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1. INTRODUCTION 

The importance of maintenance of ditches and channels emphasized in 
the following chapters, increased research on the flow through vegetated 
channels. 

The present study is a continuation of the experiments on flow 
resistance of aquatic weeds, that is being carried out at Wageningen 
Agricultural University since 1983. The main objectives are: 

(i) to study the resistance at different flow conditions for 
equal amount of aquatic weed. 

(ii) to determine a relationship between the resistance 
coefficients and the time dependent biomass. 

Owing to the limited time available and in view of the long period 
of time required to take the measurements, our study was concentrated on 
a single ditch (ditch III) with only one type of aquatic vegetation 
(reed). 

The measurements were taken in the outdoor laboratory of the 
Department of Hydraulics & Catchment Hydrology of the Agricultural 
University Wageningen. 

The scope of this experiment is to test analytical models available 
in literature (part two of the objectives mentioned above). 

The models, described thoroughly in section 3.1, are the following: 
- formula of Manning 
- model of Petryk and Bosmajian(1975) 
- model of Van Ieperen (1986) 

This thesis describes the measurements in chapter 3, and discusses 
the results in chapters 4 and 5. Conclusions and suggestions for further 
research are presented in chapter 5. 

Relevant tables, figures, photographs and computer programs are 
given in annex. 



2. PHENOMENA AND CONTROL OF AQUATIC WEEDS 

Aquatic weeds are found everywhere on the earth. In general, they 
can be classified into the folowing four groups: 

I.Emerged weeds: 

These plants are rooted or anchored with most of their leaf-stem 
tissue above the water surface. Their heights do not change with the 
water level. Example of this group is the reed (Phragmites australis) 
which is used in the experiment considered here. 

II.Submerged weeds: 

Most or all of the vegetative tissue of these plants remain 
below the water surface. Most of them are rooted. 
Examples: hydrilla, milfoil, pondweed. 

III.Floating weeds: 

They are either free-floating or anchored with most of their 
stem-leaf tissue at, or above, the water surface. They move up and down 
with water level. Examples: water hyacinth, waterlilies, water lettuce. 

IV.Algae: 

They are lower plants without distinct tissues and can either 
be unicelluler or filamentous. 

Excess growth of aquatic weeds can cause severe problems in 
drainage, irrigation and navigation canals, in agriculture and in 
fisheries. Dense mats of aquatic plants are very favourable breeding 
place and biotopes for vectors of some dangerous illnesses like 
bilharzia and malaria. Snails like Bulimus, Biomphalaria and Oncomelamia 
are the intermediate hosts of the parasite that causes Schistosomiasis, 
which is the most critical disease in the tropics. 

Aquatic weeds can fill a water course, an irrigation canal or a 
drainage ditch by its growth along the banks, and/or at the bottom. It 
is known that the weeds can reduce conveyance capacity of a canal by as 
much as 97%, which puts a drainage or irrigation system to useless. A 
drainage ditch instead of helping drain the adjacent lands will enhance 
the danger of flooding it. A clean or well maintained channel has lower 
resistance to flow and thus requires smaller cross-section and lower 
construction cost, whereas, an uncleaned channel gives higher resistance 
to flow thereby requires larger dimensions and higher construction cost. 



Floating weeds, in particular, cause a tremendous increase in 
surface evaporation resulting in higher water losses which is 
undesirable in an irrigation network. Accumulation of decaying debris 
that fall from aquatic plants and interception of silt or other floating 
material helps the drain or canal to become more and more shallow as the 
years pass by. 

In agriculture, weeds compete with crops for moisture and light 
resulting in lower crop yeilds. In severe cases, exudates from the 
weeds' roots can have a poisonous effect on the crop plant. Crops are 
more sensitive to weed competition in their early stages of growth. They 
sometimes hamper harvesting techniques. 

In navigation canals, dense aquatic vegetation have caused damages 
to the propeller shafts, cooling systems and rudders of ships and boats. 
More severe cases are the drifting islands formed mainly by grass 
species and the floating mats of water hyacinth. 

Aquatic weeds can also interfere with recreational use of water not 
only with their quantity, but also sometimes with their certain 
peculiarities. For instance, species of blue- green algae can produce an 
effect called 'swimmer's itch'. 

Aquatic weeds can also cause technical problems like clogging of 
filters, sprinklers and pumps. Certain kind of algae can also cause 
corrosion of concrete and steel in the reservoir structures. 

Notwithstanding its various disadvantages to agriculture, public 
health, fisheries etc, weeds can be beneficial if allowed for limited 
growth for the reasons that they supply organic matter to the soil and 
help control erosion on sloping terrain. Some weeds excrete substances 
which can control nematodes and could even be included in a 
crop-rotation system for that purpose. 

The disadvantages and the indispensability of aquatic weeds calls 
for its proper management and control.The following methods are adopted 
for weed control: 

1.Chemical Control: 

Chemical cleaning of ditches is done with the help of herbicides. 
However, limited number of herbicides are approved for use in or around 
water for the reasons that they have toxic effect on water-organisms 
other than plants. 

In drainage canals having drainage as the only function, 
chemicals may be used with some hesitation. In canals solely used for 
irrigation purpose attention has to be paid to the time gap between the 
application of the herbicide and the irrigation, for the crops can be 
damaged severely if the chemical is too persistent. On the other hand, a 
short-working herbicide is expensive due to its necessity of repeated 
applications. 

2.Mechanical control : 

Different machines are available now a days for mechanical 
cleaning of the ditches and canals. Cost of the machine to be used 



influences considerably in the choice of mechanical control of aquatic 
vegetation. 

In case of smaller ditches or ditches inaccessible for machinery, 
manual cleaning may be adopted, adopted. 

3.Biological Control: 

Several agents and methods exist for biological control of aquatic 
weeds. Prevention of aquatic weed problems is also possible by means of 
biological ways. Examples: fishes, insects, fungi, and other agents that 
attack weed species. 



3. METHODS AND MATERIALS 

3.1 BASIC EQUATIONS OF FLOW RESISTANCE 

The resistance to flow due to a given vegetation is a function of 
many variables including flow velocity, distribution of vegetation in 
the streamwise vertical and lateral directions, roughness of the channel 
boundary, and structural and hydrodynamic properties associated with the 
stems and leaves of the plants. 

The flow resistence in an open channel, for uniform flow, is 
described by the Manning's equation using Manning's coefficient, n, as a 
friction factor: 

Q 1 2/3 1/2 
u = - R S 

A n 
With R -• (1) 

where, û" — mean velocity (m/s) 
Q - discharge (m^/s) 
A = cross-sectional area (m^) 
n = Manning's coefficient (s/nr-/J) 
R = hydraulic radius (m) 
S = energy gradient . (-) 
P = wetted perimeter (m) 

Shear stress and dimensional analysis considerations for a steady, 
uniform flow in a non-changing channel bed slope, results in the 
following expression for a flow resistance: 

u J g R (2) 

where, 
f - dimensionless number which may depend on the 

boundary roughness, on Reynolds number, and on the 
cross-sectional shape (-) 

g = acceleration due to gravity (m/s) 

Chezy's equation for the flow resistance is given by: 

u = C J R S (3) 

where, C = Chezy's coefficient (m1/2/s) 



A equivalent equation of the Darcy-Weisbach equation for the flow 
in closed conduits, wherein the energy gradient without aquatic weeds is 
given by: 

AH A u2 

S _ (4) 
L R 2g 

where, A = wall roughness coefficient (-) 
H - difference in total head (m) 
L = length of the channel reach under consideration (m) 

Equations (3) and (4) can be combined to obtain a relation between 
Chezy's coefficient and the wall roughness coefficient: 

2 2g 
C = — 

A 

The end result for fully uniform rough flow supplementing the 
original experiment of Nikuradse is : 

12 R 
C = 18.0 log ( ) 

10 Ks 

where, Ks = Nikuradse's equivalent roughness value (m) 
Petryk and Bosmajian (1975) obtained the following relation for 

vegetated channels having both the influence of the boundary roughness 
and aquatic weeds : 

2 
C^ S Ai n 2 

S = ( + ) u (7) 
2 g A L 4/3 

R 

where, C^ = The drag coefficient for the vegetation (-) 
Ai - the projected area of the ith plant in the 

streamwise direction (m ) 



Their (Petryk and Bosmajian 1975) flow model was based on the 
following assumptions: 

(i) The velocity is small enough to prevent a large degree of 
plant bending. Consequently, the projected area in the streamwise 
direction is independent of the velocity. 

(ii) Vegetation is distributed relatively uniformely in the 
lateral direction and large variation in average velocity do not accur 
across the channel. 

(iii) Maximum flow depth is less than or equal to the maximum 
height of the vegetation, and large variation in flow velocity do not 
occur over the flow depth. 

Cd Z A^ refers to the total area of the stems and its drag 
coefficient. The length of the stems can be related to the initial or 
the actual waterdepth in case of reed which is the sole aquatic plant 
used in this experiment. 

C,j S Aj[, then can be written as: 

Cd S Ai = p d D (8) 

where, y. — aquatic weed resistance (-) 
d = actual mean water depth (in the case of reed) (-) 
D = diameter of stems (m) 

Where the details of the stems are available, equation (8) can be 
rewritten as: 

Cd S Ai = £ m 1 D (9) 

where, £ = drag coefficient of stems (-) 
m = number of stems (-) 
1 = mean length of stems (m) 

In the case of reed, the mean length of the stems, 1, is the actual 
mean water depth, as given by: 

A 

B 

where, B = width of the water surface (m) 



Both the coefficients, /i and £, depend on the Reynolds number and 
represent not only a drag coefficient but also the deficiencies due to 
the simplicity of the model. 

Combination of equations (4),(7) and (9), gives (Van Ieperen 1986): 
2 

Ç m 1 D A u 
S = ( + ) (10) 

A L R 2 g 

Fig. 1 - Parameters involved in the model of Van 
Ieperen (1986) 



3.2 HYDRAULIC MEASUREMENT 

3.2.1 INTRODUCTION 

The present study on the resistance to flow was carried out in an 
existing outdoor laboratory of the Department of Hydraulics & Catchment 
Hydrology of Wageningen Agicultural University, the layout of which is 
shown in Figures 2 and 3. 

Ditch III-CD Ditch III-AB 

k H h 4 

/ mediate 
' reservoir 

Fig. 2 - Hydraulic layout of the experiment 
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Fig. 3 - Layout of the outdoor laboratory, 
( after Van Ieperen, 1986) 

Measurements were carried out in the ditches III-AB and III-CD 
only. The total duration of each measurement was about 1 day. 

The cross-sectional area and wetted perimeter of the ditch sections 
were obtained by levelling cross-section every 5 metres. The 
cross-section data recorded in 1985 after levelling, have been used in 
the calculation. (Annex 1, Figures 3.1 and 3.2) 

3.2.2 DISCHARGE MEASUREMENT 

Flow in the ditch was measured with the help of two calibrated 
V-notches installed at the end of the inlet tanks. Two pumps ( one 
having about 0.08 m3/s and the other 0.06 m3/s discharge capacity) help 
lift the water from the ground reservoir to an elevated tank of constant 
head, which provides the required discharge to the ditches. Water height 
in the inlet tank was measured by means of point gauges above a stilling 
well fixed at the side of the tanks. Depending on the discharges 
required, either one or both the pumps are put into operation. 
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All measurements were taken for increasing discharges starting from 
about 0.02 till 0.120 m3/s at an interval of preferably 0.02 m3/s. Thus 
on each observation day, measurements were made for 5 to 6 different 
discharges. 

To avoid errors, the discharge was checked against the value 
obtained from the measurement with the help of a broad-crested V - weir 
installed at the entrance of ditch III. 

3.2.3 HEAD LOSS 

When the flow stablizes, the difference in water height between the 
gauging points in the ditch is recorded with the help of pressure 
transducers attached to an amplifier, data logger and mini-computer. 
This device is calibrated every year and regularly checked during the 
measurements by means of additional point gauge readings at stilling 
wells. 

3.2.4 WATER LEVELS 

Staff gauges installed at halfway through the ditch III-AB and III-
CD measure the water levels in the respective ditch. The accuracy is 
about 0.005 m. 

3.2.5 WATER TEMPERATURE 

Temperature of water for every discharge was also measured with the 
help of a thermometer. The water temperature is read in the inlet flume 
installed in the pump house. The temperature recording has been done to 
account for the variation due to the change in day temperature and 
continuous operation of the pumps. 

3.3 AQUATIC WEED MEASUREMENTS 

3.3.1 INTRODUCTION 

Aquatic weed used in this study is reed (Phragmites australis). 
This type of reed is often found in irrigation and drainage canals, 
hence its choice. 

The total duration of each aquatic weed measurement was about 6 
hours. 
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3.3.2 CHOICE OF REPRESENTATIVE SECTION 

On May 20, 1986 when the reeds were still countable, the total 
number of reeds in the ditch III-AB and III-CD was counted with the help 
of an aluminium sampler grid frame of size 2.5 m * 2.5 m having 0.5 m * 
0.5 m square openings. Based on this measurement, six representative 
sections, each of 0.2 m * 0.5 m size (two for maximum, two for average, 
and two for the least number of reeds) were chosen for both the ditches 
III-AB and III-CD. (Table 1). 

Initial Representative Section 

III AB 

Maximum: 

11.50 - 12.00 

12.00 - 12.50 

Average : 

27.50 - 28.00 

29.50 - 30.00 

HI ni mum: 

39.00 - 39.50 

39.50 - 40.0 

1 III CD 

Minimum: 

80.00 - 80.50 

80.50 - 81.00 

Average: 

107.5 - 108.0 

108.0 - 108.5 

Maximum: 

114.0 - 114.5 

114.5 - 115.0 

Random Représentât 

III AB 

0.50 - 1.00 

7.00 - 7.50 

11.00 - 11.50 

29.00 - 29.5 

34.00 - 34.5 

34.00 - 34.5 

Lve Section 

III CD 

70.50 - 71.00 

78.00 - 78.50 

80.00 - 80.50 

98.50 - 99.00 

104.0 - 104.5 

104.0 - 104.5 

Table 1 - The representative sections 

All successive measurements were limited to these 12 representative 
sections until July 15, 1986. In July new representative sections were 
again chosen based on the generation of random number. These sections 
were used for further measurements till the end of the observation 
period (i.e till October 14,1986.). This change was done because the 
reeds were very much disturbed and bent down inspite of careful handling 
while taking measurements, which had to be done by putting a ladder 
across the ditch, (section 2.3.4). 
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3.3.3 CONTROL SECTION 

In addition to the 12 representative sections mentioned above,a 
control section of 0.30 m * 0.40 m area located in the middle section 
and about half way through the ditch III was also selected for 
measurements. The idea of this measurement was to analyse the evolution 
of the three weed parameters ( viz. length, diameter, and density ) with 
respect to time in a fixed and well defined area. (Table 2 and Figure 
5.12). 

1 Control Section (ditch III) 1 

1 Day of 1986 1 N2 Stems 1 Diameter(m) 1 Length(mm) 1 

1 147 1 29 1 3.4 1 0.952 1 

1 154 1 29 1 3.3 1 1.103 1 

1 182 1 32 1 3.4 1 1.373 1 

1 196 1 37 1 3.7 1 1.710 1 

1 230 1 45 1 3.4 1 1.761 1 

1 239 1 41 1 4.0 1 1.832 1 

1 289 1 35 1 4.2 1 1.696 1 

Table 2 - Control section data 

3.3.4 REED MEASUREMENTS 

Reeds in every representative sections as well as in the control 
section were measured for their diameter, length (total height), and 
numbers on every observation day. A vernier calliper and a hollow 
aluminium square rod with a scale attatched to it, were used to measure 
the diameter and length of the stems respectively. Stem diameter is 
measured above the second knot from the channel bed. 

An aluminium ladder had to be placed across the ditch near the 
representative section to take all these measurements. 



14 

3.3.5 WEED DESEASE 

It was noticed in August 1986 that the reeds, particularly those in 
the ditch III-AB, were dying prematurely because of some reasons 
unknown. 

This desease(s) seems to have started near the intermediate 
reservoir and advanced towards the ditch III-AB. However, in ditch reach 
III-CD the weeds had normal growth. This premature dying of weeds in 
III-AB might have its influence on the results of the experiment. 

3.4 PRECAUTIONS 

3.4.1 IN HYDRAULIC MEASUREMENTS 

To improve the accuracy of the results the following precautions 
were taken: 

(i) Broad-crested V - weir installed at the inlet of ditch III is 
cleaned off all debris, plant roots and foilage, before starting the 
measurements and at regular intervals during the observation period. 

(ii) Debris and plant roots trapped on the trash rack and screens 
were removed before the begining of the measurements and later during 
observation period, if necessary. 

(iii) All hydraulic measurements are taken only after the flow in 
the ditch has stablized. 

(iv) The zero reading of the micro-computer display showing the 
head difference was checked for each set of measurement. 

3.4.2 IN REED MEASUREMENTS 

The following precautions were taken: 

(i) Every care is taken to see that no reed is broken while placing 
the ladder across the ditch for taking the measurements. 

(ii) Care is also taken to avoid the mistake in counting and 
measuring the reeds. 
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4. RESULTS AND ANALYSIS 

The measurements carried out during the growing period of the reed 
(May-October, 1986) were compiled in data files (Tables 3.1 and 3.2 and 
Figures 3.1 and 3.2 of Annex 3). Table 3.4(Annex 2) shows the quantity 
and the distribution of the reeds in ditch-III on the first measurement 
day (May 20, 1986). From this table it is observed that the reeds in 
ditch III-AB were denser in its mid-section, while in III-CD they were 
denser along the banks. 

Zero readings for the two staff gauges are given in the Table 3.3. 
Computer programmes given in Annex 4, resulted in Tables 5.1 to 5.6 

and Figures 5.4 to 5.11 (Annex 5). These figures show the scattering of 
Manning's coefficient ,n, aquatic weed resistance ,/j,, and drag 
coefficient ,£, over the total duration of the experiment for both the 
ditches: III-AB and III-CD. 

The range of variation of the three parameters are as follows: 

-n: 0.09795 to 0.2693 (s/m1^) 

12170 to 141300 (-) 

£: 2.152 to 19.67 (-) 

Basic data obtained in this manner were then used for regression 
analysis using the programmes available. The results plotted are: 

(i) D, m, and mD/L against the day of the year 1986. (Figures 5.1 
to 5.3). 

The variation of the number of stems is rather big, which is mainly 
due to the inaccuracy in the measuring method adopted (mannual recording 
of the weed parameters). This also affected the factor mD/L. Table 3 
shows the ratio between the standard deviation 'a' and mean 'y' for the 
reed data in the ditch III. 

Table 3 - Reed data parameters 

Reed data 
(May/Oct, 1986) 

Ditch Number of stems (-) 
III-AB Diameter of stems (mm) 

mD/L (-) 

Ditch Number of stems (-) 
III-CD Diameter of stems (mm) 

mD/L (-) 

y 

7219 
3.90 
6.28 

6525 
5.60 

0.806 

a 

1892 
0.23 

0.179 

1389 
0.50 

0.132 

a/y 
(10A-2) 

26.2 
5.8 

28.4 

21.3 
8.9 

16.3 

(ii) 'ß' and '£' against Reylonds number for each measurement day 
(Figures 5.15 to 5.18). 



16 

Both 'fi' and '£' are found to decrease with increasing Reylonds 
number. In log-log scale the curves are almost straight lines. The 
curves are drawn for a certain day in the begining, middle and end of 
the measurement period to account for the effect of weed growth in the 
variation of parameters considered. 

(iii) 'ft' and '£' against the day of the year 1986 for three 
different Reyolnds number (Figures 5.21 to 5.24). 

The curve of 'p' against time shows upward convexity with its 
maximum value reaching in July, which is more or less the middle of the 
growing season. Whereas the curve of '£' shows a wavy shape which is 
mainly due to the variation of mD/L mentioned above in section(i). The 
regression analysis for the variation of '£' and 'p' with time gave the 
ratios of o/Ç and a/fi of Table 4. 

Table 4 -

Ditch 
III-AB 

Ditch 
III-CD 

Parameters for 

Re 

250 
300 
350 
400 

Aver. 

250 
300 
350 
400 

Aver. 

1 

11.18 
9.01 
8.02 
7.32 

8.88 

10.00 
9.91 
8.39 
7.20 

8.88 

'n' and '£' 

a 

4.40 
3.86 
3.29 
3.04 

3.65 

2.91 
4.51 
3.47 
2.71 

3.40 

(10A-2) 

39.4 
42.8 
41.0 
41.5 

41.2 

29.1 
45.5 
41.3 
37.6 

38.4 

(10A+4) 

8.09 
6.61 
5.89 
5.19 

6.45 

7.00 
6.42 
5.43 
4.65 

5.88 

a 
(10A+4) 

3.58 
3.09 
2.83 
2.58 

3.02 

2.53 
2.45 
1.94 
1.59 

2.13 

a/fi 
(10A-2) 

44.3 
46.8 
48.0 
49.8 

47.2 

36.1 
38.1 
35.7 
34.2 

36.0 

In 1985, the value of a/£ for ditch I-CD (white water-lily) and 
ditch II-AB (broad pond-weed) was found to be 30% and 10% respectively. 
The value of a/i for 1986 was about 40% for ditch III (reed) (Table 4). 

The value of Nikuradse's equivalent roughness coefficient 'ks' has 
been taken as 0.15 for the calculation of '/i'and '£' 
wall resistance at the beginning of the season in 1985. 

This being the 

(iv) 'n' against the discharges for each measurement day (Fig. 5.13 
to 5.14). 

This curve shows a decrease of 'n' with increasing discharges. In 
log-log scale the curves are approximately straight lines. 

(v) 'n' against the day of the year 1986 for three different 
discharges (Fig. 5.19 and 5.20). 
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'n' is found to attain its maximum value in the period July/August. 
The regression analysis of 'n' against day of the year 1986 gave the 
values of the ratio between the standard deviation 'a' and the mean 'y ' 
as shown in the Table 5. 

Table 5 - Parameters for 'n' 

Ditch 
III-AB 

Ditch 
III-CD 

Q 
[1/s] 

20 
40 
60 

Average 

20 
40 
60 

Average 

y 

0.175 
0.164 
0.158 

0.166 

0.182 
0.157 
0.145 

0.161 

a 
(10A-2) 

5.01 
4.74 
4.52 

4.75 

3.37 
3.00 
3.20 

3.19 

o/y 
(10A-2) 

28.6 
28.9 
28.6 

28.7 

18.5 
19.1 
22.1 

19.9 
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5. DISCUSSION AND CONCLUSIONS 

Manning's coefficient 'n' is the most commonly used roughness 
parameter in the design of water courses. The 'n' values can be used 
with reasonable accuracy if it does not exceed around 0.030. However, in 
case of densely vegetated channels 'n' values are much higher. The 'n' 
value depends on a number of factors : roughness of channel bed and side 
slope, thickness of growth and stem length of vegetation, irregularity 
of alignment and hydraulic radius of the channel. 

Manning's coefficient 'n' cannot be efficiently used for vegetated 
ditches because of : 

(i) time dependancy (significant variation with the 
growth stage of vegetation, see Fig. 5.19 and 
5.20). 

(ii) dependency on depth of flow or discharge, and 
hydraulic radius. (This is observed in the 
Tables 5.1, 5.2 and Fig. 5.13, 5.14). 

(iii) dependancy on size and shape of channel cross -
section. This is particulary relevant in case of 
the maintenance of channels, e.g. in case of a 
wide channel cross-sectional area, cleaning of the 
bank has little effect on 'n'. The same does not 
hold true for smaller channel sections. 

The 'n' values found in literatures (guides, mannuals, handbooks) 
for earthen channels or ditches with dense vegetation are lower than 
the values obtained in the present experiment. Thus, it may be mentioned 
here that the coefficients given in the literatures should be used with 
care when applied to small ditches. 

In the present study the existance of other aquatic weeds in the 
ditch III, which are found submerged even in low discharges, was not 
taken into account. This may be more relevant specially in areas where 
reeds were scarce. These weeds, although in small quantities and 
submerged all the time, might have had some effect in the results. 

The total quantity of reeds measured in ditch III-AB and III-CD on 
May 20, 1986 when compared with those calculated using the six 
representative sections (Tables 3, 4 and 3.2) differed by 50% and 30% 
respectively. This relatively big error is due to the spatial 
variability of the growth of reeds in the ditch. The scattering of reeds 
has its influence not only on the quantity of weeds but also on other 
weed characteristics such as, diameter and length. An enlargement of the 
sample area should diminish the adverse effects of scattering. Besides 
the possibility of overlooking some reeds (due to its high density) 
there exists the individual criteria involved in the act of measuring, 
specially in the measurement of height and number of stems lying within 
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a small frame of 0.2 m *0.5 m. Sitting on a ladder stretched across the 
ditch and measuring the diameter of stems mannually with the help of a 
vernier calliper also enhances the possibility of making errors. 

As compared to Manning's roughness coefficient 'n', very little 
experimental work has been done on aquatic weed resistance 'p' and drag 
coefficient 'f'. As such, it is difficult to establish a comparision 
with other values. 

The values of 'n' and '£' are closely related to the accuracy of 
the weed measurements, which is inefficient in the present case. An 
improvement of the weed measurements will yield better results, 
particularly with respect to '£'. Had the model of Van Ieperen been 
perfect and the measurements sufficiently accurate, the variation of '£' 
with time would not have occured. 

Comparing our results with those of Van Ieperen for the year of 
1985, the following observations are made: 

1. The relation between 'p' and Re shows a decreasing value of ' p' 
for increasing Reynolds number. The average order of magnitude of the 
negative gradient found was 65 while in 1985, it was 400 for the ditch 
III. 

2. The large scattering of reed data lead to high value of the 
ratio between a and y. However, the values obtained are of the same 
order of magnitude as those of 1985 (Table 3). 

3. In 1985, the values of a/£ for ditch I-CD (White water-lily) 
and for ditch II-AB (Broad pond-weed) were 30% and 10% respectively. In 
1986, the a/i value for ditch III (reed) is around 40% (Table 4). 

Suggestions for further research: 

(i) The model is sufficiently adequate for use in irrigation and 
drainage designs, but its practical applicability is limited. As such, 
effort should be made to develop a method of weed measurements, which is 
more practicable. 

(ii) In addition to this kind of research, it is also suggested 
that another orientation be also made in this line, for example: methods 
of weed control and study of the impact of different methods, on flow 
resistance and other hydraulic parameters. 

(iii) Modifications in the formula of Van Ieperen could be made to 
account for the velocity profile due to the presence of the aquatic 
weed. This could be achieved, for instance, by multiplying u^/2g by some 
correction factor. This coefficient should be established by experiments 
in different conditions. 

(iv) Yet another modification in the formula of Van Ieperen could 
be an introduction of a coefficient to account for the spatial 
variability of the reeds in the ditch. This coefficient of unequal 



20 

distribution of the reed should be multiplied by the factor mD/L. 

(v) A better method of sampling the representative sections should 
be thought of. The method used in this study is satisfactory although 
deviations are detected. The problem is how to extrapolate the values 
for the complete ditch length. This point deserves further discussion. 

(vi) Extensive sampling does not seem to help much if incomplete. 
An integrated approach in the determination of weed characteristics 
should be attempted. Weed parameters involved should be related to 
hydrological data, initial biomass, soil properties and quality and 
quantity of water being transported. This would help predict the weed 
parameters to reasonable accuracy which then could be refered for design 
purposes. 
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LIST OF SYMBOLS 

A Cross-sectional area 

A^ Projected area of ith plant 
in upstream direction 

B Width of water surface 

C Chezy's coefficient 

C(j Drag coefficient 

D Diameter of stems 

d Flow depth 

f Friction factor 

g Gravitational constant 

H Total head 

ks Nikuradse's equivalent roughness value 

L Length of the channel reach being 
considered 

1 Lenght of the stem 

m Number of stems 

n Manning's coefficient 

P Wetted perimeter 

Q Discharge 

R Hydraulic radius 

Re Reynolds number 

S Energy gradient 

u Mean velocity 

y Mean of a group 
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[L] 
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[L-V3.T] 

[L] 

[L3 .T] 

[L] 

[-] 

[-] 

[L.T-1] 

[...] 



23 

S Summation symbol 

A Differential operator 

A Wall roughness coefficient 

H Aquatic weed resistance 

f Drag coefficient 

a Standard deviation 
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Annex 1 

Photographs 

Photograph 1 - Reed in ditch III 

Photograph 2 - Aluminium grid frame for counting reed 

Photograph 3 - Measuring reed diameter 

Photograph 4 - Staff gauge for measuring water level 

Photograph 5 - Intake tank for measuring discharge 

Photograph 6 - Equipment for measuring pressure difference 
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Photograph 3 - Measuring reed diameter 

Photograph 4 - Staff gauge for measuring water level 
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Photograph 5 - Intake tank for measuring discharge 

Photograph 6 - Equipment for- measuring pressure difference 
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1. INTRODUCTION 

The aim of this report is to do literature retrieval in the 
subject concerning the ' Resistance to flow due to aquatic weeds in earthen 
canals'. 

2. LIBRARIES VISITED 

2.1 LIBRARIES VISITED 

CENTRAL LIBRARY: Centrale Bibliotheek 
Gen. Foulkesweg 19 
6701 BK VAGENINGEN 

FIBOVA: Bibliotheek Staringgebouw 
Marijkeweg 11 
6709 WAGENINGEN 

2.2 UDC - NUMBERS 

626.861 Open channels, ditches, trenches. 
626.8 Agricultural hydraulics, irrigation, drainage. 
626.143 Weed control in water courses. 
631.626.1 Drainage - Open ditches 
627.4 Bank protection and reinforcement, flow improvement 

works, training works. 
627.74 Dredging, dredgers, machines for cleaning ditches. 

2.3 SCIENTIFIC PUBLICATIONS 

ROBSON, T.O., Report of a survey of the problem of aquatic weed 
control in England and Wales. Kidlington. 1965. (Technical report, 
Agriculture research council, Weed research organization: no.5) 

BASSLOR JR. R.E., Grassed water way maintenance. College Park, 
University of Maryland (1980). ( Agriculture Engineering Department, 
University of Maryland:no.129). 
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GUPTA, O.P., Aquatic weedcontrol for efficient water use. 
Technical bulletin, Rajasthan college of Agriculture, University of 
Udaipur. no,2, 1973. 

IEPEREN, H.J. Van and M.S. HERFST, 'Stromingsweerstand van 
Slootvegetaties: Metingen 1983', Vageningen, Department of Hydraulics and 
Catchment Hydrology, Agricultural University, Nota 69. 

IEPEREN, H.J. Van and M.S. HERFST, 'Stromingsweerstand van 
Slootvegetaties: Metingen 1984', Vageningen, Department of Hydraulics and 
Catchment Hydrology, Agricultural University, Nota 70. 

3. GUIDES TO LITERATURE 

GIEFER, G.J., Sources of information in Water Resources, An 
Annoted guide to printed materials. Berkeley, California ( Water Resources 
center Archives ). 1975. 

WELLISCH, J.O., A Survey of Indexing and Abstracting Services for 
Water Resources Engineering. Maryland ( Maryland University, Office of 
Water Resources Research ). 1972. 

MALINOWSKY, R.H., GRAY, R.A. and CURAY, D.A., Science and 
Engineering liyerature. 

BLANCHAR, J.R. and L. FARRELL, Guide to Sources for Agricultural 
and Biological Research, 1981. 

4. ORIENTATION IN LITERATURE 

SCHWAB, G.O., et al, Soil and Water Conservation Engineering, 3rd 
ed. New York ( John Wiley & Sons. ). 1981. 

ROTH, L.O., CROW, F.R., and MHONEY, G.W.A., An Introduction to 
Agricultural Engineering. West Port, Connecticut., AVI Publishing Company, 
1977. 

DAVIS, CALVIN, V., and KENNETH, E.S., Handbook of Applied 
Hydraulics. 3rd ed. New York, McGraw Hill, 1969.lv. 

http://1969.lv
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VOLLMER, E. , Encyclopaedia of Hydraulics, Soil and Foundation 
Engineering. Amsterdam etc < Elsevier ), 1967. 

5. BIBLIOGRAPHIES 

5.1 BIBLIOGRAPHIES 

Bibliography of Agricultural Bibliographies, U.S. Department of 
Agricultural, Beltsville, Maryland. 

Agricultural Research, Department of Agriculture and Water 
Supply, Republic of South Africa. 

AGRIS - Agrindex, FAO. 

Bibliografia Brasileira de Agricultura, Ministério da Agricultura 
(CEIAGRI - CSPq - IBICT). 

5.2 KEYWORDS 

Drainage, Drainage and Irrigation. 

Weeds. 

6. ABSTRACT JOURNALS 

6.1 ABSTRACT JOURNALS 

Agriculture Engineering Abstracts. Silsoe, Bedford ( National 
Institute of Engineering ). 

Weed Abstract. Commonwealth Agriculture Bureaux - Weed Research 
Organization.( CAB - ARC - U.K.) 

Agronomy Abstracts, American Society of Agronomy, Atlanta, 
Georgia. 
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6.2 KEYWORDS 

Soil and Vater Management Conservation. 

Soil and Water Conservation. 

Aquatic Weeds. 

Drainage. 

Irrigation. 

6.3 SCIENTIFIC ARTICLES 

DAWSON, F.H., Aquatic Plant Management in Semi-natural Streams: 
Role of Marginal Vegetation; Journal of Environmental Management, Weed 
Abstrat, 1979, Vol.28, N2 9. 

7. SCIENTIFIC OR TECHNICAL JOURNALS 

7.1 SCIENTIFIC OR TECHNICAL JOURNALS 

Irrigation and Drainage Systems,( Martinus Nijhoff Publishers ) 

Water Resources Research, ( American Geographical Union ) 

Journal of Hydrology. Amsterdam etc ( Elsevier ). 

Journal of Soil and Water Conservation, Ankeny, Iowa ( SCS of 
America ) 

Soil and Water conservation News. Washington DC ( USDA, SCS ) 

Journal of Hydraulic Division ( Proc. ASCE ) 

Post Graduate Agricultural Journal < Srilanka ) 
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7.2 RECEFT PUBLISHED ARTICLES 

MAHROUF, A.R.M., Effect of Vegetative growth in flow of water in 
water courses (in Srilanka); Post-Graduate Agriculture Journal < Sri Lanka) 
1983. V.l(l) 

PETRYK, S. and G. BOSMAJIAH., Analysis of flow through 
vegetation, Journal of the Hydraulic Division < Proc. ASCE ), Vol.101, no. 
HY7, July, 1975. 

8. PROCEEDINGS 

8.1 PROCEEDINGS 

Hydraulic Design in Water Resource Engineering: Land Drainage 
Proceedings of International Conferences. 

Proceedings, European Weed Research Society ( EWRS ) 
International Symposium on Aquatic Weeds 

Proceedings, American Society of Civil Engineers ( ASCE ) 

Proceedings of the British Weed Control Conference 

Proceedings, Asian - Pacific Weed Science Society Conference 

Proceedings, All India Weed Control Seminars 

8.2 PAPERS 

IEPERES, H.J., and U.S. HERFST., Laboratory Experiments on the 
Flow Resistance of Aquatic Weeds. Hydraulic Design in Water Resource 
Engineering: Land Drainage, In: Proceedings of the 2nd International 
Conference, Southampton University; U.K. April 1986. 

PITLO, R.H., Flow Resistance of Aquatic Vegetation., Proceedings. 
European Weed Research Society ( EWRS ), 6th International Symposium on 
Aquatic Weeds ( 1982 ). 
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PITLO, R.H., Regulation of aquatic vegetation by interception of 
daylight, Proceedings: European Weed Research Society < EWRS ), 5th 
International Symposium on Aquatic Veeds < 1978 ). 

DAVSOI, F.H,, The seasonal effects of aquatic plant growth on the 
flow of water in a stream., In: 5th International Symposium on Aquatic 
Veeds, European Weed Research Society ( EWRS ) Yarnton, Oxford (UK); 1978. 

9. OTHER LIBRARIES 

NIEUWL - Hydraulica en Afvoerhydrologie 
Sieuwe Kanaal 11 
Wageningen 

CEFTEC - Landbouwtechniek 
Mansholtlaaw 10-12 
Wageningen 

10. DOCUMENTATION AND INFORMATION SERVICES 

10.1 DOCUMENTATION AND INFORMATION SERVICES 

PUDOC - Centre for Agricultural Publishing and Documentation 
P.O.Box, 6700 AA Wageningen 

10.2 KEYWORDS 

Energy losses, flow resistance, flow retardance 

Open channel flow, earth channel<s), canal<s), ditch(es) 

Emergent plants, aquatic weeds, vegetation, biomass, water plants 

10.3 PUBLISHED ARTICLES 

TOENSKANN, F. and MOCKENHAUPT, L. , Influence of vegetation forms 
on banks and embankments in regard to water levels during periods of high 
water; Wasser und Boden (Germany, F.R. ); Feb 1981 (Summary in english)-. 



36 

KQUWEIf, If. , Flow retardance in vegetated open channels, 
University of Waterloo, Waterloo, Ont; 1970. 

HIBBERT, A.R., Managing vegetation to increase flow in the 
Colorado River basin. Fort Collins : U.S.D.A., 1979 (Rocky Mountain Forest 
and Range Experiment Station). 

REFERENCES 

Lamers, H.A.J.M. , Writing Reports, Information Science and 
Applied Linguistics Section, Agricultural University, Wageningen, 1986 

G. Naber, Scientific information: transfer and retrieval; 
Wageningen, 1980, ILRI, Publication no.27 
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Annex 3 

Initial data files 

Table 3.1 - Hydraulic data 

Table 3.2 - Weed data 

Table 3.3 - Zero readings 

Table 3.4 - Weed distribution 

Figure 3.1 - Characteristics (Ditch III-AB) 

Figure 3.2 - Characterirtics (Ditch III-CD) 
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Table 

D i t c h 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

1 
2 
1 
2 

: 3 . 1 

Date 

5 6 0 5 2 3 
3 6 3 5 2 3 
36Û32C 
3 6 0 5 2 0 
3 6 0 5 2 0 
3 6 0 5 2 0 
3 6 0 5 2 0 
3 6 0 5 2 0 
3 605 2 0 
3 6 0 5 2 0 
3 6 0 5 2 7 
3 6 0 5 2 7 
3 6 0 5 2 7 
8 6 0 5 2 7 
3 6 0 5 2 7 
5 6 0 5 2 7 
8 6 0 5 2 7 
8 6 0 5 2 7 
3 Ó 0 5 2 7 
3 6 0 3 2 7 
3 6 0 6 0 3 
8 6 0 6 0 3 
8 6 0 6 0 3 
8 6 0 6 0 3 
S 6 0 6 0 3 
3 6 0 6 0 3 
3 6 0 6 0 3 
3 6 0 6 0 3 
3 6 0 6 0 3 
3Ó0Ó03 
3 6 0 6 0 3 
3 6 0 6 0 3 
3 6 0 6 1 2 
3 6 0 6 1 2 
3 6 0 6 1 2 
660-61 2 
S 6 0 6 1 2 
3 6 0 6 1 2 
3 6 0 6 1 2 
3 6 0 6 1 2 
3 6 0 6 1 7 
8 6 0 6 1 7 
8 6 0 6 1 7 
8 6 0 6 1 7 
S 6 0 6 1 7 
S 6 Û 6 1 7 
8 6 0 6 1 7 
3 ö 0 6 1 7 
3 6 0 6 1 7 
S 6 0 6 1 7 
3 6 0 6 2 4 
3 6 0 6 2 4 
3 6 0 6 2 4 
3 6 0 5 2 4 
3 6 0 6 2 4 
3 6 0 6 2 4 
3 6 0 6 2 4 
5 6 0 o 2 4 
3 Ö J O 2 4 

3 6 0 6 2 4 
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Hydraulic data 

W 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
3 
3 
9 
9 

10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
1 6 
16 
17 
1 7 
1 3 
1 3 
1 9 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 
26 
26 
27 
27 
23 
23 
2 ' 
? 3 

3 0 
30 

Temp. 
(°C) 

1 7 . 0 
1 7 . 0 
1 S . 1 
1 2 . 1 
1 3 . 6 
1 3.Ó 
2 0 . 0 
2 0 . 0 
2 1 . 0 
2 1 . 0 
1 3 . 6 
1 8 . 6 
1 3 . 6 
I S . 6 
1 9 . 0 
1 9 . 0 
2 0 . 4 
2 0 . 4 
2 0 . 6 
2 G . 6 
1 5 . 2 
1 5 . 2 
1 5 . 2 
1 5 . 2 
1 5 . 4 
1 5 . 4 
1 5 . 4 
1 5 . 4 
1 5 . 4 
1 5 . 4 
1 5 . 3 
1 5 . 3 
1 6 . 1 
1 6 . 1 
1 3 . 7 
1 3 . 7 
1 9 . 3 
1 9 . 8 
2 0 . 6 
2 0 . 6 
2 2 . 1 
2 2 . 1 
2 2 . 7 
2 2 . 7 
2 3 . 5 
2 3 . 5 
2 4 . 2 
2 4 . 2 
2 5 . 3 
2 5 . 3 
2 0 . 1 
2 0 . 1 
2 0 . 1 
2 0 . 1 
2 0 . 2 
2 0 . 2 
2 0 . 2 
u • J « i . 

2 0 . 4 
2 0 . 4 

Q 
( l / s ) 

1 3 . 3 0 
1 3 . 3 9 

4 1 . 2 2 
4 1 . 2 2 
6 3 . 0 5 
6 3 . 0 5 
6 9 . 5 9 
6 9 . 5 9 

1 0 5 . 5 3 
1 0 5 . 5 3 

1 3 . 3 4 
1 3 . 3 4 
4 4 . 3 9 
4 4 . 3 9 
6 3 . 9 7 
6 3 . 9 7 
8 4 . 5 4 
8 4 . 5 4 

1 1 6 . 1 9 
1 1 6 . 1 9 

2 2 . 3 4 
2 2 . 3 4 
4 3 . 9 1 
4 3 . 9 1 
6 1 . 3 0 
6 1 . 3 0 
3 1 . 3 5 
3 1 . 3 5 
9 3 . 4 6 
9 3 . 4 6 

1 1 3 . 8 0 
1 1 3 . 3 0 

5 4 . 5 5 
5 4 . 5 5 
5 4 . 2 9 
5 4 . 2 9 

1 0 0 . 6 3 
1 0 0 . 6 3 
1 0 1 . 0 2 
1 0 1 . 0 2 

2 0 . 9 5 
2 0 . 9 5 
4 0 . 6 1 
4 0 . 6 1 
5 9 . 7 4 
5 " . 7 4 
7 9 . 9 5 
7 9 . 9 5 
9 ó . 9 £ 
9 6 . 9 3 
3 3 . 9 3 
3 3 . 9 3 
3 9 . 0 6 
3 9 . 0 6 
3 9 . 1 5 
3 9 . 1 5 
3 9 . 4 5 
3 9 . 4 5 
3 9 . 5 4 
3 9 . 5 4 

Water 
l e v e l 

(m) 

0 . 2 6 0 
C . 4 3 0 
0 . 3 2 0 
0 . 5 2 0 
0 . 3 7 0 
G . 5 6 0 
0 . 4 0 0 
0 . 5 3 0 
0 . 4 4 0 
0 . 6 1 0 
0 . 2 7 0 
0 . 4 3 0 
0 . 3 4 0 
0 . 5 3 0 
0 . 3 3 5 
0 . 5 6 0 
0 . 4 1 5 
0 . 5 3 0 
0 . 4 3 0 
0 . 6 3 0 
0 . 2 3 5 
0 . 4 9 0 
0 . 3 5 5 
0 . 5 3 5 
0 . 3 9 0 
0 . 5 6 0 
0 . 4 3 0 
0 . 5 9 0 
0 . 4 6 5 
0 . 6 1 5 
0 . 4 9 5 
0 . 6 3 5 
0 . 3 7 5 
0 . 5 5 5 
0 . 3 3 0 
0 . 3 5 0 
0 . 4 3 0 
0 . 6 2 5 
0 . 4 3 0 
0 . 6 2 5 
Q . 2 9 0 
0 . 4 9 0 
0 . 3 5 0 
0 . 5 3 0 
0 . 3 9 5 
0 . 5 6 0 
0 . 4 4 C 
0 . 5 9 5 
0 . 4 3 0 
0 . 6 2 0 
0 . 4 3 5 
0 . 6 9 0 
0 . 4 6 0 
0 . 6 6 0 
0 . 4 3 5 
0 . 6 3 G 
0 . 4 1 3 
0 . 6 0 0 
C . 4 0 0 

0 . 5 7 3 

Ó~H 
(mm) 

1 2 . 1 
7 . 3 

2 4 . 6 
1 3 . 0 
3 2 . 7 
2 7 . 3 
3 4 . 2 
2 9 . 0 
4 4 . 0 
3 3 . 0 
1 6 . 4 

3 . 9 
2 5 . 7 
2 2 . 6 
3 6 . 0 
3 1 . 1 
4 2 . 3 
3 9 . 5 
5 3 . 1 
4 9 . 9 
1 3 . 4 
1 3 . 3 
3 3 . 4 
2 3 . 3 
3 3 . 5 
3 3 . 6 
4 6 . 5 
4 1 . 2 
5 2 . 4 
4 3 . 4 
5 6 . 9 
5 4 . 1 
3 6 . 9 
3 1 . 5 
3 6 . 0 
3 0 . 4 
5 4 . 7 
5 1 . 1 
5 4 . 2 
5 0 . 5 
1 9 . 0 
1 5 . 5 
3 2 . 0 
2 7 . 2 
4 1 . 4 
3 6 . 2 
5 0 . 3 
4 4 . 7 
5 7 . 5 
5 2 . 4 
2 3 . 1 
1 4 . 9 
2 6 . 3 
1 7 . 6 
2 9 . 3 
2 1 . 3 
3 2 . 9 
2 6 . 1 
3 o . 6 
31 . 3 
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i t c h 

1 
2 
1 

1 
1 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

1 
2 
1 
t 
i . 

1 
c 
1 

1 
-1 
c 

Date 

3 6 0 5 2 4 
3 o 3 ö 2 4 
3 6 0 6 2 5 
3 6 0 6 2 5 
8 6 0 6 2 5 
3 6 0 5 2 5 
8 6 0 6 2 5 
3 6 0 6 2 5 
3 6 0 6 2 5 
3 6 0 6 2 5 
3 6 0 6 2 5 
3 6 0 6 2 5 
8 6 0 6 2 5 
3 6 0 6 2 5 
3 6 0 6 2 5 
8 6 0 6 2 5 
S 6 0 7 0 1 
3 6 0 7 0 1 
3 6 0 7 0 1 
3 6 0 7 0 1 
8 6 0 7 0 1 
3 6 0 7 0 1 
8 6 0 7 0 1 
3 6 0 7 0 1 
3 6 0 7 0 1 
8 6 0 7 0 1 
3 6 0 7 0 3 
8 6 0 7 0 3 
8 Ó 0 7 0 3 
3 6 0 7 0 3 
8 6 0 7 0 3 
3 6 0 7 0 3 
8 6 0 7 0 3 
3 6 0 7 0 3 
S o u 7 0 3 
8 6 0 7 0 3 
3 6 0 7 0 3 
S 6 0 7 0 3 
3 6 0 7 0 3 
3 6 0 7 0 3 
3 6 0 7 0 3 
3 6 0 7 0 8 
8 6 0 7 0 3 
3 6 0 7 0 3 
3 6 0 7 1 5 
S 6 0 7 1 5 
S 6 0 7 1 5 
3 6 0 71 5 
S 6 0 7 1 5 
3 6 0 7 1 5 
8 6 0 7 1 5 
3 6 0 7 1 5 
8 6 0 7 1 5 
3 6 0 7 1 5 
360 SO 6 
3 6 0 3 0 6 
3 6 0 3 0 6 
3 6 0 3 C 6 
3 6 0 3 0 6 
3 60 30 6 

JJ2 

31 
31 
32 
32 
33 
3 3 
34 
34 
35 
35 
36 
36 
37 
37 
3 3 
33 
3? 
39 
40 
40 
41 
41 
4 2 
42 
43 
43 
44 
44 
45 
45 
46 
46 
47 
47 
45 
4 3 
4 9 
49 
50 
50 
51 
51 
52 
52 
53 
53 
54 
54 
55 
55 
56 
56 
57 
57 
3 3 
53 
51 
5 9 ' 
50 
63 

Temp. 
<°C) 

"> ", L 

2 0 . 4 
1 3 . 2 
1 3 . 2 
1 3 . 2 
1 3 . 2 
1 3 . 7 
1 3 . 7 
1 9 . 3 
1 9 . 3 
2 0 . 2 
2 0 . 2 
2 1 . 5 
2 1 . 5 
2 1 . 8 
2 1 . S 
2 2 . 3 
2 2 . S 
2 2 . 8 
2 2 . 3 
2 2 . 8 
2 2 . 8 
2 4 . 1 
2 4 . 1 
2 4 . 6 
2 4 . 6 
2 3 . 6 
2 3 . 6 
2 3 . 3 
2 3 . S 
2 5 . 4 
2 5 . 4 
2 5 . 3 
2 5 . S 
1 3 . 2 
1 3 . 2 
1 3 . S 
1 3 . 3 
1 9 . 3 
1 9 . 3 
1<5.7 
1 9 . 7 
2 0 . 1 
2 0 . 1 
1 3 . 6 
1 3 . 6 
1 9 . 0 
1 9 . 0 
1 9 . 7 
1 9 . 7 
2 0 . 7 
2 0 . 7 
2 1 . 4 
2 1 . 4 
1 8 . 0 
1 3 . 0 
I sj * W 

1?. .0 
1 3 . f 
1 3 . 3 

Q 
( 1 / s ) 

3 9 . 6 7 
3 9 . 6 7 
6 2 . 5 4 
6 2 . 5 4 
6 2 . 9 4 
6 2 . 9 4 
6 3 . 0 5 
6 3 . 0 5 
6 2 . 3 3 
6 2 . 3 3 
6 2 . 0 3 
6 2 . 0 3 
6 2 . 3 3 
6 2 . 3 3 
6 2 . 3 8 
6 2 . 3 8 
2 0 . 9 5 
2 0 . 9 5 
4 1 . 0 5 
4 1 . 0 5 
6 0 . C 7 
6 0 . 0 7 
3 4 . 4 3 
8 4 . 4 3 
9 3 . 5 6 
9 3 . 5 6 
5 3 . 1 0 
5 3 . 1 0 
5 3 . 1 0 
5 3 . 1 0 
3 3 . 3 5 
3 8 . 3 5 
8 4 . 5 9 
8 4 . 5 9 
2 1 . 2 3 
2 1 . 2 3 
4 1 . 4 4 
4 1 . 4 4 
6 4 . 7 2 
6 4 . 7 2 
7 9 . 5 2 
7 9 . 5 2 
9 9 . 2 3 
9 9 . 2 3 
2 0 . 5 0 
2 0 . 5 0 
4 0 . 2 3 
4 0 . 2 3 
61 . 2 2 
6 1 . 2 2 
7 9 . 6 3 
7 9 . 6 3 

1 0 2 . 0 4 
1 0 2 . 0 4 

2 0 . 4 4 
2 C . 4 4 

3 6 . 3 0 
3 6 . Î 0 
5 3 . 2 5 
5 ^ . 2 3 

Water 
l e v e l 

(m) 

Q . 3 3 0 
0 . 5 4 3 
0 . 4 2 0 
0 . 6 5 5 
0 . 4 7 5 
0 . 6 4 5 
0 . 4 6 5 
0 . 6 3 0 
0 . 4 3 5 
C . o 1 C 
0 . 4 4 5 
0 . 6 0 0 
0 . 4 3 5 
0 . 5 3 5 
0 . 4 2 5 
0 . 5 7 0 
0 . 3 0 5 
0 . 5 0 0 
0 . 3 7 0 
0 . 5 3 5 
0 . 4 3 0 
0 . 5 7 0 
0 . 4 9 0 
0 . 6 1 0 
0 . 5 1 0 
0 . 6 2 0 
0 . 4 1 0 
0 . 5 6 0 
0 . 4 1 0 
0 . 5 6 0 
0 . 5 C 5 
0 . 6 2 0 
0 . 4 9 0 
0 . 6 1 0 
0 . 4 3 0 
G . 6 5 5 
0 . 4 4 5 
0 . 6 4 0 
0 . 4 7 5 
0 . 6 3 0 
0 . 4 9 5 
0 . 6 3 0 
0 . 5 3 0 
0 . 6 3 5 
0 . 3 1 0 
0 . 5 0 0 
0 . 3 3 5 
0 . 5 4 3 
0 . 4 4 5 
0 . 5 7 5 
0 . 4 9 0 
0 . 6 0 5 
0 . 5 4 0 
0 . 6 3 5 
0 . 3 0 0 
0 . 5 0 0 
0 . 3 6 5 
C . 5 3 5 
0 . 4 2 3 
0 . 5 65 

<SH 
(mm) 

4 0 . 4 
3 9 . 6 
4 0 . 7 
2 9 . 0 
4 1 . 6 
3 1 . 5 
4 3 . 2 
3 4 . 0 
4 4 . 5 
3 5 . 7 
4 6 . 0 
3 9 . 5 
4 7 . 9 
4 2 . 6 
4 9 . 2 
4 5 . 3 
2 5 . 6 
2 1 . 5 
4 1 . 7 
3 0 . 3 
5 3 . 7 
4 9 . 4 
6 6 . 3 
6 1 . 4 
7 1 . 0 
6 5 . 4 
4 3 . 6 
4 0 . 0 
4 8 . 1 
3 9 . 7 
6 3 . 3 
6 0 . 4 
6 5 . 6 
5 7 . 6 
1 1 . 2 

5 . 4 
3 0 . 2 
1 7 . 2 
5 2 . 0 
3 4 . 3 
6 4 . 6 
4 9 . 0 
7 3 . 4 
6 5 . 6 
2 9 . 5 
1 9 . 6 
4 7 . 9 
3 6 . 2 
6 1 . 6 
4 8 . 3 
7 3 . 1 
5 3 . 4 
3 4 . 0 
6 3 . 2 
2 3 . 4 
1 5 . 3 
4 3 . 3 
3 2 . 4 
5 4 . 4 

4 5 . 6 
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Ditch Date 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

860306 
860306 
860806 
860806 
360806 
860806 
860818 
860818 
860818 
860318 
860818 
860818 
860818 
860818 
860818 
860818 
860813 
860813 
860827 
860827 
860827 
860827 
860827 
860827 
860827 
860827 
860327 
860827 
860827 
860827 
861014 
861014 
861314 
861014 
861014 
861014 
861014 
861014 
861014 
861014 
861014 
861014 

ire 

61 
61 
62 
62 
63 
63 
64 
64 
65 
65 
66 
66 
67 
67 
68 
63 
69 
69 
70 
70 
71 
71 
72 
72 
73 
73 
74 
74 
75 
75 
76 
76 
77 
77 
73 
78 
79 
79 
80 
80 
81 
81 

Temp. 
(SO 

19 .2 
1 9 . 2 
20 .0 
20 .0 
2 0 . 6 
2 0 . 6 
1 7 . 3 
1 7 . 3 
1 7 . 8 
17 .3 
1 8 . 4 
1 3 . 4 
1 8 . 6 
1 8 . 6 
1 8 . 3 
1 3 . 8 
1 9 . 4 
1 9 . 4 
1 4 . 6 
1 4 . 6 
14 .8 
14 .8 
1 4 . 3 
1 4 . 3 
1 4 . 8 
1 4 . 8 
1 4 . 8 
1 4 . 8 
1 4 . 8 
14 .8 
1 4 . 0 
1 4 . 0 
1 3 . 9 
1 3 . 9 
1 4 . 1 
1 4 . 1 
14 .5 
1 4 . 5 
1 4 . 8 
1 4 . 8 
1 5 . 0 
1 5 . 0 

Q 
Cl/s) 

66.24 
66.24 
79 .81 
79 .81 
93 .85 
93 85 
22 .49 
22 .49 
47 .37 
47 .37 
54 .86 
54 .86 
57 .62 
57 .62 
7 7 . 1 7 
77 .17 
88 .07 
88 .07 
20 .63 
20 .63 
26 .29 
26 .29 
49 .20 
49 .20 
68 .35 
68 .35 
77 .46 
77 .46 
82 .13 
82 .13 

6 .13 
6 .13 

32 .54 
32 .54 
57 .99 
57 .99 
69 .06 
69 .06 
81 .12 
81 .12 

104.45 
104 .45 

Water 

l e v e l 
(m) 

0-455 
0 .535 
0 .490 
0 .610 
0 .525 
0 .630 
0 .310 
0 . 500 
0 .390 
0 .540 
0 .420 
0 .560 
0 .430 
0 .570 
0 .490 
0 .610 
0 .520 
0 .620 
0 .310 
0 . 5 0 0 
0 .330 
0 .510 
0 .410 
0 .560 
0 .470 
0 .590 
0 .500 
0 .610 
0 .515 
0 . 620 
0 .230 
0 .460 
0 .270 
0 .480 
0 .410 
0 .550 
0 . 450 
0 .580 
0 . 490 
0 .610 
0 .500 
0 .610 

su 
(mm) 

6 0 . 3 
5 3 . 4 
6 5 . 2 
6 0 . 7 
7 0 . 0 
6 3 . 0 
2 9 . 8 
1 7 . 4 
5 0 . 1 
3 8 .5 
5 4 . 5 
4 5 . 2 
5 5 . 4 
4 7 . 0 
6 4 . 0 
6 1 . 5 
6 7 . 2 
6 8 . 5 
2 9 . 9 
1 6 . 7 
3 5 . 9 
2 2 . 4 
5 2 . 8 
4 3 . 3 
6 0 . 9 
5 7 . 2 
6 4 . 6 
6 3 . 8 
6 5 . 3 
6 6 . 6 

3 . 7 
3 . 9 

2 6 . 9 
2 3 . 3 
4 2 . 8 
4 5 . 7 
4 8 . 7 
5 2 . 5 
5 6 . 2 
6 1 . 6 
6 3 . 0 
6 9 . 8 

Table 3.3 - Zero readings 

Zero r e a d i n g s of t h e s t a f f gauge 

D i t c h I I I - A B 

6 .967 m 

D i t c h I I I -CD 

6 .729 m 
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T a b l e 

D i t ch 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

2 

3.2 Weed 

Date Sect ion 

8o0520 
£60520 
360520 
£60520 
8605 20 
8605 20 
8605 20 
860520 
860520 
8605 20 
8605 20 
360520 
360527 
860527 
860527 
360527 
860527 
860527 
8605 27 
860527 
860527 
860527 
860527 
860527 
S60527 
360603 
S63603 
860603 
860603 
860603 
860603 
86 0603 
860603 
860603 
860603 
860603 
360603 
860603 
860617 
360617 
860617 
860701 
360701 
360701 
860701 
360701 
860701 
860701 
860701 
860701 
360701 
860701 
860701 
360701 
860715 
860715 
360715 
360715 
360715 

type 

0 
0 
0 
0 
0 
0 

c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 

c 
0 
0 
0 
0 
0 
0 
0 
1 
Û 
Q 
0 
0 
3 

d a t a 

m 

31 
48 
20 
32 
23 

3 
20 
26 
33 
16 
23 
33 
32 
50 
22 
35 
23 
14 
24 
32 
15 
10 
26 
38 
29 
32 
59 
19 
13 
20 

5 
23 
36 
21 
19 
22 
43 
29 
42 
44 
30 
23 
33 
24 
14 
24 
23 
25 
32 
21 
17 
19 
23 
32 
51 
35 
18 
23 
24 

d 
(nun) 

3 . 9 
4 . 3 
4 . 1 
3 . 2 
3 . 6 
3 . 9 
5 . 4 
4 . 3 
6 . 1 
5 . 7 
6 . 3 
5 . 8 
4 . 3 
3 . 3 
4 . 0 
3 . 2 
3 . 9 
3 . 7 
5 . 5 
5 . 2 
5 . 4 
5 . 7 
6 . 3 
6 . 3 
3 . 4 
3 . 3 
4 . 0 
3 . 6 
3 . 2 
2 . 6 
3 . 1 
5 . 7 
5 . 1 
4 . 9 
4 . 3 
6 . 4 
6 . 5 
3 . 3 
4 . 3 
6 . 2 
3 . 7 
3 . 1 
4 . 4 
3 . 3 
4 . C 
4 . 2 
4 . 4 
5 . 7 
6 . 0 
6 . 1 
5 . 5 
6 . 7 
6 . 1 
3 . 4 
3 . 8 
4 . 4 
3 . 6 
5 . 2 
7 . 6 

o-d 
(nun) 

0 . 6 
0 . 8 
0 .3 
0 .5 
1.5 
0 . 7 
2 . 2 
1.3 
1 .7 
1.7 
2 . 3 
1 .9 
1.8 
0 . 9 
1 .0 
0 .3 
1 .0 
1 .0 
1 .3 
1.3 
1 .4 
2 . 1 
2 . 2 
2 . 0 
0 . 8 
0 . 9 
1 .0 
1 .1 
0 . 3 
2 . 0 
0 . 3 
2 . 6 
2 . 5 
1.2 
3 .4 
2 .3 
2 . 1 
0 . 3 
1.5 
2 . 1 
1 .0 
0 . 3 
1 .1 
0 . 3 
0 . 4 
0 .8 
0 . 6 
1 .9 
1 .9 
2 . 2 
1 .7 
2 . 7 
1 .5 
0 . 7 
0 . 9 
1.1 
1 .3 
1 .7 
2 . 2 

1 
(m) 

0 . 000 
O.OCO 
0 . 0 0 0 
O.OCO 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 9 3 3 
0 . 9 6 0 
0 . 9 1 9 
0 . 7 6 5 
0 . 9 2 6 
0 . 9 2 2 
0 .S93 
0 . 9 0 0 
0 . 9 7 1 
1 .131 
1 .195 
1 .332 
C.952 
0 . 9 4 3 
1 .234 
0 . 9 9 3 
0 . 915 
0 . 9 2 0 
0 . 3 2 3 
1 .093 
1 .038 
0 . 9 9 4 
1 .247 
1 .316 
1 .600 
1 . 103 
1 .180 
1 .770 
1 .727 
0 . 9 6 5 
1 .422 
0 .93C 
1 . 466 
1 .203 
1 .671 
1 .733 
1 .S03 
1 .692 
1 .922 
1 . 699 
2 . 1 3 6 
1 .373 
1 .611 
1 .733 
1 .567 
2 . 0 5 4 
2 . 5 5 3 

o-l 
(m) 

0 . 0 0 0 
0 . 3 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 1 4 2 
0 . 1 8 5 
0 . 1 5 9 
0 . 1 5 9 
0 . 1 5 7 
0 . 1 5 2 
0 . 2 7 3 
0 . 1 9 3 
0 . 3 2 1 
0 . 2 2 5 
0 . 2 5 4 
0 . 2 4 5 
0 . 2 4 9 
0 . 2 1 6 
0 . 1 6 5 
0 . 2 2 6 
0 . 1 5 2 
0 . 2 3 0 
0 . 2 2 7 
0 . 3 3 5 
0 . 4 4 7 
0 . 1 7 9 
0 . 4 4 7 
0 . 2 4 5 
0 . 1 9 9 
0 . 2 4 2 
0 . 3 6 1 
0 . 4 4 0 
0 . 3 9 9 
0 . 3 3 3 
0 . 2 5 7 
0 . 1 6 0 
0 . 0 3 9 
0 . 2 9 3 
0 . 2 3 9 
0 . 4 2 8 
0 . 4 1 0 
0 . 4 6 4 
0 . 4 5 5 
0 . 5 3 3 
0 . 4 9 1 
0 . 3 5 1 
0 . 4 4 3 
0 . 3 6 4 
0 . 3 2 4 
0 . 5 3 5 
0 . 3 9 4 
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Ditch Date Section m d o-d 1 o-l 
type (mm) (nun) (m) (m> 

2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 

1 

860715 
863715 
860 318 
86Û813 
860313 
860313 
860313 
860318 
860813 
360S13 
860313 
360313 
860313 
360813 
860813 
860827 
860327 
860327 
860327 
860327 
360327 
860827 
S60327 
860327 
860327 
860327 
3633 27 
860827 
361014 
861014 
861014 
861014 
361014 
8Ó1014 
861014 
361014 
361014 
861014 
861014 
3Ó1014 
»61014 

0 
1 
0 
0 
0 
0 
0 
G 
0 
0 
0 
0 

c 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

37 
37 
26 
62 
29 
53 
41 
41 
47 
3 3 
52 
33 
40 
33 
45 
32 
33 
46 
44 
46 
46 
30 
36 
31 
26 
31 
23 
41 
22 
28 
23 
34 
42 
42 
47 
27 
29 
30 
29 
30 
35 

6 . 0 
3 . 7 
3 . 6 
3 . 7 
3 . 9 
3 . 5 
3 . 9 
3 . 9 
5 . 0 
4 . 3 
4 . 4 
4 . 6 
6 . 6 
5 . 5 
3 . 4 
4 . 6 
4 . 3 
4 . 0 
3 . 7 
4 . 1 
4 . 1 
4 . 5 
5 . 2 
5 . 1 
5 . 5 
5 . 0 
5 . 2 

. 4 . 0 
4 . 3 
5 . 0 
3 . 6 
3 . 9 
4 . 1 
4 . 1 
4 . 1 
5 . 5 
5 . 3 
4 . 7 
6 . 2 
5 . 6 
4 . 2 

1.2 
1.1 
1.1 
1 .4 
1 .3 
3 .7 
0 . 9 
0 . 9 
1 .7 
1 .6 
1 .3 
1 .4 
2 .5 
1 .7 
0 . 9 
0 . 9 
1.3 
0 . 9 
0 . 6 
0 . 9 
0 . 9 
0 . 9 
1 .2 
2 . 1 
1 .3 
1 .4 
1 .8 
0 . 9 " 
1 .3 
1 .7 
0 . 9 
0 . 7 
0 . 9 
0 . 9 
1 .0 
2 . 0 
2 .3 
1 .7 
1 .3 
1 .7 
2 .0 

1 . 824 
1 .710 
1 .733 
1 .736 
1 .406 
1 .671 
1 . 741 
1 .741 
2 . 1 0 9 
2 . 0 2 6 
1 .691 
1 .979 
2 . 2 2 1 
1 .764 
1 .761 
1 .797 
1 .903 
1 .713 
1 .730 
1.9C3 
1 .903 
2 . 3 2 6 
2 . 3 9 8 
2 . 3 1 0 
2 . 3 6 0 
2 . 4 4 7 
2 . 1 4 0 
1 . 832 
1 . 4 3 6 
1 .344 
1 .343 
1 .817 
1 . 319 
1 .819 
1 .350 
2 . 2 0 7 
2 . 253 
2 . 1 1 2 
2 . 672 
2 . 5 4 0 
1 .696 

0 . 5 1 6 
0 . 4 2 3 
0 . 2 5 4 
0 . 2 3 3 
0 . 3 6 6 
0 . 2 5 4 
0 . 2 6 5 
0 . 2 6 5 
0 . 2 6 4 
0 . 2 8 1 
0 . 4 3 0 
0 . 4 4 5 
0 . 5 9 7 
0 . 7 2 4 
0 . 3 0 0 
0 . 2 6 6 
0 . 2 7 6 
0 . 2 6 1 
0 . 2 0 1 
0 . 1 4 4 
0 . 1 4 4 
0 . 3 5 6 
0 . 2 3 3 
0 . 4 5 1 
0 . 6 1 2 
0 . 5 1 9 
0 . 2 3 0 
0 . 2 3 2 
0 . 3 1 7 
0 . 4 4 1 
0 . 3 1 6 
0 . 1 9 5 
0 . 2 2 5 
0 . 2 2 5 
0 . 3 1 2 
0 . 6 1 1 
0 . 6 2 3 
0 . 6 2 5 
0 . 4 1 3 
0 . 5 3 6 
0 . 3 2 5 

Section type: 

0 - Sections of ditch III (1.50mx0.25m) 

1 - Control section (0.50mx0.50m) 
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Table 3.4 - Weed distribution 

Ditch III-AB Ditch Ill-CD 

0 
1 
0 
0 
0 

9 
3 
2 
0 
0 

1 
4 
4 
e 
0 

3 
4 
2 
2 
7 

13 
1 1 
S 
3 
S 

10 
9 
12 

fi 9 

7 

* 1 
S 
3 

3 
2 
3 
4 
S 

6 
0 
3 
0 
0 

1 
0 
0 
1 
3 

7 
0 
1 
6 
0 

4 
7 
2 
0 
1 

1 
0 
1 
0 
0 

2 
2 
3 
9 
5 

3 
3 
0 
8 
10 

0 
0 
3 
1 
0 

0 
0 
2 
7 
2 

0 
3 
S 
2 
2 

13 
15 
7 
e 
38 

37 
22 
E 
13 
31 

19 
24 
7 
32 
20 

33 
20 
24 
35 
ie 
is 
22 
2S 
21 
28 

13 
39 
12 
28 
16 

14 
19 
22 
20 
IS 

8 
37 
22 
9 
17 

16 
23 
IS 
6 
6 

21 
12 
7 
6 
10 

4 
13 
4 
1 1 
27 

19 
23 
27 
4 
e 

20 
21 
17 
10 
18 

4 
3 
17 
8 
1 1 

18 
4 
7 
8 
1 I 

1 
6 
ie 
4 
7 

7 
1 1 
10 
20 
10 

28 
7 
14 
2 
17 

S 
3 
15 
12 
ie 
23 
3 
12 
18 
16 

17 
9 
16 
8 
26 

27 
5 
6 
17 
8 

18 
3 
17 
16 
IS 

6 
7 
22 
e 
7 

IS 
S 
22 
29 
S 

IS 
12 
19 
19 
7 

6 
26 
e 
2 
0 

11 
0 
18 
6 
13 

7 
36 
5 
7 
10 

4 
22 
4 
22 
19 

23 
4 
5 
6 
10 

6 
14 
8 
9 
12 

4 
18 
16 
1 
1 

0 
2 
4 
9 
IS 

13 
14 
24 
26 
12 

12 
7 
6 
7 
1 

17 
6 
1 
3 
1 1 

IS 
13 
21 
1 
11 

20 
17 
31 
10 
8 

15 
1 
0 
S 
9 

8 
12 
12 
26 
14 

4 
0 
5 
6 
4 

7 
7 
7 
17 
21 

22 
23 
26 
2S 
9 

6 
14 
7 
7 
27 

20 
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Figure 3.1 - Characteristics (Ditch III-AB) 
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Figure 3.2 - Characterirtics (Ditch III-CD) 
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Annex 4 

Computer programs 

PROGRAM SORTER 46 
PROGRAM SORTWEED 47 
PROGRAM WEEDATA 48 
PROGRAM MANCOEF 50 
PROGRAM AQWEEDRES 52 
PROGRAM DRAGSTEMS 54 
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• * * * * * * * * * * * * * # • * • * * * * * * * * # * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * { 

! * PROGRAM :SORTER * ! 
! * PURPOSE :To s o r t o u t h y d r a u l i c r e s i s t a n c e d a t a s t o r e d i n t h e * ! 
! * f i l e s f o r t h e d i t c h e s I I I A3 and I I I CD. * ! 
! * INTERFACE : U s e r t e r m i n a l and f i l e s . * ! 
! * NA*E : L i m a and D r a d h a n * ! 
J * * * * * * * * * * * * * * * * - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ! 

PROGRAM SORTED 

! * D e c l a r a t i o n o f t h e v a r i a b l e s . 
IMPLICIT NONE 
INTEGER PM, I , J , K, NP,MM 
PARAMETER (PM=500) 
REAL A ( P M , 4 : 9 ) , D D 
INTEGER AA(P*>,3) 
CHARACTER NA1E(2 ) *10 

! * I n p u t d a t a 
1 = 0 
OPEN ( 1 0 , ACCESS^SEaUENTIAL ' , F I L £ = * S L 0 M 3 Ó ' , STATUS='OLD') 

DO 100 WHILE ( . TRUE. ) 
1=1+1 
READ ( 1 0 , * , E N D = 1 3 0 ) , ( A A ( I , J ) , J = 1 , 3 ) , ( A ( I , J ) , J = 4 , 9 ) 

100 CONTINUE 
130 CLOSE £10) 

MP=I -1 

! * C h a n ^ e d a t e f r o a i J u l i a n t o day number 
DO 150 1=1,MP 

MM= ( A A ( I , 2 ) - 3 6 0 0 0 0 ) / 1 0 0 
DD= ( A A ( I , 2 ) - 8 6 0 0 0 0 ) - M M * 1 0 0 
IF (MM.EQ.5) A A ( I , 2 ) = D D + 120 
I F (« ÎM.E3.6) AA<I ,2 )=DD+151 
I F ( N M . E 3 . 7 ) A A ( I , 2 ) = D D + 1S1 
I F (MM.E3.S) A A ( I , 2 ) = 0 D + 2 1 2 
IF (MM.EQ.9) A A ( I , 2 ) = D D + 2 4 3 
IF ( M H . E 3 . 1 0 ) A A U , 2 ) = D D + 273 

150 CONTINUE 

• • O u t p u t o f d a t a 
NAME£1)= 'SL0M361 ' 
N A M E ( 2 ) = , S L 0 1 3 6 2 ' 
DC 200 K = 1,2 

OPEN (UN IT=K , ACCESS='3EQUENTIAL' , F ILE=NAME(K) , STATUS='NEW•) 
DO 170 1 = 1 , I P 

I F ( A A ( I , 1 ) . E 3 . K ) THEN 
WRITE (K,1G00),(AA(I,J),J=1,3),(A(I,J),J=4,7) 

100C FORMAT(13,15,I 5,F7.1,F9.2,F3.3,F 8.1) 
ENDIF 

170 CONTINUS 
200 CONTINUE 

CLOSEd) 
CL03E(2) 
END 
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J****************************-********»********************»*************! 
; * 
!* 
!* 
!* 
!* 

PRO-GRAM :SOSTWE£D 
PURPOSE :To sort out Weed-data stored 

ditches III A9 and III CD. 
INTERFACE :User terminal and files. 
NAME :Lina and Pradhan 

in the fi les for the *; 

*! 
*; 

* i 
J***************«*******************************************************; 

PROGRAM SOP.TWEED 

!*Declaration of the variables. 
IMPLICIT NONE 
INTEGER PM* 1/ J , K, MP,MM 
PARAMETER (PM=300) 
REAL A(PM,5:3),DD 
INTEGER AA(PM,4) 
CHARACTER NAME(2)*10 

!*Input of data 
1 = 0 
OPEN 11Q, ACC£33 = ,SE3UENTIAL'<. F IL5 = 'SLRE5D ' / STATU3='OLD') 

DO 100 WHILE (.TRUE.) 
1=1 + 1 
READ (10/ *, END=130),(AA(I,J)/ J= 1 ,4) , ( A (!/• J ) , J = 5/3) 

100 CONTINUE 
130 CLOSE (10) 

MP=I-1 

!*Change date from Julian to day number 
00 150 1=1 ,H? 

MM = (AA(I,2)-36300C)/1ÜO 
DD= (AA(I/2)-3ó0300)-MM*100 
IF (MM.ET.5) AA(I,2)=DD+120 
IF (Ml.El.6) AA(I,2)=DD+151 
IF (MM.EQ.7) AA(I,2)=DD+131 
IF (MM.=3.3) AA(I,2)=DD*212 
IF (MM.EQ.?) AA(I,2)=DD+243 
IF (MM.E3.10> AA(I,2)=DD+273 

150 CONTINUE 

103C 

170 
20? 

FILE=NAME(K), STATUS='NEW') 

!*0utout data 
NAME(1)=*SLRESD1* 
NAMS(2)='3LREED2* 
00 203 K = 1,2 

OPEN (UNIT=K , ACCE33='SEQUENTIAL' , 
DO 170 1=1/MP 

IF ( A A ( I / 3 ) . E 3 . 1 ) T H E N 
ELSE 

IF ( A A ( I # 1 ) . E 3 . K ) THEN 
WRITE ( K / 1 G C 0 ) / ( A A ( I / J ) / J = 1 / 4 ) , ( A ( I / J ) / J = 5 / S ) 
F 0 R M A T ( I 3 / I 7 / I 5 / I ó / F 7 . 1 / F 7 . 1 / F 7 . 3 / F 7 . 3 ) 
ENDIF 

ENDIF 
CONTINUE 

CONTINUE 
CLOSEU) 
CL0SE(2) 
END 

http://MM.E3.10
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J * * * * * * * * » A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ! 

! *?Ä039AM :WESDATA * ! 
!*PURP05E : T o work ou t weed d a t a f o r d i t c h e s I I I A5 and I I I CO * ! 
!*INTEF.FACE : U s e r t e r m i n a l and f i l e s * : 
!*NAME : L i m a and ° r a d h a n * ! 
• * * * * * * * * * * * • * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • * * * * * * * * * * * * ] 

PP0GRAÎ1 WEEDATA 

! * D e c l 3 r a t i o n o f t h e v a r i a b l e s . 
I M P L I C I T NONE 
INTEGER P M , w J , * P / M , N 
PARAMETER < ? M = 1 0 0 0 ) 
INTEGER S U ^ N U M T r D A Y (PM) 
SEAL A ( P M x 5 : S ) r O ( P M ) , ^ U M < ? ' J l ) / L ( P " , ' ) / ' R D < ? ^ ) r 3 U M D / ' A A ( ? » M , 4 ) 
PEAL O S T r R D F I N ^ S U I L ^ N S T E ^ S C P M W P ^ S C ' O x D A T E t P M ) 
CHARACTER S L ? E E D + 2 0 * W E E O * 2 0 

J * R e a d f i l e 
PRINT • / • ' G i v e t he name o f weed d a t a f i l e : ' 
READ ' (AZOVrSLREED 
OPEN <1rACCE3S= ,SEQUENTIAL , /F ILE=SLREED/STATUS= ,0LD•) 
1 = 3 
00 100 WHILE ( .TRUE. ) 

1=1 + 1 
REAO C1,*/END=15a>,(AA<I,J)rJ = 1,.4),(A<I,J),J = 5,8) 

100 CONTINUE 
150 CLOSE (1) 

1P=I-1 

!*Calculati ons. 
M=0 
»1 = 0 
SUM = G 
SUMD=0 
SUML=0 
NUMT=3 
00 200 I=1/^P 

N = N+1 
SU^=3Uf1+AA(I/4) 

SUMD=SUMD+AA(I,4)*A(I/5) 
SUML=SU«L+AA(I/4)*A<I/7) 

NUMT=NU1T+AA(IyA) 
IF (I.E3.MP) THEN 

M=*+1 
DATE<S)=AA<I,2) 

0(f)=SU'10*1.E-3/SJH 
NU,J!(1)=SU^ 

L(f1>=S'JML/SU-1 
0AYCM)=N 

ELSE 
IF CAA(I,2).NE.AA(I+1/2)) THEN 

*! = * + 1 
0 A T E ( M ) = A A M * 2 > 
0 ( ^ ) = S U M 0 * 1 . E - 3 / S U * 
L < r ) = S U M L / 3 U * 1 
N U ^ C n = S U M 
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S'J*! = 0 
3'JM.0 = 0 
SU*L=C 
N = 0 

ELSE 
E^DIF 

ENDIF 
200 CONTINUE 

DST = 0 
DO 300 1 = 1 , 1 

03T=05T+0(I) 
! Weed density 

R 0 (I)=N'JV!(I 3/0.2/1. 5/0 AY (I) 
Î The number of stems in the ditch 

NSTEMS(I)=NUM{I)*45./.2/0AY(I> 
! The terai mD/L 

MD43CI)=NSTEKSCI)*D(I>/45. 
3 00 CONTINUE 
! The average diameter of stems (over all the exoeriments) 

DST = DST/!* 
PRINT **'The average diameter='/03T 

! The average weed density per unit area Cover the all experiments) 
RDFIN = NU,'v!T/0.2/1.5/i

vIP 
PRINT •/•'The average weed densi ty=' t RDFIN 

» Store data in file 
PRINT */>*Give the name of output data file:' 
READ ,(A23),,W£ED 
OPEN (2/ FILE=WEED, ACCESS='SEQUENTIAL'/STATUS='NEW•> 
00 400 I=1,M 
WRITE (2/350)^DATE(I)*NSTE?1S(I)^9(I)^L<I)^HD45{I) 

330 FORMAT (5C1PE12.3)) 
400 CONTINUE 

CLOSE (2) 
END 
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J*+**********************************w************************************J 
!* PROGRAM :^ANC0EF *! 
!* SUPPOSE : To determine time dependent Manning's coefficient * n* <• for*! 
!* the ditches III AS and III CO. *! 
!* INTERFACE :Us2P terminal and files. *! 
!* NAME :Lima and Pradhan *! 
J ***************************************** ******************* Ht ************ J 

PROGRAM MANCOEF 

!»Déclarâtion of variables *! 
IMPLICIT NONE 
INTEGER P»,,K,Z,J,M,-T,Z0Um 
PARAMETER (P1=1003 ) 
REAL ZLG,UH,S*N,3UM#D,VISC/AR/a,U,PH,F,RE/B3T,AA(P*!/3) 
REAL A(°,^1/'4:7),H(PM),3{PM}/'P(?1) rAAA(?M)rP(PM)/NDAY(?M) 
INTEGER OATE(PM) 
CHARACTER SL0MS6*20r SLVAK*20* NO ATA*20* AV ERN*20 

! * I n p u t Data f r o n t e r m i n a l * ! 
PRINT * r * 3 i v e name o f c a n a l d a t a f i l e : * 
READ ' ( A 2 0 ) ' , 3L0M8Ó 
PRINT +/*Give name of section data file: * 
READ ' ( A Z O V , SLVAK 
PRINT */'3ive the name of output file :' 
READ '(A20)'»NDATA 
PRI^T *v'Sive the name of output file with NOAY values:' 
READ *(AZG)'yAVERN 
PRINT*, 'Give zero level of the staff gauge:' 
READ *, ZLG 
PRINT */*Give the average diameter of stews (in meters):' 
R E A D *,03T 

!*TnDut data from files *! 
OPEN (1, ACCES3= 'SEQUENTIAL', STATUS='OLD' , FILE=SL0*36) 
1=0 
DC 100 WHILE (.TRUE.) 

1 = 1 + 1 
READ (1, *, END=153),(AA(I,J), J = 1 , 3 ) , (A (I,J),J= 4,7) 

100 CONTINUE 
150 CLOSE (1) 

K=I-1 
OPEN (2, ACCES3='SE3UcMTIAL*r STATUS='OLD* , FILE=SLVAK) 
J=0 
DO 200 WHILE (.TRUE.) 

J = J+1 
READ i l , *, END=250), H(J),3(J) , ?(J) , AAA(J) , R(J) 

200 CONTINUE 
250 CLOSE (2) 

!*Calculations 
.1 = 0 
3U*=!) 
T = 0 

0PEN(4,ACCESc:='$EQUENTIAL'/STATUS=,N£W',FILE = NDATA) 
DO 300 1=1 ,< 

!*To ootain values of from file SLVAK *! 
HH= A(I,o)+ZLS 
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C0UNT=(HH-H(1))*1001+1 
!*Calcul3tions * ! 

S=A(I,7)*1.E-3/45 
VISC = 1. 7*2E-ó/n.::325U1 9 + 34. 031 355 ê-3*A (1,4) 

* +226.5C53E-6*A(I*4>**2> 
AP=AAA(CCUNT) 

D=AR/3CC0UNT) 
a = A(I/5)*1.E-3 

U=Q/AR 
RH=R(COUNT) 

F=S3RT(9.Ô12*RH*S>/U 
RE = 'J*DST/VISC 

N=RH**(2./3.)*S3RT(S)/U 
!*Store data in the file *! 

WRITE (W275WAA(I/3),AA<I,'2>,Q,AR,RH,S,F,R5/'U/-0,N 
275 FORMAT (1K1PE12.3)) 

{•Determine the daily average \' and file results *! 
SUM=SU,1 + N 
T = T + 1 
IF ( I . E T . K ) T H E M 

*i=*+i 
D A T E ( M ) = A A C I , 2 ) 

NDAY(M)s$U*l/T 
E L S E 

IF < A A C I , 2 ) , N E . A A ( I + 1 , 2 ) ) T H E N 
M = M + 1 

D A T £ ( M ) = A A ( I , 2 > 
N O A Y ( M ) = SU.1/T 

SUM = 0 
T=0 

ENDIF 
EMDIF 

300 CONTINUE 
CLOSE (4) 

!*Store average N data in a file *! 
OPEN <3,FILE=AVcRN/ACCESS='3EQUENTIAL% STATUS=*NEW'> 
DO 400 1=1/1 

WRITE C3#350 )/• DATE(I), NDAY(I) 
350 FORMAT (I9,F9.3) 
400 CONTINUE 

CLOSE (3) 
END 
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fr***********»*****************************************************! 
*3R05SAM :A3WEEDRES *! 
•PURPOSE :To determine time dependent aquatic weed resistance *! 
* cient '"(J*/ for ditches III AB and III CD. *! 
•INTERFACE :User terminal andf files 
*NAftE : L i m a a n d P r a d h a n 

*! 

• • a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * * * * * * * * * * * # * * * * # + * + i 

PROGRAM AQWEEDRES 

•.Declaration of variables. 
IMPLICIT NONE 
INTEGER pNlx.OI/-COUNT* J 
PARAMETER (P*I=1CQ0) 
REAL DST, ZLS 
REAL A(PM,A:7),H(?M),3(P?1)/?(PM)rR(?M),VISC/HH,RH,C0EF1 
REAL COEF2,COEF3^,U'DrRE,*U'AAA<P!>'!>/'ARrS/>C*AA(Ptt,'3)/F 
CHARACTER SL0MS6*20/SLVAK*20/*UDATA*20 

! Input of datas . 
PRINT */*Sive the average diameter of stems (in m e t e r s ) : ' 
READ *,DST 
PRINT *r*Give zero level of the staff gauge:' 
REAP *,ZL3 
PPINT *r*Give the name of control data file:' 
READ 'CA20) , *SL0M36 
PRINT *r*Give the name of section data file:* 
READ *CA20)'/'3LVA< 
PRINT */'Give the naae of the output file:' 
READ '(A20)'/*UDATA 

! I n p u t o f d a t a f r om t h e f i l e s . 
OPEN (1/.ACCESS= ,SEOUENTIAL'y STATUS**OLD' / FILE=SL0M8o) 
1=0 
DO 100 WHILEC.TRUc.) 

1=1 + 1 
READ ( 1 / * r E N D = 1 5 0 ) r ( A A ( I / J ) , J = 1 , 3 ) / ( A ( I , J ) / J = 4 , 7 ) 

100 CONTINUE 
15Û CLOSE ( 1 ) 

K = I - 1 
OPEN (.2, AC C ESS = ' SEQUENTIAL*/ ST ATUS = ' O L D ' / F I L£=SLVAK) 
1=0 
DO 200 WHILE ( .TRUE. ) 

1 = 1+1 
READ ( 2 , * # E N D = 2 3 0 ) , H ( I ) , 3 ( I ) , P ( I ) / A A A ( I ) / R ( I ) 

200 CONTINUE 
250 CLOSE ( 2 ) 

• T h e c a l c u l a t i o n s . 
OPEN ( 3 / F I L E ^ U D V T A , ACCESS = ' S £ O U E N " r I A L ' / ' S T A T U S = ' N E W • ) 
DO 3 0 0 I = 1*K 

! * T o o b t 3 i n v a l u e s f r o m f i l e SLVAK * ! 
H H = i ( I , 6 ) + Z L G 

C O U N T = ( H H - H ( 1 ) ) * 1 0 0 1 + 1 
! * C a l c u l a t i o n s * ! 

RH=R(CCJNT) 
Q = A C r 5 ) * 1 . : - 3 
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35Ü 
330 

AR=MA<C0UNT> 
0 = AP/f!<C0UNT) 

V I SC = 1 . 702 5 - 6 / <1 .0G251419+14.0S125 5 E - 3 + A ( I , 4 ) 
* f 2 2 6 . 5 0 5 5 3 E - ó * A < I # O * * 2 ) 

S = A ( I r 7 ) * 1 . 2 - 3 / 4 5 
U=0/AR 
C=13*LDG10(12*RH/0 .15> 
F = 1 ? . ó ? 4 / C * * 2 . 
C0EF3=U**2 /19 .Ó24 

C0Er2=F/RH 
COcF1=S/COEF3-COEF2 

.•1U = C0£F1*AR*45 . /DST/D 
RE=U*DST/VISC 

! * S t o r e d a t a i n a f i l e * ! 
WRITE ( 3 , 3 5 0 ) / A A { I , 3 ) r A A C I # 2 ) » a , A R * S , C 0 E F 1 # C 0 E F 2 x C 0 E F 3 / a £ / M U 
FORMAT ( 1 C ( 1 P £ 1 2 . 3 ) > 

CONTINUE 
CLOSE ( 3 ) 
END 
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!*PR03RAM :DRA3STE*C *! 
!*PURPOSE : T o determine time dependent drag coefficient of *! 
!* stems 'XI«, for ditches III A=5 and III CD. *! 
!*INTERFACE :User terminal and files *! 
•»NAME :Lima and Pradhan *i 

J******»***********************************************************; 

PROGRAM DRAGSTEMS 

! O e c l a r a t i on o f v a r i a o l . e s . * ! 
IMPLICIT NONE 
INTEGER ? : V I * K / J / C O U * J T 
PARAMETER ( ? ^ = 1 0 D 0 ) 
REAL A ( P M * 4 : 7 ) , H ( P M ) , ' 3 ( P 1 > / P ( P f O , A A A ( ? * O r R ( P * ) 
REAL D r H H , R H , Q , A R * D E P T H * X I * F A C T 0 R * X ( P 1 ) * Y ( ? ? 1 ) 
REAL A A ( 5 > M , 3 ) / ' I L G * V I S C / ' 3 , U / ' C . r r , R E r C 0 E F 4 , C O E F 3 « ' C O E F 2 r C 0 E F 1 
CHARACTER S L 0 v t 3 6 * 2 0 , 3LV A K * 2 0 ^ REG R E * 2 0 x DR A G* 2 0 / X I CO E F * 2 0 

! * I n p u t o f d a t a s f r o m t e r m i n a l * ! 
PRINT * v ' 5 i v e t h e name o f c a n a l d a t a f i l e : ' 
READ , ( A 2 0 ) ' / ' SL0*36 
PRINT •/••Give the name of section data file:' 
READ ,(A2D),/> SLVAK 
PRINT **'Give the name of need data file:* 
READ '(A20)*/' REGRE 
PPINT *r'Sive the name of output file:* 
READ •<A20)*,X:C0EF 
PRINT * r * 3 i v e z e r o l e v e l o f t h e s t a f f g a u g e : * 
READ * , Z L 3 

! + T o r e 3 d d a t a f r o m f i l e s + ! 
OPEN <1/ACC = SS = '3E'3UENTIAL ,

< -STATUS= ,OLD , - rFILE = SLOWS6) 
1=0 
DO 100 WHILE ( . TRUE. ) 

i = r + 1 
READ ( 1 / * r E N D = 1 5 0 ) , ( A A ( I , J ) * J = 1 * 3 ) # ( A C I x J ) / J = 4 , 7 ) 

100 CONTINUE 
150 CLOSE ( 1 ) 

K = I - 1 
OPEN (2/ 'ACCES3= ,SEaU£NTIAL , /STATUS = , 0 L D * / F I L £ = S L V A K ) 
1=0 
DO 230 WHILE (.TRUE.) 

1 = 1 + 1 
READ (2,*vEND = 253)/.H(I),3(I),P(I),AAA(I)>'R(I) 

200 CONTINUE 
250 CLOSE (2) 

OPEN (3*ACCESS = 'SEQUENT IAL'rSTATUS = *OLD',FILE^PEGRE) 
1=0 
DO 300 WHILE (.TRUE.) 

1 = 1+1 
READ ( 3 * * * E ? 4 D = 3 5 J > , X C ) / Y ( I ) 
PRINT *rX(I),Y(I) 

300 CONTINUE 
350 CLOSE (3) 

!»Calcutations + ! 
OPEN (4,FIL==XIC0EF,ACCESS='SEQUENTIAL'/STATU3='NEW') 

http://variaol.es
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00 

!*To O D 

VOO 1=1,K 

taîn values from the file 

C0UNT=(HH-rt(1)>*i:C1+1 

file 3LVAK 

4 50 
400 

!»Calculations *! 
RH=RCCOUNT) 
Q=ACI,5)*1.E-3 
AR=AAA(COUMT> 
D=?TH = AR/3(C0ül>IT) 
V I 5 C = 1 . 7 ? 2 E - 6 / ( 1 . 0 0 2 3 1 4 1 9 + 3 4 . 0 3135 5 E - 3 * A ( I r 4 > 

* + 2 2 6 . 5 0 5 3 E - é * A ( I , 4 ) * * 2 ) 
S = A ( I , 7 ) + 1 . E - 3 / 4 5 
U=a/AR 
C=13*L0G1QC12*RH/0 .15) 
F = 1 9 . 6 2 4 / C * * 2 

! * T o o b t a i n v a l u e s f r om t h e f i l e REGRE * ! 
D=X(1)+X(2>*AA(Ir2)+X(3)*AA(I,2)**2+X(4)*AA(I,2)**3 

* +X(5)*AA(I,2)**4+X(6)*AA(I,2)**5 
FACTOR=YC1 >+YC2)*AACI,2>+Y(3)*AA<I,2)**2+YC4)*AA(I,2)**3 

* +YC5)*AA(I,2)**4+Y(ó>*AACI,2)**5 

RE=U*0/VISC 
C0EF4=DEPTH*FACT0R 
C0EF3=U**2./1?.ó24 
C0EF2=F/RH 
C0EF1=3/C0EF3-C0EF2 
XI=C0EF1*AR/C0EF4 

!*Store the datas in a file *! 
WRITE (4,45 0)rAA(I,:S>xAA(I/2>*Q,Aa,S,COEF1*C0EF2» 

* C0EF3»'C0EF4,RE/'XI 
FORMAT (11(1PE12.3)) 
CONTINUE 
CL03E (4) 
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Table 5.1 - 'n' data (Ditch III-AB) 

Î? o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
^ I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I 1 I I I I I I I I I I I I I I I I I I I 
~ U i l U Ü J U J t U U i U J U l U l l U l l J U J U l U l U l l U I U U I l U U J U J U J I U U J U J U J Ü J U l U U J t Ü I U U I i J U I U U l l i l U J I Ü I U U J U U I I U U J U I U l U J U J U UJ UJ 
^ « ) < M M O » 4 N O > 0 « » e M < * O i n N O O W N N , « ^ » r M f f » » O N i n , O O l r t 0 . f " , O O M 4 N ' O N i - » ' M n M r O ' M « O O M 
T; r o ^ o * - « r ^ r a ^ o o « r o r o f N J f * i r * t o » A ^ r o i o r j c o a j r s . r ^ » n * - 0 < * o o r n 5 - o o o c o ^ » o o * < > * o * « T O ^ 

r i o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
_, a i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 
° Ul u j U J U J U J t U U I U J l U U J U J I U t l l U J l U U J U l L U I U U J l U l J J U J U J l U U J U J U J l U U l l U U I U I U J u J U i l U U i U J l U 

aOOOtmO>in fOCO«NinNr>4 'CQ^»» '4 ' (hNO&>«t in»K)ONlO< 'O inn in iOr > rOr - l><« lAOK>NK)»NO(><r>»NN 

r-» f\jr\ir-«-T-f\irjT-«-t-ryf\j{M^^-^-rviojrslr-^»fvJ<NiraT-^-fyfMrjfvi»-i\j(\ifgryf\|iF-»>ifNif^rgr^ 
M o o o o o o o o o o o o a o a o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
'S. I | I | 1 I I | I | I | I I I I I | I I I I I I I I I I I I I I 1 I I I I I I I I I I | I I I f I I I I I I 
• UJUJUJtUUiUJIiJlUiUlUUJUJUJlUiUUJUJUJUiUllUlUUJUJUJUJUJUJUJUJUfUIUJUiUIUJIUIUUlU 3 LJ M N O ' 0 « C r O i n i O « 1 O l r t ' * i n O i n O W N « O l r t h ' < N T - N i n N O » « n i n « - O W < 0 , O N « ) O N O « N ' e O l A ' * N c O O ' r ' < > K O K > 0 

S > n s r i n ^ O N ^ i 0 ^ t A r > i n ^ S 4 0 9 C 0 O » O < 0 N i A N ( 0 r v i N 0 « t > > O < t i A n i A ( 0 < > t N O > r - O ' O i n i n , O ( 0 O N 0 < v - O > r v i * - l A 
M « 0 0 0 < * r ( ) . O N - t N ' * S ) r - f t | K l f n O N O N » - N ^ O O O M N > O r r T - I A K ' 0 0 « * r O O ' r ' n * O C O N N < - n i n « o n « t -

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o o 
« n + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 4- + 
ar • u i u j u j u j u i u j u j i u i u u j i ü u j i u u f u j u u j i u u j i u i u u j i u i u u i i u u i u j u i u j i u u i i u u j u j u j i i j u i u j u j u j i u u j i u 

Ul < û ^ i - r * » T - s O ' O O f y N f - T - < > O i n f % j Q K > ( > . i n N . « o O ^ Q ^ n T - 0 * n % » r O ' 4 , N T - N N , < > t - ' O K ) N ' 0 » « 0 0 ' ^ - l A ' 0 ^ OiA 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I t I I I I 
bJLUUJILtUJUJlUUJuJUJUJUJIiJUJUJUJIIJllJUilUUJUllUUlUJUJUJUIUJUJUJlJUUlUfUIUJlU 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I 

tUUJWUlUJlUUJUJUJUllUUJUJUJUiUdUJWUJUJtUUJUJWtUlUujUIUIUJUlUJlUUIUJUIUJUJUJlUUJU 

b-l ^ ^ f t J > O N « N O * t i - O ^ W O r ' N N r N i - N « N t * ^ l r t i n O M " O M n , O N M « t ( A > O T - N I > J ^ > t ' 0 » r n ^ ^ ^ « A O r s i j 

o o o o o o o o o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I 1 I I I I I t I I I I I I I I I 
WWUlUJUUJUIMUJlUUJMUJUlUJWUJUJUJtUUJIUl i lUJUJUIUJUIUJUJUUJl iJUUlU 

n ^ ^ a î < o « O T • ( ^ N < * ^ > . N ' * n o » ^ l n ^ J » * o r t ( ^ ^ ^ o o l n M ^ N ' • l o f ^ J » - ' O M ^ l l n o ^ ^ K t O l n r ^ ^ ^ « ^ r • o ^ l O « ) ^ o * * 
»-I N l r t N i « ) O n ' 0 N 9 « f h , 0 » O O r » 0 S ) Ö ) O i - ^ N 0 . t - » . ^ N O T * C S I > t N ^ O f N ' * » O ( K T ' N ' * i n w O r ' N « t O O T * N 

o o o o o o o o o o o o o o o o o o o a o o o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o 
n i i i i i i i i i i i i i i i i i l i i i i i i i i i i i l i i i i i i l l i l l l i i i i i l i i i i i i 
f\l UJUJUJMJUiWUlUJUItUUJIUUJUJUlUiUJUIUJUIUJtUUJUilUlUUJUJlUlUUlUfUJUjUJUiUJUIUJIlJUJUIUJtUUJUJUJuJu 
« o ^ K * f ^ e o o ^ c o o i N i o * r J ^ h - r n o o « o * o < o f \ i © » M r w ^ w « > a > o o * o * - c o f s j i n ( > > o o o ^ « K 

raf \ i rurNiT-CNir^rJr^^-rJwr^MAi*- fNj f> i iNirv i i \ i f \ j r j f * i rNirs i fs i iNi fur j»- i>Jf \ j r j r j 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o 
w I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I f I I I I I I I I I I 1 I I I I I I I t 
'S WUJiUUJUJUIUIIÜUllUUJUJUIUIUJUJUJUIUJWUJUIUIlUUlUJUJUJUJUIUJIUUJUJUlUtUIlUUlW 
< a > N o w i r t n M o » i r t O n * a » r n ^ n ( K H ) h O ^ < h ^ o o ^ i ^ t A N N > O N ' t e o N o j « ( o ^ M t o * o » - 0 ' O N r J M ^ r . i A ( > O f - * * 
M • « • • • • • • ^ • • • • • • • • • • • • • • • « • • • • « • • • • ^ • • • • • • • » • • « « • • • i R t « » * 

rstrürgr^rvJrarsirJwrar^rafsjfNJr\jrvjrjrgiNjfNifurNjfsirJf^rgfv»r\irjr^f^rvJr^ 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
+ + + + + + + + + + + + 4 - + + + + + + + + * 4 > + + + 4- + + + + + + + + + + + + + + 4 . + + + + + + + + + + + + 
UJ tüUJ I iJUJ lUUJUi lJU I tUUJUlU iU l lUUJ lüUUiUJ lJUUlUJUJUuiU lU iUJUI lU iaUJUIUJ I iJ lUUl lUUlUJUJUIU l i juJUiU lu jU l lU t i l 
O O O O C i O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
oooaQ^^^^N»t••'•^^**«<o(Ocooofg(^^^l^lr\l'0^o«o»0'flW«)'fl«o«a>oooooo^o«^«^c^<^^^^^^ 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
+ + + + + + + • + + + + + + + + + + + •• + + + + + + + + + • • + + + + + + + +•*• + + + + + + + + + + + + + + 
u j u j i u u j y u j u u j u j u i u j u j u j u j u u j u j u j u j i ü u i u j u j u i u i u i u j i a u j u j i u u i u u i i u u i u j u j u i u i i u u j i i j i j i i i u j t a u j u j i i j i i j u j u u i 
o o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o o o o o o o o o a a o o o o o o o o o o o o o 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O a O O O O O O Q O O O O O o O O O O O 
O O O O O O O O O O r N n s » i n O r f > J r t 4 l f t ( ) . O T ' N K ) M « » i n ' O N » e » O r N W * » i n ' O N i i ü l ) « O T ' ( \ j n ^ i f t N O C O O ^ 
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Table 5.2 - ' n ' d a t a (Ditch III-CD) 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I • 1 I 1 I I I I I I I I I I I • I I I I I t I 
ui in IM ui *** "i M* m vu *" **J *M w *" "i ui *** M/ f* üi m tu ui ni û.t iu ÜJ m Mi IM UJ MI MI* *M y *** MJ m m m M' m " " " • " U | m " H " m 'M " ' *>J m 
f* UMO Kl (O O "O ON'O'>'0Si*O^O>O>^a)NinnKtN'Oa0r(0IA'OKI<ta<MnN0tinN'fKlin O r t - K O > K I » - - * N f O < M f t 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I t I I I I t I I t I I I 
UUJUJU|UJUIUJIJJUJUUJUJWU)UIUIUiUJUJUJIÜUtUUUIUiUlUllUWUIUIUJUJUJUIUtUiiUUUJUJUllUUlUilUUiUJ(UUlUlUiUI 
» O O n O N r t < O K » O M N O K » ^ K l ^ N » K » « N W O v O N N M ^ N O ^ W O l f t N N » O M ^ K l ^ N N K 1 ^ M ^ r v l f \ l t - * N N l r t 
m r « S O O » l f t N N O O N r N > O N N N N S < M n O ' r K t O ' i n O ' 4 ' 0 ' O N O ' » " O M * 0 * - * N l O M n ( > * t N > o a » t f t N t - N l r t i ' » 
N ^ S O > a N ^ K » N M « N O « r - N n i A N f t t - t O < O e O O t > K I > O n O N n ' O a O < h O r N I ^ ' O N ' O O t * K I ^ N » 0 ^ ' ^ » O r - N 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
lib1

 IM ui û  ui m i'i H* ui 'if " ' l l i u i ut t*J ut " i w " ' 'if " * n i '>' I M U I " ' iu tu tu m *** *** U i "> *** uf **-* ^u ' " m LL* *** l t J U l | t J ' " **i *" "i 'ti " ' "* *M UI 
o en r- &• ^ .KI-O ^ f \ i^ rym«o* -^oo<> '«Noo^T*h»^iAT- inO« , or" f \ i i> .^ f * -o , o^iA^K i o<\ i ' *«30 ' *^<>ooi»eer^-
^in^^in«t»iri^Kf\i*OK>rvJOioh-f\ieoctf^T-Aih*^coi>.i/%r-OMK»^>*r^^r\ii^ 
r v i ro fs i^M^^M^^r * f \ io^ f> j 'O ino^aAj^o«^o» - ioco«o i> i ro^ 'OOOT->o<^0 '« -o»^M^-T - rN i<^o^o*T -o '^ 

i ' 0 0 « 0 ' t - K i * 0 ' f ^ K » N o * ' P T - f i O ' 0 » ^ T - n « » T » T ' n i r t « ^ f M i f t s ( K f - f n ' û « » ^ i 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I + I I I I + I I I I I I I I I I I I I I I I I I I I I I I I I I t 
UIUUiUlUiUJUllUlULUUJUUJUJUJUJUJUIUIUJUJUtUUltÜUUJUJUUJUiUJIUUJUIUJUJIUWUllUUiUJUIUJUlWUJUJUiUJiüulUJ 
« < > N « N N ^ ^ N N e O I A r - » N I A r O O ^ N O N ^ < N I N ^ T - K » ( A N ^ ^ n O ^ N M f y N K » N N O . ( > . < > N N N i n O . N - 0 » - r > 
m i n N , < l r T - i n O O » r ^ > t ' O O ^ K » i n < 0 ! O K O ' t ' O M O N N N ' * O i f t « T > , O N r ' * N ' O r ^ , 0 ' 0 , O N T " 0 O N M » 4 JA«? 
NN^NtN^>ONN»-meOONtA«tU>N^OOvONtnO»^Ot- ' *0»f t - *n (K ' *NO>NT- '0 -0<t -Kt« )A| 'OWtA?- f>stnt r> 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I f I I I I I I I I I I I I I I I I I I I I I I I t I I I I t I I I I 
tuujujujujuiiuujujiuiuiaiuuii i juiiuiuujuuiuji i j iuujuiujiuiuujuiujuiujujujw 

' O O o • * ^ o ^ o < ^ ^ t - O N * * ^ O f ^ l < * o o < ^ » " ^ B 3 0 K | ^ t K ( O O N l l ^ ^ ^ l O ^ K l l A < a l n o O K ^ l A ^ o . ' 0 ( ^ l ^ ^ t N o r K l w 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I 1 I I I 
UUiUJUJUJI^UJUJUJUJUJUIUjUJUJllJUJUMUJtliULUUUJUIUJlüUJU 
i n N O f r r o i f t ^ o a M ^ N O ^ < 0 - * » ^ 0 < O i n T - S ' * r > t f i r ' r N r a r N N » - W M « - r O - t r n i r t f - o o - > t K > i n ( > ' N > t i f t N 
^c>i inKtK>*fwinioino*<>i/»eo<*s}<*Kino^^<>»o%N-^^i>i^in^^(*f*^i^in^f\ i io<*N.^^«oi^ 
>00)<0^0««<00'»- , C«000>Or- , <)M«rtOr-So)COO*-NO'0-OT*N<OCOe'Ot-KO>(0»Or-NSCOO-0»-N<>Of-r -

r\iruNr\ii^rsjrkiNfNji^r>jr\ir\iNtOKtr4fNjr\i^K>r\irsif\ifOi^isif%iAir^Ktt\iN 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I • I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t 1 I I I I I I I I I I 
UJUJUJUiUJUJUJUJU4IUUJUIU|UJUJÎ IUJUIUJUilÜUJu|UJIUUJUJUJUJUIUJUJUiUJUJ 

^fOtrti\ j^^c*^f\i»<«fsitrttw<*trtcoc>»inT-irt«of*im^trtco^<»-&in»f>i^^^or>»^tA»^i«m 

N ^ « N N N ^ W N r P k N e o n « O N O - H ) « ^ 0 » r N O N O ' T - B ) r " ' O N T - f > ^ n N ' r f - W C O O N ^ T - N » n N O k n N i n O ' n 

V \<0«NNin '0<OMOin<0<ONNeOin<0 '< )NK>0<OKr>Ny)H>NMO<oy)«SMI )>0^<4NSK'0 'O l ONNS'CNNMO 

fNjiNir\irJr-fyrjNrj^r*i!NirafNJf^w-r^rJWrjraiNif^rjwf\iiNiiNirjf\iT-iNif\jrjN 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
I I I I I I I I I I I I I I I I * I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
UJUJUJUJUJIUUJUJUJllJUJIUUiUulUJIAlUJUUJlUUlUiiaUlUIUJUilUUiUjUIUJUfUIUJ 
a *C4 in<> i^^o>h-^c j^^o iA«OTi r t^^»r te«»n* r t i^eo^o»w^o^otn^T- tnCKr»^^J^Nm 
<^rioi/>inK»rn»>in*ot^<KBOi^^r^^^i>o*©*<*.oo^ininr>irJ^N^aorsicjeow 

rjr\ic4rarJr\iwrjMf\ii>iwf\ifycjfNiftiivf*icjryf\*rjr\iryfsif*Jw 
c » o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o c > o o o o o o o o o o o o o o 
• • + + + + + + + + + + + + + + + + + ' f + + 4- + + + + + + + + + + + * 4 - + 4- + + + + + + + + + + + 4 - + * + * 
u j u i u J i j J u J U J U J i u w u j i i J i U U i u j i U ü i U J u j u J U J U J i u u i J ü U i u j i u u j u i i u i u i ü u J u i U i i i J w 
o c - » o o o o a o o o o o o o o o o o r a o o o C T o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

O O O O O N S N N N > t ^ < t < f > t ' t V n i 0 < Q ( 0 N N N I M N ^ < 0 ^ < « < 0 O t t ( 9 n i 0 ( l 0 O O O O O O 0 > » » 0 > A > » S N s N S 

» - ^ . ^ » - ^ ^ - ^ - ^ - » - « - » - « - ^ ^ - • - » - ^ • ^ - ^ - » - « - ^ - ^ ^ • ^ • » - ^ - • • » • T - ^ f N J I V I f Ü l N I f V I f U I N I f S l f N I A I f y N f N i r J I N J f y f y 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
• + + + + + + + + + + + + + * + + + + + + + + + + + + * + + + + + 4' + + + + + + + + + + + + + + + + + + + + 
t U b l u i U J U J U i U J U J U J U J U J U J U J U J U J U J U J M J U J U l l j J u i U l W U J U J U J U J U J U J I i J U i U J l Ü U l U J t ^ 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
o o Q o o o o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

0 0 0 0 0 0 0 0 00*•Nn'tlrt , 0«-NM•tlfl^Or^JK|M•*IO'0^»<^Or•NK|•*ln'O^^O^Or^Mn••WN^»)(^Or 

*-CJW^in>OIS»rt^^r-*-T-^^T-ftllN|MfNlf\IM^^^^IrtiniAU\IAIAIA 
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Table 5.3 - V data (Ditch III-AB) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ + + ++ + + + + + + + + + ++ + + + + + + + + ++ + + + ++ + ++•* + + + ++ + + + + + + + + + + + + + + 
UJUJUJUJUIIUUJUJUiUJUJUJUiUJUJUJUJUJlÜUIUJUJIUUfUJUIUJUJUJIUUJUJlUIMlUUJtUUJUJW 

' l ^ r ü r u ^ O M ^ ^ K i r ^ J e - ^ i / ^ o ^ f l O i n ^ O f t i ^ i n i N l t o W T - ^ T - f ^ ^ r ^ ^ ^ T - ^ ^ ^ ^ e ö o i n ^ i n u ^ ^ c ^ 

<Nif\jf\irsJc^r\jf\|rsicjr\jfNjranirvjrufvjraMojf>jrsicjrgrgf\^ r\j r\i r\j IM <M rv rvj rvj r\i 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
• • + 4 ' + + + + + * + + + + + + -«'-* + +-»» + + + + + + - f ' f - f + + + + + * + + + + + + + + 4 ' + + + + + + + + + + 

.nUJIUUllÜUiUlUJWUUiWUillJUJUJIUUlUlUJUiUJtllUUUlUJUUJUUJUUlUlUlWWUlUJUJIUUUJUJUJUJUUiWIUU 

vu<OCh«)0}NHNi-N«rja)r\ |K>N'>teONy)NNNO'Os'C«00000<h(>>N^f>|f-<>tO^O«tNT-CO«>t<OlAOcO>nN>Oin^ 
i r t e o * O N W f r « m , 0 ' O c O r t » « N N O l ' C O > O N N N - * t O * O i n ' * T ' N l O l f t N « M N » - ' O N ( K O i f t N M ^ > ' * ^ » - t - » - ' Ö O » r v i O » 

Ot o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
f\l I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
•** m m m \if m nj ni n| w nj tiJ m tu y; m IM Mi M' UJ u i m ui|u ui m 4*1 jjf ' * * ' * * tu tu u l u l m MI ' " "f 'iJ "J "J U# M' m tit IM m i in j uiui I ^ U I I D ti| 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 0 O O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I 1 I I I I 

œ r-l U1 UIIUiÜUJUiU|UIUlUJUUIIUUUJUIUiUIUIUIU>UIUUIUlllJUIUJUJUJUJUlUlUllÜIUUiUJUIUfUblUJUiUlUUlÜlUUJtUUJU 

T . K M M T - O ' 0 n f - r - ( M n N r O O N t r t N r O 0 ' ' « t f X O « i n ' » r O W M - * N O O « 0 « * ^ f r ' O « 0 ^ > * r t r i O * 0 » r t ' * O O , 0 M 

_l O O O O T - O O O O V - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

< o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
*s r-i + + + + I + + + + I + + + + + + + + + + + + + + + -f + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
uEUJull*JUIUJ!UUJUJUJUUIUlUIÜIUIUJUJlUUUJUIUlUUjWUJWUlUJUlUlUIUJUUiUlUUIUJUJU|iguJUtUJlÜUJuiUIUJU 
* s t o

| > t t i n S ' 0 « # Q N < O N ^ o i n o i n i n N ' 0 « t i A i r i i n n a n S O C ) » O N ^ N « O N N i A N t n O ( Q n i A N ^ ' 4 « - N < t « a 3 ( M n i r t 

« U i r t W r - N 0 0 4 « * 0 < t M O * , 0 > t M N f » ^ O N , O N W r ' < J ' f l N O N M « ) » O C ( ) O r t O » , O l A « » , O t f l O ( » S ^ ' N I « * N T - ^ « ) « i n ( K 
3 • t « l f a * « t » » f « » * * * « * * * * « « * • • • • • ! • • • • • • • • 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
n I I I I I I I I I I I I I I I I I I I I I I I • • • I I ) I I 1 I I I I I I I I I I I I I I I I I t I I I I 
fSlUJUJUJUiUlUJUJUiUJUlUiUlUIUJUlWUlUJUJUJIi lUJtUUlWtUliJUJUIUIUJlUUJtUUlbjUJUIUIUlU 

< < o « n N a } 0 ^ e o o ^ J ^ N 4 ^ r o ( o ^ û ( ^ o o o ^ l < ^ K ) K ( ^ n « o a o o o > o « - e ( ) N l r t ( ^ > o < n « t ( O N ( ^ ^ c n l A N { K ^ < o ^ n O ( K l o 
f N ^ ^ N * O N « r « * , 4 , 0 » r - O O i n K I N N » « ) ^ 0 - O O f O - t « r ' « M C O K > N N o n i n « l ) O N O M W « 0 0 « A > t M ' * 0 ' ' * l O f O t O 

U | O N O i n r » l * t U > t O O O O S Ï » ^ r N n N N ^ N O O O t - N « O M M n j \ | » 0 » O i n N O » 0 * t O * T " N < 0 0 « * N « > t N ( K M « * » 0 
< ^ i n ^ ^ r * ^ i n N O ^ a o * t n ^ r » r » c o ^ i n ' O h - t t i n ^ r ^ M a o t n ^ r ^ t 0 C K N t > i n ^ r * o 9 c o i A ^ ^ h -

f \ * f \ j r \ i r 4T -NNr * i i% i * -w iN i#Mfv r \ J^ r j iN i f \ i r i * \ i * \ t r j fN j r * iN r \ i f \ * « \ i r^ 
n o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M I I I I I I I I I I I I I I ( I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
N^t jJUJIülUlUUJUiUiUJIUUjWtUUIUIlÜl lJt i iUJlUUJUJUilUlUlUUJUiUiUJlUUlUJUJUJUlUJUitUUIUII 
< « f x i o i A i n r ^ M ^ i n ^ r o o ^ e o r o ^ t o o ^ ^ r w ^ o ^ ^ O o ^ t A i A N ^ ^ r s i ^ e o r g N c o t o ^ M w s a ^ o ^ i N l ^ r o 
fir?r-K>0' 0 « ' * M , * * " N « ( » r r a ) r O a a O ' 1 O O r O » t i n O O r a o O ' O M ' 0 0 ' ror»JN.**r>»f*-e«10 ,00»eOh-AI<Mr»».Cr-0 

ra rar^ (N j f \ i rgr^r^ i \ j r^rgrur \ i iN i rJN(Ni iN iNNNrv j r j rv i i \ i rv j rs j rN i rv i rarv iNN 
• 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O O O 0 O O O O O O O O 0 0 O O O O O 0 0 0 0 0 0 O 0 0 O O O O O O O O O 
fc. + 4 - 4 . + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + * + + + 
Z IJLUuJUJUJHUJUJUI I l iUUJUI lü lUUlUJlÜWbJUJUIUIUUUJUJUI IUUJtUlUUJUJUlUJIUIUUJlUlÜIUUttUUlUJlUUiUJIÜUiUJIUUJ 

O O O f » O O O O O O O O O O O O O O O O o O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O r » 0 
x o o o o o ^ r * r * ^ r ^ ^ ^ ^ ^ ^ ^ « o « w » « n j i \ i r u r j i > i ' o « ^ H ) * o » » ^ c o e o o o o o o o o o o k C h ^ < > ' 0 ^ o » K ^ ^ N , r -

a • • • » • • • • • • • • • • • • • • « • • • « * f f « t * » B » t i » * a « i i « t » * » « « a a * » « » « a 

* 
I- O O O O O O O O O T - ^ * - T - r - r - ^ T - ^ ^ ^ ^ * - t - i - ^ i - f « ^ i - a - ^ t ^ T - ^ T - ^ a - ^ a - r - ^ « - « - ^ * - « - - * - t - - « - ^ - T - » - * - * -
-C O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

4.4-4> + + + 4 > ^ 4 - 4 > 4 - 4 > ^ + ^ + ^ 4 / 4 > ^ 4 > + + ^4>4>4>4-4> + 4 > ^ 4 > > 4 > ^ + + + 4>-f<«-- f>-f4-4-- f4><f- |>4>-»-4-4> 
* UjUJujUJUJUJlUUJlUUJUIUJUJldUJUJUJUJUJljUUflUUjiUUJMlUUJUJUJUJUJUJUJUJUJWW 
W O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
*» O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
4» O O O O O O O O O O r N M « t l A ' 0 f - N n ' * i 0 ^ O r N n « ^ > r t - 0 N 0 » 0 . O r N M ' 4 I A , 0 N « O O r N ^ « | t f > N 0 ? 0 » ( J r 
* • • • t . . . . . . . • . . 
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Table 5 .4 - 'y.' d a ta (Ditch III-CD) 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
• + • • • • • • • + • + + + + + + + + + • + + • + + + + • + + • + • + • + • + • • • • + • + '• + •••••• + + + • + + • • * . 

U J U J U J U J U l U I U J U J U J U I U U J U J u l U J U J U I U J U J U t U l l U U J U l U J I U U i U J U J U l U I U J U J t U U l U i U J U J U J U J U i l U U J t U l Ü U J U J U J U J U J U J l l J U I ^ 

* O K < 0 ( O N N t - O N ( n « » . n - * 0 0 » N « 0 « 0 ' * N ^ n t - I O O O N O ' « ^ r t a N O , O n ( > ' r n i O ( > ' < l T - O t - f t l t ' O O O i n f K « ) A 

p j r \ i r \ i r u r J r \ i r ^ r v j f \ i r \ j < > i A i M c s i c j r v i < N j i \ i r \ i r 4 f N j r v i r s i r \ i f \ i r g r \ i f » i < v 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
+ + + + 4' + + + + + + + + + + + + + + + + + + + + + + 4 ' * + + + + + * * 4 > + + + + + + + 4 - + + + + + + + + + 

n u j U j i u u j y u i u ' U J u i u i i u ü j u u j i i i U i u j u i u i u i w u i u i u i i u u i u u J U J U i u i u i u u i u u i u i w u u i u i u J u J U J i ü i u u J u j u 
4* | t O i n - O N ^ « N e O i n t n * U i t - ^ f > I N < n N O N ^ O O ^ c O l - T - > O O I ' < K > ^ ' # M ' * N ' 4 * t f - l > < * M ' C | O N O ' O U > N > O l A ^ i r i ' t O 

> 0 n e » . M N N « f l O l r t O « ) « n ^ ' * f « 0 O ' 0 N l f l , O O « n O ' 0 f ü N r - N C 0 O N c 0 t - » , 0 ' * * , 0 N M M O * O « » ' * « O ' » « ) ^ 0 * T -

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
t» I | I I 1 I I I | I I | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
rtJr^UilUUJUJUJUJUJUJUJUJIlJUjUJUJUJUJUJlijUJUfUJUJUJWUJW 

rvlUN«N**(^<lWlAOM^^in<)S«>t^«OtnSNNT-nNIA'OoO«)«)OO^N>»«nNNMK>aNK>tA«nT-fvl^'t«M 
3 • • • • • • • • • • • • • a a t a a a a a a a a a a a a a a t a a a a t a a a a a a a a a a a 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
n I l I | I I I I I I I I I I I I I I I I I I I I I I I I I | I I I I I I I I I I I I I I I I I I I I I I I I 

OC PI m \\) m ü« » i tu in m tu ifjf n j t<j m i n tu m in \»f m tu I U tu m u i tu in I U n i UJ til m u i ui u i tu m n i m m i u ^ii uf I J m n m I J |u m ^ m tu | i i tu 

> < f - o ^ w O ' r - O M i A » S ' O N i n « o O ' < n u i i r t « N N r a T - > o N o o n * N N n M r ' N N O i n N r , o f > * a t n ' O T - ' O c o o o « # ' < ) i J O 
U M T - T - 0 0 ^ * - i - O N N f ^ O O , O N r r O * N r r ' 0 » N r r O ' 0 < M r T » O O N N r ^ r O O ' N N T " O Q O ' » - O O M n 

- I 0 0 0 0 ^ - 0 0 0 0 ^ - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
< o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
N» r i • + • + | + + + + I + • + + + + • + + • + + + + + + + • + + + + + • + + + + + • + + + • • + .». + • + + + • • 
OOÊUJUlUIUiUJUJUJlUUJUUJUlUJUlUJUIIÜUlUJLUUJliJUlUJlUUJbJlUW 
« » k r . i n < n o > ^ » T - S O > t O i n N N » K . > t ^ l A N < 0 ( M I O N 1 O i n N O K > M M O r > ( O O K t O K ) N « K ) N O < t N ( O O i n a ( N t l A ^ K ) 0 0 

3 • • • • • a a a • a • • • a a a a • • a a a • • • a • • • • • • a • • 
r r j a - a - a - r - t o P 4 a - « - o * ^ f u ^ a - a ^ a - i n K » a - a - a - ^ i n r \ i r U r * K > a * r * i f \ i « - « ^ m r u c \ i f > i i A » ^ f s j w 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o o o o o o a o o o o o o o o o o o o o o o 
n i i i i i i i i i i T i I i I i i i I i i I i i i i i I i i i I I I I I I I I I I I I t i i i i i i i i i i 
CJUlUJUJUJUJUJUJUJUJUJUJUjUJUllUUJLgUJWIUUJIUllJlUW 

< < ^K»tnw^^^u^f\ ieotnw»"r^©'U^MO*ifta- irtWfuefl^iA»oo»o*iAcOfvj^%***tow 
B ^ W N f t - N ' 0 ' f l ' 4 , T » i A f O M ) ' * ^ , 0 « r t K t , 0 » * > ' 0 « - ' O N N ' O r - i A T - K l A r * 4 O K » O h i n r ' W > ^ N S , O r O v - t » > N ' « N > 0 ' 0 » O N 

i r t « < O N h - m , O ' Û N « 0 l r t « , O N N « ' A , û , O N K , O > O S N N ' O ' Û N N C 0 ' O ' < » « N S » ' O > O , O N N N « < « N N N « N S N 0 0 

r>irar4fsj«-rar j |^rsi*-rsi fN|fvl f«f^^ , fNiMrsjfNjcNifyf \ i r^fvi fsj furJrNj iNiT-r i f \ j r j 
m o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
« I I | I | I I | | I I I I I I I I I I I • t | 1 I | | | | | t | | | | | | | | | | | | | | | | | | | | | | | 
N t t g u J U J u i u u J U J ü j u j i u u i i d W U f U J U J t u u J u j u j u j u f U J i u u j u j i u 

o n ^ N M O ' W ^ ^ ^ ^ N ^ * - O w * < » l ' ^ » - ^ u ^ « 0 ' A l n ^ e c > ^ o o « ) N c o o \ f O l n - » • T • l n ( > • ^ * c ^ l ^ ^ - K » a - O l n « M ^ * < ^ ' O N ^ n 

U l a i a a t a a a s a a « i a a a a a a a a a a a a a i * a a a a a a * t a a a « a a « a a a a a a a a a a a 

a O C 3 O O 0 O O O O O O O 0 O O O O O 0 0 0 0 0 O O O O 0 0 O 0 O O O O O O 0 O 0 O O O 0 O O O O O O O O O O 
l . + + + + + + + + + + + + + + + + + • + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
zr. u i iü iüU iu i tuu tuu ju ju juJüJu iU iu iuwuiUJUJ iu iu iuu ju iu iuuJWUui iuuu iuu iu iuwiü iuuJ i i iuJuu iuu iuu iwuJu j 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o a o o o o o o o o o o o o a o o o o o o o o 
>s O O O O O N S K N N ^ s t ' 4 > t * t « t a ) ( 0 C 0 e 0 « 0 r J m N N N < 0 < d « > 0 « O t 0 ( 0 { Q ( 0 n O O O Q O C l 0 ' [ > . 0 > < K 0 » ( K N N N S N 

O a a « a a a a a « i « a a a « i * t a f l a a t a « a a a a a a a a « « * a a « a a a « a a « i a * a a a a a 

a 
*- O O O O O O O r i 0 ^ a - ^ a - * - « - ^ ^ a - a ^ r - » - a - ^ ^ a - a - a - a - ^ a - ^ a - r - » - a - a - a - a - a - ^ » - ^ ^ r - ^ ^ T - ^ a " t - « - * « - ^ - ^ - -
<e o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
a U J U J U J U J W U J b J l U U J U J U J U j U J U J U J I l J U J U J U J U i W U J l i J U J U J l U l U W 
M o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o c i o o o o o o o o o o o o o o o o o o o o o o o 
<1 0 0 0 O 0 0 C 3 O 0 0 0 0 O O 0 O 0 0 O O O 0 0 0 0 O O 0 0 O 0 O O 0 0 O 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 O 
« O O O O O O O O O O r N K I - * W ' O r N W ' > * t n O ^ O f - N n i O ^ > n ' O K e o O ' O i - N M » | i n < O N « 0 » O r N M ' * i n N f O O , O r 
K . a a a a a • a a a a • • • a * a a a a t a a t a • • a t • a a * a a a . a a . • 
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Table 5.5 - ' £ ' data (Ditch III-AB) 

O O O O O O O O O O O O O O O O t - O O O O r - 0 0 0 0 * - O O O O r - O a O O O O O O O O O T - T - O O O O T - 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ + + + + + + + + + + + + > * + + + + + + + * + * + * + + + + + + + + + + + + + + + + + + + 4 - + + + + + * + 
U i Ü J U U l U J U U i W U U U l U J U I U I U J U l U l l l J i Ü U J U I U I U I U u i U U l U l U J U I U l W l U U l U J I U U l U I U U l U I I U U i W U J U J U I I U I U U U l U i U 
f o» o T-INJ ^ M > f. ^raroo^eo^Kt^>Okioooh-oav»T-oinr-fn^^^^Nr^Of^ih.r»-Ki-4'^ iorsi^<t>r<-(nfw'cor-u-i 0*00 
t -eoNminNr j» in«o>inot f>o>ON^roNin<o«QOrnNNON'<tN(0^>n^ '< > K>'ON>«^<oaKt^too»r i | nrs .K i» 

rNjf\frvjrjrsirgnjf>ir\jrsir^rürgrNirN|cjfu<NjrjrNjr\irvjrJfsjrjrgr\ir\jNrjr^JfNif^ 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
• • • • • • • • • • • + + + 4- + + + + + + + 'f*- + + + + + + + + + + + + + -»,+' + + + + + + + + + * + + + + + + * 
W Ul UJ ^ ^ 'M 'U ^ Ul U ^ tu Ul >̂ 'V ^ Uf W 1IJ Ul IÜ UJ UJ ^ W IÜ IU Ui ^ U] U IM III W ^ ^ ^ ^ Ui ^ 1» ^ u l ' ^ ^ 'M l ü M' ^ u l ! " "J " ' u l 

N N N » < 0 ^ < t ( ) l O M u > < t K f l a f - ^ 0 « N i n < - > t ' O N ( \ l » « t K I « N N i O » < i n ' O N N K c O O O > 0 ( S i A I A D ( ) N n N « > 0 0 > t 
l n o l O < O N l 0 ^ y | n ^ ^ t l ) N ^ n O r c O r N r t J O r N f M ^ « - ^ < t N n ^ | ' ^ l n * - 0 , C ' t o n e o o c o ^ t l n T - N « - ( 0 < O l n n o > a < o 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o O O O O O O O O O O O O O O 
I t I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I 
iii ni in m i|j 11̂  i i i m î i m n| ^ j \if i^| i i j m m ti) m pj tî| |f,| tu m ^ j ^ m ^(j u i ^f m ^ ^y n i tfj m tiJ lu u| pj i t | n | tif | t | ui m m ui lu UJ m ig tu i i i 
t o i - * n i A O O « U > M ^ » 0 « « T - ( > l f t M O O » N » i n f l 0 l O ' O N * O r ' N r 0 ^ » - N y 3 C 0 ^ « « C 0 N O . O 0 0 N ^ « l r t O ( > f v J ( O « r -
> S i r t N » » 0 « t O ^ N N » O i n ' 0 ' * r « f l A ' 0 ^ 0 * O l r t ^ O K ) ' > t r ' O W O N ' 0 - 4 ' N r i Ö O ' « t - » i f l a » t « 0 « ' O W ' 0 > * i n ^ 
rj^*oh-to^^ootNog^>o<oo«OT»pvJ»oiA>o^^^t^O'0**-Kiinr^o>f0^ro^^r-^<»Noo»-^iAincoo-o 
N N N N f \ I N N N N K > r J N N N n M f y N N N N N N N N N M M K > M n M v t ^ ^ ^ - * M K > K t r 0 4 ^ N N N N n M N M M n K t 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
UJUUIIÜU)UUJU)UJUJUUlUJUIU|UiUIIÜbJUlUIÜJUlUilUUiliJUJUUJUJUJUJUJUJUiifUJWbJUIUJIlJWUlUJIUUlW 

N«N^a« in iAOK) f -« in«Ni4>rQ><oOin^KNf> inNin4 i> )cocooa(hN<«(D iON( \ iNroo>NK>v> in i -N^«te )n 
^or^r^ro^ - r» i^oo '^ , o* -^e^^Kiooco»u^o*«>^oor^r^h-^ f *^^OT-Mr -^^ fN i^ooat *«s>Mo^Mrv i r^ i r * io 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o o o o o o o 
I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I 
UJlUUJUlUJUJUUlUJUIJUIUIUIUllJUlUUlWUUJUlUJIUUJUJUUUIlUUJIUUlUJUIUIiaiUUIUIIUiuUlJIUUlUJUIIÜU 

0 ' O i n O ' T - O n i A O » N > O N i n ' 0 0 0 ' ' O n i n i n i « N N N t - « N O O K » ^ N N n « ) » - N N O i n N T - ' O N O i n ' O f - - 0 » » ^ ' O e O 
n r r O a K l r r O N N T - f O O ' 0 » M T - r O * N r n O a N r r O > O N r r O O N ' M i - f i - 0 0 > N « M r O O O ' r O Q « M r t 

o o o o « - o o o o r - o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
+ + + • I + + + + I + + + + + + + • + + + + • • • + + + + + + + + + • + + + • + + + + + + • • • • + + • + + + • 
UJIUUJbJUUIUIUlUJWUitlJIUUIUIUtUlUlUJUJUJUlUJUUIUiUUJUJUJUilUUlUIUUJlUUJUJUiUllUlUUIUIUIUIüUIUU 
f - i n « 0 ( > » t O ' T - ( O ^ O I f t M > J ^ N ^ ' * H A S ' O N n N y ) ( n N O n S N O r ' K i O n O n N ' O ^ N O ^ N ( « O W O « M > f t T " K » 0 0 
nN«o<^s»^H>«tinNst«oN^<tOQinO-<4Snn^'OO t^tA'Oin^if>«NT-<«o>oini |OM<ttooo<tr>oroT-NNt<>o 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
n I I t l l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I l l l I I 1 I I 1 l l l 
CM UJUJUJUJlUlUUJUJWUJlUUlUUJUJUJUJlUUJlUUIltflUUJUlUJUJUJUlUlUJUJUJlUUJUJUJtUUJIUW 
< ^roiAN>*^<*iAfyco<Df\iirth-<*ineocNiAv-ineorjin^inco^^<Kin»fNi^^^«o«o^OiAm 
E ^ « ^ ^ h - ^ ^ ^ ^ i n r o ^ ^ o * ^ i n r o « ^ < > M > T - « f > j h - ^ T - i n ^ h - i n ^ ^ ^ 0 ^ 4 r t ^ i r » ^ f > i h . ^ T - o » ^ ( * r ^ ^ 

Ut f < . * | » N N N ' 0 » N r O v M O K H O N O " O M ) - * 0 ' i - N O N O ' f W ' O N T , M > M N r r c o c O O N a r N C O M N < h M N W O » M 
IA<Oy)NMA« ,ONniA4<ONNe4tO<OM)h.NM)'OKNS'4)<ONNoO'0*0<ONSe0104<ONNS>010>OSSS«NNKOO 

iNiNr^rNjT-N<sjNr\iT-r\JNr>JNN^f^rjrardr4rstiNiNr\ir\irgNr^NT-N 
1-1 O O O O O O O O O O O O O O O O O O O O O Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
M I I t t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
•S, UiUJUIUJUJUJUiUIUItUUJtUWUItUUJlUUJuJIUIUUIUilUlllUJUJUIUJlUUJUJUJUIbJUIUIlUUJUitUUJlJjUJUIlUUlU^ 

M o»fvJi«c>u^^^^^CNi^T-0»^^»iA^^ir\eoiAir»K«*oOeowooo^oirt^*- ino»h,^fviNr-|ocKoM^«»o^o- >o N I A 

E co^rnc^o«^^^r -Nco* -^«o^oo(> '<>»^o^o^MOo^o^oo^KtM3^Mrar^ '^r - - i»« -€Oo*oe-wh-rgfs i r -ovr -o 

iNirycMfsjfsjfyrJCJf\ir\irar\icjr\irviraf\if\jc\ii>i<\if\ifyirjfururirucvjrJfsirjN 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ + + + + + + 4- + + * + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + - * * + + + + + + 
UitJJUJUIlUÜJUJlUtUUlUJIUIIiUJUlUJIUUlUJtUUUJUJUJUJUJUIUilUlUUJUJUJUJlJiUlblUJIUUJUJllJUJ 
o o o o o o o o o o o o o o o o o o a o o o o o o o o o o o o o o o o o o o o o o o o o o a o o o o o o a o 

^ ^ ^ ^ ^ N t ^ ^ ^ ^ « f t w ^ w i f t i n « ' 0 , o ^ « « o c o n c o e o o ' f r » a » T - i - T - f - t - r n n M n M r n i o n M n K i f o a ? t f > o o 3 o > 

O O 0 O O 0 O O 0 * - * - ^ ' ^ - » - ^ " ^ - « , - * - * — * - ^ * - » * * - » - » , - * - * " V - ^ ^ ^ - ^ * - » - « ^ - ^ » - » - V - * - ^ * - V » - T - * - « - ' ^ ' » - V ^ - ^ ^ » 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ + * + + * + + + + + + + + + + + + + + 4 - + + + 4 - + + * * + 4 ' + + « f + + 4 > + + + + + + + + 4- + + 4- + + + + + 
UiLUUJIUIUUlUJUlUJUJUJUJUJÜJUJUIUiUJUJUJUUJUJUJUlUJUlUJUIWUjUiUJUJUIUlUUJujUJUiUJUiUJW 
O O O O O O O O O O O O O O O O O O O O O Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
0 0 0 0 0 0 0 0 0 0 » - N I O » » » r t , 0 * - N M N t l A f r O r N n M 4 i n , O N m O ' O T < N K I 4 l f t ^ S W ^ O r N M ' * l f t S u O ( , ' O r -
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Table 5.6 - ' £ ' d a t a (Ditch III-CD) 

0 0 0 0 0 * - 0 0 0 0 ^ - O O O O O ^ O O O O ^ v - T - ^ T - T - * - ^ - ^ * - i - T - 0 0 0 0 « - O O O O O r - « - 0 0 0 0 0 0 0 0 0 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
• + + * * + * + + + + + + + + + -f-f + -#- + + + + * + 4' + + + - f + * + + + + + + + + + + + -*'+ + + 4 ' + * + + + 
m IAI t̂ t m ^ tAf t̂ i <if M̂  m m ui m u* m *u UJ UJ m Ui iu tu m m m m m u* in w u i m m tu m tu m tu w tu u* m IM m "J M# m IAJ u i m m u i ui m 

M , i n K l M M O O r f - " 0 0 ' O N O N O ^ - t O r O ' N O O O r O ' * i n ' O i n O W I f l f M f k f r ' » « t O i f l « T " O O N O . N O W ^ N ' 0 
x L-i < v « A O e o O i M ^ O ' * o O ' t , o O O ' # O T - ' * N m e o i n O N » - N i n ( M O f - i f i O N m « M r ' a ^ O K i N ( O i n « K N o o ^ o « M N ( > 

T - < o N e Q M M r M B } n < o r N v v > n N ^ i n 4 0 > » ( g N f - o o « m o o o f o o o < o r < o r « i < a s « ^ f f ( M 9 > a ) ^ c o o i o ^ ' O N 

i N i f N j r * i r \ i r j A i f \ i A i c \ i f \ i r M r N i A j f M r \ i r y f \ i r \ | P J ( \ i i > j r \ i o i r \ i r \ i ^ 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
* + + * + + + + + + + * + * + + + + + 4' + + + + + 4' + + + + + * * + + + + + + + + + + 4' + + + + + + + + + + 

Ol r-t l U U J U J U I U J U i U l U i l Ü U i U J U J U J U J U I U J I J U t U J I J l U l U U J U J I U U J U I I U U l U i U J U i l Ü U U J U l U i U J U i U l l U U J U J U i l U U J U U i U J U J U i l U U J U J 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
_l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
's, P I U J U I U J U J U I U J U U i U l U I U U j U l U U l U J U J U t U J U i U J I U U J U i U J t Ü U i U J U J U J U l U I U l U I U J U J U J I U U U j U J Ü J U i U l U t l U l Ü U U l U J W U J U U 
o 0 o ^ K O O » < O T - o o o ^ N n N O ' * K > r j i n ^ i n ' * ^ « n ( K « o N " * N i - M > < M n a o o - » r i j f M , O T - e o > 0 3 0 ' O a ' O N M « w o * t 
-o «-» N O i n ^ N n t o v ^ i n o 9 ^ y ) v > < > N « ^ o « r - N < Q 4 ^ ^ v ^ o o i n ' > t i n ' ^ ( h > 0 ( X ) o > o a N N n ^ ( > K i ^ i r t S n N i t ) i n N 4 ) f B N N v o 

B • • • • « • • • • • • t a a a * B a a « « i a a t t t a a a a a « » « « a a a a * a » « a a a * « « * « * a 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
m I I I I I I I I I I | | I I l t I i I i I I I I I I I I I I I I I • I I I I I I I I I I I I I I I I I l t i 

AI f » U i U l l U u i U W U l l U U J U J U U J U i W U l U J U I I Ü U U l U J U I I U U J U J I U U U i l U t J U J U J I U U J I U U I U l U J U J U i U l U l l t i U l U I U J U I l i J U I I U U i U J i U U 

AI UJ ^ • * t - O s O N « t r \ | c O ' O i r t O « t N r f t O * O T - M » - T - M ' t « n N N N 0 1 0 ' O l r t » 0 « 0 0 « M n « ) e ' i n N ' * N O O ' 0 0 » ^ < O N O O M 
* N T - m N O m N N N O r " O N ' O f t ( - * « i n K ) ^ ' * 0 ' M ' O n O H N O l r t N T - N O » ( 0 0 > N ^ a N T - M - * O K » N N « N ^ T " f O . N N 
3 • • • • • # • • • • • • • • • • • • • • • « • • • • • ! • • 

o>r^inin^a>K>tnh»^T-Ki<^M>flo<*<*rsjsr>ortaflorNifoiniA<oNrA^^«>«-Nto^iAO>rü 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
m | I I | I I | | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I | 
• Mj *#i MI Ol ' f ' " ^u 14J UJ u ' uj iu ui m " f 'M ^* im U1 M1 ^ ^ " " " * " m " I ^ m m m " I m I I 1 MJ m 'M ' u >M m ' " MJ u1 t " m ! " tM l ü l i i ui ^ >" üJ ui 

X »J N M r J t - 0 * M r « ^ 0 » i n N T - O O N i n N i - 0 * * * N O » i n ^ f - 0 ( O r s ) ' t N O O « ' 4 , ' t T - r * O i i O ' * ' * n r » 0 ' O m > t O O » O r t 

0 0 0 0 « - O O O O r - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

«J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
< I - I + + + 4- | + + + + I + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
's» S U I I U l U U J U I t l i L U U J I U U J U J W U M U U I U * U J U I U i W l U t t l U J t U U J l Ü I U * U W U J U J t t f U i U J U J U I U I U I U I U I U I U J U ^ 
O "s, ( > * ^ S > O s t O N ^ N ^ a w O W I r t N O O < * I A l r t « n K » O n S O O O « O N ( K N ' Û N N i n N i n o C O M i n S T * * * r « K * t * n f r i A i n 
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Figure 5.1 - Number of stems (Ditch III) 
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Figure 5.2 - Diameter (Ditch III) 
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Figure 5.3 - M*D/L (Ditch III) 
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Figure 5.4 - Scattering of M*D*H/L (Ditch III-AB) 
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Figure 5.5 - Scattering of M*D*H/L (Ditch III-CD) 
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Figure 5.6 - Scattering of 'n' (Ditch III-AB) 
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Figure 5.7 - Scattering of 'n' (Ditch III-CD) 
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Figure 5.8 - Scattering of 'fi' (Ditch III-AB) 
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Figure 5.9 - Scattering of 'fi' (Ditch III-CD) 
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Figure 5.10 - Scattering of '£' (Ditch III-AB) 

X u. 
UJ o 
cc o 

— o o •• 
a 

• (X) 

• OD 

..a.nj. 

o m ó 

a a 
QmnD 

o ana 

-* cc 
< 
ui 

a a m ; 
----------r----------

D'à OD 

o ;a m o 

os-^t oos i os-zi ooot OSi 
U31S 10 iN3l31JJ300 OVHQ 



73 

Figure 5.11 - Scattering of '£' (Ditch III-CD) 
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Figure 5.12 - Control section data 
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Figure 5.13 - 'n' against discharge (Ditch III-AB) 
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Figure 5.14 - 'n' against discharge (Ditch III-CD) 
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Figure 5.15 - 'ß' against Re (Ditch III-AB) 
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Figure 5.16 - 'p' against Re (Ditch III-CD) 
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Figure 5.17 - '£' against Re (Ditch III-AB) 
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Figure 5.18 - '£' against Re (Ditch III-CD) 
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Figure 5.19 - 'n' against day of 1986 (Ditch III-AB) 
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Figure 5.20 - 'n' against day of 1986 (Ditch III-CD) 
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Figure 5.21 - V against day of 1986 (Ditch III-AB) 
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Figure 5.22 - 'n' against day of 1986 (Ditch III-CD) 
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Figure 5.23 -
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Figure 5.24 - '£' against day of 1986 (Ditch III-CD) 
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