STABILITY AND ENGINEERING EFFECT OF SHOALS AND CHANNELS
IN CAOFEIDIAN DEEP-WATER HARBOR AREA, CHINA

LU Yongjurt, JI Rongya& ZUO Ligir?

Caofeidian sea area is the only natural site skeitédr building a large-sized berth of 300 000 tomishout
excavation of waterways and harbor basins in B8agi In Caofeidian harbor area, the stability af #hoals-inlets
coastal system under natural conditions is a keégtp®he harbor could be developed only if the talasystem is
stable. In this paper the characteristics of watigal currents, sedimentation and seabed evoliutidhe Caofeidian
shoal area is briefly described, and the trendaifikty of shoals and channels is predicted basedesearch on the
coastal system formation. Engineering effect of sqmrojects, such as the dam linking the Caofeitiilamd and the
coastline, the shoal reclamation and ore termioasguction, is also studied. The analysis show dleposition and
erosion of the seabed in front of Caofeidian fardlavill reach its equilibrium in 23 years after the implementation
of the proposed scheme.
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INTRODUCTION

Caofeidian harbor area is located in the north sidBohai Bay mouth (Fig. 1). Caofeidian Island
is originally a NE-SW strip barrier island and is about 18 km far afvayn the coastline. The area of
the barrier island above the mean sea level istéb&m in length and 1 km in width. The nearshaa s
area of Caofeidian is of satisfactory condition faslding a port. “There are deep channels in the
seaward side and shoals in the landward directidmis provids the most compelling for the
construction of large deep-water port as well as dbvelopment of near-harbor industry. The 30m-
water depth coastline in front of Caofeidian ism, kvithout problems of frozen and deposition, &nd
is the only natural site for building a large-sizmtth of 300 000 tons without excavation of watgrsv
and harbor basins in Bohai Bay. The area of thalshHzetween Caofeidian Island and the coastline is
450 knf in size, and it may provide enough space foralyeut of port industry and the development of
the city. Caofeidian is adjacent to the metropoiisle of Beijing, Tianjin and Hebei Province, areo
area of economic development in North China. Itgetland is the most central region for production
of coal, steel, building materials and chemicalustdy raw materials. While it also greatly demands
crude oil and iron ore, etc. However in the past, ¢oast along the Bohai Bay was restricted by the
lack of deep water coastline resources, large devtth a tonnage of over 200000 were scarce. Thus,
the construction of deep water harbor and relevadtistry in Caofeidian is not only of unique
resources superiority, but also due to its locaitiothe front edge of economic circle of Bohai SEae
development and construction of Caofeidian Harbasirb can eliminate the bottleneck of energy
sources and raw materials in North China and rhiedayout and integral function of ports along the
Bohai Sea.

In Caofeidian harbor area, the long-term stabiitythe coastal system , which consists of shoals
and inlets under natural conditions (strong ocearachic forces, especially storm surges) is a kegtpo
The harbor could be developed only with the stablestal system. The coastal system will be altered
to some extent during various stages in the coctitiruof harbor and will be gradually adjusted unde
hydrodynamic forces. The harbor construction shdwalde little influence on the basic stability oéth
coastal system (Liang, 2008). Regarding whetharodrthe vast shoal reclamation’s influence on the
hydrodynamic environment of the deep channel imtfrof Caofeidian, many research institutes
including Nanjing Hydraulic Research Institute, dasarried out theoretical studies, numerical and
physical model tests(Xu, 1997;Wang et al, 1997;et.wal, 2006; Xu et al, 2007). According to the
above research, a layout scheme of “island in ithiet fand land at the back” and an excavated harbor
basin consistes of various tidal inlets (Zhang,e2@06) was proposed (Fig. 1). During the congiounc
in recent years, the field observations have prdakieccreditability of the predicated results sdabe
helpful for the continuous implementation of themssed planning (Qiu, 2008). In this paper the
formation mechanism of the shoals and inlets off€idi@n is briefly dicussed, its stability is anzdyl,
and its evolution tendency is predicted based eretigineering effect of recent projects.
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Figure 1. Layout of coastal system and proposed scheme in Caofeidian sea area (Ji, 2008)

MORPHOLOGIC FEATURES OF CAOFEIDIAN COASTAL AREA

The Caofeidian sea area is located in the transitipone between Bohai Bay and Liaodong Bay.
The section of Daging River estuary-Nanbao possedseble coastline characteristics. The continental
coastline at the inner side is the grown alluvillirp along the front of the abandoned Luanhe River
Delta. The topography is low and even, with an a&fiew of 1~3 m, and there are barren shoals and
salt fields along the coast. The sandy island tioasht the outer side consists of Caofeidian, Yapt
Hatuo and Dongkengtuo barrier islands and basital/the same direction as the land line. There are
lagoon bays and tidal flats between the barrienid$ and the land. Deep channels for tidal inledg/g
between barrier islands (Fig. 1). There are 3 ikelt independent topographical systems along this
section (Ji, 2008). The deep channel system mamhgists of Caofeidian Island and the deep channel
in front of it. Laolonggou barrier-lagoon system inta consists of barrier islands of Hatuo and
Dongkengtuo, Laolonggou lagoon bay, deep chanmeldidal inlets as well as entrance sandbars.
Nanbao coastal system mainly consists of Nanba@ déannel and tidal sand ridges outside the
coastline (Fig. 1).

Deep Channels and Shoals in Front of Caofeidian

Caofeidian Island is located at the turning poihthe north coastline of Bohai Bay and extends
southward into Bohai Bay in the form of headlandfdse the harbor construction, Caofeidian Island is
originally a NE—SW strip barrier island, and there is a large slhaoeh between its north side and the
landline. The mean water depth is about 1.5 m. Mb#te shoal area is submerged during the high tid
period and appears above the water surface duretptv tide period. The sea area of deep channel is
just in front (South side) of Caofeidian Island.eTanderwater slope is steep. The 30 m-contour is
about 400~500 m away from the coast (Fig. 2), which is thepdsst in the whole Bohai Bay. The
natural water depth is generally larger than 2%®wen reaching 41 m. The ‘>30m depth’ area is 26 km
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in length and about 3:57.5 km in width (Fig. 1). It develops into an amgith strongest tidal currents
in this sea area under the headland effect. hiasmain dynamic force to maintain the water deffth o
the deep channel.
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Figure 2. Topography of typical cross Figure 3. Topography of typical cross section CC’

section BB'in Caofeidian sea area in Laolonggou in Caofeidian sea area

Laolonggou Offshore Sand Barriers-Lagoons

Laolonggou barrier-lagoon coast system mainly atesof topographical components including
barrier islands, lagoon and deep channels for tidats (Fig. 1). Among which, the sand barriers ar
divided into two nearly parallel inner and outewso The inner row is Hatuo-Yaotuo-Caofeidian
barrier islands, and the outer row is made up aighkengtuo and Yuetuo barrier islands. The presence
of the offshore sand barriers results in the doabbstlines in Caofeidian sea area and the separeiti
lagoon shoal at the inner side of the sand barfiers the open sea, leading to different dynamic
conditions and topographical features between tfAdm.lagoon area of Laolonggou at the inner side of
the sand barriers has an area of about 35%) &nd there is a large area of grown silty tidat.flThe
shoals above the elevation of 0 m have an are&®@kaf. There are deep channels in the lagoon, and
the largest water depth is up to 21m; divided byn@engtuo, there are east and west mouths to
connect with the outer sea (Fig. 1). The water sgaiment from Liuzan River is very small, and the
influence of the runoffs on the lagoon may be netgld; owing to the sheltering of the offshore sand
barriers, the waves from the outer sea mostly biredke shallow water area outside the offshorel san
barrier, accordingly, the dynamic influences of es\n the lagoon is weak. Furthermore, the mean
tidal range in this sea area is small, and the nweater depth in the shoal is only about 1.5 m.
Therefore, with the rise and drop of flood and ¢idles, large area of floodplain currents arise, and
most of their kinetic energy is dissipated duerictibn and their velocity is small.

Though the mean tidal range in this sea area idl,stin@re is vast quantity of tidal amount in the
lagoon owing to large water area, and the dynaomcek of the flood and ebb tides are strong. Taus,
large deep channel for tidal inlets at Laolonggoaroused between offshore sand barriers. Diviged b
Dongkengtuo, the Laolonggou deep channel is dividea eastern and western branches. The eastern
branch is almost in E-S direction, and its scalengller than that of the western branch. It isuai®
km in length. At present, the 2 m-deep channefristh all the way, about 2601200 in width, and
the largest water depth is about 19 m. The wedigginch is the main part of Laolonggou tidal inlet,
originated from the lagoon at the north side ofugaenters into the sea in a direction of N-Ss [17.5
km in length and 2-12 km in width. The 5 m-deep channel is smoottttal way. The largest water
depth is up to 22 m. There exist entrance sanditamsouths of the eastern and western branches. As
for the western branch, the 2 m-deep channel natwdHs 2 km in width and it rapidly extends to 11
km in width near Dongkengtuo, and the ebb tideslgglly diffuse and sediment continuously deposits
so as to form large-scale sandbars; the water depthwidth of the deep channel gradually decrease
towards the sea, the largest water depth near Ha2® m and becomes 5 m near the entrance andbar,
and correspondingly, the width of the 5 m-deep okanf 1800 m becomes 330 m.

Nanbao Deep Channel-Tidal Sand Ridges

The coastal section of Nanbao has similar geogcaplfiéatures of headland to Caofeidian. The
former is located at the turning point of the coatital coastline at the inner side, and the l&tat the
tuning point of the barrier island coastline at theer side. The offshore area near Nanbao ispiday
underwater topographical features of shoal-charidgk (Fig. 4). The shoals belong to muddy ang silt
ones including clayey silty sand or silty fine satite shoals are-24 km in width, the slope is gentle,
about 0.38%-0.94%. There are two strip tidal sand ridges about 2dwmay from the shoals. The
shallowest water depth is only 1.2 m at the tophefsand ridge. The sand mass with the water depth
less than 3 m is about 386G00 m in width and over 7.5 km in length (Fig. Manbao deep channel,
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the narrow and long tidal inlet between the ridgd &dal flat, is nearly parallel to the shore. Tiem-
deep channel within it is about 5 km in length & m in width. The deep channel is close to 0 m

contour as well as Nanbao headland, and the langgsr depth is up to 16 m.
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Figure 4. Topography of typical cross section AA"in Nanbao area

CHARACTERISTICS OF WATER AND SEDIMENT MOTION

Only some small rivers such as Daqing River, LiuRaver directly enter the Caofeidian sea area,
and the tide-receiving amount of Bohai Bay is véi® rivers have no remarkable influences on the
studied sea area. The influences of the runoffs beayeglected regarding that the morphodynamic
system of this area, the tidal currents, wavesthadediment motion under their co-action are thenm
dynamic forces for its evolution and stability dbsls and channels.

Characteristics of Tides and Tidal Currents

Caofeidian sea area is mainly controlled by Boidkil twave system(Su, 2005). The tides belong to
irregular semidiurnal ones. The mean tidal rangéhénarea gradually increases from the east to the
west. According to the statistics, at Caofeididarid, the mean high tidal stage is 0.81 m, the nh@an
tidal stage is -0.73 m, so that the tidal rang&.%! m (Lu et al, 2006). Based on the data anabyfsis
synchronous observation (water, sediment and tideSgt. 1996, Mar. 2005, Mar. 2006 and Jul. 2006,
the tida current in the deep channel at the sadth af Caofeidian island are basically E-W directio
reciprocal current (Fig. 1). Though the tidal rangesmall, the unique headland effect of Caofeidian
island leads to the area to possess strongestctidiants in the study area. It is also the maimadyic
forces to maintain the deep water depth. In Maf62@he measured largest velocity of the flooding
currents during the spring tides (tidal range: rhj7/was 1.24 m/s, and that of the ebbing currents wa
0.94 m/s. In the offshore shallow area, the diogctif the main currents has a tendency along tbeesh
or the contours owing to the topographical variatibhe floodplain currents dominate in the shoals a
the north side of Caofeidian island, and their @gence and diffusion are the main dynamic foroes t
maintain various tidal inlets.

Characteristics of Waves and Storm Surges

The direction of the prevailing waves in this seaaais S, with the occurrence frequency being
8.6%; that of the secondary prevailing waves is 8ifh the occurrence frequency being 5.8%. The
direction of strong waves is ENE, and their wavergy is 16.5% in proportion, and that of secondary
strong waves is NW and NE, with the wave energ@&sd9.9% and 9.1% (Lu et al, 2007), respectively.
The wind and waves obviously influence the sedintamtcentration. As for the medium waves and
surges Kf;,0>1.8 m), the wave energy is 34.0%, indicating thatlium waves play a great role in the
evolution of coastal shoals. The waves’ influercenainly reflected by the formation of sand basier
owing to horizontal sediment transport and by ttesien of tidal flats while the along-shore sediien
transport is relatively weak. In order to analyzee tmean wave conditions, the elements of
representative waves in the west and east directi@ne calculated by the mean wave energy method
according to the directional statistical results1®06, 1997 and 1999, which provided by National
Marine Environmental Forecasting Center of Chinlae Tirection of the statistical waves employ the
NE-S waves to analyze the representative east wares the SSW-WNW waves to analyze the
representative west waves. The analytic resultsvghat the occurrence frequency of east waves in
Caofeidian Harbor area is 47.4%, the wave diredso8E by E with a deflection of’6the height of
the representative wavés;;;;=0.77 m, and the corresponding wave period is 3.thes occurrence
frequency of west waves is 27.6%, the wave dirad8cSW by W with a deflection of’5the height of
the representative wavek;;=0.57 m, and the corresponding wave period is 3.1 s

The coastal area of Bohai Bay is one of region$ lie most severe storm surges in China.
According to the statistical data during 1950981 at Tianjin Port, there were 253 storm surgigis w
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the increased water over 1 m in height, with theuah value of 7.9 tides; there were 7 storm surges
with the increased water over 2 m in height, with value of once per 4.6 years; the largest value o
increased water is 2.52 m (in Nov. of 1960). Steurges mainly occur in autumn and winter, 76.2%
time of the total year, and it is aroused by E BSdwinds. The storm surges in Caofeidian sea area i
basically the same as that in Tianjin Port, howglecause it is located in the abrupt positiorhat t
north of the mouth of Bohai Bay, lack of geologicahditions for gathering water mass, the amplitude
of water increase and decrease is only about-6@%86 of Tanggu (Lu et al, 2006; Lu et al, 2007).

Sediment Sources

Caofeidian sea area is a region with strong windyesg. Long-term stability of the shoals and
channels is resulted from the equilibrium of therim@ dynamic conditions, coastal boundary
conditions as well as sediment conditions for ltnge. Because only small rivers such as Liuzan Rive
and Dagqing River directly enter, the incident wated sediment from upstream are so scarce that thei
influences can be ignored. The sediment carriedhbyalongshore currents, from the Luanhe River
estuary about 45 km away the Daging River estuathie northeast, may play a role in the evolutibn o
the shoals and channels in the studied area awotesof the most important sediment sources of
Caofeidian sea area.

Caofeidian sea area is developed by horizontabaatf waves on sediment of abandoned Luanhe
Rive delta (Xu, 2008). Rich sediment from LuanhgeRiis the basic condition for the formation and
growth of the coastal topography. Therefore, theltion of the coastal area closely relates with
sediment conditions of Luanhe River. Owing to tlmnstruction of reservoirs and water diversion
projects in the upper Luanhe River since the 196f@sst water and sediment were intercepted, only
small amounts can be discharged from the spillvdayig the flood period. Table 1 gives the amount
of sediment and water from Luanhe River since 19&fich reflects that since the middle period of the
1960s, the seaward sediment transport gradualkedses; since the 1980s, due to the influencdseof t
reservoirs and water diversion projects, the anwahseaward water and sediment abruptly decrease.
The annual mean sediment from Luanhe River is (§#td50 000, 10 110 000 and 1 671 000 t during
1929~1969, 1970-1979 and 1986-2003, respectively, and that during 1982003 is only 10. 8%
of the perennial mean value; in 2001 and 2002, ffsrend sediment not even existed. The abrupt
decrease of sediment amount from Luanhe River badcshortage of sediment supply result in slight
erosion of sand barriers along the coast. Underattimn of waves, the sediment of sand barriers
mainly moves horizontally and transports towardsirtinner side. The presence of residual barrier
islands in Caofeidian sea area also reflects theedse of incident sediment amount and short sedime
supply. Therefore, the sediment sources in Caafeidre mainly from the sediment generation of the
local seabed. In addition, more and more strongdmuactivities become an important factor to the
sediment sources of Caofeidian sea area. For eramphstruction of reservoirs and locks in the
upstream of watercourses, sealand reclamatioficeitisand dredging in sea areas as well as coasta
projects, etc., result in less and less sedimemtcss, and it will further reduce sediment supply t
Caofeidian sea area.

Table 1. Statistics of runoffs and sediment discharge from Luanhe River to Bohai Bay in different times

1929- | 1940- | 1950- | 1960- | 1970- | 1980- | 1990- | 2000- | 1929-
1939 | 1949 | 1959 | 1969 | 1979 | 1989 | 1999 | 2003 | 2003
Annual water amount/£m® / / 5.33 3.52 3.72 0.73 195 | 0.02 | 2.38

Annual sediment amount /A0 | 37.12 | 19.34 | 24.83 | 16.55 | 10.11 | 0.88 3.08 | 0.12 15.42

Period

Characteristics of Sediment Transport

Under the conditions of slight or no waves, theirsedt concentration in Caodeidian sea area is
not large. Hydrological measurements in recents/saowed that the sediment concentration of the
water column in the offshore area is generallydathan that of outer sea. It is about 0:0510 kg/ni
in the deep water region of outer sea, and ab@®-00.15 kg/ni in the offshore area. The offshore
water area is bounded by Caofeidian island, thennsealiment concentration in the western side is
obviously larger than that in the eastern side. &@mple, as for the mean sediment concentration of
spring tides, the measured values of the west asidageas are 0.39 kgfiand 0.32 kg/rhin Oct. 1996,
0.163 kg/mi and 0.072 kg/fhin Mar. 2005, and 0.137 kgfmand 0.054 kg/fhin Mar. 2006,
respectively. The analysis indicates that the sedinmotion aroused by windy waves is the most
important factor for variation of sediment concatitn in this sea area, and the tidal currents have
weaker influences. In recent years, the mean sedirmencentration generally has a tendency to
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decrease, and it relates to the abrupt decreasediinent amount from Luanhe River. The sediment
concentration in west side is obviously larger thi@at in east side.

Based on the analytic results of grain size of imaderial samples in March of 2006, it is known
that the distribution of sediment is characterinédfine-coarse-fine from the land towards the seal
the median diameter is also characterized by bedagse in the shoal and fine in the deep chanribl wi
the distribution of water depths. Bounded by Cabési island, the distribution of the median diamgete
has the tendency of “small-to-large” from the wiesthe east. The median diameter at the west side i
0.008~0.027 mm, and that at the east side is 0:00250 mm. The ratio of the median diameters
between the east and west sides may reach seieeal tn the west of Caofeidian island, the sortihg
sedimentary deposits is just average. While inethst of Caofeidian island, the sorting of sedimgnta
deposits is averaged—good—averaged from the coastrd the sea. In front of the east sand barrier
the sorting is the best, indicating that it is uethced by the strongest wave dynamics (Lu et @620
Yang, 2006).

Dynamic Formation Mechanism for Deep Channels

The deep channel at Caofeidian island, Laolonggtal inlet and Nanbao deep channel are the
strongest tidal forces regions in the studied arée.tidal currents are the main dynamic force®tm
and maintain the water depth of the deep chanrehkeder, the main reason to cause increase of local
tidal currents is that there are distinctively €ifint among these deep channels. The increaseaif lo
tidal currents aroused by headland topographyasnthin dynamic forces for the formation of deep
channels in front of Caofeidian island and Nanbedle the increase of the tidal currents resultenf
the return of floodplain currents and the reswictaction of narrow mouths is the main dynamic ésrc
for Laolonggou tidal inlet.

Liuzan River

Velocity

Velocity
Y (m/s)

(m/s)

TN a) Flood tide

Figure 5. Distribution of mean velocities of flood and ebb tides in Caofeidian sea area (March of 2006)

The sea area in front of Caofeidian barrier islendriginally an underwater valley extending from
Haihe River estuary to the Bohai Sea strait. Theréhe growth of the deep channel has certain
geological structural basis. However, the deep blcan still maintain its water depth and keepgton
term stability even under the conditions of largarmtity of sediments from the old Luanhe River, &nd
closely relates to the increase of local tidal ents in front of Caofeidian owing to its headland
topography and to the action of dynamic erosiontidél currents. The triangle zone protruding
southward at north side of Bohai Bay owing to haadltopography of Caofeidian will necessarily lead
to the increase of tidal currents in local sea aredront of Caofeidian. Fig.5a and 6b show thatisgh
distributions of mean velocities of floods and ¢ioles during spring tide period in March of 2006is|
seen that the increase of local velocities occorghé water area in front of Caofeidian under the
influences of headland topography. That increasee nearly covers the deep channel area for tidal
inlets, furthermore, the velocities gradually dese with the decrease of the headland effect fham t
forefront to the outer sea. At the site 500 m ateyfront of Caofeidian, the largest mean velooity
flood tides is 0.95 m/s. At the site about 1000wait reduces to 0.8 m/s. At the site about 2000 m
away it becomes 0.7 m/s (Fig. 5a). The mean védscidof ebb tides there have the same spatial
distribution and variation rules ( Fig. 5b). Howevthe range and amplitude of the velocity increase
zone due to the headland effect during the ebbpdnd are obviously much smaller than those durin
the flood tide period. It showed that the increa$docal tides and the erosion action aroused by
headland effect owing to the diffraction of floades around the front of Caofeidian are just thénma
dynamic conditions for the formation and maintemaotdeep channel for tidal inlet.



EVOLUTION CHARACTERISTICS AND STABILITY ANALYSIS OF SHOALS AND CHANNELS

The stability of shoals and channels is the kethéoevaluation of development and exploitation of
sea area. The stability closely relates to the &ion factors and evolution stages. Accordingly the
analysis of formation and evolution of the morphuaaiyic system in Caofeidian sea area should be
carried out. For the planning and construction abf@idian deep water harbor, we need to calcufege t
deposition and erosion to analyze modern evolutimspmmarize the evolution rules and main reasons
of deposition and erosion, and to discuss futurdeacy of stability.

Formation, Growth and Long-Term Variation Tendency of Stability of Shoals and Channels

Formation and growth of coastal systems The grown coastal morphological system in
Caofeidian sea area is the product of deposite@malt from the abandoned old Luanhe River delta
owing to long-term alternation under the actiomalizes and tidal currents. Rich sediment from Luanhe
River is the basic conditions for the formation ajrdwth of such coastal morphology. Luanhe River
ranks the second largest sediment concentratiolof;Y ®iver being the Ist) in the whole Bohai Bay,
and the annual sediment transport amount is 260800 during 1929-1960. Based on the analyses of
sediments}C dating and archaeological historical data throbgting, the separation point of Luanhe
River estuary historically migrates and changesyntames. Since the Holocene Epoch, there has been
5 secondary sub-delta accumulations of early Holec&poch, middle Holocene Epoch, early
Historical Epoch, late Historical Epoch and latdgttorical Epoch. At present, Daging River estuary,
Dongkengtuo and Caofeidian between Luanhe Riveragstand Nanbao were the entrances to the sea
for the old Luanhe River. Large quantities of segfits carried by runoffs continuously depositechin t
estuarine areas and provided rich sources fornhwth of the estuarine deltas. After the alternatid
the River, the sediments by runoffs abruptly desedathe deltas stopped deposition towards the sea,
and the coarse sediments in front of it resulted 8eries of offshore sand barriers under the mctio
waves, turbulent waves and tidal currents. Owingaatinuous compaction of sediments and long-term
erosion by waves, some delta plains gradually seldsiand was submerged by water, resulting in
lagoon tidal areas at the inner side of sand barrigccordingly, the offshore sand barrier—lagoon
coastal system is formed (Fig. 1).

Caofeidian barrier island is the offshore sandibanesulted from the horizontal accumulation of
the sediments from the old Luanhe River under tt®m of waves with strong dynamic forces and
turbulent waves. According to the analysis of thecpss of alternation of Luanhe River and formation
and abandonment of the delta, the offshore are€auffeidian has almost experienced the main
following evolution stages of dynamic depositiowieonment chronologically:

Shallow sea deposition environment under dynamic otrol of tides About 8000 years ago,
Nanbao plain area was still wide shallow sea ateacoastline was tens of thousand meters away, and
its dynamic deposition environment was similar hattof today’s Bohai Bay, China. At that time, no
larger rivers entered into the sea area, the wawee$ were relatively weak, the sediment motion
exhibited slow deposition in the deposition enviremt under dynamic control of tides, and largeaare
of muddy tidal flats and silty coasts was growmalthe coast.

Rapid delta deposition and development environmenunder action of runoffs and wave
forces 3000~8000 years ago, after the alternation of LuanheeRithe old ways of Daging River
entered into Bohai Bay in the Caofeidian sea akesge quantities of sediment from the upstream
deposited in the estuarine areas so as to formargstudeltas, and their deposition and evolution
process was similar to that of the modern Luanh@Rilelta. That is, the evolution of the deltas was
co-acted by runoffs and wave forces. On one hardelquantities of sediment from rivers deposited
and resulted in rapid deposition and developmenthefdeltas towards the sea, on the other hand, the
sediments in front of the deltas formed sand bartieder the horizontal transport and sorting byasa
The coastline in this sea area became sandy awstead of original muddy coast. During the rapid
advancing process of Luanhe River delta towardst®e the sand barrier at the outer side continyousl
connected with flood plains and destroyed by flo@imultaneously, new sand barriers were formed at
the outer side, and new lagoons grew, leading ¥o sand barrier-lagoon coastal system. About 3 000
years ago, when the delta approached near todagtdeldian sea area, the embryonic form of
Caofeidian barrier island was grown in front of thedta. The investigations (Wang et al, 1997) iatkc
that the foundation of Caofeidian with sand stratsmieep and thick, the embryonic form of the lgaurri
island starts at the depth of 60 m from the setobmtthe sand foundation is over 50 m in thicknéss;
1996,C dating was analyzed by sampling at<124 m-depth contours at Caofeidian island, and the
deposition year is about 3 381+136 years (Wand, 4987).



Erosion and shrinkage environment of sand barriersunder action of waves and tidal
currents About 3 000 years ago, Luanhe River re-altereds#dugment supply for Caofeidian sea area
was reduced greatly, the outer sand barriers it fobthe delta were eroded and moved towards inner
side, resulting in a series of offshore sand besrid Caofeidian, Yaotuo, Hatuo, etc. The deltarpla
became bay-lagoon owing to change of waves and tdeents and subsidence of compacted
sediments. Likewise, Luanhe River entered intosi through Daging River estuary and experienced
similar deposition and evolution process. At thatigd, after the growth of offshore sand barriezhsu
as Dongkengtuo, the prototype of Laolonggou coastafphological system was formed. When
Laolonggou offshore sand barriefagoon coastal system was formed, the flood andtielels could
only flow through relatively narrow mouth. The cemts became narrow and the velocity increased,
leading to the erosion of the deep channel neamihigh. Though the mean tidal range in this sea are
is small, there is vast quantity of tidal amounttire lagoon owing to large area for tidal water
reservation, and the dynamic forces of the flood elpb tides are strong. It is the main dynamicesrc
for the formation and maintenance of water depththef deep channel for Laolonggou tidal inlet.
Because of the alternation of Luanhe river andiestrshortage of sediment sources near Caofeidian
and Dongkengtuo, the lagoon mouth has the worsirdadegree, and it becomes the bay-type lagoon.
In 2006 the detecting results (Wang et al, 2006)seismic strata for the deep channel along
Laolonggou tidal inlet also indicate that Laolongds the modern tidal inlet of old river estuarteatd
by tidal currents. The bottom of the valley is sand sitly fine sand with a thin layer of clay.

The sea area in front of Caofeidian Island wasimalty a structural deep channel extending from
Haihe River estuary to the Bohai Sea strait, atet iabecame an underwater valley with certainrdeg
of deposition. When Luanhe River delta approachesl &rea, the deep channel stopped its seaward
advancing to some degree. The underwater valldyradern deep channel for tidal inlet both grew in
the structural deep channel. The modern deep charteecepted the homogenous sand layer in the old
valley after the deposition of that layer. It im@wly eroded valley, and a small part of it stillléwed
the old valley (Wang et al, 2006). After the forinatof Caofeidian barrier island, obvious velocity
increase of local tides was aroused by headlandgtaphy, and the seabed was continuously eroded,
thus today’s deep channel for tidal inlet was fam@aofeidian headland consisted of loose sediments
and was different from the common bedrock headland,its formation process and how to keep long-
term stability were still further studied.

Long-term variation tendency of stability of shoalsand channels Caofeidian barrier island is
generated in the sandy oceanographic zones underdadiment transport by old Luanhe River, and is
an oceanographic sand barrier accumulated by waneédgtidal currents with strong dynamic forces.
Caofeidian has long development time and thick sanddation and is stratified by fine sand, sildan
clay so that a stable sandy island is formed. Bezdle large quantities of seaward sediment are the
basic conditions for the formation of offshore sdvatriers, with the eastward diversion of Luanhe
River and the decrease of seaward sediment, thmeedsupply in Caofeidian sea area is short. At
present, a state of slight erosion and shrinkagerrscalong the coast of Yuetuo, Dongkengtuo, Hatuo
and Caofeidian. Simultaneously, the coastwise seulinis cut off by tidal ditches, indicating thateth
longitudinal coastwise sediment supply is not sidfit in this area. From the macroscopic viewpoint,
Laolonggou offshore sand barrier-lagoon systeneisbbped owing to the diversion of Luanhe River,
the decrease or cut-off of sediment sources asagethe local transgression induced by sea erosion.
Thus, offshore sand barrier-lagoon system basicédjows the development law during the
transgression period. The trend is closed lagoomri-ssed lagoon—bay-type lagoon, and finally it
becomes sea area. However, such a transformatisriong-term process, and time for the final
transformation should be ten thousand years.

Based on the stratum columns sampled from Laolamgtpep channel, Nanbao deep channel and
tidal flat, the 100-year scale deposition rate apf@idian sea area is studied by usé'¥b activity
change (Wang et al, 2006). The test results shaly the sea area and shoal near Nanbao exhibit
certain deposition state in recent 100 years, ¥eeage deposition rate is about-1.5 cm/a, it is under
strong intensity of human activities, and strongfutibance occurs in the sequence of depositiotastra
however, Laolonggou deep channel mainly exhibitsien, and in recent 100 years, there is no new
sediment accumulation in the core sampling area. Seismic section of the deep channel in front of
Caofeidian shows that the tidal inlet still keepsnplete double-shoulder valley topography, and the
valley shoulder close to the head of Caofeidiamoisdestroyed. Therefore, it will not result in ded
erosion and collapse. Simultaneously, owing to tshediment supply, the deep channel is in a state o
slight erosion at present.



Characteristics of Deposition and Erosion Variation of Shoals and Channels in Recent Years
and Analysis of Main Causes

Fig. 6 shows comparison between depth contour®96 land 2006 and distribution of deposition
and erosion depths in Caofeidian sea area. It shdomwat during 1996-2006, the sea area at the outer
side of offshore sand barriers generally exhibitstate of erosion, and the depth contours has
continuously declined towards the land. The dedlate has a variation rule: it is larger at the tveéde
of Caofeidian than that at the east side. The neeasion depth of the seabed is usualy2Lm. It is
worth noticing that in the local sea area closéhwest side of Caofeidian terminal, there is tewa
area of about 5 kinand the mean erosion depth of the seabed is &ip-&® m. The main reason is the
excavation of harbor basin and the reclamatiorewhinals. The subcritical flow zone of lagoon a th
inner side of sand barrier mainly exhibits a stdtdeposition. The area near Laolonggou deep channe
exhibit a state of deposition and erosion, andvédgation of deposition and erosion is complex. In
addition, owing to the influences of human actastin Caofeidian sea area such as the reclamation f
aguatic breeding, the coastline has a fast deposifpeed and the seaward distance was-2.km in
last 10 years. The annual mean deposition spesabist 150~200m.

% (5]
1996a 2006a Liuzan< Daging
Coastline’ —_— River i

om

Nanbao

Bohai Bay Bohai Bay

— 7
Figure 6. Comparison of depth contours in 1996 and 2006 in Caofeidian sea area

The general state of erosion in Caofeidian sea egkdes to the abrupt decrease of seaward
sediment transport amount in recent decades and shdiment supply. Under the action of strong
waves with the direction of E-S, the sediment anghabed in the shallow water area at the outer sid
of Hatuo and Dongkengtuo barrier islands moveszbotally. The horizontal motion of waves and
sediment of silty shoals is characterized by theuoence of erosion in the offshore wave breaking
zone, and part of eroded sediment is carried ieepdvater sea area outside the wave breaking zone
and deposits. Owing to the short sediment supplZaofeidian sea area and the strong alongshore
currents in the direction of E-W, most of the seglinin the wave breaking zone lifted by waves is
carried to the downstream by the alongshore cisremnty small part of sediment is carried awayhm®y t
currents and deposits in deep water area with weakilence of waves. A state of erosion is gengrall
exhibited at the outer edge of Caofeidian and Dengkuo barrier islands, and the waterside lineahas
tendency of transverse displacement toward thet.coaaddition, owing to short sediment supply, the
sediment concentration in the water is smaller th&nsediment transport capacity. Thus the sediment
concentration in water currents is raised throughtiouous erosion of sediment on the seabed,
resulting in a state of erosion in the deep watea at the outer side of barrier islands. It can be
concluded that the shortage of alongshore sedimgmply is the main cause for the erosion in the
offshore and deep water areas at the outer sitteecfand barriers.

With the development of Caofeidian Harbour areajows human activities such as Caofeidian
embankment project, reclamation of harbor basimstaction of terminals, sand dredging and
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excavation of harbor, construction of artificialaisds for oil field as well as aquatic breeding in
seawater will have increasing influences on dynatoitditions(water, sediment, etc.) and the evotutio
of shoals and channels. The influences will bengfeo and more complex, leading to not only the
variation of local hydrodynamic deposition enviraemh but also much effect on the evolution and
stability of shoals and channel in Caofeidian sesa.aThe increasing human activities have greatly
changed the dynamic conditions and topographicaluéen tendency in Caofeidian sea area and have
reached the magnitude of influences by naturalbfactin certain coastal areas, the human activities
have become the dominating factor for the evolutemdency of shoals and channels. For example,
sand dredging pits exhibit strong downward erosibrseabed. Furthermore, during sand dredging
period, it will lead to great increase of sedimeahcentration in water, muddy water transfers and
moves with the flood and ebb currents, so as taénte the deposition-erosion evolution in nead®y s
areas.

ENGINEERING EFFECT

At present, the main development projects that hexerted great influences on evolution of
dynamic environment and shoals and channels otdlastal system in Caofeidian sea area include
Caofeidian embankment project, reclamation of harBceea and construction of terminals, sand
dredging from seabed and excavation of harbor basin

Caofeidian Embankment Project (Dam Linking
Caofeidian Island with Coastline)

Before the development in Caofeidian sea areag tiser
a large area of shoals between the northwest sfde
Caofeidian Island and landline. Caofeidian embamkmef§
project is located at the ridge of the shoals. Th

Caofeidian Island (Fig. 7). The project startedviarch of
2003, the whole line was finished in May of 2004d @he Figure 7. Remote sensing image of
project was completed at the end of September @420 Caofeidian sea area in the end of 2005

Under the natural conditions, during the flood péri
the tidal currents from Laolonggou and the westltidlet gradually submerge the shoals and finally
converge near the embankment; during the ebb pesieithg to lower shoals at the east side, firdtly t
water on the shoals including a small part in erkbaant west side move eastward to Laolonggou.
When the tidal stage at the west side decreasesrtain degree, the water on the west shoals flows
through the west tidal inlet and then enters thepdehannel in front of Caofeidian and meets with th
water from Laolonggou at the east side. After Cigida embankment project is completed, owing to
its location in the divergence and convergence zote total regime of tidal fields has little \aidn
compared with that before construction. Howeves,émbankment construction intercepts exchange of
water from the east and west sides of Caofeidigpe@ally a small amount of eastward water during
the ebb period. Now this small part directly entbeswest deep channel.

The contour lines (Lu et al, 2008) mean tidal velocity (both flood and ebb) vawatibefore and
after embankment completion were calculated by ematttical models. Results showed that the mean
velocities of flood and ebb tides at the east sid€aofeidian decreased 0.060.030 m/s, about©
9%,; those in front of Caofeidian have mainly anrésing tendency, that is, 0.009.020 m/s, the
largest increase is 394%. Only during the ebb period, the velocity hagdight decrease owing to the
influences of local diffraction of currents at emkment head; the velocity of ebb tides at the st
of Caofeidian still has a slight increase, while trelocities of flood and ebb tides in the westpdee
channel vary little. At the site 1.5 km away frohetfront of Caofeidian, there is a slight increa$e
0.001~0.008 m/s for both flood and ebb tides, about 2%alout 3 km away, a slight increase of
0.001~0.005 m/s, about less than 1%. At about 5 km awdétyost no change is detected. The
embankment construction separates the water exehbaetyveen the east and west sides, the mean
velocities of flood and ebb tides in Laolonggoupmlebannel both have a decreasing tendency, and the
largest decrease is 3%#%%. The velocity of flood tides has a little chantfeere is certain increase at
the upper part, and there is certain decreaseealother part with the decrement of 1%. While the
velocity of ebb tides has a decrease of 6:0104 m/s, especially at the site of 10 m-deep chiartine
velocity has a decrease of 0.039 m/s, about 6%. &\ reason lies in that the water flows into
Laolonggou from the west to the east for 1h durihg ebb tide period before the embankment
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completion and cannot flow into Laolonggou aftex #mbankment completion. The tidal stage process
in front of Caofeidian almost has no variation (eti al, 2006), indicating that the embankment
construction does not change the tidal structukgaofeidian sea area.

Reclamation Project

The reclamation project in the offshore sea are€adfeidian may be categorized into 2 types:
reclamation for aquatic breeding and hydraulic difl harbor area. In recent 20 years, the scale of
marine breeding in Caofeidian has gradually incrdad he ponds of fish and shrimp along the coast
increase year by year. Large quantities of breedmgds are constructed in tidal zones, the coastlin
continuously advances towards the sea, and it #dge has reached the intermediate and low tide
shoals. On one hand, the reclamation for aquadieding results in artificial coastal topographytia
tidal zones, on the other hand, it leads to lagdesdecrease of natural wetland area. The natural
coastal wetland ecosystem has been greatly dedtréyeording to the statistics, only at the section
from Nanbao to Daging River estuary, the coasttias advanced 1:52 km towards the sea owing to
reclamation for aquatic breeding during 199%006, the annul advancing speed is about-1300 m,
and the area of shoals has a total decrease of 86dukni. The decrease of shoal area owing to the
reclamation for aquatic breeding will also redube tidal amount through Laolonggou tidal inlet,
weakening tidal forces to some degree.

According to the overall planning of Caofeidian blar area, the reclamation area of shoals for the
construction of harbor area is up to 310?°K@hang et al, 2006). Dynamic variation and evoltof
shoals and channels caused by the reclamatiorrfimharea are basically the same as those for iaquat
breeding. On one hand, the reclamation in harbea avill reduce the area of lagoons and the tidal
amount, and will further leads to the correspondizgiation of dynamic topography. After the
implementation of the planning scheme for the hadrea, the reclamation in harbor area resulthen t
decrease of about 90kruf the tidal area of Laolonggou lagoon. The deseeaf the tidal amount will
lead to the weaker tidal forces in the deep chaahkholonggou, and the dynamic forces of waves in
the sea area of sandbar relatively increase. Aaagiyd erosion and shrinkage occur at the outereedg
of the delta and sand barriers during the ebb pieleod. On the other hand, the reclamation in the
harbor area and the embankment construction diretthnge the coastal shape and morphological
structure and results in the straightness andliziation of the coasts. It will improve the statyilof the
coasts to some extent. As mentioned above, thharffssand barrier-lagoon coastal system follows the
development trend of closed lagoon—semi-closeddagebay-type lagoon, and finally it becomes sea
area. However, after the reclamation in harbor ,atiea land boundary and mouth of Laolonggou
lagoon become stable, the impact of natural exarufactors will be weakened, and it will cahnge the
evolution trend of the coastal system to some éxten

Hydrodynamic Conditions and Seabed Deposition-Erosion Variation Aroused by
Development Schemes for Harbor Area

Introduction of schemes for development of harbor eea The water depth in the deep channel
of Caofeidian island is stable, the deep watetdsecto the coast and it is suitable for the caitsion
of large sized berths. The tidal passages on its ¢ides are basically stable, and they can bemrgl
as water areas for port services through certadavation and regulation. Simultaneously, The layout
of the overall scheme should be in accordance thithlaw of water and sediment motion in the sea
area, and the existing topographical environmeatilshnot be greatly changed. On such a basis, the
scheme of a large sized artificial island is tofdmened. With Laolonggou and Connecting River as the
boundaries, the whole layout of island in the framid land at the back is thus obtained. After
comparing various schemes by mathematical modelsidwes, tidal currents and sediment (Lu et al,
2005; Lu et al, 2006, Lu et al, 2008; Lu et al, 20Qhe proposed scheme is shown in Fig.1 (Zhang et
al, 2006).

Variation of hydrodynamic conditions after implementation of proposed scheme The
implementation of the proposed scheme has difféandiaences on hydrodynamic conditions in various
districts (Lu et al, 2006): the velocity in deepanhel in front of Caofeidian has a slight incredhke,
mean velocity of the flood tides has an increase.@%, and the mean velocity of the ebb tides Inas a
increase of 5.7%. At the site 1.5 km in front ofoeadian, the mean velocity of the flood tides las
increase of 2.4%, and that of the ebb tides hasaease of 1.1%. The slight increase of the vélasi
in favor of maintaining the water depth of the dedannel in front of Caofeidian. In the deep ch&nne
area of Nanbao, after the implementation of theopsed scheme, the velocity has a slight increbse, t
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mean velocity of the flood tides has an increas@.8%6, the mean velocity of the ebb tides has an
increase of 4.1%, the water currents become moo®tmthe characteristics of reciprocal currenés ar
more obvious, and they are in favor of maintairtimg water depth of the deep channel. In the staials
the east side of Caofeidian foreland, the reclaomatit the east side of harbor area separates the
floodplain currents during the flood and ebb tideipds, resulting in that the mean velocity of floed
tides in the shoals at the south side of the m@eldiarea has a decrease of 22.0%, and that obthe e
tides has a decrease of 18.0%. The decrease wélbety will lead to slight deposition in the shea
and it is in favor of land reclamation and coaab#ity. Owing to the decrease of tidal amounthe t
shoals, the velocity in the tidal inlet of Laolomgghas certain decrease, the mean velocity ofitloel f
tides has a decrease of 11.9% (6-@10 m/s), and that of the ebb tides has a decrefa8. 4%
(0.1~0.2 m/s). It is in favor of the navigation insteafdhe maintenance of water depth.

As for the proposed scheme, though the reclamaiiea of the harbor area is about 31G,kime
water depth of the shoal surface is smaller thamand the mean velocity is smaller than 0.1 m/& Th
reclamation proportion is only 0.3%1.7% so that the decrease of the tidal amounteig small
compared with pre-construction. Therefore, the tgraent of the harbor area has small influences on
the hydrodynamic environment nearby. Fig.8 showealt tafter the scheme implementation, the
velocities at the sites 5 km away from the soutth awest sides and 10 km away from the east side of
Caofeidian island have a decrement of being smiddéer 2.0%, which is about 0.610.02 m/s.
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Figure 8. Percent change of the mean velocity of Figure 9. Distribution of deposition and erosion
ebbing tides after the implementation of the depths after the implementation of the proposed
proposed scheme scheme

Deposition-erosion variation of seabed after impleentation of proposed scheméLu et al,
2006; Lu et al, 2009)Based on the preliminary verification of seabedya$ition and erosion of the
proposed scheme under the co-action of perenniasvand spring and middle tides were calculated.
According to the analysis of wave data, in Cao#@idiea area, the regular direction of waves is BE w
a deflection of 6 degrees toward the east and SWV avdeflection of 5 degrees toward the west, and
their frequencies are 47.4% and 27.6% respectiydtgr the implementation of the proposed scheme,
the reclamation of Caofeidian harbor area hindeespropagation of waves towards the shoals, and the
wave heights are mainly distributed over the ostsr area. Compared with that before the projeet, th
sediment concentration in the harbor area greatlyrahses, and that in the outer sea area hardly
changes.

After the 1-year implementation of the proposecesad (Fig. 9), the erosion of the deep channel in
front of Caofeidian is 0.150.48 m in depth, 0.090.27 m in depth in front of the west side, 0:00
0.20 m in depth in front of the east side, and 801 m in depth in the area 3.0 km away from
Caofeidian island; the annual deposition of thencleh of Laolonggou is 0.060.83 m in depth, and
the back silting strength close to No. 3 harboiirbaslarger. The annual back silting of No. 1 tarb
basin is 0.35-1.31 m in depth, and its deposition point is maicilyse to the backflow area near the
mouth; that of No. 2 harbor basin is 0:08.99 m in depth, and deposition is larger nearntio@ith;
that of No. 3 harbor basin is 0.63.64 m in depth, and the deposition point is cltzs¢he side of
Laolonggou. It is predicted that deposition andsino of the seabed in front of Caofeidian will eac
the equilibrium (Lu et al, 2006) 2-3 years afteg ttonstruction. The erosion in front of Caofeidigt
be 0.3~1.1 m in depth, with the maximum about 2.1 m.
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Sudden deposition of sediment caused by stormy waveln order to determine the sudden
deposition of harbor basin and waterways inducedtbymy waves, the strength of sudden deposition
after the implementation of the proposed schencalisulated by use of the co-action of waves (regula
direction of SE with a deflection of 6 degrees)miite occurrence period of 10 years and spring and
middle tides. The duration of waves is 48 h. Aftex implementation of the scheme, wave heights are
mainly distributed over the outer sea area, anthguhe middle tides the largest effective wavaghei
is 3.8~4.1 m. The sediment concentration at the west gfd@aofeidian island is larger, up to 6.0
kg/m® (Fig. 10), and that in the harbor basin and Coringdiver is small, about 0.5 kg/m

After the implementation of the proposed schemeeurthe action of waves with the occurrence
period of 10 years, the deposition of No. 1 harbasin is 0.024-0.21 m in depth, and its deposition
point is mainly close to the mouth; that of No.&tor basin is 0.0860.20 m in depth, and it is larger
near the mouth; that of No. 3 harbor basin is ©:007 m in depth, and the deposition point is in the
sea area close to Laolonggou; the deposition irchia@nel of Laolonggou is large, up to 0:08.55 m
in depth, and the strength of sudden depositidghdrchannel close to the mouth side is relativaigd.

Xu et al completed physical model tests on moutimopation of the proposed scheme for harbor
basin No. 1 in March of 2007. The variation of ft@w fields and the sediment deposition in the
project area of harbor basin No. 1 were studieds@rh a basis, the mouth layout of the harbor basin
was optimized. The horizontal scale of the physivaldel 1, =720, the vertical scal¢,=120, the
variability is 6.0, the wave height scalg=100, the wavelength scalg=120, the variability is 1.2, and
the model sand is employed by wood powder withviiee unit weight of 1.16 g/cfn Compared with
the physical model test results, the velocities iomt regimes of harbor basin No. 1 and Connecting
River are close, that is, at the mouth of harbairb&lo. 1, water basically goes in during the flaiold
period and out during the ebb tide period, andettwercur large back flows. The physical model gives
deposition situations of harbor basin under diffiéihapes of breakwaters. The study shows thatrunde
the normal conditions, the annual mean depositiarkhess at the mouth side of harbor basin No. 1 is
0.56~1.22 m, which is close to to the value of 0:35.31m calculated by mathematical model. Their
distribution rules are agreeable, that is, thedargleposition area is close to the back flow aed,the
more faraway from the mouth, the less the depasitio
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Figure 10. Suspended load concentration field after Figure 11. Remote sensing image of Caofeidian sea
implementation of proposed scheme under action of areain the end of 2008

SE waves with recurrence period of 10 years

Stability of Deep Channel in Front of Caofeidian

The stability of the deep channel in front of Cédien Island is one of the symbols for the stable
shoals in Caofeidian sea area. The engineeringipeaghows that the reclamation area in Caofeidian
offshore sea was about 30 km the end of 2006 and was about 14C kRig. 11) in the end of 2008,
and the deep channel in front of Caofeidian Islenthe area for the main arrangement of deep-water
berths. During 2004-2008, the sea area in front of Caofeidian Island hat changed of large
deposition and erosion, and the depth contoursoint fof Caofeidian Island keep their original form
(Fig. 12a). The seabed is basically in a stateepidition-erosion equilibrium with slight erosi@nd
the erosion range of the deep channel is aboutnQ(Big. 12b), indicating that the deep channel keep
its stability. Under the long-term oceanographiaaiyic forces, the boundary and dynamic conditions
for the deep channel are almost adaptive, anddhbesl is basically in a state of stability. In réce
years, the short sediment supply in Caofeidianasea and the increase of headland effect aroused by
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the reclamation in front of Caofeidian Island résmlan increase of hydrodynamic froces in loca se
area in front of Caofeidian Island, and the deeggmnehis in a state of slight erosion.

In 2006, the authors predicated the depositionemasion variation after multi-step implementation
of the proposed scheme: reclamation at Caofeidislmaekment and excavation of harbor basin No. 1
and No. 2. The prediction indicates that the ermgmthe deep channel in front of Caofeidian island
would be 0.18-0.70 m during 2006-2008 (Lu et al, 2006). The sea area within 1 knength at both
sides of Caofeidian island exhibits a slight defasistate owing to pile groups at the ore termifle
erosion depth at 1 km away from the west sidelig80.40 m, and that 1 km away from the east side
is 0.04~0.20 m. It is close to the deposition-erosion \aia(Fig. 12b) aroused by projects in 2008. It
should be noted that a sand dredging pit at teeasibut 1.3 km away the east coastal side is betyend

range a mathematical model could predict.
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Figure 12. Distribution of depth contours and deposition-erosion depth of deep channel in front of
Caofeidian during 2004~2008

CONCLUSIONS AND SUGGESTIONS

The offshore sand barrier-lagoon oceanographiesysif Caofeidian sea area is formed by old
Luanhe River delta under the co-action of wavestatad currents after the diversion of Luanhe River
The tidal currents are the main dynamic forcestlier formation and maintenance of water depth of
deep channel of the modern tidal inlet. The develaqt of the deep channel of the tidal inlet in froh
Caofeidian has certain geological structural bakis:headland topography induced by sandy islasds i
the boundary condition for the deep channel, aedctinsequent increase of local tidal currentses th
dynamic condition for the deep channel. Due to rigraint action of the narrow entrance of the
Laolonggou tidal inlet, the induced increase ofwfleelocity is the main dynamic force for the
maintenance of water depth of the deep channel.o€hanographic topography in Caofeidian sea area
has a long time for development. The offshore dzardiers such as Caofeidian and Dongkengtuo have
thick foundations and become stable sandy islafdthermore, there is a small deposition rate & th
deep channel of the tidal inlet. Therefore the khoaill be basically stable for long time.
Simultaneously, owing to insufficient coastwise isght supply, the outer edges of Caofeidian and
Dongkengtuo will exhibit slight erosion in futun@/ith the development of Caofeidian sea area, variou
human activities will have increasing effect ondigmamic conditions and topographical evolvement.
They have reached the magnitude of influences lyralafactors. At some certain coastal area, the
human activities have become the dominating faftorthe evolution tendency of deposition and
erosion of shoals and channels.

Estimation of effects of the implementation of #@posed scheme shows that the flow velocity
slightly increases in front of Caofeidian forelamehd decreases in the habor basin and channete Sin
the mean water depth above the shoals is lesslthanthe tidal prism decreases silightly after the
reclamation. Thus, the developments of the harbvea ahave little effect on the hydrodynamic
environment. Compared with that before the proj#éioe, suspended sediment concentration in the
harbor area significantly decreases, and that & dbter sea area has little change. After the
implementation of the proposed scheme, the deemnehén front of Caofeidian foreland is in a stafe
erosion, and the harbor basin and channels exhittiatte of deposition. It is predicted that erosiod
deposition of the seabed in front of Caofeidiarefand will reach the equilibrium-23 years after the
construction. The engineering practice shows thaind 2004~ 2008, the sea area in front of
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Caofeidian Island generally did not change in teofrsrosion and deposition, and the depth contiours
front of Caofeidian Island will keep their originfdrm. The seabed is basically in a state of erssio
deposition equilibrium with slight deposition, atite deep channel is stable. The stability of thepde
channel in front of Caofeidian foreland indicateattthe layout scheme of “island in the front azwaid|
at the back” as well as an excavated harbor basgisists of various tidal inlets is rational.

With regard to the development and exploitatiorCabfeidian sea area, the short-term and long-
term influences of sediment supply should be fallyl comprehensively considered not only from the
positive aspect (e. g., decrease of back depositiomarbor and channels) but also from possible
negative aspect, and feasible and effective psliaied measures should also be proposed. In addition
During construction the hydrological, sediment d@agdographical monitored during the construction
period should be strengthened so as to find ane gwbblems in time..
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