasibility of Fish Migration Passages

Environmental concern has arisen over the impact of an
impermeable structure on coastal fish migration, The possibility of
leaving gaps in the structure would not be advisable in the nearshore
zone, During years when westerly storms are significant, accumulation
of sediment occurs west of the structure (see predicted shoreline

position in 1974-Figure 8.5).

The effects of gaps near the shoreward ends of littoral
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barriers on littoral currents and littoral transport have been

examined on a number occasions: For example during preliminary

studies for Fifty Point Marina on Lake Ontario (personal

communication, Public Works Canada),and in Oman (Philpott, 1980). It
»

was also tried unsuccessfully at Rungsled Harbour in Denmark (since

rebuilt).

The concept of leaving a gap to permit passaage of cuments,
sediment and fish does not work well unless the complete structure is
"transparent™ to waves., This is because alongshore sediment
transport is reduced in any partially sheltered "wave shadow" area

leading to deposition and eventual filling of the gap.

To build a sufficently "open" structure in the Arctic is
evidently not feasible and would furthermore defeat the objective if
it is to serve as a breakwater. Under these circumstances the only‘
feasible alternative the fish migratioin passage is essential would
be to pierce the structure with large culverts and to reopen them
when they become blocked, Depending on the water depth requirement it
could be more economical to install several culverts and simply

abandon those close to shore as they become filled with sand,

This topic requires further consideration,




SECTION 9 DISCUSSION OF METHODOLOGY AND RESULTS

9.1 Overview of Methodology

This is a discussion of both the techniques used in this
study and of the results obtained by their use. The techniques are
reviewed through examining the numerical models implemented. The

results are presented on a site by site basis.

In this it is also necessary to make a clear distinction
among the three types of numerical models used and their relative
merits. These are: 1) wave hindcasting; 2) nearshore wave
transformation; and 3) coastal sediment transport. These three types
of models are designed to be interfaced although they are separate
and distinct modelling systems which are commonly used independently
or with other models, They are discussed under separate headings

following this overview.

The conventional sequence in wave analysis is to commence
with hindcasting and then proceed to grid preparation, backtracking,
etc, However, in the present study where complex sheltering
conditions were encountered at several sites it was found to be
essential to consider the grid boundaries before deciding on wave
hindcasting stations. From this came a clearer recognition that any

given wave sheltering problem may be resolved in a number of ways;




that selection of a particular set of grid boundaries is most
important and will influence the proper selection of the hindcasting
stations and the range of fetch directions that must be taken into
account, The derived inshore wave climates from the wave modelling
systems are then used as input to the c¢oastal process models. The
wave data is used in either sequential or statistical format

depending on the particular model application.

9.2 Wave Hindcasting

The wave hindcasting procedure PHEW was successfully adapted
to incorporate time varying fetches to allow for the changing
position of the ice limit., Two other modifications were required to
cope with unusual shallow water conditions at North Head and
Tuktoyaktuk. The PHEW procedure, a "one-dimensional® parametric wave
hindcasting system, was designed to imitate some features of more
complex two—dimensional systems and to incorporate several features
to facilitate calibration. Calibration tests with the limited amount
of available directional wave measurements (none in the Beaufort Sea)
have shown that this procedure is significantly more accurate than
the common practice of defining offshore wave angles to the nearest
45 degrees., However, a wider range of good quality measured wave
data is still needed to continue calibrating and verifying its
output. In the present study the shallow water modifications were

introduced because they were obviously better than




previously available facilities though they could not be properly

calibrated for lack of measured data.

some other possible refinements also await suitable measured
data and the opportunity for undertaking calibration and verification
tests. The complete lack of directional wave data and shallow water
nearshore measurements in the Beaufort Sea is an important constraint

that should be remedied.

9.3 Nearshore Wave Transformations

The refraction of directional spectra using LINREF and
SPECTRANS has proved to be of special value because of the complex
patterns of coastal sheltering and/or the shallows that were found in
varying degrees at virtually all of the seven sites other than

Atkinson Point,

The late addition of a facility to limit the spectrum
according to the form of the shallow water equilibrium spectrum
provides an important refinement to the technique., According to
measurements at Pointe Sapin, New Brunswick, this phenomenon can
reduce inshore wave heights by as much.as 50%., It is especially
worth noting here that the use of the shallow water saturated
spectrum to limit the inshore wave height appears to make it usually
redundant to perform complex wave friction calculations. There is

still a strong need, however, for inshore directional wave




measurements at places like Kay Point, Stokes Point, North Head and

Tuktoyaktuk to further confirm these methods and assumptions.

By comparison with the spectral transfer technique, the
conventional use of forward-tracked refraction and unidirectional
mono-chromatic waves is too primitive to cope with any coastal
poundary conditions other than simple open coasts. Even in these
cases, errors remain due to the failure to take spectral saturation

into account.

The complexities of some of the sites required the
development of a special procedure in addition to the software
modifications discussed elsewhere. For example, the North Head site
is exposed to two independently generated wave fields. One is the
"deepwater" wave field from Mackenzie Bay which is quite strongly
refracted before reaching the site., The other is the locally
generated shallow water wave field which is subject to much less

refraction. Two separate wave hindcasts were required here.

9.4 Alongshore Sediment Transport Models

The alongshore sediment transport package SEDX, was
originally developed for research purposes and not as an operational
tool., It was intente@ to be a "test-bench" for making objective
comparisons among different models by applying exactly the same input

data set to all models, For this reason no facility for individual
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tuning"” of inputs to each model was provided, as normally done when
only one model is in use. On the other hand, in an operational
application, such as this, the SEDX format can produce a startling
range of answers that serves to dispel any misconception about the
accuracy of coastal sediment transport estimates that might be

engendered by having only one model.

This study confirms that there are major shortcomings with
the available models for the prediction of alongshore transport. The
difficulties are exemplified by the wide range of results the
different models can yield from the same set of input data. To some
extent the problems arise from the specific morphology of Beaufort
Sea coasts which evidently differ substantially from the conditions
used in the derivation of the models. However, this is not the whole
story, and another part of the problem lies in the fact that most of
the models have been synthesized from somewhat heterogeneous

combinations of theoretical, laboratory, and field data sources.




9.4.1 Bulk Energy Predictor Models

The bulk energy models, the first of which appeared nearly
30 years ago, relate alongshore transport directly to a simple
fraction of the alongshore component of wave power. They produce
stable results, and are believed to be accurate to within half an
order of magnitude under appropriate circumstances. However, they
provide no detail and little insight into the sediment transport
process, just a number for the alongshore transport rate, based on
the accumulated total work done by the dissipation of the alongshore

component Of wave power.

The most familiar, and still most widely used, the CERC bulk
energy model, is least appropriate for the Beaufort Sea coastline
since it does not include a threshold criterion for sediment motion,
and does not relate alongshore transport to wave breaker
characteristics, beach slope, and grain diameter. The sediment sizes
ranged from fine sand to gravel and the CERC model does not
differentiate between them. The Swart (1979) adaption can be
regarded as a modest improvement to the CERC model but it only works
over a restricted range of sediment size and wave characteristics and
cannot produce results outside that range. The most promising
version of a bulk energy model was developed by Kamphuis and Sayao
(1982) and improved by Davies (1984). It includes the effect of

beach slope, wave steepness and sediment suspension, It implicitly




includes a threshold criterion. The most recent refinement of this
expression also incorporates grain diameter in the manner described

by Sayao, Nairn and Kamphuis (1985).

9.4.2 Detailed Predictors

The detailed predictors exhibit notable instabilities and
sometimes the range of answers from the various models for a single
set of input data is as high as three orders of magnitude. Since
nature is not so unstable, this variation must be attributed to the
model formulations and to interactions between the models and
computed inputs which rely in turn on other theories or research

results.,

The detailed predictors all use a common set of results to
compute bottom roughness and the alongshore current distribution but
then differ more or less in the sediment transport models they use
and their way of dealing with suspended sediment.While the package
deal appoach can lead to instances of instability which may have been
avoided through individual tuning, it does not provide an objective
evaluation of the variation in results that can be expected from

these models.

The longshore current model that Fleming and Swart (1982)

developed from theory by Longuet-Higgins (1970) assumes that waves
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break as spilling breakers. This assumption is not entirely valid at
some of the study sites and the confidence in prediction would be
improved if the model could accomodate plunging breakers by
introducing lateral mixing to the alongshore current velocity
distribution where necessary. Furthermore, the original
Longuet~Higgins development was not intended for steeply sloping
beaches or barred profiles. While barred profiles did not exist at
the study sites, in some cases steep beach slopes did.

Unfortunately, an acceptable formulation for longshore currents on

steep slopes is not presently available.

Of the two families of detailed predictors the most advanced
from each category are the Swart and Lenhoff (1980) model and the
Nielsen et al., (1978) model. The Ackers and White adaptation by
swart and Lenhoff is unstable at fine grain sizes and deserves
improvement in this aspect - possibly by calibrating bed roughness to
produce reasonable results or by improving on the incipient motion
threshold criterion based on recent discoveries. The more reasonable
sediment transport estimates provided by the Nielsen models (even at
very fine grain sizes) most likely result from the inclusion of very
fine grain sizes (eg. 0.08 mm) in the laboratory tests Nielsen used
to define his empirical coefficients. One possible improvement to

this model might be to extend it to include an expression for
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sediment concentration in a surf zone characterized by plunging
breakers. However, this would present considerable problems
concerning spatial or temporal variation of sediment concentration

due to the nature of plunging breakers.

Finally, none of the models tested are distinctly applicable
to gravel beaches. Although an option has been incorporated in the
system to accomodate coarser grain sized sediments there has been no
opportunity to calibrate it. More research is required on this topic

also.

9.5 Coastal Profile Adjustment with SEGAR

The nearshore profile adjustment model, SEGAR was
implemented with modest success at five of the seven study sites,
Several limitations became apparent in this work, including the
special characteristics of arctic region coastal conditions which
differ from the theoretical assumptions underlying the model and the

paucity of coastal profile data.

In the Beaufort Sea the variability of the length of the
open water season and the relatively short length of season

(approximately 3-4 months) contribute to cause an extremely variable
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annual wave climate. The calibration exercise of the nearshore
profile adjustment process (described in Section 7.3.,1) is based on
the assumption that a relatively consistent year to year or cyclic
variation in wave climate exists. The large annual variation that
occurs in the Beaufort Sea may interfere with the calibration process
because the mean annual profile can vary widely from year to year

with variation in the wave climate.

The method in which a representative measured profile was
obtained also presents problems for the calibration process. The
measured profile measurement may not be representative of a mean
annual profile, especially if it is measured following ice action or
a severe storm. It is preferable to synthesize a mean profile from a
series of profile measurements made throughout one or more open water

Seasons,

Another difficulty that was encountered concerns the
reported datum level for the measured profiles. Atkinson Point,
Stokes Point and Tuktoyaktuk regquired adjustment in the datum level
during the tuning process. There is the possibility that the
reported datum was in error in these cases, However, since the
adjustment was to raise the water level at Atkinson and Tuktoyaktuk:
it may indicate that surges are particularly important at those
sites, Unfortunately, surges could not be considered during the

calibration process adopted for this study,.
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It would be advantageous to augment the calibration process
by calibrating against an actual storm sequence with measured
environmental conditions, including initial and final profiles. This
type of approach would address several of the shortcomings that have

arisen in the calibration process used for this study.

A major limitation of the nearshore profile adjustment model
and its application at the study sites arises when barrier beaches or
spits are considered. Overtopping of spits at Atkinson Point and Kay
Point probably occurs in most years and at the barrier beach at King
Point during extreme events (see Table 9.1). Overtopping and
subseguent overwashing of sediment on barrier beaches must have some
effect on the profiles, However, the equilibrium profile developed
by Swaft did not explicitly consider barrier beaches or spits which
undergo overtopping., This may account for the poor matching of the
upper parts of the profiles above mean water level at some of the
sites., 1t is also cause for exercising caution when interpreting the
results from sites which can be characterized as beaches which

experience overwashing.
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Table 9.1

Beach Profile Heights & Estimated Surge Heights

Beach Profile Calibration Sites

Location surge
Height (m)

King Point Node 1 1.65

Stokes Point Node 1 1.0

Kay Point Node 2 1.1

Tuktoyaktuk Node 2 2.75

Atkinson Point Node 1 2,75

Beach Profile Height Data

barrier beach 1.5 m above MWL
highest land 1.4 m above MWL
storm limit 0.5 m above MWL
spit 1.05 m above MWL

measured to 5 m above MWL

spit 0.96 m above MWL

Swart's development of onshore-offshore sediment transport

theory conserves sand mass thereby implying that no long term.

shoreline retreat or advance occurs. However, a strong influence of

surges at sites where overwashing of spits or barrier beaches occurs

will invalidate this assumption since transgression of the feature

will occur. Furthermore long term changes in coastal morphology also

occur through gradients in alongshore sediment transport (as computed

with BPLAN), and the changes inferred from the coastal profile

adjustment model will only be valid where net alongshore transport

gradients are negligible.
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9.6 Beach Plan Evolution Modelling

In this study a one-line beach plan evolution model, BPLAN,
was successfully applied at King Point to a shoreline that differs
considerably from the idealized beach coast for which it was

designed. The model takes advantage of the inshore wave climate from

the advanced spectral transfer technigue and combines it with a
gimple bulk model -~ stable but not necessarily very accurate. The
advantage of this type of model is that it can provide results for a
sequence of points along a shore and can test the reasonableness and
consistency of those results by calibration against shoreline

position data.

Apart from its use of spectral transfer output, BPLAN as it
stands is a rather simplistic model. Still it gives a clearer
insight into macro-scale coastal processes for the effort expended
than the application of SEDX at two or more nodes. The point of this
discussion is to raise the question whether it would be worthwhile to
invest some effort in the further development of BPLAN as a routine
operational method of evaluating alongshore sediment transport? Such
an approach would eventually incorporate detailed predictors and

other advanced features when there are suitable stable models.

9.7 Evaluation of Results

This discussion concludes with an evaluation of the results

on a site by site basis,




Atkinson Point

Atkinson Point lies between two bays. It consists of a
headland with low cliffs to which are anchored opposed spits
one extending north eastwards part way across the mouth of
McKinley Bay and the other south westwards part way across
the adjacent Bay. It appears to be a closed system, a
littoral cell. The only obvious source of littoral sediment
is erosion of the headland. The only other possible

source, an unlikely one, is from the sea by onshore
transport, From a study of the coastal planform, divergent
net transport away from the cliffs towards the ends of the
two spits would be expected. The actual rates of alongshore
transport might be deduced from a simple sediment budget
taking into account c¢liff composition, cliff and beach
recession rates less beach overwash. The alongshore
transports would only be equal to the cliff erosion rate if
the spits transgressed without change in profile.
Unfortunately, the data required for such a computation was
not available and hence it is not possible to compare
estimates of actual alongshore transport with the computed

values shown in Figure 6.2.

The estimates of sediment transport rates are very similar
at nodes 1 and 2 with net eastward transports of 107,000

m?a and 95,000 m ¥ a respectively. Either the spit is
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prograding or the mouth of McKinley Bay is filling as a
result of overwashing - or both. The potential sediment
transport rates are probably indicative of the actual
transport rate because of apparent abundance of sand
depositional features. Therefore, the predicted sediment
transport rate is probably a reasonable estimate of the
infilling rate in McKinley Bay. This site displays the
greatest sediment transport rates of the six sites
considered. The high rates of coastal recession from earlier
periods would substantiate these results but recent
observations by Forbes and Frobel (1985) do not. However,

if the actual alongshore transport is significantly less

than the potential rates the difference would presumably be

due to ice bonding or overwashing since there does not

appear to be any lack of sand.

The investigation of profile adjustment at Atkinson Point
was not completed due to a poor fit in calibration of the
measured profile. This probably results from overwashing of
beach which gives rise to a different equilibrium profile

shape than that determined by Swart.

To deal with barrier beaches or spits there is an.obvious
need for a method of estimating the overwashing of sediment
~ the process by which such features transgress. When
overwashing occurs, how are the alongshore transport and

nearshore profile affected?
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Kay Point

Kay Point is a transgressive spit four kilometres long
anchored to an eroding clifef headland (Forbes, 198l). Here
a sediment balance would be required to obtain an
independent estimate of the net alongshore transport which
was computed at 43,000 m3/a to 49,000 m3/a. See Figure
6.3. Most, if not all, of the sediment entering the spit at
its north end is derived from cliff erosion. However, the
coastal geometry is such that only a short length of the
cliff, probably less than 500 m is suitably oriented to
supply the spit. Could it supply over 40,000 m3/a?

Again, more data would be required to perform a sediment
budget, but forty- or fifty-thousand cubic metres is

considered to be a high estimate.

In this case, where there is direct evidence of rapid
transgression, there is also a need for a means of
systematically estimating overwash and its influence on

alongshore transport.

If overwashing is neglected the results from the SEGAR runs
can be accepted at face value. From the results presented
in Section 7.6.2 and from the frequency of surges a

recession rate at MWL of about 3 m/yr can be inferred,




King Point

The King Point site consists of a 2 Km long barrier beach
which interrupts an eroding bluff shoreline. The barrier
beach was formed by extension of a spit. It closed off the

lagoon prior to 1970,

The alongshore sediment transport results as computed by
SEDX show a gross potential transport rate near the east end
of the beach of about 32,000 m3/a which is similar to
sediment budget estimates of actual littoral transport from
bluff recession rates and beach infilling rates. The net
transport along the cliffs to the west of the barrier beach

is only 3,000 m3/a directed to the west.

A more detailed examination of the littoral cell in the
vicinity of King Point is possible through the results of
the beach plan shape model BPLAN, It was run from 1970 to
1983, without a structure, The relative magnitudes and

directions of sediment transport are shown in Figure 9.1,

It is evident that there is a divergent sediment transport
node just west of the west end of the barrier beach and a
convergent node at the east end of the beach. The shoreline
is probably transgressing throughout the littoral cell
except at the convergent node which will be a zone of

deposition.
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It is difficult to estimate the rate of progression of the
shoreline at the convergent node since overwashing of the
barrier beach will play an important role, In other words
the barrier beach is also growing back further into the
lagoon. However, it is evident that the beach at King Point

is a rapidly developing feature.

The sediment transport runs for the storm surge sensitivity
analysis give an indication of the episdic nature of
sediment transport in the region. A large part of the
sediment transported during a year may occur during one
large storm, While this has been recognized as a common
phenomenon on many beach coasts (Seymour and Castel, 1985)
it is particularly important in the Beaufort Sea since open
water seasons are short and since storms are usually

separated by periods of calms,

The possibility of leaving gaps in a coastal structure at
King Point to protect fish migration patterns would be a
costly feature. The rapid development of depositional
features at this site would suggest constant dredging would

be required to retain open passages through the structure,

The profile adjustment analysis revealed a shoreline retreat

of almost 5 m during a large storm (equivalent of a 2.75 m




surge at Tuktoyaktuk combined with the largest storm during
the 14 year hindcast period). However, the accretion due to
changes in the beach plan arising for the spatial variation
of alongshore transport far overshadows profile adjustment

during surges.

North Head

The North Head site is tucked in on the west side of North
Head. It is understood to have a flat fine grained beach
with an approximate north-south orientation.The water depth
immediately offshore of the beach is shallow and decreasing
southwards to less than two metres, The site is also partly

sheltered from dominant westerly storms by Hooper Island.

As expected, under these circumstances, the northerly node
is much more exposed and potential sediment transport rates
are higher there than to the south; 108,000 m3/a Versus
51,000 m3/a. This suggests that an area of deposition
exists south of the site. The extent of deposition would
depend on the actual rates of transport. The main source of
sediment is presumably shoreline erosion. Hence the actual
alongshore transport may be much less than the computed

values, Very little detailed site information was available

for this site and no sediment budget could be attempted.
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A recent decision by Gulf Canada Resources to treat sediment
transport in the area as a "mud flow" suggests that the
application of sandy beach coast models was inappropriate at
North Head. Implementation of the profile adjustment model

was not possible due to a lack of profile data above MWL.

Pauline Cove

At Pauline Cove the numerical modelling process terminated
with the computation of the inshore wave climate when it
became apparent that there was insufficient data for coastal
sediment modelling. However, ghe location of the beach site
at the foot of a long cliff near the distal end of a sharply
pointed cliffed headland suggests that this would also have
been a difficult site for the application of the coastal

sediment transport models,
Stokes Point

Stokes Point, a large depositional feature, is apparently
relatively stable, Moderate alongshore transport rates were
computed to be around 30,000 m3/a. Much higher rates and
inferred rapid erosion, Readshaw (1983) are judged

improbable at his site,




Large accretions like Stokes Point tend to form on reaches

of coast where there is a downdrift reduction or reversal in
the alongshore transporting capacity of the waves, and/or an
increase in sediment supply. In the present instance it is
not self=-evident what the main cause is although it may well

be related to the sheltering effect of the offlying shoals.

An examination of nearshore profile adjustment revealed
recession rates of 2 m in large surges (equivalent to a
2.75 m at Tuktoyaktuk) and 1 m in average surges (with a
return period of about 1 year). From the results it is
estimated that shoreline recession would be approximately 1
m/yr. Since there doesn't appear to be a gradient in
alongshore sediment transports at Node 1 the estimate of 1
m/yr recession should be valid and unaffected by alongshore

transport,

This would be an excellent site for the application of the
BPLAN model using perhaps three additional backtracking

nodes.,
Tuktoyaktuk
This site is on a sand=gravel barrier about 1.5 km long

oriented north-south and exposed to the shallow waters of

Kugmallit Bay. The direction of net drift is southwards




and there is virtually no drift in the opposite direction,
The section of shoreline involved appears to be a complete
littoral cell., Therefore, unless there is an onshore
transport of

sand it would appear that the only source of littoral

material is recession of the coast itself.

The computed potential alongshore transport rates were found
to be 11,000 and 8,000 m3/a., That the rate is less at the
southern node suggests accretion rather than erosion is
occurring there. This is probably correct because the node
is close to the accreting spit which forms the main sink for
the littoral cell. The low alongshore transport values
computed reflect the mildness of the wave climate due to the
shallowness of Kugmallit Bay and the rather coarse grained
material found in the zone of active transport. By
comparison Kolberg and Shah (1976) obtained a result about
four times as great (30,000 m3/a) using conventional
procedures which would exaggerate the wave climate and

disregard actual grain size.

while 30,000 m3/a is certainly too high, 8,000 m3/a may well
be too low because it is likely that the sediment
transported along the shore is finer than that found on the

profile. It is a potential weakness of current methodology




that the particle sizes of sediment found on the profile are
taken to be representative of the particle sizes of sediment
that moves through an area. That is not necessarily so. A
sediment budget approach based on textural analysis of

eroding material and erosion rates might be useful.

The nearshore profile adjustment analysis at Tuktoyaktuk did
not produce reasonable results. The very coarse grained and
steep backshore probably gave rise to the unrepresentative

results of this site.
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SECTION 10 CONCLUSIONS

The conclusions presented herewith summarize the

findings of each stage of this study.

10.1 Data

This study has highlighted a shortage of data for
coastal process studies in the Beaufort Sea. Some of these
deficiences are known to be receiving attention in ongoing EMR
(AGC) and DIAND programmes; others lie in the domain of other

agencies.

10.1.1 Wind Records

There is a need to maintain homogeneous sets of
complete wind recordings at more places in the area besides

Tuktoyaktuk.

Such fecords should comprise 24-hourly observations per
day with 36 directions to meet the needs of high gquality
hindcasting. A possible alternative would be eight observations
per day at consistent three-hourly intervals, again with 36

directions.




Pending implementation of the above there is a need for
a comprehensive once-for-all comparative study of all measured
wind records plus the AES computed geostrophic wind data set to
provide the best possible over-water wind data set. The output
should be available as conversion factors to be applied to
measured wind records and as modified synthetic data sets that

can be directly applied to air-sea modelling.

10.,1.2 Water Level Records

Water level gauge records in the area are inadequate
for detailed comparisons of storm surges. Hence, reliance has
had to be placed on the discontinuous records at Tuktoyaktuk
together with the results of numerical storm surge models,

Apart from the need to maintain the Tuktoyaktuk gauge at all
times, there would seem to be a case for installing at least one
more permanent gauge, somewhere on the Yukon coast, say at the

location of the anticipated new shore-base.

10.1.3 Wave Measurements

Although there is a rapidly growing data base of wave

records from artificial island sites in the Beaufort Sea, there

are significant deficiencies with respect to needs for




10-3

calibration of hindcasting procedures for coastal process

studies.

1.

None of the measurements made to date are
directional and hence cannot be used to calibrate
direction outputs of hindcast models such as the one

used in this study.

Station records are all of very short duration only
one to two months, and stations are not occupied in
consecutive seasons., Hence, records are too short

for fully effective calibration of hindcasting

procedures,

Data acquistion problems at many of the stations
have resulted in sparse data sets that are

ineffective for calibrating hindcasts.,

No wave records suitable for calibration purposes
are available in sheltered and shallow inshore areas
that characterize sites such as Kay Point, North

Head, Pauline Cove, Stokes Point and Tuktoyaktuk.
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Geomorphology and Sediment

1.

Nearshore profile data was generally minimal for
this type of study. Ideally, there should be
repeated measurements at several transects per site.
Repetition is needed to delineate the range of
variation and to define the time-averaged mean
profile., This is required to calibrate profile

adjustment models such as SEGAR.

Where overwashing of spits or barrier beaches is
anticipated, the profiling should be carried over
the beach crest and down the back face into the

adjacent lagoon or embayment,

Sediment texture data was also sparse. There should
be at least half a dozen sample analyses per profile
to provide adequate input to the alongshore

transport rate system SEDX.

There are indications of unusual combinations of
profile slope and particle size on the Beaufort Sea
coasts, Occurrences of cohesive material and/or ice
bonding are likely causes. More detailed
investigations, coring and continuous monitoring of
the ice bonding interface within the profile are

desirable to better define site conditions.




5. Wherever possible, sufficient data on shoreline
changes, cliff composition, and cliff recession
should be obtained to permit the preparation of a
simple sediment budget. This was only performed at
the King Point site in the present study where it
made an important contribution to understanding

coastal processes.

10.2 Nearshore Wave Climates
Wave Hindcasting and Wave Transformation

1. It has been found necessary in this study to
redefine the ice limits on a weekly basis and to
interpolate daily fetch values in order to obtain

more accurate wave hindcasts,

2. It has also been necessary to devise a method of
changing from deepwater to shallow water hindcast
models as the ice edge moves in. This is in
addition to having fetch depth vary with fetch

direction,

3. With long fetches at Tuktoyaktuk, it was found

necessary to use the deepwater model to define
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wave periods but to use the shallow water model for
heights to allow for the fact that wave heights
there are controlled by bottom friction due to the
width and shallowness of Kugmallit Bay. There is a
need to verify this procedure against wave

measurementcs,

To deal effectively with complex combinations of
deepwater and shallow water fetches with sheltering
effects, it was found to be necessary to select the
refraction grid poundaries before choosing the
hindcasting locations, Different boundaries were

often used for different fetches at the same site,

It was found necessary to use additional hindcast
stations, one for the outer deepwater fétches; and
one or more others for shallow water fetches. These
were located in the vicinity of the edge of the

applicable refraction grids.

Again, with complex combinations of deep and shallow
water fetches and with sheltering, it was found
necessary to split the backtracking for individaul
nodes into phases using different grid boundaries

for each phase.
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7. The introduction of the shallow water spectral

saturation limit into the nearshore wave
transformation routine has eliminated a major
source of error which has evidently led to serious
overestimation of inshore waves and coastal sediment
transport rates in previous studies. The method is
based on Canadian Coastal Sediment Study field and
numerical work which has shown that nearshore wave
heights were previously being overestimated by 50%

or more in some cases (Pinchin et al, 1985).

The wave analysis software brought to this study,
with the addition of spectral saturation, had
already been well proven in "normal"” environments.
To fully develop its potential there is an urgent
need for directional wave measurements in shallow,

sheltered waters.

On the basis of comparison of methods and results of
this and previous studies, it must be concluded that
the conventional refraction analysis technique with
forward tracking of unidirectional monochromatic
waves can produce misleadingly inaccurate results
concerning inshore wave climates, Its use in this

context should be discontinued forthwith,




10.3 Effects of Surges on Coastal Processes

1. Surges have little effect on mean alongshore
sediment transport rates at the study sites
considered. For a plane beach with uniform sediment
distribution, raising or lowering the water level,
as in a surge, makes no significant difference to
the alongshore sediment transport rate, 1In
practical cases a positive surge may either increase
or decrease the transport rate depending on the
shape of the profile and the variation in sediment
size over its surface, The largest effect found was
at Atkinson Point where the impact on the annual

mean rate was less than 10%.

2., In contrast to the above, surges do have a major
impact on nearshore profiles, This is readily
apparent from results of SEGAR. Profiles can be
stable at MWL and yet show recession at a raised
water level under the same set of wave conditions.
It is not surprising because the profile is a
function of water level as well as wave conditions.
The whole profile is displaced by a change in water

level,

3. Reported instances of sudden massive recessions due
to the combination of surges and melting of ground
ice are no doubt correct but cannot be directly

confirmed with the present models.
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Numerical Estimates of Alongshore Sediment Transport

1.

The twelve alongshore sediment transport predictors
used in the SEDX system have produced a wide, even
bewildering range of results when applied to the six
sites on the Beaufort Sea, 1In all cases the
estimates represent values of the potential or
maximum possible transport rates. The wide scatter
is in contrast to applications to more typical
oceanic beach coasts where most predictors have

given consistent results.

The cause of the scatter in results is believed to
be due to non-typical combinations of wave climate,
profile geometry, and sediment texture that are

found in the arctic region.

The detailed predictors produced the widest scatter,
and at most sites several had to be excluded because
their results were judged to be invalid. The

Nielsen et al,,(1978) breaking wave model was judged

best overall among detailed predictors.

The bulk models gave more stable results but these

are not necessarily more accurate. Also they

provide little insight into the process.
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Nevertheless, in their most developed forms they
are, at present, perhaps more useful in some
applications than detailed predictors, pending
further detailed calibration of the detailed

predictors.

The application of SEDX to two or more independent
nodes generates a large volume of local-scale data
related specifically to the nodes but gives only a
limited insight into the macro-scale coastal
processes acting in the area. On its own, it gives
no indication of places where actual transport is

less than the potential rates,

To overcome the above mentioned shortcoming

requires:

a) data at more nodes, say at least five;

b) data on the implications of continuity among
the nodes;

¢) field data on shoreline change and sediment

budget for calibration purposes.

It would appear that, at most of the sites examined
in this study, actual sediment transport rates must
differ from the potential rates computed by the
models. 1In most cases the actual rates will be less
than the computed potential rates; but the reverse

may also be true in some instances.
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Actual sediment transport rates may exceed potential
rates from detailed predictors in places where the
sediment found on the active profile is coarser than
the sediment actually transported over the profile,

This may be true at the Tuktoyaktuk site,

There is another potential problem in the standard
assumption that the texture of sediment on a segment
of a profile is the same as the sediment transported
over that segment, This assumption leads to
continuity problems where sediment texture varies
from node to node and from one part of a profile to

another,

There is a need for better procedures to deal with
situations where fully developed beaches do not
exist and alongshore transport rates are less than
potential rates. This occurs on shores where the
thin layers of beach material are underlain with
cohesive, ice-bonded or rocky materials, including

places where eroding c¢liffs and bluffs are present.

Another situation encountered in this study, where
actual transport rates, are evidently less than
computed potential rates occured with spits and

barrier beaches subject to transgression caused by
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overwashing. A special method is also needed to

model this sgituation,

Generally speaking the SEDX modelling system appears
to be in need of considerably more development to
give consistent results under non-typical coastal
conditions such as those of the Beaufort Sea, As it
stands, it has apparently been calibrated to give
good results under typical oceanic beach coast
conditions, The fact that most component models can
display instability under other conditions suggests
that none of the present detailed predictors, with
the possible exception of the Nielsen breaking wave
model, c¢an be regarded as a general purpose model,
Since these models display a degree of instability
not found in nature the problem must lie in the

formulation and/or numerical manipulation applied.

10.5 Nearshore Coastal Profile Adjustments

1.

Difficulty was encountered in calibrating the
coastal profile adjustment model SEGAR at several of
the sites for various reasons summarized in points

2=-6.
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Variability of the year to year wave climate causes
difficulty in obtaining a representative mean annual

profile.

The profile measurements acquired for this study are
single measurements and it is likely they may not be

representative of a mean profile.

In some cases the reported datum for the measured

profile may be in error.

Surges appear to have a significant effect on the
mean equilibrium profile and this cannot be taken
into account in the present calibration process due
to the lack of a continuous water level record at
all sites, and the lack of documented profile change

during a storm sequence.

Overwashing of the beach occurs at three of the five
sites investigated with SEGAR. This would probably
alter the equilibrium shape derived by Swart (1974)

which would affect any results predicted by SEGAR.

The successful SEGAR runs do show that shoreline

retreat increases with increased water levels,
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If the alongshore transport is constant over a reach
of shoreline (i.e. no gradient exists), the results
of SEGAR may be taken at face value. However, if
there is a large alongshore transport gradient
shoreline recession may be much more or much less

than predicted by SEGAR.

Coastal profile adjustments which are related to
onshore-offshore sediment transport account for
some of the larger more rapid coastal changes.
However, the most striking changes are probably
associated with characteristic arctic phenomena
such as ground-ice melt, surge-accelerated slumps,

and the rarely occuring ice override.

10.6 Use of the Beach Plan Model at King Point

ll

The BPLAN model was successfully calibrated and used
to predict shoreline changes at King Point underx

much less than ideal conditions.

The modification of the beach plan evolution model
to non-~typical conditions at King Point indicates

the potential value of this simple type of model.
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Because it computes littoral transport rates at a
number of points along the shore for successive
years, and because it also accounts for continuity
from node to node it provides a means of calibration
and verification that is not possible gsing SEDX at

individual non-connected nodes.

At sites where morphological features are rapidly
developing such as the deposition at the convergent
sediment transport node at King Point, profile
adjustment is not significant and a two-dimensional
beach plan model provides sufficiant accuracy in

prediction of shoreline change.

For future arctic coastal process studies a beach
plan evolution model might well be developed as the
primary model for use at all sites to investigate
macro scale changes in morphology - for example by

incorporating the best available bulk model.

In the long run of course, there will be a ready
demand for an economical three-dimensional coastal
evolution model incorporating an improved detailed
alongshore predictor, and a profile adjustment
feature, together with plotting of resulting

shoreline changes.
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Substitution of equation (2.10) above into equation (2.7) yialds an expression for t‘

£, " L - exp (-xb:) | .0e (2.11)
where Ry = ~ cer (2.12)
8,.(%, X1
u s

=i
§24(% X~ , e (213)
'c 'c 4
X T T | vee (2.10)
e t
§s
xi - r%‘ ’ eee (2.13)
. i %2

(7) The theory {s valid, not only for perpandicular vaves, buc al‘o tor oblique wave attack. 1In the
latter case the transport coefficients lyi and ly‘ ate increased, to allow for tha sffect of the in~ _
cresse in shear stress at the bed, due to the presence of nearshore currents, gensrated by the oblique’
waves, The data used to derive the velationship for the increase in s { and 'y-' as presented {n [14]
and (13], was derived from model tests in vhich a strong rip~currant formation was found. A subsequenc
study into the effect of the rip~currents on the incresss in offshore transport, showed that the in-
creasq in transport, which is due to the presence of longshore currencs alona, can best be written in
terws of the increase (due to longahore currents) of the sediment moblilicy ¥ (refer to [17] and ( 1] ).

{s_.) (F.)
yive i'we
- ﬁ'—r"' : ‘ea ‘1.'6)
yi'w i'w (see Figure 6)

where F, is the sediment mobility at location { and the subscripts we and w refer to combined wave and
current action and wave action only respactivaly,

In ordcr to comply with step (5) above, the mean value of equation (2.16) over the whole area of pro-
[ile development will be spplied to all transport coafficients.

(s_.) (F.)
—Y‘ LIS LML vee (201D)
_(l {(Fi)w }

Keeping in mind the normal uncertainty factor in the evaluation of sadiment transpoct data, it can be

stated that the validity of equations (2,16) and (2.17) is proved by the data in Pigure 6.

2.3, Representative wave height

The theory described above was derived and verified for regular wave attack. In order to make {t
generally applicable to prototype conditiona, the effect of irregular vaves on the theory sust be
known. The irregular waves will affect not the underlying principles, but the empirical pradictive
equations which will be described in section 2.4 below.

Observations showed that che higher waves in the vave spectrum will define the profils limits described
in section 2.2, step (i) above, The lower limits of the D-profile and tronsition area tespactivaly

are both found by using the significant wave height {n the euﬁlricnl formulse derived for regular vave
attack, wvhereas the upper limit of the D-profile is found from the regular-vave formula by using &
wvave with a height twice that of the significant wave haight

If it is assumed that the transport-formulae are still applicable in the transport zones defined by
these representative wave heights, the aingle representative wave hetght which will yield the same
retultant transport as the spectrum, can be computed (the wave heights are assumed to be Raleigh-
diatributed).
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The formulae for irregular wave attack, derived in this manner, and those for regular vave attack, will %

be given in section 2.4,

2.4 Predictive equations

The various equations needed for the application of the theory in section 2.2, will be summarized below 7.

for the sake of convanience.

2.4,1 Limits of profile development (refer to Figure 1)
The upper limit of cthe backshore is chosen at the highest level from which sadiment can be sroded indi-
rectly by vave action.
b, 18 chosen
upper limit D=-profile :
y0-488 1©9
hy ® 76500, (1 = exp (-0.000143 —i‘mg——) ] oo (2.18)

D
50 )
vhere “mo = maximum wave height in tha spectrum » 2<Ho)o£gn. ;i T is the wave period and D50 is the
median particle diameter, For regular wave attack, such as }n small=scale hydraulic models, Rno = H,.
lower limit D=profile
0.473
- o sign, .
b 0.0063&0 exp (4.347 0. 89% 0.093) oo (2,19)
T D
50
vhere A is the deepwater wave length. For regular wave attack (Ho)lign - H,.
lower limit transition area
The oaximum orbical velocity at the bed at tha location whare initiacion of sediment wovement cakas
place (USEGAR)' is found from the following formula, which represents the weighted mean of a number of
different initiation of movement-Formulae. [12], {16},

0.38 _0.04) . .
YsECAR " 4.58 Dgo T oo (2.20)

The depth at which this velocity occurs is ht' The corresponding wave langth is Ac. The first order
wave representation of the orbital velocity can now be used to obtain a value for htlkt. vhatsaftar

it follows that :

h h
t 4
h: - Ao (X:) tanh (2"(X:) ) ves (2.21)

In the case of irregular vave attack the significant wave height should be used for the computation of
(h:/xt). Finally, with the aid of equations (2.18), (2.19) and (2,21), it follows thac :

6. = h.‘- ho eea (2.22)
§ = ho » hu oo (2.23)
- - eas .2
§e = e = by | (2.2¢)

(see Figure 1).

2.4.2 Equilibrium profile charactertatics (refar to {14] and {13])
The computation of the equilibrium length Hi is subdivided into two parts, viz. @

(1) the computation of a reference value Hr (-Hi at the still=vater level), and
(2) the computation at all other locations 19 the D-profile of the ratio "i.’"r‘

me (1)

1,51 x |03 50'.06 H°0.39 - Ao
mr - \ 0.7‘ +* o.l' x '0 (H_o) e (2-25)

-]
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SR A T S VUL T DS M AR LT T

R OF:

LI

b 2inh [ 4
FRLETTER AW gl P ARG VA TN SRR I P ¢ e

Lo i atas » e
A S LT R A e e B AT I TR MBI L R A YR Rl o B sare .

hei w4
W S AR B KA, O T W i LR




PREDICTIVE EQUATIONS 1117

"r - E“ . : . ane (2.26)

In the case of irragular vave attack, equacion (2,25) {s rewritten as :

3. 1.06 0.39
1.2t x 10 Dgq (Ho)

r N 0.71

A
siga 9,22 x 1073 o

o [“oslign . ees (2.27)

re (2)
For any location { {n the D-profile the ratio wilwr is given by i

4
2 AI.36 x 10 DSO

7
b DSO - . . vee (2.28)

"i/wr - °'7Ar +1+397x10

“hare R S R Sl
! ] T —_8_- -_5—"-‘ . ct e (2029)

and b=10;4 <0
s A *» 0 . ewe (2030) ‘

With the aid of equations (2.25) = (2.30) above the form of the equilibrium D-profile, measured rela-
tive to the position in the profile where 6‘£ s 0 (seae Figure 1), can be written as :

' ?

i , ;

‘ Yl_ - Ht (2.1 2% =(1.6 + 2Q) z + P (1 - 2:)(hr - z)

l er (2 -2 (- 0% s (20 - 0.7 vee (2.31)

where h_ = hmlé eee (2.32)

GZLIG eee (2,33)
0.7 ht + | aee (2.34)

L
[}

? 2
3.97 x10° b Dso eee (2.33)

by
[

4 '
1.36 x 10 Dso . ene (2.36)

The aquilibrium slope a,, of the deposited material in the transition ar¢a can be found from the
equation of Eagleson et al [ 6] :

Q:ﬂ - Et' R (2137)

d d 4.2
ALc = 42.73 X lo[ln (0.01335 - 0.0161 x-) + 0.7271 (x:)

[+ ]
n /A,
* 1,206 (§=) = 1.50)
o
(h + 82)/A, vee (2.38)

vhere AZc is a depth increment and aL, is the horizontal distance in the equilibrium depositional
profile betveen the depths bracketing AZ:. '

The values of the achematiaed receassion of the backshore (H.) and the gohematised growth of the tran-
gition area (w:) can be found by drawing up squations for :

(1) cthe conservation of mass (re Figure 7a)

(2) the gecmetrical form of the equilibrium profile (re (Figure 7b), and

(3) the discribution of the sediment in the tranaition ares at equilibrium (re Figure 7b). The

e
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reason vhy three equacions are nacessary to solve for the two unknowns W, and Wes is that 6cr (sen
Figure 7a) is also an unknowm,

2.4.3 Cogatal aonstants (see [17])

At the elevation vhara 8,; = 0.5, the value of i approximates Sn VOTY closaly. L is given by :

D (H.)) .66)-0.079
- 29 - . 0.78 , 0.9 .~1.29 9 lia%
.yﬂ _T xp [|°.7 28.9 {(Ho)so AQ Dso ( hn } l XT (2-39)

vhers (Ho)50 is the median deepwater wave height and (Ho)lign is the significant deepvater vave height.
In the case of regular vave attack, both <"o)50 and (H°)

are replaced by Ho.
With the aid of sectioca 2.2, step (5), it follows that :

sign

s R vy = ¥4
o (g2 = () = 9 X - ees (2.40)
LI R X {"bi U7 I |

with as a result

R T TR P L : "o * (Y2 ) 2.41)
*va 82 %om * Y2 7 ¥ )pe 3 = 174
. § 8 :
where W, = ( s ) W e ¢ L ) W eee (2,42)
T D )
(g =¥ =¥ = Ay=1)y

(4] ‘oo (2-“3)
Subscript @ refers to middepth (6|i = 0.56) and subscript o refers to time t = 0,
The characterisctic quantities Kci and K,; can nov be found from equations (2.12) and (2.13) respectively.

2.4,4 Mobility numbap

(for a mote detailed description of the mobility number and the following equations, reference should
be made to [15] and {17) ).

{ % 15 }
(F,) - eer (2.44)
i've -8 .n )
CD Ch (A. DSS)
g W2,
(F), = { M"’ﬂ 2 A een (2.49)
_ ¢y Cp (A. Dy) .
€, u 4
vhare Iwc - {I + | (_Jv_o)z}i vee (2.46)
£ { <£">l} (2.47)
Ji & g .
12 d
Chl - (IB las (—'r—-)j l e (2.‘8)
10 d
CDi - {13 lo‘ (B‘;‘s")} e (2.49)
1 .o -Ongl.
£ - {nxp ( =5.977 + 5.213 (9) )}1

(RN (2150)
(if £, 0.3 £, 0.3

S A I W I b B A e Sl
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r » hydraulic bed roughness : 4
A .

T . . .
= 2% Al‘ (-r;) ees (2.50)
(See Figure 8)
s, is the orbital excursion at the bed, 4, is the vipple height and Ar is the ripple length,

n w | = 0.2432 In (Dgr) (with 0 ¢n & 1) ese (2.52)
. g A. 1/3
D‘r - (—";r") D35 Yy (2.33)
035 @ particle diameter which {s exceeded in size by 652 (in wveight) of the cocal
sample.

In the case of irregular wave attack the median wvave height (“0)50 should be used in the equations
(2.44) - (2.50).

!

2.5 Computational Method

The computation of time-dapendent profile changes (Yu) and onshore-offshore sediment transport rates
syi:' as vell as of tntegrated onshore=offeshore transport rates '(f: syic de) up to any time %, can
all be performed by using the following simple procedure :
1) compute the equtlidrium condition,

" 2) computs the value of the fraction f, asa function of time with the aid of section 2.4,
3) combine 1) and 2) to prediet time-dependent conditions.

In the case of profile-prediction, the location of the equilibrium profile can be predicced, because

the tnitial profile is given and the equilibrium profile form as vell as the values ¥ . and ¥ ¢ €40 be .

computad from section 2.4. The position Y“ of the profile at elavation zi end time t is then given by:
Y - Y * f (Y - Y ) e (295‘)
ie fe t "o i~ (sea Pigure 9) .

In the case of transported-volume prediction the total volume of transported uc-riﬂ up to time

Cow- (Vyi_) can be computed from equation (2,10) by putting ¢ = =, wvhereafzer Vy“. the total volume
of sedimant transported past the location in the profile with elevation Zi. can be computed from :

v. = £V

yit t yi- “ee (2.55)
The onshore-offshore sediment transport rate st location i can also be found in terms of vyi- and t: :
syi: - V,iw xb (l - tc) e (2.56)

3. LONGSHORE SEDIMENT TRANSPORT

3.1 General

Loagshore sediment~transport conputations can be used, either to gain an insight into the ovenall
sediment budget of an ares, or to study detail problams (such as deposition of sediment in an entrance
channel to a harbour)., The total sediment load at vartous locations will be nasded in the first case,
whereas the vertical distridution of sediment load (and specifically the division betwean bed and
total load) will also de needed in the second case.

The available formulae for the prediction of longshore sediment cransport rates can bea classified into
two groups, viz. ¢
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(1) overall predictors, such as the SPM~formula snd the Galvin=-formula, and

(2) dsetatl predictors, such as the Bijker—formula and the analogous SWANBY-method.

Whea a prediccion of longshore sediment transport rates has to be made, it is useful to perform the
computations with two or more of the available formulae, and to base the final prediction on the out~
come of all the results obtained. 1In this chapter a detail-predictor method (SWANBY) will be describded
in datail, as well as s modifisd version of the SPM-predictor, which is used to back up the detsil-
pradictor results.

3.2 Qverall predictors

Although the overall predictors are by definition only applicable in areas with negligible longshore
gradients, and cannot be used to obtain relisble estimates of the longshore transport rates in areas
vith scrong longshore tidal flow, they can be useful in assessing the overall longshore sedimeat bud-
get in an area. As such they can be used {o conjunction with the detail predictoers,

The SPM~formula, which relates the overall longshore transport rate sx:ot to & quantity resembling
the longshore componeat of the wave-energy flux, is the best-known oversll predictor available..This
SPM-relationship can be rewritten te read

2
] - KT (")

2
xtot o’ ras Kr .in eb (11 eb) v (30"

(see [19])

vhare Kt is the refraction coefficient, Gb {s the angle betwean the vave crast and the shorelinae at
wave bresking, and K, is & coefficiant vhich is assumed to be constant.

However, as lightar waterial will be transported more readily than heavier materials under the same
wave conditions, ic is to ba expacted that K° vill be a function of the grain alze of the bed matecial,
A te~evaluation of the data given in [19]) and [ 3) yielded Figure 10, from vhich & clear tandency can
be seen for l(° to vary with grain size. Although s steeper curve is to be expacted intuitivaly, the
data suggests Ko to vary as !

k|

) for 0.1xI0m” <D_. <1.0x!10m e (3.2)

50
. 50
Equatioas (3.1) and (3.2) are normally used to back up computations parformed with the detail predic~

tor, which will be described in section 3.3,

K = 365 x 10 log (24%915£ 3

o

3.3 Detail predictors

3.3.1 Underlying principles

In 1966 Bijker [ 2] pubiished a method for the computation of the longshore sediment transport at any
specific location in the coastal environment, which conscituted & major breskthrough in Coastal Engin-
eering. Bijker assumed that it will be possible to use, in the cosstal environment, a sediment traos-
port formula which had been developed for uniform flow conditions, provided that the shear strass

terms in the chosen formula are sdapted to incorporate the effect of the vave sction. He chose as
basis for this sdaptation the formula of Frijlink, which was at the tima a such-used formula in river~
flov problems in the Netherlands. Although the resulting Bijker-Frijlink equation scmetimes yialded
unrealistic results, it has been used since then with a ressonable amount of succsss in numarous
applications i{n the coastal environment. However, the insight into the fundamentals of sediment trans-
portation under vave sction has increased over the past decade. Purthermore, various evaluations of
the availabie predictor methods vevealed recantly ([ 51, { 7], [18], [20]) that there are mors reliable
methods for the computation of sediment transport under uniform flow conditions than the Frijlink-
equation, which can also be used over a vider range of boundary conditions., Therefore, a nev pre~
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dictor method vas developed by Svart [15] under the suspices of the Coastal Sediment Group of tha
Dutch Applied Coastal-Research Programme, for applicacion in the coastal environmeot.

The basic diffarences betwaen the new tachniqua (called the SWANBY-mathod) and the old Bijker-Frijlink
approsch vwill be discussed bclyw. :

(1) The Frijlink-formula, usad in tha original approach, is a bed load formula. The total load vas
computad from the bed load by adding the suspandad load, as computed with the sid of the Rouse/
Binscaln description of the vertical discribution of suspendad sadiment. The thickness of the bed
layer is in such aa approach an important parametar in the determination of the total load., Due to
the uncartainty in the definition of the layer in vhich the bed load takes place, it will be more con-
venient to chooss & total losd formula as basis for computations. in the coastal envirommenc. 1f
necassary, a definition can then be made of a bed layer thickness, and the amount of sediment trans-
portad in that layer can be computed. )

(2) Various comparative investigations [ S}, [ 7), (18], [20), shoved that the two most reliable
total load formulae available for uniform flow conditions, are those of Engelund-fawen and Ackers-
White. Both thesa forsulas give comparable results over s vide vange of boundary conditions, the
only exception being cases vherse tha sediment transport race wvas. lov (near iniciacion of motion), In
such cases the Engelund-Hansen method over-predicted the transport rates, vhere Ackers-White showed

3 good comparison. Engelund-Hanaean will thus not yield proper scals rclationahipi, that can be used
for the scaling of three-dimensional small-scale models., For the above-mentionsd reasons the Ackere-

White approach was chosen as the basic theory, vhich vas to be adapced for use in the coastal enviroa-
aenl,

(3) When avaluating the shear strass at the bed due to combined vave and cuteant action, B{jker
assumed the orbital velocity ugs ot the edge of the viscous sublayer to be :

“'. - pl u° .iﬂ (3%-‘-) ver (]-3)
whate Py = constant = 0.43 (see [ 2])

lc is, however, to be expectsad thet the effect of the vave motion on the shear stress will vary wvith
a variation in the flov regime at the bed. Jongson ([ 3} defined the flow regime at the bed in terms
of the ratio aolr vhere r {s the hydraulic bed roughness and s, the maximum wave particle excursion
at the bed. Using Jonsson's work, it can be shown that
h | ( t")’ s (3.9)
vhere P - _ aee (3.

! ;g!_,/’é;c
Ch is the Chezy~roughness value and !v is che vave friction factor.
In the SWANBY-approach equation (3.4) was used inscesd of equation (3.3).

s (3.6)

(6) In the 8ijker-Prijlink approach che hydraulic bed roughnass vas taken equal to ona-half the cipple
height. A subsequent study {15] has shown the ralative roughness (rldr) to vary with the ripple steep-
ness Ar/l' (see Pigure 8). This was used in the SWANBY-theory. 1t wvas showm in [15] that the thick~
ness of the layer near the bad i{n which vortices (£illed with sediment) ars formed and diffused, is of
the same order of magnitude as the hydraulic bed roughness r. The thickness of the layer {n wvhich bed
load cakas place was thersafter also assumed to be equal to the hydraulic bed roughness r.

(3) A comparative study of the various mechods for the computation of the vertical discribution of
suspended sediment (EzIEr) in the coastal environnent [15]ahowed that there is little difference
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between the prediction of E:IEr by various theories. The best correlation with data covering a wide
range of boundary conditions in ths coastal environment was, however, obtained with a theory in which

the diffusion coeffioient for solids € vas sssumed to vary linearly over the depth, The correspond-
ing variacion in Ezlar is ¢

ees (3.6)

01 nt
n e
[]
~~
in
N

vhere b, is a constant for each specific suspended sediment distribution over the depth.

With the assumption of a logarithmic variaction {n velocity over the depth, equatioan (3.6) yields an
expression for the amount of suspended sed{ment which is transported, which is easier to apply than
aty of the othar approaches tested. Dua to thess reasons it wvas decided to use equation (3.6) in the
SWANBY-mathod instead of che Rouse/Einatein approach.

In Figure [] longshore sediment transport rates, messured in a small-scala model, are compared with

predicted cranspert rates, as given by the Bijker-Frijlink and SWANBY (Adapted Ackars-white) formulae. ..

It is obvious that the SWANBY-mathod shows the better comparison with the data.

3.3.2 Predictive equations s

The equations needed for the application of the SWANBY-method for the computacion of the longshore
sadiment transport, will be given below.

total load

The total longshore sediment transport Sx: (bed plus suspendad load) at any specific location {s
given by :

-n m

¢
F &'“ « A} .o (3.7)

where (Té;) a determined by the porosity of tha bed, normally taken = 1.45 and v =« uniform current
velocity in the longshore direction. The valuas of Cpr 1

(equacian (2.44), (2.46) ~ (1.5)) ). Furtharmore
9.66

! Cp @
s“ - ("17-'5) t)Js v (;T) x“

ve? F"c and n are defined in seccion 2.4.4

+ 1.3 vee (3,8)
Oe
0.23
A = = o 0.14 vee (3.9)
D
gr
2 .
C = exp (2,86 1n (Dgr) = 0.4343 (1ln (Dgr) y¢ - 8,128} .es (3.19)

The hydraulic bed roughness r ls related to the ripple dimensions &s given in equation (2.51). The
ripple dimensions can either be known from observations or be computed from one of the available
methods (for instance[it] and [15] ).

bed load

The bed load can be computed from equation (3.7) and points (4) and (5) in section 3.J.l sbove, viz. :

%

be - (K;—;—x-;) Sxt | vee (3011
where K'b = 1In (%-E) for bl - |
4 &, 1-b
! 3 |
and K'b - (TT'TI) (- bl (T-) ) for b ¢ oo (31)
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) 924, . & .
K. 0.205 1n (—;-n) in (r) for b' 1

|-b‘
1} tor b, ¥ 1

ees (3.13)

- l-b *
and K, = 0.4 (1-b)) 2 ((1-b)) ((%) "'1a (-&;-;3-‘-’-) « 3.4} + {l-(%)

b, vas found empirically to be [15] :

0.96 _ 0.013 (o
v r kv
bl - 1,08 (E—‘-’—c) (a-) xwe eee (3.14)

3.4 Representative vave height

The stngle representative wave, which will yiald the same resultant longshore sediment transport as
the complete wave spectrum in the case of {rregular wave attack, will again be a function of the
toundary conditions. By assuming (1) s Raleigh~discributed wave height spectrum, and (2) the super-
position of the transports generated by the individual wavas in the spectrum, s representative wave
hcighc-ur vas computed for the SWANBY-decail predictor in tha same wanner as {n Chapter 2.

A design curve is preseated in Figure 12, whersby {t becomes possible to determine the representative
wave hatght " in terms of the rms - wave conditions. The represencacive height varias between the

nedian vave heighe (H¢y) and the significant wave height (usign)' Jith a tendency towards “lign at the

lover transport rates. Seeing that the lower waves in the spectrum will not transpovt sediment as
readily in ceses near the iniclatlon of mocion, this tendency is to be expected.

l The single representative wave height for the $PM~cverall predictor {s by definition the rms wave heighc.

4. APPLICATION
4,1 Genaral

Normally the losses from an ares which had besn replenished by & beachfill, can be astimaced by using
methods vhich are based on the gratn size dietridbution of the borrow and nattve material only. The
three most-used formulae {n this category are those of Krumbein-Jarmes {10}, vhich is suggested for use
in the Shore Protection Manual (19], Dean { 4] and Jams [ 8].

The Krumbein~James and Dean methods predice an cverfill ratio, L.e, the ratio betvean the volume of
sediment that has to de placed in order to retain the design volume and the required design volume

of sediment in the fill, The Krumbein-James method assumes some portion of tlie borrov material (vhich
has the same grain size discribution as the native material) to be absolutely stable and to stay on
the beach {ndefinacaly, whereas the rest of the borrov material will be lost. The Dean-method, on the
other hand, assumes that the borrow material which is coarser than the native materisl will not be
loat.

James. assumes that no material is absolutaly stable, and that fine materisl is less stable than coarse
material. He then computes a relative retreat rate, which is basically the ratio between the loss
rate of the borrow materisl in the fill and that of the native material in the original beach profile.

In order to allow the comparison of the losses, a3 predicted by the techniques described in this paper,
and those given by the above-mentioned three beachfill methods [10], [ 4}, [ 8], the following two

definitions vere made @
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: (as ) +*(A8)

Overfill Ratio (SEGAR) = w———i-DOTEQV_____x borrow

R £ % . e (B.1)
.nd : -

(A 8) + (A S )

Relative R¢treat Rate (SECAR) = G sy)borrou TS )b°rr°"

y/native x native . een (4,2)

where (A Sy) and (A S.) are the losses in the offshore and longshore directions respectively, and
!Lll is tha volume o! sediment placed in the beachfill, When caupu::ng (A S.) it should be kept in
wind that tho dimensions of the transport tates sy in chapter 2 are Inll while those in chapter )
(Sx) aTe & Is. In equations (4.1) and (4.2) sediment is considered lost when it moves out of the area
in which it uas placed, i.e. that volume of sediment vhich has to be replaced in, for instance, an
amually recwring replenishmant. Due to the fact that the sediment moved in the offshore direction
will eventually build a nev equilibrium condition, which will conform to the borrow matarial end the
vave climace, the annual losses, i.e. tha required racurring replenishment, as characterized by equa-
tions (4.1) and (4.2), will gradually diminish with time. The present calculations only shov the
losses during the firsc replenishment period. The longshore losses wers computad by both the SWANBY-
detail predictor wethod and the SPM-overall predictor, uhcrca{ter s tepresentative loss wvas computed
from thesa two figures, '
Due to the fact that both the overfill ratio (SEGAR) and the relative retreat rateé (SEGAR) are time~
dapandent, a time-duration of 10 days was chosen as basis for the comparison, during which time one
vave condition took place. When doing an sctual beachfill design, the vave conditions in an average
yaar should be applied comsecutively to the gradually developing profile.

4.2 Beachfill charactartstics

A typical besch profile for Natal (situated on the South African esst cosst) was taken as the inicial
profile for the computations. The geometry of the initial profile and cthe two beachfills, as well as
the grain size characteristics, are given in Figure 13. As can be seen, six different cases rasult,

- -6 -6 —6 P
viz. ®porrow = 1/10 and 1/5, each with DSO 200 x 10 7, 500 x 10 ~ and 1000 x 10 "m. It wvas assumed

that the beachfill has a longshore length 1l = 1000 mw, and is situated in an area with no updrife
supply of sediment. No gradients initiasted by the placing of the fill itself, will be considered, i.s.
edge effects at the longshore extremities of the fill will be neglected.

The wave condition in the area vas ‘uken to ba :

. - H o a

4.3 Discuasion of results

The computed losses, as given by the various methods, are represented graphically in Figure 14. The
following general observations regarding the results are relevant :

(1) The beachfill methods of Krumbein-James, Dean and James sre sll independent of the profile geo-
metry, vhereas the Krumbein-James and Dean methods are also independent of the vave climate. In the
James-mechod the wave climate can perhaps be included via the choice of the measure of selectivity of
the sorting process A (as defined by James [ 8)). Both the wave climate and the profile gecmetry do,
hovever, influence the losses, Consequently, the above-mentionad three methods can only be used to
obtain cowparative results for various possible borrev materials,

(2) 1If all the consecutive wave conditions in an aversge year are taken into account, the resultant
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y lossas vill be lowar than those given by tha higher vaves only, due to the fact that the lover vaves
vill initiste sn onshore sediment movement.

! .(3) Soth the relative retreat rats (as given by James) and thae overfill ratio (as gives by Xrumbein-
‘ James sod Dean) ars aqual to unity in the case of a borrew matarial which is {demi{oal to the native
matarial, The method presented in this paper (called the SECAR-mathod) ylields higher values of both
the relative retrest rats and the overfill ratio (of approximately 2) in the case vhere the native and
porrov satarials are ldentical. This higher loss rate seems logical, sesing that the {nitial profile
with £i11 is steeper thay -the initial profile alone (see Pigure 13). Offshore losses vill thus in-
craass (re chapter 2).

(4) The valative ratreat rates pradicted by the James-method are apprecisbly smaller than those pre-
dicted by the SEGAR-mathed, for all values of D.':O cxccpt' DSO = 200 x IO'_G-. A study of che original
papst by James reveals that 1f 4 « 1.0 as suggested in [ 8], the relative retreat rate is actually

< | for 330 x 10 .‘I < (02 ’borrw <1000 x lO"l. vhich i{s unfeasible from a physical viswpoint,
Por (Dso)“"w €200 x 10 "m, on the other hand, the relative retreat rate "b increases drastically
to complecely unraaliscic values (for Ilnstance, for DSO = 100 x IO"-; n’b = 3,23, 0, = 1,08 t~

R, = 6.8 x 107 12 4« .6 and LA 9.2 x 10 £f 4 = 1.0)., As vas already poinced out by James [ 8],
the trelative retraat rates is vary dependent oa the value of A, As A {s mostly unknown, this repras-

sents & serious restriction in the applicabllity of the theory.

(3) The overfill ratios predicted by Dean and especially by Krumbein-James for values of Do

< 500 x lO"n (in the present {llustration), are exceedingly high, The Desn-method seems to have the
soundest physical background of the two mathods,

(6) Tha $3XGAR-mathod deseribad in tha presant paper can, if nacessary, be used to obtain the relative
losses in the offshore snd longshors directions vespectively, as the transporta {n both these direc~
tions are slresdy cowputed. This is not possible for :hc. Krumbein=James [10], Desn [ 4] snd James

[ 8] methads.

4.4 Como remarks

Although the SEGAR-mathod, which takes into aceount the local wave climate and the gecuetry of the
beachfill, is more complicatad to apply than the other three beach{ill methods [10]}, [ 4] and [ 8],

it yields results which seem to be mora comparable with the known prototyps behaviour of & beachfill
area, than the results given by [10), [ 4] and [ 8]. It is sccordingly suggested that the SEGAR-
method iy ueed for beachfill design. Bask-up computations, ylelding comparative results only, of

both the relative retreat rqte and the cverfill ratio, can be made by uslag the Jams-method (provided
that an apﬁroprhn cholce of A can be made) and the Deam-method respectively, The Krumbein~James
method generally over-predicts the overfill ratio, and is not recommended for use.

5. SUMMARY

Predictor tachniques have been presanted, whersby it is possible to ccmpute onshore-offshore and
longahore sediment transports respactively. These respective techniques can be used in combination

to compute sediment losses i{n numercus applicaticns, Ona such appllcatiom, viz. to & beachfill problem,
vas describad in detail. The results were shown to be realistie.

A comparison of computed results with actual field mecsurements at a beachfill location will be the

' logical next scep in the cesting of the cechaiques.
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PREDICTIVE EQUATIONS REGARDING COASTAL TRANSPORTS

by
D. H, SWART®

1, INTRODUCTION

Morphological changes are the result of gradiemts in longshors and onshors-offshore sediment traansport.
The coastal engineer is cootinually faced with enginssring problams im which a quantitative knowledge

of thess morphological changes is required. For this 'purpou predictive equations have baen developed
for both longshore and onshore-offshore sediment transport, which are being used in practical applica~-
tions. In this paper & few of these pradictive techniques, as vell as one of their typical applications,
vie, to a beachfill problem, will be discussed, )

2, ONSHORE-OFFSHORE SEDIMENT TRANSPORT

2.1 General

The basics of Swart's cnshore-offshore ssdimmmt-transport theory wers dascribed io detail {o [14]. A
paper about this subject was prasented at ths 1974 Coastal !uim;rin; Confarsnce in Copenhagen [13].
Subsequently {t had become clear that the computationsl method described in [14)is too complicated for
pormal use, and that it could be modified to simplify the computations, without affacting the results
significaatly, In the presant papar a sumsary will be given of the basic principles underlying the
theory, as well as of the modified computational approach used at present. In Chapter & the method will
ba applied to & beachfill problem, to illustrate one of its typical applications.

2.2 Undarlying prinoiples

(1) The development in a normal beach profile is characterized into three definite zones, (Figure 1),
sach wvith its own traasport mechanism, viz,

(a) tha baokshore, {.e. the araa above the wave run-up limit in which "dry” tméort takes place,
(b) & developing profile (D-profile) whars a combioation of bed load=- and suspendsd load-transport
takes place, and

(c) & trausition area, seswvards of the D-profile, and landvards of the point vhere sediment motion dy
vave action is inftiated, where normally only bed load transport takes place, '

. (2) The most basie assumption in the schematization of onshore~offshora asdiment transport is that the
 devaloping profile (D-profile) will eventually reach a stable situation under persistent wave attack.

This stable situation implies both an equilibrium form and an equiltdriim position of the beach pro-
file. This last concept is illustrated in FPigure 2, vhere the sohematized volums of ssdiment {a the
D=profile is plotted as & function of tima, Similar variations are found for the different locations
in the D-profile, thus also confirming the equilibrium form concept.

(3) The sediment transport ratas lﬁr.o (or out of) tha D-profile from (or to) tha backshore and tha

~ transition area (S‘(c) and st(c) respactively) form the boundary conditions for the computation of

profile changes in the D-profile. These transport ratas vers found in {[14] to be given by :

Tk
. Coastal Engineering and Hydraulics Division
: National Research Institute for Oceanology, South Africa
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“8,C . : .
S,(¢) = o W, exp (—x-) ' ses (2.0)
and ’:“’ . 8, W oexp (:;-:) eee (2.2)

vhers 5, and 1, are the baeknhoruw and ttnnni:ion area=coastal constants and

W « L (teg) = L_(cww)

. ¢ ¢ ver (2.3)
W, = L, (t=m) =L, (T=0)

t = time

The other variibles are defined in Pigure !.

(4) With the aid of the assumption ia step (2) above, the rate of onshore-offshore sediment transpott

s’i: 4t a specific locatiom i in the profile at any time t can be shown to be & functicn of the differ-
snca betveen the values of a profile characteristic P at time ¢ (P(t)) and time t = = (P(w)).
8 a P(w) ~ P(t) Cees (2.0)
yie (see Figure 3)

Experimencs showed that the best descripclon of tha trnnaport,il found if the profile characteristic is

taken to be a horizoatal tnng:h in tha profile Ly = L)),

Spic ® c—Z-) M) = Ly = 1))y,) cee (2.9)
vo

vhete lyw and 'yi are traosporc coefficients and

t
. (Lz - Ll’i: -"' Hi ‘e (2-6)
The mesning of (L2 - Ll)le and tha gecuetry of the besch profila at time t ia defined in Pigure 1.
Relationships are presented in [13], whersby cy-. ('yl,'yn) and U‘. as vell as the limits of the
D-profile (i.a. the area in which equacion (2.5) Ls valid) can be found in terms of the boundary con-

dicions,,

(5) A subsaquent study of the given relacionships indicated that the computation of time-dependent
profile development can be signiticantly improved and simplified if it can be assumed that at each lo-
cation i in the developing profile the same fraction fit of the total traasport (j;. syi: de) of sedi-
ment passing that locaticn until time ¢ = = | will have occurred at any given time t, i.a.
[L_'L——'} ~f, & constant for all locations i in the developing

profile at time ¢, ves (2.7)

f L}

The results of morphological tests with durations in excess of | 000 hours, given {n Pigures 4 and 3,
show that the above-mentioned assumption (equation (2.7)) ia a good engineering approztmation,

(6) With the principle of continuity of mass, and by using steps (1) ~ (5) above, it is possible to

derive snalytical expressicas for the tima variation of the length (Lz - Ll)it and the sediment trans-

port, vir, :

(Lz - Li)i: - wi - (K.i * K:i) exp (‘xbt) e (2-8)
syi: - 'yi <K¢i » x:i) oxp (-xb:) . aee (2.9

. -1
. -[o Sype 90 % 8y; (Kgp * K Xy (1 = axp (=X, 8)) ver (2.10)

E2 PPN

il o - g S

B L T it e Shaie b e S milany 5 T e

o

R L T

L [T

Bl S R TH

g Ve n

R P R X IR




	- Pauline Cove2-34
	Summary of Wave Hindcasting Work3-1
	3.2.1 Input Data foi the Parametric Models3-3
	Sequences3-5

	Modifications to Hindcasting Procedure for use
	3.3.2 Deep and Shallow Fetch Sectors3-10

	3.4.1 Wind Data3-12
	Calibration of the PHEW Procedure3-15
	3.6.2 Hindcasting at North Head3-29

	Refraction Analysis and Spectral Transfer
	4.1.1 Outline of Procedure4-1
	4.1.2 Wave Ray Tracking
	4.1.3 Preparation of Grids
	4.1.4 Forward and Back-tracked Refraction
	Diagrams
	4.1.5 Wave Spectrum Transfer
	4.1.6 The Deep Water Spectrum Model
	Model
	The Inshore Wave Height Factor
	Shallow Water Saturated Spectrum
	5.2.2 Alongshore Sediment Transport Packaye
	5.2.3 Nearshore Profile Adjustments

	Alongshore Sediment Transport Package
	6.2.1 Bulk Energy Models
	6.2.2 Detailed Predictors
	6.2.2.1 Bijker Related Models
	Models

	6.2.3 Alongshore Current Model

	Model
	6.3.1 Optional Modes of Operation
	6.3.2 Input Data

	Sediment Transport Results
	6.4.1 Form of Results
	6.4.2 Summary of Results
	6.4.3 Selection of Valid Models
	Possible Sources of Error


	Introduction
	Theoretical Background
	Outline of Method
	7.3.1 Calibration
	7.6.2 Kay Point
	7.6.3 King Point

	4.1 King Point: Forward-Track Ray Diagram
	4.2 Kiny Point: Backward-Track Ray Diagram
	Different Water Levels T=lO.Os)
	Different Water Levels T=7.9S)
	Different Water Levels T=5.0s)
	Different Water Levels T=3.2s)
	Predict ions
	Transport Rates
	Transport Rates
	Transport Rates
	Transport Rates
	Transport Rates
	Transport Rates
	7.6 Kay Point Calibration Run for Profile Adjustment
	7.10 King Point Calibration Run for Profile Adjustment

	8.1 Reference Diagram for Beach Evolution Models8-3
	8.4 Beach Plan Shape Evolution Without a Structure at King
	Classification

	6-2 King Point Input for the Sediment Transport Package (SEDX)
	6.3 King Point SEDX Results (I) - Node
	6.4 King Point SEDX Results (11) - Node

	All Sites
	Atkinson Point 4 nearshore profiles C.P Lewis
	2 beach profiles A.G.C
	1 foreshore sediment sample A.G.C
	A.G.C
	A.G.C
	A.G.C

	King Point 1 beach profile McDonald &Lewis
	D.C.McDona1d
	Kiewit

	W Field

	Stokes Point 2 nearshore profiles Hardy
	beach and nearshore profile A.G.C
	10 samples beach & nearshore Hardy
	1 beach sample A.G.C
	2 nearshore samples A.G.C


	D.P.W (Kolberg)
	D.P.W (Kolberg)
	A.G.C

	364 -
	3 b8
	78 -
	8k -
	90 -
	108 -
	""""""
	iri d Number
	lodal Di mens i ons (XXY
	k5h Size (metres)
	600X600

	500X500
	I 37x45 :
	400X400 I 400X400

	-a- -
	3000X3000
	1500X1500

	!XI





