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4.0 ENVIRONMENTALMONITORING STUDIES – Oct’24 to March’25

S.No ATTRIBUTE SCOPE STUDIES CARRIED OUT

1. Ambient Air Quality Collection of ambient air

at Seven locations in and

outside of port premises

Ambient Air samples collected at 7

locations for PM10, PM2.5, SO2,

NOx & NH3 (monthly once) for the

period of 01.10.2024 to 31.10.2025.

2. Marine Water and

Surface Water Quality

Collection of Marine

Water at six locations.

 Port Entrance

(Approach Channel)

 Turning Circle

 Coal Berth

 Reclamation Area

(Mutable)

 Buckingham Canal

 Khandaleru Creek

Marine Water samples from Port

Entrance, Turning Circle, Coal

Berth and Reclamation Area are

collection weekly once. Samples

for Buckingham Canal and

Khandaleru Creek are collected

monthly once. All the samples are

tested for Physical, Chemical and

Microbiological parameters

Collected for the period of

01.10.2024 to 31.10.2025.

3. Marine Water Quality

for Turbidity

Collection of Marine

Water at seven locations.

 Port Entrance

(Approach Channel)

 Turning Circle

 Coal Berth

 Reclamation Area

(Mutable)

 14o19’26”N &

80o15’43”E

 14o16’52”N

&80o17’40”E

Marine Water samples from Port

Entrance, Turning Circle, Coal

Berth and Reclamation Area are

collection weekly once. Deep Sea

water Samples are collected

monthly once.

Collected for the period of

01.10.2024 to 31.10.2025.
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 14o16’11”N &

80o17’40”E

4. Marine Sediment Collected at

 Port Entrance

(Approach Channel)

 Turning Circle

 Coal Berth

 Reclamation Area

(Mutable)

Collected at four locations and

analyzed for the hereunder weekly

once.

 Sediment Compositions

 pH

 Nitrogen

 Phosphorus

 Potassium

 Sodium

 Benthos Communities

 Heavy Metals

Collected for the period of

01.10.2024 to 31.10.2025.

5. Noise Level Intensity Noise levels were noted at

Seven locations inside

and outside port premises.

Day and Night Noise levels were

noted at

 Zero Point

 Thamminapatnam

 CVR Building

 Gopalpuram

 Chalivendram

 Krishnapatnam

 Light House Siding

Collected Noise Levels at seven

locations for day and night

periods once in the month from

01.10.2024 to 31.10.2025.
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6. STP Inlet and Outlet Inlet and Outlet samples

are collected from STP at

Port

STP Inlet and Outlet samples are

collected monthly once.

Collected for the period of 0

01.10.2024 to 31.10.2025.

7. DG Set Emission

Quality

Emission Quality was

conducted to DG Sets of

port premises

Emission Quality was conducted to

DG Sets of port premises, ie PM,

NOx, HC & CO (Six months once)

for the period of 01.10.2024 to

31.10.2025

8. Ground Water Quality

Monitoring

Collected at

 Port Site

 Krishnapatnam village

 South side of the port

 Gopalapuram village

Ground Water samples from Port

site, Krishnapatnam village, South

side of the port, Gopalapuram

village Bore wells water samples

are collected half yearly once. All

the samples are tested for Physical,

Chemical and Microbiological

parameters Collected for the period

of 01.10.2024 to 31.10.2025.

9. Soil Quality Collection of Soil sample

at Two locations.

 Storage area

towards west

Buckingham canal

 Storage area at

Port

Soil samples from Storage area

towards west, Storage area at Port

Area are collection half yearly

once. All the samples are tested for

Physical, Chemical parameters.

Collected for the period of

01.10.2024 to 31.10.2025.
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4.1 METEOROLOGICAL DATA

Meteorological data was collected on hourly basis by installing an auto weather

monitoring station at Plant site. The report depicted hereunder represents the data for

study period (01.10.2024 to 31.10.2025.)

The following parameters were recorded

 Wind speed

 Wind direction

 Temperature

 Relative humidity

 Rainfall

MINIMUM AND MAXIMUM VALUES OF RELATIVE HUMIDITY,

TEMPERATURE AND RAINFALL DURING STUDY PERIOD (01.04.2024 to

31.09.2024.).

Temperature
in oC

Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 March’25

Minimum 26.0 26.0 22.3 21.6 22.7 24.0

Maximum 32.1 29.0 32.1 31.7 29.1 39.7

Mean 28.8 28.0 28.0 25.5 26.4 28.8
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Relative
Humidity %

Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 March’25

Minimum 44 60 51 42 60 22

Maximum 91 73 100 97 93 96

Mean 74 93 85 75 76 75

Rainfall in
mm

Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 March’25

Minimum 0.1 0.1 0.1 0.1 - -

Maximum 48.4 29.2 27.3 6.2 - -

Cumulative 439.06 324.5 153.7 6.91 - -
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Graphical interpretation of Minimum and Maximum values of and Temperature during

study period.

Graphical Interpretation of Minimum and Maximum values of Relative Humidity during

study period.
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Graphical Interpretation of Minimum and Maximum values of Rainfall during study

period.

WIND PATTERN – (April’24 – Sep’24)

Predominant Wind

directions

Distribution in

Percentage
Wind rose Enclosed as

ENE 18.1 %

Fig – 7
E 11.3%

NE 9.52%

ESE 7.38%
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Fig-7. Wind rose diagram for 00.00 – 23.00 hrs ( 24hrly)
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4.2 AMBIENT AIR QUALITY MONITORING

The ambient air quality was assessed through a network of 07 AAQM stations within 10

Km radius of project site (5 stations in buffer zone & 2 location inside plant area).

The locations of ambient air quality stations are shown in Fig – 4is given below:

Table No- 2

DETAILS OF AMBIENT AIR QUALITY MONITORING LOCATIONS

Station

code
Location

Direction w.r.t.

Project site
Environmental setting

A1 At Zero Point W Industrial

A2
At

Thamminapatnam
Village

S Industrial

A3 At CVR Building WNW Residential

A4
At Gopalpuram

Village
NW Residential

A5 At Chalivendram WNW Residential

A6 At Krishnapatnam NNW Residential

A7 At Light House SW Residential
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Fig 4. AMBIENT AIR SAMPLING STATIONS LOCATION MAP
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Summary of Analysis of Ambient Air Quality in the Study Area at A1 –Zero Point for the

period of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 61.5 24.3 13.1 14.0 BDL

Nov’24 63.9 26.2 14.0 15.4 BDL

Dec’24 66.3 27.8 13.2 14.5 BDL

Jan’25 68.9 28.6 14.1 15.8 BDL

Feb’25 64.6 26.4 12.7 14.2 BDL

March’25 69.2 29.5 13.9 15.6 BDL

NAAQS
Standards

100 60 80 80 400

Summary of Analysis of Ambient Air Quality in the Study Area at A2 –Thamminipatnam

for the period of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 51.4 21.2 10.6 13.1 BDL

Nov’24 54.3 23.1 12.0 14.5 BDL

Dec’24 56.8 24.6 11.6 13.5 BDL

Jan’25 60.3 26.1 12.5 14.9 BDL

Feb’25 57.4 24.2 10.9 13.1 BDL

March’25 62.7 26.9 12.3 14.6 BDL

NAAQS
Standards

100 60 80 80 400
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Summary of Analysis of Ambient Air Quality in the Study Area at A3 –CVR for the period

of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 49.3 19.5 9.0 10.4 BDL

Nov’24 52.6 21.3 10.7 11.9 BDL

Dec’24 55.1 23.4 9.6 10.7 BDL

Jan’25 58.7 25.3 10.8 11.9 BDL

Feb’25 55.3 23.1 9.5 11.0 BDL

March’25 60.8 25.6 11.4 13.2 BDL

NAAQS
Standards

100 60 80 80 400

Summary of Analysis of Ambient Air Quality in the Study Area at A4 –Gopalpuram for the

period of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 48.3 19.6 10.2 12.1 BDL

Nov’24 51.5 20.8 11.0 12.9 BDL

Dec’24 54.2 22.0 10.4 11.6 BDL

Jan’25 58.6 24.5 11.4 12.8 BDL

Feb’25 53.9 22.4 10.2 11.5 BDL

March’25 57.3 25.1 11.6 12.8 BDL

NAAQS
Standards

100 60 80 80 400
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Summary of Analysis of Ambient Air Quality in the Study Area at A5 –Chalivendram for

the period of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 46.2 18.5 11.3 12.0 BDL

Nov’24 49.5 19.9 12.6 13.9 BDL

Dec’24 51.8 21.3 11.9 12.6 BDL

Jan’25 55.2 23.9 12.7 13.5 BDL

Feb’25 52.1 21.3 11.0 12.3 BDL

March’25 55.7 23.5 12.4 13.2 BDL

NAAQS
Standards

100 60 80 80 400

Summary of Analysis of Ambient Air Quality in the Study Area at A6 –Krishnapatnam for

the period of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 53.4 22.0 10.6 12.1 BDL

Nov’24 56.7 24.5 11.3 13.6 BDL

Dec’24 59.2 26.1 10.4 12.3 BDL

Jan’25 63.5 27.8 11.2 13.1 BDL

Feb’25 60.4 25.8 10.6 12.2 BDL

March’25 65.2 27.9 12.4 14.2 BDL

NAAQS
Standards

100 60 80 80 400
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Summary of Analysis of Ambient Air Quality in the Study Area at A7 –Light House for the

period of Oct’24 – March’25.

PM10 (µg/m3) PM2.5 (µg/m3) SO2 (µg/m3) NOX (µg/m3) NH3 (µg/m3)

Oct’24 47.5 18.3 7.6 9.8 BDL

Nov’24 50.9 20.1 8.9 11.0 BDL

Dec’24 53.4 21.9 8.2 10.9 BDL

Jan’25 57.8 23.5 9.4 11.2 BDL

Feb’25 54.1 22.0 8.6 10.0 BDL

March’25 59.4 24.6 9.8 11.5 BDL

NAAQS
Standards

100 60 80 80 400
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Summary of Analysis of Ambient Air Quality in the Study Area – PM10 for

Oct’24 – March’25.

Summary of Analysis of Ambient Air Quality in the Study Area – PM2.5 for

Oct’24 – March’25.

 PM10 varied between 46.2 to 69.2 µg/m,3Minimum: Chalivendram

 Maximum: Zero Point, NAAQ Standard: 100µg/m3

 PM2.5 Varied between 18.3 to 29.5 µg/m3, Minimum: New light house

 Maximum ;Zero Point, NAAQ Standard : 60 µg/m3

15151628



KRISHNAPATNAM PORT COMPANY LIMITED – HALF YEARLY REPORT Oct’24 – March’25

SV ENVIRO LABS & CONSULTANTS,

Summary of Analysis of Ambient Air Quality in the Study Area – SO2 for

Oct’24 – March’25.

Summary of Analysis of Ambient Air Quality in the Study Area – NOx for

Oct’24 – March’25.

 SO2 Varied between 7.6 to 14.1 µg/m3,Minimum : New Light House

 Maximum : Zero Point, NAAQ Standard : 80 µg/m3

 NOx Varied between 9.8 to 15.8 µg/m3, Minimum :New Light House

 Maximum :Zero Point , NAAQ Standards : 80 µg/m3
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4.3 AMBIENT NOISE LEVEL INTENSITY

Collection of ambient noise levels at Seven locations (6 locations at nearby villages & 1 location

near plant). Spot noise levels where measured with a precalibrated Noise Level Meter – SL

Lutron 4001 for day and night periods.

Table No-3

DETAILS OF NOISE MONITORING LOCATIONS

STATION

CODE
LOCATIONS

DIRECTION

w.r.t PROJECT SITE

N1 At Zero Point W

N2 At Thamminapatnam Village S

N3 At CVR Building WNW

N4 At Gopalpuram Village NW

N5 At Chalivendram WNW

N6 At Krishnapatnam NNW

N7 At Light House SW

The noise monitoring locations are depicted in Fig – 5

The noise levels monitored during the study period are given hereunder in form of Leq day, Leq

night compared with CPCB Standards.

Location Code
Environmental

Setting

CPCB norms Leq (Dba)

Day Night

N1 Industrial 75 70

N2 Industrial 75 70

N3 Residential 55 45

N4 Residential 55 45

N5 Residential 55 45

N6 Residential 55 45

N7 Residential 55 45

Noise Level Data for the above locations are enclosed as Table - 4.5.1&4.5.2
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TABLE-4.5.1

Location Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 March’25

Zero Point 67.1 65.8 67.3 68.3 66.1 68.6

Thamminapatnam Village 64.8 63.5 65.4 65.9 62.8 65.3

Amenities Complex (CVR) 60.5 59.7 61.2 61.7 59.6 60.8

Gopalpuram Village 49.7 48.4 50.9 48.1 46.3 48.2

Chalivendram 52.4 50.6 52.6 51.6 49.5 51.4

Krishnapatnam 53.6 52.9 51.8 52.4 51.4 53.1

Krishnapatnam Village

near Light House
51.5 49.8 53.5 49.2 47.9 47.9

 Industrial Day time noise level varied between 47.9 to 68.6 dB(A)

 Residential Day time noise level varied between 46.3 to 53.6 dB(A)

 NAAQ Standard: Industrial -75 Db( A):Residential –55dB(A)
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TABLE-4.5.2

Location Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 March’25

Zero Point 58.6 57.4 59.5 59.5 57.6 59.3

Thamminapatnam Village 53.2 51.8 53.7 55.2 53.1 55.6

Amenities Complex (CVR) 55.1 53.2 54.3 56.4 54.7 56.4

Gopalpuram Village 43.8 42.5 43.6 41.6 39.5 40.9

Chalivendram 41.6 39.7 41.2 40.3 38.6 39.8

Krishnapatnam 43.1 41.6 42.9 41.8 40.2 42.6

Krishnapatnam Village near

Light House
39.5 38.2 40.6 38.7 36.8 36.8

 Industrial Night time noise level varied between 36.8 to 59.5 dB(A)

 Residential Night time noise level varied between 38.6 to 43.8 dB(A)

 NAAQ Standard: Industrial -70 Db(A) ,Residential-45 dB(A)
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4.4 Marine Water and Surface Water Quality

4.4.1 Sampling Locations

Marine water sampling is carried out once in every week at Four sampling locations in the port.

In addition to marine quality sampling, surface water quality sampling is also carried out at two

locations in the creek once in every month. The marine water and surface water sampling

locations are given in Table-4 and Figure–5.

Table No- 4
MARINEWATER QUALITY AND

SURFACE WATER MONITORING LOCATIONS

Location Code Location
Marine Water Quality Sampling Location

MW1 Coal Berth
MW2 Turning Circle
MW3 Approach Channel
MW4 Reclamation Area (Mutable)

Surface Water Sampling Location
SW1 Kandaleru Creek
SW2 Buckingham Canal

 Analysis results of the water samples collected from the above locations are enclosed

15201633



KRISHNAPATNAM PORT COMPANY LIMITED – HALF YEARLY REPORT Oct’24 – March’25

SV ENVIRO LABS & CONSULTANTS,

The methodology for sample collection and preservation techniques was followed as per the

Standard Operating Procedures (SOP) mentioned in table hereunder:

Table No- 5

Standard Operating Procedures (SOP) For Water Sampling

Parameter Sample Collection Sample
Size

Storage/ Preservation

pH Grab sampling
Plastic /glass container

50 ml Refrigeration,
can be stored for 7 days

Electrical
Conductivity

Grab sampling
Plastic /glass container

50 ml Refrigeration,
can be stored for 7 days

Total suspended solids Grab sampling
Plastic /glass container

100 ml Refrigeration,
can be stored for 7 days

Total Dissolved
Solids

Grab sampling
Plastic /glass container

100 ml Refrigeration,
can be stored for 7 days

BOD Grab sampling
Plastic /glass container

500 ml Refrigeration, 48 hrs

Hardness Grab sampling
Plastic /glass container

100 ml Add HNO3 to pH<2,
refrigeration; 6 months

Chlorides Grab sampling
Plastic /glass container

50 ml Not required; 28 days

Sulphates Grab sampling
Plastic /glass container

100 ml Refrigeration; 28 days

Nitrates Plastic containers 100 ml Refrigeration; 48 hrs
Fluorides Plastic containers only 100 ml Not required; 28 days
Alkalinity Plastic/ glass containers 100 ml Refrigeration; 14 days
Ammonia Plastic/ glass containers 100 ml Add H2SO4 to pH>2,

refrigeration, 28 days
Heavy Metals (Ar, Cd,
Mn, Cu, Fe, Zn, Pb
etc.)

Plastic/ Glass rinse with
1+1 HNO3

500 ml Filter, add HNO3 to
pH>2; Grab sample; 6
months

Source: Standard Methods for the Examination of Water and Wastewater, Published By APHA,

24th Edition,2023
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The analytical techniques used for water analysis is given in the table hereunder:

Table No- 6

Analytical Techniques for Water Analysis

S.No Parameter Method
1. pH APHA, 4500-H+B, 24th Ed., 2023
2. Colour APHA, 2120-C/2120-B, 24th Ed., 2023
3. Odour APHA, 2150, 24th Ed., 2023
4. Temperature APHA, 2550-A+B, 24th Ed., 2023
5. Oil & Grease APHA, 5520-D, 24th Ed., 2023
6. Total Suspended Solids APHA, 2540-D, 24th Ed., 2023
7. Total Dissolved Solids APHA, 2540-C, 24th Ed., 2023
8. Total Residual Chlorine APHA, 4500-Cl B, 24th Ed., 2023

9. Biochemical Oxygen Demand
APHA, 5210-B, 24th Ed.,

20234500-OC, 24th Ed., 2023
10. Chemical Oxygen Demand APHA, 5220-B, 24th Ed., 2023
11. Free Ammonia IS 3025
12. Ammonical Nitrogen APHA, 4500-NH3B, 24th Ed., 2023
13. Total Kjeldhal Nitrogen APHA, 4500-Norg B, 24th Ed., 2023
14. Zinc APHA, 3111-B, 24th Ed., 2023
15. Lead APHA, 3111-B, 24th Ed., 2023
16. Cadmium APHA, 3111-B, 24th Ed., 2023
17. Mercury APHA, 3112-B, 24th Ed., 2023
18. Arsenic APHA, 3114-B, 24th Ed., 2023
19. Copper APHA, 3111-B, 24th Ed., 2023
20. Nickel APHA, 3111-B, 24th Ed., 2023
21. Cyanide APHA, 4500-CNB, 24th Ed., 2023

22. Fluoride
APHA, 4500-FD, 24th Ed., 2023 (SPANDS

Methods)
23. Phosphates APHA, 4500-PD, 24th Ed., 2023
24. Sulphates APHA, 4500-SO4

2- E, 24th Ed., 2023
25. Sulphide APHA, 4500-S2-, 24th Ed., 2023
26. Manganese APHA, 3111-B, 24th Ed., 2023
27. Iron APHA, 3111-B, 24th Ed., 2023
28. Phenolic Compounds APHA, 5530-B, 24th Ed., 2023
29. Bio Assay Test IS 6582
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Marine water samples have been collected in the port and the results of the same are shown
below in Table.

Status of Marine water Quality

pH of Marine water varied between 7.57 to 8.44

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 7.73 7.81 8.02 8.16 7.63 7.7 7.95 8.07

Nov’24 7.69 7.89 8.05 8.16 7.77 7.93 8.13 8.28

Dec’24 7.95 7.84 7.89 8.2 8.03 7.97 8.10 8.32

Jan’25 7.93 7.76 8.02 8.16 7.80 7.62 7.93 8.09

Feb’25 7.65 7.78 7.91 8.17 7.79 7.86 8.02 8.29

Mar’25 7.61 7.69 7.83 8.10 7.75 7.84 7.98 8.32

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 7.78 7.92 8.10 8.24 7.83 8.01 8.28 8.38

Nov’24 7.82 8.05 8.26 8.41 7.65 7.83 7.98 8.21

Dec’24 8.12 8.05 8.23 8.44 8.01 7.90 8.11 8.29

Jan’25 7.93 7.81 8.15 8.32 7.79 7.96 8.28 8.43

Feb’25 7.57 7.65 7.83 8.05 7.69 7.85 7.98 8.26

Mar’25 7.88 7.95 8.12 8.41 7.71 7.84 8.01 8.25
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 BOD of Marine Water varied between 2.0 to 3.9 mg/l

Month
Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 2.3 2.5 2.7 3.1 2.1 2.3 2.4 2.9

Nov’24 2.9 3.2 3.4 3.8 2.7 3.0 3.2 3.5

Dec’24 2.7 3.2 3.3 3.6 2.9 3.5 3.6 3.8

Jan’25 2.6 3.1 3.3 3.6 2.8 3.4 3.6 3.9

Feb’25 2.4 2.7 3.1 3.4 2.6 3.0 3.3 3.6

Mar’25 2.4 2.7 3.0 3.3 2.8 3.3 3.4 3.8

Month
3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 2.3 2.6 2.8 3.2 2.5 2.8 3.0 3.5

Nov’24 2.5 2.8 3.0 3.2 2.7 3.1 3.3 3.6

Dec’24 2.6 3.1 3.3 3.5 2.4 2.8 3.0 3.2

Jan’25 2.5 3.1 3.3 3.5 2.1 2.6 2.8 3.0

Feb’25 2.2 2.6 2.9 3.1 2.0 2.3 2.6 3.0

Mar’25 2.6 3.0 3.1 3.4 3.0 3.3 3.4 3.7
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 COD of Marine Water varied between 11.8 to 14.0 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 12.8 12.4 12.5 13.3 12.5 12.1 12.2 13.0

Nov’24 13.3 13.1 13.5 14.0 13.0 12.7 13.2 13.6

Dec’24 13.1 12.6 13.0 13.5 13.5 13.0 13.4 13.9

Jan’25 13.3 12.7 13.0 13.5 13.5 13.0 13.3 14.0

Feb’25 12.7 12.5 13.0 13.7 13.0 12.8 13.4 14.0

Mar’25 12.5 12.3 12.8 13.5 13.0 12.7 13.4 14.0

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 12.8 12.4 12.7 13.4 13.0 12.8 13.0 13.8

Nov’24 12.6 12.4 12.8 13.3 13.0 12.8 13.2 13.6

Dec’24 13.2 12.7 13.0 13.5 13.0 12.4 12.7 13.1

Jan’25 13.0 12.7 13.1 13.6 12.4 12.1 12.6 13.2

Feb’25 12.5 12.2 13.0 13.4 12.1 11.8 12.4 13.0

Mar’25 12.8 12.5 13.0 13.5 13.3 13.0 13.5 13.9
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 Potassium Concentration in Marine water varied between 247 to 371 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 276 259 290 310 270 252 283 302

Nov’24 298 281 310 327 290 276 302 316

Dec’24 298 281 310 327 290 275 301 327

Jan’25 270 256 283 298 283 269 295 312

Feb’25 286 278 304 316 298 291 317 330

Mar’25 307 298 326 338 325 314 349 360

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 281 260 289 309 286 267 295 315

Nov’24 281 263 291 304 288 271 300 315

Dec’24 276 260 287 305 262 247 271 290

Jan’25 298 286 310 330 280 271 296 309

Feb’25 282 276 300 311 289 283 310 317

Mar’25 318 302 332 349 336 321 355 371
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 Chloride concentration in Marine water varied between 20033 to 21227 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 20382 20127 20542 20735 20297 20033 20469 20659

Nov’24 20512 20270 20714 20933 20438 20198 20641 20867

Dec’24 20356 20143 20562 20794 20442 20227 20632 20870

Jan’25 20410 20162 20531 20789 20485 20248 20610 20863

Feb’25 20563 20297 20671 20962 20620 20368 20708 21054

Mar’25 20632 20389 20716 21073 20714 20463 20807 21178

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 20373 20117 20573 20769 20449 20199 20649 20851

Nov’24 20355 20122 20562 20798 20417 20180 20629 20869

Dec’24 20362 20158 20550 20787 20296 20074 20450 20708

Jan’25 20561 20315 20687 20932 20451 20203 20566 20826

Feb’25 20496 20258 20576 20936 20564 20316 20635 21004

Mar’25 20649 20389 20739 21106 20745 20482 20846 21227
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 Sulphate concentration in Marine water varied between 3167 to 3687 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 3519 3237 3208 3604 3495 3211 3184 3576

Nov’24 3583 3308 3229 3624 3564 3284 3202 3602

Dec’24 3559 3278 3204 3590 3576 3294 3227 3613

Jan’25 3543 3272 3196 3586 3567 3296 3220 3610

Feb’25 3575 3302 3240 3636 3603 3338 3281 3669

Mar’25 3596 3337 3283 3665 3610 3352 3296 3681

Month
3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 3531 3253 3232 3614 3557 3275 3200 3590

Nov’24 3542 3258 3177 3574 3565 3281 3198 3594

Dec’24 3550 3276 3203 3591 3521 3245 3167 3546

Jan’25 3583 3312 3238 3632 3547 3276 3197 3597

Feb’25 3555 3301 3244 3632 3572 3318 3260 3649

Mar’25 3578 3336 3273 3664 3593 3359 3310 3687
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 Zinc concentration in Marine water varied between 0.008 to 0.041 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 0.017 0.014 0.020 0.032 0.015 0.012 0.018 0.030

Nov’24 0.023 0.021 0.026 0.037 0.021 0.018 0.023 0.035

Dec’24 0.020 0.016 0.021 0.034 0.017 0.013 0.018 0.030

Jan’25 0.016 0.012 0.018 0.029 0.019 0.015 0.021 0.032

Feb’25 0.019 0.015 0.020 0.030 0.021 0.018 0.023 0.034

Mar’25 0.024 0.021 0.028 0.037 0.028 0.025 0.031 0.039

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 0.018 0.015 0.020 0.032 0.020 0.018 0.023 0.034

Nov’24 0.019 0.015 0.020 0.032 0.020 0.017 0.022 0.034

Dec’24 0.015 0.010 0.015 0.027 0.013 0.008 0.013 0.024

Jan’25 0.016 0.013 0.019 0.030 0.014 0.010 0.016 0.026

Feb’25 0.019 0.016 0.021 0.032 0.021 0.018 0.023 0.034

Mar’25 0.025 0.022 0.027 0.036 0.028 0.026 0.030 0.041
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 Phytoplankton in Marine water varied between 198 to 247 No./ml

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 244 241 232 206 246 243 233 207

Nov’24 242 239 228 202 243 240 229 203

Dec’24 244 242 229 204 243 240 228 203

Jan’25 245 243 231 205 244 241 230 204

Feb’25 243 240 228 203 241 238 227 201

Mar’25 242 239 227 201 240 237 226 200

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 245 242 231 206 243 240 229 204

Nov’24 244 242 230 205 243 241 229 204

Dec’24 245 243 230 204 247 245 232 206

Jan’25 243 240 229 203 244 241 230 204

Feb’25 244 241 229 203 243 240 228 202

Mar’25 241 239 225 201 239 238 223 198
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 DO in Marine water varied between 3.1 to 6.0 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 5.4 5.2 4.9 3.8 5.6 5.4 5.0 4.0

Nov’24 5.0 4.8 4.4 3.4 5.2 5.0 4.6 3.6

Dec’24 5.2 5.0 4.5 3.4 5.0 4.7 4.3 3.1

Jan’25 5.3 5.0 4.4 3.4 5.1 4.8 4.2 3.2

Feb’25 5.2 5.0 4.4 3.4 5.0 4.8 4.2 3.2

Mar’25 6.0 5.6 5.4 4.6 5.8 5.4 5.2 4.4

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 5.4 5.2 4.8 3.8 5.2 5.0 4.6 3.6

Nov’24 5.5 5.2 4.7 3.8 5.2 5.0 4.5 3.5

Dec’24 5.3 5.0 4.5 3.4 5.5 5.2 4.6 3.6

Jan’25 5.2 5.0 4.4 3.4 s 5.2 4.6 3.6

Feb’25 5.4 5.0 4.6 3.6 5.6 5.2 4.8 4.0

Mar’25 5.6 5.2 5.0 4.2 5.4 5.0 4.8 4.0
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 Nitrates in Marine water varied between 3.3 to 10.6 mg/l

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 3.8 3.5 4.1 4.9 3.5 3.3 3.8 4.5

Nov’24 5.0 4.8 5.3 5.7 4.7 4.5 5.0 5.4

Dec’24 4.9 4.6 5.0 5.8 5.3 4.9 5.4 6.3

Jan’25 6.6 6.0 6.8 7.2 7.2 6.7 7.5 8.0

Feb’25 8.1 7.5 7.8 9.0 8.8 8.2 8.6 9.6

Mar’25 9.0 8.4 9.5 10.0 9.6 9.1 10.3 10.6

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 3.8 3.6 4.0 4.7 4.3 4.2 4.8 5.2

Nov’24 4.3 4.0 4.6 5.0 4.8 4.6 5.1 5.7

Dec’24 5.0 4.6 5.1 5.9 5.8 5.2 6.0 6.4

Jan’25 8.0 7.9 8.2 9.3 7.3 6.8 7.0 8.2

Feb’25 8.1 7.4 7.9 8.4 8.5 7.8 8.7 8.9

Mar’25 8.2 8.4 9.5 10.0 8.6 9.0 10.1 10.5
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 Zoo plankton in Marine water varied between 9.6 to 12.8 ml/100m3

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 11.3 11.6 12.1 10.0 11.5 11.7 12.3 10.0

Nov’24 11.0 11.2 11.9 9.6 11.1 11.4 12.0 9.7

Dec’24 11.2 11.5 12.1 9.8 11.0 11.3 12.0 9.6

Jan’25 11.3 11.5 12.1 9.9 11.1 11.4 12.0 9.8

Feb’25 11.3 11.9 12.6 10.4 11.1 11.7 12.5 10.3

Mar’25 11.1 11.4 12.2 10.2 10.9 11.2 12.0 10.1

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 11.4 11.6 12.1 9.8 11.2 11.3 12.0 9.7

Nov’24 11.3 11.5 12.2 9.8 11.1 11.4 12.0 9.7

Dec’24 11.2 11.5 12.1 9.8 11.4 11.6 12.3 10.0

Jan’25 10.9 11.3 11.9 9.7 11.5 12.0 12.8 10.5

Feb’25 11.4 11.8 12.7 10.5 11.2 11.5 12.4 10.3

Mar’25 11.0 11.4 12.2 10.2 10.9 11.2 12.0 10.1
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 Primary Productivity in Marine water varied between 25 to 56 mg m-2d-1

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 52 39 45 33 54 40 46 34

Nov’24 51 37 43 30 52 38 44 31

Dec’24 53 40 45 32 52 39 44 31

Jan’25 55 42 46 32 54 41 45 31

Feb’25 54 40 43 30 52 39 42 29

Mar’25 51 38 41 28 49 36 40 26

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 53 39 45 33 52 38 44 31

Nov’24 54 40 46 33 53 39 45 31

Dec’24 54 41 46 33 56 43 47 34

Jan’25 53 40 44 29 55 41 45 31

Feb’25 54 41 44 31 53 40 43 30

Mar’25 50 37 41 27 48 35 39 25
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 Chlorophyll in Marine water varied between 1.2 to 1.55 mg/m3

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 1.51 1.44 1.39 1.29 1.53 1.46 1.41 1.31

Nov’24 1.49 1.41 1.36 1.27 1.50 1.43 1.38 1.28

Dec’24 1.52 1.44 1.39 1.27 1.50 1.41 1.37 1.25

Jan’25 1.54 1.45 1.40 1.26 1.53 1.44 1.39 1.25

Feb’25 1.50 1.43 1.38 1.25 1.48 1.41 1.36 1.24

Mar’25 1.48 1.40 1.35 1.22 1.46 1.39 1.34 1.21

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 1.51 1.45 1.40 1.30 1.50 1.43 1.38 1.28

Nov’24 1.52 1.45 1.40 1.29 1.51 1.44 1.39 1.27

Dec’24 1.53 1.44 1.40 1.27 1.55 1.46 1.42 1.28

Jan’25 1.51 1.42 1.38 1.24 1.52 1.44 1.40 1.26

Feb’25 1.51 1.43 1.39 1.26 1.50 1.42 1.38 1.24

Mar’25 1.47 1.40 1.35 1.22 1.45 1.37 1.33 1.20
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Summary of Marine water quality results for six months of period Oct 24 – March 25

 pH - values are in the range 7.57 to 8.44

 BOD -values are in the range 2.0 to 3.9 mg/l

 COD - values are in the range 11.8 to 14.0 mg/l

 Potassium - values are in the range 247 to 371 mg/l

 Chloride - values are in the range 20033 to 21227 mg/l

 Sulphates - values are in the range to 3167 to 3687 mg/l

 Zinc - values are in the range 0.008 to 0.041 mg/l

 Phytoplankton - values are in the range 198 to 247 No./ml

 DO - values are in the range 3.1 to 6.0 mg/l

 Nitrates - values are in the range 3.3 to 10.6 mg/l

 Zoo plankton - values are in the range 9.6 to 12.8 ml/100m3

 Primary productivity - values are in the range 25 to 56 mgC m-2d-1

 Chlorophyll - values are in the range 1.20 to 1.55 mg/m3
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4.5 Marine Water Turbidity

Marine water turbidity is carried out on one day every week at each of the four locations of
Marine Water quality sampling (MT1, MT2 ,MT3 and MT4). Turbidity levels are monitored
during Low Tide, Medium Tide and High Tide.

MARINE TURBIDITYMONITORING LOCATIONS

Sampling Code Name of the Location
MT1 Coal Berth
MT2 Turning circle
MT3 Approach channel
MT4 Reclamation Area (Mutable)

4.5.1 Marine Deep Sea Turbidity

Marine water turbidity is carried out in the deep water i.e., at the dredged material disposal area
on one day every month at three locations.

4.5.2 Sampling Locations

Turbidity levels are monitored during Low Tide, Medium Tide and High Tide. Monitoring
locations listed below and Figure–5.

MARINE DEEP SEA TURBIDITYMONITORING LOCATIONS

Location Code Geographical Co-ordinates
DS1 14019’26”N ; 80015’43”E
DS2 14016’52”N ; 80017’40”E
DS3 14016’11”N ; 80017’40”E
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FIGURE-5
KRISHNAPATNAM PORT DEEP SEA MONITORING LOCATIONS

15381651



KRISHNAPATNAM PORT COMPANY LIMITED – HALF YEARLY REPORT Oct’24 – March’25

SV ENVIRO LABS & CONSULTANTS,

Status of Turbidity in Marine Water

Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

5.2 5.7 5.3 6.0

Jan’25

Low
Tide

4.3 4.5 5 4.7

Medium
Tide

4.7 5.0 4.7 5.6 Medium
Tide

3.9 4.2 4.6 4.3

High
Tide

7.8 8.1 7.6 8.1 High
Tide

6.8 7.2 7.8 7.5

Nov’24

Low
Tide

4.8 4.6 4.3 4.7

Feb’25

Low
Tide

4.9 5.2 4.6 4.8

Medium
Tide

4.5 4.3 4.1 4.4 Medium
Tide

4.6 4.8 4.2 4.4

High
Tide

7.4 7.2 6.9 7.1 High
Tide

7.8 8.1 7.3 7.5

Dec’24

Low
Tide

4.5 4.8 4.2 4

Mar’25

Low
Tide

5.2 5.7 5.3 6

Medium
Tide

4.2 4.5 4 3.7 Medium
Tide

4.7 5 4.7 5.6

High
Tide

7.2 7.5 6.9 6.6 High
Tide

7.8 8.1 7.6 8.1
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

5.4 5.9 5.2 5.7

Jan’25

Low
Tide

4.8 5.0 5.5 5.2

Medium
Tide

5.0 5.4 5.0 5.3 Medium
Tide

4.4 4.7 5.1 4.9

High
Tide

6.9 7.4 7.0 8.1 High
Tide

5.6 6.0 6.5 6.1

Nov’24

Low
Tide

5.4 5.2 5.0 5.5

Feb’25

Low
Tide

5.5 5.8 5.2 5.0

Medium
Tide

4.9 4.6 4.4 4.8 Medium
Tide

5.2 5.5 4.9 4.7

High
Tide

6.8 6.5 6.2 6.5 High
Tide

6.4 6.9 6.2 6.4

Dec’24

Low
Tide

5.0 5.3 4.8 4.5

Mar’25

Low
Tide

5.4 5.9 5.2 5.7

Medium
Tide

4.5 4.9 4.4 4.0 Medium
Tide

5.0 5.4 5.0 5.3

High
Tide

6.1 6.3 5.8 5.3 High
Tide

6.9 7.4 7.0 7.6

15401653
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

6.7 7.2 6.7 7.8

Jan’25

Low
Tide

5.7 6.0 6.4 6.1

Medium
Tide

6.3 6.8 6.3 7.2 Medium
Tide

5.3 5.6 6.0 5.5

High
Tide

8.3 8.8 8.3 8.8 High
Tide

7.0 7.7 8.3 7.8

Nov’24

Low
Tide

6.5 6.3 6.1 6.6

Feb’25

Low
Tide

6.4 6.6 6.1 6.3

Medium
Tide

5.4 5.2 5.0 5.7 Medium
Tide

5.8 6.1 5.7 6.0

High
Tide

7.5 7.3 7.0 7.4 High
Tide

8.2 8.7 7.7 7.9

Dec’24

Low
Tide

6.4 6.7 5.9 5.4

Mar’25

Low
Tide

6.7 7.2 6.7 7.8

Medium
Tide

5.6 6.0 5.5 4.9 Medium
Tide

6.3 6.8 6.3 7.2

High
Tide

7.2 7.7 7.2 6.8 High
Tide

8.3 8.8 8.3 8.8
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

16.3 17.1 16.6 17.2

Jan’25

Low
Tide

14.0 14.7 15.5 15.0

Medium
Tide

16.0 16.8 16.0 16.8 Medium
Tide

13.4 14.1 14.8 14.2

High
Tide

18.0 19.4 18.7 19.2 High
Tide

15.8 16.4 17.1 16.4

Nov’24

Low
Tide

15.0 14.7 14.0 15.1

Feb’25

Low
Tide

15.8 16.4 15.3 15.9

Medium
Tide

14.8 14.3 13.7 14.5 Medium
Tide

15.0 15.7 14.8 15.3

High
Tide

17.0 16.6 15.8 16.6 High
Tide

17.1 17.8 16.5 17.2

Dec’24

Low
Tide

15.1 15.7 14.3 13.8

Mar’25

Low
Tide

16.3 17.1 16.6 17.2

Medium
Tide

14.3 14.9 13.6 12.8 Medium
Tide

16.0 16.8 16.0 16.8

High
Tide

16.9 17.2 16.1 15.3 High
Tide

18.0 19.4 18.7 19.2

Summary of Turbidity: Coal berth varied between 4.9 to 8.8 NTU: Turning circle varied between 4.0 to 8.1 NTU and

Approach channel varied between 3.7 to 8.1 NTU: Reclamation Area varied between 12.8 to 19.4 NTU
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Status of Total Dissolved Solids in Marine Water

Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

32520 32676 32545 32691

Jan’25

Low
Tide

32126 32258 32396 32178

Medium
Tide

32316 32448 32336 32485 Medium
Tide

31898 32042 32178 31968

High
Tide

32780 32898 32778 32935 High
Tide

32362 32498 32642 32425

Nov’24

Low
Tide

32341 32205 32058 32196

Feb’25

Low
Tide

32396 32516 32258 32159

Medium
Tide

32120 31996 31846 31985 Medium
Tide

32170 32297 32043 32369

High
Tide

32578 32449 32297 32428 High
Tide

32634 32758 32493 32610

Dec’24

Low
Tide

32112 32032 31883 31725

Mar’25

Low
Tide

32520 32676 32545 32691

Medium
Tide

31893 32236 32081 31930 Medium
Tide

32316 32448 32336 32485

High
Tide

32349 32476 32326 32175 High
Tide

32780 32898 32778 32935
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

32378 32518 32396 32589

Jan’25

Low
Tide

31945 32095 32235 32013

Medium
Tide

32175 32310 32185 32379 Medium
Tide

31721 31878 32020 31796

High
Tide

32615 32752 32626 32828 High
Tide

32184 32337 32475 32252

Nov’24

Low
Tide

32164 32029 31867 31988

Feb’25

Low
Tide

32224 32372 32145 32028

Medium
Tide

31948 31817 31662 31782 Medium
Tide

31998 32156 31928 32238

High
Tide

32396 32268 32114 32235 High
Tide

32459 32610 32375 32478

Dec’24

Low
Tide

31940 31872 31726 31564

Mar’25

Low
Tide

32378 32518 32396 32589

Medium
Tide

31725 32078 31945 31778 Medium
Tide

32175 32310 32186 32379

High
Tide

32180 32319 32181 32012 High
Tide

32615 32752 32626 32828

15441657
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

32263 32425 32284 32618

Jan’25

Low
Tide

31856 32012 32165 31924

Medium
Tide

32058 32216 32074 32400 Medium
Tide

31652 31797 31947 31708

High
Tide

32512 32671 32519 32850 High
Tide

32110 32261 32394 32167

Nov’24

Low
Tide

32118 31978 31829 31956

Feb’25

Low
Tide

32164 32268 32019 31908

Medium
Tide

31909 31768 31612 31745 Medium
Tide

31928 32062 31797 32119

High
Tide

32353 32217 32068 32196 High
Tide

32387 32516 32247 32358

Dec’24

Low
Tide

31891 31806 31684 31488

Mar’25

Low
Tide

32263 32425 32284 32618

Medium
Tide

31690 32021 31889 31695 Medium
Tide

32058 32216 32074 32400

High
Tide

32138 32268 32124 31936 High
Tide

32512 32671 32519 32850

15451658
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

33855 34032 33910 34097

Jan’25

Low
Tide

33392 33536 33687 33460

Medium
Tide

33651 33819 33695 33886 Medium
Tide

33178 33315 33475 33240

High
Tide

34098 34270 34145 34336 High
Tide

33638 33785 33928 33696

Nov’24

Low
Tide

33697 33561 33412 33487

Feb’25

Low
Tide

33695 33881 33617 33513

Medium
Tide

33489 33356 33205 33285 Medium
Tide

33478 33668 33398 33725

High
Tide

33934 33806 33645 33742 High
Tide

33945 34112 33848 33963

Dec’24

Low
Tide

33420 33356 33192 33006

Mar’25

Low
Tide

33855 34032 33910 34097

Medium
Tide

33205 33568 33398 33214 Medium
Tide

33651 33819 33695 33886

High
Tide

33662 33799 33642 33446 High
Tide

34098 34270 34145 34336

Summary of TDS of Marinne water quality results

 TDS - Values are in the range of 31725 to 32935 mg/l at Port Entrance (Approach Channel).

- Values are in the range of 31564 to 32828 mg/l at Turning Circle

- Values are in the range of 31488 to 32850 mg/l at Coal Berth

- Values are in range of 33006 to 34336 at Reclamation Area
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Status of Total Suspended Solids in Marine Water

Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

12.4 12.8 12.3 13.0

Jan’25

Low
Tide

11.5 11.8 12.2 11.8

Medium
Tide

12.3 12.8 12.3 12.7 Medium
Tide

10.7 11.1 11.7 11.4

High
Tide

15.0 15.6 14.2 14.8 High
Tide

12.7 13.3 13.9 13.4

Nov’24

Low
Tide

12.0 11.7 11.2 11.6

Feb’25

Low
Tide

12.3 12.6 11.9 12.1

Medium
Tide

11.6 11.3 10.9 11.3 Medium
Tide

11.9 12.2 11.4 11.7

High
Tide

14.1 13.8 13.4 13.9 High
Tide

14.1 14.6 13.8 14.2

Dec’24

Low
Tide

11.6 12.0 11.7 11.2

Mar’25

Low
Tide

12.4 12.8 12.3 13.0

Medium
Tide

11.0 11.3 11.0 10.4 Medium
Tide

12.3 12.8 12.3 12.7

High
Tide

13.8 14.2 12.9 12.2 High
Tide

15.0 15.6 14.2 14.8

15471660



KRISHNAPATNAM PORT COMPANY LIMITED – HALF YEARLY REPORT Oct’24 – March’25

SV ENVIRO LABS & CONSULTANTS,

Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

13.6 14.1 13.7 14.5

Jan’25

Low
Tide

11.9 12.4 12.9 12.5

Medium
Tide

13.0 13.6 13.0 12.6 Medium
Tide

11.6 12.0 12.6 12.2

High
Tide

15.8 16.4 15.9 16.3 High
Tide

13.1 13.7 14.3 13.7

Nov’24

Low
Tide

13.1 12.8 12.3 12.8

Feb’25

Low
Tide

13.0 13.5 12.8 13.0

Medium
Tide

12.5 12.1 11.7 12.1 Medium
Tide

12.8 13.4 12.3 12.6

High
Tide

13.2 12.9 12.5 13.8 High
Tide

14.6 15.2 14.6 15.0

Dec’24

Low
Tide

12.0 12.6 12.2 11.6

Mar’25

Low
Tide

13.6 14.1 13.7 14.5

Medium
Tide

12.1 12.5 11.9 11.2 Medium
Tide

13.0 13.6 13.0 12.6

High
Tide

14.0 14.5 13.2 12.6 High
Tide

15.8 16.4 15.9 16.3

15481661
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

14.0 14.6 14.0 15.1

Jan’25

Low
Tide

12.3 13.0 13.5 13.2

Medium
Tide

14.1 14.7 13.9 14.6 Medium
Tide

11.0 11.6 12.1 11.6

High
Tide

16.2 16.9 16.2 17.2 High
Tide

13.5 14.1 14.8 14.2

Nov’24

Low
Tide

12.4 12.1 11.8 12.4

Feb’25

Low
Tide

13.7 14.1 13.3 13.5

Medium
Tide

11.6 11.3 11.1 11.6 Medium
Tide

12.1 12.6 12.8 13.2

High
Tide

13.7 13.5 13.0 13.5 High
Tide

15.0 15.8 14.9 15.4

Dec’24

Low
Tide

12.3 13.1 12.6 12.0

Mar’25

Low
Tide

14.0 14.6 14.0 15.1

Medium
Tide

11.3 11.8 11.3 10.6 Medium
Tide

14.1 14.7 13.9 14.6

High
Tide

13.5 14.1 13.5 12.8 High
Tide

16.2 16.9 16.2 17.2

15491662
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Month
Ist

Week
2nd
Week

3rd
Week

4th
Week Month

Ist
Week

2nd
Week

3rd
Week

4th
Week

Oct’24

Low
Tide

17.8 18.2 17.5 18.3

Jan’25

Low
Tide

14.8 15.6 16.2 15.6

Medium
Tide

17.5 18.3 17.6 18.0 Medium
Tide

13.7 14.3 15.0 14.3

High
Tide

19.7 20.6 19.8 21.3 High
Tide

17.6 18.2 19.0 18.1

Nov’24

Low
Tide

16.2 15.4 14.9 16.0

Feb’25

Low
Tide

16.2 17.0 16.2 17.1

Medium
Tide

15.9 15.4 14.2 14.9 Medium
Tide

14.8 15.9 15.6 16.4

High
Tide

18.6 18.3 17.7 18.4 High
Tide

18.7 19.4 18.2 18.9

Dec’24

Low
Tide

15.4 16.0 15.4 14.3

Mar’25

Low
Tide

17.8 18.2 17.5 18.3

Medium
Tide

14.2 15.1 14.2 13.1 Medium
Tide

17.5 18.3 17.6 18.0

High
Tide

18.1 18.6 17.9 17.0 High
Tide

19.7 20.6 19.8 21.3

15501663
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Status of Deep Sea Water Quality

Month DSI DS2 DS3 Month DSI DS2 DS3

Oct’24

Low
Tide

5.2 4.9 6.0

Jan’25

Low
Tide

5.0 4.5 5.6

Medium
Tide

4.8 4.4 5.2 Medium
Tide

4.5 4.1 5.0

High
Tide

6.8 6.5 7.2 High
Tide

6.5 6.1 7.2

Nov’24

Low
Tide

5.0 4.6 5.7

Feb’25

Low
Tide

4.5 4.1 5.2

Medium
Tide

4.6 4.1 5.0 Medium
Tide

4.2 3.8 4.7

High
Tide

6.5 6.2 6.9 High
Tide

6.1 5.6 6.7

Dec’24

Low
Tide

4.7 4.2 5.3

Mar’25

Low
Tide

4.9 4.5 5.6

Medium
Tide

4.2 3.8 4.6 Medium
Tide

4.6 4.0 5.1

High
Tide

6.1 5.7 6.5 High
Tide

7.0 6.0 7.6

15511664
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Month DSI DS2 DS3 Month DSI DS2 DS3

Oct’24

Low
Tide

6.9 7.5 8.8

Jan’25

Low
Tide

6.5 7.0 8.3

Medium
Tide

5.7 6.9 7.5 Medium
Tide

5.5 6.4 6.8

High
Tide

8.5 9.6 11.0 High
Tide

8.0 8.8 10.2

Nov’24

Low
Tide

6.6 7.1 8.5

Feb’25

Low
Tide

6.2 6.7 7.4

Medium
Tide

5.4 6.5 7.1 Medium
Tide

5.1 5.9 6.2

High
Tide

8.1 9.0 10.5 High
Tide

7.3 8.1 9.4

Dec’24

Low
Tide

6.2 6.7 7.9

Mar’25

Low
Tide

6.6 7.2 8.0

Medium
Tide

5.0 5.9 6.3 Medium
Tide

5.6 6.3 6.8

High
Tide

7.6 8.3 9.7 High
Tide

7.9 8.6 10.1

15521665
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Month DSI DS2 DS3 Month DSI DS2 DS3

Oct’24

Low
Tide

34970 35491 36182

Jan’25

Low
Tide

34635 35130 35879

Medium
Tide

34737 35349 35961 Medium
Tide

34410 34852 35604

High
Tide

35349 35664 37037 High
Tide

35027 35410 36746

Nov’24

Low
Tide

34707 35209 35941

Feb’25

Low
Tide

34717 35246 35965

Medium
Tide

34468 35039 35664 Medium
Tide

34530 34936 35714

High
Tide

35073 35410 36751 High
Tide

35141 35498 36852

Dec’24

Low
Tide

34449 34920 35631

Mar’25

Low
Tide

34935 35476 36184

Medium
Tide

34214 34637 35346 Medium
Tide

34710 35108 35924

High
Tide

34787 35147 36490 High
Tide

35337 35716 37094

15531666
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4.6 Marine Sediment Quality

4.6.1 Sampling Locations

The Marine sediment sampling is carried out once in every week at four locations in the port

listed below.

MARINE SEDIMENTMONITORING LOCATIONS

SI.No Location

1 Port Entrance

2 Turning Circle

3 Coal Berth

4 Reclamations Area

4.6.2 Method of Sampling

Marine sediment samples are collected using Van Veen Grab Sampler for analyzing Physical,

Chemical and Biological parameters and presence of Heavy metals.

15541667
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Status of Marine Sediments Quality

pH in Marine sediment varied between 7.58 to 8.45

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 7.58 7.63 7.96 8.08 7.69 7.82 8.10 8.27

Nov’24 7.69 7.76 8.04 8.13 7.82 7.94 8.16 8.28

Dec’24 7.81 7.90 8.09 8.26 7.63 7.81 7.98 8.15

Jan’25 7.69 7.85 8.12 8.24 7.82 7.96 8.25 8.36

Feb’25 7.85 7.96 8.25 8.39 7.73 7.69 8.05 8.22

Mar’25 7.62 7.73 7.96 8.14 7.78 7.91 8.11 8.36

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 7.85 7.93 8.24 8.36 7.73 7.81 8.13 8.27

Nov’24 7.90 8.07 8.25 8.39 7.85 7.91 8.10 8.22

Dec’24 7.78 7.89 8.06 8.28 7.86 7.97 8.24 8.38

Jan’25 7.95 8.04 8.34 8.45 7.78 7.89 8.16 8.28

Feb’25 7.61 7.58 7.89 8.10 7.76 7.85 8.11 8.29

Mar’25 7.83 7.98 8.25 8.43 7.75 7.83 8.04 8.32

15551668
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Organic Matter in Marine sediment varied between 1.29 to 1.50 %

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 1.37 1.42 1.40 1.47 1.35 1.39 1.37 1.45

Nov’24 1.33 1.37 1.33 1.42 1.31 1.35 1.30 1.40

Dec’24 1.32 1.35 1.30 1.40 1.35 1.38 1.33 1.43

Jan’25 1.32 1.34 1.31 1.40 1.33 1.35 1.32 1.41

Feb’25 1.33 1.37 1.32 1.43 1.35 1.39 1.33 1.45

Mar’25 1.34 1.39 1.33 1.46 1.36 1.41 1.35 1.48

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 1.33 1.36 1.35 1.42 1.34 1.39 1.36 1.45

Nov’24 1.30 1.33 1.29 1.38 1.32 1.35 1.31 1.40

Dec’24 1.33 1.36 1.32 1.41 1.31 1.33 1.30 1.39

Jan’25 1.35 1.37 1.33 1.43 1.32 1.35 1.30 1.42

Feb’25 1.32 1.36 1.30 1.42 1.33 1.38 1.31 1.44

Mar’25 1.33 1.39 1.32 1.46 1.36 1.42 1.36 1.50

15561669
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Nitrogen In Marine sediment varied between 375 to 426 mg/kg

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 402 391 387 414 399 389 385 411

Nov’24 396 382 381 410 395 380 379 408

Dec’24 395 381 378 405 397 384 381 408

Jan’25 395 382 378 404 397 385 381 407

Feb’25 401 388 385 411 404 393 389 416

Mar’25 406 395 390 418 415 403 398 426

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 395 382 380 408 398 385 384 412

Nov’24 394 378 377 405 396 380 379 406

Dec’24 395 382 378 405 393 380 375 402

Jan’25 399 387 384 410 396 383 381 406

Feb’25 397 389 382 410 401 393 385 414

Mar’25 409 396 390 418 411 401 396 425

15571670
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Phosphorous in Marine sediment varied between 184 to 265 mg/kg

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 230 246 257 194 227 243 254 191

Nov’24 225 240 251 187 223 238 250 185

Dec’24 224 238 251 186 226 241 253 189

Jan’25 224 240 250 186 226 243 252 188

Feb’25 229 245 258 191 233 249 262 195

Mar’25 236 252 261 195 239 255 264 198

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 224 240 250 187 227 242 253 189

Nov’24 221 237 249 184 224 239 251 186

Dec’24 224 240 250 186 222 238 248 184

Jan’25 228 245 255 190 225 242 253 187

Feb’25 230 246 256 190 233 249 258 193

Mar’25 235 252 260 194 239 257 265 198

15581671
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Sodium in Marine sediment varied between 16860 to 17645 mg/kg

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 16895 17256 17392 17584 16891 17250 17388 17580

Nov’24 16880 17238 17377 17575 16872 17230 17369 17563

Dec’24 16869 17223 17361 17560 16875 17231 17368 17571

Jan’25 16864 17218 17374 17555 16872 17221 17377 17558

Feb’25 16896 17245 17400 17582 16920 17272 17426 17610

Mar’25 16932 17297 17438 17627 16945 17306 17450 17640

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 16887 17246 17385 17577 16891 17249 17389 17581

Nov’24 16867 17225 17361 17556 16873 17232 17367 17562

Dec’24 16868 17224 17379 17560 16860 17214 17370 17551

Jan’25 16877 17226 17381 17562 16874 17221 17376 17558

Feb’25 16902 17258 17412 17598 16925 17290 17430 17615

Mar’25 16940 17301 17443 17633 16951 17312 17457 17645

15591672
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Potassium in Marine sediment varied between 268 to 389 mg/kg

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 349 351 365 277 346 349 362 274

Nov’24 343 347 360 272 341 345 358 270

Dec’24 340 345 358 370 342 348 361 372

Jan’25 339 345 358 369 341 347 360 372

Feb’25 344 351 363 377 349 357 370 384

Mar’25 348 356 369 384 353 360 372 388

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 343 346 359 271 345 349 362 274

Nov’24 339 344 356 268 340 346 359 370

Dec’24 340 345 359 370 337 343 356 367

Jan’25 343 350 362 375 340 347 359 372

Feb’25 342 351 363 378 346 354 367 381

Mar’25 349 356 369 385 353 359 373 389
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Copper in Marine Sediment varied between 0.33 to 0.49 mg/kg

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 < 0.01 < 0.01 < 0.01 0.41 < 0.01 < 0.01 < 0.01 0.39

Nov’24 < 0.01 < 0.01 < 0.01 0.36 < 0.01 < 0.01 < 0.01 0.35

Dec’24 < 0.01 < 0.01 < 0.01 0.35 < 0.01 < 0.01 < 0.01 0.38

Jan’25 < 0.01 < 0.01 < 0.01 0.37 < 0.01 < 0.01 < 0.01 0.39

Feb’25 < 0.01 < 0.01 < 0.01 0.42 < 0.01 < 0.01 < 0.01 0.45

Mar’25 < 0.01 < 0.01 < 0.01 0.46 < 0.01 < 0.01 < 0.01 0.49

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 < 0.01 < 0.01 < 0.01 0.36 < 0.01 < 0.01 < 0.01 0.39

Nov’24 < 0.01 < 0.01 < 0.01 0.33 < 0.01 < 0.01 < 0.01 0.35

Dec’24 < 0.01 < 0.01 < 0.01 0.36 < 0.01 < 0.01 < 0.01 0.35

Jan’25 < 0.01 < 0.01 < 0.01 0.42 < 0.01 < 0.01 < 0.01 0.4

Feb’25 < 0.01 < 0.01 < 0.01 0.42 < 0.01 < 0.01 < 0.01 0.44

Mar’25 < 0.01 < 0.01 < 0.01 0.46 < 0.01 < 0.01 < 0.01 0.48
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Zinc in Marine sediment varied between 0.056 to 0.88 mg/kg

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 0.065 0.084 0.081 0.79 0.061 0.080 0.078 0.76

Nov’24 0.060 0.078 0.076 0.75 0.058 0.075 0.073 0.73

Dec’24 0.060 0.076 0.073 0.72 0.063 0.078 0.074 0.75

Jan’25 0.061 0.075 0.072 0.74 0.063 0.077 0.075 0.76

Feb’25 0.065 0.078 0.076 0.78 0.068 0.080 0.079 0.81

Mar’25 0.068 0.082 0.080 0.85 0.070 0.085 0.083 0.88

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 0.058 0.078 0.076 0.74 0.061 0.081 0.079 0.77

Nov’24 0.056 0.073 0.072 0.71 0.058 0.075 0.074 0.72

Dec’24 0.061 0.075 0.072 0.74 0.059 0.073 0.070 0.72

Jan’25 0.065 0.079 0.078 0.79 0.063 0.076 0.075 0.76

Feb’25 0.066 0.078 0.076 0.79 0.067 0.080 0.078 0.83

Mar’25 0.067 0.082 0.080 0.86 0.069 0.085 0.083 0.88
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Macro Benthos in Marine Sediment varied between 1137 to 1168 nos/m2

Month

Ist Week 2nd Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 1158 1163 1150 1139 1159 1165 1152 1142

Nov’24 1160 1165 1151 1143 1161 1167 1152 1144

Dec’24 1160 1165 1153 1144 1159 1163 1151 1142

Jan’25 1161 1165 1156 1144 1160 1164 1155 1142

Feb’25 1160 1163 1154 1142 1158 1162 1152 1140

Mar’25 1156 1161 1150 1139 1155 1160 1148 1137

Month

3rd Week 4th Week

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Port
Entrance

Turning
Circle

Coal
Berth

Reclamation
Area

Oct’24 1161 1167 1153 1144 1159 1164 1150 1142

Nov’24 1162 1168 1153 1145 1161 1166 1152 1143

Dec’24 1160 1164 1153 1143 1162 1166 1157 1145

Jan’25 1159 1163 1154 1141 1161 1165 1156 1143

Feb’25 1159 1163 1154 1141 1158 1162 1152 1140

Mar’25 1158 1163 1150 1139 1157 1162 1148 1138
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Summary of marine sediments quality results for Six months of Oct’24 – March’25

 Organic matter - value are in the range 1.29 to 1.50 %
 Nitrogen -value are in the range 375 to 426 mg/kg
 Phosphorous - value are in the range 184 to 265 mg/kg
 Sodium - value are in the range 16860 to 17645 mg/kg
 Potassium - value are in the range 268 to 389 mg/kg
 Copper - value are in the range 0.33 to 0.49 mg/kg
 Zinc -value are in the range 0.056 to 0.88 mg/kg
 Macro Benthos - value are in the range 1137 to 1168 nos/m2

15641677



KRISHNAPATNAM PORT COMPANY LIMITED – HALF YEARLY REPORT Oct’24 – March’25

SV ENVIRO LABS & CONSULTANTS,

TEST REPORT OF GROUNDWATER SAMPLES

DATE OF COLLECTION : 19-03-2025

S.
No.

Parameter Unit
Port Site
(Bore
Well)

Krishnapatnam
Village

South
Side of
the Port

Gopalpuram
Village

IS: 10500-2012
Specification

1. pH -- 7.51 7.44 7.29 7.33 6.5 – 8.5

2 Electrical Conductivity µmhos 1201 1068 1378 1244 -

3 TDS mg/l 803 629 849 736 500

4 Total Alkalinity as CaCO3 mg/l 255 229 341 245 200

5 Chlorides as Cl- mg/l 351 268 322 209 250

6 Sodium mg/l 138 102 143 91.4 -

7 Potassium mg/l 44.7 26.9 28.1 12.5 -

8 Fluorides as F- mg/l 0.51 0.47 0.60 0.45 1.0

9 Nitrates as NO-
3 mg/l 4.93 5.44 4.03 4.66 45

10 Cyanide as CN mg/l < 0.01 < 0.01 < 0.01 < 0.01 0.05

11 Total Hardness as CaCO3 mg/l 129 109 142 113 200

12 Salinity ppt 0.058 0.03 0.06 0.02 -

13 Sulphates as SO-2
4 mg/l 97.6 68.3 71.2 80.1 200

14 COD mg/l < 10.0 < 10.0 < 10.0 < 10.0 -

15 Mercury as Hg mg/l < 0.001 < 0.001 < 0.001 < 0.001 0.001

16 Cadmium as Cd mg/l < 0.001 < 0.001 < 0.001 < 0.001 0.003

17 Arsenic as As mg/l < 0.01 < 0.01 < 0.01 < 0.01 0.01

18 Selenium mg/l < 0.05 < 0.05 < 0.05 < 0.05 -

19 Iron as Fe mg/l 0.07 0.03 0.08 0.11 0.3

20 Lead as Pb mg/l < 0.01 < 0.01 < 0.01 < 0.01 0.01

21 Zinc as Zn mg/l 0.12 0.06 0.04 0.07 5.0

22 Chromium as Cr6+ mg/l < 0.01 < 0.01 < 0.01 < 0.01 0.05

23 Total Coliforms CFU/ml
Not

Detected
Not Detected

Not
Detected

Not
Detected

Shall not be

detected in 100ml

24 Fecal Coliforms CFU/ml Not
Detected

Not Detected
Not

Detected
Not

Detected

Shall not be

detected in 100ml

Note: . All the above parameters have been tested as per APHA 24th Edition, 2023.
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4.8 SOIL QUALITY

For studying soil profile of the region, sampling locations are selected to assess the existing soil

characteristics in and around the port area representing various land use conditions.

4.8.1 Sampling Locations

A total two number of samples collected from the sampling sites. The details of the soil

sampling locations are given below.

The soil samples are collected and analyzed once in six months.

SOIL QUALITY MONITORING LOCATIONS

Location Code Name of the Location

S1 Storage area towards west Buckingham Canal

S2 Storage Area at Port
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TEST REPORT OF SOIL SAMPLES

DATE OF COLLECTION : 19-03-2025

S. NO. PARAMETER UNIT S1 S2

1. pH(1:5) -- 7.28 7.19

2. EC(1:5) µmhos 537 601

3. Texture

a. Sand % 51.8 47.6

b. Silt % 23.2 20.1

c. Clay % 25.0 32.3

4 Available Nitrogen kg/ha 202 217

5 Available Phosphorus kg/ha 10 13

6 Available Potassium kg/ha 443 469

7 Exchangeable Sodium mg/kg 171 183

8 Exchangeable Calcium mg/kg 109 134

9 Exchangeable Magnesium mg/kg 25 37

10 SAR (SAR) - 2.16 1.59

11 Water Soluble Chlorides mg/kg 146 175

12 Organic Carbon % 0.27 0.38

13 Lead mg/kg 6.1 5.1

14 Cadmium mg/kg 0.14 0.07

15 Copper mg/kg 7.4 7.5

16 Zinc mg/kg 6.9 7.8
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4.9 STP INLET AND OUTLET ANALYSIS

Frequency: STP Inlet and Outlet samples are collected monthly once.

TEST REPORT OF STP INLET – 500KLD

S.No Parameter Unit Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 Mar’25

1 pH - 7.36 7.13 7.36 7.35 7.23 7.42

2
Total
Suspended
Solids

mg/l 120 132 120 106 98.0 112

3
BOD 3day
27oC

mg/l 108 116 110 98.0 90.0 101

4
Oil &
Grease

mg/l 4.0 5.0 4.0 3.0 3.0 4.0

5
Fecal
coliform

MPN/l00ml 15X103 17X103 15X103 12X103 10X103 13X103

TEST REPORT OF STP OUTLET – 500KLD

S.No Parameter Unit Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 Mar’25

1 pH - 7.51 7.34 7.48 7.59 7.41 7.63

2
Total
Suspended
Solids

mg/l 43.0 49.0 42.0 36.0 31.0 38.0

3
BOD 3day
27oC

mg/l 24.0 27.0 24.0 21.0 18.0 23.0

4
Oil &
Grease

mg/l <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

5
Fecal
coliform

MPN/l00ml 240 270 240 210 180 230
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TEST REPORT OF STP INLET – 40KLD

S.No Parameter Unit Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 Mar’25

1 pH - 7.58 7.67 7.51 7.73 7.56 7.86

2
Total
Suspended
Solids

mg/l 102 110 98.0 90.0 80.0 88.0

3
BOD 3day
27oC

mg/l 95.0 108 102 94.0 84.0 92.0

4
Oil &
Grease

mg/l 4.3 5.0 4.0 3.0 2.0 3.0

5
Fecal
coliform

MPN/l00ml 12X103 14X103 11X103 09X103 07X103 11X103

TEST REPORT OF STP OUTLET – 40KLD

S.No Parameter Unit Oct’24 Nov’24 Dec’24 Jan’25 Feb’25 Mar’25

1 pH - 7.29 7.10 7.23 7.32 7.14 7.31

2
Total
Suspended
Solids

mg/l 17.0 22.0 18.0 14.0 10.0 15.0

3
BOD 3day
27oC

mg/l 20.0 23.0 20.0 18.0 15.0 19.0

4
Oil &
Grease

mg/l <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

5
Fecal
coliform

MPN/l00ml 198 220 190 150 120 160
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5.0 STACK EMISSION MONITORING

Sampling of Flue gas emissions of DG Sets was done and their emissions were determined. The

Detailed report has been enclosed here.

SAMPLE PARTICULARS : DG SET EMISSION

SOURCE OF COLLECTION : 1) 380 KVA DG SET (Port Admin Building)
2) 250 KVA DG SET (SS - 2)
3) 320 KVA DG SET (Admin Block)
4) DG SET (SS-1)
5) 320 KVA DG SET (GUEST HOUSE)

DATE OF MONITORING : 19-03-2025

TEST REPORT

S.No. DESCRIPTION UNIT
RESULT

1 2 3 4 5
1. Diameter of the Stack mts 0.16 0.16 0.16 0.16 0.16

2. C/s Area of Stack sq.mt 0.02 0.02 0.02 0.02 0.02

3. Pitot Coefficient - 0.87 0.87 0.87 0.87 0.87

4. Sp: gravity of Fluid - 1.0 1.0 1.0 1.0 1.0

5. Temperature @ DGM 0C 32 32 33 33 34

6. Stack temperature 0C 144 119 141 136 131

7. Nozzle Diameter mm 10 10 10 10 10

8. Exit Velocity m/sec 12.2 11.2 13.8 10.8 12.9

9. Gas Quantity m3/hr 878 806 993 777 929

10. Duration of Sampling minutes 30 30 30 30 30

11. Fuel used - Diesel
EMISSION RATE

S.NO. PARAMETER UNIT METHOD
RESULT

1 2 3 4 5
1. Particulate Matter – PM g/kw-hr IS:11255-P-1 0.11 0.07 0.16 0.18 0.15

2. Oxides of Nitrogen – NOx g/kw-hr IS:11255-P-2 0.83 0.73 1.17 0.91 0.93

3. Carbon Monoxide – CO g/kw-hr IS:11255-P-7 0.37 0.45 0.51 0.35 0.47

4. Hydrocarbons - HC g/kw-hr IS:11255 0.13 0.10 0.19 0.08 0.14
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SAMPLE PARTICULARS : DG SET EMISSION

SOURCE OF COLLECTION : 6) 250 KVA DG SET (GUEST HOUSE)
7) 250 KVA DG SET (GARRAGE)
8) 500 KVA DG SET (NCT – 1)
9) 500 KVA DG SET (NCT YARD)
10) 125 KVA DG SET (LIQUID JETTY - L4)

DATE OF START : 19-03-2025

TEST REPORT

S.No. DESCRIPTION UNIT
RESULT

6 7 8 9 10
1. Diameter of the Stack mts 0.16 0.16 0.16 0.16 0.16

2. C/s Area of Stack sq.mt 0.02 0.02 0.02 0.02 0.02

3. Pitot Coefficient - 0.87 0.87 0.87 0.87 0.87

4. Sp: gravity of Fluid - 1.0 1.0 1.0 1.0 1.0

5. Temperature @ DGM 0C 34 33 32 32 31

6. Stack temperature 0C 115 121 152 166 112

7. Nozzle Diameter mm 10 10 10 10 10

8. Exit Velocity m/sec 10.1 11.9 14.5 14.8 10.7

9. Gas Quantity m3/hr 727 856 1044 1065 770

10. Duration of Sampling minutes 30 30 30 30 30

11. Fuel used - Diesel

EMISSION RATE

S.NO. PARAMETER UNIT METHOD
RESULT

6 7 8 9 10
1. Particulate Matter – PM g/kw-hr IS:11255-P-1 0.17 0.15 0.22 0.16 0.11

2. Oxides of Nitrogen – NOx g/kw-hr IS:11255-P-2 0.69 1.03 0.98 0.83 0.57

3. Carbon Monoxide – CO g/kw-hr IS:11255-P-7 0.35 0.49 0.47 0.41 0.35

4. Hydrocarbons - HC g/kw-hr IS:11255 0.09 0.16 0.12 0.10 0.07
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PHOTOGRAPHS

15741687



KRISHNAPATNAM PORT COMPANY LIMITED – HALF YEARLY REPORT Oct’24 – March’25

SV ENVIRO LABS & CONSULTANTS,

AMBIENT AIR QUALITY SAMPLING LOCATIONS

Thamminipatnam village Gopalapuram village

Chalivendram Krishnapatnam village
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AMBIENT AIR QUALITY SAMPLING LOCATIONS

New Light House Zero Point

Amenities Complex (CVR)
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WATER SAMPLING SEDMENT SAMPLING

PHYTOPLANKTON SAMPLING NOISE MONITORING
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Annexure-E 

AKPL has a maintaining in house Environmental Laboratory to carry out the testing of various 

environmental parameters. 

List Of the Equipment’s Procured: 

1. Digital PH Meter 

2. Digital TDS & EC Meter 

3. Oil and Grease apparatus  

4. BOD Incubator 

5. Ambient Air sampler 

6. Noise meter 

7. DG stack sampling kit 

8. Weighing Balance 
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"r Kri 'hnapatnam I'on Compan)' Ltd and requ."ted the provision of mathematical mode lling 
<rudies to as.w" eleme"ts of these studies for Ihe proposed ncw bu lk handliug tcrmiflal at 
Kri,hnapatnam, 

rhe SC<Jpil of work for these stud ie< comrri;;ed tidal flow modelling ""d channel ,cdi mentation, 
waw tran'lu ilit)' slUdic" an a''''''m~]]t of the ad"<iuacy of a . and trap, and th~ requir~m~nt for 
<hore protection. 

Concl usions and reeommcndMiOTiS arising (rom this st udy "r~ a, ful l"w>: 

Tid aJl)' ind uced sed imen tat ion 

Illfill ofth" challnel ""d port areas wa., as."s.>ed hy ,imulating 'pr ing and neap tidal cond ition_, 
"nd calculating th" transport of both sand illld mud, There is ablLlldallt "'lLree of'illl,d in the 
outer estuary and coa.!. "nd despite the dan upslream in the rivcr, fine m~tcrial is also abundanl 
in the water columll, hence both sand intlllll1d ,iltat ion ,hould he anticipated . 

1 1,~ mud inrill predict ion yield, totals o f 115.()()Om' /year in Pha", I and 540,300m' lycar '" 
I'h..sc II, "nu thi, infill i, relat ively "\'.~nl)' distribuled o"~r the d""l"'n~d ar~"s , Applying th~ 
,ame ",aiing to the sand inllli yie ld" 7.700m' /ycar in Pha.sc I and 3,5f1Om'lycar in Phase II. 
Gi, 'en th. na ture oflh~ """d illfdl (which occurs adjacent 10 the deep cuts at lhe western end of 
Ihe dredgcd 70ne and 10 the norlh of the luning drek) it i. con,idcrcu tha I this infil l is an o, ,,r· 
e't i mat~ of the 10ngeH~rn' raW. Thi. i, t>.cau<e the re will he adju<tment to lhe ""abed in the 
areas where th, ,""d tra]]'port i, greate,t, "nd thi, will r~uuce the ,"rnl infil l (w~r tim<:, Note 
thatthi .• is nol eXl""'tcd to he Ihe ca,e tor intil l duc to s ilts "nd ,"uds which wil l continue!o 
infill the ,h,m]]d. In addilion, as high lighted in Seclion 2,2.2, il i, recommernled that the 
dredged wnc he exknded approx imately 200m "p81rcam (wcst) be)'onu th~ berths (",ill, wiut h 
th" ,"me as th~ dredg~d henh, and to the same depth) a, Ihis will al<;o reduce the amou nt of 
mainle"ance drcdgi ng in the Ocrth "rca,. 

I n t~nns of the di,tribution of th~ sand infill Figure 2, IJ highligilts that the sand infi ll is likely to 

necur at the herth< in Phasc I, a.~ we ll 1\S t h cr~ being ~ risk or w mc sedimcntation on Ihe 
northern siu" of th~ turning circle. In I'ha,e II Figure 2.1 7 indicate, that the areas pro"e 10 "and 
inml arc in Ihe SW areas or t h~ port. 

In rc"pc<:l of the dislribution of mud infill. Figures 2.20 and 2.2 1 indicate that in Ph"", I the 
di.trihu!ion of mudd ier infill will lend 10 lCcu"wlalc Mer the cntire d~~pc"cJ area rel"livcly 
e,'cnl), (~spo<:iall)' when il is coll<ide red that .,hip mmion will tend to redistr ihute <;ome of th e 
infil l). In 1'1,"", II it is wndud~d from Figur~s 2.22 and 2,2} that th~ mud infi ll will I>e 
concentrated in Ihe inner l>crths to Ihc we,'. or the po rt, with appro .• imatci)' 80% of the annua l 
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vohnnu 'luot~d llbo,'c ()Ccurring in Ih~,e areaS: Ute rernaitlllcr (20%) s.clt ling out rel.tivcly 
cvenly in the inner channel area and turnitlg circle. 

Wave tranquillit~' 

Wave lranquiliit), wus ass",,,,d und~r various input WllVU ~()ndilion' indudi"g relalivel}' 
r""IlI<'nl n~"lS lind C.'lr,"n~ cvcnlS, Res ul ts. in Ihc form of wavc hcights. wcre tabulated a 
'pec itlc locatiom near the berths and in the channel, It is cbu rrom the re,ult, lital thu drudged 
~h",,,,d cau,", Ihu wa,'" cnurgy h) di.~rge inl o Ii], s l\.llo'" n'~as 10 the north and <;()uth of the 
channe l. 

Oowntimc at the berths wiil clearly depend on the ty(X's of ves.,e ls and o(X'mtions being 
consider.d, rit~", r~sults ckariy show tit"1 the w,,,,e ~ncrgy rc"ching Ihe berths rrom offshore 
is "~ry low. 11,e wind blowing wilhin the harbour will crcate surface chop which may be hi gher 
than the", wave heights bill. bein~ of ,'ery short r<"r od will not s igni ficanl ly affect the ve,,,,is . 

IJnder 100 year cyclone condit ions the worst wav", at the entrance are pre<!ict~d 10 be 2. l m H, 
ill Pita..: I bul C\'~n thu,e w""us do no ""I givc , ignir,eanl wave disturbancc at the henhs 
howe,'cr downtime would probahly he ca,,<cd due to the direct ctlect of the wind a lone . 

In I'ha..: II Ih~ r~ arc many mure vertical quays so, '~·hcreas i" Pha<e I the wave, were predicted 
to diverge from the deep channd and be di."ipated o n th~ undevdoped "reas ofthu harltour. ill 
Pha," jj Ir",ch or lhis wa'·C ~"ergy is rdlC\:lcd to~d into the h.room <;() wave he ights are 
gC Ilcraily higher 

II isclcar Ihal the quay wa ll at Position 4. direclly ill line with the emrance is generally the mo't 
expose<!. For wave, from non he",t and ea,t Ih~r. wil l be r.f,"clion or wa,'~ u"~rg)' inlo Ihc 
ln~in IIcar Position I I with sign ificant wa,c hc igl'(S of up to O.lim. Wave, shoal up onto the 
shal low area ins ide the south breakwater behind tte Crude and I',U. L Ch~mical Cargo bertl,", 
Under cydonu condilio",. th~", berlhs (I'o:;itions 9 and to) ar~ c"peeted to experience ,well 
"avcs of 1.0m lis. 

Applying rcrmi~'ihlc wavc he ight thre,hold, providcd by lIowe India I'vt Ltd, the downtim~ 
due to wave, at oach of the herths in I'ha", I alld PI,ase 11 islikdy to toe iu» Iha n Oll~ day ~ y~ar 
cxcupl al Berth 4 in Phase II whcre it is estimated thai wav~s co uld cau<c downtime for hetween 
10% and 1 5~, or the time (w ith a O.Rm threshold). Al lowing for typical stonn duralion, il i, 
e,limated thai Ihi, would aff~et aboul 100 J")'S a )'~llr. henc~ Ih~ opemble days would he Ie" 
Ihan 320 in n year at Rerth 4. Using Ihe same mell>J<lology a 1.0m threshold at Berth 4 (inst~ad 
of ().~m) gives downtime for 2% - 6% of the time, which b)' thu """" argume"t nffccls about 
30-40 scp",ak da)s a ycar, howcvcr thc rcsolution wilh only a /CW wave conditions is rather 
coar", to be rreci<c. 

""'avcs at Rcrth 4 arc rclatively hi gh since the waves pass though the harbo ur entmnc~ along the 
channel ""d then d i""rg~ due 10 re rract io n lowani> Ihe , ides of Ihu channel . Th is afleets hoth 
Rcrth 4 and thc area bct"ccn Rcrths I 3 and 14, 

Thc effeCI or "'.We concenlration at Rcrth 4 ace <"s with waves Imm 135°N a, wel l 85 from 
9O'N due to the toct that, hy the lime Ihey reach the harbour entrance the wave, h,,,,~ rcfrael"d 
so that Ihc)' enter direct ly inlo Ihe port aru". Gi,en thi, dir.:.:lioll of approach 01 the wave, 
which givc rise to the hi gh wa,'c energy at Rerth 4. it is concluded that a spur structure on lite 
north or south breakwater i, unlikely to be very ~ffl'Ctiv" in r~du~ing wavc uncrgy at Bcrth 4. 

K. , ." 
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Wave-g~nerated infilJ, sand trap asses.~ment anti coaslaillrotection 
Sedimem lrans [>Ort due to wave, and wa,e_gcncrated currcnm wa, .,,,,,,-,ed to, the Pha", J 
~or"tr"ct ion pha,,~ and r", Pha", I and Pha", II with va ,i" "s sand tmp arrilllgeIIl~nI'. f ests 
were Jl",formed to predict the average ann"al <ed imcn tation in tk IlOrt and ehannel and in the 
,and lrap', and also to asse" the infill dur in_ slorm,. 

Silllu lation , of th e littoral drift under CXi,ti1g cond itio n, y ie lded net southe rly drift which i, in 
conlrast 10 earl icr ron ding' and pre,·ious sl l di"s. 0 " rurlher allalysi" h"w~,· "'. il is conch,ded 
that this southerly net dr ill i. con,i,tent wi th local geomo rphology. TIIC 'ICt tran <[>Ort rate is 
,mall compared to Inc gross lranspon in .a~-n di,ection. 

Channd ",d imentatioll was a"e>sed for all <cenario, tested. During the construction rhase, and 
post-constnlction \",der stonn wave condil ions ,cdim~" 1 byp""ing or Ihe struclures t~ke8 plaee 
and Ihere is consequent channel inml. OdIC",·ise. in Iypical conditi"", the port breakwaters 
e., lCnd bey""d the b,cakur zonu '0 thai the 'IIlOl",t or,and bypa" ing i, small and limil"d w the 
immediale "iciniry of the hrcakwatcr<. A," eO"5Cquen~e or this tindi ng, it wa, concluded tllm 
tooT~ i, li[( l~ d ir""t bendit in eon.mucti .lg a sand trap o n eit her the llonh or the south 
hrca kwalo" In order to efTcctivcl ~· tm p th~ "",in 'tr~~on or scdi!tl~ "t. such a trap would be 
requir..u tn plac..u very close to the hre"kwater(') wh ich could compromise thoir integrilY. In 
the leSlS , in,,, la kd. the sand tra ps ac~uT!\ubtc ,edime!]t, but !]ol !]cec>s",i l)· to the benetit or too 
chanlle l. which continue. to inti ll. 

I n order to tully a'<.<css thc [>Otentia l OCncf"i\.! of the sand traps, and Ittogni sing that the coastl ine 
j, likely 10 e,·olve following co n<tructinn, fllrther tests were carr i ~d o ut with an evolved seabed. 
in ordw 10 sec ir b,.pas,ing or t h~ ,truet"r"; would incrc",e ill the futu re . Tests ' '' g),'e,k<.l Ihat 
thi, was llot the case . and thi' i, largely due to the length or the hreakwaters: the cna,tline 
c,·olution wi ll eomin ue un til too beach ",-uriemates itself imo a position ofzt:ro nct d,ift. and 
, ince the hreakwatcrs exte nd such a long .... a)· offshor~. the reali gmnent or the t1Caehl nearshorc 
is such that s.dimellt the tran,[>On path,'·ay, are not increased. Accord ingly . there i, no 
sigtlitiean l evidence 10 sugge,t thai thc ,",xl tmp' would be mor~ cfT~cl i ,·c in Ihc rUlure wh"n 
the seabed ha, evol ved. 

Jnml in the challllCl and the sand ttaps te'ted was asscs«ed, 10 yie ld c_t imates or I~e an"ual 
volume of infill, and infLiI during storm conditions. 

Accuracy con,ideralion, have heen th"mughly d iscu.,,-<;cd. A., h igh li ghted in the original 
proJlOSl1I ror lili, , tudy, thure is u"ccrtaint)· in all ",dim~nt trall 'port pred ictio", dlle to natu,,,1 
variability in the variou. inpLlts, and al,o d Lle 10 the algoritl,m< applied . ila,..u o n the he<t 
available adv ic~, uncenainry in the predicted vo lumes of channel alld >and tmp inml i, 
cons idered to r.c a taclor 2 to 5. 

Op li ons for eo"'t"1 p'okction have bc~n di,cusscd . V..-hcrea:; thu ""a,tl ine i, u~pc" !Cd to build 
up im med iate ly adjacent to the [>Ort h,..,akwalers, Ihere may he ero.ion to the nonh and ,outh a. 
a co",c'I""ncu "f th e bl<>cbge to the littoral dr ift. (l iven the relative l)· high g"'>s northuriy and 
'i-O ,lthcrly scd iment tra tl s[>Ort ~nd small net tnmsporl , at,d sc~son~ 1 nat ure in the longshore dr ill. 
it i, consid~red that the site mny be charactoriscd by ero.ion on one side of th~ [>Ort dur ing part 
of tnc ye~" rol lowed by rec",~ry in thu scC(}nd part or the )·ca,. H~ncu rath", than b'ge ,calc 
em;;ion 00 one . idc or th e [>Ort a tld ace rel io_ on the other s i,lc, as ""0" Id occur at a site with high 
ne t Iransrxort to ~ither no nh m south, the [>Otent ial ero, ion of the coa,t all d ll earshore may 
,,",,0,", each )·ca, without in tervention. In any cvent , il is rec"mmcnded Ihat roll"wing 
construe! ion. regll lar ",on ilori ng or th e eoastl inc to either sidc of th~ [>On is carricd out in order 
that intervention cou ld take place if reqn ired. Option. I,,, coa,tal defence have heen reviewed, 

EX~U9 R.7.0 
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~nd these could he soft measu"'''' or h ~ rd "' ~asurcs. Soil mC~Surcs co uld include re_ no uri, hing 
,imply mov ing makrial along the coast to the area, of ero,io n. The most appropri"t~ ~,timatu 

of t h~ ~ol umcs or (II~t~ri~ 1 whi~h may t..; fC<1"ircd as r~-I!o urishmc"t of the coast would he th at 
predicted l<l in till the channci as h ighlighted i" the t.able in Section 4.8. This i,on th e h .. ,i, th at 
unde r ~xisting cOl1di lions ,edim~nl p'"'''' "cross It., bar syst~m at Ih~ "n lrane.; 10 Ih~ c,lua'Y 
(poss ibly being stored on th~ bilr for p.:ri(xb of lin·c) and "atur~II)· ti:"ds the coast downdr ift 
Trapping lh i, volum~ ""d iment in the npproach channel cou ld lead 10 a comparable red uclion in 
'''pp ly 10 Ihc uowndrin coa,l. 

Of Ihc ha rd m~a,ur,,, " v~i labk. Ih~," wo"ld mo,1 appropri"lcly Ix cil h ~r groynes or shore­
detached hrcakwatel"S_ TIIC l'o<t·eo nstrllCt ion monitorin g would prov ide the mo,t u""fu l 
infonna li()n 10 aid in the 1",," li()n and design (l~l1gth, spacing) ()f ,lOch ,Iruclurcs . 

O\'crllll findin!}, lind channel li nd port infill summary 

Resulls oflllC studies ~escr i bcd herci" arc summarised briefly as rol lows: 

a) Tidally- induced sed ime" talio" i, lim ited to the in"ct ~hannd a,,~ pon ocrth area,_ Sand 
;nri ll will te nd I<l DCC llr in the we,tern (up<ueam) area., clo<.e to tile limit of extent of 
dredging, ", ... 1 "xtcllding lhc dr"dging " re lal iv"I)· , mall d i,la"e.; (ordcr 200m wilh width 
the same as the dredged OCrth. and to the same depth) wil l pro mote ""d;mentat;on in the,e 
ar~as ralher lhan al the l>erth ,. M"d infill wi ll . howev~r, t~nd 10 ""cur u~cr much of lhe 
inner chamlCl and port areas. Vess-cl movcm,nts will tcnd t" re_distrioole Ihe tiner heil 
deposits, potentially spreading the int' lI inl<l otrer port are .. , _ 

b) W"VC tHnquiilily in I h~ pon area, i, relatively low. wilh only l:lcrlh 4 in f'has-c II bc i"g 
high lighted as hav ing a high ""ml>cr of inOf"rablc days pcr year_ The mndel res"lt, 
;ndicak Ihal waw propagation to lh i, berth is related to waves in th~ ma in channel l><:ing 
refracted OnTO this arca: eOr>s-cqucntly . il is eor.s idercd that a spur-tytle structure on either 
11", north or ,outh breakwater is un likely to be etrect ive in reducing wave energy at ilerth 4. 
On this ba,is impro,·cd cOl!di li,ms could 00 obl"i n~d at Ihi, berth by oblained by 
co nstructing an open pile p l"tform with ahs~r[llion ocach ocl"w, wh ich would reduce 
rdleclions allhough il soould be n()ted th:r l the f.ir~ct "m·e aclion wiil rema in. 

c) Sand traps arc "nlikcl)· to l>c ~fTc~tivc in rcd uei"g the ehaTltlcI i" IHI. Tests ind icate that the 
sand transport around the hreakwaters i, contined to the v ic.i nity ofthe hreakwaters, ,OJ thai 
in o rd~r 10 b<: ~fT~ct i,·c. " sa nd Irap wou Id haw l() be ~onstru~kd W close to the breakwater 
lhat it may eompromise its structural integri\)·. 

d) At this locat io", net sO lltherly drift wa., pred :cted, and th i, i, C()I1S;,t~m with the I""al 
gcomorp h()l()gy (i. e. lh" ,," Urre of the ,and ,pilon lhe Ilorl hctll ,id~ of the eSl ual)· 
entrance). On thi' ba.,is there wou ld be a benefi t in extending the northern breakwater into 
Jcqo;r w"kr. Any ~xlmsi<:lI1 over lh"l , in1"Jholed wou ld h,,,"~ th~ ~fT~ct o r r~d(lcin g 
scd iment bypassing and associated ;"nll ofthc chan"c I. 

e) The pot1 s.edi ment infi ll i, ,ummari <.ed "mad ly Iro m the conciu, ions stated in S~cli()n 2.2.4 
,mJ Sc~tio n 4.8 a, fol l()w>: 

,,; 
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Sand inl,lI in the inner channe l and berh areas could be ,ubslanlially reduced hy extending 
Ihe dredging "rca u.,sln.,"m (wcSlwardS:' 10 create an c tlCctive sand trap, 

During Ihe construction pha,e, byp""ing or Ih~ breakwalers is signilicant and there is 
li ~d;' 10 be high ~han,,~1 sediment"l ion. Prediction, suggest order 336,OOOm' per ~'ear , 
For Pha"" I it w"-, noted that sand nlay pass around the bre"~",aler cnds bl]{ nO! he 
immed i"lely dcp",iled in the cham",L In this case Ihc sand may ""tile cio,", 10 the ~h"nncl, 
crealing a rcady source for .uh""qucmly intill , The mlum~' a,,,,,,i,,lcJ with Ihi s SOI"CC 
repr",.nt order 5U 10 loo,\,. orlhe quoled chanTlei infi ll, 

Storm infill will also give rise 10 sand bypassing the br~"~watcn; and conseque nl infLiI of 
th~ d,an"d, I'rcdiclion, indicate thai ovc r a th re~·hour ,torm there could be (sand) infill or 
order IO,O()()'20,OOOm' _ 

The allow tigurc. rcprc5Cnt a best e.tinlate at channel sedim ent~lion which is h"-",d 0" the 
ntost up-to-date method, and ""curar.. nUlUeric"1 modell ing technique,_ A, "tated in 
S~dion 4.3. howner, il is i"'porta"t \0 he"r in mind Ihat ",dimellt !ran'pun is nOI an ~,"ct 
5Ciellcc and there remain-< uncertainty in the prediction orsedim~Tlllransport and a,,,,,,ialed 
estimale, "r ,,,dimenl"l i,,n, There is n wcallh of inlormation from research w"rl dwid~, 
some of which has heen cited in thi, document which eonf,nn and highlight thi' 
uncertainty in prediction, "f ""dime," tran'purt in Ihe IIlarinc cnvironment. Effective 
mca,urcs which could be implemented to improve future fl'edicli"ns of sedimentation 
incl ude the deta iled collection of dato relatin!! I" inr.1I (ooth)'mclric snrvel's. dredging 
records and measurement> or se~beJ at'd suspe"ded ",diment data), '" that Ihi, inrOnnalion 
could he aprlied to dcvelop a calibrated sediment lransport "",del for th is site. n ,is would 
then provide a mean, or providing m()['e """ur"le eSlimates of tulure .,edimentation as Ih~ 
port /i'rther dc,'clo.,s and expands ii, fae ilitic,, _ 

f) Shore oo l," viour and Ihe nc-cd ror coasla I prolection should lol low cons!ructioll or Ihe pon 
breakwalers so Ihat nn arprorriate methodolo!,), can 00 implcmclltcd a, nece"ary _ It 
should be noted Ihat Ihe relaliwl)' b"bne~d sedimcnt drill 10 both no rth and '!Oulh ,h""ld 
give a lower eoa<;(al imracl th.n tilal if the drill "'"-, domim,tcd cilh~r 10 north or south, 
hecau,e there is like ly to he a period or r"co,,"1)' ro l)owing each of the ma in NFJSW 
monsOOn period,. Hett~e the appro~ch of monito r and luture actioll is appropri"le. 'J'h~ 
11\O,t appropriate e,t im alc of the vo'umes of n'"t~ri"l whicb m~y be required a~ re­
nouri,hrn~nl or Ihe ~""st would 00 lha', pr~dicled \('I in li II the channel as highlight~d in Ihe 
tahlc in SCClion 4X Th is i, on the hasis that under existi,,!! condilions sediment rassc. 
aero" tile har system at Ih~ entrance to Ihe c,lu"ry (possibly be ing .Iored on the har tor 
period, or I imc) and n.lural ly fecds the coast downdrilt Trapping thi, volume sediment i" 
the approaeh channcl could lead to a ccmparab le red ucti"n in ,upply 10 the downdril\ coa,t 

'" R_' G 
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1. Introduction 

1.1 BACKGROUND 

I lowe (Ind ia) P, I Lid are pr"",ntl} uOOertaking engine<:r ing d~sigJl "00 impaci stud ies 
Oil beha lf of Kri,hn apatna m Pori Comlxmy Lid and r"'lHested th e provi<ion or 
malh~matical moddl ing sl udie, to '-''''''' elements of Ihese studi", for Ih. propo,ed new 
bu lk handl in g termi nal at Kr ishnapLill mn. 

IIR Wa lli ngford was wd l placed 10 carry out the requirNl srudies haying 'p"cific 
e~pt;Th:"ce of modell in g lhis site and Ihc propl>S<:d bul ~ handling t~nn ina l as descr ibed in 
the O llt l in~ design stud i~, carried out on !>ehalf of Ikchn f{"n~i "" Partnership and 
tksoribed in IIR Wallinglhrd rqK>rt EX4847 ( R~f"re"ce I). As palt oflhi , carlier s«,d)· " 
, ite visit w<tJ u ndurlak~n wh ich inclJded a hoat rrir From whkh a good understanding ol 
th e pmces"". orcral ing al I h ~ , ik w-", oblained. 

1.2 SCOPE OF WORK 

ex ~l'> 

·!l,e or igina l tcrms or r"fcrcncc for the mathemat ic.al model sludies w~rc p"",cribed b)' 
Howe Ind ia a, fo ll ow." 

ra rt-I (l'hasc-I) 

A) T id"l ~·Iow 1\1odcl 
To simulate t idal tlows for Ihc follo .... ing cond ilions: 
o To be tested for 'pr ing tide., (food arld ct.b). 
o To cSlabl i,h lhe tid,,1 fl ow scenar io incnrporati ng dhctio", "nu velocity of current, 

in'ide of lhe port giving duu "o,,,id~ratio n 10 the presence of Kh aoda leru River. 
l:J uckingharn Cana l as well a, Kharlda lc ru Cre~k . Howe,·.r, all ull'tream dam 
hl ocks sedirncli llmllSporl by Khandaleru Ri vcr. 

o To estahl i.,h thc si lration patte." inside the port and channel with q uam ifica lion of 
s ilu,l ion, 

U) WnvcTrauquili ry I\lod~ 1 

To &"-"''' thc wa,'C agila lion wi lhin the Port area Ihr Ik Ihllo",ing cOlldi, ions 
o To be te,ted at MSI .. 
• 'l obe k,tc-J for wave, Irom 1\T., E liE. SE direct io"s, 
• Wavc heig,hl, mmide lhe polt for each of the ahovc direClions 10 be om. 3m & 2m. 
o Wave Period: 10 Sec 
o Wav~ heights at different relevant loc"liou, inside lhe port and .hip manocm'ri"g 

areas 10 be ident ified , 

C) Mo" ;ag Ikd Model to Assess Ad.qu a~)' "f S~nd TrMp "ad the rcquiremcnr or 
Shore ProtO/"C ti on uo North or lb., North Breakwater 

To s im ulale ,;cdimen! transport, inc hJdi "g mov ing bed for the fo llowing condition>: 
o To be !c:,lcd al MSL (wave spectrum to he idc"titicd by lhu ru,ling ag~llcy a long 

with it.offcr). 
o To be te.<1ed Ih r wave< from ESE & Slo dire<:tions, represent ing SW monsoon 

(Jut'" - Seplember), and from NE & EN" direci ions repr"sonling Nt:: mon,oon. 
o Rcrrcserlt.~tivc ","vc huight, md k,t duration to he assesscd and idenlified by lhe 

testing agency, in it. otter, 

"-- J.O 
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• IIvai l ~blc Informatio" "" hed ",mrle, can be made ,,,,ailubk 10 lh~ ,uc~es> fu l 

contender. 
• rhe le,l mll,l deli"ili" l} ~st<lb l is h iI-c location and Ihe ,ize of Ih. ,and lrar 10 

~rr~sl efl"cel ivcly the northwards litOfal drift which ()C~ur, during lhe SW 
monsoon. (Jun~ to s.,plumbcr). 

• l1,u 1",1 must iJc rll if)· Ihe exw't of erosion north of the north l>re"kwat~r and 
rceommcnd the mcan., lL, w.11 lL' <xt~nt of ,hor" proteclion measures vi,. 
gro}·J1C';,PU", lheir 'I"tcin!,\>. lenglhs. clevations. etc .. gahion martre,s pmlecl ion 
etc. 

• Shore prot~ction south oflh" ,olllh breakwaler iF required during NE monsoon i, 
also 10 l>c quantificd and protcction mcasure. recommended. 

• Test n\L"t identi ty lhe ell"cl on em.ion ofloo shore und~r par1;a l constructior\ ("'Y 
halflhe lenglh) ofth~ breakwal~"". 

• Reco",mCr\d the relative sequence of con,tructioll of nonh and soulh break waler, 
in~l"ding ma~imlLm lag ill Ih~ pla~emcnl ofdirr~rent layers (amour layer. under 
lay~r "nd ~ore). 

Part-II (Pha.'L~2) 
Rorcat (A) and (Il) above for d~erened I'< wiJcn~d enlraTlCe ehallnel, III",ing ha. in . 
berthillg are" illcluding in addilion 10 th~ crude & POI jctt}', the LNG jetty also. (Refer 
Draw in g No •. 1_4 I]fl._no 1 fRev.E and 1-4 I J,c]·L·(){)2il<cv. E). 

0" lhe basi, oftl'~sc krms ofrcfcr"ncc Ilk Wal lingt'>rd provided Howu India wilh" 
proposal with aprroprime '~0P<' of work. Following furjhcr re"ision 01 the scope of 
work HI< Wallingford were COTTl!lIiss io"cd 10 carry 0111 the .tud i.s. the r~,ults of which 
arc dC'icr il>cd herein. 

1.3 REPORT STRUCTURE 

11t~ r,,"'ainder of Ihi s report i., .lruclIlred ill fol lows. Chapt~r 2 ~o,·"" il~m II of the 
Term, of Referenc~ . in ""P<'ct of tidal now rnooclli"s ~nd scdimcmalion. Charter 3 
d~",ribcd the wave Ir~nqllili1y .ttldic< (Item III and Cltapter 4 ,ummari"" lh~ ta,~ , 
under item C . wave·generate<l ( littoral) drifi and ,and tmp optim isation sludie<. and 
coastal impa~l ","e,"",CTll . Finally. the conolu,ions from the,e ,wdie, are presented in 
Chapter 5. 

R ,.., 
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2. Tidal Flow and Sedimentation Modelling 

2.1 TIDAL FLOW MODELLING 

2,1.1 Approach 

The approach for Ihis itcm oltlle slud ics was lu relric,'e the previou.ly e.,mhl i.hcd tida l 
nuw mood from archive, modifY the n"merical model mesh in uakr 10 l>e able tu 
rewlve thc new Purl ,lructures, and 10 simulale 'prin g and Ilcap lidc conditions lor 
anHlysis and fur inpUi to sediment nansporf modc Is. II. a "on"'q u en~e of this approach. 
and the f:'lCt thai in Ill" earlier study the mode l had !leen 'hown to I:>c calibrated, the 
bas is of the pre"' nt scope of work ""~ lhm it was Hssum~d thal no further cal ihration of 
Ihc modd was nc~cs'M'I)' . 

2.1 .2 Model setup 

Tidal now modell ing wa, c·arricd nllt O1~ ing iiI<: HR Wallingford depth-"v~rag.d flow 
model. Tr.1 .EM II C-20, 'I'ELEM,\C-20 is a 'tate-of~th~-art fin ite clement flo,,· modd, 
uriginally devd0f"'d hy I.N I m Par s, wh iell uscs a compleldy unstrucl ured grid wh ieh 
h~ s Ihe advanlage uf allowing fi ne re.ol ution in 'JX"Ci fkd areas, and also ~nabling the 
accurate ,imulat ion of water movcm~,,1 in eum plcx-shaf"'d area.. Fu rther detail, of 
']'ELEMIIC ar~ provided in Appendix ,. 

rhe Krishnapatnam TELEMA C_2D Ilow moocl prc;-io usl)' eslabl ish~d for 
Krishnapal"arn Port CurnpHny Ltd ':January 2()()4) w •• re-commissioncJ for this ,ludy. 
For detail. of "'t_up and lhe calibraliuTl , p l"1ISC rcf~r to this HR Wallingford Report 
EX4847. Since the model bathymetry and IlOutlda')' co"dilio", ",we un~hang.d sin"" 
the previous study. " 0 furlher ~alibl"liol1 or the mode l wa, carried oUl during this study 
but for reference figure 2. 1 sho" s [he ~arl i cr mudel ""I ib'"tion in which lhe key 
J'~ram~lers (modd fri~liun Hnd edd) " i.,cos ily) were determ incd. 

Fur l ll~sc sl udie, the mooel m~.h was adju.tcd for modelli"g I'has" I and Phase II 
'-Ce nar io. or lhe rro~d d~vcluprr.cnt. Hathymetl)-- wa, i n!~rpol ated from the exi sting 
bmhymetl)' set for the area and from AUTOCAD drawing\ ofpropused works provided 
hy 1·lowe Itldi~ . 

The """'" grid syslem was adopted .. , in the I' re\' i ou~ study. 

The following hydrodynam ic data ,,'a~ "tiliscd d"ring Ihi, "lUdy: 

Mean Hi Water Spring 12m 
Mean Hi 11 WatcrNea I.Orn 
Mean Sea Level 0.8m 
Mean Low Water Nea 0,]", 
Mean Low Wat"r S rin' O,5m 

2,1 .3 Spring and neap tidal flow conditions for Phase I 

The Pha", I model balh)'mwy (Figure 2 ,2) wa, g~nemtcd with the lollowing chan gc' to 
lhc exisling ",<.>del : 
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o A short Northern and longer Soulhern brcakw"'e, wcre inc Inded . 
o A MlIliipurpose benh const,uctiu" <i,edg"d to a depth of _1J.RmCD and an 

a'isocialcd small arca of reclamation or the I ighthouse Island . 
o A turning ci,cle d,edged to -IJ .KmCD in Ihe port ~Il tranec . 

o An "pp",,,,,h ~hannd or depth - 13.8me ll. that runs approximalely r",st Nonheast 
dredged 10 _14.4mCD.ju<t Ilnder 10k", in length and 160m wide. 

o A conceptual sand trap at -14mCll to the ",,,th of the Soulhern Hreak"'atcr ",a, 
alsu i"cluded i"IO lh~ bHth)'mClry. NOle Th~1 the u ltimate cOllfiguration for Too 
sand trap is detined from Item C (Chapter 4), 

Rathymetry oug ide of the Pon development and further inlo the Cre~ks rcmai,,~d 

unchanged and id~nlical to lhe ~xisting ",un,riu , 

rigures 2,) and 2.4 show the I"'a k flood and el>b flow ,'ee lur> Lor lhe spring t ide 
simu luliun in lhc vicin ity or lhe dnclopmelf, n'e speeds are great~st at tile ",estern end 
orthe Multipurpose berth , ",he,e the bathy.,el!,}' shallo"" quickly 10 undrcdged icvel,. 
and lhis ha, Ihe ~rfccl uf"cccicraling II", f100d tide as walcr cOlters the esruary. On the 
~hh tide, water flows ovcr this relat ively shallow area at 'I"'~cl and slows when il 
encount.", the deel"'necl area lu 100 easl. Peak ebb ,'clucities ri se to a maximnm 01 
0.87"ll, alo rl g lhe ",estern COld of the new dredged berth, whi lst in the ,ame ",e". lh~ 
maximum 1100d ve locities of U,84",/, a,c ""en. II ,hould be nokd th~1 these current 
rn"gnilUdu, are ,,,mci~nl tu ,nubil i"" :;cdimCIlt: a degree (>fbed level adjustment ,hou ld 
be anticipated a, a con""<luence, 

Ne~p tide peak chb and fl ood Ilow "ecto", can be secn in Figure, 2 ,5 and 2.6 , This 
d i,tribut ion is simila, 10 Ihe spring lidc ~urr.nl', but the '''~'''' itude is smal ler. Peak ebb 
'peeds ur 0,481]\/, and flood sp.."Cds of 0.47m1s are <cen in tbe und,~dged a,eas 10 lh" 
west of t ll~ berth . Again, it shuuld be nuteJ that Ihc"" cu,re"l, "rC suflic iently hi gh to 
mobi lise ",dim"nI "nd Ihal CO ,b(;'lucnt ly, II degree of seabed adjustment should be 
anticipated. 

2.1.4 Spring and neap tide conditions for Phase II 

EX S42~ 

nle Pha<;c II (Figu re 2.7) mode l was ",t up ls ing tbe existing bmhyrnel'y and drawings, 
provided h)' I lowe India and ~omp,i""d (in .dclilion 10 cha"l!cs ",~de in Phase I): 

• Rerths at a depth of -19.8mCD along Ihe entrance and main elmn,,", Orlhe Port. 
o I'he "dclition of an exIra duck 10 lh~ ''''' lh or Ihe Po rt and berth' of - 1 9. ~mCD 

"long lhe Southern IsI ~nd, 

• A _20 .7mCD turning circle, replac ing lbe shalluwer turning eird~ in I'h~sc L 
o A la'ge scale dredging a"d "":b,nalio,, pbn 10 red irect Khandaleru Creek 

( irl cllJding berth. lor shal low draft ves.<els and a turning circle of -14rnCll), 
o Be rths and reclamation further ea,1 inthe Port (-l~.8JI\CLJ "r..J - 13.2mCD) and a 

lumiJig circic dr~dged to - 19.8mCD. 
• n,C arrroach channel extended to just llnder 14krn, at " deplh or -21.6tt1CD and 

25Um wide . 

figurcs 2.R and 2.9 depict the I"'ak ebb and flood sp'"d, for It", 'pring lioc. flue to Ihe 
deg,~c of dcupcning Ihe 'tye'"l!c 'p"~d, an: or urder 0,05m.ls th roughout the Pon "'"'~ 
i"crcasing to 0.1 mi. hctwccn the hrcakwat,,, and O.2m/s in 100 narro",", reach at II..: 
Mult ij>Urpose Ilenh , Peak 'I"'c>d, of O,8m/s m~ secn in Ihe u"drcdgcd areas to the wcst 
during lh~ ebb and 0,7",/, during the flood. AI pe~k tl,,,,,L sl"'cds or 0.25m/s a,c 
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reconkd "Ilhe Muit ipurp<l'" lJenh "nd O.2mis hetween the hreakwaters. In th . dredgcd 
arc"" th"", sPI'cd, are lypic"Ii)' re low the Ihr~shold for motion of ",dimen1, which 
would sHgge<t Ihat there will he minimal erosion in Illese ancas, ~"d moreover, there 
will he a t~ndency for any ,ediment reach ing tho"" area< to ""UIe ouL 

LJuring the neap tide (f ig ure 2, I 0: _1m. rigurc 2.11: 11000), peak speeds reach 0.J2m/s 
(ebb) "nd U.5m!, (11"'-'<1) in Ihe ,",dr~dg~d areas wh~rea, in th~ dredged 7.O n", th o 
sreed< are aga in vct)' low, The s[X'cd Mille Multipurpose Rcrths reae h 0.1 5m/,. ," 
unde r spring tide conditions. the low currents in th e dredg~d areas would suggo<t a 
tendc tl ey for sediment to settle out. 

OtJt pu\ frum tit" lwo TELEMAC-2U flow models (Phase, I and lJ) w"r~ used a, input 
to the coh~,ive and non-cohe, iv, ""d im ent tran,port model ling descrihcd ill the 
folio", in!; st.'" t ions, 

22 TIDALLY INDUCED SEDIMENTATION 

2.2.1 Introd(Jclion 

I lav ing es tablishcd the tidal l10w cundit ion, for ,pring and m:"p tid~, for both pha, .. " of 
ta., port devdopment, the flow til,s were used a, input to sed iment tran'port model, 
reprc,eJlting thc Ir"nspun "nd d"P"' ilion of sand and mud . I'hi, approach was 
cOllsi,tent with the earl ier modelli ng stud ies. 

It i< im portatlt to stress at this poin t tll"1 whi!> t tlte tcelt niq,,~s emplo)'oo ar~ ,t"te' of-Iltc­
ml, and in fact lhe ",diment trallsport method., used in the mod~l are the ntO,t up to date 
ar,d ac~no"'kdg"d a"d """d world" 'i dc, there remaim "ncertai nly in ,"dim~nt tran'port 
predictions due to the vel)' nature of the phy.ic" l proce<.<;c< and limitati(\", in tlte 
scicnc~ of th is tie ld. In thi s r. sl"ct it is acknowledged that the uncenainty in the 
tran'jlOrt rate and assoc iated scdi menta ti on means thn t prooictiOTl' arc oll ly "e~"ra tc 10 

within a factor of 2 to 5 in coa<lal scenario.' (without local cali hrat ion). fu rthcr 
i"fo"ma tio!l OJl calibration t'''geb ~:.n he foun d in Sou!> b)' (1997) . 

Tlte abo,'c accuracy factor of 2 to 5 is appropriate for a >andy enviro nment which is 
appropriate tor the main char",cI outs ide (hc port areas. whcreas in the berths there n",y 
he siguiticant intil l of fine .i lt, aM n",ds. n,e mag nitude of mud illti ll i.' critically 
dcpct\deTlt OTi \h~ le "~I , of ''''p;nd"d ,"dim~nI ~o"eentmtion (and olher fad"" 
incl uding it, erod ihi lity). III the ahi;ence of any detai led informati()t) relating t(\ 
,u>)Xnd"d ,"dimcnt conc"ntration., the m~d transport modd was run with typ ical 
parameters rcprcsc nt itl g tI,e "ario"s physical proccs>cs. According ly, ~s in the case for 
lhe sand transport. it shou ld 0., borne in mind that whereas the model will provide 
u>cIi,1 information ill rcspi..-.:t of the di,tribu t ion of "cd i",~", in the port "rc,," al1d :IC~C" 
channe l, Ihe actual volume, of intill will depend strongly on the amh ient (hae-kgroUl, d) 
cOllccntratio" f,dds. Consequ~ ntly, vo ilime of channel alld l>erth inti II will he , ubj ect to 
a degree of uncertainty and for the P"'JXlses of Ih is 8llldy it is sUgJlcslcd that a similar 
le"d of agreement (i.e. a factor 2 to 5) i< appl iod to the pred iction., of mud inti II 

2.2.2 Non-co/Jesive sediment (sand) transport modelling 

Model setup 

To nn l,mt" thc sand t,a"'port pathw")'s undcr tidal aCl ion the ilK Wallingford 
SANDrLOW moocl wa. applied. SANDFI.,QW is a 2D satld transport ",ode l 
<kvdopc"<l hy IIR Wallingford (see Appct\dix I) which cove,", the same area ". that <ct 
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lip for Ih~ '1 ELIoMAC mood. and "'," the o ulpul from TELEMAC 10 simulale 
ir:,"spor1 pall~n,. o,er Ill" same modcl me;h, I'o r thi8 model study SANDFLOW was 
run using a median grain diameter. D50 01'250 microns nnd run o,'cr ll"c~ tides , Data 
from lhe "~col1d li<k was lIs~d 10 prOOUC" Ihe r,,,,, lb, 

Spring and nC>lp ~and tr~n~port for I'hase I 

The rlCI tidal s.cdime"! transporr pathway. br the 'pring tide can be seen in Figure 2. \2. 
with lh~ deposilion ov~r lhe tid~ Ocing prc""ntcd i" Figure 2.1 3. The distribution of 
"IHd lm f1 spor1 p"lkr"s is ~o"si slc"l wilh the tidal current patte rn, . w ith .rosion and 
transpor1 in the shallower (u ndredged) are", immediald)' "p,trcam of the berrhg The 
reduced li dal now speeds in lh" dredg~d ar·,", Ie"d, to give rise to >edimentation in the 
dredged ohannel during the ebb t ide. 1lIere is a lso an area of act ive redistributi on of lh~ 
""ab.:d in lh" area 10 lh" Horlh oflh" IUming eirek. 

On the basis ofthe,e results il i, concllld~d Ihat lhere is lik l)' 10 be some degree of <,and 
infill in th" mai" t.;rlh areas. ,,,,d Oil Ihe no'lhcrn s ide of the turning circle, '" the seal>ed 
do", to the dredged areas adjusts following the construction. Thc d~grec 01' infi ll is 
thureforc likely 10 reduce in l i ",~~, thc scabed fillds a new equ il ihrium, Il owever, il is 
al80 recommended tilat the dredged benh area be e~lended funher we" (up,lrearn) Jl<I't 
the I'ha,~ \ b.:r1h, iH order 10 pro"ide a "",d trap thcreb)' reduc ing the ri'k of intill 
direclly atthc be rlh s. Ry refcre"cc to Figure 2.1J it can be ..,en that the zon~ of high 
sed imentation (shown ill red) is relatively shorl, so thai ",~le[1,io" ofthc dredged area 
"p,lreunI by a Icnglh o f order 200m (Witll width the <,ame a, the dredged berlh. and 10 
the <amc derth) wm, ld relocate thi' area of anticipakd high scd i",cmal io" to be s ilcd 8 

similar di,lu"ce ul"lruam. and importanlly away from the Phase I ber1h. 

Corres!'<",ding figures showing lhe neap Ide paUem, C"" t.; SC~" in Fig llre_ 2. 14 (net 
tidal ,~dirnent nu,) and Figures 2.15 ("et tidal depos ition). The <,ame pattern or erosion 
and depo,it ion can be seen at the w.stern .nd of the dreug~u berth and 0" lhe northe rn 
sid~ of Iii" tuming eir~l c. althollgh lhe m~gnit(Jde of sed imentation is lower, 

In kImS of 'luanlitie, of iHfili. Ihe ",ooel pred iclions show" in Fi gure 2. I ] <ugg".t a rate 
of "p 10 I OOmm pcr t idc ill the upstream (we,tern) end of the hcr1hs. Clo,",r in>pectioH 
onhe r~s"lts i ndi cat~5that this figlLre is uplo 35",,,, per tide , Ckarly. th is rate of inti II 
would nOl conti"ue for long belore natIHal bed level. are re.tored. and lhis wo"ld 
sugge't that the area could rapid ly 10 .'" depth, Again , e.,lension or the ciw,,,cI 10 th e 
we,l would provide" ,uilabk Imp 10 aUmet sed imC llt and rcdHC~ infi II at the l>enhs, 

Spring >lnoJ nCllp s~nd tr~nsp"rt fo r I'hllse II 
With Ihe addilional drcdg io'g and deepelli ng of the IJpputeru River, sand sedimcnt 
transpor1 in the por1 area is diminished comid~rably , Figur~, 2.16 and 2.17 .how the net 
lidal flux and d~positi on, res ]>C"l ivcly. th, a spr ing tide . Deposit ion and ~ro,ion ar" 
limited 10 the edge of the dredged 7.OI1e in 'he w~skm end of lhe port. ""d Ihis i. again 
due to lh~ r" lali,d)' high curren t.> i" lhe undrcdged area. mobi lis ing sand which is then 
<lcpos ited in the decl><:ncd arca.< . A. recomme nded for Phase I. exlension oflh~ dred ged 
Jrea ul"trcam by a I~nglh of order 200", r"i th widlh thc Samc as the dredged her1h, 
and 10 lhe same d~rlh) wo"ld relocale thi' area of anticipated high ",di","ntalio" 10 be 
.ited a similar d istance up.tream, a nd importantly away from berths which may 1><: s ited 
in lhi, ar"a, 

Fig" res 2.18 and 2, \ 'J are corresponding image, for Ill" nuap tide ; here comparahle 
palkms Can be ,~",n in lhc s~",e ~reas. Litlle Sll nd lran'f>Clrr "nd associated deposition is 
seen with in the port arca itself: 
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2.2,3 Cohesive sediment (mud) transport 

Model setup 
'1'0 ~~aluate Ihe deposition ill tl", Pori ""ull ing from mud IranslX'rt a SUBlEE mooel of 
Ih~ study arca was sel up. SlJBlEF is a 2D m"d Iran'lX'rl moo"1 dcycioJl<'d by LNIlE 
as part of the TELEMi\C ,,,ite and al", run, on Ihe same model me,h using currenl, 
dir"ct ly from TELEMAC. Further deu,i ]s ofSUUlEF are provided in ApJl<'nd ix I. 

Til" SUilll:T mooe] was run for two lide, for ooth Pilas~ I and Phase II. wilh re.ulg 
lake" from the s~"ond lide. The mood was SCI up wilh a "011>lanl upstr~am 
"oll~enlration ooLlndary condilion of ] OUmg/1 and a constant o/lshore oound."Y 
condition of IUOmgfL The olT;;horc boundar), .ondilion, had lilll~ influence on 
concenlralions inside Ihe ",hoary, sine. Ihere is adeqnale d istance for the ,,'ockl 10 
adj",1 accordingly belore reachin g the study arca. Increased line sedim~nt load in Ihe 
river "'ill. how"wr, lead 10 increas.ed ,ihalion in Inc Port ~r¢as . 

Ir> the al»cnce of,ite "p""if.c info:malion the param"I"", ,,"cd in the simulalion were 
ba<;ed on prior expcricnc.: of ,imibr sludies carr ied out at IIR Wallinglord ~nd from 
~dviec in Dynamics ofhluarinc Mods (2000) a, follows: 

Critical shear ,t",,, 10. dcrosilion.l, 
Critical sh"ar ,Ir." for e""ion. t . 

Ero.ion constanl, M, 
Scllli)l£ ,·docil)" w, 

- Q, IN/m' 
= Q,)Nfm' 
- U,0002m' 's 
= I rntnf, 

Spring and ncap mud transport for Pha.e I 

Figures 2.20 ""d2.2 1 repre,ent I~ mud deposition paUerns for a spring "ndncap lilk 
r"spe<:li,'dy, and it is noted thallh"": paltcrn, arc broad ly con,i slent wilh Ihe lind ings 
in the earli~r ,Iudy, wilh depo. itio n being predicted in Ihe deept:ned ,,,ca, . [)urillg lhe 
spring t ide. rcak dcrosilion of U.65mm is noted on th e ,oulhern side of Ihe newl)' 
dredged .hann~1. Dero.,it ion within the turning cirel" reache, approximalely U.4mm. 
Dnring the rteap lid". uepo,ition i, al,o .cen with in the c~is!i"g de~pc"cd pari of the 
POri. r~"ching level., of ur to O.3,,'m, 

Sl'r illg and neap mutl Inmsl'"rt f"r Pha~c II 

Figure, 2.22 and 2.23 .how the nel deposition of ",,,d o"cr a spring and neap tide for 
the I'ha", II .ccnario. The p"lkrn ofinlill in the ma in channel and Phase I berth arc~s 
is similar to that predicted lor Ih.: Phase I "'~n"rio but g,ealer rales of infill ar~ 
predicted 10 oceur in Ih~ we,lern area, in Pha", I L 

[)' Jring 'pring lide condition.'. d~posilio" of up 10 4ntm i, pr"dieied in th~ w~skrn area, 
of the port devclormCnl wite,"", d~posilion near 10 Ihe Mlllti-purpose hertl1 is I"edictcd 
10 be lower at order 0.02mmfl ide. wilit 0 ,0 Immfiilk prcdickd in the lurning circle. 

Vnu~, n~"p lide condilions the palient of sedimentation is simi lar 10 thai during spring', 
except Ihat Ih~ accumulation of scd imenl is predickd to 1>1; conecnlmlud in the mo,. 
upslream areas oflhe pori . lIcposilion "fup 10 4mm i •• ~en in Ihe we81~rn areas ofth ~ 
port with less than O.Olmm in Ihe (llruing cird" and al Ihe Mulli-purpose berth , 
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2.2.4 Tidal sedimentatiolJ assessmelJf 

EX S419 

1lle intil l pred ictions de<;cr ibed above we,e processed furl he r 10 provioc an cst imate 01 
the initi a l rate o f sed imont"l ion due to lidal ~r""css~-s 0,,11', Thc ~ol ume> of infil l in th. 
dn:dgcd ar~aS rrom the oariolls 8imulatio n> area prese nted in the table below, 

Sand (m Itide) ,\-1ud (rn Itid~) , rin Nell S rio Nea I 

Phas.e [ " neg[i ible "" 90 
Phas.: 11 " nc [i ibl~ '" '" 

Scaling these ligur'" tor the mud inli ll (a"uming order 350 spring tid~s and 350 neap 
tide , per year) yidd, [<.>Ials ,,[ 11 5,OOOm'ly,ar in Phase I and 540,()(){)m'lyeill in Pila," 
[I. Since these values represent ti dal proce' .. ", onl)', thore is n" ""ri"lion Ihr(H'gh Ihe 
year, These vo lu mes will be ,ensili,'c 10 the ambient levels of .uspcnded ,ediment 
co"ccnlratio n and as hi ghl ighled in the earl ier . tudy , the sed im~nl lo"J in the ri,'cr 
"I"'trcam w ill inlluence the \'olum •. ' of ,ihan,,,, experienced in Ihe Po,.. areas. 

Applyi"g thc sa me <;cali ng to th~ sand ;"fdl yield, 7,700rn'I)'u,,, in I'h.= I and 
3,S OU m'I)'ear in Ph""" ll. Howe,"r, gi, 'en Ihe nature oflhe sand inlill (which occur< 
adjacenl 10 thc deep ClJI. at the we,tern end of the dredg~d zone and 10 th ~ nOrlh of the 
turning c irc le) it i. considered that th is infill is ,on owr-usl i",ale oflhe longer-term rate 
be~"U SC 11",n: will be adj"Sltn~nt 10 Ihe .,;;abed in the area> where the ",ond lrJr"p"rt is 
grea\Cst, and Ihi . wil l reduce the ,and in tl ll owr tim~ . Nole Ih"1 tili, is ,, 0\ expected to 

b.: lhe ca,e for infill due 10 . ilIS "nu mud s .'hich wil l conti nue to intill the chall nel. In 
add ition, as hi ghli ghted in Section 22.2. it i, recomm~Il d~d Ihal tl'" dredged 70'lC be 
.xtendffi approximately 200m up,lream (west) ocyond Ihc llCrths (with width the , arne 
a, the dr~dg~d llCrlll. and 10 thc same dep~l) and th is wi ll al,o redu~e Ihc ~mO (J nl of 
maintenance dredg ing in the be rth area,. 

In term. of the d i.trihution of the sand infill Figure 2. 13 highlighl' thai Ihe sand i,l/ill i. 
like l)' l() occlIr at I h~ b.:rth, in I'hasc I, a, wd l as thcre being a risk of ,,,me 
se<ii mc n\a.lion 0" the northern . ide of th' turning cirde. In I'ha,e II Figure 2. 17 
indicate . that the areas prone to sand infil l <.re in th" SW "r~,\S oflhe rort. (J nder tida l 
proccsse, 310rO(\ 100"10 or thc quokd ~olumo of intill i.' pred icted to oc~", in Ih"", a rea s 
(northern . ide of turning circle and in 100 inn~I berth,): tidal current. alone are 
in,ufficienl to mobili,e ,"nd "nu cau,e infll l in the O\ller channel. The volum~s of in fill 
quo\Cd abo,'C incl ude the large rate of deposit ion shown at Ihe ~dgu oflhe drc<lgcd a reas 
in Figure 2.13 (I'ha,e 1) and Figure 2.17 (1'1,",c 11 ). Pig"r~ 2. 13 hi ghli ghts, how.v~', 

t h~1 along Ihe ",ai" llCrlll i" Pha.,;; I typ ical in li ll i. in the band 0.1 to I.Omm pc r lid~ on 
spri ng tides and this equale, to a I"ss "f d"pth (ignoring ,h ip mO\ion which will tend 10 
reu istribut e Ihe i" fill) o r up 10 0.3m pcr )'Clr (using tk uprer va lue of infill). figure 
2. 1-' h iglll ight' that jo,;s of depth at Ihe berths i, minima l (scdimcnlal ion occurring awa} 
from the berth,), 

In respect of the distributi on of mud infill Figure:; 2.20 and 2.2 1 indicale that in I'ha,~ I 
lhe ui,lributioTl of " ",dd ier i"f111 wil l tend tr> accu mulate over the entire d<:epe,,"d area 
re lat ive ly even ly (e>pecial ly when it i, consideICu Ih"1 ship mOl ion wil l tend to 
redistribute "'m~ of lhe in fi ll). Lo", of Jcplh in Ihe berth area. i, up to 0,5 mm per lide 
0" both spr ings and tl C"l's and this equat~. 10 order 0.3m per y~ar a lthough il sho uld he 
ho rne in mind that .hip motion, llild lhe d~n ;it)' of the sclt led mud co uld "Ite r thi. depth 
of in fill. In Phase II il i, co"cluded rrom Figures 222 an d 2.23 that the mud in fdl wi ll 
be concentrated in thc in ner berths to the \I·e,t of the pon, wilh approxi,nately 8{)% of 

8 ~ . )0 
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3. Wave Tranquility Studies 

3.1 OFFSHORE WAVE DATA 

The offshore Wa,' ~ dimal" ",as obtained from the UK Met Office G loba l Wave model. 
Tlli , mood i, run ". rarl oflhe OlXra(ion,,1 wave rorcc~' lin g 'y,lcm "nd i, Ihen ",-rull 

in hinde",( mooe, incorporat ing ",easured data from .. tellitc. and i"'lrumCtlIS. Data 
was extracted Irom" combination "ftwu poilus (14.6 N ~O.6E and 14.7N ~O.4E) for the 
por iod ~o""rnl><." 1994 to October :;O()(,. Data derived trmn th i. model has 1>,,,,,, uscd al 
f iR Wallingford on nllm"",,,s pruj"CIS worldwide , and the total data set availahle 
(co,"cring 12 years) w ... adequate for dCicrmini" g the more frequen l ""We ci im"le 
infonnat iOll: for Iho rnor~ ~xlr"me (cyclone-ind uced) waves alternative data sourccs 
were used (o;ee below). 

The otl';horc wave climate is pre,cr.kJ as I able 3.1" in lerms of a scatter table of wave 
height vcrsu, w"v~ direcrion. and in TaMe J. II> in terms of wa,'c hcight vc rs us m""n 
wave I><:riod, "nu '" " w"v~ ro", in Figure 3.1. The largest wave, aprroach from 
approximately the east wherea< the nlOS! ti"cq"c" t wav~s ~pproaeh frorn the ,outh ca,t. 

Extreme onshore wove co"dil ions fro", gi ,"n rut urn period, w"r~ d"riv~d from the 
waves elimal" accounting for comhi nNl wind wave< and .well. TIle 50:1 year n:t"OI 
period was dcrived by counting back within the ciim"ie for ~ach d ir.-ct ion sector. I: I. 
1:50 and 1,100 y~ar return pcr ioo. wcre dcri~cd by rolling Wcib"ll pmbabi lit)· 
~iSlr i bution'. For thc more extreme wave.' . however, the intluence of c)"clo,,~< "",,( be 
taken into account: lhesc ore nOi rcool,cd by Ihe Met Offiee moo"L 

Cyclo ne wave cotluilious wc," adopt~d from a previou, 1m Wal lingford study (I IR 
]{cport: JoX4~47-Kr i 'hnapatnam p,rt Sedimentation SI"d)', 2(04): tlocs.c condition:; 
were u"iveu from Young's formula based on extreme C)'clone w ind speed<. 

The fol lowing Tabl~ p,e<ents the oft,;hore wave eon~it ions whcn: the 50: I alld I: I yca, 
condilions arc dcriwu from lhc UK Md Offic~ model climate and the 1:50 and I:I ()() 
yea, condition, are due to cyclonic storms. Pcak wave p;:riod wa, calc" I"I"d >IS:; uming 
a JONSW A P sp;:ct,um fo, Ih~ wav~, for which Tz---{l. n iT r arpli~,. 

r,treme offih",.., W""C cond irions 31 rhe " it. 

Return period 

I 

" ~. 7D 
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3.2 THE TOMAWAC WAVE TRANSFORMATION MODEL 

In onk, to lr"'l,rornllh~ ofTshorc wavc. to "earshore localions n~a, lh" purl enlrancc. a 
TOMAWIIC wave tran,format ion model was ",1 up Hnd nHi . TOMAWAC i, a 3rd 
generalion finile-el~mcnl :>p.;ctml w"w ,nc-dcl which <i mulale, the tran,[o,malion o[ 
",ndom uircclio"al waves consider ing the fOllowing pr<x:e,,,,,, 

• Wa,'c shoaling 
• W,wc refracti on 
• Depth-indnceu breaking. oollom rri~lioo allu wh itecapping 
• W,wc growth du~ 10 lhe wind 
• Wa,'~ block ing 

II wa, dcvc lop.;lI by Ihe l\ational Ilydrau lics Laboratory (LNH) or lhe Research and 
Development Division of lh~ Frend, fkcl,icily Board (FDI'- DFR) as part of 100 
TELEMAC flllite ~icm""t h)'draulk modell in g <y,km. 

The modd eXle nd~d out to <iccp water and included the proposed dredg"d d,"n"~l for 
lhe I'ha", I layout (,;cc figure 3.2). A, agreed ill the ..:0re of work. wa,'cs fro m Fast 
(9WN) and SOllthea,t (i35"N) w~'~ rUII ill thc model. It i. clear from the wavc dimak 
(Tabk 3,1) lhat wavcs from thc },'orthea,1 are t;,irly rare and Ie» direclly inc ident, 
the retore wave.' from WON we,e t~st~d in'«.-.<1 o[ 45°N, For each wav~ direction waves 
of ,"lum pe,i<xl SO: I, 1: 1 a"d I: 100 years were model led. Separale w"w condit ion. 
were derived for each direction o.eetor for tt.e 50; I anu 1;1 ycar cOlldition. a •• hown in 
the Table in Seclion 3.1. Condilion!; from clc h ofthe.e d irections ar~ expec led 10 occur 
within lh~ relevanl return pcri"". ror tre IOU year ~)'clone WHvCS. however, the 
dir""tion i, uncertain. ><J, although each "mC direction "a. eon.idered, only onc uf 
lh",e ",o" ld Ix ~~pccled within the 100 year return rerioJ. 

roe mood was rUII "I a ~ ., ed " 'aler levcl of Mean S~a Level. Figur~s 3.3 10 3. 1 I show 
resull s from lhc TOMA W AC model as cole"r contour plots of , igo;fica"t wave heigl1t. 
The re,ults show thaI the ~hanTlel parlially rcnen, wave energy and al,o cau,eS a 
uivc,g~l1c~ or wa,'~ energy away Irom the line of lhe chall",,1 due to r~rraCl i on. It 
. holl id be note<:! that th~ TOMA WA C ",odel u<JC" 'wi i"c lnde the rroce,,,,s of wave 
diffractioll around thc b,"""w~IC" or wa"(' relkct io"" from these 0' olheT "l",,,lures, 
ll'crcfore, in order to inve.,tigate wave, wilhin lh~ porl areH ~ sepa rate local ARTEMIS 
wave d isturrnmce mood nc"d~u 10 be palched in (S~e Section 3,3 below). 
COTl..:qllClI\ly wilhi" ti1c area, of the hrea~.wate", ,e",It, [,om the ARTEMIS model 
(Figures 3. 13 to 3.21) ,hou ld be laken ill,lead of results from the TOMA WAC model 
(Figure, 3.3 10 3.11), Fig"rcs 3.3 to 3.1 1 'ho" a ClINe<:! oounda,y of point.> IIcar th e 
haroollr efitrance. Wave cond itiofi s we,e ~"tr1lCt~U from the TOM !>. W AC model reslllt, 
at lhes~ location, in o,der 10 provide s pali~lIy varying oou nda[)' condilio", for lhe 
/lRTEMIS model , 

Fig"'"s 3.9 10 3.1 1 show thaI the longer period I OIl y~ar cycio"" wa,'C condition. are 
heavi ly atf""ted by refraction and depth limit"d by break in g betore reaching the h",oou, 
br~akwaler>. Therefore. "lthou>:!! dini;rent "fl,;hore directions "'e,e le,led, lhe wave 
he ights and d irectioll' at the haroour break wat~r> wcre reTTlarkabl)' simi lar. 

3.3 LOCAL ARTEM IS WAVE DISTURBANCE MODEL 

lr"iJc lhe harbour, lhc ctlccts of wave d itfracti"n around lhe b,e"kw"ICrS and wave 
reflection' from the breakwater>, quay walls "nd Olher Slructllre, wil l become 

12 R 7.Q 
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impoTlant. II was lherel(m, Ilece"ary to us.e a local ARTI""lIS wave disturbancc model 
of Ihe harbour arca. The ARTEMIS modd is ba""d on lhe finite elemenl solulion of the 
Mi ld Slope I'quation. It was developed by lhe Naliona I Hydra,,1 i~, L"boral",y (LN H) or 
lhe Re""arch and Development Divi.ion of the rrench I'lcctr ic ity Ik>ard (f.OF_n r.R) as 
part of the TELEI>Ii\C fi"il~ cleJ1l~'" hydra" lie modelling s)·st~m. 

Tb~ i\R'J"EM1S model rcpr~se]]ts the transformation of random waves including the 
fol lowi ng efteet" 

• Wave shoaling 
• Wave refractio" 
• 1'",1ial rcncetion, rrom breakwaters and other c"astal .tructur,,, 
• Wave d itl'raclio" . 
• Elle rg)' di ... ,ipation dlle to depth_I imited wa,'c breaking and sc~bed frici i"". 
• W"ve rewnance effect' 

3.3.1 Modelling of the Phase I layout 

The model area and hat hymetry for the Pha.«e I layout is shown in rigure 3. 12 'ogC! h ~r 

"ilh locati"ns of a"alysis poill l,. I n too inter-tidal areas where waves will he ahsorhed, 
the depth. were set as a minimum or 2", in order to av"id til" nc"d r", cl<lr~mel)' fine 
mood rcs"lution. ""'ave, in the", area., were ahsorhed hy the houndaric<. n,C 
rclatiwl)· low rellcelion eocmeicrrt, "rother natura l boundarie, were ,et hased on the 
slope of the hath)·metry. TIle armoured hrcakwatc" wcre s rccifkrl 10 havc a reflcction 
cocflide rl t or 0.5 wherea, Ille , ·er1."" 1 4uay wall, at the ber1hs were spoecifled with a 
reflection coeffk ient "j" 0.95 

Spatially ~~ry i n g wa,·c cond ili"", "ere "pplied at the ","ward bonndary.· ufthe model 
rrum too resu lts of the TOMA W AC mode L The directio nal <pread ing of Ihe waves was 
rcprcscnlcrl by u>ing 9 c"mponents . The model was run f"r 'he same ~ wave cunditi"ns 
as th ~ TOMAWAC mode l. Rcs ull;; are prCSC"hOd in Figur~' 3.13 t" 3.21 as c"I"", 
coni"", pl"ts "r wa,'c oo igh t with in the harhour area. In the", plots the area out, ide the 
curved ARTI'MIS model bo"nd"r~ wa, I"' lchcd willi results frum the TOMAWAC 
modd. 

ln addition. wave cond ition;; arc lahulalCd in Table 3.2 at Ihe "i.' localio"s , llOwn in 
Figure 3.12. Locat i"", I 10 3 are at the centres of tile pmpos.ed her1h' and loe.ations 4 to 
Ii arc along the cc"lrcline or Ihc cI"nnci. W,,,"cs at each "r tite ber1h, "rc ,mall. II i, 
clear frum the plot, that the dredged dannel causes the wave cnc,,~y to diverge i"lo Ihe 
.hallow arca.~ to the nOr1 h ""d ,,, utll "rth~ ehannul . 

Downtime at 'he berth, will clearly depoe ,l<i on the types "r ve>se l, and operation. heing 
cOn< idcred. Howc~er. lhcsc rcsu ll:< dc~rly "how Ihat Ihe wa"e energy reaching 100 
berths frum "ffshore is very low. The wi nd hlowing within 'he har\>our will creale 
surface eh"p ... hid, In"y be high~r lhan lhe,e wave ooight, hilt. being of ver)" shor1 
period wi ll not attect the vc.",I •. 

l.'nder 100 year C)"clonc condit io,,, the worst wavc, at 'he cnl",nee arc predicted to be 
2.1 m Hs but eve]] tbe,e waves do no nm givc ~ i gnit,cant wavc disturbancc at (he berths 
howewr downtime would probably be call>e<i due to the direct effect of the wi,l<i alone. 

K. l.G 
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3.3.2 Modelling of the Phase II layout 

The ARTEMIS m(>del was Ihen set ur 10 represent rhe Phase II layout as shown in 
Figure 3.22, The TOMA W AC mode l w,.. al'" re-run with the <keper I'ha,. II dredged 
channel to pru>' i d~ bound,,,y condilions to tbe modd, n,C ARTE)vIlS model was run in 
thc sam~ way a. lor Pha>c I a tld results are pre>cnled in r igurcs J .2J to J.3 I. In Ph,.", 
11 lh~re arc "wny mor~ venic"1 'l U"y" so. "her",1S in I'h,,,c I thc w"'~, were pr.:Jieled 
to diverge from the Mer chan nel and he dissi p"tcod on thc undevel[)ped are as of the 
harbour. in Phase II much of this ",m'. el1er~)' is refl~ct. d back illt[) th~ h"rbour so w" ve 
heights are gcneral ly higher. 

The model r~". l ts tww been "n"I)'s<:d to e.\truct l h~ ","~i",um valuc of Ihe s ignificant 
wave h~ight along each of th e berths/quay, and in the channel a, shown ill Figure J ,22 . 
These W"V~ heights ar~ tabulmcd in Table 3.3. II" clcar ll'"tlh~ ' I''"y w3 11 al Bcnh 4, 
directly in linc with thc c tlt rancc i. gene'a lly th e most exrosed. for waves from 
ll[)rtheast and east there will be refraction of wave energy into Ih~ ba,ill llcar po,il i,,., 
I I" i(1\ s ignilicat'( wave heighls of up 10 0.6", . Wavcs sho.~1 up nnto the ,hal l[)w area 
in,id~ the "outh breakwater behi nd the Cruoo and I'.O.L Ch.mical C" rgo berth,. U",lcr 
c)'don;,; condi tio", . the", berth, (I'osition, 9 and 10) arc e.,pccku to cxpcric tlce swell 
wave" of 1.0m lIs 

3.3.3 Assessment of the number of operable days 

EX S429 

At thc clienlS request. Ihe tl umber of operable days at the various ben h, wa, req ui red 10 

be asses>ed b,.",d on th~ s im ulatioll ' carrio<! o ut. For thi, ",,,,,,mellt, thc followi ng 
permissiblc "3Ve hcighl lhrcsholds ",cr~ provided by Howe Ind ia PYT Ltd. 

i) Contai ner henh. (localion II 10 15) 0. ~5 nt 
~ ii) ~ Mul tipurposc berth'(1. 20, 19.1 8, 17, ! 0.80tn 

:--.... : .. ! .~ . 7&~) ................. " ... ;. .............. _ .. __ ............. . 
'I iii) Dr)' bul k 
. a) Coal (3 10 5) O.XO m 

iv) Tank~rs 

3) T3Jlkers - Liquid C'''go / POL 1.00 In 

~r-j b) Ironore{2} .. .... ... 1.00m 

products. (X. 10) As per Intematio.ml Standard ba,ed 
b) Ga, tan~cr (9) ott )'Oll' expcric tl cc 

App lying the pcmli"iblc wave heigbt thrc;bold, quoted abo,c, lhc do,,'nlintc d Ll~ tn 
waves at eac h of the hert h, in rhase I and Ph as~ II i.' likely t[) be less than one d"y a 
yca,cxcepl alBerth 4 in 1'1"" e II . B"",d on using the mooel runs lh~l ha,'e been ca rried 
out t[) jtl tcrrolalc the nearshore dimate to ,,~ ves"t tho herth. accounting lor each of the 
dominant wa,'c direction sector>, it is est ima ted thai W""US could callsc downtime at 
Bcrth 4 for belwccn 10% and 15~o of the time (876- 1315 hours). lI[)wever the 
downtime will not be in collt inuolL' chu nks. and an assuntption of an average , torm 
Juration (abo,'e the lh"',hol<l ) I"' ling abo ul 12 hou rs ",as aprl icd which mcans that the 
number of >eparate days atkctcod douhlc< to 100 day, a year, hence the o]l<'rablc da)'s 
would be less th an 320 in a year ill Benh 4. Using the sarne rncllII)<iology a 1.0rn 
t h r~sho ld at Bcrth 4 (insl c3d of 0.8", ) g i ,'e~ downlirnc for 2% _ ~% [)f thc lime. which 
hy the same argu ment atlect, abo ut 30-40 ,'"' r amte day, a year. how~,,"r the re>olul;on 
wilh o"ly a few wa,'e condil ions is rat ll er Coarsc to be rrccisc , 

" ) n 
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'Ihe abo.'~ 9Mlysis only ~~iIJ= downTime due 10 Iongt:r po.'fiud wa,'", from nOshon:; 
il <Io:".:s /lOt ta~~ accollnl of My "'o"",i"", d"" to ,,'ind or C<I" ipmcnt problcms. It is aL<o 
.L .... urnro ,hat the "cry short p.!t ioJ 'C""I'P~' waves thai wOllld be gcncrlItro k>caliy 
wiThin Ihe hamour ""' ..... not cOlllrih"IC 10 thc do.';ntim .. Ihreshold1! ~ince IIlcsc short 
p.!riod wav~ ... wou ld boo "nli~cly 10 mo.'" the large v=..,I, 

Waves at Ikrth 4 oro n:huivdy "i~'" sillce the wavcs ra ~~ Ihough Ih ~ h,"hour en tmncc 
a long Inc cn."Tld "nd then di.'c rIlC due to ",fmct ion toward, the _,idi.'S of the cha"nd, 
rhis affe<:l< holh IlCllh 4 Hrld Ihe nre" t>c twccn Ilerths 13 a"d 14 (see Figure 3.22). 

1'10. drect o/" waw ~O"cc"lrtilion at nerth 4 occurs "ilh ""Vn from 135°N as wdl as 
from 9O"N due 10 The Ia.:t U~II . by 110" lime Ihry re3ch 1he I~\rbol, r Clllnl'W;( Ihc wa,'c, 
Imv~ refraelro so 111;,1 Ihey enler ditttily imo I"" port area. They Ihcrdorc s lili 
propagal" down The clltra' .... '\: d~II""", 1 and "_<I'Ie'd ally 10" '''00 lho: BerTh" ,ide or Ihe 
, h3l1nel as St.:"n in t'igllre 3.23. C;;,-co this d in:c1ion of al'Proocl, of Ihe ,,'an,,> which 
&iv~ ri"" 10 I h~ high W11"" Cl .... -rgy ~I Ilcn h 4, it is conel"d .... d lb.,1 a spur ~tnlCTUre nt, Ille 

norTh or """Ih b .... akwater 's "nlihl)' 10 be ''''fl' ~tfn:Tivc ill n ..... ucing wau' """lID' ~t 
Uerth 4 _ 

Retarding Ihe w~yC direclion.' qLlOIcd in r able 1.2 for I'tut .... I, Inside Ihe harno..r tho: 
w" ... ~ ... have a n"mller of din.'<,; lion~1 cotnl"'ncnt< due to ro:n""tions : mc~ n directi on i. 
sh'''''u. At Location 3 Ihc di ttt liQn '1u .... ~d is affe<:Ted hy rdlCl'lioLL! rrum Ih~ quay , At 
l..ocation 6 ( r i I;LJr~ 3. 12). Ihere is a Jivergc ncc of ",avcs from Ih e channc lle:l(\i ILg to l h~ 

ch~"g~ in direcTion. Itl Ph..sc [I Ih.", are many more rclkdi.'c 'l<Lays,;o th. pattern (If 
wave, IleCO"'CS ""-'Ill ",mflL'ltd "ilh standing waves in some rlae~ •. II c"c~ il i, ,,01 
a~ro[ll'iate TO qoolc Shlll tc WII" e direction' hccau,;c Ihc wa,'c, "I ~ny location may b.: a 
comb'na!ion of "'aveS f.om vRrious din.,< lion •. 

" .,. 
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4. Sand Trap Optimisation and Coastal Impact 
Studies 

4.1 INTRODUCTION 

n,C orig irl a l ,pecirlCalion r"r Ihi, dcmcni or Ihe slud)' requ ired s imulations to he 
carried out u> ing represc ntative wa·iC ' for littoral drift in order to e,tabl i,h thlliocation 
and si,c "r a sand trap "t" arre,1 eileclivo ly Ihc n"rthw",d, lill","1 drill which occ urs in 
the S W ",,)"soo" ··. togel hcr wilh ,n "",",e",,me" t of the potentia l for coa>tal impact and 
a,wcial~d recommendations for remed ial meas ure ,. 

During the ro ur", orthe negotiat ion> for the stud i.s IIR Wallingford abo adyi,,ed that it 
"ould t:.: prulkntlo con,ider the erred, "f ~hanges i" the co",l li"e as ~ co nscquencc of 
OO ild up again't the b re~ kwaters when assc .. ~ing the <and trap configuration . Thi ' wa, 
"',sed on the rael that the "riginal drawings pmy idcd by Ii"", " I"dia willt ,uggeslcd 
localion fo r the satld Irap in re latively docp water wbich wOLlld he unlikely to 
ex rcriellCe infill and therefore he etli."Ct ive in tllC period immc>diately po,t con,lruction, 
Accordingly, in ~ddit i on to Ih ~ simubl i"", b=d 0" Ihc C~i5 l i ng baThymetry " ith the 
pro]lO",d brcak"ater ,truelure, imposed. simulation, were al,o c·arr ied out wilh th~ 
~oa,ll i nc alld n~""hore "'tlhymclr~· modified 10 rcpre,unt " future ,~c nario when the 
""abed bad adjusted arou"d the POri :;truchJrCS. 

4.2 METHODOLOGY 

4,2.1 Modelling approach 

Sim ll iation, were c·arr iffi out u< ing the IIR Wall ingford roa,t,,1 area modelling 
rra",ework, PISCES. 

PI SCES is a >lme-of-the-art, fully-interact ive "'la'I"' area modd ling rmm~work. e"p"bi;; 
of >imlliating the var io us proccsscs of wa,e propagat iOl' . current dimiOOtion. and the 
... su Iting ",d iment tran>porl in com[>lcx cM>tal area,. 

ror this ,tudy PISCES will comprisc the wavc rropagation model. T0:\.10WAC in 
~ombillalion with Ihe finite eleme nt flow modt:l TELEMAC and Ihe SANUFLOW ",oJ 
t",nspr'" model. Al l m<.>dcls work 011he same TEl .EMAC utl,lnlctured me,h. 

TOMA W AC is a 2Tl d g~neTIll i,," fi" ik·d~lII"n l spectral w"vc rnod~1 wh ich 8im ulatcs 
the tran.<tormatio" of random dirc'Ctionally sprcad wave, cons ideri ng the tol lowing 
pr<.>Cc»e>: 

• Wave 'honling 
• I',,' "VC refrac li"n by Ihe ",abed and by cur,"n" 
• Dcl'th . i"duccd breaking. 0011o", fri clion and whitccapp ing 
• Wave gro"1h due to thc wind 
• Wav~ blocking. 

The TO MA WA C model wa, dcvdopcd by the National I'ydrau'ic, Laboratory (LNII ) 
oflhc Re",arch and Development Division of the French Elcct ric i l~' Iluard (EUF-D]oR) 
a! part of Ihc TELEMAC finile d<m~n l hydmu lic modell ing system. nle model al'" 
li nks directly with the TEI.EMAC tlow model '" that in pri nc iple now fields from 
T ELEMAC can be used to co",ide- curre nt refraction of th~ W"V~', and wave rad ialion 

~ ' ,0 
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stre.<s lield, from the TO),1AWAC mod.1 can be "s~d to g~tt~mlc wave_induced 
current, to be mooelled by 'I ELEMAC. 

TE1. I'MAC is the Ilow model that <;(JIves th . <hallow w" I~' C4U"tions inc h,ding the terms 
that "'p,e",nt generation of W"VC dri,,:n currents due to wave hreaking. Outpul from 
TE1. I'MAC (in th e Ihrm of (wave-generated) currents and IOMAWAC (in the form of 
wave orbital vdocities) are inp ut to SANll~LOW to , i",,,lale sediment tra"'l"'rt in bolh 
the olTshorc aF\d "earshore (wave hrcaker) """". fly this me"n, ",d imenl lmrl sporl due 
to wave, and wave-ind,>ced currents i, ,imulaled. ,hown schcmatically in the lig"re 
below. 

K,f"" ... 
Sb". I;.~ 

1'" F,k"". 
P"'~I·l 

sr.ArII' D 
TOPrXORAPI IY 

, , 
, 

.... Io.d 
S.,", . ~.d L • • d 

I ~ • • II«" 

s"t...l""'J><,rrt<1> 
""dNl ,,,d {.,;"., .. ! 

Su d .". II't>II;'~ 

""" S< . ... d . ... ~ .. Id<"...it"" • • " ."',",.) 

I'ISC.: S model str"Clure 

T;~.I I." .. 
w,,'. to"" 
IJ.~ r ,k,jQo 

0.,.", ;, 

, '""'" " (tOle ...u.',~ 

"'.>'C 3<""""" 

Furth", dulail, of 'I'O",1,\WAC, TELEMIIC and SANDFLOW are f'f"scrlicd in 
Appendi x I 

l'y pic,,1 "pplicUI ion of PISCES com prisc. setting " r a hathymetric diltab:t;.c, sck"'lion of 
<recilic inplLt wave cond ition. for , imu lmioo, calc"laling Ihe corrcspo"di"g current< and 
sand transport pathways and ,malysis of Ilk: ,.';S uIIS. A conscqlle'lCe of detaikd mode l 
n.:sol"lion and sophistica lion of the models means thaI it i. not ",ually JlO"ibk 10 lIIodd 

R. 7,~ 
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all wavc condilions in " parti"ul,,, ciimmc. Accordingly. PISCES is u>cd 10 lTIodel 
represenlative raner". of drill for Ii<: Icctcd repre:;cnl~livc w~v" co"dilio"s alld I h~ ""ull:; 
~n: inkgml"d 10 yield llJ" I'J'OS' a"d 'Jet lo"gs hore drift . Through research and appl ication 
of Plsc r s to ~ rum,bcr of ~a>c ,Iudi:s, HH W Hilingford h"" d~vdop"d rdiable t~chniqu~" 
to determine r~presentati\'e input wa,'C condition~ a~ dcserit>cd in Section 4.2.4. 

4.2.2 PISCES track record 

I'he track record for Plse rs '-, long, with Plsers \>cing s ue~essf"lIy used in the 
fo llowing ",ccnt rel~v"nl projects . 

• HHifa Marina, IsraeL PISe rSwa. used to a,:;c" the imrael ofthc rropo.cd Ilail;, 
Mari"H on Ih" <t<Ijaccnl co"'tl i,e and nearshore areas. 

• AshdOO Ilreakwaier. 1""cL Plscrs was used spce iJic~ I I}' 10 ca lculate Ihe d q~",c 
of >cdiment bypn"ing around til e ma in hreakwater, a, r art of additional o"".n ine 
evolution modell in g ,t udi ~8 ""luir"d for th" propo, .. -d pori d~vclopmellt "nO ma in 
f>roakwal~r exten,ion. 

• i\,hJoJ ,ed imenl bypa"ing. Israel. A, part of Ih~ consent process for tile port 
development ineh,di ng mair> bre~kwatcr nte",;on, 'I ud i~s w~rc req"ircJ to 
con,ider th~ practicalities of carry ing oul sed iment hYl'a"in l;. PISCES ",sulls 
wcre rc-interpreled to aid in the d~vclopment ofa byp">sing ,trateg)'. 

• I'ortohello, lJK. Plsers WaS uscd 10 assess the dcgr.x of bypass ing aro""d" new 
rc<:bmation hou,ing a wa,te water treatment worh, wilh the aim of opt im i' in g the 
ree lamatio" <lcsig" to mi";mi," the coastHI impaci . 

• Kilk~d, lJK. Plse rs was uscd to as.<css rhe scdimCrIf ImnSiJOrt around a harbour 
complex unuer combined lide and wm'o action. A variety of new harbour designs 
were tested as a means of optimising II", harbour layo ul . 

• Mowe ila ii , Namihia. PISC ES "as lI.<ed to a,,-,,ss the kasihi lity of .,iling a ncw' 
iJOrt 0" the Sh klon Coast Ht Mow~ Baii. an Hrea of pru1 icubrly high littora l drill. 

• Qua lhoe Nigeria. PISCES was used 10 mode l the Sirong li((ora l drill around t h~ 

Qlla Il>oc riwr mouth during weI and dl)' season cond itions. The fen,ihi lity of 
maintai ni "g a chan"eI through Ihe bm Ht th" mOlllh w'" im·csti!;Utcu. 

• (Jr~at Yarmouth, lile PISfT.S was used in thi s large st"dy ro si mulate combined 
w~ws and tid", to predict th~ impact of a proposed new harbour 011 the east coast 
otthe I!K. 

• Harwich, lJK. Plscrs was u'-Cd 10 assess the imrael ofthe placement of sa"d 0 " 
the coast as pmt of. nouri, hment project. 

• Kuwait Watcrfro"t V PISCES was used 10 ""'''''' th~ annual ."crage 10» of 
>coimcni out of an arti ficial po.>e ket heach on the Kuwait Corniche. The I'ISCrS 
rC'u lts werc used as input 10 tho dc,ign . 

• SASME re,eareh project. Plsers "as used 10 simulate the wuwth of off;;hore 
ba r.; in" wa,'c-driven ..,d imcn: regime. 

• Ilappi .hurgh to W in lcrlo n ",,,,,arch projC<:l. UK. I'ISCIoS W"' lI,cd to ,ilJllltate IIJ" 
ilJlP-lct of offshore ree fs constllleted 0 " the East 1\ ngl ian coastl ine . The m (l~elling 

slltte>sr"II)' ",prO<lu~ed Ihc reduct ion in sediment supply to IIJ" downdrill coa,t. 

• Ilai Phong, Vietnam. PISCES "'''' "'"U to ,i",u lal" thc , cd i",enl tran'port 
pallcm, "I the marino entranc< 10 the proflO'ed ,JeW access cllannel to the Port of 
Hai Phong. 

• Easl lIead. UK . PISCES .... as "sed to investigate tb~ tide "nd waw-gen",ral"d 
",dim~nl tran.'port field in the vicinily of ra,t I lead. as .. mcans of c'tahl ishing lhe 
rCJ~illl~ of thi, complex 'y'lem al the enlrance to Chich~sl~r l larbour. 
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• "'''"Il"n 13a"kWal~r:s, UK. PISCES W'IS ",cd to ,imulate combined wave and tidal 
flows "nd sc<limcnt tr<lrlsport patterns at th e entrance to Walton 13ackwalcrs. 

• Poole flay . lJK PISCES wa, used to ,imlLlat~ the ""dimenl lrun'porl JA~thways 
due to combined lid~, and stonn wa,e, wilhi" Pock Ra~' as I'm or a coa.tal 
wate"Y study for lh is arca. 

• South~rn N[)rth Sea Sed ime nt Teall,port Slud)' 11. UK. PISCES "'~S uscd to 
,jIllU lulu combined lide and ,cdilll~JlI lran'port patterns at Winlcrton on Ihe E coast 
orlhe UK in order to emah lish sed iment transpoM p"lh ..... ay, l>elwccn the Ness and 
(he olf>h()rc ><lnu bank:<. 

• La lInion. f1I Salvador. PTSr:rS wa. used t[) s i",ulate ",dim~ 111 transport "","" 
tide, wilh wave st irring as p"r1 "fthe Port ,"habilitati"" proj~CI. S~dime tltation in 
the proposed d'edged eh~nncl was rrcdetcd. 

• Saemangeu m, Korea. PISCES wa. us.ed to ,imllial. sedimcllt t,""s"",1 fields in 
the region of th~ Sa"mang~"m tidd ","t land project. Scenarios mooell ing 
inclurlcd the long_lenn c\'o lut ion ofthe ""ahed fol lowing closure of the ",adi~~. 

• I'oole [J, idge, UK. PISCES studie, were 'md"rl"~cn to ,,,,,~ss ,he impact of 
propos~d bridge p ier, 0" Ihe channel connect ing 1101", [Jay with Poole [Jay. 

• Akko Marina, I,rae!. PISCES wa, applied to '"'''''' th~ ""t~ntial i l1lp~el of a 
pro"",.d marina on {he wast HI Akk'J in Isr",,1. In addilion. PISCES was al"" 
applied 10 specifically cons ider the rlcgr~e of heach 10" in a propos~u b:,thi1lg 
area, and in this same bathing area, I'I~CES was u""d 10 a,,"," {h~ w~vc_gcncr"ted 
ClIrrenl.s for i[l Plll lo a ",r~ b.lhi"g assessment. 

4.2.3 Simulations performed 

[X 1429 

An OWT\'iuw of Ihe sim ulation, p<:rfo""cd for optimisal ion of the ,and tmp is givell in 
lhe {ahlc helow. Al l ,i",ulatious were carried out witllthe water level set "I 1'>km, Sc" 
Lxvd condilions wi th no lid"1 current,. Local curr~nl condil ions arc thus due to the 
elTeets or w~w hr~aki"g and the .esnlt ing wave_induced curren! pattern, and the WHYC 

orbirol \'elocitie, were "sed as input to the >and t,"nsport n".xJcI for ~lICh of tile Ii'ted 
condil ion,. n,e cases ..... ilh e, ist ing seallC<1 rcrrCSCnT the simulation, wherehy the Port 
_,tructure." breakwater. and dlannel wer~ i mport~d directly into the ",-,"bed. whcrc~s 
I",t, with an evolwd "'HOCJ repre,ent it flltlln: scenario wherehy the coastlin e and 
nc~rshorc ha. cvol ~cd and hui lt up aga i1<t the breakwater.. Thi, c\'ollliion and 
pred iction of the future bathymetry WHS b""",1 on lhu ""lilt, for Ihe ex ist ing bed and 
<llso draw in g on ~xJlCric"cc of coa,tal chang~ in the lee of structllfes al olher situ, 
around the wo rld . The aim ofthi. approach usi ng an ~ ~olvcJ ",abed waS 10 provide a 
more Iho",ugh ,,,,c,,,,,"nl o r Ihe ~n~'l i vcncss of the ,and trail' taking into 
co", idcrat iou thai tollowing consm,ction rhere will he a perioo of adjus tment whkh 
may hav~ a bearing on the opti",um configumtion oflhc s~nd (rap. 

ril e mode l res tllt . for each of the schernatismions "re di,e",>;<;d in lhe fol lowing 
,"elions. 

20 fL J.G 
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Overview of ~imllialion~ 

I'bHS~ Sand trap 

Exisling ~asc I -
('-Q nstruction -

I (south h/w) 

, 
-

2 (north hiw) 
l'Ila", I 

J (nort h b/w) 

2 

J 

2 
Phase II 

J 

ScalK'd WaH ~uDllitiun' 
configunliun 

In il ial 
5 represenlal i,c WH,' e condilion,: 

30',600, 90°, 120'alld ISO"N 

I "it ia I 
5 rupr",cJ1lal i,~ w,we cond iti ons: 

JO",60' ')00, 120" and I SO"N 

I "itial 
5 n:pr~senlalivc wnvc condit ions: 

30",60' , ')0" 120c' and lS0' N 

Future 
2 representative wave condit ion.': 

JUON and I SooN 
2 rcrresentative wave conditions: 

Future 
JU"N alld I SooN 

2 rerre.,entative wave conditions: 
Future 300 N and 1 SooN 

Init ial 
Storm wave condilion" 

""-N 

Inili al 
Stonn wave condi lio",: 

OWN 

Init ia I 
5 repr"",ntati,c ",a,C cunditions: 

30' 60' 00' 1 20' and I SO"N 

I "itia I 
5 rcpr"""ntativc ",a,c conditions: 

.JO' W' ,,"' I 20° and I SOON 

4.2.4 Determination of representative wave conditions 

As desc rihc<:l in Section 4.2 .1, dLLe to the requirement to mode l n v~ry large area, and to 
r"""I , e Ih~ approa"h "h"nn~i ami cth~r key ar"", around til" port brea kwalers with a 
fine mesh. the ""'tintcs for s imulations were relatively long. Thi' arprOllch of 
~xplo iting the comrulalional rower 10 define very fine me,ht:s is not UHus"" i, "nu 
resu lts in the req uirement to r~u,,," the n"mber of input co"d ilion, .,imulaled to a 
represcmal ive s"i>s.et. 

In this eas.c it was required 10 red",c the offshore wave eli m"le (shown in Tallies J.ln 
and J. I b) imo a small ",I of co nd itions that w~re r"p re"'nt"tiv~ or ti," I,m£shon.: drift, 
Thc routine 10 d~lcrmi ne thc,c conJit ion, is Jcs.cribe~ in Arrcnd ix 2. an~ r~.,ulted in 
the fo llowing representative wave cond itions whereby each condition in a given 
dir"ctional ;cdor i, representative Jr I h~ littoral urin or HII waves i" that d irect ional 
sector, The probal>i lily (fre(IUCtlcy of oceurrCrlec) of each w·avc condit ion, is therefore 
ddermined accord ing to the relat iv e fre<:]ucn cy of way", from each direct iOll al ",Clor <IS 

show n in Table 3.1.1. 

R. 1.0 
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4.3 ACCURACY CONSIDERATIONS 

,·x .""2'1 

Priur 10 pr~scnting the rcsults of the sand tramport . imulal iuns "00 asscss",cn, of the 
sand trap. il i< appropriale to di.'ClI" accura<y eonsidu'"t ions. 

As hi ghl ighted in Ihe prorooal for Ihese studie,. il i, widuly acknowledged in Ihe 
sc ie ntific cummunity th"' in thc cuast" 1 enl' ironmeni sedimcnt lran.port predictions "r~ 
on ly accurate to within a lactor of order ~ to 5. II shou ld further Ix noted thot this 
degre-e of accuracy repre,ents til<: agre~mc", b:.:1 wee n pr~dictcd and o"'-erved ""dim~"t 
lr"n.I.,orl rates whcn the h}drodynamic coMition. are delined. Thi, finding " -as oorne 
OUI of re."arch stud i~. wherehy candidale -Jrgani"u ion> who "rc r~cogni",d a. leaders 
in th~ field of ,edimunt t,"ns.,orl ~rlormed hlind ."dimeni tran'port le"s (i,e. wit hout 
Ihe IX'.,,-, ihil ity ofadju.ti ng the model parm,.,t~rs). Furthur d"'ai l, orwch srud ie, can ~ 
tound in Referenc~ 2. and th~ conclusions arising in rcSp""1 of accuracy are summarisud 
in Soul>by 1997 (Rcfcret1ce J). Sim ilar d~grees of ,"-,cur"9 Hrc .-.:portcd in ()ther 
source., s llch as the lJS Army Corps of Ionginc~rs (,ec for cxample, Re terence 4) and in 
th~ Journa l of CO,,"1<d Resenrch ('iCe for example, Reterence 5). In this biter rcfcrcncc 
it i, noted that accuracy to with in a f""tor of I 0 to I 00 is "01 ,,,'conHllOn. 

The ab<wc uncertainty is e,«ential 'y due ~) the fact that ",dimenl Iran'lX'rt i. not" 
p=ise ,c~nce, and as a cons~qucnc". ,wimelll Imnsport lormulae tend 10 be b"s~d 011 
empirie,,1 or scm j-empirical mClhod, which are als.o subject 10 degrws of crror. I-knce 
whil.t 11", be,t apr>'oacile, aOO m~th()(h "r~ "rnploycd 10 pre<lict .ediment Imns[lOrt il is 
clcar Ihal th" "pplicatioH of",,)' s~cilic ",diment tra"'lX'rt algorithm will gi,'e rise to 
pred iot ion< that are <ubject to a <legr"" of ur,certaint)'. 

I" addit ion to the unCCria inty re lated to lle ,edim~llt trans[lOrl algorilhms de<cribed 
aoove. it . llOuld als.o be bome in mind Ihal lhurc wil l alw Ix crror H."",iated with th~ 
prod ictiollS of saOO tm rl sport duc '0 the natural variability in the physi~al wnd ilions a rid 
proccs<cs. AI this . ite, whil.! the data <-overage is a,k'luate to selup and perfmm 
mooe ll ing simu lations. it i, imporwllt to ~pprcc i alc that there wi ll be , 'ari"bilil} in thc 
, ,, ,, d tmns.,ort rales due (0 natuml variahi lir/ in variou, fidds, including; 

• Changes ill the ""arshor~ bathymctry; 
• Change, in 'he o/l\hore wave.'; 
• Variahility in Ihe seabed ",dim~nl eha'<lClCristies (sed imcnt grain ,ize, grain shape, 

e!Tects or fl TlC sedimcnt (mud) on sand) 
• Fres.hwater e/lccts 
• Add itio na l (g~nem l circulation) curr~'~ streams (olher Ihan tide, and wm'e,) 

The e<>nclu. iou ari.ing Irom 1M aoovc di""",s;on is t h ~1 the .edimen! trans[lOrt 
predict ion, carri~d OUI in Ihi, (or aPl)) study sh()u ld be considered as b:.: ing 
rcpresentative hLlt will also be subject to urcertaint)'. It shou ld a lso IJc noted, ho"ever. 
that d~,pit~ the appHrcnt ull e"rta i!lt), us ir'g numerical mode l. tMY still provid~ a 
,'alu"bl~ mean, of ;\SSCss itl g thc rerlhrm,.,ce of a ,ch~me and in this case. a usehd 
means of a.",ssing the relal i, 'c prus and COli ' of >ch","C (sand trap) alternative,. 

Takh'g into consideration th e noove facto .... il is concl uded thHI " ithout ,pecitic local 
calibration it i, not unreasonable to asS ,,,fle that the uncertainty in the S"oo tmll s[lOrt 
pr"dietiom (and a,wciatcd predic'iot\s of ,hannel infill) will remain of thc onle r of a 
factor 2 10 5. 

22 R. 7.0 
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4,4 SIMULATION OF EXISTING CONDITIONS 

Simulalions w~'" inilially carried ,..,,1 for the C8SC w;lh the ~xiSling "",cna.io. using IIIe' 
n81ural ..... bed as !;I1O ... 'n (in Ihe ~i< inity of the proposed I'ort) in Figure 4.1 f>ISCt::S 
,i",,,lations were pe.fonned ... ·;Ih a tidn l k"'eI sel at ;>O lea" Waler Level (no tidal 
i"n'Ie"""). fQr I:;""h of the five !\!pr~-s.:nta!ive wavc wnd il ions .ummarised in the table 
in Section 4,2.4. 

Te,ls w",e carr;"''' ou t wilh a med an G", in d i"rn~!u of 0. 1 mill. which cor",~pn,ld, I ... 
Inc 11n~r f""Cliun con,id~rcd in lhe : a. lie. IIR Wallingf ... rd SliMly and ... ·as ct.ll".itkrw In 
"'" more 31'f1ffl[lliatc in Ihis S<'dime'lation SlIMly .inee il is 1111: nner sand f""'l iot.~ L1."r 
will more "",di ly b)'pas.$ IIII: ""n breaI; ... ·RICrs a .... infi ll the approach ch~nnd. 

Wa." heights and di"'Clion, for ea<h inpl,t wav~ condition arc sll\}wn in Figure 4.2 "nd 
I'i~ure 4.3 s t. ... ", s tlte cnrrcs pondin~ w".e·~ene.atcd "urrent s which arc induced by the 
w"vc brea~ ing. Figur.: 4.4 shows tI, e ussocinlt'd ... n<l Iran. ""n rales lor each wave 
condil ion and F i~le 4.5 summari ... tile w'cighl(:d ""'~,,,II .~i"'en t lranspml rnle aftcr 
cvmbining the individual results ,.:eurding 10 Iheir fn.."1.J ,"'nci~, of occurrcn~c a .... 
-""8l ing Ul' 10 yield DVC.'ral:" annual I ,an.~pnrt ~~Iu"". 

4.4.1 Discussion 

Th~ a.'cmge ' ''''''al "e l ,and drill i" Ihe ~l udy ar~a is prcdomi"'mtl~' southerly. anJ 
whiisl Ihi~ patt~m :lCcof(1;; w ilh tile sri! fntmalion which exlcn,i;< from Ihe ''''I1h .• ide of 
Ih" ""Iuary eOllra.",,, and i. al"" 'O",,,islcnt with Ihe SQull..;rly Jevi:uinn in l i"cr muulh. 
nearby \0 lhe nonh (!!ICC earlh.goo, k:.eom ft' loc.atinn I~· 19'16"N, 30" \1"21" 1:;). IIIe.'iC 
moult.. do OOlurnSl wi!h other fiodinlll' Dnd further discussion on Ihi! fi,kl ing is 
Aflflro[lliale. 

OIher sourees or j"runnmion snAA<:S\ tllll i Ihe net dr ill i., lh b "'lIiun is nonhe rly . m,d 
Ih is is al", the ~e'lo!rnlly "cc~pled ]l"ltlcm of Ji'lribulinn O"Cr on • ..:h uf Ihe east tOMI of 
Jrklia. Tbe tarl;"' r ~Iudy carried uul by I·rttlel ick Horny (Kdere""" 5) "",,,,,, Iud,:d lb.11 
II.: net dri l"l is oonhelly and Ihe .-arlier 11K Wa ll in~ford ~Iudy " sing a simpler profile 
mndel also , ..... wed ''':1 ,oonhcrly If1lMpOn (although Ihis net !f1l.ospol1 ",a~ .. ",all 
CQ"'pared 10 the high gr< ••• transpo!l rnlc~ IQ bolh ..,."th a,~1 nunh). Funher DMlysis of 
Ihc<\: earlier , too ies, h"..-".'cr, in<lic.11XI th:n in thc I'rlXlerid Ilarri s , lIidy. "n addiliOl'A 1 
"swell"' cOIHlili"" wn.' incllHlcd wilh " very high weighl ing r,,~lor, whereas Ihe ... th~r 
rcprcscnlati.' e wave cor,Jil;uns "Pfll icd w~re relat ively . imilar lu tl,...,.., app lied in Ih~ 
presenl sll1l1y. Since Ille "''"W dimale 0I.'iel1 in Ihe [II",,"nl (and Ihe FrcoJcrid I lorr;') 
Shkly include!< lhe ~"'cll wave activ,ly il i, nOI llfIIK"O[IIiale 10 Ilpply an addilinnal ",'8"" 
cORdilion to repre.<oenl this process: tile drC<.' l~ "fswell ac,;vily shoo k! be incorporaled 
imo the liI(Cring m.,.,;hanisn. "sed I" dele,mi ne Ihe !\!pr.:""nlative wave eo,wjiliuou, 
n,i. ;, the ca.,e I"r the HK Walli r~rnrrl ",e lhod used in Ihe pro;..,:nt ,tudy, nnd it is 
cl),,,,lnckd lh"t lhi , . dd ilional "swell " c""dil ion w'"' JPlliied I" arl ificil, lly cleate net 
"orth"rly drift. 

I hal lhe [llCSCnl II I( Wallingford findings conr rnSi .... ilh the earlier IIR WBllingfurd 
~ ... dy. despi.e ... ,j"8 comparable waVe dala !OCts is anribult'd 10 Ihe r""t lhat the prof,1e 
IllO<kI uscd in lbe carl;er Mudy ""mmC!; eomplete Ionlll'hore u,,;fonnity in aU ti.ld~ 

whereas it i. dear from the inlo.",,,tiun provided in Fig\Jrc~ 4.2 10 4.4 that the "y,lruuli" 
tidds "",und the eSt""ry enl",ncc ami ... ~~r the delta a rc~ Arc nol I ... ng.hnrc ""itonll. 
Funhe r. Ih~ "urval".e ofthu e ... ",llir,e to the nurl h ... r Ihe I'on !c"ds to i"du"e wuther l)' 

" H, T,O 
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lranspon '''''" for wa~~. f",m duc CllOl. Thi.. il1fo.,n3lion hi!:hlighls lhe: he: • ..:fil of 
applying lhe two-dimcn.ional orea mode l al th", s ile. 

lIell"" il i. concluded Ih.:tl II", avCf8!:S' . IInual net 10ng'lhor~ ""nd Imll"']lOn field 
dclcm' i,,~d by I ~c PISCI'S model is credible and consi"""t wit ~ the Iuo;al 
ge.)morrhoiogy. 

4.5 SIMULATION OF CONSTRUCTION PHASE 

Situulati"", were carried oUI 10 cO"~'d<;r Ihe sand translX'n pmlcms ",oJ pootcmi nl 
channel i"fill during tllC conStr\lcl i(lll phase when the b","h,alC!"Il ",nuld be p;lrti;,II)' 
oonsuucled (a"d lljlJlI"OltCh channd d .. ,tlgl..t 106m). l10c 'pee; fie dim"" ,; ..... , of tlIC 
hre~kwale" for Ihis scenario we..: prtwided by I low" Ind ia Lltl. 

Figu ..... 4.6 shows the modd halhymclry in the vicinity oflh~ I'or! an."'. Fig"..:~ 4.7. 4.11 
and 4.9 show IIIC frelds o f "'~vc heigh t a"d directiun. W;\vc_gcncratM currents.. und sand 
transpon pancm. respecli ... ,ly. figure 410 shows the pallem uf imeg.mtcd !land 
trnnspl>f1 sea!.-d Uf' to give annual tnInspon ,aleJ. 

IJnder these condit ions. ",nd b:tf"l:>sinll of Mlh lhe sol~h and !lOnh b..:ak"'R1c~ OCcurs 
W 111,,\ tlle re is limi(L"<l rrolt<;tion of the ;lpp",,,,;11 eh" fI"d to intill 

It shu" l<l be 11OI<:d that for Ih i< <cc nnrio, utl d Ih~ fu llowi ll g sccrwios includ ing Ihe pori 
\>rcakwatcrs, lhat high t"'''~ lX'rt mtes lin) prL"<liotod on the ~i<ks uf the hn::akwRter< 
(",h ich lire ",.., Iv"<l in 100 m<xlcl mesh) li nte Ih~ model assurncs th at s.lr~1 ;~ nb le to be 
1r,III:>po"cd along the .... mel ~Irucl u res. In prllc lisc, lhe tra",por1 'IIt ~S un thesc 
~tnlCtur"" ",ill be low" •• ince the "~a ilahility of" .... nd in lhese arcas ii> low SO tlint the 
model pl\!dicli(N1S immediately adjacenl 10 lhe breakwaters should ht ;merpr~1~-d willi 
ClI":. 

TIre ;ntefrnlcd volu","" of cllam",1 ',fi ll under this seeMf;" amounted to 
3)6.000rn !yea •. 

4.6 SIMULATION OF PHASE I LAYOUT 

4.6.1 AssesSlJJ6nt of sand trap configuration 1 

Simulations o r lhe: Pha<e 1 layonl we re in iti" lly e"rr",d nUl ", ilh tll~ !<n~1 Ir"1' 
eO t1 ligurHl ion fl. sug.ge.<ted in th e dn,,,i l' gi provided hy IInwe India Li d. "S shown in 
Figure 4 .1 L with II "o lull1e of order ~()O .(l4)()mJ. The "pproad, cha"",,1 i ~ ( I rt<J g~d tu 
_14.4mCO. 

~ igun.:s 4.12. 4 .13 ~"d 4.14 show the (",Ids o r wave height and di",clion, waw_ 
lI'" ,reratM cu""nlS, and ""00 trnnl'po.m patlerns respectively. Figure 4.IS sho"", th~ 
P.111~rn of inlcgrntcd sa.od tlllll<p<W1 seal«! up Iu give ;m"uallranSf"'n IlltllS. 

These simulalions high light interesting feolure<; in Ihe hy<lrn" lic fields. In panicular. I .... 
rdrar;lion " r tire wa\"..,; by the nearshortl ood,y""-'It)'. and the varyiog angle o f incident<; 
of wave allDck on the br~akw;'te" give ri,.;: I" compl.~ ",a"e-gcJlerntcd currems and 
com:sponding sand lF1lnsport ".'II(r ... . 

ri gu.e 4.15 shows 1he w" igli tc<l p'OI~ntiR I ~n nd flux an<l Iflc",; r(:!w lts i "dic~tc th e 
ru lluwing impDrtat1llinditlg!: 

" M. 1JI 
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• due 10 Ihc """,110. .. 1), domi nantc in Ihe linoral drill Ihc'" i. ;, I::r.,"' t . I("ndcney for 
sand bypa""ing ll/'QI,od lhe . 10)1'1(". nonh~m bre3kwal~' Ihan uo .. nd the wul""m 
break",ater. 

• s.and Inm>fJOn intu lhe!<and ''lIP i<; ",i"i'MI bccaus.: il is in rela" vcly decp "''''C' 
(",,'siM 'he hrc"k~ , ~,QII" and l<)(l fa, from the break"'''te. to catcll the d.ill ioduced 
by ..... ave breaking on the breH ~ W8W.; 

• Sed imCIII.tialluccllrs;n the "NlrOnc h channel ; 
• In addition to tnc Illn t ~. ;ltl fi, II;II!! into the chann el, in PhaS<.' r Mild ..... ill P~I! around 

lh~ b.~,,~w"ter h~ads " nd !;t tllillg adjaceTlt '0 the ciwnnci, w;11i Ihe rolenti.1 of 
being , ut>scquclli ly ~ ..... epl il\, 

Ih. int. graled "01,0{"" "f eliannel intill u,idc. this Sl.:cna.io at"",l nl~-d 1U 62,ooom'I>,"31, 
Mate. ial by""",;ng lhe breatwote. h~ath and thereby acling lIS B SOI' n:(: fur ru.'''",. 
su~ucnl po1cnl ~" i" f,ll is 73.001101 'tyear. In fi ll in lhe """d Imp i~ calculalM In be 
2SJOOm'ty.." •. 

Simllblions r .. II .... ·; II}; bed ~.·., I .. ,"'" 
The cases with an evolved Sl.:abo:d r :pre:;ent " (ulu"" ..,.,narID ""~by the C<)851Ii"" ~od 
n~arshnrc has nolwd aod buill "I' againSI II..: bl\:a~"'mers. Thi, evoluiian ",Id 
Jlfediclion of Ihe fulurc bmh~'metrl wus Im..,d 00 the ,"",ulls for $131 ic Ix.-d .od also 
drawing on experience of ooa.!ta l chante ill Ihe Ice or structures Ht oth er .• i t~ aml,,1d Ih e 
world , TIle aim of Ihb "PI)f011ch using an evolved seabed w"s 10 pl'<J,iJ~ a more 
,"orough ",,,,,,men! of tho clTL":1 i"ne>' of tht: sand Imrs tak ing ;",0 ~0 1l 1 ; (k'1I1 io l1 Ilwt 
fo ll owing eOll.l lruction there will he D j)C. iod of aliju"IrIcni ",h id, ""'Y have 1\ beari l1 g 
o11 lhe optimum CO"tigll.31iOlI Ml li . sand trap, 

~'igur. 4. 16 sho"'5 It..: OIIudel bathym~lry " ",d for the evo lved Ix.-d c ........ for I'ha"" I 
" 'itll sand Imp configuraljon I. Sim .. lalions we"" perfo.med to. IWO of Ille ph~'" 
.... JIf'I""''''''ti' 'C wav~'S. ffOm ) O''N aood ISO"N as ,,-aVi:S appruad.ing Ihe toostli"e under 
these angle. are l i~cly 10 I'rod U<;t the highest drifi ral~ Bod the h}draulic fields 
g~ncra.ed (wave heighill. wBve-g<:ncrntcd currcm. and ""od lranspon I'allcn>< arc 
JIft'""nlcd in r igul'Cl! 4.17. 4.18 an • .! 4. 19)_ 

With the ew.lwd bltl h} melry the j":egralcd volume of chamtcl i"fill unde, Ihi, ~nar;o 

"IIIOu nted was ... lIm. 'OO b}' e" 'c~ !a , ing the intill for the two w""c cOlldilion l .im u,"t~d 
and rcso::al ing Ihe ;"fill i"d ,lCed hy I ' I~ other Ihree wave conditions f()f the ca~ witho\Jt 
Ih" b"d e,'o IUl; on. 011 Ihi s bil l;'; tte annual chann el il1ti1l ''''Ollli led 10 49 .000"'!ly~ar 
" nd Ihe ;nfill in th e sa nd trRll wltO ;a lcll ialed to b" 13.900",' lyen •. M~lc rial bypass ing 
the h.~akwatcr head, ;lIId tli erchy act ing a, a so urce lut rurlher polcllt; a l illtill is 
56.700m'lyear. 

Hence. de-sp ile cvolvinl: Ihe "";Ibi:4 co,nlouf'l adjacent 10 the brcaLwal~' which could 
thereby al low greate. tlypa.\..~ing of II", pon bn:alwatel'l. greale. chonoel i" fl il docs not 
occur. This is considc",'" lu be d ue- 10 I~ fact Ihatlhc rc·oril.'I1Il\l~-d <,'-"'SUi"" is more in 
~'tjoi librium wilh Ihe predom inanl w1l~" condil i"","" thallhe li1l01ll1 d. in i~ "'-d ........... 

4 6.2 Assessmenl of sand lrap configuration 2 

I X j,110 

On tbe has;< that Ih~ s;"'uln l ion ~ wilh the '<3l1d trnp eOllfigur,oliou 1 . howoo lin le 
effcc l;,'cne" of the ",nd tmp at Ihis local ion . aod al", considering tite IICI sou!! ..:rI}' d ri ft 
. t this loca l ion and Ihe shoner nnrlllCrn brealwakr, it w"" co",idcrcd thol a ",nd Ira~ 
adjacent 10 the non" t>rcakw"ler co; l(t be dlC<:lIvc. Simll laliOl>, we'~ cl!f,ied ulil wit h 

." 
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sand Imp wi,h dimension, 120m by 70", /1'1<1 7m ~p (capital \olumc includin, silk' 
sluJl'" of unler 79.000m ' ) 8 11d ", i(h the e~olTed ""abed as """"'" in rigure 4.20. 

Wave heighl!l, "'m· ... g"ner'"dlcd ~ ... "'IIl' and sand Iran"pon paU""", f", Ihe Wllves fmlll 
3O"N anoJ 15O"N arc sllo"'n in r igu= 4,21 104.23. Wilh Ihis SIlnd trap c,," /igurnliun 
Ihc in lcgrat~d ~o lume of channd inrill un,k r this scenario amounted Iu 75.0000n}lycar. 
Maleri,,1 b)'llllssing (I", t:.r.:a~",atcr heoo.. In<l Iher.by acling '" a SU<,,~c 10 ' "LLnh~r 
pOl ~"'i al inlil l i, 44,OOOm'lye'\r. I"nll in the sa nd {rap wa. calcu luh .... to be 
25, ')OOm' lye"" 

These I.", inoJic,,'e Iha l placing Ihe ~lInd trap 31 Ihi, Iocal ion, and ",itll Il\i~ 
wnfiguml iou incrca-S<.-S the ehanool inlill 10 " 411anlity ,,;hich ;s coml'l'rahlc to that 
predicted for the init ial seabed. ComPl'ri:l(<l of Figures 4.13 and 4.19 '"1:l,~1 Ih.1 a.<; 

well as Impping SC<Iimcnl, lhe $oII,1d ' rap< aho focUli the wa~c acli"ity and 'hi~ can al~ 
luwc the dctrimental effect of cnhandn; thl: sand {"""'J>Oi1 arounoJ the (noMh) 
b~lIk"'a'''r. 

4 6 3 Assessment of sand trap configuratioll 3 

III order to make sand Irap 2 ",on: cfTc.:liv:, i11l shape was mod ified ma~ ing i( IonllCr 
(160"1) and narro""cr (5Ilm), as shu""'1 in figll"" 4.24. 'n ,,, capital volume ine lll·d ing 
$ido .,I<1pes is of order 75,000",1. 

Waw heights, ""3ve-genernted Cllrr~ lI\~ 11"d .'I<I"d Irans)lCln paUern.' for Ih~ "'IIW' rn)m 
l {),'N and 15O"N arc ,huw" in Figures 4.25 to 4.27. With this sand Imp CO"ti ll" "'tin" 
Illc integrated vu lume ul channet in fill "nd.r Ihis s«nario amounted to 46.000,,,J

'

)C;tr, 
Malerial bypa ... ing {be br~al.w"kr h~,,". llki there" }' acting"" 3 ~urcc for funller 
putcllli;11 infi ll is 2S.QO(lm 'lycar. I!lfill in the sa"" lrap ",u ealculntoo ,n be 
1 7,500'" '/ycar. 

'llIes<:- toSiS indica te that ~bti~e II) tbe pfI:d .ctiuns ... ilh SIlnd trap 2, the ,han,,,,1 ;"fill ;s 
reduced but IMl lhis is nUl duc 10 incn:8$Cd lrapping by S3Jld trap 1. It i~ considered Ihat 
tho: lIIor~ significant Oft""l of the ~nd ,mp is in modi fying (lie prol'agalion of the ... ·a'·c' 
liS Ihc paloS 0'-'" Ihe trap townrd Ih.: bn:"~ Wlllcr. ft . .. j altering 1M brea~ WHI~f bypn.sin8.-

4 6.4 Assessment of Phase I under stonn wave conditions 

F" rther Phil'" I ., imuiations were curr ie,1 Q , ( (0 I1.'iSCSS the degree of chan"eI (11 ,,,1 ." ,~I 
tra p) ill fill duri"g ,10"" wave ~() ., d itions. ,\ ccordi ngly lu thu ,cup<: of wor~ (cst. were 
r"'l" ircd 10 be carried oul 1M "111) to 6",'" W"Vc heigh" u",j yct tile wave climatc 
~ Ul!8e"led ma~imum rec<.>n\cd wAve IIe'gll . i" II", ha"d 4 to 4.5"" On Ih ,s h.'I.. i. 
ofTshure "~V~ con<litio" s of 4 25", and I 0 .5. from direct ion 9O"N ",'etC ocl«ted. 

l esb "~'fC carried o .. t 00' the e .• i<t ing ilalh}metry .. it h sand tmp configuralio .... 2 aud 1 
(cven Ihough {he scope of .. ori< ... ~ limited 10 "n", sand trap configuralionJ. 

~ ig<'''' 4.28 ~;h'm's IhI: mOOc I ilalhY1netry .,illl ,.lllld Inlp 2 and Figures 4.29 lind 4.30 
show the W3ve he ighls, w3v ... gc""''''I~-d C"' rc" ls, ,,,,nd transpon patients lind seabed 
chang"s ovCt a three I",,,, perind, 11,i~ period "f lin"" ho",,; "·~s consilk'rc:d aPl)l"llpriatc 
on the ba~" Iht the offshore wave dinmlc b dctenuined according 10 1 ht~~ hU<lrty 
!;(Impl ing and reg islCrcd un ly on" ~ ing le even l Of lhis mn!!nituoo stonn wnditio ... TIlc.., 
tcsls sho .... thai undcr stOtln colill itions the ,,,idln uf Ihe sand IrallS jX>I"(i"g w"e i. lar!!" 

26 M 1." 
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and . he", is consi<krabk: lransporl "rP"S"ing I~ pon hreaJ.:,..8ICIll. I" fill ill II", ~hanneJ 
is 12.600m' and in .he ",,00 .rap i, ::,300m' in the ,hree hour period. 

f igu", 4. JI sho".-" lhe mQdcI ba[hi'm~ .. y ", i,Il,;aM,rap 3 and figu",,~ 4.12 lind 4,31 
,ho,.. the "'ave heights. "'~"e-gencOl(cd ellm. ... ls, sand I"'nspon p.1tlems nnd sc.lbcd 
c hang"" over a til"", ho,,, Il"'rio<J. Inflll in the c hannel i. 20.700",' and ;n Ihl: sand trap 
i. 2.800111 ' in Ihe Ih",., hour perioo. 

4.6.5 Consideration of the seqllencs of construction 

'The conSI",cl io" phase te.lt. i'Mlient.: thaI infill o f Ih e channel wi II IJ,: s il,lJli rl<!~nl in Ihis 
~. According ly. if 11M: ctl"WllClinn programme and all ntcer..o;a!)' cnnW,":);on 
prOC~"'"res a llow, i. w01l1d be pr,Ml~ ... , '0 construe. the rdcvanl bn:u~"'H'cr ", ior 10 I~ 
cnming SCllSWl ~ i.e. «NlSINCI,he "",u,herB lm.-d~ walCf prior .o Ihe SW ",nrl/i()()ll, ;",<1 

.he northern breakwa.er prior 10 I h~ 1'1 10 mnllSOlln. 

4.7 SIMULAn ON OF PHASE Il LAYQUT 

'Ille perfilnnance of II ", ~Il Ml 'f'JP and the dcwre of chmmcl infi ll was 8~ f<M" the 
l'I'a>c II I'on layout. 1lIC.9C ICSIS ... ~r" carried out u.ing Ihe e xi. ,ing "",lIy",,,,!)' ",it h 
l'has.e IIlayOIJI .I r",,'ures as speci fied hy Howc India im]lO",d , 'l"1::'I1! were carried 0 111 
wi.h Ihe sand Imp 2 a nd !;lind Irap ) [:onfigllmlion (even Ih ollgh Ill" ""O~ of won. wa! 
limiled to 0"'., " lind Imp co nlig l1'Alir,"). 

4.7.1 Assessment of salld trap configuration 2 

figl" " 4.34 shows the model M.h)" ",,,y a. 'he port rntrancc . ",ilh SJlnd .rap 2. The 
apprnoch thanllc1 i~ dredg<:d .o -20 TllIeO. 

Fig~res 4 .35. 4.36 ,md 4.31 .• ho .. Ibe foekls of wav~ heigh. and d;,"I;n". wave­
g~nerated currenls. and >IIlnd I ",~n pa[[""'. R.:SfIC"'.iwly. Pigure 4.3H ,hn"." the 
pallem of inK"gI'dled sand ' ", "<(lOr1 !Cak .. d lip to gi'" annual lran<;pOrl .a1C$. 

TIle inl"Fled volum~ of eh,.."." infill under Ih i< """"",,rio a mou nted 10 
2 ~6,OOOm ryCllr. lnfill in the ~and (OIP is calclJlal~-d '0 be 142.300m'lytar which is 
greater Ihan the capita l ~oh""~ by 8 factor of "'dcr 1,",'0. implying Ihat it ", ill in till 
relatively q uickly. Th e &,..,~ (er vollnlc or e1mnn", infi II is mnin I)' d 'le to Ihc fl\CI Ihal Ihe 
channt l i, deeper arid therefore w ider (at the lap) (han ill I'hase I, 'lIId i ~ Ihereby ~ lIhjeel 

10 grcaler infill. llt e challll c i also l:iI.I n marked effeci on the wa> c propagll .iun. whieh 
al'" alters II", pall~rn o f trml! pn. t ftrollnu Ih e brcakwat~ "'. lead ing III hi ghc. rft lCS of 
i"f, 1I of .h. sand tr"ll. 

4.7.2 Assessment of sand trap conF.gufBtion 3 

Figu", 4.39 ,h"",s "oe ,,1OtI,,1 balbY'MellY at Ibe I'on em tll' lCC. wilh sand tmp ). 

Figures 4 .40, 4.41 aoo 4.42 sho .. tbe foek/:, of waw heigh. a"d di=.;"',. ""a~c­
gcneraled cu"",nts, a ,l(i s..,tMl ...... "spon panern. t"CSfIC""ivc1y. H glltc 4.43 sho",~ the 
pancrn of in lcgmloo . and ttlln~f'CH1 \Calcd up to g i,·., annua l l"'"~fI'O" ralC$. 

The inl~~rated vo lu",~ of d,M"",,1 inti ll undcr this iOCe!lllri<J ,,,,,()ullied 10 
24 1,000rn lyu;lf. Inti ll ill !he ~nnd Irap is ca lculaled 10 be 136,8001l1 ' lycRr wltich i. 
g",ater Ihan Ihe ";'pilal v(ll uIIle hy A I~C I Or of onler Iwo, imply ing thM it will infill 
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relati"ely qu ickly. Tbe greater voillme ofchanncl inroll is mainly d ... to die fact that the 
channel is deepe. and ihcrc fore wider than in I'h;"oc I. and is thC1'cby subject til greate, 
inro ll. 1lIc chan",,1 91'10 has 9 ma.~<:d dr~"t on tile .. .-ave propagation. which lllso alte", 
the panem of tmftil"'.t al",md t h~ ilrcDko.',lIIcrs.. lead in~ to higher rutes of inf,lI of t h~ 
1I<uld W'p. 

4.8 CHANNEL SEDIMENTATION AND SAND TRAP CONCLUSIONS 

' I he ta t, 1e below summari.". the ehllJ1I)e l sedi",entation ,h,c to wave effe~ts as as"",,SllCd 
in thi ! .Itudy. 

I'hll"" I 

Phase I 

i it'. 

I 
I 

<and "'itt,,", .. oround lh< bmd. .... "' ... _ om ",nl in8 adja<.oot 10 the il 
b<in& """'""'''''oily ........ in. '1""'" -.I.;I.,ional .u...."..., 'n,;", .. t), :w '" I 

l hl!SC ""ult. indicate that the Io<;at iun .u.d ~on rogunttion oflhe """d Imp docs hft"e an 
~ffC'Ct un II", magnitude of the cl'an'lel inli ll. What is also evidem from the mUlkI 
", .. put figures. howev .... , i.. that lhe pl' inclp;,1 cffect of the <and trap is nul in intercept ing 
tile main . lIeam ... f ",di ment 8NU,1d the ll",a~ wat. 1"'I as it "as intcnded, Illit mth • • tu 
Illod ify the local wave Pffipaj,(ll1 ion lind resulling c ... ",nlS arid .. dimenl IranSp<)M 
f"Il thW9Y'. The s.edi"",nt Iransl"'.1 l)[ll hways around the breakwaters are cOI"l' lex. and 
lhe rciativciy sm~ II ",'~vc eondi.i n n ~ ",)(1 defllh , of ".Ie. i,wo lvcd g ive .i .e to " . t!'Ch'" 
or sed iment whic h pa,,,,. ve.y do,e IU Ihe brcakwatc." close. than a . ,,"d 1.llp sho ll id 
he sited (since il "",uld oompro,nis.: the inteS.ity of lhe break"~lcr strlletu re~). I{c~enl 

plly ii~" 1 ",oMI .,tud ie. 9tlll{ Wnl li"l:ford ~r '''lOt he. projed on the cast c'-"tll of India 
irldicl.ed that the pm..."... ... 1i'tnd Inlp hltd a . igni focant dClrimentat jmp.1ct <It, the 
b"'; .... "'~le. stability, hc<;au,;e the pit ca"s.ed the wavCS 10 shoat and break di'IX'Hy OI'tO 
Ihe hrc.a kw8te. 'ilruclu..,. 

AU te.ts we.., performed wilh ,.,.,Id tt:lp:!. R8scd on th~ lind in!:" SUtl~..J above it ;~ 

recom"",nd~d thai the degn:.: of channel ;nti ll for lhe c~ " ·'thout !Wld ttap:! i~ 
e>A 'matcd from the 8\'~rngc of the value. ubt.aincd. Fo. Ph"-"" I Ihis pmoutltS to 
51.000m'lyear (plu. addilional po1~m iftl in r. U8s highlighted in the f""lnOie to the t.1ble 
above). ",oJ for I'hasc II th is Rmount~ to 2M.OOUm'/ycm. 

, -', 
On the Im,i. of, the infon"" 1 ion obl~ i"cd it il ,o"ciude<:lthat the p".fo.",",oce of the sMd 
Irap b im;ondus iw, 3Ild in order til m l, ~ e it mo.e efTee t b)' placing il dose. 10 Ihc 
bn:l,k "ate.s may he detrimenlal 10 Ihcir i"t<g.it)" The breakwaters eX I""J fltr ofnhorc. 

" R.7.0 
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oulSi<Ie Ihe bJeaker zone for most ..ave ""{lndiliun •• and theKby have a ~iglli rlCanl e fTecl 
in reducing lite channel infi ll (for c~a,"plc. compan: lite infi ll for Ihe OOn!>l ruclio", plllISC 
wilh any of the Ph8~ I (lO\.-dkl~). I' un hmnore. lbe ~imul~l io"~ ", ilh 30' "vol~ed 

seabed also ind icate tlllI1 nllher Ih." lhe", being s ignificantly higher i"fill . ncr Ihe 
.eabcd has b"ill up on eilher side ol lhe sln lCllIrc!. because 100 br.:akwillcl'll are "" loot. 
lhe "'-<>fiellialiun of the coasl l i n~ limi lS the amoun1 of potentia l hy[!llSsi ng. Hen<..., Ihere 
is I ill ic c vidence (",ithin the limil ~ of accuracy of Ihc predictions) to inll ;en t" thai ~fler a 
p"'riod of evolulion . Ihal Ihe ~h "J\J\c infl ll wil l inerea", ' ig"ilk an\l~ 

The . Iorm wave i"f,II . llIdk . ul,;o IIdi, .ate that u"dcr these cond iti"" •. whilst th e .<and 
1m", ""cumu lale ""dim.,nl, tile Y O~u",c or infill in 1M trap i, ~111311 contp.1rcd 10 Ih" 
charmcl infill. sUgj5esl in~ thai U !'tnd I' ap ""'",,k) ""'y be ","rg innlly efTe<:live un ,k , 
. torm <:<>r>dit iOffi. 

' I'he coocl~ioll arisi.'l: from th is su dy, [he",fore, i. Ihal Ihere is l iu~ a~",m belldit 
in conslruc tion of a . .,."d Imp 10 lin il cha nnel sedim~ntation al Ih is sile. r"n hermo"" 
there is cvid!., k:C 10 .ugj5W IM I a.o doc ooa.~ l i .. c adjuslS 10 lhe purl SI, u<:lum;; the ri<k "r 
a <u lostant ia l inc"",.., in ch811nd sedil11t'lltalion i. small. 011 th is basis il is 
rttommemkd thai then: i~ ,)(I SIO"td IflIp con'ilrucled al this s ite. hul lhal scaM 
monitoring i. u "dcrw~~ n ful"'", i". construction o f the h<c;.kwaleN :;0 Ihat funh~r 

i"forn '''l ion can be galhered Ie"> Aid in tile intcrpor"l.t;on of the morphologica l challges. 
For exa mple, ;11 Ihc ""clIl thai Ih :re i •• "n'icienl wild lip of Sillld il djacelll to {he 
hrca~wal"rs which wn Ll ld cllab lc n .,,"d trap 10 be eons{nlelcd in tll C lII~i" sedi",",,! 
Imns[X>rl .Ircam wh ich wi.' ell'ec livc !Oral ye! TlO I detr imenlallo Ille rn-e"~wmcr , ' ahi lity. 

'I'h" di,lrib ut ion of r.and i"till is , .. f~llows . 

• In Ih" outer Ch8Jloc i II", ;"ml .... ill be cOfIfiBed 10 the enlrarlCe 10 Ihe pori . in the 
vic inily of the breakwaler lipt: TIle simulaliun. shuw Ihal Ihis inlill ... due 10 
bypa'<';illS of Ih~ br.:a~ walt'f'l>, "" thai any ~u"'ulalion "ill tlI' rcl;t\ ivd y Io<;al i=:l 
and in the \,icinily nfillc hri:al"81~'- lips. 

• 10, Ihe inner channel the sintu alions sho ... Ihal I"" infi ll is rest ricled In the mole 
belWccn the po<1 e"tr~" • .:~ (ie tile bttak ... ater lips) ""d II", lurni"g cir<.:k 

Tht' <Ionll wave s i", ,, lalio,,,; highlight tt... lende nCY fOt I'OIc!I!i;tlly rupid IQ,;s of J"flth 
"' here ;nfill of up to O.,lSm in " p"riooJ of Ihr"" hours could OCC ur. Fo r a Siorm uf lung 
d"mtion (e.g. 12 huur,) il 1.1 l)(Issihie. Iherefore thai within a rc l;,li ve ly lIorrow ~O"C at 
"ntrance to the port ( :I<:I." Fil:"r" 4,33 ) there eould tte 10. ... of depl h orOv~, 1m. 

I,, !i ll wi ll ocCIJr iu ar",os furth er i ... ~1c the I-.:>n d <.;: 10 lid,,1 pruc~"SSe~ a.. dc,.,;, ibed tt, 
$cclion 2.2. 

4.9 COASTAL PROTECTION MEASURES 

In tb i. seclion lhe various po>Sibl~ o plions for shore rrot""tio" 8", $ul11marised. 
dra ... ing on lhe resulls of Ihe lill(Wlll drin ass=.l11enl described ;n Seclion 46. II", 
.,fTrct. o f thc ptOpoSI.-d I'on .. ruct.re;; on this dri ll. ~nd baso..-.J on pa'il eSpI'rieucc: of 
e~p"ns al ll K Wallingford. 

Option< for coast al prol C<.'f;oo Ul:u irUi .,,,,,, ion at thi' (and . n)' 0 11l<:r) Sile lire H> follows: 

• IJu "othing;; 
• Removal oflhe cau '\e nf lhe emsion: 

" . ,. 
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• Nouri,hme nt of the are" with ,cdimenl: 
• KcJucc tll" scdim~nt """sporl r~le; 

• Increase the slrength orlhe coast (hy I-md mea.ures). 

Of lh~ abo,c option,. on ly ,he second (removal of Ihe caus" of the ~rosion) is "ot 
"" .. ihle al this localion. l lowever, r~gard l "s ()f the po'I" I"l<:d like ly impaci ari.sing a, 
a C<lnseq"""c" of the lilloml drill prc-di~'io"s "rld dCllrcc of interception of any scheme. 
il would oc prudent 10 de. ign an appropriate coasl pr()lecl ion ,cherne oll l ~' alier 
suffic ielll si le-'pecific infonna li on I"" l>o:~ , oblain~ such that appropriate and timely 
d~sign can oc appl ied, 

Al Ihi , 1"""lio,,. pri()r to Ihe prescnl study it was envisaged that th~ sit~ is dmracl" ri , ,,d 
hy net nonhward drift, hec·,use the ~arl i er study U, ill/! a simplif,ed mode l s"ggc.stcd Ih i' 
and also t.."ausc in y~T1"rall<:nns Ihe drifl on the easlcrn coa.t of Ind ia is consid"r"d I() 
oc lIel northward. TIle rc<ult, of til is .tud}', howe,'er. h"\'~ concluded 'hat the net drifl 
(based on the long-term wave climate u,cd) i, wulh~rl y, and it ha, also heen Showll ihal 
Ihere is evide,,~e from salell ik imagery := for example eanh,goog le.com) of nCl 
soutberl)' drift nearby (e.g, ""~ for exampl. th~ riv~r ",oulh ~ntra"ee wbich i< deviated 
so uthward, at 14' 19'16"1\'. 8(1" 9'21 "'1".) a.s we ll as "' the rivcr ~nlr""e~ at 
Kr ishnapatnam it'cl t'. wh ich al,o shows . spit feature e"t~tld ing from the northern 
shore. 

I lenc~ il i, cOlle luded thai whibl Ihe gflo» drif\ is likely to oc quite high in both 
dirc~lions (soulherly a,,,1 northerly) the nct drift i, .mall compared to lil" yro" drifl, and 
a <mall reduction in the gross south~rly drif\ could giv~ rise 10 oct northerly at Ih is 
IOCal;()n . 

In any ~V. nI. wilh relativciy 'Iro"y drif\ 10 the w,rth ~nd <OLlth it i, anticipated th" llh~ 

~oasll inc 3r\d nearshore tendency tollowing constructio" will b.. to accr"," "nd bui ld out 
in thc immediate vicini!}· of oolh of the br~.k walurs, '" ith eros ion l)()Ssible further to th~ 
north of the norlherly breakwaler and thrtcer to th e <outh of the soUiooriy br<:"kw"t~r. 
The coastal evo lution may ex hibit a strong sea",na l ' ignak wilil ~ro,ion of the coast on 
o ne ,ide oflhe pori duri"g o,,~ ,e,"",,11 follo .... ed by a pcrind oj' recovery in the f()!lowing 
'-':a,oll . 

Co",ide rit'g Ihe opliolls for coastal protection above, Ih.", fall into two br(lad 
eategorics ' 

I . Soft nlCa.,urcs (nonr i,hment and hypm.sing): 
2. I lard m~a, u re, (struclure,). 

sort mca<urc, in clude nouri sh ment oflhe If."" ofero:;ion direcl ly using ."dimen! from 
e l""wh cr~. Givcn Ihe amounl or n",\erial to oc excavatcd d llri ng the capital dredyiTlg 
programme, if tlli, is not all !o he used 10 "i"" Ih~ lovd of Ih~ bnd a\ Ihe Port, il would 
he prudent to cOl1Sid"r ulili,ing so"," of tili, mal<:rial e ither prior to con,truct ioll, or 
following ~o n str"ction (necc .. arily ,toring it tempora rily n~arby). B)'p"" i"y cou ld he 
undertak~n whcreby sed ime nt is p",,,,d "fOund Ihe Port breakwater., in etlect making 
the S!ruclures oJl<'n to Ihe linoral <ltill. He,wever. g iven the relative ly balancc>d lin()ral 
drifl allilis location (i.c. strong gross d ri rl to Il orth "nu """Ih. and smal l nel dr iti) th i' 
option is not considered to be appropriale. 

liard mea,u,..,s incl Llde ""awall., Iraill ng w"Ii" g.ro}'Jlcs. oflshore breakwaters, 
Satellite imagery ,how, rock groyne, 10 100 norlh of Ill e pon of Chennai, which i, a 
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well docUrn~nl"d cas~ ()f,trong ,,,,..-.hcrly drin (so Ilia 'lhcsc g.r<>ynu, were likdy t() hav~ 
t>een placed to olT",t cO"'I"1 crosio,,). It i, alw noted that lhere arc "0 groyncs "pp"r~llt 
to the north or the I"'rt at E"nore, Of Ih~", optiolls, ""awalls are rn",e typically 
constructed to pr01~ct the rear of (h:; tJcac h aga in" ,tom, wa,'c action which gi,'.s rise 
to strong cross- shor~ scJimcnt mll ' p"rt . "In,,y are als.o relatively expensive. alld 
accoru ingl)' Ihi, option i.' not considered 10 be ,hu most elTccti,'e "I Kri, hna patnam. 
Simi larly. lraining ","Ii, are als.o expe nsive and "01 appropriat~ al this I",,"t ion, 
'I her.fore, til. two remai ni"g opt i",LS for coasl~1 protc'<:tion would be groyne" (mel'" 
timOcr) Or olTshor~ breJk waters (usually roel ), Groyncs would run porpcnd icubr 10 too 
co",tline (a., at Chc r>nai). Or olT, hor~ br~akwate" would be placed par"lIei to the 
shoreli ne. rh c construct i"" metll rds wou ld tJc mOre likely to i n n uunc~ the ultimate 
eh()iee of melhod. s incc gJ'o)'ne, could be placed trom tk I. nd. ide whereas the 0 IT,horu 
bre3kwHkrs would normally be pl~(eu b,' bm-ge. 

Gi ven tile natural variab ility in til" long,hore dr ift . th~ likely ",,,s.onnl variation it! the 
eros ion and the p""ibi lily that some of the car ita l dredged malerial could "I", 00 used 
to nouri.h the beach~s to ~i t hcr sid. of the Po rt it i, recom mcnded thaI a progra''''''" of 
cOfLSlal monitoring is put in place following co nslruction "fth~ port struct lLres. in order 
that "pproprii,lc "o.urag~ of shore protection is instated as rcq"ir~d. Ul timate ly. if 
groyn., or ott:,ll ore hreakwaler> ",c con,truded. tne,e should extend to heyond the 
hreakcr lJ.)ne (so Ihat the long,ho", drift i. Sllhstant;a lly rcd <J ccd) an d "pacing ,hou ld 
typically be orikr 200-500rn o\'~r tfr areas concerned. 

R. J.O 

1737



1625Kri ___ ". ", ""', 

11)'<1<""" MooI<II.., SIokIr 

I.X ,,2'1 l2 H 7 ,U 

1738



1626K! ;,htl. poo:oon,l'"" 
" ,.d, .. , .. 'dod.ell>"" Stod, 

5. Conclusions and recommendations 

Conclusions Hnd recommendation, "i,ing trom thi' study are as thl lows' 

5.1 TIDALLY INDUCED SEDIMENTATION 

I,,(ill of the channel Hlld f'Ort areas wa. a .. ,"""ed hy sim Ll I"t ing spring "nd ne~p tidal 
con~iti('lns, a"d cak.daling II", Iran'f'On of both ,and and mud, 111~r~ i, ahundant 
source of.and ill the outer e,mary and coast, and <kspilc the dam up>iT""UI in Ih" rivcr, 
tine material is alS<) abuLldHnl in th' waler columu, h~'lCe both sand intill and ,iltat ion 
should be anticirated. 

llle mud inti ll p'cdicti('lTl yi"ld, 'ot"1o of I I 5,OOOm'lyea. in Phase I and 540,O(){)m' /year 
in l'!,"s~ ll, and thi, ;nfill i, relati vely cvcnly dis1fibuted over the dCl:!X'''cd arcas, 
Aprlying rhc same >(;a li"g 10 tho ,H"d infilJ yields 7,700mJlyear in Pha,e I and 
3,500m' /year in Pha", II. Given Ihe nalure oflhe "Hlld inlil! (which oc~ur:s adjHc~nt 10 
the d~cp Cull at the wc't~rn ,-nd of the dredged zone and to the n'-"th ('If the turnin g 
circle) it i, consi<kred rhallhis intill is an over·~"tim"te of the longer· term rate . Thi , is 
bxHU'" Ihcr~ wil! be adju.'tment to the ",ahcd in rh~ areas ,,·he re the s~lId tra"sporl is 
grealest, and IlIi, ,.,ill rcduc~ Ihe ,a,d infiJi over time. Note that this i, not expecrcd 1('1 
W the case for infill due to s illS and muds which ",ill conlinue 10 inti II II!" ~hHl"'cI. In 
addition, ~, ltighl igl1lud irr Se~tion 2,2 .2, it is recommended that the dredged 70'le he 
extended approximately 200m up,l r~"Jl1 (wcsl) ooyond the oorth, (with width the ,arne 
a. th~ dredged oonh, and to the "me dcj>lh) a, thi s "' ill also reduce the am ou"l or 
ma intenance dredg in g inlhe wrth ,.-~as, 

I n terms ('If th~ dislri bution of Ih~ ",",d infill, Figure 2. I J higJllight, that the ,"nd intil l i. 
like ly to OCC 'lr at the llCrllt, in I' It "S" I, as wei! as Ihcr~ ooing a risk of some 
S<..'<.1in",nlalion on the northern . ide ('If the turning circle . In Phase II ri gure 2.11 
indieatC8 Ih al th e "rca.s pronc to "'00 infill are in the SW area, of the pm1. Under tidal 
process", "Io n ~, I no,\,. ('If the q'lOted "('Il um~ of ir,til l is prcdi"l~d tu ""cur in II",,,, "rcas 
(northern s id~ or IUrning circle and in the inner herth.): tidal current. al"ne arc 
i",umcient to mohi lise SIlnd ~nd C""SC inli l! in the o uler cItannd. 

In r~'flC"t oflhe dislribution of mud infilll'igure, 2,2U and 2.21 indicate that in Pha,e I 
IIt~ di,tribution of mudd ier inf,1I w IIt~nd 10 (Wc"mulalc owr Ih~ cltlir~ d~cpc,,"d "r"a 
relatively n~nl)' (c'JlC" iall)' when it is con,idered that ship mmion wil l tend to 

redistribute some of the intill), In I'h"", II il i" conc ludctl from Figur~" 2.22 and 2,2) 
that Ihc mud inlill wi ll 00 concentrated in the in ncr hcrths to tile west oflhc rort, "ith 
approximately 800/0 of Ih~ HllllUal ,'ul u",e quoted above occurr ing in these areas: the 
,"",,,imler (20% ) settling oUl relatively cwnly in Ih~ i"ncr channel area "nd IUT1Iing 
circle. 

5.2 WAVE TRANQUILITY 

Wave t",nq ui lily was assessed undor ,'ari('lu, inplll wave cond itio ns ineluding relali,'ely 
frequent events and ~~trclUC e,'"r.t, . Results, in the fonn of wave heights, wcre 
tabu lated a 'pecitic locat ions ncar the berths "nd in lite channel, II i" clear from Ihe 
resullS lit"1 lite ur"dg"d channel caw,"", the wave energy t('l d iverge int('l the shal low 
arcasto Ihe north and soulh oflhe chanu"!. 

JJ Ii.. 1.0 
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rx,w ntin", at the l>erths wi ll clearly depetld 0\1 the tyl'<" of \'~"cI, "tid ol'<'mtion, I:>ci ng 
co\1,id~red. These "" ui ts ~IcHrI)' sbow Ib"l tbe wave cnergy rcaching th~ l>erths fro m 
ofTshor~ is vcry low, The wind hlowing with in the harbour wiil create surfHee ~hop 
w·hich may he higl>er than the", wave h~ig:ll> but. be illg of vel)' short I'<'rioo wil l not 
' ignifieHn tl)' am"t tbe ,e,sc l,. 

Under 100 y~ar cyclone conditioll' thu wo"'t w,"vcS at the entrance are predicted to I>e 
2, I III Hs in Ph",,,,, I hL1t ovon the", wave. do no not give significant WH, e di, turbHIlCC at 
II", hertb, however dowmime would prob"bl)' be cH uscd duc to thc dir~cI ettect of Ihe 
wind alone, 

In I'hHsc II t h~", ," r~ ""'n)' rn orc .ertkal quays "'. wherea. in Pi1 a,e I the "'"ves wur~ 

predicted to diverge t'OIll the deep channel and be di";pHled on tbc und~vclorcd area, 
of the harbour, ill Pha,e II much OL Ihi, WH'i~ urlcr];,.,' is rdlccted hack into th~ hMoour 
SO wavc he ights are ge nera lly hi gher_ 

It i, ckar thHt the quay wa ll al P08 il io n4. directly in I;ne with the "n tmnce i, g~ncml ly 
the most exposed, For waves fmm nortbem l and e,,,t tbere will be retract iot\ of wave 
en"rgy in to the ba,ifi nUHr Po,ition II with sign ificant wave h~; gh ts o f up 10 O.6m. 
Waves shoal up o nto the .hallo w area inside the ""uth breakwmcr behind the C",,\c at\d 
l' ,U.L Chemical CHrgo berth" Under eyciooc cond itiot\'. Ihe.e herth. (Po.it ion, ') and 
10) ~re c'pected to exper ience 'w~1 1 wave. of I_Om II •. 

Appl)'ing I'<'Tln i",ibk wave he ight thresholds prov ided by Ilowe Ind ia l',t Ltd. the 
downtime due to waves at each of th ~ t>erth, in 1'1,"", I Hnd I'ltHSc II is likely to he I ~" 

tha n Ol1 e cla)' a y~ar e.wcpl " t l:krlh 4 in I'h~", II ",here il is c.timated that waves cO lLld 
~ause dowtltimc lor hetween J(l",~ and 15% of the time (w ith" O.8m threshold). 
Allowing Lor typic"1 stonn duralions il is ",t illla tcd that Ihi. would atl""t aooUi i l){) 
d,,)'s a ycar. hence thc operable days would hc Ie" than J20 in a year at Ikrlh 4 , U, ing 
the .,arne m.-ti1 ooology a I .Om thr.,hold ,II Berth 4 (il"te"d of O.8m) givcs dow nti me ror 
2~o - 6~o of th e time. whie h by lhe same argument afl"cct, aoo lLt 30-40 sepamte day,,, 
year. how~ver Ihc re.,ollLtion wilh only a few w"ve couditio", is rath ~r coarse I() be 
preCISe , 

Wave , at Ilerth 4 are ",Iativdy high ,incc the ",aveS pass though tile haroolLI entm""" 
" l"ng the uha n"ci "nd the" diverge d ue 10 "traction toward. the sid., "fthe channd. 
Th i. atfect, ooth Ikrt h 4 and th e are" between Ilc rtb, 13 "nd 14, 

n'e cfl"ccI of wave c()ncentrat ion al ll~rti1 , nccur< with WHW' Lrom 135°N as ",el l a. 
from 9WN d lLe to the fact that by the time Ihey rCHuh the harbour cOlt rance the wave, 
haw rc rracted So thaI they cutcr directly into the pon area. (Jiven thi, directio[] of 
~pproae h of the wav~' which gi ve ri", to th~ bigh wa~c ell erg)' al fkrth 4. it is 
concludcd lhat a spur ,tl l\c ture U11 thc uortl' or ""mh hreakwaler i. unlikel)' to be very 
ctl"cctive in reduc ing wav~ energ,)' at Ikrth 4. 

53 WAVE-GENERATED INF ILL, SAND TRAP ASSESSMENT AND 
COASTAL PROTECTION 

Sedirnullt Iran sport d"e to .... aves a t\ d wa\'c_generaled currems wa, as,~"ed for the 
Phase I construct;()n pha", and for Pha .. I and I' ha,e II wil h \'~tio"s SIlnd trap 
arrangemellt, . "I'",ts were I'<'rLormed to prcJ;c t the average ann ual sed imentatiun in the 
port ~nd ch.'ir\nel and i t\ thc S3t\ d trafl'. and ai.() 10 a"e" the illfi II during stOTllI S. 
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SimulatioIl' (}f the liltoml drift umer exi'ling conditions )'iddcd nCI so\Jlhcrly drift 
"'hkh is in contras l 10 e~rl ier findings ~nd previous slud ies. On fimher analy,is, 
however, it is concluded that Ihi, southerly net drift i, eonsi,ten l with 1"",,1 
geomorphology. The net tmn'port ral" i, s)]]"11 compared to the gros, transport in each 
direClion 

Channcl sedimcntillion was 'i'SCSSOO for all 8ecn"rios testc<l, Onrin!> the constnlet ion 
pha,e, and post-cnn,truction under ,torm wa,'e condilion, sed iment bypassing of Ihe 
structu res t"~e, pl1lCe and Ihere i, eon"''1uent channd infill. OthcI"\->'ise. in lyr ical 
co ndi tion. Ihe I"'rt hreakwater. exend l>eyond Ihe hreaker zone so that the amount of 
sand b)'p,,,~ing i, ,mal l and limiled to the immedi"le vici[1it), of Ihe breah.atcrs. As a 
conscquenee of this l'"ding, it was eo"cludcd Ihat there i, linle dir""l l>enetit in 
con,trueting a sand tmp on eithe, the 110rth or Ihe ,(}[lIh brc"~wakr. In order to 
dTc'Ctivciy Imp Ihe JTI"in ,Ire"no (}fsed inoenl, "uclt a trap would he ,..,qu irc<l to r laccd 
very 010'" 10 the hr~akwat~r(') wh ich could compromi", Iheir integr ity. In Ihe lusls 
,imui" led, Ihe sand Imps ""eullluh,1c "cdimenl, but nOI nCCCSSilrily to the hcnel1t orthe 
channel. wh ich ,onlim,cs TO i"lilL 

In oruer to ful ly ~sscss Ille ro,enlial !xncfi\s of\he sand Iraps, and r",ogni,ing Ihallhe 
coa'tl ine i, l ik~ l y to evolve fol lowing conmuction, further le"t, werc carri"u out with 
~" ""01\,00 ';':111:>..."<1, in ord"r 10 ""c if byp;=ing of (h~ Slruclilrcs wou ld ine",a"" in Ihe 
future. Te,ts sngge,led thai th i' wa< nol the ea'<C, and thi' i, largely due to the lenglh of 
Ihc bre"~wale",: the coastline c\'oh:lion will conlinuc unlil the be"cll rc-oricnlakS itself 
in lO a ,.osition of l,cro nCI drin, ,v,d si rlce Ihe brcakwakrs extend ,ueh " long way 
ol1:<OOre, t h~ r"alignment of the heachinearshore is "ueh that sed iment the I",,,sporl 
pmhwap are )101 inerc",ed. Aecord ingl)'. Ihere is no sign ifica"l c,idcnec to suggest 
that Ihe ",nd lraps would I>e more cffeC-!i,'e in the linure whcn th~ .,eabed ha, ~\'olved. 

Infi ll ill Ihc ehan"c! and Ihe sand trailS Icslcd was a'sessed, TO y icld est imales of the 
annual volume of in fi ll. and i111ill during storm condilion", 

All tests "ere I",rlhrmed wilh sard trar'. fla",d on th e lind ing' ,tated "oo~e it i, 
rc<;ommended Ihal Ihe degree of channel infil l for the efuC "ilhoul sand traps i, 
estimated from Ihc average of the valucs oOtail,cd. ror Pha", I this amo"nt, to 
57 .OOOm' Iyear (ph," additional I"'tential infi ll as highlighted in Ihe fool not. to the lab le 
in s.:elion 4.8), and for I'ha"" Illh i, amollnts to 264.000m 'lyear. 

Accumey eon,idemti",", ha,'c !xen Ihoroughl)' di""u"ed. As hig:l' lighted in Ihe original 
prol"'sal for this stndy_ there is uncertainty in all ",d imcnt tran'l"'rt predictio,~, due to 
natuml variabil it}, in Ihe var iou, inputs, and also due 10 tilt: a lgoritl"ll" appli~d, B~s.cd 

0" lhe be,t ,,,"ilal>1c !l(l,ie~, uHeer",inly in Ihe prediel~d ,'olumes ofeilannel and sand 
tmp intill is consider.,,) to I>e a tactor 2 to 5. 

Opt ions tor coa'tal protection have \>cCIl d i'cus.'<Cd. Where", tile cna" line is expecled 
10 build up immediately adjacent to th~ port breakwaters, Ihere rna}' be erosio" 10 Ih~ 
north "nd ooulh as a eon""'I,,,,ne': of the blockag~ 10 lhe lit\oral drill (,ivcn the 
relatively high gm" northerly and ;outherly .,edimenT transl"'rt and sm"1I net transport 
""d "",,,onal ,mlUre in the longsllore drill, il i, considcr~d Ihal Ihe s ite ma), I>e 
characterised hy erosio" 0" onc side of the pori during part of the year, followed by 
recovery i" the second pan orthe year. lI ence rather than large "," Ie ero,ion 011 oUe 
side oflhe port and ac"relion on Ih" other ,ide, "' would occur at a s ile "ilh high net 
tra"Sl"'rt 10 c ilher north or SOUlh, I~e I"'lcnlia I crosion of the em,t and nearshore may 
recover each year without inlcrvention. In any event, it is recommended Iha l foll(}w ing 
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conmuction, ,egular monitoring of the coastli"" to ~ilhc, ,ide of Ihe P<)tt is carric~ OUI 
in ",der that intur;'"ntion could take place if requi,cd . OptiOllS for eoa'tal dctence have 
Ixx:n reviewed. and lhese could he soft meaSllr~' or hard mea.,,,",,. Soft m"",u,", could 
include re-nouri,hing , imply moving mat~ria l along tho eoasl 10 th" area, of erosion. 
The 1I10,t ~ppropriatc c"titr",t~ or the ,0 1 ,,,,,~S of m~kria l which may be req lLir~d as ,~­
nouri.hme nt ofth. coast would he that predicled to infi ll the ch"nne l ", highl ightcd in 
Ih., table ill S""tion 4.M, Thi, is on the ba,i, that ""d~r cxiSling eondilions ",dimem 
pa .. ", aero" the h"r 'y,tem at the entrance to the e.llLary (possibly being ,w,ed on thc 
bar f", I'<'rioos "flime) and naturally f~~ds th~ eo"'t oowlldrift. Trapp ins Illi. volume 
sc(iimcnt in thc appl"Qacll eha''''cl cou ld lead to a comparable reduction in supply 10 Ihe 
downdrifl e",,,l . 

The ,tud ie, have shown in dllring lhe coo.mud;on phase, orue, 330,OOOmJ/ycar i, 
prodicluJ 10 infillthe d,,,,mci. although Fi1~orC" 4,9 ""d 4. 10 ind icatc thai this inti ll i, 
due to ",-working 01" the delta system ralher tl1an a mea'Ufe of the ,edimunt bnm!<Sing 
lhe exi'ling ,i,'"' enlmnce , rhe I~SI' fo, Phase II providc chan tlcl in till estimates of 
ordcr 240/100-280.(l()Om" Iycar ",I'ieh arise" OLlt of ",diment bypa>sing the b,e"kwalurs. 
Small~r volume, intililhe channel in I'ha", I but Ih" amounl of>cdi,,,~nt bypa"ing the 
broak"'"I~rs will bc co"'par"bk 10 thes~ figurcs (240.0OO.2RO.OOOm' lyear) (wilh the 
rema ining amount settl ing outside the chanllel) a, described ill lhe [""Inok to thc t.~h l c 

in Sect;on 4.8. Hcnee whiht ll,,,," ",i ll be bui ld up of thc coa,tline im",edimdy 
adjacent to eaeh breakwater. Ihi. vol LLme of240.000-2KO.OOOm' I)'car will be Impp<:d ill 
Ihe channe l which wou ld oth. ,wi", ha.c passed O"IU the delta a tld nourished Ihe 
beachcs to cith ~r sidc. On lhis basis lhis is the c,timaled vo lume of ",al"ria l which 
may ne~d to be considered in a nourishment programmc. 

01" the hard mea.ure.' available. Ihese would mo't appropr intdy be cilh~r groy ncs or 
,ho,c-d" l"eh~d bro"k",aters, rhe po,l-conHuclioTi moniloring would provide Ihe most 
usc fill information 10 aid in the location and dc.sign (length . • pacing) of such struel",",. 

5.4 OVERALL FINDINGS AND CHANNEL AND PORT INFILL SUMMARY 

Resu lls of thc slud ics dcscr ibed herein arc sum marised brielly a, I"ollows: 

a) Tid" I I)' - i"du~cd >cdimcnlalion is li milcd 10 Ihc inncr chatlnei and pon benh are"s. 
Sand inti II will tend to occur in th~ w .. te rn (upm"am) ",ellS dose 10 Ihc limit of 
~xtenl of dredging, "nd extcn,iing Ill " drodgi"g a rolali.ely small di,tance (order 
200m ",ith width Ihe .ame a, lhe droogcd berth. and 10 the same deplh) ",ill 
pl"Qmote sedimentation in these area, ralher than at Ih" bc,lh,. Mud i,,1iI1 wi ll, 
howe,'cr. t~Tld 10 occ"r o'w "",ch of Ihe i,mcr chan nel and pon ar~as, Vessel 
move ments will tend to re-di <tr ihute the finer bed dcp<), its, polcnt;"l ly spread in!'; 
Ihe infi ll inlo olher p<)rl ,orcas, 

b) Wavc Iranqui lity in tk port areas is relatively low. with only Ilenh 4 in I'has~ II 
being high lighted as hav ing a hi gh numb<'r of inol'<'rable da)' , >"" y~"r. n,c mooel 
,~"ol" indi~"k 11ml wave prop;'galion 10 thi s bet1h is rclalcd to wave, in the nmin 
channel being rciractcd omo this area: consequently, it is c",,,idcrcd lhat a , pur_ 
t)'1'<' slruclure on cilher Ih~ norlh or sO"lh breakw"tc, i, ",>likely to he etlective in 
rcducing wave energy at ficrl l1 4. 00 this ha,i, i mprov~d condilio", cou ld bc 
obta ined at tll i. berlh by oblained by con,tructing an 0>"''' pile p ial form with 
"bwrption lxach bclow, "hich would ,~d ll ~e rcllcetions al\hough it .hould be noted 
Iha! the direcl wave ocl ion wil l remain. 

0) Sand trap" arc unlikely 10 he etfective i1 reducing the channe l infi l', T~SlS i"dicate 
thai Ihe sand lran'p<)rt around the breA,,"'ers is confincd to lhe vic inity of the 
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hreakwaters, 00 that in order to l>c ctkctive, a sand trap would hm'c to he 
construct~d 00 cio", to the hreakwate r that it may comp romise its structural 
inlegri!)' , 

d) At this loc~! i on, rid so u !h~r l y dria was prcdic!~d, and Ihis is co tl sisten! wilh Ihc 
local geomorphology (i .e , the Ilature of the sa nd ,pit on the northern side of lhe 
CSluar)' cnlran~c) , a ll IIo i, b"s i. Ihere wo"ld be a bene fil in ~~te rl ding Ihe "orl h ~rn 

hreakwater inlo d"'rcr warcr, Any cxte tl . ion ov~r th at simulalcd would have the 
c IT"cl of rudu~ing ",dim~n l byp""ing and a,,,,,,ialcd infill ofll,u cloan nel, 

c) n ,c pori 8cd im"nl iJlfili i, surnrn"ri",d bru"dly from lhe conc lusiolls stated in 
Section 2,2,4 and Sect ion 4.R a, tol low.: 

I nfill in th ~ o"ler cha"ncl i, dClcnTl im:d prima,i l)' by the wave act ion a tl d ",wciarcd 
linoral dr ill around the hreakwater>, so that ",dimemat ion takes pbe~ Ht the 
cntmn"" to the I"'rt o,'er a r<i"li,'ely muTOW ZOJl" (order IOOOm) bel w~-cn l h ~ 
hreakwater t ip" and thc lurning b.,i 'L 

Sand intill due to tida l actio n in thc itl ner chan nel and l>crth "r~as could tie 
",ltslH"lially reduced by eXlending lhe dredging area up"tr~~m (w~'twa,d,) 10 
create ~n cffecli" SHnd Imp. 

[)uring thc eotlstruclioll phase, b>'I~us illg of lhe bre~kW'aters is . igni licant and there 
i, likdy 10 be high channel sed imentation, Pred ictio", suggest orde r 3)o,OOOm' pcr 
ye~t. 

For I'ha,~ I it wa, noted th at ,and may pa" around the breakwater ~l1ds bul nol be 
immcJiately d~po,ilCd if] Ihc ~haJll,d . In Ihi, .as<: the sa" d may sCflk clo'<C 10 the 
channel. crealing a ready source to r slLh,eque ntly infill. The volume, ",socialed 
with lhi, ",ur"" repre",nt order 50 to 101J"/. of too 4uoled d'Hnnd i"fill. 

Slorm infdl will a l'<O give ri'<C to .and hypa"ing Ihe hreakwat~" and consequent 
illftll of lloe ~han"cl. l'redi" lio", indicate thai o,'cr a three·ho u, ,toml (here could 
he (sa nd) inti ll of order I O,OOO.20,fl()()m " 

n ,c aoov~ fig,,,", repr~"'n l a be>! ", limale al Ch,,,," d ,"di"'c"l~lio" which is based 
on the most "r· lo·dale method' a"d accuratc nllmer ical modelling technique,. A, 
,latud in Seclion 4,), how~v<r, il is iml"'rtam 10 b<:ar in mind !h"l ",dimeTl I 
tran.port is not an cxact selene: and thcr~ rClllai rl s IJllccrtaitlty ill the pred ict ion of 
sediment tran'port and a,"ociatod est imates of sed i m~ntat ion, 'Ihere is a we"lth or 
i"forrr",tion from r~",ar~h worldwide, :>orne of whi ch II "> bee" cited i" this 
dOC Li ment, wh ieh eon tirm and h ighl ighl Ihis ,,"cerIa inty in rrcd iction, of '<Cdime nt 
tra n'pon in the marine environment. Eftective measure, which ~uuld be 
implcmcnted 10 improve fulure pr~diclions of ,edimc!lla\io rl wO<lkl include lhe 
detailed col lect ion ofdala rcla!ing to inti II (batl,ymetric <urvey', dr<'dgi ng record, 
and m~a,urem~l1 t' or.~al>cd"nd ,u<pended sed iment data), so that thi, i"fonm,lion 
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could t>e applied to develop a calibrat .. >d ..,dim"nl I,"n'port model for Ihis 'itc. n,i, 
would then pro"id" " mc"", of pro.iding rnor~ accurate estimate, of future 
sed im entat ion a. the [lOrt lurther develop' and expand, its f"cilities. 

t) Shore t:.:ha.io"r ~nd Ihc nc~d for coastal protection ,llOuld follow COl1,truCtiOIl "f 
too [lOn breakwater. >0 tim an appro~riale mdhodolog), c"o t:.: impicmetlted a. 
n"c~ssal)l. It ,hould be not"d that the rclativct)' balanced sediment drill to both 
north and south should give a lower coastal impact th"n tlml if the drill wa' 
dominat~d ~ ithcr to nOrlh ur sou lh, becaJ'" lh~1"I: is liliel)' to he a IICriod of recover)' 
fo llowing c~ch of thc m"in NflSW mons.oon periods, H~nc~ the approach of 
lTI"nilOr al1d fUlllr~ action is appropriHlc , Th~ ",ost appropriate e",imate of the 
,'olum~s Ofrrlllkria l ",hich rna)' be required a, re· nouri , hmen t orthe COHSI wou ld be 
th at prNl ict.d to intlll the cham",1 as hi~hlight .. >d in til" table in Section 4K This i, 
on th" basi, lhat lmd"r uxi,ting conditiOllS sediment pa",(" acmss the bar s),sklTI"1 
the entrance to the estuary (p"",ibly being stored on the bar for period, of tim c) "nd 
""tmall), f .. "ds Ihu C,,"" dowudrifi, Tn\pping this volume '<Cdiment in the approach 
eh'Hlnd eould lead to a comparable redlc·tion in ,uppl)' to the downdrifi C,,",t. Hoc 
te,ts for Phase II prO\'id~ channd i"fill e,timak, of onkr 240.000.2RO,OOOm '/year 
whidl ari,~, out of,cd im"nt bnh'\SSing the breakwaters . Smal ler volumes infil l the 
channel in Phas.e I hUllhe amollnt of ",diment bypassin£ the breakwater.< will be 
comparubk to th~><; ligures (240.000·nO,OOOm '/),eac) (with the "'lTI"ining amoullt 
sett ling oll!8 idc the channel) a< describe:l in the f,,'otnote to Ih~ I"bk in Seelio" 4.8, 
Hen~~ whilst th~re will be build up "ftl", eo~sllinc immcdiately adjacent to each 
br~a L water. this vo lllmc of 240.000.2RO,ooom'l),ear wiil be trapped in th" ch"""cI 
"'Il ich wou ld oth erwise have pa,,,,d ODto thu delta ~nd nourished the lICaches to 

either ,id" , On lhis b",i, th i, is the cst mated volume of material wh ich ma), nL-ed 
To be considered in a nouri,hrnent programme, 
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hbl~ 3.2 Wan ctlmlititln. r ro", I he A RTF.M IS model of I'hasc I at tlnlpul 1"""Htln. (sho,,'n on 
Figure 3 12) at the I>rrth. and along th~ cbanlld 
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Ta ble 3.2 Wa,'e cond ition. rrnm th. ART EMIS model of Phase I at ootllUllocalimlS (, hnwn on 
I"igu rc 3. 12) at the berth. and along th~ eha n nel (c'lII ti n oed ) 

Nears hore waw cOllditions 
OtTsbon' Points n, Till 'lircctiml Tola l watu 

WaV<'ll (m) ~:L (' N) dClllh (m) 

l inIOO·90"N 1 0.1 15,5 11 0 · 11 , 0.' 1 5 ,5 '>9 · 14 , 0. 1 155 IU ·14 
4 0.1 15 ,5 1'>9 -15,2 , 0.6 15.5 " ·15,2 
6 2.0 15,5 86 . 15.2 

l i" IOO-135"N 
; I 

0.1 1 5.5 110 • 14 

0. 1 15.5 10 1 ·14 
3 0.1 1 5 ,5 1\2 · 11 
4 0.' 15.5 19 1 ·1 5,2 
5 0.6 1 5 ,5 8' . 15 2 
0 

" 
15,5 '" -15.2 
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Tabl~ 3.3 Waw condi tions from the ART F.MIS mfldc1 flf I'hase II a t flutl'ut locafiflns (shown on Fignno 3.22) "t the bertbs and qU"ls 
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