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1. INTRODUCTION

The importance of maintenance of ditches and chamnnels 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 wvegetation
(reed),

The measurements were taken In the outdoor 1laboratory of the
Department of Hydraulics & Catchment Hydrolegy 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 anmex.




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.

I1.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: watetr 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 Schistoszomiasis,
which ig the most critical disease in the tropics.

Aquatic weeds can fill a water course, an Iirrigation 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 toc 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 reguires smaller cross-section and lower
construction cost. Whereas, an uncleaned channel gives higher resistance
to flow thereby requires larger dimensions and higher construction cost,
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Fleoating weeds, in particular, cause a tremendous Iincrease 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 algase can also cause
corrosion of concrete and steel in the reserveir structures,.

Notwithstanding its wvarious disadvantages to agriculture, public
health, fisheries etc, weeds can be beneficial if allowed for limited
growth for the reasoms that they supply organic matter to the soil and
help control erosion on sloping terrain, Scome weeds excrete substances
which can control mnematodes 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 wused
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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 agquatic
weeds. Prevention of aquatic weed problems is also possible by means of
biclogical 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 flew 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 A
Uu==— =— R S With R ==— (1)
A n P
where, U = mean velocity (m/s)
Q = discharge (m°/s)
A = cross-sectional area (m2)
n = Mannming's coefficient (s/m1/3)
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:

=
I

Z RS (2)

oo b

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 JRS (3

where, C = Chezy’'s coefficient (ml/z/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 u?
5 S e — (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:

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

12 R
€C=18.0 log ( )
10 Kg
where, Kg = Nikuradse's equivalent roughness value (m)

Petryk and Bosmajian (1975) obtained the following relation for
vegetated chamnels having both the influence of the boundary roughness
and aquatic weeds:

2
Cq = Af n 2
5 = ( + ) u (7)
2 gAlL 4/3
R
vhere, Cq = The drag coefficient for the vegetation (-)

Aj = the projected area of the ith plant in the
streamwise direction (m2)
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Their (Petryk and Bosmajian 1975) flow medel was based on the
following assumptions:

{1} 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 1s distributed relatively uniformely in the
lateral direction and large variation in average velocity de not accur
across the channel.

(11i) 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.

Cq % 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.

Cq = Aj, then can be written as:

Cqg 2 a4y =pdD (3)
where, 4 = aguatic weed resistance ' (-2

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:

CqgZ2A; =£f£ml?D (%)
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
1 =

B

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




Both the coefficients, 4 and £, depend on the Reynolds number and
represent not only a drag coefficient but alsc the deficiencies due to
the simplicity of the model.

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

2

Em1D A u
5= + ) (10)
AL R 2 g

X0

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.

Constant head tank

Pump house Pitch III-CD Ditch III-AB
} le e
e ke A
Valve
‘L{ V-notch
N = Staff gauge
Intake tankl‘ R
6t D A— = C B e
N ¥ ¥
I I 7 ga
| Ditch I Loy, ;. Inter-
a:L;:_____J _: I ¢ mediate
Rl Pl il Rl g ’ res
L"..T. S St deiinadnintadubuputeg N _7 reservolir
Pump v - M¥easuring tubes
IS 2 )
Main
reservoir

Fig. 2 - Hydraulic layout of the experiment
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pump -balding 4 ' infermediate
tonstant head tank A(—I [ e reservoir

discharge measuring

structure
main . .
reservoir ®  gauging-point
——e= flow direction
10 m
T —
plan view

1A-8 ocd mc-0

cross-section A-A

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 onme or both the pumps are put into operation.
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All measurements were taken for increasing discharges startlng from
about 0.02 till 0.120 m /s at an interval of preferably 0.02 m /s Thus
on each observation day, measurements were made for 5 to 6 different
discharges.

To avoid errors, the discharge was checked against the wvalue
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 wused 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 b6
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

ITII-AB and III-CD. (Table 1).

| Initial Representative Section | Random Representative Section i
e e e e i
! III AB } III CD | III AB I II1 CD |
= e ittt |
! Maximum I Minimum I I |
] | | | |
I 11.50 - 12.00 | 80.00 - 80.50 | 0.50 - 1.00 I 70.50 - 71,00

I | ! I |
| 12.00 - 12.50 | 80.50 - 81.00 | | |
I ! I 7.00 - 7.50 | 78.00 - 78.50

i Average: ! Average: | I

i | I I _ l
1 27.50 - 28.00 1 107.5 - 108.0 | 11.00 - 11.50 | 80.00 ~ 80.50

[ | 1 : I l
b 29.50 - 30.00 | 108.0 — 108.5 | I |
I I ! 29.00 - 29.5 | 98.50 - 99.00 |
I Minimum: I Maximum: ! | 1
I I ! | l
| 39.00 - 39.50 | 114.0 - 114.5 | 34.00 - 34.5 ! 104,0 - 104.5 |
i I | ] I
1 38.50 - 40.0 | 114.5 - 115.0 | | |
! I I | 104.0 - 104.5 |

34.00 - 34.5

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 diteh 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).

| Day of 1086 | N2 Stems | Diameter(m) { Length{(mm
e e e T e
e T Tes T e
e s 1 s 0 vars
e 1m0 s 0 e
T T
:-__ 239 ] 41—‘“-—:____‘;T5 I 1 83;—--—:
e 1 e ez 1 vess

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 wvernier 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 bhed.

An aluminium ladder had to be placed across the ditch near the
representative section to take all these measurements,
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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 mnear 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
ITI-AB might have its influence on the results of the experiment,

3.4 PRECAUTIONS
3.4.1 IN HYDRAULIC MEASUREMENTS

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

(i) Broad-crested V - weir installed at the inlet of ditch IIT 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 feollowing 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 1is also taken to aveid 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 Anmex 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 ,u, and drag
coefficient ,&, over the total duration of the experiment for both the
ditches: III-AB and II1I-CD.

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

-n: 0.09795 to 0.2693 (s/ml/3)

-p: 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:

(1) 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 ‘¢' and mean ‘y' for the
reed data in the ditch ITI.
Table 3 - Reed data parameters
Reed data ¥y o a/y
(May/Oct, 1986) (10%-2)
Ditch Number of stems (-) 7219 1892 26,2
ITI-AB Diameter of stems {(mm) 3.90 0.23 5.8
mD/L {-) 6.28 0.179 28.4
Ditch Number of stems (-) 6525 1389 21.3
ITI-CD Diameter of stems (mm) 5.60 0.50 8.9
mD/L (=) 0.806 0.132 16.3
(ii) 'u’ and '€’ apainst Reylonds number for each measurement day

(Figures 5.15 to 5.18).
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Both 'u’ 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 te account for the effect of weed growth in the
variation of parameters considered.

(iii) 'u' 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 wvariation of mD/L mentioned above in section{i). The
regression analysis for the variation of '£€' and 'u' with time gave the
ratios of /(£ and o/u of Table 4.

Table 4 - Parameters for 'p’' and ‘¢’

Re 3 o a/€ B G a/u
(107-2) [ (10"+4) | (10" +4) | (10™-2)

250 [11.18 | 4.40}| 39.4 8.09 3.58 443

Ditch 300 9.01 | 3.86 | 42.8 6.61 3.09 46.8
III-AB | 350 8.02 | 3.29 ) 41.0 5.89 2.83 48.0
400 7.32 3.041 41.5 5.19 2.58 49 .8

Aver. | 8.88 13.651 41.2 6.45 3.02 47.2

250 {10.00 |2.91 29.1 7.00 2.53 36.1

Ditch 300 9.91 | 4.51 | 45.5 6.42 2.45 38.1
I1II-CD{ 350 8.39 | 3.47 | 41.3 5.43 1.94 35.7
400 7.20 2,71} 37.6 4,65 1.59 34,2

Aver. | 8.88 {3.40| 38.4 5.88 2,13 36.0

In 1985, the wvalue of ¢/ for ditch I-CD (white water-1ily) and
ditch II-AB (broad pond-weed) was found to be 30% and 10% respectively.
The value of o/ for 1986 was about 40% for ditch II1I (reed) {Table &4).

The value of Nikuradse’s equivalent roughness coefficient ’'kg’ has
been taken as 0.15 for the calculation of ‘p‘and '£'. This being the
wall resistance at the beginning of the season in 1985,

(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 ‘¢’ and the mean 'y '
as shown in the Table 5.

Table 5 - Parameters for 'n'

Q y o a/y

[1/s] (10"-2) (10%-2)
Ditch 20 0.175 5.01 28.6
II1-AB 40 0.164 4.74 28.9
60 0.158 4,52 28.6
Average 0.166 4.75 28.7
Ditch 20 0.182 3.37 18.5
ITII-CD 40 0.157 3.00 19.1
60 0.145 3.20 22.1
Average 0.161 3.19 19.9
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5. DISCUSSION AND CONCLUSIONS

Manning’s coefficient 'n’ 1s 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 (.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 vepetation 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 overloocking 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 '§'. As such, it is difficult to establish a comparision
with other wvalues.

The values of 'p' 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 'y’ 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
I1I.

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

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

Suggestions for further research:

(i) The model is sufficiently adeguate 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 alsc 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.

(1ii) Modifications in the formula of Van Ieperen could be made to
account for the wvelocity profile due to the presence of the aquatic
weed. This could be achieved, for instance, by multiplying u2/2g by some
correction factor. This coefficient should be established by experiments
in different conditicns.

(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
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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 wvalues
for the complete ditch length. This point deserves further discussion.

(vi) Extensive sampling does not seem to help much if incomplete.
An integrated approach 1in 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

Cross-sectional area

Projected area of ith plant
in upstream direction

Width of water surface

Chezy's coefficient

Drag coefficient

Diameter of stems

Flow depth

Friction factor

Gravitational constant

Total head

Nikuradse's equivalent roughness value

Length of the channel reach being
considered

Lenght of the stem
Number of stems
Manning's coefficient
Wetted perimeter
Discharge

Hydraulic radius
Reynolds number
Energy gradient

Mean velocity

- Mean of a group

[L2]

[L?]
[L}

(L .T]

(L]
[L}
(-1
(L.T" %)
[LJ

(L]

(L]
(L]

(-]

(L-1/3.1)

[L]
(L3 .7

{L]
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Summation symbol
Differential operator
Wall roughness coefficient
Aquatic weed resistance
Drag coefficient

Standard deviation
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Photographs

- Reed in ditch III

- Aluminium grid frame for counting reed

Measuring reed diameter

Staff gauge for measuring water level

Intake tank for measuring discharge

Equipment for measuring pressure difference
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Photograph 2 - Aluminium grid frame for counting reed




Photograph 4 - Staff gauge for measuring water level
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Photograph 6 - Equipment for measuring pressure difference
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1. INTRODUCTIOCN

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

CERTRAL LIBRARY: Centrale Bibliotheek
Gen. Foulkesweg 19
6701 BK WAGENINGEN

FIBOWA: Bibliotheek Staringgebouw
Marijkeweg 11
6709 WAGENINGEN

2.2 UDC ~ NUMBERS

626,861 Open channels, ditches, trenches.

626.8 Agricultural hydraulics, irrigation, drainage.

626.143  Veed control in water courses.

631.626.1 Drainage - Open ditches

627.4 Bank protection and reinforcement, flow improvement
warks, tralning works.

627.74 Dredging, dredgers, machines for cleaning ditches.

2.3 SCIENTIFIC PUBLICATIONS

ROBSON, T.0., 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,
Unjversity of Maryland:no.129).



31

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: MKMetingen 1983', Vageningen, Department of Hydraulics and
Catchment Hydrology, Agricultural University, Nota 69.

IEPEREN, H.J. Van and M.S., HERFST, ‘Stromingsweerstand wvan
Slootvegetaties: Metingen 1084', Wageningen, Department of Hydraulics and
Catchment Hydrology, Agricultural University, Nata 70.

3. GUIDES TO LITERATURE

GIEFER, G.J., Sources of information 1n Water Resources, Axn
Annoted guide to printed materials. Berkeley, California ( Water Resources
center Archives ). 1975.

, VELLISCH, J.0., A Survey of Indexing and Abstractiang Services for
Water Resources Engineering. Maryland ( Maryland University, Office of
Water Resources Research ). 1672.

MALINOVSKY, 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. DRIENTATION IN LITERATURE

SCHWAB, G.D0., et al, Soill and Vater Conservation Bngineering, 3rd
ed, New York ( John Viley & Soms. . 1981.

ROTH, L.O., CROV, F.R., and MHOBEY, G.V.A., An Introduction to
Agricultural Engineering. West Port, Connecticut., AVI Publishing Company,
1977,

DAVIS, CALVIN, V., and KENBETH, E.S., Handbook of Applied
Hydraulics. 3rd ed. New York, McGraw Hill, 1969.1v.
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VOLLMER, E., Encyclopaedia of Hydraulics, Soill and Foundation
Engineering. Amsterdam etc ( Elsevier ), 1967.

5. BIBLIOGRAFHIES

5.1 BIBLIOGRAPHIES

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

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

AGRIS ~ Agrindex, FAQ.

Bibliografia Brasileira de Agricultura, ¥inistério da Agricultura
' (CENAGRI - CEPq - IBICT).

5.2 KEYVORDS

Drainage, Drainage and Irrigationm.
Veeds.

€. ABSTRACT JOURNALS

6.1 ABSTRACT JOQURNALS

Agriculture Engineering Abstracts. Silsoe, Bedford ( BRational
Institute of Engineering ».

Veed 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

Scil and VWater Management Conservation.
Soll and Water Conservation,

Aquatic Weeds.

Drainage.

Irrigation.

6.3 SCIBENTIFIC ARTICLES

DAVSON, F.H., Aquatic Plant Management in Semi-natural Streams:
Rale of Marginal Vegetation; Journal aof Environmental Management, Weed
Abstrat, 1979, Vol.28, §2 O.

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 ( 8CS af
America )

Soil and Water comservation News. Washington DC ( USDA, SCB )
Journal of Hydraulic Division ( Proc. ASCE )

Post Graduate Agricultural Journal ( Srilanka )
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7.2 RECENT 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.1(1)

PETRYK, 8. and G. BOSMAJIAN., Analysis of flow through
vegetation, Journal of the Hydraulic Division ¢ Proc. ASCE ), Vol.101l. no.
HY?7, July, 1975.

8. PROCEEDINGS
8.1 PROCEEDINGS

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

Proceedings, European VWeed Research Soctety ( EWRS )
Internaticonal 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 Veed Control Seminars

8.2 PAPERS

IEPEREN, H.J., and M.S. HERFST., Laboratory Exzperiments on the
Flow Resistance of Aquatic Weeds. Hydraulic Design in Vater 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 Weeds ( 1978 ).

DAWSON, F.H., The seasonal effects of aquatic plant growth on the
flow of water in a stream., Ia: 5tk International Symposium on Aquatic
Weeds, European Weed Research Society ( EWRS > Yarntom, Oxford (UK); 1978.

8. OTHER LIBRARIES

RIEUVL - Hydraulica en Afvoerhydrologie
Yieuwe Hanaal 11
Vageningen

CENETEC - Landbouwtechniek
Mansholtlaaw 10-12
Vageningen

10. DOCUMENTATION AND INFORMATION SERVICES

10.1 DOCUMENTATIOR AND INFORMATION SERVICES

PUDOC - Centre for Agricultural Publishing and Documentation
P.0.Box, 6700 AA Vageningen

10.2 KEYVORDS

Energy losses, flow resistance, flow retardance
Open channel flow, earth c¢hannel(s), cénal(s), ditch(as)

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

10.3 PUBLISHED ARTICLES

TOENSMARR, F. and MCCKENBAUPT, L., Influence of vegetation forms
on banks and embankments in regard to water levels during periods of high
water; Vasser und Boden (Germany, F.R.); Feb 1981 (Summary in english).
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KOUVER, N., Flow retardance in vegetated opan channels,
University of Waterloo, VWaterlog, Ont; 1970,

HIBBERT, A.R., Managing vegetation to increase flow in the
Colorado River basin. Fort Collins : U.8.D.A., 1979 (Rocky Mountain Forest
and Range Experiment Statiomn).
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Applied Lingulstics Section, Agricultural University, VWageningen, 1986

G. Naber, Scientific information: transfer and retrieval;
Wageningen, 198¢, ILRI, Publication no.27
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Table 3.1 - Hydraulic data
Ditch Date e Temp. Q WVater ¢H
(2C) {1/a) level (mm)
(m>

1 280523 1 17.0 13.39 G50 12.1
2 54335230 1 17.2 13.3% YA Tel
1 860522 2 18.1 41.22 D.32C 2445
2 24635210 2 12.1 41.22 De529 13.2
1 2403520 ? 12.5% 63.705 QL3770 312.7
2 260520 3 13.06 43.05 G.550 27.3
1 360520 4 23.0 A9.59 C.s30 34.2
P 363520 4 20.0 49.59 Ca330 29.2
1 360529 5 21.2 133.5% 0.440 44.0
2 850520 5 21.2 135.53 J.013 T3.0
1 389527 5 18.5% 15.34 0.2732 15.4
2 560527 4 18.% 12,34 Ca.430 3.9
1 360527 ? 18.¢6 44 .39 0.340 23.7
2 B&Q3527 7 13a6 44,219 0.530 2245
1 360527 3 19.0 63.97 0.335 35.0
2 860527 3 19.2 63.97 0a560 31.1
1 2603527 9 29.4 84.54 J.4153 £2.3
2 864527 9 20.4 84.54 G.580 9.5
1 3602527 10 20.5 114,19 0,480 £3.1
2 3603527 10 2Ca. 6 115.19 Da€3D 4%.%
1 860433 11 15.2 22.34 G.225 13.4
2 BeD6DZ 11 15.2 22.34 0.490 13.3
1 36056923 12 15,2 43.691 0. 355 I3.4
2 8e0602 12 15.¢ 43.71 3.535 23.3
1 560603 13 15.4 61.330 0.390 33.5
2 360602 13 1544 61.29 0550 33.6
1 340603 14 15.4 31.35 J.430 45435
2 360433 14 15.4 31.35 0592 41.2
1 3605853 15 15.4 93 .46 D.485 52.4
2. 3560433 13 15.4 93.45 0.515 43,

1 3604383 15 15.3 113.83 C.495 S5.9
2 350503 15 15.8 113.80 G.8325 54.1
3 860412 17 156.1 544353 0373 369
2 3460512 17 15.1 S6e55 0.555 31.5
¥ 863612 13 18.7 S4.29 0.330 3544
2 8603512 13 12.7 5429 0.352 3044
1 860612¢ 19 173 1G3.483 0.430 54.7
2 8605612 19 19.3 169.583 0.4625 5141
1 360512 23 20.8 101.02 0.432 54.2
2 250612 29 2046 101.32 0.525 50.5
1 B£0617 21 22.1 20.95 0.290 1?2.2
2 B&04617 21 22.1 25.95 D3.490 15.5
1 380517 22 227 40.61 0.3530 32.9
4 263617 22 22.7 40461 8.533 27.2
1 £e0Qs17 23 23.5 S9.74 0.355 41.4
2 260517 23 23.53 59.74 N.560 35.2
1 269517 24 24,2 77.%5 0.440G 50.8
2 250617 24 24.2 79.75 0a.59% 44,7
1 2634517 25 ST 96.98 0.430 57.5
2 Ea0517 s 22.3 96.785 0.422 524
1 260524 25 20.1 38,93 0.433 23.1
2 350824 25 23.1 37,93 0.693 14.9
1 260524 27 27.1 39.06 Jeb53 2543
2 360524 27 251 39.26 Da£53 17.4
1 860524 23 20.2 39.15 D435 29.3
2 360424 23 2%.2 39.15 2.83G 21.3
1 R6J5824 23 22.¢ 37.45 Ga415 I2.9
P 860524 23 20.2 39.45 J.£30 261
1 967624 33 P 190354 Teald 36.%
2 240624 30 29,4 37.54 Je373 31.8
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Ditch Date Re
8408045 61
84603056 &1
860804 62
340805 62
360806 63
B&60UBOS 63

840818 64
860818 &4
860818 65
860818 65
860818 46
860818 66
360818 67
860818 67
860818 68
860818 63
860818 69
860818 69
860827 70
860827 70

860827 LA
860827 71
860827 72

860827 72
860827 73
860827 73

860827 7h
860827 Th
860827 75

860827 75
861014 74
861014 76
8610314 77
B&1014 77
861014 78
861014 78
B41014 79
861014 79
861014 80
851014 80

N-iN-‘N-‘NﬂNdNﬂNdN-ﬂNAN“N-ﬂN-iN-.N—INHNﬂN-ﬁN-.N-iN-DN-'

8461014 81
B61Q14 81
Table 3.3

40

—p b ok ok e b b b
& b b B D0
[ ]

-l
»
oo 0o (0 W0 o 00Oy O O 6 B

15.

b
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14.8
14.8
14.8
14.0

14.0.

13.9
13.9
14.1
14.1
146.5
14.5
14.8
14.8
15.0
15.0

Q Vater
(i) level
(m?

66.24 0=45%
66.24 0.585
79.381 0.490
79.81 0.610
$3.85 D.525
$3 85 D630
22.4% 0.310
22.49 0.500
47 .37 0.390
&7 .37 0.540
54.86 0.420
54.86 0.560
57«52 0.430
57.62 0.570
7.7 0.4%0
7717 0510
88.07 0.520
88.07 0.620
20.63 D.310
20.63 0.500
26.29 0.330
264,29 0.510
49.20 0.410
49,20 0.560
68,35 0.470
68.35 0.590
7746 0.500
T7ah6 0.610
32.13 0.515
82.13 0.820
6.13 0.230
6.13 04460
32.54 0.270
32.54 D.480
57.99 0.410
57.99 0.550
§9.06 0.450
69.06 0580
81.12 . 0490
81.12 0.4610
106.45 0.500
10445 0.610

- Zero teadings

SH
Caom)

60.3
53.4
65.2
60.7
70.0
68.0
2%9.8
17.4
50.1

3845

5445
4542
55.4
47.0
64.0
61.5
67.2
68.35
29.9
167
35.9
22.4
52.8
43.3
60.9
57.2
66.6
63.3
45.3
46.5

3.7

3.9
26.9
28.3
£2.8
45.7
48.7
5245
56.2
1.6
63.0
6%9.8

Zero readings of the staff gauge

Ditch ITI-AB

Ditch III-CD

6.967 m

6.729 m
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Table 3.2 - Weed data
Ditch Date Section m d od 1 ol
type (mm)  (mm) (m) (m
1 Ro03520 0 31 3.9 G.6 0.233 0.3390
1 E£803523 0 48 4.3 0.8 0.0012 J.2330
1 240520 G 23 4al “ed 0.00d J.200
1 E50520 ¢ 32 3.2 D5 J.0327 0.200
1 8480520 3 23 3.4 1.5 0.334 0,339
1 8605230 0 2 1.7 Ga7 0.000 0.900
2 860520 G 20 S 242 « 00 0.000
2 E60520 Q 24 4.3 1.8 0.2303 0.330
2 860520 0 33 6.1 1.7 0.030 2.023
2 860520 0 14 5.7 1.7 0.000 0.300
2 860520 0 23 6.8 23 D.200 0.200
2 260529 0 z3 S.8 1.9 J.220 {4.2390
1 8e(}527 0 32 4.3 1.8 0.933 0.142
1 860527 0 59 3.3 0.9 2.940 0,.185%
1 860527 Q 22 4.0 1.0 J.919 D.15¢9
1 840527 0 35 3.2 Je9% C.765 0.157
1 8443527 o 23 3.9 1.0 0.924 0.157
1 860527 (¢ 14 T.7 1.0 0.922 0.152
2 860527 0 24 5.5 1.8 0.898 0.273
2 8640527 1] 32 5.2 1.3 0.900 0.193
z B&6Q527 0 1% 5.4 1.4 0.%71 0.321
2 8503527 ] 14 5.7 2.1 1.131 0.225
2 860527 0 26 6.3 2a2 1.195 Da.254
2 840527 Q 38 §.3 243 1.332 Q0.245
1 E&J527 1 29 I.4 Je8 . Ca952 Da247
9 8350603 ) 32 3.3 0.9 0.763 0215
1 369403 0 59 4.2 1.9 1.234 D155
1 8506033 0 19 3.4 Te1 0.998 Oa226
1 860503 0 13 3.2 0.8 0.215 0.152
1 85014603 0 20 2% 2.0 0.922 0.235
1 863503 ] 5 2.1 D3 N.323 0.227
2 840603 H] 23 Se7 . 1.093 0.335
2 B&080D3 0 35 S.1 2.5% 1.038 D.447
2 B60633 0 21 4.9 1.2 0.994 0.177?
Z 8404603 0 19 4.8 LA 1.267 0.447
2 840403 (e] 22 5a4 2.3 1.314 0a.245
2 84623603 0 43 6.5 P | 1.500 0.19%
1 26346073 1 29 2.3 0.3 1.103 0.242
1 360617 G 42 4.3 1.5 1.180 0.351
2 3408617 0 &4 ba? 2at 1.770 D.440
1 2o0617 1 19 3.7 1.0 1.727 0.399
1 860701 0 22 3.1 0.3 Ue?65 0.733
1 860701 o 33 baod 1.1 1.422 0.257
1 3642791 G 24 3.3 0.3 G.93C 0.160
1 B6370% 0 14 4.C Db 1.4465 0.039
1 863701 G 24 4.2 0.2 1.233 0.293
1 260701 0 23 A D.6 1.871 D.23%
2 B&0701 0 2 57 1.9 1.733 0.42%
2 560701 Y 32 4.0 1.9 1.803 0410
2 B&O721 0 21 4.1 el 1.692 R.464
2 340701 0 17 5.5 1.7 1.%22 0.455%
2 B5D701 g 19 6.7 2.7 1.692 0533
2 860701 0 28 b1 1.3 2.136 0.471
1 360771 1 32 P A Ce7 1.373 N.351
1 R60715 G 51 3.8 0.9 1.811 D.448
1 260715 0 35 Lak 1.1 1.733 0.354
1 840715 0 12 1.5 1.3 1.5687 J.324
é 84C715 0 2% 52 1.7 2.L54 0.5335
2 3452715 J 24 Teb 2e2 2.53% L3394




Ditch Date Section mn

60715
863715
860318
860813
B603%13
863313
8605813
860318
862313
860513
8603813
366818
860313
2360818
850813
863827
860827
B60827
863327
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350827
B60827
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2693327
360827
363327
263827
350827
261014
251014
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821014
841014
361014
861014
8561014
861014
361014
£51014
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Section type:

type

=000 0000000O0OO0OCO00OLDOOOLOOOO-ODMNOODODAOADODOOOD=0D

SN B AV S WA P P T A U 8y B B WO 5 B U ] G W O

&« & & @ & 8 F & 0 » A 9 d 8 ¥ B oo & & & & 3 W 0 BT 4B

(mm?

f % &4 & % = 8 ®* B 8 B

NN NGWWN S OOWONOW=S == JOROP,rNONR, 00NN ND

4la

od
{mm)

LR SR R Nalwl el e Bl e R e Ll e e e o IR R R e e R e

. # 8 s & » B 8 a 8 & & F 3 8 & % F s B 0 B 0 N 3 9 » 9 & & P 3 8 4 8 & p 8 @

0 - Sections of ditch 111 (1.50mx0.25m)

1 - Control section (0.50mx0.50m)

DN NWOOWOYNON AR OR PN O OO QRO OV RGNV ONWPF =N

{m

1.824
1.710
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1.736
1.40%
1.471
1.741
14741
2.139
2.026
1.979
2.221
1.764
1.761
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2.398
2.310
2.360
2.447
2.140
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1.319
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1.830
2.207
2-253
2.112
2.672
2.549
1.69%

vl
(m)

C.516
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D.25%
0.233
0.3466
0.254
0.2%5
Q4255
0244
0.281
0.430
D.445
0.597
0.724
0.300
0.266
0.276
0.261
0.201
0144
D.144
0.356
0.233
0a451
0.6%12
0317
0.280
J.232
0317
0.441
0.316
D.195
D.225
0.225
0.112
0.611
Ja 4238
0.525
0.4138
2.536
0.325
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- Weed distribution

Table 3.4
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- Characteristics (Ditch IIT-ABR)

Figure 3.1
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(Ditch III-CD)

Characterirtics

Figure 3.2
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ﬁnnex 4

Computer programs

PROGRAM SORTER
PROGRAM SORTWEED
PROGRAM WEEDATA
PROGRAM MANCOEF
PROGRAM AQWEEDRES
PROGRAM DRAGSTEMS

46
47
48
50
52
54
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!****t******tit****t*t**t*****i*f**********i*****t*t****i**it**i**#*****!

!* PROGR
I+« PURPO
1»

AM
SE

sSORTER
:To sort out hydraulic resistance data stored in the
filas for the ditches III AB and III CD.

I+ [INTERFACEZ :zUser terminal and files.

1+ NAME

:Lima and Pradhan

*1
xl
.1
*i
*

!*l*i****i*****t********i**t**t***ﬁ***t****ﬁt*t**k*********i*t**kk**t***!

PROGRAM SCRTER

l+«peclaration of the varjables.
IMPLICIT NONE
INTESEZR PM, I, J, X, MP,MM
PARAMETER (PM=500)
REAL A{PM,4:9),DD
INTEGER AA(PM,3)
CHARACTER NAME{2)*1D

Y»Input 4d
I=0

ata

OPEN (10, ACCESS="SEQUENTIAL®., FILE="SLOM86%, STATUS='0OLD")
DO 100 WHMILE (.TRUE.)

133

Mp=

I=1+1%

READ (10,%, END=1ZIIL(AA(TIAI)r d=1,3),CACI,3),0=4s D)

CONTINUE
130 CLOSE (1)

i1

1+#Chanje date from Julian to day number
5C 150 I=1,Mp

MM =
bDs=
IF
IF
IF
IF
IF
IF

(AA(I,2)-360000) 2100
(AR(I,2)-840000)-MMx101)
{MM_.EQ.5) AA(I-2)=DD+120
(MM, E2.6) AA(I,2)=DD+151
{MM.ET.7) AA(T~,2)=DD+151
{MM.E2.8) AA(I,2)=DD+212
(MMLEQ.9) AACI,2)=DD+243
(MM.E2.103 AALI,2)=DD+273

159 CONTINUE

$xJutout of data
NAME(1)="SLOM3461?
NAME{2)="SL0OM842"
DC 200 K=1.2

opPe

N (UMIT=K, ACCESS="3SZQUENTIAL", FILESNAME(K), STATUS="NEW")

D0 170 I=1,%p
IF CAACI,1).ET.K) THEN
WRITE (K100, CAACTAIY A d=1,3),CACT,0) 054, T)

153¢C FORMAT (I3, IS, 15,F7a1sF9.2,F3.3,F8.1)
ENDIF . .
178 CONTINUE
220 CONTINUE
CLOSE(T)
CLOSE(D)

END
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R R Rl Rl R R R R g g N 22 L X T TR PP ey
$SORTWEZD

1+ PROsRAM

'« PYRPOSE

LE S

1« INTERFAL
b NAME

PROGRAM SORTWEED

{+Declaratio
IMPLIC
INTEGE

:To sort

ditches 111

cut Weed=data

stored in the files for the

A% and III (3.

E =User terminal and files.
tLimna and Pradhan
! kb wdrdrk bk kbbb btk khkidrii t*****t*iii****-tt!

n of the variabtles.

IT NCOME
R PMs» I, 4

s Kz MP MM

PARAMETER (PM=30Q0)
REAL A(PM,5:2),DD

INTEGE
CHARAL

Y«Input of d
I=0
OPENMN (
20

102 CON
130 £LOSE
AP=1I-1

1#Change dat
20 152
M=
ob=
IF
IF
IF
IF
IF
IF
1550 CONTIN

1*0ytput dat

R AAR({PY¥,4)

TER MAME(Z)*1(

ata

10, ACCESS="SEQUENTIAL®, FILE="SLREED", STATUS='QLD")

100 WHELZ
I=1+1
READ (10
TINUE
(19

(.TRUE.)D

*, END=130),CAACT ), J=1,4),0A02,d),0=5,2)

e from Julian to day nunmber

I=1.,47

(RA{I,2)~
(AA(T,2)-

(MM.EQ.5)
{(MM.E2. %)
(MM, E2,.7)
(MM, =3,3)
(MM.E2,9)

34320077100

BS2205I-MM=100
AALI,2)=DD+12D
AALTI,2)=DD+151
AACI»2)=0D+131

AACI,2)=DD+212

AA(T »2)=DD+243

(MM.EQ.10) AA(I,23I=DD+Z73

us

NAME(1)="SLREEZD1"
NAMZ(2)="3SLREED2"’

00 2G2
Pz

K=1,2

M (UMNIT=K, ACCESS3="SEQUENTIAL', FILE=NAME(K)}, STATUS='NEW")

DO 173 I=1%
IF CAA(C

ZLSE

AP
I,3).E3.1)THEN

IF CAALI,1).EQ.X) THENM
WRITE (Ko 1OCdd s CARLT A 3) 2,031,003, 0003,5)rd=5,2)
FORMAT(IZ 17,15, 18/ FTelrFPalrsFT.3,F7.2)

10Z¢C
ENDIF
ENDIF
170 CONTINUZ
2372 CONTINUZ
CLOSE(T)
cL2sSEL(D)

D

»
x1
«
xt
x


http://MM.E3.10

48

!t****l‘t‘ti*****ti******t*****t*w****tii*t******t*{*l’*********t******* ﬁ*tt*t*!

Y*PROGRAM sWSEDATA LA
1xPpUPOSE :To work aout weed data for ditches III A2 ana III CD * i
1xINTERPFACE :User terminal and files ’ *
AN AME tLima and Pradhan w!

!t& IA AR Z S RS R AL EREEL S Z2 LR SRR ERSLSR RS2SR ***i*t********t*t***t******!

PPOGRAM WEEDATA

IxDeclaration of the variables.
ITMALICIT NONE
INTEGCR PHM,I,J P, HMsN
PARAMETER (P#=1200)
INTESGER 3UMANUMT,DAY (PYM)
REAL A(PM,S23),D(PM) NUMIPMY L LIPMILAD(PMI L IUMD,AALPM, A
PEAL DST,ROFINSSUMLANSTEMS(PMI,MDLS(PY),DATE(PM)
CHARACTER SLREECD#20,WECD*2d

1xResd file
PRINT *,"'5ive the name of weed data filez®
READ "(AZ0Y',5LREED
OPEN (1,ACCESS="SEQUENTIAL YV FILE=SLREED,STATUS="DLD®)
I=2
20 190 WHILE (.TRUE.
I=I+]
READ (1w, ,2ND=1530) 2 (AACI L), d5T48) ,CALL D 20=5,8)
100 CONTINUE
150 CLOSE (1)
MP=I-1

1+«falculations.
M=0
H=1]
Sum=73
SUMD=J
SUML=H
NUMT=)
DD 239 I=1,4P
N=N+1
SUM=sSUM+AA(I,4)
SUMD=SUMD+AA(I,L4)*A(I,5)
SUML=SUML+AA(T,4)+«48(I,7}
NUMT=NUMT+R2AC(I,S)
IF (I.EQ.4P) TH=N
M=9+1
DATS(MI=AALI,2)
D{MY=SUMDRT  S=2/SUH
NUM(M)=s5UM
LMY =SuML/SU
DAY (M) =N

IF (AA(Z-2)YNE AAC(TIHFT1,23) THENW
LELR
DATE(MI=AA(TI,2)
D(M)=SUMD*], ==3/7Sy"
L{M=syuML73UM
NUM)I=s5UHA
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DRAY{M)=N
3uym=1
3UMD=]
SuUML=0
=
eLSE ’
ENDIF
INDIF
CONTINUE

2ST=2
DO 330 I=1,M
DIT=D3T+D(I)

1 Weed density

' The

ROCII=SNUMCII/JL2/1.5/DAY(T)
number of stems in the ditch
NSTEMSC(ID=sNUMIII*4SL/.24DAY(T)

! The term alrfL

3930
I The

The

MDAS(I)=NSTEMS(I)I*#D(IN/4S5.
CONTINUE
average diameter of stems {over all the experiments)
DST=D87/ M
PRINT *,'The average diameter="',DST
average weed Jensity per unit area (over the all experiments)
RDFIN=SNUMT/Q.2/71.5/M9
PRINT *,"The avesraze weed density=",RDFIN

t Store data in file

350
430

PRINT *,*Give the name of output data fila:®

READ "(A22)',WEiED

JPEN (2, ILE=WEED, ALLESS="SEQUENTIAL',STATUS=TMEW")}
DO 433 I=1.%

ARITE (Z,350),DATE(T) ANSTEMSCIIAD(I) L (L) MD4LS(T)
FOAIMAT (SC1PET2.3))

CONTINUE

CLOSE (2}

END
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!********t*i*t**t*&****t#*fﬁ*t*t*k***w****t*t**t*i*t*****t*ﬁix****ﬁ**t**ti!

fx
1%
tw
Vax
1w

PYRPOSE

PROGAAM TMANCOEF
:To deteramine time dependent Manning's coafficient

the ditches III AE and III £D.

INTERFACE s:Us2r terminal and files.
NAME sLima and Pradhan

x1

*n', forwl
) «
* 1

*!

!****i**k**t**********i**********k*k***tt*k****t******t******it******ﬁ***k!

PROGRAM MAMNCOCF

t«beclaratian of variables LA

TMPLICIT NONE

INTEGER PMsKrIrdsMsToCOUNT

PARAMETER (PY=1303 )

REAL ZLGAMHASs N 3SUMsDAVISCrAR,QAUSRHAFARELDITAAA(PHM,T)
REAL AN, 4TI HIPMIAS(PMY,P(PMILAAAC(PHY ,2(PMILNDAY(PN)
INTEGER DATE(PM)

CHARACTER SLOMB&E*20, SLVAX*ZD,MDATA®Z2Q,AVERN®20

t>Input Data from terminal =*!

PRINT *,'53ive name of canal data file: ?

READ "(A20)', 35LOMES

PRINT *,"Give name of section data file: '

READ "(A20)', S5LVAK

PRINT *,%'3ive the name of output file :°

READ "{A29)*',NDATA

PRINT *,'Give the name of output file with NDAY values:®
READ "(A2G)',AVERN

PRINT*, "Cive zero tavel of the staff gauge;?

READ », ZILG

PRINT *,'Give the average diameter of stems (in meters):’
READ *,D3T

Y'2Input data from files !

QPEN (1, ACCESS= "SERUENTIAL', STATUS='0LOD", FILE=SLOMES)
I=0
DO 130 WHILE (.TRUF.)

1=1+1

AEAD (1, *, END=13TV,CAACILIYr 3=1,3) 2 CALTLd)rd=4,T7)
CONTINUE
CLASE (1}

K=I-1
OPEN ({2, ACCTESS="SCRUENTIAL', STATUS=*0OLD', FILE=SLVAK)
4=
Do 200 WHILE (L. TRUZ.DY

J=J #1

READ (2, %, END=232), H{J), 2(J),PLJY, ARACD),R{J)
CONTINUS )
CLO3Z (2}

IxCalculatians

M=

3uM=)

T=3
OPEN(4,ACCESS="SEAMENTIAL »STATUS="NEWT'» FILC=NDATA)
Bl 390 I=1.,%¢

1#To actain values of fram file SLVAK  #!

HH= A({I,00+ILG
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COUNT=(Y4H-H{T))»120T +1
I*Calculations «1
S=A(I,7)*1,E~3245
VISC=1,7225=8/01.002%1419+34,0313535c-3%4(1,4)
* 226, 505ZE=4nA( L 4)x%2)
AP=AAACCOUNT)
D=AR/Z{LQUNT)
A=AL{I,5)*1.2-3
U=0/74aRr
RH=R(COUNT)
F=SQRT(7.812%RH=3) /U
RE=U=DST/IVISC
M=RH** (2,7/3.)*583T{35) /U
1*Store Jata in the file =+t
WRITE (4-27S),A002,2),A0C1,2)/,QvAR,RH,S,F,RELU,D/N
275 FIORMAT (11{1P£12.3))

txdetermine the daily average % and file results =2
SUM=SUM+N
T=T+1
IF {I.SN.KITHEN
M=1+1
DATZ(MI=AALT,2)
NDAY (M) =SUm/T
ELS

in

IF (AA(I,2).NE.AA(I+1,2))THEN
M=0+1
DATE{M)=A4A(I,2)
NDAY{MI=5UM/T
suM=g
T=0
ENDIF
ENDIF
300 CONTINUE
CLOSE (4)

{xStore average N data in a file *!
OPEN (3,FILC=AVERNAACCESS="SEQUENTIALY, STATUS="NEW")
20 400 I=1.M
WRITE (3,350 ), DATE(ID, NDAY(I)

350 FORMAT (I%,F9.3)
430 CONTINUE
CLOSE (3)

END
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!*k*********tt**i*#t*k*t**l‘*************i***********t***lt'******t***!

t#OR)5AAM $AGQWEZIDRES *!
YPYRPCSE :To determine time dependent aguatic weed resistance !
[ cient '“U*, foe ditches III A8 and IIT CD. wl
T#INTERFALE  :tlser teraminal andf files *1
taNAME :Lima and Pradhan *1

! e % # i Fe e e de s e de e e i e e e vk e e e e e de W de v g dr e e e de e de g o e vk ke e o S i e de e o e e e e o Ao *******!

PROGRAM AQWEEDRES

Ineclaration of variadles.
IMOLICIT MNOSNE
INTZESGEZR PMaXeT,CO0UNT,J
PARAMETEZR (PM=1007)
REAL DST., ILG
REAL A{PHM,LzTY HIPH) ,A{PMY,P{PMI,R{PM) VIS, HH,RHACOEFT
REAL COEF2,COSFZ,Q,U+D,REAMULAAAIPM) AR, SHCAAA(PM,3)YAF
CHARACTER SLOMEA®20,SLVAK#20,MUDATA*2]

1Tnput of datas.
PRINT *=,%'G5ive the average diameter of stems (in meters):?
READ *,DST
PRINT *,"Give zero level of the staff gauge:’
READ »,IL%
PRINT *,'5ive the name of control data file:*
READ *(A20)",5L0M2%
PRINT +,"'Give the names of section data file:®
READ Y{AZ22)*,3LVAK
PRINT *,'Give the name of the output file:*
READ "(AZ20)T,MUDATA

YInput of data from the files.
OPEN (1,ACCESS="SEQUENTIALY, STATUS="2LD", FILE=SLOMES)
1=0
DO 103 WHILE(.TRUE.)
I=1+1
READ (T,2,END=130), 08401, 0),d=1,30,CACTI,0)20=4,7)
100 CONTINUE
Y] CLO3E (1)
X=I=-1
QPEN (2,ACCESS="SCaAUENTIALY »STATUS="0LD ' »FILE=SLY AK)
I=)
DO 200 WHILES (.TRUE,)
I=1+1
READ (2,%,=ND=Z530),HIDY»3(I),PCI),AAALCT) (D)
231 CONTINUE
250 CLOSE (20

1The calculations.
OPEYN (3, FILZ=VUDATA,ACCESS="SEAUINTIAL ' » STATUS="NENY)
D0 333 1I=1,%
Y'*To obtain values from file SLVAK #]
HH=A(I,5¥+2L5
COUNT=(HH=H{T)I~10221+1
Y#2alculations *!
RA=3({CUNT)
A=A{I,53)*1.2-3




53

AR=aA5CCOUNT)
5=AR/SLCOUNT)
VISL=1. 792 5=0/C 00251619434, 581355E-3+«A(1,2)
+228453553E~5*%A(Tsb)wn2)
STAC(I,TY*T.Z=3/45
U=4a/AR
C=15+L2G10C(124RH/0.15)
F=12.8247Cn%2,
COSFI=zY=w2/13.524
COEF2=F/RH
COEF1=54COEF3~-COEF2
AU=LOEF I #AR*LS5 . /DST /D
RE=U*D3T/VISC
l«Store data in a file »1
WARITE (2,150, A801,3) 0001, 2)rQrARsS/C0CF1,COEF2,COEF T, REXMU
350 FORMAT (1C(1PET2.3))
335 CONTINUE
CLOSE (3}
END
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! t************ti******I‘i’***‘t***t******ﬂkt**#*#*t*i*t****t**i*****t*!

1xPR05
1+pYRp
L K'Y

TINTE
tEAME

AAM $DRAAGSTEMS

QSE tTo determine time dependent drag coefficient of
stems *XI', for ditches III A3 and III 2D.

RFACE :User rerminal and filas

tlLima and Pradhan

*3
*1
*)
*3
*1

! LA AR LSRR LSS A2l RisR R Rl L LA LS *k*t**************!

I+decl

PROGRAM DRAGSTEMS

aration of variaoles. *!

IMPLICIT NGME

INTESER PMalr,KrJrCOUNT

PARAMETER (P¥=1020)

REAL AC(PM, LTI H(PMY (P}, PIPMI L AAA(RH) ,R(PM)

REAL DrHH RH, O, AR, DEPTHAXI,FACTOR,X{PMI, Y (2M)

REAL AACPM,3),TLG,VISCrS3,UsCrFsRE-COEFL,COEFI,COSF2,LDER
CHABACTER SLOMAAX2D,SLVAK®2],EGRE®2D,DRAG* 2O, XICOEF+20

1+Input af datas from terminal #!

I»To r

130
150

295
253

300
350

t«Cale

PRINT *,%5ive the name of canal data file:®
READ *"(A20)*, SLOM3S

PRINT +*,'5ive the name of section data file:z*
READ "{A292)", SLVAK

PRINT *,'Give the name of weed data file:®
READ "({AZ23)*, REGRE

PPINT *,%5ive the name of output file:*

PEAD "(A20)*,XICOEF

PRINT #,"Give zero level of the staff gauges®
READ *,IL35

ead data from files *l
CPEN (1,ACCTSS="SEQUENTIAL ',STATUS="2LD Y, FILE=SLOMES)
1=0
PO 100 WHILE {(.TRUE.)
I=1+1
READ (1o, END=1SO) , (AALTL3Y A, 321,30, CAL3,0),d24,7)
CONTINUE
€Lose (13
K=I-1
OPEN (2, ACCESS="SEQUENTIALY,STATUS="OLD Y, FILE=SLVAK)
I=2
DO 297 WHILE {.T2UE.)
I=1+1
READ (2,%,EMD=230) b HOIY,3CIX,PCIYLARACTYAR(T)
CONTINUE
CLos:z (2D .
QPEN (3,ACCESS="SEGUENTIAL' , STATUS="JLDY,FILE=PESRE)
I=0
00 393 WHIL: (.TRUE.)
I=I+1
REZAD (Brx,sND=TS0YL4(IX,Y (D)
PRINT #,X(I),Y{(I)
CINTINUE
CLOsSE (1)

utatioans *+!
APEN (L, FILE=YILOCF, ACCESS="YSEQUENTIALY»STATUSENEWY)
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DO 433 I=1.X

1«73 abtain values fram the file SLVAK =?
HM=AC(I,5)+2L5
COUNT=(HH=H{1) #1201+

YxCalculations !
AH=R (COUNT)
C=AL1,5)*1.E-3
AR=AAA{COUNT)
DEPTH=AR/3B(LOUNT)
VISC=1.7925-57C1.00221619434.031355E-3*28(1,4)

* $225,5053E=E~A(I,4)*%2)

S=A{I,7Y*1.E-3/45
U=afAaR
C=13*L0GI0{12*RH/D.15)
F=19.824/C%x?

!1*To obtain values from the file REGREZ !
DEXCI)EUCTI*AACT A2 +X LTI *AACT,2) % w2+ X (4D *AA(T,2) %]

* FXCSIRRAACT 22w b+ X (EI*AA(T,2) %*5
FACTOR=Y 1) +Y {2V %A (T,2)+Y(3)#2AA(T,2) **2+Y (L) " AA(T,2)**]
* FY(SI*AB (T P2 nabtY (LI *AACT,2) % %5
RE=U*D/VISL

COEF4=DEPTH#FACTIOR
COEFI=Ux*2.713,524
COEF2=F/PH
COEF1=3/COEF3=-CIEF2
XI=COEF1*AR/JCOEFS

1*Store the datas in a file #1
WRITE (46,4300 /2R 1,33, 05(1,2),0,03.5,C0EFY,COEF2,
* COEFI,COEF4,RELXND
452 FORMAAT (11(172212.3))
400 CONTINUE
CLOSE (&)
END
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finnex 5

Results (tables and figures)

data (Ditch
data (Ditch

data (Ditch
data (Ditch

data (Ditch
data (Ditch

Number of stems
Diameter (Ditch
M*D/L (Ditch III)

III-AB)
III-CD)

ITI-AB)
IIT-CD)

III-AB)
III-CD)

(Diteh III)

I1T1)

Scattering of M*D*H/L (Ditch III-AB)
Scattering

Scattering
Scattering

Scattering
Scattering

Scattering
Scattering

of
of 'n’

of
of

of 'u'
of 'u’

lel
I$J

Control section data

!nl
'n'
'pl
lpl
lfl
'6'

against
against

against
against

against
against

against
agalnst

against
against

against
agalnst

discharge
discharge

Re
Re

Re
Re

day
day

day
day

day
day

(Diteh III-AB)
(Ditch III-CD)

(Ditch II1-AB)
(Ditch III-CD)

of 1986
of 1986

of 1986
of 1986

of 1986
of 1986

{(Ditch
{Ditch

{Ditch
(Ditch

(Ditch
(Ditch

of M*D¥H/L (Ditch III-CD)

(Ditch TII-AB)
{Ditch II1I-CD)

(Ditch III-AB)
(Ditch IITI-CD)

(Ditch III-AB)
(Diteh III-CD)

(Ditch III-AB)
(Ditch III-CD)

III-AB)
ITI-CD}

III-AB)
ITII-CD)

III-AB)
I1I-CD)

57
58

59
60

61
62

63
64
65

66
67

68
69

70
71

72
73

74

75
76

77
78

79
80

81
82

83
84

85
86 .
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- *n' data (Ditch III-AB)

Table 5.1

10=-3£€58°1
10-3604"1
b0=3%0L"1
10=-3262°4
10=-3£L%"1
lD=3668"1
10=-3616°1
Lo-3156° 1L
10-3260°2
t0-325€°2
Lo=3%15"°2
(0=-3128°1
L0-3298°L
10-3926"1L
t0=30%6"1
10=-3256"1
10-3Z08°2
L0-3892"}
10=3218°}
10-3568"L
10=-3250°2
10-3901°2
-329£77
10-3358°1
10-3.26"1
H0=3460D%2
{0-394177
L0=-35}5%2
10=-3952"1
10-38%2°1
10-2648"°1L
t0-3168°L
10-31%2°2
Lo-3£95°1
10=-3645"1
D-3Z2%°1
L0=-3265"°1L
10=-3202°¢L
10=-3802"1
10-3522°
L10-3042"°1
10=3L05°)
L0=-22%E"1)
10=-305£9°1
tD=3290%1
10=-30693°L
1o-3560" 1
10-3222"1
Lo=3i9i)
T0-3569°6
Lo=-30%L"1
10=-3060°5
10=3241°1
10-368¢E° L

[SFJ I FL N |

']

L0=-3822"%
LO-324L%% -
L0=3%60"Y
10-321C0°Y
bo-3¢61°¢
10=-3502"%
b0-3LLL°Y
10-3260"%
LO-3¢86°E
10=-30L8 "€
L0=36E2"¢
Lo=-3602°Y
10-3E5L°Y
10~32%6"¢
10~3568°%
10~3212"¢
10-35£2°¢C
L0=-3612°Y
LO-3ESL"Y
t0-3£50" Y
W0=-32867E
I0-365¢C"¢
10-3591°€
10-3192"Y
L10=-3151°Y
10-3120%Y
LD=-3589°¢
{o-35£2°¢
10-36461°Y
10-3£51°Y
10-32%6"%
10=-38465°¢
10-3002°¢
L0=-322L"Y
10=2646"%
10=-3671°¢
10=-3969"¢
L0~-I960°¢
L0=-392L°y
LO=-3280°Y
Lo=3L%6°¢C
L0-3212°¢€
L0-3625°%
Lo=-3650°E
LO=3221°%
16-3298°%
10~3689°%
10~32E%°¢
10=3256"°2
10=3666"F
10-318L°¢
10=-3165°¢
16=-3%08"%
10-3288°2

(el

P

10-3081°1
Z0-3819°6
¢0=-302€°¢
c0-3L68°2
Z0-39Ls"9
Z0~318£°6
20-38L176
¢0=-380."2
z0=-3282%2
20-5v98°Y
20-3550°%Y
20=-3056"6
20-399£°6
20-320178
Z0-3616°L
¢0-326£°4
20=-302% "y
10=-38%0"1
Z0-3189"6
20-3952°8
e0-30E5"2
20-3981L°9
20=38YL°Y
10-3001°4
20-3L29%6
20-35627%
20~-3515°9
20-3420°%
10=-3280°1L
10-3520"1
20-325%°8
20-31LL°9
20=-3281°Y
t0-3902°}
H-3260"¢
20=3502°6
20-38890°¢L
20-328¢L"Y
10-359¢°}
10~-3022°}
L0=-359 L1
20-306976
Z0=-35L%"8
20-3¥S2°Y
10=-35¢%"|
{0=-39¢2"L
L0=-3£10°}
20=-3526%2
Z0=-3¢0L°Y
LO-36%%" 1
L0=38S0°4
L0=-30%0°1L
0~-325€°L
Z0-3528°Y

[s/9]

n

c0+35L6° %
2043952°¢
Z0+3796°2
20+43920°2
204385L°2
20+3LB1L"E
2043601 E
204308462
Z0+309Y°2
20+38%9°1
¢0+39%9E"|
Z0+3282°S
2043ELS"S
20+3920°¢
Z0+3LY6"2
Z0+390.1°¢
20+3419°1
Z0+320L"Y
204321 S
t0+3L18°E
20+3%2R"2
Z0+2£92"2
2043%2¢6" L
20+TEHE"Y
S0+366L7E
20+31FL"E
2043509 "2
20+3%08"L
Z0+2099°Y
2043%9€"Y
Z0+306%°¢
204396272
20+3222"1
20+35.2°¢
Z04+3647%Y
70435987
20+43026%2
20+328L2"1
20435927y
20+3025°Y
Z20436%6°%
Z0+dl25"S
20+31 882
20+32.129°1
2043299"¢§
2043028°Y
Z0+3919°¢€
204392672
20+3L€5"1
T0+362L"°S
20+3EL60"Y
20+31E8°E
20+3968"2
20+3995°}

r-1

10=3264°6
Lo=3%39"9
LO=3%6%°9
10=3022%9
LG~30£8°5
L0-2061%¢
L0~3082"L
bO=-325¢°1
10-3£26°4
10=-34£2"%6
L0=3bE6"6
L10=3%58°"9
10-3£20"4
[0~3828°2
[Cw395%"]
10=-3%6%°L
FD=-3%60°%6
L0-3069°9
10-3£06°9
Lo=3552%4
i0=-2€28°¢
10=3112"8
10=-362576
10=-3640"2
10-312£°2
10-3¢89"2
10-302%"%
10~3226%6
b0-356%°9
10-3 1099
10=32L6"%%
10-395¢"2
10-3298"8
10=-3981 "¢
10~-3292°S
10=-356%"%
10-3080"9
10-3181"2
Lo=-3585"Y
10=-3049"%
LO=3761°Y
$0=-3950°6
10=-3%52°5
10-368%7°9
$0-30%0°Y
0=3661°Y
10-3929"%
10=3%08"Y
10-~3166°9
10-301L°€
10-228€"y
L0~31%2°%
10=-3249°%
I0=-3225°¢

-2
]

£0-200%°1L
f£G=-36%2" |
£6=-3280°¢
20=3145%6
y0-3524°8
£0-316%"1
L0-39€%°1
£0-3L58°1
£0-3L£41°1L
$0-3826"L
$0=-3¥99°9
£0=-324%°L
£0-322%°1
L0-34E27
£0-3112°1
£0-3CLL"L
4¥0-3229"9
£0-3955°1
£0-369%"1
£0=-30%E° L
£0-3802"1
$0-3229"%6
20-3LIC°9
£0-22958°1
£0-3429°1
£0-~349¢°)
£0=-3990°1
¥0-~3955°9
£0-3825"1
£0-348%"1L
£0-2£6)" 1L
20-3292°%6
90=-3£689"S
£0-3gd2°}
£0-242171)
$0-3002"6
¥0=-344E"L
¥0-3222°Y
£0-3492°1
£0=3491°1
£0-2¢50"1L
40-39L8"8
¥0=-322%"2
*0=-34680""
£0=-3¢LL"L
#0-300%"6
*0-3000°8
y0-3iLL°8
90-39%9°¢
20-384L°6
$0=-2009"L
$0=-3292%1
90=-329%°S
Y0-2489°2

-1
3

$10-3952"¢€
10=-3041 "%
10=-3680°¢
t0=-38L0°%
10=-309¥"2
10=-3202°¢
MW=-3021°%
10=3160"¢
L0-3568"2
W=-32L8°2
E0-322%°%2
£0-3L2°¢
L0=26%1°%
10-3046"2
l0-3£56"2
LO-2£ 0872
10-328¥"2
10-3022°¢
L0-35¥L ¢
10-32250°¢
10-3896°2
10-3902°2
10=317%°2
10=-3282"¢
19=35%1"%
10=-3%20"¢%
10=-326L72
10-328%"2
t0-3£64"°£
t0-3S%L°¢
L0-30L6"2
Lo=382472
10-399¢°2
$0=3611°%
t0-3500°%
10-3%59"2
10=3299"2
10-356£°2
10=32C51°%
10=3840"%
L0-3046"2
10=-3£48"2
10=-3%89"¢
to=32158"2
10-36L1"¢
t0=3%L¢"2
10-326L%2
Lo=36LF"2Z
10-310%°2
10-3800°¢
L0=-395¢°2
t0-3g822%2
d=3%£5°2
Log=~3%¥52"2

ce]
-}

10=-3580%6
10-26E7"8
$0=-30£8"1
0=-3E9L°L
LO=-3%66°Y
LO-3941°6
LO~3654"8
LO-3E987 L
LO-2252°9
L0=-3507°S
10=-3880"S
[0=-3162°8
L0=-3¢52°8
10=-3201°4
L0-3626°%
L0-390%°¢
10~3880"S
10-3966"8
10=36£2°8
10=3595"1
10=3220°L
10=-3826"S
10=3LE6"Y
LO-3082°6
10=-268£2"8
10-308%%2
LO=-25LE" 9
10-3880°8
10-3L99°8
10=365£7°8
10-3401%4
L0=-3£90"9
L0=-3600"S
10-32%0"8
10-3882°L
10-3067°9
t0-362L°S
LO=-394L"Y
L0-3888°8
LO0-2£64%°28
10-3401°L
L0-3%0%°¢
£0-3242"S
L0-3449"Y
L0=-329%0°8
t0-30%2°9
[0=384L"9
LO=-3595°¢
10-302%"Y
10=-3822°L
10322879
12=3550%9
p0=39%2°S
+0-302%8°Y

el
¥

LO-35%90°1
t0-22L1°8
20=-3906°9
e0-2464%8
20-32%82°¢
20=-3E12°8
20=-3949L%L
Z0=-2558°9
Z0=-3026"Y
20-3£39°2
20-3590"2
20-340e°8
c0-3412%2
e0=-3754°¢
¢0~-3%ey°s
20-3L8L%Y
i0-28%2°2
¢0=-35EL"¢
20=5186"L
Z0-3%29°%
eb=-352L°S
20-3089°%
g0-3%%¥0°2
10-3020°1
¢0~-3396°2
20-3221°%
20-3R2C°Y
20305072
20~295£"4
20-387%"2
20-2200"%
20-360L"Y
20-3560"2
20-3869°¢
20=356672
20-3%86°S
20-3190°%
20-3540°2
10=38EL71
20-39%8%6
20-3551°8
Z0-308L°9
Z0-3LEE"Y
20-3952°2
L0=3291L%}
20-335%°¢
20~-3L6L°9
PO D138 o )
Z0-37¢8°1}
10-3550°}
20=-3£L6°9
20=-350L"9
zo-322L°%%
20-2588°1

[(s/5 0]
-]

c0+F028"°2
20+3048%2
20+3C4i8"72
ZG+3028°2
Z0+3023%¢
20420612
20+30485"C
20+3206£°2
c0+306L°2
20+306L°2
cD4306€"2
<0+4300€°2
Z0+4300£72
¢0+300£"2
20+300£%2
20+300£°2
20+3008°2
20+305L°2
¢0+3081°2
204308182
¢0+3001%¢
¢0+3081°2
20+308L°2Z
20+43096°1
204309671
2D+30%6"1
20+3096"1
20+43094"1
20+3025"° 1
20+3028°)
e0+20E8" 1
2043028°1L
20+3028° )
20+43089° 4
2043089 1
704308974
20+308971L
Z0+3089"L
¢0+30%5°4
20+3Cys° L
20+3095° 4
Z0+30%5°1
20+30%5° 1
20+30%5°}
¢0+30L%°4
204304%% L
20+4304%°}
20+302%°L
20+302%° 4
20+3C0y" L
Z0+300%°¢
<0+3C0%°}
Z0+200%"1
20430097 ¢

*iN Aeg

L0+3001 8
10+3000°%
L043006°L
1643008 "2
1043002°¢
p0+3005"L
L0+300%°%2
1042005 72
L0+3002% 2
10+3001°2
10+3000°%2
1043006 "9
10430029
1043002"9
L0+3009°9
LO+3005°9
104300%°9
L0+3005 "9
10+3002°¢9
LO+200L°9
10+32000°9
10+3006°S
10+3008°¢
1043004°S
1043009°§
1043008°S
10+2007°S
10+300£"5
$0+30058 "%
10+3002°%
10+300LY
+043000°%
1043006"€
LD+3005"2
L0+300% %2
04300878
L0+3002°2
10+300L "2
10+3009°¢L
10+3005° 1
104300974
L10+3005"°L
10+3002°L
L0+300L7L
10+3000%¢L
CO+300076
C0+3000°8
C0+43000°2
C0+30C0°¢%
G0+3000°S
CQ+2000 "%
Ca+3000°¢
00+3300°2
CO+3000"¢

*JIN “Seay
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- 'n' data (Ditch III-CD)

Table 5.2

10-354%"1)
10=3699°4
L0-3989"|
L0-3122"L
Lo=32C1°2
P0=-3%12"%1
L0-312L°}
10=-3€22°1
10-3698°1
b0-3227°2
Lo=3L1%"2
b0-3429°1
10-3949°L
1o=-3522°1L
Mi=-3812°4
10=-398"1L
10-3082"°2
10-369¢°1
10-3429°1
10=-3289"1
10-3508"1
10=-365172
L0=-30%%"2
10=-3%9%*1
1D=-3£L5°1
10-39229°1
to-3521°¢2
t0-3829°2
0-3Le¥°L
t0-38%5"1
L0~3%69°1
{0-3288"1
$0-3169°7
L3=-3R82")
Lo-38528°1
H0=320%"1
10-3852"°1
L0=-3%61"2
10=-3691"L
10=-3661°1
Lo=3422")
10-3115°)
10=-3815°1
10=32%6" 1
W-3£80°1
Lo=-3244°1
10-3002"1
10-39%%°4
10-3028"1
20-3292°6
10=-3£91"1
10-386i"L
L0=-355¢°4
10=310%"4

[£2ivese]

10-3652°Y
L0=-32617%
10=-3220%%
10-3616"C
L0-3L24°¢E
LG=-3261 "%
LD=-3260° 7
LD=2496"¢
10-3£227¢
10=-3%99"%
10-3£6E78
103261
10-32607%
Lto-39€0°E
10-3524°€
10=3999°C
10-3£48 "8
$0-3£Q2°Y
10-3240"%Y
10-32£6°%
10-3508"°¢€
10-301L9"°E
10-3§6E°E
10-3922°%
L0-309C"Y
10-3296°C
LO~3%99°C
10-3C6L7E
10=-328L°%
$0-3260"Y
L0-39£8°E
10=-3019°%
J0-3£6E°E
10=-3251°Y
L10=-3966°C
t0-3€2L4"%
Lo-3826°¢
10~-3228"S
L0=-3%922°7
L0-3£21°"Y
10=3996"¢F
L0-382L78
L0=-3019°¢
L0-3225"¢
10-3£02"%
10~3006"%
Lo-3£24°¢
L0=-3826"¢
L0=-35527¢
Lo-3260°Y
10=-2006"¢
10=-3E24"%
10-3015°¢
10-3882"%

[*]
p

L0=-32%2°)
Lo-2810°% 1
c0=3g2L°¢
20=3Q086°4
20=-3%01"S
10-3150°1
T0-3¥96°6
20=-30%2%6
e0-3g9t°L
c0-39L1"Y
Z0=-3240°¢
Lo=3901"1L
20-3125%6
Z0=-366178
20-3510°8
20-3606°9
¢0-3929°¢
LO=30SL"}
10-3220°1
t0-3690"6
e0-3249°L
20-32¥%°%
20-319£78
10-39€2°4
LO-3HEO0"
z0=-3009"%
20=-3528°¢
Z0=-3185°%
L0-3821°1
10-3.80%)
20-3295"8
20=-3120°9
e0-392%°¢
i0-3g12°)
$0=-3290°1L
Z0-3821'%
20-3680°9
20-3925°¢
$0-364¢€"°1
iD=-3L52"1
1030014
Z0-3820°6
20-3£82°4
e0-3292°%
L0=-392%"1
L0=-3221°1
20-399L°¢6
20-3959°9
20-3L161 %€
bO-345E°1L
eC=3&e99"8
e0=-3Lb2°6
20-386€°9
e0-3442°¢

[sse]

n

20430019
20439569
20+350%°y
204316
20+382% %2
T04+3%10°¢
Z0+2298"%Y
Z0+356%"%
204396%°¢€
20+30L0"2
Z0+3267°1
20+3L%0"9
ZD439%E"7S
20+43%4C°Y
20+3%22°Y
2043629°¢
C0+3LL6")
Z0+2%L%°9
Z043%69°%
20432867
20+439EL"Y
Z0+3848°2
20439921
20+3160°2
2043£58" 8
Z0+3SEL"Y
Z0+308L"E
2043962°1
2043192°L
204319979
Z0+3E90°¢
T0+4366S°E
20+430£0°2
20432%9°%
20+32£5°9
20+43092°%
20+43209°¢
2D+3850"2
2043288°9
20+3281°9
2043459 °S
204319%°"Y
Z0+36¢65°¢

"20+36%871L

20+43SL0°8
204369579
Z0+2850°S§
TO+329C°E
20+39G4°1
Z043¢4L%L
20432588
20+39E6°Y
20+3698°¢
20+43789" 1

-1
&y

L0=3285°€
10-316£°9
10=-2¢%9°9
10-3262°9
10=-386£4"9
[0=3£26°9
10=3295"9
10-3209"9
10=321272
10=-3628°9
10-3695°6
10=3691%9
10=329%°9
t10=32%9"9
L0=-35i9°9
10=3291%¢
16-3221°%
10-3£46°S
Lo=-3212"9
10=-394%"9
10-3096"9
10-3515°8
LG-3%8%"¢
10=-3%54°§
10-3200°9
10~25%%°9
10-3821°8
co+3L20°L
10=3929°¢
10-3206°S
10-32£6°9
10-2992“2
C0+32%0"°1
10-3006"%
L0-3220°S
10=39E£¥"S
10=3082"°9
10-2£55°9
L0-35EY°y
10-329¢"Y
10=-3802°%
$C-3i90°¢%
10-3548°C
10-3895°2
$0-3241°Y
10=-3267°%
10=3904"Y
10=3%59"§
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- Number of stems (Ditch III)

Figure 5.1
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- Diameter (Ditch III)

Figure 5.2
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- M*D/L (Ditch IIT)

Figure 5.3
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- Scattering of M*D*H/L (Ditch III-AB)

Figure 5.4
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- Scattering of M*D*H/L (Ditch III-CD)

Figure 5.5
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- Scattering of ‘n' (Ditch III-AB)

Figure 5.6
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- Scattering of 'n' (Ditech III-CD)

Figure 5.7
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- Scattering of ‘u' (Ditch III-AB)

Figure 5.8
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- Scattering of 'u’ (Ditch III-CD)

Figure 5.9
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Figure 5.1Q - Scattering of ’¢&’
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Figure 5.11 - Scattering of '&' (Ditch III-CD)
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Figure 5.12 - Control section data
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inst discharge (Ditch III-AB)

agains

Figure 5.13 - 'n’
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Figure 5.14 - ’'n’ against discharge (Ditch III-CD)
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t Re (Ditch ITI-AB)

agains

Figure 5.15 - 'pu'
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inst Re (Ditch III-CD)

agains

Figure 5.16 - ‘'u’
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inst Re (Ditch III-ABR)

agains

Figure 5,17 - *¢’
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t Re (Ditch TIII-CD)
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t day of 1986 (Ditch III-AB)

agains

Figure 5.1% - 'n’
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Figure 5.20 - ‘n’ against day of 1986 (Ditch III-CD)

€ te 00w ) OHEL WY3IA 3HL 40 AVQ
oC - 9s cC #g ce 2t oc-ce ce- 82 oc 9z ec v ge 22 oc-0z ee- 8! oc 91 gg ! ce-zt cceg! oc's €o-9 [e1od ) oc-z
: 1 . . .

T LI T T T “_ i : I i I T . 1 I | ) I
; : i ! : m : m :
R T AP SUUUTO RN R T S-SR SUP SRR SUPURPSRP
! : . . ! : ;
N S SR RPRS SUUUERU O U SR
1 . 1) M 1
: i : : : : :
: m ' i : : ; N
“ : | : ] ; : :
m m m : ‘o .. i ; m : :
" ; " m ] ; m m ; ; : -
H ; | H H ! ! i ! H H
1 : 1 ! i 3 ' H ! ' !
" : " USSR VTN URUY S S-S PO SOOI URUOOY S OUDRISPO SO SR R
| : ! ." “ ] :
S/Ceel GBC 0 3IHVHISIG: © ; ; ". ' :
S,Cesl COC*0 3FONVYHISIG: O ; : ; : : : ' -
SsE=W 0PC'0 32UYHISIG: O : m ; ' H ! :
g2 - 111 HOV3Y HOLlG : ' : ! ' : !

REL] AON 190 438 NAT AWl Hdv uvid - vt

oc-

b’ Co- cE-

e

oS
IN3ID1 44300 ININNYH

oe-
)

oz
¢

4

0Le ar

ot ¢




83
t day of 1986 (Ditch III-AB)
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Figure 5.22 - ’'p' against day of 1986 (Ditch III-CD)
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inst day of 1986 (Ditch III-AB)

agains
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t day of 1986 (Ditch III-CD)
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