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4.0 ENVIRONMENTAL MONITORING STUDIES — Oct’24 to March’25

for Turbidity

Water at seven locations.
e Port Entrance
(Approach Channel)

e Turning Circle
e Coal Berth

e Reclamation Area

(Mutable)

e 14°19°26”N &
80°15°43”E

o 14°16°52”N
&80°17°40”E

S.No ATTRIBUTE SCOPE STUDIES CARRIED OUT
I. Ambient Air Quality | Collection of ambient air | Ambient Air samples collected at 7
at Seven locations in and | locations for PM10, PM2.5, SO2,
outside of port premises NOx & NH3 (monthly once) for the
period of 01.10.2024 to 31.10.2025.
2. Marine Water and | Collection of Marine | Marine Water samples from Port
Surface Water Quality | Water at six locations. Entrance, Turning Circle, Coal
e Port Entrance | Berth and Reclamation Area are
(Approach Channel) collection weekly once. Samples
e Turning Circle for Buckingham Canal and
e (oal Berth Khandaleru Creek are collected
e Reclamation Area | monthly once. All the samples are
(Mutable) tested for Physical, Chemical and
e Buckingham Canal Microbiological parameters
e Khandaleru Creek Collected for the period of

01.10.2024 to 31.10.2025.

3. Marine Water Quality | Collection of Marine | 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.

SV ENVIRO LABS & CONSULTANTS,
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e 14°16’11”N &
80°17°40”E
4. Marine Sediment Collected at Collected at four locations and
e Port Entrance | analyzed for the hereunder weekly

(Approach Channel) once.

e Turning Circle e Sediment Compositions
e (Coal Berth e pH
e Reclamation Area e Nitrogen

(Mutable) e Phosphorus

e Potassium

e Sodium

e Benthos Communities

e Heavy Metals
Collected for the period of
01.10.2024 to 31.10.2025.

5. Noise Level Intensity | Noise levels were noted at | Day and Night Noise levels were
Seven locations inside | noted at

and outside port premises. e Zero Point

e Thamminapatnam

e (CVR Building

e Gopalpuram

e Chalivendram

e Krishnapatnam

e 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.

SV ENVIRO LABS & CONSULTANTS,
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6. STP Inlet and Outlet | Inlet and Outlet samples | STP Inlet and Outlet samples are
are collected from STP at | collected monthly once.

Port Collected for the period of 0

01.10.2024 to 31.10.2025.

7. DG Set Emission | Emission Quality was | Emission Quality was conducted to
Quality conducted to DG Sets of | DG Sets of port premises, ie PM,
port premises NOx, HC & CO (Six months once)
for the period of 01.10.2024 to

31.10.2025
8. Ground Water Quality | Collected at Ground Water samples from Port
Monitoring e Port Site site, Krishnapatnam village, South

Krishnapatnam village | side of the port, Gopalapuram

South side of the port | Village Bore wells water samples

Gopalapuram village | are collected half yearly once. All

the samples are tested for Physical,
Chemical and Microbiological
parameters Collected for the period

0f01.10.2024 to 31.10.2025.

0. Soil Quality Collection of Soil sample | Soil samples from Storage area
at Two locations. towards west, Storage area at Port

e Storage area | Area are collection half yearly

towards west | once. All the samples are tested for

Buckingham canal | Physical, Chemical parameters.
e Storage area at Collected for the period of

Port 01.10.2024 to 31.10.2025.

SV ENVIRO LABS & CONSULTANTS,
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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
e  Wind speed
e Wind direction
e Temperature
e Relative humidity
e Rainfall

MINIMUM AND MAXIMUM VALUES OF RELATIVE HUMIDITY,
TEMPERATURE AND RAINFALL DURING STUDY PERIOD (01.04.2024 to

31.09.2024.).

Temill’lefé‘t“re Oct’24 | Nov’24 | Dec’24 | Jan’25 | Feb’25 | March’25
Minimum 26.0 26.0 22.3 21.6 227 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

SV ENVIRO LABS & CONSULTANTS,
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Hl?nill?itllt‘;fe% Oct’24 | Nov’24 | Dec’24 | Jan’25 | Feb’25 | March’25
Minimum 44 60 51 by 60 2
Maximum 91 73 100 97 93 96
Mean 74 93 85 75 76 75

Ralll:lﬁlmll n Oct’24 | Nov’24 | Dec’24 | Jan’25 | Feb’25 | March’25

Minimum 0.1 0.1 0.1 0.1 -

Maximum 48.4 29.2 273 6.2 - -

Cumulative 439.06 324.5 153.7 6.91 - -

SV ENVIRO LABS & CONSULTANTS,
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Graphical interpretation of Minimum and Maximum values of and Temperature during

study period.

Temperature in °C for the study period

45

B Minimum

B Maximum
& Mean

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

Graphical Interpretation of Minimum and Maximum values of Relative Humidity during

study period.

Relative humidity in % for the study period

120
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B Minimum
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Oct’24 — March’25

Graphical Interpretation of Minimum and Maximum values of Rainfall during study

period.

500
450
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250
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50

Rain fall in mm for the study period

B Minimum

B Maximum

¥ Cumulative

Oct’24 Nov'24

Jan’25 Feb’25

March’25

WIND PATTERN - (April’24 — Sep’24)

Predominant Wind Distribution in
Wind rose Enclosed as
directions Percentage
ENE 18.1 %
E 11.3%
NE 9.52% Fig—7
ESE 7.38%

SV ENVIRO LABS & CONSULTANTS,
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Oct’24 — March’25

Fig-7. Wind rose diagram for 00.00 — 23.00 hrs ( 24hrly)
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Start Date: 01/08/2024 - 00:00
End Date: 31/08/2024 - 23:00

Windrose
00.00 - 23.00 hirly

CONMPANY MNAME:

SVENVIROLABS & CONSULTANTS

S

CAMWINDS: TOTAL COUNT
5.65% 743 hrs.

AVE. WIND SPEED: DATE PROJECT NO.

4.38 m/s 12/09/2024 26

WRPIOT Yiew - | akas Frvimnmental Sofwans
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Oct’24 — March’25

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 Direction w.r.t.
Location Environmental setting
code Project site
Al At Zero Point W Industrial
At
A2 Thamminapatnam S Industrial
Village
A3 At CVR Building WNW Residential
A4 At Gop alpuram NwW Residential
Village
A5 At Chalivendram WNW Residential
A6 At Krishnapatnam NNW Residential
A7 At Light House SW Residential

SV ENVIRO LABS & CONSULTANTS,
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Fig 4. AMBIENT AIR SAMPLING STATIONS LOCATION MAP

KRISHNAPATNAM PORT |
Environmental Monitoring Locations

LEGEN

AHBIE
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Oct’24 — March’25

Summary of Analysis of Ambient Air Quality in the Study Area at A1 —Zero Point for the

period of Oct’24 — March’25.

PMio (ug/m®) | PMas (ug/m®) | SO (ng/m®) | NOx (ug/m’) | NH3 (ng/md)

Oct’24 61.5 243 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 12.7 142 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.

PMiy (ng/m?® | PMas (ug/m’) SO: (ng/m3) NOx (ug/md) NH3 (ug/m?)

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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Oct’24 — March’25

Summary of Analysis of Ambient Air Quality in the Study Area at A3 —CVR for the period
of Oct’24 — March’25.

PMio (ug/m®) | PMas (ug/m®) | SO (ng/m®) | NOx (ug/m’) | NH3 (ng/md)

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.

PMiy (ng/m?® | PMas (ug/m’) SO: (ng/m3) NOx (ug/md) NH3 (ug/m?)
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

SV ENVIRO LABS & CONSULTANTS,




1626

KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT

Oct’24 — March’25

Summary of Analysis of Ambient Air Quality in the Study Area at AS —Chalivendram for

the period of Oct’24 — March’25.

PMio (ng/m®) | PMas (ug/m®) | SO» (ng/m®) | NOx (ug/m’) | NH3 (ug/m?)
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.

PMiy (ng/m?® | PMas (ug/m’) SO: (ng/m3) NOx (ug/md) NH3 (ug/m?)

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.

PMiy (ng/m?® | PMas (ug/md) SO: (ng/m%) NOx (ug/m®) NH3 (ug/m?)
Oct’24 47.5 18.3 7.6 9.8 BDL
Nov’24 50.9 20.1 8.9 11.0 BDL
Dec’24 534 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.

PM10 trend in study period in (ug/m3)
80.0
69.2
70.0 66.3 L 65.2
9.4
60.0
M Zero Point
50.0 B Thamminapatnam Village
B Amenities Complex (CVR)
40.0 B Gopalpuram Village
M Chalivendram
30.0 B Krishnapatnam Village
B New Light House
20.0
10.0
0.0
Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 March'25

% PM10 varied between 46.2 to 69.2 ug/m,> Minimum: Chalivendram
%  Maximum: Zero Point, NAAQ Standard: 100ug/m’

Summary of Analysis of Ambient Air Quality in the Study Area — PM2.5 for
Oct’24 — March’25.

PM2.5 trend in study period in (ug/m3)

35.0

30.0

25.0

B Zero Point

B Thamminapatnam Village
W Amenities Complex (CVR)
B Gopalpuram Village

M Chalivendram

B Krishnapatnam Village

B New Light House

20.0

15.0

10.0

5.0

0.0

Oct'24 Nov'24 Dec'24 lan'25 Feb'25 March'25

%  PM;s Varied between 18.3 to 29.5 ug/m’, Minimum: New light house
%  Maximum ;Zero Point, NAAQ Standard : 60 ug/m’
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Summary of Analysis of Ambient Air Quality in the Study Area — SO2 for
Oct’24 — March’25.

SO2 trend in study period in (ug/m3)
16.0
14.0 14.1 13.9
14.0 131 13.2
12.0
M Zero Point
10.0 B Thamminapatnam Village
B Amenities Complex {CVR)
8.0 B Gopalpuram Village
- W Chalivendram
’ B Krishnapatnam Village
4.0 @ New Light House
2.0
0.0
Oct’24 Nov'24 Dec24 Jan'25 Feb’25 March'25

% SO; Varied between 7.6 to 14.1 ug/m> Minimum : New Light House
** Maximum : Zero Point, NAAQ Standard : 80 pug/m’

Summary of Analysis of Ambient Air Quality in the Study Area — NOx for
Oct’24 — March’25.

NOx trend in study period in (ug/m3)

18.0

15.8 15.6
i66 15.4 :

14.0

B Zero Point
120 B Thamminapatnam Village
B Amenities Complex (CVR)

B Gopalpuram Village

10.0
a0 M Chalivendram
6.0 B Krishnapatnam Village

¥ New Light House
4.0

2.0

0.0

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

% NOx Varied between 9.8 to 15.8 ug/m’, Minimum :New Light House
*  Maximum :Zero Point, NAAQ Standards : 80 ug/m’
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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 DIRECTION
CODE LOCATIONS 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 Envisron.mental CPCB norms Leq (Dba)
etting 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

SV ENVIRO LABS & CONSULTANTS,
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Noise Level Day time trend in dB(A)

W Zero Point

® Thamminapatnam Village

® Amenities Complex [CVR}

B Gopalpuram Village

B Chalivendram

B Krishnapatnam

= Krishnapatnam Village near Light House

024 Nov'24 Dec24 1an2s Feb'25 Mar'25
TABLE-4.5.1

Location Oct’24 Nov’24 | Dec’24 Jan’25 Feb’25 | March’2S
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 52.4 514 53.1
Krishnapatnam Village
near Light House 51.5 49.8 535 49.2 479 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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Noise Level Night time trend in dB(A)

W Zero Point

B Thamminapatnam Village

W Amenities Complex [CVR)

W Gopalpuram Village

B Chalivendram

® Krishnapatnam

W Krishnapatnam Village near Light House

Cet'24 Now'24 Dec'24 Jan'25 Feb'25 Mar'25

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 53.2 543 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 39.3 382 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)

SV ENVIRO LABS & CONSULTANTS,
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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
MARINE WATER QUALITY AND
SURFACE WATER MONITORING LOCATIONS

Location Code | Location

Marine Water Quality Sampling Location

MWI1 Coal Berth

MW2 Turning Circle

MW3 Approach Channel

MW4 Reclamation Area (Mutable)
Surface Water Sampling Location

SWI Kandaleru Creek

SW2 Buckingham Canal

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

SV ENVIRO LABS & CONSULTANTS,
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The methodology for sample collection and preservation techniques was followed as

per

Standard Operating Procedures (SOP) mentioned in table hereunder:

Table No- 5

Standard Operating Procedures (SOP) For Water Sampling

Oct’24 — March’25

the

Mn, Cu, Fe, Zn, Pb
etc.)

1+1 HNOs

Parameter Sample Collection Sample Storage/ Preservation
Size
pH Grab sampling 50 ml Refrigeration,
Plastic /glass container can be stored for 7 days
Electrical Grab sampling 50 ml Refrigeration,
Conductivity Plastic /glass container can be stored for 7 days
Total suspended solids | Grab sampling 100 ml Refrigeration,
Plastic /glass container can be stored for 7 days
Total Dissolved | Grab sampling 100 ml Refrigeration,
Solids Plastic /glass container can be stored for 7 days
BOD Grab sampling 500 ml Refrigeration, 48 hrs
Plastic /glass container
Hardness Grab sampling 100 ml Add HNO; to pH<2,
Plastic /glass container refrigeration; 6 months
Chlorides Grab sampling 50 ml Not required; 28 days
Plastic /glass container
Sulphates Grab sampling 100 ml Refrigeration; 28 days
Plastic /glass container
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 H>SOs4 to pH>2,
refrigeration, 28 days
Heavy Metals (Ar, Cd, | Plastic/ Glass rinse with | 500 ml Filter, add HNOs to

pH>2; Grab sample; 6
months

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

24" Edition,2023

SV ENVIRO LABS & CONSULTANTS,
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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, 24t Ed., 2023
2. Colour APHA, 2120-C/2120-B, 24" Ed., 2023
3. Odour APHA, 2150, 24™ Ed., 2023
4. Temperature APHA, 2550-A+B, 24" Ed., 2023
5. Oil & Grease APHA, 5520-D, 24t Ed., 2023
6. Total Suspended Solids APHA, 2540-D, 24" Ed., 2023
7. Total Dissolved Solids APHA, 2540-C, 24" Ed., 2023
8. Total Residual Chlorine APHA, 4500-C1 B, 24" Ed., 2023

th
0. Biochemical Oxygen Demand Apgoggig(l)g-g,(jz"‘z 45 %’d’ 2023
10. Chemical Oxygen Demand APHA, 5220-B, 24" Ed., 2023
11. Free Ammonia IS 3025
12. Ammonical Nitrogen APHA, 4500-NH3 B, 24" Ed., 2023
13. Total Kjeldhal Nitrogen APHA, 4500-Norg B, 24™ Ed., 2023
14. Zinc APHA, 3111-B, 24" Ed., 2023
15. Lead APHA, 3111-B, 24" Ed., 2023
16. Cadmium APHA, 3111-B, 24" Ed., 2023
17. Mercury APHA, 3112-B, 24" Ed., 2023
18. Arsenic APHA, 3114-B, 24" Ed., 2023
19. Copper APHA, 3111-B, 24" Ed., 2023
20. Nickel APHA, 3111-B, 24" Ed., 2023
21. Cyanide APHA, 4500-CNB, 24" Ed., 2023
2 Fluori APHA, 4500-FD, 24" Ed., 2023 (SPANDS

. uoride
Methods)

23. Phosphates APHA, 4500-PD, 24 Ed., 2023
24. Sulphates APHA, 4500-SO4+” E, 24™ Ed., 2023
25. Sulphide APHA, 4500-S™, 24 Ed., 2023
26. Manganese APHA, 3111-B, 24" Ed., 2023
27. Iron APHA, 3111-B, 24" Ed., 2023
28. Phenolic Compounds APHA, 5530-B, 24" 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

g6 Trend of pH
8.4
8.2
8
7.8
7.6 ‘
74 M Oct'24
7-% _ _ M Nov'24
£G6 =2 T|If£ 0 2 T|E 0 @ T|E 0 @ T|mans
E 2 @ o|lg P ®m o|g5 ¥ m o/ ¥ ®w 0O
e £ S B|lg £ 8 Bl € 8 B|g © 8 B[ mMreb2s
g 2 El8 2 §1& 2 El8 2 & :
S S S < | B Mar'25
3] <] 3] a
o o o o
Ist Week 2nd Week 3rd Week 4th Week
pH of Marine water varied between 7.57 to 8.44
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning Coal Reclamation
Entrance Circle Berth Area Entrance Circle Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning Coal Reclamation
Entrance Circle Berth Area Entrance Circle Berth 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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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT

Oct’24 — March’25

Trend of BOD in mg/I|
M Oct'24
M Nov'24
W Dec'24
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Ist Week 2nd Week 3rd Week 4th Week
« BOD of Marine Water varied between 2.0 to 3.9 mg/l
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance Circle | Berth Area Entrance Circle | Berth Area
Oct’24 2.3 2.5 2.7 3.1 2.1 2.3 24 2.9
Nov’24 2.9 32 34 3.8 2.7 3.0 3.2 35
Dec’24 2.7 32 33 3.6 2.9 3.5 3.6 38
Jan’25 2.6 3.1 33 3.6 2.8 34 3.6 39
Feb’25 24 2.7 3.1 34 2.6 3.0 33 3.6
Mar’25 24 2.7 3.0 33 2.8 33 34 3.8
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance Circle | Berth Area Entrance Circle | Berth Area
Oct’24 2.3 2.6 2.8 3.2 2.5 2.8 3.0 35
Nov’24 2.5 2.8 3.0 3.2 2.7 3.1 33 3.6
Dec’24 2.6 3.1 33 3.5 24 2.8 3.0 32
Jan’25 2.5 3.1 33 35 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 34 3.0 33 34 3.7
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Trend of COD in mg/I|
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Ist Week 2nd Week 3rd Week 4th Week
% COD of Marine Water varied between 11.8 to 14.0 mg/1
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth Area
Oct’24 12.8 12.4 12.5 133 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT Oct’24 — March’25
Trend of Potassium in mg/I
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M Nov'24
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Ist Week 2nd Week 3rd Week 4th Week
% Potassium Concentration in Marine water varied between 247 to 371 mg/l
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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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Trend of Chloride in mg/I|
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Ist Week 2nd Week 3rd Week 4th Week

®,

» Chloride concentration in Marine water varied between 20033 to 21227 mg/1

o,

Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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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Trend of Sulphate in mg/I|
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Ist Week 2nd Week 3rd Week 4th Week

®,

¢ Sulphate concentration in Marine water varied between 3167 to 3687 mg/1

Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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
3rd Week 4th Week
Month . . . .
Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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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Trend of Zinc in mg/I
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Ist Week 2nd Week 3rd Week 4th Week
%+ Zinc concentration in Marine water varied between 0.008 to 0.041 mg/l
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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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Trend of Phytoplankton in Nos/ml
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Ist Week 2nd Week 3rd Week 4th Week
+ Phytoplankton in Marine water varied between 198 to 247 No./ml
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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

SV ENVIRO LABS & CONSULTANTS,



1644
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Oct’24 — March’25

Trend of DO in mg/I
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Ist Week 2nd Week 3rd Week 4th Week
% DO in Marine water varied between 3.1 to 6.0 mg/1
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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 34 5.2 5.0 4.6 3.6
Dec’24 5.2 5.0 4.5 34 5.0 4.7 43 3.1
Jan’25 53 5.0 4.4 3.4 5.1 4.8 4.2 3.2
Feb’25 5.2 5.0 4.4 34 5.0 4.8 4.2 3.2
Mar’25 6.0 5.6 54 4.6 5.8 5.4 5.2 4.4
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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 53 5.0 4.5 34 5.5 5.2 4.6 3.6
Jan’25 5.2 5.0 4.4 34 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 54 5.0 4.8 4.0
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Oct’24 — March’25

Trend of Nitrates in mg/|
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Ist Week 2nd Week 3rd Week 4th Week
+ Nitrates in Marine water varied between 3.3 to 10.6 mg/l
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth Area
Oct’24 3.8 3.5 4.1 4.9 3.5 33 3.8 4.5
Nov’24 5.0 4.8 53 5.7 4.7 4.5 5.0 54
Dec’24 4.9 4.6 5.0 5.8 53 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth Area
Oct’24 3.8 3.6 4.0 4.7 43 4.2 4.8 5.2
Nov’24 43 4.0 4.6 5.0 4.8 4.6 5.1 5.7
Dec’24 5.0 4.6 5.1 59 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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Trend of Zooplankton in ml/100m3
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Ist Week 2nd Week 3rd Week 4th Week
% Zoo plankton in Marine water varied between 9.6 to 12.8 ml/100m3
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT

Oct’24 — March’25

Trend of Primary Productivity in mgC

m-2d-!

Port Entrance
Turning Circle
Coal Berth

Ist Week

Reclamation Area

Coal Berth

Port Entrance
Turning Circle

2nd Week

Reclamation Area

Coal Berth

Port Entrance
Turning Circle

3rd Week

Reclamation Area
Port Entrance
Turning Circle

Coal Berth

4th Week

Reclamation Area

B Oct'24
N Nov'24
M Dec'24
M Jan'25
M Feb'25
B Mar'25

Primary Productivity in Marine water varied between 25 to 56 mg m2d™!

Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT Oct’24 — March’25
Trend of Chlorophyll in mg/m3
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Ist Week 2nd Week 3rd Week 4th Week
< Chlorophyll in Marine water varied between 1.2 to 1.55 mg/m’
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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/I

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

e Chloride - values are in the range 20033 to 21227 mg/I
o Sulphates - values are in the range to 3167 to 3687 mg/1
e Zinc - values are in the range 0.008 to 0.041 mg/1

o 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/I

e Zooplankton - values are in the range 9.6 to 12.8 m1/100m?

« Primary productivity - values are in the range 25 to 56 mgC m2d’!

e Chlorophyll - values are in the range 1.20 to 1.55 mg/m?
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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 TURBIDITY MONITORING 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—S5.

MARINE DEEP SEA TURBIDITY MONITORING LOCATIONS

Location Code Geographical Co-ordinates
DS1 14°19°26”N ; 80°15°43”E
DS2 14°16°52"N ; 80°17°40”E
DS3 14°16°11”N ; 80°17°40”E
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FIGURE-5

KRISHNAPATNAM PORT DEEP SEA MONITORING LOCATIONS

Oct’24 — March’25
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Status of Turbidity in Marine Water

Trend of Turbidity at Port Entrance in NTU
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week | Week | Week | Week
Low 52 5.7 5.3 6.0 Low 43 45 5 4.7
Tide Tide
Oct24 | Medium | 47 5.0 4.7 56 | yanr2s | Medium | 39 | 45 | 46 | 43
Tide Tide
High 7.8 8.1 7.6 8.1 High 6.8 7.2 7.8 75
Tide Tide
Low 4.8 4.6 43 47 Low 4.9 52 4.6 4.8
Tide Tide
Nov24 | Medium | 45 43 4.1 44 | Fepras | Medium | 46 | 48 | 42 | 44
Tide Tide
High 7.4 7.2 6.9 7.1 High 7.8 8.1 7.3 7.5
Tide Tide
Low 45 4.8 42 4 Low 52 5.7 53 6
Tide Tide
Dec24 | Medium | 45 4.5 4 37 | Mar2s | Medium | 47 5 47 | 56
Tide Tide
High 7.2 7.5 6.9 6.6 High 7.8 8.1 7.6 8.1
Tide Tide
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Trend for Turbidity at Turning Cirle in NTU
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week | Week | Week | Week
Low 54 59 52 57 Low 48 | 50 | 55 | 52
Tide Tide
Ocr24 | Medium |54 5.4 5.0 53 | ganras |Medium |44 4 47 | 51 | 49
Tide Tide
High 6.9 7.4 7.0 8.1 High 5.6 6.0 6.5 6.1
Tide Tide
Low 54 52 5.0 55 Low 55 58 | 52 | 50
Tide Tide
Novi24 | Medium | 49 | 46 4.4 48 | Rep2s | Medium | 55 | 55 | 49 | 47
Tide Tide
High 6.8 6.5 6.2 6.5 High 6.4 6.9 6.2 6.4
Tide Tide
Low 5.0 5.3 4.8 4.5 Low 5.4 5.9 52 5.7
Tide Tide
Decr24 | Medium | 45 1 49 4.4 40 | Maras | Medium | 50 | 54 | 50 | 53
Tide Tide
High 6.1 6.3 58 53 High 6.9 7.4 7.0 7.6
Tide Tide
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Oct’24 — March’25

Trend of Turbidity at Coal Berth in NTU
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week Week Week Week Month Week | Week | Week | Week
Low 6.7 7.2 6.7 7.8 Low 5.7 6.0 6.4 6.1
Tide Tide
Oct24 | Medium | 63 6.8 6.3 72 | janr2s | Medium | 53 5.6 6.0 55
Tide Tide
High 8.3 8.8 8.3 8.8 High 7.0 7.7 8.3 7.8
Tide Tide
Low 6.5 6.3 6.1 6.6 Low 6.4 6.6 6.1 6.3
Tide Tide
Nov24 | Medium | 54 52 5.0 57 | Febr2s | Medium | 5g 6.1 5.7 6.0
Tide Tide
High 7.5 7.3 7.0 7.4 High 8.2 8.7 7.7 7.9
Tide Tide
Low 6.4 6.7 5.9 5.4 Low 6.7 7.2 6.7 7.8
Tide Tide
Dec24 | Medium | 56 6.0 55 49 | Marns | Medium | 63 6.8 6.3 7.2
Tide Tide
High 7.2 7.7 7.2 6.8 High 8.3 8.8 8.3 8.8
Tide Tide
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Trend of Turbidity at Reclamation Area in
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week Week | Week Week
Low 16.3 17.1 16.6 17.2 Low 14.0 14.7 15.5 15.0
Tide Tide
Oct24 | Medium | 160 | 168 | 160 | 168 | japrps | Medium | 434 | 141 | 148 14.2
Tide Tide
High 18.0 19.4 18.7 19.2 High 15.8 16.4 17.1 16.4
Tide Tide
Low 15.0 14.7 14.0 15.1 Low 15.8 16.4 15.3 15.9
Tide Tide
Nov24 | Medium |48 | 143 | 137 | 145 | pepras | Medium | 450 | 157 | 148 15.3
Tide Tide
High 17.0 16.6 15.8 16.6 High 17.1 17.8 16.5 17.2
Tide Tide
Low 15.1 15.7 14.3 13.8 Low 16.3 17.1 16.6 17.2
Tide Tide
Dec24 | Medium 143 1 149 | 136 | 128 | pap2s | Medium | 60 | 168 | 16.0 16.8
Tide Tide
High 16.9 17.2 16.1 15.3 High 18.0 19.4 18.7 19.2
Tide Tide

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

Trend of TDS at Port Entrance in mg/I|
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week Week Week Week Month Week Week Week Week
Low 32520 | 32676 | 32545 | 32691 Low 32126 | 32258 | 32396 | 32178
Tide Tide
Oct24 | Medium [ 35316 | 32448 | 32336 | 32485 | japrps | Medium | 31898 | 32042 | 32178 | 31968
Tide Tide
High 32780 | 32898 | 32778 | 32935 High 32362 | 32498 | 32642 | 32425
Tide Tide
Low 32341 | 32205 | 32058 | 32196 Low 32396 | 32516 | 32258 | 32159
Tide Tide
Nov24 | Medium | 37150 | 31996 | 31846 | 31985 | penr2s | Medium | 35170 | 32297 | 32043 | 32369
Tide Tide
High 32578 | 32449 | 32297 | 32428 High 32634 | 32758 | 32493 | 32610
Tide Tide
Low 32112 | 32032 | 31883 | 31725 Low 32520 | 32676 | 32545 | 32691
Tide Tide
Dec24 | Medium | 31893 | 32236 | 32081 | 31930 | pap2s | Medium | 32316 | 32448 | 32336 | 32485
Tide Tide
High 32349 | 32476 | 32326 | 32175 High 32780 | 32898 | 32778 | 32935
Tide Tide
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Trend of TDS at Turning Circle in mg/I|
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week Week Week Week Month Week | Week | Week | Week
Low 32378 | 32518 | 32396 | 32589 Low 31945 | 32095 | 32235 | 32013
Tide Tide
Oct24 | Medium | 35175 | 32310 | 32185 | 32379 | japps | Medium | 31721 | 31878 | 32020 | 31796
Tide Tide
High 32615 | 32752 | 32626 | 32828 High 32184 | 32337 | 32475 | 32252
Tide Tide
Low 32164 | 32029 | 31867 | 31988 Low 32224 | 32372 | 32145 | 32028
Tide Tide
Nov24 | Medium | 37948 | 31817 | 31662 | 31782 | pebr2s | Medium | 31998 | 32156 | 31928 | 32238
Tide Tide
High 32396 | 32268 | 32114 | 32235 High 32459 | 32610 | 32375 | 32478
Tide Tide
Low 31940 | 31872 | 31726 | 31564 Low 32378 | 32518 | 32396 | 32589
Tide Tide
Decr24 | Medium | 31755 | 35078 | 31945 | 31778 | Mars2s | Medium | 35175 | 32310 | 32186 | 32379
Tide Tide
High 32180 | 32319 | 32181 | 32012 High 32615 | 32752 | 32626 | 32828
Tide Tide
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Oct’24 — March’25

Trend for TDS at Coal Berth in mg/I
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week | Week Week Month Week | Week | Week | Week
Low 32263 | 32425 | 32284 | 32618 Low 31856 | 32012 | 32165 | 31924
Tide Tide
Oct24 | Medium | 35058 | 32216 | 32074 | 32400 | jyapv2s | Medium | 31652 | 31797 | 31947 | 31708
Tide Tide
High 32512 | 32671 | 32519 | 32850 High 32110 | 32261 | 32394 | 32167
Tide Tide
Low 32118 | 31978 | 31829 | 31956 Low 32164 | 32268 | 32019 | 31908
Tide Tide
Nov24 | Medium | 31909 | 31768 | 31612 | 31745 | pepras | Medium | 31928 | 32062 | 31797 | 32119
Tide Tide
High 32353 | 32217 | 32068 | 32196 High 32387 | 32516 | 32247 | 32358
Tide Tide
Low 31891 | 31806 | 31684 | 31488 Low 32263 | 32425 | 32284 | 32618
Tide Tide
Decr24 | Medium | 31690 | 32021 | 31889 | 31695 | pMarv2s | Medium | 32058 | 32216 | 32074 | 32400
Tide Tide
High 32138 | 32268 | 32124 | 31936 High 32512 | 32671 | 32519 | 32850
Tide Tide
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Trend for TDS at Reclamation Area in mg/I|
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week Week Week Week Month Week Week Week Week
Low 33855 | 34032 | 33910 | 34097 Low 33392 | 33536 | 33687 | 33460
Tide Tide
Oct24 | Medium | 33651 | 33819 | 33695 | 33886 | janc2s | Medium | 33178 | 33315 | 33475 | 33240
Tide Tide
High 34098 | 34270 | 34145 | 34336 High 33638 | 33785 | 33928 | 33696
Tide Tide
Low 33697 | 33561 | 33412 | 33487 Low 33695 | 33881 | 33617 | 33513
Tide Tide
Nov'24 | Medium | 33489 | 33356 | 33205 | 33285 | pepr2s | Medium | 33478 | 33668 | 33398 | 33725
Tide Tide
High 33934 | 33806 | 33645 | 33742 High 33945 | 34112 | 33848 | 33963
Tide Tide
Low 33420 | 33356 | 33192 | 33006 Low 33855 | 34032 | 33910 | 34097
Tide Tide
Dec24 | Medium | 33305 | 33568 | 33398 | 33214 | ppapr2s | Medium | 33651 | 33819 | 33695 | 33886
Tide Tide
High 33662 | 33799 | 33642 | 33446 High 34098 | 34270 | 34145 | 34336
Tide Tide

Summary of TDS of Marinne water quality results
s TDS - Values are in the range of 31725 to 32935 mg/I 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/1 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

Trend of TSS at Port Entrance in mg/|
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week | Week | Week | Week
Low 12.4 12.8 12.3 13.0 Low 115 | 11.8 | 122 | 118
Tide Tide
Oct24 | Medium | 153 1 128 | 123 | 127 | jgaprzs | Medium | 507 | o110 | 117 | 114
Tide Tide
High 15.0 15.6 14.2 14.8 High 127 | 133 | 139 | 134
Tide Tide
Low 12.0 11.7 1.2 11.6 Low 123 | 126 | 119 | 12.1
Tide Tide
Nov24 |Medium |16 1 113 | 109 | 113 | pepras | Medium | 119 | 122 | 114 | 117
Tide Tide
High 14.1 13.8 13.4 13.9 High 141 | 146 | 13.8 | 142
Tide Tide
Low 11.6 12.0 11.7 11.2 Low 124 | 128 | 123 | 13.0
Tide Tide
Dec24 | Medium 110 1 113 | 110 | 104 | papps | Medium |op3 0 g | 123 | 127
Tide Tide
High 13.8 14.2 12.9 12.2 High 150 | 156 | 142 | 14.8
Tide Tide
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Trend of TSS at Turning Circle in mg/I
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week | Week | Week | Week
Low 13.6 14.1 13.7 14.5 Low 119 | 124 | 129 | 125
Tide Tide
Oct24 | Medium | 430 | 136 | 13.0 | 126 | japras | Medium | 116 | 120 | 126 | 122
Tide Tide
High 15.8 16.4 15.9 16.3 High 13.1 137 | 143 | 137
Tide Tide
Low 13.1 12.8 12.3 12.8 Low 13.0 | 135 | 12.8 | 13.0
Tide Tide
Nov24 | Medium | 155 1 15 117 | 120 | FRepras | Medium | 158 | 134 | 123 | 126
Tide Tide
High 13.2 12.9 12.5 13.8 High 146 | 152 | 146 | 15.0
Tide Tide
Low 12.0 12.6 12.2 11.6 Low 13.6 | 141 | 13.7 | 145
Tide Tide
Decr24 | Medium |5 12.5 11.9 112 | Mar2s | Medium | 130 | 136 | 130 | 126
Tide Tide
High 14.0 14.5 13.2 12.6 High 158 | 164 | 159 | 163
Tide Tide
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Trend for TSS at Coal Berth in mg/I

M st Week
B 2nd Week
‘0! I ‘A A ‘A 'H R 'R 0 an I 3rd Week
2 3 5|2 8 8|2 8 8|3 B 8|3 B 8|3 B 5| WathWeek
F - | FF FIF F FFFFFRIFEFEFRFIFFF
2 E £c|2T E £| 2T E £/ 2 E £| 2 E £/ 2 E C
SgPEg iRt
] U QU @ 2] QU
s s = s s s
Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week | Week | Week | Week
Low 14.0 14.6 14.0 15.1 Low 123 | 13.0 | 13.5 | 13.2
Tide Tide
Oct24 | Medium |47 1 147 | 139 | 146 | japras | Medium | y10 | o116 | 121 | 116
Tide Tide
High 16.2 16.9 16.2 17.2 High 13.5 | 14.1 148 | 14.2
Tide Tide
Low 12.4 12.1 11.8 12.4 Low 13.7 | 141 | 133 | 13.5
Tide Tide
Nov24 |Medium | 116 | 113 | L1 11.6 | pep2s | Medium | 151 | 126 | 128 | 132
Tide Tide
High 13.7 13.5 13.0 13.5 High 150 | 158 | 149 | 154
Tide Tide
Low 12.3 13.1 12.6 12.0 Low 140 | 146 | 140 | 15.1
Tide Tide
Decr24 | Medium |53 1 g 11.3 10.6 | par2s | Medium |40 | 147 | 139 | 146
Tide Tide
High 13.5 14.1 13.5 12.8 High 162 | 169 | 162 | 17.2
Tide Tide
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Trend for TSS at Reclamation Area in mg/|
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Month Week | Week Week Week Month Week | Week | Week | Week
Low 17.8 18.2 17.5 18.3 Low 148 | 156 | 162 | 15.6
Tide Tide
Oct24 | Medium | 175 18.3 17.6 18.0 | janr2s | Medium | 437 | 143 | 150 | 143
Tide Tide
High 19.7 20.6 19.8 21.3 High 17.6 | 182 | 19.0 | 18.1
Tide Tide
Low 16.2 154 14.9 16.0 Low 162 | 17.0 | 162 | 17.1
Tide Tide
Novi24 | Medium | 159 | 154 | 142 | 149 | peprps | Medium | 148 | 159 | 156 | 164
Tide Tide
High 18.6 18.3 17.7 18.4 High 18.7 | 194 | 182 | 189
Tide Tide
Low 15.4 16.0 15.4 14.3 Low 17.8 | 182 | 17.5 | 183
Tide Tide
Decr24 | Medium | 145 1 5 142 | 131 | parr2s | Medium | 475 1 183 | 176 | 18.0
Tide Tide
High 18.1 18.6 17.9 17.0 High 19.7 | 206 | 19.8 | 21.3
Tide Tide
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Status of Deep Sea Water Quality

Trend of Turbidity at Deep Sea in NTU
8
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g B TzT|T ©wW ©vw| LT T©W T, LT W T | T T T | T T T
F F FR|F F F|IF F F|IF F FRIF F FI[F F F
: 5835835835835 8375 8
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Month DSI DS2 DS3 | Month DSI DS2 DS3
Low 52 4.9 6.0 Low 5.0 45 5.6
Tide Tide
Medium | 43 4.4 52 sp5 | Medium | 45 4.1 5.0
9 . . . . . .
Oct’24 Tide Jan’25 Tide
High 6.8 6.5 7.2 High 6.5 6.1 7.2
Tide Tide
Low 5.0 4.6 5.7 Low 45 4.1 5.2
Tide Tide
Nov24 | Medium | 46 4.1 50 | Febr2s | Medium | 45 3.8 4.7
Tide Tide
High 6.5 6.2 6.9 High 6.1 5.6 6.7
Tide Tide
Low 47 42 53 Low 4.9 45 5.6
Tide Tide
Dec24 | Medium | 45 3.8 46 | Marns | Medium | 46 4.0 5.1
Tide Tide
High 6.1 5.7 6.5 High 7.0 6.0 7.6
Tide Tide
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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT Oct’24 — March’25
Trend of TSS at Deep Sea in mg/I
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Month DSI DS2 DS3 | Month DSI DS2 DS3
Low 6.9 75 8.8 Low 6.5 7.0 8.3
Tide Tide
Medium | 57 6.9 7.5 Medium | 55 6.4 6.8
9 . . . 9 . . .
Oct’24 Tide Jan’25 Tide
High 8.5 9.6 11.0 High 8.0 8.8 10.2
Tide Tide
Low 6.6 7.1 8.5 Low 6.2 6.7 7.4
Tide Tide
Medium | 54 6.5 7.1 Medium 5.1 5.9 6.2
9 . . . 9 . . .
Nov’24 Tide Feb’25 Tide
High 8.1 9.0 10.5 High 7.3 8.1 9.4
Tide Tide
Low 6.2 6.7 7.9 Low 6.6 7.2 8.0
Tide Tide
) Medium 5.0 5.9 6.3 ) Medium 5.6 6.3 6.8
Dec’24 Tide Mar’25 Tide
High 7.6 8.3 9.7 High 7.9 8.6 10.1
Tide Tide
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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT Oct’24 — March’25
Trend for TDS at Deep Sea in mg/I|
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Oct'24 Nov'24 Dec'24 Jan'25 Feb'25 Mar'25
Month DSI DS2 DS3 Month DSI DS2 DS3
Low 34970 35491 36182 Low 34635 | 35130 | 35879
Tide Tide
Oct24 | Medium | 34737 | 35349 | 35961 | yaprps | Medium | 34410 | 34852 | 35604
Tide Tide
High 35349 35664 37037 High 35027 | 35410 | 36746
Tide Tide
Low 34707 35209 35941 Low 34717 | 35246 | 35965
Tide Tide
Nov24 | Medium | 34468 | 35039 | 35664 | peprps | Medium | 34530 | 34936 | 35714
Tide Tide
High 35073 35410 36751 High 35141 | 35498 | 36852
Tide Tide
Low 34449 34920 35631 Low 34935 | 35476 | 36184
Tide Tide
Dec24 | Medium | 34514 | 34637 | 35346 | parv2s | Medium | 34710 | 35108 | 35924
Tide Tide
High 34787 35147 36490 High 35337 | 35716 | 37094
Tide Tide
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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 SEDIMENT MONITORING LOCATIONS
SI.No Location
1 Port Entrance

Turning Circle

2
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.
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Status of Marine Sediments Quality

Trend of pH
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1st week 2nd week 3rd week 4th week
pH in Marine sediment varied between 7.58 to 8.45
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance Circle | Berth Area Entrance Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
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Trend of Organic Matter in %
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1st week 2nd week 3rd week 4th week
Organic Matter in Marine sediment varied between 1.29 to 1.50 %
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
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Trend of Nitrogen in mg/kg
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1st week 2nd week 3rd week 4th week
Nitrogen In Marine sediment varied between 375 to 426 mg/kg
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT Oct’24 — March’25
Trend of Phosphorus in mg/kg
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1st week 2nd week 3rd week 4th week
Phosphorous in Marine sediment varied between 184 to 265 mg/kg
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance Circle | Berth Area Entrance Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
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Trend for Sodium in mg/kg
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1st week 2nd week 3rd week 4th week
Sodium in Marine sediment varied between 16860 to 17645 mg/kg
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance | Circle Berth 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
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KRISHNAPATNAM PORT COMPANY LIMITED — HALF YEARLY REPORT Oct’24 — March’25
Trend for Potassium in mg/kg
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1st week 2nd week 3rd week 4th week
Potassium in Marine sediment varied between 268 to 389 mg/kg
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle | Berth Area Entrance | Circle | Berth 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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Oct’24 — March’25

Trend for Copper in mg/kg
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1st week 2nd week 3rd week 4th week
Copper in Marine Sediment varied between 0.33 to 0.49 mg/kg
Ist Week 2nd Week
Month Port Turning Coal Reclamation Port Turning Coal Reclamation
Entrance | Circle Berth Area Entrance Circle Berth 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
3rd Week 4th Week
Month Port Turning Coal Reclamation Port Turning Coal Reclamation
Entrance | Circle Berth Area Entrance Circle Berth 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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Trend of Zinc in mg/kg
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1st week 2nd week 3rd week 4th week
Zinc in Marine sediment varied between 0.056 to 0.88 mg/kg
Ist Week 2nd Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance Circle Berth Area Entrance Circle Berth 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
3rd Week 4th Week
Month Port Turning | Coal | Reclamation Port Turning | Coal | Reclamation
Entrance | Circle Berth Area Entrance Circle Berth 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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Trend for Macro Benthos in nos/m?
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1st week 2nd week 3rd week 4th week
Macro Benthos in Marine Sediment varied between 1137 to 1168 nos/m?
Ist Week 2nd Week
Month Port Turning Coal Reclamation Port Turning Coal Reclamation
Entrance Circle Berth Area Entrance Circle Berth 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
3rd Week 4th Week
Month Port Turning Coal Reclamation Port Turning Coal Reclamation
Entrance | Circle Berth Area Entrance Circle Berth 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

e Organic matter - value are in the range 1.29 to 1.50 %

« Nitrogen -value are in the range 375 to 426 mg/kg

o Phosphorous - value are in the range 184 to 265 mg/kg

o Sodium - value are in the range 16860 to 17645 mg/kg
« Potassium - value are in the range 268 to 389 mg/kg

o Copper - value are in the range 0.33 to 0.49 mg/kg

e Zinc -value are in the range 0.056 to 0.88 mg/kg

e Macro Benthos - value are in the range 1137 to 1168 nos/m?
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TEST REPORT OF GROUND WATER SAMPLES

Oct’24 — March’25

DATE OF COLLECTION 19-03-2025
S. . Port Site Krishnapatnam S.outh Gopalpuram | IS: 10500-2012
No. Parameter Unit (Bore Village Side of Village Specification
Well) the Port

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

2 | Electrical Conductivity umhos 1201 1068 1378 1244 -

3 | TDS mg/l 803 629 849 736 500

4 | Total Alkalinity as CaCOs3 mg/l 255 229 341 245 200

5 | Chlorides as CI 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 NO3 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 CaCOs; | mg/l 129 109 142 113 200

12 | Salinity ppt 0.058 0.03 0.06 0.02 -

13 | Sulphates as SO% 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/1 <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 Cr* mg/l <0.01 <0.01 <0.01 <0.01 0.05

23 | Total Coliforms CFU/ml Delt\gétted Not Detected DeIt\L(;tted Dell(g[ed detes:(}:ltil(; rlll(l) t1]:(:)ml
24 | Fecal Coliforms CFU/ml Deljeztted Not Detected DeIt\Zztted Del'i:(ztced detes:(}:ltil; rlll(l) t1t))6(:)ml

Note: . All the above parameters have been tested as per APHA 24" 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) pmhos 537 601
3. Texture
a4 Sand % 51.8 47.6
b Silt % 232 20.1
¢. Clay % 25.0 323
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 STPINLET AND OUTLET ANALYSIS

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

TEST REPORT OF STP INLET - S00KLD

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
Total

2> | Suspended m/l 120 132 120 106 98.0 112
Solids
BOD  3day 108 116 110 98.0 90.0 101

3 270C mg/1

4 |0 & mg/l 4.0 5.0 4.0 3.0 3.0 4.0
Qrease

5 | Fecal MPN/1I00mI | 15X10° | 17X10% | 15X10% | 12X10° | 10X103 | 13X10°
coliform

TEST REPORT OF STP OUTLET - S00KLD

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

1 | pH _ 751 7.34 7.48 7.59 7.41 7.63
Total

2 | Suspended mg/l 43.0 49.0 42.0 36.0 31.0 38.0
Solids
BOD 3day 24.0 27.0 24.0 21.0 18.0 23.0

3 270C mg/l

4 |0l & mg/l <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
QGrease

5 | Fecal MPN/I0OmI | 240 270 240 210 180 230
coliform
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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 7.67 751 7.73 7.56 7.86
Total

2 | Suspended me/l 102 110 98.0 90.0 80.0 88.0
Solids
BOD  3day 95.0 108 102 94.0 84.0 92.0

3 270C mg/1

4 | Ol & mg/l 4.3 5.0 4.0 3.0 2.0 3.0
Grease

5 | Fecal MPN/I0OmI | 12X103 | 14X103 | 11X10° | 09X103 | 07X103 | 11X10°
coliform

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
Total

2 | Suspended mg/l 17.0 22.0 18.0 14.0 10.0 15.0
Solids

3 | BOD 3day me/l 20.0 23.0 20.0 18.0 15.0 19.0
27°C

4 | Ol & mg/l <10 | <10 | <10 | <10 | <10 | <l0
Qrease

5 | Fecal MPN/100mI | 198 220 190 150 120 160
coliform
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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
RESULT
S.No. DESCRIPTION UNIT
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 oC 32 32 33 33 34
6. Stack temperature oC 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 m?/hr 878 806 993 777 929
10. Duration of Sampling minutes 30 30 30 30 30
11. Fuel used - Diesel
EMISSION RATE
RESULT
S.NO. PARAMETER UNIT METHOD 1 5 3 2 3
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 | 091 | 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
RESULT
S.No. DESCRIPTION UNIT
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 °C 34 33 32 32 31
6. Stack temperature C 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 m?/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 G 7 RESUSLT 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 1.03 098 | 0.83 | 0.57
3. Carbon Monoxide — CO g/kw-hr | IS:11255-P-7 | 0.35 0.49 047 | 041 | 0.35
4 Hydrocarbons - HC g/kw-hr IS:11255 0.09 0.16 0.12 | 0.10 | 0.07
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ANNEXURES
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ANNEXUREI1

NATIONAL AMBIFNT AIR QUAIITY STANDARDS
CENTEAL POLLUTION CONTEOL BOARD
NOTIFICATION
New Delbi the 15™ November, 2000

Mo B-29016/ 2080 PCT-L—In exercise of the powers confermred by Sub-sacticn (2) (B) of
section 16 of the Air (Prevention and Control of Pollution) Act. 1981 (Act Mo, 14 of 1851), and
in super session of the Wodfication Mo(s). 5.0. 354E), dated 117 April, 1994 and 5.00 935(E),
dated 14" October, 1998, the Central Pellutor Control Board herebry motify the Nadomal
Ambrient Adr Cuality Standards with immediate effert, namaly--

NATIONAL AMBIFNT ATR QUALITY STANDARDS

Comcentration in Ambient
Air
Time z Ecalogically
x| Polintant Weighted Ff“?“; '“.’:'l semitive area e
aIverage Roral and. (natified by
Other Area | Co2ITH
Gt
[0 &) & & 5 )
Anmzal* 50 i = Improved West and
1 Suipbur Dhoxide Crzake
(50}, pe/o’ M bomrs** BO B0 = Ulimaviolat
fluprescence
Armual* 20 El] « Modified JTacoh &
o | Nimogen Dioxide Hochhsizar [Ela-
S| @0 pgm | 24 boarst 0 0] Arzenits)
= Chemilumineswcence
Pamicalate Mamer | Aomual* aa 50 o Gravimetric
i (size dess than B0 = TOEM
S ) oz Mbows** | 100 10 |. Bens aremiation
P amin
Damiculate Maner | Aomual®* 20 40 » Gravimestric
i (size less than 2.5 » TOEM
microns) of PML, | 24 hours*® a0 &0 » Beta attermation
pEim’
8 hours ** 104 100 = UV photometric
5 [ Ozone (0 pz'm” it » Chemiluminsscencs
1 hour 180 180 » Chemical method
Armual* 0.5 [ s ARG ICP method
after sampling on EFM
. 2000 or ivalent
5| LeadPUpem | oy 10 19 fHlrer paper s
« ED — XRF usins
B £ hours** 1 3 Moo Dispersive Infra
| T T e
) Specmoscopy
x i (Y Armual* 104 100 » Chemiluminescence
8§ - 24 hours** 400 400 - " blus
« Gas  chromatozmaphy
bazed confimeas
Benzene (CH,) 5 . 3 analyser
4 weher Armaal 5 5 « Adsorption and
desarption followsd by
GC analysis
Benzo {a) PyTens Sobvent EETaction
- . : followed by HPLC / GC
10 ]:u.m% phasa g L l analysis 2
ooly nem’
MR AAS [ ICP methed after
i “Ef’ﬁ" Armual* ] 5 anpling on EFM 2000
= o1 aguivalent fiter paper
AAS J ICP method after
11 | Wickel M ogm’ | - Ammoal* i) 0 sampling on EPM 2000
or eqaivalent filter paper

H Anmal arithmetic mean of minimom 104 measarements in a vear af a particalar site
taken twice a wesk 24 hourly at uniform imtervals.

= 14 hourly or £ boarly o 1 howrly monitored valoes, as applicable, shall be conplied with
BE% of the time in a vear. 2% of the time, they may exceed the Hmets buf not oo two
comsecutive days of monitnng.

Note: Whenever and wherever momtering results on two censecufive days of monitormg
exceed the limits specified above for the respective categery. it shall be considersd
adamuate reason o instinre regular or confinnons menttanng and further imvestization
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PHOTOGRAPHS
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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:

Digital PH Meter

Digital TDS & EC Meter
Oil and Grease apparatus
BOD Incubator

Ambient Air sampler
Noise meter

DG stack sampling kit
Weighing Balance
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Summary

Krishnapatnam Port
Hydraulic Modelling Studies

Report EX 5429
Cctober 2007

Howe {India) Pvt Ltd are presently undertaking engineering design and impact studies on behalf
of Krishmapatnam Port Company Ltd and requested the provision of mathematical modelling
studies to assess clements of these studics for the proposcd new bulk handling terminal at
Krishnapatnam,

The scope of work for these studies comprised tidal flow modelling and channel sedimentation,
wave tranguility studies, an assessment of the adequacy of a sand trap. and the requirement for
shore protaction.

Coneclusions and recommendations arising from this study are as [ollows:

Tidally induced sedimentation

[nfill of the channel and port areas was assessed by simulating spring and neap tidal conditions,
and caleulating the transporl of both sand and mud. There is abundant source of sand in the
outer estuary and coast, and despite the dan upstream in the river, fine maiterial is also abundant
in the water column, hence both sand intill and siltation should be anticipated.

The mud infill prediction vields totals of 115.000m /year in Phase 1 and 540,300m"/vear in
Phase 11, and this infill is relatively evenly distributed over the deepened areas. Applying the
same scaling to the sand infill vields '.'-’__’Fﬂﬂmaf'yr:ar in Phase | and 3,5ﬂ{]m]r'}'mr in Phase 11
Given the nature of the sand infill {which oceurs adjacent to the deep cuts at the western end of
the dredged zone and to the norih of the tuming cirele) it is considered that this infill is an over-
estimate of the longer-term rate.  This is because there will be adjustment to the seabed in the
arcas where the sand transporl is greatest, and this will reduce the sand infill over time. Nole
that this is not expected to be the case for indill due to silts and muds which will continue to
infill the channel. In addition, as highlighted in Section 2.2.2, it is recommended that the
dredged 7one be extended approximately 200m upstream (west) beyond the berths (with width
the same as the dredged berth, and to the same depth)} as this will also reduce the amount of
maintenance dredging in the berth arcas.

In terms of the distribution of the sand infill Figure 2,13 highlights that the sand infill is likely to
occur at the berths in Phase [, as well as there being a risk of some sedimentation on the
northern side ol the turning circle. In Phase 11 Figure 2.17 indicates that the areas prone to sand
infill arc in the SW arcas of the port.

In respect of the distribution of mud infill, Figures 2.20 and 2.21 indicate that in Phase | the
distribution of muddier infill will tend to accumulale over the entire decpened arca relatively
evenly (especially when it is considered that ship motion will tend to redistribute some of the
infill). In Phase I il is concluded From Figures 2.22 and 2.23 that the mud infill will be
concentrated in the inner berths to the wes: of the port, with approximately 80% of the annual
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volume quoted above oceurring in these arcas: the remainder (20%) scitling out relatively
cvenly in the inner channel area and turning circle.

Wave tranguillity

Wave tranguillity was assessed under various input wave conditions including relatively
frequent events and extreme cvents,  Resulls, in the form of wave heights. were tabulated a
specific locations near the berths and in the channel 1t is ¢lear from the results thal the dredged
channel causes the wave energy o diverge into the shallow arcas to the north and south of the
channel.

Diowntime at the beeths will clearly depend on the types of vessels and operations being
considered. These results clearly show that the wave enerey reaching the berths from offshore
is very low, The wind blowing within the harbour will ereate surface chop which may be higher
than these wave heights but, being of very short perod will not significantly afleel the vessels,

Under 100 vear cyclone conditions the worst waves at the entrance are predicted to be 2.1m Hs
in Phase 1 butl even these waves do no nol give significant wave disturbance at the berths
however downtime would probably be caused due to the direct effect of the wind alone.

In Phase 11 there are many more vertical quays so, whereas in Phase | the waves were predicted
to diverge from the deep channel and be dissipated on the undeveloped areas ol the harbour, in
Phase II much of this wave cnergy is reflected back into the harbour so wave heights are
aenerally higher,

[t is clear that the quay wall at Position 4, directly in ling with the entrance is generally the most
exposed. For waves from northeast and east there will be relraction ol wave energy inlo the
basin ncar Position 11 with significant wave heights of up to 0.6m. Waves shoal up onto the
shallow area inside the south breakwater behind the Crude and PO L Chemical Carpgo berths,
Under cyclone conditions, these berths (Positions 9 and 10) arc expected to experience swell
waves of 1.0m Hs.

Applying permissible wave height thresholds provided by Howe India Pvt Ltd, the downtime
due to waves at each of the berths in Phase | and Plase 11 is likely to be less than one day a year
excepl at Berth 4 in Phase 11 where it is estimated that waves could canse downtime for between
10% and 15% of the time {with a 0.8m threshold). Allowing for typical storm durations il is
estimated that this would alTect about 100 days a year, henee the operable days would he less
than 320 in a vear at Berth 4. Using the same methodology a |.0m threshold at Berth 4 (instead
of (LBm) gives downtime for 2% - 6% of the time, which by the same argument aflcels about
30-40 scparaic days a year, however the resolution with only a few wave conditions is rather
coarse to be precise.

Waves at Berth 4 are relatively high since the waves pass though the harbour entrance along the
channel and then diverge due to refraction towards the sides of the channel. This affects both
Borth 4 and the arca between Berths 13 and 14,

The effect of wave concentration at Berth 4 occurs with waves from 135N as well as from
90°N due to the fact that, by the time they reach the harbour entrance the waves have relracled
s0 that they enter directly inlo the porl area. Given this dircetion of approach of the waves
which give rise to the high wave energy at Berth 4, it is concluded that a spur structure on the
narth or south breakwater is unlikely to be very effective in reducing wave energy al Berth 4,

[N 5429 v Ko7
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Wave-generated infill, sand trap assessment and coastal protection

Sediment transport due to waves and wave-generated currents was assessed for the Phase |
construction phase and for Phase | and Phase 11 with various sand lrap arrangements.  Tesls
were performed to predict the average annual sedimentation in the port and channel and in the
sand traps, and also to assess the infill during storms.

Simulations of the littoral drift under existitg conditions yielded net southerly drift which is in
contrast to carlier findings and previows sludies. On [urther analysis, however, il is concluded
that this southerly net drift is consistent with local geomorphology. The net transport rate is
small compared 10 the gross transport in each direction.

Channel sedimentation was assessed for all scenarios tested. During the construction phase, and
post-construction under storm wave condilions sediment by passing ol the structures takes place
and there is consequent channel infill. Otherwise. in typical conditions the port breakwaters
extend beyond the breaker zone so that the amount of sand bypassing is small and limited Lo the
immediate vicinity of the breakwaters. As a consequence of this finding, it was concluded that
there is little direct benefit in constructing a sand trap on either the north or the south
breakwater, In order to effectively trap the main sircam of sediment, such a trap would be
required to placed very close to the breakwater(s) which could compromise their integrity. In
the tests simulated, the sand traps accumulale sedimenlt, bul not necessarily 1o the benelit of the
channel, which continues to infill.

In order to fully assess the potential benefits of the sand traps. and recognising that the coastline
is likely to evolve following construction, further tests were carried out with an evolved seabed,
in order to sce if bypassing ol the structures would increase in the future. Tests suggesied (hal
this was not the case, and this is largely due to the length of the hreakwaters: the coastline
evolution will continue until the beach re-orientates itself into a position of zero net drift, and
since the breakwaters extend such a long way offshore, the realignment of the beach/nearshore
is such that sediment the transport pathways are not increased. Accordingly, there is no
significant cvidence fo suggest that the sand (raps would be more elfective in the Tuture when
the seabed has evolved.

Infill in the channcl and the sand traps tested was assessed, to yield estimates of the annual
volume of infill, and infill during storm conditions.

Accuracy considerations have been thoroughly discussed.  As highlighted in the original
proposal for this study, there is uncertainty in all sediment transport predictions due (o matural
variability in the various inputs, and also due to the algorithms applied. Based on the best
available advice, uncertainty in the predicted volumes of channel and sand trap nfill is
considered to be a factor 2t 5,

Options Tor coastal prodection have been discussed. Whereas the coastline is expecied Lo build
up immediately adjacent to the port breakwaters, there may be erosion to the north and south as
a consequence of the blockage to the littoral drift. Given the relatively high gross northerly and
southerly sediment transport and small net (ranspaorl, and scasonal nature in the longshore drifl,
it is considerad that the site may be charactzrised by ernsion on one side of the port during part
of the vear, followed by recovery in the second part of the year. Hence rather than large scale
ernsion an one side of the port and acerction on the other side. as would oceur at a site with high
net transport to either north or south, the potential erosion of the coast and nearshore may
recover ¢ach year without inlervention. In any event, il is recommended thal Tollowing
constriction, regular monitoring of the coastline to either side of the part is carried out in order
that intervention could take place if required. Options for coastal defence have been reviewed,
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and these eould be soft measures or hard mcasures. Sofl measures could include re-nourishing
simply moving material along the coast to the areas of erosion. The most appropriate estimale
ol the yvolumes of material which may be required as re-nourishment of the coast would he that
predicted to infill the channel as highlighted in the table in Section 4.8, This is on the basis that
under existing conditions sediment passes across the bar system at the enlrance o the esluary
(possibly being stored on the bar for periods of time) and naturally feeds the coast downdrifl.
Trapping this volume sediment in the approach channel could lead to a comparable reduction in
supply (o the downdrill coast.

OF the hard measurcs available, these would most appropriately be cither groynes or shore-
detached breakwaters. The post-construction monitoring would provide the most useful
information to aid in the location and design (length, spacing) of such structures,

Overall findings and channel and port infill summary
Resulis of the studies deseribed hercin are summarised bricfly as follows:

ay  Tidally-induced sedimentation i limited to the inner channel and port berth areas.  Sand
infill will tend to occur in the western {upstream) arcas close to the limit of extent of
dredging, and cxtending the dredging a relatively small distance (order 200m with width
the same as the dredged berth, and to the same depth) will promote sedimentation in these
areas rather than at the berths. Mud infill will, however, tend to vccur over much of the
inner channel and port arcas. Vessel movements will tend to re-distribute the tiner bed
depuosits, potentially spreading the infill into other port areas.

by Wave tranquillity in the port areas is relatively low, with only Berth 4 in Phase 11 being
highlighted as having a high number of inopcrable days per vear.  The model results
indicate that wave propagation to this berth is related to waves in the main channel being
refracted onto this arca: consequently, it is considered that a spur-type structure on either
the north or south breakwater is unlikely to be effective in reducing wave energy at Berth 4.
On this basis improved conditions could be oblained @ this berth by obtained by
constructing an open pile platform with absorption beach below, which would reduce
reflections although it should be noted that the cirect wave action will remain.

¢} Sand traps arc unlikely to be effective in reducing the channel infill. Tests indicate that the
sand transport around the breakwaters is confinad to the vicinity of the breakwaters, so that
in order 1o be effective, a sand trap would have (o be constructed so close to the breakwater
that it may compromise its structural infegrity,

d)} At this location, net southerly drift was predicted, and this is consistent wilh the local
geomorphology (e the nature of the sand spit on the northem side of the cstuary
entrance). O this basis there would be a henefit in extending the northern breakwater into
deeper waler.  Any extension over that simulated would have the elfect of reducing
sediment bypassing and associated infill of the channel.

g} The port sediment infill is summarised broadly from the conclusions stated in Section 2.2.4
and Section 4.8 as [ollows:

‘ [nfill Phase | Phase II
(m’fyear)
Inner chamnel |Outer channel  |lnner channel |Outer channel
and berihs and berths .
Sand 1,700 45__._:_0[] 0-75,000 3,500 240,000-280,000
Mud [ 15,000 - 340,000 -
Total 122,700 45,000-75,000 543,500 240,000-280,000
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Sand infill in the inner channel and berh areas could be subslantially reduced by extending
the dredging area upstream (westwards) 1o create an effective sand trap.

During the construction phase, bypassing of the breakwaters is significant and there is
likely 1o be high channel sedimentation. Predictions suggest order 336,000m’ per vear,

For Phase 1 it was noted that sand may pass around the breakwater ends but not be
immediately deposited in the channel, Tn this case the sand may settle close to the channel,
greating a ready source for subsequently infill. The volumes associated with this source
represent order 50 to 100% of the quoted channel infill

Storm infill will also give rise to sand bypassing the breakwaters and consequent infill of
the channel. Predictions indicate that over a three-hour storm there could be (sand) infll of
order 10,000-20,000m".

The above figures represent a hest estimate at channel sedimentation which is based on the
most up-to-date methods and accurate numerical modelling techniques.  As stated in
Section 4.3, however, il is important to bear in mind that sediment transport is nol an cxact
science and there remains uncertainty in the prediction of sediment transport and associated
estimates of sedimentation. There is a wealth of information from research worldwide,
some of which has been cited in this document, which conlirm and highlight this
uncertainty in predictions of sediment transport in the marine environment. Effective
measures which could be implemented to improve future predictions ol sedimentation
include the detailed collection of data relating to infill (hathymetric surveys, dredging
records and measurements of seabed ard suspended sediment data)., so that this information
could be applied to develop a calibrated sediment transport model Tor this site. This would
then provide a means of providing more accurate estimates of future sedimentation as the
port further develops and expands its facilities.

1 Shore behaviour and the need for coastal protection should follow construction of the port
hreakwaters so that an appropriate methodology can be implemented as necessary. It
should be noted that the relatively balanced sediment drift to both north and south should
give a lower coastal impact than that it the drift was dominated either (o north or south,
because there is likely to be a period of recovery following cach of the main WE/SW
monsoon periods,  Hence the approach of monitor and future action is appropriate. The
most appropriate estimate of the volumes of material which may be required as re-
nourishment of the coast would be tha: predicted to infill the channel as highlighted in the
table in Section 4.8, This iz on the hasis that under existing condilions scdiment passes
across the bar system at the entrance lo the estuary (possibly being stored on the bar for
perieds of time) and naturally foeds the coast downdrift. Trapping this volume sediment in
the approach channel could lead to a cemparable reduction in supply to the downdrifi coast.

X 5429 vii B2



Forishnapatnam Pori 1 7 O O N 1 5 8 7

Hydrantic Modzlling Stady s HR vallingford

0¥ 5429 viil .74



K rishnapatnam Fort

1701 1 588

Hydraulic Mudelling Study L HE Wallingtarc

Contents

Title page i
Dacument Information i
Summary ifi
Clontents ix
L. D D e o B e i B B I s 1
[.] RaskprmaE, LT R e R ]

1.2 SEOPE OL WOTK et ettt rvr s e cne e e e e 1

[.3 B PO L EINEIRE o cuns v osacimmsos s T o s W 4 i s S s L S 8 2

2. Tidal Flow and Sedimentation Modelling.......coin it et k!
21 Tadal e migdel g s s s s 3

S R ¥ [T T T T OO OO UR 3

2.1.3  Spring and neap tidal flow conditions for Phase Lo 3

2.1.4  Spring and neap lide conditions for Phase ... 4

2.3 Tidally indiced sedimentation o i uiiiuiidini i ala 3

221 Introduction........... ... v e ra e ]

2.22  MNon-cohesive wdlment {Rand} n amport mndelimg ............................... 5

2.23 Cohesive sediment imuod) ransporl. o 1

224  Tidal sedimeritalion agSCESMOIT. .. i ibisi i s s il 8

3 MWeuve Trmguiity-Stodies oo sosianinisinmnnniiniirsasiiimsssses 11
3.1 OHTRhore Wave AT .ot 11

32 The Tomawac wave transformation model ..o 12

3.3 Local ARTEMIS wave disturbance model 12

3301 Maodelling of the Plase 1 layout ..o 13

3.3.2  Modelling of the Phase I layul i, 14

333 Asscssment of the rumber of operable days oo 14

4, Sand Trap Oplimisation and Coastal Impact SIS i, |7
4.1 T T s e T S S i i 17

4.2 Mt g O S T R B S R |7

421 Modelling approach ..o 17

422 PISCES track recort oo sie s sinsn s sssnevnssesnes L9

4.2.3  SImIalbions PErEOTINEL . .o cvimanmimsms i siminmi s sraamsmssss s oS 21 20

424  Determination of representative wave conditions ......ccvvviiiiinnn 21

4.3 Auccuracy consideratlons. i s i SRR SRR 22

4.4 Simulation of existing condTions ... 23

L B B Tt 4 S 23

4.5 Simulation o constroction phas.......c.vmmeiie i e 24

4.6 Simulation of Phase TIayoir. ..o e bbb ddsmmi i bt 24

4:6.1  Assessment ol sand trap conliguration 1. 24

462  Assessment of sand trap configuration 2. 25

4.6.3  Assessment of sand trap configuralion 3., 40

4.6.4  Assessment of Phase | under storm wave Lﬂﬂfhuoni. ........................... 20

4.6.5  Consideration of the sequence of construction R R

4.7 Simulationeof Phase:ll layout. cooniasipnmabantuiianminisiess 27

471 Assessment of sand trap conliouration 2. ..o 27

472 Assessment of sand trap configuration 3., 27

EX 5424

ix .70



Krishnapatnam Forl
Hydrunlic Modelling Study

1702

Contents continued

1589

s R walingford

4.8 Channel sedimentation and sand teap conclusions. i 28
4.9 Coastal protection Measures . i il il a

3, Conclusions and recommendabions ..o 33
5.1 Tidally induced sedimenlalion ... e e scyeeae F0
52 N e A B oy ot o o e T R s S LS S AT R S 33
5.3 Wave-generated infill, sand trap assessment and coastal proleclion ..., 34
54 Orverall findings and channel and port infilll summary . 36

b, L] 1S 39

Tables

Table 3.1a  Ollshore wave climate from UK Met Office model — Hs vs Direetion

Table 3. 1b  Offshore wave climate from UK Met OfMice model (Hs v Tmi)

Table 3.2 Wave conditions trom the ARTEMIS nodel of Phase [ at output locations (shawn

om Figure 3.12) al the berths and along the channel
Table 3.3 Wave conditions from the ARTEMIS nodel of Phase [ at output locations
{shown on Figure 3.22} at the berths and quays

Figures

Figure 2.1 Previous mode] calibration

Figure 2.2 Phase | tidal fow model layout and bathymetry

Figure 2.3 Spring tide peak flood currents, Phase |

Figure 2.4  Spring tide peak ebb currents, Phase |

Figure 2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2,10
Figure 2,11
Figure 2,12
Figure 2.13
Figure 2,14
Figure 2.15
Figure 2.16
Figure 2,17
Figure 2.18
Figurc 2.19
[igure 2.20
Figure 2,21
Figure 2.22
Figure 2.23
Figure 3.1

Figure 3.2
Figure 3.3

Meap tide peak chb currenis. Phase |

Meap tide peak flood currents, Phase |

Phase 1 tidal Now model layvoul and bathymetry

Spring tide peak ebh currents, Phase 11

Spring lide peak [ood currents, Phase 1

Meap tide peak chb currenis. Phase 11

Meap tide peak flood currents, Phase [

Spring tide nel tidal sediment (ransporl patlerns, Phasc |
Spring tide net tidal patterns of sedimentation, Phase 1
MNeap tHde net tidal sediment transport patlerns, Phase |
Meap tide net tidal patterns of sedimentation, Phase |
Spring lide nel tidal sediment transpor patlerns, Phase H
Spring tide nct tidal patterns of sedimentation, Phase 11
MNeap tide net tidal sediment transport patterns, Phase 11
Neap tide net tidal patierns of sedimentation, Phase T1
Spring tide patterns of mud deposition. Phase |

Neap lide pallerns of mud deposition, Phase |

Spring tide patterns of mud deposition, Phase 11

Neap tide patterns of mud deposition, Phase [1

Oifshore wave rose Trom UK Met OfTce Global Wave model Points 14.6MN,
806 and 14.7N, B0 AR

TOMAWAC model depths (al MSL=0.8mCL)
significant wave height and direetion from Tomawae 50 in 1, Hsp=1.2m,
tpe=35.9s, dir=60"N

HEX 5429

ki



1703 1590

K rishnupatnam Pog
L HR Walknglord

Hydratic Midelling Study

Contents continued

Figure 3.4

Figure 3.5

Figure 3.6  Signilicant wave height and direction from Tomawac | in |, Hs=2.4m, tp,=8.3s,
dir-60"N

Figure 3.7 Signilicant wave height and direction from Tomawace 1 in 1, Hsy=2.4m, tp=7.7s,
dir=90°N

Figure 3.8 Significant wave height and direction from Tomawac 1 in 1, Hs,=1 85m.
tpy=7.6s, dir=135"N

Figure 3.9 Significant wave height and direction from Tomawac | in 100 year, Hs0=16.2m,
tp0=16.3s, dir-60"N

Figure 3.10  Significant wave height and direction from Tomawac | in |00 year, Hs0=16.2m,

Figure 3.11

Figure 3.12

Significant wave height and direction from Tomawac 50 in |, Hs;=1.2m.

Ipy=5.9s, dir-90"N

Significant wave height and direction from Tomawac 50 in |, Hsg=1.4m.

Ipp=4.9s, dir=135"N

tp0=16.3s, dir-90°N

Significant wave height and dircction from Tomawac | in 100 year, Hs0=162m,

(p0=16.3s, dir=135°N

ARTEMIS model bathymetry and prediction points: Phase |

Figure 3,13 Waves for Phase | layout: 50:0 year retum period from 60°N
Figure 3.14  Waves for Phase 1 layout: 50:1 year return period from 90N
Figure 3.15  Waves for Phase | layout: 50:1 year retumn period from | 357N
Figure 3.16  Waves for Phase I layout: 1:1 year return period [rom 60N
Figure 3.17  Waves [or Phase [ layout: 1:1 year return period from 90°N
Figure 3.18  Waves for Phasc | layout: 1:1 year return period from 135N
Figure 3.19  Waves for Phase I layout: 1:100 year return period from 60°N
Figure 3.20 Waves for Phase 1 lavout: |10 vear retum period from 90°N
Figure 3.21  Waves for Phase | layoul: 1:100 year return period from 135°N
Figure 3.22  ARTEMIS model bathymetry and prediction points: Phase 11
Figure 3.23  Waves for Phase I Fayout: 50 1 year retum period from 60°N
Figure 3.24  Waves for Phase 11 layout: 501 year return period from 90°N
Figure 3.25  Waves for Phase [ lavout: 5001 year retumn period from [35°N

Figure 3.26
Figure 3.27

Figure 3.28  Waves for Phasc 11 layout: 1:1 year retumn period from 135°N

Figure 3.29  Wavcs for Phase 11 layout: 1:100 year return period from 60°N

Figure 3.30  Waves for Phase 1 layout: 1:100 year retum period from 90°N

Figure 3.31  Waves for Phase 11 layout: 1:100 year return period from 135°N

Figure 4.1  PISCES Model bathymetry - Existing scenario

Figure 4.2 Meun wave height for the 5 representative wave conditions — Fxisting case

Figure 4.3 Wave-driven currents for the § representative wave conditions — Existing casc

Figure 4.4 Potential sand Nuxes for the 5 representative wave conditions - Existing case

Figure 4.5 Weighted potential sand (Tuxes — Existing case

Figure 4.6  Model bathymetry — Construciion phase

Figure 4.7  Mean wave height distributior for the 5 representative wave conditions
Construction phase

Figurc 4.8  Wave-driven currents for the 5 representative wave conditions - Construction
phise

Figure 4.9 Potential sund fluxes for the § representative wave conditions — Construction
phase

Figure 410 Weighted potential sand fluxes — Construction phase

Figure 4.11  Maodel buthymetry — Phase | with sand trap |

X 5479 xi K70

Waves [or Phase TT layoul:
Waves [or Phase 11 lavoul:

|1 year return period rom 607N
I:1 year return period from 907N




knshnupatnam Port
Hydraulic dodelling Study

1704 1591

HR Wallingford

Contents continued

Figurc 4.12
Figure 4,13
Figure 4.14
Figure 4.15
Figurc4.16
Figure 4.17
Figure 4.18

Figure 4.19

Figure 4.20
Figure 4.21

Figure 4.22
Figure 4.23

Figure 4.24
Figure 4.25

Figure 4.26
Figure 4.27

Figure 4.28
Figure 4.29

Fipure 4.30

Figure 4.3 1
Figure 4.32

Figure 4.33

Figure 4.3
Figure 4.35

Figure 4.36
Figure 4.37
Figure 4.38

Fipura 4.39
Figure 4.40

Mean wave height distribution for the 5 represcntative wave conditions — Phase |
with sand trap 1

Wave-driven currents for the 5 representative wave conditions — Phase T with
sand trap |

Polential sand fluxes for the 5 representative wave condilions — Phase 1 with sand
trap |

Weighted potential sand fluxes — Phase | with sand (rap |

Model bathymetry — Phase 1 with sand trap 1. evolved bed

Mean wave height distribution for 2 o7 the 5 representative wave conditions —
Phase I with sand trap 1, evolved bed

Wave-driven currents for 2 of the 5 representative wave conditions
sand trap I, evolved bed

Potential sand fluxes for 2 of the 5 representative wave conditions — Phase | with
sand trap 1, evolved bed

Model bathymetry — Phase [ with sanc trap 2, evolved bed

Mean wave height distribution for 2 of the 5 representative wave conditions —
Phase [ with sand trap 2, evolved bed

Wave-driven currents for 2 of the § reoresentative wave conditions
sand trap 2, evolved bed

Potential sand fluxes for 2 of the 5 representative wave conditions — Phase | with
sand trap 2, cvolved bhed

Madel bathymetry — Phase | with sanc trap 3. evolved bed

Mean wave height distribution for 2 of the 5 representative wave conditions —
Phase | with sand trap 3, evolved bed

Wave-driven currents for 2 ol the 5 representative wave conditions
sand trap 3, evolved bed

Potential sand fluxes for 2 of the 5 representative wave conditions — Phase | with
sand trap 3. evolved bed

Muodel bathymetry — Phase | with sand trap 2

Mean wave height distribution and wave-driven currents for storm wave
conditions — Phase [ with sand trap 2

Potential sand fluxes and predicled bottom changes over three hours for storm
wave conditions— Phase T with sand trap 2

Muodel bathymetry — Phase | wilh sand trap 3

Mean wave height distribution and weve-driven currents for storm wave
conditions — Phase | with sand trap 3

Potential sand fluxes and predicted bottom changes over three hours for storm
wave conditions— Phase | with sand trap 3

Model bathymetry — Phase [ with sand trap 2

Mean wave height disteibution for the 3 representative wave conditions — Phase [
with sand trap 2

Wave-driven currents for the § representative wave conditions
sand trap 2

Potential sand Muxes for the 5 representative wave conditions — Phase 11 with sand
lrap 2

Weighted potential sand fluxes - Phase 11 with sand trap 2

Maodel bathymetry — Phase 11 with sand trap 3

Mean wave height distribution for the 5 representative wave conditions — Phase 1
with sand trap 3

Phase 1 with

Phase [ with

[Phase | with

Phase 1T with

EX #4249

xii R.TO



1705 1592

Hydraulic Modelling Siudy s HR Wealingfarc

Contents continued

Figure 441  Wave-driven currents for the 5 representative wave conditions — Phase 11 with
sand trap 3

Figure 4.42  Potential sand [uxes for the 5 representative wave conditions — Phase 1T with sand
trap 3

Figure 443 Weighted potential sand fluxes — Phase 1T with sand trap 3

Appendices

Appendix 1T Numerical model details
The TELEMAC-21 Model Dascription
The SANDFLOW-2D madel description
SUBIEF-213 Technical descristion
The TOMAWAC spectral wave transformation model
The ARTEMIS Wave Disturbance Maodel

Appendix 2 Derivation of representative wave conditions

F¥ 5429 %iii R0




K rishnapatnam Port 1 7 O 6 - 1 5 9 3

Hydraulic Modelling Snody L HR Wallinglare

EX 5429 X K70



Krishnapatnam Purt 1 7 O 7 -,1 5 9 4

Hydraulic Modelling Study dhs HR vallingfard

1. Introduction

1.1 BACKGROUND

Howe (India) Pvi Lid are presently undertaking enginecring design and impact studies
on behalf of Krishnapatnam Port Company Ltd and requested the provision of
mathematical modelling studies to assess elements of these studies for the proposed new
bulk handling terminal at Krishnapainam.

HR Wallingford was well placed to carry out the required studics having specific
experience of modelling this site and the proposed bulk handling terminal as described in
the outline design studies carried out on behalf of Beckelt Rankine Partnership and
described in HR Wallingford report EX4847 (Reference 1). As part of this earlicr study a
site visit was undertaken which included a boat trip from which a good understanding of
the processes operating at the site was obtained.

1.2 SCOPE OF WORK

The original terms of reference for the mathematical model studies were prescribed by
Howe India as follows:

Part-1 (Phase-1)

A) Tidal Flow Maodel

To simulate tidal flows for the following conditions:

'I'o be tested for spring tides (T ood and cbh).

*  To establish the tidal flow scenario incorporating dircetion and velocity of currents
inside of the port giving due consideration to the presence of Khandaleru River,
Buckingham Canal as well as Khandaleru Creck.  However, an upstream dam
blocks sediment transport by Khandaleru River,

®=  To establish the siltation pailern inside the port and channel with quantification ol
siltation,

B} Wave Tranguility Model

To assess the wave agilation within the Port area for the following conditions

= To be tested at MSI..
Tor be tested for waves from NE, T & SE dircctions,
Wave heights outside the port for each of the above directions 1o be 6m, 3m & 2m.
Wave Period ; 10 Sce

= Wave heights at different relevant locations inside the port and ship manocuvring
arcas 1o be identified.

') Moving Bed Model to Assess Adequacy of Sand Trap and the requirement of
Shore Protection on North of the North Breakwater

To simulate sediment transport, including moving bed for the following conditions:

*  To be tested at MSL (wave spectrum to be identificd by the testing agency along
with its offer),

= To be tested for waves from ESE & SE directions, representing SW maonsoon
(Junc — September). and from NE & ENE directions representing NE monsoon.

= Representative wave heights and test duration to be assessed and identified by the
testing agency. in its offer,
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1.3

= Available Information on bed samples can be made available (o the successiul
contender.

= The test must delinitively cstablish the location and the size of the sand trap to
arrcsl cffectively the northwards litoral drift which oceurs during the SW
monsoon. (June to Seplember).

& The test must idendily ihe extent of crosion north of the north breakwater and
rccommend the means as well as extent ol shore prolection measures viz,
groynes/spurs, their spacings, lengths, clevations, etc., gabion mattress protection
cle.

& Shore protection south of the south breakwalter i required during NE monsoon i3
also o be quantificd and protection measures recommended.

¢ Test must identify the effect on erosion of the shore under partial construction (say
half the length} ol the breakwalers,

s Recommend the relative sequence of construction of north and south breakwaters
including maximum lag in the placement ol dillerent layers (amour layer. under
layer and core),

Part-11 (Phase-2)

Repeat {A) and (B) above for deepened & widened entrance channcl, turning basin,
berthing area including in addition (o the crude & POL. jetty, the LNG jetty also. (Refer
[rawing Nos, 1-413/1-001/Rev.E and 1-413:C3-L-002/Rev. E).

Om the basis of these terms of reference TR Wallingford provided Howe India with a
proposal with appropriate scope of work, Following further revision of the scope of
work HR Wallinglord were commissioned fo carry out the studies, the results of which
arc described herein.

REPORT STRUCTURE

The remainder of this report is structured as follows. Chapter 2 covers ilem A of the
Terms of Reference, in respect of tidal [low modelling and sedimentation. Chapter 3
deseribed the wave tranguility studies (Item B) and Chapter 4 summarises the tasks
under item C - wave-generated (littoral) deifl and sand trap optimisation studies, and
coastal impact asscssment. Finally, the conclusions trom these studies are presented in
Chapter 3.
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2. Tidal Flow and Sedimentation Modelling

21  TIDAL FLOW MODELLING
2.1.1 Approach

The approach for this flem ol the studies was Lo relrieve the previously established tidal
Mow model rom archive, modify the numerical model mesh in order to be able to
resolve the new Port structures, and to simulate spring and neap tide conditions for
analysis and for input to sediment transport models. As a consequence of this approach,
and the fact that in the earlier study the model had been shown to be calibrated, the
basis of the present scope of work was that il was assumed that no further calibration of
the model was necessary,

2.1.2 Model setup

Tidal flow modelling was carried osut using the HR Wallingford depth-averaged flow
madel, TELEMAC-2D. TELEMAC-2D is a state-ot-the-art finite element flow model,
originally developed by LMHE Pars, which uscs a completely unstructured grid which
has the advantage of allowing fine resolution in specified arcas, and also cnabling the
accurate simulation of water movemenl in complex-shaped areas. Further details of
TELEMAC are provided in Appendix 1.

The Krishnapatnam TELEMAC-2D}  flow  model  previously  established  for
Krishnapatnam Porl Company Ltd (January 2004) was re-commissioned for this siudy.
For details of set-up and the calibration. please refer to this HR Wallingford Report
EX4847. Since the model bathymetry and boundary conditions were unchanged since
the previous study. no further calibration of the model was carried out during this study
but for reference Figure 2. shows the carlier model calibration in which the key
parameters (model fiction and eddy viscosity) were determined.

For these studies the model mesh was adjusted for modclling Phase | and Phase 11
scenarios of the proposcd development, Bathymetry was interpolated from the existing
bathymetry set for the area and from AUTOCAD drawings ol proposed works provided
by Howe India.

The same grid system was adopted as in the previous study.

The following hydrodynamic data was utilised during this study;

Mean High Water Spring | 1.2m

Mean High Water Neap | 1.0m |
Mean Sea Level 0.8m |
Mean Low Water Neap 0.7m |
Mean Low Water Spring | 0.5m |

2.1.3 Spring and neap tidal flow conditions for Phase |

The Phase | model bathymetry (Figure 2.2) was generated with the following changes to
the existing model:
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s A short Northern and longer Southern breakwater were included.

e A Multipurpose berth construction dredged tooa depth of -13.8mCD and an
associaiced small arca of reclamation or the lighthouse Island.

s A turning circle dredged to -13.8mCD in the port enlrance.

e An approach channel of depth -13.8mCD, that runs approximately Last Northeast,
dredped to -14.4mCD, just under 10km in length and 160m wide.

o A conceptual sand trap at -14mCD to the south of the Southern Breakwater was
also included into the bathymetry., Note that the ultimate configuration for the
sand trap is detined from Mem C (Chapter 4),

Bathymetry outside of the Port development and further into the Creeks remained
unchanged and identical to the existing scenario,

Figures 2.3 and 2.4 show the peak flood and ebb [ow vectors Tor the spring tide
simulation in the vicinity of the development, The speeds are greatest at the western end
of the Multipurpose berth, where the bathymetry shallows quickly to undredeed levels,
and this has the effect of accelerating the Mood tide as water enters the estuary. On the
chh tide, water flows over this relatively shallow area at speed and slows when il
encounters the deepened area to the east, P'eak ebb velocities risc to a maximum of
0.87m/s along the western end of the new dredged berth, whilst in the same area, the
maximum flood velocities of 0.84m/s are seen. 1L should be noted that these current
magnitudes are sullicient 1o mobilise sediment: a degree of bed level adjustment should
be anticipated as a consequence.

Meap tide peak ebb and flood flow vectors can be seen in Figures 2.5 and 2.6, This
distribution is similar to the spring tide currents, but the magnitude is smaller. Peak ebb
speeds of 0.48m/s and Nood speeds of 0.47Tm/s are seen in the undredged areas to the
west of the berth. Again, it should be noted that these currents arc sufficiently high to
mobilise sediment and thal consequently, a degree of scabed adjustment should be
anticipated.

2.1.4 Spring and neap tide conditions for Phase I

The Phase 11 (Figure 2.7) model was set up 1sing the existing bathymetry and drawings,
mrovided by Howe India and comprised (in addition (o changes made in Phase 1):

Berths at a depth of -19.8mCD along the entrance and main channel of the Port.
The addition of an extra dock w the south of the Port and berths of -19.8mCD
along the Southern Island,
A -20.7mCD turning circle, replacing the shallower turning circle in Phase 1.
A large scale dredging and reclamation plan (o redireet Khandalern Creek
(including berths for shallow draft vessels and a turning circle of -14mCD),

s DBerths and reclamation further east in the Port (-19.8mCD and -13.2mCT) and a
turning ¢irele dredged 1o -19.8mCT.

s  The approach channel extended to just under 4km, at a depth of -21.6mCD and
250m wide.

Figures 2.8 and 2.9 depict the peak ebb and flood speeds for the spring lide. Due 1o the
degree of deepening the average speeds are of order 0.05m/s throughout the Port area,
inereasing to 0.1m/s between the breakwaters and 0.2m/s in the narrower reach at the
Multipurpose Berth. Peak speeds of 0.8m/s are seen in the undredged arcas to the west
during the ¢bb and 0.7mds during the flood. At peak flood. speeds or 0.25m/fs are

[Ex 5424 4 B



1711 1598

Hyidraulic Maodelling Study L HR Wallingford

recorded at the Multipurpose Berth and (1.2m/s berween the breakwaters. In the dredeed
arcas, these speeds are typically below the threshold for motion of sediment, which
would suggest that there will be minimal crosion in these arcas, and morcover, there
will be a tendency for any sediment reaching these areas to settle out.

During the neap tide (Figure 2.10: ebb, Figure 2.11: flood), peak speeds reach 0.32m/s
(ebb) and 0.53m/s (flood) in the undredged areas whereas in the dredged zones the
speeds are again very low, The speed at the Multipurpose Berths reach 0.15mds, As
under spring tide conditions, the low currents in the dredged areas would suggest a
tendency for sediment to settle oul.

Ouiput Trom the two TELEMAC-21 Mow models (Phases | and 11y were used as input
to the cohesive and non-cohesive sediment transport modelling described in the
Following sections.

22 TIDALLY INDUCED SEDIMENTATION
2.2.1 Introduction

Having established the tidal Mow conditions Tor spring and neap lides [or both phases of
the port development, the flow files were used as input to sediment transport models
representing the transport and deposition of sand and muod.  This approach was
consistent with the earlier modelling studies.

It is important to siress at this point that whilst the technigues employed are state-of-the-
art, and in fact the sediment transport methods used in the model are the most up to date
and acknowledged and vsed worldwide, there remains uncerlainty in sediment transport
predictions due to the very nature of the physical processes and limitations in the
science of this field. In this respect it is acknowledged that the uncertainty in the
transpart raie and associated sedimentation means thal predictions are only accurate Lo
within a factor of 2 to 5 in coastal scenarios (without local calibration), Further
information on calibration targets ¢in be [ound in Soulshy (1997,

The above accuracy factor of 2 to 5 is appropriate for a sandy environment which is
appropriate for the main channel outside the port arcas; whereas in the berths there may
be significant infill of fine silts and muds. The magnitude of mud infill iz critically
dependent on the levels of suspended sediment concentration (and other Tactors
including its erodibility). In the ahsence of any detajled information relating to
suspended sediment concentrations, the mud transport model was run with typical
parameters representing the various physical processes. Accordingly, as in the case [or
the sand transport, it should be borne in mind that whereas the model will provide
usceful information in respect of the distribution of sediment in the porl arcas and access
channel, the actual volumes of infill will depend strongly on the ambient (background)
coneentration felds. Consequently, volume of channgl and berth infill will be subject to
a degree of uncertainty and for the purposes of this study it is suggested that a similar
level of agreement (i.e. a factor 2 to 3) is applied to the predictions of mud infill.

2.2.2 Non-cohesive sediment (sand) transport modelling
Model setup

To evalvale the sand (ransport pathways under tidal action the HR Wallingford
SANDFLOW model was applied. SANDFLOW is a 2D sand transport model
developed by HR Wallingford (see Appendix 1) which covers the same area as that set
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up for the TELEMAC model, and uvses the oulput rom TELEMAC to simulate
transporl patlerns over the same model mesh, For this model study SANDFLOW was
run using a median grain diameter, D50 of 250 microns and run over three lides, Data
from the second tide was used to produce the resulls,

Spring and neap sand transport for Phase |

The net tidal sediment transport pathways for the spring tide can be seen in Figure 2.12,
with the deposition over the tide being presented in Figoure 2.13. The distribution of
sand transport patterns is consisient with the tidal current patterns, with erosion and
transport in the shallower (undredged) areas immediately upstream of the berths.  The
reduced lidal Mow speeds in the dredged arzas tends to give rise to sedimentation in the
dredged channel during the ebb tide. There is also an area of active redistribution of the
seabed in the area (o the north of the lurning cirele.

(n the basis of these results it is concluded that there is likely lo be some degree of sand
infill in the main berth arcas, and on the nothern side of the turning circle, as the seabed
close to the dredged areas adjusts following the construction. 'The degree of infill is
therefore likely to reduce in time as the seabed finds a new equilibrium.  However, it is
also recommended that the dredeed berth area be extended further west (upstream) past
the Phase | berths in order to provide a sand trap therchy reducing the risk of infill
directly at the berths. By refercnce to Figure 2,13 it can be seen that the zone ol high
sedimentation (shown in red) is relatively shorl, so that exténsion of the dredged area
upstream by a length of order 200m (with width the same as the dredged berth, and to
the same depth) would relocate this area of anticipated high sedimentation 1o be siled a
similar distance upstream, and importantly away from the Phase | berth.

Corresponding figures showing the neap tide pallerns can be scen in Figures 2,14 (net
lidal sediment Mux) and Figures 2.15 (net tidal deposition). The same pattern or erosion
and deposition can be seen at the western end ol the dredged berth and on the northern
side of the wrning cirele, although the magnitude of sedimentation is lower.

In terms of quantities of infill, the model predictions shown in Figure 2:13 suggest a rate
ol up to 100mm per tide in the upstream (western) end of the berths. Closer inspection
of the results indicates that this figure is up lo 33mm per lide. Clearly, this rate of infill
would nol continue Tor long before natural bed levels are restored. and this would
sugeest that the area could rapidly lose depth, Again, extension of the channcl (o the
west would provide a suitable trap to attract sediment and reduce infill at the berths,

Spring and neap sand transport for Phase Il

With the additional dredging and deepening of the Upputeru River, sand sediment
transport in the port area is diminished considerably, Figures 2,16 and 2,17 show the net
tidal flux and deposition. respectively, for a spring tide. Deposition and erosion are
limited to the edge of the dredged zone in the western end of the port, and this is again
due 1o the relatively high currents in the undredged areas mobilising sand which is then
deposited in the deepened areas. As recommended for Phase |, extension of the dredged
area upstream by a length of order 200m (with width the same as the dredged berth,
and to the same depth) would relocate this area of anticipated high sedimentation 1o be
sited a similar distance upstream, and importantly away [rom berths which may be sited
in this area.

Figures 2.1% and 2.19 are comesponding images for the neap tide, here comparable
patterns can be seen in the same arcas. Little sand transport and associated deposition is
seen within the port area itself,
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2.2 3 Cohesive sediment (mud) transport

Model setup

To evaluate the deposition in the Port resulting from mud transport a SUBIEF model of
the study area was set up. SUBIEF is a 2D mud transport model developed by LNHE
as part of the TELEMAC suite and also runs on the same model mesh using currents
directly from TELEMAC. Further details of SUBIEF are provided in Appendix 1.

The SUBIEF model was run for two tides for both Phase [ and Phase 1l, with results
taken from the second tide. The model was sct up with a consltant upstream
concentration boundary condition of 100mg/l and a constant offshore boundary
condition of 100mg/l.  The offshore boundary conditions had little mfluence on
concentrations inside the estuary, since there is adequate distance for the model (o
adjust accordingly betore reaching the study area. Increased fine sediment load in the
river will, however, lead to increased siltation in the Port arcas,

In the absence of site specific information the parameters used m the simulation were
based on prior cxpericnce of similar studies carried out at TR Wallingford and from
advice in Dynamics of Estuarine Muds (20009 as follows:

Critical shear stress for deposition, 14 = 0.1 N/m’
Critical shear stress for erosion, T, = 0,3N/m’
Erosion constant, M, = 0.0002m's
Scitling velocity, w, = | mm/s

Spring and necap mud transport for Phase |

Figures 2,20 and 2.21 represent the mud deposition patterns for a spring and neap tide
respectively, and it is noted that these patlerns are broadly consistent with the findings
in the carlier study, with deposition being predicted in the deepened areas. During the
spring tide, peak deposition of D.65mm is noted on the southern side of the newly
dredged channel. Deposition within the turning circle reaches approximately 0. 4mm.
During the neap lide, deposition is also seen within the existing decpened part of the
Port, reaching levels of up to 0.3mm.

Spring and neap mud transport for Phase 11

Figures 2.22 and 2.23 show the net deposition of mud over a spring and neap tide for
the Phase I scenario.  The pattern of infill in the main channel and Phase T berth arcas
is similar to that predicted for the Phase | scenario but greater rates of infill are
predicted {o oceur in the western areas in Phase 11,

During spring tide conditions, deposition of up to 4mm is predicted in the western areas
of the port development whereas deposition near to the Multi-purpose berth is predicted
io be lower at order 0.02Zmmidtide, with 0.0Tmm/tide predicted in the turning circle.

Under neap tide conditions the patlern of sedimentation is similar to that during springs,
except that the accumulation of sediment is predicted to be concentrated in the maore
upstream arcas of the porl, Deposition of up to dmm is seen in the western arcas of the
port with less than 0.01mm in the turning circle and at the Multi-purpose berth,
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2 2.4 Tidal sedimentation assesstent

The infill predictions described above were processed [urther W provide an estimate of
the initial rate of sedimentation due to tidal processes only.  The volumes of infill in the
dredged arcas from the various simulations area presented in the table below,

Sand (m’/tide) Mud (mjftide]
Spring Neap | Spring Neap
Phase I 22 negligible | 240 90
Phasc 11 L0 nealigible | 975 563

Secaling these figures for the mud infill {assuming order 350 spring lides and 350 neap
tides per year) vields totals of 115,000m"/vear in Phasc T and 540,000m"/vear in Phase
1. Since these values represent tidal processes only, there is no variation through the
vear. These volumes will be sensitive to the ambient levels of suspended sediment
concentration and as highlighted in the earlier study, the sediment load in the river
upstream will intfluence the volumes of siltation experienced in the Port arcas.

Applying the same scaling to the sand infill vields 7,700m’/year in Phasc 1 and
3,500m’fvear in Phase 1l However, given the nature of the sand infill (which oceurs
adjacent to the deep cuts at the western end of the dredged zone and 1o the north of the
turning circle) it is considered that this infill is an over-estimate of the longer-term rate
because there will be adjustment to the seabed in the areas where the sand transport is
greatest, and this will reduce the sand infill over time. Nole that this is not expected to
be the case for infill due to silts and muds which will continue to infill the channel. In
addition, as highlizhted in Section 2.2.2, it is recommended that the dredged zone be
extended approximately 2Z00m upstream (west) beyond the berths (with width the same
as the dredged berth, and to the same depth) and this will also reduce the amount of
maintenance dredging in the berth areas.

In terms of the distribution of the sand nfill Figure 2.13 highlights that the sand intill is
likely to occur at the berths in Phase I, as well as there heing a risk of some
sedimentation on the northern side of the turning circle. In Phase 11 Figure 2,17
indicates that the areas prone to sand infill ire in the SW arcas of the port. Under tidal
processes along, 100% of the guoted volume of intill iz predicted to oceur in these arcas
(northern side of turning cirele and in the inner berths): tidal currents alone are
insufficient to mobilise sand and cause infill in the outer channel. The volumes of infil]
guoted above include the large rate of deposition shown at the edge of the dredged areas
in Figure 2.13 (Phase 1) and Figure 2.17 (I'hase 1), Figure 2,13 highlights, however,
that along the main berth in Phase 1 typical infill is in the band 0.1 to 1.0mm per tide on
spring tides and this equates to a loss of depth (ignoring ship motion which will tend to
redistribute the infilly of up to 0.3m per year (using the upper value of infill). Figure
2.13 highlights that loss of depth at the berths is minimal {scdimentation occurring away
from the berths).

In respect of the distribution of mud infill Figures 2.20 and 2.2 indicate that in Phase |
the distribution of muddier infill will tend to accumulate over the entire deepencd area
relatively evenly (especially when it is considered that ship motion will tend to
redistribute some of the infill). Loss of depth in the berth areas is up to 0.5mm per lide
on both springs and neaps and this equates 1o order 0.3m per year although it should he
barne in mind that ship motion, and the density of the settled mud could alter this depth
of infill. In Phase 11 it is concluded from Figures 2.22 and 2.23 that the mud infill will
be concentrated in the inner berths to the west of the port, with approximately 80% of
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3.1

EX 3428

Wave Tranquility Studies

OFFSHORE WAVE DATA

The offshore wave climate was obtained from the UK Met Office Global Wave model.
This model is run as part of the operational wave forecasting syvstem and is then re-run
in hindeast mode, incorporating measured data from satellites and instruments.  Data
was extracted from a combination of two points (14.6N B0.6E and 14.7N $0.4E) for the
period November 1994 to October 2006, Data derived from this model has been used at
IR Wallingford on numerous projects worldwide, and the total data set available
{vovering 12 vears) was adequate for determining the more frequent wave climale
information: for the more extreme (c¢yclone-induced) waves alternative data sources
were used {see below),

The offshore wave climate is preserted as Table 3,14 in terms of a scatter table of wave
height versus wave direction, and in Table 3.1bh in terms of wave height versus mean
wave period, and as a wave rose in Figure 3.1, The largest waves approach trom
approximately the east whereas the most frequent waves approach from the south east.

Extreme offshore wave conditions from given relurn periods were derived from the
waves climate accounting for combined wind waves and swell, The 500 year return
perind was derived by counting back within the climate for each direction sector. |:1,
1:50 and 1:100 year return periods were derived by fitting Weibull probability
distributions. For the more extreme waves, however, the influence of cyclones must be
taken into account: these are not resolved by the Met Office model.

Cyeclone wave conditions were adopled from a previous HR Wallingford study (1R
Reporl: EX4847-Krishnapatnam Port Sedimentation Study, 2004); these conditions
wire derived [rom Young's formula based on extreme cyelone wind speeds.

The Tollowing Table presents the offshore wave conditions where the 50:1 and 1:1 year
conditions are derived lrom the UK Mel Office model climate and the 1:50 and 1:100
year conditions are due to cyclonic storms. Peak wave period was caleulated assuming
a JONSWAPR spectrum for the waves for which Te=0.781 Tp applies.

Exireme offshore wave conditions at the site

Return period Wave Hs Tz Tp
(years) direction ("‘N) {m} {sec) {sec)
50: 1 60 1.2 4.6 5.9
50:1 90 12 4.6 5.9
50:1 135 1.4 4.9 6.3
H 60 2.4 6.5 83
L1 90 24 6.0 7.7

1:1 135 |.85 S 1.6 _

I:5 60 | 285 6.5 33 ;
| 1i5 90 3.41 7.4 9.5
i 135 , 2.16 6.2 8.0
Lo 6() L 3.06 7.5 9.6
1110 90 3.9 76 9.7
1:10 135 . 24 0.3 8.1

1:50 cyelone any | 14.2 12.4 b3l —166

1:100 cyclone any 16.2 12.7 15.8 - 16.7
[l R7n
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3.2 THE TOMAWAC WAVE TRANSFORMATION MODEL

In order 1o transform the offshore waves to nearshore locations near the port enirance, a
TOMAWAC wave transtormation model was set up and run. TOMAWAC is a 3rd
generation finite-element speciral wave model which simulates the transformation of
random directional waves considering the following processes:

Wave shoaling

Wave refraction

Depth-induced breaking, bottom Triction and whitecapping,
Wave growth due 1o the wind

Wave blocking

& 8 * @

It was developed by the Wational Hydraulics Laboratory (LNH) ol the Research and
Development Division of the French Electricity Board (FDF-DER) as part of the
TELEMAC finite element hydraulic modelling system.

The model extended outl 1o decp water and included the proposed dredged channel For
the Phase I layvout (see Figure 3.2). As agreed in the scope ol work, waves from East
(90°M) and Southeast {135°N) were run in the model. Tt is clear from the wave climate
{(Table 3.1) that waves from the Northeast are fairly rare and less directly incident,
therefore waves from 607N were tested instead of 45°N, For cach wave direction waves
of return period 30:1, 1:1 and 1:100 years were modelled. Separale wave conditions
were derived for each direction sector for the 5001 and 1:1 year conditions as shown in
the Table in Section 3.1. Conditions [rom cach of these directions are expecied (o occur
within the relevant return period.  For the 100 year cyclone waves, however, the
direction is uncertain, so, although each wave dircction was considered, only one ol
these would be expected within the 100 year return period.

The model was run at a lixed watcr level of Mean Sea Level. Figures 3.3 10 3,11 show
resulis from the TOMAWAC model as colcur contour plots of significant wave height.
The results show that the channel partially reflects wave energy and also causes a
divergence of wave cnergy away from the line of the channel due Lo refraction. Tt
should be noted that the TOMAWAC model does not include the processes of wave
diffraction around the breakwaters or wave reflections from these or other structures,
Therefore, in order to investigate waves within the porl arca a separate local ARTEMIS
wave disturbance model needed (o be patched in (See Section 3.3 below).
Conscquently within the areas of the breakwaters, results from the ARTEMIS model
{Tigures 3.13 to 3.21) should be taken instead of results from the TOMAWAC model
{Figures 3.3 to 3.11), Figures 3.3 to 311 show a curved boundary of poinls ncar the
harbour entrance. Wave conditions were extracted from the TOMAWAC model results
at these locations in order (o provide spalially varying boundary conditions [or the
ARTEMIS model.

Figures 3.9 to 3.11 show that the longer period 100 yvear cyclone wave conditions are
heavily affected by refraction and depth imited by breaking before reaching the harbour
breakwaters. Therefore. although different offshore directions were tested, the wave
heights and directions at the harbour breakwaters were remarkably similar.

3.3 LOCAL ARTEMIS WAVE DISTURBANCE MODEL

Inside the harbour, the cftects of wave diffraction around the breakwaters and wave
reflections from the breakwaters, quay walls and other structures will become
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important. 1t was therefore necessary to use a local ARTEMIS wave disturbance model
af the harbour arca. The ARTEMIS model is based on the finite element solution of the
Mild Slope Equation. Tt was developed by the National Hydraulics Laboratory (LNH) of
the Research and Development Division of the French Electricity Board (EDF-DER) as
partof the TELEMAC linite element hy draulic modelling system.

The ARTEMIS model represents the transformation of random waves including the
following eftects:

»  Wave shoaling

- Wave retraction

e Parlial reflections from breakwaters and other coastal structures
. Wave diffraction.

[ ]

Energy dissipation due to depth-limited wave breaking and seabed friction.
- Wave resonance effects

3.3.1 Modelling of the Phase [ layout

The model area and bathvmetry for the Phase T lavout is shown in Figure 3,12 together
with locations of analysis points. In the inter-tidal areas where waves will be absorbed,
the depths were set as a minimum of 2m in order o aveid the need for extremely line
model resolution.  Waves in these areas were absorbed by the houndaries. The
relatively low reflection coelMicients of other natural boundaries were set based on the
slope of the bathymetry. The armoured breakwaters were specified 1o have a reflection
coefficient of 0.5 whereas the verteal quay walls at the berths were specified with a
reflection coefficient of (.93

Spatially varving wave conditions were applied at the seaward boundary of the model
from the results of the TOMAWAC model. The directional spreading of the waves was
represented by using 9 components, The model was run for the same 9 wave conditions
as the TOMAWAC model, Resulls are presented in Figures 3.13 10 3.21 as colour
comleur plots of wave height within the harbour area. In these plots the area outside the
curved ARTEMIS model boundary was patched with resulls from the TOMAWAC
model.

In addition, wave conditions are tabulated in Table 3.2 al the six locations shown in
Figure 3.12. Locations 1 to 3 are at the centres of the proposed berths and locations 4 to
t are along the centreling of the channel. Waves al each of the berths are small. 11 is
clear from the plots that the dredged channel causes the wave encray to diverse into the
shallow arcas to the north and south of the channel.

Diowntime al the berths will clearly depend on the types of vessels and operations being
considered.  However, these resulls clearly show that the wave energy réaching the
berths from offshore is very low. The wind blowing within the harbour will create
surface chop which may be higher than these wave heights but, being of very short
period will not atfect the vessels.

Under [0 year cyclone conditions the worst waves al the entrance are predicled to be
2.1m Hs but even these waves do no not give significant wave disturbance at the berths
however downtlime would probably be caused due to the direct effect of the wind alone.
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3.3.2 Modelling of the Phase Il layout

The ARTEMIS model was then set up to represent the Phase 1T layout as shown in
Figure 3.22. The TOMAWAC model was also re-run with the deeper Phase 11 dredged
channel o provide boundary condilions 1o the model, The ARTEMIS modet was run in
the same way as for Phase [ and results are presented in Figures 3.23 to 3.31. In Phase
I there are many more vertical quays so, whereas in Phase 1 the waves were predicted
to diverge from the deep channel and be dissipated on the undeveloped areas of the
harbour, in Phase [1 much of this wave enerey is reflected back into the harbour so wave
heighis arc generally higher,

The model resulls have been analysed (0 extract the maximum value of the significant
wave height along each of the berths/quays and in the channel as shown in Figure 3.22,
These wave heights are tabolated o Table 3.3, 1t is clear that the quay wall at Berth 4,
directly in line with the entrance is gene:ally the most exposed.  For waves from
nartheast and east there will be refraction of wave energy into the basin near posilion
| Twith significant wave heights of up lo 0.6m. Waves shoal up onto the shallow area
inside the south breakwater behind the Crude and P.OLL Chemical Cargo berths. Under
cvelone conditions, these berths (Positions 9 and 10) are expected 10 expericnee swell
waves of 1.0m 11z,

3.3.3 Assessment of the number of operable days

At the clients request, the number of operable days ar the various berths was required to
be assessed based on the simulations carried out. For this assessment, the Tollowing
permissible wave height thresholds were provided by Howe India PYT Lid.

'_ i  Container berths (location 1 tol 5) (L.63 m

i) | Mullipurpose berths (1, 20,19, 18,17, 0.80m

L6, 786)

i} Dry bulk

: ay Coal (3 to 5) | L8 m

- W5 O X1 . . .

Liv) Tankers
ta) Tankers - Liguid Cargo £ POL [ 100 m i
: products. (8, 1) | As per International Standard based
b} Gas tanker (9) | on your experience

Applying the permissible wave height thresholds quoted above, the downtime due to
waves at each of the berths in Phase | and Phase [1 is likely to be less than one day a
vear excepl al Berth 4 in Phase 1. Based on using the model runs that have been carried
out to interpolate the nearshore climate to waves at the berth, accounting for each of the
dominant wave direction sectors, it s estimated that waves could cause downtime at
Berth 4 For belween 10% and 15% of the time (876-1315% hours).  However the
dewntime will not be in continuous chunks, and an assumption ol an average storm
duration (above the threshold ) lasting aboul 12 hours was applied which means that the
number of separate days aftected doubles to 100 days a year, hence the operable days
would be less than 320 in a year al Berth 4. Using the same methodology a |.0Om
threshold at Berth 4 (instcad of 0.8m) gives downtime for 2% - 6% of the time, which
by the same argument atfects about 30-4H) separate days a vear, however the resolution
with only a lew wave conditions is rather course lo be precise,
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‘The above analysis only considers downtime due to longer period waves from offshore;
it does not take account of any downtime due to wind or equipment problems. It is also
assumed that the very short period *choppy” waves that would be generaled locally
within the harbour would not contribute to the downtime thresholds since these short
period waves would be unlikely 1o move the large vessels.

Waves at Berth 4 arc relatively high since the waves pass though the harbour entrance
along the channel and then diverge due (o refraction towards the sides of the channel.
This affects both Berth 4 and the area between Berths 13 and 14 (see ligure 3.22).

The effect of wave concentration at Berth 4 oceurs with waves from 135N as well as
from 90°N due to the fact that, by the time they reach the harbour entrunce the waves
have refracted so that they enter dircetly into the port area.  They therefore still
propagate down the entrance chamnel and especially toward the Berth 4 side of the
channel as seen in Figure 3.28. Given this direction of approach of the waves which
give rise to the high wave energy at Berth 4, it is concluded that a spur structure on the
north or south breakwater is unlikely to be very effective in reducing wave energy at
Berih 4.

Regarding the wave directions quoled in Table 3.2 for Phase 1! Inside the harbour the
wiaves have a number of directional components due to reflections: mean direction is
shown, Al Location 3 the dircction quoted is affected by reflections [rom the quay. At
Location 6 (Figure 3.12), there is a divergence of waves from the channel leading 1o the
change in direction. In Phase |1 there are many more reflective quays so the pattern of
waves becomes more confused with standing waves in some places. Henee il is not
appropriate to quote single wave directions hecause the waves at any location may be a
combination of waves from various directions,
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4.

4.1

4.2
4.2.1

FX 3429

Sand Trap Optimisation and Coastal Impact
Studies

INTRODUCTION

The original specification lor this clement of the study required simulations to he
carried out using representative waves for littoral drift in order to establish the location
and size of a sand trap “lo arrest effectively the northwards litloral drifl which oceurs in
the 5W monsoon™, togeiher with 4 assessment of the potential for coastal impact and
associated recommendations for remedial measures,

During the course ot the negotiations for the studies 1R Wallingford also advised that it
would be prudent lo consider the elfects of changes in the coastling as a consequence of
build up against the breakwaters when assessing the sand trap configuration. This was
based on the fact that the original drawings provided by Howe India with suggesied
location for the sand trap in relatively deep water which would be unlikely to
experience infill and therefore be effective in the period immediately post construction.
Accordingly, in addition o the simulations based on the existing bathymetry with the
proposed breakwater structures imposed, simulations were also carried out with the
coastling and nearshore bathymetry modified 10 represent a Tuture scenario when the
seabed had adjusted around the Port structures.

METHODOLOGY
Modelling approach

Simulations were carried out wsing the [IR Wallingford coastal area modelling
ftamework, PISCES,

PISCES is a state-of-the-art, fully-interactive coastal area modelling framework, capable
of simulating the various processes ol wave propagation, current distribution, and the
resulting sediment transport in complex coastal areas.

For this study PISCES will comprise the wave propagation model, TOMOWAC in
combination with the finite element flow model TELEMAC and the SANDFLOW sand
transport model. Al madels work o the same TELEMAC unstructured mesh.

TOMAWAC is a 2nd generation finile-element spectral wave model which simulates
the transformation of random directionally spread waves considering the following
Processes;

s Wave shoaling

= Wave relraction by the seabed and by currents

¢+  Depth-induced breaking, bottom [riction and whitccapping
«  Wave growth due to the wind

= Wave blocking,

The TOMAWAC model was developed by the National [ydraulics Laboratory (LNH)
of the Research and Development Division of the French Electricity Board (EDF-DER)
as part of the TELEMAC finite element hydraulic modelling system, The model also
links directly with the TELEMAC flow model so that in principle flow fields from
TELEMAC can be used to conside: current refraction of the waves, and wave radialion
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stress fields from the TOMAWAC model can be used o generale wave-induced
currents to be modelled by TELEMAC.,

TELEMAC is the flow model that solves the shallow water equations ineluding the terms
that represenl generation of wave driven currenis due to wave breaking. Outpul from
TELEMAC (in the form of (wave-generated) currents and TOMAWAC (in the form of
wave orbital velocities) are input to SANDFLOW (o simulate sediment transport in both
the offshore and nearshore (wave breaker) zones. By this means sediment transpord duc
to waves and wave-induced currents is simulated. shown schematically in the figure
below,

SEABED
TOPOGRAPLY

MR
WAVELS Radiation Stresses CURRENTS
TOMAWAL MOHMEL 5 TELEMAC MODEL
Orbilal velocilies
Kefraction 3 Tidal forces
Sloaling Liurrents Wave tforces
Bed Fricbion Bed Friction
Breaking Water lovels Coriolis
Chital velocities {urrents (lade amdior

wilvg gencrated

SAMD TRANSPOR
SAMNDFLOW MODEL

Redload
Susproded Load
Lag cffects
Seabed slope effecis
Grraded sand (mixtures)
Saud availability

rifom BERS PEETC S R Tk

Samd fluxes
Seahed changes (deposition and erosion)

PISCES model siruciure

Further details of TOMAWAC, TELEMAC and SANDFLOW are presented in
Appendix |

Typical application of PISCES comprises setting up a bathymetric database, selection of
specific input wave conditions for simulation, calculating the corresponding currents and
sand transport pathways and analysis of the results. A consequence of detailed model
resolution and sophistication of the models means that it is not usually possible 1o model
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all wave conditions in a parlicular climate,  Accordingly, PISCES is vsed to model
representative patterns of drift for sclected representative wave conditions and the results
are inlegrated to yield the gross and et longshore drift. Through research and application
of PISCES 10 a number of case studies, HR Wallingford has developed reliable techniques
to determine representative input wave conditions as deseribed in Section 4.2.4.

4.2.2 PISCES frack record

The track record for PISCES is long, with PISCES being successfully used in the
following recent relevant projects.

#  Haifa Marina, Isracl. PISCES was used to assess the impact of the proposed Haifa
Marina on the adjacent coastline and nearshore areas,

s Ashdod Breakwater, Isracl. PISCES was uscd specifically to calculate the degrec
of sediment bypassing around the main breakwater, as part of additional coastline
evolution madelling studies required for the proposed port development and main
breakwater extension,

¢ Ashdod sediment bypassing, [sracl.  As part of the consent process tor the port
development including main breakwater extension, studies were required (o
consider the practicalities of carrying out sediment bypassing. PISCES results
were re-interpreled Lo aid in the development of a bypassing stralegy.

»  Portobello, UK. PISCES was used to assess the degree of hypassing around a new
reclamation housing a waste water treatment works, with the aim of optimising the
reclamation design to minimise the coastal impaet,

s  Kilkeel, UK. PISCES was used to assess the sediment transport around a harbour
comples under combined tide and wave action. A variety of new harbour designs
were tested as a means of optimising the harbour layvoul.

=  Mowe Baii, Namibia. PISCES was used to assess the feasibility of siting a new
port on the Skeleion Coast al Mowe Baii, an area of particularly high littoral drift.

e« (ua Iboe Nigeria. PISCES was used to model the strong liltoral drifi around the
O Lboe river mouth during wet and dry season conditions. The feasibility of
maintaining a channel through the bar al the mouth was investigated,

s Great Yarmouth, UK. PISCES was usced in this large study to simulate combingd
waves and lides Lo predict the impact of a proposed new harbour on the east coast
of the UK.

e Harwich, UK. PISCES was used to assess the impact of the placement of sand on
the coast as parl of a nourishment project.

e Kowait Waterfront ¥V PISCES was used (o assess the aonuwal average loss of
sediment oul of an artificial pocket beach on the Kuwait Corniche. The PISCES
results were used as inpul 1o the design,

o SASME research project. PISCES was uscd to simulaic the growth of offshore
bars in a wave-driven sedimen: regime.

e [lappisburgh to Winterton research projeet, UK. PISCES was vsed (o simulate the
impact of offshore reefs constructed on the Tlast Anglian coastline. The modelling
successlully reproduced the reduction in sediment supply to the downdrift coast.

«  [lai Phong. Vietnam., PISCES was wsed (o simulate the sediment transporl
pillerns at the marine entrance to the proposed new access channel to the Port of
Hai Phong,

o« Fast Head, UK, PISCES was vsed 1o investigate the tide and wave-generaied
sediment transport field in the vicinity of Fast [ead, as a means of establishing the
regime ol this complex system at the entrance to Chichester Harbour,
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= Walton Backwaters, UK. PISCES was used 1o simulate combined wave and tidal
flows and sediment transport patterns at the entrance to Walton Backwaters,

e Poole Bay, UK. PISCES was used to simulate the sediment transporl pathways
due 1o combined tides and storm waves within Poole Bay as part of a coastal
strategy study for this arca.

e Southern North Sea Sediment Transport Study 11, UK. PISCES was used to
simulate combined tide and sediment transport patterns at Winterton on the E coast
of the LK in order to establish sediment transport pathways between the Ness and
the offshore sand banks.

. La Union, T Salvador. PISCES was used to simulate sediment transport under
tides with wave stirring as part of the Forl rehabilitation project. Sedimentation in
the proposcd dredged channcl was predicted.

s Saemangeum, Korea. PISCES was used to simulate sediment iransport liclds in
the region of the Saemangeum tidel wetland project.  Scenarios modelling
included the long-term evolution of the seabed following closure of the seadike.

= Poole Bridge, UK. PISCES studies were undertaken Lo asscss the impact of
proposcd bridee piers on the channel connceting Holes Bay with Poole Bay.

+  Akko Marina, Israel. PISCES was applied to assess the potential impact of a
proposed marina on the coast at Akko in Isracl,  In addition, PISCES was also
applicd to specifically consider the degree of beach loss in a proposed bathing
area, and in this same bathing area, PISCES was used to assess the wave-generated
currents for inpul lo a sale bathing assessment,

4.2.3 Simulations performed

An overview of the simulations performed for optimisation of the sand trap is given in
the table helow, All simulations were carriad out with the water level sel at Mean Sca
Level conditions with no tidal currents.  Local current conditions are thus due to the
¢lTeets of wave breaking and the resulting wave-induced current patterns and the wave
orbital velocities were used as input to the sand ransport model Tor cach of the listed
conditions, The cases with cxisting scabed represent the simulations whereby the Port
structures, hreakwaters and channel were imported directly into the seabed, whereas
tests with an evolved seabed represent a future scenario wherehy the coastline and
ncarshore has evolved and built up against the breakwaters. This evelulion amd
prediction of the future bathymetry was based on the resulis Tor the existing bed and
also drawing on experience of coastal change in the lee of structures at other siles
around the world. The aim of this approach using an evolved seabed was (o provide a
more  thorough  assessment of the effcctivencss of the sand traps taking into
consideration that following construction there will be a period of adjustment which
may have a bearing on the optimum configuration ol the sand trap.

The model results for each of the schematisations are discusscd in the following
seetions,
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4.2.4
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Overview of simulations

Phasc Sand trap Scabed Wave conditions
configuration )
. _ Ly 5 representative wave conditions:
Exisling casc - Initial 105 60°. 90°. 120° and 150°N
q . = g ik
Construction : Initial ;‘:}E""ggi“;";:" I';E"; "a;g”ﬂj':]' "‘T::“'
B 5 representative wave conditions:
H(southbiw) | Initial 30° 607, 90°, 120° and 150°N
. | N e i rcpruﬂcntaﬁ‘.'.e wave conditions:
30°N and 150°N
2 representative wave conditions:
|'l 'y i
S i i o R 30°N and 150°N
: . 2 representative wave conditions:
3 (north biw) Future 30°N aind 150°N
o Storm wave conditions:
2 Initial 90°N
3 Initial Storm wave conditions;
nilia 90N
5 lnitial 5 representalive wave conditions:
e i . 30°, 60°, 90°, 120° and 150°N
' 3 nitial 5 represenialive wave conditions:
= i 307, 607, 907, 1207 and 150°N |

Determination of representalive wave conditions

As described in Section 4.2.1, due to the requirement to model a very large area, and (o
resolve the approach channel and cther key areas around the porl breakwaters with a
fing mesh, the runtimes for simulations were relatively long.  This approach of
exploiting the computational power to define very fine meshes is nol unusual. and
results in the requirement (o reduce the number of input conditions simulated to a
representative subset.

In this case it was required to reduce the offshore wave climate (shown in Tables 3.1a
and 3.1k} into a small set of conditions that were representative of the longshore drifl.
The routine {o determine these conditions is described in Appendix 2, and resulted in
the tollowing representative wave conditions whereby each condition in a given
directional seclor is representative of the littoral drilt of all waves in that directional
sector, The probability (frequency of occurrence) of each wave conditions is therefore
determined according to the relative frequency of waves from each direcltional scelor as
shown in Table 3.1 a,

No. | Direction (°N) Hs (m) Tp(s) | Probability (%)
I 30 125 4.5 0.93
| 2 60 127 _ 4.5 9.75
3 91 1.12 4.0 14.47
4 120 0.96 4,0 9.65
5 150 097 4.0 43 .81
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4.3 ACCURACY CONSIDERATIONS

Prior 1o presenting the results of the sand transport simulations and assessment of the
zand trap, it is appropriate to discuss aceuracy considerations.

As highlighted in the proposal for these studies. it is widely acknowledged in the
scientific community that in the coastal environment sediment transport predictions are
only accurate to within a factor of order 2 to 5. It should further be noted that this
degree of accuracy represents the agreement between predicted and observed sediment
transport rates when the hydrodynamic conditions are defined. 'This finding was borne
out of research studies whereby candidate organisations who arc recognised as leaders
in the feld of sediment transport performed blind sediment transport tests (i.e. without
the possibility of adjusting the model parameters). Further details of such studies can be
found in Reference 2, and the conclusions arising in respect of accuracy are summarised
in Soulshy 1997 (Reference 3).  Similar degrees of accuracy are reported in other
sources, such as the US Army Corps of Engineers (see for example, Reference 4) and in
the Journal of Coastal Research (sce for example, Reference 5). In this latter referenee
it is noted that accuracy to within a Tactor of 1O o 100/ s nod uncommaon.

The above uncertainty is essentially due fo the factl that sediment transport is not a
precise science, and as a consequence, sediment (ransport formulae tend to be based on
empirical or semi-cmpirical methods which are also subject to degrees of error. Henee
whilst the best approaches and methods are employed to predict sediment transport it is
¢lear thal the application of any specific sediment transport algorithim will give rise 1o
predictions that are subject to a degree of uncertainty,

In addition to the uncerfainty related to tie sediment {ransporl algorithms described
ahowve, it should also be borne in mind thal there will alsa be error associated with the
predictions of sand transport due 1o the natural variability in the physical conditions and
processes. At this site, whilst the data coverage is adequaic 1o sctup and perform
modelling simulations, it is important to appreciate that there will be variability in the
sand transport rates due to natural variability in various fields, including:

Changes in the nearshore bathymetry;
Changes in the offshore waves;
Variability in the seabed sediment characleristics (sediment grain size, grain shape.
effects of fing scdiment {mud) on sand)
. Freshwater effects
e Additional {general circulation) current streams (other than tides and waves)

The conclusion arising from the above discussion is thal the sediment transport
predictions carried out in this {or any) study should be considered as being
representative but will also be subject to urcertainty. [ should alse be noted, however,
that despite the appareni uncertainly wusing numerical models they still provide a
valuable means of assessing the performance of a scheme and in this casc. a usetul
means of assessing the relative pros and cons of scheme (zand trap) alternatives.

Taking into consideration the above factors, it is concluded that without specitic local
calibration it is not unreasonable o assume that the uncertainty in the sand transport
predictions {and associated predictions of channel infill) will remain of the order of a
factor 2 to 3,
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44 SIMULATION OF EXISTING CONDITIONS

Simulations were initially carried vut for the case with the existing scenario, using the
natural seabed as shown (in the vicinily of the proposed Port) in Figure 4.1. PISCES
simulations were performed with a tidal level set at Mean Water Level (no ridal
influence). for cach of the five representative wave conditions summarised in the table
in Scetion 4.2.4.

Tests were carried oul with a med an grain diameter of 0.1mm, which corresponds lo
the finer fraction considered in the zarlier HR Wallinglord study and was considered to
be more appropriate in this sedimentation study since it is the finer sand fractions thal
will more readily bypass the port braakwaters and infill the approach channel.

Wave heights and dircetions for each inpul wave condition are shown in Figure 4.2 and
Figure 4.3 shows the corresponding wave-generated currents which are induced by the
wave breaking. Figure 4.4 shows the associated sand transport rates for each wave
condition and Figure 4.5 summarises the weighted overall sediment transport rate after
combining the individual results according to their frequencies of occurrence and
scaling up to yield avernge annual tansport values.

4.4.1 Discussion

The average annual net sand drift in the study area is predominantly southerly, amd
whilst this pattern accords with the spit formation which extends from the north side of
the estuary entrance and is also consistent with the southerly deviation in river mouths
nearby 1o the north (sce carth.google.com al location 147 916N, 80° 921"E), these
results do contrast with other [indings and further discussion on this linding is
appropriate.

Other sources of information suggecst that the net drift in this region is northerly, and
this is also the generally accepted pattern of distribution over much ol the east coast of
India. The carlier study carricd oul by Frederick Harmis (Reference 5) concluded that
the net drift is northerly and the earlicr HR Wallingford study using a simpler profile
model also showed net northerly transport (althowgh this net transport was small
compared to the high gross transport rales to both south and north). Further analysis of
these carlier studies. however, indicated that in the Frederick Harris study, an additional
“swell” condition was included with a very high weighting factor, whereas (he other
representative wave conditions applied were relatively similar (0 those applied in the
present study. Since the wave climate used in the present (and the Frederick Harris)
study includes the swell wave activity il is not appropriate (o apply an additional wave
condition to represent this process: the effects of swell activity should be incorporated
into the filtering mechanism used 1o determine the representative wave conditions.
This is the case for the HR Wallirgford method used in the present study, and it is
concluded that this additional “swell” condition was applied to artificially create net
northerly drifi.

Ihat the present HR Wallingford findings contrast with the earlier 1IR Wallingford
study, despite using comparable wave data sels is attributed to the Tact that the profile
madel used in the earlicr study assumes complele longshore uniformity in all fields
whereas it is clear from the information provided in Figures 4.2 to 4.4 that the hydraulic
ficlds around the cstuary entrance and over the delta area are not longshore uniform,
Further, the curvature of the coastline to the north of the Port tends o induce southerly
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transport even for waves lrom due cast. This information highlights the benefit of
applying the two-dimensional arca model at this site.

Henee it is concluded that the average annual net longshore sand transport field
determined by the PISCES maodel is credible and consistent with the local
peomorphology .

4.5 SIMULATION OF CONSTRUCTION PHASE

Simulations were carried out to consider the sand transport patterns and potential
channel infill during the construction phase when the breakwaters would be partially
constructed (and approach channel dredged 10 6m). The specific dimensions ol the
breakwaters for this scenario were provided by Howe India Lid.

Figure 4.6 shows the model bathymetry in the vicinity of the Port area, Figures 4.7, 4.8
and 4.9 show the ficlds of wave height and direction, wave-generated currents, and sand
transport patterns respectively. Figure 4.10 shows the pattern of integrated sand
transport scaled up to give annual transport rates.

Under these conditions, sand bypassing of both the south and north breakwaters oecurs
s0 that there is limited protection of the approach channel to infill.

It should be noted that for this scenario, and the following scenarios including the port
hreakwaters. that high transport rales are predicted on the sides of the breakwaters
(which are resolved in the model mesh) since the model assumes (hat sand is able (o be
Iransported along these rock structures. In praclise. the transporl rales on these
structures will be lower since the availability of sand in these areas is low so that the
model predictions immediately adjacent to the breakwaters should be interpreted with
care.

Ihe intcerated wvolume of channel icfill under this scenmario amounted to
336,000m /year.

46 SIMULATION OF PHASE | LAYOUT
4.6.1 Assessment of sand trap configuration 1

Simulations of the Phase [ layout were milially carricd out with the sand trap
confipuration as suggested in the drawings provided by Howe India Ltd, as shown in
Figure 4.11, with a volume of order 600,000m". The approach channel is dredged to
=14.4mCD.

Figures 4,12, 4.13 and 4.14 show the fields of wave height and direction, wave-
pencrated currents, and sand transport pallerns respectively.  Figure 4.15 shows the
pattern ol integrated sand transport scaled up to give annual iransport rates.

These simulations highlight interesting features in the hydrauolic ficlds. In particular, the
refraction of the waves by the nearshore bathymetry, and the varying angle of incidence
of wave attack on the breakwaters give rise to complex wave-generated currents and
corresponding sand transport patterns,

Figure 4.15 shows the weighted potential sand flux and these results indicate the
following important findings:
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s  due to the southerly dominance in the littoral drifi there is a greater tendency for
sand bypassing around the shorter northern breakwater than around the southern
breakwater:

e  Sand transport into the sand trap is minimal because it is in relatively deep water
(outside the breaker zone and 1o far from the breakwater to cateh the drill induced
by wave breaking on the breabwaler;

e Sedimentation occurs in the approach channel:

e Inaddition to the material falling into the channel. in Phase [ sand will pass around
the breabwater heads and setiling adjacent to the channel, with the potential of
being subsequently swepl in.

I'he integrated volume of channel infill under this scenario amounted to 62,000m ' fvear.
Muterial bypassing the breakwaler heads and thereby acting as a source [or Turther,
subsequent potential infill is 73,000m Yycar. Infill in the sand trap is calculated to be
25,300m fyear.

Simulations following bed evolution

The cases with an evolved scabed represent a future scenario whereby the coastline and
nearshore has evolved and built up against the breakwalers.  This evolution and
prediction of the future bathymetry was based on the results for static bed and also
drawing on ¢experience of coastal change in the lee of structures at other sites around the
world,  The aim of this approach using an evolved scabed was o provide a more
thorough assessment of the elfectiveness ol the sand traps taking into consideration that
following construction there will be a period of adjustment which may have a bearing
on the optimum configuration of the sand trap,

Figure 4.16 shows the model bathymetry used for the evolved bed cases for Phase |
wilh sand trap configuration 1. Simulations were performed for two of the phase
representative waves, from 30°N and |50°N as waves approaching the coastline under
these angles are likely to produce the highest drift rates, and the hydraulic ficlds
generaled (wave heights, wave-gencrated curmrents and sand transport patterns are
presented in Figurcs 4,17, 4.18 and 4.19).

With the evolved bathymetry the inegrated volume of channel infill under this scenario
amounted was estimated by calculaing the infill for the two wave condilions simulated
and rescaling the infill induced by the other three wave conditions for the cases without
the bed evolution, On (his basis the annual channel infill amounted 1o 4H,ﬂuun1"f;.rear
and the infill in the sand trap was saleuluted o be 13.900m" fvear. Material by passing
the breakwater heads and thereby acting as a source for further potential infill is
56.700m"fyear.

Hence, despite evolving he scabed contours adjacent to the breakwater which could
thereby allow greater bypassing of lhe port breakwaters, greater channel infill does not
occur. This is considered to be due to the fact that the re-orientated coastling is more in
equilibrium with the predominant wave conditions so that the littoral drifl is reduced.

4.6.2 Assessment of sand lrap configuration 2

On the basis that the simulations with the sand trap configuration | showed little
effectiveness of the sand trap at this location, and also considering the net southerly drifi
at this location and the shorter norhern breakwaler, it was considered that a sand trap
adjacent to the north breakwaler could be effective. Simulalions were carried oul with
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sand trap with dimensions 120m by 70m axd 7m deep (capital volume including side
slopes of order 79,000m”) and with the evolved seabed as shown in Figure 4.20.

Wave heights, wave-generaled currents and sand transport patterns for the waves from
N and 150°N are shown in Figures 4.21 to 4.23. With this sand trap configuration
the integrated volume of channel infill under this scenario amounted to 75,000m /ycar.
Material bypassing the breakwater heads and thereby acting as a source for further
potential infill is 44,000m%year,  Infill in the sand trap was caleulated o be
25,900m’/year.

These tests indicate thal placing the sand trap at this location, and with this
configuration increases the channel infill 10 a quantity which is comparable 1o that
predicted for the initial seabed. Comparisen of Figures 4.23 and 4.19 suggest that as
well as trapping sediment, the sand traps also focus the wave aclivity and this can also
have the detrimental effect of enhancing the sand transport around the (north)
breakwater.

4.6 3 Assessment of sand frap configuration 3

In order to make sand trap 2 more cffective, its shape was modified making it longer
(160m) and narrower (50m), as shown in Figure 4.24. The capital volume including
side slapes is of order 75.000m",

Wave heights, wave-generated currents and sand transport patterns for the waves from
J0'N and 150°N are shown in Figures 4.25 to 427 With this sand (rap conliguration
the integrated volume of channel infill under this seenario amounted to 46,000m"/year,
Material bypassing the breakwater heads and thereby acting as a source for further
potential infill is 28.000m'vear. Infill in the sand trap was calculated to be
17,500m ‘fyear.

These tests indicate that relative to the predctions with sand trap 2, the channel infill is
reduced but that this is not due o incrcascd trapping by sand trap 3. It is considered that
the more significant effect of the sand trap is in modifving the propagation of the waves
as the pass over the trap toward the breakwaler, and altering the breakwater hypassing.

4.6 4 Assessment of Phase | under storm wave conditions

Further Phase I simulations were carried oul Lo assess the degree of channel (and sand
trap) infill during storm wave conditions.  Accordingly 1o the scope of work tests were
required to be carried out for “up to 6m” wave heights and vet the wave climate
suppested maximum recorded wave heights in the band 4 to 4.5m.  On this basis
oflshore wave conditions of 4.25m and 10.55 from direction 90°N were selected.

Pests were carmied out on the existing bathymetry with sand trap configurations 2 and 3
(even though the scope of work was limited 10 one sand trap configuration).

Figure 4.28 shows the model bathymetry with sand trap 2 and Figures 4.29 and 4.30
show the wave heights, wave-generated currents, sand transport patterns and scabed
changes over a three hour period. This period of three hours was considered appropriate
on the basis that the offshore wave climale is determined according to three hourly
sampling and registered only one single event of this magnitude storm condition, These
lests show that under storm conditions the width of the sand transparting zone is large
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4.7.1

4.7.2

and there is considerable transport bypassing the port breakwaters. Infill in the channel
is 12,600m’ and in the sand trap is 5,800m’ in the three hour period.

Figure 4.31 shows the model bathymetry with sand trap 3 and Figures 4.32 and 4.33
show the wave heights, wave-generated currents, sand transport patterns and scabed
changes over a three hour period. Infill in the channel is 20,700m" and in the sand trap
is 2,800m" in the three hour period.

Consideration of the sequence of construction

The construction phase tests indicale that infill of the channel will be significant in this
phase. Accordingly, i’ the construction programme and all necessary construction
procedures allow, it would be prudent 1o construct the relevant breakwaler prior to the
coming season — i.e. construct the southern breakwater prior to the SW monsoon, and
the northern breakwatcer prior to the NE monsoon.

SIMULATION OF PHASE Il LAYOUT

‘The pertormance of the sund trap and the degrce of channel infill was assessed for the
Phase 11 Port layout.  These tests were carried out using the existing bathymelry with
Phase 1T layout structures us specified by Howe India imposed.  Tests were carried oul
with the sand trap 2 and sand trap 3 configuration (even though the scope of work was
limited to one sand trap configuration).

Assessment of sand trap configuration 2

Figure 4.34 shows the model bathymetry al the port entrance, with sand trap 2. 'The
approach channel is dredged to -2007mCD,

Figures 435, 4.36 and 4.37 show the Nelds of wave height and direction, wave-
generated currents, and sand Iransport patterns respectively,  Figure 4.38 shows the
pattern of inlegrated sand transpor scaled up to give annual transport rates.

The inlegrated wvolume of channel infill under this scenario  amounted to
286.000m fyear. Infill in the sand trap is calculaled to be 142,300m fyear which is
greater than the capital volume by a factor of order two, implying that it will infill
relatively quickly, The greater volune of channel infill is mainly due to the Fact that the
channel is deeper and therefore wider (at the top) than in Phase 1, and is thereby subjeet
to greater infill. The channel also Fas a marked effect on the wave propagation, which
also alers the pattern of transport around the breakwaters, leading 1o higher rales ol
infill of the sand trap.

Assessment of sand trap configuration 3
Figure 4.39 shows the model bathymetry at the port entrance, with sand trap 3.

Figures 4.40, 441 and 4.42 show the felds of wave height and direction, wave-
generated currents, and sand transport patterns respeetively.  Figure 4.43 shows the
paticrn of integrated sand transport scaled up to give annual transport rates,

The integrated wvolume of chanel  infill under this  seenario  amounted  to
241,000m /year. Infill in the sand trap is caleulated to be 136.800m " fyear which is
greater than the capital volume by a factor of order two, implying that it will infill
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relatively gquickly. The preater volume of channel infill is mainly duc to the fact that the
channel is deeper and therefore wider than in Phase 1. and is therehy subject to greater
infill. The channel also has a marked effect on the wave propagation, which also alters
the pattern of transport around the breakwaters, leading to higher rates of infill of the

4.8

sand trap.

CHANNEL SEDIMENTATION AND SAND TRAP CONCLUSIONS

The table below summarises the channel sedimentation duc to wave effects as assessed

in this study.

Phase

Annual infill

Sand trap

Construction

Phasc |

Scabed
configuration

Channel infill
(m'/year)

336,000

[ (south b/w)

|

2 (north b/w) '

Initial

Future

62,000*
49.000°

Fuiture

75.000*

3 (north b/w)

Phase I

2
3

Future

Initial

46,000*
286,000

Initial

241,000

Phase

Sand trap

Seahed
configuration

Channel infill
(m'/3hr storm)

Phase |

-

-

3

Initial

12,600

Initial

20,700

* Note as highlighted in Section 4.6 hal in addition 10 the material falling inte the clumnel, in "hase |
sand will pass around the brenkwater heads and wettling adjacent to the chunmel, with the potestial of
being subsequently swept in. These additonal volumes are (yprcally 50 to 100F4 of the channel inlill

These results indicate that the location and configuration of the sand trap does have an
effect on the magnitude of the channel infill. What is also cvident from the model
output figures. however, is that the principal efTect of the sand trap is not in intercepting
the main stream of sediment around the breakwaters as il was intended. but rather w0
modify the local wave propagation and resulting currents and sediment (ransport
pathways. The sediment transport pathways around the breakwalers are complex, and
the relatively small wave conditions and depths of water involved give rise o a stream
of sediment which passes very close (o the breakwaters: closer than a sand trap should
be sited (since it could compramise the integrity of the breakwaler structures). Recent
physical model studies at HR Wallingford for another project on the east coast of India
indicated that the proposed sand frap had a significant detrimental impact on the
breakwater stability. because the pit caused the waves to shoal and break directly onto
the breakwater structure,

All tests were performed with samd traps. Based on the findings stated above it is
recommended thal the degree of channel infill for the case without sand traps is
eslimated from the average of the values oblained. For Phase | this amounts o
57,000m fyear (plus additional potential infill as highlighted in the footnote to the table
above), and for Phase I1 this amounts to 264,000m’ fvear,
A \a

On the basis of the information obiained it is coneluded that the performance of the sand
trap iy inconclusive, and in order to make it more effect by placing it closer (o the
breakwaters may be detrimental to their integrity. The breakwaters extend ar alfshore,
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oulside the breaker zone for most wave conditions, and thereby have a significant effect
in reducing the channel infill (for example, compare the mfill for the construction phasc
with any of the Phasc | predictions), Furthermore, the simulations with an evolved
sciabed also indicate that rather than there being significantly higher infill afler the
seabed has buill up on either side of the structures, because the breakwalers are so long,
the re-orientation of the coastline limils the amount of potential bypassing, Henee there
is little evidence (within the limits of accuracy of the predictions) to indicate that aficr a
period of evolution, that the channe, infill will increase ﬂignif'lcﬂlﬂhj)lr":f"'

The storm wave infill studies also ndicate that under these conditions, whilst the sand
traps accumulate sediment, the volume of infill in the wap is small compared (o the
channel infill, suggesting that a send trap would only be marginally effective under
sturm conditions.

The conclusion arising from this study, therefore, is that there is litthe apparent benefit
in construction of a sand trap to lmil channel sedimentation at this site.  Furthermore,
there is evidence (o suggest that as the coastling adjusts (o Lhe port structures the risk of
a substantial increase in channel sedimemation is small.  On this basis it is
recommended that there is no Sand trap constructed at this site, bur that scabed
monitoring is undertaken following construction of the breakwaters so that further
information can be gathered to aid in the interpretation of the morphological changes.
For example, in the event that there is sufficient build up of sand adjacent to the
breakwaters which would coable a sand trap to be constructed in the main sediment
transport stream which was effective and vet not detrimental to the breakwater stability,

The distribution of sand infill is as bllows;

¢ In the outer channel the infill will be confined to the entrance to the porl, in the
vicinily of the breakwater tips.  The simulations show that this infill is due
bypassing of the breakwalers, so that anv accumulation will be relatively localised
and in the vicinity of the breakwalter tips,

o In ihe inner channel the simuations show that the infill is restricted to the zone
between the port entrance (ie the breakwater tips) and the wrning circle,

The storm wave simulations highlight the tendency for potentially rupid loss of depth
where infill of up to 0.35m in a period of three hours could nceur. For a storm ol long
duration (e 12 hours) il is possible, therefore thal within a relatively narrow zone at
entrance to the pott (see Fipure 4.33) there could be loss of depth of over 1m.

Infill will oceur in areas further inside the port due o tidal processes as deseribed in
Section 2.2,

COASTAL PROTECTION MEASURES

In this section the various possible options for shore protection are summarised,
drawing on the resalts of the littoral drill assessment described in Section 4.6, the
eftects of the proposed Port structures on this drifi. and based on past experience of
experts at HR Wallingtord.

Options for coastal protection against erosion at this (and any other) site are as follows:

e Do nothing:
. Removal of the cause of the erosion;
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¢ MNourishment of the area wilh sedimenl;
s Reduce the sediment transporl rate;
#  Increase the sirength of the coast (by hard measures).

Of the above options, only the sccond (removal of the cause of the erosion) is nol
possible at this location. llowever, regardless of the postulated likely impact arising as
a consequence of the littoral drilt predictions and degree of interception of any scheme,
il would be prudent to design an appropriate coast prodection scheme only  after
sufficient site-specific information has been obtained such that appropriate and timely
design can be applicd.

At this location, prior 1o the present study il was envisaged that the site is characterised
by net northward drift, because the earlier study vsing a simplilied model sugeested this
and also because in general terms the drift on the eastern coast of India is considered (o
be net northward. The results of this study, however, have concluded that the net drifi
(based on the long-term wave climate used) is southerly, and it has also been shown that
there is cvidence rom satellite imasery (see for example earth.google.com) ol nei
southerly drift nearby (e.g. see for example the river mouth entrance which is deviated
southwards at 14 19'16"N, 80° 921'"T) as well as at the river enfrance al
Krishnapatnam itself, which also shows a spit feature exlending [rom the northern
shore,

llence it is concluded that whilst the gross drift is likely to be quite high in both
directions (southerly and northerly) the net drift is small compared to the gross drifl. and
a small reduction in the gross southerly drift could give rise to net northerly at this
location,

In any event, with relatively strong drifi to the north and south it is anticipated that the
coastline and nearshore tendency following construction will be 1o acereie and build out
in the immediate vicinity of both of the breakwalers. with crosion possible further to the
north of the northerly breakwater and further to the south of the southerly breakwater.
The coastal evolution may exhibit a strong seasonal signal, with erasion of the coast an
one side of the port during one season followed by a period of recovery in the following
SEASON.

Considering the options for coastal protection above. these fall inlo two broad
categories:

1. Soft measures (nourishment and bypassing);
2. Hard measures {structures).

Soft measures include nourishment of the areas ol erosion dircetly using sediment from
elsewhere, Given the amount of material 10 be excavated during the capital dredging
programme, it this is not all to be used to raise the level of the land at the Port, it would
be prudent to consider utilising some of this malerial either prior to construction, or
following construction (necessarily storing it temporarily nearby). Bypassing could be
undertaken whereby sediment is passed around the Porl breakwaters, in effect making
the structures open lo the littoral drift. Hewever, given the relatively balanced littoral
drift at this location (i.e. strong gross dritt to north and south, and small net drift) this
option is not considered to be appropriate.

Hard measures include seawalls, trainng walls. groynes, offshore breakwaters,
Satellite imagery shows rock grovnes to the north of the port of Chennai, which is a
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well documented case of strong norherly drift (so that these grovnes were likely to have
been placed to offset coastal erosion). It is also noted that there arc no grovnes apparent
o the north of the port at Ennore.  OF these options, seawalls are more typically
construcled to protect the rear of the beach against storm wave action which gives rise
to strong cross-shore sediment transport.  They are also relatively expensive. and
accordingly this option is not considercd (o be the most effective at Krishnapatnam.
Similarly, training walls are also expensive and not appropriate at this location,
Therefore, the two remaining options lor coastal protection would be groynes (rock or
timbcr) or offshore breakwaters (usually rock). Grovnes would run perpendicular to the
coastline (as at Chennai), or offshore breakwaters would be placed parallel to the
shoreline.  The construction metheds would be more likely 1o influence the ultimate
choice of method, since groynes could be placed from the landside whereas the ofTshore
breakwaters would normally be placed by barge.

Given the natural variability in the longshore drift, the likely seasonal variation in the
erosion and the possibility that some of the capital dredged material could alse be used
to nourish the beaches to cither side of the Port it is recommended that a programme of
coaslal monitoring is put in place following construction of the port structures, in order
that appropriale coverage of shore protection is instated as required.  Ultimately, if
eroynes or offshore breakwalers are constructed, these should extend to bevond the
breaker zone (so that the longshore drift is substantially reduced) and spacing should
typically be order 200-300m over the areas concerned.
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5. Conclusions and recommendations

Conclusions and recommendations arising from this study are as follows:

5.1  TIDALLY INDUCED SEDIMENTATION

Infill of the channel and port areas was assessed by simulating spring and neap tidal
conditions, and ealculaling the iransport of both sand and mud.  There is abundant
source of sand in the outer estuary and coast, and despite the dam upstream in the river,
fine material is also abundant in the waler column, hence both sand infill and siltation
should be anticipated.

The mud infill prediction yields totals of 115,000m year in Phase 1 and 540,000m year
in Phase 11, and this infill is relatively evenly distributed over the decpencd areas,
Applying the same scaling to the sand infill yields 7.700myear in Phase 1 and
3.500m /year in Phase 1. Given the nature of the sand infil] (which occurs adjacent to
the deep cuts al the western end of the dredged zone and to the north of the turning
circle) it is considered that this infill is an over-estimate of the longer-term rate. This is
because there will be adjustment to the seabed in the arcas where the sand transport is
greatest, and this will reduce the sand infill overtime. Note that this is not expected to
be the case for infill due to silts and muds which will continue o infill the channel. In
addition, as highlighled in Section 2.2.2, it is recommended that the dredged zone he
extended approximately 200m upstream (west) beyond the berths (with width the same
as the dredged berth, and to the same depth) as this will also reduce the amount of
maintenance dredging in the berth areas.

In terms of the distribution of the sand infill, Figure 2.13 highlights that the sand infill is
likely to occur at the berths in Phase |, as well as there being a risk of some
sedimentation on the northern side of the turning circle. In Phase Il Figure 2.17
indicates that the areas prone to sand infill are in the 8W areas of the port. Under tidal
processes alone, 100% of the quoted volume of infill is predicted Lo occur in these areas
(northern side of wwrning cirele and in the inner berths): tidal currents alone are
insufficient to mobilise sand and cawse infill in the outer channel.

In respect of the distribution of mud infill Figures 2.20 and 2.21 indicate that in Phase |
the distribution of muddier infill wl tend to accumulate over the entire deepened arca
relatively evenly (especially when it is considered that ship motion will tend to
redistribute some of the infill), In Phase 11 it is concluded from Figures 2.22 and 2.23
that the mud infill will be concentrated in the inner berths to the west of the port, with
approximately 80% ol the annual volume quoted above occurring in these areas: the
remainder (20%) settling out relatively evenly in the inner channel arca and tuming
circle.

52  WAVE TRANQUILITY

Wave tranquility was assessed under various input wave conditions including relatively
frequent events and cxtreme everts, Results, in the form of wave heights, were
labulated a specitic locations ncar the berths and in the channel. 11 s clear from the
results that the dredged channel causes the wave energy to diverge into the shallow
areas to the north and south of the channel.
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Diowntime at the berths will clearly depend on the types ol vessels and operations being
considered. These resulls clearly show thal the wave energy reaching the berths from
offshore is very low, The wind blowing within the harbour will create surface chop
which may be higher than these wave heights but, being of very short period will not
signilicantly alfect the vesscls.

Under T00 year cyelone conditions the worst waves al the entrance are predicted to be
2. 1m Hs in Phase [ but even these waves do no not give signilicant wave disturbance al
the berths however downtime would probably be caused due to the direet effect of the
wind alone,

In Phase [ there are many more verlical quays so, whereas in Phase | the waves were
predicted to diverge from the deep channel and be dissipated on the undeveloped areas
of the harbour, in Phase 1l much ol this wave encray is reflected back into the harbour
so wave heights are penerally higher.

Il is ¢lear that the quay wall at Position 4. directly in line with the entrance is generally
the most exposed.  For waves from northeast and east there will be refraction of wave
energy inle the basin near Position 11 with significant wave heights of up to 0.6m.
Waves shoal up onto the shallow area inside the south breakwater behind the Crude and
P.0O.L Chemical Cargo berths. Under cyclone conditions, these berths (Positions 9 and
1) arc expeeted to experience swell waves of 1.0m Ils.

Applying permissible wave height thresholds provided by lHowe India Pyt Ltd. the
downtime due to waves at each of the berths in Phase 1 and Phase I is likely to be less
than one day & year excepl at Berth 4 in Phase 1 where it is estimated that waves could
cause downtime for between 10% and 13% of the time (with a 0.8m threshold),
Allowing for typical storm durations it is estimated that this would affect about 100
days a vear, hence the operable days would be less than 320 in a vear at Berth 4, Using
the same methodology a 1.0m threshold at Berth 4 (instead of 0.8m) gives downtime tor
2% - 6% of the time, which by the same arpument affects about 30-40 separate days a
year, however the resolution with only a few wave conditions is rather coarse to be
precise.

Waves at Berth 4 are relatively high since the waves pass though the harbour entrance
along the channel and then diverge duc to -efraction towards the sides of the channel.
This affects both Berth 4 and the area between Berths 13 and 14,

The effect of wave concentration at Rerth < occurs with waves [rom 135N as well as
fram 907N due to the fact that, by the time they reach the harbour entrance the waves
have refracted so that they enter dircetly into the port area. Given this direction of
approach of the waves which give rise to the high wave energy at Berth 4, it is
concluded that a spur structure on the nortk or south breakwater is unlikely o be very
eftective in reducing wave energy at Berth 4

53 WAVE-GENERATED INFILL, SAND TRAP ASSESSMENT AND
COASTAL PROTECTION

Sediment transport due o waves and wave-generated currents was assessed for the
Phase | construction phase and for Phasz 1 and Phase 11 with various sand trap
arrangements. Tests were performed 1o prediel the average annual sedimentation in the
poit and channel and in the sand traps, and also to assess the infill during storms.,
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Simulations of the littoral drilt under existing condilions yielded net southerly drift
which is in contrasi to carlier lindings and previous studies. On further analysis,
however, it is concluded that this southerly net drifi is consistenl with local
geomorphology. 'The net transporl rate is small compared (o the gross transport in cach
direction,

Channel sedimentation was asscssed Tor all scenarios fested. During the construction
phase, and post-construction under storm wave conditions sediment bypassing ol the
struclures lakes place and there is ¢onsequent channel infill.  Otherwise. in typical
conditions the port breakwaters extznd beyond the breaker zone so that the amount of
sand bypassing is small and limited (o the immediate vicinily ol the breakwaters. As a
consequence of this finding, it was concluded that there is little direct benefit in
constructing a sand trap on either the north or the south breakwater, In order 1o
clfectively trap the main stream of sediment, such a trap would be required ta placed
very close to the breakwater(s) which could compromise their integrity. In the lesls
sitnulated, the sand traps accumulate sediment, bul not necessarily o the benefit of the
channel, which continues to infill.

I arder to Tully assess the potential benefits of the sand traps, and recognising that the
coastline is likely to evolve following construction, further tests were carried oul with
an evolved seabed, in order 1o see iF bypassing ol the struetures wonld inerease in the
future, Tests sugpested that this was not the case, and this is largely due to the length of
the breakwaters: the coastline evolution will continue until the beach re-orientaies itscl?
into a position of sero nel drili, and since the breakwaters extend such a long way
offshore, the realignment of the beach/nearshore is such that sediment the lransporl
pathways are nol increased.  Accordingly, there is no significant cvidence to sugpest
that the sand traps would be maore effective in the future when the seabed has evolved.

Infill in the channel and the sand traps fested was assessed, to yield estimates of the
annual volume of infill, and infill during storm conditions,

All tests were performed with sand traps. Dased on the findings stated above it is
recommended that the degree of channel infill for lthe case without sand traps is
estimated from the average of the values obfained. For Phase | this amounts to
57,000myear (plus additional potential infill as highlighted in the footnote to the table
in Scetion 4.8), and for Phase 11 this amounts to 264.000m fycar.

Accuracy considerations have been lhoroughly discussed. As highliphted in the original
proposal for this study, there is uncertainty in all sediment transport predictions due to
natural variability in the various inputs; and also due to the algorithms applicd. Bascd
on the best available advice, uncertainty in the predicied volumes of channel and sand
trap infill is considered to be a tactor 2 to 5.

Options for coastal protection have been discussed. Whereas the coastline is expected
te build up immediately adjacent to the port breakwaters, there may be crosion fo the
north and south as a consequence ol the blockage to the littoral drift.  Given the
relatively high gross northerly and southerly sediment transport and small nel (ransport.
and seasonal nature in the longshore drifi, it is considered ihat the site may be
characterised by erosion on one side of the port during part of the vear, followed by
recovery in the second part of the vear. Hence rather than large scale erosion on ong
side of the porl and accretion on the other side. as would oceur al a site with high net
transport to either north or south, the potential crosion of the coast and nearshore may
recover each yvear without intervention. In any event, it is recommended that following
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construction, regular monitoring of the coastline to either side of the port is carricd out
in order that inlervention could take place if required. Options Tor coastal defence have
been reviewed, and these could be soft measures or hard measures. Soll measures could
include re-nourishing simply moving matetial along the coast Lo the arcas of erosion.
The most appropriate estimate of the volumes of material which may be required as re-
nourishmant of the coast would be that predicted to infill the channel as highlighted in
the table in Scction 4.8, This is on the basis that under existing conditions sediment
passes across the bar system at the entrance to the estuary (possibly being stored on the
bar for periods of time) and naturally feeds the coast downdrili. Trapping this volume
scdiment in the approach channel could lead to a comparable reduction in supply to the
downdrifl coast.

The studies have shown in during the construction phase, order 33[!,Dﬂﬂnl'1.-§,fuar i5
predicted to infill the channel, although Figures 4.9 and 4.10 indicate that this infill is
due to re-working of the delta system rather than a measure of the sediment by passing
the existing river entrance. The tests for Phase 11 provide channel infill estimates of
order 240,000-280,000m fvear which arises out of sediment bypassing the breakwaters.
Smaller velumes infill the channel in Phase | bul the amount ol sediment bypassing the
breakwalers will be comparable 1o these figurcs (240,000-280,000m /year) (with the
remaining amount settling outside the channel) as described in the [oolnole 1o the table
in Scetion 4.8, Hence whilst there will be build up of the coastline immediately
adjacent to cach breakwater, this volume of 240,000-280,000m" fvear will be trapped in
the channel which would otherwise have passed onto the delia and nourished the
beaches 1o cither side,  On this basis this is the estimated volume of material which
may need to be considered in a nourishment programme.

CH the hard measures available, these would most appropriately be cither groynes or
shore-detached breakwalers, The posi-cons ruction monitoring would provide the most
useful information to aid in the location and design (length, spacing) of such slructures.

54 OVERALL FINDINGS AND CHANNEL AND PORT INFILL SUMMARY

Results of the studics deseribed herein are summarised briefly as follows:

a)  Tidally-induced sedimentation is limited to the inner channel and port berth areas.
Sand infill will tend to cccur in the western (upstream) areas close (o the limit of
exlentl of dredeing, and extending the dredging a relatively small distance (order
200m with width the same as the dredged berth, and to the same depth) will
promote sedimentation in these areas rather than at the berths, Mud infill will,
however, tend (o occur over much of the inner channel and port areas,  Vessel
movements will tend to re-distribute the finer bed deposits, potentially spreading
the infill into other porl areas.

b) Wave tranquility in the port arcas is relatively low, with only Berth 4 in Phase 1)
being highlighted as having a high number of inoperable days per vear. The model
resulls indicale that wave propagation io this berth is related to waves in the main
channel being refracted onto this area: consequently, it is considered that a spur-
type structure on either the north or south breakwater is unlikely to be effective in
reducing wave eneray at Berth 4. On this basis improved conditions could be
obtained at this berth by obtained by constructing an open pile platform with
absorption beach below, which would reduce reflections although it should be noted
that the direct wave action will remain.

c) Sand traps are unlikely to be etfective in reducing the channel infill. Tests indicate
that the sand transport around the breakwaters is confined to the vicinity of the
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breakwaters, so that in order to be effective, a sand trap would have to be
constructed s0 close to the breakwater that it may compromise its structural
integrity.

dy At this location, net southerly drill was predicied, and this is consistent with the
local geomorphology (ie. the nature of the sand spit on the northern side of the
cstuary entrance), On this basis there would be a benefit in extending the northern
breakwater into deeper water. Any extension over that simulated would have the
effeet of reducing sediment bypassing and associated infill ol the channel,

e} The porl sediment infill is summarised broadly Gom the conclusions stated in
section 2.2.4 and Section 4.8 as follows:

Infill | Phase | Phase IT
(m*/ycar) | I |
|Tnner channel |[Ouer channel  |Inner channel |Outer channel
and berths and berths
Sand 7,700 [45,200-75,000 |3,500 240,000-280.000
Mud 115000 |- 540000 |-
Tolal 122,700 45,000-75,000 |543,500 240,000-280.000

Infill in the ouler channel is determined primarily by the wave action and associated
littoral drift around the hreakwaters, so that sedimentation takes place al the
entrance 1o the porl over a relatively narrow zone (order 1000m) between the
breakwater tips and the turning hasin.

Sand infill due to tidal action in the inner channel and berth areas could be
substantially reduced by extending the dredging area upstream {(westwards) o
create an effeelive sand Lrap.

During the construction phase, bypassing of the breakwaters is significant and there
is likely to be high channel sedimentation, Predictions suggest order 336,000m” per
year,

For Phase | it was noted that sand may pass around the breakwater ends bul not be
immediately deposited in the channel. In this casc the sand may settle closc to the
channgl, creating a ready source tor subsequently infill. The volumes associated
witlh this source represent order 50 to 100% of the guoted channel infill,

Storm infill will alzo give rise to sand bypassing the breakwaters and consequent
infill ol the ¢hannel. Predictions indicate that over a three-hour storm there eould
be (sand) infill of order 10,000-20,000m",

The above Ngures represent a best estimale al channe! sedimentalion which is hased
on the most up-to-date methods and accurate numerical modelling techniques. As
staled in Seclion 4.3, however, it is important o bear in mind that sediment
transport is not an exact science and there remains uncertainty in the prediction of
sediment transport and associatzd estimates ot sedimentation. There is a wealth of
information [rom research worldwide, some of which has been ciled in this
document, which confirm and highlight this unccrtainty in predictions of sediment
transport in the marine environment.  Effective measures which could be
implemented (o improve Tulure predictions ol sedimentation would include the
detailed collection of data relating to infill (bathymetric surveys. dredging records
and measurements of seabed and suspended sediment data), so that this inlormation
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could be applied to develop a calibrated sediment transport model for this site. This
would then provide a means of providing more accurate estimates of future
sedimentation as the port further develops and expands its Facilities.

Shore behaviour and the need for coastal protection should follow construction ol
the port breakwaters so that an appropriate methodology can be implemented as
necessary. 1L should be noted that the relatively balanced sediment drift to both
north and south should give a lower coastal impact than that il the drifl was
dominated either to north or south, because there is likely to be a period of recovery
following cach of the main NE/SW monsoon periods.  Hence the approach of
monitor and future action is appropriate. The most appropriate estimate of the
volumes of material which may be required as re-nourishment of the coast would be
that predicted to infill the channel as highlighted in the table in Section 4.8. This is
on the basis that under existing conditions scdiment passes across the bar system at
the entrance to the estuary (possibly being stored on the bar for periods ol time} and
naturally feeds the coast downdrifi, Trapping this volume sediment in the approach
channel could lead to a comparable reduction in supply to the downdrill coast. The
tests for Phase 11 provide channel infill estimates of order 240.000-280,000m /year
which arises out of sediment bypassing the breakwaters. Smaller volumes infill the
channel in Phase | but the amount of sediment bypassing the breakwaters will be
comparable to these figures (240.000-280,000m"fyear) {with the remaining amounl
scttling outside the channel) as described in the footnote to the table in Scelion 4.8,
Hence whilst there will be build up of the coastline immediately adjacent to each
breakwater, this volume of 240.000-280.000m’/vear will be rapped in the channel
which would otherwise have passed onto the della and nourished the beaches to
gither side. On this basis this is the est mated volume of material which may need
to be considered in a nourishment programme.
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Table 3.2 Wave conditions lrom the ARTEMIS model of Phase 1 at output Iocations {shown on

Figure 3.12) at the berths and along the channel

- Nearshore wave conditions
(tshore Foinis Hs Tm dircction Total water
waves 1 (m) (see.) ("N) depth (m)
50-in-1-60°N | | 0.1 56| 71 -14
2 | 0.1 5.6 73 -14
3 0.1 5.6 55 -14
4 0.4 5.6 74 -15.2
ll 0.5 5.6 101 -15.2.
6 0.8 5.6 105 -152
50-in-1-90"N I 0.1 5.6 69 -14
2 0.1 5.6 79 -14 |
3 0.1 3.6 83 -14 |
4 0.3 5.6 110 -152 |
5 | 0.5 | 5.6 95 152
é 0.8 5.6 91 -15.2.
50-in-1-135"N 1 0.1 7.2 71 -14
g 0.1 7.2 91 -14
3 0.1 T2 58 -14
4 0.3 7.2 87 -15.2
5 1.4 7.2 91 452
6 0.9 72 65 =152
linl-60"N [ 01|79 73 -14
2 0.1 7.9 88 -14
3 0.1 | 7.9 45 14
4 0.3 79 92 -15.2 |
5 0.6 7.9 96 152
6 o 79 101 <152 ]
- I 0.1 7.3 | 72 -14
2 0.1 7.3 72 -14
g 0.1 7.3 62 14
4 0.4 73 94 -15.2
3 (.7 73 94 143
6 1.1 7.3 B9 -15.2
linl-135"N E 0.1 72 71 -14
2 0.1 7.2 910 -14
3 0.1 Lo 60 -14 |
4 0.4 7.2 90 | -15.2
5 0.5 i 91 B
6 1.0 7.2 67 -15.2
1in100-60"N 1 0.1 15.5 | 109  -14 |
2 0.l 155 100 -14
3 0.1 15.5 112 -14
4 0.1 15.5 200 -152
5 0.7 i5.5 B 152 |
b 2.1 |55 87 -15.2 |

EX 3429
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Table 3.2 Wave conditions from the ARTEMIS model of Phase [ at output loeations (shown on
Figure 3.12) at the berths and along the channel (continued)

- MNearshore wave conditions
Oftshore Poinis Hs Tm direction Total water
waves (m) (sec.) "Ny . depth (m)
lin100-90"N 1 0.1 15.5 110 - 14
2 02  155] 99 14
3 0.1 15.5 B 113 | -4
4 0.1 15.5 199 =152
5 0.6 15.5 84 | -15.2
f 2.0 15.5 86 -152
linl00-135"N | 1] BL[ 155 110 -14
2 0| 155 1071 STy
3 {.1 15.5 112 -4
1 0.1 a5 191 | -15.2
5 (.6 155 83 -152
- 6 1.9 15.3 a0 -15.2
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Table 3.3  Wave conditions [rom the ARTEMIS model of Phase 11 at output locations (shown on Figure 3.22) at the berths and gquays

1753

1640

Location as - Run
in Figure 50:1 60" s0:1 90" | s0:1 135" 1:1 60" 1:1 9° 1:1 135" 1:100 60" 1:100 90" | 1:100 135"
322 Tm=5.6 (s) Tm=5.6(s) | Tm=7.2(5) | Tm=7.9(s)  Tm=7.3(s)  Tm=7.21(s) Tm=155(s) Tm=155(s) | Tm=155(s)
1 0.5 0.4 0.3 0.4 0.4 0.3 0.3 0.5 0.3
2 0.4 0.4 0.4 0.4 (0.3 0.4 0.4 0.3 0.3
3 0.6 0.6 0.3 0.3 0.4 0.3 0.8 0.8 0.8
4 0.7 0.8 1] 0.8 i 1.4 1.3 1.3 L2
5 0.5 0.7 03 0.5 b.4 0.3 0.9 0.9 | 0.9
6 0.3 0.4 0.2 0.2 0.2 0.2 0.5 05 | 0.3
7 0.5 0.6 0.3 0.4 0.5 0.3 0.8 08 | 0.7 |
8 0.2 03 0.2 0.2 0.2 0.3 0.6 0.5 0.5 |
4 0.4 0.4 02 0.4 0.4 0.2 1.0 1.0 0.9
10 0.4 0.3 0.2 0.3 0.4 0.3 0.9 0.8 | 0.8
N 0.6 0.6 0.4 0.4 0.5 .5 0.6 B | @5
12 0.4 0.4 0.2 0.3 0.2 0.2 0.6 0.5 | 0.3
' 13 0.5 0.5 0.3 0.1 0.5 0.5 0.5 0.5 | 0.5
14 0.4 0.5 0.3 b3 | 0.4 0.4 0.6 0.6 0.6
15 0.4 0.4 0.3 0.3 0.2 0.4 0.9 0.9 0.7 |
16 0.4 0.5 02 0.2 0.3 0.3 0.4 0.5 0.4
[ 17 0.4 0.5 0.2 D2 | 0.3 0.3 0.5 0.5 0.4
18 0.4 0.4 02 | 0.3 [ 03 0.3 0.5 0.5
19 0.4 0.5 0.1 0.3 n2 0.2 0.4 0.3 0.4
20 0.5 0.5 0.3 0.3 0.3 0.4 0.7 0.7 0.4
2| 0.5 0.5 0.3 0.5 0.6 0.7 0.8 08 0.8 |
22 0.7 0.8 0.6 | 0.7 0.8 0.8 1.4 15 15
23 0.8 0.9 1.0 | 0.8 1.1 1.1 2.0 2.2 2.3
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