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S.1

S.2

SUMMARY

This Supplementary Environmental Impact Assessment (SEIA) compares the
environmental significance of the ash lagoon now proposed for the Lamma
Power Station with the former lagoon which was approved by Government
following a multi-stage Environmental Impact Assessment (EIA), undertaken
between October 1986 and March 1993.

Government have decided to utilise ash as fill in Hong Kong’s reclamation
programme. Consequently the ash lagoon for the Lamma Power Station can
be substantially smaller than the previousty approved facility. The reduction
in lagoon volume has brought about a reduction in the plan area of the lagoon,
and in the cross section of the lagoon perimeter. The previous cross section
was a trapezoidal form (embankment, Figure S.1) which has reduced to a half
trapezoidal form provided by a seaward revetment supported by caissons
(Figure S.2).

SEA LAGOON
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Figure S.1 Trapezoidal Perimeter Section (Embankment}
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Figure S.2 Half Trapezoidal Perimeter Section (Revetment with Caissons)

S.3 Each factor of environmental significance relating to the trapezoidal form (and
detailed in the EIA) has been reviewed with respect t¢ the half trapezoidal
form (in this SEIA). It is of particular importance that design of the new
perimeter has ensured that it is less permeable than the previously approved
structure.

S.4 The principal conclusions of the SEIA are:

0] all the environmental issues assessed for the final stage of the EIA
(Stage III) have been re-addressed and are within accepted criteria for
environmental protection;

(i)  given that a lagoon is a necessary element in the approved ash disposal
strategy, the half trapezoidal revetment and caisson perimeter now
presents the best practical and most secure means for containing the
facility.

(i)  the construction programme for the completion of the perimeter is
about 21 months, the same as that for the previous embankment
proposal.

Binnie Consultants Limited vi The Hongkong Electric Co Ltd
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1 INTRODUCTION

1.1 This report is a supplementary report to the *"Environmental Impact Assessment
Stage III Report on Ash Lagoon’ January 1993. It provides the background to developments
that have occurred to the scheme since the issue of that report and compares the
environmental impacts of the scheme that was proposed then (a lagoon with an embankment
perimeter), and the scheme that is currently being proposed to accommodate the changes in
duties of the lagoon.

1.2 There are a number of features of the current scheme that are the same as the
previous scheme. Where appropriate, the same passages of text have been used in this report
as used in the EIA Stage III reports, (which has already been approved by Government).
Where these passages occur they have been distinguished by g ¢ the text. Similarly
figures and tables used previously, are shaded when presented in this report.

Binnie Consultants Limited 1 The Hongkong Electric Co Ltd




1.10 These studies were based upon the premise that the Lamma Quarry would be
made available to Hongkong Electric for the long term disposal of ash from the power
station, and that the capacity in the lagoon would provide an interim facility, prior to the
preparation of the quarry. By May 1992 Government formalised its policy in permitting the
use of ash in Government reclamation projects. Discussions between Government and HEC
were initiated in May 1992 to establish the principle of using the ash generated at Lamma
Power Station’s in Government reclamations. The long term use of ash in reclamations
negated the requirement for the permanent storage facility in the Lamma Quarry, but the
need for a lagoon of reduced volume remained.

1.11 By September 1992, Government had agreed in principle to utilise the surplus
ash from the station, and would accept this at convenient intervals based on the size of the
lagoon to be constructed to hold the ash in the intervening periods. Various details and
arrangements have been discussed between Government and HEC:

) the ash is to be held in a lagoon prior to acceptance by Government;

(ii) the lagoon is to have a capacity of about 1 million cubic meters,
divided into two compartments of roughly 500,000 cubic meters each;

(iii)  the ash is to be pumped from the lagoon to awaiting barges at a wharf,
along one side of the lagoon, where it will be loaded onto barges of a
Government contractor;

1.12 These changes in function and size of lagoon required a review of the outline
design and the derivation of new proposals for the lagoon’s shape and form. This review was
carried out in early 1993, and more detailed proposals were developed throughout 1993.

1.13 This report outlines the current design for the lagoon and associated facilities
required to achieve the Government requirements for the lagoon, and compares the predicted
environmental impacts of the scheme with those of the scheme proposed in the EIA Stage ITI
report, January 1993.

[ ]
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2 THE SITE

e lagoon is to be along

2.2 The original lagoon was to be some 529 m long, stretching from the eastern
edge of the platform to about half way along, almost opposite the main control room and was
to extend some 250 m into the sea. The revised lagoon will be significantly shorter. The
lagoon will be some 350 m long, stretching from the eastern edge of the platform, stop short
of the new Cooling Water 3 intake, and will extend some 250 m into the sea.
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3 THE LAGOON

3.1 The expected production of ash over the next few years is some 700 m® per
day. The original lagoon was to have an ultimate capacity of 1.5 Mm’ of ash, and an
expected life of about 6 to 8 years. The lagoon is now to have a capacity of about 1.0 million
cubic meters, in two compartments, and will in addition provide for the occasional discharge
of ash slurry of 46,000 m’ in a day.

3.2 To accommodate the capacity within the confines of the site and primarily
below the sea level, the marine mud within the site is to be excavated. The marine mud
excavated during construction will be transported under licence to a designated area for
marine disposal. Although the original proposal also required the dredging of marine mud,
it required in addition that the ash be mounded above the lagoon perimeter to achieve the
desired capacity.

3.3 In devising engineering proposals for the lagoon a number of environmental
constraints have been considered, and these are the same as those considered during the
preparation of the original lagoon proposals:

3.4 There are also a number of engineering constraints that influence various
aspects of the design, these relate to the site conditions, the site’s exposure to prevailing
winds and the geometry of the existing power station platform:

(i)

(iiiy  although the lagoon does not envelop any of the power station’s
cooling water intakes, unlike the original proposal, the designs have
to provide for uninterrupted flow of seawater to the power station
throughout construction.

Binnie Consultants Limited 5 The Hongkong Electric Co Lud
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Perimeter Options

3.5 The favoured option for the perimeter of the original lagoon ("Environmental
Impact Assessment Stage III Report on Ash Lagoon") was an embankment, consisting mainly
of a sand core with rock armouring on the seaward face with suitable filters between the two.
The crest of the embankment would carry a perimeter road at +7.5 mPD with a concrete
wave wall on the lagoon side (Figure 3.2). The overall width of the perimeter construction
would be about 158 m.

3.6 Given the agreed site limits, an arrangement cannot be found that provides two
compartments and does not encroach upon the free entry of water to the cooling water
intakes. If the lagoon were to encompass the intakes, culverts would be required, and these
would make harvesting arrangements for the ash impractical. Thus the maximum volume that
could be achieved would be 0.55 Mm?®, which is considerably less than the required volume.

SCA LAGOON
10m Im

2nd underlayer, 1 m thick

Road base
Wave wall
st underdayer, 1 m thick

+7.5 mPD
Lv) +5.5mPD

Concrete coping

HWL = 25 mPD
LWL & 2m 4m <9 _3meD

3 ST
=i "8mip

ENUARANY

iv)
\ Dredged level
3rd filter 1ayer, 1 m thick
To¢ berm
2nd filter layer, 1 m thick )
1at filer layer, 1 m thick
2nd underlayer, 1 m thick

Geotexatle filter

1st'underlayer, 2 m thick
Armour rock layer, 3.0 m thick

Figure 3.2
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3.7 An alternative option that would achieve the required volume is a perimeter
formed of caissons. To maintain stability during storms of a 100 year event the caissons
would have to be about 20 m wide. The seaward toe of the caissons would be protected from
scour in these severe events by rock armour. The caissons would be founded on a rock
rubble mound to minimise settlement, and thus minimise disruption to jointing systems
between the caissons. However there are a number of environmental disadvantages to this
option over those options that have a revetment on the seaward side:

@) the vertical seaward face of the caisson would be visually more
intrusive than that of a revetment; '

(i) the greater wave reflections associated with the vertical seaward face
would increase the potential for wave scour in the vicinity, and
consequently the sediment held in suspension;

(iii)  the marine species currently inhabiting the existing revetment would
probably not be able to inhabit the smooth vertical face of the caissons;

(iv)  damage to caissons due to accidental collision or wave impact would
be inherently more difficult to repair than a flexible revetment.

3.8 A combination of caissons and revetment provides many of the advantages of
both the options for an embankment and a perimeter formed of caissons alone (Figure 3.3).
The caissons would be smaller and could be fabricated near the site. The outer revetment
would be formed of marine sand and protected from wave attack by stone armouring in the
same arrangement as that for the embankment option.

e
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Preferred Option

3.9 Of the three options described above: the embankment, the caissons alone, and
the revetment with caissons, only the latter two provide technically viable options that meet
the criteria for the lagoon. However, of these two, the revetment with caissons option
provides better combination of environmental and engineering attributes.

3.10 The EIA Stage III report considered the embankment option to be only
marginaily better than the revetment with caissons option. They both have the following
environmental and engineering characteristics:

(M

(ii)

(iii)

(iv) the use of modern construction techniques provides no distinction
between the construction periods for either form. The original lagoon
was to be constructed 21 months, the revetment with caissons will take
the same length of time.

@) although the construction of an embankment is more straightforward
and is capable of being built using readily available construction
equipment, the construction techniques required for the caissons have
becoming more common in Hong Kong with the increase in
development of marine structures and sea walils;

(i)

(iii)) the form of an embankment is relatively insensitive to unforeseen
ground conditions. However the design details for the foundations to
caissons can be engineered to have a similar insensitivity to variability
to ground conditions;

(iv)  once finished, an embankment would require low maintenance, but
also with modern construction specifications, caissons should also have
a similar longevity and low maintenance.

3.11 Upon consideration of the environmental and engineering aspects of both the
embankment and revetment with caisson forms for the perimeter, there is little to distinguish
between the two.

Binnie Consultants Limited 9 The Hongkong Electric Co Ltd




Details of an Embankment Perimeter

3.13 The surface slopes on both the inner and outer faces of the lagoon would be
3 horiz : 1 vert, this would give a construction width for the whole cross section of
approximately 140 m. Presuming that the construction of an embankment perimeter were
feasible and a viable option, the volume of sand fill required would be approximately 1 Mn?’,
and in addition 1.2 Mm® of mud would have to be dredged to provide a lagoon capacity of
0.55 M.

Details of a Caisson with Revetment Perimeter

3.14 The majority of the lagoon’s perimeter would be constructed of caissons and
a revetment on the seaward side. The seaward aspect of the revetment would be similar to
that of the embankment option, formed of sand fill and protected from wave attack with a
rock armour facing. Between the two would be a series of filters and under layers. The
construction width of this form of perimeter would be about 126 m (Figure 3.3).

3.15 The sea wall has been designed to accommodate the design criteria associated
with a 1:100 storm event and other criteria set out in the Port Works Manual 1992. In
addition the wave climate in the area of the site has been assessed in the light of previous
studies and other studies for projects in the area. The design for the rock armour size has
used these criteria to maintain the integrity of the revetment in the design event.

3.16 The rockfill foundations to the caissons would be formed in much the same
way as the sand fill for the embankment option, by bottom or side tipping barges. The
caissons are small enough to be precast close to site and then manoeuvred into position over
the foundations. The caissons would then be flooded in a controlled manner to come to rest
on the rubble foundation.

3.17 Filters and seals will be required on the inside face of the perimeter to prevent
ash particle migration through the perimeter. The seepage through the foundation
embankment would be controlled by sand fill layers on either side of the rubble foundation
to the caissons and by impermeable blankets on below these sand fill layers, that are to be
partial cutoffs, placed to part way down the rubble foundation. This will give the perimeter
the same seepage characteristics as that proposed for the original embankment proposal
(Section 6).

3.18 The existing power station revetment consists of rock armour overlying highly
permeable general fill. Before this is to form the northern perimeter of the lagoon the rock
armour will be removed to expose the type 2 material and treated to prevent the particles of

Binnie Consultants Limited 10 The Hongkong Electric Co Ltd

N

1/_\ \



ST
i !
S

T
I‘\\ '/'

ash escaping the lagoon in a suspension of seepage water (Figure 3.4). The type 2 material
will be screeded with a fine sand to prevent damage to the overlying geotextile. Above this
a series of filters will be placed. These will have gradings suitable for arresting the egress
of ash particles to be placed on top.

3.19 To provide the facilities required for transporting the ash by barge from the
site, a wharf is required. Once an operation for the harvesting and transportation of ash is
under way, the wharf would be used almost continuously during the hours of daylight for the
loading of barges. Thus existing facilities at the East Wharf are inadequate for the existing
duties and the additional duties required for re-handling the harvested ash.

3.20 Consequently additional wharf facilities are to be provided by the extension
of the existing wharf, down the eastern side of the lagoon. The eastern side of the lagoon
will be the most sheltered location for the wharf and provide for the least possible
interruption of barge loading by high seas. The proposed wharf is a series of continuous piles
along with a grid of piles to support the deck, these will be tied together with a lattice of
beams. This is similar to the design for the existing wharf.

1 st underlayer armour :
Logoon water level rock, 1m  thick +7.6 16.0
approx +1.25 Sanc loyer, 2 m thick—\ +4.0 =
v

- =1 5.0
~80 Existing seabed level = 3 — "—Type 1 =

R 2 Geotextile
1 10m
-18.0 = Existing Power Station Platform
) 3

Oredge Level \

Existing Type 2 rockfill
slope to be screeded with
a mixture of Type 1and
Type O

Figure 3.4
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3.21

3.22

Material Sources

The principal materials required for the caisson with revetment perimeter will
be rock, sand and concrete. These materials are common construction materials in Hong
Kong and difficulties with supply are not envisaged.

The concrete specification will specify, in accordance with HEC policy, the

use of PFA as a substitute for cement where appropriate. The concrete may be produced by
the plant at the Lamma Power Station, which is capable of producing the concrete specified
for the marine environment. However, the choice of concrete source will be for the
coniractor to determine.

(Figure 3.6).
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filters have been altered to comply with current standards (F1gure 3.7).

3.25 Alternatively the contractor may elect to use proven land based sources.
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4 LAGOON CONSTRUCTION

Principal Construction Operations

4,2 The construction operations required for the revetment with caisson perimeter
will be very similar to those for the embankment in terms of the nature of the operations, and
slightly less in extent for most of the operations.

4.3

In addition to these six there will be the
construction of a draw-off tower within the central dividing wall. However this is small, and
formed from a caisson similar to others for the perimeter. Consequently it is unlikely to
present any significant impact, and it is not discussed further in relation to construction
operations. There were six main operations for the original lagoon proposal as there are for
the current lagoon with revetment with caissons (Table 4.1).

EIA Stage III - Lagoon with Embankment Lagoon - Revetment with Caissons

foundation preparation
bulk filling of foundations

caisson construction and revetment

East Wharf construction

lagoon closure

= N N T

construction of perimeter road and wave wall

Table 4.1 Lagoon Construction Operations

4.4 The removal of marine mud from the sea bed is required for the preparation
of a firm foundation. The mud will be dredged and disposed of in a suitable marine area.
The mud has been tested in the approved manner, and prior to removal and disposal of the
mud, the relevant Government procedures will be completed and approvals obtained. There
is a registered area off Cheung Chau for the disposal of dredged mud which is thought to be
a suitable location for disposal. The EIA Stage III report also proposed this site as the most
likely suitable site, indeed since then the site has gained approval from Government. The
embankment option required the disposal of approximately 1.6 Mm®, but the present proposal
requires the disposal of only 1.2 Mm®.

4.5 Like the embankment perimeter, the present proposals will require a bulk
filling operation for the formation of the foundation. However a large portion of the
foundations, under the caisson, will be formed of rubble rockfill to reduce the expected
settlement of the caissons and enhance their stability. Sand fill will be required for the

Binnie Consultants Limited i5 The Hongkong Electric Co Ltd




shoulders to the rockfill mound, but significantly less than the 1.62 Mm® required for the
embankment perimeter of the original proposal.

4.6 The original proposal required intake culverts to be placed through the lagoon,
which would have been precast units, and probably constructed on a submersible barge
before being sunk into position. The current proposal does not require such culverts but does
require caissons which are of a similar nature, and would be constructed and floated into
position in a similar way.

4.7 The construction of the quay wall for a front pond to the cooling water intake,
will no longer be required. However the construction of a quay wall to form an extension
to the East Wharf will be required. This will be done using either the techniques used in the
existing wharf, bored piles and cast deck, an alternative using caissons may be considered.

4.8 Prior to the final closure of the lagoon, and whilst taking due consideration
of typhoon seasons, the rock armour from the power station revetment will be removed and
placed on the revetment in front of the caissons. By this time the station revetment will be
protected by the lagoon perimeter. The station platform’s exposed slope will be prepared
with a geotextile, sand and rock to form a filter to the northern perimeter to the lagoon.
Once this has been achieved the lagoon’s eastern perimeter can be closed and completed.

4.9 The finishing to the perimeter, as with the embankment perimeter, will be
construction of the perimeter road and wave wall. The wave wall may be formed of pre-cast
units or cast in-situ concrete. The nature of the construction activities will depend to a great
extent on the contractor’s working methods and in part on the design details,

Construction Programme

4.10 The optimum sequence of the various construction activities is crucial if the
minimum construction programme is to be achieved. This was true for the original
embankment lagoon and remains true for the present proposals. The estimate for the optimum
construction programme for the embankment lagoon was 21 months, and the construction of
the perimeter to the current scheme is programmed to take 21 months also (Figure 4.1).

4.11 The construction sequence for the main elements remains essentiaily the same.
The site formation will be prepared by the necessary dredging, and then the construction will
proceed from the west to the east. This will afford the site the maximum protection against
the prevailing wave direction.

4.12 Following the placement of the caissons the construction of the revetment on
the seaward side will proceed as closely as possible, to reduce the risk of damage to the
caissons by direct wave attack, particularly during typhoons. Once the existing platform has
been afforded the necessary protection from wave attack, nearing the end of construction,
the rock armour can be removed from the platform revetment and used for the remainder of
the revetment in front of the caissons.

Binnie Consultants Limited 16 The Hongkong Electric Co Lid
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Piepare caisson casting yard .~ - -
Precast concrete caisson” -,
Placing of caisson units

Removal of station platform armour layer
Placing of fabric and filter layers

Placing of rockfill revetment

Piling of East Whar{

Backf{illing of East Wharf

Constrrction of East Wharf deck

Construction and placing of draw-off
tower caisson

Construction of perimeter road and wave wall

E & M Instaliation

Activity
5 10 15 20 25 30
|
Dredging marine mud - *==—=s— - = Heavy Civil
Construction
Complete

21 months

Figure 4.1 Estimated Construction Programme
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Construction Effects

(i1)
(i)
(iv)

1. The major part of the visible works will
as been chosen to be similar to that of the

be th
existing station.
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Noise [dB{A)] TSPL [dB(AN"  CNL [dB(A)]® at NSR
Operation 1 (4 months): ~» Dredging Marine Mud
1 Grab dredger 112 > 115 > 1155 > )
{ Truiler dredger 112 > > 116 )
2 Support barges 14 > 107 > > ) 116 116-67 = 49
04 > > }
Operation 2 (13 montha): - Sand filling for foundation
- Rock filling for embankment
- Armour rock placing
3 Bottom dump barges 104 > 107 > )
14 > > 110 > )
104 > 107 > > 115 > )
4 Derrick lighters 104 > > > )
04 > 107 > > > )
4 > > 113.5 > )
14 > 1125 > > > )
3 Grab dredgers 112 > > 122 > )
112 > 115 > 118 > > > }
iz > > > > > }
5 Backhoes 1z > 1s > > 1205 > > )
1z > > > y 122
11z > 115 > > > 122 ) 122-67% = 55
112 > > 117 > )
1Mz > 112 > > )
6 Vibro compaction probes 30 > > > )
80 > 83 > > > )
80 > > 86 > 87 > 8 > )
0 > 83 > > 3
- g0 > b
0 > 80 > 80 > )
Operation 3 (7 montha): - Placing of intake culvert units.
1 Submersible barge 104 > 14 > }
2 Floating cranes 2 > > 1155 > }
112 > 115 > > }
2 Tug boats 110 > > 1175 y 118 118-679 = 51
1o > 113 > 113 > )
)
Operation 4 {6 montha): - Quay wall construction for front pond
1 Derrick lighter 04 > I > )
. > > 1155 > 3
2 Land-based crancs 112 > 115 > > 116 ) 116 116-67% = 49
1z > > > )
Operation 5 (9 months): - Remove existing annour rock and screed surface
- Place sand Inyer and 1st underlayer armour protection
- Sand filling and foundation
- Rock filling for embankment
- Armour rock to placing
3 Derrick lighters 4 > 107 > )
104 > > 1135 > > 3
104 > 1125 > > 1185 > )
4 Backhoes 112 > > > b
1z > 1s > > > 118.5 ) 119 119-679 = 52
112 > > 117 > > )
11z > 1z > > )
1 Vibro compaciion probe 80 > )
1 Bottom dump barge 104 > 104 > 104 > 14 > )
Opemtion 6 {7 months): - Construct perimeter road and wave wall
1 Graders 113 > 1135 > )
> 15 > )
2 Compactors 105 > > > )
105 > 110 > > 118 ) 1i8
1 Concrete batching system 108 > > ) 118-67% = 51
2 Backhoea 112 > 115 > 115 > )
112 > )

Remarks: (1)  Total Sound Power Level
(2)  Corrected Noise Lavel

(3)  Correction Factor for Distance Attenuation between the NSR and the construction site [-65 dB(A)], partial screening of NSR [-5

dB(A)] and NSR being o building [+ 3 dB{A)]

Table 4.2 |
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Noise [dB(A)] TSPL [dB(A)}"!  CNL [dB(A)}* at NSR
Operation 1 (4 montha): - Dredging Marine Mud
2 Grab dredger 11843 > )
> 123 Y123 123-67% = 56
4 Support barges and tugs 11049 > )
QOperation 2 (13 months): - Sand filling for foundation
= Rock filling for foundation
- Armour rock placing
10 derrick lighters 104+3 > )
> 110 > )
104+3 > > 111 > ) 122 122-67% = 55
104 > 4 > > 122 )
11249 > > 12 > b
4 Backhoes )
Operation 3 {7 months): - Caisson construction and revetment
1 Submersible barge 104 > 104 > }
5 Cranes 76+3 > > }
> 82 > > 104> }
7643 > > 83 > > )
76 > % > > 107 y 107 107-67% = 40
1 Concrete Pump 104 104 > > )
> 104> > )
3 Air Compressors 68+3 > n > > 104> )
63 > > )
1 Generator 30 > 30 > 80 > )
Operation 4 {6 months): - East Wharf construction
[ Piling Barge g > )
> 1185 > 3
1 Vibrating hammer 108 > > )
> 1195 > )
1 Percussion drill 103 > > > )
> 103 > > )
3 Casing Oscillators 65 > > 121.5 y 122 122.67% = 55
> )
1 Diesel Hammer 13 > > )
> 115 > > }
1 Pneumatic Hammer 1t > > 117 > )
> )
1 Hydraulic Hammer 112 > 112 > )
Cpertion 5 (9 months): - Remove cxisting armour rock and screed surface
- Place sand layer and 1st underlayer armour protection
- Armour rock to plecing
5 Crawler Cranes 121 > )
> 121 > )
1 Concrete Pump 14 > > 121 y121 121-67% = 54
> > K
3 Air Compressors ™ =73 > b
Operation 6 (7 months): - Construct perimeter road and wave wail
5 Crawler Cranes 121 > }
> 121 > )
1 Concrete Pump 104 > > 121 ) 121 121-67% = 54
> > )
3 Air Compressors 3 >1 > )
Remarks: (1) Taotal Sound Power Level

(@3] Corrected Noise Level
{3)  Correction Factor for Distance Attenuation between the NSR and the construction site [-65 dB{A)], partial screening of NSR [-5
dB(A)] and NSR being a building [+ 3 dB(A)]

Table 4.3 Construction Noise Levels - Revetment with Caissons

Binnie Consultants Limited
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4.19 The revetment with caissons perimeter will require similar principal
construction operations with similar plant. The anticipated noise levels for the construction
of the revetment with caisson perimeter has been assessed by similar methods to those for
the EIA Stage III assessment. The noise level estimates for construction operations in the
current proposals are expected fo be below 60 dB(A) (Table 4.3), and that suitable
combinations of these operations are aiso below the 60 dB(A) (Table 4.4). However the
operations are generally not acceptable during restricted hours (1900 to 0700 hours and
general holidays, including Sundays). This exclusion is the same as the operations for the
EIA Stage III proposals.

TSPL [dB(A)] CNL {dB(A)]
Operation 1 123 >
> 1253 >
Operation 2 122 > >
> 127 60
Operation 3 107 > >
> 122 >
Operation 4 22 >
Operation 2 122 >
> 122 >
Operation 3 107 > >
> > 125 38
Operation 4 122 > 122 >
Operation 2 122 > 122 >
> >
Qperation 3 121 > > 126 59
> 124 >
Operation 6 121 >

Table 4.4 Construction Noise - Simultaneous Operations - Revetment with Caissons

4.21 At that time the proposals were for the larger lagoon with the embankment
perimeter. The current lagoon is smaller in extent and the majority of the perimeter will have
a similar aspect to that of the embankment. Also many of the construction activities will be
similar in nature and last for a similar length of time. Consequently significant adverse
community reaction to the lagoon’s construction is not expected.

Binnie Consuitants Limited 22 The Hongkong Electric Co Ltd
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Environmental Audit

4.25 There will be two Environmental Monitoring and Audit procedures for the
project, one for the construction phase and one for the operational phase. In both cases the
procedures will be discussed and agreed with EPD. The proposals for the Environmental
Audit of the construction phase have not changed from the principles set out in the EIA Stage
III report, but have been developed within an environmental monitoring manual, in
accordance with Government requirements. These procedures are being discussed with
Government (December 1993 - January 1994) under a separate submission.

Binnie Consuitants Limited 13 The Hongkong Electric Co Ltd




Environmental Monitoring

4.27 The proposals for the Environmental Monitoring have not changed from the
principles set out in the EIA Stage III report, but have been developed within an
environmental monitoring manual, in accordance with Government requirements. These
procedures are being discussed with Government (December 1993 - January 1994) under a
separate submission for the "Environmental Monitoring and Audit Manual for the
Construction of Lamma Power Station Ash Lagoon".

4.29 The sea water quality will be monitored at three locations close to the
construction site, and one remote from the site ST4 to determine ambient conditions
(Figure 4.3), The monitoring programme and procedures is detailed in the monitoring and
audit manual. :

4.30 Noise will be monitored throughout the construction period. The procedures
for the noise monitoring and interpretation are currently under discussion with Government
and will be documented in a separate Environmental Monitoring and Audit Manual to be
submitted to Government.

Binnie Consultants Limited 24 The Hongkong Electric Co Lid
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Control Procedures

(if)

(iii)

@iv)

v)

4,33 These aspects of procedures for construction control have not changed between
the previous embankment proposals and those for the caisson with revetment proposals.
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5 LAGOON OPERATION

(i)
(iv)
V)

(vi)

(vii)

Ash Transport and Placing System

5.2 The ash was to have been placed in the lagoon as conditioned ash. This would
have been transported to the lagoon by a series of conveyors and then spread across the
lagoon as required by conventional construction equipment such as bulldozers. All the motors
on the conveyors would have required motor housings to limit the noise emissions and the
conveyors would have been covered to prevent dust emissions.

5.3 The current proposal is to transport the ash as a slurry, with water as the
carrying medium. The slurry will be transported around the perimeter of each compartment
by two pipes, and discharge points will be placed at even centres around the perimeter. There
will be eight discharge points to each compartment, which will allow the ash to be distributed
evenly across the compartments. This form of deposition reduces the extent of mechanical
machinery required and negates the need for any further dust suppression measures, because
the ash is transported in water.

5.4 The water for the slurry system will be taken from the lagoon, by pumps in
the draw off tower. This will ensure that the system in the lagoon is hydraulically balanced
and if a small daily deficit of water is incurred this will be made up from the incoming
seepage of sea water around the lagoon’s perimeter.

5.5 The ash will be deposited in the lagoon generally below water level, which
will be about +1.25 mPD. Ash above this will be washed by rain water infiltration, and
maintained in a moist condition by the capillary action of the ash.

Binnie Consultants Limited 27 The Hongkong Electric Co Lid




Ash Harvesting System

5.6 The original proposal required harvesting of ash from both above sea level and
below. This was to have been achieved by conventional construction equipment, such as
backhoes, crawler cranes and lorries. This would have then been delivered to awaiting
barges. This form of harvesting required strict moisture control of the ash to prevent it from
developing into a dust nuisance.

5.7 The current proposals are to harvest the ash as a slurry, by means of a small
dredger and pump it to awaiting barges at the East Wharf.

5.8 The dredger (Figure 5.1) is to be based on a commercially available small
cutter suction dredger, which has successfully harvested ash from a number of power station
lagoons in the USA (Figure 5.2). The dredger will be modified to harvest from the depths
required, and achieve the desired harvesting rate of 2,000 m?® (solids)/day.

5.9 The dredger is to propel itself, in a north-south direction, across the lagoon
by means of a winching system along a steel hawser stretched between the two sides of the

lagoon. This hawser will be moved on a rail system to provide full coverage within each

compartment of the lagoon. The harvested ash will be conveyed in a closed pipe system
across floating pontoons to the central dividing wall, just south of the draw-off tower. The
pump on the dredger will be rated to be able to pump the slurry through a pipe along the
dividing wall and perimeter road to the East Wharf to awaiting barges.

5.10 Harvesting operations are expected to take place for approximately 8 months
in every two years. Which is consistent with the expected filling rate of the lagoon and the
harvesting rate of the dredger. The dredger is too long to be lifted between the two
compartments of the lagoon without being dismantled into various sections. Therefore there
is to be a gap in the central dividing wall to allow the dredger to be floated between the two
compartments when necessary. The platform along side this gap will serve as an access to
the dredger when laid up along side the central dividing wall, and for mooring the attendant
dingy for the dredger. Since the dredger will not be required at all times, and maintenance
will be required, there is to be lifting gantry on the central dividing wall which can remove
the dredger in sections from either compartment for repairs and storage.

5.11 The dredger will be powered by an electrical motor fitted with a noise
inhibiting engine housing. The electrical power will be carried by cable along the pontoons
for the ash slurry. When required the dredger will operate during daylight hours (7 am to 11
pm), but operations will be suspended during times of typhoons.
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Figure 5.1 Arrangement of Harvesting Dredger
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Figure 5.2 Small Dredger working on Ash Lagoon, USA
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Ash Sluicing System

812 The original proposals required a designated area, at the western end of the
lagoon, for the emergency sluicing requirement. This also necessitated the provision of
machinery and pipe work for this specific task.

2.13 The emergency sluicing system for the current proposal will be an integral part
of the main sluicing system for the deposition of ash in the lagoon. Thus no additional fixed
equipment will be required over and above the normal operational equipment for the
deposition of the ash.

Landscaping

5.14 The original operational proposals for the lagoon included the mounding of the
ash to achieve the required volume. To mitigate the visual and potential dust problem
associated with this mound, it was to be landscaped by a covering with 250 mm of top soil
and planted on the eastern side of the mound.

3:15 In the current proposals the ash is not generally to be raised, for operational
reasons, above the water level, which is well below the crest of the perimeter. Thus the ash
will not be visible from the beaches, nor will the ash have to be covered to protect it from
dust erosion. This reduced visual intrusion is thought to be a positive environmental
advantage of the current proposals.

5.16 A visual impact assessment for this scheme has been prepared by Urbis
Travers Morgan Limited, and is to be submitted separately.

Water Quality Control System

5.17 The perimeter of the lagoon has been designed to prevent ash particles from
migrating across the perimeter and into the surrounding seawater. However various chemical
can be dissolved from the surface of the particles. These may be carried by seepage through
the perimeter which will be, to a certain extent, permeable. Since the deposited ash will
itself reduce the permeability, the daily quantity of seepage will reduce over the life of the
lagoon by an order of magnitude to about 1,300 m*/day (Table 6.8).

EPD agreed with the results of
investigations for the EIA Stage III report and were satisfied with the expected sea water
quality. The investigations for the current proposals follow the same reasoning for the
determination of the expected sea water quality, and the results are as good as those for the
original proposals (Section 6).
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5.20 The original proposals in the EIA Stage III report advocated that this discharge
be achieved by pumping from a draw-off tower at the western end of the lagoon. This draw-
off tower would accommodate six pumps capable of pumping this 20,000 m*/day or the
maximum storm water runoff. The current proposals include a similar draw-off tower.
However, to permit draw off from both the compartments to the lagoon the draw-off tower
is to be placed within the central dividing wall between the two compartments (Figure 5.3).

Floater Collection System

3d: Bio propo P
of this build up is a floater collection system, similar in many aspects to the proposals

originally proposed in the EIA Stage III report. Within the draw-off tower a skimmin
device will draw off the floaters as a slurry.

Dust Suppression System

5.22 The previous proposals for the lagoon, included the mounding of the ash
above the perimeter level of the lagoon and required a dust suppression system, to prevent
ash from becoming windblown. This involved a network of mobile water sprinklers that
would spray water from the lagoon when necessary to suppress the potential for ash being
wind blown,

5.23 The current proposals will maintain the ash at a level generally below water
level, well below the perimeter crest level to the lagoon, consequently it will not dry out or
become wind blown. This aspect of the current proposals is thought to be a positive
environmental advantage over the previous proposals.
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Figure 5.3 Draw-off Tower Arrangements
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6 OPERATING EFFECTS

6.1 In the preparation of both the current and the previbus proposals of the EIA
Stage III report various measures have been incorporated to mitigate identified adverse
impacts of the lagoon’s operation, and to ensure that the predicted impacts fall within

acceptable criteria. The current proposals, in some respects, are thought to considerably
enhance the measures over those of the previous proposals. The effects are associated with:

()
(i)
(i)
(iv)
v)
(vi)

(vii)

Sea Water Quality

6.2 The estimation of the effects on the sea water quality are a combination of the
studies of the characteristic seepage flows, through different perimeter sections, discharge
flows from the draw-off tower, the leaching of determinands from the ash particulates, and
the fate of solid particulates held in suspension. These various aspects are discussed in turn
to derive the estimated water quality of both the water in the lagoon and the sea surrounding
the lagoon in Ha Mel Wan bay.

6.3 The EIA Stage III report based the assessment of the seepage and water quality
on the method of flownets, using steady state conditions. These estimates were then used in
the assessment of the concentrations for various determinands, both inside and outside the
lagoon. This method has been repeated for the current proposals with the caisson with
revetment perimeter, to provide a comparison of the two schemes.

6.4 The current proposals require a more detailed knowledge of the operating
water level within the lagoon, both through tidal cycles and through the life of the lagoon.
The detail required has been provided by a transient finite element model of the various
perimeter sections. In addition to this, the evaluation of the water quality has been repeated
using the data for seepage derived from the transient finite element model. This evaluation
follows the conservative procedures for the estimates using the steady state flownets.
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Seepage Characteristics

6.5 The proposals for the original lagoon with an embankment perimeter had three
different types of section through which it was presumed that seepage from the lagoon could
reach the Ha Mei Wan bay: the embankment, the northern perimeter and the quay wall
around the intake. The lengths of these perimeter sections are given in Table 6.1.

perimeter section for lagoon with embankment perimeter effective length (m)
embankment 645
northern perimeter 400
quay wall 145

Table 6.1 Perimeter Sections - ETA Stage Il

6.6 The current proposals for the perimeter to the lagoon also consist of three
major cross section types, the caisson with revetment, the wharf detail on the eastern
boundary to the lagoon and the existing platform to the power station (Table 6.2).

Sea Lagoon
| Morine site Rock il Type 3A
! boundary 3m thick
' I Rock fill Type 2
L_Approx. 16250 1.5m thicky Wave wall
: Rock fill Type 1 75 i
¢ 3m thick )r"'nfnimum fmpermeoble blankel to -11.25 mPR
! . i Logoon woter level
. H.W.L. 265 /—Rock fill Type 2 P opp.fm;’ub

gLW.L. 0.0

==

e 53 &S
[~] Rock fitT: hick
Z 5000 14980 5000 ock M Type 1 S00mm hic
oarse
1 f
i Sand fil Ligpe brockli— Dredge Leval
‘1569 Impermeoble blonket to -9.0 mPD z
Dredge level

65m

126m

Figure 6.1 Revetment with Caissons Cross Section
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=1 3.0
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Geotextile

f
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Figure 6.2 Northern Perimeter Cross Section

11800
4000, 8200
j h +5.5
. 7.4
1000 mpps g 425 HWL
] m 2] - L.
Lzgoon woter level cpprox. +1.25 1 i}
el e «0,0 LWL
Ygximum  extent of ’ o —,—V
zand fill permitied \,’ ot Rock fili Type
L Sea
e l
rd
7’
€1 e Seo bed approx. -6.0
. L — o
Rock il Type T7m Thick
Rock fill Tyee * ' 10000 i i
A 008-fhinl
-12.5 =11 /widlh or sand fill Coarse 2
= 2 nos. grout Sond il 15
« T Coarse o®
\..L,.I'lUInS. :'EIOOITWH ‘ Sand fill | e;(‘q"’
-18.0 thick minimum (5
[vJ
Dredge Levet i l
5000

Figure 6.3 East Wharf Cross Section
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perimeter section section type effective length (m)
revetment with caissons Figure 6.1 520
northern perimeter station platform Figure 6.2 290
Eastern Wharf section Figure 6.3 160

Table 6.2 Perimeter Sections - Lagoon - Revetment with Caissons

6.7 The seepage characteristics of each of these sections have been assessed for
the three stages of ash deposition in the lagoon, when there is no ash in the lagoon, when
there is a 2 m layer of ash around the perimeter of each cell to the lagoon and when the cells
are filled with ash.

6.8 The permeability for the various materials have been chosen to reflect an
estimated reasonable upper bound vajue for their permeability once they have been placed
(Table 6.3). The permeability of the in-situ alluvium is about a hundred times less permeable
than the ash. Various assessments were made with the alluvium included, but the effect is
very small and has been excluded from the analysis presented here. Alse the permeability of
the armour rockfill protecting the revetment is considerably higher than the other materials
and has no effect on the seepage analysis.

Material Permeability (m/s)
horizontal vertical
ash 1.0x 10° 1.0 x 10°
fine sand fill 5.0x 10° 5.0x 10°%
coarse sand fill 1.0 x 10* 1.0x 10¢
quarry run rockfiil 1.0 x 107 1.0x 103
armour rock infinite infinite
in-situ alluvium impermeable impermeable

Table 6.3 Material Permeability Parameters for Analysis

6.9 The estimates of seepage through the different perimeter section for the lagoon
with an embankment perimeter were carried out using flownets to derive steady state seepage
flows. Similar estimates have been carried out for the perimeter sections for the current
proposals for comparison. The northern perimeter form of section is the same as that
original proposals. The two other perimeter sections, the revetment with caissons and the
East Wharf have lower seepage flows than that of the embankment section.

6.10 Apart from these estimates for comparison of the two forms of perimeter
construction, further calculations have been carried out to determine the behaviour of seepage
flows through tidal cycles, to derive a more realistic evaluation of the seepage characteristic
and thence the flux of heavy metals from the lagoon.
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6.11 Two common forms of tidal cycle have been considered that of the spring
cycle and that of the neap cycle. In each case spline curves have been fitted through the high
and low tide values for Chi Ma Wan (Figure 6.4) (Appendix A). Chi Ma Wan is to the west
of the site on the eastern shore of Lantau island, the tidal data is likely to be similar to that
at the site, thus the results from the seepage analysis are thought to be appropriate.

Spring Tides

3.0 |' i

Tide Level (mPD)

o 100,000 200,000 300.000
Time (second)

Neap Tides

18

18

1.4

1.2

1.0

Tide Level (mPD)

0.8

c.e

0.4

Figure 6.4 Tidal Cycles for Analysis

6.12 For each analysed section a representative area of lagoon has been associated
with the perimeter to model the effect on the lagoon water level. Also, the storage functions
for the materials have been estimated to make an allowance for the porewater storage as the
water level falls and rises within each cycle (Appendix B).

6.13 The sections of the perimeter have been analyzed using the finite element
programme SEEP/W. The effects of tidal variations have been modelled with calculations
at discrete time intervals, The time step between the calculations is one hour, which forms
a reasonable continuity between each step and prevents model instability.
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6.14 Assessments have been made to establish the water level regime within the
lagoon. The analysis demonstrates that upon completion of the lagoon, the lagoon water
level will vary by approximately 470 mm through a tidal cycle (spring tide) about the mean
sea level of +1.25 mPD. This variation reduces as ash is placed in the lagoon (Table 6.4)
(Appendix G). Since the variation in water level within the lagoon is relatively small, the
finite element analyses for seepage through different perimeter sections is based on the mean
lagoon water level of +1.25 mPD. The analysis also assumes that the lagoon will be
operated as a balanced system, with the quantity of decantrate discharged from the lagoon
being matched by the equivalent quantity of ash slurry being introduced.

variation in lagoon level with tidal cycle (mm)

state of lagoon

spring tide " neap tide
no ash 470 249
full of ash 98 40

Table 6.4 Tidal Variation of Water Level in the Lagoon

Seepage through an Embankment Section

6.15 The flownets produced for the EIA Stage III report for the embankment section
gave a seepage flow of 6.44 x 10° m?/s for the condition of a 1 m water head difference
between the lagoon and the sea (Figure 6.5). Also, once the inside of the lagoon had been
lined with ash the estimated depth of seepage penetration on each tidal cycle was estimated
to be about 1 m. These figures were used to derive estimates of seepage flows through tidal
cycles and then used for the estimation of the water quality of the seepage to the Ha Met
Wan bay.

SEA LAGOON
Rock ammour and fillers 1 m water level
Assumed k in the order difference

of 10" m/s

+1.6 mPD

_—\

. Alluvial foundation
i::gxﬁl:d kz/lx 10°mis Assumed k in the order of 10 m/s
~1 % 10°mis (impermeable relative to the sand fill)

ASSUMED CONDITION:-  WATER AT LAGOON AT +1.6 mPD
SEA WATER LEVEL AT +0.6 mPD

! m WATER HBAD DIFFERENCE

Figure 6.5
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Seepage through a Revetment with Caisson Section

6.16 The revetment with caisson perimeter structure is the largest portion of the
lagoon’s perimeter. This forms the southern and western boundary to the lagoon. The
proposed cross section includes several measures to limit and control the seepage through the
perimeter. On either side of the rubble mound foundation to the caissons there is a sand
blanket to reduce the flow of seepage. However this does not limit the seepage to the same
extent as that for the embankment section proposed previously. To reduce the seepage further
two impermeable blankets are to be placed on either side of the rubble mound, to part of the
depth of the lagoon. Placing this form of impermeable blanket to the bottom of the lagoon
at -18 mPD would effectively introduce a single barrier system, and the resulting reliance
on a single system is considered to be unwise. Also the construction of a barrier of this type,
with the suitable quality control, to this depth of water is thought to be impractical. The
analysis demonstrates that the impermeable blankets should extend to - 9.0 mPD on the
seaward side and to -11.25 mPD on the lagoon side of the rubble mound, to achieve the
desired seepage criteria. These levels will be reviewed at the Detailed Design stage to
determine whether the blanket can be extended further.

6.17 A flownet estimation of the seepage through the section with a one meter head
difference demonstrates that the flow is 6.17 x 10”° m®/s (Figure 6.6). This is slightly less,
per meter length of the perimeter, than the equivalent estimation for the embankment.

6.13 In each of the cases investigated minor boundary effects occur within the
mathematical model, along the internal riprap blanket and at the upper levels on the seaward
side of the caisson. Neither of these significantly affect the magnitude of the flux across the
chosen boundary, the centre line of the caisson.

6.19 On completion of the lagoon’s construction, the seepage flows are not impeded
by the deposition of ash. In this state the hydrostatic drop occurs mainly in the two sand fill
layers on either side of the rock mound foundation to the caissons (Appendix C). Once a two
metre layer of ash has been placed around the lagoon, the seepage flows reduce considerably,
and the majority of the hydrostatic head drops across the ash layer, due to its lower
permeability. The calculated seepage does not appreciably reduce further by filling of the
lagoon with ash.

Seepage through the Northern Perimeter Section

6.20 The proposed section for the northern perimeter is the same as that proposed
in the EIA Stage III report. The high permeability of the platform rockfill, limits the
effective distance over which the potential head drops, throughout the life of the lagoon. The
flow in each of the cases studied is directly across the sand liner system. The estimation of
the flows derived by flownets is taken from the EIA Stage III report.

6.21 The finite element model for this section (Appendix D) does produce minor
mathematical inconsistencies due to the geometry of the model, but these effects can be
ignored. Although the flow across the boundary does reduce considerably following the
placement of 2 m of ash, the potential seepage flow does not reduce further with further
placement of ash.
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Figure 6.6 Seepage Through Revetment and Caisson Section

Seepage through the East Wharf Section

6.22 The low permeability barrier in the wharf section of the lagoon is formed by
a 4 m wide sand barrier in the centre of the wharf construction and two continuous grout
curtains on the outer edges of the sand fill. These grout curtains provide the dual function
of reducing the permeability and holding the sand fill in place to prevent it from being
washed out by tidal action through the rock fill on either side. This form reduces the seepage
characteristics of the section to that of the caisson with revetment. Once a 2 m layer of ash
is placed on the inside of the lagoon, little reduction of the seepage is achieved by increase
filling of the lagoon (Appendix E).

6.23 A flownet for the ‘section with a head difference consistent with the other
sections demonstrates that the wharf section has a lower flow rate than that of the
embankment section (Figure 6.7).
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Figure 6.7 Seepage through East Wharf Section

Seepage from the Lagoon

6.24 The results from the three forms of sections can be added together over their
respective lengths to derive an overall seepage balance for the lagoon as a whole, at various
stages of the lagoon’s life. The inflows and outflows across the lagoon perimeter have been
estimated for a 48 hour period with tidal cycles of both neap and spring tides, and the result
halved to provide daily flows. This averaging of the calculated result overcomes some of
the problems associated with establishing a stable regime.

6.25 For each of the tidal cases, the perimeter has been analysed using the finite
element techniques at three different stages of ash deposition; when no ash has been
deposited, with 2 m of ash around the perimeter and with the lagoon full of ash (Tables 6.5
to Table 6.7). The estimated seepage within the perimeter construction reduces by an order
of magnitude following the deposition of 2 m of ash.

6.26 The gross outflow of seepage is that volume of water that crosses a boundary
chosen for analysis. Much of this flow will flow back again into the lagoon on the change
of tide. An estimation of the distance travelled by particular seepage water cross the
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perimeter section can be made based on the gross outflow volume and the area of the
perimeter. In all cases the distance that the water might be expected to travel from the lagoon
face across the perimeter section is likely to be less than a metre.

6.27 The estimation of water quality in the bay surrounding the lagoon assumes that
the revetment provides no storage and that the gross seepage flowing out of the lagoon, and
not the net flow, is dispersed in the bay. This approach is a worst case or a very conservative
scenario.

Spring tide Neap tide
Section gross outflow (m¥day) gross outflow (m*/day)
revetment with caisson 961 528
northern perimeter 28,938 15,463
East Wharf section 278 151
TOTAL 30,177 16,142

Table 6.5 Seepage from Lagoon on Initial Completion

Spring tide Neap tide
Section
gross outflow (m’/day) gross outflow (m*/day)
revetment with caisson 304 175
northern perimeter 1,559 991
wharf section 225 133
TOTAL 2,088 1,269

Table 6.6 Seepage from Lagoon with 2 m of Ash around Perimeter

Spring tide Neap tide
Section
gross outflow (m*/day) gross outflow (m*/day)
revetment with caisson 220 148
northern perimeter 1,543 984
wharf section 219 131
TOTAL 1,982 1,263

Table 6.7 Seepage from Lagoon with Lagoon full of Ash
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6.28 The seepage characteristics for the flows through the different stages of the
lagoon’s operation are similar to those estimated in the EIA Stage III report (Table 6.8). In
the intermediate period, between the placing of the ash around the perimeter and when the
lagoon is full of ash, does not show the same reduction of flow as was the case for the EIA
Stage III report. This is because the estimation method in the EIA Stage III report was an
approximation of the circumstances, not accounting fuily for the tidal influences. The
reduction, following the placement of 2m of ash, demonstrates that 2 m of ash around the
perimeter provides an effective means of reducing the seepage flow.

Flow to Bay m*/day

Stage EIA Stage Current Current Proposal (FE) Seepage Quality
III Proposal -
~ (flownets) (flownets) (Spring) (neap)
no ash 62,294 45,583 30,177 16,142 lagoon water
2 m around perimeter 1,468 1,065 2,088 1,299 washed ash
full of ash 605 564 1,982 1,263 washed ash

Table 6.8 Estimation of flows to the Ha Mei Wan bay

Lagoon Water Quality Estimation

6.29 The water quality in the lagoon is dependant upon the extent of leaching of
the metals from the ash deposited in the lagoon. For the EIA Stage III report various
conservative estimates were made for both means of leaching and extent of leaching. The
same conservative assumptions have been made for these investigations and are repeated here
for completeness.
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pH in the Lagoon

Decantrate Water Quality

6.41 The EIA Stage III proposed that the water quality in the lagoon be maintained
by the daily discharge of water through the draw-off tower to the power station’s cooling
water outfall. This would carry the discharge to the relatively deep West Lamma Channel.
The daily flow was based on an estimate of the daily exchange of water required to maintain
an acceptable water quality, expressed as an elevation of the Total Toxic Metals. The
criterion was that the lagoon water should not exceed an elevation of 0.1 mg/l above the
ambient.

6.42 The same philosophy and criteria is adopted for the current proposals. The
daily discharge was based on the rate at which the ash wouid be deposited in the lagoon. This
rate of deposition is unchanged for the current proposals (700 m’/day), thus the required
daily rate of discharge from the draw-off tower to the cooling water outfall remains the same.

Dispersion in Ha Mei Wan

For the EIA Stage III report

6.44 The same approach to the estimation of water quality in the Ha Mei Wan bay
has been used for the preparation of the current proposals for the lagoon. These procedures
are repeated for completeness along with the results of the investigations.

6.45 Between the ash in the lagoon and open marine waters there are to be graded
sand filter layers and quarry run rockfill foundations, which will promote ion exchange,
chemisorption, precipitation, adsorption and microbiological processes. All of these will
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attenuate the concentrations of determinands in the seepage, prior to any dispersion in Ha
Mei Wan bay. Quantification of the effects is not attempted and are ignored in order to
provide a conservative assessment of the water quality in the bay.

6.46 The hydrodynamic model for the dispersion effects of determinands within the
bay (Binnie & Partners, September 1990, also included with EIA Stage III report) used
conservative estimates of the seepage and concentrations in the seepage water. The model is
a linear dispersion model, assuming no decay of the determinands and can be used to
investigate the sensitivity of the results, to changes in the daily load of determinands and
seepage flows. The model used a daily load of 14.46 kg of heavy metals and a concentration
of metals in the seepage of 0.23 mg/l, this corresponds to a seepage flow of 62,870 m’/day.
The least dispersion occurs during neap tides where the model’s determinand load disperses
to less than 5 pg/l within a maximum of 170 m and an average of less than 85 m. These
figures are updated in the following section.

6.47 Although, for operational reasons, there is likely to be a net daily inflow to
the lagoon, throughout the life of the lagoon, there will be an exchange of the water in the
perimeter’s foundation. This exchange flow will be less than the estimated gross outflow
from the lagoon (Section 2).

6.48 The estimation of determinand load has been based on a rate of depositing ash
in the lagoon at 700 m*/day. Before the perimeter has a lining of ash, all the soluble fractions
are presumed to cross the perimeter each day, with a load of 14.46 kg total metals, within
which is 2.17 kg of Total Toxic Metals (TM). In Table 6.10, the metal concentrations for
the period before the perimeter has been lined with 2 m of ash, are based upon the total load
of metals per day to be deposited in the lagoon.

6.49 Throughout the operation of the lagoon, there will probably be a net inflow
of seawater into the lagoon to provide the necessary water for the decanirate pumping
mechanism, but for the purposes of a conservative estimation, the gross outflow given in
Table 6.8 is used for the estimation of the load to the bay. Although the ash will have been
washed on initial placing in the lagoon, the determinand concentration in the seepage is
presumed to be that of freshly deposited ash, ie the concentration of heavy metals within the
flow is assumed to be 20.668 ppm, with 3.148 ppm being Total Toxic Metals (TM), (column
E Table 6.9).

6.50 These estimates of the large potential rise in concentrations are likely to be
higher than the figure actually achieved in the sea due to the number of conservative
assumptions that have been made, particularly those of concentrations for the case when the
lagoon has been lined with 2 m of ash, which will greatly reduce the permeability of the
lagoon’s perimeter.

6.51 The estimated average elevation for an estimated load of Total Metals of 14.46
kg/day is less than 5ug/l at the edge of the 85 m grid (refer to the EIA Stage III Report,
BCL January 1993) and using these figures the gradient of the metals elevation can be
calculated. The dispersion of the metals is assumed to be linear.

Concentration gradient = 5 (ug/l) / 14.46 (kg/day)
= 0.345 x 10° (days/litre)
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Total Metals Elevation

Total Toxic Metals

Concentration gradient x metal load

3.15 ppm / 20.67 ppm

Elevation = 15 % of Total Metals
ash deposition Tide  estimated gross estimated load estimated average elevated concentration
outftow of total metals Metals (ug/l) at 85 m from lagoon
m*/day®) (kg/day)
Total Metals Total Toxic Metals
EIA Stage III - flownet estimation
no ash in the lagoon 62,294 14.46 <5 <0.7
2m ash around perimeter 1,468 33.1 <15 <2.1
full of ash 605 12.5 43 0.6
Current Proposal - f}ownet estimation
no ash in the lagoon 45,583 14.46 <5 <0.7
2m ash around perimeter 1,065 22.0 7.6 1.1
full of ash 564 11.7 4,0 0.6
Current Proposal - finite element analysis
no ash in the neap 16,142 14.46 < 5.0 < 0.7
lagoon spring 30,177 14.46 < 5.0 < 0.7
full of ash neap 1,263 26.11 9.0 1.4
spring 1,982 40.97 14.1 2.1

Note: (1) refer to Table 6.8

Table 6.10 Estimation of Determinand Concentrations at 85 m from the Lagoon

Marine Biota
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. there expec
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Containment of Suspended Solids

6.54 The loss of solids through the perimeter is to be prevented by the design of
the sand fill around the inside of the lagoon perimeter. The grading of the particles in the
sand fill is to be specified such that the particles cannot migrate across the perimeter sections.
This constitutes the same proposal for confinement of ash solids as in the EIA Stage III
report.

6.55

6

(i)

(iii)

(iv)  the operation of the two weir penstocks on the decantrate tower will
skim off only the top of the water profile in the lagoon whlch will
have the least TSS of the profile;
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Dust

6.58 The ash is to be placed generaily below water level by means of sluicing with
water, this is considered to reduce the potential for dust emission significantly, over the
proposals of the previous scheme.

Noise

6.59 The original proposals in the EIA Stage III report for the operation of the
lagoon required a number of different items of mechanical plant for transporting the ash to
the lagoon, placing it, and harvesting it. These different items included: conveyor belts, a
bulldozer, a vibratory compactor, a loader and lorries. The noise associated with this
equipment was assessed, whilst taking a number of conservative assumptions, in line with
methods laid down in Government Technical Memoranda. The resulting noise (Table 6.11)
from the operations is expected to be within the Government criteria for day-time operations
(Technical Memorandum on Noise) in an area that is designated as having the highest
sensitivity to noise. However, operations would not be carried out at night because the
estimated CNL exceeds the night-time noise limit.

Equipment Noise [dB(A)] TSPLM CNL® for NSR
3 conveyors 90 > )
90 > 93 > )
0 > >1i5 > )
1 bulldozer 115 >115 > > )
1 Vibratory compactor 105 > >119 > )
1 Loader 112 >113 > > > ) 120 dB(A) 120-650-59+39 = 53
3 Lorries 112 > >117 > > )
112 >115 > > 120 )
12 > > )
1 Pump (electrical) 88 >112 >112 >112 > )
Notes: (1) Total Sound Power Level
(¢))] Corrected Noise Level
3) Correction factor for noise attenuation
C))] Negative correction factor for partial screening
(9 Positive correction factor for being a building
Table 6.11
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6.60 The mechanical equipment required for the operation of the lagoon with the
current proposals has been greatly simplified. The lagoon operations only require pumps for
the operation of the ash transportation system, the decantrate system and the harvesting
system. The largest pump in the system is likely to be that associated with the dredger, which
is to have a capacity of about 180 1/s. The other pumps are to be within control and pump
houses, and are expected to exhibit negligible noise outside these buildings. The pump and
motors for the harvesting system are to be electric and submersible. The noise rating for this
is expected to be about 85 dB(A) at a distance of 1 m, thus the consequent noise at the NSR
will is not expected to exceed 18 dB(A), which is well within the noise limits.

Visual Impact

6.61 The form of the lagoon, with a revetment perimeter, has been devised to be
compatible with the existing power station platform, and the operations within the lagoon will
be below the level of the perimeter crest. The extent of the operations within the lagoon will
be limited to the use of a small dredger, considerably less mechanical plant than in the
previous proposal. The operations will be hidden from those views with aspects from the
beaches on Ha Mei Wan, and are not expected to be intrusive from elsewhere,

6.62 A visual impact assessment has been prepared by Urbis Travers Morgan
Limited and is submitted separately.

Community Reaction

6.63 The ash management exhibition held on Lamma Island in October 1989
appeared to have allayed local concerns with respect to the operation of a 1.5 Mn’ lagoon
with an embankment perimeter. The current proposals will have a revetment around much
of the lagoon, and the operations associated with the current proposals are considerably less
intrusive to the local population than previously. Therefore significant community reaction
to the current proposals for the lagoon is not expected.

Tourism

6.64 Lagoon operations will have no physical effect on the local tourist facilities
(the beaches and restaurants) thus no significant effect on tourism is expected.
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Employment Opportunity

6.65 The lagoon operations for the proposals in the EIA Stage III report may have
afforded some local employment opportunity, principally in connection with the
implementation and maintenance of the landscaping works. However, the opportunity would
not be great, comprising only a few additional labourers working under the direction of the
existing station supervisor. There is likely to be less opportunity for local employment with
the current scheme because the operations have low labour requirements, and those that
would be available are for specialist operators, such as for the small dredger.
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dilution) dilution) &) x (B) {A) % (BD)
Neutral Ash in | Allnline Ash in] Neutral Ash | Alkaline Ash
Elcment ™ Syabol {pprn) Seawater Seawnter {ppm) (ppm) {ppm) (ppm) {ppm)
Antimony " Sb H] 25 0.02 0.2 0.0016 <0.1-02 0.2 02
Ansenic b As L) 0.04 0.4 0.016 0,016 <0002 - 0.03 0.03 0.03
Boron B 98 - - 4-82 82 8.2
Cadmium - Cd 2 - - <0.001 - 0.037 0.057 0,037
Chromiuem * Cr - 1.l 1.3 - 0.02 - 0.98 0.92 098
Copper - Cu 10 - - <0.01 -0.31 N 0.31
Lron Fo - - - <005 -1.93 1.93 1.93
Lead - Pe 10 - - <0.01 - 0.06 0.06 0,06
Mercury ol Hg 4 - - <0.0002-0.001 0.001 0.001
EMonganess Mn - . . <0,0f - 0.48 0.48 0.48
Muolybdernum Mo 30 18 4 54 1.2 - 5.4 1.2
[ Selenium = S 10 10 0.33 1 0.03 0.002 - 0.058 1 0.058
[Vanadiam - v 80 0.66 0,001 0.53 0.0008 0.1-0.5 0.53 0.5
Zinc Zn 30 - - 0.02 - 1.51 1.5t L5l
(A) Tatung ecal is commonly used at the Lamma Power Station = Those metals listed as Texic in the TM Total Metals 20,668 15.496
(B) From H.A. van der Sloot et al, 1986 - 1o data available
(D) From Report EPS 3/PG/5, Environment Canada, May 1986 {1} with permission of China Light & Power Co, Lid| Total Toxic 3.148 217
Metals
F & H 1 E3 ] K
Chaarry trial | % reheased from|  Estimated i Co iom Estimated  [Max recorded in}
Highest 1:20 dilution | release from 1:20 releass usable for relessc per Taang Tous®
Concentration | (Alkaline Ash) | 1320 difhujon waler catimato toone of FFA | Lagoon Jan 88

any sample (A) = (G} HWmix 1:20 (1:20) dihaion to Sep 88
Element ™ Symbol (ppm) {ppm} (ppm) ppm) {ppm) (ppm)
Antimony * sb 0.9 16 1.2% 064 02 1.8
Arsenic = As < 0.0005 0.43 0172 0.0086 0.03 012 0.0061
Boron B 1.6 82 8.2
Cadmivm = Cd 0.05 0.037 0.037 0.00043
Chromiumn * Cr 1.2 6.2 0.98 0,98
Copper = Cu 0.03 0.3 0.31 0.0076
Iron Fe 0.4 19 1.93
Lead * 1] 0.3 0.06 0,06 0.0071
Meroury * Hg 0.05 0.00] 0.00]
Mangancec Mn 0.19 0.48 0.48
Molybdenmum Mo 5.5 9.6 2.88 0.144 0.144 2.88
Sclenium ~ Se 0.015 13 1.3 0.065 I 1.3 0.54
Vanadhum b v 0.53 0.13 0.104 0.0052 0.5 0.104
Zinc Zn 0.06 1.5] 1.51 0.035
Total Metals 16.83 15382 19.244 g / lonne
Total Toxie Metals 3.075 3.ns 4,244 g { tonno
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C 7 OPERATING ENVIRONMENTAL MONITORING AND AUDIT

F 7.1 There will be two Environmental Monitoring and Audit procedures for the
project, one for the construction phase and one for the operational phase. In both cases the

@ procedures will be discussed and agreed with EPD. The current proposals for the

environmental monitoring and audit for the operation of the lagoon are the same as those for
the previous proposals for the operation of a lagoon with an embankment perimeter.
Although the function of the lagoon has changed in particular aspects, many of the operations
are similar and the objectives of environmental audit and control remain valid.

(\’ Environmental Audit

B 2
., ;i 2 b g B, i 3 : 2 G
o g T e ¥
ES

s

- (i)
( (iii
r .
N (1)

- ™)
-

(v)
C (vii
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(viti

(ix)
(x)

(xi)

s 7

During preparations for th
discussions with EPD on the use and applicability of other bio-indicators in addition.

7.8 The EIA Stage III report proposed that the noise be measured during the
operation of the lagoon at HEC's two existing monitoring stations at Ching Lam and Hung
Shing Ye, using existing equipment and methods. The methods of measurement and
procedures for noise evaluation will be documented in a separate Environmental Monitoring
and Audit Manual to be submitted to Government.
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Control Procedures

7.11 Although a dust nuisance is not expected to arise with the current proposals,
dust suppression measures will be in place. The measures are also sufficiently comprehensive
to mitigate an impact should it arise from the handling or storing of ash.

Acceptance Criteria

1S ORI
The criteria for these proposals remain the same as those for the
EIA Stage III report that have been agreed with Government.
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Parameters Typical range Acceptable range

Temperature (°C) 17.3 - 29.5 < +2°C from ambient

Dissolved Oxygen (mg/)® >4

pH (unit) 8.04 - 8.6 65 - 85

Salinity (0/00) 252 - 34.1 < £10% from ambient

Turbidity (NTU) 1.8 - 15.7 <759

Total Suspended Solids (mg/1) 1.8 - 16.7 < +30% from ambient

Nitrate (NO,-N}, mg/] <0.1

Nitrite (NO,-N), mg/l <0.030

Orthophosphate (PO,*-P), mg/l 0.005 - 0.02 <0.16@

Sulphate (§0.*), mg/l <2710%

BOD; (mg/l) 03 - 2.6 <5

COD (mg/1) N <30

References

1. The acceptable range is based on the Southern Water Control Zone statement of Water Quality
Obijectives [Laws of Hong Kong Vol 22 (CAP 358), 1988] except (a), (b), (c), {d) and (e).

2. The typical range is based on the water quality of the west Lamma Channel in 1988 (EPD Marine
Water Quality in Hong Kong, 1989).

a. Tait, R.V. (1972). Elements of Marine Ecology. London Butterworths : 73 and 81.

b. Chen, K.C. (1965). Analytical Chemistry of Sea Water. Scientific Publications, Peking : 130 and
140.

c. Goldberg E.D. (1972). A guide to Marine Pollution. Gordon and Beach Science Publishers, London.

d. Mok, M.H. (1979). "Discussion on the Standardization of Water Qualities - summary report”.:91 in
Conference on the Standardization of Methodoiogy of Water Pollution (edited by Chung, M.T. and
Chui, V.). Note : NTU approximate JTU but not exactly the same.

e. Arithmetic mean of at least 3 measurements at 1 metre below water surface, mid-depth and 1 metre

above seabed.

Table 7.1
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Metal Concentration (ppm)
Antimony 1

Arsenic 10
Cadmivm 2
Chromium 1

Lead 6

Mercury 0.5

Tin 230

Notes: All units expressed as wet weight
Table 7.2 E

Time Period ANL dB(A)

All days during the night-time (2300 to 0700 hours) 45

All days (0700 to 1900 hours) and evenings

(1900 to 2300 hours) 55
Table 7.3 Opéid
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8 CONCLUSIONS

3.1 Prior to the third stage of the environmental impact assessment of the Ash
Management Study for The Hongkong Electric Company Limited, various options for the
disposal of ash were explored in the Initial Assessment Report (1989) (IAR). The IAR
concluded that a lagoon adjacent to the power station should be an integral, and key element
of the strategy. A preferred site for a lagoon of 1.5 Mm?3 capacity on the south eastern corner
of the power station was adopted, and an EIA completed for it. The EIA took due regard of
the environmental effects of both the likely construction techniques and the operational
activities throughout the facility’s life. Various measures were incorporated into the design
to reduce the expected impacts to within criteria acceptable to EPD.

8.2 Subsequent to the approval of the EIA, Government have agreed to use ash for
reclamations provided it has previously been deposited in a marine lagoon for a period of
time. Consequently the requirement for a lagoon at Lamma Power Station remains, although
of reduced capacity of about 1 Mm?.

8.3 All the issues identified for the EIA have been re-addressed and are within
accepted criteria for environmental protection. These criteria have been previously agreed
with Government. The local community on Lamma have given the impression that the need
for a lagoon is accepted although some concerns remain. This report has re-addressed the
concerns, and the effects are likely to be better than originally envisaged in the EIA Stage
11T investigations, in some cases they are likely to be considerably less (Table 8.1 and Table
8.2).

8.4 The construction of the lagoon will take about 21 months and environmental
audits will be carried out initially at 6 month intervals. The period of operation of the lagoon
will be determined by the demand for ash in Government reclamations. During the operation
of the lagoon two environmental audits will be carried out in the first year and annually
thereafter.

8.5 Given that a lagoon is a necessary element in the approved ash disposal strategy,
the revetment and caisson perimeter now presents the best practicable means for the
structure.

8.6 A methodical assessment of the EIA and the lagoon performance is to be provided
by instituting an environmental monitoring and audit system. This is to be carried out during
both the construction and operational phases of the lagoon. The auditing system will not only
provide affirmation of the expected performance of the lagoon, but also identify
transgresstons of criteria and institute remedial measures to rectify the situations should they
arise.
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Item Comment on EIA Stage III

proposals

Comment on Current Proposal

Differences in
Environmental
Impact

General

size 529 m long x 250 m wide

capacity 1.5 Mm?

350 m long x 250 m wide

1 Mm?

a reduced area is
required for the
lagoon

a reduced volume
of mud has to be
dredged

Construction Effects

duration 21 months construction

marine biota the proposals required, dredging
and placing of materials

sea water various measures were proposed

quality for control and mitigation of
impacts

noise the expected noise impact was to

have been about 58 dB(A) at the
NSR

much of the construction was to
be marine based

visual impact

community the community reaction has

reaction always been one of reluctant
acceptance

tourism the works were to have taken
place within a restricted area
under environmental controls

employment there were limited activities in

which local construction labour
could be employed

21 months construction

the same operations are required,
but the area is reduced and the
same control measures are
proposed

the same controls and measures
are to be implemented

the expect construction noise is
now a maximum of 59 dB(A) at
the NSR

the majority of the construction
activity will be marine based

a lagoon remains as a necessary
part of the disposal strategy

these restrictions and controls
remain the same for the current
scheme

activities remain in which
employment of local construction
labour could be employed

the duration is
unchanged

a reduced area of
sea bed is likely to
be disturbed

unlikely to change

one dB(A) worse
for one
combination but
within the limits
there will not be a
change in the

expected impact

unlikely to change
unlikely to change

unlikely to change

Table 8.1 Comparison of Expected Environmental Impacts - Construction
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Comment on EIA Stage III
proposals

Comment on Current Proposal

Differences in
Environmental
Impact

Operating Effects

Item
(>
)
sea water
(,_ \ quality
O
marine biota

I_JD

dust

N,

noise

N Y
L

SN

community
-~ reaction
(
( tourism
r( o employment

visual impact

seepage flows from the lagoon
were estimated, and
concentrations of determinands
and loads derived

marine biota would recolonise the
seaward revetment

mitigation measures were
proposed for ash above the water
level

various conveyor systems were
required for transportation and
further equipment required for
harvesting

the appearance was to be a
revetment with a mound above

the community reaction has
always been one of reluctant
acceptance

the operation of the lagoon was
designed to minimise the impact
on tourism

the operation of the lagoon was to
have required some labour for
landscaping and irrigation

the seepage flows, concentrations
of determinands and loads to the
Ha Mei Wan bay are expected to
be less

a similar revetment is to be
provided on the seaward face

the ash will be placed by a slurry
system and will be stored
generally below water level, and
the opportunity for dust arising is
greatly reduced

the systems for transportation and
harvesting have been greatly
simplified, to the use of a few
pumping systems

the appearance remains the same
revetment but there is to be no
mound above the perimeter level

a lagoon remains as a necessary
part of the disposal strategy

the same measures have been
incorporated in this scheme

the current operations are less
labour intensive and require more
specialised staff

the effect on the
sea water quality is
expected to be less

no change in
expected impact

the potential for a
dust nuisance is
greatly reduced

the expected noise
level arising for the
lagoon operations
is much reduced.

marginally
improved visual

appearance

unlikely to change

unilikely to change

reduced local
employment
opportunity

./—k“\'
O

o

Table 8.2 Comparison of Expected Environmental Impacts - Operations
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Boundary Condition : Variation of head against time

Neap tides

Change in T Level

Time mCD time hr. interval sec. mPD
12:12 1.6 0.000 1 0 1.45
17:48 1 5.600 2 20160 0.85
23:39 1.9 11.450 3 41220 1.75
06:22 0.7 18.167 4 65400 0.55
12:40 1.7 24.467 5 88080 1.55
18:34 1 30.367 6 108320 0.85
00:10 1.7 35,967 7 129480 1.55
06:45 0.8 42.550 8 153180 0.65
13:09 1.7 48,950 9 176220 1.55
19:29 1.1 55.283 10 199020 0.95
00:46 1.5 60.567 11 218040 1.35
07:07 09 66.917 12 240900 0.75
13:43 1.7 73.517 13 264660 1.55
20:45 1.1 80.550 14 289980 0.95

Tide levels are take from Tide Table 1893, Royal Hong Kong Observatory
Predictions at Chi Ma Wan, 27th to 30th January 1993.

Spring tides

Change in T Level

Time mCD  time hr. Interval sec. mPD
19:10 24 0.000 1 0 2.25
02.57 03 7.783 2 28020 0.15
09:47 1.3 14.617 3 52620 1.15
12:56 1.1 17.767 4 63960 0.95
19:56 25 24.767 5 89160 2.35
03:33 0.2 32.383 6 116580 0.05
10:21 1.4 39.183 7 141060 1.25
13:54 1.1 42.733 8 153840 0.95
20:45 2.6 49.583 9 178500 2.45
04:11 0.1 57.017 10 205260 -0.05
10:52 1.4 63.700 11 229320 1.25
14:54 1.1 67.733 12 243840 0.95
21:35 2.6 74.417 13 267900 2.45
04:50 0.1 81.667 14 294000 -0.05

Tide levels are take from Tide Table 1993, Royal Hong Kong Observatory
Predictions at Chi Ma Wan, 6th to 9th January 1993.
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TITLE

Lamma Power Station Ash Lagoon - PFA

29 September 19 = DATE
PFA.KIN = DATE FILE NAME
SOIL
5, = NUMBER OF PORE CLASSES
L4500, = MAXIMUM WATER CONTENT
L1000, = RESIDUAL WATER CONTENT
.1000E-05, = SATURATED PERMEABILITY
WATER
20.0, = TEMPERATURE (C)
72.8, = SURFACE TENSION (dyn/cm)
1.0250, = DENSITY (g/cubic cm)
.01002, = VISCOSITY (dyn.sec/sq cm)
980.0, = GRAVITATIONAIL CONSTANT
1.3, = EXPONENT
POINT . 5
1, -30.000, .1000, = PORE WATER PRESSURE, WATER CONTENT
2, -23.969, .1140, = PORE WATER PRESSURE, WATER CONTENT
3, -3.750, .4421, = PORE WATER PRESSURE, WATER CONTENT
4, -.098, .4483, = PORE WATER PRESSURE, WATER CONTENT
5, 000, .4500, = PORE WATER PRESSURE, WATER CONTENT
END
Lanima Power Station Ash Lagoon - PFA
29 September 19 = DATE
CLASS NEGATIVE PRESSURE WATER CONTENT CALCULATED K MATCHED X
(1) {M OF WATER) {KPa) {BY VOL) {M/S) {(M/8)
1 -2.,575 -25.259 1350 .2455E-06 .9702E-08
2 -1.872 -18.361 20590 .1201E-05 LA4747E-07
3 -1.432 -14.047 2750 .3415E-05 .1350E-06
4 ~.992 -9.734 3450 ,8075E-05 .3192E-06
5 000 000 4500 .2530E-04 .1000E-05
END ’
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(:} TITLE

Lamma Power Station Ash Lagoon - Sandfill (finer)
28 September 19 = DATE
(j\ sand.KIN = DATE FILE NAME
- SOIL
5, = NUMBER OF PORE CLASSES
(f\‘ .4300, = MAXIMUM WATER CONTENT
. .0000, = RESIDUAL WATER CONTENT
.5000E-04, = SATURATED PERNMEABILITY
- WATER
<“3 20.0, = TEMPERATURE (C)
- 72.8, = SURFACE TENSION (dyn/cm)
1.0250, = DENSITY (g/cubic cm)
Ja .01002, = VISCOSITY (dyn.sec/sqg cm)
- 980.0, = GRAVITATIONAL CONSTANT
1.3, = EXPONENT
POINT ' 5
(Tﬁ. i, -16.766, .1150, = PORE WATER PRESSURE, WATER CONTENT
- 2, -12.091, .1850, = PORE WATER PRESSURE, WATER CONTENT
3, ~9.209, .2550, = PORE WATER PRESSURE, WATER CONTENT
P 4, -6.327, .3250, = PORE WATER PRESSURE, WATER CONTENT
! 5, .000, .4300, = PORE WATER PRESSURE, WATER CONTENT
END
N Lamma Power Station Ash Lagoon - Sandfill
( b 28 September 19 = DATE
CLASS NEGATIVE PRESSURE WATER CONTENT CALCULATED K MATCHED X
<—\ {1) (M OF WATER) (KPa) {(BY VOL) {M/5) (M/83)
- 1 =1.485 ~14.,662 1465 .8445E-06 .4273E-06
2 -1.139 -11.172 2095 .3988E-05 .2018E-05
e 3 -.B65 -8.489 2725 .1111E-04 .5619E-05%
. 4 -.5860 -5.494 3355 .2676E-04 .1354E-04
5 goo0 coo 4300 -9882E-04 .5000E-04
- END
(
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TITLE

Lamma Power Station Ash Lagoon - Sandfill (coarsszr)
28 September 19

sandl.KIN
SOIL
5,
L4300,
. 0800,
.1000E-03,
WATER
20.0,
72.8,
1.0250,
.01002,
280.0,
1.3,

POINT , 5

Vi Wi

END

Lamma Power Station Ash Lagoon - Sandfill

29 September 19

-20.000,
-14.956,
-2.256,
.521,
. 000,

.0800,
.1154,
L4239,
.4300,
.4300,

DATE

DATE FILE NAME

NUMBER OF PORE CLASSES
MAXIMUM WATER CONTENT
RESIDUAL WATER CONTENT
SATURATED PERMEABILITY

TEMPERATURE {C)

SURFACE TENSION (dyn/cm)

DENSITY (g/cubic cm)
VISCOSITY (dyn.sec/sq cm)
GRAVITATIONAL CONSTANT

EXPONENT

mian nn

= DATE

PORE WATER PRESSURE,
PORE WATER PRESSURE,
PORE WATER PRESSURE,
PORE WATER FPRESSURE,
PORE WATER PRESSURE,

WATER
WATER

WATER CONTENT
WATER CONTENT
WATER CONTENT
CONTENT
CONTENT

CLASS NEGATIVE PRESSURE WATER CONTENT CALCULATED K MATCHED K
(1) (M OF WATER) {KPa) (RY VOL) (M/8) {M/8)
1 -1.709 -16.766 1150 .6102E-06 .93505:55
2 -1.232 -12.091 1850 .3004E-05 .4593E-05
3 -.939 -9.209 2550 .B593E-05 .1314E-04
4 -.645 -6.327 3250 .2049E-04 .3133E-04
5 000 000 4300 .6540E-04 .1000E-03
END
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TITLE

Lamma Power Station Ash Lagoon - Rockfill
28 September 19

DATE

rock.KIN DATE FILE NAME
SOIL )
5, = NUMBER OF PORE CLASSES
.4200, = MAXIMUM WATER CONTENT
.0000, = RESIDUAL WATER CONTENT
.1000E-02, = SATURATED PERMEABILITY
WATER
20.0, = TEMPERATURE (C)
72.8, = SURFACE TENSION (dyn/cm)
1.0250, = DENSITY {g/cubic cm)
.01002, = VISCOSITY (dyn.sec/sq cm)
880.0, = GRAVITATIONAL CONSTANT
1.3, = EXPONENT
POINT ; 5
1, -4.747, .0870, = PORE WATER PRESSURE, WATER CONTENT
2, -3.155, L1610, = PORE WATER PRESSURE, WATER CONTENT
3, -2.4717, .2350, = PORE WATER PRESSURE, WATER CONTENT
4, -1.798, .3090, = PORE WATER PRESSURE, WATER CONTENT
5, .000, .4200, = PORE WATER PRESSURE, WATER CONTENT
END
Lamma Power Station Ash Lagoon - Rockfill
28 September 19 = DATE
CLASS NEGATIVE PRESSURE WATER CONTENT CALCULATED K MATCHED K
(1) (M OF WATER) (KPa) (BY VOL) {(M/3) (M/S)
1 -.411 -4 .031 .1203 .1270B-04 .8804E-05
2 -.302 -2.,963 .18689 .6158E~04 .4270E-04
3 -.235 -2.307 2535 .1727E-03 L1197E-03
4 -,157 -1.540 .3201 .4095E-03 .2839E-03
5 ooQ 000 4200 .1442E-02 .1000E-02
END
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Lamma Power Station Ash Lagoon Status of filling. ~ No PFA in lagoon
Seepage across Caisson and Revetment Seawall Tidal cycle: Spring tide
Effective length of seawall = 520 m Lagoon surface area 82700 sq.m
Time Tide level Flow rate Howsly seepage  Accumulated Accumulated — Accumulated
per metre  along entire inflow outflow change in lagoon
of seawall length water level
hour mPD cu.m/s cu. m'h cu.m CclL In mm
[ 1.250 0.0000E+00 0.00 0.00 0.00 0.00
1 0.854 2.4450E-05 45.77 0.00 4577 -0.55
2 0.556 4.2821E-05 80.16 0.00 125.93 -1.52
3 0.344 5.5910E-05 104.66 0.00 230,59 =279
4 0.205 6.4496E-05 120,74 0.00 351,33 -4.25
5 0.144 6.8137E-05 127,55 0.00 478.88 =5.79
6 0.214 6.4001E-05 119.81 0.00 598.69 -71.24
¥ 0.377 5.3971E-05 101.03 0.00 699.73 -8.46
8 0.593 4.0660E-05 76.12 0.00 775.84 -9.38
9 0.81% 2.6688E-05 49.96 Q.00 825.80 -9.99
10 1.613 1.4692E-05 27.50 0.00 85331 -10.32
1 1.132 7.3101E-06 13.68 0.00 866.99 -10.48
12 1.136 7.0660E-06 13.23 0.00 880.22 -10.64
13 1.046 1.2610E-05 23.61 0.00 903.82 -10.93
14 0.957 1.8075E-05 33.84 0,00 937.66 -11.34
15 0.969 1,7364B-05 32.51 0.00 970,17 -11.73
16 1.128 7.5758E-06 14.18 0.00 984.35 -11.90
17 1.388 -8.5187E-06 -15.95 15.95 984.35 -11.71
18 1.696 -2.7562E-05 -51.60 67.54 984.35 -11.08
19 1,998 -4.6181E-05 -86.45 153.99 984,35 -10.04
20 2.238 -5.1019E-05 -114.23 268.22 984.35 -8.66
21 2.362 -5.8710E-05 -128.63 396.35 984.35 710
22 2317 -6.5925E-05 -123.41 520.26 984.35 -5.61
23 2.087 -5.1725E-05 -96.83 617.09 984.35 4,44
24 1.726 -2.9401E-05 55,04 672,13 984.35 -3,78
25 1.294 -2.7162E-06 -5,08 677.21 984.35 3,71
26 0.850 2,4660E-05 46.16 677.21 1030.51 -4.27
27 0.456 4,8977TE-05 91.68 677.2] 1122.20 -5.38
28 0.172 6.6519E-05 124,52 677.21 1246.72 -6.89
29 0.052 7.3917E-05 13837 677.1 1385.09 -8.56
30 0.093 7.1462E-05 133.78 677.21 1518.87 -10.18
3 0.251 6.1734E-05 115.60 6§77.21 1634.47 -11.58
32 0.482 4.7504E-05 88.93 6§77.21 1723.40 -12.65
33 0.742 3.1454E-05 58.88 677.21 178228 -13.36
34 0.986 1.6347E-05 30.60 677.21 1812.88 -13.73
35 1170 4.9611E-06 929 677.21 182217 -13.84
36 1.250 2.8343E-08 0.05 67721 182222 -13.85
37 1.195 3.3665E-07 0,63 677.21 1822.85 -13.85
38 1,068 1,1221E-05 21.01 677,21 1843.86 -14.11
39 0.962 1.7781E-05 3329 677.21 1877.15 -14.51
40 0.970 1,7281E-05 3235 67721 1909.50 -14.90
41 1.132 7.2735E-06 13.62 677.21 1923.11 -15.07
42 1.401 -9.3154E-06 -17.44 694.65 1923.11 -14.85
43 1.720 -2,9054E-05 -54.39 749.04 1923.11 -14.20
44 2,035 -4,8498E-05 -90.79 835.83 1923.11 -13.10
45 2,289 -6.4216E-05 -120.21 960.04 1923.11 -11.65
46 2,428 -7.2785E-03 -136.25 1096.29 1923.11 -10.00
47 2456 -7.4525E-05 -139.51 1235.80 1923.11 -8.31
48 2321 -6.6175E-05 -123.88 1359.68 182311 -6.81
3 Remarks:
23 Length of revetment
. § =520m
_ 8
% . E Surface area of
e § lagoon
Bos g = 82700 sq. m
o TN g
\/ \/ i
03

& 9 12 [} ht

— Tide level .. soepage ralc

Inflow -ve

7

n
Time (hour)

Ouiflow +ve

30

33



Hongkong Electric Company
Lamma Power Station Ash Lagoan

Spring Tide, initial condition Sea and Lagoon
Water Level = +1.25 mPD

No PFA in lagoon

#sh Logoon
Impermeable Blanket
lo -9.0 mPD +0.052 mPD
impermeable Blonket

to ~11.25 mPD

-3.0 mFD

=18.0 mPD

B -18.0 mPD

Flux in cu.m/s per m length of seawall
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Lamma Power Station Ash Lagoon

Effective length of seawall =

Status of filling:  2m thick of PFA on inner slope of seawall
Seepage across Caisson and Revetment Seawall Tidal cycle: Spring tide
520 m Lagoon surface area 82700 sq.m
Tide level Flow rate Hourly seepage  Accumulated Accumulated  Accumulated
per metre  along entire inflow outflow change in lagoon
of seawall length water level
mPD cumfs cu. m/h cu. m cu. m mm
1.250 0.0000E+00 0.00 0.00 0,00 0.00
0.854 1.O516E-05 15.69 0.00 19.69 -0.24
0.556 1.6250E-05 3042 0,00 50.11 -0.61
0.344 1.9629E-05 36.75 0,00 86.85 -1.05
0.205 2.1495E-05 40.24 0.00 127.09 -1.54
0.146 2.1750E-05 40.72 0.00 167,81 2,03
0214 1.9247E-05 36.03 0.00 203.84 -2.46
0.377 1.5074E-05 28.22 0.00 232,05 -2.81
0.593 1.0267B-05 19,22 0.00 251.27 -3.04
0.819 5.7002E-06 10.67 0.00 261.95 =317
1.013 2.2021E-06 4,12 0.00 266.07 -3.22
1.132 5.8883E-07 1.10 0.00 267.17 -3.23
1,136 1.60135E-06 3.00 0.00 270.17 -3.27
1,046 4.3493E-06 8.14 0.00 278.31 -3.37
0.957 6.3245E-06 11.84 0,00 290.15 -3.51
0.96% 5.4260E-06 10.16 0.00 30031 -3.63
1.128 1.1015E-06 2.06 0.00 302,37 -3.66
1.388 -4.9965E-06 £.35 9.35 302,37 -3.54
1.696 -1,1528E-05 -21.58 30.93 302.37 -3,28
1.998 -1,7365E-05 -32.51 63.44 302.37 -2.89
2238 -2.1457E-05 -40.17 103.61 302,37 -2.40
2.362 -2.2765E-05 -42.62 146,22 302,37 -1.39
2317 -2.0280E-05 3796 184,19 302,37 -1.43
2.087 -1.4022E-05 -26.25 21044 30237 -L11
1.726 -5.6161E-06 -10.51 220,95 302,37 -0.98
1.294 3.5460E-06 6.54 220,95 309,01 -1.06
0.850 1.2283E-05 2299 220,95 332.00 -1.34
0.456 1.9420E-05 36.35 220.95 368.36 -1.78
0.172 23822E-05 44.59 220,95 412.95 =232
0.052 2.4507E-05 45.88 220.95 458.83 -2.88
0.093 2.2040E-05 41.26 220.95 500.09 -3.38
0.251 1.7646E-05 33.03 220.95 533.12 3.77
0.482 1.2295E-05 23.02 220.95 556.14 4,05
0.742 6.8723E-06 12.86 22095 569.00 -4.21
0.986 2.2290E-06 4.17 22095 573.17 -4.26
1.170 -7.8072B-07 -1.46 22241 573.17 424
1.250 -1.3295E-06 <249 224.90 573.17 421
1.195 1.0205E-06 1.91 22490 575.08 423
1.068 4.3838E-06 821 224,90 583.29 4,33
0.962 6.5131E-06 12,19 224.90 595.48 4,48
0.970 5.5148E-06 10.32 224,90 605.81 4,61
1132 1.0t75E-06 1,90 224.90 607.71 -4.63
1401 -5.2977E-06 9,92 234,82 607.71 -4.51
1720 -1.2087E-05 -22,63 25745 607.71 -4.24
2035 -1.8206E-03 -34,08 291.53 607,71 -3.82
2.289 -2.2581E-05 4227 333.80 607.71 -3.31
2.428 -2.4162E-05 -45.23 379.03 607.71 277
2.456 -2.3519E-05 -44.03 423.06 607.71 -2.23
1.49 -1.9344E-05 -36.21 459.27 607.71 -1.79
3 Remarks:
. Length of revetment
4 =520m
a1 3
% Pas & Surface area of
I I g lagoon
é-l : - 82700 sq. m
. 2

é 9 1 18 18 2

1 M X B N B 42 45 A
Time ¢hour)
— Tide leve] . secpage rale

Inflow -ve Quiflow +ve
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Hongkong Electric Company

Lamma Power Station Ash Lagoon

Spring Tide, mitial condition Sea and Lagoon
Water Level = +1.25 mPD
2 metres of PFA on inner slope

Seq Ash Lagoon

Impermeable Blantket

/ to ~11.25 mPD
+0.052 mPD

Impermeable Blanket t0 -9.0 mPD

=8.0 mPD

=18.0 mPD

Flux in cu.m/s per m length of seawall
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Lamma Power Station Ash Lagoon Status of filling: ~ Lagoon full of PFA
Seepage across Caisson and Revetment Seawall Tidal cycle: Spring tide
Effective length of seawall = 520 m Lagoon surface area 82700 sqm
Time Tide level Flow rate Howrly seepage Accumulated Accumufated  Accumulated
per metre  along entire inflow outflow change in lagoon
of seawall length water level
hour mPD cu.m/s cu, m'h cu. m cu. m mm
0 1.250 0.0000E+00 0.00 0.00 0.00 0.00
i 0.854 1.0058E-05 18.83 0.00 18.83 -0.76
2 0.556 1.4943E-05 2797 0.00 46.80 -1.8%
3 0.344 1.7051E-05 31.92 0.00 7872 -3.17
4 0.205 1.7437E-05 32.64 0.00 111.36 -4.49
5 0.146 1.6215E-05 30.35 0.00 141.72 -5.71
6 0.214 1.2456E-05 2332 0.00 165.04 -6.65
7 0.377 7.4349E-06 13.92 0.00 178.95 -7.21
8 0.593 2.2898E-06 429 0.00 183.24 -7.39
9 0.819 -2.1066E-06 -3.94 3.94 183.24 -7.23
10 1.013 -5.0165E-06 -9.39 13.33 183.24 -6.85
11 1.132 -5.7929E-06 -10.84 24.18 183.24 -6.41
12 1,136 -3.9202E-06 -7.34 31.52 183.24 -6,12
13 1.046 -5.0542E-07 -0.95 3246 183.24 -6,08
14 0.957 1.8471E-06 3.46 3246 186.70 -6.22
15 0.969 1.1319E-06 212 32.46 188.82 -6.30
16 1.128 -2,9643E-06 -5.55 38.01 188.82 -6.08
17 1.388 -8.5403E-06 -15,99 54,00 188.82 -5.43
13 1.696 -1,4113E-05 26,42 80.42 188.82 4,37
19 1,998 -1,8540E-05 34,71 115,13 188.82 297
20 2.238 -2.0886E-05 -39.10 154,23 188.82 -1.39
21 2.362 -2,0330E-05 -38.06 192,28 188.82 0.14
22 2.317 ~1,6148E-05 -30.23 222,51 188.82 1.36
23 2,087 -8.6823E-06 -16,25 23877 138.82 2.01
24 1.726 1,9230E-07 0,36 23877 189.18 2.00
25 1.294 8.9636E-06 16.78 238,77 205.96 1.32
26 0.850 1.6482E-05 30.85 23877 236.81 0.08
27 0.456 2,1734E-05 40,69 238,77 277.50 -1,56
28 0.172 2.3844E-05 44 64 238,77 322.13 -3.36
29 0,052 2.2166E-05 41.49 238.77 363.63 -5.03
30 0,053 1.7605E-05 32.96 238.77 394.58 -5.36
3] 0,251 1.1644E-05 21.80 238.77 418.38 -7.24
32 0,482 5.3879E-06 10.09 238.77 428.47 -7.65
33 0,742 -2.6669E-07 -0.50 239.26 428.47 -7.63
34 0.986 -4,5576E-06 -8.53 247.80 42847 -7.28
35 L.170 -6.8012E-06 -12.73 260.53 42847 -6.77
36 1.250 -6.4027E-06 -11.99 272.51 42847 -6.29
37 1.195 -3.1941E-06 -5.98 273.49 428.47 -5.04
338 1.068 7.3433E-07 1.37 278.49 429.84 -6.10
39 0.962 3,0835B-06 577 278.49 435.52 -6.33
40 0.970 2,0998E-06 393 278.49 439.55 -5.49
41 1.132 -2.3134B-06 4,33 282.82 439.55 -6.32
42 1.401 -8.2160B-06 -15.38 298.20 £39.55 -5.70
43 1.720 -1.4113E-05 -26.42 324.62 439,55 -4.63
44 2.035 -1.8852E-05 -3529 35991 439,55 321
45 2.289 -2.1477E-05 -4020 400,12 439,55 -1.59
46 2428 -2 1155E-05 -39.60 439.72 439.55 0.01
47 2456 -1.8706E-05 -35.02 474.74 439.55 1.42
48 2321 -1.3088E-05 -24.50 49924 439.55 241
3 Remarks:
. L Length of revetment
3 =50m
ath z
T . ~ & Surface area of
T & lagoon
é L \~/ \./ §' = 82700 sq. m
° AN

o 3 3 9 12 15 18 al U 27 ] x] 36 R 41 43 %
Time (hour)
— Tide level  _— seepage rals

Inflow -ve Outflow +ve
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Hongkong Electric Company
Lamma Power Station Ash Lagoon

Spring Tide, initict condition Sea and Lagoon
Water Level = +1.25 mPD

Lagoon full of PFA

Seq

Impermeable Blanket Ash Lagoon
7.5 mPD to -11.25 mPD

Impermeable Blanket to —9.0 mPD

=8.0 mPD

=18.0 mPQ

Flux in cu.m/s per m length of seawal

.\“/')
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o Lamma Power Station Ash Lagoon Status of filling: ~ No PFA in lagoon
Seepage across Caisson and Revetment Seawall Tidal cycle: Neap tide
P Effective length of seawall = 520 m Lagoon surface area 82700 sqm
\ : Time Tide level Flow rate Hourly seepage  Accumulated Accumulated  Accumulated
permetre  along entire inflow outflow change in lagoon
(\ of seawall length water level
i hour mPD cumfs cu. mh cu, m clL m mm
. 4] 1.250 0.0000E+00 0.00 0,00 0.00 0.00
( ) 1 1.077 1.7499E-05 3276 0,00 32.76 -0.40
et 2 0.925 2.3984E-05 44,90 0,00 77.66 -0.94
3 0.850 23366E-05 4374 0.00 121.40 -147
4 0.902 1.5228E-05 2851 0.00 148,90 -1.81
C\ 5 1.052 2.5818E-06 4,83 0,00 154,74 -1.87
- 6 1279 -1,1363E-05 -21.27 2127 154.74 -1.61
7 1.501 -2,3393E-05 -43.79 65.06 154.74 -1.08
(‘ N 8 1675 -3.0289E-05 -56.70 121.76 154.74 -0.40
- 9 1.750 -2.9064E-05 -54.41 176.17 154,74 0.26
10 1.686 -2.0010B-05 -37.46 213.63 154,74 0.71
11 1.509 -5.9338E-06 -11.11 22474 154.74 0.85
Cj 12 1.265 1.0288E-05 19.26 22474 174.00 0.61
’ 13 1.001 2.5785E-05 48.27 224.74 22227 0.03
14 0.764 3.7693E-05 70.56 22474 292,83 -0.82
C] 15 0.598 4.3145E-05 80.77 224,74 373.59 -1.80
s 156 0.552 3.9961E-05 74,81 224,74 448.40 270
17 0.645 2.9846E-05 55.87 224,74 504.27 -3.38
- 18 0.834 1.5894E-05 29.75 224.74 534,03 -3.74
( H 19 1.068 1.2102E-06 227 224.74 536.29 =377
l 20 1.300 -1.1106E-05 -20.79 245.53 536.29 -3.52
21 1.476 ~1.7944E-05 -33.59 279.12 536.29 <3.11
(" ™ 22 1.550 -1,7226E-05 -32.25 311,37 536,29 272
_ 23 1.503 -1.0515E-05 -19.68 331.05 536.29 2248
24 1.373 -3.9582E-07 0.74 331.79 536.29 247
25 1.200 1.0529E-05 19.71 331,79 556.00 271
( \" 26 1.028 1.9696E-05 36,87 331,79 592,87 -3.16
e 27 0.897 2.4505E-05 45.87 33179 638.75 -3.71
28 0.850 2.2655E-05 4241 33179 681.16 -4.22
29 0914 1.4968E-05 28.02 33179 709.18 -4.56
(\ /: 30 1.059 4.2093E-06 7.88 33179 717.06 -4.66
31 1.240 -5.8279E-06 -12.78 344.57 717.06 -4.50
32 1410 -1.5341E-05 2872 373.29 717.06 -4.16
C N 33 1.526 -1.8528E-05 -34.68 407.98 717.06 -3.74
34 1.542 -1.4695E-05 -27.51 43549 717.06 -3.40
35 1.449 -5.5604E-06 -10.41 44590 717.06 -3.28
- 36 1.282 6.4809E-06 12.13 44590 729.19 -3.43
( 37 1.080 1,9040E-05 3564 44590 764,83 -3.86
o 38 0.882 2.9733E-05 55.66 445,90 82049 4,53
39 0.726 3.6176E-05 67,72 445.90 888.21 5,35
( - 40 0.652 3,6079E-05 67.54 44590 955.75 -6.17
- 41 0.690 2.9453E-05 55.14 44590 1010.89 -6.83
42 0.823 1.8609E-05 34,84 44590 1045.73 =725
— 43 1.012 5,9683E-04 11,17 44590 1056.90 -7.39
¢ 44 1218 -6.0539E-06 -11.33 457.23 1056.90 725
e 45 1.401 -1,5028E-05 -28.13 485.36 1056.90 -6.91
46 1.522 -1.8607E-05 -34.83 520.19 1056.90 -6.49
SN 47 1.54% -1.6390E-05 -30.68 550.87 1055.90 -6.12
(_ /‘ 438 1.48% -1.0115E-05 -18.94 569.81 1056.90 -5.89
B : Remarks:
( "; Length of revetment
S 1s 4 =520m
- g
% tF E Surface area of
(\_/‘ 2 ;‘éj lagoon
é o5 ¢ =82700sq m
. \/ S N N~

./,-N\‘

03

L] kl [ ¥ 1”2 1% 1& i 4 n k1J 1 36 39 41 45 “
Time (hour)
— Tide level . secpage rate

Inflow -ve Outflow +ve
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Hongkong Electric Cdmpeny

Lamma Power Station Ash Lagoon

Neap Tide, initicl conditions lagoon and sea
Water Level = +1.25 mPD
No PFA In lagoon

Ash Lagoon

-8.0 mPD

Impermeable Blonket to ~9.0 mPD
-18.0 mPd

impermeable Blanket

—11.25 mPD
-18.0 mPD

Flux in cu.m/s per m length of seawall



ke

D

P /—
1
\

a

N

,

(—\ ; /‘\

Lamma Power Station Ash Lagoon Status of filling:  2m thick of PFA ot inner slope of seawall
Seepage across Caisson and Revetment Seawall Tidal cycle: Neap tide
Effective length of seawall = 520 m Lagoon surface area 82700 sq.m
Time Tide level Flow rate Hourly seepage  Accumulated Aceumnulated  Accumulated
per metre  along entire inflow outflow change in lagoon
of seawall length water level
hour mPD cums cu. m/h cu. Im cu. m mm
0 1.250 0.0000E+00 0.00 0.00 0.00 0.00
1 1.077 7.5194E-06 14,08 0.00 14.08 -0.17
2 0.925 8.7521E-06 16.38 0.00 30.46 037
3 0.850 7.4643E-06 13.97 0.00 44,43 -0.54
4 0.902 3.7063E-06 6.94 0.00 51.37 .62
5 1.062 -1.0988E-06 -2.06 206 51.37 -0.60
6 1.279 -5, 7981E-06 -10.35 12.91 5137 -0.47
7 1.501 -9.3593E-06 -17.52 30.43 51.37 -0.25
8" 1.675 -1.0778E-05 -20.18 50.61 5137 -0.01
9 1.750 -9.1754E-06 -17.18 67.78 51.37 0.20
10 1.686 -5.0593E-06 -9.47 C 712 5137 031
11 1.509 27017607 0.51 77.26 51.88 031
12 1.265 5.7971E-06 10.85 77.26 6273 0,18
13 1.001 1.0603E-05 19.85 7726 82,58 0,06
14 0.764 1.3801E-05 25.84 77.26 108.41 -0.38
15 0.598 1.4516E-05 2717 77.26 135.59 0.71
16 0.552 1.2170E-05 22.78 7726 158.37 -0.98
17 0.645 7.8001E-06 14.60 77.26 172.97 -1.16
18 0.834 2.6770B-06 5.01 77.26 177.98 -1,22
19 1.068 -2,1529E-06 403 81.29 177.98 -1.17
20 1.300 -5,7142E-06 -10,70 91.98 177.98 -1.04
21 1.476 -7.0470E-06 -13,19 - 10517 177.98 -0.88
22 1.550 ~5,6491E-06 -10.58 115.75 177.98 0,75
23 1.503 -2 A926E-06 -4.67 120.42 177.98 -0.70
24 1.373 1.3564E-06 2.54 120.42 180.52 -0.73
25 1.200 5.0189E-06 9.40 120.42 189.92 -0.84
26 1.028 7.6910E-06 14.40 120.42 204.32 -1.01
27 0.897 8.5697E-06 16.04 120.42 220.36 -1.21
28 0.850 6.9888E-06 13.08 120.42 233.44 -1.37
29 0.914 3.6062E-06 6.75 120.42 240,19 -1.45
30 1.059 -3.7416E-07 -0.70 121.12 240,19 -1.44
31 1.240 -3.9831E-06 <746 128.57 240.19 -1.35
32 1.410 -6.3300E-06 -11.85 140.42 240.19 -1.21
33 1.526 -6.5585E-06 -12.28 152.70 240.19 -1.06
34 1.542 -4.2793E-06 -8.01 160,71 240.19 -0.96
35 1.449 4952507 -0.93 161.64 240.19 -0.95
36 1.282 3.8416E-06 7.19 161.64 247.38 -1.04
37 1.080 7.9358E-06 14.86 161.64 262.24 -1.22
38 0,882 1.1037E-05 20.66 161.64 282.90 -1.47
39 0.726 1.2416E-05 23.24 161.64 306.14 -1.75
40 0.652 1.1384E-05 21.31 161.64 327.45 2.01
4] 0.690 $.2394E-06 15.42 161.64 342,88 -2.19
42 0,823 4.0649E-06 761 161.64 350.49 -2.28
43 1.012 -2.7570E-07 -0.52 162.15 350.49 -2.28
4 1.218 -4.008SE-06 -7.50 169.66 350.49 -2.19
45 1,401 -6.3773E-06 -11.94 181.60 350,49 2,04
46 1.522 -6.6794E-06 -12.50 194.10 350.49 -1.89
47 1.549 -5.0294E-06 -9.42 203.52 350.49 -1.78
48 1.489 -2.3137E-06 -4.33 207.85 350.49 -1.72
2 Remarks;
5 L Length of revetment
4 =50m
Y ?
% os L E Surface area of
3 . %" lagoon
g \/ \/ \/ é = 82700 sq. m
45 -
H
1

[

o 3 ] 9 12 13 1® n 4 7 W B ¥ B a4
Time (hour)
—- Tide level . secpage rate

inflow -ve Qutflow +ve



Hongkong Electric Company

Lamma Power Station Ash Lagoon

Neap Tide, initial condition Sea and Lagoon
Water Level at +1.25 mPD
2 metres of PFA on inner slope

Ash Logeon

Impermeable Blanket

e 1195 wPD
Impermeable Blanket to -9.0 mPD _ —Lall
=18.0 mPD e ., — (8.0 mPD

Flux in cu.m/s per m length of seawall
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Lamma Power Station Ash Lagoon

eawall

Lagoon surface

Status of filling:
Tidal cycle:

area 82700

Flow rate Hourly seepage  Accumulated

per metre
of seawall
cumfs

0.0000E+00
7.1563E-06
7.8739E-06
5.9766E-06
1.7749E-06
-3.1128E-06
-7.4584E-06
-1.0278E-05
-1.0732E-05
-8,1744E-06
-3,3720E-06
2.1895E-06
7.4196E-06
1.1438E-05
1.3500E-05
1.2938E-05
9.4407E-06
4.2830E-06
-L1231E06
-5.7080E-06
-8.5914E-06
-9.0029E-06
-6.6824E-06
-2.8345E-06
1.3348E-06
4.9073E-06
7.1444E-06
7.3893E-06
5.1807E-06
1.3816E-06
-2.6688E-06
«5.9773E-06
-1.7271E-06
-7.2190E-06
-4.2876E-06
-1.2444B-07
4.2015E-06
7.8764E-06
1.0226E-05
1.0662E-05
8.7002E-06
4.8469E-06
3.3901E-07
-3.8982E-06
-7.1242E-06
-8.6993E-06
-8.0926E-06
-5.6308E-06

Seepage across Caisson and Revetment S
Effective length of seawall = 520 m

Time Tide level
hour mPD
0 1.250
1 1.077
2 0.925
3 0.850
4 0.902
5 1.062
6 1.279
7 1.501
8 1.675
9 1.750
10 1.685
i 1.509
12 1.265
13 1.001
14 0.764
15 0.598
16 0.552
17 0.645
18 0.334
19 1.068
20 1.300
21 1.476
22 1.550
23 1.503
24 1.373
25 1.200
26 1.028
27 0.897
28 0.850
29 0.914
30 1.05%
3 1.240
32 1.410
33 1.526
34 1.542
35 1.449
36 1.282
37 1.080
38 0.882
39 0.726
40 0.652
41 0.690
42 0.823
43 1.012
4 1.218
45 1.401
46 1.522
47 1.54%
48 1.489

»

-2.3468E-06

along entire

length
o mh

0.00
13.40
14.74
11.1%
332
-5.83
-13.96
-19.24
-20.09
-15.30

-6.31
4,10
13.89
2141
25.27
24.22
17.67
8.02
2.10
-10.69
-16.08
-16.85
-12.51

-5.31

250

9.19
13.37
13.83

9.70

2.59
-5.00

-11.19
-14.47
-13.51
-8.03
-0.23
7.87
14.74
1%.14
19.96
16.2¢
9.07
0.63
-7.30
-13.34
-16.29
-15.15
-10.54

439

inflow

Cu. m

0.00
0.00
0.00
0.00
0.00
5.83
19.79
39.03
59.12
74.42
80.73
80.73
80,73
80.73
80.73
80.73
80.73
80.73
82.34
93.52
109.61
126.46
138.97
144.27
144.27
144.27
144.27
144.27
144.27
144.27
149.27
160.46
174.93
188.44
196.47
196,70
196,70
196.70
196.70
196.70
196.70
196.70
196.70
204.00
217.33
233.62
248.77
259.31
263.70

G
T

i
£
T

Tede Jevel (mPD)
-

&
T

X
VARV

Lagoon full of PFA
Neap tide
sqm
Accumulated  Accumulated
cutflow change in lagoon
water level
cum mm
0.00 0.00
13.40 -0.54
28.14 -1,13
39.32 -1.59
42.65 -1.72
42.65 -1.48
42.65 -0.92
42.65 -0.15
42.65 0.66
42,65 1.28
4265 1.54
46.75 1.37
60.64 0.81
82.05 -0.05
107.32 -1.07
131.54 -2.05
149.21 -2.76
157,23 -3.08
157.23 -3.00
157.23 -2.57
157.23 -1.92
157.23 -1.24
157.23 -0,74
157.23 -0.52
159.73 -0.62
168.92 -0.99
182.29 -1.53
196.12 -2.09
205.82 -2.48
208.41 - -2.58
20841 -2.38
208.41 -1.93
208,41 -1.35
208.41 -0.80
208.41 -0.48
208.41 -0.47
216,27 0.79
231.02 -1.38
250.16 2,15
270.12 -2.96
286.41 -3.62
295.48 -3.5%
296.11 -4,01
296.11 -3,71
296.11 -3.18
296,11 -2.52
296.11 -1.91
296.11 -1.48
296.11 -1.31
Remarks:
Length of revetment
€ =520m
3
& Surface area of
¥ lagoon
g = 82700 sq. m
g

S
N

o 3 6 1

12 15 18

—— Tide level

Inflow -ve

2 u n
Time (hour}

Outflow 4ve
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Impermeable Blanket to -9.0 mPD
-18.0 mPD
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Hongkong Electric Company

Lamma Power Station Ash Lagoon
Neap Tide, initicl condition Sea and Lagoon
Water Level = +1.25 mPD

Lagoon full of PFA

Ash Lagoon
Imemeale Blanket

Flux in cu.m/s per m length of seawal
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Lamma Power Station Ash Lagoon
Seepage across Northemn Perimeter Seawall

Effective length of seawall =
Time Tide level
hour mPD
0 1.250
1 0.854
2 0.556
3 0.344
4 0.205
5 0.146
6 0.214
7 0.377
8 0.593
9 0.819
10 1.013
11 1.132
12 1.136
13 1.046
14 0.957
15 0.969
16 1.128
17 1.388
18 1.696
19 1.998
20 2238
21 2362

22 2317
23 2.087
24 1.726
25 1.294
26 0.850
27 0.456
28 0.172
2% 0.052
30 0.093
3 0.251
32 0482
33 0.742
34 0.986
35 1.170
35 1.250
37 1.195
38 1.068
39 0.962
40 0.970
41 1.132
42 1.401
43 1.720
44 2,035
45 2.289
46 2.428
47 2.456
48 2.321

H

4

3

—~ 2

2

g ¢

8

B <2

-3

-

-5

290 m

Lagoon surface

Status of filling: No PFA in lagoon

Tidal cycle:

area 82700

Flow rate Hourly seepage  Accumulated

per metre
of seawall
cum's

0.0000E+00
1.39050E-03
2.38130E-03
3.06850E-03
3.50860E-03
3.68180E-03
3.43160E-03
2.86730E-03
2,13060E-03
1.36490E-03
7.15480E-04
3.28470E-04
3.41630E-04
6.70980E-04
9.79220E-04
9.29550E-04
3.72420E-04
-5.26490E-04
-1.57750E-03
-2.59180E-03
~3.38330E-03
-3.76910E-03
-3.57050E-03
-2.74530E-03
-1.48870E-03
-1.62760E-05
1.46820E-03
2.76180E-03
3.67210E-03
4.02800E-03
3.85670E-03
3.30270E-03
2.51050E-03
1.62710E-03
8.03460E-04
1.92590E-04
-5.28800E-05
1.62080E-04
6.15160E-04
9.77390E-04
9.34120E-04
3.61570E-04
-5.66530E-04
-1.65710E-03
-2.71730E-03
-3.55730E-03
-3.99070E-03
-4,04710E-03
-3.54730E-03

along entire

length
cu. wh

0.00
1451.68
2486.08
3203.51
3662.98
3843.20
3582.59
2993.46
222435
1424.96
746.96
342,92
356.66
700.50
1022.31
97045
388.81
-549.56
-1646,91
-2705.84
-3532.17
-3934.94
-3727.60
-2866.09
-1554.20
-16.99
1532.80
2883.32
3833.67
4205.23
4026,39
344802
2620.96
1698.69
§38.81
201.06
-55.21
169.21
642.23
1620.40
§75.22
37748
-591.46
-1730.01
-2836.86
-3713.82
-4166.29
-4225.17
-370338

inflow

cum

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Q.00

.00

0.00

0.00

0.00
549.66
2196.57
4902.40
8434.57
12369.51
16097.11
18963.21
2051741
20534.40
20534.40
20534.40
20534.40
20534.40
20534.40
20534.40
20534.40
20534.40
20534.40
20534.40
20589.61
20589.61
20589.61
20589.61
20589.61
20589.61
21181.06
22911.08
25747.94
29461.76
33628.05
37853.22
41556.60

Spring tide
sq.m

Accumulated
outflow

cu. m

0.00
1451.68
3937.76
7141.27
10804.25
14648.05
18230.64
21224.10
2344845
24873.40
25620.37
2596329
26319.95
2702045
28042.76
29013.21
29402.02
20402,02
2940202
29402,02
29402.02
29402.02
29402.02
29402.02
29402.02
29402.02
30934.82
33818.14
37651.81
41857.04
4588343
4933145
51952.42
53651.11
54485.92
54690.98
5469098
54860.20
5350242
56522.82
57498.04
57875.52
57875.52
57875.52
5787552
57875.52
5787552
57875.52
57875.52

Average sezpage 10e-3 cu. mfs

6 Ed 21s 13

2 24 17 N N K I 22 45 48

Time (hour)

—— Tide lewvel . seepage rate

Inflow -ve

Outflow +ve

Accumulated
change in lagoon
water level

mm

0.00
-17.55
-47.61
-86,35

-130.64
-177.12
-220.44
-256.64
-283.54
-300.77
-305.80
-313.95
-318.26
<326.73
-339.09
-350.82
-355.53
-348,88
-328.97
-296.25
-253.54
-205.96
-160.88
-126.23
-107.43
-107.23
-125.76
-160.63
-206.98
-257.83
-306.52
-348.21
-379.90
-400.44
-410.59
-413.02
-412.35
414,40
-422.16
434,50
446,29
-450.86
-443.71
-422.79
-388.48
-343.58
-293.20
-242.11
-197.33

Remarks:
Length of seawall
=290 m

Surface area of
[agoon
= 82700 sq. m
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Hongkong Etlecric Company

Lamma Power Station Ash Lagoon
Initial condition water level +1.25 mPD

Spring Tide  No PFA in lagoon

Tide at T+29 hours

-8.0 mPD

Existing Power Station Platform
~18.0 mPD
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TLamma Power Station Ash Lagoon Status of filling: 2m thick of PFA cn inner slope of seawall
Seepage across Northemn Perimeter Seawall Tidal cycle: Spring tide
Effective length of seawall= 290 m Lagoon surface area 82700 sgm
Time Tide level Flow rate Hourly seepage Accumulated  Accumulated  Accumulated
per metre  along entire inflow outflow change in lagoon
of seawall length water level
hour mPD cu.m/s cu. m/h cu. m cu, m mm
0 1.250 0,0000E+00 0.00 0.00 0,00 0.00
1 0.854 1.80740E-04 188.69 0.00 188.69 -2.28
2 0.556 2.241508-04 234,01 0,00 422,71 501
3 0.344 2,15210E-04 224,68 0,00 647,38 -7.83
4 0.205 1.84420E-04 192,53 0,00 839,92 -10.16
5 0.146 1.40960E-04 147.16 0.00 987.08 -11.94
6 0.214 6.55360E-05 68.42 0.00 1055.50 -12.76
7 0.377 -1.48480E-05 -15.50 15.50 1055.50 ~12,58
8 0.593 -7.97310E-05 -83.24 9874 1055,50 -11.57
9 0.819 -1.26220E-04 -131.77 23051 1055.50 -9.98
10 1.013 -1.47690E-04 -154,19 384.70 1055.50 -8.11
11 1.132 -1.24810E-04 -130.30 515.00 1055.50 -6.54
12 1.136 -6,83740E-05 <71.38 586.39 1055.50 ~5.67
13 1.046 1.82180E-06 1.0 586.39 1057.40 =570
14 0.957 3,86590E-05 40.36 586,39 109776 -6.18
15 0.969 1.48790E-05 15.53 586.39 1113,30 -6,37
16 1.128 -6,10620E-05 -63,75 650.14 1113.30 -5.60
17 1.388 -1,.50110E-04 -156.71 806.85 1113.30 3.7
18 1.696 +2.14330E-04 +223.76 1030.61 1113.30 -1.00
19 1.998 -2,60560E-04 272,02 1302.64 1113.30 2.29
20 2238 -2.56420E-04 -267.70 1570.34 1113.30 553
21 2.362 -2.12570E-04 -221.92 1792.26 1113.30 8.21
22 2317 -1,09430B-04 -114.24 1806.51 1113.30 9.59
23 2,087 2,34350B-05 24.47 15046.51 1137.76 9.30
24 1.726 1,55320B-04 162.15 1906.51 1299.92 7.33
25 1.294 2,57850E-04 269.20 1506.51 1569.11 4.08
26 0.850 3.18090E-04 332,09 1506.51 1901.20 0.06
27 0.456 3,38580E-04 353.48 1906.51 225468 -4.21
28 0.172 3.07530E-04 321,06 1806.51 2575.74 -8.09
29 0.052 2.30300E-04 240,43 1906.51 2816.17 -11.00
30 0.093 1,30050E-04 135.77 1906.51 2951.94 -12.64
31 0.251 2.93340E-05 30.62 1906.51 2982.57 -13.01
32 0.482 -5.79520B-05 -50.50 1967.01 2082.57 -12.28
33 0.742 -1.16810E-04 -121.95 2088.96 2082.57 -10.81
34 0.986 -1.58270E-04 -165.23 2254.19 2082.57 -8.81
35 1.170 -1.54610E-04 -161.41 2415.60 2082.57 -6.86
36 1.250 -1.15780E-04 -120.87 2536.48 298257 -5.39
37 1.195 -3.91040E-05 -40.82 2577.30 2082.57 -4.90
38 1.068 3.50340E-05 36.58 2577.30 3019.14 -5.34
39 0.962 6.46670E-05 67.51 2577.30 3086.65 -6.16
40 0.970 3.11600E-05 32.53 2577.30 3118.19 -6.55
41 1.132 -5, 26790E-05 -55.00 2632.30 3119.19 -5.89
42 1.401 -1.47540E-04 -154.03 2786.33 ° 3119.19 -4.02
43 1.720 -2,16200E-04 2251 3012.04 3119.19 -1.30
44 2.035 -2,67360E-04 -279.12 3291.17 3115.19 2.08
45 2.289 -2,66910E-04 -278.65 3569.82 3119.19 545
46 2428 -2.23610E-04 -233.45 3803.27 3119.1% 8.27
47 2.456 -1.45940E-04 -152.36 3955.63 3s.19 10.11
48 2.321 -3.96230E-05 ~41.37 3597.00 3119.19 10.61
4 Remarks:
s b Length of seawall
£ =290m
2T d
% 1B % Surface area of
T % lagoon
§ ¢ - A g =gaz7oo sq. m
& \/ \/ ]
\/ \/ %
2l
3 6 ; ; ; |I2 15 £ 21 2“ n JID 3‘3 3‘6 JID 4‘2 4‘5 4‘!
Time (hour}
— Tido fevel - seepage rate

Inflow -ve Qutflow +ve
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Hongkong Elecric Company

Lamma Power Station Ash Lagoon
Initial condition water level +1.25 mPD

Spring Tide 2m of PFA in lagoon

Tide ot T+27 hours

Rockfill

Existing Power Station Platform

Rockfill
-18.0 mPD
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Effective length of seawall =

D

Lamma Power Station Ash Lagoon
Seepage across Northern Perimeter Seawall

290 m

Status of filling: Lagoon full of PFA
Tidal cycle:

Lagoon surface area

82700 sq.m

Spring tide

Time Tide level Flow rate Houwrly seepage Accumulated  Accumulated
permetre  along entire inflow outflow
(—\ of seawall length
_— hour mPD cum/s cu. m'h oL m cu. m
0 1.250 0.0000E+00 0.00 0.00 0.00
(\1 1 0.854 1,82260E-04 19028 0.00 190.28
. 2 0.556 2.23250E-04 233,07 6.00 423.35
3 0.344 2.12500E-04 221,85 0.00 645.20
(_\-, 4 0.205 1.79840E-04 18775 0.00 §32.96
_— 5 0.146 1.34550E-04 140.47 0.00 973.43
6 0214 5.75430E-05 60.07 0.00 1033.50
7 0.377 -2.39630E-05 -25.02 25.02 1033.50
r} 8 0.593 -8.93570E-05 -93.29 11831 1033.50
- 9 0.819 -1.35670E-04 -141.64 259.95 1033,50
10 1.013 -1.56500E-04 -163.39 423,33 1033,50
N 11 1.132 -1.32630E-04 -13847 561.80 103350
C J 12 1.136 <7.51270E-05 -78.43 640,23 1033,50
13 1.046 -4,09520E-06 -4.28 644,51 1033.50
14 0.957 3.32430E-05 3471 644.51 1068.21
("\ 15 0.969 9.72890E-06 10.16 644.51 1078.36
- 16 1.128 +5,59110E-05 -68.81 713.32 1078.36
17 1.388 -1,54330E-04 -161.12 874.44 1078.36
N 18 1.696 -2.17410E-04 -226.98 1101.41 1078.36
( ; 19 1.998 -2.61960E-04 -273.49 137490 1078.36
- 20 2,238 -2.55720E-04 -266.97 1641.87 1078.36
21 2.362 -2.09630E-04 -218.85 1860.72 1078.36
( o 22 2,317 -1.04440E-04 -109.04 1969.76 1078.36
_ 23 2,087 2.99050E-05 3122 1969.76 1109.58
24 1.726 1.62440E-04 169.59 1969.76 1279.17
- 25 1,294 2.64630E-04 276.27 1969.76 155545
( '. 26 0.850 3.23510E-04 337.74 1969.76 1893.19
- 27 0.456 3.41810E-04 356.85 1969.76 2250,04
28 0.172 3.08020E-04 321.57 1969.76 257161
f o 29 0.052 2.27930E-04 237.96 1969.76 2809.57
N 30 0.093 1.25080E-04 130.58 1969.76 204015
31 0.251 2.23720E05 2336 1969.76 2063.51
» 32 0.482 -6.61680E-05 -59.08 2038.84 2063.51
< i 33 0.742 -1.25400E-04 -130.92 2169.76 2063.51
- 34 0.986 ~1,66510E-04 -173.84 2343.59 2063.51
35 1.170 ~1,61990E-04 -169.12 2512.71 2963.51
T 36 1.250 -1,22010E-04 -127.38 2640.09 2963.51
{\ ) 37 1.195 -4.42890E-05 -46.24 268633 2963.51
- 38 1.068 3.05740E-05 3192 2686.33 209543
39 0.962 6.05240E-05 63.19 2686.33 3058.62
Q ! 40 0.970 2.70820E-05 2827 2686.33 3086.89
4 41 1132 -5.66340E-05 -59.13 274545 3086.89
42 1.401 ~1.51040E-04 -157.69 2903.14 3086.39
— 43 1.720 -2.18130E-04 <221.73 3130.87 3086.80
(p 44 2.035 -2.68130E-04 -279.93 3410.79 3086,89
45 2.289 -2.65590E-04 -277.28 3688.07 3086.89
46 2428 -2.23001E-04 -232.81 3920.88 3086.89
(_ ~ 47 2456 -1.40190E-04 -146.36 4067.24 3086.89
A 48 2321 -3.21070E-05 -33.52 4100.76 3086.89
4
Q / 3
’ 8
_tr g
. % VL %
L" g . P A §
& g
-
/.' 2
N [ El ; ; 12 :II! IIS 2‘] le 2‘1 3 1 35 3% 42 4‘5 4‘8

s elNe

Time (hovr)

— Tide level . secpage raie

Inflow -ve

Qutflow +ve

Accumulated
change in lagoon
water level

mm

0.00
<1.67
-17.06
-26.01
-33,57
-39.24
-41.66
-40.65
-36.89
-31,18
-24.59
-19.01
-15.35
-15.68
-17.08
-17.49
-14.71
-8.22
0.93
11.95
2271
31.53
35,93
34.67
27.84
16.70
3.09
-11.30
-24,26
-33.85
-39.11
40,05
-37.27
-31.99
-24.99
-18.17
-13.04
-11.17
-12.46
-15.01
-16.15
-13,76
-741
177
13.06
2423
33.62
39.51
40.87

Remarks:
Length of seawall
=290m

Surface area of
lagoon
= 82700 5q. m
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Hongkong Elecric Company

Lamma Power Station Ash Lagoon

Initial condition water tevel +1.25 mPD
Spring Tide  Lagoon full of PFA
Tide at T+27 hours

-8.0 mPD
Existing Power Station Platform

Rackfil -18.0 mPD




C‘ N Lamma Power Station Ash Lagoon Status of filling: No PFA in lagoon
_ ! Seepage across Northern Perimeter Scawall Tidal cycle: Neap tide
(_\ Effective length of seawall = 290 m Lagoon surface area 82700 sqm
Time Tide level Flow rate Howrly seepage Accumulated  Accumulated  Accumulated
per metre  along entire inflow outflow change in lagoon
(“\. of seawall length water level
hour mPD cum/s cu. mvh cu. m cu m mm
. 0 1.250 0.0000E+00 0,00 0.00 0.00 0.00
C \1 1 1.077 9.79050E-04 1022,13 0,00 1022.13 -12.36
- 2 0.925 1.28690E-03 1343,52 0.00 2365.65 -28.61
3 0.850 1.21950E-03 1273.16 0.00 35638.81 -44.00
4 0.902 7.61220E-04 79471 0.00 4433.52 -53,61
O 5 1.062 7.71610E-05 80.56 0.00 4514.08 -54,58
- 6 1279 -6.62040E-04 -691.17 691.17 4514.08 -46,23
7 1.501 -1.28630E-03 -1342.90 2034.07 4514.08 -29.99
() 8 1.675 -1.62610E-03 -1697.65 3731.72 4514.08 -9.46
~— 9 1.750 -1.52690E-03 -1594.08 5325.80 4514.08 982
10 1.686 -1.01500E-03 -1059.66 6385.46 4514.08 22,63
11 1.509 -2.50440E-04 -261.46 6646.92 4514.08 25.79
O 12 1.265 6.10290E-04 637.14 664692 5151.22 18.09
o 13 1.001 . 1.41600E-03 147830 6646.92 6629.53 0.21
14 0.764 2.01940E-03 210825 6646.92 873778 -25.28
C N 15 0.598 2.27630E-03 237546 6646.92 11114,24 -54,02
A 16 0.552 2.07760E-03 2165.01 6646.92 13283.25 -80.25
17 0.645 1.52110E-03 1583.03 6646.92 14871.28 -99.45
] 18 0.834 7.71420E-04 805.36 6646.92 15676.64 -109.19
( ) 19 1.068 -7.25190E-06 757 665449 1567664 -109.09
i 20 1.300 -6.48720E-04 -677.26 733175 15676.64 -100.91
21 1.476 -9.88560E-04 -1032.06 8363.81 15676.64 -88.43
( T 22 1.550 -9.20100E-04 -960.58 9324.39 15676.64 -76.31
. 23 1.503 -5.37930E-04 -561.60 9885.99 15676.64 -70.02
24 1.373 1,31020E-05 13.68 9885.99 15690.32 -70.19
. 25 1.200 5.93000E-04 619.09 9885.99 1630941 -77.67
( ' . 26 1.028 1.06770E-03 1114.58 9885.99 17424.09 -91.15
- 27 0.897 1.30340E-03 1360.75 9885.99 18784.84 -107.60
28 0.850 1.18260E-03 1234.63 9885.99 20019.48 -122.53
N 29 0.914 T.57080E-04 790.39 9885.99 20809.87 -132.09
( ‘ 30 1.059 1.77400E-04 185.21 9885.99 20995.07 -134.33
N 31 1.240 -4.07070E-04 -424.98 10310.97 20995.07 -126.19
32 1.410 -8.47560E-04 -884.85 11195.83 20995.07 -118.49
( B | 33 1.526 -9.96070E-04 -1039.90 12235.72 20095.07 -105.92
e 34 1,542 -7.66880E-04 -800.62 13036.35 20995.07 -596.24
35 1.449 -2,62530E-04 -274.08 13310.43 20995.07 9292
- 36 1.282 3,83940E-04 400.83 13310.43 2139591 971,77
( / 37 1.080 1.04470E-03 1090.67 13310.43 22486.57 -110.96
-~ 38 0,882 1.59530E-03 1665.49 13310.43 24152.07 -131.10
39 0,726 1.91370E-03 1997.90 1331043 26149.97 15525
(ﬁ \ 40 0,652 1.88400E-03 1966.90 1331043 28116.86 -179.04
S 41 0.690 1.51260E-03 1579.15 1331043 29696.02 -198.13
42 0.823 9.25890E-04 966.63 1331043 30662.65 -209.82
— 43 1.012 2.52020E-04 263.11 1331043 30925.76 -213.00
& ’ ' 44 1.218 -3.79710E-04 -396.42 13706.85 30925.76 -208.21
45 1.401 -8.40710E-04 -872.70 14584.55 30925.76 -197.60
46 1.522 -1.00730E-03 -1051.62 15636.17 30925.76 -184.88
(" " 47 1.549 -8.64230E-04 -902.26 1653842 30925.76 -173.97
s 48 1.48% -5.12440E-04 -534.99 17073.41 30925.76 -167.50
B 3 Remarks;
( ; Length of seawall
— 2 ¥ =290m
& &
% 1 & Surface area of
( L z 2 lagoon
g0 $ =82700sq. m
[l &
\/ IVARVEARRVI
{ T <
R
N é ; ; 9? |I2 Ilﬁ l‘l 3.1 2.4 2‘1 JID 3‘3 3‘5 k) 42 45 4‘!
. Time (hour}
( ; _ Tidelwvel _,_ seepags rale

Inflow -ve Qutflow +ve
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Hongkong Elecric Company

Lamma Power Station Ash Lagoon
Initial condition water level +1.25 mPD

Neap Tide  No PFA in lagoon

Tide at t+15 hours

-18.0 mPD

Existing Power Station Platform
Rackiill
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Lamma Power Station Ash Lagoon
Seepage across Northern Perimeter Seawall

Effective length of seawall =

Time

hour

O~ N W b W= O

Soh B DD B b B Dt bW W WL WL W W R K w
A A S R S P B L RN RN RN R EE RS0 EER S

Status of filling: 2m thick of PFA on inner slope of seawall

Tidal cyele: Neap tide
290 m Lagoon surface area 82700 sq.m
Tide level Flow rate Hourly seepage Accumulated  Accumulated  Accumulated
per metre  along entire inflow outflow change in lagoon
of seawal] " length water level
mPD cu.m/s cu. m/h cu m cu.m mm
1.250 0.0000E=00 0.00 0.00 0.00 0.00
1.077 1.08540E-04 113.32 0.00 113,32 -1.37
0.925 9.73310E-05 101.61 0.00 21493 -2.60
0.850 5.20730E-05 54.36 0.00 269.2% -3.26
0.502 -1.51810E-05 -15.85 15,83 26929 -3.06
1.062 -7.69350E-05 -80.32 96.17 269.29 -2.09
1.279 -1.16510E-04 -121.64 217.81 269.29 -0.62
1.501 -1.24120E-04 -129.58 34739 269.29 0.94
1.675 -1.09270E-04 -114.08 461.46 269.29 2.32
1.750 -6,17550E-05 -64,47 525.94 269.29 3.10
1.686 5.22450E-06 5.45 525.94 27475 3.04
1.509 7.07010E-05 73.81 525.94 348.56 2.14
1.265 1.23700E-04 129,14 525.94 477.70 0.58
1.001 1.61280E-04 168,38 525.94 646.08 -1.45
0.764 1.64750E-04 172.00 52594 818.08 -3,53
0.598 1.31430E-04 137.21 525.94 955.29 -5.19
0.552 6.08450E-05 63.52 52594 1018.81 -5.96
0.645 -1.88190E-05 -19.65 545.58 1018.81 5,72
0.834 -8.35240E-05 -87.20 632.78 1018.81 4.67
1.068 -1.20210E-04 -125.50 758.28 1018.81 -3.15
1.300 -1.34420E-04 -140.33 268.62 1018.81 -1.45
1.476 -1.06700E-04 -111.39 1010.01 1018.81 0.11
1.550 -5.67360E-05 -59.23 1069.24 1018.81 0.61
1.503 -1.60130E-06 -1.67 1070.92 1018.81 0.63
1373 4,80300E-05 50.14 1070.92 1068.96 0.02
1.200 8.54610E-05 80.22 1070.92 1158.18 -1.06
1.028 1.01920E-04 106.40 1070.92 1264.58 -2.34
0.897 8.81130E-05 91.99 1070.92 1356.57 -3.45
0.850 4,14500E-05 43.27 1070.92 1399.85 -3.98
0.914 -1.70090E-05 -17.76 1088.67 1399.85 -3.76
1.059 -6.65050E-05 -69.43 1158.10 1339.85 -2.92
1.240 -9.81770E-05 102,50 1260.60 1399.85 -1.68
1.410 -9.67720B-05 -101.03 1361.63 1399.85 -0.46
1.526 -6.99240E-05 73,00 1434.63 1399.85 0.42
1.542 -2.32630E-05 -24.29 1458.92 1399.85 0.71
1.449 3.04400E-05 3178 1458.92 1431.63 033
1.282 7.85130E-05 81.97 1458.92 1513,59 -0.66
1.080 1.17190E-04 122.35 145892 1635.94 -2.14
0.882 1.32160E-04 137.98 1458.92 177391 -3.81
0.726 1.16030E-04 121.14 1458.92 1895.05 -5.27
0.652 7.02080E-05 73.30 145892 1968.35 -6.16
0.690 5.86520E-06 6.12 1458.92 1974.47 623
0.823 =5,23930E-05 -54,70 1513.62 157447 -5.57
1.012 -2.30120E-05 -97.10 1610.72 1974.47 -4.40
1.218 -1.18050E-04 -123.24 1733.97 1974.47 291
1.401 -1.12210E-04 -117.15 1851.11 1974.47 -1.49
1522 -7.98130E-05 -83.32 1934.44 197447 -0.48
1.549 -3.76830E-05 -39.34 1973.78 1974.47 -0.01
1.489 6.14930E-06 642 1973.78 1520.89 -0.09
2 Remarks;
1 Length of seawall
% =290m
— ! E
%D_, é Surface area of
I & lagoon
Ig_ ° ? = 82700 5q. m
AVAVAYAYS
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21 24 27 M ¥ ¥ 3 4 4 &

“Time (hour)
lovel o socpage rale
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Hongkong Elecric Company

Lamma Power Station Ash Lagoon
Initial condition water level +1.25 mPD

Neap Tide 2m of PFA in lagoon

Tide at T+14 hours

-8.0 mPD

Existing Power Station Platform

Rockfill
-18.0 mPD
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Lamma Power Station Ash Lagoon
Seepage across Northemn Perimeter Seawall

Effective length of seawall =

Time

hour

—
O s h BW —S
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Status of filling: Lagoon full of PFA

Tidal cycle: Neap tide
290 m Lagoon surface arca 82700 sq.m
Tide level Flow rate Hourly seepage Accumulated  Accumulated
per metre  along entire inflow outflow
of scawall length

mPD cu,mfs cu. m/h cu. m cu.m
1.250 0.0000E+00 0.00 0.00 0.00
1.077 1.08260E-04 113.02 0.00 113.02
0.925 9.64360E-05 100.68 0.00 213.70
0.850 5.04520E-05 5267 0.00 266.37
0.902 -1.73470B-05 -18.11 18.11 266.37
1.062 -7.92280E-05 -82.71 100.82 266.37
1279 -1.21420E-04 -126.76 227.59 266.37
1.501 ~1.25180E-04 -130.69 358.27 266.37
1.675 -1.09180E-04 -113.98 47226 266.37
1.750 -6,05150E-05 -63,18 535,44 266,37
1.686 7.31010E-06 7.63 535.44 274.01
1.509 . 7.31130E-05 76,33 535,44 350,34
1.265 1.25810E-04 131,35 535.44 481.68
1.001 1.62500E-04 169.65 535.44 651.33
0.764 1.64640E-04 171.88 535.44 823.22
0.598 1.29790E-04 135.50 535.44 958.72
0.552 5.78000E-05 60.34 535.44 1019.06
0.645 -2.28650E-05 -23.87 559.31 1019.06
0.834 -8.79960E-05 -91.87 651.18 1019.06
1.068 -1.24440E-04 -120.92 781.09 1019.06
1300 ~1.37890E-04 -143.96 925.05 1019.06
1.476 -1.09080E-04 -113.88 1038.93 1019.06
1.550 -5.79970E-05 -60.55 1099.48 1019.06
1.503 -1.99800E-06 2.09 1101.56 1019.06
1.373 4.80610E-05 50.18 1101.56 1069.24
1.200 8.54350E-05 29.19 1101.56 1158.43
1.028 1.01420E-04 105.88 1101.56 1264.31
0.897 8.68750E-05 90,70 1101,56 1355.01
0.850 3.94600E-05 41.20 1101.56 1396.21
0914 -1.95210E-05 -20.38 1121.94 1396.21
1.059 -6.91390E-05 -72.18 1194.12 139621
1.240 -1.00490E-04 -104.91 1299.03 1396.21
1.410 -9.84010E-05 -102.73 1401.77 1396.21
1.526 -7.06800E-05 -73.79 1475.56 1396.21
1,542 -2.32250E-05 -24.25 1499.80 13%96.21
1.449 3.09620E-05 32.32 1499.80 1428.53
1.282 7.90580E-05 82.54 1499.80 1511.07
1.080 1.17280E-04 122.44 1499.80 1633.51
0.882 1.31380E-04 137.16 1499,80 1770.67
0.726 1.14130E-04 119,15 1499.80 1889.82
0.652 6,71860E-05 70,14 1499.80 1959.96
0.690 1.95560E-06 2,04 1499.80 1962.00
0.823 -5.67660E-05 -59.26 1559,07 1962.00
1.012 -9.73080E-05 -101.59 1660.66 1962.00
1218 -1.21770E-04 -127.13 1787.78 1962.00
1.401 -1.15010E-04 -120.07 1907.85 1962.00
1.522 -8.15280E-05 -85.12 199297 1962.00
1.549 -3.83980E-05 -40.09 2033.06 1962.00
1.489 6.14930E-06 6.42 2033.06 1968.42

2

L5
H
= g
3 , 12
\/ \/ 1
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=1
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[

9 1z 13 n

21 M
Time (hour)

30 33

— Tide level _,— scepage rale

Inflow -ve

Outflow +ve

¥ ¥

Accumulated
change in lagoon
water level

mi

0.60
-4,56
-8.61

-10.74
-10.01
-6.67
-1.56
370
830
10.84
10.54
7.46
2,17
-4.67
-11.60
-17.06
-19.4%
-18.53
-14.83

-9.59

=399

0.80

324

333

1.30
<229
-6.56

-10,22
-11.88
~11.05
-8.13
-3.92
022
320
4.18
2.87
-0.45
-5.39
-10.92
-15.72
-18.55
-18.63
-16.24
-12.15

-7.02

<218

1.25

2.86

261

Remarks:
Length of seawall
=290m

Surface area of
lagoon
= 82700 5q. m
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Hongkong Elecric Company

Lamma Power Station Ash Lagoon

Initial condition water level +1.25 mPD
Neap Tide  Lagoon full of PFA

Tide at T+14 hours

~8.0 mPD
Existing Power Station Platform

Rockfill -18.0 mPD







Lamma Power Station Ash Lagoon
Seepage across Eastern Wharf Seawall

Effective length of seawall =

Time

hour

00 L B W= O

Pl BB b DWW W W WW W W WW NN NRE RN RNDBDRD DR —_—

Status of filling: No PFA in lagoon

Tidal cycle: Spring tide
160 m Lagoon surface area 82700 sq.m
Tide level Flow rate Hourly seepage Accumulated  Accumulated
per metre  along entire inflow outflow
of seawall length
mPD cum/s cu, m/h cu. m cu m
1.250 0.0000E+00 0.00 0.00 0.00
0.854 2.23170E-05 12.85 0.00 12.85
0.556 4.05020E-05 23.33 0.00 36.18
0.344 5.27700E-05 30.40 0.00 66.58
0.205 6.03800E-05 3478 0.00 101.36
0.146 6.37220E-05 36.70 0.00 138.06
0.214 6.01780E-05 34.66 0.00 172.72
0.377 5.12420E-05 29.52 0.00 202.24
0.593 3.84380E-05 22.14 0.00 22438
0.819 2.48230E-05 14.30 0.00 238.68
1.013 1.35410E-05 7.80 0.00 246.48
1.132 6.67990E-06 3.85 0.00 250.33
1.136 6.48950E-06 3.74 0.00 254.06
1.046 1.17270E-05 6.75 0.00 260.82
0.957 1.69710E-05 9.78 0.00 270.59
0.969 1.62910E-05 9.38 0.00 279.98
1.128 7.05220E-06 4.06 0.00 284.04
1.388 -7.50260E-06 -4.32 432 284.04
1.696 -2.48580E-05 -14.32 18.64 284,04
1.998 -4.29880E-05 -24.76 43.40 284,04
2.238 -5.72340E-05 -32.97 76.37 284.04
2.362 -6.42530E-05 -37.01 113.38 284.04
2317 -6.16710E-05 -35.52 148.90 284.04
2.087 -4,87160E-05 -28.06 176.96 284.04
1.726 -2.79800E-05 -16.12 193.08 284.04
1.294 -2.88180E-06 -1.66 194.74 284.04
0.850 2.20220E-05 12.68 194.74 296.72
0.456 4.58320E-05 26.40 194.74 323.12
0.172 6.20880E-05 35.76 194.74 358.89
0.052 6.89100E-05 39.69 194.74 398.58
0.093 6.69720E-05 38.58 194.74 437.15
0.251 5.83930E-05 33.63 194.74 470.79
0.482 4,55820E-05 26.26 194.74 497.04
0.742 2.95090E-05 17.00 194.74 514.04
0.986 1.50790E-05 8.69 194.74 522.73
1.170 4.50190E-06 2.59 194.74 525.32
1.250 3.28900E-08 0.02 194.74 525.34
1.195 3.02610E-06 1.74 194.74 527.08
1.068 1.02620E-05 5.91 194,74 532.99
0.962 1.66920E-05 9.61 194.74 542.61
0.970 1.62420E-05 9.36 194.74 551.96
1.132 6.79170E-06 391 194.74 555.87
1.401 -8.21000E-06 -4.73 199.47 555.87
1.720 -2.62150E-05 -15.10 214.57 555.87
2,035 -4.52850E-05 -26.08 240.65 555.87
2,289 -6.01710E-05 -34.66 27531 555.87
2428 -6.80340E-05 -39.19 314.50 555.87
2.456 -6.95220E-05 -40.04 354.54 555.87
2321 -6.20740E-05 -35.75 390.29 555.87
3
25
3 i
& g
E 15 é
i ?
é 05 ?
05

6 9 2 15 s

TR T - A
Time (hour)

1

—— Tide level . seepage rate

Inflow -ve

Qutflow +ve

36

9

42

45

48

Accumulated
change in lagoon
water level

mm

0.00
-0.16
-0.44
-0.81
-1.23
-1.67
-2.09
-2.45
-2.71
-2.89
-2.98
-3.03
-3.07
-3.15
=327
-3.39
-3.43
-3.38
-3.21
-2.91
-2.51
-2.06
-1.63
-1.29
-1.10
-1.08
-1.23
-1.55
-1.98
-2,46
-2.93
-3.34
-3.66
-3.86
-3.97
-4,00
-4.00
-4.02
-4,09
-4.21
-4.32
4,37
-4.31
-4.13
-3.81
-3.39
-2.92
-2.43
-2.00

Remarks:
Length of seawall
=160 m

Surface area of
lagoon
= 82700 sq. m
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Hongkong Electric Company

Lamma Power Station Ash Lagoon
No PFA in lagoon  Spring Tide

Initial condition water level +1.25 mPD
Tide at T+29

Assume grout curtains are impermeable
1

-18.0 mPD

+0.052 mPD

8.0 mPD

Flux in cu.m/s per melre fength of seowal

o

O



O

Lamma Power Station Ash Lagoon Status of filling: 2m thick of PFA on inner slope of seawall
O Seepage across Eastern Wharf Scawatl Tidal cycle: Spring tide
Effective length of seawall = 160 m Lagoon surface area 82700 sqm
- :
C, 2 Time Tide level Flow rate Hourly seepage Accumulated  Accumulated  Accumulated
per meire  along entire inflow outflow change in lagoon
of seawall length water level
(\/ i hour mPD cum's cu. mh ol m cu.m mm
0 1.250 0.0000E+00 0.00 0.00 0.00 0.00
C\W 1 0.854 2.14540E-05 12.36 0.00 12.36 -0.15
o 2 0.556 3.84670E-05 22.16 0.00 34.51 -0.42
3 0.344 4.94120E-05 28.46 0.00 62.98 -0.76
~ 4 0.205 5.56140E-05 32.03 0.00 95.01 -1.15
( /J 5 0.146 5.75660E-05 33,16 0,00 128.17 -1.55
- [ 0.214 5.28560E-05 30.45 0.00 158.61 -1.92
7 0.377 4.30830E-05 24.82 0.00 183.43 -2.22
O 8 0.593 2.98220E-05 17.18 .00 200.61 -2.43
A 9 0.819 1.60680E-05 9.26 0.00 209.86 2.54
10 1.013 4.88350E-06 2.82 0.00 212.68 -2.57
11 1.132 -1.76860E-06 -1.02 1.02 212,68 -2.56
C\ 12 1.136 -1.83670E-06 -1.06 2.08 212.68 -2.55
13 1.046 3.32700E-06 1.92 2.08 214.59 -2.57
14 0.957 8.38000E-06 4.83 2.08 21942 -2.63
C\ 15 0.969 8.61750E-06 4.96 2.08 224.38 -2.69
7 i6 1.128 -1.36570E-06 -0.79 2.86 224,38 -2,68
17 1.388 -1.52400E-05 -8.78 11.64 22438 -2.57
. 18 1.656 -3.14500E-05 -18.12 2976 224,38 -2,35
( 19 1.998 -4.80240E-05 -27.66 57.42 224.38 -2.02
- 20 2238 -6.05710E-05 -34.89 92.31 224,38 -1.60
21 2.362 -6.59070E-05 -37.96 130.27 224,38 -1.14
22 2317 -6.18750E-05 -35.64 165.91 22438 -0.71
(_ - 23 2.087 -4.79320E-05 -27.61 193.52 224.38 -0.37
24 1.726 -2.68060E-05 -15.44 208.96 224,38 -0.19
) 25 1,294 -1.98370E-06 "o-114 210.10 224.38 0.17
(_ ‘ 26 0.850 2.20580E-05 12.71 210.19 237.09 -0.33
T 27 0.455 4.44920E-05 25.63 210.19 26272 064
28 0.172 5.91570E-05 34.07 210.10 296.79 -1.05
- 29 0.052 6.44030B-05 3710 210.1¢ 333.89 -1.50
(__ ' 30 0,093 6.10770E-05 35.18 210.10 369.07 -1.52
31 0.251 5,14420E-05 29.63 210.10 398.70 228
. 32 0.482 3.79660E-05 21.87 210,10 420,57 -2.54
(4 b 33 0.742 2,16640E-05 1248 210.10 433.04 -2.70
g 34 0.986 7.31750E-06 421 210.10 437.26 275
35 1.170 -2.97270E-06 -1.71 211.81 437.26 273
s 36 1.250 -7.13390E-06 411 21592 437.26 -2.68
& J 37 1.195 -4.01920E-06 232 218.24 437,26 -2.65
) 38 1.068 3.10120E-06 1.79 218.24 439.05 -2.67
N 39 0.962 9.28110E-06 5.35 218.24 444,39 273
( \ 40 0.970 8.70280E-06 5.01 218.24 449.40 -2.80
—7 41 1.132 -5.09290E-07 -0.29 218.53 449,40 -2.79
42 1.401 -1,48270E-05 -8.54 227.07 449.40 -2.69
- 43 1.720 -3.16870E-05 -18.25 245.32 449,40 -2.47
<, yi 44 2.035 -4,92150E-05 -28.35 273.67 449.40 2,12
45 2.289 -6.23890E-05 -35.94 309.61 449.40 -1.69
i 46 2428 -6.85030E-05 -39.46 349.07 449.40 -1.21
C N 47 2,456 -6.83210E-05 -39.35 388.42 449.40 -0.74
-~ 48 149 -5.94830E-05 -34.26 422.68 449.40 -0.32
: 3 Remarks:
( Vi 15 | Length of seawall
2 L § =160m
— 8
Q : ;%1.5 i é Surface area of
“g [ g lagoon
i-'g os L § =82700sqm
- ] SN SR g
@ :
— as |- \/ \_/

] 3 ] 9 12 15 1’ ¥ W W AN ¥ 3% 41 a4 48
Time (hour)
S e Tids love]  —— seepage rate

Infow -ve Outflow +ve
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Hongkong Electric Company

Lamma Power Station Ash Lagoon
2m PFA in lagoon  Spring Tide

Initial condition water level +1.25 mPD
Tide at T+29

Assume qrout curtains are impermeable
!

+0.05 mPD

—8.0 mPD

-18.0 mPD

Flux in cu.m/s per metre length of seawafl
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Lamma Power Station Ash Lagoon Status of filling: Lagoon full of PFA

Seepage across Eastern Wharf Seawall Tidal cycle: Spring tide
Effective length of seawall = 160 m Lagoon surface area 82700 squm
Time Tide level Flow rate Hourly seepage Accumulated  Accumulated — Accumulated
permetre  along entire inflow outflow change in lagoon
of seawall length water level
hour mPD cuLm/s o mh cu. m cu. m mm
o) 1.250 0.0000E+00 0.00 0.00 0.00 0.00
1 0.854 2.14310E-05 12,34 0.00 12.34 -0.50
2 0.556 3,84200E-05 22.13 0.00 34,47 -1.39
3 0.344 4.93260E-05 2841 0,00 62,89 -2.53
q 0,205 5.54740E-05 31.95 0.00 94,84 -3.82
5 0.146 5.73600E-05 33.04 0.00 127.88 -5.15
6 0.214 5.25810E-05 30.29 0.00 158,16 -6,38
7 0.377 4.27370E-05 24.62 0.00 182,78 =137
8 0.593 2.94050E-05 16.94 0.00 198.72 -8.05
9 0.819 1.55770E-05 8.97 0.00 208,69 -8.41
10 1.013 4.32250E-06 249 Q.00 211.18 -8.51
11 1.132 -2,40770E-06 -1.39 1.39 211.18 -8.46
12 1.136 -2.54270E-06 -1.46 2.85 21118 -8.40
13 1.046 2.56240E-06 1.48 2.85 212.66 -8.46
14 0,957 7.56020E-06 4.35 2.85 217.01 -8.63
15 0.969 6.73940E-06 3.88 2,85 220.89 -8.79
16 1.128 -2,31230E-06 -133 418 220.89 -8.73
17 1.388 -1.62640E-05 -9.37 13.55 220.89 -8.36
18 1.696 -3.25400E-05 -18.74 32.29 220,89 -7.60
19 1.998 -4, 91090E-05 -28.29 60.58 220.89 -6.46
20 2.238 -6.15980E-05 -35.48 96.06 220.89 -5.03
21 2,362 -6.69080E-05 -38.54 134.60 220,89 -3.48
22 2.317 -6.28530E-05 -36.20 170.80 220.89 -2.02
23 2,087 -4.88850E-05 «28.16 198.96 220,89 0.88
24 1.726 -2.77380E-05 -15.98 214.94 220.89 0,24
25 1.294 -2,88800E-06 . -1.66 216.60 220.89 0.17
26 0.850 2.11820E-05 1220 216.60 . 23309 -0.66
27 0.456 4.36300E-03 25,13 216.60 258.23 -1.68
28 0.172 5.82830E-05 33.57 216.60 291.80 -3.03
29 0,052 6.34780E-05 36.56 216.60 328,36 -4.50
30 0.093 6,01110E-05 34.62 216.60 36298 -5.90
31 0.251 5.04350E-05 29.05 216.60 39203 -7.07
32 0.482 3.69160E-05 21.26 216.60 41330 -7.93
33 0.742 2.05630E-05 11.84 216,60 425.14 -8.41
34 0.986 6.15390E-06 3.54 216.60 428.69 -8.55
35 1170 -4,19860E-06 =242 21%.02 428.69 -8.45
36 1.250 -8.41110E-06 -4.34 223.87 428.69 -8.26
37 1.195 -5.33160E-06 -3.07 22694 428.69 -8.13
38 1.068 1.76230E-06 1.02 226.94 429.70 -8.17
39 0.962 7.91590E-06 4.56 226,94 434.26 -8.36
40 0.970 7.30330E-06 421 226.94 438.47 -8.53
41 1.132 -1.95750E-06 -113 228.06 43847 -8.48
42 1.401 -1.63290E-05 S.41 23747 438.47 -8.10
43 1.720 -3.32070E-05 -19.13 256.60 438,47 <7.33
44 2.035 -5.06750E-05 -29.19 285.79 438.47 -6.15
45 2,289 -6.37830E-05 -36.74 322,52 438.47 -4.67
46 2428 -6,98680E-05 -40.24 362,77 438,47 -3.05
47 2456 -6.96520E-05 -40.12 402.89 438.47 -1.43
43 2321 -6.08030E-05 -35.02 43791 438.47 0,02
3 Remarks:
25 Length of seawali
L g =160m
- g
%” ) E Surface area of
Taf £ lagoon
Bos - § = 82700 s¢. m
: - — :
EEN S \/ \/

0 3 & % 12 15 1 2 M W N 3 3 Iy 4 4% 48
Time {hour)
— Tide level  _,— secpage rate

Inflow -ve Outflow +ve
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Hongkong Electric Company

Lamma Power Station Ash Lagoon
Lagoon full of PFA Spring Tide

Initial condition water level +1.25 mPD

Tide at T+29

Assume grout curlains are impermeable
]

\ +0.05 mPD

—8.0 mPD

-§.3478e-005

-18.0 mPD

Flux in cu.m/s per metre length of seawall
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Lamma Power Station Ash Lagoon

Status of filling: No PFA in lagoon

Seepage across Eastern Wharf Seawall Tidal cycle: Neap tide
Effective length of seawall = 160 m Lagoon surface area 82700 sq.m
Time Tide level Flow rate Hourly seepage  Accumulated  Accumulated
per metre  along entire inflow outflow
of seawall length
hour mPD cuLm/s cur. m/h cu. m cu m
0 1.250 (.0000E+00 0.00 0.00 0.00
1 1.077 1.51540E-05 873 0.00 8.73
2 0.925 2.18390E-05 12.58 0.00 21.31
3 0.850 2.13270E-05 12.28 0.00 33.59
4 0.902 1.36890E-05 7.88 0.00 41.48
5 1.062 2.07440B-06 119 0.00 42,67
6 1,279 -1.045908-05 -6.02 6.02 42,67
7 1.501 -2.13870E-05 -12.32 18.34 42.67
8 1.675 -2.81540E-05 -16.22 34.56 42.67
9 1.750 -2.74620E-05 -15.82 50.38 42,67
10 1.686 -1.88020E-05 -10.83 61.21 42.67
11 1.509 -5.96270E-06 -3.43 64.64 42.67
12 1.265 8.82080E-06 5.08 64.64 4775
13 1,001 2.32980E-05 1342 64.64 61.17
14 0.764 3.56120E-05 20.51 64.64 81.68
15 0,598 4.07430E-05 23.47 64.64 105.15
16 0.552 3.76320E-05 21.68 64.64 126,83
17 0.645 2.80000E-05 16.13 64.64 14296
18 0.834 1.47870E-05 8.52 64.64 151.47
19 1.068 1.24650E-06 0.72 64.64 152.19
20 1.300 -8.93310E-06 -5.72 70.36 152.1%
21 1.476 -1.62690E-05 537 79.73 152.19
22 1.550 -1.58740E-05 -9.14 88.88 152.19
23 1.503 -8.96070E-06 -5.74 94.62 152,19
24 1.373 -8.29090E-07 -0.48 95.09 152,19
23 1.200 9.17510E-06 5.28 95.09 157.48
26 1.028 1.78820E-05 10.30 95.09 167.78
27 0.897 2.31240E-05 13.32 95,09 181,10
28 0.850 2.13530E-05 12,30 95.09 193.40
29 0914 1.40420E-05 8.09 95.09 201.48
e 1.059 4.00420E-06 231 95.09 203.79
3 1.240 -6.01850E-06 -3.47 98.56 203,79
32 1.410 -1.382508-05 -7.96 106.52 203.79
33 1.526 -1.69250E-05 £.75 116.27 203.79
34 1.542 -1.36880E-05 -7.88 124.16 203,79
35 1.449 -5.50420E-06 -3.17 127.33 203.79
36 1.282 5.42880E-06 3.13 127.33 206.92
37 1.080 1.70720E-05 9.83 127.33 216.75
38 0.882 2.79130B-05 15.08 127.33 232,83
39 0.726 3.41680E-05 19.68 127.33 252,51
40 0.652 3.40060E-05 19.59 127.33 272.10
41 0.690 2.76800E-05 15.94 127.33 288.04
42 0.823 1.73960E-05 10.02 127.33 298.06
43 1012 5.52980E-06 319 127,33 301,25
44 1.218 -5.34930B-06 -3.08 130.41 301.25
45 1.401 -1.35570E-05 -7.81 13822 301.25
46 1.522 -1.69980E-05 9.79 148.01 301.25
47 1.549 -1.52340E-05 -8.77 156.78 301.25
48 1.489 -9.63900E-06 -5.55 162.33 301.25
2

15 - §

— g
Br g

7 P

E os |- g‘

= &
s N s N

S/ T ~—
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] 3

L e b I £

IR T+ B N < - L - - I ]

Time (hour)

— Tide level . seepage rate

Inflow -ve

Outflow +ve

Accumulated
change in lagoon
water level

mm

0.00
-0.11
0.26
-0.41
-0.50
-0.52
-0.44
-0.29
-0.10

0.09

0.22

0.27

0.20

0.04
-0.21
-0.49
-0.75
-0.95
-1.05
-1.06
-0.99
-0.88
-0.77
-0.70
-0.69
-0.75
-0.88
-1.04
-1.19
-1.29
-1.31
-1.27
-1.18
-1.06
-0.96
-0.92
-0.96
-1.08
-1.28
-1.51
-1.75
-1.54
-2.06
-2.10
-2.07
-1.97
-1.85
-1.75
-1.68

Remarks:
Length of seawall
=160 m

Surface aren of
lagoon
= 82700 sq. m
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Hongkong Etlectric Company

Lamma Power Station Ash Lagoon

No PFA in logoon  Neap Tide
Initial condition water level +1.25 mPD
Tide ot T+15

Assume grout curtains are impermeable
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-
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-~ B
—
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Flux in cu.m/s per metre length of seawall
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Lamma Power Station Ash Lagoon Status of filling: 2m thick of PFA on inner slope of seawall

Seepage across Eastern Wharf Seawall Tidal cycle; Neap tide
Effective length of seawall = 160 m Lagoon surface area 82700 sqm
Time Tide level Flow rate Howrly seepage Accumulated  Accumulated  Accumulated
permetre  along entire inflow outflow change in lagoon
of seawall length water level
hour mPD cu.mfs cu. mh cu m o m mm
0 1.250 0,0000E+00 0.00 0.00 0.00 0.00
1 1.077 1.55820E-05 898 0.00 898 -0.11
2 0.925 2.15100E-05 1239 0.00 21.36 -0.26
3 0.850 2.02660E-05 11.67 0.00 33.04 -0.40
4 0,902 1.22710E-05 7.07 0.00 4011 -0.48
5 L0562 6.96280E-07 0.40 0.00 40.51 -0.49
6 1279 -1.14590E-05 -6.60 6.50 40.51 041
7 1.501 -2.17670E-05 -12.54 19.14 4051 0.26
8 1.675 -2, 78160E-05 -16,02 35.16 40.51 -0.06
9 1.750 -2.65320E-05 -15,28 50.44 40.51 0.12
10 1.686 -1,75970E-05 -10.14 60.58 40.51 0.24
11 1.50% 4.84520E-06 279 63.37 40.51 0.28
12 1,265 9.47830E-06 5.46 63.37 45,97 0.21
13 1.001 2.31790E-05 13.35 63.37 5832 0,05
14 0.764 3,44910E-05 19.87 63.37 79.19 -0.19
15 0,598 3.86440E-05 22.26 63.37 101.44 -0.46
16 0.552 3.47770E-05 20.03 63.37 121.48 -0,7¢
17 0.645 2.472508-05 14.24 63.37 13572 -0.87
18 0.834 1.14590E-05 6.60 63.37 142.32 -0.95
19 1,068 -1.81800E-06 -1.05 64.42 142.32 -0.94
20 1.300 -1.25210E-05 -7.21 71.63 142,32 -0.85
21 1.476 -1.83230E-05 -10.55 82,18 142.32 -0.73
22 1.550 -1,75130E-05 «10.09 9227 142,32 .61
23 1.503 -1,14090E-05 -6.57 98.84 142.32 -0.53
24 1.373 -2.34220E-06 -1.35 100.19 142.32 -0.51
25 1.200 7.36250E-06 4.24 100.19 146.56 -0.56
26 1.028 1.56030E-05 8.99 100.19 155.55 -0.67
27 0.897 2.03220E-05 11.71 100,19 16725 -0.81
28 0.850 1.81860E-05 10.48 100.19 177.73 -0.94
29 0,914 1.07660E-05 6.20 100.19 183.93 -1.01
30 1.059 8.90750E-07 0.51 100,19 184.44 -1.02
31 1.240 -8.74580E-06 «5.04 105.23 184.44 -0.96
32 1410 -1,60370E-05 -9.24 114.47 184.44 -0,85
33 1526 -1.86340E-05 -10.73 125.20 184.44 -0.72
34 1.542 -1.50740E-05 -8.68 133.88 184.44 -0.61
35 1.449 -6,83190E-06 -3.94 137.82 184.44 -0.56
36 1282 3.87010E-06 223 137.82 186.67 -0.59
37 1,080 1.50150E-05 8.65 137.82 195.32 -0.70
38 0.882 2.51400E-05 14.48 137.82 . 209,80 -0.87
39 0.726 3.06190E-05 17.64 137.82 227.44 -1.08
40 0.652 2.97920E-05 17.16 137.82 244.60 -1.29
41 0.690 2.30540E-05 13,28 137.82 257.87 -1.45
42 0.823 1,26690E-05 7.30 137.82 265,17 -1.54
43 1.012 1.00570E-06 0.58 137.82 265.75 -1.55
44 1.218 -9.44060E-06 -5.44 143.25 265.75 -1.48
45 1.401 -1.70860E-05 -9.84 153.10 265.75 -1.36
46 1.522 -1.99770E-05 -11.51 164.60 265.75 -1.22
47 1.549 -1.77950E-05 -10.25 174.85 26575 -1.10
48 1.489 -1,19750E-05 -6.90 181.75 265,75 -1.02
z Remarks:
Length of seawall
13- £ =160m
_ g
a
Zr 3 Surface area of
3 g lagoon
o 3’, = §2700 5. m
N T~ ~_-

05 L " . L N
o 3 6 9 1215 13 21 M 1! M 3 36 3 42 45 48

Time (hour)
— Tide Jevel .. sccpage relo

Inflow -ve Outflow -+ve
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Hongkong Electric Company

Lamma Power Station Ash Lagoon

2m PFA in lagoon Neap Tide
Initial condition water level +1.25 mPD
Tide ot T+15

Assume grout curltains are impermeable
1

+0.5 mPD

-8.0 mP9)

~18.0 mPD =

Flux in cu.m/s per melre length of seawall

o0 0 D 00



Lamma Power Station Ash Lagoon

Seepage across Eastern Wharf Seawali Tidal cycle: Neap tide
Effective length of seawall = 160 m Lagoon surface area 82700 sq.m
Time Tide level Flow rate Hourly secpage Accurnulated  Accumulated
permetre  along entire inflow outflow
of seawall length
hour mPD cumfs cum/hr cu.m cu.m
0 1.250 0.0000E+00 0.060 0.00 0,00
1 1,077 1.5589E-05 898 0.00 8.98
2 0.925 2.1502E-05 12.3% 0.00 21.36
3 0.850 2.0239E-05 11.66 0.00 3302
4 0.902 1.2224E-05 7.04 0.00 40.06
5 1.062 6.3365E-07 0.36 0.00 4043
6 1.279 -1.1529E-05 -6.64 6.64 40.43
7 1.501 -2,1837E-05 -1258 19.22 40.43
8 1.675 -2,7877E-05 -16.06 3528 40.43
9 1.750 -2.6579E-05 -15.31 50.59 40.43
10 1.686 -1.7628E-05 -10.15 60.74 40.43
11 1.509 -4,8623E-06 +2,80 63.54 40.43
12 1.265 9.4679E-06 545 63.54 45.88
13 1.001 2.3164E-05 13.34 63,54 5922
14 0.764 3.4460E-05 19.85 63.54 79.07
15 0.598 3.8587E-05 22,23 63.54 101.30
16 0.552 3.4688E-05 15.98 63.54 121.28
17 0.645 2.4601E-05 14.17 63.54 135.45
18 0.834 1.1304E-05 6.51 63.54 141.96
19 1.068 -1.9975E-06 -1.15 64.69 141.96
20 1.300 -1.2717E-05 -7.32 72.02 141,96
21 1.476 -1.8529E-05 ~10,67 82.69 141.96
22 1.550 -L7725E-05 -10,21 92.90 141.96
23 1.503 -1.1626E-05 6,70 99,59 141,96
24 1.373 -2.5669E-06 -1.48 101.07 141.96
25 1.200 7.1263E-06 4.10 101.07 146.07
26 1.028 1.5349E-05 8.34 101.07 15491
27 0.897 2.0045E-05 1155 101,07 166.45
28 0.850 1.7880E-05 10.30 101.07 176.75
29 0914 1.0434E-05 6.01 101.07 182.76
30 1.059 5.3769E-07 0.31 101.07 183.07
31 1.240 -8.1137E-06 -5.25 106.32 183.07
32 1.410 -1.6411E-05 045 115.78 183.07
33 1.526 -1.9012E-05 -10.95 126,73 183.07
34 1.542 -1.5453E-05 -8.90 135.63 183.07
35 1.449 -7.2125E-06 4,15 139.78 183.07
36 1.282 3.4845E-06 2.0 139.78 185.08
37 1.080 1.4618E-05 8.42 139.78 193,50
38 0.882 2.4722E-05 14.24 139.78 207.74
39 0.726 3.0169E-05 17.38 139.78 235,12
40 0.652 2.9303E-05 16.88 139.78 241.99
41 0.690 2.2527E-05 12.93 139.78 254.97
42 0.823 1.2106E-05 6,97 139.78 261.94
43 1.012 4,1378E-07 0.24 139.78 262.18
44 1.218 -1.0051E-05 =5.79 145,57 262.18
45 1401 -1.7703E-05 «10.20 155.77 262,18
46 1.522 -2.0599E-05 -11.87 167.63 262.18
47 1.549 -1,8420E-05 -10.61 178.24 262.18 -
43 1.489 -1,2604E-05 -7.26 185.50 262.18
2
15 = -E
- g
gt 3
] -3
sl g
e g
Lo N o~ N £

0.5

] 3 [ 9 1 13 LE 1] H 7 0 3B 3¥ ¥ &2
Time (hour)
— Tido level . seepage rale

Inflow -ve Qutflow +ve

45 4

Status of filling: Lagoon full of PFA

Accumulated
change in lagoon
water level

mm

0.00
-0.36
-0.86
-1.33
-1.61
-1.63
-1.36
-0.85
-0.21

0.41

0.82

0.93

0.71

0.17
-0.63
-1.52
-2.33
-2.90
-3.16
=311
-2.82
-2.39
-1.98
-1.71
-1.65
-1.81
217
-2.64
-3.05
-3.29
=331
-3.09
=271
=227
-1.91
-1.74
-1.83
=217
274
-3.44
-4.12
-4.64
-4.92
-4.93
-4.70
-4.29
-3.81
-3.38
-3.09

Remarks:
Length of seawall
=160 m

Surface area of
lagoon
= 82700 5q. m
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Hongkong Electric Company

Lamma Power Station Ash Lagoon
Lagoon full of PFA Neap Tide

Intial condition water level +1.25 mPD
Tide at T+15

Assume grout curtains are impermeable
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Flux in co.m/s per metre length of seawall
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Seepage across lagoon perimeter ‘_
Maximum velocity vectors - maximum head difference across perimeter

Spring Tides - no PFA in lagoon

Analysis Section Time Element No Resultant Velocity
hours m/s
Revetment with Caisson T+ 29 212 1.500E-09
Northern Perimeter T + 29 125 1.670E-08
Eastern Wharf T + 29 155~ 2.000E-09
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Seepage across lagoon perimeter
| Maximum velocity vectors - maximum head difference across perimeter

Spring Tides - 2 metres of PFA in lagoon

Analysis Section Time Element No Resultant Velocity
hours m/s
Revetment with Caisson T + 29 338 1.300E-10
Northern Perimeter T + 27 244 1.250E-10
Eastern Wharf T + 29 79 2.700E-11
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Seepage across lagoon perimeter
Maximum velocity vectors - maximum head difference across perimeter

Spring Tides - lagoon full of PFA

Analysis Section Time Element No Resultant Velocity
hours : m/s
Revetment with Caisson T + 28 383 1.050E-10
Northern Perimeter T + 27 371 1.420E—10
Eastern Wharf T + 29 199 2.700E-11
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Lamma Power Station Ash Lagoon Status of filling:No PFA in lagoon
Initial condition water level in sea and lagoon at +1.25 mPD Tidal cycle:  Spring tide

@

Time Tide level Change in water level due to
(\ ' Caisson with Eastern Northern Total
revetment wharf perimeter
hours mPD mm mm mm mm
Y
N/ 0 1.250 0.00 0.00 0.00 0.00
1 0.854 -0.55 0.16 -17.55 1826
2 0.556 -1.52 .44 4761 49,58
O 3 0.344 2.79 -0.81 -86.35 -39.94
. 4 0.205 435 -1.23 -130.64 -136.12
5 0.146 5.79 -1.67 -177.12 -184.58
) 6 0.214 7.24 2.09 22044 -229.77
/ 7 0.377 -8.46 245 256,64 -267.55
3 0.593 938 27 283.54 205.63
o 9 0.819 999 2.89 -300.77 -313.64
Lo 10 1.013 -10.32 298 -309.80 -323.10
o 11 1.132 -10.48 3,03 31395 32746
12 1.136 -10.64 3.07 -318.26 -331.97
Y 13 1.046 -10.93 315 32673 -340.81
N 14 0.957 -11.34 3.27 -339.09 -353.70
15 0.969 1173 339 -350.82 -365.94
16 1.128 -11.90 3.43 -355.53 -370.86
O 17 1.388 1171 338 -348.88 -363.97
18 1.696 -11.09 3.21 -328.97 34326
. 19 1,998 -10.04 291 296.25 -309.20
(Ji 20 2,238 -8.66 -2.51 253.54 264.71
! 21 2.362 710 2,06 20596 . 21512
22 2.317 -5.61 -1.63 -160.88 -168.13
- 23 2.087 4.44 -1.29 -126.23 -131.96
L 24 1.726 378 =110 -107.43 -112.31
25 1.204 3.7 -1.08 -107.23 -112.02
26 0.850 4,27 -1.23 12576 -131.27
<_ ‘ 27 0.456 538 -1,55 -160.63 -167.56
g 28 0.172 -6.89 -1.98 20698 215.85
29 0.052 -8.56 2.46 25783 -268.86
’ ( 30 0.093 -10.18 293 -306.52 -319.63
_ 31 0.251 -11.58 334 348,21 -363.12
32 0.482 -12.65 -3.66 37990 39621
e 13 0.742 -13.36 -3.86 -400.44 417.67
L 34 0.986 -13.73 3.97 -410.59 42829
- 35 1170 -13.34 4,00 413.02 -430.86
36 1.250 -13.85 -4.00 41235 -430.19
¢ 37 1.195 -13.85 402 -414.40 43227
- 38 1.068 -14.11 -4.09 422,16 -440.36
39 0,962 -14.51 421 434,50 -453.22
- 40 0.970 -14,90 4,32 446,29 -465.51
Q ! 41 1.132 -15.07 437 -450.86 -470.29
] 42 1.401 -14.85 431 44371 462.87
B 43 1.720 -14.20 -4.13 422,79 44111
i 44 2.035 -13.10 .81 -388.48 -405.29
= 45 2,289 1165 339 343,58 -358.61
46 2428 -10.00 292 -293.20 -306.11
o 47 2456 831 243 242,11 252,85
. 48 2,321 -6.21 2.00 -197.33 <206.14
2 Water level
. max 0.00
4 £ min 47029
N T 3 diff 470,29
[a)
g
!'/ % 1= g
r 2
< 0 W g
-1 L L L L L L + + L i L L L

[ 3 6 9 2 13 18 2 2% 17 EL] 33 38 39 42 45 43

e ) Time (hours)
—— Tide level —— Lagoan water level
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Lamma Power Station Ash Lagoon Status of filling:No PFA in lagoon
Initial condition water level in sea and lagoon at +1.25 mPD Tidal cycle:  Neap tide

@

Time Tide level Change in water [evel due to
C,‘ Caisson with Eastern Northern Total
—7 revetment wharf perimeter
hours mPD mmn mm mm mm
Pt
L 0 1.250 0.00 0.00 0.00 0.00
1 1.077 0.40 0.11 -12.36 -12.86
2 0.925 -0.94 026 2861 29.80
W 3 0.850 -1.47 041 4400 4587
4 0.502 -1.81 -0.50 -53.61 5592
5 1.062 -1.87 0,52 -54,58 5697
6 1.279 -1.61 -0.44 -46.23 4828
s 7 1.501 -1.08 -0.29 29.99 3137
8 1.675 -0.40 0.10 9.46 .96
— 9 1.750 0.26 0.09 9.82 10.17
(L 10 1.686 071 0.22 22.63 23.56
’ 11 1.509 0,85 0.27 2579 26,90
12 1.265 0.61 0.20 18.09 18.90
C-‘ 13 1,001 0.03 0.04 0.21 0.28
' 14 0.764 -0.82 021 2528 2631
15 0.598 -1.80 -0.49 -54.02 -56.31
16 0.552 270 0.75 -80.25 -83.70
O 17 0.645 3,38 095 -99.45 -103.78
18 0.834 374 -1.05 -109.19 -113.98
19 1.068 a7 -1.06 -109.09 -112.92
& 20 1.300 352 0.99 -100.9% -105.41
= 21 1.476 311 0.88 -88.43 9241
22 1.550 272 0.77 76.81 -80.30
I 23 1.503 2.48 0.70 70.02 71320
S 24 1.373 2.47 -0.69 7019 7335
25 1.200 271 0.75 -71.67 -81.14
— 26 1.028 3.16 -0.88 9115 95.19
[k ) 27 0.897 371 -1.04 -107.60 -112.36
- 28 0.850 422 <119 -122.53 -127.95
29 0.914 -4.56 -1.29 -132.09 -137.94
C" 30 1.059 +4.66 131 -134,33 -140,30
. 31 1.240 -4.50 127 -129.19 -134.97
32 1.410 4,16 -1.18 -118.49 -122.82
13 1.526 3.74 -1.06 -105.92 -110.71
(./ 34 1.542 3.40 .96 96,24 -100.60
35 1.449 3.28 0.92 £$2.92 $7.13
B 36 1.282 3.43 0,96 $7.77 -102.16
o 7 1.080 -3.86 -1.08 -110.96 -115.89
S 38 0.882 -4.53 -1.28 -131.10 -136.90
39 0.726 . -5.35 -1.51 -155.25 -162.12
40 0.652 -6.17 -1.75 -179.04 -186.95
( 41 0.690 -6.83 -1.94 -198.13 206.91
42 0.823 725 2.06 -200.82 219.14
. 43 1.012 739 2.10 213.00 222,49
& _ 44 1.218 735 2.07 -208.21 217.53
- 45 1.401 -6.91 .97 -197.60 206.48
46 1.522 -6.49 -1.85 -184.88 -193.22
I 47 1.549 612 -1.75 -173.97 -181,84
. 43 1.489 -5.89 -1.68 -167.50 -175.07
2 Water level
max 26.90
be E min 22249
L E diff 249.40
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Lamma Power Station Ash Lagoon

Status of filling:Lagoon full of PFA

Initial condition water level in sea and lagoon at +1.25 mPD Tidal cycle:  Spring tide
Time Tide level Change in water level due to
Caisson with Eastern Nerthern Total
revetment wharf perimeter
hours mPD mm mm mm mm
0 1.250 0.00 0.00 0,00 0.00
1 0.854 .76 -0.50 -7.67 -8.93
2 0.556 -1.89 -1.39 -17.06 -20.34
3 0.344 3.7 -2,53 26,01 -31.71
4 0205 -4.49 -3.82 -33.57 -41,88
5 0.146 =5.71 -5.15 -39.24 -50.10
6 0.214 -6.65 -6.38 -41.66 -54.68
7 0.377 -7.21 -1.37 -40.65 -55.23
8 0.593 -7.39 -8,05 -36.89 -52.32
9 0.819 <723 -8.41 -31.18 -46.82
10 1.013 -6.85 -8.51 -24.59 -39.95
1 1.132 -6.41 -8.46 -19.01 -33,88
12 1136 -6,12 -.40 -15.85 -30.36
13 1.046 -6.08 -3.46 -15.68 -30.21
14 0.957 -£.22 -8.63 -17.08 -31.93
15 0.969 -6.30 -3.79 -17.49 -32,58
16 1.128 -6,08 -8.73 -14.71 -29.53
17 1.388 543 -8.36 -8.22 -22.01
18 1.696 4,37 -7.60 0.93 -11.04
19 1.998 -2.97 -6.46 11.95 2.52
20 2238 -1.39 -5.03 2271 16.29
21 2.362 0.14 -3.48 31.53 2820
22 2.317 1.36 2.02 3593 35.27
23 2,087 2.01 -0.88 34.67 35.80
24 1.726 2,00 -0.24 27.84 29,59
25 1.294 1.32 -0.17 16.70 17.85
26 0.850 0.08 -0.66 3.09 2.50
27 0.456 -1.56 -1.68 -11.30 -14,54
28 0.172 -3.36 -3.03 -24.26 -30.65
29 0.052 -5.03 -4.50 -33.85 -43.39
30 0.093 -6.36 -5.90 -39.11 -51.37
31 0.251 -7.24 -1.07 -40.05 -54.37
32 0.482 -7.65 -7.93 -37.27 -52.84
33 0.742 -7.63 -8.41 31,99 -48.02
34 0.986 -7.28 -8.55 -24.99 -40.82
35 1.170 -6.77 -8.45 -18.17 -33.39
36 1.250 -6.29 -8.26 -13.04 -27.58
37 1.195 -6.04 -8.13 -11.17 -25.35
38 1.068 -6.10 -8.17 -12.46 -26.73
39 0.962 -6.33 -8.36 -15.01 -29.70
40 0.970 -6.49 -8.53 -16.15 -31.16
41 1132 -6.32 -8.48 -13.76 -28.56
42 1.401 -5.70 -8.10 -7.41 -21.20
43 1.720 -4.63 -7.33 177 -10.19
44 2,035 -3.21 -6.15 13.06 3.69
45 2.289 -1.59 4,67 24.23 17.97
46 2.428 0.01 -3.05 33.62 30.57
47 2.456 1.42 -1.43 39.51 39.50
48 2321 241 -0.02 40.87 4325
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Lamma Power Station Ash Lagoon
Initial condition water level in sea and lagoon at +1.25 mPD

Tide Jevel (mPD)

Status of filling:Lagoon full of PFA

Tidal cycle:  Neap tide

Time Tide level Change in water level due to
Caisson with Eastern Northern Total
revetment wharf perimeter
hours mPD mm mm mm mm
0 1,250 0.00 0.00 0.00 0.00
1 1.077 -0.54 -0.36 -4.56 -5.46
2 0.925 -1.13 -0.86 -8.61 -10.61
3 0.850 -1.59 -1.33 -10.74 -13.65
4 0.902 -1.72 -1.61 -10.01 -13.34
5 1.062 -1.48 -1.63 -6.67 .79
6 1.279 -0.92 -1.36 -1.56 -3.85
7 1.501 -0.15 -0.85 3.0 2.70
3 1.675 0.66 -0.21 8.30 8.75
9 1.750 1.28 041 10.84 12.54
10 1.686 1.54 0.82 10.54 12,89
11 1.509 1.37 0.93 7.46 9.76
12 1.265 0,81 0.71 217 3.69
13 1,001 -0.05 0.17 -4.67 -4.55
14 0.764 -1.07 -0.63 -11,60 -13.30
15 0.598 2.05 -1.52 -17.06 -20.63
16 0.552 -2.76 -2.33 -19.49 -24,58
17 0.645 -3.08 -2.90 -18.53 -24.51
18 0.834 -3.00 3.16 -14,83 -20.99
19 1.068 -2.57 -3.11 -9.59 -15.27
20 1.300 -1.92 -2.82 3,79 -8.53
21 1.476 -1.24 -2.39 0.80 -2.83
22 1,550 -0.74 -1.98 324 0.53
23 1.503 -0.52 -1.71 3.33 1,10
24 1,373 -0.62 -1.65 1.30 -0.97
25 1.200 -0.99 -1,81 -2.29 -5.10
26 1.028 -1.53 <217 6,56 -10.26
27 0.897 -2.09 -2.64 -10.22 -14.94
28 0.850 -2.48 -3.05 -11.88 -17.41
20 0.914 -2.58 -3.29 -11.05 -16.93
30 1.05¢ -2,38 -3.31 -8.15 -13.83
31 1.240 -1.93 -3.09 -3.92 -8.94
32 1.410 -1.35% 271 022 -3.84
33 1.526 -0,80 -2.27 3.20 0,12
34 1.542 -0,48 -1.91 4,13 1.78
35 1,449 -0.47 -1.74 2.87 0.66
36 1.282 -0.79 -1.83 -0.45 -3.07
37 1.080 -1.38 -2.17 -5.39 -3.94
38 0.882 -2.15 -2.74 -10.92 -15.81
39 0,726 296 <3.44 -15,72 -22.12
40 0,652 -3.62 412 -i8.55 -26.28
41 0.690 -3.98 -4.64 -18.63 -27.25
42 0.823 -4,01 -4.92 -16.24 -25.17
43 1.012 =371 -4.93 -12.15 -20.79
44 1.218 -3.18 -4.70 -7.02 -14,90
45 1.401 -2.52 -4.29 -2.18 -8.99
46 1,522 -1.91 -3.81 125 447
47 1.549 -1.48 -3.38 2.86 -2.00
48 1.489 -1.31 -3.09 2.61 -1.79
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