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MANAGEMENT PERSPECTIVE 

This study has been conducted at the request of an 

inter-Departmental client, Environmental Protection," Ontario ’Region. 

It provides valuable information for :the management of waterfront 
resources at Goderich. An interesting discovery resulting from the 

hydrographic surveys is that the lake bottom in the vicinity of the 
harbour is subsiding significantly due to subsurface salt mining 

activity. _This subsidence has profound implications for the future 
maintenance of the harbour structures. This data base of pre- and 

post-construction surveys will allow future assessments of impacts over 
longer time periods- ‘~ 

John Lawrence . 

Director
A 

Research and Applications Branch 

December 1989
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PERSPECTIVE DE GESTION - 

Cette étude a ate effectuée B la demande d'un client inter—ministérie1 de 
la Protection de 1'environnement, région de l'0ntario. Elle renferme une 
information précieuse pour la gestion des ressources du secteur riverain 5 
Goderich. Les levés hydrographiques effectués ont permis une découverte 
intéressante, soit que dans les environs du port le fond dn lac s'affaise de 
maniere importante en raison de l'activité diexploitation miniere souterraine 
du sel. Cette subsidence a d'1mportantes repercussions sur 1'entretien futur 
des ouvrages portuaires. Cette base de données sur les leves avant et apres 
construction permettra des evaluations futures des incidences 3 plus long 
terme. . 

John Lawrence 
_

' 

Directeur ~ 

_

- 

Direction de la recherche ct des applications 

décembre 1989



ABSTRACT 

An environmental “monitoring program has been conducted lat 

Goderich Harbour for four years vto assess the impacts of a new 
rubblemound breakwater on local coastal and fluvial processes. 
Hydrographic surveys were carried out to determine changes in water 
depth and in sediment erosion/deposition patterns. Bed material 
surveys were carried out to identify initial conditions and to document 
changes. Results from 1984 to 1988 indicate no adverse environmental 
impacts due to the new breakwater. However, significant subsidence of 
the lake bottom in the vicinity of the harbour is taking place as a 

result of subsurface salt mining activity. 

RESUME 

Un programme de surveillance environnementale a été mené au port de 
Goderich pendant une durée de quatre ans afin d'éva1ue_r 1'incidence d'u'n 
rnouveau brise—lames en enrochement sur les processus littoraux et fluviaux 

V locaux. Des levés hydrographiques ont été effectués pour determiner les 
variations de la profondeur de l'eau et des coniigurations d'érosion et de 
dépbt de sediments. Des relevés des matériaux du fond ont été effectués afin 
de permettre l‘identification des conditions initiales et pour documenter les, 
changements. Les tésultats obtenus de 1984 3 1988 indiquent que le 
wbrise-lames nla aucune incidence environnementale nuisible.< Cependant, il y a 
un affaissement important du fond du lac aux environs du port en raison de 
1'activité d'exploitation miniere souterraine du sel.

ii
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1.0 
' 

BACKGROUND 

In 1984-85 Transport Canada expanded Goderich Harbour in 

order to provide a new wharf for Domtar Ltd. As part of the project, a 

610 m long rubblemound breakwater was designed and constructed by 
Public Works Canada (PNC) (Figures 1 and 2). Prior to approval of the 
project, environmental concerns were raised about the possibility of 
the breakwater causing increased sediment deposition at the mouth of 
the Maitland River and increased erosion rates south of the Harbour. 
River mouth deposition might aggravate flooding problems on the 
Maitland River and might lessen the havigability of the mouth of the 
Maitland River for pleasure craft. Accordingly, Transport Canada 
‘agreed to fund a five-year monitoring program at Goderich in order to 
assess the new breakwater's impact on coastal and fluvial processes. 

The Hydraulics Division (now Research and Applications 
Branch) of the National water Research Institute was asked to design 
the monitoring program, analyze the results and prepare reports on the 
findings. This report presents the results of the five-year monitoring 
program (preliminary results are available in an earlier report by 
‘Bishop (1987)).

' 

. Construction of the breakwater began in November 1984 and 
final armouring was completed in December 1985. By the end of January 
1985 the partially built breakwater extended lakeward about half its 

final length (PWC, Progress Chart, 1985) and can be assumed to have 
been acting as a substantial, if not total, barrier to the southward 
littoral drift from that time onward. 

The predominant direction of littoral transport at Goderich 
is southward. The existing entrance channel structures and offshore 
breakwaters have been in their present configuration since 1916. Prior 
to the construction of the rubblemound breakwater, sand was transported
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into the harbour entrance channel from which it was dredged 
periodically and dumped offshore and, therefore, was lost to the 
littoral system. Now, with the rubblemound breakwater in place, sand 
is’ expected to accrete on the north side of the gharbour. "It is 

estimated that this accretion will occur for about 500 years before the 
nearshore area north of the harbour is filled with sand and sand starts 
to bypass the harbour" (Reinders 1989). Therefore, since at least 
1916, the Goderich Harbour structures have-formed a man-made littoral 
cell boundary, thereby creating two cells, within the natural littoral 
cell from Point Clark to Kettle Point (Reinders 1989). “A littoral 
cell is a defined section of coast where no input or outflow of 
sediments takes place across its boundaries. In other words, a 

littoral cell is a self-contained coastal system, where the ongoing 
shoreline processes are not affected by the processes of the 
neighbouring cells. The alongshore limits of such a cell are defined 
by riatural formations or artificial barriers where the net gsediment 
movement changes direction or becomes zero" (Reinders 1988).

_ 

2.0 
. 
MONITORING PROGRAM 

The monitoring surveys were conducted by the Hater Resources 
Branch, water Survey of Canada, Environment Canada. The three 
components of the program included: '

R 

i) Hydrographic survey of the Goderich Harbour area, 
~ including the Maitland River estuary. 
ii) Hydrographic survey of 5 range lines. 

_

. 

iii) Bed material survey of nearshore, and estuary deposits 
(Figure 3). 

Four.surveys have been conducted; 

- September 28 - October 1, 1984 
- September 10 - 19, 1985
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- September 3 - 17, 1986 
- September 6 - 16, 1988 

No survey was conducted in 1987 because preliminary survey 
results (Bishop 1987) did not. indicate any -serious adverse 
environmental impacts. 

. The hydrographic surveys were conducted using an automated 
Hydrographic Data Acquisition System, designated as HYDAC-100 (Durette 
and .Zrymiak 1978). Bottom surface sediment samples were collected 
using a Shipek 860 sampler. PHC provided assistance by locating, 
establishing and checking some of the control points used in the survey 
portion of the study.“ 

2.1 AREA SURVEYS 

1 In order to assess the impact of the new breakwater in the 
immediate area of Goderich Harbour, hydrographic surveys were scheduled 
on an annual basis. The limits selected for the study area were: 1.0 
hn north of the breakwater (to a depth of 5 metres), 1.8 km south of 
the breakwater (to a depth of 5 metres), 1.0 km west of the harbour to 
a depth of '10 metres and east within the estuary to the railway 
bridge (Zrymiak 1986). Figure 4 shows the coverage of the area surveys 
conducted over the four years. 

Analysis of the data by the water Resources Branch includes 
use of a software package to smooth and “average the raw data. It 
derives corner elevations on a 30 m.x 30 m grid. These computed grid 
corner elevations are then used in all subsequent analysis and plot 
generation (i.e. contour plots, grid _corner elevation plots, 
elevation-capacity tables). The capacity refers to the water volume 
between the lake or river bed and a given elevation.
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Results from each of the area surveys are available.as: 

1) points plots of soundings ‘ 

2) plots of grid corner elevations of the bed 
3) contour plots of bed elevations 
4) elevation-capacity tables 

- For visual interpretation, contour plots of differences in 

elevation between pairs of surveys are available over common survey 
areas between the following years. 

1 i) 1984 and 1985 (Figure 5) 
ii) 1984 and 1986 (Figure 6) 
iii) 1985 and 1986 (Figure 7) 
iv) 1984 and 1988 (Figure 8) 
v) 1985 and 1988 

_ 

(Figure 9) 
vi) 1986 and 1988 (Figure 10) 

Grid corner elevation difference‘ plots are available for 
comparing the same years as those shown in Figures 5 through 10. 

2,2 RANGE LINE SURVEYS 

In order to establish a data base from which to assess the 
effects of the new breakwater on downdrift erosion, range line surveys 
were measured at 5 locations (Figure 11). These locations were chosen 

to be the same as those of stations H86 to H90 in the Coastal Zone 

Atlas (Haras and Tsui 1976) for which estimates of subaerial recession 

rates are available. In 1984, time and weather constraints prevented 

the Water Resource Branch from collecting any range line data. 

However, a PWC survey boat did collect profile data at these five 

locations. The water Resources Branch collected profile data at all 5 

locations using HYDAC in 1985 and 1986, however, in 1988 data was
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collected at H86 and H87 only due to time and weather constraints. 
Although starting from the same baseline markers onshore, the 
orientations of some of the PWC and HYDAC profiles differ slightly. 
The PWC profiles were oriented approximately gperpendicular to shore 
(D. Carr, 1987, personal communication), while the HYDAC profiles were 
oriented accurately in an east-west direction. 

The 1984, 1985, 1986 and 1988 range line profiles are shown 
in Figures 12 to 16. Differences at profiles H86 and H88 are minor, 
however, significant differences do appear- between PWC and HYDAC 
surveys for profiles H87, H89 and H90. At these locations the shore 
perpendiculars are considerably off a due east-west direction. These 
directional differences are thoughtl to be the ,main reason for the 
differences in the profiles between 1984 and 1985. 

Interpretation of the range line profile results is 
complicated by the construction of a groyne south of H87 and the 
dumping of dredged material between the Goderich sewage treatment plant 
and the newly constructed groyne. The groyne was constructed in 1986 
as part of a bluff stabilization and beach nourishment project by the 
Town of Goderich (Reinders 1985). In 1985 and 1986 PWC dredged 
Goderich Harbour and between May 9, 1986 and July 31, 1986 dumped 
approximately 185,000 m3 of sand, gravel, cobbles and boulders on the 
beach north of the new groyne as shown in Figure 11. This new groyne 
may be interrupting northward littoral drift, thereby causing some 
accretion to the south. Profile H87 may have been affected slightly by 
deposition of sediment suspended during the dredging operations. 

2.3 BED MATERIAL 

, 

‘ ‘In order to identify initial bed material conditions, and to 
document changes that might be attributable to the new breakwater, 
bottom surface sediment samples were collected and analyzed in 1984,
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85, 86 and 88. Results of sediment size analyses, undertaken by the 
water Resources Branch, of the bed material samples are summarized in 
Table 1. All samples are sand-size or coarser.

' 

Boyd (1977) reports on sediment samples taken in 1975 and 
1976 with locations shown in Figure 17. Results for 4 locations north 
of the new breakwater are given in Table 2. They show good agreement 
with the results from 1984-88, indicating relatively minor changes in 
surface sediment size from 1975 to 1988. 

_3.0 SUBSIDENCE 

’ The contour plots of differences in bottom elevation clearly 
indicate a lowering trend over most of the survey area, even in water 
depths of 10 m where little change would be expected. After checking 
the analysis of the water level. and HYDAC data, this trend was 
confirmed as being real. At this point, the authors contacted the 
Domtar Chemicals Group, Sifto Salt Division, Goderich Mine to inquire 
about the effects of underground salt mining~ on the lake bottom. 
Subsequently, discussions were held with the mine engineer, Neil 
Crocker. ~ r 

The Goderich salt mine began operations in 1959. Salt is 
excavated from 13 m high caverns about 540 m below the surface. About 
one-half of the rock 'volume in the mining layer is removed. 
Subsidence of the ground surface, in this case the lake bottom, starts 
when stresses on the ~rock pillars between the caverns become 
supercritical. In the opinion of Mr. Crocker, this occurred in 1978 
after which a period of accelerated subsidence occurred for a few years 
followed by a rate which will reduce over time. He estimates that the 
average ultimate subsidence will be about 5‘m. The time period over 
which this will occur is not known, but Mr. Crocker estimates several 
centuries, maybe a thousand years. A capability exists for predicting
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subsidence by using a rock mechanics computer model. The Goderich Mine 
has a proprietary model that might be made available for such 
predictions. »

' 

The areal extent of the salt mine is compared to the HYDAC 
survey areas in Figure 4. This shows that virtually all of the HYDAC 
survey area, except the Maitland River estuary and part of the 
nearshore area north of the rubblemound breakwater, is underlain by the 
salt mine. According to Mr. Crocker, the surface subsidence is not 
expected to be uniform over "the area, but rather is probably 
"bowl-shaped", with the greatest subsidence close to the centre of the 
mine. .

" 

Several estimates of subsidence can be made. The top of the 
north concrete breakwater was surveyed in 1959 and again in 1988 (N. 

Crocker, 1989, personal communication). Over this time, the elevation 
at borehole 10 (see Figure 4) subsided by about 0.61 m. In addition, 
water Survey of Canada maintains several bench marks in the vicinity of 
the Harbour. The Gnomen Contact Gauge (GCG) record from 1961 to 1988 
is shown in Figure 18, along with data from Gauge 327A from 1970 to 
1988. The GCG data indicates subsidence of 0.40 m between 1961 and 
1988, with most occurring since 1967. However, the 327A data indicates 
subsidence of only 0.039 m between 1970 and 1988. As seen in Figure 4, 

borehole 10 is well within the mining area, while the GCG is very close 
to the edge and 327A is well outside. The trend to lesser amounts of 
subsidence with distance from the centre of the mining area agrees with 
expectations.

A 

The elevationacapacity tables can also be< used to provide 
estimates of subsidence. Capacities must be compared to the same 
reference elevation, so the computed capacities in the tables have been 
adjusted for differences in maximum elevation. Using the area common 
to all four surveys from 1984 to 1988, and
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adjusting the capacities from the maximum elevations given in Tables 3 
to 6 to the 1 m elevation, gives the results shown in Table 7. The 
precision of the HYDAC survey is estimated (J. Mcllhinney, 1987, 
personal communication) to be +/- 2 percent of the capacity. The total 
survey area is shown on Figure 4. 

The northshore area referred to in Tables 5 to 7 consists of 
the area north of the new rubblemound breakwater, excluding the river 
estuary and the area west of a line running north from the western end 
of the rubblemound breakwater.’ This northshore area traps most of the 
southerly alongshore transport of littoral material and the material 
transported \downstream by the Maitland River. The most (recent 
supply-based estimate of this southerly sediment (grain size of 0.06 mm 
or greater) transport rate at Goderich is 26,770 m3/yr (Reinders 
1989). According to the report by Reinders (1989)," the Goderich 
Harbour structures present a complete barrier to the alongshore 
transport of sand and will continue to do so for hundreds of years. 
Assuming this to be true, the capacities in Table 7 have been adjusted 
by "increasing the capacity by 26,770 m3/yr in order to estimate 
subsidence. Interestingly, the results for both the total survey area 
and’ for the. northshore area (adjusted) show almost no change in 
capacity between 1984 and 1985, but then show a linear subsidence from 
1985 to 1988. 

The northshore area shows a subsidence of 0.36 m over the 
four year period, while the total survey area less the northshore area 
shows a subsidence of 0.49 m. As expected, the northshore area shows 
less subsidence because the bulk of it is outside the boundaries of the 
mine (Figure 4). The sensitivity of the subsidence calculation to the 
assumed rate (Q) of southerly sediment transport was checked for the 
northshore area by using different values of Q with the following 
results: »

‘



Q (m3/yr) Subsidence m 
20,000 
26,770 
30,000 
35,000 

_-g _ 

0.31 
0.36 
0.38 
0.41 

40,000 
p 

0.4-5 

These estimates of subsidence can also be compared to the bench mark 
data which show drops of 0.087 m at the Gnomen Gauge and 0.013 m at 
Gauge 327A from 1984 to 1988. .

_ 

~ The sensitivity calculations indicate that the subsidence is 
not very sensitive to Q. Therefore, given the uncertainties in the 
magnitude and spatial variation of the subsidence, any estimate of Q 
from the adjusted volume_ of- accretion north of the rubblemound 
breakwater is prone to considerable error. . 

As seen from the range line surveys, there has been ‘very 

little change in the profiles at H86. From Figure 11, H86 is at the 
northern edge of the northshore area, well beyond the boundaries of the 
mine. Therefore, it is not surprising that subsidence. there is 
negligible. However, profile H87 in Figure 13 shows clear evidence of 
progressive subsidence. Assuming a linear subsidence of 0.5 m from 
1984 to 1988, the HYDAC profiles have been adjusted by adding 0.125 m 
to ‘the 1986 profile elevations and 0.375 m to the 1988 profile 
elevations in order to compare them with the 1985 profile (the 1984 
profile differences are believed to be due to differences in profile 
orientation). The resulting profiles are shown in Figure 19. Clearly, 
these adjustments bring the profiles into much closer agreement. As 
expected, after adjustment for subsidence, there is no evidence of 
systematic erosion due to the rubblemound breakwater at profile H87. 
The Gflderich Harbour structures have been acting as a man-made littoral 
cell boundary ever since their construction and therefore, the littoral 
regime south of the harbour has not been affected by the construction
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of the rubblemound breakwater. 

4.0- MAITLAND RIVER ESTUARY 

The zones of accretion of littoral sediments are generally as 
anticipated (Hall land Baird 1984) when a predominantly southward 
littoral drift has been interrupted by a structure such as the new 
rubblemound breakwater. Classical littoral drift theory suggests that 
a fillet beach of sand would form updrift of the breakwater. This has, 
in fact, occurred but is complicated by flushing of the deposits at the 
river mouth by the river currents. Material eroded from the zone at 
the river mouth has probably been displaced westward to the zones of 
accretion. along the rubblemound breakwater and the north concrete 
breakwater (see Figures 5 to 10); furthermore, some material may be 
transported into deeper water offshore. .

- 

Elevation~capacity tables for 1984, 1985, 1986 and 1988 for 
the estuary are given in Table 8. Using the area common to all four 
surveys (35,100 m2), "and adjusting the capacities from the maximum 
elevations given in the Tables to the 0.5 m elevation, gives the 
results shown in Table 9. This shows a mean increase in bed elevation 
between 1984 and 1985 of 0.10 m, between 1984 and 1986 of 0.16 m, and 
between 1984 and 1988 of only 0.02 m. Based on relative locations, 
subsidence over this survey area may be somewhat less than at the 
Gnomen Gauge‘ and somewhat more than that at Gauge 327A. If it is 
assumed to be about 0.05 m between 1984 and 1.988, the estimates of 
accretion increase to 0.11 m, 0.18 m and 0.07 m, respectively. 

“ .The accretion of sediment in the estuary from 1984 to 1986 
can be attributed to the decreased sediment transport capacity of the 
river resulting from lower river speeds. Erosion of the lake bottom at 
the river mouth, as seen in Figures 5 to 10, indicates that the 
accretion in the estuary cannot be due to littoral deposits blocking
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the river mouth. After the lake returned to average levels in 1988, 
the mean bed level in the estuary returned to a level 0.04 m lower than 
it was in posteconstruction 1985. 

The traditional problems of sand bar formation at the river 
mouth (Boyd 1977) and of water depths too shallow for navigation by 
keel boats have not occurred since 1984. This may be due, in part, to 
'the higher -than average lake levels during (this period. The mean 
annual level increased each year from 176.39 m IGLD (1955) in 1982 to 
177.10 m in 1986. Curves of average (1910 to 1988) and measured lake 
levels for 1983 to 1988 are shown in Figure 20. The mean monthly level 
of 177.29 m measured in October 1986 is the highest monthly level in 
100 years. 

- One of the impacts of higher lake levels is to reduce the 
average speed of the Maitland River discharge in the estuary. Using 
the results of a PWC _sounding survey in June 1985, the river 
cross-sectional area below datum at the mouth (station 1+20) has been 
estimated at 200 m2 with a top width of 92 m (Figure 21). At another 
cross—section 240 m upstream (station -1+20) the area has been 
estimated at 215 m2 with a top width of 123 m. From NSC flow 
measurements at Donnybrook and Summerhill, the maximum instantaneous 
discharge at the mouth in 1985 has been estimated at 700 m3/s on April 
6. The daily mean lake level for April 6, 1985, was 1.11 m above 
datun. This results in mean river speeds of 2.3 m/s at the mouth and 
2.0 m/s at station -1+20. If the lake level had been at its average 
level, about 0.65 m lower, the corresponding velocities would have been 
significantly higher at 2.9 m/s and 2.6 m/s respectively. 

In addition, it appears that the restriction of the 
crossesectional area at the river mouth, caused by the construction of 
the new breakwater, may be enough to keep the river mouth free of the 
troublesome sediment deposition of the past. Using the
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pre-construction sounding results from an October 1984 PCN survey, the 
cross-sectional area below datum at station 1+20 has been estimated at 
195 m2 with a top width of 128 m, The April 6, 1985 peak discharge of 
700 m3/s would have produced a mean current of about 2.1 m/s. This is 

the approximate location of traditional sand bar formation. As 
mentioned already, the mean current for a discharge of 700 m3/s after 
breakwater construction was estimated at 2.3 m/s. Currents in this 
area scoured the toe of the breakwateris armour layer, necessitating 
scour restoration work and an extra row of armour stone at the toe from 
station O+80 to 1+7O (PWC, AS Built Drawing, 1986). 

, 
Consequently, the anticipated adverse impacts of the .new 

breakwater,’ namely decreased navigability of the river mouth _and 

increased upstream flooding due to blockage at the river mouth, have 
not materialized to date. 

5.0 CONCLUSIONS 

Evidence to date shows that the main environmental concern of 
the project, namely increased sediment deposition at the mouth of the 
Maitland River, has not occurred. Restriction_0f the cross-sectional 
area at the river mouth by the presence of the new rubblemound 
breakwater seems to have increased river velocities sufficiently to 
have actually deepened the channel there. This has occurred in spite 
of a general fillet beach type accretion of sediment north of the new 
breakwater. 

The Goderich Harbour structures existing prior to 1984 

already formed a man-made littoral cell boundary. Therefore, the 

construction of the rubblemound breakwater on the Harbour's north side 

has had no incremental impact on the south, or downdrift, side. In the 

past, PWC has performed regular maintenance dredging of the Harbour 

entrance channel. Now, the sediments that filled the channel will 

accrete on the updrift side of the rubblemound breakwater.
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Results from hydrographic area and range line surveys 
indicate an average subsidence of the lake bottom in the vicinity of 
the Goderich salt mine of about 0.5 m between 1984 and 1988. This has 
important ramifications for the future maintenance of both the new 
rubblemound breakwater and the older harbour structures. 

RECOMMENDATIONS 

1. The results of the five-year monitoring program indicate no 
'adverse environmental impacts due to construction of the 

“ rubblemound breakwater. The monitoring program can be 
discontinued. 

2. Transport Canada should investigate the impact of future 
subsidence on the maintenance of the Goderich Harbour structures. 

3. The Maitland.Valley Conservation Authority is encouraged to build 
on this valuable data base by continuing to monitor the subaqueous 
erosion at the five range lines. '
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TABLE 1
_ 

Bed'Materia1 Sample Sites and_SiZe§ 

Samp1e Easting Nqrthing 
Number 

D50(mm) 

1984 1985 1986 1988 

14 
15 
16 
17 

22 
23 
24 
25 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

kO®\lO‘lU‘l->OOI\)l—\ 

10 
11 
12 
13 

18 
19 
20 
21 

27 
28 

41 
42 

4775 
4837 
5143 
5315 
5435 
4775 
4775 
4775 
4775 
4775 
4600 
4300 
4115 
4395 
4490 
4595 
4465 
4710 
4860 
4860 
4530 
4370 
4080 
3970 
4100 
3850 
3850 
3800 
4500 
4300 
4300 
4500 
4300 
4500 
4300 
4600 
4400 
4200 
4000 
3900 
3800 
3700 

5284 
5 5283 

5332 
5385 
5485 
5373 
5525 
5880 
5705 
5885 
5195 
5100 
4895 

.4910 
4810 
4810 
5250 
4420 

' 4030 
3500 
4050 
4440 
4880 
5080 
5200 

. 4780 
4880 
4840 
5400 
5400 
5500 
5800 
5700 
5800 
5900 
5300 
5300 
5300 
5300 
'5200 
5100 
5000 

23 
12 
28 
39 
5.4 
0.22 
0.22 
0.22 . 

0.19, 
0.20 

- 0.89 
0.28 
-0.22 

. 0.15 
0.15 
0.18 
‘0.32 
90 
0.32 

44 
18 
4.7 

.17 

.25 

.55 

45 
19 
0
0
0 

14 
0.40 

43 
25 
38

0 
0
0 
0
0 

45 
90 
21 

15 

20 0 
19 0 
30 0 
.20 0 
19‘ 0 

cobbles — 
c0bb1es 0 

O 19 0
0
0 
0 

0
0 
0
0 

44
0 

44
0 

36 ‘ 22 
18 0 
21 5 

22 - 
29 0 
29 0 
29 92

0 
009 0 

0. 
009 '0 

i—' 

@@@@@|\)!-'

O 

Q

I 

19 
27 
27- 
15 
22 

12 
18 

074 

29 
17 

23 
10 
024 
008 

Q©@l\)(a)@ 

@,l>(.O@\l 

l'\)I—'\O 

0.20 

0.21 
0.21 
0.20 
0.20 
38’ 

.09 

.14

0 
32
0 
0.13 

-Fb 

C)OC©\l-§ 

I'\Jl—'l-IOOKO 

\l\O\lU1 

52 
52 
cobb1es 
39 
21 
1.5 
0.50 
0.16 
0.11 
0.81 
0.46
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Table 2 

ed Material Sample Sizes from Boyd (19771 " 

Sample 
Number 

Closest Sample April 1975 October 1976 
V 

in Table 1 D50 D50 (mm) 

A-300-500 

A-305-420 

B-45-173 

B-45=460 

' 32 0.19 0.19 

29 '0.2l 0.13 

6 0.26 - 

30 O;23 0.22“



‘_N'DU_ 36:"! fl_g$_ O)'°‘V_ 

_O__'OfiW_ 

Qfiig 

‘_a__“_ 

‘U_fiNmN_ 

°_Q@mF_ UuflDfl_' 
q_h__8_ 

U_“flfi°_ 
@_DOhO U_fiU"u D_O__O Q_°°flD °_NNDF fl_UWfiF Q_fifiUU fi_Q°OU O_GQ°o O_fiOUD @_Q°fifl D__'@Q °_NUfl' ._DfiN' Nbflflfifi °[fl_flfl °)flWflfi Uffiflmfl Dub_ON Q__NN“ Q1_Nafl O_DfiF_ U_FU'_ W_“O__ 

Q_UQG fi___F_ __°°fi D_U°H D_flfl_ 
Q_fih fl___ 

h__ G_ 

5
_ 

.2_=___C>q_U 

5:: 

“Q07 

._a_=z: 

§!==' 

fig“ 
__=a _U___DO 

__°_D $63 U_Q@fl 
QNOD O60“ QQUD Gdfifl 

qfiflfl 
O_fifl_U QED Uéofl __2_' O_Q__Q DMDDQ :2; fléfl‘ 

_"_:Q 

Q62" ‘QED 
.68 _Q_@Ifl 

56:" 
N__:" fléflfi odflfl 

Q.°_fl 
____:H 

06: __8H 
°_UQNH ‘BBQ 

__D@fl 
QDQN 

Ohiflfl 
Q0!“ 

G_HQ_ D_°D_ 06°. 
D‘. QD D; N_ 

_ 

_6°°Oflflfl 

_ 

_°fl@flF_N 

_ 

68:2

_

_ 

_§§

_ 

°D_ 
Dh_D BHFF 

°D;B_ D___fl °D_PO Dfl_flfi °°_U‘ °D_U' °D_QD DF;NH DN_ND °°_UU Oa_O' °°_fiF °D_FU 
kO°_flU 

O°_Fu oflhofl BPJNU DNWOU °°_flU DN_Ufl BN_UQ OD_°‘ °°_Cfl DF_Qfl DF_ON fiN_@fl Dh_‘N flN_flfl 

688“. 

>g_3 

Dfl_OO Dfl_N' °°_NF Bfl_Ofl BNIOF °°J@D 
°”_RN_ flN_FD_ OQJWON flfll__fi 

O°_°O °°_fl_ 
°°_fl 

°n_“l

_ 

°°_'l

I 

°°_°_-

_ 

Q_ 

EH2 
fl_g£_ '_8D2 

' 
6°". 

a_~QN: 
‘=52 

qt 
.2 

06:: 
__H_:_2__ __flQH: 

Q_38_ 

Q_ 

:2: 

_____“__@ 

___=g 

__'d'__U 

Q6: N_2":_ 
°_“Q2_ 

._ON@U 
____:D° m_F§ ___as 

°_:QD 
QUHOQ 

Q_8: 

gig‘ 

__§H 

_"_:_g 

._fl'NH_ Q8: Q____UN Q___°fifl 
‘Q_'8fl fl_:: __ND= G___°: °_°.Q 

QUQU __D__Q _:2 ___E __'n_ 

__QQ 

_UO( 

WU<L3=fl 

BO 

_gz 

_UU( 

*'w 

i 

m__nQ_

_ 

Z0‘: 

_

I 

‘=00:

_ 

..II.IOIIK1%Ikw1&I,Q.OO%%IwQ°_ 

5 
zuhuug 

_aaia.w%.wmm%w%OK1W1O§$OWma.

' 

~5°n“(: 

Ionauns

. 

uz_h:°‘ 

“>839 

>__°“<°

O

I 

uz__=§' 

“>130 

>__°“‘u

Q 

...QIIIIIIQIIIIOIIIIOOIIOI 

"I.OO..I.I_.|_.'.IQI.I.‘COO. 

gd?__a 

mw 

Ea 

8 
_mm 

_g 

3 
__O__=_8 

gs” 

_3>__a 

__33 

__O“_ 

$3: 

%:g__R_|__£_g>U_m 

£3 

Ea 

gs 

M 
m___M_<___ 

8_ 

'_a_==: 

5:: 

HQ 

°_Q_F 
O_UP 

°_O°D __Q_U fl_QFD N__GD @_WFD O_hUD U_QFfi F_“flD Q_°Ifl FHBDD °_OF_ OJBUQ O_OUQ N_DU' Nu'flQ U_flUQ F_D_Q __D__ D_DQB __FUU U_fiFB O_FQfl Q:_Dfl __Hflfl QY_Hfl O_°Ofi fi_°Dfl __fl_N D_°Nfl 
_D_NQ“ 

D_MfiN H_Q_fi F_'UN fl_U_“ __GOfl B_@°N U_fl@_ N_fiW_ 
O_DD __DQ 

U_D 
D_ 

_t 

“DU 

°°°__ 

___: 

_=° 

°°°_v 

__a 

_°W_ 

_ 

_s 

_3U 

00° 

_ 
_

_ 

m‘=dO> 

UI=J°> 

(“,1 

WP2_°L 

g“_u~>UJU

_ 

u::JO> 

_“

_ 
u‘3nw> 

fl“_ BR“ 
OD€' 

°°_@_ DF_D~ °°__' BF_Un °DwF_ UN}NU 
Qfljflq 

°DuQfl °fi:WD °°_UD oaufifl °°_PU °D_UN flh_D‘ °°_°D flP_FD nN_flU UGEFF DN_fiU UG_flU °°_fl' O°_Ifi 
_°D_PH 

B“_HD 
O°_flg ‘flfl_‘fi 

°°_fl“ HN_D_ IF_@fl °°_ND DF_HU DF__F °D_flU °fl_fiO 
°°_'__ DF‘fl'_ Q“_OQ_ °n_flNN DF_flflfl 

QF_'F °°_°_ 

°__ Ufl_ 
°°_° BU_- om.‘ DP“- °°__ flfl__ °n__ flR__ °°_N ”fl_N °“_N nF_fl °°_fi DN_Q °”_fi OF_fi °°_Q UN‘ OD‘ OF‘ 86 flflfi 

8_fl 
DB6 86 Dqi S6 DB6 

8___ 

DQF 8; D______ 86 “QB 8‘ Oh‘ °°_Q Ufi_@ °D_D flh_O °°_° BN_° °flJ° flF_° 

O°°_v

_ 
“uR¢M_ 

mwzumn 

2M_u“’flJw 

_' 

_°W_§ 

-Q2: 

O:_U 

mi 

VDN_ 

_.=_u__W__"____ 

__°=____q; 

‘U2 

=2’ 

62:98 

_: 

_8_§ 

‘(DEC 

_=BG 

_‘ 

3 

__§u__:g_ 

22:3: 

DB2 

=47 

OWPEIOU -23:33 

:D.=_=I



F.UQID_ ___°°D_ 
,fl_QwNfl_ 

__W°FQ_ @__Q°Q_ N_fiNDfi_ @_@WQfl_ G’fiFHN_ fi“__O__ °h°NN__ D_@N_°_ °FU°fi°_ 

Q_FIUO DxDfi_m °___:_Q D_WHN. 
_P_°UFF 

Q_NNHE fi_nu@w Q_UflQU 6_°@°w °_D@@D @;U°flD fl_OQQQ '_N“UV °_qnN§ ___N°fl '__aafi N__wNfl °JB'Ofl __fl'wH __FQflN a_ID°N H$fl@h_ U_UO'_ 
Njflfiflr 

>fl‘DPm 
Q_flfiF fiwo_D F_nNO 

V__°__ ‘_fiD

_ 

U_O_ 
I‘_ 

__ 

F!

' 

._§=__u: 

5:; 

°H__ 

. 
_' 

__§:z__u 

5;“! 

U_UQ 
U_nfiO Q_IUD Q__=U 

Dtfiwfl Qtflfifl °_UFD D_NOfl fl__'fl Flflvm fi_U_D N_°NM fi_°_u D_U@Q U_flFQ h__DQ fi_DD‘ N_UNv Q___' QHU°. D,UQfl °_FFfi fi_O¢fl Q_Uflfi O_NfiO D_Oflfl M_DNfi F_°QH N_P_fl U,_°n Oiflflfl N_OON F_DQN O_Y@N F_'WN m_fiDfl fl_QflN fl_DWN U_DQ. W_flD_ hvO°_ 
I_HD OJfl_ 

F}_ 
__ 

8'UNQ" 30:.“ 8_n_:V 

E_2°'“ E_°._UGfl DFOUNBG

_ 

DFQNOHN UFUHQHN 

fl:°_ 

NH 

_°fl°H~?N JDN“Hfi_fl 
_O°DHU°N _DhflDfl°“ _Dh°@DQ_ 

_UGUfl_@_ _DflFQflU_ 

°W_D°U_ °flV@'F_ DN_fi@O_ °°FQ'@_ UflQ_QD_ ‘NDUHU_ fiR°flF'_ °°_IN__ “HEDGE. 
_8~_fiflfi_ 

BN2: 

G. 

D8252 
____2_:_ 

2'32 

J02; 

fiN_ 

fiGflfl°fl_ °D°'F__ DFUGfl__ DN'H“°_ ODIOZ: 

__DN:g 

lflflflflflfi _6D“D_F _°DQ_°D 
_S58 _Wfi_NG_ OOFON 

_§ 

°fl__ 
°°___ Dh_Q_ °°_NV °°{Ofl O°_°' °°_@' °°_HQ ONfi_Q Dflfl'. BN_flfl flN__O °°_FO °D_°¢ °°__D Dh__U °°_fiU DN_Qfl DN_I' flF_QU °°__U °fl‘°F BRAD. Dfl_IW DR_OO IF_DQ °°_Ofl °D_Nfi °nJ_H @R_U_ DN_U_ DF_Tfi DFJDD °n_°u flF__Q Dfl_@‘ flF_°@ 

DNwO°_ DRAG". 
_O°_Hfifi 

°°__““ nF_?°“ nh_“__ 
oowu“ 

oowq 

n“_| aw‘- nh_| 
°°__| n“___ °n__| nh___ °°_“_ n"_~- °n_“l nF_“| °°_n| n“‘n| on)"- 

_nFhn1 

°°].T 
"n“_.' 

°n___ aF_'_ °°_n' a“_nI 
8_m_’1 

n‘_n' °°_.l n“_°' 
°a_'| nsaol °°__\ ’“‘F_ oauhl nF__I 

8. 

pl 

n“_.r °‘_.‘ ‘h_‘l °°_°' n“_aI oat‘! nH_°. 
°°_°_I _“_°_l °n;°_l nh}°_' °°____ ““___l °n___| 

__‘

_ 

U 
0°07. 

’__:

n 

0 
°°°T* 

__: 

u°u_ 

_‘v‘

a 

W”=JG> 

W‘D£°> 

(“BC 

U

_ 

62 

3;; 

hzmmh 

_:=_; 

’_ 

FHFF. 

H
A 

HUMP’ 

°_aU@W_ Q_wQQW_ fl_FQ_D_ @_°fl@n_ N{"UQ_ 
_qD3: 

VwwnU'n_ 

Q 
D__@2_ 

'_ 

um": 

';°=

I 

Q_ 

‘Si; 

' J 
"R: 

__n:°_ 
D.OUflfi D__D°O .J_°UD F_FN_Q ._DUUF __F_“F D_hUFU __fl@UU U_fiflQU 

>D_QUfiD 

~_DH_D U_D_DQ fl_UhQQ __ND_Q QIUIFQ Q_OUQfl 
D_FT_q 

Q;DHD“ °_QU'H °_U'“N °_@_D_ fl_@HU_ '_PUfl_ D:_°__ 
__Hfl@ fl_UNU F_U_' fi_QfiN Q_Q°_ 

@103 
__fl 

__ 

’_nQ_ 
O_H°q 

__H.D '_QDU QJUDD Q_W°O °_ODfl Ofiwflfl I_°Ffl QHOUD afifififl °“flND n_F_fl “_“_D n_flNfl I_D°D _JBQQ ‘DOB. N_ND_ '_U'Q fi_mNQ F_DflQ °_U°Q Q_@Qfl fl_Q°B __hPn BIOQB N_"fl fi_fl'fl °_°_o fl_Nflfl __fl_Q Q_Fflfl °_°UN °_fl°fi Cfflflfl PJDON °_UUfl 
"Q_U_N 

Q_DflN Q_?_R Q_°h_ @_aG_ 
fi_°F 

O_Fq OJ" 
__ 

__3_=__u: 

13:1‘ 

_8QUfl= 

__O:UN'N

_ 

fl__fl'N.N 

_§_ 

NWN 

_fl: 

F. 

TN’ 

_88_ 

Q“ 

J8QDUfiN_ 

_°flQODHNv 

_8flGfiflfl_ 

_°fl‘flflBN 
_OM__Q__flfl

_ 

DFQQHHH

_ 

DFDfiI_fl

_ 

IF: 

Q.N

_ 

=28“

_ 

:88“ 

_8UU:_ 

_8= 

HD_ 

_flfl°:_2 

_°8D_U__ 

_BHfi@DE_ _O°_°°E_ 
_D°W_fiW_ _O°'Q@D_ 

_flFHBflB_ _O°°QPQ_ _°flUFfl'_ _@h°NQfl_ 

_8°;_"_ 

_°°°flfiB_ _°°OQfiN_ _Dfi__Ufi_ _IFQ°Wfl_ 

_flNfifiNN_ _flNU“Ofl_ 

_fiF_flF__ _°DQ°N__ _°U_FF°_ 
yDNH@_°_ 

_D“°DDO _O°HUU@ 
_O°fiUIE 

_O°fiFNU 
_Dfl'fi°Q 

_O°Q_°N 

_flh@Ffl 

_O°D 

__= 

‘=0 

°°°7_ 

)__: 

_=u 

°O°T_ 

__ 

_°n_ 

flflu 
°°_fl UFFH 8; flF_F 

°°’N_ °D_fl_ °fl_flfi °D_!H 
°°_fifl_ 

flF_‘Q OOKWD °°_QW °°_UD °D_Ffl 
_DF_FQ 

°D_HF flh€nU flN_N@ fi“_UU @h_V@ °°_.fl °°_Qfl flfl_HP UH_Qfl °o_FD Dh;Ofi flN_fi' °a_Qfi °°y@N 
flF?Dq 

°D_U~ °D_Q_ °°_fi“ °fi_Dfi BN_Ffl °°_Q‘ DN_UU °°_FO DN_fl_ _O°J°__ ,°°_°Q_ 
DFHQQN 

Dflubgfl 
>flN_°°N DF_QG 

°°:_ 

mg) 

gag 

“E 

_‘ 

_Ofl_§ 

-(“BC 

Dig 

_‘ 

flN_ 

5“ 

M 

_

_ 

_

_
_

_

G

_

- 

I 
___U_= 

Z_===: 

=2 

§__ 

__=______8 

u 
__ 

‘M 

SD 

‘=2 

as

‘ 
:_ 

.___u__=g_ 

22:)": 

ADD 

‘ 

_UD_DD_'Q_ 

=5 

:38 

=2

- 

Hg;

> 

>_ 

Q 

’

_ 

"_m§__§_m»m_Jm.§m“M“m_" 

m 

m>'=__m_ 

mm 

Ea

8 

‘Q 

O? 

=°_E_°’u 

.......................... 

°"°_‘ 

.zO_P_>UJ@ 

‘=‘_z_: 

DP‘

' 

°fl_ flH_ 
°°_° Dfi_' °”_' flF_' 

°°__- flN__' °H__| nF__| 8)? DN_N' °fl_fi- mfiffl. °°.fl_ nfi_H_ °a_fl_ aF_H' °°_'_ fifl_Q' °n;W' flF;Q| °°_D! nfiuoi °’_D' flF_‘- °°_°' nfl;’| °a_U! DF_°I °°_P' Dfl_§' °D_F_ 

_flF_F| 

OOH,‘ 

flG_" 
°n___ nP_m| °°_°- nN_Q| °m;@_ DF_u- 

°°_°_. D“_°_- °”_d_| BF_°_| °°_W_' 

zyw"~>HJU 

flOQ_ 

2% 

e___:__°U 

_Q

:5



fl_fi°aN °_fl°@H .__fl°N F)a°fi_ _j@UE_ 
__Dflw_ 

_._°_fi_ 

°1NDfl_ F_nDN_ Q_mfi__ ~_fiN°_ 
n_'_“ n_°_. _h__F H‘_flw °_°fiD 

flu 6‘

4 

°_U@v n__°' °_QQfl F_flDN fl_°‘N N_°°N P_'F_ '_a'_ 
vNu°N_ 

°_N°_ 
°_WD °__F 

_._°U 

u_°n HINT Q_Ufi 
_UflPfl _Q)°_ 

°_Q_ N_H_ 
O_° Q_m N_B w__ ‘_

—

_

_ 

____ 

£0: 

___u_____”_m>_v______ 

_‘“_=_ 

DU‘: 

SQ“ 

BOO’

' 

“Hg 

:5! 

IO_Iu§ 

A12: 

DD"U 

ZsQU_ 

CD2

| 

“HEM 

:22! 

xU_CuGg 

Q_Q__ N__w_ __NN_ °_°Q_ __Qfl_ Q_QN_ h_Qfl_ fi_$N_ B_°N_ @____ Q”°°_ °__°_ 
Q_°° Q_Q@ P_°D °_“w D_'U ._hD_ 

fi__n D_"Q °_°' n_Qn '_wN fl_DN fi_'_ T_F_ DJfi_ fl_°_ 
°_° B_I W_F N_P F_F D_n '_ 

n_“ 
Q_n_ 

P_H U__ H__ '_ 

._a:__== 

5::

_ 

8gUD

_ 

IHUQUD

_ 

A5259 
_°D_flflD

W 

QQDDQD 
_O°UQfiD 

_flFUflRD 
_D_Q__D 

_°°UOQQ _flFUDDW _°°QUQ' 
_°fl_UNQ _°°°a°‘ 

_DPQ°UH 
_DFOQHU _DFDfl°fi 

_flF_HBfl 
_DflQ_‘N _O°aU_fl 

_°°_QQ_ _°fi@@°_ _O°°F'_ _O°OFfi_ _O°'V°_ 

_=°= _O°@NF _O°UFD 

6:8 
_°nU_' _°‘flFfl

_ 

NEGRO 
_O°n.N _O°QON 

_°DN°fl _°fiDF_ _°DUU. ‘°°Q§_ 
_°DN__ 

_°D'a

_ 

85 
_DflOfl 

DP_fi :6 °°_U °°_F 
°D_N_ fiN‘H_ °°_“_ BF_QN Dfl_ON DF_QN Oa_flfl °D_HN flfi_FN Q°_O' 8J3 O°_'fl Q°_Ffl Dfl_Ffl °°_flD °“_°N °D_.fl °°_“fi O°_UN Ifl3Q_ DEAD, 

8_F_ 
°DwD °°_Q °°_D DF_fl fiF_H 

_°°_U 

S6 O°_fl °°+_ ofllfl °D_fl 
8._N_ 

0°!“ flflwv NN_fl 

u__°_' 

_:a_b_>UuU 

!5‘_z_. 

°°_°

7 

nN__ °n_' 0%)- 
°°_?| Dfl)_- °n:_' nD__- °°_N_ nN_“- °a_fl_ ‘F_N' °°_fl' DN_H_ 006. _F!flr °°_Q' flfl_‘- 

°’_" °F_'_ °°_n- _‘“__'.>' °D_'1 
‘F_D'_ 

°°_°| mfl_w' °n_°' °P_°| 
81F. 

'“_F- °’_F- .F_F| °°_._ nN_°- °°_'- BF_._ °°_°. uG_°_ °a_°' nP__| 
°°_°_- .N_°_| 

I_°Ufifl Q_FE°fl __flB@_ D_OQF_ H_O@U_ Q_°fiB_ _ifi°'_ °;°QN_ D_UO__ D_@_°_ 
O_flfi° H_flflU D_OHF __OQ@ .‘UUfl fl__QQ T__“Q ’_“@fi °_‘_H 

p_BUfl 

°_'Ng 
fl_QB_ U__D_ Q_Ofl_ °_°__ 

>U__U 
U_QF QFQU DJDB U_flQ NJQH U__H QJDH n_°fl HF‘. U___ 

_’O 
a_Q> 

fl__N_ 

F_ °_ 

UN; 

.=°:_<>u“= 

5:; 

:67 

._=_=_=>U_a 

‘__i==. 

__fi‘_ H_flQ_ °_nB_ fl_°n_ B_Ufl_ F_Bfl_ __FH_ D_H__ °_°fl_ ._°_. fi_°°_ 
P_DQ DP_° °_"Q ._QF ._Qo D;Qn 

°__n_ °_UQ °__Q DJDH '_°n ._Dfl ’_°“ n_@_ °_B_ ._'. a_@ “JG D_F n_° Q_H ._D fl_“ F_“ ‘)9 Nun Q_“ °__ 
>u_ °_ 

_°°_flCU _BNQ_DU _DFOflDD _°flFUQD _°DUflflU _O°__flU _D__@°n _O°@flQ' _DN_Q@Q _BF°FQ' _O°__flQ _DFflD°_ _B"°°@D ;flFHflWfi _°fl_O°fi _°flW@UG _©OQFDN _DF.flNfl _UN’°°_ _D_F°F_ _O°UUU_ _°UUUfl_ _°°HQ__ 

_°UF@° _flF'FF _DF_OD _OflUBfl _HNOP' _°°DQH

_ 

:8“ 
_°°°fiN _°°NflN _°°oflN _°°D“_ _°BDF_ _°fl°U_ _°°mO_ _fl_'__ 

_O°_D _flhflW 

_°DQ 

)2; 

°D_°_ 
D“_U 

°°_fl_ °fl_U_ nfl_fi_ DF_Ufl fl__D_ °fl_'fl flF_F_ Dfl_FN °°_QN °m_Ifl 
>flfl]°_ 

°°_fi“ °°_.fi flF_Qfl °nr_“ nFJ’$ n¥__“ °°_°N 
flflmfl QRHD flflhfl DH_P flF_B °°_fi °°_H 

86' 

°D_N °°__ °u_fl BH_N UF_fl 
_aflTQ >Ifl)‘ °D_ 

Dfl__ °m_- BP_' 
°°__- nfl__' °¢___ DF__' °°_fl' nfi_fl' °fi_fi' Dfi_fl_ °°_fl| nG_fi' °__fl_ nfi_D| °°___ dfl___ °fl_" DF_.r °°_n| flfl_'_ 

°D_" 

26' 
°°_°' nN_o_ banal UF_u- °°_P_ 

_n“_“1 

°’rFl ’F“Fl 
8-_.l 

_n“_.'

_ 

iF_ 

-I

_ 

°°_.I n““.1

_ 

°n_°T DB6‘ 

86.‘ 

HQ“: 
8_°_l 

__ 

_°w_ 

_‘

_ 

__' 

_=° 

°°°__ 

___ 

_=° 

°°°__ 

AT‘ 

_°m* 

V 

_:_ 

“DEC 

__ 

WP: 

DB 

z“_P~>flJW

_

_ 

WO<&C=W 

‘Q 

_O:‘ 

ugwwfi) 

“‘DJO> 

UU“w"“U 

m”:_”n 

Jw_P<>UJu 

I 

_OW_OO‘ 

_(WI< 

D_' 

_‘ 

DN_ 

__z@‘UB°2_ 

2O_b_>UHfl> 

QO°_ 

UTE 

flflF=‘i°U 

_= 

_°M_°°Q 

__flIC 

D_'° 

_‘ 

DU: 

__:u‘uCO2_ 

z°_PC>uJ@ 

IUG_ 

Um‘ 

Oflfiaflaco 

....IlII....Q.I.QI.O.I.II.

I 

wz:_a¢ 

“>26 

>_:°‘_=° 

Q 

I1:}:.JI»:::::O:U 

....III.I.0.00QII..I.CQIII 

‘ 

_m>d>L___M 

mm 

Ea 

8 
Jmm 

_g 

3 
___O___EOU 

G20 

20:m£___O__ 

LO____ 

$33 

_fi:Ufia@U|CO:M>o___U 

£2 

fig 

$2 

_m 

m__=_:

‘



D_oa_fi fl_O__fl O_°"°N D__O@_ OMEN“. Q_flflU_ H_NOfi_ O_‘fiB_ °_Nfifl_ °_Ufi__ O_fiN°_ 
U_fl°@ F_fl_D __°_F __“fi@ fl_NDD O_QFQ U_fl_Q n_flDfi U_DOfl F;°Ufl fl_°NN 

_Q_DU_ 

Q_UD_ O_Q“_ Q‘°?_ 
N2.“ N_°D U_hU D_FD fl_@‘ @_Qfl Q_Ofi fl_FN otflfi U_fi_ fl)fi_ 

D_Q fl_@ Q_H __N h_ __ 

__: 

_D° 

°°°__ 

___‘ 

_=U 

°°°__ 

__ 

_°M_ 

_: 

__' 

_=O 

°°°__ 

_*mI 

_=U 

°°°_

> 

D

_ 

V

_

V

_ 

W‘uwm> 

UI:JD> 

Uowmnafli 

w”=M”a4 

z¥_b~>UJu

_ 

_

_ 

uiww“> 

uI=JO> 

U! 
__ 

._z°_H_:‘>DJU 

5:: 

flU_°_- 

Iz°:_<>udU 

._‘==‘

: _s_ fiN_ 2". _fi_ 6"’ a_ RQ_ D‘ N’. D._3 2: FF °U NF FD QB
_ 

F. ‘T8 QB DH U“ Q. D_ ._2 O_QDUUQIWDQN._ 

_O°.MUD _DN~flUB _°DD_flD _°DN_DD _UFfi'flB _@flfi_fiU _flP_D°a _QNUQQQ _flflNFFQ rDNO@DW J°°Dfl.' _°DUU_' _°fiHI@fl _O°Qfi@H _fl_FNBB _DflHfl°Q _°mDIFfl _O°FD'H ”BNNU_N r°°°ND_ _DPDDU_ _fl_NQ__ _flFDFN_ _°flN°9_ 

_flNOflQ _°D°@F _flRNDD _°DUNU _°aUH' _°°DFfl _D“flHfi _°°UUN 
_°°_Ufl _Oa°flfl _°flN°“ J°flHQ_ _°fi_D_ _°°.Q_ 

_OflH__ 

”°DQU _Oa_U _flfl@fl 

_flb° 

flF_ 
DF_D °°_F 

Dh_D_ °a_Q_ °D_H_ 0a,.“ °°_W_ °°__fl DN_fi_ °Q_DN °°_Qfl °fl_Ufi Ufl_Oo °fl_°fl UP_Q“ °n_@Q Dh_flfl Dfl_'N flN_UN °°_DN °°_flN DN_I_ DN_O_ flF_._ DFJO_ 

kfiflhw 

°°_°_ 
°n_U 

_DF_' 

DN_D °°_fl °’_Q °°_“ °°__ cc!‘ Ofl:_ °fl_fl °°_fl D°_fi fifi_fl °D_fl 
flP_ 

n“_| °n__ uh‘! 
°°__l n“___ °n__l uF__I 

8_“_

_ 

n“_“| °a_“_ n_;“- °°_nl 

=5- 85‘ 
“DJ”. °°__r n“"_ 

°n_" 
u__'| 

86- 
BN6- °D_D' DP_D- °°J°r _u“_.L' °n_O| DB_°| °°_F' DN'P' °a_F| DF_P' °°_U- Dfl_U| °°_Q| U_:Q- O°_Q_ flfl_Q' °U_Q| 

’.F_a1 

86. 

bu 

_°P 

°fl_°_ 
n__°_| °°__T_ 

6" 
inc“ 6"“ F_Dfl '_fifl F_flfl °__“ 'bm_ hfiO_ GOP. °Ffl_ °"_ 

"wont GO: fl__°_ 
DEG 

9wfl_ UUU “OD§ DHQ Q__fl ‘NB NP“

_ 

HUN ‘O. DU. OH. U__ Go QC _F Fm an HQ ‘N _fl I_ ‘i °_UUN 

“_‘__ 

_'_Dfi 
U_fih_ U_@“_ F_F°_ ._Dfl_ H_RU_ n_'fi_ °__fl_ h_°D_ __fiH_ N_Q__ @_fi__ H_‘°_ U_F°_ __N°_ 

P_°fi °_.D fi_FF 
§_@p 

F_°U ._BD __°' C_.H Q_°fl R_dR U_"R C‘; °_._ __“_ ____ 
n_P fi_F fl_F °_F Q‘ “fin __Q 

8-H.‘ 
°__ fl_“ "JG °__ ._ __ 

'_s_:=: 

___‘____:_ 

_8:“= 

DH; 

_'I__”:3D 

D____ 

6°23 

Dq 

‘=2: 

BF
__ 

_8F8fl 

UN 
_H 

_2____=_u 

U“
_w 

_S_gfl 

n___

F 

_fl=D'D 

fiq: 

_°fl°DOD 

fl“_U

_ 

=__2__ 

°D___D_ 

{DF_O°fl 

DB_U_ 

_°°__QQ 

°°,_H 

_°°Nfl_' 

ofl_°“ 

_°nFUU. 

Dfifflfi 

:mhRUflQ 

nF_Qfl 

J°°°T_Q 

°°_DN 

_°°n_Qfl 

nN__‘ 

_fl_=u.DfiH 

8_g 

dhflfififiy

_ 

:6" 

60:: 

8__OH 

_8_°: 

ON 

_°Q 

_2_=g 

8_ 
.0 

_U__QflQ_ 

DF_ 

DH 

6°C‘: 

’8_ 

_fl 

_8fl=_ 

86. 

_°fl_@fl_ 

DP 

Q“ 

_DFUfl__ 

_DNu°fl 

_°fiUFI 

°°_°N 

_°B@@P 

°°_F_ 

{QDBQU 

°D___ 

_°°°QD 

°°_I 

_°fiO6' 

DEV‘ 

_flFfi°' 

flG_F 

_OaFHfi 

°°_n 

_°DflQfl 

o°_fl 

_°flD@N_ 

°@_D 

_O°'BH_ 

°w_N 

_OD__fl 

00.0 

_°DQI_ 

°°_fl 

_°flUU_ 

°a_fl 

_O°QQ_ 

DH_N 

_QNI__ 

DF_fl 

_°D'D 

°°_fi 

_°fi@P 

°a_Q 

_O°DB 

Dh_fi 

_Dfl__ 

nN_? 

._ 

_an_ 

am 

UI_°.' 

‘F OD D“8 H“S D“ 
8_M_' 

D“ OH BF8 D" OD 
2_8 G“8 2_ 

°°;_l 

D“8 D“8 OD fl_ O0 D“ on Db O0 Q“ OD HF 0° Q“ OD HF 0° UN OD fin O0 D“ OD BF 

C4 

U 

2 

>
_ 

2:3 

ha“! 

&_L 

"J" 

.:O:_(>u1_U 

I__‘=:I 

_n|

__ 

6'

N 

: 

_OM_°°o 

‘NRC 

°_8u

_

_

_

_ 

_ 

_

' 

__ 

_

_

_ 

_

L

_ 

'_DN 

__:fi=HCOz_ 

=°_P1>UHH 

QQ“_ 

_fl§ 

°$b:Q‘B° 

_‘ 

’°fl:°°Q 

_Iu'C 

§_Iu

a 
I“ 

'b2u‘flBU:_ 

2°_F(>flJU 

HUD. 

Iflfi 

°@P=l§°U 

.42: 

DUl'D 

:38. 

CD2

' 

“Cg 

E5 

__m_g____"_.m___"____m_§mfl_$__ 

_ 

m__m?___m

8 
Em 

mm 

_mm 

gm 

8 
__°______8

I

O 

COO.QIII.II“II...IIIQII.I 

8% 

_20__m£__O__ 

Le 

$33 

_$B2_3____O:M>U_m_ 

82 

EU 

£2 

6 
m___“_:



- 22 _ 

TABLE 7 3 

EStimai8S Of 5ubSidence for T0131 Survey Area and Northshore Area 

Total Area Common to 84, 85, 86 and 88 Surveys (2,426,400 m2) 

Year Capacity (ma) Max. Elev. Adj. Capacity Avg. Diff (m) 
to Max. Elev. (m) to +1.0 m elev. in Elev. from 

1984 

04 10,331,400 0.00 10,503,000 - 
05 10,545,400 0.17 A 10,559,312 
00’ 17,737,900 0.53 10,070,300 
00 15,995,700 -0.47 19,553,500 - 

I
+ 

c:c:§: 4>>—<> »~uoc: 

no 

Northshore Area (5s3,400 m2)
A 

84 2,220,900 -0.26 
_ 

2,930,784 - 
85 2,307,300 "-0.06 2,904,504 
86 2,691,500 0,53 2,956,298 - 
88 2,190,600 -0.48 3,024,432 -

+ 
F><>S> 

1-O0 

\|-<.nu1 

Total Survey Area less Northshore Area (1,863,000 m2) 

84 
' 

15,632,904 - 
85 
86 
88 

15,654,808 
15,922,010 
16,539,076 

0.01 
0.16 
0.49 

Avg. Diff (m) 
Adjusting for 
Sediment transp 

»0.00 
— 0.14 
- 0,36
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Estimates of Accretion in Maitiand River Estuary 
Common to 84, 85, 86 and 88 Surveys (35,100 m2)~ 

Year ‘ Capacity (ma) Max. E1ev. Adj. Capacity Adj. Diff (m) in 
- to Max. Elev. (m) 

' to + 0.5 m Eiev. . Elev. from 1984 

84 46,000 
85 49,900 
86 ‘ 59,100 
88 37,900 

- 0.27 
- 0.06 

0.26 
6 0.48 

_ 34 _ 

TABLE 9 

73,027 
69,556 
67,524 
72,298
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