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1. INTRODUCTION. 

An initial report on this reach of the Georges River was issued in February, 1973. This included 
background information, a review of earlier work and the findings of studies undertaken In the 
winter of 1972 by the authors and 55 students (Warner and Pickup 1973a). A summary of 
these findings, together with other material from air photographic interpretation was 
incorporated in an A.N.Z.A.A.S. paper given at Perth (Warner and Pickup 1973b). 

This report presents results obtained by another group of 54 students and the authors during 
the winter of 1973. In this research, the main concern was with a detailed examination of the 
changes which had occurred at the 64 cross sections surveyed by the N.S.W. Public Works 
Department in 1959. In 1972 only twelve of these sections were re~rveyed and results 
obtained probably offered a biased view of changes throughoUt the river. Additionally, many 
problems were encountered in the first surveys and it is now clear that adjustments for tidal 
conditions were insufficient and not entirely reliable. Consequently in the more recent survey 
more attention was devoted to survey with reference to the P.W.D. datum levels through tidal 
adjustments. 

In this report further evidence for channel deterioration is given, as well as details of changes 
occurring in the 14 years between surveys. Major objectives include the presentation of the 
results of the re-survey, the nature of changes in the period between surveys and a discussion of 
these findings particularly in connection with present channel problems. 

2. SURVEY PROCEDURE. 

I n the 1973 survey it was possible to re-survey the cross sections in compliance with regulations 
of the Maritime Services Board. The boats were fitted with masts, correct survey navigation 
symbols were flown and warning parties were available to prevent problems through incorrect 
interpretation of the signals by other craft. 

In the busier, lower reaches of the river, particularly in the sandstone gorge, widths were too 
great to put lines across the river or to have lines from one bank to an anchored boat in the 
centre. Methods using trigonometry therefore had to be employed. In the narrower, upper 
reaches with little or no weekday traffic, it was possible to use high or low level lines to obtain 
depths on a single section. Lines were quickly removed for the passage of traffic. In the reach 
above Deepwater it was not possible to use trigonometry because the northern banks were 
covered with thick bush and the southern banks were in dense mangroves or vines and because 
there was too much river traffic. Here it was necessary to use the echo sounder on three 
sections. In some other cases a graduated line was taken out at right angles from one bank, 
section by section, under power. This allowed sounding from one bank to more than half way 
across the channel and then the same procedure was employed from the opposite bank. In all 
cases total widths were determined by stadia readings during bank levelling operations. 

Thus four basic methods of survey were employed : 
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(a) boat positions along the line of survey at the instant of sounding were determined using 
trigonometry with two levels set up on the banks at right angles to the line of survey. 
Thus the position of sounding from the unattached boat was determined by ·bank survey. 
This worked well when levels could be set up on each side of the river but in the 
sandstone gorge this was seldom feasible, thus sources of error would be expected to 
increase with distance across the river. 

(b) a tempa-ary single line at high or low level was used to fix boat positions for the 
determination of depths in narrow reaches. Soundings were quickly completed in such 
cases. 

(c) after bank surveys, depths were determined section by section from line taken out from 
the banks under power. This was a simple task in slack water but in strong currents 
maintaining the boats on station was difficult. 

(d) after bank surveys, the echo sounder was used for traverses which were repeated at least 
three times at constant low speed. Traces were then averaged out to give an approximate 
depth record of the cross section. 

Tide adjustments were made by setting up a graduated pole at each station with an initial 
datum at the water level first surveyed in obtaining cross section width. Changes were noted 
during the survey, particularly those at the time of soundings, when water level may have risen 
or fallen by several tenths of a metre. Often the height of high or low water could be obtained 
by the bank observer during the course of survey. Its height could then be estimated from time 
lags and heights on the Public Works Department tide chart and from the current tide tables of 
the Maritime Services Board. Where it was not possible to obtain high or low water, the period 
of observation was interpolated into the estimated tidal cycle for that section. It was then 
possible to refer all cross sections to the various base datum levels used by the Public Works 
Department in their 1959 survey (P.W.D. 1959). In this way it was possible to compare present 
widths, depths, areas, etc. with the earlier data. 

Several sources of error still remain in the survey and these may well invalidate some of the 
comparisons. 

(a) In many cases it was not possible to determine from P.W.D. maps exactly where the 1959 
survey was carried out. No bank reference points were found and even in good localities 
the line could be out by as much as ~ 10m. In others using large~le maps and air 
photography it is possible that the error could be ~ 20m. 

(b) At some points where the section was determined satisfactorily, it sometimes proved 
impossible to get a clear sight with a level across the river. Consequently some movement 
upstream or downstream was forced on the surveyors. 

(c) No allowance was made in tidal adjustments for fresh water inputs from above the weir. 
During the time of the survey however, these were minimal. 

'. 
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(d) Sounding was carried out at irregular distances from the unattached boat. In fast flowing 
water it was sometimes found difficult to keep the boat on line which could lead to errors 
in location of particular depth observations, especially where locations were determined 
trigonometrically from levels on the banks. 

(e) Soundings made in rapid currents were subject to problems of maintaining a vertical line. 
These problems are thought to be minor since heavy sounding weights were used . 

(f) The extensive variations in depth recorded over most of the river (Warner and Pickup 
1973a) are such that considerable changes are possible with a section not located at the 
original cross secti on. 

Obviously such sources of error cannot be ignored but for a general comparative review of the 
magnitude of changes during the last 14 years, they have to be assumed to be reasonably small. 

Other work by student groups included long·profile surveying with the echo sounder and some 
near-bank surveys, particularly in areas subject to obvious bank erosion. Under-water slopes 
were computed in some areas. 

3. RESULTS. 

Results of the 1973 survey, which involved the re-survey of 63 of the 64 Public Works cross 
sections (No. 52 was surveyed at the wrong site and was omitted from analysis) are given in 
Table I. In addition to present widths, maximum depths, mean depths, areas, width to mean 
depth ratios and distances from sectlon No. I (in metres), comparative values are given for the 
1959 survey. Table 2 indicates the directlon of change established from re-survey (i.e.,O no 
change, + increases and - decreases) . These changes have been summarised for sandstone and 
shale reaches and the whole of the river in Table 3. Percentage variations from the original 
observations are given in Table 4 and the magnitudes and frequencies of change are given in 
Table 5. Table 6 sets out volume changes in the 14 year period and Table 7 gives a classification 
based on five categories of channel change for each cross section. 

Results are also illustrated in the text figures. Width changes are shown as increases and 
decreases in Figure 1, while Figure 2 is a graph showing the widths in 1959 and 1973 for each 
section. Maximum depth changes are shown as increases and decreases for each sectlon in 
Figure 3 and plots of maximum depth for each survey are given in Figure 4. Mean depth 
changes are given in Figure 5 and a graph of depths for 1959 and 1973 is presented in Figure 6. 
Cross sectlon area changes are given in Figure 7 while Figure 8 shows a graph of areas at each 
cross sectlon. 

On Figure 9 the percentage changes are shown as increases or decreases for widths and 
maximum depths at each cross section. Figures 10 and 11 likewise show the percentage changes 
of mean depths and areas respectively. Figure 12 shows channel erosion zones where the reach 
volume has increased. Volumes removed are indicated for each reach. Figure 13 shows the 
deposition zones for 1959 to 1973 and also the volumes added for each reach. Finally Figure 
14 shows the five types of channel change based on two types of eroding channel and three 
types of depositional channel. 
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More detailed comments on these results are given below in terms of widths, maximum depths, 
mean depths, areas, and volume changes. 

3.1 Widths 

Of the 63 cross sections surveyed, 38 had increased in width at the datum level and 25 
had decreased (Fig. 1, Tables 1 and 2). This is considerably different to the 1972 findings 
where only two of the sample of twelve sections had experienced a reduction in width. 
Problems with that survey, however, were discussed in Section 2. 

Taking sections 1 - 23 as being in the areas where the influence of sandstones prevail , 
and sections 24 - 64 where shale and alluvia are found, an interesting pattern of changes 
emerges for the two fluvial environments. In the sandstone reach (Fig. 1, Table 3) only 
four of 23 sections display any increase in width, while 19 showed decreases in width at 
the datum used. In marked contrast, 34 of 40 sections surveyed in the shale/alluvial 
reaches increased in width and 6 decreased. Thus, in total, 38 widths increased and 25 
decreased but a pattern emerges which might not have been predicted on the basis of the 
limited work undertaken in 1972. This pattern is especially evident from Figure 9 where 
percentage changes in width are plotted. Bank erosion and channel deterioration is much 
more marked in the shale environment, where a narrower channel cut in alluvium is 
normally found . Here, in many places, with the destruction of or damage to protecting 
bank vegetation, undercutting and erosion of the steep alluvial banks has taken place. In 
the sandstone reaches there is no great potential for widening the river anyway, because 
of the gorg~ike nature of the valley. In many cases the width reductions, so common at 
the adopted datum level, have resulted from either natural accretion or artificial 
building-up of land from dredging operations and bank protection works. 

Channel widths have been measured at P.W.D. adopted datum levels for comparative 
purposes and therefore give no indication of channel changes at higher stages in the tidal 
cycle which is about 1.5 m. It is apparent from observations, however, that there has been 
considerable bank erosion within and above the intertidal zone. It is therefore possible 
that increases in width would have been more numerous and more pronounced if the 
datum had been at the top of the tidal range. This is especially true of the sandstone 
section of channel where the banks shelve very gently in depositional zones. 

Bank erosion is most obvious in the upper parts of the tidal range, where cohesive banks 
slump into the river following undercutting by normal tidal processes and by floods and 
freshes. Banks are also susceptible to wash from boats. 

Thus it is possible that even where widths have decreased at the lower datum levels, bank 
erosion may have occurred in the upper zone. Such erosion is common in those sandstone 
areas where banks are not cut in bedrock. It is readily identified because of the marked 
changes in sedimentary and vegetation characteristics of the banks. As erosion occurs, the 
steep face of cohesive material retreats. The lower part of this face may then be replaced 
with a gentle slope covered with sand which may vary frpm a few cm. to a metre or more 
in thickness. The first stages of erosion are usually brought about by the destruction of 
bank vegetation. Removal of this vegetation then exposes a vertical bank which will 
continue to retreat. The sandy basal slope which replaces the steep bank has little 
vegetation and may be regraded with each tidal cycle. 
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In the steeper alluvial banks of the shale environment, the regrading of banks is not so 
evident, and widths have often apparently increased at both upper and lower levels. 

3.2 Maximum Depths 

33 

At 40 cross sections the maximum depth had increased in the 14 year period between 
surveys. There had been a decrease at 21 sections and no change in two (Tables 1,2, 3 & 
4). Locations of increases and decreases in maximum depths are given in Figures 3 and 4 
in map and graphical form. 

In the sandstone areas, where in the previous section it was shown that widths had 
decreased in most cases, there have been increases in depth at 14 sections, decreases at 8, 
and no real change at one section (Table 3). The extent of such changes, particularly 
increases in depth, is shown in Figure 4 and also in the graph showing percentage 
increases and decreases in maximum depth (Fig. 9). In the shale areas to the west, depths 
had increased at 26 sections, decreased at 13, and shown no change at one section (Table 
3). 

Table 5 shows the frequencies and magnitudes of change in both environments. In the 
sandstones, about 1/3 of the increases are less than 2m, nearly two thirds are greater than 
3m and over one third are in the 6-1 Om increase range. Decreases in depth are all less than 
3m. In contrast, in the shales, two-thirds of the increases are less than 1 m and only 3 sites 
show increases of more than 2m. Decreases are also mainly less than 1 m. 

Increases in maximum depth can be attributed to the effects of either dredging or to 
natural processes. Decreases in depth are more likely to be associated with natural 
changes, indicating bed modification with the passage of time, and some adjustments 
following earlier phases of dredging. The effects of some dumping of materials also 
cannot be ruled out. 

Areas_ 

Areas have increased at 44 cross sections, and decreased at 19 (Tables 1,2,3 and 4). Thus 
in general there has been an increase in channeV capacity below Indian Spring Low Water 
datum levels. Figures 7 and 8 show the lo~'ions and amounts of change in map and 
graph forms, while percentage increases and f.ecreases in area are given in Figure 11. Here 
at 8 sites, the capacity increase has been over 100% and in 21 cases, over 50%. 

In the sandstone areas where widths generally decreased, it is clear that depths increased 
enough to increase cross section areas in 15 of the 23 sections. In the shale reach, width 
and depth increases allowed area to increase at 29 sections arid to decrease at only 11 
(Table 3). In both reaches the effects of dredging have probably had much to do with the 
fairly large increases. It is worth noting that the zone of lowest variation, both as 
increases and decreases, is between sections 21 and 28, a reach near Deepwater which has 
never been dredged (Fig. 11). 

• 
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Increased widths at higher stages, not monitored in this survey, would also have increased 
channel capacities at high water. 

In the sandstone areas the increases in area are wide in range. In more than half the cases, 
increases are less than 150 m2., but in more than a quarter, the increases are over 300 m2. 
Most of the decreases are less than 100m2. In the shales, the pattern is quite different in 
absolute terms, with more than two·thirds of the increases being less than 50 m2. A 
similar proportion of decreases is also less than 50 m2. Only in one case is the increase 
greater than 200 m2 (Table 5). However, in percentage terms, increases of over 100% are 
more common in the shale area (Fig. 11, Table 4) . 

While dredging has been responsible for most of the channel capacity enlargement, it is 
clear that the increased pond age created by opening of [the quarries at Chipping Norton 
and Liverpool has also had some effects, as have the increased flood discharges previously 
noted (Warner and Pickup 1973b) . 

3.4 Mean Depths. 

Mean depths are obtained by dividing the area of cross section by width. Thus it is clear 
that mean depths can increase: (a) if width remains constant and area increases, (b) if 
width decreases and area remains constant, (c) if width decreases and area decreases but 
at a lower rate, and (d) if width increases but at a lesser rate than any increase in area. 

Mean depth has increased at 46 sections, shown no change at 3 and has decreased at only 
13 (Tables 1, 2, 3 and 4). In the sandstones, mean depths have increased at 16 sections 
and decreased at 6. No change was found at one section (Table 3, Figs. 5 and 6). In six 
cases mean depth increases have been over 100",-b and in 1 0, over 50%. In contrast, all of 
the decreases are less than 25% (Fig. 10). In the upper shale reach, mean depth has 
increased in 30 cases, not changed in 3, and decreased at only 7 sections (Table 3,Figs. 5 
and 6). Only 2 of the increases have been in excess of 100% but 11 have been greater than 
5006. Decreases of 4006 or less are mainly found below section 36, that is downstream of 
the Milperra Bridge. 

3.5 Volume or Capacity Changes. 

Using the mean of the area of two adjacent cross sections, multiplied by the distance 
between them, it has been possible to compute crude volumes of channel below the 
P.W.D. datum levels for the two surveys, 1959 and 1973. The differences then can be 
used to give a measure of erosion or accretion in that reach. 

In 1959 the volume or capacity of the channel below P.w.D. datum levels ignoring 
tributaries and off-channel quarries, was 6.2 million m3. 

In 1973 the capacity was found to be 7.4 million m3. Thus there has been a net increase 
of 1.2 million m3 in channel capacity in the 14 years (Table 6) . 

'k/~ t:r. 
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This change is not evenly distributed along the channel. Between 14 pairs of cross 
sections there was net deposition and in the remainder, there was net erosion. The total 
erosion loss was about 104 million m3 and the total deposit ion was about 169,000 m3 

The difference between these gives the net loss of 1.2 million m3 (Table 6). . 

From the maps (Figs. 12 and 13) it is apparent that a crude pattern of alternating erosion 
and deposition exists, with the former being more important and more extensive (Fig. 
12). In the upper 9km., from the weir to Kentucky ramp, about 314,000 m3 has been 
lost from 21 individual reaches. This represents an average depth increase of 0.7m 
(2.3ft.), which is high considering that some areas have not been dredged and some 
shoaling has occurred near quarry outlets. No indication of volume increases can be 
obtained from these off-<:hannel locations because private property could not be 
investigated. However, it is obvious that vast increases in off-<:hannel storage have 
occurred at Olipping Norton and Liverpool. 

Between sections 42 and 44 some 60oom3 appears to have been deposited in an area 
formerly dredged. This is only an average depth loss of 0.25m (0.8 ft.). Fine material 
from the quarries and from Prospect Creek, just upstream of this reach, could account for 
this (Fig. 13). 

From sections 33 to 42, in the vicinity of Milperra Bridge, 167,000m3 has been lost 
through dredging and erosion : this produces an average depth increase of 0.81 m (2.7ft.). 
This is also an area where bank erosion has been pronounced and damaging because 
water·front properties are involved near the bridge (F ig. 12). Just downstream, between 
sections 32 and 33, some 18,OOOm3 has accumulated (0.67m or 2.2ft. average) . No 
explanation for this is readily apparent (Fig. 13). 

More erosion has taken place between sections 29 and 32, some 79,Ooom3 having been 
removed. This is an average removal of 1.05m (304 ) and is in an area which has been 
dredged in the past (Fig. 12). 

In the area of the Deepwater Motor Boat Club, while bank erosion is marked, there has 
been an accumulation of 54,000m3 (0.37m or 1.2 ft.) between sections 23 and 29. This is 
an area which does not appear to have been dredged but one where channel walls have 
been subject to much slumping. So part of the deposition may have been associated with 
these processes and part assOCiated with the inputs from Williams Creek. Influences from 
the latter source cannot have been great because erosion again occurs below section 23. 

Between sections 18 and 23 some 67,Ooom3 has been removed (0.38m or 1.2ft.). This is 
not a great increase (Fig. 12). On the bend at East Hills, between sections 16 and 18, a 
further 21,OOOm3 has been deposited (OAm or 1.3 ft.). No reasons for this are readily 
apparent \{ig. 13) . Downstream of this, between sections 11 and 16, a massive volume of 
177,OOOm has been removed from just over 1 km . of the channel (l.77m or 5.8ft.). This 
must be largely attributed to dredging operations (Fig. 12). 
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The last area of deposition occurs in between sections 8 and 11, opposite and 
downstream of the confluence' with Deadman's Creek. 70,000m3 or an average depth of 
0.76 m (2.5 ft.) were involved. This represents nearly half the total deposition in the 25 
km. examined occurring in a reach only 0.7 km long. 

Sediment delivery from Deadman's Creek could be responsible for much of this 
deposition. Certainly clearing in the catchment, apparent in air photographs, could have 
accelerated the natural sediment yield of this tributary (Fig. 13). 

Erosion has predominated in the 5.7 km reach from sections 1 to 8 and approximately 
574,000m3 have been removed. * This represents more than 40% of total erosion in less 
than one quarter of the length . Because of the greaten widths involved, however, the 
average depth increase is only 0.85m (2.8 ft.). This is an area where dredging has been 
intense and where it still continues. 

While figures have been given in this discussion, these are best thought of as crude 
indications of overall changes in the localities described. Clearly both positive and 
negative changes have occurred and certainly dredging cannot be blamed for all the 
changes wh ich have taken place. Details of removal from payments of royalties by the 
operators in the period 1959·1973 would give a better indication of natural sediment 
movement and rates of recovery. 

4. CHANNEL CHANGES. 

• 

4.1 Types of Channel Change. 

Five different types of channel change have occurred in the Georges River. Two involve 
erosion and three are assaciated with deposition (Fig.14, Table 7) . 

Erosion Type A . 

This type of erosion involves increases in both width and depth (W+D+) and results from : 

(a) 

(b) 

erosion performed directly by the stream. This resulted from the increase of 
discharge associated with the enlargement of the Georges River tidal prism by the 
creation of the off-channel storage ponds at Chipping Norton and Liverpool and 
with the increase in magnitude and frequency of flooding reported elsewhere 
(Warner and Pickup 1973b). 

Dredging of sand from the bed with resultant increases in underwater~opes ~d 
subsequent bank failure . . - , ~ """....,.,\ b.... ,'-"" .... """"~"1 "J"""'-" "' 
~\Y.;", ...... ~ "'1").J.., -t~'-' 

This figure is • very conservative estimate. Echo sounding in the long reach between cross sections 1 and 2 
indicates an average increase in depth of 1.9m. Using this figure between sections 1 and 2 instead of the mean 
value of 0.85m increases the volume of material removed between cross sections 1 and 8 to 1.07 million m3. 
This estimate is probably the m03' realistic of the two and increases the total volume of sediment removed 
from the channel to 1.7 million m . 
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Erosion Type B. 

This ~pe of erosion is associated with a decrease in width and an increase in depth 
(W-O ), such that there is an overall increase in channel cross-section area. It results 
from the deepening of the channel either by natural erosion or dredging giving the depth 
increase plus ei ther : 

(a) the artificial dumping of fill on the banks for reclamation or protection or other 
purposes or: 

(b) 'natural' bank accretion, where the increased depth of the central part of the 
channel induces a reduction of velocity near tf1e banks and consequently an 
increase if) sedimentation. The change from steep cohesive banks to gently shelving 
sandy banks, particularly near the lower tidal levels, may also be responsible for 
~~~dths. I 

Deposition Type A. 

This is distinguished by decreases in both width and depth (W-O-) . It is probably 
effected by the river itself rather than by direct human interference. It may be an 
adjustment to an increasing suspended load regime, if it involves a decrease in 
width-depth ratio (Warner and Pickup 1973b). 

Deposition Type B. 

This type of deposition is distinguished by an increase in width and a decrease in depth 
(W+O-), resulting in an overall decrease in channel cross section area. " There are two 
Ii kel y causes : 

(a) it may be a form of delayed action recovery in dredged reaches, where bank failure 
results in channel widening and slumped material accumulates on the bed, thereby 
reducing depth. 

(b) it may also be due to the accumulation of bed load at points such as tributaries. 
Type B deposition for instance occurs near junctions with Oeadman'f Creek, 
Williams Creek and Cabramatta Creek. 

Deposition Type C. 

This is a rare type of deposition associated with a decrease in width but an increase in 
depth (W-O+). Changes of this kind involve a reduction of width-depth ratio and they 
may be an adjustment to an increasing suspended load regime. Alternatively they could 
result from filling or reclamation in dredged reaches. 
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4.2 Downstream Patterns of Olannel Olange. 

/."' 

The distinction of the various types of channel change is shown in Figure 14, and a 
distinct pattern is apparent. In upper parts of the estuary, above Milperra Bridge, the 
channel has experienced erosion and a general increase in both width and depth. 
Downstream of Milperra Bridge the pattem changes and erosion and deposition alternate, 
especially in the sandstone gorge section. 

Downstream of Will iams Creek, however, most of the erosion results from increases in 
depth, because the channel has experienced a general decrease in width since 1959 (Fig. 
9). Details of the .individual reaches are given in the discussion which follows. 

(a) Liverpool Weir to Cross SectIon 57 

This reach is experiencing type A erosion (W+D+) except at CS57, where type B 
erosion has occurred (W-D+). This erosion is due to the large floods of the 1960s 
and the increase in the area of the tidal basin resulting from the opening of the 
Liverpool ponds to the river. It is not possible to separate the effects on the channel 
of flooding and sand quarrying, but an approximate indication of their relative 
importance in causing erosion can be obtained in the following manner. 

Studies of degradation below dams (Hales, Shindala and Denson, 1970) have shown 
that the maximum scour occurs just downstream of the structure which acts as a 

--- Liverpool Weir, where sediment is entrained by the water to replace that deposited 
\ 

sediment trap. If this is the case, the effects of erosion resulting from any increase 
in flooding on the Georges River should be most severe immediately downstream of 

~.u \<. • 'I.. due to backwater effect upstream of Liverpool Weir. 
v.) .f ,,""" 
J.~\ 

? 
<~ 
~">'\ 
~\J.<l"" 

Cross sections 63 and 64 immediately downstream of the Weir have experienced 
increases in area of 31.1% and 48.6% (Table 4), which may be largely attributed to 
the effects of floods since they have not experienced any increase in the volume of 
the tidal prism. The increases in channel area in 63 and 64 are small, however, when 
compared with those just downstream, in sections 58 - 62 where the tidal basin has 
been greatly increased as the ponds created by sand quarrying have been opened to 
the river. Here the increase in channel area varies from 60.6% to 321.4% with an 
average of about 173%. This erosion has probably largely resulted from the increase 
in tidal flows. _ l.~ ""'\- )..<"\L ~ ~ ~ \.t. )....u... \. 4 ~ 
- - ",-c\r- '1" ~~~ ~ ..... '\ . 
It is worth noting that off-channel dredging in this reach, between the weir and 
Cabramatta Creek, is potentially the most damaging of any on the Georges River in 
terms of channel erosion. Because the tidal basin is small, any ponds which are 
opened to the river will create a large proportional increase in the volume of the 
tidal prism and a large proportional increase in discharge. This is likely to cause 
severe erosion, especially if bank vegetation is threatened by the decline in 'Water 
quality which is an inevitable result of increasing urbanisation and industrialisation, 
together with sewerage discharge. 
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(b) Cross Section 56 

A small reach of type B deposition (W+O-) which is atypical of this reach of the 
river. It may result from measurement error (failure to locate the cross sections 
accurately) or from the change in tidal discharge at the confluence with Cabramatta 
Creek. 

(c) Cross Sections 45 - 55. 

This reach involves that section of river from Cabramatta Creek, past the Chipping 
Norton Ponds, to Georges Hall, just downstream of Prospect Creek. The reach is 
experiencing type A erosion (W+O+) throughout its length, a condition which 
seems to be the norm for the upper part of the river. The increase in channel area 
varies between 13.8% and 120.3% and is largely a result of dredging of the channel 
and the increase in discharge resulting from enlargement of the tidal basin by 
creation of the Chipping Norton ponds. A secondary cause of erosion of the banks 
in this reach may be the destruction of bank vegetation, as a result of declining 
water quality. The groups working here commented on several species of trees 
which were apparently quite severely affected. - l0 ~ 0-1:...)- ~..-.,...t. -":'t......k 
__ U01~ -.0 ...... ~ls~ ~ --'"'- "-,,,~\.t... 

(d) Cross Sections 42 - 45 

(e) 

This reach marks the beginning of the sequence of erosion and deposition which 
prevails downstream. It is experiencing net deposition of types A (W-O-) and C 
(W-O+) involving about 6000 m3 of sediment. The reasons for these changes 
include dumping of fill and bank protection, which would inhibit channel widening. 
It is also possible that a large dune is moving through the reach because the 1970 air 
photographs show discoloured water here suggesting extensive disturbance of the 
bed material. In general, however, deposition is relatively minor, involving decreases 
in channel area of only 3·11 %. It is worth noting again that these conclusions refer 
to Low Water Indian Springs, but even in cases where width has decreased, there is 
morphologic evidence of recent bank erosion within and just above tidal range. This 
may reflect erosion from waves due to wash of boats because this reach is quite 
extensively used. 

Cross Section 29 - 41 

This reach displays the pattern of alternating erosion and deposition. The erosion is 
all type A (W+O+) while the deposition is type B (W+O-), so there has been a 
general increase in width throughout the reach. Erosion has involved the removal of 
167,000 m3 above Milperra Bridge with an average increase in depth of 0.81 m, and 
79,000 m3 below the bridge, with an average depth increase of 1.05m. The 
deposition, which is just downstream of Milperra Bridge has involved 18,000 m3 of 
sediment and an average decrease in depth of 0.67m. Erosion has been severe in 
some locations with increases of up to 145% in channel area in some cross-iections. 
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Some of it may be due to scour under Milperra Bridge (85% increase in area) but 
most is likely to be a reslilt of bed dredging. Erosion due to enlargement of the tidal 
basin is likely to be small this far downstream since only a small proportional 
increase in the tidal prism has been involved. 

fI(
Erosion of the banks in this reach may be largely due to bed dredging. Groups 

(/1 working here reported very steep underwater slopes suggesting that dredging has 
/ . been too close to the edge of the channel. 

,flY' o V ~ (f) Cross Section 23 ~ 29 

Most of this reai:h is experiencing dep'osition of! type A (W-D-) involving the 
accumulation of an estimated 59,000 m3 and decr~ases in channel area in the range 
3.6-31.4%. In spite of this, bank erosion is still evident within the upper part of 
the tidal ,range. 

, The deposition in this reach is difficult to explain but it may be, a result of sediment 
delivery from Williams Creek. The area does not appear to have been dredged so 
underwater bank slopes are not as steep as in many other areas. Bank erosion in th is 
reach is therefore likely to be largely a result of floods, boat wash and the 
destruction of vegetation as water quality declines. 

(g)' Cross Sections 10 - 22 

This reach covers most of the upper part of the sandstone gorge and also displays 
the pattern of alternating erosion and deposition. The deposition occurs mainly in 
the upstream part of the gorge and is mainly type A (W-D-) while the erosion is 
type B (W-D+). This reach therefore shows the general tendency for a decrease in 
width which is maintained along much of the lower part of the river. 

Some of the deposition in the reach ,has been associated with reclamation and 
dumping of fill, but some may be due to natural sedimentation processes such as 
the accumulation or movement of bed-material in dune form. Even where 
deposition has occured, however, some bank erosion is still evident above datum 
level. 

Most of the erosion occurs between East Hills and Deadman's Creek. Channel width 
has decreased but an estimated 195,000 m3 has been removed involving an average 
depth increase of l.77m. This erosion is mainly the result of dredging and has 
resulted in increases in depth of 53.8-156.5% (Table 4). This is well below 
statutory limits for dredging but does not appear to have affected the channel 
adversely illustrating how complex the problem is and how simple restrictions on 
dredging depth for the whole of the river do not provide any answers to the 
problems of channel deterioration. 



13 

(h) Cross Sections 8 - 10 

This reach has been subject to deposition involving an estimated 70,000 m3 and 
decreases in channel area of 12.0-34.3%. The deposition is of types A and C, both 
of which are associated with a decrease in depth . I t is believed that this deposition 
has resulted from sediment delivery to the main channel from Deadman's Creek. 

(I) Cross Sections 1 - 7 

This reach is generally experiencing erosion of types A and B (W+D+ and W-D+). 
Type B erosion appears to be the norm for this part of the river, indicating 
decreasing width at datum, but an increase in depth, largely due to dredging, since 
increases of 59-213% have occurred in all but Cross Section 2 (Table 4). The type 
A erosion here is mainly due to dredging too close to the bank, resulting in bank 
failure and, in some locations, where reclamation of land has reduced width too 
much. In the latter case the river is merely returning to its natural equilibrium 
condition by becoming wider. 

5. CONCLUSIONS. 

From the work reported here, it is evident that great changes have occurred in this reach of the 
Georges River in the 14 years between 1959 and 1973. Changes have been measured for the 
first time by resurveying 63 of the 64 cross sections originally surveyed by the Public Works 
Department (P.W.D. 1959). 

Changes in width show a tendency for the river to become narrower at datum levels used in the 
sandstone areas and wider in the alluvial and shale environments above Deepwater Motor Boat 
ClUb. Width changes are not, however, a real reflection of bank erosion, because P.W.D. datum 
levels were adopted close to Indian Springs Low Water and virtually 105m, the tidal range, has 
been ignored. Great changes can occur and have obviously taken place within this range and 
above through slumping. 

Mean and maximum depths have both increased in many reaches. Great increases are noted 
where dredging has been most pronounced, but other increases may be associated with 
increased tidal velocities, increased natural discharge with a changing hydrologic regime, and 
with the effects of off-<:hannel water pondage. 

Because depths have increased in many parts of the river, obviously areas have also increased. 
Areas and distance were used to obtain a crude estimate of the channel capacity changes. While 
these were found to alternate, particularly in the lower reaches, between erosion and 
deposition, much more had been removed than had been deposited. (i.e., 1.40 million m3 

re'!l0ved, 0.17 million m3 deposited) (Table 6) . 

• 
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This information on changes at cross sections has been used to categorise channel changes into 
five different types, two erosional and three depositional. The discussion of types, reach by 
reach, has given additional local information with some explanations for change. 

These data plus that gathered for previous reports (Wamer and Pickup 1973a and b) allow the 
following comments and recommendations to be made. 

(a) The problems of channel deterioration result from the combined effects of several 
factors. These include: sand dredging from the channel bed; quarrying and dredging 
from "alluvial meanders, particularly when the off-channel ponds created become linked 
with the main channel through breaches in the levee; increased flood discharges associated 
with more frequent t1ood-producing storms in recent years ; increased tidal discharges 
brought about by the increase of the tidal prism; wash of boats; and declining water 

qUality'd---'~ ~. \:i:..s-. ..-

(b) The wholesale probition of dredging is no answer to the general problem of deterioration 
for three reasons. 

(i) In many areas the damage has already occurred and the process cannot be reversed 
without considerable expenditure. This would have a relatively low priority because 
more ressin e vironmental problems exist and finance for such work would 
therefore be hard to find. ~'4:"Jr ...... ~? 

(ii) I n some areas dredging complements changes resulting from increases in tidal 
discharges due to creation of ponds (Munro et al 1967). 

(iii) Dredging can be carried out in some loc;.tions without physical detriment to the 
channel. This is particularly true in some of the sandstone locations but the effects 
of such dredging on aquatic life have yet to be investigated. 

(c) Even now further channel deterioration cannot be prevented. To slow down such changes 
the following measures are suggested. 

(i) The prevention of quarrying and dredging which enlarges the tidal basin. This is 
most important in the reach between Georges Hall and Liverpool Weir, where 
enlargement of the basin is potentially very damaging to the stability of the 
channel. This is because the percentage change in basin area is large and because the 
sections of channel cut in the Wianamatta Shale are easily damaged. 

(ii) The prevention of bed dredging in the reach associated with the Wianamatta Shale 
unless effective bank protection measures are undertaken (Foster and Nelson 
1971 ). 

(iii) The more effective control of dredging to ascertain that safe limits for underwater 
slopes are not exceeded (Foster and Nelson 1971) . 

I 
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(Iv) The prewndon fA further decline water quillty which could ldvIneIy affect 

veptltlon and Ih...,ore the stab ty of banks. 

(v) The mtric:tlon of boat speeds In areas already affected by erosion In bolh shale and 
sandstone environments. 

(d) The present mtric:tlons on dredifnl deplhs are probably too rlpd. It Is safe In a physical 
sense to dredp much deeper Ihan Ihe limit of9m. below hlah tide level In some parts of 
Ihe sandstone .GrP where Ihe channel Is very wide, where banks are cut In bed-rock and 
where 1here Is no reclaimed land. What clam. would result to the already moclflecl 
ec:oIoav has not been conslclerecl here. Upstream In Ihe shale areas where the channel Is 
narrower and has a IarpIy alluvial perimeter, dreclil .. deplhs should ~ reduc;ed or, _ 

_______ --c preferably, dredalna should be rohlblted. . 

CJl..>" ~ (e) Information on materials dr~ from each reach was not available to establish the total 
, amount of sand remCMd by artificial means. Such data could be c:ompared wllh 

~(r-J ..... Information Biven here In order to work out Ihe nature of recovery rates In some parts of 
~, Ihe channel. These rates mlaht 1hen provide a basis for the formulation fA an effective 

c..r"L. 

6. 

conservation policy whose Implementation Is much more desirable 1han the outrIaht 
prohibition of sand dredpna from the Georps River. 
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TABLE 1: 

Cross 
Section 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Widths, Maximum Depths, Areas, Mean Depths, Width/Mean Depth Ratios and 
Distances .Upstream from Cross Section No.1 for Cross Sections in 1959 and 1973 
at Public Works Department Datum Levels (In metres). 

Max. Mean WID 
Year Width Depth Area Depth Ratio Distance 

1959 240 3.5 384 1.6 152 
1973 210 4.3 441 2.1 100 0 
1959 128 11.3 720 5.6 23 
1973 122 11.1 732 6.0 ~ 20 3940 
1959 79 7.1 342 4.3 19 
1973 80 11.3 512 6.4 13 4320 
1959 81 6.1 205 3.3 25 
1973 83 13.4 573 6.9 12 4570 
1959 100 6.2 401 4.1 25 
1973 97 13.0 630 6.5 15 4960 
1959 125 3.7 262 2.1 62 
1973 138 11.6 680 4.9 28 5290 
1959 111 6.2 377 3.4 33 
1973 83 15.1 640 7.7 11 5600 
1959 142 10.5 820 5.8 24 
1973 134 11.1 722 5.4 25 5800 
1959 143 9.6 657 4.6 31 
1973 120 7.0 559 5.1 21 5823 
1959 168 7.1 592 3.5 47 
1973 139 5.1 389 3.3 39 6128 
1959 144 9.4 565 3.9 37 
1973 127 8.4 689 6.0 19 6433 
1959 110 4.1 291 2.7 42 
1973 100 8.5 525 6.0 15 6738 
1959 116 3.7 273 2.3 50 
1973 85 11.0 462 5.9 13 7012 
1959 111 2.7 237 2.1 52 
1973 99 8.8 548 5.1 21 7104 
1959 104 4.3 315 3.0 34 
1973 94 7.5 460 4.6 22 7302 
1959 84 8.7 . 360 4.3 19 
1973 76 6.6 315 4.3 17 7576 

. i .. , 
~ .~ ~ ", 
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Cross Max. Mean WID 
Section Year Width Depth Area Depth Ratio Distance 

17 1959 101 5.6 275 2.7 37 
1973 85 4.6 247 2.4 37 7896 

18 1959 105 5.2 302 2.9 36 
1973 96 4.3 267 2.6 33 8186 

19 1959 88 2.3 153 1.7 51 
1973 110 3.6 269 2.5 47 8491 

20 1959 129 7.5 375 2.9 44 
1973 111 7.5 520 4.5 24 8796 

21 1959 171 1.9 202 1.2 143 
1973 152 1.6 116 1.0 152 9070 

22 1959 127 4.3 280 2.4 58 
1973 124 5.5 340 2.6 49 9436 

23 1959 141 2.4 178 1.8 78 
1973 107 3.4 151 1.4 76 9710 

24 1959 99 2.2 179 1.8 55 
1973 107 1.8 144 1.3 73 10030 

25 1959 89 2.3 173 2.0 46 
1973 93 3.2 206 2.3 40 10107 

26 1959 86 3.3 210 2.4 36 
1973 73 3.5 144 2.1 35 10320 

11 27 1959 95 3.0 ·197 2.1 45 
1973 93 3.8 .190 r 2.1 43 10625 

28 1959 86 6,3 ·393 4.6 19 
1973 110 4.3 .302 -!t 2.7 41 10899 

29 1959 70 6.3 · 264 'I' 3.8 19 
1973 71 6.7 .270 3.9 18 11265 

30 1959 87 4.7 258 l' 3.0 29 
1973 96 7.0 468 4.8 20 11524 

31 1959 96 4.1 308 ~ 3.2 30 
1973 98 5.6 415 4.3 23 11829 

32 1959 96 6.7 '4, 

371 .); 3.9 25 ~..J' 

1973 98 3.8 281 2.9 33 12119 
33 1959 112 7.4 560 .v 5.0 22 

1973 121 6.4 510 4.1 30 12378 

'6 34 1959 80 2.6 114 l' 1.4 56 
1973 93 5.8 279 4.1 34 12704 

35 1959 105 5.0 319 3.0 34 
1973 115 8.5 506 4.4 27 12997 
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Cross Max. Mean WID 
Section Year Width Depth Area Depth Ratio Distance 

36 1959 68 8.4 352 5.2 13 
1973 71 6.1 233 3.7 18 13332 

37 1959 50 6.3 180 3.6 . 14 
1973 61 10.4 333 6.2 10 13546 

38 1959 . 65 7.3 265 4.1 16 
1973 71 7.2 311 4.5 15 13570 

39 1959 73 3.7 . 169 2.3 32 
1973 88 4.9 . 298 3.8 22 13860 

40 1959 79 4.3 233 3.0 27 
1973 87 5.6 327 3.8 23 14165 

I 
41 1959 82 4.0 248 3.0 :! 27 

1973 86 4.7 280 3.2 . 27 14448 
421 1959 85 3.4 189 2.2 38 

1973 77 3.2 168 2.2 36 14759 
43 1959 84 3.5 215 2.6 32 

1973 75 3.6 204 2.7 28 15003 
44 1959 82 5.2 200 2.4 34 

1973 76 3.6 182 2.4 32 15076 

45 1959 52 2.1 59 1.2 45 
1973 64 2.6 130 2.1 30 15381 

46 1959 50 2.0 74 1.5 34 
1973 61 2.3 117 1.8 36 15649 

47 1959 49 3.7 78 1.6 31 
I 1973 58 3.1 140 2.3 27 16168 

48 1959 49 2.7 85 1.8 28 
1973 59 4.2 164 2.8 21 16595 

49 1959 51 2.7 97 1.9 27 
1973 55 4.3 142 2.8 21 16899 

50 1959 37 3.7 52 1.4 26 
1973 45 2.3 67 1.5 30 17500 

51 1959 37 3.7 80 2.2 17 

1973 38 3.7 91 2.5 15 17915 
52 1959 40 2.6 41 1.0 38 

1973 NOT SURVEYED 18265 
53 1959 42 2.0 68 1.6 26 

1973 58 2,2 T01 1.8 32 1877,7 
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Cross Max. Mean WID 
Section Year Width Depth Area Depth Ratio Distance 

54 1959 40 2.3 72 1.8 22 
1973 53 2.4 104 2.0 27 19263 

55 1959 40 2.7 78 2.0 20 
1973 45 3.4 122 2.9 16 19753 

56 1959 37 1.8 46 1.3 29 
1973 38 1.6 43 1.2 32 20265 

57 1959 41 1.8 52 1.3 33 
1973 40 2.5 54 1.5 27 20753 

58 1959 34 1.4 33 1.0 34 
1973 45 2.3 81 1.6 27 21137 

59 1959 34 1.4 33 1.0 34 

1973 43 2.2 53 1.3 33 21595 
60 1959 27 1.8 33 1.2 23 

1973 42 2.4 75 1.8 24 22067 
61 1959 32 0.9 14 0.4 75 

1973 42 2.0 59 1.5 27 22543 
62 1959 37 0.9 17 0.5 81 

1973 43 1.5 53 1.3 30 22909 
63 1959 37 1.8 37 1.0 36 

1973 45 1.5 55 1.2 37 23354 
64 1959 30 3.7 61 2.0 15 

1973 34 3.5 80 2.4 14 23811 
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CIS W 

1 
,~ 

-- -

~ 2 
,/ 

3 + 
4 + 

r' 

5 '-

6 + 
7 '" -. 
8 -
9 

-.. 
'-
'.-

10 -
11 ( :::::-~ 

'_ ... ' 
12 ~ 

>-13 -;: 

14 Q 
15 ~ 
16 -
17 -
18 -
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21 -
22 \8 
23 -
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D 
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Increases, Decreases and No Olange from 1959 to 1973 for Widths, Maximum 
Depths, Areas, Mean Depths and WidthlMean Depth Ratios. 

, 

A D WID CIS W D A D WID 
Max. Max 

+ + -+1 -y 
- + ,t.- -

33 + - - - + 
34 + + + + -

+ + + - 35 + + + + -
+ + -t' - 36 + - - - + 

+ + ,!) - 37 + + + + -
+ + + - 38 + - + + -
+ + 3 - 39 + + :I- + - I 

+ - - +' 40 + + + + -
- - ~ - 41 + + + + -
- - - - 42 - - - 0 -
- + "+) -

" " 
43 - + - + -

+ + '6' - 44 - - - 0 -
r. 

+ + ,+' - 45 + + + + -
" 

+ + + - 46 + + + + + 

+ + ':+) - 47 + - + + -
- - 0 - 48 + + + + -
- - - 0 49 + + + + -
- - - - 50 + - + + + 

\ 

+ + + - 51 + 0 + + -
0 +, ~ - 52 NO SURVEY 

- - - + 53 + + + + + -
+ + ',;t: - 54 + :I- + + + 

+ - - - 55 + + + + -
- - !;l + 56 + - - - + 

+ + + - 57 - + + + -
+ - - - 58 + + + + -
+ - 0 - 59 + + + + -
- - - + 60 + + + + + 
+ + + - 61 + + + + -
+ + + - 62 + + + + -, 

+ + + - 63 + - + + + 
- - - + 64 + - + + -



TABLE 3: 

Width 

Sandstone 
Shale 
Total 

Maximum Depth. 

Sandstone 
Shale 
Total 

Area. 

Sandstone 
Shale 
Total 

Mean Depth. 

Sandstone 
Shale 
Total 
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Summary of Changes in Width, Maximum Depth, Area, Mean Depth, and 
Width/Mean Depth Ratio, for Both Fluvial Environments and the Total Reach. 

Increase Decrease No Change No Survey Totals. 

4 19 23 
34 6 41 
38 2S 0 64 

14 8 23 
26 13 41 
40 21 2 64 

15 8 23 
29 11 0 41 
44 19 0 64 

16 6 1 23 
30 7 3 41 
46 13 4 64 

Width/Mean Depth Ratio. 

Sandstone 20 2 23 
Shale 12 28 41 
Total 13 48 2 64 



TABLE 4: 

CIS W 

1 · 13 
2 · 5 
3 + 2 
4 + 3 
5 3 
6 + 11 
7 ~5 

8 6 
9 · 16 

10 · 17 
11 12 
12 · 9 
13 · 27 
14 · 10 
15 · 10 
16 · 10 
17 - 16 
18 · 8 
19 + 25 
20 14 
21 11 
22 · 3 
23 24 
24 + 8 
25 + 5 
26 · 15 
27 · 2 
28 + 27 
29 + 1 
30 + 10 
31 + 3 
32 + 2 
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Percentage OJanses in Widths, Maximum Depths, Mean Depths and Areas between I 

1959 and 1973 (rounded off to nearest percent). 

D D A CIS W D D A 
Max. Max. 

+ 19 + 31 + 15 33 + 8 - 14 - 18 - 9 
- 2 + 7 + 2 34 + 16 +123 +193 +145 
+ 59 + 49 + 50 35 + 10 + 16 + 47 + 59 
+120 +109 +180 36 + 5 - 27 - 29 - 34 
+110 + 59 + 57 37 + 22 + 65 + 73 + 85 
+214 +133 +160 38 + 9 - 1 + 10 +17 
+144 +127 + 70 39 + 20 + 32 + 65 + 76 
+ 6 - 7 . 12 40 + 10 + 30 + 27 +40 
- 28 + 11 - 15 41 + 6 + 18 + 7 + 13 
. 28 - 6 - 34 42 - 9 - 6 0 - 11 
- 11 + 54 + 22 43 - 11 + 3 + 4 - 5 
+107 +122 + 80 44 - 8 - 31 0 - 9 
+197 +157 + 69 45 + 23 + 24 + 75 +120 
+226 +143 +131 46 + 22 + 15 + 20 + 58 
+ 74 + 53 +46 47 + 19 - 16 +44 + 80 
- 24 0 - 13 48 + 20 + 56 + 56 + 93 
- 18 - 11 - 10 49 + 7 + 59 + 47 + 48 
-17 - 12 - 12 50 + 20 - 38 + 7 + 29 
+ 57 + 47 + 76 51 + 3 0 + 14 + 14 

0 + 52 + 39 52 NO SURVEY 
- 16 - 13 - 18 53 + 37 + 10 +13 + 49 
+ 28 + 18 + 21 54 + 31 + 4 + 11 +44 
+ 42 - 22 - 15 55 + 11 + 26 + 32 + 56 
- 18 - 22 - 18 56 + 1 - 11 - 8 - 7 
+44 + 15 + 19 57 - 2 + 39 + 15 + 6 
+ 6 - 13 - 31 58 + 16 +64 + 60 +146 
+ 27 0 - 4 59 + 25 + 57 + 30 + 61 
- 32 - 41 - 23 60 + 57 + 33 + 50 +127 
+ 6 + 3 + 2 61 + 31 +122 +275 +321 
+ 49 + 63 + 81 62 + 15 + 67 +160 +212 
+ 37 + 31 + 35 63 + 20 - 17 + 15 + 49 
- 43 - 26 - 24 64 + 12 - 5 + 21 + 3 



TABLES: 

Width 

Max. Depth 

Area 

Mean Depth 
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Magnitude and Frequency of Changes in Width, Maximum Depth, Area and Mean 
Depth in Sandstones and Shales. 

Sandstone Shale 
Incr. Deer. No Change 'Incr. Deer. No Change 

0-5m 2 1 12 2 
5 -10m 0 5 12 4 

10 -15m 1 4 7 0 
15 - 20m 0 4 2 0 
20 -25m 1 1 1 0 
25 -30m 0 2 
Over 30m' 0 2 

Total: 
I 

4 19 0 34 6 1 * 

Less than 1 m 3 5 i17 8 
1 -2m 2 1 ' 6 3 
2-3m 0 2 1 2 
3 -4m 3 0 1 0 
4-6m 0 0 1 0 
6 -10m 6 0 

Total: 14 8 26 13 2* 

Less than 50m2 0 5 20 7 
50 -100m2 4 2 ' 4' 3 

100 -150m2 4 0 3 1 
150 - 200m2 2 1 1 0 
200 - 300m2 1 0 1 0 
300 -400m2 3 0 
400 - 500m2 1 0 
Total: 15 8 0 29 11 1 * 

Less than 0.5m 2 6 14 3 3 
0.5 -1m 3 0 10 2 

1 - 2ni 3 0 4 2 
2 -3m 3 0 2 0 
3-4m 4 0 
4-Sm 1 0 

Total: 16 6 30 7 4:* 
! 

* I neludes 1 section with no survey. 
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TABLE 6: Approximate Volume of Olannel between Adjacent Cross Sections for 1959 and 
1973 and the Olange Expressed as Increases or Decreases (values in cubic rlietres). 

VOLUME 
Cross Sections 1959 1973 Increase Decrease 

1 - 2 2,137,300 2,272,900 135,600 
,.. 

2-3 202,300 237,000 34,700 

3-4 92,300 183,000 90,700 

4-5 87,300 173,400 86,100 

5-6 106,200 209,600 103,400 

6-7 102,400 211,200 108,800 
7-8 109,600 124,600 15,000 

8-9 90,200 78,200 12,000 

9 -10 190,600 144,600 46,000 
10 -11 176,600 164,400 12,200 
11 -12 130,500 185,100 54,600 
12 -13 77,300 135,400 58,100 

13 -14 23,500 46,500 23,000 
14 -15 54,600 99,800 45,200 
15 -16 92,600 106,300 13,700 
16 -17 101,800 89,900 11,900 
17 -18 83,800 74,500 9,300 
18 -19 69,500 77,200 7,700 
19 -20 80,500 115,900 35,400 
20 -21 79,200 94,000 14,800 
21 -22 88,200 92,600 4,400 
22 -23 62,700 67,400 4,700 
23 -24 57,300 47,400 9,900 
24 -25 13,600 13,500 100 
25 -26 40,900 37,300 3,600 
26 -27 61,900 50,900 11,000 
27 -28 80,800 67,400 13,400 
28 -29 120,400 104,700 15,700 
29 -30 67,600 95,600 28,000 
30 - 31 86,300 134,800 48,500 
31 - 32 98,600 100,900 2,300 
32 -33 120,700 102,600 18,100 
33 -34 109,900 128,800 18,900 
34 -35 63,600 115,100 51,500 
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VOLUME 
Cross Sections 1959 1973 Increase Decrease 

35 -36 112,600 124,000 11,400 

36 -37 56,700 60,600 3,900 

37 -38 5,400 7,700 2,300 

38 - 39 62,900 88,500 25,600 

39 -40 61,300 95,200 33,900 

40 -41 68,200 . 85,700 17,500 

41 -42 68,100 69,700 1,600 

42 -43 49,300 44,900 4,400 

43 -44 15,200 13,900 1,300 
44 -45 39,700 47,900 8,200 
45 -46 18,000 33,200 15,200 
46 -47 39,400 67,000 27,600 
47 -48 35,000 64,900 29,900. 
48 -49 27,700 46,500 18,800 
49 -50 30,100 63,100 33,000 
50 - 51 27,400 32,800 5,400 

51 - 53 63,800 82,800 19,000 
53 -54 34,200 50,300 16,100 
54,- 55 36,600 57,600 21,000 
55 ~56 31,700 41,500 9,800 
56 -57 23,900 24,400 500 
57 -58 16,300 26,800 10,500 
58 -59 15,100 30,700 15,600 
59 -60 15,600 30,200 14,600 
60 -61 11,400 31,900 20,500 
61 -62 7,000 26,100 19,100 
62 -63 12,000 24,000 12,000 

63 -64 22,400 30,600 8,200 
64+ 29,700 39,000 9,300 

Totals 6,197,300 7,424,000 1,395,600 168,900 

Increase -1,226,700m3 or 1.6 mill. yd3 

* See footnote in text where this estimate may be much too conservative. 

;, ' 

I , 



27 

TABLE 7: Types of OIan~ OIange 
Erosion: Type A (W+ D ), Type B (W- D+) 
Deposition: Type A (W- D-), Type B (W+ D-) and 

Type C (W-' D+). 

CIS Erosion Deposition CIS Erosion 
I 

Deposition 

B 33 B 
2 B 34 A 
3 A 35 A 
4 A 36 B 
5 B 37 A 
6 A 38 A 
7 B 39 A 
8 A 40 A 
9 C 41 A 

10 A 42 A 
11 B 43 C 
12 B 44 A 
13 B 45 A 
14 B 46 A 
15 B 47 A 
16 A 48 A 
17 A 49 A 
18 A 50 A 
19 A 51 A 
20 B 52 NO SURVEY 
21 A 53 A 
22 B 54 A 
23 A 55 A 
24 B 56 B 
25 A 57 B 
26 A 58 A 
27 C 59 A 
28 A 60 A 
29 A 61 A 
30 A 62 A 
31 A 63 A 
32 B 64 A 
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