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Case: 1

Breakwater Present Condition
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Case:

1

Incident Wave

Dir.
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Breakwater
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Case:

1

Breakwater

Present Condition

Extension Wharf

Steel Pipe Sheet Pile

Incident Wave

Breakwater
48 32 25
47 34 27
47 35 28
47 36 .29
47 37 30
47 38 32
48 40 .34
48 40 35
48 41 36
49 44 4
50 46 42
51 46 40
51 45 39
51 45 39
50 45 39
50 45 40
50 46 42
51 46 43
51 47 43
51 47 43
51 47 43
51 47 43
51 47 44
51 47 44
51 47 44
51 47 44
51 47 45

.28
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.34

.34
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A

A
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Case:

1

Breakwater

Present Condition

Extension Wharf

Steel Pipe Sheet Pile

Incident Wave

Dir.

10.00s 10

Height

11.00m

150

{  (m)

Breakwater

2.17

2.14

2.13

2.13

2.13

2.13

2.15

2.15

2.15

2.21

2.26

2.29

2.30

2.29

2.21

2.25

2.26

2.28

2.29

2.29

2.29

2.29

2.29
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2.29
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1.43

1.51
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1.79
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2.08

2.10

2.10

2.10

2.1

2.1

2.12

2.12
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1.31
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1.59
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Case: 2

Incident Wave

Breakwater

Angle

0 degree

Extension

50m

Extension Wharf

Steel Pipe Sheet Pile

Breakwater

><Extension Wharf

Dir. N 0.0 Freq. 10.00s
Height 4.50m Depth 11.00m
0 50 100 150
[ : : I (m)
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Case: 2

Breakwater Angle 0 degree
Extension 50m
Incident Wave Extension Wharf | Steel Pipe Sheet Pile
Breakwater

Extension Wharf

Dir. N 0.0° [Freq. 10.00s
Height 4.50m Depth 11.00m
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Figure Reflection
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Case: 2

Incident Wave

Breakwater

Angle

0 degree

Extension

50m

Extension Wharf

Steel Pipe Sheet Pile

Breakwater
44 34 28 25 23
44 34 29 25 23
44 35 29 26 23
44 36 30 26 23
45 37 31 26 24
45 37 32 28 27
45 38 33 30 29
45 39 34 30 29
46 40 36 34 34
47 42 38 31 37
48 43 40 38 33
49 44 40 36 31
49 44 39 35 30
49 44 39 35 3
49 43 39 34 31
48 43 39 35 33
48 43 40 37 35
48 44 40 38 36
49 44 41 38 35
49 45 41 38 35
49 45 41 38 35
49 45 41 38 35
49 45 41 38 35
49 45 42 38 35
49 45 42 38 36
49 45 42 39 36
49 45 42 39 36

21
.24
.25
.28
31
.30
.34

36
97 Extension Wharf

21
.29

.29
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22 12

32
31
32
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33 N

.34

Wave Height Ratio
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Figure Wave Height Ratio
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Case: 2

Incident Wave

Breakwater

Angle

0 degree

Extension

50m

Extension Wharf

Steel Pipe Sheet Pile

Breakwater

2.61

2.54

2.50

2.46

2.44

2.42

2.40

2.4

2.43

2.44

2.46

2.45

2.44
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2.41

2.40

2.40

2.40
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2.39

2.39

2.38

2.38
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Dir.

10.00s

Height

11.00m
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{  (m)

2.00
1.99
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2.04
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2.1
2.16
219
2.21
2.21
2.19
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2.18
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2.20
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2.20
2.20
2.20
2.20
2.20

2.20

1.0

1.52

1.54

1.57

1.60

1.65

1.69
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1.79

1.88
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1.99

2.00

1.97
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1.95

1.98
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2.01
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1.44
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1.78
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1.73
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1.78

1.82
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1.16
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1.55
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Case: 3

Breakwater

Angle

30 degree (to Port)

Extension

70m
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Case: 3

Breakwater

Angle

30 degree (to Port)

Extension

70m
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Case: 3

Breakwater

Angle

30 degree (to Port)

Extension

70m

Extension Wharf

Steel Pipe Sheet Pile

Incident Wave Breakwater
24 21 19 18 17
49 33 26 22 20 19 18 .18
48 34 27 23 21 19 19
48 36 29 24 22 20 .21
48 37 30 26 24 23 24
48 38 32 21 26 26 2]
48 39 32 28 21 26 .21
48 40 34 30 28 27 .24
48 42 37 34 33 32 31
49 43 39 36 34 31 2
50 44 40 36 31 21 22 Extension Wharf
51 45 39 34 30 25 .23
50 44 39 34 30 26 .24
50 44 38 34 30 28 2]
49 43 38 3 30 21 2]
49 43 39 34 31 30 .32
49 44 39 36 34 33 .32
49 44 40 37 3 33 28
49 45 41 38 35 31 28
49 45 41 38 35 31 28
50 45 41 38 34 31 28
50 45 42 38 35 31 29
50 46 42 38 35 32 29
50 46 42 38 35 32 29
50 46 42 38 35 32 30
50 46 42 39 36 33 .30 N
50 46 42 39 36 33 31
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Height 4.50m Depth 11.00m
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Case: 3

Breakwater

Angle 30 degree (to Port)

Extension | 70m

Extension Wharf

Steel Pipe Sheet Pile

Breakwater

Incident Wave

Extension Wharf

: EE (m)
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Figure Wave Height (m)
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Breakwater Angle 45 degree (outside the Port)
Case: 4 Extension | 70m
Extension Wharf | Steel Pipe Sheet Pile
Breakwater
\7>(/Extension Wharf
N
Dir. N 0.0 Freq. 10.00s
Height 4.50m Depth 11.00m
0 50 100 150
I } } I (m)
Figure Reflection Coefficient
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Case: 4 Breakwater Angle 45 degree (outside the Port)
ase. Extension | 70m
Extension Wharf |Steel Pipe Sheet Pile
Breakwater
Extension Wharf
N
Dir. N 0.0° |Freq. 10.00s
Height 4.50m Depth 11.00m
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Figure Reflection
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Case: 4

Incident Wave

Breakwater

Angle

45 degree (outside the Port)

Extension

70m

Extension Wharf

Steel Pipe Sheet Pile

57 Breakwater

54 48

53 45 41 39 24 21 2

52 44 40 37 36 25 42

51 44 30 36 34 3

51 44 39 36 34 3§

50 44 39 35 34 .34

50 44 30 36 34 36

51 45 40 37 37 4Q

50 45 40 37 37 .39

50 45 40 38 38 40

50 46 43 43 45 48

51 48 45 45 44 36 Extension Wharf

52 49 47 45 40 .34

53 50 47 43 38 .34

53 50 46 42 38 .34

53 49 45 41 37 39

53 49 45 41 38 3§

53 49 45 42 41 M

53 49 46 43 41 38

53 49 46 43 40 38
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Dir. N_0.0° |Frea 10.00s 02 03 04 J%&Isﬂ J:ote 08 10 12
Height 4.50m Depth 11.00m
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Case: 4
Incident Wave

Breakwater

Angle

45 degree (outside the Port)

Extension

70m

Extension Wharf

Steel Pipe Sheet Pile

Dir. N 0.0° |Freq.

10.00s

Height 4.50m Depth

11.00m

{  (m)

257

2.44

2.31

2.33

2.30

2.28

2.21

2.21

221

221

2.25

2.26

2.31

2.36

2.38

2.40

2.40

2.38

2.37

2.37

2.31

231

231

2.36

2.35

2.35

2.34

2.34

2.34

1.0

Breakwater

2.09

202 183
1.99 1.78
1.98 1.76
1.97 1.75
1.97 1.74
1.99 1.77
201 1.81
2.01 181
2.01 181
205 1.94
2.15 2.05
220 210
223 210
224 207
222 2.03
220 201
219 202
220 2.05
220 2.06
221 2.06
220 2.06
220 2.05
220 2.05
219 2.05
2.19 2.05
219 205

219 205

1.5

1.74
1.66
1.62
1.61
1.58
1.61
1.68
1.68
1.69
1.93
2.03
2.01
1.93
1.88
1.84
1.83
1.90
1.93
1.94
1.93
1.92
1.91
1.92
1.91
1.92
1.92

1.93

2.0

1.07
1.60
1.54
1.55
1.52
1.54
1.66
1.65
1.70
2.02
2.00
1.80
1.71
1.70
1.67
1.1
1.84
1.85
1.82
1.80
1.79
1.79
1.80
1.80
1.81
1.82

1.82

2.5

1.71
1.79
2.14

Extension Wharf
1.63

1.53
1.6
1.5§

1.70

1.72
1.70
1.71
1.71
1.71
1.72
1.72
1.73
1.74 N

1.74

EaE (m)
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Gase: 5 Breakwater Present Condition

Extension Wharf | Steel Pipe Pile

Incident Wave

Breakwater

Extension Wharf

Dir. N 0.0° [Freq. 10.00s
Height 4.50m Depth 11.00m
0 50 100 150
[ : : I (m)
Figure Reflection Coefficient
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Case: b

Breakwater Present Condition

Extension Wharf | Steel Pipe Pile

Incident Wave

Breakwater
Extension Wharf
N
Dir. N 0.0 Freq. 10.00s
Height 4.50m Depth 11.00m
0 50 100 150
I } } I (m)
Figure Reflection
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Case: 5

Breakwater

Present Condition

Extension Wharf

Steel Pipe Pile

Incident Wave

Breakwater
48 32 25
47 33 26
47 35 27
47 36 .29
47 37 30
47 38 32
48 40 .34
48 40 35
48 41 36
49 44 4
50 45 42
51 46 40
51 45 39
51 45 39
50 44 39
50 44 39
50 44 39
49 44 40
49 44 40
49 45 40
49 45 40
49 45 41
49 45 41
49 45 41
49 45 42
49 46 42
50 46 42

.28

.29

.33

.34

.34

.34

.34

.35

Extension Wharf

36
37
37
38
38
38
39 N

.39

Wave Height Ratio

Dir. N 0.0 |Frea 10.00s 02 03 04 05 06 08 10 12
Height 4.50m Depth 11.00m
0 50 100 150
= % % I (m)
Figure Wave Height Ratio
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Case: 5

Breakwater

Present Condition

Extension Wharf

Steel Pipe Pile

Incident Wave

Dir.

10.00s 10

Height

11.00m

150

{  (m)

2.16

2.13

2.13

2.13

2.12

2.13

2.15

2.15

2.15

2.20

2.26

2.29

2.29

221

2.26

2.24

2.23

2.23

2.22

2.22

2.22

222

222

2.22

2.22

2.23

2.23

1.42

1.51

1.57

1.64

1.66

1.72

1.79

1.81

1.83

1.98

2.05

2.06

2.03

2.00

1.99

1.99

1.99

2.00

2.00

2.01

2.01

2.02

2.03

2.04

2.04

2.05

2.05

1.13

1.19

1.24

1.31

1.36

1.43

1.55

1.58

1.62

1.86

1.89

1.80

1.75

1.74

1.75

1.76

1.77

1.78

1.80

1.81

1.82

1.84

1.85

1.86

1.87

1.89

1.89

1.26
1.30
1.47

1.51

Extension Wharf

1.54

1.56

154
160
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164
165
167
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173 N

1.75

Wave
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Height (m)
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Apia Harbour, Upolu Island

Western Samoa
Scale 1:1000 (A2)
Orientation: North
Datum: WGS 84, UTM Zone 2 South
Depths reduced to Chart Datum
being 3.069m below BM SAM16
TOPOGRAPHIC CONTOURS ARE SHOWN AT 0.2M INTERVALS Depths in metres and decimetres
Depths represent the minimum depths surveyed

Date Surveyed: 28-37 July 2014
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. Aerial photo sourced from Google
Earth(Copyright: 2012). Imagery
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. Survey data Supplied by DML
Hydrographic & Coastal Management
Services, reference "Apia Survey
Report, dated July 2014.
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NOTES :

1. All dimensions are in millimetres
unless noted otherwise.

2. Survey data Supplied by DML
Hydrographic & Coastal Management
Services, reference "Apia Survey
Report, dated July 2014.

3. Horizontal Datum: WGS84, UTM Z2S
Vertical Datum: Apia Chart Datum
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T+T DATATEMPLATE.GDT mjcc

TONKIN & TAYLOR LTD BOREHOLE No:BH1

Hole Location: Apia, Samoa

BOREHOLE LOG

SHEET 1 OF 3

PROJECT: Apia Port LOCATION: Apia, Samoa JOB No: 751055.100

CO-ORDINATES: 134936.99 mN DRILL TYPE: Heli Rig HOLE STARTED: 20/8/14
1714543.56 mE _ HOLE FINISHED: 22/8/14

RL: DRILL METHOD: ROTARY DRILLED BY: Webster Drilling Ltd

DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC  CHECKED:

GEOLOGICAL ENGINEERING DESCRIPTION

SOIL DESCRIPTION

GEOLOGICAL UNIT,
GENERIC NAME,
ORIGIN,

MINERAL COMPOSITION.

Soil type, minor components, plasticity or
particle size, colour.

(mm)

TESTS ROCK DESCRIPTION

STRENGTH
(MPa)

\NEATHERING
STRENGTH/DENSITY

CLASSIFICATION
SHEAR STRENGTH
(kPa)

COMPRESSIVE
DEFECT SPACING

Substance:  Rock type, particle size, colour,
minor components.

oo Defects: Type, inclination, thickness,

8s roughness, filling.

MARINE Wash drilled. Depth to seabed based on drill
SEDIMENTS rig height on barge. See DML bathymetric
survey for accurate depth to sea floor from
Chart Datum

CORE RECOVERY (%)
CLASSIFICATION SYMBOL

FLUID LOSS
WATER
METHOD
CASING
SAMPLES
R.L. (m)
DEPTH (m)
GRAPHIC LOG
MOISTURE
CONDITION
10

25

50

100

200

1

5

20

50

100

250

50

250

0
WASH

W [S-MD NCORE LOSS.
Silty SAND, with some shell fragments;
dark greyish black. Soft/medium dense, wet,

89
SPT

Wash drilled.

o
3
(=}
=
<
09
=
o
o
(€]
'Q..
R

SAND, with minor silt, with some shell
fragments; dark grey. Soft/medium dense to

100
SPT | WASH

Wash drilled.

SEA LEVEL (VARIABLE)

w

Silty SAND, with some shell fragments;
dark grey. Soft/medium dense, wet, poorly

SPT | WASH

100

Silty SAND, with trace clay and some shell ]
fragments. Soft/medium dense, wet, poorly B
graded. n
Push tube attempted at 3.45m for 500mm. 4}

100

0
SPT W PT

End appeared to be back to SAND, with
some silt and some shell fragments; dark
hierey- Soft/medium dense, wet, poorly

| raded.

Wash drilled. 5

CORE LOSS. Minor shell fragments
present and coral in a sand matrix of the
very small (less than 10% piece) that

\recovered.

Wash drilled.

MARINE
SEDIMENTS o

SPT | WASH

A SN

g

1/0
0/0

M S SILT, with some sand and minor clay and
some shell fragments; dark grey. Soft,

SPT | WASH

44

N=0 Wash drilled.

b b b b b b
—

Y

0/0
0/0

Sandy SILT, with minor clay and some shell
fragments; dark grey. Soft, moist, low
X plasticity; sand, fine.
Coarse SAND, with minor silt and shell
fragments; dark grey. Loose, moist, gap
raded.
NWash drilled. 8
S-MD NCORE LOSS. A
Fine sandy SILT, with some coarse shell ]
| fragments; dark grey. Soft/medium dense, H
\moist, poorly graded. i

Wash drilled. n
CORE LOSS. 5]

SPT | WASH

100

[ﬁ
B e e e s

2/1

SPT | WASH

66

33

SPT | WASH

I §INF I BN §FRN §Ti—d0 010 ©W1X

5 L SAND, with shell fragments; dark grey. 5
'Loose, moist, gap graded. i
Wash drilled. B

0
WASH

Log Scale 1:50 A6'3'3 BORELOG 751055.GPJ 21-Nov-2014



T+T DATATEMPLATE.GDT mjcc

TONKIN & TAYLOR LTD BOREHOLE No:BH1

Hole Location: Apia, Samoa

BOREHOLE LOG

SHEET 2 OF 3
PROJECT: Apia Port LOCATION: Apia, Samoa JOB No: 751055.100
CO-ORDINATES: 134936.99 mN DRILL TYPE: Heli Rig HOLE STARTED: 20/8/14
1714543.56 mE ORILL METHOD: ROTARY HOLE FINISHED: 22/8/14
R.L. ' DRILLED BY: Webster Drilling Ltd
DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, . 2 z o SOIL DESCRIPTION
GENERIC NAME, 2 z 0 g B ! ) .
: = s T E = g Sail type, minor components, plasticity or
ORIGIN, = 5) ':( E E ;_‘; ﬂ g § % B particle size, colour.
MINERAL COMPOSITION. E Tests " 3 ; % 3 E < EEE E‘é = E E | RrockpescrPTION
[} Q . S '<_( z % '<_( % 8 0 Substance:  Rock type, particle size, colour,
%] o o wslEo|s a ¢
9 v E 8 © @ = § % I 03: 2 % I minor components.
% E E ,:E % % LE/ E % g E % &J g o ool oss Defects: Type, inclinatior_1, thickness,
HHEEE HERA AR i roughness, g
MARINE ol 170 MD-L SAND, with minor silt, with intermixed i
SEDIMENTS S| 0/0 _ shells; dark grey. Medium dense to loose, ]
0 1 | moist, poorly graded. ]
- N=0 E Wash drilled. ]
= |4 ’ ]
= 4 N
- 11 117 CORE LOSS. o
= e 1/0 Silty, medium to fine SAND, with h
0 » intermixed shells; dark grey. Medium dense —
| | N2 to loose, wet, gapgraded. i
o|% Wash drilled. ]
= N
11 MD NCORE LOSS. A
a|E 0/0 . pr— 1]
% |5 i Silty SAND; dark grey with white flecks. i
0 ~ -+ Medium dense, moist, poorly graded. 7
o> B E d2.0-12.1m: Intermixed coarse shells, loose. _ |
o|2 . Wash drilled. ]
= 4 N
5/2 ] CORE LOSS. ]
0 | & /1 . .
ReR 7 5 P Silty SAND; dark grey with white flecks. n
N=6 N ]Medium dense, moist, poorly graded. I
= i 13-13.1m: wood. H
°|< ] J3.1m: small shell fragments. i
= . Wash drilled. e
- 32 147 CORE LOSS. ]
3 e 11 i Silty, fine SAND; dark grey with white ]
1 . — flecks. Medium dense, moist, poorly 7
o N=5 ] graded. 1
o 2 B 114-14.05m: wood fragments, shell I
= . fragments. H
MARINE 157 \Wash drilled. 15
SEDIMENTS B Wash drilled. B
= . .
o |« 16— 16—
= 7 N
- 21 177 CORE LOSS. -
alE 212 . -
n 2 B —
N=7 ] Silty SAND, with minor shell fragments; N
. dark grey with white flecks. Medium dense, H
] imoist, poorly graded. i
B Wash drilled. B
18—_ 1 8—_
= . ]
w . -
|« i i
= ] ]
19—_ 19—_
20 7 ]

Log Scale 1:50 A6'3'4 BORELOG 751055.GPJ 21-Nov-2014



TONKIN & TAYLOR LTD BOREHOLE No:BH1

Hole Location: Apia, Samoa

BOREHOLE LOG

T+T DATATEMPLATE.GDT mjcc

SHEET 3 OF 3
PROJECT: Apia Port LOCATION: Apia, Samoa JOB No: 751055.100
CO-ORDINATES: 134936.99 mN DRILL TYPE: Heli Rig HOLE STARTED: 20/8/14
1714543.56 mE ORILL METHOD: ROTARY HOLE FINISHED: 22/8/14
R.L. ' DRILLED BY: Webster Drilling Ltd
DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, . 2 z o SOIL DESCRIPTION
GENERIC NAME, 2 z 0 g B ! ) .
: = s T E = g Sail type, minor components, plasticity or
ORIGIN, = 5) ':( i E ;_‘; ﬂ g § % B particle size, colour.
= gy
MINERAL COMPOSITION. E TesTs . z ; % z E gl téJ = E E | RocKDESCRIPTION
% 8 . 9 g w Z % g % 8 E Substance: R_ock type, particle size, colour,
] v E 8 © @ = E % I 03: g 5 I @ minor components.
% E E ,:E % % LE/ E % g E % E g o ool oss Defects: Type, inclinatior_1, thickness,
HHEEE HERA AR i roughness, g
MARINE = 31 . CORE LOSS/NO RECOVERY. -
SEDIMENTS o | 2/1 — ]
7] 2 ] ]
o N=6 ] Wash drilled. 7]
n ] i
|« i i
= 4 N
1 | 42 217 CORE LOSS. ]
Tl 22 e i
i 2 P g M-W| L Coarse SAND, with frequent shell .
N=8 ] | fragments; dark grey, speckled white. T
. ILoose, moist to wet, poorly graded. 4
7 Wash drilled. n
22— 22
jan 7 .
7]
o< ] N
= 4 N
23—_ 23—_
SW BASALT NP 50 for LAt VAN 5 STightly weathered, dark grey BASALT +]
= 90mm ] \‘\\I\ rubble. Strong, moderately vesicular, highly 7]
N>50 _\i\ N fractured. Basalt ranges between Smm to i
= ] n30mm dia., some shell material intermixed. _ 74
o2 a Wash drilled. ]
= ]
BASALT/COLLUVIUNI 26 for B L Silty SAND, with some gravel; dark brown. =~
=l 80! NT . .
S |& mm a4 N MS Loose, moist, gap graded. SPT bouncing
=1& i
N>50 =~ after 20mm.
as 7 \Moderately weathered, dark grey BASALT. n
S 2 N Moderately strong, slightly vesicular, highly ~ H
B ] fractured (5-20mm). H
18 265 -] W-E \Washdrilled. 267
=4 10 B 00 c Highly weathered, greyish brown BASALT. B
| for 65mm T @ ) Very to extremely weak. ]
= N>50 — 1 Soil description: Sandy GRAVEL,; dark A
-2 ] |brown. Very dense, mosit, gap graded. 1
= . ISPT bouncing after 210mm. ____ _ _ _ H
21 for 27 VAN S Wash drilled. 27,
o | 131 J9 N Moderately weathered, dark grey BASALT. ]
S| mm . . .
= A N>50 B Strong, slightly vesicular, highly fractured E
: 1N bbbl ( 52 ) -
B \SPT bouncing after 131mm. I
] END OF BOREHOLE AT 27.45m. 3
287 SPT N>50 from 24 to 27m. 287
29 29—
30 7 ]

Log Scale 1:50 A6'3'5 BORELOG 751055.GPJ 21-Nov-2014



T+T DATATEMPLATE.GDT mjcc

TONKIN & TAYLOR LTD BOREHOLE No:BH2

Hole Location: Apia, Samoa

BOREHOLE LOG

SHEET 1 OF 4
PROJECT: Apia Port LOCATION: Apia, Samoa JOB No: 751055.100
CO-ORDINATES: 134935.4 mN DRILL TYPE: Heli Rig HOLE STARTED: 23/8/14
1714542.08 mE ORILL METHOD: ROTARY HOLE FINISHED: 25/8/14
R.L. ' DRILLED BY: Webster Drilling Ltd
DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, . 2 z " 9 SOIL DESCRIPTION
GENERIC NAME, — § % % % ,3_: g Soil type, minor components, plasticity or
ORIGIN, § 5) ':( E E ;_‘; ﬂ g § % B particle size, colour.
MINERAL COMPOSITION. E Tests " 3 ; % 3 E < EEE E‘é = E E | RrockpescrPTION
% 8 . 9 g w Z % g % 8 b Substance:  Rock type, particle size, colour,
S o u 8 © @ s E % Iy 4 S I I « a minor components.
% E E ,:E % g LE/ E % g E g E g o ool oss Defects: Type, inclinatior_1, thickness,
HHEEE HERA AR i roughness, g
DISPLACED m CORE LOSS. Drillers report soft sediments ]
BASALT BOULDER N VS for 200 mm
olo i \(Depth to seabed 8.0m from port surface) [I_
T ] Slightly weathered, dark grey BASALT. ]
B Very strong, moderately vesicular (soft sand
7 above for 100mm, not recovered). Likely to n
DISPLACED - 24 for 1 ] S \bzrt;iizlst i):rllxslglelrc tr;)gk wrap displaced when 17-_
BASALT BOULDER S 100mm Tv \port was constructed — _H
_ 2 Bouncing 7] Slightly weathered, dark grey BASALT. 7]
= N>50 nStrong, moderately to highly vesicular,
= ] Wash drilled. B
ez N N
~ = _ ]
< Al T Ekeee,—_,—,———— 7 9—
> 8/8 ] CORE LOSS. B
al=lE 8/12 1 N
g |- 13 ]
m N=41 - | Sandy GRAVEL (Basalt); dark grey. Loose, -
SIE . ] wet, gap graded (rock wrap). _ _ _ _ _ _ _ h
g7 . Wash drilled. .
MARINE -1 | oo 3 WS "SiTty, fine SAND; with miner dlay: dark >
SEDIMENTS S5 8/ 0 u grey. Soft, wet, poorly graded. ]
=1 | N0 3 "Push Tube attempted -norecovery,
°|Z ] ]
= ] ]
47 Wash drilled. +
= ] ]
7]
o|& - ]
= ] ]
MARINE e 0/0 7] Fine sandy SILT, with trace clay; dark grey. -
SEDIMENTS S5 8/0 ] Soft/medium dense, wet, poorly graded. 7]
o N=0 - Push Tube attempted - no recovery. 7]
= |4 ’ ]
= 4 ]
% > Piston Sample - successful. Material in base =~
S|= 7. was silty, fine SAND, with trace clay, as 7]
|2 s above. n
=
B Wash drilled. i
. 7 7
7] i i
o|& n 7
= ] ]
ole 0/0 8 - M [S-MD Fine sandy SILT, with minor clay and some 87
S5 0/0 ] coral (~10mm); dark grey. Soft/medium ]
| 0 i dense, moist, gap graded. B
= | N0 i \Wash drilled. 7
IS 8 ] Piston Sample. ]
@ T 3
- 7 Wash drilled. -
o i i
= i i
(=] < - —
= ] ]
10 7 ]

Log Scale 1:50 A6'3'6 BORELOG 751055.GPJ 21-Nov-2014



TONKIN & TAYLOR LTD BOREHOLE No:BH2

Hole Location: Apia, Samoa

BOREHOLE LOG

T+T DATATEMPLATE.GDT mjcc

SHEET 2 OF 4
PROJECT: Apia Port LOCATION: Apia, Samoa JOB No: 751055.100
CO-ORDINATES: 134935.4 mN DRILL TYPE: Heli Rig HOLE STARTED: 23/8/14
1714542.08 mE ORILL METHOD: ROTARY HOLE FINISHED: 25/8/14
R.L. ' DRILLED BY: Webster Drilling Ltd
DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, . 2 T o SOIL DESCRIPTION
GENERIC NAME 3| g 5 = 5
’ = g u Z SE Q Soil type, minor components, plasticity or
ORIGIN, = 5) ':( E E ;_‘; ﬂ g § % B particle size, colour.
MINERAL COMPOSITION. E Tests " 5 ; % 5 E < EEE E‘g = E E1 RockpescriPTION
[} Q . S '<_( z % '<_( % 8 0 Substance:  Rock type, particle size, colour,
@ o o w o o ¢
9 v E 8 © @ = § % I 03: g g I 0 minor components.
% E E ,:E % % LE/ E % g E % &J g o ool oss Defects: Type, inclinatior_1, thickness,
SHEHE HER IR roughness g
MARINE m Wash drilled. ]
SEDIMENTS - a
o ] ]
17
(=] < — —
= 7 ]
ole 1/0 1 -4 M S Sandy SILT, with trace clay; dark grey, H
S | 0/0 b some white flecks. Soft, moist, low ]
= |»n B - E
0 . | plasticity; sand, fine. 4
N=0 7 Wash drilled. ]
12 12—
jas) 7 .
n
el ] ]
z= _ ]
13—_ 13—_
14 14
L Push Tube -successful. ]
g|e . .
S|~ - E
1 | oo T Sandy SILT, with trace clay; dark gréy with
8 & 0/0 n white flecks. Soft, moist, low plasticity; ]
0 . | sand, fine o medium. B
MARINE N=0 157 Wash drilled. 57
SEDIMENTS . ]
e i i
o|Z 16 164
= ] ’
ol 1/0 17 i .><. | MH L Fine sandy SILT; dark grey with white 7
S| 0/0 TIx flecks. Medium dense, moist, poorly ]
0 ] x graded. 4
N=0 . \17m: Wood fragment. _ _ __ _ _ _ _ _ i
B Wash drilled. B
. 18— 18-
= i i
o< ] N
z= _ ]
1/0 197 CORE LOSS. 19
oo | & 0/0 _ w L - - - - d
=~ |5 0 a Silty, fine to medium SAND, with minor ]
-~ B gravel and shell fragments; dark grey with E
aeis N=0 m some red wood fragments. Loose, wet, gap
2lE ] graded.
20 Wash drilled. i

Log Scale 1:50 A6'3' 7 BORELOG 751055.GPJ 21-Nov-2014



TONKIN & TAYLOR LTD BOREHOLE No:BH2

Hole Location: Apia, Samoa

BOREHOLE LOG

T+T DATATEMPLATE.GDT mjcc

SHEET 3 OF 4
PROJECT: Apia Port LOCATION: Apia, Samoa JOB No: 751055.100
CO-ORDINATES: 134935.4 mN DRILL TYPE: Heli Rig HOLE STARTED: 23/8/14
1714542.08 mE ORILL METHOD: ROTARY HOLE FINISHED: 25/8/14
R.L. ' DRILLED BY: Webster Drilling Ltd
DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, . 2 z o SOIL DESCRIPTION
GENERIC NAME, 2 5 2 g £ ! ) i
= s T & = < Sail type, minor components, plasticity or
ORIGIN, = 5) ':( E E ;_‘; ﬂ g § % B particle size, colour.
MINERAL COMPOSITION. E Tests " 5 ; % 5 E < EEE E‘é = E E1 RockpescriPTION
% 8 . 9 g w Z % g % 8 b Substance:  Rock type, particle size, colour,
] v E 8 © @ = E % I 03: S 5 I @ a minor components.
% E E ,:E % g LE/ E % g E g E g o ool oss Defects: Type, inclinatior_1, thickness,
HHEEE HERA AR i roughness, g
MARINE ] \Push Tube. /]
SEDIMENTS 7 Wash drilled. ]
= ] ]
o|< 21 21
= 7 ]
1/1 IMH | M | MD Fine sandy SILT; dark grey with white 2]
=l
S| 1/1 ; flecks. Medium dense, moist, poorly ]
=\|x 2 i
 Ea \graded. 4
N=5 7 Wash drilled. ]
23 23
jas) 7 .
n
el ] ]
z= ] ]
24— 24
MARINE 1 | 60 257 CORE LOSS. 2]
SEDIMENTS = 0/0 1 _ ]
n 1 T M L Gravelly, coarse SAND (coral in sand 7]
=1 - S [\ matrix); dark grey and white. Loose, moist, -
_|Z . \apgraded. f
§ . Wash drilled. -
SW BASALT 31 for 2601, Gw [ sw Slightly weathered, dark grey BASALT. 20 1
=2l >
S5 140mm ] Strong, slightly vesicular, highly fractured 7
N>50 i (cobble sized). E
= ] \SPT bouncing after 140mm. Ir
=|Z ] \coreross. r_
B ] Wash drilled. ]
_ 20 for 277 CORE LOSS. ]
o | & 25mm ] SPT bouncing after 25mm. ]
@ N>50 ] 1
= 1 Wash drilled. N
2 ] ]
S |< _ a
z= _ ]
BASALT/COLLUVIUNI = 6/5 BT W Moderately weathered, dark reddish grey °
WITH INTERMIXED S 2/0 n \‘\f BASALT. Weak, moderately vesicular, ]
MARINE 0 H AN highly fractured (gravel sized) in a coarse E
SEDIMENTS o N=7 ] ap | sand matrix. 1
o 2 . ISOIL DESCRIPTION: Coarse sandy 1
s 7 IGRAVEL (Basalt); dark reddish grey. H
" 29 T Loose, wet, gap graded. _zzi
o |5 1/1 ] Wash drilled.
i 0 T CORE LOSS.
N=2 —N Silty SAND; dark brown. Loose/soft, wet,
i oorly graded.
30

Log Scale 1:50 A6'3'8 BORELOG 751055.GPJ 21-Nov-2014



TONKIN & TAYLOR LTD

BOREHOLE LOG

BOREHOLE No:BH2

Hole Location: Apia, Samoa

SHEET 4 OF 4

PROJECT: Apia Port

LOCATION: Apia, Samoa

JOB No: 751055.100

CO-ORDINATES:

134935.4 mN
1714542.08 mE

DRILL TYPE: Heli Rig

DRILL METHOD: ROTARY

HOLE STARTED: 23/8/14
HOLE FINISHED: 25/8/14

T+T DATATEMPLATE.GDT mjcc

R.L. DRILLED BY: Webster Drilling Ltd
DATUM: WGS84 DRILL FLUID: Water LOGGED BY: MJCC CHECKED:
GEOLOGICAL ENGINEERING DESCRIPTION
GEOLOGICAL UNIT, . 2 z o SOIL DESCRIPTION
GENERIC NAME, 2 z 0 g B ! ) .
: = s T E = g Sail type, minor components, plasticity or
ORIGIN, = 5) ':( E E ;_‘; ﬂ g § % B particle size, colour.
MINERAL COMPOSITION. E TESTS 5 ; % 5 ; =< EEE H’._:J =) E £ ROCK DESCRIPTION
= Q e o E|S Q» e
a 8 —_ 9 6 wZ| = 6 % (@] w Substance:  Rock type, particle size, colour,
] v E 8 © @ = E % I 03: S 5 I @ a minor components.
% E E ,:E % g LE/ E % g E g E g o ool oss Defects: Type, inclinatior_1, thickness,
HHEEE HER IR R G roughness, g
BASALT/COLLUVIUM i Drilling now reported to be in weak i
WITH INTERMIXED ] material. Drilling continues until the 7]
MARINE i material is deemed to be considered rock i
SEDIMENTS ] again by contractor 7
31 4 31 .
T ] ]
7 ] ]
(=] < - —
= ] ’
32—_ 32__
33 33
- 19 for ] NO RECOVERY - SPT refusal. i
o |a 60mm N SPT bouncing after 60mm. T
« N>50 7 ]
- 34 Washdrlied T T T T LIS
1) i ]
e ] ]
= ] ]
= 25 for E NO RECOVERY - SPT refusal. ]
o | 50mm N SPT bouncing after 50mm. T
« N>50 ] ]
v ! ¢ttt E__] Y — — — — — — — e W~
BASALT/COLLUVIUM % 3 . Wash drilled. 77
WITH INTERMIXED o< ] 7]
MARINE = _ 1
SEDIMENTS - 9/5 7] CORE LOSS. ]
a & 2/5 —°g< MH | M |L-MD Sandy GRAVEL (Basalt); dark reddish i
N=20 365 \broyvn and grey. Loose to medium dense, 367
. moist, gap graded.
o ] Wash drilled. 7]
7 ] ]
o |« | .
= ] ’
10/8 S M | MD RCORE LOSS. i
s|& 8/10 1.2 g
® |5 do a Sandy GRAVEL (Basalt); dark reddish i
14 for -1 @ brown and grey, Medium de i =
30mm 7] graded.
N>50 B SPT bouncing after 405mm.
] END OF BOREHOLE AT 37.45m. i
38— 38
39 39
40 ]
Log Scale 1:50 BORELOG 751055.GPJ 21-Nov-2014
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1 Introduction

Japan International Cooperation Agency (JICA) is undertaking a preparatory survey on the
project for enhancement of safety of Apia Port. The aim of the Preparatory Survey is to
provide the basic documents necessary for the appraisal of the Project by the Government
of Japan. With that regard, a field survey in Samoa was conducted from June 2014 to
August 2014, including this environmental survey.

The environmental survey is consisted of two (2) parts; 1) Water quality and Sediment
quality survey and 2) Ecosystem survey.

2 Water quality and Sediment Quality Survey
2.1 Methodology

2.1.1 Sampling

The water quality and sediment quality sampling was carried out on 31 July 2014. A
total of ten water samples were collected from five sampling points. At each sampling
point, one sample was collected from 0.5 m below the water surface by water sampler and
one from 1.0 m above the seabed by SCUBA diving. A sediment sample was collected
from each of the five sampling points by SCUBA diving. Samples were collected
between 11:55 am and 1:25 pm local time. The sampling locations are shown in Figure
2.1 below and the GPS coordinates for each site are presented in Table 2.1.

Photographs of each site and its sea bed are presented in Supplement A.

Site D

Source: Google Earth Image ©2014 CNES/Astrium, dated 5/5/2014
Figure 2.1  Sampling points
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Table 2.1 Sampling point

Date: July 31, 2014

Sampling Latitude Longitude

Site A 13°49'25.0" S 171°45'51.9" W
Site B 13°49'36.9" S 171°45'44.5" W
Site C 13°49'40.4" S 171°45'37.7"W
Site D 13°49'50.1" S 171°45'40.1" W
Site E 13°49'49.6" S 171°45'53.9" W

2.1.2 Field measurement

Dissolved oxygen and temperature measurements were taken on site using a YSI ProDO
dissolved oxygen field meter that was calibrated on the day of sampling. Bottled samples
were collected for turbidity, pH, salinity, total suspended solids (SS), total nitrogen, total
phosphorus, chemical oxygen demand, oil and grease, total petroleum hydrocarbons (TPH),
total coliforms (sterile bottle) and Escherichia coli (sterile bottle).

2.1.3 Laboratory analysis

Water samples were air freighted to New Zealand in a chilled container and delivered to RJ
Hill Laboratories in Hamilton, New Zealand, for analysis. Sediment samples were air
freighted to New Zealand and delivered to Geotechnics laboratory in Auckland, New
Zealand and RJ Hill Laboratories, Hamilton, New Zealand.

Parameters and analytical methods are listed in Table 2.2 and Table 2.3.
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Table 2.2 Parameter and method for laboratory analysis (Water)

Parameter Method

Turbidity Hach 2100N Turbidity meter, APHA' 2130 B 2279 ¢d. 2012
pH pH meter, APHA 4500-H" B 2279 ed. 2012

Salinity Conductivity Meter (WTW Cond 340i with nonlinear

temperature compensation according to EN 27 888), APHA
2520 B 22" ed. 2012

Total Suspended
Solids

APHA 2540 D 220 ¢4. 2012

Total Nitrogen Total Kjeldahl Nitrogen + Nitrate-N + Nitrite-N

Total Kjeldahl APIéA 4500-Norg D. (modified) 4500 NH3F (modified)

Nitrogen 22" ed. 2012

Nitrate-N + APHA 4500- NO 3-122"% ed. 2012

Nitrite-N

Total Phosphorus APHA 4500-P B & E (modified from manual analysis) 2o0d
ed. 2012. Also modified to include the use of a reductant to
eliminate interference from arsenic present in the sample.
NWASCA, Water & Soil Miscellaneous Publication No. 38,
1982.

Chemical Oxygen APHA 5220 D 2279 ¢d. 2012

Demand

Oil and Grease APHA 5520 D (modified) 200 ¢4, 2012

Total Petroleum
Hydrocarbons in
water (TPH)

US EPA 8015B/MfE Petroleum Industry Guidelines
[KBIs:2803, 10734]

Total Coliforms

APHA 9222 B (modified), 2204 ¢4, 2012. Analysis was
carried out within 24 hours of sample collection

Escherichia coli

APHA 9222 G, 2219 ¢d. 2012. Analysis was carried out
within 24 hours of sample collection

' APHA: American Public Health Association
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Table 2.3 Parameter and method for laboratory analysis (Sediment)

Parameter

Method

Specific Gravity

Solid density measurements in accordance with NZS
4402:1986

Water content

Determination of water content NZS 4402:1986

Particle Particle size analyses in accordance with NZS 4402:1986
distribution

Total Organic Acid pre-treatment to remove carbonates if present,
Carbon neutralization

Heavy metals
(Hg, As, Cd, Cr,
Cu, Ni, Pb, Zn)

Dried sample, <2mm fraction.
Nitric/Hydrochloric acid digestion, ICP-MS, trace level

Dichlorodiphenyltri Sonication extraction, Florisil clean-up, GC-ECD analysis.

chloroethane Tested on dried sample.

(DDT)

Polychlorinated Sonication extraction, SPE clean-up, GPC clean-up (if

Biphenyls (PCB) required), GC-MS analysis. Tested on dried sample.

Tributyl Tin (TBT) Solvent extraction, ethylation, SPE clean-up, GC-MS SIM
analysis. Tested on dried sample.

Total Petroleum Sonication extraction in DCM, Silica clean-up.

Hydrocarbons GC_FID analysis USEPA 8015B/MfE Petroleum Industry

(TPH) Guidelines
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2.2 Results

Since no specific environmental standards have been identified for Samoa, water quality
and sediment quality results have been compared to the appropriate Australian, New
Zealand and European guidelines for marine water quality and sediment quality. The
Australian and New Zealand guidelines have been derived using available scientific,
national and international information and therefore are an appropriate environmental
standard. The average, minimum and maximum values for each tested parameter has
also been calculated’. Results can be summarized as follows:

2.2.1 Water quality

The results of the water quality survey are presented in Table 2.4 and Table 2.5 along with
relevant ANZECC® and European Union Bathing Water Directive® guidelines. Any
exceedances of the guidelines have been highlighted in bold.

Where a result of a tested parameter is below the laboratory detection limit, a value has
been calculated by multiplying the detection limit by 0.5.

Major findings are as follows:

- Water clarity was low near river mouths and near the wharf when fine sediments were
disturbed. Elsewhere, underwater visibility was reasonable, around 10 m.

- No guideline exists for temperature, turbidity, salinity, total suspended solids, oil and
grease or chemical oxygen demand. However, the levels measured were all
relatively low or below laboratory detection limits and give no cause for concern.

- Dissolved oxygen levels at all sites were generally above the ANZECC guideline
value with the exception of the samples 0.5 m below the surface at Sites A and C and
both samples from Site E which were slightly lower than 90 % saturation.

- pH values at all sites were generally within ANZECC guideline range of values with
the exception of the samples 1 m from the seabed at Sites B and E which were
slightly below pH 8.0.

- Total Nitrogen levels were slightly above the ANZECC trigger value at Site E (0.5 m
below the surface) and were below laboratory detection limits at every other sampled
site. The average Total Nitrogen value for all sites exceeded the ANZECC trigger
value.

- Total Phosphorus was slightly above the guideline level at Sites C and D (1.0 m
above seabed) and at Site E.  However, total phosphorus is not a toxicant and is only
measured in terms of eutrophication risk. These results give no particular cause for
concern. Total phosphorus at the other sampled sites were all below ANZECC

> Where a result of a tested parameter is below the laboratory detection limit, a value has been
calculated by multiplying the detection limit by 0.5.

? Australian and New Zealand Environment and Conservation Council (ANZECC), 2000.
Australian and New Zealand Guidelines for Fresh and Marine Water Quality — Chapter 3 — Aquatic
Ecosystems.

* European Union Bathing Water Directive, 2006. 2006/7/EC.
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guidelines. The average Phosphorus value for all sites exceeded the ANZECC
trigger value.

- Water clarity observations were clear at Sites A, B, C and D. The water at Site E
was more turbid, which was caused by suspended sediment flowing from a river near
Site E. Samples from all sites had no detectable odors.

- No ANZECC guideline exists for total coliforms or Escherichia coli. The European
Union Bathing Water Directive outlines a guideline value of 500 cfu/100 ml and an
imperative value of 10000 cfu/100 ml. Samples 1.5 m below the surface from Sites A,
B, D and E were all above the guideline value. Site E also exceeded the imperative
value. The average total coliform value also exceeded the imperative value. The
samples arrived at RJ Hill Laboratories in New Zealand at a temperature > 8 °C, but
the results suggest that the rivers that flow into Apia Bay have bacterial
contamination issues.
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2.2.2 Sediment

The results of the sediment quality survey are presented in Table 2.6 and Table 2.7 along
with relevant ANZECC guideline’. Any exceedances of the guidelines have been
highlighted in bold.

Where a result of a tested parameter is below the laboratory detection limit, a value has

been calculated by multiplying the detection limit by 0.5.

Major findings are as follows:
- The seabed around Apia bay naturally consists of coral reefs and coarse brown sand.

However, the entire bay is heavily impacted by land-based sediments and there is a
layer of fine brown silt in many places, particularly near the Vailima River mouth,
and collected in deep drifts against the main wharf (Site B), where Silt were
dominant (74%) in the grain size composition.

-Heavy metal concentrations were below ANZECC ISQG -Low trigger values at all
sites, except for Chromium and Nickel, which exceeded ANZECC ISQG-Low
trigger values at all sites. The average value for Chromium and Nickel also
exceeded ANZECC ISQG-Low trigger values.

-DDT concentrations were below laboratory detection limits at all sites. Where a
result of a tested parameter is below the laboratory detection limit, a value has been
calculated by multiplying the detection limit by 0.5.

- PCB concentrations for all congeners were below laboratory detection limits at all
site.

*TBT concentrations were below laboratory detection limits at all sites.

-TPH concentrations were below laboratory detection limits at all sites.

5 Australian and New Zealand Environment and Conservation Council (ANZECC), 2000. Australian and
New Zealand Guidelines for Fresh and Marine Water Quality. Sediment Quality Guidelines.

A6-4-11



01

‘(opdwres oy UIYIIM PAUTBIUOD IoJeM 991 JO Junowe YSIy) Jos A1oA Sureq sjdures oy} 0} onp PajeInesioro sem o[dwes SIY} JO JUSIUOD Jojem YT :y

_ _ ) (orduwes jo 9;)
Ly I s¢ ! (STeARID)) 9ZIS UIRID)
) ) (ordues jo 9;)
143 €6 LS 4 88 (Spues) 9zIs urein
) ) (ordues jo 9;)
61 9 81 YL 4! (SYIS) 921 ureln
- - €8s L'S€E 1'ov «0°STI L've (%) Ju2yu00 1978 M
- - . . . . . (cy Arsuap pros)
6C 9T'¢ 66'C 90°¢ 86'C mbgﬁw oy100ds
- - IIN IIN [rows nydyns 1y81ys | [jows mnydyns 1ys1s IIN I0pO
- - ONUM i o[ow Moﬂ M YIm ONUM i ONUM i OHUM i INOJ0J JUSWIP
umoiq ysikeI3 yreq M%%E QQMM 3 MWA.ND umoiq ystAe1s sde( | umoiq ysifeis e | umoliq ysikeid e 1090 JUSUIPOS
CB@KN 204) 9S00 IS 1JOS AI9A ‘SIS QWOS Cmﬁw\sﬁoo@ ) 9S00 IS
) ) 1JOS AI9A [IS SUWIOS Joumu wSen |- 5 : 1JOS AIOA ‘S)9[1001 s SOIIS1I9)OBIBYD
. I pue sjuowSej | ‘syuowiSely [[9YS JIm . IOUTW pue SyusWIery
SuoWBEY [19YS Y1 [[OUS YHIM POXIW PUBS| PaXIW pues [8I10)) 10y “SsjuoiBeY 1Y [[OYS YAIM poXIUW pues JuOIPIS
poxIW [BI09 Apues : : : UM pOXIW J[IS Apuesg : :
R . . . . . . (Do)
0°6C—6'8C L'8C ¢'8¢ G'8¢ 0'6¢ 0'6¢ G'8¢C aInyesodwa) JUSIpas
- - 0y 81 St 0Tl $Sl (w) yrdop 101
- - wrd gzl wrd 00:1 wd gpiTT wrd 07:T1 we ge] awry
- - ¥10T/L0/1¢€ ¥102/L0/1¢€ ¥10T/L0/1¢€ ¥102/L0/1¢€ ¥102/L0/1¢€ e
sonfeA
wnwrxejp o3eroAy q9US a=us D NS g 9NS V NS
- WNWIUIA

159} A10)RI0qQR] PUR SUONBAIISQO P A)ienb juswiIpas Jo s)NsaYyY  9°7 dqelL

EEHEMHEE

F V9t

A6-4-12



11

S10°'0—S10°0 S100 €00 > €00 > €00 > €00 > €00 > 91000 SIQWOST L.Ad [e10L
62000 — $200°0 §200°0 S00°0 > S00°0 > S00°0 > S00°0 > S00°0 > V/N 1aa-v'y
62000 — $200°0 §200°0 S00°0 > S00°0 > §00°0 > S00°0 > S00°0 > V/N 1ada-+c
§200°0 — §200°0 §200°0 S00°0 > S00°0 > S00°0 > §00°0 > §00°0 > V/N 4ad-+vy
§200°0 — §200°0 §200°0 S00°0 > S00°0 > S00°0 > §00°0 > S00°0 > V/N 4ad-+c
§200°0 — §200°0 §200°0 S00°0 > S00°0 > S00°0 > §00°0 > S00°0 > V/N aaa-v'y
§200°0 — §200°0 §200°0 S00°0 > S00°0 > S00°0 > §00°0 > S00°0 > V/N aaa-v'c

(Am Aap 3y/3w) [10S ul SUIURIIS LAA
CLT—LL 91 43! 0cI1 L1 LTl LL 00¢ OUI’Z 9]qeI2A003Y €10 ],
016 — 191 ¢ 191 01s 08¢ 0LT 067 1T [O3OIN 9[qBI9A009Y [BIO],
S0'0—S0°0 S0°0 010> 01°0> 01°0> 01'0> 010> S1o AMOION 2]qe19A00Y [BI0L
€C—9¢ 811 €C (4 L1 I'L 9'¢ 0S | PeaToIqeIoA0d9y [810L
1971 (1374 84 84 19 09 14! SY) IToddop o]qe10A009y [e10L
Y81 — 011 0sT 01t 9S1 5941 1271 €S1 08 | wniwoIy) 9[qeIdA0Y [BIOL
I1°0—50°0 o o Iro 010> Iro 01°0> Sl wniwpe)) 9[qeIoA009Yy [BI0],
91-¢ 01 91 C 01 14 91 0¢ OIUISIY S[qRIIA00Y [EIOL
(m Lap 3y/3w) s[elow AABIH
00C—1¥°0 0T'1 00°C 8¥°0 71 691 0 V/N uoque)) AMWMMWOwomew
89 — ¢ 149 S¢ 99 S¢S St 89 V/N | se 3001/3) IoneN A1
E:E_xﬂ\/w a8eroAay q M a amns D Ag q s V 1S xn[eA JuoUIpas
Wy : : : : : 1033y, | :edAg, ordwreg
$1$9) Aa0jeaoqe] A)ijenb JudwiIpas Jo s)MsAY L 7 dIqeL
STHEHEEE CrIsE

A6-4-13



4!

€000°0 — S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 8¢1-d0d
$000°0 —S000°0 €000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 8¢1-90d
$000°0 —S000°0 €000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 9C1-90d
§000°0 — 0000 §000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N eC1-d0d
§000°0 — 0000 §000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 121-90d
§000°0 —S000°0 §000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 811-d0d
€000°0 —S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N v11-9D0d
§000°0 — 50000 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 011-940d
$000°0 —S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N S01-dD0d
§000°0 —S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 101-90d
§000°0 — S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 98-d0d
§000°0 — S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 18-dD0d
§000°0 — S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N LL-9Dd
§000°0 — 50000 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 09-9D0d
§000°0 —S000°0 §000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N ¢s-d0d
§000°0 —S000°0 §000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 6v-d0d
§000°0 —S000°0 §000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N vy-d0d
§000°0 —S000°0 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 1€-40d
§000°0 — 50000 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 8¢-d0d
§000°0 — 50000 $000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 81-d0d
(m Aap 3y/Sur)[rog ur dded], sjAudaydig pajeurio[ydLjoq

E:E_xﬂ\/w oSe1oAy q s s D g g ang Vv AN +ON[EA JUSUIPOS
Wy : : : : : 1033y, | :edAg, ordwreg

BEEHEMHEE CVrINE

A6-4-14



¢l

S100°0— S100°0 S100°0 €00°0 > €000 > €000 > €000 > €000 > V/N (ug se) unjAuaydiry,
200°0—200°0 20070 ¥00°0 > ¥00°0 > ¥00°0 > ¥00°0 > ¥00°0 > S00°0 (ug se) unjlinquy,
S€00°0 — S€00°0 S€00°0 L00°0 > L00°0 > L00°0 > L00°0 > L000 > V/N (ug se) unjAnqouoy
§200°0 — S200°0 §200°0 S00°0 > S00°0 > S00°0 > S00°0 > §00°0 > V/N (us se) unjfinqrq
(m Aap 3y/Sw) sapdures [10§ Ul ddea I, UL], [ANqLLL

20'0—20°0 200 ¥0°0 > ¥0°0 > ¥0°0 > 00 > ¥0°0 > €200 (s1au3Bu0s

§¢ Jo wng) g0d [eoL

§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 0100°0 > V/N 60C-90d
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 01000 > V/N 90¢-9D0d
S000°0 — S000°0 S000°0 01000 > 0100°0> 01000 > 01000 > 01000 > V/N y61-90d
S000°0 —S000°0 S000°0 01000 > 0100°0> 01000 > 01000 > 01000 > V/N 681-d0d
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 0100°0 > V/N 081-dDd
§000°0 — S000°0 S000°0 01000 > 01000 > 01000 > 01000 > 010070 > V/N 0L1-dDd
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 01000 > V/N 691-dD0d
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 01000 > V/N L91-dDd
S000°0 — S000°0 S000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N 6S1-d0d
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 0100°0 > V/N LST-9Dd
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 0100°0 > V/N 96 1-dDd
§000°0 — S000°0 S000°0 01000 > 01000 > 01000 > 01000 > 010070 > V/N £S1-90d
§000°0 — S000°0 S000°0 0100°0 > 01000 > 01000 > 01000 > 01000 > V/N 1S1-dD0d
S000°0 — S000°0 S000°0 01000 > 0100°0> 01000 > 01000 > 01000 > V/N 6¥1-d0d
S000°0 —S000°0 S000°0 01000 > 01000 > 01000 > 01000 > 01000 > V/N Iv1-90d
E:E_xﬂ\/w o8eroAy q NS qans D AN q ong V 9IS xn[eA JuoUIpas
Wy : : : : : 1033y, | :edAg, ordwreg

EEHEHEE v IskE

A6-4-15



14!

‘P1oq ut payySIySIy o1e sanjea 10331 Jo o3uel 9y} JO SpISINO Sulf[e] IO SUIPIIIXd SAN[BA

‘sour[epmy) Ajend) JuawuIpas ‘Afend) I9)eA\ SULIBJA PUE [SAI,] J0J SAUI[OPIND PUR[EdZ MAN PUE UBI[ENSNY ¢ 0007 DDHIZNYV :onjeA 108317 ,

051 - ¢ 16 00¢ > oL > 0Ll > 00¢ > oL > VN wcoesomwmw a%%m
08 02 L 091 > 0% > 001 > 0€1 > 0% > VIN 96D - 10
0% — 01 bz 08> 07> 05 > 0L > 0z> VIN P10 - 010

0z-¢ €l oF > 01 > 0 > 0% > 01> VIN 60 - LD

(Am Aap 3Y/3w) [10S UI SUOQIBIOIPAH WNI[0I)9 [I0L

wnwirxej
- | oSeway qans aans Dans gans v s
WNWIUIA

£ON[BA JUSWIPOS
1033y, | :edAg, ordwreg

EEHEHEE v IskE

A6-4-16



Thte-4 . RERAEREE

2.3 Discussion

2.3.1 Water quality

Figure 2.2 shows horizontal distribution of major water quality parameters at 0.5m below
sea surface.

There are two (2) rivers flow into Apia Bay, Vailima River near to the Site E and Vaicigano
River near to the Site D.

As shown in Figure 2.1, a plume from the Vailima River is recognized and it reaches to Site
E. As Salinity is low at Site E, it is considered that the influence of fresh water from
Vailima River is considerably high. And thus, the concentration of Suspended Solid is
high bringing the substance from upper stream, leading high concentration of Total
Phosphorus. At time of the survey, a construction for river bed improvement has been
implemented. According to the interview with local resident, this construction has been
continued for about one year.

The concentration of Total Coliforms in this area is high (130,000 cfu/100mL at Site E
exceeding EU imperative value and three other site (Site A, B and D) exceed the EU trigger
value). As the origin of Total Coliforms is usually sewage, untreated or overloaded
sewage water might be discharged in the upstream of the rivers. This suggests that
influence of river water in this area, especially from Vailima River, is quite high and
contaminated by land-based water.

Other parameters do not show any particular values. Therefore it is considered that the
condition of water quality is influenced by river water flow and negative impact by the port

operation is not seen at moment.
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Map source: Google Earth Image
Major parameters at 0.5m below sea surface are plotted.

Figure 2.2 Horizontal distribution of water quality parameters

2.3.2 Sediment quality

Figure 2.3 shows horizontal distribution of major sediment quality parameters. The
distribution pattern of heavy metals is different between each parameter. That is; high
concentration area is widely spread like Chromium suggesting natural cause of the
substance, high concentration point is near the Apia Port like Cupper suggesting the origin

of the high concentration is port activities and land-based source can be considered like
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Nickel and Lead of which high concentration point is located at river mouth.
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Survey point

Map source: Google Earth Image
Major parameters are plotted.

Figure 2.3 Horizontal distribution of sediment quality parameters

The concentrations of Chromium and Nickel in sediment exceeded the ANZECC 2000

trigger values at all sites.
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Previous work undertaken by MWH New Zealand Ltd® found Chromium and Nickel levels
were above ANZECC guidelines in Apia Bay. The MWH report does not comment on the
possible industrial source of the high levels of Nickel and Chromium. It is possible that
these high levels may be naturally occurring due to the volcanic soils that would have
washed into the bay. The specific gravity results obtained in the sediment survey are very
high, indicating metalliferous elements within the sediments. This was proved in the

laboratory by using a magnet which attracted the sediment particles.

According to WHO Drinking Water Guideline’, Chromium is widely distributed in the
Earth's crust and Chromium (V1) is classified as 'carcinogenic to humans', while Chromium
(I1I) is classified as 'not classifiable as to its carcinogenicity to humans'. The composition
ratio between Chromium (IIT) and Chromium (IV) was not studied this time.

Other than the Trigger value (ISQG-Low) in sediment that is used for the evaluation of the
concentration level, ANZECC 2000 lists other guideline value, ISQG-High value. The
difference between the two values is that ISQG-Low value is biological effect level at lower
10 percentile, while ISQG-High value is median concentrations. Usually, it is considered
that the concentration less than ISQG-Low is minimal-effects range, the concentration
between ISQG-Low and High is possible-effects range and the concentration greater than
ISOG-High is probable-effects range®. The ISQG-High value for Chromium is 370mg/kg
dry-wt and all obtained data are within the value.

Although Chromium in sediment distributes widely around the Apia Bay as shown in
Figure 2.3, the concentration level is possible-effects level and, therefore, the impact by the
Chromium is not significant at moment unless this substance elutes to the water by

significant disturbance of bottom sediment such as dredging.

Nickel is used mainly in the production of stainless steel and nickel alloys, and it is
categorized as 'carcinogenic' or 'possible carcinogenic', according to WHO Drinking Water
Guideline. The ISQG-High value for Nickel is 52 mg/kg dry-wt and all obtained data
exceeded the value. Although Nickel in sediment also distributes widely around the Apia
Bay as shown in Figure 2.3, it is considered that there would be no negative impact at
moment unless the bottom sediment is disturbed, by which Nickel elutes into the water as

water solubility acid.

® MHW New Zealand Ltd, 2003. Preparation of an initial inventory of persistent organic pollutants
(POPs) and persistent toxic substances (PTS) presence, levels and trends in humans and the
environment in Samoa. Prepared for the Ministry of Natural Resources and Environment,
Government of Samoa.

" Guidelines for Drinking-water Quality -Fourth Edition-, WHO, 2011

¥ Relationship between sediment quality and benthic macrofauna in Japanese ports and harbors,

18
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Based on the above mentioned, although the origin of guideline exceeded heavy metals
might be natural cause and stable at moment, a possibility that the substances might elute
into water with disturbance of bottom sediment, such as dredging, can be considered. This
may lead to biological accumulation and reaches to human beings through food-chain.
Therefore detailed study for the distribution of those substances and countermeasures to
avoid elusion of the substances will be necessary if maintenance dredging would be planned

in the future.
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3 Ecosystem Survey
3.1 Methodology

Ecosystem survey was carried out to know the situation and distribution of natural habitat
around the Apia port at three transect line as shown in Figure 3.1.

At each transect line, species composition of marine and terrestrial flora and fauna were
observed by scuba diving in underwater and observed at land area. Presence of endangered
species and important habitats were checked base on the list by national and international
authority. Observed terrestrial and marine flora and fauna were also photographed.

In addition, rapid habitat assessments were made in two areas: tidal mangrove pool near
to the Government Building and the marine reserve, Palolo Deep (see Figure 3.1).
Literature survey and interviews with local experts and residents to supplement the field
survey and to know the past distribution of ecosystem, such as coral, mangrove, fauna and
flora (especially endangered species), status of any environmentally protected or culturally
significant areas, use of resource by ethnic minorities and indigenous people, including

fishing practices in the area, were also conducted.

Mangrove

Latitude Longitude Survey line

13° 49.767° S 171° 45918 W West: near Government Buildings
13° 49.926° S 171° 45.670° W East: near Aggie Grey's Hotel
13° 49.450° S 171° 45.694° W North: outside Port Breakwater

Source: Google Earth Image

Figure 3.1 Ecosystem Survey Point
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2.3.3 General parameters
Depth and water temperature measurements were measured at the start of each survey line.

In addition, survey dates, times and weather were recorded.

2.3.4 Habitat Type

Habitat type were checked as an initial survey, using low tide walks and snorkel equipment

in five areas and marked with GPS.

2.3.5 Benthic Cover

Detailed 100m x 5m belt transects for marine life were carried out on SCUBA at three lines.
The start point of the transect line were marked by a Garmin hand held GPS 76 and sea bed
distances were measured along a 100m tape, and depths were recorded using a HawkEye
H22PX hand-held digital sonar depth finder and UWATEC dive computer.

Photographs were taken of each habitat using a Canon Powershot SD1100 IS camera in a
dive housing.

Along each 100m Linear Transect, benthic cover was recorded under 200 points at 50cm
intervals, to coral and algal life form category and/or family using the categories listed in
Table 3.1, as defined by the Australian Institute of Marine Science (AIMS), with notes as to
genus and species where possible.

Table 3.1 AIMS Life form Categories

Substrate cover (Life form categories) Code
Acropora branching coral ACB
Acropora digitate coral ACD
Acropora tabular coral ACT
Acropora encrusting coral ACE
Acropora submassive coral ACS
Non-Acropora coral branching CB
Non-Acropora coral massive CM
Non-Acropora coral encrusting CE
Non-Acropora coral foliose CF
Non-Acropora coral submassive CS
Non-Acropora coral fungoid (mushroom) CMR
Non-Acropora coral Millipora (fire) CME
Non-Acropora coral Heliopora (blue) CHE
Soft coral SC
Sponge SP
Zoanthid Z0
Other biota OoT
Coralline algae CA
Halimeda algae HA
Turf algae TA
Macro algae MA
Algal assemblage AA
Dead coral DC
21
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Substrate cover (Life form categories) Code
Dead coral + algae DCA
Rock (> 15cm in length) RC
Rubble (> 0.5¢cm but < 15¢m in length) RB
Sand (< 0.5cm and falls quickly to the bottom if dropped SD
Silt (0.002 — 0.05mm sediments that remain in suspension if disturbed) SI

Additional information such as coral bleaching, disease and predation was also recorded.

2.3.6 Macro-Invertebrates

Key macro-invertebrates seen in a Sm belt along each 100m transect were recorded to

species level and size.

2.3.7 Fish

All fish seen in a Sm belt along each 100m transect were recorded to species level and size

category.

2.3.8 Interviews and Observations of Fishing in and around Apia Bay

Interviews were conducted with local experts and those found fishing or selling fish during

the survey period, including:

Table 3.2 Names and contacts of interviewees

Name Position Agency Phone Email
Joyce Assistant Chief Ministry of (685) joyce.ahleong@maf.go
Samuelu-A Executive Officer, Agriculture 23863 V.WS
h Leong Fisheries Division and Fisheries
Paul Environmental Secretariat of (685) paula@sprep.org
Anderson Monitoring the Pacific 21929

Analyst Regional
Mark Environmental Environment markg@sprep.org
Graham Monitoring Program

& Reporting (SPREP)

Adviser
Warren Lee Coastal and warrenl@sprep.org
Leong Marine Adviser
Kat and Ted | Dive Operators Aqua Samoa (685) dive@aquasamoa.com
Thompson 77 74744
- Skiff crew Samoa Ports

Authority

- Fishermen and Apia

vendors Fishermen’s

Wharf Market
- Fishers Apia Bay
22
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3.2 Results

3.2.1 Habitat type

Figure 3.2 explains brief habitat map based on the results from the field survey. Sand and
silt dominates around the APIA Port and coral reef flat exists at the other side of the port
(west side of the Apia bay). And rock-and-sargassum reef flat spread at outside of

breakwater of the Apia Port.

. Rock and
N Sargassum

'+ Reef Flat
Brown r‘ ceis Marine

Sand

Yy Silted Sea
| Bed

=W Badly -""U“\-L_ Brown
§A Silted Coral \_  Sand 43

o .,?Eeef Flats

Source: Google Earth Image
Figure 3.2 Habitat map around the Apia Port

(1) Mangrove pond
On the western side of Apia Bay, on what appears to be reclaimed land where the
Government Buildings are situated, there is a tidal pool approximately 120 m long by
45 m wide, enclosed by sea walls, but connected to the sea by culverts. A rapid

assessment of habitat at the pond was carried out (see Figure 3.3).
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Source: Google Earth Image
Figure 3.3 Main features of the mangrove pond

The pond is shallow and tidal, with sea water flowing in and out through several small,
and one main, culverts through the sea wall. There is an arch in the centre of the pool,
a remnant of what was once a performance platform built as part of the Cultural
Village tourist centre.
The muddy sea water pool has a small amount (5 trees) of young Rhizophora
samoensis mangrove at the southern end. These trees are about 2 m high with stems
of 20 — 25cm Girth at Breast height (GBH). The remainder of the pond has no
mangrove growth, except for a few saplings rooting along the western shore. The
other vegetation is a mixture of grasses and Morning Glory beach vine Ipomoea
pes-caprae.
There are fish in the pond, but these could not be seen due to the high turbidity of the
water. It is likely that they are estuarine species such as the Crescent Grunter (Avaava)
Therapon jarbua or Mullet.
There were many small Orange-clawed Fiddler Crabs Uca lactea feeding on algae on
the low-tide mud flats near the mangroves at the south end.
This pond is not a significant part of the marine environment, but would make an
excellent mangrove planting demonstration site, and if planted and allowed to mature
could, in time, contribute some of the nursery and feeding ground functions that would
probably have been supplied by mangroves in the area before reclamation and sea wall

construction took place.
24
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Grass and Ipomoea vines along poolsides

F

Low tide mud flats, mangrove seedlings and arch

Fiddler Crabs, Uca lactea

Figure 3.4 Photographs of the mangrove pool
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(2) Palolo Deep
Palolo Deep was one of the first marine reserves formed in Samoa, formalized in 1974.
The first scientific surveys of the area were carried out in 1994 (Lovell, E, 1994). It
functions as a tourism reserve where visitors to Apia can snorkel for a fee of SAT
$3.00, and as a nursery site for Giant Clam, Trochus Shell and Sea Cucumber projects
for the Department of Fisheries.
The reserve is situated just outside the breakwater north of Apia Port, with the reserve
boundaries starting about 250m east of the reef edge where transect North was carried
out.
The reserve is 250m wide at its narrowest point along the shore, tapering out towards
the reef edge and slope. The western boundary is approximately 110m from the slope
into the deep itself.
The “deep” is a lagoon within the fringing reef, 25m deep at the deepest point, but
mostly ranging from 12 to 20m deep.
Since Palolo Deep is located outside the bay, north of the breakwater is close enough,
it might potentially be affected by any future construction activities at the port (in
particular any extension of the breakwater), and also by sedimentation from river run

off, and should be taken into consideration.
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% Main Palelo Deep

Western
Reef Flat
.

& ) Fastern
‘ L S [ Reef Flat #2

| High Diversiny
Rt Flat

Platfossi

;_;-._"‘ Inshore Reef Flat |

Latitude Longitude Survey point in 2014 Survey point in1994
13° 49277 S 171° 45.566° W 192: Fallen reef marker

13° 49.256° S 171° 45.486° W 193: Marker western edge West 3

13° 49.420° S 171° 45.475° W 194: Marker southern edge

13° 49.459° S 171° 45.384> W 195: Marker eastern edge East |

Source: Google Earth Image

Figure 3.5 Survey point at Palolo Deep

In 1994, baseline surveys described the reserve as “a thriving and diverse coral reef”.
Main threats were identified as Cyclones (to the flats, not the deep), sedimentation
especially from the Vaisigano River (by Aggie Grey’s hotel), sewage from Apia in
general, and occasional outbreaks of the coral-eating starfish Crown of Thorns

(Acanthaster planci) (Lovell, E).

This time, a rapid assessment of habitat in the reserve was carried out.

Figure 3.6 shows the photographs of the Palolo Deep at reef flat and edge of deep
slope.

Although a few living coral boulders remain, reef flats were largely overgrown with
Sargassum algae, indicative of nutrient enrichment and/or overfishing of herbivores.
One Greenfish Stichopus chloronotus Sea Cucumber was found, and no other macro
invertebrates.

About 5m from the edge of the deep slope, Sargassum algae disappeared and coral
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cover was high and varied, possibly indicating the presence of large numbers of

herbivorous fish in the deep. Schools of surgeonfish and parrotfish were seen.

Reef flat by marker (2014)

-

Edge of deep slope (2014)

Method: 1m* quadrat
Location: Western edge (No. 193)

Figure 3.6 Photographs of Palolo Deep
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Figure 3.7 shows the comparison of coral status between two surveys conducted in
1994 (Lovell E ) and 2014 at eastern edge.

These quadrates were not set in the exact location of the 1994 surveys. Site 1 in 1994
is approximately 200m north of the eastern marker where the 2014 photographs were
taken. However, the area is very homogenous and the photos are thought to be
representative.

Coral type and cover appeared similar in both survey periods, although colonies
seemed larger and more mature in 2014.

There was a marked increased in algal cover by 2014, with a large influx of Padina and
Sargassum algae which may reflect either increased eutrophication, or a decrease in

herbivorous animals, or both.
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1994 2014

Method: 1m” quadrat
Location: Eastern edge (No. 195) in 2014
Sate 1 in 1994 (Lovell, E, 1994)

Figure 3.7 Comparison of the coral status between 1994 and 2014

Figure 3.8 shows the comparison of coral status between two surveys conducted in
1994 (Lovell E ) and 2014 at southern edge.

These quadrates were not set in the exact location of the 1994 surveys. Site 2 in 1994 is
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approximately 200m north of the marker where the 2014 photographs were taken.
However, the area is very homogenous and the photos are thought to be representative.
Coral type and cover appeared similar in both survey periods, although colonies
seemed larger and more mature in 2014. In 2014 there was a heavier percentage of
algae, but this was that created by damsel fish farms rather than the large areas of

Padina and Sargassum algae seen on the flats.
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1994 2014

Method: 1m” quadrate
Location: Southern edge (No. 195) in 2014
Sate 2 in 1994 (Lovell, E, 1994)

Figure 3.8 Comparison of the coral status between 1994 and 2014
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(3) Transect survey site (West)
Figure 3.9 show the survey line of transect survey and reef profile.
The reef top drops off into deeper water at about 80m from shore. The 100m West
transect runs from shore to reef edge and back towards shore, staying within the reef
flat habitat, at an average depth of 1.2 m (on a falling tide).
The profile starts with shallow reef flat extending about 80m from shore, with many
small hard coral colonies, dropping to a heavily sedimentation slope and floor at 10m
depth. This sedimentation seems to be caused by the Vailima River which enters the
sea near the Cathedral. The Google image (see Figure 3.10) shows a large plume of
dark area from the river mouth in May 2014, while the area cannot be seen in
November 2013. This suggests turbid water flow into the area. At the time of the
survey in 2014, construction work of river bed improvement was being carried out at

the upstream of the Vailima River.

Figure 3.9 show the survey line of transect survey and reef profile.

A

: oulders West Transect

Hard coral flats [1m

Silted dead
coral slope

Heavily silted floor

Source: Google Earth Image

Figure 3.9 Transect survey line and reef profile (West)

Image date 7 . Image Date
5 May 2014 3 s 4 Nov 2013

Source: Google Earth Image

Figure 3.10 Sediment plumes from river
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(4) Transect survey site (East)
Source: Google Earth Image
Figure 3.11 show the survey line of transect survey and reef profile.
Brown sand beach extends out to sea, sloping gradually. According to the interview
with SPREP, the beach has recently been artificially created, using sand dredged from
other sections of the bay, and is currently a featureless brown sand slope. The 100m
East transect starts at the high tide mark and extends straight out from shore, reaching a
depth of 4m.
The site is highly influenced by sedimentation from the Vaisicano River which enters

the sea near Aggie Grey’s hotel.

East Transect

Artificial brown
nd beach

Gradual brown sand slope

Source: Google Earth Image

Figure 3.11 Transect survey line and reef profile (East)

(5) Transect survey site (North)
Source: Google Earth Image
Figure 3.12 show the survey line of transect survey and reef profile.
The reef flats extend out northwards from the armored Port breakwater, dropping off to
the side. The 100m North Transects was run out along the reef flat with dead coral at
an average depth of 1.5m on a falling tide with a very heavy overgrowth of Sargassum
algae. At the side of the reef it drops to a Sm sand and rubble floor with largely dead
coral boulders and outcrops..

The site is 250m from the western boundary of the Palolo Deep Marine Reserve.
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Armouring North Transect

Rock flats with heavy
Sargassum algae overgrowth

—— R . r

Source: Google Earth Image

Figure 3.12 Transect survey line and reef profile (North)

3.2.2 Benthic cover
(1) Composition of benthic cover
Using the Australian Institute of Marine Science (AIMS) life form categories, benthic
type was recorded every 50 centimeters along a 100 meter long line transect at three

sites.

Percent cover of basic substrate categories at three transect sites

100% . . @ Other
0% - | Silt
80% O Sand
70% - 0 Rubble
60% - m Rock
*s‘ 50% - W Sponge
O 40% W Algae
g 0% 1 1 Dead Coral
0% 1 Soft Coral
7% 1 @ Hard Coral
0%
West East North
Site

Figure 3.13 Benthic cover at three transect sites
The West transect had 40% hard coral cover 5% macro-algae & 45% dead coral rock
and sand. There was 10% cover of an encrusting sponge, probably a Dysidea species.
Figure 3.14 shows the condition of the West transect survey line.
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Figure 3.14 Condition of transect survey line (West)
The East transect was, as has already been observed, 100% brown sand.

Figure 3.15 shows the condition of the transect East survey line.

Figure 3.15 Condition of transect survey line (East)
Figure 3.16 shows the condition of the North transect survey line.

The North transect was 51% bare reef substrate (rock) with 44% algal cover.

There were a few small hard coral colonies (4% cover) in gaps in the algae.
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(2) Coral

Fagy gy ety

Figure 3.16 Condition of transect survey line (North)

Figure 3.17 shows coral coverage and its composition at each transect survey line.

The only area with significant coral cover was the West transect, near Government

Buildings, which had many small coral colonies on the shallow reef top. The

predominant corals were Digitate Acropora and Submassive Pocillopora species. A

grey encrusting sponge, and a few patches of encrusting green tunicates were found

overgrowing corals closer to shore.

Percent cover of coral and other lifeforms

60%

50%

20% -+

10% -

Percent Cover

0% -+

West East North
Site

Figure 3.17 Coral coverage and its composition
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Table 3.3 Sessile Invertebrates identified during surveys
Phylla Group Species
Common name Scientific name
Millipora Encrusting Fire coral Millipora spp
Scleractinia Massive (boulder) coral | Porites spp, poss P. solida or lobata
Star boulder coral Diploastrea heliopora
Paocillopora damicornis
. Pocillopora verrucosa
Submassive coral - -
Pocillopora meandris
Pocillopora eyedouxi
Coelenterata ' Moqtipora spumosa
Hard corals Encrusting coral Favites spp .
Galaxea fascularis
Acropora hyacinthus
Table coral Acropora poss A. gemmifera
or A. retusa (uncommon)
Branching staghorn Acropora for.mosa
Acropora loripes
Digitate coral Acropora humilis
Urochordata | Ascidiacea Colonial tunicate Possibly Tridemnum spp
Porifera Sponges Encrusting sponge Possibly Dysidea herbacea
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Tabulate Acropora

poss A. gemmifera (common)

or A. retusa (uncommon)

Tabulate Acropora Acropora hyacinthus

Digitate Acropora

Encrusting coral Galaxea fascularis

Figure 3.18 Photographs of hard corals
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Massive coral Encrusting Fire coral

Porites spp, poss P. solida or lobata Millipora
i - ] A
2 ' 45

Submassive coral Submassive coral

Monitpora spumosa Pocillopora damicornis

Submassive coral Submassive coral
Pocillopora verrucosa Poss Pocillopora meandrina or P eyedouxi

Figure 3.19 Photographs of hard corals
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No temperature-related coral bleaching was seen. One Crown of Thorns coral-eating
starfish was seen and on a few Acropora and Pocillopora species of hard coral. There
were aggregations of coral predacious “Drupe” snails. Patches of invasive sponges and
tunicates were seen on the western transect, possibly indicative of increasing nutrient levels.
The largest adverse impact on coral health in the area appears to be heavy sedimentation
and poor water quality as described in Section 3.2.1 (3) at Page 33.

Figure 3.20 shows coral damages by biological causes and Figure 3.21 shows coral

damages by sedimentation at West transect site.
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Dead patch on Pocillopora coral colony Dead Acropora coral (left), living coral (right),
caused by Drupella predation probably due to Drupella predation

Encrusting Sponge, probably Dysidea spp Encrusting Tunicate, possibly Tridemnum spp

Figure 3.20 Photographs of coral damage
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Deep, soft sediment 10m deep on the sea bed off]
the West transect, near the Government
Buildings

Dead corals covered in silt at 6m deep on the
reef slope off the West transect, near the
Government Buildings

Halimedes algae covered in silt at 8m deep on
the reef slope off the West transect, near the
Government Buildings

Sponge covered in silt at 6m deep on the reef
slope off the West transect, near the Government
Buildings

Sedimented reef at 4m deep at water sample site
E, within the sediment plume*

Sedimented sea floor at 5m deep at water sample
site E, within the sediment plume*

*: Refer to Figure 3.10 for the sediment plume.

Figure 3.21 Photographs of coral damage
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(3) Macro-alga
Macro-Algae are a normal component of reefs, particularly of fringing reef flats, but
large or unusual overgrowths can be an indication of overfishing of grazing fish and
other animals, and/or of nutrient enrichment such as farm or urban sewerage run off.
The large cover of Sargassum on the North Transect is strongly suggestive of both
these factors, and overfishing in particular, as far less Algae is found closer to Palolo
Deep Marine Reserve where there is a large population of grazing Parrot and
Surgeonfish.
Blue-Green Algae (Cyanobacter) can be an indication of land-based eutrophication.
It was not found on the shallow reef transects, but clumps occurred on the reef floor of
the North Transect, possibly indicating nutrients in settling sediments coming from the
port.
Figure 3.22 shows coverage of macro-alga, Table 3.4 lists macro-alga identified during

the survey and Figure 3.23 shows photographs of macro algae, respectively.

Percent cover of algaltypes

so% O Coralline Algae

com O Dictyosphaeria

O Padina

40% E Sargassum
o W Ceramium
>
8 0% O Algal Assemblage
=
O 20%
(]
-
(7]
o 10%

0% . , ,
1 2 3

Site

Figure 3.22 Coverage of macro-alga at three transect survey line
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Table 3.4 List of macro-alga identified during the survey

Group Species Where seen
Halimedes spp North transect
Dictyosphaeria versluysii North t t

Chlorophyta Green Algae IC’yosp 1a versysi Ot Tansee
Caurlerpa North transect
serrulats f. spiralis

Rhodophyta Red Algae Ceramium spp West transect
Sargassum spp
poss S. cristaefolium North transect

Phaeophyta Brown Algae Padina spp.
poss P Sanctae.crucis North transect
and P. melemele

Blue-green Red filamentous,
Cyanobacter Algac poss Phormium spp North transect
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Padina spp. poss P Sanctae.crucis and P. melemele

Dictyosphaeria versluysii Ceramium spp
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Caurlerpa serrulats f. spiralis Cyanobacter, poss Phormium spp

Figure 3.23 Photographs of Macro Algae

(4) Macro invertebrates
Very few invertebrates of any fisheries importance were seen, indicating regular
subsistence level collection, particularly on the Northern reef. The two Sea
Cucumber species found were of low commercial value, and the only Giant Clam was
a juvenile about 5¢cm long. Linckia Starfish are not collected for food and were more
common.
Two coral damaging species were found on the West Transect, Drupe snails and
Crown of Thorns Starfish (see Figure 3.24).

Crown of Thorns Star Blue Sea Star Juvenile Giant Clam

Acanthaster planci Linckia laevigata Tridacna maxima

Figure 3.24 Photographs of invertebrates
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(5) Fish
Figure 3.25 shows key fish density.
Over 70% more key fish of local fisheries importance were seen on the North transect
than on the West. No fish at all were seen on the East transect. No groupers were

seen anywhere and only a single sweetlips, species that are targeted by spear-fishers.

Density of Key Fish per 500m?
60

O Jacks and Trevallies

O Goatfish
50

B Surgeon and Unicornfish

O Grouper
40

W Moray eel

O Parrotfish
30

B Snapper

H Sweetlips
20

O Butterflyfish

Count in 500m? of reef

10

West East North
Site

Figure 3.25 Bar chart of Key Fish Density at the three transect sites

Surveys of all fish species, not just targeted species, showed 43% more fish and 63%
more species of fish on the North site than the West (no fish on the East Transect).
The North transect had both higher species diversity and fish numbers, particularly of
those fish targeted by local fishing practices, than the West reef transect (see Figure
3.26).
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Density of Fish per 500m? at three sites l?rurtnllair of Fls"h”s‘peae.i atft:ll'see sutt.as
(Total from all three sites = 509 fish) {Tetal fromvallthree:sites:=45:species)

350 45
324 41

40
300
35
250
30
186
200 25
20
15

15
100
10
50
5
0 0
a 0

West East North West East North

Count per 500m?
Number of species

Site Site

Figure 3.26 Bar Charts of number of all fish & number of all fish species seen during

surveys

Figure 3.27 shows the size of fish at each transect site.

The fish seen on the West transect were very small, all 10cm long or below, and most below
5 cm long. Most of the fish seen on the North transect were between 6 and 10 cm long,
with a few between 11 and 20cm. The only fish over 20cm long was a single Small-tooth
Jobfish (Snapper family) seen on the reef edge on the North transect.

As shown in Figure 3.28, most of the species seen were Pomacentridae (Damselfish),
Labridae (Wrasse), Chaetodontidae (Butterflyfish) and Acanthuridae (Surgeonfish). Of
these, only the Surgeonfish are of local fisheries importance, the other three groups being
made up of small fish not targeted by fishers and not taken by spear-fishing. The pattern
of species richness is typical of over fished reefs.

No species of national or international conservation significance were found, and no species
from the IUCN Red List were seen.

One species of local interest was found, but the sighting is unconfirmed: The small damsel
fish known as the Blueline Demoiselle Chrysiptera caeruloelineata may have been found in
a dark color phase previously only reported from Rowley Shoals in Australia. A better

photograph is needed for confirmation.
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Size of fish at each site m21-25cm

50 - [ 16-20cm
E11-15cm
E6-10cm
02-5cm

300 -

250 +

200

150 +

100

Number of fish in size categories

West East North
Site

Figure 3.27 Bar chart of sizes of fish at the three transect sites (in size categories)

Number of Fish species in family groups at

Elasmi
' asmidae O North
Miscellaneous

Tetradonitidae B East
Syngnathidae
Sphyraenidae
Sigonidae
Serranideae
Scorpaenidae
Scombridae
Scaridae
Priacanthidae

B West

Pomacanthidsae
Pomacentridae
Pinguipedidae
Ostraciidae
Mullidae
Lutjanidae
Lethrinidae
Labridae
Holocentridae
Haemullidae
Gobiidae
Cirrhitidae
Chaetodontidae
Carangidae

Number of Fish

species

Caesionidae
Blenniidae
Balistidae
Apogonidae
Acanthuridae
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a 10
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r
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Figure 3.28 Bar chart of fish families seen at the three transect sites
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Table 3.5 Fish species seen during surveys

English Name Samoan name Scientific name Notes
Twospot bristletooth Ponepone Ctenochaetus binotatus
Convict surgeon Manini Acanthurus triostegus
Striped surgeon Alogo Acanthurus lineatus
Whitespotted surgeon Maogo Acanthurus guttatus
Orangespine unicorn Umelei Naso lituratus
Fivelined cardinal Fu tusiloloa g:i?:cl]zill?rtli::zs
Orangestriped trigger Sumu aimaunu Balistapus undulatus
Scaleeating fangblenny Mano’o Plagiotremus tapienosoma
Bluefin trevally Malauli Caranx melampygus
apamoana
Redfin butterfly Tifitifi manifi Chaetodon lunulatus
Reticulated butterfly Tifitifi maono Chaetodon reticulatus
Saddled butterfly Tifitifi tuauli Chaetodon ephippium
Speckled butterfly Tifitifi muamai Chaetodon citrinellus
Vagabond butterfly Tifitifi matapua’a Chaetodon vagabundus
Arceye hawk Lausiva Paracirrhites arcatus
Oriental sweetlips Mutumutu Plectrorhinchus orientalis
Bluestreak cleaner wrasse Sagale mo’otai Labroides dimidiatus
Bird wrasse Gutusi’u Gomphosus varius
Blackedge thicklip wrasse Sugale laugutu Hemigymnus melapterus
Checkerboard wrasse Sugale a’au Halichoeres hortulanus
Dusky wrasse Sugale lalafi Halichoeres marginata
Floral wrasse Lalafi matapua’a Cheilinus chlorourus
Redshoulder wrasse Lape a’au Stethojulis bandanensis
Sixbar wrasse Sugale a’au Thalassoma hardwicke
Slingjaw wrasse Si’umutu Epibulus insidiator
Surge wrasse Patagaloa Thalassoma purpureum
Thumbprint emperor Filoa vai Lethrinus harak
Smalltooth jobfish Palu aloalo Aphareus furca
Multibarred goat Matulau Parupeneus multifasciatus
Speckled sandperch Ta’uto Parapercis hexophtalma
Ambon chromis Tu’u’u palevai Chromis amboinensis
Blueline demoiselle
Blueline demoiselle - dark Tu'u’u Chrysiptera caeruloelineata *To be
"Rowley shoals" variation* confirmed
Dusky gregory Tu’u’moi Stegastes nigricans
South seas devil Chrysiptera taupou
Surge demoiselle - Tu.’ wu Chrysiptera leucopoma
blue phase tulisegasega
Surge demoiselle - Tu’v’u alamu Chrysiptera leucopoma
brown phase
Banded sergeant Mutu Abudefduf septemfasciatus
Lemonpeel angel Tu’u’u sama Centropyge flavissimus
Regal angel Tu’u’u moana Pygoplites diacanthus
Bullethead parrot Fuga gutumu Scarus sordidus
Goldspotted rabbit To Siganus punctatus
Scribbled rabbit Anefe and Pa’ulu Siganus spinus Traditionally
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English Name Samoan name Scientific name Notes
significant
Scribbled pipefish n/a Corythoichthys intestinalis
Spotted toby Sue mimi Canthigaster solandri
Sweeper Manifi Pempheris spp
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Ambon Chromis Chromis amboinensis Scribbled pipefish Corythoichthys intestinalis

This is a
very poor
picture and
identificatio
n cannot be
confirmed,
see note on
page 27

Surge demoiselle Chrysiptera leucopoma Blueline demoiselle? Chrysiptera caeruloelineata?

Table 3.6 Photographs of fish seen during surveys
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3.2.3 Fishing status around the project site
Interviews of key personnel at the Department of Fisheries and the Secretariat of the South
Pacific Regional Environment Program confirmed the information given by local fishermen
and vendors at the Fishermen’s Wharf market.
There are no official marine protected areas within the Apia Bay. And there is no
officially permitted fishing within the bay. Alias (local catamarans) fish at night well
outside the bay and offshore of the reefs. Local spear-fishermen operate at night on reef
tops and slopes away from the bay.
However, informal recreational and small-scale artisanal fishing does take place within the
bay: netting around both river mouths, spear-fishing on the West reef and rod fishing in
front of the Vaisigano River was observed and reported to be frequent.
On Saturday nights local youths night fish using spears on the reef flat outside the
breakwater and up to the edge of the Paolo Deep, probably encroaching into the reserve but
not into the deep itself.

Figure 3.29 shows photographs of local fishing,
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Table 3.7 shows fish species caught by net fishermen and Figure 3.30 shows Photographs of

fish caught by net fishermen, respectively.
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“Alia”: 9.0m long aluminum catamaran
vessels introduced to Samoa in the 1970’s to
enable indigenous fishers to take part in
deep-water bottom fishing and trolling
around Fish Attraction Devices (FADs), troll
nightly outside Apia Bay.

Their catch, as well as that brought in by
night spear fishers from surrounding reefs, is
brought into the Apia Fishermen’s Wharf
market every morning. One spear fisher said
he swam off the reef edge for 4 hours that
night.

Net fishing: Every morning (on falling tides)
of the survey, one dugout canoe with two
fishermen from an inland community were
seen setting nets across the mouths of the
rivers flowing into Apia Bay.

After 2 hours, nets were pulled in and a
mixed catch of Mangrove Crabs and Juvenile
pelagic and reef fish was taken. Fishers
reported that they would sell their catch to
Chinese Restaurants.

Line and Spear Fishing: On two out of the
four days of the survey period, local fishers
were seen either snorkeling with spears, or
line fishing, in the shallow waters inside Apia
Bay. This is a popular recreation for many
local people.

Local sources reported that night spear
fishing is practiced every Saturday night on
the reef immediately north of the port
breakwater, for fish to eat and present at
family and church functions on a Sunday.

Figure 3.29 Photographs of local fishing observed during surveys
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Table 3.7 Fish species caught by net fishers

English Name | Samoan name | Scientific name | Notes

(Net-fishing in front of creek near Cathedral in Apia Bay)

Coachwhip Trevally Carangoides Juveniles

oblongus 25 —30cm

Sixfeeler Threadfin Polydactus sexfilis

Narrow-barred Scomberomorus Juveniles

Spanish Mackerel commerson 25 - 30cm

(Walu) ICUN Red List:
Near
Threatened

Acute-jawed Mullet ‘anae Neomyxus leuciscus

Green Mangrove Pa’alimago Scylla paramamosian

Crab
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Green Mangrove Crab Scylla paramamosian

Fish catch

Juvenile Coach-Whip
Trevally

Carangoides oblongus

Sixfeeler Threadfin

Polydactus sexfilis

Juvenile
Narrow-barred Spanish
Mackerel (Walu)
Scomberomorus
commerson

ICUN Red List:
Near Threatened

These fish are not
commonly seen at this
size, usually caught as
adults off deep water
drop offs.

Their presence here
indicates an important
juvenile estuarine
habitat

Figure 3.30 Photographs of fish caught by net fishermen in Vailima estuary inside Apia

Bay
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3.3 Discussion

3.3.1 Habitat type

The mouths of the two rivers flowing into the bay, the Vailima and Vaisigano Rivers, have
been severely modified from natural river courses into urban canals which frequently cause
sediment plumes into the bay. However, fishing catches from these river mouths show
that they are still integral to the marine ecosystem, being used as juvenile habitat by
important marine fish such as Spanish Mackerel and Trevallies.

The marine habitats within the Apia Bay range from shallow reef flats with relatively high
coral cover along the western seawall, to brown sand slopes in the centre, and drifts of deep
silt along the eastern port boundaries. The entire area is badly affected by land-based
sedimentation. Seawalls and breakwaters have been built on top of what were once probably
healthy reef and mangrove areas.

Immediately outside the port, north of the breakwater, the reef is mostly dead rock with
high levels of algal overgrowth, probably indicative of a combination of nutrient enrichment
(sewage etc) and overfishing of herbivorous fish and invertebrate animals. The only
healthy coral ecosystem seen was inside the Palolo Deep Marine Reserve, 250m east of the

edge of the reef.

3.3.2 Benthic cover

The highest amount of living coral inside the bay was on the shallow reefs of the western
coast, where 40% hard coral cover was found, even though water turbidity was high due to
the sediment plume from the Vailima River. This percentage would be considered High
coral cover within the Ministry of Agriculture and Fisheries’ Village Fisheries Reserves
analysis (Samoa State of Environment report 2013).

It is likely that sediments do not settle on the reef top due to wave action. At greater
depths the reef was badly affected by sedimentation, and most coral was dead.

10% cover of an overgrowing sponge and a small amount of an encrusting tunicate suggest
that nutrient levels (possibly from sewage) may be rising in the area, and could adversely
impact coral health in the future.

The area between the two rivers has recently had an artificial beach constructed on it, and
the marine habitat is currently featureless brown sand.

In contrast the section outside the bay, immediately north of the port breakwater, had less
than 4% living coral, but more than 40% algae, mostly large fields of the brown algae
Sargassum with some patches of Padina. This was also seen inside the Palolo Deep
Marine Reserve, where past surveys in 1994 reported only trace amounts of brown algae.

This increase in brown algae could be the result of two main changes since 1994: an
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increase in nutrient levels in the water, and a decrease in herbivorous animals that would
normally graze on such algae.

Increased nutrient levels could be related to an increasing urban population with inadequate
sewage treatment, agricultural fertilizers and cattle waste carried down rivers into the bay,
or to pollution from sources in the port.

Decrease in herbivores is probably due to over fishing and overharvesting of invertebrates
such as Sea Urchins and Sea Cucumbers.

All reef areas in Samoa appear to be experiencing downwards trends in coral cover over

time. (Samoa State of Environment report 2013).

3.3.3 Macro-invertebrates

Very few Macro-invertebrates of any fisheries importance were found, a probable result of
long-term over harvesting and sedimentation. Two destructive species were seen, in low

densities: the Crown of Thorns Starfish, which has been causing widespread coral damage

in Samoa for several years but is now apparently dropping off in number, and the Drupella

snail, which was thought to be responsible for most of the recent coral death seen.

3.3.4 Fish

Fish observed on the reef during surveys were small species of no fisheries or conservation
importance, and were found in low densities. Patterns of fish families suggest that these
reefs have been over fished for a long period of time.

One species of local interest was found, but the sighting is unconfirmed: the small damsel
fish known as the Blueline Demoiselle Chrysiptera caeruloelineata may have been found in
a dark color phase previously only reported from Rowley Shoals in Australia. A better
photograph is needed for confirmation.

The only IUCN Red-listed fish found within the bay were juvenile Spanish Mackerel caught
by net-fishers in the Vailima River mouth (refer to Table 3.8 for the [IUCN Red list fish
species). Their presence emphasizes that, even in a degraded state, these rivers are
important components of the marine ecosystem, and as a juvenile habitat for a
near-threatened species, their condition should be better controlled.

All other species of interest or IUCN Red-listing were caught well away from Apia Bay.
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Table 3.8 TUCN Red List Fish Species for Samoa

Table 19: IUCN Red Listed Marine Fish Species of Samoa
Species Sclentific name English name Samoan name Threat category Population Trend
it
1 Chelinus undulatus Humphead Malatea Endangered Decreasing
Wrasse
2 Epinephelus lanceolatus Glant Grouper Ata”ata-uli Vulnerable Decreasing
3 Nebrius ferrugineus Nurse shark Malie Vulnerable Decreasing
4 Negaprion acutidens Lemon shark Naiufi Vulnerable Decreasing
5 Rhicodon typus Whale shark Faaeme Vulnerable Decreasing
B Rhyncobatus djiddensis Guitarfish No samoan | Vulnerable Not known
name
¥ Sphoeroides pachygaster | Puffer fish Sue Vulnerable Not known
a Bolbometopan Bumphead Parrot | Galo Vulnerable Decreasing
miuricatum Fish
9 Stegostama fasciatum Zebra Shark Malie Vulnerable Decreasing
10 Carcharhinus longimanus | White Tip Shark Malie Aloalo Vulnerable Decreasing
11 Carcharhinus limbatus Black TipShark Malie Aloalo Vulnerable Mot known
12 Plectropomus areolatus Polkadot Cod Ata‘ata-utu Vulnerable Decreasing
13 Plectropomus laevis Blacksaddled Ata"ata-utu Vulnerable Decreasing
Coral Grouper
Source: Based on Cl-Pacific Islands Programme, MNRE and SPREP. 2010, Priority Sites for Conservation in Samoa:
Kev Biodiversity Areas. Apia. Samoa.

3.3.5 Fishing status around the Apia Bay

Apia Bay is not itself a focus of commercial or large scale artisanal fishing, with the Alia

boats based at the Fishermen’s wharf heading out to deep seas outside the reefs, and the

artisanal reef fishermen spear fishing off the reef slopes outside villages away from Apia.

Small scale artisanal and recreational fishing is commonly carried out around and between

the two river estuaries, and on the reef flats outside the port, north of the breakwater.

All

fishing appears to be done by ethnically indigenous Samoans, and most seems to be night

fishing, which has frequently been shown to be an unsustainable practice.

The only Marine Protected Area in the immediate vicinity is the Paolo Deep Marine

Reserve, formed in1974.  This reserve is north east of the port breakwater, and starts only

250m from the reef edge.

Although not literally within the bay area, it is close enough that

port development could easily impact the sensitive coral habitats of the “Deep” itself, as

sediments and pollution would be likely to collect in the lagoon.

At this time the corals of

the deep lagoon appear to be as or more healthy than they were in 1994, but algal growth

and overfishing on the flats have resulted vast Sargassum meadows on the shallow reef,

showing that the area is vulnerable to local impacts.

Palolo Deep reef flats, and the outer reef flats on the west side of the bay channel, are

important locations for coral and invertebrate collection, used as a nursery site for village

based reef restoration projects by the Department of Fisheries.
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stocks would have significant impacts on these Community Based Fisheries Management

Programs (CBFMP) projects across Samoa.

No areas of traditional cultural significance were identified.
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4 Conclusion

There are two rivers flow into Apia Bay and influence to the water quality by the river
water flow is dominant in the bay. Total Coliforms is high due to untreated/overflowed
sewage water from the rivers. And turbidity (Suspended Solid) is high near the river
mouths. However, there is no particular negative value that port activity causes And

negative impact to water quality in Apia Bay by port operation at moment is not seen.

Two parameters in bottom sediment, Chromium and Nickel, exceeded the ANZECC 2000
trigger values. The cause of the exceedance might be natural occurrence enhanced by
river water flow. Some parameters shows the cause by port operation, but the
concentrations are within ANZECC 2000 trigger values. Since dredging activity is not
planned in this project, significant disturbance of bottom sediment, which leads to elution of
harmful substances from bottom sediment into the water, will not be caused. So that major
impact by the substances in bottom sediment cannot be considered. However, incase
maintenance dredging would be planned in the future, further study of sediment quality and
countermeasure to avoid elution of harmful substances into the water environment shall be

considered.

The marine ecosystems of Apia Bay have been significantly changed and negatively
impacted, but not yet completely destroyed. Sea walls enclose the entire bay and have cut
off most land/sea connectivity, making it impossible for turtles or land crabs to utilize the
area for breeding.

The rivers discharge highly turbid water into the bay, but still function as a juvenile habitat
for important reef fish. The reefs within the bay have been damaged by excessive
sedimentation, although they still bear some living corals, especially in shallow waters.
There are no protected areas within the bay, but the Palolo Deep Marine Reserve is very
close to the northern port breakwater, and could easily be impacted by poorly designed
development in that area. The reserve is important to local tourism and as a stock
reservoir for Dept of Fisheries reef restoration projects across the country.

No organized fishing goes on within the bay, but recreational and small scale artisanal
fishing is carried out in all shallow areas, particularly at the weekends.

No Critically Endangered or Endangered marine life, or species of conservation
significance were found in the bay except for juvenile Spanish Mackerel (ICUN Red List
Near Threatened status) caught from the Vailima River mouth.

Apia Bay has, overall, a damaged and limited, but still functioning marine ecosystem. The

overall ecological value of the shallow reef habitats is less than other reefs in the larger area,
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particularly when compared to the neighboring Palolo Deep marine reserve, but the river

mouths and deeper reefs include juvenile habitat for some important fisheries species.
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Supplement A Photographs of the survey sites
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Photograph 1: View from Site A.

Photograph 2: View from Site B.
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Photograph 3: View from Site C.

Photograph 4: View to Site D situated in front of the river mouth on the right hand side.
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Photograph 5: View from Site E.
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Underwater photographs of the seabed at each site

1m? quadrat 100cm? section

Site A (Mid channel): B

Site B (Near wharf): Soft deep mud, Turbidity < 6 NTU

i

Site C (Marina entrance): mixed sand, mud and shell fragments,
Turbidity < 6 NTU
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Site D (Vaisigano River outlet): Brown sand, Turbidity < 6 NTU

1m? quadrat 100cm? section

I\

Site E (Vailima River outlet): Dead coral with thin layer of fine land-based
mud and silt,
Turbidity 20 NTU
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Project for Enhancement of Safety of Apia Port
in the Independent State of Samoa

Project Outlines

December 2014 .

Japan International Cooperation Agency (JICA)
Oriental Consultants Global Co., Ltd.

Project Purpose

Enhancement of Safety of Apia Port

Main Subjects of the Project are Enhancement of
1. Ship berthing & mooring safety,

2. Cargo handling operation & passenger
traffic safety, and

3. Ship maneuvering safety.

Project Component

1. Enhancement of Ship berthing &
mooring safety

Facility Improvement
Wharf Extension of new wharf

Mooring Facility Construction of mooring

dolphin

Fender System Installation of new fenders

Wharf & Mooring Facilities: Present Conditions

& Police patrol boat
base and SSC
wharves are

B constrained by

B mooring lines for

large ships

Wharf length:
New wharf : 165m
Old wharf: 185m

Wharf length is
not enough for
large ships such
as Cruiser Ships

Subject: Ship berthing and mooring safety is not enough due to 4
luck of berth length against the ship length.

Wharf & Mooring Facilities: Improvement

& Extension of New Wharf
¢ New wharf will be
extended about 137m.
Total wharf length will be
about 302m

Construction of
Mooring Dolphin
i Mooring dolphin will be
constructed to ensure the
,, safe mooring of large ships

Ship berthing and mooring safety will be enhanced. °

Fender System: Present Conditions

Almost all of the fenders at new wharf are damaged or lost.

Ship berthing
and cargo
handling
operations
are unsafe
due to luck of
fender
absorption.

No fender
absorption
between wharf

concrete and ship
kbody

Subject: Ship berthing is not safe de to luck of
fendar system.
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Fender System: Improvement

Project Component

2. To Enhance Cargo handling &
passenger safety

Facility Improvement
Container Yard Rehabilitation

Passenger Walkway Separation from cargo
handling flow lines

Oil Tank Safety enhancement by SPA
Rehabilitation by SPA

Fender Image Photo Fender Installation Image Access Road

Safety of ship berthing will be increased. 7 8

Container Yard: Present Conditions Container Yard: Improvement

Container Yard Rehabilitation
- Smoothing of the Yard
- Rehabilitation of Pavement

Damaged area of
Container Yard

& Deck Type Slab:

- Re-construction of slab deck

Elevation Gap of
yard pavement

= Construction of container yard
behind the extended new wharf

Under deck concrete
and re-bars are heavily
damaged and corroded. Prohibited Area Due to Deck
(high risk for colapse) Slab Damages

Passenger flows will be
separated by provisions of
movable fences.

68 o

(Fence Image Photo)

There is no clear
boundary to separate for
passenger and cargo
handling flows

Passenger flows will be
separated by walkway

Subject: Passengers and cargo flows are congested
and unsafe during the cruiser ship entering.
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Qil Tank: Safety Enhancement by SPA

Existing oil tank will be
modify the usage from

diesel oil to water by SPA. Three units of new oil

tanks are under
construction by the
Government.

Combustible goods
(Diesel Oil)

Access Road: Rehabilitation by SPA

Access road is improved by
paving by SPA.

Smooth and safety port access will be enhanced. |,

Message: Container Yard Space

Container yard space
will be increased to

23,000 m? from 17,000
m2 by the Project

Message by the Team:

1. 50,000 TEU/year
container cargoes
(22,222 TEUlyear in
2012) are possible
to handle by the
yard space of
23,000 m2.

. If 4 layer stacking
is considered, the
yard capacity can
be increased for
80,000 TEU/year.

§ Message by the Team:
APIA Port has sufficient potential and
capacity to play arole of the main
international port of South Pacific
Region.

APIA port has sufficient otential for future cargo
demands in the region! 15

Project Component

3. To Enhance Ship maneuvering

safety
Facility Improvement
Navigation Aids Rehabilitation & Upgrade
Tug Boats Rehabilitation

16

Navigation Aids: Present Conditions

Temporary lantern is used.
Because spare lights can not

be obtained anymore. Shallow area (Reef edge)

There are no clear marking
for ship operations

|

Turning \

Basin
600m There are no
port entrance
markers.

Existing marker buoy for breakwater toe
indicator was washed out by storm. There
are no such marker at present. :) Existing
Beacon

Subject: Port entrance and shallow water area Googl
are not clearly indicated to the ships.

Navigation Aids: Improvement

~

ion of
Caution Buoy

| of Entrance
Marker
Beacon

(Image Photo)

Existing
Beacon

Turning
Existing Facilities .. Basin (Image)
600m

Turning
New Facilities by o Basin
the Project 300m

Installation
of
Entrance
Marker
Beacon

Installation of

Existing
b Caution Buoy

Beacon

clearly indicated to the ships for safety navigation.
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Navigation Aids(Leading Lights):
Present Conditions & Improvement

Improvement
= 1 Image

Photo
LED Lantern
(Good Condition)

Lantern will be
replaced by LED
Type Products

E ]
Temporally sub-standard
light is used because
installed original lamps
can not be obtained since
the lights are not
produced any more.

Existing Leading
Light (Front)

Existing Leading Light (Rear) 19

Leading Lights: Improvement

For safety navigations for ships to/from Apia port

= N Lo

Existing Leading Light (Rear)
Upgrade to LED Lump

LA

# Target Line for Port Entry will
be cleared in night time

Tug Boats: Rehabilitation

TAFOLA

Item Present Conditions Rehabilitations
Upper Deck Heavily corroded. Will be repaired
Bulwark Heavily damaged. Will be repaired

Navigation Equipment  Radar, GPS and New devices will be

Compass are not installed.
functioned
Engines Good/Fair Will be maintained
Others Fair / Bad Will be repaired

Safety vessel maneuvering will be increased.

Temporary Yard during Construction Period

Temporary Yard for the
construction work is
necessary. The area will be
used for the material stock,
prefabrication yard and
office spaces and others.

Stakeholders understanding and

21 cooperation are requested.
Expected Project Schedule
Start of Detailed Design Contract with Selected Contractor PI’Ojec.t for Enhancement of Safety of Apla Port

/' May, 2015 December, 2015 in the Independent State of Samoa

I 2015 2016 2017
s[ls e[ 7]8[ofw0lulwl1], alslel7[slolw[ulw[1[2]s]als]6[7]8]0
LT T 11
< Design Works
2 Tender . .

‘ ‘ A (Contract Signing with Selected Contractor) En VI ro n m en tal an d SO C I aI

(Preparation)
o )

T Yarg)

Opsatiagion of L

r:‘ﬁ‘ (Inspection)
(ste e

|

Project Completion _I

September, 2017 23

Tender Notice J L Construction Start
October, 2015 January, 2016

Consideration
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Construction Method
Rehabilitation of Container Yard

Construction Method
Wharf Extension

1. Pile foundation: ~ 1. Demolition and r.emoval
Steel pipe pile driving b of damaged part:
pile hammer Damaged part concrete
demolish by breaker

2. Beam and Slab: -
Construction b _ 2. Re-construction:

Major Ecosystem

Main Impact

e Noise and Vibration of
Pile Driving

Main area of the
Construction
Works o

No dredging works are
included.

 Traffic flow of dump truck
and concrete mixer truck

Mitigation Measures Y
Noise and Vibrations of Pile Driving MltlgatIOn Measures

» Traffic flow of dump truck and

PP T concrete mixer truck

, 3 -
Noise and vibration will ! Noise and vibration
be standard level = monitoring will be
"= performed.
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Mitigation Measures
Dust by Deolition Work

Thank You Very Much
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atautu wharf

extension plan

- “Today there are: bzg sths from overseas that cannot dock |
at our wharf and the idea behmd the project is to make the

“wharf \l_ngg_er:_sq_-th_q_t we can accommodate the ships™

" PLANNING AHEAD: 5.P.A Manager Gommercial and Marketing Division Galuvao Uili Isara and General Manager Tufuga Fagaloa Tufuga.

" Tanuola Tupufia

¢ A plan to make Matautu wharf bigger has

been revealed.

 The project Is being driven by the
- government with te hope 1o altract bigger

ships to dock in Apia.

" The project is expected to starl in January

- 2016, 1t will be funded by a partnership

~ between the govemment and e Japan
" International Corporation Agency (1.1.C.A).

. Duringa public consultation held at the Elisa
. Hotel on Friday, the Samoa Ports Authority
[S.BA) General Menager, Tuluga Fagaloa
Tufuga, announced the plan.

Tifuga 2aitl the plan is W inprove Samoa’s

whard so that it can compete with some of the
higrest ports In the Panifin.

Saloly, he said, Is paramount.

“That is one of the main reasons for the
extension,” said Tufuga. “It is to embance the
ship berthing and mocring safety.”

“Today there are blg ships fom overseas
that cannol dock at our wharf and the idea
behind the profect is to make the wharf bigger
£0 that we can accommodale the ships.”

“The initlative is also positive for tonrism
s0 that wa can host blg crulse ships and have
more tourlsts.” )

Tafuga said the project will also provide
employment for the [ocals.

He added that the consultation enables the
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Antherity to hear aboot the concerns and take
tham [nto consideration:

S.FA Manager Commercial and Markeing
Division, Galuvae Uil lsara said al the
moment, the whart can oty accommodate a
ship the size of 180 melers long.

The extension will siretch Ute whar to 300
meters long, sdid Galovao.

The Manager declined %o say how much e
extension works will cost.

“It &5 not finalised becawse al this stage we
are consuliing and have yet te do Lhie designing
of the extenslox,” said Galuvas.

The project 1z expecied to finish in 2017,
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OBefore Project

M After Project

Opinions of Ship Crews
on the Present Conditions of Port Safety of Apia Port

Questions, Scoring System and Obtained Average Scores

Scoring System

Obtained Average

No. Questions Score
Before | After
1 3 5 Project | Project
A1 |Navigation Aids: Leading Light Conditions Not 1, ceptable] Vel | 40
enough enough
A2 Navigation Aids: Entrance Marker Conditions Not Acceptable Well 3.3
enough enough
A3 N?V|gat|on Aids: Conditions of other Navigation Not Acceptable Well 34
Aids enough enough
B1 Tug Boats: Tug Boat Powers Not Acceptable Well 3.6
enough enough
B2 |Tug Boats: Safety of Present Tug Boats Attends | Un Safe | Acceptable| Safe 4.0
C2  |Turnign Basin: Width NOt |\ cceptable| Sufficient| 4 -
enough enough
C3 Turing Basin: Water Depth Not Acceptable|Excellent| 4.1
enough
D1 Wharf: Length Not Acceptable Well 3.6
enough enough
D2 [Wharf: Fender System Not Acceptable Well 2.9
enough enough
D3  |Wharf: Mooring Bits Not 1 ceptable| Vel 3.8
enough enough
. Not Well
E1 Cargo Handling: Fluenc Acceptabl .
9 ng: Fiuency enough coepiane enough 3.8
E2 Cargo Handling: Safety Danger | Average| Safe 3.8
E3 [Cargo Handling: Carefullness Bad [Average| Good 3.8

Data Source: JICA Survey Team / SPA

Opinions of Ship Crews

on the Present Conditions of Port Safety of Apia Port
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C2

c1

OBefore Project
M After Project

Opinion of Shipping Agents
on the Present Conditions of Port Safety of Apia Port

Questions, Scoring System and Obtained Average Scores

Scoring System Obtained Average
No. unloading operations? Score
Before After
1 3 5 Project | Project
A1l Container Yard: Pavement Conditions Not Acceptable Well 2.8
enough enough
. ) . Not Well
A2 |Container Yard: Space for Safety Cargo Handling Acceptable 2.3
enough enough
B1 Wharf: Width for Safety Cargo Handling Not Acceptable Well 3.7
enough enough
B2 |Wharf: Length for Safety Cargo Handling Not Acceptable Well 3.0
enough enough
C1 Passenger Flow: Safety of the Passenger Flows | Danger | Average| Safe 3.7
NOT FaMY | Separate
C2 Passenger Flow: Separation from Cargo Handling | separate | separate pd 3.0
d d
Data Source: JICA Survey Team As August 4th (2014) Survey

Opinions of Shipping Agents
on the Present Conditions of Safety of Apia Port
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