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SUMMARY
The formulation of a conservation or management plan for any underwater cultura1 place cannot ignore the environmental agents that can dramatically alter site significance. The Clarence Conservation Plan is a case in point. Recommendations made in the Plan concerning the future management of the site has relied heavily on the findings of the Environmental Monitoring Programme which was established in May 1991. This report summarizes and presents research that has been carried out so far on the Clarence. It also makes recommendations for the direction of future scientific work on the site.

RELEVANCE ON CLARENCE ENVIRONMENTAL MONITORING
PROGRAMME
The Clarence Environmental Monitoring Programme has demonstrated its relevance
by;
· presenting data that shows that the cultural significance of the site is under immediate threat from the environment.
· acquiring data that will be essential any stabilization measures initiated on the site.
· collecting data that will be useful for future underwater site management programmes in Port Phillip Bay and the rest of Victoria.
· employing techniques for environmental site monitoring that have not been used elsewhere in Australia.
· giving V.A.S. a leading edge in underwater cultural management in Australia.

RECOMMENDATIONS

3.1. SITE MORPHOLOGY
· Create a 40m x 30m area sand contour plan of the area with seagrass beds plotted in.

3.2 SEDIMENT SAMPLING

· Take sediment samples on the port and bow areas of the site. The aim of this is to see whether the observations made on the stem and starboard areas of the site will be duplicated.

· Employ the sediment corer before the completion of the monitoring programme


3.3 SAND LEVEL MONITORING

Fixed reference points

· do not attempt to replace reference points that have been lost.

· Create new reference points at your discretion

· Hammer in loose reference points (nails only). Taking readings from fibre glass poles before and after hammering them in.

· Replace green flagging tape as it is difficult to read the numbers on them.

· Present data taken from reference points in a user friendly way.
More work can be done with this information


Sand profiling


· Exercise caution when comparing;
l/ 	sand profiles with less measurements than the other
2/	 sand profiles taken during different tides.

· The potential for the utilizing of the sand profiling data and the sand programme has been far from realised. More work should be done on it

· A more detailed set of x y coordinates from the 1987 Clarence site plan should be put into an -ooutline file to be laid over sand profile plans.


3.4. CURRENT FLOW MEASUREMENTS

· Before the completion of the monitoring programme at least two more dye traces should be attempted. One at near the same tidal cycle as the on the 1st and 2nd of September and the second during a strong spring tide.




3.5. WAVE CHARACTERISTICS
· Seek formulae to work out:

-	wave period
-	wave velocity in relation to depth.


A2 CORROSION AND TEREDO
· Initiate research into the rate and scale of biological damage on Clarence. This research programme should also address the issue of employing preventative measures to inhibit degradation due to biotic agents

· Employ equipment on Ute Clarence that measures pH, conductivity, dissolved oxygen, salinity and temperature.

· Create database and methods of interpreting abiotic data that would of practical use to the management of the Clarence and other submerged cultural sites.
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1.0	INTRODUCTION
The objective of this report is to;

1/ 	provide a base from which a full comprehensive report can be    compiled and published

2/ 	provide background information on the general environmental  conditions of the Clarence obtained from published sources.

3/ 	provide a summary of the data collected during the monitoring programme with some rudimentary analysis.

4/ 	make recommendations for the following:
· Additional measurements and data to be taken prior to  the completion of the monitoring programme
· How the data should be analysed
· Future research directions

Concerning the section on the background information (2.0) the literature search has been by no means exhaustive. It is intended just to give a brief overview of the local environment of the Clarence.

The presentation of the data collected from the monitoring programme is current up to the 18th November 1991. The information has not been analysed as fully as one would have liked but considering that the programme is only halfway completed there was not much point going into great detail. Not all the data collected is presented in this report. See the Clarence Monitoring Programme Field Note book and the Clarence Monitoring Folder for additional information. The contents of these sources will be discussed in A4 and A5.

It is strongly urged that the recommendations made in the report concerning what other data needs to be collected, are followed. The recommendations related to the way in which the data is analysed and presented are basically suggestions. The method of analysis will probably be up to the person putting together the final report.

A final note; my tenure here is almost up (4 days) and so there is a need for speed.
So this report may appear in places quite chatty with appalling syntax. I am taking the attitude that I'm briefing my successor as I would like, over a cup of coffee and a cigarette. So sit back and take it easy, but not too easy.


2.0 	GENERAL ENVIRONMENTAL CONTEXT OF THE CLARENCE

2.1. 	GEOLOGY
The Clarence lies within a sedimentary environment known as the Nepean Bay Bar or Shoals (Effenburger, 1991:5). (FIGURE 1) This formation encompasses an area bounded by Port Phillip Heads and the Bellarine and Nepean Peninsulas.

The Nepean Bay Bar is composed primarily of mid-Quaternary aeolianite; a calcareous (limestone) quartz rock alternately known as "dune rock". The influence of strong tidal currents has led to a 6m thick deposit of Holocene or "Recent" shelly sands to accumulate over the Bar. This sediment is mostly comprised of decomposed "dune rock" from the Bar (Holdgate, 1980:121 and Effenburger, 1991:1).

The "grade" of the sediments that are found in the Nepean Bay shoals range between "sandy/sandy gravel/gravelly sand" (M.M.B.W., 1973: fig. 9·15). The sedimentary composition of the Nepean Shoals is characterised by the high concentration of marine skeletal material (Effenburger, 1991: 1). The high prevalence of such marine skeletal material is commonly associated with coarser grained sediments (such as sandy gravel, gravelly sand, sand and silty sand) and shallow water (Beasley, 1966:96). The Clarence lies in an area within the Nepean Bay Shoals which has an above average quantity of marine skeletal material (Beasley, 1966:Fig.2)

2.2. 	TIDES AND CURRENT
The Nepean Bay shoals are dominated by tidal currents and display a typical tidal delta morphology (Holdgate et al, 1980: 121). Through the channels that are cut into the shoals, tidal streams can reach velocities between 5 and 8 knots (Effenburger, 1991:4).

The peculiarities of the tidal range of the Nepean Bay shoals is caused by the relatively narrow entrance into the Bay at the Heads. One of these peculiarities is the difference between the change of tide at the Heads and in locations elsewhere in the Bay. At St. Leonards, the nearest tide "station?" to the Clarence, high water occurs 2 hours and 44 minutes after the change at the Heads. Furthermore the mean high water spring and neap tides, 0.92m and 0.61m respectively, are approximately half that of the Heads (S.D.V., 1970).

Another peculiarity is the summer and winter inequalities in the tides. In summer, the morning (a.m.) tide tends to be higher than the afternoon or p.m. tide. In winter the opposite is in effect (S.D.V., 1970).

Wind direction and velocity also has a significant effect on the tide. West to south-west winds can cause a rise in sea level outside Port Phillip which results in a consequent increase both in rate and duration of the flood tide and a corresponding decrease in the ebb tide (Y. T. T. 1991).

The flood tide causes a gradual rise of the waters of Port Phillip. As these winds continue, the increased flood will continue till sea levels inside and outside have reached equality, then increased flood tide will cease and the tides will become normal.

On the winds ceasing, sea level outside falls to normal. This causes the flood tide to increase both in duration and rate till the sea level in Port Phillip has fallen to normal and the levels outside and inside are again equal.

In very hot weather the water level in Port Phillip drops due to evaporation. This tends to cause an excessive flood tide (Y. T. T. 1991).

The characteristics of the tides in the vicinity of Port Phillip Heads have a significant influence on the duration and strengths of the currents passing over the Clarence. A knowledge of the tides and the factors that affect them will assist in understanding the nature of sediment transport on the Clarence site.

The velocities of the tidal currents in the vicinity of the Clarence are not as severe as those experienced nearer to the Heads on sites such as the William Salthouse. At the West Channel Pile, 1.7 nautical miles north east of the Clarence, the median velocity of the current below 3m from 1968 to 1970 was 11.7 cm/s (M.M.B.W., 1973:Fig. 7-5 and Table 7-4). Measurements of the water displacement in the same area showed a net water transport of 274m in the direction of the flood during an ebb/flood cycle (M.M.B.W., 1973:Table. 7-5). The current flow measurements on the Clarence during the monitoring programme however show that the current velocities on site were faster and the ebb tide was the strongest of the two (see 2.5 Current Flow Measurements). With this in mind it should be pointed out that the observations of the environmental study of Port Phillip Bay, (M.M.B.W., 1973), were made over four years under differing seasonal and weather variations, while the data collected on the Clarence related to current velocity and direction was carried out over a period of two days. Current flow is not constant.

Current velocities and directions in the more immediate vicinity of the Clarence have been predicted by the scientists conducting the four year environmental study of Port Phillip Bay through means a mathematical model simulation (M.M.B.W., 1973:93). From data collected from the four year study three simulations were made, one for ebb tide, the flood tide and the net water movement for one tidal cycle (M.M.B.W., 1973:fig. 7-12A and 7-13). The results are as follows:

	
	Water Movement (m)
	Velocity (cm/s)
	Direction

	Ebb
	4392
	20
	SW

	Flood
	4484
	21
	NE

	NET
	244 (for a tidal cycle)
	
	SE


TABLE 1

The usefulness of applying the information presented in this model to the Clarence is limited as the measurements taken on site are alarmingly different. Bottom velocities measured on the site have reached up to 50 cm/s, while the direction of the currents swing from the ESE during the ebb tide to the WNW during the flood (see 3.4 Current Flow Measurements). What is of interest is the net water movement to the SE. As mentioned above the ebb current recorded on the site was the strongest of the two tides and its direction is near consistent near that of the calculated net water transport.

2.3. WEATHER
Wind statistics from observations at St. Leonards in 1990 and compiled by the Coastal Operations Unit, Port of Melbourne Authority, show strong seasonal alteration in frequencies and velocities from winter northerlies to summer southerlies (Table 2a-e). Westerlies occur throughout the year and are the prevailing winds, while easterlies tend to be the weakest and least common.

The dominance of southerly winds in summer is said to produce littoral drift from the Heads along the western side of the Bay toward the north (Bowler, J.M., 1966:20). Observations of sand movements taken on the Clarence in the winter months of 1991 seem to suggest that sediment is transported onto the site from the west-north-west (see 3.4. Current Flow Measurements). This regime may change in summer with the prevalence of southerly winds.

The wind patterns for the winter of 1991 appear to have been abnormal especially in regards to intensity. In Appendix A Clarence Environmental Monitoring Programme one of the constraints of the monitoring programme has been the weather. Of the 16 scheduled visits to the Clarence, 7 were cancelled due to weather. Wind observations recorded during the course of the monitoring programme show a high prevalence of strong westerlies. However these winds would have little effect on the Clarence as will be shown in 2.5 Wave Predictions. Nevertheless in conversation with those who have known the Bay for some time this winter has been the worst for a long time (Amott, 1991:pers. comm.)

2.4 BIOTIC ENVIRONMENT
The macro marine life on the Clarence is representative of that which occurs in the south eastern part of the Bay and so there is no need to duplicate what will be said


	COASTAL INVESTIGATIONS UNIT
PORT OF MELBOURNE AUTHORITY
STANDARD WIND FREQUENCY ANALYSIS FOR SPEED AND DIRECTION
(FREQUENCY EXPRESSED AS PERCENTAGE OCCURRENCE)
SPEED RANGE (KNOTS)

	DIR
	CALM
	01-03
	04-06
	07-10
	11-16
	17-21
	22-27
	28-33
	34-40
	41-47
	48-55
	>55
	TOTAL

	NNE
	.78
	.37
	.64
	1.23
	2.31
	1.86
	1.27
	.13
	.00
	.0
	.0
	.0
	8.60

	NE
	.85
	.34
	.77
	1.02
	.96
	.26
	.06
	.01
	.0
	.0
	.0
	.0
	4.26

	ENE
	.47
	.31
	.69
	.61
	.22
	.01
	.00
	.0
	.0
	.0
	.0
	.0
	2.32

	E
	.48
	.40
	.75
	.97
	.63
	.22
	.04
	.0
	.0
	.0
	.0
	.0
	3.48

	ESE
	.36
	.38
	.67
	.82
	1.03
	.44
	.33
	.11
	.0
	.0
	.0
	.0
	4.14

	SE
	.35
	.45
	.88
	1.02
	.95
	.44
	.12
	.04
	.0
	.0
	.0
	.0
	4.24

	SSE
	.44
	.38
	.98
	1.25
	1.82
	.68
	.10
	.03
	.0
	.0
	.0
	.0
	5.67

	S
	.49
	.29
	1.01
	2.54
	4.07
	.99
	.32
	.05
	.0
	.0
	.0
	.0
	9.76

	SSW
	.48
	.37
	.86
	2.47
	5.04
	1.97
	.53
	.03
	.0
	.0
	.0
	.0
	11.74

	SW
	.39
	.65
	1.27
	2.32
	2.30
	.37
	.04
	.0
	.0
	.0
	.0
	.0
	7.34

	WSW
	.57
	.94
	1.11
	.61
	.31
	.05
	.00
	.0
	.0
	.0
	.0
	.0
	3.60

	W
	88
	1.32
	2.29
	1.54
	.85
	.16
	.02
	.0
	.0
	.0
	.0
	.0
	7.05

	WNW
	1.38
	1.42
	2.44
	2.29
	1.54
	.25
	.00
	.0
	.0
	.0
	.0
	.0
	9.33

	NW
	1.29
	1.00
	1.61
	1.63
	1.33
	.14
	.02
	.0
	.0
	.0
	.0
	.0
	7.01

	NNW
	.86
	.74
	1.26
	1.16
	1.17
	.31
	.05
	.0
	.0
	.0
	.0
	.0
	5.55

	N
	.57
	.35
	.51
	.89
	1.80
	1.17
	.53
	.07
	.0
	.0
	.0
	.0
	5.88

	SUMS
	10.62
	9.70
	17.73
	22.38
	26.33
	9.33
	3.42
	.47
	.00
	.0
	.0
	.0
	9.99

	TOTAL NO. OF RECORDS = 87601                                     PERCENTAGE OF USELESS RECORDS = .00                                    PERCENTAGE OF CALMS = 10.62

	STATION AND DATA DETAILS:

	SITE: 
	ST LEONARDS JETTY
	
	YEAR:
	
	1990
	
	
	
	
	

	LOCATION
	5772600N 300300E
	
	DATA PERIOD:
	1/12/89 TO 30/11/90 INCLUSIVE

	
	CCORIO 7.3 AMG
	
	ANALYSIS BASED ON SIX MINUTES DATA


TABLE 2a

	COASTAL INVESTIGATIONS UNIT
PORT OF MELBOURNE AUTHORITY
STANDARD WIND FREQUENCY ANALYSIS FOR SPEED AND DIRECTION
(FREQUENCY EXPRESSED AS PERCENTAGE OCCURRENCE)
SPEED RANGE (KNOTS)

	DIR
	CALM
	01-03
	04-06
	07-10
	11-16
	17-21
	22-27
	28-33
	34-40
	41-47
	48-55
	>55
	TOTAL

	NNE
	.02
	.19
	.47
	1.11
	.74
	.21
	.20
	.02
	.0
	.0
	.0
	.0
	2.96

	NE
	.14
	.29
	.71
	1.06
	.81
	.19
	.05
	.0
	.0
	.0
	.0
	.0
	3.25

	ENE
	.05
	.33
	.76
	.75
	.44
	.0
	.0
	.0
	.0
	.0
	.0
	.0
	2.33

	E
	.20
	.50
	1.07
	1.35
	.91
	.66
	.16
	.0
	.0
	.0
	.0
	.0
	4.84

	ESE
	.05
	.39
	1.14
	1.50
	2.06
	1.53
	1.25
	.44
	.0
	.0
	.0
	.0
	8.37

	SE
	.05
	.51
	.1.27
	1.83
	1.77
	1.31
	.06
	.0
	.0
	.0
	.0
	.0
	6.81

	SSE
	.08
	.46
	1.28
	1.84
	2.99
	1.53
	.09
	.0
	.0
	.0
	.0
	.0
	8.27

	S
	.06
	.36
	1.21
	3.43
	7.66
	1.87
	.22
	.0
	.0
	.0
	.0
	.0
	14.80

	SSW
	.03
	.19
	.95
	3.74
	9.84
	4.66
	.54
	.01
	.0
	.0
	.0
	.0
	19.96

	SW
	.04
	.35
	1.46
	3.30
	3.28
	.66
	.05
	.0
	.0
	.0
	.0
	.0
	9.14

	WSW
	.09
	.85
	1.47
	.60
	.28
	.01
	.0
	.0
	.0
	.0
	.0
	.0
	3.31

	W
	.08
	.92
	2.62
	1.25
	.82
	.20
	.03
	.0
	.0
	.0
	.0
	.0
	5.93

	WNW
	.12
	.68
	1.05
	.96
	1.18
	.51
	.01
	.0
	.0
	.0
	.0
	.0
	4.52

	NW
	.06
	.35
	.59
	.36
	.63
	.21
	.06
	.0
	.0
	.0
	.0
	.0
	2.26

	NNW
	.05
	.18
	.48
	.15
	.27
	.10
	.07
	.00
	.0
	.0
	.0
	.0
	1.31

	N
	.01
	.15
	.33
	.44
	.82
	.12
	.06
	.01
	.0
	.0
	.0
	.0
	1.95

	SUMS
	1.15
	6.69
	16.87
	23.65
	34.50
	13.80
	2.83
	.49
	.0
	.0
	.0
	.0
	99.9

	TOTAL NO. OF RECORDS =       21601                             PERCENTAGE OF USELESS RECORDS =      .01                               PERCENTAGE OF CALMS =     1.15

	STATION AND DATA DETAILS:

	SITE: 
	ST LEONARDS JETTY
	
	SEASON:
	SUMMER
	
	
	
	

	LOCATION:
	5772600N 300300E
	
	DATA PERIOD:
	1/12/89 TO 28/2/90 INCLUSIVE

	
	CCORIO 7.3 AMG
	
	ANALYSIS BASED ON SIX MINUTES DATA


TABLE 2b


	COASTAL INVESTIGATIONS UNIT
PORT OF MELBOURNE AUTHORITY
STANDARD WIND FREQUENCY ANALYSIS FOR SPEED AND DIRECTION
(FREQUENCY EXPRESSED AS PERCENTAGE OCCURRENCE)
SPEED RANGE (KNOTS)

	DIR
	CALM
	01-03
	04-06
	07-10
	11-16
	17-21
	22-27
	28-33
	34-40
	41-47
	48-55
	>55
	TOTAL

	NNE
	.19
	.58
	1.10
	1.53
	1.25
	1.65
	.99
	.05
	.0
	.0
	.0
	.0
	7.34

	NE
	.19
	.42
	.98
	1.17
	.72
	.04
	.07
	.03
	.0
	.0
	.0
	.0
	3.62

	ENE
	.18
	.42
	.86
	.69
	.25
	.00
	.0
	.0
	.0
	.0
	.0
	.0
	2.40

	E
	.18
	.55
	.84
	.97
	.82
	.0
	.0
	.0
	.0
	.0
	.0
	.0
	3.36

	ESE
	.26
	.44
	.49
	.87
	1.65
	.00
	.0
	.0
	.0
	.0
	.0
	.0
	3.72

	SE
	.05
	.45
	.64
	1.38
	1.02
	.0
	.43
	.15
	.0
	.0
	.0
	.0
	4.37

	SSE
	.03
	.43
	1.09
	2.02
	2.61
	.00
	.29
	.12
	.0
	.0
	.0
	.0
	7.19

	S
	.03
	.32
	1.19
	2.90
	3.76
	.24
	.34
	.0
	.0
	.0
	.0
	.0
	9.34

	SSW
	.54
	.50
	1.39
	3.61
	5.30
	.59
	.36
	.0
	.0
	.0
	.0
	.0
	12.98

	SW
	.21
	1.21
	2.06
	2.50
	2.81
	.80
	.03
	.0
	.0
	.0
	.0
	.0
	9.41

	WSW
	.32
	1.43
	1.46
	.66
	.19
	1.28
	.0
	.0
	.0
	.0
	.0
	.0
	4.07

	W
	.38
	2.04
	3.02
	1.32
	.73
	.57
	.00
	.0
	.0
	.0
	.0
	.0
	7.69

	WNW
	.21
	1.78
	2.88
	1.73
	.91
	.01
	.0
	.0
	.0
	.0
	.0
	.0
	7.68

	NW
	.45
	1.43
	2.26
	1.39
	.58
	.19
	.00
	.0
	.0
	.0
	.0
	.0
	6.13

	NNW
	.25
	1.08
	1.73
	1.04
	.76
	.16
	.05
	.0
	.0
	.0
	.0
	.0
	5.05

	N
	.09
	.62
	.62
	1.03
	1.61
	.02
	.68
	.02
	.0
	.0
	.0
	.0
	5.64

	SUMS
	3.56
	13.72
	22.61
	24.81
	24.99
	6.66
	3.27
	.37
	.0
	.0
	.0
	.0
	100.00

	TOTAL NO. OF RECORDS =  22081                            PERCENTAGE OF USELESS RECORDS = .00                         PERCENTAGE OF CALMS =  3.56

	STATION AND DATA DETAILS:

	SITE: 
	ST LEONARDS JETTY
	
	SEASON:
	AUTUMN
	
	
	
	

	LOCATION:
	5772600N 300300E
	
	DATA PERIOD:
	1/3/90 TO 31/5/90 INCLUSIVE

	
	CCORIO 7.3 AMG
	
	ANALYSIS BASED ON SIX MINUTES DATA


TABLE 2c
	COASTAL INVESTIGATIONS UNIT
PORT OF MELBOURNE AUTHORITY
STANDARD WIND FREQUENCY ANALYSIS FOR SPEED AND DIRECTION
(FREQUENCY EXPRESSED AS PERCENTAGE OCCURRENCE)
SPEED RANGE (KNOTS)

	DIR
	CALM
	01-03
	04-06
	07-10
	11-16
	17-21
	22-27
	28-33
	34-40
	41-47
	48-55
	>55
	TOTAL

	NNE
	1.83
	.47
	.48
	1.27
	4.11
	3.49
	2.77
	.43
	.01
	.0
	.0
	.0
	14.86

	NE
	1.56
	.40
	.66
	1.10
	1.10
	.32
	.03
	.0
	.0
	.0
	.0
	.0
	5.16

	ENE
	.85
	.18
	.51
	.48
	.02
	.0
	.0
	.0
	.0
	.0
	.0
	.0
	2.04

	E
	.61
	.17
	.31
	.30
	.01
	.0
	.0
	.0
	.0
	.0
	.0
	.0
	1.41

	ESE
	.29
	.27
	.33
	.10
	.02
	.0
	.0
	.0
	.0
	.0
	.0
	.0
	1.01

	SE
	.38
	.35
	.56
	.07
	.58
	.16
	.0
	.0
	.0
	.0
	.0
	.0
	2.11

	SSE
	.72
	.19
	.31
	.16
	.66
	.47
	.0
	.0
	.0
	.0
	.0
	.0
	2.50

	S
	.54
	.11
	.22
	.35
	.72
	.67
	.07
	.0
	.0
	.0
	.0
	.0
	2.68

	SSW
	.38
	.12
	.25
	.43
	.83
	.96
	.25
	.0
	.0
	.0
	.0
	.0
	3.22

	SW
	.46
	.42
	.64
	1.01
	1.01
	.06
	.04
	.0
	.0
	.0
	.0
	.0
	3.63

	WSW
	1.01
	.71
	.46
	.45
	.12
	.01
	.0
	.0
	.0
	.0
	.0
	.0
	2.76

	W
	2.34
	1.25
	1.39
	1.34
	.45
	.01
	.0
	.0
	.0
	.0
	.0
	.0
	6.78

	WNW
	4.47
	2.11
	3.09
	3.47
	2.08
	.12
	.0
	.0
	.0
	.0
	.0
	.0
	15.35

	NW
	3.64
	1.41
	1.87
	3.19
	2.89
	.27
	.01
	.0
	.0
	.0
	.0
	.0
	13.27

	NNW
	2.50
	1.43
	2.18
	2.67
	2.67
	.77
	..06
	.0
	.0
	.0
	.0
	.0
	12.28

	N
	1.44
	.42
	.75
	1.40
	3.16
	2.54
	1.01
	.22
	.00
	.0
	.0
	.0
	10.94

	SUMS
	23.02
	10.01
	14.00
	17.79
	20.44
	9.85
	4.22
	.65
	.01
	.00
	.0
	.0
	100.00

	TOTAL NO. OF RECORDS =           22081               PERCENTAGE OF USELESS RECORDS =     .00                           PERCENTAGE OF CALMS =    23.02

	STATION AND DATA DETAILS:

	SITE: 
	ST LEONARDS JETTY
	
	SEASON:
	WINTER
	
	
	
	

	LOCATION:
	5772600N 300300E
	
	DATA PERIOD:
	1/6/90TO 31/8/90 INCLUSIVE

	
	CCORIO 7.3 AMG
	
	ANALYSIS BASED ON SIX MINUTES DATA



TABLE 2d
	COASTAL INVESTIGATION UNIT
PORT OF MELBOURNE AUTHORITY
STANDARD WIND FREQUENCY ANALYSIS FOR SPEED AND DIRECTION
(FREQUENCY EXPRESSED AS PERCENTAGE OCCURRENCE)
SPEED RANGE (KNOTS)

	DIR
	CALM
	01-03
	04-06
	07-10
	11-16
	17-21
	22-27
	28-33
	34-40
	41-47
	48-55
	>55
	TOTAL

	NNE
	1.07
	.23
	.49
	1.01
	3.12
	2.06
	1.11
	.04
	.0
	.0
	.0
	.0
	9.13

	NE
	1.49
	.24
	.75
	.76
	1.20
	.51
	.08
	.0
	.0
	.0
	.0
	.0
	5.01

	ENE
	.81
	.32
	.62
	.54
	.17
	.05
	.00
	.0
	.0
	.0
	.0
	.0
	2.52

	E
	.92
	.39
	.78
	1.27
	.77
	.22
	.0
	.0
	.0
	.0
	.0
	.0
	4.35

	ESE
	.83
	.42
	.73
	.84
	.41
	.24
	.07
	.0
	.0
	.0
	.0
	.0
	3.53

	SE
	.92
	.47
	1.04
	.81
	.43
	.06
	.0
	.0
	.0
	.0
	.0
	.0
	3.74

	SSE
	.91
	.45
	1.25
	.99
	1.03
	.13
	.00
	.0
	.0
	.0
	.0
	.0
	4.78

	S
	1.31
	.38
	1.44
	3.50
	4.23
	.63
	.66
	.22
	.0
	.0
	.0
	.0
	12.36

	SSW
	.96
	.65
	.85
	2.13
	4.27
	1.05
	.98
	.11
	.0
	.0
	.0
	.0
	10.98

	SW
	.85
	.62
	.93
	2.47
	2.12
	.20
	.02
	.0
	.0
	.0
	.0
	.0
	7.22

	WSW
	.84
	.78
	1.05
	.75
	.66
	.16
	.01
	.0
	.0
	.0
	.0
	.0
	4.25

	W
	.70
	1.03
	2.12
	2.26
	1.41
	.25
	.03
	.0
	.0
	.0
	.0
	.0
	7.79

	WNW
	.67
	1.09
	2.69
	2.99
	2.01
	.22
	.00
	.0
	.0
	.0
	.0
	.0
	9.67

	NW
	.96
	.78
	1.71
	1.55
	1.21
	.05
	.0
	.0
	.0
	.0
	.0
	.0
	6.27

	NNW
	.61
	.25
	.65
	.76
	.95
	.22
	.02
	.0
	.0
	.0
	.0
	.0
	3.46

	N
	.73
	.18
	.32
	.67
	1.57
	1.05
	.36
	.03
	.0
	.0
	.0
	.0
	4.91

	SUMS
	
	
	
	
	
	
	
	
	
	
	
	
	

	TOTAL NO. OF RECORDS =      21841                       PERCENTAGE OF USELESS RECORDS =    .01                         PERCENTAGE OF CALMS =    14.56

	STATION AND DATA DETAILS:

	SITE: 
	ST LEONARDS JETTY
	
	SEASON:
	SPRING
	
	
	
	

	LOCATION:
	5772600N 300300E
	
	DATA PERIOD:
	1/9/90 TO 30/11/90 INCLUSIVE

	
	CCORIO 7.3 AMG
	
	ANALYSIS BASED ON SIX MINUTES DATA


TABLE 2e
in 4.0 Flora and Fauna Survey (p. O'Callahan, 1991:pers. comm). For information relating to the micro flora and fauna in the Clarence area Chapter 9 of the Environmental study of Port Phillip Bay goes into the subject with great detail M.M.B.W., 1973).

It perhaps may be of interest to note that the 1968-71 study of Port Phillip Bay indicated that the area to the east and south east of St. Leonards had the highest concentration of fish biomass in the Bay (M.M.B.W., 1973:Fig. 9-24). This is partially confirmed by the fact that the area surrounding the Clarence is a very popular spot for fisherfolk and reputed to be one of the best locations for Schnapper in the Bay (Houghton, 1991:pers. comm.).

2.5. ABIOTIC ENVIRONMENT
The available chemical data for the area comes from previous studies made in the Bay. The information presented below will not be analysed in this report but is included if it is required in the future.

In the years between late 1968 and early 1970 scientists conducting the environmental study of Port Phillip Bay obtained measurements relating to chlorides, dissolved oxygen and temperature across the Bay. The data presented in Table 3 was taken at mid-depth (12.5m) at station 4 (water depth 23m) in the vicinity of the West Channel Pile which was the closest data collecting station to the Clarence (M.M.B. W., 1973:Fig. 7-5).

	
	CL gm/1 AS Cl
	diss.ox.mg/1
	Temp ˚C

	Dec. 1968
	20.36
	7.9
	16.8

	Feb. 1969
	20.5 ave
	7 ave
	20.7 ave

	Mar. 1969
	20.66
	None
	19.8

	May. 1969
	20.78
	7.7
	15.1

	Jul. 1969
	20.6
	8.4
	10.5

	Sep. 1969
	20.26
	8.6
	12

	Nov. 1969 
	20.12 ave
	8 ave
	15.8 ave

	Dec. 1969
	20.34
	8.1
	18.3

	Feb. 1969
	20.36 ave
	7.6 ave
	20.6 ave


TABLE 3
(M.M.B.W., 1973:appendix D)

Station 960 of the same study was established in closer proximity to the Clarence (M.M.B.W., 1973:fig. 9.1). The primary purpose of this station was to collect information on chlorophyll concentrations but it also recorded salinity. Table 4 presents bottom salinity recorded at station 960 between April 1970 and March 1971:

	April/May/June 1970
	35.9 – 36 ˚̷˚˚

	July and September 1970
	35.1 – 35.2 ˚̷˚˚

	October and November 1970
	34.0 – 35 ˚̷˚˚

	January and March 1971
	34.9 – 35 ˚̷˚˚


TABLE 4
(M.M.B.W., 1973:figs. 9.3 – 6)

The environmental study of Port Phillip Bay designated the region of the Bay that the Clarence is situated in as the "Exchange" (M.M.B.W., 1973:fig. 10-1). This zone incedently corresponds in area and location to the Nepean Bay Shoals. The salinity in this region according to the study is oceanic (M.M.B.W., 1973:Tab1e 10-
1).

More recently a survey of the top waters of Port Phillip Bay was carried out between 1980 and 1984 (Cowdell et al, 1987 NOT TO BE CITED WITHOUT PERMISSION). As the data in this survey was obtained from the water surface, only measurements relating to salinity and the dissolved oxygen were considered to be applicable to the Clarence (Tyshing, 1991:pers. comm.). The salinity and dissolved oxygen content in stratum No.6, the "Exchange", are presented in Tables 5 and 6.



	

	
	Salinity
	Diss. Ox (% sat)

	JAN
	mean
	33.7
	5.0 (92)

	
	MIN
	31.0
	4.6 (85)

	
	MAX
	35.8
	5.4 (97)

	
	Std Dev
	2.3
	0.3 (6)

	FEB
	mean
	34.8
	4.9 (96)

	
	MIN
	33.0
	4.7 (92)

	
	MAX
	36.8
	5.1 (99)

	
	Std Dev
	1.7
	0.2 (4)

	MAR
	mean
	34.0
	5.0 (93)

	
	MIN
	30.5
	4.7 (87)

	
	MAX
	36.9
	5.3 (98)

	
	Std Dev
	2.9
	0.3 (5)

	APR
	mean
	33.3
	5.2 (95)

	
	MIN
	31.0
	5.1 (92)

	
	MAX
	36.5
	5.4 (101)

	
	Std Dev
	2.8
	0.2 (5)

	MAY
	mean
	34.5
	5.5 (97)

	
	MIN
	32.0
	5.3 (93)

	
	MAM
	35.7
	5.8 (101)

	
	Std Dev
	36.5
	0.2 (3)

	JUNE
	mean
	1.7
	5.9 (95)

	
	MIN
	36.0
	5.9 (93)

	
	MAX
	36.5
	5.9 (96)

	
	Std Dev
	0.7
	0.0 (2)

	JUL
	mean
	36.1
	6.3 (103)

	
	MIN
	34.0
	5.5 (92)

	
	MAX
	37.2
	7.8 (125)

	
	Std Dev
	1.1
	0.9 (14)

	AUG
	mean
	35.6
	6.2 (103)

	
	MIN
	35.2
	5.9 (98)

	
	MAX
	35.9
	6.4 (106)

	
	Std Dev
	0.4
	0.3 (4)

	SEP
	mean
	35.6
	5.9 (99)

	
	MIN
	35.3
	5.7 (95)

	
	MAX
	35.8
	6.0 (101)

	
	Std Dev
	0.3
	0.2 (3)

	OCT
	mean
	35.3
	5.8 (101)

	
	MIN
	34.0
	5.5 (96)

	
	MAX
	38.0
	6.5 (112)

	
	Std Dev
	1.5
	0.4 (7)

	NOV
	mean
	34.3
	6.2 (115)

	
	MIIN
	33.0
	5.2 (97)

	
	MAX
	35.5
	8.3 (157)

	
	Std Dev
	1.1
	1.4 (28)

	DEC
	mean
	34.8
	5.8 (108)

	
	MIN
	33.0
	5.3 (99)

	
	MAX
	35.9
	6.4 (120)

	
	Std Dev
	1.6
	0.6 (11)


TABLE 5 – MONTHLY STATISTICS
(Cowdell, 1985)



	
	
	Salinity

	Diss. Ox (% sat)

	1980/1 
	mean
	34.0
	5.9 (105)

	
	MIN
	31.0
	4.7 (87)

	
	MAX
	38.0
	8.3 (157)

	
	Std. dev.
	2.1
	1.1 (21)

	1981/2 
	mean
	33.7
	5.4 (94)

	
	MIN
	30.5
	4.6 (85)

	
	MAX
	37.2
	6.4 (106)

	
	Std. dev.
	2.0
	0.5 (5)

	1982/3 
	mean
	36.1
	5.5 (98)

	
	MIN
	35.5
	5.0 (92)

	
	MAX
	36.9
	5.9 (107)

	
	Std. dev.
	0.5
	0.3 (4)

	1983/4 
	mean
	35.5
	5.7 (100)

	
	MIN
	34.6
	5.0 (93)

	
	MAX
	36.6
	6.3 (106)

	
	Std. dev.
	0.5
	0.4 (4)

	1980/84
	mean
	34.8
	5.6 (99)

	
	MIN
	33.7
	5.4 (94)

	
	MAX
	36.1
	5.9 (105)

	
	Std. dev.
	1.2
	0.2 (5)


TABLE 6 -  PERIOD OF STUDY
(from July to June of the specific years)
(Cowdell, 1985)



3.0 	SITE ENVIRONMENT

3.1. 	SITE MORPHOLOGY (FIGURE 2)

3.1.1. 	DESCRIPTION
The wreck of the Clarence lies on a sand substrate with dispersed patches of seagrass (H. Tasmanica). The wreck itself sits almost upright with a slight heel to port. Frames on both the port and starboard sides protrude from the sand; in places up to l.5m. This gives the wreck an easily defined shape of a ship. The wreck is preserved to the waterways while at present it is buried approximately to the turn of the bilge.

Along the starboard side there is a relatively dense concentration of seagrass running on a N.N.W. to S.S.E. axis. Because of the presence of the seagrass beds, sand has built up within the confines of the beds to form a low ridge, the top of which is approximately between 0.50 to 0.25m below site datum (the site datum is Data Point one; see FIGURE 4). Forward from the bow and port/bow there is a sandy expanse with little or no seagrass for some distance. From port/midships to the stem the same situation applies except that patches of seagrass begin to appear approximately 4m from the wreck.

Apart from the wreck itself there is little relief on the site. The exterior of the port side and the bow are constantly marred by scour trenches. It has been observed, however, that during some ebb tides low sand ridges running parallel to the centre line have appeared on either side of the centre line (C.M.P.F.N., 1991:24/5 and 18/8 with sketches). In association with this condition significant scour trenches have appeared in the same alignment along the centreline and on both the interior and exterior of the port and starboard sides.


3.1.2 RECOMMENDATIONS
The description of the morphology of the area surrounding the site has been built up from observations made during the monitoring programme. There is a need to produce a contour plan for the area. If this is done similar contour plans can be made in the future where comparisons can be made to assess whether there are any changes in the morphology. This is important as changes in sand levels across a wider area may be mirrored on the Clarence. This would indicate that sediment loss or gain on the site may be part of a greater pattern that is affecting this segment of the Bay.

Plotted into this contour map would also be the seagrass beds. Changes in the densities of the beds over time may be linked with any changes in the morphology of the area.

Recommendations
· Create a 40m x 30m area sand contour plan of the area with seagrass beds plotted in.

3.2. SEDIMENT SAMPLING

3.2.1 Methodology
The aims of sediment sampling as part of the monitoring programme are as follows:

1/	To ascertain whether there have been any drastic alterations since

[image: ]
1985 in the sediment composition of the site.

2/	To see whether sediment compositions are different in various locations on the site.

3/	To see whether sediment composition at a particular location alters between flood and ebb tides.

4/	To see whether patterns of current directions and velocities can be deduced from sediment composition analysis.

The sampling and analysis of sediment were carried out in the following way:

· At a desired location sediment, including shell and other material, were scooped into a zip-lock bag and sealed.

· The sample was given an identification tag and marked on a plan of the site (FIGURE 3)

(the number indicates which trip the sample was taken. The letter distinguishes the sample from other samples taken on the same trip)

The samples were treated at the Francis St. lab. The procedure is as follows:

· Remove sample from bag and dry in oven for one day.

· Randomly remove and weigh 10 grams from sample

· Remove large fragments of shell

· Mix sample with 60ml 32 % HCl

· After 15 min., or when no further reaction is observable, wash remaining sample in 4 L of distiled water.

· Place remaining sediment in oven for one day

· Weigh dried remaining sediment

· Difference between final and initial weight (shell content) expressed in % of total weight.

· Obtain sediment colour classification using Munsell charts.

· Seive remaining sample through nested sieves of the following mesh sizes: 2mm, 1mm, 0.5mm and 0.3 mm or 300 microns.

· Weigh each grade of sediment separately

· Express results in % weight of each grade

· Obtain sediment colour classification for each grade using Munsell charts.

· Fill in sediment sample form (see A4 and A5)

· Keep sample if it is out of the ordinary

[image: ]
3.2.2 	Results
Sediment samples taken on the Clarence fall within the range of the sediments known to be in the area (see 1.1 Geology). So far 8 successful sediment samples have been taken during the course of the monitoring programme. Six of these samples were taken in three assigned locations (FIGURE 3). One taken in the flood tide and the other taken in the same spot during the ebb tide, i.e.:
Location 1 	1C	flood	2B	ebb
Location 2	1B	flood	2A	ebb
Location 3	1D	flood	2C	ebb

This was done to see whether there were any noticeable changes in the composition of sediments between tides. The percentage of grain sizes for samples l/B-D and 2/A-D are presented in Table 7 along with the sediment sample taken in the 1985 Pre-Disturbance Survey (Harvey, 1986:Appendix 3). Sediment sample IA has been scrapped.

Key to Table 7

No. on horizontal axis 	grain size (mm) 	Phi value
1 			> 2mm 		-1 to -2
2 			< 2mm >1mm 		0 to -1
3 			< 1mm >0.5mm 	1 to 0
4 			< 0.5mm >0.3 mm 	2 to 1
5 			<0.3mm 		3 to 2

3.2.3 	Discussion
The results of the comparison of samples taken in the same location but at different tides gave the first impression that the current flow patterns over the site changed with the tide. Locations 1, 2 and 3 were shown to have higher percentages of lighter sands in the ebb tide than in the flood. The presence of smaller grained sands during the ebb tide shows a current velocity that is relatively slower than during the flood. This leads to the assumption that the stem and starboard side of the site bears the brunt of the flood tide while the high relief port side of the site has a significant effect of slowing down the current. These observations have been validated by current flow measurements taken on the site (3.4 Current Flow Measurements).

Sediment sample 6/A was taken forward of the bow in an area which had been severely scoured (C.M.P.F.N., 1991:18/8). The sample consists of 23 nodules of "ironstone" (limenite) with diameters ranging from 6mm to 28mm. The nearest origin for this ironstone is the formation at South Red Bluff, south of St Leonards. It may be possible that the bluff extends underneath the site (Reid, 1991 pers. comm.). For the current to transport them to the site would require current velocities of in excess of 200cm/s to transport the largest granule (TABLE 8). The maximum current velocity measured on the site was 50 cm/s (see 3.4. Current Flow Measurements) however the possibility that greater current velocities can occur on site cannot be ruled out.

3.2.4 	Sediment Corer
During the August field trip (1991) attempts were made to obtain 2m core sample
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adjacent to the site. The aims of core sampling are:

· To obtain information on site stratigraphy

· To obtain information on the depth sediment sorting. This assist in determining the maximum wave base (maximum depth at which wave action can affect sediments)

· To determine whether the Clarence is resting on hard strata. This would give an indication of the shape of the hull.

· To see whether the presence of the Clarence has altered the patterns of sediment movement and distribution in the area.

· To see whether the presence of the Clarence has resulted in the "deaths" of seagrass beds.

· To gauge where the current anaerobic sediment levels are.

The sediment corer, based on the "Kyholm Corer" (Nomberg and Christiansen,
1980), was custom made for the M.A.U.. There are two essential differences to the "Kylholm" design.

1/	The air tight seal for keeping the sediment core intact while lifting is provided by air suction from a compressor on the boat.

2/ 	The inner tube is clear plastic. This provides visual access to the sample without the need to remove the core.

The sediment corer trials failed due to a minor technical problem. The plastic inner tube buckled whilst the corer was being hammered into the ground. This can be avoided by placing a metal ring/foot at the base of the corer so the bottom edge of the plastic tube can have support and protection. This can be done at virtually no cost and quickly.

3.2.5 Recommendations

· Take sediment samples on the port and bow areas of the site. The aim of this is to see whether the observations made on the stem and starboard areas of the site will be duplicated.

· Employ the sediment corer before the completion of the monitoring programme

3.3 SAND LEVEL MONITORING

3.3.1 Methodology
The sand levels of the Clarence have been measured using two methods. The first method involves measuring the distance from 23 fixed reference points from on and around the site to the sand level (FIGURE 4). The second method requires taking a series of profiles across the site with measurements directly related to the site datum.

The need for two sets of sand level recordings are considered essential. Method one focuses on areas of the site that have been observed to be most affected by scouring.
The outlying reference points 16 and 18 not affected by the warps in the normal current flows created by the site, provide the necessary controls as well as giving an
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early warning of the possible approach of sand waves. Method two furnishes a means with which to assess the changes in the morphology of the site and whether the trends appearing at the fixed reference points have any bearing on what is happening on the site as a whole. Method two also allows us to quantify the amount of sand lost or gained on the site after every visit. Sand profiling was also carried out on the site in 1985 and 1987. The comparison of the 1987 and 1991 profiles will provide the best means with which to determine how much sand the site has lost since the excavation and where the most affected areas are.

Method One - Fixed Reference Points

The fixed reference points, 1 to 15, are iron nails that have been hammered into the timbers. They have been tagged with green flagging tape which are numbered. The decision was made to place the reference points on the wreck itself because it was thought that the hammering in of poles would create toe scouring which would prejudice the readings. Furthermore the it was decided that no poles were to be driven inside the site has they could damage buried materials. Measurements are taken from the base of the nail to the sand. Because of intervening timbers and growth, the tape has to be read off at eye level with the base of the nail.

Reference points 17, 19, 0,4 and 20,0 are on the site grid. The site grid was remarked during the monitoring programme so as baselines could be laid for the sand profiling. 0.0lm x 2.0m fibreglass poles were used to mark the site grid. The poles, probably due to their small diameter, do not create toe scour. However in the latest visits to the site current borne weed, (there has been a noticeable increase of weed in the Spring), has collected on the poles and has resulted in the creation of toe scour. Points 0,4 and 20,0 are not marked with flagging tape. These points were chosen as 'intermediate' points between the site and the outlying reference points of 16 and 18.

Reference points 16 and 18 lie 16m and 20m respectively away from the site. Their exact positions in relation to the site have plotted and can be found in the Clarence Monitoring Folder (see A4 and A5). They are fibreglass poles marked with green flagging tape.

Reference points 20 and 21 were put in on the 18th August 1991 to monitor an interesting scour pit that had developed forward of the bow. They too are fiberglass poles marked with green flagging tape.

All reference points have had their heights in relation to the site datum (reference point one) recorded with a bubble level (see 10/10/91 C.M.P.F.N.).

Method Two - Sand Profiling
Sand profiling was carried out using a 4m aluminium bar. The bar rested on G-clamps that were fixed onto a vertical pole on either end of the bar. The height of the bar was kept level with that of the site datum by adjusting the G-clamps. A bubble level set to the site datum was used to maintain a constant height. The bubble level was readjusted during the course of a dive to take into account changes in sea level due to tide.

Six runs at 4m intervals were done across the site (i .e. from 0,0 to 0,8; 4,0 to 4,8;
8,0 to 8,8; 12,0 to 12,8; 16,0 to 16,8 and 20,0 to 20,8). A plumb bob was dropped at 0.50cm intervals. Where the plumb bob fell on the wreck the measurement was entered with "timber" written after it.

With three divers the profiling could be carried out in under 1:30 hours on one tank. However there were occasions where the profiling was not completed. This was due to either running out of air or excessively cold water (28th August p.m. 1991). On occasions where we knew that the full six runs could not be completed with the time and divers available we chose to do five runs (i.e. 10th October 1991). This should be taken into account when using the sand programme. The programme extrapolates where there is incomplete data and its not known yet how much more error this introduces into accuracy of sand contours and quantitive measurements. It should also be mentioned that the profiling carried out in 1985 was done in 11 runs and the 1987 sand profiling had 21 runs. Therefore there is a difference in the number of measurements that were taken in 1985, 1987 and the 1991 profiles. Again it is not known how this affects the accuracy of the computer model.

All efforts must be made to carry out the sand profiling at 4m intervals so as to keep the measurements as consistent as possible.

3.3.2 Results

Method One - Fixed Reference Points
Table 9 shows the absolute heights below datum for 23 reference points since measuring began in May 1991 until November 1991.

Along the bottom row of the table are the average heights of the each of the reference points. The figures in Table 10 represent the differences in sand levels from the calculated averages of each reference point. The weather conditions on the Bay for the days preceding each visit have been included as well as the tide conditions for that day.

The measurements from the reference points on the site have been divided into four groups, above average measurements of over 0.03m, below average measurements over 0.03m and measurements 0.03m on either side of the average for each reference point Supposed to be in italics but it seems that Brenda's printer does not do italics for the Excel programme). The 0.03m on either side of the average is considered to be the margin of error. This is because of the difficulty of taking direct measurements from the reference points on the wreck features to the sand. This margin of error has not been included for the reference points outside the site as they are fixed fibre glass poles and easier to measure.

Things to note:

· Blanks indicate that the measurements were not taken, either because the points were not in place at the time, could not be located because of shocking visibility (i.e. 16 on the 28th August) or have been lost (i.e. 6, 9 and 12).

· Reference point 10 was dislodged and replaced on the 28th August as close as possible to its original position so be cautious when using that reference point.

· Dramatic sand movement in the area of reference points 20 and 21 have resulted in the poles being found leaning over a few times. Their heights are recorded prior to being hammered back in. New measurements are then taken. The last site visit, 18th November two readings were taken one along the length of the pole and the other directly from the top of the pole to the sand. The measurement used in the tables is the length measurement.

A number of observations can be made from tables 9 and 10.

The most apparent is that the sand levels on the wreck itself in late September and November are above average. This has led to the tentative assumption that in the winter season sand cover for the site is at its lowest. The reasons for this increase in sand levels are not fully understood. The presence of current slowing/sediment producing floating weed on the site in these months may be a factor as well as the easing off of the strong northerly winds (see 3.5 Wave Characteristics and 5.3 Current borne weed).

What is also evident is that sand levels can change dramatically between visits to the site. For example the difference of 0.40m at reference point 10 from the 14th June to the 1st July. The dramatic changes of sand levels over a short period of time was also observed in the 1985 survey where features could be observed on one day and be covered over the next (Harvey, 1986:50). Sharp changes in sand levels can also occur at the change of tides on the same day as can be seen at reference point 8 for the 28th August.

The differences in the sand levels between the ebb and flood tides on the 28th August are of interest as they were unexpected. There was no significant gain in levels on the site and in a few locations there were substantial losses. The assumption from this observation would be that the flood tide produces a stronger current than the ebb. Measurements of the current velocities a few days later however showed the opposite and in any case velocities were not constant across the site. The activities of the divers during the ebb dive may be a contributory factor for the loss of sand. A significant portion of the sand profiling was carried out while the flood tide was running. It was observed during that dive that sediment was being disturbed through the actions of the divers and being carried away by the current. What can be perhaps learned from this is the effect that divers have on sand levels whilst there is a strong current on the site. Similar observations were made in the 1985 survey (Harvey, 1986:50). The sand profiling (see below) verifies this but the loss of sediment isn't as dramatic as initially expected.

In any case the results from the recording of sand levels in the ebb and flood on the same day show that caution should be exercised when comparing measurements from different tides over time.

The loss of sand from reference point 16 is of interest as it may indicate the movements of a sand wave approaching the site. There may be a correlation between the loss of sediment at reference point 16 and the increase of sand levels on the site. This could also be applicable to reference points 20 and 21. These two reference points were placed at the peak and the base of what appeared to be a 0.25m high sand "dune". Since then both points have been losing sand at a dramatic rate. The absolute heights of both points taken on the 18th November show no evidence of a dune or scour pit.

These tables show that the sand levels on the site may be seasonal and that it appears to be stable in terms of sediment erosion, thought there are dramatic changes in levels between visits. However the rise in sand levels in Spring does not necessarily mean that the site is not losing sand as there may be likely that there is a gradual net loss of sediment each year.

Method Two - Sand Profiling
The displaying of the sand profiling data presented in Figures 5, 6, 7, and 8 is brought to you by Doug Palmer's sand programme. Doug is a tutor at Melbourne University's Computer Science Dept. He comes in to do volunteer work every Wednesday and he made up this programme for us for free (well almost, it cost a dozen Elephant beers). See Appendix A for an explanation of how the programme works. The outline of the Clarence on the "sand plan" is a rush job. A complete outline of the Clarence could be achieved with one days work

	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P

	1
	DATE
	1 (0 b.s.d.)
	2 (-.79 b.s.d)
	3 (-.79 b.s.d.)
	4 (-.68 b.s.d.)
	5 (-.72 b.s.d.)
	6 (-.62 b.s.d.)
	7 (-.74 b.s.d.)
	8 (.67 b.s.d.)
	9 (-1.04 .s.d)
	10 (+ .03 bsd)
	11 (+.21 bsd)
	13 (-.04 bsd)
	14 (-.36 bsd)
	15 (-.27 bsd)
	16 (-.62 bsd)

	2
	24/5/91  EBB
	-1.04
	-1.08
	-1.15
	-1.03
	-1.03
	-1.09
	-1.06
	-1.37
	-1.37
	-1.07
	-1.01
	-1
	-0.96
	
	-1.13

	3
	14/6/91 FLOOD
	-1.08
	-1.07
	-1.09
	-1.01
	-1.01
	-1.05
	-1.06
	-1.3
	-1
	-0.77
	-0.99
	-0.92
	-0.93
	-1.09
	-1.14

	4
	1/7/91 EBB
	-1.02
	-1.03
	-0.99
	-1.03
	-1.03
	-1.1
	-1.02
	-1.35
	-1.03
	-1.17
	-0.99
	-0.94
	-0.92
	-1.09
	-1.15

	5
	29/7/91 FLOOD
	-0.99
	-1.03
	-1.09
	-1.04
	-1.04
	-1.09
	-1.07
	-1.26
	-1.02
	-0.78
	-0.93
	-0.99
	-0.93
	-1.09
	-1.16

	6
	18/8/91 EBB
	-1.08
	-1.07
	-1.07
	-1.06
	-1.06
	-1.1
	
	-1.31
	-1
	-0.79
	-0.94
	-0.99
	-0.94
	-1.16
	-1.17

	7
	28/8/91 EBB
	-1.03
	-1.06
	-1.08
	-1.01
	-1.01
	-1.12
	-1.06
	-1.28
	-1
	-0.7
	-0.81
	-1.04
	-1.28
	-1.13
	

	8
	28/8/91 FLOOD
	-1.1
	-0.08
	-1.12
	-1.02
	-1.02
	-1.1
	-1.02
	-1.59
	-1
	-0.76
	-1.04
	-1
	-1.25
	-1.17
	

	9
	25/9/91 FLOOD
	-1.05
	-1.98
	-1.01
	-0.97
	-0.97
	-1.02
	-0.94
	-1.15
	-1.02
	-0.72
	
	-0.94
	-0.9
	-1.11
	-1.18

	10
	10/10/91 EBB
	-1.03
	-1.08
	-1.04
	-1.02
	-1.02
	-1.01
	-0.97
	-1.17
	-1.02
	-0.75
	-0.93
	-0.96
	-0.9
	-1.11
	-1.2

	11
	23/10/91 FLOOD
	-1.05
	-1.07
	-1.03
	-0.99
	-0.99
	
	-0.97
	-1.11
	-1.02
	-0.72
	-0.89
	-0.96
	-0.89
	-1.1
	-1.2

	12
	18/11/91 EBB
	-1.03
	-1.04
	-0.99
	-0.96
	-0.96
	
	-0.99
	-1.12
	
	-0.71
	-1.93
	-1.01
	
	-1.07
	-1.62

	13
	
	
	
	
	
	
	
	
	check
	
	new post trip
	
	
	
	Look
	

	14
	AVERAGE
	-1.05
	-1.05
	-1.03
	-1.01
	-1.01
	-1.03
	-1.02
	-1.27
	-1.02
	-0.79
	-0.75
	-0.98
	-0.99
	-1.11
	-1.22

	15
	24/5/91 EBB-1.03
	-1.04
	-1.08
	-1.15
	-1.03
	-1.03
	-1.09
	-1.06
	-1.37
	-1.07
	-0.8
	-1.01
	-1
	-0.96
	
	-1.13

	16
	1/7/91 EB-1B
	-1.02
	-1.03
	-0.99
	-1.03
	-1.03
	-1.1
	-1.02
	-1.35
	-1.03
	-1.17
	-0.99
	-0.94
	-0.92
	-1.09
	-1.15

	17
	1-18/8/91 EB-1.02B
	-1.08
	-1.07
	-1.07
	-1.0
	
	-1.1
	
	-1.31
	-1
	-0.79
	-0.94
	-0.99
	-0.94
	-1.16
	-1.17

	18
	28/8/91 EBB
	-1.03
	-1.06
	-1.08
	-1.01
	
	-1.12
	-1.06
	-1.28
	-1
	-0.7
	-0.81
	-1.04
	-1.28
	-1.13
	

	19
	10/10/91 EBB
	-1.03
	-1.03
	-1.04
	-1.02
	
	-1.01
	-0.97
	-1.17
	-1.02
	-0.75
	-0.93
	-0.96
	-0.9
	-1.11
	-1.2

	20
	18/11/91 EBB
	-1.03
	-1.04
	-0.99
	-0.96
	
	
	-0.99
	-1.12
	
	-0.71
	-0.93
	-1.01
	
	-1.07
	-1.62

	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	22
	14/6/91 FLOOD
	-1.08
	-1.07
	-1.09
	-1.01
	
	-1.05
	-1.06
	-1.3
	-1
	-0.77
	-0.99
	-0.92
	-0.93
	-1.09
	-1.14

	23
	29/7/91 FLOOD
	-0.99
	-1.03
	-1.09
	-1.04
	
	-1.09
	-1.07
	-1.26
	-1.02
	-0.78
	-0.93
	-0.99
	-0.93
	-1.09
	-1.16

	24
	28/8/91 FLOOD
	-1.1
	-1.08
	-1.12
	-1.02
	
	-1.1
	-1.02
	-1.59
	-1
	-0.76
	-1.04
	-1
	-1.25
	-1.17
	

	25
	25/9/91 FLOOD
	-1.05
	-0.98
	-1.01
	-0.97
	
	-1.02
	-0.94
	-1.15
	-1.02
	-0.72
	
	-0.94
	-0.9
	-1.11
	-1.18

	26
	23/10/91 FLOOD
	-1.05
	-1.07
	-1.03
	-0.99
	
	
	-0.97
	-1.11
	-1.02
	-0.72
	-0.89
	-0.96
	-0.89
	-1.1
	-1.2



	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W

	9 (-1.04 .s.d)
	10 (+ .03 bsd)
	11 (+.21 bsd)
	13 (-.04 bsd)
	14 (-.36 bsd)
	15 (-.27 bsd)
	16 (-.62 bsd)
	17 (-.53 bsd)
	18 (-.45 bsd)
	19 (-.54 bsd)
	20 (-.59 bsd)
	21 (-.6 bsd)
	0,4 (-.39 bsd)
	20,0 (-.58 bsd)

	-1.37
	-1.07
	-1.01
	-1
	-0.96
	
	-1.13
	-1.05
	-0.94

	-0.96
	
	
	
	

	-1
	-0.77
	-0.99
	-0.92
	-0.93
	-1.09
	-1.14
	-1.03
	-0.94

	
	
	
	
	

	-1.03
	-1.17
	-0.99
	-0.94
	-0.92
	-1.09
	-1.15
	-1.03
	-0.92

	-0.98
	
	
	-0.94
	-0.94

	-1.02
	-0.78
	-0.93
	-0.99
	-0.93
	-1.09
	-1.16
	-1.06
	-0.93

	-0.96
	
	
	-0.94
	-0.94

	-1
	-0.79
	-0.94
	-0.99
	-0.94
	-1.16
	-1.17
	-1.01
	-0.94

	-0.99
	-0.21
	-0.45
	-0.94
	-0.94

	-1
	-0.7
	-0.81
	-1.04
	-1.28
	-1.13
	
	-1.05
	-0.94

	-1.03
	-0.42
	-0.47
	-0.93
	-0.93

	-1
	-0.76
	-1.04
	-1
	-1.25
	-1.17
	
	-1.07
	-0.93

	-1.02
	-0.36
	-0.52
	-0.94
	-0.94

	-1.02
	-0.72
	
	-0.94
	-0.9
	-1.11
	-1.18
	-1
	-0.87

	-0.96
	
	-0.83
	
	

	-1.02
	-0.75
	-0.93
	-0.96
	-0.9
	-1.11
	-1.2
	-1.08
	-0.91

	-1
	-0.88
	-0.89
	-0.92
	-0.92

	-1.02
	-0.72
	-0.89
	-0.96
	-0.89
	-1.1
	-1.2
	-1.02
	-0.89

	-0.98
	-1.71
	-1.78
	-0.95
	-0.95

	
	-0.71
	-1.93
	-1.01
	
	-1.07
	-1.62
	-1.03
	-0.9

	-1.42
	-1.77
	-1.8
	-0.96
	-0.96

	
	new post trip
	
	
	
	Look
	
	
	

	
	
	
	
	

	-1.02
	-0.79
	-0.75
	-0.98
	-0.99
	-1.11
	-1.22
	-1.04
	-0.92

	-1.03
	-0.89
	-0.96
	-0.94
	-0.94

	-1.07
	-0.8
	-1.01
	-1
	-0.96
	
	-1.13
	-1.05
	-0.94

	-0.96
	
	
	
	

	-1.03
	-1.17
	-0.99
	-0.94
	-0.92
	-1.09
	-1.15
	-1.03
	-0.92

	-0.98
	
	
	-0.94
	-0.94

	-1
	-0.79
	-0.94
	-0.99
	-0.94
	-1.16
	-1.17
	-1.01
	-0.94

	-0.99
	-0.21
	-0.45
	-0.94
	-0.94

	-1
	-0.7
	-0.81
	-1.04
	-1.28
	-1.13
	
	-1.05
	-0.94

	-1.03
	-0.42
	-0.47
	-0.93
	-0.93

	-1.02
	-0.75
	-0.93
	-0.96
	-0.9
	-1.11
	-1.2
	-1.08
	-0.91

	-1
	-0.88
	-0.89
	-0.92
	-0.92

	
	-0.71
	-0.93
	-1.01
	
	-1.07
	-1.62
	-1.03
	-0.9

	-1.42
	-1.77
	-1.8
	-0.96
	-0.96

	
	
	
	
	
	
	
	
	

	
	
	
	
	

	-1
	-0.77
	-0.99
	-0.92
	-0.93
	-1.09
	-1.14
	-1.03
	-0.94

	
	
	
	
	

	-1.02
	-0.78
	-0.93
	-0.99
	-0.93
	-1.09
	-1.16
	-1.06
	-0.93

	-0.96
	
	
	-0.94
	-0.94

	-1
	-0.76
	-1.04
	-1
	-1.25
	-1.17
	
	-1.07
	-0.93

	-1.02
	-0.36
	-0.52
	-0.94
	-0.94

	-1.02
	-0.72
	
	-0.94
	-0.9
	-1.11
	-1.18
	-1
	-0.87

	-0.96
	
	-0.83
	
	

	-1.02
	-0.72
	-0.89
	-0.96
	-0.89
	-1.1
	-1.2
	-1.02
	-0.89

	-0.98
	-1.71
	-1.78
	-0.95
	-0.95








	
	
	
	
	
	
	
	14/8 WNW 24-32KN
	24/8 SW 20-25 KN
	
	
	
	
	
	
	

	
	
	
	
	
	28/6 NW 45 KN
	
	15/8 SW 37-58KN
	25/8 WNW 15-20KN
	
	
	
	
	
	
	

	
	average
	
	
	
	29/6 W-SW 25-30KN
	27/7 NNW 27-32KN
	16/8 WSW 20-22KN
	26/8 WNW 15KN
	
	
	
	8/10 W 9-25 KN
	
	
	

	
	depth
	2/5 N-NW 19-24KN
	23/5 S-SE 8-12KN
	13/6 S-SE 13-30 KN
	30/6 W-WN 17-23 KN
	28/7 W 13-16 KN
	17/8 N 5-10 KN
	27/8 N 34-40 KN
	
	
	
	9/10 WNW 14-20 KN
	
	
	

	
	below
	3/5 S-W 15-20KN
	24/5 E 4-5 KN
	14/6 W 5 KN
	1/7 NE 10 KN
	29/7 A 10-15 KN
	18/8 N 5KN
	288/8 NW 10-15 KN
	28-Aug
	DIFF EBB TO FLOOD
	25/9 N 10 KN
	10/10 SW 15 KN
	23/10 SE 10 KN
	18/11 NE 5 KN
	COMMENTS

	
	site datum
	FLOOD
	EBB
	FLOOD
	EBB
	FLOOD
	EBB
	EBB
	FLOOD
	
	FLOOD
	EBB
	FLOOD
	EBB
	

	1
	-1.05
	
	0.01
	-0.03
	0.03
	0.06
	-0.03
	0.02
	-0.05
	loss .07
	0
	002
	0
	0.02
	

	2
	-1.05
	
	-0.03
	-0.02
	0.02
	0.02
	-0.02
	0.01
	-0.03
	loss .04
	0.07
	0.02
	-0.02
	0.01
	

	3
	-1.06
	
	-0.09
	-0.03
	0.07
	-0.03
	-0.01
	-002
	-0.05
	loss .04
	0.05
	0.02
	0,03
	0.07
	

	4
	-1.03
	
	-0.04
	-0.05
	-0.05
	-0.04
	-0.13
	-0.03
	-002
	gain .01
	0.03
	0.05
	0.09
	0.24
	

	5
	-1.01
	
	-0.02
	0
	-0.02
	-0.03
	-0.05
	0
	-0.01
	loss .01
	0.04
	-0.01
	0.02
	0.05
	

	6
	-1.08
	
	-0.01
	0.03
	-0.02
	-0.01
	-0.02
	-0.04
	-0.02
	gain .02
	0.06
	0.07
	a
	a
	

	7
	-1.02
	
	-0.04
	-0.04
	0
	-0.05
	a
	-0.04
	0
	gain .04
	0.08
	0.05
	0.05
	0.03
	

	8
	-1.27
	
	-0.1
	-0.03
	-0.08
	0.01
	-0.04
	0.01
	-0.32
	loss .31
	0.12
	0.1
	0.16
	0.15
	

	9
	-1.02
	
	-0.05
	0.02
	-0.01
	0
	0.02
	0.02
	0.02
	static
	0
	0
	0
	a
	

	10
	-0.79
	
	-0.01
	0.02
	-0.38
	0.01
	0
	0.09
	0.03
	loss .06
	0.07
	0.04
	0.07
	0.08
	RESET ON 28/8

	11
	-0.95
	
	-0.06
	-0.04
	-0.04
	0.02
	0.01
	0.14
	-0.09
	loss .23
	a
	0.02
	0,06
	0.02
	

	13
	-0.98
	
	-0.02
	0.06
	0.04
	-0.01
	-0.01
	-0.06
	-0.02
	gain .04
	0.04
	0.02
	0.02
	-0.03
	

	14
	-0.99
	
	0.03
	0.06
	0.07
	0.06
	0.05
	-0.29
	-0.26
	gain .03
	0.09
	0.09
	0.1
	a
	

	15
	-1.11
	
	a
	0.02
	0.02
	0.02
	-0.05
	-0.02
	-0.06
	loss .04
	0
	0
	0.01
	0.04
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	16

	-1.22
	
	0.09
	0.08
	0.07
	0.06
	0.05
	a
	a
	a
	0.04
	0.02
	0,02
	-0.4
	

	17
	-1.04
	
	-0.01
	0.01
	0.01
	-0/02
	0.03
	-0.01
	
	loss .02
	0.04
	-0.04
	0.02
	0.01
	

	18
	-0.92
	
	-0.02
	-0.02
	0
	-0/01
	-0.02
	-0.02
	
	gain .01
	0.05
	0.01
	0.03
	0.02
	

	19
	-1.03
	
	0.06
	a
	0.05
	0.07
	0.04
	0
	
	gain .01
	0.07
	0.03
	0.05
	-0.39
	

	20
	-0.89
	
	a
	a
	a
	a
	0.68
	0.47
	
	gain .06
	a
	-0.01
	-0.82
	-0.88
	

	21
	-0.96
	
	a
	a
	a
	a
	0.51
	0.49
	
	loss .05
	0.13
	0,07
	-0.82
	-0.84
	

	0,4

	-1.06
	
	a
	a
	-0.03
	a
	0.02
	a
	
	a
	a
	0,01
	0.02
	-0.02
	

	20,0
	-0.94
	
	a
	a
	0
	0
	0
	0.01
	
	loss .01
	a
	0.02
	-0.01
	-0.02
	

	
	
	
	
	
	
	
	
	
	
	
	
	breasthook exposed
	
	
	

	OBSERVATIONS
	
	cuttlefish port/ster
	more shell patches
	“silt” near 5
	level for 10
	gud. Very exposed
	ridge infront of bow
	13&14 planking
	14 on planking
	
	
	plus lots of shell
	
	
	

	
	
	
	str/bd;centre;port
	str’bd “silted”
	found tape12 nw 25m
	lead timber seen
	19 collected weed
	hvy scour port
	
	
	
	lots of shell on 9
	
	
	

	
	
	
	beer btls appear
	hvy scour near 11
	at flood current at
	mast hoop seen
	love scallops again
	Gud most exposed
	
	
	
	migratory
	
	
	

	
	
	
	only green on Gudg.
	port lot of scour
	starb not as stron
	cuttfish btw 14&15
	seems more send
	breasthook visible
	
	
	
	post/stern covered
	
	
	

	
	
	
	stern more sand
	no shell cent.orstar
	site in depression
	seem lost sand
	pump covered
	seem lost sand
	
	
	
	pump exposed 
	
	
	

	
	
	
	cuttle gone
	knee more exp.
	starbd seagrass
	shell patches more
	port/stern covered
	lot free seagrass
	
	
	
	timbers exp. Near 5
	
	
	

	
	
	
	knee noticed
	gud. More exp.
	port nd stern
	free seagrass + Oys
	round timb. 3 cover
	poles had week
	
	
	
	timbers inside starb’d
	
	
	

	
	
	
	sand ridges in site
	sand ripples of bow
	patches
	scupper seen
	deep scour on port
	
	
	
	
	outside starb’ cover
	
	
	

	
	
	
	
	no sand ridges
	to bow sand ridge
	port heavily scoured
	
	
	
	
	
	lot free weed
	
	
	

	
	
	
	
	periwinkles on f/g
	sand ripple direction
	breasthook exp.
	
	
	
	
	
	more growth
	
	
	

	
	
	
	
	poles
	changes with
	
	
	
	
	
	
	kelp free
	
	
	

	
	
	
	
	
	current
	
	
	
	
	
	
	cuttfish near 4 inner
	
	
	

	
	
	
	
	
	shell patch btw. 1 &3
	
	
	
	
	
	
	more marine life
	
	
	

	
	
	
	
	
	plank port/stern exp.
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	pump exposed
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	p.winkles off poles
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	now green algae

	
	
	
	
	
	
	
	
	
	

	Bold
	Indicates significant gain
	
	
	
	live scallops noticed
	
	
	
	
	
	
	
	
	
	

	Bold italics
	Indicates insignificant gain
	
	
	
	knee very exposed
	
	
	
	
	
	
	
	
	
	

	Italics
	Indicates insignificant loss
	
	
	
	gud. very exposed
	
	
	
	
	
	
	
	
	
	

	Plain
	Indicates significant loss
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Before the analysis of the individual figures begins I have worked out a rough margin of error that should be applied when looking at the changes in volume. Assuming that for every measurement taken in the sand profiling there is a margin of error of 0.01m then the total volume error for the whole site, after the computer programme extrapolates that error, would be 1.6m³ (20.0m x 8.0m x 0.0lm). This assessment of the margin of error should be reviewed and further defined. 

Figure 5 shows the difference in sand levels on the site from September 1987 to September 1991. The results show that the subjective observations made by the M.A.U. over the last two years have been correct; the site has lost a significant amount of sand. Taking into consideration the 1.6m³ margin of error the site has lost 46.8m³ to 50.0m³ of sand since the excavation. This indicates that on average 0.30m has been lost over the whole site. Some parts of the site have lost over 0.70m of sand. The port/stem area has lost between 0.30-0.60m of sand (see 4.5 Physical Deterioration of the Clarence Conservation Plan to show that the sand profiling is actually giving us real results)

Figure 6 shows that the Clarence was relatively stable prior to the excavation. Between October 1985 and September 1987 the site had actually gained 3.lm³ to 6.3m³. There was a significant loss of over 0.20m in front of the port/bow.

Figure 7 confirms what was observed in Table 10 that the site has gained sand since
September 1991. Between 1st July and 23rd October 1991 the site has gained 11m³ to 14.2m³ of sand. The site has significantly gained sand at the stem but has lost at the starboard/bow, and the centre of the site. This does not suggest that erosion on the site has halted. It is essential that sand profiling continues until July 1992 to ascertain whether there is any significant net loss of sediment over a one year period. What is apparent from this plan is that the sand cover on the site does alter considerably over at least six months. This has the effect of exposing more of the wreck for part of the year which leaves more of the site exposed to biological attack (see 8.0 of the Clarence Conservation Plan).

On the 28th August 1991 sand profiles were taken in the ebb and flood tides. This was done to see if there were any changes in the morphology of the site between the change of tides. Figure 8 shows that there was a change in volume between 0.4 to -
2.8m³. Table 10 shows that there was loss of sediment on the site between the tides which suggests that the later number is closer to the mark of actual volume change.
What this shows is that given the above two ranges, the site does not alter considerably in sand volume between the two tides. The sand appears to have been pushed toward the centre of the site which may vindicate the observations made in 3.2.3 of Sediment Sampling.

3.3.3 Discussion

Method One - Fixed Reference Points
The use of fixed reference points to assess the movements of sand on the site has been superseded with the development of the sand programme. What is significant is that the increase in sand levels on the site that were observed in Table 10 has been verified in the sand profiling. This shows that fixed reference points are a good indicator for what is happening over the whole site.

This does not mean that the reference points should be ignored from now on. They provide measurements for exact locations. They are a back-up in the event that sand profiling is not carried out.

Method Two - Sand Profiling
The programme developed to display the sand profiling data ("sand") only became operational two days ago (11/12/91). I have resisted the urge to "tinker" with it and as a result only a fraction of what can be done is presented here. Because of this programme the sand profiling data has become the most relevant tool for assessing changing sand levels on the site. With this programme we can now

· quantify sand loss on the site
· isolate areas which are continuing to lose sand
· monitor sand waves passing over the site (depending on you imagination)

The second point will be most useful when it comes to deciding on the choice and placement of site stabilization methods. The results obtained here justify the continuation of sand profiling on the site.

3.3.4 Recommendations

Fixed reference points
· do not attempt to replace reference points that have been lost.

· Create new reference points at your discretion

· Hammer in loose reference points (nails only). Taking readings from fibre glass poles before and after hammering them in.

· Replace green flagging tape as it is difficult to read the numbers on them.

· Present data taken from reference points in a user friendly way. More work can be done with this information

Sand profiling

· Exercise caution when comparing;
1/	sand profiles with less measurements than the other
2/ 	sand profiles taken during different tides.
· The potential for the utilizing of the sand profiling data and the sand programme has been far from realised. More work should be done on it

· A more detailed set of x y coordinates from the 1987 Clarence site plan should be put into an -ooutline file to be laid over sand profile plans.


3.4 CURRENT FLOW

3.4.1 Methodology
To analyse the patterns of sediment movement on the Clarence there must be an understanding of the velocity and direction of the currents on the site. This is because as fluid flows over a bed of sediment with gradually increasing velocity there is a stage at which grains start to move on the bed. The velocity at which movement begins is the 'threshold velocity'. (Biggs, 1983:44). 

The measurement of current flow was attempted in September 1991 over the period of two days (C.M.P.F.N., 1991). The velocity of both the ebb and the flood was obtained releasing dye into the stream and timing how long it took to travel one metre. Current direction was obtained by lining up two fibre glass poles with flagging tape. Nine locations across the site were chosen for the experiment. These same locations were used for both flood and ebb tides.

3.4.2	Results
The results of the current flow measurements are seen in Figures 9 and 10. Before proceeding to a discussion on the results there are a few points that should be mentioned.

The first point concerns the times that the measurements were carried out. Efforts were made to be on site at the middle of each tide where the current is assumed to be at its peak. However this was not always possible. For the flood measurements were taken between three to four hours after the turn of the tide. For the ebb four to five hours after the turn of the tide.

Another point concerning the tides is that the measurements were taken during a "normal" tidal cycle. Measurements taken during extreme tidal cycles such as Springs and Neaps would produce different results. Certainly the velocity of currents in spring tides would be faster.

Some oddities during the experiment were observed. In some cases it was observed that the direction of current flow could fluctuate between 15˚ to 30˚ in a few seconds. Also in some locations the rate of flow was not always constant. In the space of a few seconds the dye would speed up and stop, speed up and slow down over the distance of one metre (surge-like).
3.4.3 Discussion
The observations that can be made from the results are:

· current direction and velocities are not uniform across the site.

· the ebb tide is considerably stronger than the flood, which suggests net sediment transport from the WNW to the ESE.

The most important conclusion of this experiment is that the velocities of the normal currents in some locations on the site were sufficient to activate the transport of the majority of sediment types sampled on the site (Compare TABLE 8 with TABLE
7). Table 8 shows that velocities of over 25cm/s were required to transport sediments of up to 0.5mm in diameter. Such sediments make up the majority of sediments found on the Clarence. Location 9 during the ebb obtained a threshold velocity for bedload transportation for these sediments. Bed load transportation is where grains slide and roll over the substrate (traction) and hop and bounce over the substrate (saltation) (Biggs, 1983:45). This results in the creation of small sand ripples that migrate in the direction of the flow. The increase in velocity results in the waves becoming longer and higher until they form dunes (Biggs, 1983:45). Sand ripples have been observed on the site (C.M.P.F.N., 1991: 14th June).

It should not be assumed that the net transport of sediment is carried by the ebb tide all year round (tidal cycles are not symmetrical otherwise ideally there would be no net transport). The morphology of Port Phillip is a factor responsible for the inequality of tidal currents in the Bay (see 2.2 Tides and Currents). The direction and strengths of winds are also extremely relevant. For example a strong southerly wind in the bay extends the period of the flood tide and reduces the duration of the ebb.
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3.4.4 Recommendations

Current flow measurements should form a base for further study into the behaviour of sediment patterns on the Clarence.

· Before the completion of the monitoring programme at least two more dye traces should be attempted. One at near the same tidal cycle as the on the 1st and 2nd of September and the second during a strong spring tide.

3.5. WAVE CHARACTERISTICS

3.5.1 Wave Hindcast
It was mentioned in the previous section that wind has a significant effect on the duration of tides which in turn has indirectly effects sediment transport on the site. However waves generated by winds have a direct impact on the Clarence because of its relatively shallow depth of 4m (Hindwood and Klaka, 1991:pers. comm.). Waves of sufficient energy put particles into suspension. The bigger the waves the larger the particles in suspension. Wave action tends to displace the lighter sediments. Even then are only picked up and moved a short space forward (net sediment transport). The time that particles remain in suspension is a function of the particle size and weight and the energy of the wave (Murphy, 1991:14). This was witnessed on the Clarence during the 1985 survey where the whole site had lost .05m of sediment due to a storm that had prevented diving for two days (HARVEY, 1986:50). The site returned to "normal" after a few days.

The Coastal Investigations Unit of the Port of Melbourne Authority has produced a wave hindcast for the Clarence (Table 11) based on the weather observations from St Leonards in 1990 (Table 2). Wind generated waves from the westerly winds have been largely omitted as the fetch is too small to create waves of any significance.

3.5.2 Discussion
Wave energy decreases exponentially downwards and motion virtually ceases at a depth equal to half the wave length (Davies, 1980: 100). A water depth equal to half the wavelength of a wave may be regarded as a 'wave base'. where interaction occurs with the seabottom material is transported if it of suitable size (Seedsman and Marsden, 1980:31).

For wave action to affect the sediments on the site the minimum wave length would have to be 8m (depth of Clarence at low tide = 4m). The wave lengths were obtained by comparing wave period (Ts) with the depth of the Clarence (Gardiner and Dackombe, 1983:Fig 10.2). Waves with periods over 2.25 seconds produce a sufficient wave base which could affect the Clarence. Table 11 shows that waves reach this stage for 49% of the year. Summer appears to the worst season for wave induced erosion on the site (56 days or 16%) with the predominant easterlies and southerlies. However with this table there is no indication of the velocities generated on the bottom by wind induced waves.

Wave Hindcast for Clarence

Location: 144˚ 43’ 18.65” E
38˚ 12’ 15.03” S

Notes:
1. Calculations are based on assumed constant depth over the whole fetch and fetch limited condition. Effects of refraction, diffraction, shoaling etc have not been considered. In fact, many of the bigger waves will break before reaching the site.

2. Hs and Ts are average height and period respectively of the one-third highest waves.


	
	Wind Speed (knots)

	1
-3
	4 
-6
	7
-10
	11
-16
	17
-21
	22
-27
	28
-33
	34
-40
	41
47

	D
I
R.
	% Occurrence
	0.44
	1.13
	1.31
	1.59
	0.95
	0.62
	0.09
	-
	-

	
	Hs (m)
	0.06
	0.19
	0.37
	0.54
	0.79
	1.01
	1.23
	-
	-

	N
	Ts (s)
	1.61
	2.35
	2.92
	2.93
	3.43
	3.84
	4.2
	-
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R.
	% Occurrence
	0.40
	0.76
	0.72
	0.63
	0.29
	0.12
	-
	-
	-

	
	Hs (m)
	0.08
	0.23
	0.44
	0.78
	1.19
	1.44
	-
	-
	-

	NNE
	Ts (s)
	1.82
	2.66
	3.3
	3.99
	4.5
	4.6
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R.
	% Occurrence
	0.63
	1.53
	1.69
	1.74
	0.54
	0.37
	0.09
	1.01
	-

	
	Hs (m)
	0.07
	0.22
	0.42
	0.74
	1.13
	1.55
	2.02
	2.27
	-

	NE
	Ts (s)
	1.76
	2.56
	3.18
	3.5
	4.42
	4.91
	5.3
	5.42
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R
	% Occurrence
	0.44
	0.82
	0.79
	0.94
	0.48
	0.22
	0.01
	-
	-

	
	Hs (m)
	0.07
	0.23
	0.43
	0.76
	1.15
	1.58
	2.07
	-
	-

	ENE
	Ts (s)
	1.79
	2.6
	3.23
	3.91
	4.5
	4.99
	5.4
	
	

	
	
	
	
	
	
	
	
	
	
	

	D
I
R
	% Occurrence
	0.51
	0.96
	0.97
	1.27
	0.51
	0.66
	0.02
	-
	-

	
	Hs (m)
	0.06
	0.2
	0.38
	0.67
	1.01
	1.38
	1.81
	-
	-

	E
	Ts (s)
	1.63
	2.38
	2.96
	3.57
	4.11
	4.56
	4.99
	-
	-




	
	Wind Speed (knots)


	1
-2
	4 
-6
	7
-10
	11
-16
	17
-21
	22
-27
	28
-33
	34
-40
	41
47

	D
I
R.
	% Occurrence
	0.48
	1.14
	1.00
	1.36
	0.34
	0.17
	0.01
	-
	-

	
	Hs (m)
	0.6
	0.18
	0.35
	0.62
	0.95
	1.3
	1.53
	-
	-

	ESE
	Ts (s)
	1.56
	2.28
	2.83
	3.42
	3.94
	4.37
	4.47
	-
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R.
	% Occurrence
	0.43
	1.18
	1.51
	2.01
	0.64
	0.3
	0.04
	0.01
	-

	
	Hs (m)
	0.02
	0.12
	0.25
	0.39
	0.52
	0.64
	0.75
	0.85
	-

	SE
	Ts (s)
	0.56
	1.43
	2.02
	2.54
	2.95
	3.27
	3.56
	3.82
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R.
	% Occurrence
	0.43
	1.12
	2.26
	3.61
	1.33
	0.36
	0.05
	-
	-

	
	Hs (m)
	0.05
	0.11
	0.2
	0.3
	0.38
	0.45
	0.52
	-
	-

	SSE
	Ts (s)
	1.3
	1.4
	1.84
	2.28
	2.62
	2.89
	3.14
	-
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R
	% Occurrence
	0.70
	1.28
	2.43
	3.39
	1.37
	0.33
	0.03
	0.01
	-

	
	Hs (m)
	0.04
	0.10
	0.22
	0.38
	0.54
	0.69
	0.84
	0.99
	-

	S
	Ts (s)
	1.2
	1.28
	1.89
	2.38
	2.76
	3.06
	3.34
	3.61
	-

	
	
	
	
	
	
	
	
	
	
	

	D
I
R
	% Occurrence
	0.92
	1.21
	1.45
	1.98
	0.61
	0.06
	0.02
	-
	-

	
	Hs (m)
	0.04
	0.13
	0.25
	0.38
	0.63
	0.70
	0.87
	-
	-

	SSW
	Ts (s)
	1.22
	1.79
	2.22
	2.36
	2.95
	3.05
	3.33
	-
	-





	
	Summer
	Autumn
	Winter
	Spring

	DIR
	
	
	
	

	N
	1.79
	4.93
	9.08
	4.00

	NNE
	2.75
	6.57
	12.56
	7.83

	NE
	2.82
	3.01
	3.2
	3.28

	ENE
	1.95
	1.80
	1.01
	1.39

	E
	4.14
	2.76
	0.63
	3.04

	ESE
	7.93
	3.02
	0.45
	2.28

	SE
	3.15
	1.85
	0.75
	0.49

	SSE
	1.62
	1.01
	0.46
	0.15

	S
	9.74
	4.9
	1.46
	5.73

	SSW
	15.05
	6.94
	2.04
	6.39

	SW
	-
	-
	-
	-

	WSW
	-
	-
	-
	-

	W
	-
	-
	-
	-

	WNW
	-
	-
	-
	-

	NW
	-
	-
	-
	-

	NNW
	-
	-
	-
	-

	
	50.94%
	36.79%
	31.64%
	34.58%

	
	(56 days)
	(41 days)
	(37 days)
	(39 days)

	Total Days = 173


TABLE 12 – WAVES WITH 4M WAVE BASE (2.25 Ts)

A frustrating literature search was made for an equation which would enable the calculation of velocity of a wave at a given depth. When I realised one of the articles I was reading was written by Mr. Einstein it became obvious that I was out of my depth. Nevertheless the equation exists but not in a simple form. The literature search was not exhaustive so perhaps the equation has been worked out/simplified in recent years. The Coastal Investigations Unit has offered calculate, using a computer programme, the velocities of the wave hindcasts at 4m ($$$$$don't know how much$$$$$$).

So for the moment efforts have been stymied in this area. However some assumptions can be made. The bottom velocity of a wave with a wave base of 4m would be minimal, perhaps not enough to disturb the sediments on the Clarence. Waves 16m long with a wave base of 8m would certainly have a greater velocity at the bottom which could move sediments. Only on 43 days (12 %) of the year are waves generated that can produce wave bases that exceed 8m (TABLE 13). Winter (4% or 15 days) appears to be the worst season for these more powerful waves with northerlies being the more dominant winds.

	
	Summer
	Autumn
	Winter
	Spring

	DIR
	
	
	
	

	N
	0.07
	3.94
	1.23
	0.39

	NNE
	2.97
	0.86
	10.81
	6.33

	NE
	1.05
	0.25
	1.45
	1.79

	ENE
	0.44
	0.82
	0.02
	0.22

	E
	1.73
	-
	0.01
	0.99

	ESE
	3.22
	0.15
	-
	-

	SE
	-
	-
	-
	-

	SSE
	-
	-
	-
	-

	S
	-
	-
	-
	-

	SSE
	-
	-
	-
	-

	S
	-
	-
	-
	-

	SSW
	-
	-
	-
	-

	SW
	-
	-
	-
	-

	WSW
	-
	-
	-
	-

	W
	-
	-
	-
	-

	WNW
	-
	-
	-
	-

	NW
	-
	-
	-
	-

	NNW
	-
	-
	-
	-

	
	9.48%
	6.7%
	13.52%
	10.03%

		Total Days = 43


TABLE 13 – WAVES WITH 8M WAVE BASE

From this whirlwind analysis of the wave hindcast for the Clarence a number of observations can be made. The Clarence can be effected by wind generated waves for 49% of the year. This occurs mostly in summer the southerlies are most prevalent. Larger waves however are most common in the winter with the northerly storms. From this it can be deduced with some confirmation from the observations made during the monitoring programme that winter is the most destabilizing season for the Clarence in terms of wave action with net sediment transport moving in a Southerly direction. In summer the situation may be the reverse where the flood tide assisted by fresh southerlies would have the effect of moving sediment to the NW to a lesser degree.

3.5.3 Recommendations
This information should be further explored and put to use. Wave action is most significant environmental factor which can affect sand levels on the Clarence.
· Seek formulae to work out:
-	wave period
-	wave velocity in relation to depth.

4.0 	FLORA AND FAUNA SURVEY (BERNIE O’CALLAHAN)
5.0	POSSIBLE REASONS FOR SEDIMENT LOSS
The monitoring of sand levels on the Clarence in 1991 bas shown that there is no gross sediment erosion on the site occurring ( see 2.3 Sand Levels). Information available so far seems to indicate sand levels remain stable during the winter period with signs that during summer the overall sand levels increase. Yet it has been demonstrability shown through the comparison of sand profiles taken in October 1987 and 1991 that the site bas lost a considerable amount of sediment (see Clarence Conservation Plan; 4.5 and 2.3 Sand levels). What follows below is a discussion on the possible reasons of why this bas occurred.

5.1 	Loss of sediment Port Phillip Bay.
It has been recognised that there has been a net loss of sediment in Port Phillip Bay (Port of Melbourne, 1987). A number of reasons have been put forward to explain the loss which are:

-	long term changes in weather conditions.
-	local earth movements.
-	minor changes in sea level.
-	"natural" loss of sediment from the system.
-	interference of the cyclic movement of sand by man-made structures.

Of these five possible reasons the last, the interference of the cyclic movement of sand by man-made structures, is the most contributory factor, especially in relation to the Clarence (Reid, 1991:pers. comm.).

The natural movement of sediment along the western side of the Bay is in a clockwise or northerly direction (Bowler, J.M., 1966:20 and Reid, 1991:pers. comm.). The construction of the training walls at Queenscliff Cut in 1935 and the subsequent lengthening of the wall in 1956 and 1960 have interrupted the cyclical flow of sediment (S.B.M.P., 1991:45 and Reid, 1991:pers. comm.). The building of groynes and sea walls on Swan island beaches have also bad an effect (S.B.M.P., 1991:41). The result is that the current follows its natural flow pattern but there is diminished sand replenishment to the north of the Queenscliff Cut. This retardation of the northward movement of sediments is responsible for the erosion of sections of the eastern shores of Port Phillip Bay north of Swan Island beacon to St. Leonards (Reid, 1991:pers. comm.).

It is difficult to say at present whether the loss of sediment on the Clarence is attributable to the disruption to natural sediment transport caused by man-made structures at Queenscliff and Swan Island. It is most likely that the site is sufficiently far enough off shore not to be affected (Reid, 1991:pers. comm.). However should it be shown that there is connection then it should be recognised that erosion on the site is not a recent phenomenon (over the last 4 years) but the process that may have started as early as 1935. Prior to that date it would be conceivable to assume the Clarence may have been totally covered, hence the excellent state of preservation when it was discovered. The possibility of the site being "recently" uncovered was raised in the 1985 Pre-Disturbance Survey (Harvey, 1986:53).

5.2	 Sand Waves
The movement of sand in the form of "waves" over the Clarence may result in alternating and dramatic changes in sand levels on the site. Approximately 5,000 to 10,000 m³ per year of sand is transported in the area (Hindwood, 1991:pers. comm.). It could be that the differences in levels between 1987 and 1991 is attributable to the respective presence and absence of a sand wave of considerable size.

Sand waves are a common phenomenon on the Nepean Bay Shoals (Beasley, 1966:72). In the West Channel sand waves of considerable size run from west to east across the tide. The movement of sand waves over the William Salthouse is a contributory factor for erosion on the site.

Observations made on the Clarence in 1985 and 1987 have mentioned the occurrence of sand waves moving in a NW to SE direction (Harvey, 1987a:13). The size of the these waves however are not large enough to bring changes in sand levels comparable to the differences between the 1987 and 1991 sand levels (see 2.3 Sand Levels).

Sand waves with magnitudes of a similar scale with those found in the West Channel are not known to occur in the vicinity of the Clarence (Reid, 1991:pers. comm.). A search of charts of the area dating back to the 1830's has not produced any evidence of significant changes in depths in the vicinity of the Clarence that could be attributable to sand waves. The search however has not been rigourous and there is scope for further work to be done in this area. 

5.3	Current Borne Weed
During the 1985 and 1987 survey and excavation it was observed that significant amounts of current borne seaweed had to be removed from the site grids at the start of each work session (Harvey, 1986: 18 and 1987a: 12). The presence of floating seagrass on the site has the effect of slowing down the current velocity and thereby reducing the loss of sediment on the site and encouraging the deposition of current borne sediments.

From the time when the monitoring programme began in May until September 1991, the volume of floating weed observed on the site did not approach levels seen in the survey and excavation (C.M.P.F.N., 1991). Two explanations for this absence were given at the time. One explanation was that the increased volumes of floating seaweed was a seasonal occurrence. The second explanation was that for some unknown reason conditions in the Bay have changed in the last few years that see less quantities of current borne sea weeds.

Two visits to the Clarence in October 1991, the month that both the survey and excavation took place, seem to have validated the first explanation; that the occurrence of current borne sea weed was a seasonal. With the presence of floating sea weed on the site the sand levels have risen correspondingly (see 2.3 Sand Levels).

Though it seems that occurrence of floating sea weed is seasonal it has been included as a possible reason for sand loss as there has been some notable and unexplainable disappearances of marine fauna in the Bay. The dying out of certain sea grass beds in the Bay and the disappearance of the floating kelp at Point Lonsdale may indicate a trend that could be effecting sand levels on the Clarence (Reid, 1991:pers. comm.). At present there is no way of quantifying then volume of floating sea weed passing over the Clarence in 1991 for comparison with other years, however it decrease in volume of current borne marine fauna should be considered as a factor, if only remote, for the loss of sediment on the site.

5.4 	Sea Grass Beds (H. Tasmanica)
The 1982 (24th Oct) wreck inspection of the Clarence reported that the site was difficult to locate from the surface due to "large amounts of sea grass and weed". In 1991 the outline of the site can be clearly seen from the surface (see 2.1 Site Morphology). The 1985 photomosaic of the site shows patches of seagrass established within the site (PLATE 1). In the space of 10 years the distribution of sea grass on the site has altered considerably.

The importance of seagrass communities for the stability of bottom sediments has long been recognised, as they:
1/ 	they act as baffles trapping sediment and stabilizing and binding it.
2/ 	they can reduce water movement, preventing removal of sediment.
(S.B.M.P., 1991 :13)

Seagrass distribution is dependant on a number of abiotic and biotic factors. The abiotic components are salinity, temperature, dessication tolerance, depth, light intensity and wave action (S.B.M.P., 1991:13). Through their deep root system sea grass beds are quite stable once they ore established (Reid, 1991:pers. comm.). However there are many cases where the loss of seagrass communities are not readily explained (Reid, 1991:pers. comm.).

There have been some theories put forward to try explain this phenomenon. In one study the increased abundance of H. Tasmanica in the Rosebud-Rye region of Port Phillip Bay has been attributed to the reduced smothering of seagrass by mobile sand bars. The decline of H. Tasmanica in Western port was possibly due to bioturbation by the snapping shrimp Alpheus euphyrosyne. The burrowing activities of this shrimp increased sea-water turbidity and deposition of sediment on H. Tarmanica. Also the accumulation of epiphytes on the leaves of H. Tarmanica caused shading which reduced sea grass growth. The grazing of this algae by molluscs would reduce this
impact.(S.B.M.P., 1991:13).

The absence of sea grass beds within the interior of the wreck can be directly attributed to the 1987 excavation (see below), however this does not explain the overall loss of sea grass on the site. It may be possible that the sea grass cover on the site may increase in the summer months as the minimum growth period for H. Tarmanica generally occurs in the winter, but it certainly will not reach the 1982 coverage (S.B.M.P., 1991: 13). Whatever the reasons for the decrease in the seagrass communities over the site their absence would be a contributory factor toward the loss of sediment on the site since 1987

5.5 	1987 Excavation
When looking at the reasons for sediment loss on the site since 1987, the excavation itself in that year seems to be major factor. The excavation of two trenches at the bow and the stem appears to have disturbed the cohesion of the site.

The entry in the Day Book 13th October mentions that the first “..30cm or so of sand is well bound together by seagrass and tube worms.” Below that layer there was another “..layer of shells consisting mostly of scallop and mussel shells which is about 20cm deep.” (Excavation Day Book, 1987:13th Oct.). At the end of the excavation the trenches were backfilled with kelp and other weeds to speed up the rate of sediment deposition (Excavation Day Book, 1987:6th Nov.)

The presence of this layer of compact seagrass matting must have performed the function of a “protective cap” on the site which was sufficiently cohesive to resist current and wave generated velocities. This matting was most likely built up in the years just after the wrecking of the Clarence from floating sea weed caught inside the intact hull and compressed through time. Attempts to simulate the pre-excavation of the site by backfilling with kelp and other weeds were not successful as the deposit would have been more loosely bound than the original material.

It is possibly that the currents assisted by wave action gradually eroded away the areas that had been backfilled, creating scour pits. The scour pits in turn accelerated the local current velocities which eventually dislodged seagrass matting layer adjacent to the scour pits and eventually spread to other parts of the site.

The morphology of the site in 1991 could be the result of this action. The protective covering on the site seems to have disappeared. The monitoring of sand levels show that the site is not losing sand at an alarming rate, and that is it has reached a state of equilibrium; for the time being. This is because the present sand level within the wreck overlies a substantial, and consequently, stable layer of ship's timbers. In 1987 excavation in both trenches ceased when intact decking was reached. In 1991 the areas that were exposed in the excavation are often visible (see Clarence Conservation
Plan; 4.5). In effect the sand level on site has reached the point where the excavation stopped. These timbers are for the moment preventing further erosion on the site. Given the degraded conditions, in the terms of shipworm infestation, of the intermittently exposed breasthook at the bow and the ceiling planking at the stem it will only be a short time before their structural integrity is lost (Clarence Conseravtion Plan; 8.0). This will inevitably lead to further erosion of the site.


6.0 	SUMMARY

The issue of sediment movement on the site is quite complex. It has been shown that the flood tide there may be a net transport of sediment from the stem and starboard side toward the port and bow. During the ebb tide there appears to be a net transport of sediment from the bow and port to the stem and starboard. The individual features of the wreck itself has the effect creating eddies that disrupts current flows. Further complications arise from seasonal effects of wind generated waves and their effect on the tides. For example sediment on the site would be most disturbed would be when there is a northerly versus a flood. The wind would cancel out the velocity of the flood and when the tide turns the freshly disturbed sediment would then be carried away by a wind assisted ebb. (Reid, 1991 pers. comm.)

The pattern of sediment deposition over the site appears to be seasonal. There does not appear to be any drastic erosion occurring on the site. This statement maybe misleading in that though there is a pattern of sand loss and replenishment there may be a net loss of sand every year. Whether the site is losing sand or not is not the relevant question. The relevant question is whether the site itself is stable. It is not (see 4.5 1987 Excavation and 8.3 Impact of Perceived Threats of the Conservation Plan).

7.0 	CONCLUSION

This report has shown that much can be learned and practically applied by undertaking an environmental monitoring programme on underwater sites. The Clarence Environmental Monitoring Programme has shown that the site is under immediate threat from the environment. It has also gathered data which will be essential in the application of any future site stabilization programme. The Programme has also identified areas of research of great relevance that can be further explored and developed. The lack of data in this area has been recognized internationally (see Appendix C)

As V.A.S. is committed to the management and preservation of underwater sites then it must develop an expertise in the collection and interpretation of data pertaining to the environment of submerged cultural sites. A conservation or management plan that does not address the issue or have an understanding of environmental factors that can impact of the significance of a submerged cultural site is a meaningless document. The Clarence Environmental Monitoring Programme has already employed techniques that have not been used in site management elsewhere in Australia, e.g. presenting sand profiling data in a meaningful way and measuring current velocities through dye tracing and video. Other techniques such as sediment coring and the application of S.U.M.P. that were not initially successful should be further developed to the point where they too can become useful site management tools.

The Clarence Environmental Monitoring Programme has given V.A.S. the leading edge in Australia with regards to the management of underwater cultural sites. This lead should not be overlooked. The techniques and methods of recording that have been developed in this programme represent only a small fraction of what can be achieved. For this reason more resources should be put into developing more efficient and sophisticated environmental monitoring programmes. This will result in increased efficiency of cultural site management and win kudos for this organization. Expertise in the science of site management is an exportable resource which if capitalized will give V.A.S. a higher corporate and public profile as well as strengthening its market position for attracting additional funding.
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APPENDIX A

THE CLARENCE ENVIRONMENTAL MONITORING PROGRAMME

A1 METHODOLOGY

Objective
The objective of the Clarence Environmental Monitoring Programme is to obtain
physical/biotic/abiotic data.

Aims
The aims of the Clarence Environmental Monitoring Programme are to;

· determine the physical stability of the Clarence. 

· assess suitability of site for public diver visitation.

· provide data that may assist in the choice and implementation of site stabilization.

· create a environmental monitoring database.

Duration
May 1991 to May 1992.

Frequency of site visitation
Twice every month. (alternating between ebb and floods)

Personnel
Five divers.

Data to be collected
REGULAR

-	sediment levels at established positions
-	sediment plot of site
-	weather records for three days preceding visit

When available
-	temperature
-	salinity
-	pH
-	dissolved oxygen content
-	corrosion potentials
-	video

AS REQUIRED
-	sediment samples
-	current velocity and direction

ONCE ONLY
-	flora and fauna survey
-	sediment core sample
-	sand plot over wider area (40m x 30m at 2m intervals)

A2	CORROSION AND TEREDO

The monitoring programme has placed the greatest emphasis in the monitoring of sand levels on the Clarence. The collection of data relating to corrosion potentials (pH, salinity, conductivity and temperature) and biological degradation (i.e. shipworms) were not considered to be of primary importance. There are two reasons for this:

1/ 	The threat of continuing sediment loss on the site would expose more of the site to shipworm attack and corrosion. Sediment cover therefore is the key factor to the stability of the site. Increased corrosion and biological degradation are a consequence of the continuing loss of sediment.

2/ 	Sediment loss can be prevented through site stabilization methods. At present any monitoring of biological damage can only tell us how fast timbers are deteriorating. I am not aware of any "ideologically sound" method of preventing shipworm damage on timbers other than denying them oxygen, i.e. burying the timbers. This strategy ties in with site stabilization methods that would be employed to prevent sediment loss.


Continuing corrosion of metal on the site can be prevented through the attachment of anodes. The metal artifacts on the Clarence however are present mostly in the form of fastenings. It would be impractical to consider attaching anodes to each fastening. The problem of corrosion on the Clarence is not as greater priority as on iron hulled sites like the City of Launceston.

Having said this it should not be thought that corrosion and biological degradation are not detrimental agents to the cultural significance of the site. The issue of further research into the effects of biological degradation have been discussed in the Clarence Conservation Plan (see 7.0, 8.0, 10.1 and 10.3.7 of the conservation plan). At present the rates and scale of biological degradation is very poorly understood, yet biological agents are the most destructive in the long term for wooden wreck sites. 

With regards to assessing corrosion on the site, data presented in 2.5 Abiotic Environment should be of value but are no substitute for specific site data. However V.A.S. has meters capable of being taken on site which can take a variety measurements (we only just figured out how to get them working last month!) that would not only be relevant to assessing corrosion rates but also would be of use to any biological studies that may be initiated. These meters should be employed on the Clarence as soon as possible. In doing this V.A.S. staff would gain experience in using the meters and interpreting the information collected.

Recommendations

· Intitiate research into the assessment of biological damage on Clarence. This research programme should also address the issue of employing preventative measures to inhibit degradation due to biotic agents

· Employ equipment on the Clarence that measures pH, conductivity, dissolved oxygen, salinity and temperature.

· Create database and methods of interpreting abiotic data that would of practical use to the management of the Clarence and other submerged cultural sites.


A3 CONSTRAINTS

· Budget restrictions
The size of the budget allocated to the monitoring programme did not allow the employment of equipment, such as current meters, that would have been able to provide additional data.

· Clarence monitoring programme carried out in conjunction with William
Salthouse monitoring programme.

As two sites are to be dived on during the one day visits this restricts the amount of time that can be spent on the Clarence. This had the result of limiting the amount and type of monitoring work that could be done on the site.

· Both Clarence and William SalJhouse monitoring programmes require to be dived on during periods of slack water.

This in effect limits the available days that the one day inspections can be carried out. There are between 5 to 6 weekdays a month which have two slack water windows during the day. Though The Clarence can be dived when the current is running the sand profiling task requires slack water. The other monitoring tasks do not.

· Winter weather
The adverse weather conditions during the winter months have lead to the cancellations of scheduled visits. This combined with the fact of limited days available where the tides permit two slack water periods has resulted in the two week visitation schedule not being adhered to. For example since the monitoring programme began in May, seven scheduled visits have been cancelled due to weather.

The winter period also sees a dramatic decrease in the water temperature on the site, the lowest recorded being 6 degrees on the 28th August. Under such conditions divers often found it difficult to stay below for more than an hour at a time. The sedentary nature of the monitoring work was a contributing factor for divers becoming cold. As a consequence at times some tasks were not completed.

· The use of MAU 002 (17.5ft Stacer)
The "Stacer", the smallest of the two boats available to the MAU, is used as it is easier to employ in the one day inspections. The use of MAU 002 has the following limitations:

1) 	The Unit's "hookah" cannot be deployed from the Stacer. Consequently diving was restricted to SCUBA. Available space on the boat did not allow spare tanks to be carried.

2) 	The Stacer can only carry five personnel. This and the limitation of tanks effectively limited the number of tasks that could be carried out in each visit.

A4	PROCEDURES

What follows below are the procedures for the monitoring programme before during and after each visit to the site. See A5 for the information is stored.

Pre - dive preparation

· One week prior to dive set day and write dive plan (dive plan includes having organised divers)

· Monitor weather for two days prior to dive. Enter observations in Clarence Monitoring Folder (C.M.F.)

· Ensure that slates have been restocked with drawing film

· If dive cancelled due to weather or whatever keep dive plan (C.M.F.) and write cancelled on it. Also note down weather for that day in C.M.F.

Dive day

· Arrive on site 2 hours before turn of tide

· 1st dive team (2 divers) to do following tasks (maximum :30 to :45 minutes):

-	Take measurements from fixed reference points

-	Set up sand profiling equipment. This entails:
1	laying out the three baseline tapes
2	assembling profiling bar

-	Take pH, conductivity temperature and dissolved oxygen readings

-	Take corrosion potential measurements, as required

-	take sediment samples, as required

-	Note down any significant observations on slate, especially any interesting parts of the wreck that have been recently uncovered

-	Carry out site maintenance (i.e. hammer in loose nails and poles, replace flagging tape etc ..)

· 2nd dive team (3 divers) enter water after 1st team comes out. Do the following tasks (Maximum 1 to 1:30 hours)

-	Carry out sand profiling
-	Disassemble profiling equipment

This schedule does not take into consideration extraordinary tasks such as sediment coring and dye tracing. Extra trips or whole day visits should be planned in this instance. This schedule covers the minimum that should be done on the site in a visit. Additional tasks can be added (its encouraged) according new research directions. But none can be deleted.

Photography and video are not mandatory but their use is strongly urged.

Post dive (preferably day after)

· Fill in Clarence Monitoring Programme Field Notebook (C.M.P.F.N) in the established format. Gust copy the way the rest of the notebook is set out!)

· Note down in C.M.P.F.N. any observations and sketches of artifacts etc ... The C.M.P.F.N. should be treated as a journal/day book

· Fill out Clarence Monitor sheets No.s 1 and 2

· Duplicate data sheets. One copy for the C.M.F. and the other for C.M.P.F.N.

· Fill out the sand profiling data sheets (C.M.F.)

· Enter sand profiling data into text file and place into the sand directory (Brenda's NEC) 

· 
(originally the data was entered in on DBase but Doug's programme handles only text files. That's why the all the other sand profiling files are on D Base. They had to be converted to text. It is simpler to put the data straight into a text file.)

Important!! The naming of the sand profiling files is as follows:

· two numerals indicating the days of the month i.e.25
· the first three letters of the month i.e. oct
· the year i.e. 91

Therefore the name of the file would be 25oct91.txt

· Process any sediment samples according the procedure outlined in 3.2.1 of Sediment Sampling

· Ensure that there are spare copies of data sheets in the C.M.F.

· Put used underwater dive sheets in the back of the C.M.F.

It is extremely important that the information collected each visit is recorded as soon as possible. Anything that was seen on the site that may be relevant should be written down in the C.M.P.F.N.

AS	WHERE EVERYTHING IS KEPT
There are four main storage areas for stuff relating to the Monitoring Programme. They are:
1/ 	The 3rd shelf down on the shelf cabinet facing my old desk
2/ 	Brenda's NEC
3/ 	The MAU store/Altona
4/ 	Francis St Labs

In each of these storage areas are sources:

1/ 	The 3rd shelf down on the shelf cabinet facing my old desk

· The Clarence Monitoring Programme Field Notebook (for 1991)

· The Clarence Monitoring Folder

· Clarence Monitoring Notes

· Photocopies of relevant source material (most of which has been referenced in this report)

· A copy of this report

2/ 	Brenda's NEC

· The sand directory

· The CLMON directory

3/ 	The MAU store/Altona

· Equipment required for Monitoring Programme

· The underwater meters

· The writing slates with laminated data sheets

4/ 	Francis St Labs

· Sieves required sediment analysis

· Sediment and sea-water samples that have been kept.

Contained within these sources are:

The Clarence Monitoring Programme Field Notebook (for 1991)
-	A record of visits to the site from 3/5/91 to 18/11/91


The Clarence Monitoring Folder

-	(inside cover) Prints of photographs taken for SUMP

-	Completed Clarence Monitor sheets

-	Completed sediment sample sheets, spare sheets, information on procedure of analysis, photocopy of scale of grades for sediments, 1985 sediment analysis, sediment sample plan

-	Information relating to SUMP. Negatives and proofs.

-	Weather and tide records. Tide tables for 1991, weather observations throughout year.

-	Absolute heights of fixed reference points and some xy coords, Nic Clark's letter

-	Completed sand profile sheets, printout of 1987 sand profiling measurements

-	Dive schedules for the year, dive plans used and spares

-	Measurements and drawings of exposed feature, i.e. knee, round frames, gudgeon

-	Current flow plans

-	Spare drawing film (already cut up)

-	Spare Clarence Monitoring and data sheets

-	Used underwater sheets

Clarence Monitoring Notes

-	A mish mash of notes, ideas, quotes for this and that and telephone numbers. All conversations that were held with experts and such concerning the monitoring programme are recorded in this book. May actually be a very useful resource in the future


This report

Housed in the inside of the front cover of this report are two floppy disks with info on the Clarence. Actually they are back-up discs for what's in Brenda's NEC. (WARNING BRENDA'S NEC IS THE PRIMARY REPOSITORY FOR ALL COMPUTER FILES ANY AMENDMENTS MADE TO THE FILES IN THE FLOPPY DISCS MUST BE COPIED ONTO BRENDA'S NEC IMMEDIATELY. ANY NEW FILES OR AMENDMENT MADE ON THE NEC SHOULD BE BACKED UP ON THE FLOPPY DISCS). Contained within these discs are:
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APPENDIX B	USING THE SAND MAPPING PROGRAM (DOUG PALMER)

Introduction

The sand program creates maps of changing sand profiles from sets of readings. The differences between the two
sets of readings are then shown as a grey-scale map. This map can then be exported as a TIFF B (black and white) file for inclusion in word processing or graphics documents.

Usage

To run the sand program, type it in as a command. The map will be created and displayed. The program will then wait for a key-press before finishing. All the options possible are specified in the command line.

sand [-xsize] [-ysize] [-sstep] [-iiter] [-eepsilon] [-rranges] [-ttiffile] [-ooutline] file1 file2

File1 and file2 are the data files for the sand profiles. The earlier file comes first.
The bits in brackets ([]) are optional bits and pieces:

-xsize 		Set the x dimension of the map to size metres. If not specified, the default x dimension is 20m.

-ysize		Set the y dimension of the map to size metres. If not specified, the default y dimension is 8m.

-sstep 		Set the map step (resolution or grid size) to step metres. This has a default of 0.5m.

-iiter		 Set the maximum number of iterations to iter. The sand map is created by using a Laplacian transform. If the map being created does not stabilize after this number of iterations, the program fails and an error message is printed. The default is 30.

-eepsilon		 Set the accuracy of the map to epsilon metres. The amount any point on the map can change before being considered stable. The default is 0.00lm.

-rranges		 Set the range file to ranges. The range file, described below, contains the map of values to grey scales required to create the map. The default is "ranges." a simple 5-level range scale. "ranges2" contains a 15-step grey scale going from -0.21m to 0.21m in steps of 0.03m.

-ttifffile 	If this option is used, a TIFF B image of the map and key will be written to tifffile. Writing can take some time; don't panic if nothing happens for a while. If this option is not specified, no file is created. TIFF files should have a.TIF extension, e.g. "outl.tif"

-ooutline	 	This option allows an outline to be drawn on the plot, showing the ship against the sand levels. The outline coordinates, described below, come from the file outline.

Data File Format
Data files are simply lists of positions, one to a line. Each position consists of a record number, an X coordinate, a Y coordinate and a Z coordinate. All coordinate values are in metres. For example, a typical data file might look like this:

1	0.00	0.00	-0.65
2	0.50	0.00	-0.51
3	1.00	0.00	-0.89
4	0.00	1.00	-0.43
5	2.00	1.00	-0.56

Even though the example is given in order, there are no particular requirements as to order or regularity within the file. However, when reading the file into the map, the Z values are placed in the nearest grid cell, so

10	1.01	0.02	-0.91
11	1.03	0.10 	-0.76
12	1.10	0.03 	-0.77

would all be placed in the same cell (1.00,0.00) if you used a grid step of 0.5m.
The cell would end up having the last value (0.77).

Z coordinates are positive in the up direction:
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Range Files
A range file consists of a list of ranges, along with the appropriate grey scale to use.
The ranges consist of pairs of values. The grey scale runs from 0 (black) to 16 (white), with 8 as a half-tone grey. When using less than the full 17 grey scales, they need to be spread over the range evenly. An example range file is

-100.0 -0.10 0
-0.10 -0.06 3
-0.06 -0.03 6
-0.03 0.03 8
0.03 0.06 10
0.06 0.10 13
0.10 100.0 16

The values of -100 and 100 are convenient end points, outside the range of (hopefully) anything possible.

Outline Files

Outline files simply contain a list of X -Y coordinate pairs (using the same units as the sand coordinates). Each X-Y pair is connected to the next one to form an outline. An example outline file is:
2.0 4.0
7.0 2.0
16.0 2.0
16.0 6.0
7.0 6.0
2.0 4.0

Note that you have to go back to the start again for a closed outline.

TIFF Files

To include an output TIFF fIle in a word document include the following hidden line in the document

.G.File;xsize;ysize;TIFF

The Library Link Graphics command should create the appropriate stuff for you.
For example, using

.G.S.TIF;14.65l cm;10.654 cm;TIFF

produces the following image






If you want to crop or adjust this image, use Corel Draw or Aldus Pagemaker. If you have several, it's probably worth cropping off the key can change information and having one common key. Use Corel Draw for this, and make up a set of TIFF files for reading.

COS'Z ADDENDA

This bit is for your computer ignorant folk like me.

To get into the sand programme do this.

· get into DOS and C:\
· type cd\sand
· should come up C:\SAND
· you are now in the programme

To use the programme do this:
For example if you want to compare the change on the site between 1987 and 25 September 1991 and you want a range of 10cm type the following;

sand -rranges4 sand1987.txt 25sept9l.txt [then press enter]

If you want to include the outline of the wreck then type:

sand -rranges4 -oclarline sandl987.txt 25sept9l.txt [then press enter]
To make into a tif file so that it can be printed type this:

sand -rranges4 -oclarline -t87se9l.tif sand 1987. txt 25sept9l.txt [then press enter]

(note: you have to give a name to the tif file)

(Double Note: Every tif file you make gets automatically saved so take care in making files to avoid clutter and confusion)

The following files are made up and are in the C:\sand directory in Brenda's NEC, ready to be printed.

87se91.tif 	combination of sandl987.txt and 25sept91.txt

8587.tif	combination of sand 1985.txt and sand1987.txt

juloct.tif	combination of Ijul91.txt and 23oct9l.txt

28aug.tif	combination of 28auam91.txt and 28aupm91.txt

You can create your own ranges by doing this:

· Call up XTPRO
· get into sand directory
· copy ranges. and give new name (5 or above)
· call up new ranges then press Edit
· Change ranges to your hearts content

The column of numbers on the right hand side is the grey scale 0 to 16 they can also be altered if you like.

The ranges in the directory (Brenda's NEC) at present are:

ranges. (this is the default range which is -0.03 to 0.03, 0.03 to 0.06, 0.06 to 0.09 and 0.10 to 1.00m) Not one to be used 

ranges2. 	(this has a 0.03m range up to 0.21) Good for picking up subtle changes between visits
ranges3	(this has a 0.06m range up to 0.39)
ranges4	(this has . 10m range up to 0.70m) This is good for picking up large changes over long periods of time.


To create overlay image of the Clarence do this:

· get into XTPRO
· get into sand directory
· copy outline. then rename
· call up new outline then press Edit
· enter coordinates (be careful coords have to be entered in a linear way as if closing a circle)

There is one Clarence overlay image in the sand directory its called Clarline.

According to Doug the commands to convert a DBase file to a txt file which the programme can read is as follows:

· go to Dbase programme

type 
· use 18nov91.DBF
· set alternate to 18nov91. txt
· set alternate on
· list
· close alternate

Then go to XTPRO

·  	bring up file which should appear as 18nov91. txt
·  	press Edit then press enter key
·  	Delete extra crap at the top and bottom of the column of numbers

(actually I tried this but the programme still didn't accept it. Cry for Doug!!)
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