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ABSTRACT

Very high rates of sedimentation in the Chatra canal are threatening the
viability of Nepal's largest irrigation scheme.

The Chatra Main Canal supplies water diverted from the Sapt Kosi river in
eastern Nepal to the Sunsari Morang irrigation system. Bed slopes in the
canal are up to seventy times smaller than in the reach of the river
upstream from the offtake, and most of the high concentrations of bed
material sediments diverted to the canal settle in the distribution system.

Field measurements carried out in 1984 and 1985 indicate that the flows
diverted to the canal during the monsoon irrigation season carry about
1100ppm of suspended bed material sediments. In 1985 this resulted in
150,OOOm 3 of sediment settling in the main canal, while a further 90,OOOm3
were extracted from the canal by a vortex tube sediment extractor. The
report describes the field measurement procedures used to quantify the
seasonal sediment balance and presents an estimate of the reduction in the
volumes of sediment that will have to be dug from the canal when a second
extractor is commissioned. A simple operational policy for two extractors
is outlined.

An annex contains the results of a comparison between a simulation of the
canal system and the field results.
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1 INTRODUCTION

This report presents the results of a study of

sedimentation in the Chatra Canal in Eastern Nepal.

The study was carried out by Hydraulics Research,

Wallingford (HR), in collaboration with the Sunsari

Morang Irrigation Project, (SMIP). Field data was

collected from the canal during the 1984 and 1985

monsoon irrigation seasons.

There were three principal objectives for the study:

(a) To quantify the sedimentation processes in

the Chatra canal system, particularly the

seasonal performance of a vortex tube

sediment extractor.

(b) To utilise the data obtained from the field

measurements to develop operational rules

for the two vortex tube extractors that are

to be operated to reduce rates of

sediment deposition in the canal system.

(c) To provide detailed quantitative information

on the response of a major canal system with

sediment extraction to a large and varying

sediment input. This information was

required by HR to aid the development of

improved methods of predicting the behaviour

of canal systems with large sediment

inputs.

This report is concerned principally with objectives

(a) and (b) above. However a comparison of some of

the field results with a simulation of the canal

system, (objective (c», is presented in an Appendix.

An operating policy for two vortex tube sediment

extractors is outlined in Section 7, and the major

conclusions drawn from the study are presented in

Section 8.
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The study formed part of a programme of research being

carried out by the Overseas Development Unit at HR

into sediment control in irrigation systems. HR's

participation in the project was funded from a

research subvention received from the Overseas

Development Administration of the British Foreign and

Commonwealth Office.

2 BACKGROUND TO THE

STUDY

2.1 Sunsari Morang

Irrigation Scheme

The Chatra canal supplies irrigation water diverted

from the River Kosi in eastern Nepal to the Sunsari

Morang irrigation system (location map Figure 1). The

project is the largest irrigation system in Nepal and

was designed to irrigate 66,000 hectares. The main

canal system, constructed by the Government of India,

has been operated by SMIP since 1973.

Water is diverted at a free offtake just downstream

from the point where the Kosi emerges from a gorge

which cuts through the Himalayan foothills on to the

Terai. Sediment concentrations in the Kosi can rise

to more than 5,000ppm in the mOnsoon season and high

concentrations of bed material sediments are diverted

into the canal.

The main canal (Fig 2) is 53km long and has a design

capacity of 51.3m 3/s. Water entering the canal passes

through a 200 metre long 4.5 metre diameter tunnel,

which connects the offtake to the canal headreach.

Bed slopes in the main canal are very shallow when

compared to the river upstream from the offtake.

(River 0.0014, canal varies from 0.00002 to 0.00022).

Nearly all of the bed material sediments entering the

canal settle in the distribution system. Estimates

made using data that was available before this study
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2.2 Rehabilitation

commenced indicated that on average 200,00Om3 of

sediment settled in the canal during the few months of

operation in each monsoon season between 1970 and 1978

(Lawrence, 1983).

Large quantities of sediment have been removed from

the canal bed by manual excavation during annual canal

maintenance periods. Plate 1 shows desilting work in

progress on the main canal during 1985. An indication

of the depths of sediment removed from the canal is

given in Figure 4, which shows canal bed levels in the

reach downstream from RD 32 at various times since

1982. (The system of relative distances, RD's, used

to locate canal reaches and structures is described in

Appendix 3). The canal upstream from about RD 28 is

constructed in deep cut, and it is understood that no

sediment has been removed from this reach since the

canal was constructed.

The head reach (to RD 32) is intersected by seven

major torrents, which cross the canal in

superpassages. There are a large number of cross

drainage structures, bridges, and head

regulator/offtake structures downstream from RD 32.

Figure 3 shows the location of the major canal

off takes, and the vortex tube extractors.

The canal system is now being rehabilitated. During

the first stage of this work a vortex tube sediment

extractor was constructed at the site of an existing

low level escape and cross drainage structure at

RD 39.65, about 12km from the intake. The vortex tube

was designed by Sir M MacDona1d and Partners using a

vortex tube design and performance prediction method

developed by HR. (Sanmuganathan, 1976). The

performance of this extractor was measured by HR and

SMIP in 1982. (Singh 1983).
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2.3 Collaborative

project

The other components in the rehabilitation programme

concerned with sediment control are:-

Ca) Remodelled headworks with an upper and lower tier

of gates.

Cb) A settling basin, designed to trap coarse

sediments, and constructed in the canal head

reach ioonediately downstream from the intake

tunnel.

Cc) A second vortex tube sediment extractor,

constructed at RD 31.

The purpose and the design of these structures has

been described by Mahmood CMahmood 1982). It was

intended that all three would be operated for the

first time in the 1985 monsoon irrigation system.

The principles used to design the rehabilitated canal

system downstream from the headreach, together with a

very comprehensive set of field data collected in 1978

and 1979, are presented in reports prepared by Sir M

MacDonald and Partners. (~IP 1978 and ~frlP 1979).

Following the success of the vortex tube measurements

carried out by HR and SMIP, HR proposed a second

collaborative study. The objectives for this have

already been listed in the introduction. The

Department of Irrigation Hydrology and Meteorology,

HMG of Nepal, accepted the proposal in April 1984. A

programme of field measurements with a duration of two

years was agreed, with HR providing the equipment and

training to enable SMIP staff to carry out the

measurements. HR undertook to analyse the field

results and to provide SMIP with a technical report

and advice on the operation of the vortex tube

extractors.
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It was hoped that it would be possible to obtain

operational data on the performance of both the vortex

tube extractors during the 1985 monsoon season.

Unfortunately the second vortex tube extractor was not

operational in time for the 1985 monsoon season, and

problems with the escape channel prevented its use

during the 1986 monsoon season. The recommendations

concerning the operation of two vortex tubes presented

later have therefore had to be based on the predicted

performance of the new extractor.

Equipment was set up and project staff trained in its

use in June 1984, and measurements were initiated in

July 1984. For several reasons, which included some

equipment failures, data was only collected in July

and for parts of August and September, 1984.

The results of the 1984 measurements, together with a

set of notes outlining the methods that had been used

to analyse the data, were forwarded to SMIP in

February 1985 (Fish 1984).

Following the problems that were encountered in

collecting data in 1984 a member of staff from HR

remained on site for the first half of the 1985

monsoon irrigation season, and automatic sediment

sampling methods were replaced with the manual

sampling procedures described later in the report.

At SMIP's request copies of the raw data collected

during 1985 were sent to Nepal in October 1985, (Fish

1985) and the survey data collected in November 1985

was forwarded to the project in January 1986 (Fish

1986). A note summarising the major findings from the

study, and presenting a prediction of the effect of

operating a second vortex tube, was forwarded to the

project in May 1986. Most of the information

contained in the earlier reports and notes listed

above has been included in this, the final report on

the collaborative project.
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2.4 Canal operation

during 1984 and

1985

The canal was operated between 17 June and 26 October

in 1984, but was closed for a total of 44 days over

this period. As the alterations at the headworks Were

not completed water was diverted into the canal using

only two of the four existing gates. No exceptional

operational problems were encountered in 1984,

although the canal had to be closed on many occasions

because of the high sediment concentrations in the

KosL

In 1985 the new headworks gates and the settling basin

Were commissioned. The canal was operated between

24 June and 18 October with occasional closures due to

the operational problems that were encountered. The

screens upstream from the intake gates blocked with

trash and sediments, and the entry bay upstream from

the gates had filled with sediment by 28 July, greatly

reducing the discharge entering the canal. The

screens were removed for cleaning many times during

the season and the bottom tier of gates were opened to

increase the discharge entering the canal. (The

design had envisaged use of the bottom gates in the

dry season, when river levels were low.) This

resulted in large variations in both the discharge and

the sediment concentrations entering the canal during

the 1985 irrigation season. Very large sediment

concentrations (> 4,OOOppm bed material load) were

swept into the canal when the screens were removed.

However these high concentrations were only maintained

for relatively short periods.

Water levels in the canal head reach were very high

compared with design levels. This resulted in the

settling basin filling very rapidly, with bed

sediments.

6



3 FIELD

MEASUREMENTS

3.1 Measurement

programme

Plate 2 shm's the area upstream from the intake in

November 1985. The bed level upstream from the intake

gates is about 3m above the bottom gate cill level.

Plate 3 shows the settling basin, with the access road

on the right, in May 1985. At this time the bed of

the basin was at its design level, about 4.5 metres

below the road. Plate 4 shows the level of deposited

sediment in the basin in November 1985.

The vortex tube at RD 39.65 was operated continuously

through the 1985 season. The outlet gates were

adjusted to maintain the water extraction through the

vortex tubes at about 10% of the canal discharge.

1984 Measurements

The measurements carried out in 1984 consisted of:

(a) Discharge at the headworks (from the headworks

records maintained by SMIP).

(b) Sediment concentrations at the headworks tunnel

exit, derived from pump samples collected at a

sediment sampling mast for the early part of the

season, and with the aid of an improvised

sampling derrick during the later part of the

season.

(c) Discharge in the vortex tube escape channels.

(d) Sediment concentrations in the vortex tube escape

channels.

(e) Discharge in the canal downstream from the vortex

tube.
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(f) Sediment concentrations in the canal downstream

from the vortex tube.

1985 measurements

The measurements carried out in 1985 consisted of:

(a) Pre-season bed level surveys, carried out in

selected canal reaches after de-silting work had

been completed but before water entered the

canal.

(b) Post season bed level surveys, carried out at the

same canal sections as the pre season surveys_

(c) Canal discharge at the headworks, (from SHIP

operational records).

(d) Sediment concentrations at the headworks.

(e) Sediment concentrations in the vortex tube escape

channels.

(f) Sediment concentrations in the canal just

downstream from the vortex tube.

(h) Velocity profile measurements at the headworks

tunnel exit.

(i) Canal discharge downstream from the vortex tube.

(j) Discharge in the vortex tube escape channels.

(k) Discharge and sediment concentrations entering

the Shankapur canal.

(1) Water surface slope in the main canal reach

upstream from the vortex tube.

(m) Discharge in the branch canals, down to RD 67,

(usually on several days each week).
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The following measurements were carried out on an

occasional basis:

(n) Detailed velocity and sediment concentration

profiles at the headworks tunnel exit.

(0) Sediment concentrations at the drop structures

down the Shankapur canal.

(p) Sediment concentrations entering the Sukhsaina

canal.

(q) Sediment concentrations at various locations

along the main canal, down to RD 67.

In addition to the measurements listed above data was

obtained from three automatic water level recorders

that were installed in the main canal at the vortex

tube site, in the vortex tube escape channel, and

upstream of the first weir on the Shankapur canal.

Water levels were routinely recorded at all the

measurement sites, using the gauge boards installed

for the purpose.

3.2 Bed level surveys

The reaches that were surveyed in the 1985 pre and

post season surveys are shown in Figure 2 and are

tabulated below:

Survey reaches

CHATRA MAIN CANAL

Approximate metric equivalent distances

1. 0.260 - 1.400km (RD 1.85 - RD 5.64)
2. 10.479 - 10. 779km (RD 34.4 - RD 35.29)
3. 11.206 - 11.506km (RD 36.81 - RD 37.79)
4. 12.028 - 12.807km (RD 39.65 - RD 42.1)
5. 13.925 - 14.979km (RD 45.8 - RD 49.2)
6. 17.370 - 18.358km (RD 57.1 - RD 60.4)
7. 20.700 - 21.500km (RD 67.7 - RD 70.90
8. 29.570 .. 30.698km (RD 97.0 - RD 102.0)
9. 40.100 - 41.300km (RD 131.4 - RD 135.0)
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SHANKAPUR BRANCH CANAL

Approximate metric equivalent distances

10. 0.000 - 0.925km
11. 2.925 - 3.676km
12. 5.511 - 6.524km

(RD 0.00 - RD 3.10)
(RD 9.60 - RD 12.06)
(RD 17.90 - RD 21.40)

Vortex tube escape channel

0.00 to 0.80km

For reaches 4-12 the following survey procedure was

used:

(1) Pegs were fixed along the centre line of the

canal at lOOm spacing. These pegs acting as

chainage markers and temporary bench marks.

(2) At each peg the level of the canal bed was

measured, using normal survey techniques, at 3

points on the cross-section. These were at the

centre line and at points equi-distant and normal

to the canal centre line at a distance of half

the design bed width from the centre line.

For reaches 2 and 3 the pegs were spaced at SOm. For

reach 1 the sections were selected at various

chainages to suit local conditions and up to 9 levels

were taken along the cross-section.

A small hand auger was used to collect samples of

settled sediment from selected locations during the

post season survey.

3.3 Measurement of

discharges

Canal discharges were measured using a current meter

at three locations along the Chatra main canal. These

were, at the headworks tunnel exit, and at the bridges

at RD 42 and RD 70. At the bridge measurement sites
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velocities were measured at 0.6 depth on each of nine

cross-sections. Discharge was computed using the mid

section method (ISO 1979).

The discharge in the vortex tube escape channels was

estimated from velocities measured with a current

meter, again using the mid section method. The

discharge in the canal downstream from the vortex tube

was estimated from the discharges measured at RD 42.

Discharges and the water levels measured with the

automatic water level recorder located just downstream

from the extractor were used to develop a stage

discharge relationship which was used to estimate the

canal discharge passing the extractor on days when

measured discharges were not available.

Both the Sukhsaina and the Shankapur canals have weirs

in their head reaches, and these were used to estimate

the discharge passing into the canals from

measurements of the upstream head.

Between RD 32 and RD 70 there are seven small

off takes, four of which have control gates in various

states of repair. The others, although not gated,

were partially blocked. In addition to these minor

off takes there are at least twelve unofficial pipe

off takes mostly partially or totally blocked. The

discharges passing into these off takes could not be.

measured as part of the routine monitoring programme,

and were estimated from the discharges measured in the

main canal. Typically the discharge diverted to minor

off takes was 3% of the discharge at RD 32.

At the headworks tunnel exit the discharge entering

the canal was calculated from velocity profiles,

following the procedure outlined in Appendix 1. Use

was also made of the data recorded at the headworks to

calculate the discharge entering the canal. Discharge

was calculated from water levels using the gate

calibration curves supplied by the project for 1984
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3.4 Sediment

concentrations

data, and by the contractor for the new upper tier of

gates only, for the 1985 data. From the 28 July 1985

the lower tier of gates was also used to pass water

into the canal. As no gate calibrations were

available for the lower tier of gates the headworks

records could not be used to estimate canal discharge

after 28 July.

Sediment samples were pumped from nozzles placed at a

number of depths in the flow utilising battery powered

pumps. Fixed nozzles mounted on masts were used in

the canal and one of the escape channels at the vortex

tube site. At the other measurement locations a

single nozzle was mounted above a current meter sinker

weight, the weight being raised or lowered to any

desired height above the bed with the aid of a lifting

frame and gauging reel. Plates 5 and 6 show the

sediment sampling masts used at the vortex tube site,

and Plate 7 the lifting frame used at the headworks

tunnel entrance. Problems were encountered with trash

and weed blocking the sampling nozzles on the fixed

masts, if these were not cleaned regularly. The

sampling mast in the canal was damaged on several

occasions by water buffalo who were swept into the

flumed section at the vortex tube extractor from their

wallowing point just upstream. The mast had to be

taken out of the canal and straightened after these

collisions. The buffalo did not appear to suffer any

damage.

For the 1984 measurements some samples were collected

using automatic sediment samplers programmed to

collect samples from three depths at the two vortex

tube measurement locations. The automatic sampling

systems were replaced in August 1984 with the manual

sediment sampling procedure described below.
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4 RESULTS

Each sample was obtained by pumping 10 litres of canal

water through a 63 micron sieve into a calibrated

container. The sediment retained on the sieve was

stored for later analysis in the laboratory. Details

of the pump sediment sampling method used by

Hydraulics Research have been described by Bolton,

(Bolton 1983).

Occasional samples of the sediment/liquid mixture

passing the 63 micron filter were collected to

quantify the concentrations of washload in transport.

(63 microns is the sediment size adopted in this study

to distinguish between washload and bed material

load).

Sediment samples in the branch canals were collected

from the well mixed zone downstream from drop

structures. This procedure was verified by collecting

samples from a number of depths initially, to ensure

that representative sampling locations were selected.

The procedures adopted in the sediment laboratory, and

the methods used to compute sediment loads from the

field data and the sediment trapping efficiency at the

vortex tube are described in Appendix 1.

Figures 6(b) to 8(b) show bed levels in reaches that

had been desilted prior to the pre season survey.

Desilting did not restore the canal to its design
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bed levels. Generally sediment was removed to leave

canal bed levels between 30 to 50cms above design

levels.

Figure 6(a) shows the rise in the bed levels in the

newly constructed headreach settling basin. By the

end of the irrigation season in October 1985 the bed

in the settling basin had risen to a level of 106m,

four metres above design level and two metres above

the maximum level assumed in the design calculations.

Plate 4 shows the sediment deposits at the upstream

end of the basin in November. The bed of the basin is

level with, and in some places higher than the access

road that can be seen at the right of the picture.

In the canal reach between RD 32 and the vortex tube

at RD 39.65 (Fig 2) bed levels increased by about

25cms over the irrigation season (Figure 6(b».

Downstream from the vortex tube, in the reach to the

bridge at RD 67.7, bed levels increased by about 50cms

over the irrigation season (Fig 6(c) and Figs 7(a) and

(b». Beyond RD 67.7 very little sediment settled in

the canal (Fig 7(c) and Figs 8(a) and (b».

Figures 9(a) to 9(c) show the change in bed levels in

the reaches that were surveyed in the Shankapur canal.

This canal was the first of the distributary canals in

the Chatra system to be remodelled in the

rehabilitation programme. The survey results indicate

that bed levels ren~ined very close to design levels,

with a very small net accretion over the irrigation

system.

Table 5 indicates that bed levels in the vortex tube

escape channel are close to design levels after three

years of operation.

4.2 Volume of settled

sediments

The volume of sediment that settled in the reaches

that were surveyed has been computed by calculating
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4.3 Size grading and

settled density

of deposited

material

the change in cross-sectional area at each of the

measured cross-sections, and then multiplying the

average change in area at adjacent sections by the

distance between sections. The total settled volume

is then the sum of the volumes between sections.

To estimate the total volume of sediment that settled

in the main canal system and the Shankapur canal it

was necessary to estimate the volumes of sediment that

had settled between the reaches that were surveyed.

The first and last cross-sections in the nearest

surveyed reaches were used to estimate these volumes,

taking account of the changes in canal bed width along

the canal.

It has been assumed that there was no net change in

bed levels in the headreach (from the downstream end

of the settling basin to ,RD 32) over the 1985

irrigation season. This assumption is reasonable as

no sediment has been removed from the headreach since

the canal was first operated, (Section 2), and the

headreach appears to have adjusted to an 'equilibrium'

slope and bed level (see Section 5.3). The volumes of

settled sediment derived from the survey results are

shown in Figure 13.

The size grading of settled material has been

determined from samples collected at various locations

along the canal. Figure 10 shows typical size grading

curves for samples collected at three locations along

the canal. The variation in the D50 sediment size

along the canal is similar to that observed in

previous studies. (MMP 1978 and ~IMP 1979). Bed

material size gradings confirm that very little wash

load is settling in the main canal, less than 2% of

the settled material is smaller than 63 micron, the
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sediment diameter used in this report to distinguish

between wash load and bed material load.

Bed samples obtained with a small hand auger when the

canal bed was dry in November 1985 Were analysed to

obtain values for the bulk density and dry density of

the settled sediment. Mean values for bulk density of

l480kg/m 3 and for dry density of l376kg/m 3 were

obtained. The dry density has been used in the

conversion of measured sediment concentrations (ppm by

weight) to equivalent settled volumes in the

calculations described later in the report.

4.4 Discharge entering

the canal

Discharges at the headworks tunnel exit during the

1984 and 1985 irrigation seasons are shown in Tables 8

and 9. The 1984 results (Table 8) are estimates

derived from the headworks records of stage and gate

openings, with an adjustment to the stage readings to

account for the head loss across the trash screens

upstream from the gates (see Fish 1984). The data for

1985 (Table 9) are discharges measured by current

metering at the tunnel exit.

No measurements were made at the headworks tunnel exit

after 28 August 1985, and it was not possible to

measure the discharge at this location on many

occasions earlier in the season because of flooding at

the measurement site, see Plate 8.

Discharge at the headworks in 1985 is plotted as a

function of time in Figure 11. The discharges shown

after 28 August are estimates derived from the

discharges measured at the vortex tube site, adjusted

to account for flow diverted from the main canal

between the intake and RD 39.65.

Estimates of the discharge at the headworks are also

available from the records maintained at the intake.
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Discharges estimated by SMIP are compared with those

derived from current metering in Table 10. The

comparison indicates that discharges estimated by the

project were up to lOm3/s larger than those derived

from the current meter measurements. The reason for

this large difference is that the stage measurements

used by the project were measured upstream from the

trash racks. Head losses of up to two metres were

observed across the trash racks in 1985, and this led

to a overestimate in the flows passing into the canal

in the records maintained by SMIP for the early part

of the season. (See also MMP 1978, and Fish 1984).

Table 10 also shows discharges computed from the gate

rating equation utilising the stage measured

downstream from the trash racks. It can be seen that

the discharges derived from current metering and the

gate rating equation, when the latter is used with the

correct values of upstream stage, differ on average by

only 0.lm 3/s.

4.5 Sediment

concentrations

entering the canal

Sediment concentrations measured at the exit of the

headworks tunnel are listed in Table 11 (1984) and

Table 12 (1985). The 1985 results have been plotted

in Figure 11. No sediment data was collected at the

intake after 28 August 1985, and for the reasons

outlined in the preceeding section it was not possible

to carry out measurements on some days in the period

before 28 August. However some additional sediment

sampling was carried out from the bridge at RD 32 in

August and Figure 11 includes this data.

The RD 32 measurements were carried out after the

headworks settling basin had filled with sediment. If

it is assumed that there was no sediment accretion or

scour in the head reach, then the sediment
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concentrations measured at RD 32 would be the same as

those measured at the intake. Figure 11 provides some

justification for this assumption.

The sediment concentrations shown in Figure 11 are for

bed material load with the washload, that is material

smaller than 63 microns, excluded. The mean ratio of

bed material load to total load, determined from eight

measurements in 1985 when silt and sand samples Were

collected at the same time, was 0.47, very close to

the figure of 0.45 derived from earlier measurements.

(Lawrence 1983). If this ratio (0.45) is applied to

the 1985 sediment data Figure 11 indicates that total

load sediment concentrations exceeding 3,000ppm were

entering the canal for considerable periods of time

during 1985.

A typical size distribution of the suspended bed

material sediment entering the canal is tabulated

below:

Size Diameter, mm

D 10 0.074
D ZO 0.082
D 30 0.089
D 40 0.097
D 50 0.108
D 60 0.117
D 70 0.130

D 80 0.148
D gO 0.175

4.6 Vortex tube

sediment trapping

efficiency

The sediment trapping efficiency of the vortex tube

extractor at RD 39.65 was measured over a seven day

period during September 1984, (Fish 1984). The

results of the 1984 measurements are shown in Table

13. The mean trapping efficiency measured in 1984,

49%, for a water extraction ratio of 9.4%, is similar

to the results obtained in the earlier intensive

measurements, (Singh 1983).
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A very much larger data set (83 measurements),

covering a wide range of discharges and sediment

concentrations in the canal reach upstream from the

extractor, was collected during the 1985 measurements.

The data collected in 1985 is shown in Tables 14 and

15, with the sediment trapping efficiency results

summarised in Table 16. The results have been plotted

in Figure 12.

The measured trapping efficiency of the vortex tube

extractor varied between wide limits over the season.

Trapping efficiencies as high as 67% and as low as 17%

were recorded. The mean sediment trapping efficiency

for the season was 41%, for a mean water extraction

ratio of 7.7%.

The mean trapping efficiency over the season is lower

than that measured during spot measurements in 1982

and 1984. The reasons for this difference are

discussed in Section 5.4.

4.7 Discharge and

sediment

concentrations

passing RD 64 and

entering

distributary

canals

The results of measurements of the discharge and

concentrations of bed material sediments passing RD 64

and entering the Sukhsaina and Shankapur canals are

shown in Tables 17 to 21. Discharges and sediment

concentrations measured at the drop structures along

the Shankapur canal are shown in Table 22.

4.8 1985 sediment

balance

The results presented in the earlier sections have

been used to estimate the sediment balance in the

Chatra main canal for the 1985 monsoon irrigation
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season. The principal components of the sediment

balance, expressed for convenience in volumetric terms

are:

(a) Volume of sediment which entered the canal =

290,00Om3. This quantity is larger than

"average" seasonal quantities estimated from

earlier data (approximately 200,00Om3, see

Lawrence 1983, MMP 1978/79). The figure above

does not include a small percentage of coarse

sediments in transport at the bed of the tunnel

that were not measured with the pump sampling

methods that were employed.

(b) Volume of sediment transported into the Sukhsaina

and Shankapur canals and passing beyond RD 64 =
72,000m 3•

(c) Volume of sediment settling in the headreach

settling basin and between RD 32 and RD 64 =

l43,000m 2•

(d) Volume of sediment extracted by the vortex tube

at RD 39.65 = 98,00Om3.

The quantities above are bed material load, with

washload (material smaller than 63 microns) excluded,

and are based on a settled sediment density of

1376kg/m 3.

The four components of the sediment balance have been

estimated independently. The volume of sediment

entering the system balances that leaving or settling

to within 7%, providing confidence in the field

sediment sampling procedures that were used.

The sediment balance is shown in more detail in Figure

13.
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5 DISCUSSION,

MONITORING

RESULTS

5.1 Sediment load

entering the canal

The mean concentration of bed material sediments in

the flows entering the Chatra intake for the years

1970 to 1979 has been estimated previously using data

reported by M}W. (Lawrence 1983, M}!P 1978 and ~fr!P

1979). The results are shown in Figure 14, and

indicate a mean concentration of about 800ppm, with a

rising trend after 1975. This rising trend is

confirmed by the average concentrations derived from

the measurements at the headworks carried out in 1984

and 1985, which are also shown in the Figure. The

average concentrations derived from the 1984 and 1985

results are about 50% higher than the mean of the

earlier estimates. This difference could be due to

many factors, including the variability in the

sediment concentrations transported by the Kosi.

Figure 14 also shows bed material sediment

concentrations measured at the gauging site at

Barahkshetra, in the gorge upstream from the intake.

(From data reported in Sanyal, 1980). Apart from the

high concentration for 1970 the mean annual sediment

concentrations in the river were reasonably constant

at around 800ppm and do not show the rising trend

exhibited in the canal data. It appears that the

rising trend in the canal concentrations up to 1978

can not be attributed to increasing sediment

concentrations in the Kosi.

Figure 15 shows mean bed levels in two reaches of the

Kosi between the intake at Chatra and the Kosi barrage

at Bhimnagar 42km downstream. In the reach closest to

the offtake average bed levels were increasing at a

rate of about 15cms a year from 1965 to 1975 (data

reported in Sanyal, 1980).
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A rise in upstream bed levels usually follows the

construction of a weir or barrage. The new

"equilibrium" upstream bed level depending on the pool

level produced by the structure, and other factors

(Lawrence 1986).

The effect of the gate sill level, relative to the bed

level in the river, in controlling the concentrations

of the bed material sediments entering the canal was

recognised in the sediment control strategy adopted

for the intake. (Described in Mahmood 1982.) However

the design of the new intake at Chatra appears to have

been based on a bed level in the river opposite the

intake of 105m. The average level of the bed in the

lOOm wide channel opposite the intake was about 106.5m

in a survey carried out in March 1981, and about

107.4m in a repeat survey carried out in May 1985 (Fig

16). The average level of the sediment deposits in

the bay immediately upstream from the headworks gates

was 108.6m in November 1985, (Table 20 in Fish 1986).

The repeat surveys shown in Figure 16 indicate that

the average bed level over a longer section, extending

750m into the river at the offtake, did not change

much between 1981 and 1986, indicating that the

adjustment in bed levels indicated in Figure 15 was

completed by 1981.

It appears that the intake sill level for the new

gates at Chatra may have been selected on the basis of

surveys carried out before 1981, when bed levels were

lower than they are now. With a sill level very much

lower than average bed levels in the river sediment

concentrations entering the canal will be larger than

those in the river. (Mahmood 1982).

It is concluded that the increase in the average

concentration of bed material sediments entering the

canal is probably linked to the rise in bed levels in

the river. However other factors, such as the
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5.2 Head reach

settling basin

way in which the intake gates are operated, and the

concentrations of sediment transported by the river,

will affect the quantities of sediment entering the

canal system in future years. The sediment

concentrations measured in 1985 have been assumed for

the computations described later, in which the effect

on the sediment balance of introducing a second vortex

tU~e has been estimated.

The sediment trapping efficiency of the headreach

settling basin was very high during the first few

weeks that the canal was operated, probably because of

higher than anticipated water levels in the headreach.

A survey carried out when the canal was closed for a

short period on 16 July indicated that the upstream

end of the basin was full (bed level at 104m), after

only twenty two days of canal operation at relatively

low flows. This high trapping efficiency at the start

of the season is reflected in the sediment

concentrations measured at the vortex tube, which are

very much lower than those recorded at the intake

during the first twenty days in June. (Figs 11 and

12).

Although the basin was designed to trap the coarse

material entering at the headworks, (Mahmood 1982),

most of the material trapped in the basin was sand.

(Figure 10 shows the size grading curve of a bed

sample collected at the downstream end of the basin).

Once the basin had filled only very large material was

trapped, forming the coarse surface layer that is

visible in Plate 4.

If the basin is to function as originally intended

then water levels in the canal headreach will have to

be lowered to design levels. This may be necessary to

enable the design flows to be diverted during the dry

season when water levels in the river are low.
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5.3 Head reach

Figure 13 indicates that about 12% more sediment

settled in or left the reach (including the settling

basin) than entered the canal. This suggests that,

the reach has stabilised. (Difference is of the same

order as the errors associated with the

measurements.)

This result is not unexpected as no sediment has been

removed from the headreach, and the bed slope appears

to have adjusted to provide the sediment transporting

capacity required to transport the sediment

concentrations entering the canal. A spot check on

the bed level just downstream from the settling basin

indicates that the bed was 2.76m above its design

level of 101.66 in November 1985.

If sediment is removed from the headreach water levels

at the upstream end of the canal will be lowered, and

the water surface slope in the head reach will be

reduced. With a reduced slope the head reach will be

unable to transport the sediment concentrations

entering the canal. Sediment will settle until a

"regime" slope is re-established, with bed levels at

the upstream end of the canal close to the levels

recorded in 1985. During this period of adjustment

the quantities of sediment transported to and then

extracted by the vortex tubes extractors will be

reduced.

Unless it is planned to remove sediment from the head

reach on a routine basis it may be beneficial to limit

headreach de-silting to the minimum required to ensure

diversion of dry season flows. The settling basin

could be used to reduce the concentrations of sediment

entering the head reach to the concentrations that can

be transported at a reduced slope. This implies

continuous removal of sediment from the settling basin

to maintain a bed level that provides the required

sediment trapping efficiency.
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5.4 Vortex tube

sediment extractor

The sediment trapping efficiency of the vortex tube

extractor varied between 17% and 67% during the 1985

irrigation season.

If all other factors remain the same the sediment

trapping efficiency at a vortex tube is controlled by

the water extraction ratio, and the size range of the

sediments in transport upstream from the extractor.

Measured trapping efficiencies have been plotted as a

function of the water extraction ratio in Figure 17.

Figure 17 indicates that the variation in measured

trapping efficiencies are not the result of variations

in water extraction ratio.

The size range of the bed material sediments

transported in the Chatra canal varies over quite wide

limits (~~P 1979). Measured trapping efficiencies

show some correlation with canal discharge, increasing

with increasing discharge. as the material in

transport becomes coarser.

The HR sediment trapping efficiency theory

(Sanmuganathan 1976) has been used to investigate the

effect of sediment size variations on sediment

trapping efficiency. Upper and lower boundaries for

trapping efficiency are indicated in Figure 17. The

upper boundary was derived for a canal discharge of

4Om3/ s , using the coarsest of the measured bed

material samples. The predicted efficiency has been

adjusted by the mean ratio of observed to predicted

trapping efficiency derived from the 1982 intensive

measurements. The lower boundary was derived for a

canal discharge of 2Om3/ s with the finest of the

measured sediment gradings. Most of the measured data

lies between the two boundaries.

The results from the first few days of operation, when

very little sediment was transported to the vortex
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5.5 Shankapur Canal

5.6 Sediment balance

tube (Figure 12) lie below the lower boundary in

Figure 17.

It is concluded that although the measured trapping

efficiencies varied between wide limits, much of the

variation can be attributed to the effects of

variations in the size of the sediments approaching

the extractor. A mean trapping efficiency of 41%,

derived from the 1985 measurements, has been assumed

in the calculations presented later.

The survey results for the Shankapur canal show that a

very small net accretion occurred over the nine

kilometres of canal that was surveyed. Calculations

using sediment transport and bed friction predictors

indicate that the canal section should remain stable

provided that the sediment concentrations entering the

distributary do not exceed the average value measured

in 1985 (470ppm). The table below compares predicted

bed slopes with the design slope.

Design slope = 0.00024 to 0.00026

Predicted slope (Ackers/White) = 0.00022

Predicted slope (Engelund/Hansen) = 0.00033

The sediment balance derived from the 1985

measurements has been presented in Figure 13. Of the

approximately 300,00Om3 of sediment which it is

estimated entered the canal about one half settled in

the settling basin and the canal between RD32 and

RD64, one third was removed by the vortex tube

sediment extractor, and the balance was diverted to

the Suksaina and Shankapur distributaries or passed

RD64.

The operational problems encountered during 1985

resulted in rapid changes in both the discharge and

the sediment concentrations entering the canal. These
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6 SEDIMENT BALANCE

WITH TWO VORTEX

TUBES

fluctuations, and the behaviour of the settling basin,

mean that the 1985 results cannot be regarded as being

very representative of what might happen in future

years. However, the mean concentration of bed

material sediments entering the canal in 1985 is

similar to that derived from the 1984 data, indicating

the quantity of sediment entering the canal in 1985

may not be atypical. (Note that although very high

sediment concentations entered the canal for short

periods when the trash racks were removed these have

not been included in the data used to derive the mean

1985 concentration.)

The pattern of sedimentation in future years will be

very dependent on the way in which the headworks, the

settling basin and the sediment extractors are

operated. If the quantities of sediment settling in

the Chatra canal system are to be minimised a flexible

operations policy based on quantitative information

obtained from sediment monitoring will need to be

implemented. The need to continue with a programme of

effective sediment monitoring cannot be

overemphasised.

The delay in commissioning the new sediment extractor

at RD 31 has meant that no measured performance data

is available for this extractor. Thus in this section

of the report we estimate the effect that operating

the second extractor will have on the seasonal

sediment balance in the canal.

Calculations have been carried out using the vortex

tube trapping efficiency theory developed at

Hydraulics Research (Sanmuganathan, 1976), and assume

a combined water extraction ratio of 20% of the canal

discharge upstream from the first extractor. The
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flushing discharge is assumed to be divided equally

between the two extractors.

In order to provide a meaningful comparison with the

1985 data conditions in the canal have been assumed to

be the same as they were at the start of the 1985

season and the calculations have been carried out for

the average canal discharge and sediment concentration

observed during the 1985 season.

calculation is shown in Fig 18.

The result of this

In this figure the

quantities of sediment extracted, settled and passed

into. the distribution system are shown as percentages

of the sediment load entering at the offtake.

The calculation predicts that the introduction of a

second extractor increases the quantity of sediment

extracted to 51% of the sediment entering at the

headworks (cf 31% for one extractor). The benefits of

the increased quantity of extracted sediment can be

seen in the reduction of the quantities of sediment

entering the Sukhsaina canal and settling between RD32

and RD64. However, a large quantity of sediment

(approximately 5l,000m3) would still settle in the

reach between RD32 and RD64.

It is clear from these results that the introduction

of the second vortex tube will not obviate the need

for annual canal desilting, unless additional sediment

can be removed from the system. (The calculation

above assumes that, as in 1985, no sediment is removed

from the settling basin when the canal is operating.)

Finally, it should be noted that if the conditions in

the canal, particularly initial bed levels, Were

different from those at the start of the 1985 monsoon

season then the pattern of sediment deposition would

also be different. For example more sediment would be

transported to the lower reaches of the system if bed

levels in the upper reaches were higher than those at

the start of the 1985 season.
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7 OPERATION OF TWO

VORTEX TUBES

7.1 Criteria for

operating policy

An operating policy for the existing vortex tube

sediment extractor at RD39.65 and the new extractor at

RD 31 is discussed in this chapter of the report. The

criteria used to frame the recommendations that are

presented in the following section are listed below:

(a) The quantities of sediment entering and

settling in the Chatra canal system are

such that the quantities of sediment

removed from the canal by sediment

ejection must be maximised. Calculations

indicate that this can be best achieved

by operating both the vortex tube

extractors. Using both extractors also

has the advantage that if operational

problems arise at one extractor sediment

can continue to be ejected at the other.

(b) While sophisticated operational policies

could be devised to optimise the

performance of the extractors, at the

present stage in the technical

development of the project the

requirement is for a set of simple

operational rules that will be easy to

implement.

(c) The design discharge at the headworks is

5lm 3/s, of this 6.Qm3/s is allocated for

sediment flushing. However, until the

rehabilitation of the distribution system

is completed more water than the 6.0m 3/s

allowed for sediment flushing should be

available. During the 1982 dry year

discharges of 55m 3/s were diverted into
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7.2 Operation of

extractors

the canal, so it may be possible to

increase the allocation of water for

sediment flushing and still meet the

irrigation requirements in later years.

(d) If siltation problems in the sediment

extractor escape channels are to be

avoided it would not be wise to operate

the vortex tubes for significant periods

at less than an 8% water extraction

ratio.

We suggest, on the basis of the criteria listed above,

that the two extractors are operated, when water is

available, at flushing discharges of 5.0m 3/s per

extractor. This represents about 20% of the design

flow in the head reach. Guidelines for operation of

the extractors when the full flushing discharge cannot

be supplied are shown in Figure 19. The figure can be

used to determine the number of extractors that can be

operated, and the flushing discharges that should be

set at each extractor.

For example if the discharge available for flushing is

more than 10.Om 3/s both extractors can be operated at

flushing discharges of 5.Om 3/s.

If the available discharge was 9.Om 3/s then the

flushing discharge at the downstream extractor should

be reduced to 4m 3/s.

If the available discharge is between 8m 3/s and 4m 3/s

then the downstream extractor should be closed and the

available discharge passed through the upstream

extractor.

If the available discharge is less than 4m 3/s then the

upstream extractor should also be closed. If this
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situation occurs it would be advisable to review the

irrigation demand, or increase the discharge entering

the canal, to enable at least the upstream extractor

to be operated.

The operational rules contained in Figure 19 assume

that the discharge diverted to the Sukhsaina canal

remains at 7.5m 3/s. To include variations in the

discharge diverted to this canal would unnecessarily

complicate the operational rules. In cases where the

application of Figure 19 would be inappropriate the

following guidelines can be applied.

(a) Upstream extractor has priority over the

downstream extractor.

(b) Minimum flushing discharge at the

upstream extractor is 4.0m 3/s and at the

downstream extractor is 3.Om3/s .

The guidelines outlined above form a framework on

which operation of the extractors can be based.

However, the two year delay in commissioning the

upstream extractor has meant that no operational or

performance data is available. While theoretical

methods have been applied to predict the performance

of this extractor and the effect of its operation on

the quantities of sediment extracted by the vortex.

tubes at RD39.65, at the present stage of development

of sediment transport theories these predictions must

be qualified. There remains the need to continue

sediment monitoring, and to maintain the flexibility

to adjust the operating rules for the extractors in

the light of the results obtained.

Sediment transport calculations indicate that

operating the extractors during the dry season will

remove some of the sediments deposited in the

headreach and between the extractors, and help to

control bed levels in the escape channels. The
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7.3 Adjusting

extractor

discharges

8 SUMMARY AND

CONCLUSIONS

quantity of sediment removed from the canal during the

dry season operation of the extractors depends on the

concentrations of bed material sediments entering the

canal, the canal discharges, and the way in which the

extractors are operated. This can best be established

from the results of routine sediment monitoring during

dry season canal operation.

The discharges passed through the extractors can be

estimated by measuring the depth of flow in the escape

channels and using a current meter to measure the mean

flow velocity. This procedure was used routinely

during the 1984 and 1985 measurements, and has been

demonstrated to project staff on a number of

occasions. Extractor discharges should be checked

routinely.

Finally, experience gained in operating the extractor

at RD39.65 in 1985 indicates that the vortex tubes

should be flushed by opening the control gates fully

for about ten to twenty minutes twice every week, or

whenever it is suspected that the barrels may be

blocked with trash or debris.

The principal conclusions drawn from the study are

summarised in this section.

(a) The mean concentration of bed material

sediments entering the canal in 1984 and

1985 was approximately 50% larger than

the average concentration estimated for

the years 1970 to 1979. It appears that

this rise is linked to the rise in the

bed level of the Sapt Kosi that followed

the construction of the Kosi Barrage.
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Sediment concentrations entering the

canal in future years are likely to be

higher than those estimated from the

earlier data, but will be effected by the

gate operations policy that is followed

at the intake and other factors. It is

estimated that about 300,OOOm 3 of bed

material sediments entered the canal

during the 1985 monsoon irrigation

season. (Section 5.1.)

(b) The sediment trapping efficiency of the

settling basin was very high when the

canal was first operated, and the basin

was virtually full after 22 days of canal

operation at relatively low flows. The

basin trapped 44,OOOm3 of sediment over

the 1985 irrigation monsoon season.

Continuous removal of sediment from the

basin will be necessary if manual

desilting in the canal system is to be

minimised in the future. (Section 5.2.)

(c) There is no evidence from the data

collected in 1985 that the headreach of

the Chatra canal (to RD32) is still

accreting. It may be beneficial to

restrict the removal of sediment from the

headreach to that which is necessary to

enable the diversion of dry season

flows.

(d) The sediment trapping efficiency of the

vortex tube sediment extractor at RD39.65

varied between 17% and 67% during the

1985 monsoon irrigation season. Most of

this variation can be attributed to the

variation in the size of the sediments

transported to the extractor. Over the

season the mean sediment trapping
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efficiency was 41% for a mean water

extraction ratio of 9.7%. The vortex

tube removed 98,00am 3 of bed material

sediments from the canal during the

season (Section 5.4.) The vortex tube

escape channel appears to be stable after

three years of operation with high

sediment concentrations (Section 4.1.)

(e) Bed levels in the Shankapur canal should

remain close to design levels provided

that the sediment concentration entering

the canal does not exceed the average

value of 470ppm measured in 1985,

(Section 5.5).

(f) The effect of operating the second vortex

tube in the Chatra canal system has been

estimated. If conditions in the canal

were the same as in the 1985 monsoon

irrigation season then the second tube

would increase the volume of sediment

ejected from the canal from of third to

one half of the sediment entering the

canal. A combined water extraction ratio

of 20% of the canal discharge has been

assumed for this calculation, (Section

6).

(g) A recommended operating policy for two

vortex tube sediment extractors is

outlined in Section 7.

(h) It is strongly recommended that sediment

monitoring is continued in future years,

so that operations policy can be based on

quatitative information. The methods

used to collect and analyse the field

data presented in this report have been

described to enable the project to use

similar procedures in future years.
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TABLE 1: CHATRA CANAL - survey of bed levels - pre 1985 monsoon

Chainage Design Design SURVEYED LEVELS OFFSETS FROM i
Bed Bed

Level Width Left Centre Right Left Right
(km) (m) (m) (m) (m) (m) (m) (m)

10.48 100.33 23.50 100.85 100.87 100.74 11. 75 11. 75

10.53 100.32 23.50 100.96 100.91 100.97 11. 75 11. 75

10.58 100.31 23.50 101.02 100.87 101.10 11. 75 11. 75

10.68 100.29 23.50 100.90 100.88 100.99 11. 75 11. 75

10.73 100.28 23.50 100.72 100.73 100.80 11. 75 11. 75

10.78 100.27 23.50 100.64 100.72 100.73 11. 75 11. 75

11.20 100.21 23.50 100.65 100.60 100.63 11. 75 11. 75

11.25 100.20 23.50 100.60 100.56 100.68 11. 75 11. 75

11.30 100.20 23.50 100.28 100.62 100.66 11. 75 11.75

11.40 100.18 23.50 100.56 100.57 100.94 n.75 11. 7 5

n.45 100.18 23.50 100.46 100.59 100.89 11. 75 11. 75

11.50 100.17 23.50 100.58 100.57 100.70 11. 75 11. 75

12.10 100.07 23.50 100.62 100.04 100.62 11. 75 11. 75

12.20 100.06 23.50 100.52 100.41 100.55 11. 75 n.75

12.30 100.04 23.50 100.56 100.32 100.51 11. 75 11. 75

12.40 100.03 23.50 100.56 100.41 100.48 11. 75 11. 75

12.50 100.01 23.50 100.49 100.35 100.42 11. 75 11.75

12.60 100.00 23.50 100.51 100.38 100.43 n.75 11. 75

12.70 99.99 23.50 100.60 100.47 100.43 11. 75 11. 75

12.80 99.97 23.50 100.51 100.36 100.48 n.75 11. 7 5

14.00 99.79 23.50 100.31 100.n 100.24 11. 75 11. 75

14.10 99.77 23.50 100.31 100.06 100.22 11. 75 11. 75

14.20 99.76 23.50 100.41 100.17 100.37 11. 75 11. 75

14.30 99.75 23.50 100.34 100.22 100.26 11. 75 11. 75

14.40 99.73 23.50 100.28 100.16 100.31 11. 75 11. 75

14.50 99.72 23.50 100.39 100.20 100.32 11. 75 11. 75

14.60 99.70 23.50 100.40 100.23 100.36 11. 75 11. 75

14.70 99.69 23.50 100.45 100.05 100.24 11. 75 11. 75

14.80 99.67 23.50 100.33 100.24 100.33 11. 75 11.75

14.90 99.65 23.50 100.28 100.13 100.28 11. 75 11. 75

17.50 99.05 23.00 99.74 99.49 99.61 11.50 11.50

17.60 99.05 23.00 99.60 99.49 99.58 11.50 11.50

17.70 99.05 23.00 99.66 99.47 99.53 11.50 11.50

17 .80 99.04 23.00 99.51 99.38 99.44 11.50 11.50

17.90 99.04 23.00 99.53 99.50 99.56 11.50 11.50

Cont/ ......



TABLE 1: CHATRA CANAL - survey of bed levels - pre 1985 monsoon

Chainage Design Design SURVEYED LEVELS OFFSETS FROM 'k
Bed Bed

Level Width Left Centre Right Left Right
(km) (m) (m) (m) (m) (m) (m) (m)

18.00 99.03 23.00 99.55 99.46 99.53 11.50 11.50

18.10 99.03 23.00 99.43 99.54 99.56 11.50 11.50

18.20 99.03 23.00 99.54 99.56 99.59 11.50 11.50

18.30 99.02 23.00 99.64 99.60 99.65 11.50 11.50

20.70 98.79 20.00 99.29 99.92 99.30 10.00 10.00

20.80 98.78 20.00 99.13 99.16 99.17 10.00 10.00

20.90 98.77 20.00 99.22 99.05 99.14 10.00 10.00

21.00 98.76 20.00 99.17 99.12 99.19 10.00 10.00

21.10 98.74 20.00 99.23 98.41 99.07 10.00 10.00

21. 20 98.72 20.00 99.13 98.97 99.10 10.00 10.00

21.30 98.70 ·20.00 99.07 98.98 98.99 10.00 10.00

21.40 98.69 20.00 98.97 98.94 99.02 10.00 10.00

21.50 98.68 20.00 98.85 98.91 98.92 10.00 10.00

29.63 97.43 15.85 97.72 97.40 97.90 7.30 7.93

29.73 97.40 15.85 97.87 97.87 97.86 7.93 7.93

29.83 97.38 15.85 97.58 97.56 97.59 7.93 7.93

29.93 97.36 15.85 97.58 97.48 97.64 7.93 7.93

30.03 97.35 15.85 97.49 97.43 97.50 7.93 7.80

30.13 97.33 15.85 97.37 97.40 97.50 7.40 7.70

30.23 97.30 15.85 97.43 97.55 97.61 7.80 7.50

30.33 97.28 15.85 97.35 97.28 97.48 7.93 7.93

30.43 97.25 15.85 97.41 97.21 97.38 7.60 7.93

30.53 97.23 15.85 97.32 97.21 97.48 7.93 7.93

30.63 97.21 15.85 97.41 97.25 97.25 7.93 7.93

40.10 95.27 10.00 95.58 95.48 95.64 5.00 5.00

40.20 95.26 10.00 95.52 95.34 95.44 4.30 4.90

40.30 95.26 10.00 95.57 95.37 95.50 4.70 5.00

40.40 95.25 10.00 95.49 95.40 95.54 5.00 5.00

40.50 95.25 10.00 95.51 95.48 95.60 5.00 5.00

40.60 95.25 10.00 95.55 95.38 95.24 4.60 5.00

40.70 95.24 10.00 95.75 95.67 95.68 5.00 5.00

40.80 95.24 10.00 95.75 95.65 95.75 5.00 5.00

40.90 95.23 10.00 95.73 95.52 95.75 4.90 4.70

41.00 95.23 10.00 95.58 95.50 95.52 5.00 5.00

41.10 95.22 10.00 95.57 95.44 95.59 5.00 5.00

41.20 95.22 10.00 95.55 95.45 95.44 4.60 5.00

41.30 95.21 10.00 95.55 95.40 95.49 5.00 5.00



TABLE 2: CHATHA CANAL - survey of bed levels - post 1985 monSOon

Chainage Design Design SURVEYED LEVELS OFFSETS FROM i
Bed Bed

Level Width Left Centre Right Left Right
(km) (m) (m) (m) (m) (m) (m) (m)

10.48 100.33 23.50 101.27 101.13 101.02 11. 75 11. 7 5

10.53 100.32 23.50 101.16 101.09 100.95 11.75 11. 7 5

10.58 100.31 23.50 101.02 100.98 101.17 11. 75 11. 75

10.68 100.29 23.50 101.32 100.90 101.23 11.75 11.75

10.73 100.28 23.50 101.34 100.99 100.91 11. 75 11. 75

10.78 100.27 23.50 101.19 101.09 100.91 11. 75 11. 7 5

11.20 100.21 23.50 100.81 100.87 101.06 11. 75 11. 75

11.25 100.20 23.50 100.85 100.89 100.94 11.75 11.75

11.30 100.20 23.50 100.61 101.05 101.28 11. 75 11. 75

11.40 100.18 23.50 100.79 100.93 100.59 11.75 11. 7 5

11.45 100.18 23.50 100.30 100.90 100.77 11. 75 11.75

11.50 100.17 23.50 100.80 100.72 100.42 11. 7 5 11.75

12.10 100.07 23.50 101.04 101.05 101.44 11. 75 11. 75

12.20 100.06 23.50 101.05 101.34 100.58 11.75 11.75

12.30 100.04 23.50 101.25 101.12 100.84 11.75 11. 75

12.40 100.03 23.50 101.19 101. 18 100.80 11. 75 11.75

12.50 100.01 23.50 101.05 100.93 101.00 11. 75 11. 75

12.60 100.00 23.50 100.53 101.03 101.08 11. 7 5 11.75

12.70 99.99 23.50 100.92 100.79 100.94 11. 75 11. 75

12.80 99.97 23.50 100.73 100.85 100.65 11.75 11. 7 5

14.00 99.79 23.50 100.76 100.51 100.73 11. 75 11. 75

14.10 99.77 23.50 100.70 100.78 100.76 11.75 11. 7 5

14.20 99.76 23.50 100.96 100.49 100.88 11. 75 11.75

14.30 99.75 23.50 100.83 100.39 100.71 11.75 11.75

14.40 99.73 23.50 100.74 100.42 100.87 11. 75 11. 75

14.50 99.72 23.50 100.47 100.53 100.64 11. 75 11.75

14.60 99.70 23.50 100.58 100.49 100.45 11. 75 11. 75

14.70 99.69 23.50 101.07 100.62 100.75 11. 75 11.75

14.80 99.67 23.50 100.74 100.68 100.47 11. 75 11. 75

14.90 99.65 23.50 100.64 100.57 100.69 11. 7 5 11.75

17 .50 99.05 23.00 100.07 100.02 99.97 11.50 11.50

17.60 99.05 23.00 100.27 99.98 99.73 11.50 11.50

17.70 99.05 23.00 100.79 100.08 99.53 11.50 11.50

17.80 99.04 23.00 100.98 100.10 99.48 11.50 11.50

17.90 99.04 23.00 100.81 99.96 99.60 11.50 11.50

Cont/ ....•.



TABLE 2: CHATRA CANAL - survey of bed levels - post 1985 monsoon

Chainage Design Design SURVEYED LEVELS OFFSETS FROM i
Bed Bed

Level Width Left Centre Right Left Right
(km) (m) (m) (m) (m) (m) (ni) (m)

18.00 99.03 23.00 100.62 99.97 99.53 11.50 11.50

18.10 99.03 23.00 100.17 99.79 99.81 11.50 11.50

18.20 99.03 23.00 99.89 99.86 100.12 11.50 11.50

18.30 99.02 23.00 99.92 99.84 99.84 11.50 11.50

20.70 98.79 20.00 99.29 98.69 99.44 10.00 10.00

20.80 98.78 20.00 99.12 99.23 99.18 10.00 10.00

20.90 98.77 20.00 99.22 99.08 99.14 10.00 10.00

21.00 98.76 20.00 99.12 99.27 99.17 10.00 10.00

21.10 98.74 20.00 99.06 98.73 98.75 10.00 10.00

21.20 98.72 20.00 99.16 98.81 99.20 10.00 10.00

21.30 98.70 20.00 99.15 98.78 99.03 10.00 10.00

21.40 98.69 20.00 99.02 99.09 98.98 10.00 10.00

21.50 98.68 20.00 99.02 98.99 98.95 10.00 10.00

29.63 97.43 15.85 97.43 97.36 97.56 7.30 7.93

29.73 97.40 15.85 97.41 97.45 97.51 7.93 7.93

29.83 97.38 15.85 97.51 97.41 97.53 7.93 7.93

29.93 97.36 15.85 97.52 97.39 97.44 7.93 7.93

30.03 97.35 15.85 97.53 97.46 97.43 7.93 7.80

30.13 97.33 15.85 97.40 97.32 97.47 7.40 7.70

30.23 97.30 15.85 97.46 97.42 97.58 7.80 7.50

30.33 97.28 15.85 97.37 97.33 97.40 7.93 7.93

30.43 97.25 15.85 97.39 97.33 97.32 7.60 7.93

30.53 97.23 15.85 97.36 97.31 97.31 7.93 7.93

30.63 97.21 15.85 97.30 97.24 97.38 7.93 7.93

40.10 95.27 10.00 95.62 95.41 95.60 4.60 4.00

40.20 95.26 10.00 95.60 95.47 95.62 4.50 5.00

40.30 95.26 10.00 95.60 95.43 95.63 4.50 4.80

40.40 95.25 10.00 95.54 95.45 95.58 5.00 5.00

40.50 95.25 10.00 95.48 95.51 95.62 5.00 4.50

40.60 95.25 10.00 95.64 95.38 94.99 3.00 5.00

40.70 95.24 10.00 95.75 95.67 95.72 5.00 4.00

40.80 95.24 10.00 95.68 95.67 95.73 5.00 5.00

40.90 95.23 10.00 95.71 95.54 95.74 5.00 5.00

41.00 95.23 10.00 95.57 95.54 95.49 5.00 5.00

41.10 95.22 10.00 95.59 95.57 95.66 5.00 5.00

41.20 95.22 10.00 95.61 95.53 95.60 5.00 5.00

41.30 95.21 10.00 95.56 95.53 95.59 5.00 5.00



TABLE 3: Survey of head reach - post 1985 monsoon - settling basin

Distance from
Section Chainage * right side road edge Surveyed level

(km) (m) (m)

1 0.260 0.0 106.49

1.0 106.00

3.0 106.02

8.0 105.56

13 .0 105.67

18.0 105.68

22.0 105.73

23.0 106.51

2 0.310 0.0 106.52

0.8 106.03

3.6 106.11

4.7 106.41

9.0 106.69

11.3 105.64

18.0 105.68

25.4 105.58

26.0 105.91

3 0.360 0.0 106.49

2.9 104.58

7.7 105.15

8.5 105.48

12.6 105.89 .

18.5 105.98

25.0 106.03

4 0.410 0.0 106.52

2.6 104.96

5.6 105.14

11.0 105.14

12.3 105.47

14.5 105.60

17.0 105.94

22.6 106.13

* Chainage measured from headworks gate groove
Cont/ ..•••.



TABLE 3: Survey of head reach - post 1985 monsoon - settling basin

Distance from
Section Chainage right side road edge Surveyed level

(km) (m) (m)

5 0.435 6.0 102.22

9.7 102.32

12.0 102.42

15.1 102.82

19.8 102.42

6 0.478 6.0 103.21

9.0 103.16

12.0 102.86

15.0 103.41

18.0 103.26

20.0 103.56

7 0.500 0.0 106.49

2.5 104.94

9.8 105.08

14.0 105.16

17.5 105.51

24.2 105.52

8 0.600 0.0 106.44

2.3 105.22

13.7 105.18

21.0 105.01·

9 0.700 0.0 106.42

3.0 104.96

15.1 104.88

24.8 104.99

10 0.800 0.0 106.45

3.0 104.73

12.8 104.84

20.7 104.78

Cont/ .•...



TABLE 3: Survey of head reach - post 1985 monsoon - settling basin

Distance from
Section Chainage Right side road edge Surveyed level

(km) (m) (m)

11 0.900 0.0 106.43

2.9 104.75

11.4 104.87

19.0 104.75

12 1.000 0.0 106.40

3.3 104.53

11.1 104.66

20.3 104.83

SECTION CHAINAGE SURVEYED LEVELS OFFSETS FROM l
Left Centre Right Left Right

(km) (m) (m) (m) (m) (m)

13 1.100 104.64 104.69 104.70 10.0 10.0

14 1.200 104.76 104.53 104.51 10.0 10.0

15 1.300 104.51 104.53 104.63 10.0 10.0

16 1.400 104.46 104.41 104.40 10.0 10.0



TABLE 4: Survey of bed levels along vortex tube
(Rn 39.65) escape channel - pre 1985 monsoon

Chainage from end Design Bed Surveyed
of stilling basin Level Level

(m) (m) (m)

0 98.83 99.25

100 98.73 98.79

200 98.64 98.50

300 98.54 98.32

400 98.45 98.12

500 98.35 97.89

600 98.25 97.67

700 98.16 97.50

800 98.06 97.39



TABLE 5: Survey of bed levels along vortex tube (RD 39.65) - escape
channel - post 1985 monaoon

Chainage from end
of stilling basin

(m)

o
100

200

300

400

500

Design bed
level

(m)

98.83

98.73

98.64

98.54

98.45

98.35

Surveyed
level

(m)

98.90

98.84

98.44

98.68

98.25

98.15



TABLE 6: Survey of bed levels along Shankapur branch canal - pre 1985
monsoon

Chainage from Design bed Surveyed
head regulator level bed level

(km) (m) (m)

0.10 99.70 99.74

0.20 99.68 99.68

0.30 99.66 99.64

0.40 99.63 99.63

0.50 99.61 99.55

0.60 99.59 99.55
0.70 99.56 99.47

0.80 99.54 99.35
0.90 99.52 99.49

3.06 92.60 92.56

3.16 92.58 92.55

3.26 92.55 92.56

3.36 92.53 92.46

3.46 92.50 92.58

3.56 92.48 92.39

3.66 92.46 92.52
5.61 87.81 87.84

5.71 87.78 87.89
5.81 87.71 87.95

5.91 87.68 87.71

6.01 87.66 87.68

6.11 87.63 87.67

6.21 87.61 87.68

6.31 87.58 87.47

6.41 87.56 87.58

6.51 87.48 87.36



TABLE 7: Survey of bed levels along Shankapur branch canal - post 1985
monsoon

Chainage Design Design SURVEYED LEVELS OFFSETS FROM i
from head bed bed
regulator level width Left Centre Right Left Right

(km) (m) (m) (m) (m) (m) (m) (m)

0.10 99.70 6.70 99.63 99.61 99.89 3.35 3.35

0.20 99.68 6.• 70 99.71 99.76 99.74 3.35 3.35

0.30 99.66 6.70 99.88 99.61 99.61 3.35 3.35

0.40 99.63 6.70 99.78 99.63 99.50 3.35 3.35

0.50 99.61 6.70 99.61 99.57 99.61 3.35 3.35

0.60 99.59 6.70 99.57 99.60 99.61 3.35 3.35

0.70 99.56 6.70 99.52 99.55 99.45 3.35 3.35

0.80 99.54 6.70 99.43 99.44 99.51 3.35 3.35

0.90 99.52 6.70 99.52 99.61 99.60 3.35 3.35

3.06 92.60 6.20 92.95 92.63 92.58 3.10 3.10

3.16 92.58 6.20 92.66 92.59 92.60 3.10 3.10

3.26 92.55 6.20 92.63 92.57 92.64 3.10 3.10

3.36 92.53 6.20 92.53 92.53 92.49 3.10 3.10

3.46 92.50 6.20 92.60 92.60 92.64 3.10 3.10

3.56 92.48 6.20 92.53 92.42 92.43 3.10 3.10

3.66 92.46 6.20 92.62 92.53 92.53 3.10 3.10

5.61 87.81 5.60 87.94 87.88 87.94 2.80 2.80

5.71 87.78 5.60 87.92 87.77 87.82 2.80 2.80

5.81 87.71 5.60 87.93 87.65 87.83 2.80 2.80

5.91 87.68 5.60 87.82 87.72 87.72 2.80 2.80

6.01 87.66 5.60 87.72 87.69 87.71 2.80 2.80

6.11 87.63 5.60 87.69 87.66 87.68 2.80 2.80

6.21 87.61 5.60 87.65 87.62 87.60 2.80 2.80

6.31 87.58 5.60 87.56 87.64 87.71 2.80 2.80

6.41 87.56 5.60 87.63 87.59 87.76 2.80 2.80

6.51 87.48 5.60 87.46 87.42 87.64 2.80 2.80



TABLE 8: Discharges at headworks - 1984 monsoon

Date Discharge (m 3/s)

21/6/84 11.94

22/6/84 11.72

23/6/84 11.56

24/6/84 12.02

25/6/84 11.81

26/6/84 25.83

27/6/84 26.82

28/6/84 26.82

29/6/84 27.10

30/6/84 27.16

1/7 /84 26.87

2/7 /84 27.61

3/7 /84 27.61

4/7 /84 28.18

5/7 /84 27.96

6/7 /84 27.88

7/7/84 27 .88

8/7 /84 28.86

9/7 /84 28.86

10/7 /84 28.86

11/7/84 28.37

12/7 /84 28.37

13/7/84 29.33

CANAL CLOSED

19/7 /84 27.39

20/7 /84 27.45

21/7 /84 27.45

22/7 /84 27.45

23/7 /84 28.43

24/7 /84 28.43

CANAL CLOSED

3/8/84 27.01

4/8/84 27.01

5/8/84 25.97

6/8/84 25.97

7/8/84 35.61

8/8/84 38.87

9/8/84 37.23

Cont/ ........



TABLE 8: Discharges at headworks - 1984 monsoon

Date Discharge (m 3/s)

10/8/84 36.89

11/8/84 37.23

12/8/84 37.23

13/8/84 38.05

14/8/85 41.85

15/8/84 48.46

16/8/84 48.46

17/8/84 48.46

18/8/84 48.46

19/8/84 49.67

20/8/84 47.30

21/8/84 48.29

22/8/84 47.99

23/8/84 47.99

24/8/84 46.48

25/8/84 46.48

26/8/84 47.42

27/8/84 47.42

28/8/84 47.42

29/8/84 47.42

30/8/84 47.42

1/9/84 49.27

2/9/84 47.42

3/9/84 49.27

4/9/84 52.10

5/9/84 53.07

6/9/84 53.07

7/9/84 53.07

8/9/84 50.38

9/9/84 50.38

10/9/84 51.18

11/9/84 51.18

12/9/84 51.18

13/9/84 51.18

14/9/84 51.18

15/9/84 26.87

16/9/84 28.37

CANAL CLOSED

14/10/84 - 25/10/84 Gates allowing free flow approximate

discharges on each day, 25 - 3Om 3/s



TABLE 9: Discharge measurements (current metering) at headworks tunnel
exit - 1985 monsoon

Date Time Discharge
(m 3/s)

7/7/85 0800 35.60

9/7/85 1700 40.80

11/7 /85 1730 41. 76

14/7 /85 1700 41.66

17/7/85 1630 41.90

18/7 /85 1700 39.60

22/7 /85 0800 43.06

24/7/85 0745 44.33

25/7 /85 1715 45.12

29/7 /85 1715 18.50

30/7 /85 0745 15.20

31/7 /85 0800 16.55

1/8/85 1700 25.00

2/8/85 0730 23.00

4/8/85 0730 28.76

8/8/85 0730 24.89

9/8/85 0745 37.14

11/8/85 0730 28.60

12/8/85 0730 28.00

21/8/85 0800 33.71

27/8/85 0730 33.45

28/8/85 0745 31.12



TABLE 10 : Comparison of discharges measured at headworks tunnel exit

Date SMIP estimate HR estimate Discharge measured
of discharge of discharge by current meter

(m 3/s) (m 3/s) (m 3/s)

7/7/85 40.0 36.25 35.60

9/7 /85 46.8 41.90 40.80

11/7 /85 46.2 39.70 41. 76

14/7 / 85 45.2 40.60 41. 66

17/7/85 47.0 42.60 41.90

18/7/85 47.2 39.90 39.60

22/7 /85 53.3 42.00 43.06

24/7 / 85 53.2 44.30 44.33

25/7 /85 54.1 45.70 45.12

29/7 /85 37.4 20.10 18.50



TABLE 11: Sediment measurements (sand size) at beadworks tunnel exit
- 1984 monsoon

Sample Effective
Date Height above depth of Concentration C

bed flow
(m) (m) (ppm) (ppm)

1/7 /85 0.35 3.60 1351

1.05 1276 1106

2.55 935

2/7 /85 0.35 3.60 988

1.05 829 700

2.55 548

3/7 /85 0.35 3.60

1.05 801 720

2.55 622

4/7 /85 0.35 3.60 881

1.05 676 580

2.55 435

5/7/85 0.35 3.60 942

1.05 803 681

2.55 544

6/7 /85 0.35 3.60 1213

1.05 1129 891

2.55 695

7/7/85 0.35 3.60 915

1.05 851 726

2.55 608

8/7/85 0.35 3.60 2572

1.05 2406 2175

2.55 1955

9/7/85 0.35 3.60 1386

1.05 1234 1005

2.55 774

10/7 /84 0.35 3.60 770

1.05 787 610

2.55 490

Cont/ ........



TABLE 11: Sediment measurements (sand size) at headworks tunnel exit
- 1984 monsoon

Sample Effective
Date Height above depth of Concentration C

bed flow
(m) (m) (ppm) (ppm)

11/7 /85 0.35 3.60 676

1. 05 667 534

2.55 427

12/7 /85 0.35 3.60 520

1.05 590 452

2.55 365

13/7/85 0.35 3.60 2629

1.05 1894 1826

2.55 1561



TABLE 12: Sediment measurements (sand size) at headworks tunnel exit
- 1985 monsoon

Sample Effective
Date Time Height above depth of Concentration C

bed flow
(m) (m) (ppm) (ppm)

1/7 / 85 1730 3.82 3.69 423 1006
2.82 689
1.97 840
1.03 1275

3/7 /85 0730 3.72 3.69 325 1227
2.72 589
1.72 920
1.27 1225
0.85 1650
0.47 3167

4/7 /85 0800 3.30 3.69 830 1364
2.32 995
1.41 1380
0.56 2160

5/7/85 0830 3.32 3.69 1004 1552
2.35 1239
1.98 1600
1.51 1530
1.16 1810

7/7/85 0800 3.47 3.69 714 1274
2.47 1064
1.58 1215
1.19 1392
0.86 1780

9/7/85 1645 3.22 3.69 802 1426
2.22 1180
1.77 1380
1.44 1570
1.11 1670

11/7 /85 1800 3.28 3.69 765 1354
2.36 1057
1.49 1394
1.16 1644

14/7 /85 1700 2.83 3.69 1033 1516
1. 91 1400
1.52 1613
1.19 1747

17/7/85 1630 3.27 3.69 1145 1774
2.31 1495
1.40 1890
1.16 2087

Cont / ••...•



TABLE 12: Sediment measurements (sand size) at headworks tunnel exit

Sample Effective
Date Time height above depth of Concentration C

bed flow
(m) (m) (ppm) (ppm)

18/7 /85 1700 3.17 3.69 702 1270
2.18 948
1.22 1397
0.92 1774
0.61 1986

19/7 /85 1700 3.20 3.69 1064 1378
2.23 1315
1.31 1556
1.08 1455

22/7 /85 0800 3.20 3.69 847 1298
2.24 1173
1.42 1360
1.09 1531

24/7 /85 0745 3.30 3.69 729 1325
2.34 1004
2.10 1104
1.80 1281

25/7 /85 1715 3.38 3.69 624 1081
2.46 880
2.17 886
1.86 1024

29/7 /85 1715 3.32 3.73 344 924
2.32 565
1.33 984
0.83 1278
0.30 2158

30/7/85 0745 3.14 3.73 237 629
2.14 384
1.14 756
0.64 958
0.44 1532

31/7 /85 0800 3.30 3.73 200 490
2.30 287
1.30 568
0.80 718
0.30 1051

1/8/85 1700 3.04 3.73 393 649
2.05 499
1.09 838
0.59 994

Cont/ .......



TABLE 12: Sediment measurements (sand size) at headworks tunnel exit

Sample Effective
Date Time height above depth of Concentration C

bed flow
(m) (m) (ppm) (ppm)

2/8/85 0730 3.42 3.73 202 551
2.42 419
1.42 624
0.93 722
0.48 927

4/8/85 0800 3.18 3.73 551 773
2.19 686
1.23 824
0.85 1006

8/8/85 0730 3.49 3.73 870 1732
2.49 1377
1.50 1898
1.04 2107
0.62 2438

9/8/85 0745 3.50 3.73 885 2037
2.51 1463
1.58 2018
1.22 2416
0.82 2881

11/8/85 0730 3.22 3.73 663 1606
2.23 1114
1.27 1765
0.85 2278
0.66 2845

12/8/85 0730 3.14 3.73 688 1352
2.15 1051
1.19 1563
0.77 1946
0.48 2365

21/8/85 0800 3.30 3.73 868 1129
2.34 989
1.43 1209
0.94 1272
0.58 1442

26/8/85 0730 3.10 3.73 663 1117
2.14 942
1.16 1435
0.74 1461

27/8/85 0730 3.33 3.73 785 1002
2.34 929
1.46 1060
1.08 1120
0.77 1149

Cont / •••.•



TABLE 12: Sediment measurements (sand size) at headworks tunnel exit

Sample Effective
Date Time height above depth of Concentration C

bed flow
(m) (m) (ppm) (ppm)

28/8/85 0745 3.64 3.73 398 821
2.65 642
1.69 871
1.07 962
0.71 1095



TABLE 13: Efficiency of vortex tube - 1984 monsoon

Date Trapping efficiency Water abstraction
(%) (%)

3/9/84 64 10.6

4/9/84 33 5.4

5/9/84 48 9.5

6/9/84 45 9.5

7/9/84 59 10.0

9/9/84 42 10.5

10/9/84 49 10.1



TABLE 14: Sediment measurements (sand size) in vortex tube escape channel
number 3

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

1/7/85 0900 0.05 0.36 1327 1047
0.16 1067

2/7 /85 0900 0.05 0.36 707 538
0.16 522
0.35 380

3/7 /85 1030 0.05 0.37 1076 849
0.16 881
0.35 600

4/7 /85 1015 0.05 0.42 1623 1345
0.16 1377
0.35 1147

5/7 /85 1100 0.05 0.41 1779 1501
0.16 1433
0.35 1370

7/7/85 1000 0.05 0.41 2265 1898
0.16 1917
0.35 1373

9/7 /85 1000 0.05 0.40 3175 2878
0.16 2922
0.35 2610

10/7 /85 1115 0.05 0.40 3297 2923
0.16 3144
0.35 2460

11/7 /85 1030 0.05 0.41 4160 3377
0.16 3400
0.35 2825

12/7 /85 0915 0.05 0.40 5320 4268
0.16 4440
0.35 3340

14/7 /85 0815 0.05 0.44 6250 5698
0.16 6035
0.35 5180

15/7 /85 0830 0.05 0.45 8785 7432
0.16 7580
0.35 6690

17/7/85 0830 0.05 0.60 8930 7445
0.16 8250
0.35 7090

Cont/ ......



TABLE 14: Sediment measurements (sand size) in vortex tube escape channel
number 3

Sample height Depth of
Date Time Above bed flow Concentration C

(m) (m) (ppm) (ppm)

18/7 /85 0830 0.05 0.50 8070 7087
0.16 8170
0.35 6255

19/7 /85 0830 0.05 0.46 4740 3718
0.16 4237
0.35 2950

21/7 /85 1500 0.05 0.43 2855 2459
0.16 2572
0.35 2150

22/7 /85 0930 0.05 0.42 3518 2985
0.16 3634
0.35 2200

23/7 /85 1600 0.05 0.44 4071 3321
0.16 3360
0.35 2903

24/7 /85 0930 0.05 0.46 3967 3171
0.16 3536
0.35 2596

25/7 /85 1430 0.05 0.60 6331 3818
0.16 4273
0.35 3392

29/7 /85 1530 0.05 0.48 3741 2913
0.16 3295
0.35 2394

30/7 /85 0900 0.05 0.40 949 873
0.16 976
0.35 733

31/7 /85 0900 0.05 0.40 1214 1011
0.16 1320
0.35 637

1/8/85 1030 0.05 0.40 2158 1975
0.16 1941
0.35 1865

2/8/85 1000 0.05 0.40 1988 1796
0.16 1946
0.35 1528

4/8/85 0915 0.05 0.42 6128 5135
0.16 4782
0.35 4807

Cont/ .••..



TABLE 14: Sediment measurements (sand size) in vortex tube escape channel
number 3

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

5/8/85 0800 0.05 0.45 1680 1499
0.16 1610
0.35 1341

6/8/85 0830 0.05 0.39 222 216
0.16 225
0.35 204

7/8/85 1530 0.05 0.40 1435 1266
0.16 1325
0.35 1090

8/8/85 0845 0.05 0.40 1631 1439
0.16 1447
0.35 1287

9/8/85 0900 0.05 0.42 4457 3972
0.16 4200
0.35 3495

11/8/85 0900 0.05 0.41 2082 1862
0.16 1834
0.35 1733

12/8/85 0845 0.05 0.40 1542 1678
0.16 1755
0.35 1737

13/8/85 1600 0.05 0.40 3636 3744
0.16 3653
0.35 3945

14/8/85 0810 0.05 0.46 5320 5191
0.16 5250
0.35 5101

15/8/85 0900 0.05 0.45 3234 2593
0.16 2549
0.35 2320

16/8/85 0900 0.05 0.52 9294 7701
0.16 8344
0.35 7022

18/8/85 1000 0.05 0.46 9964 8184
0.16 8362
0.35 7299

19/8/85 0730 0.05 0.50 8960 7420
0.16 7932
0.35 6703

Cout / ....•



TABLE 14: Sediment measurements (sand size) in vortex tube excape channel
number 3

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

20/8/85 0800 0.05 0.47 4324 3869
0.16 4237
0.35 3474

21/8/85 0945 0.05 0.46 6898 6052
0.16 6533
0.35 5387

22/8/85 0815 0.05 0.52 9646 7948
0.16 8750
0.35 7166

23/8/85 0720 0.05 0.58 10660 8339
0.16 9416
0.35 7697

25/8/85 0800 0.05 0.55 6240 5882
0.16 6148
0.35 5721

26/8/85 0900 0.05 0.48 7820 5922
0.16 6518
0.35 4880

27/8/85 0845 0.05 0.50 7915 5624
0.16 5983
0.35 4730

28/8/85 1000 0.05 0.52 5964 5008
0.16 5445
0.35 4578

29/8/85 1545 0.05 0.70 13061 9284
0.16 12052
0.35 8813

30/8/85 0745 0.05 0.60 8314 6345
0.16 6846
0.35 6051

1/9/85 0800 0.05 0.50 3993 2776
0.16 2866
0.35 2358

2/9/85 0830 0.05 0.49 5169 3799
0.16 4007
0.35 3225

3/9/85 0800 0.05 0.55 3700 3276
0.16 3884
0.35 2962



TABLE 14: Sediment measurements (sand size) in vortex tube escape tunnel
number 3

Sample height Depth of
Date above bed flow Concentration C

(m) (m) (ppm) (ppm)

5/9/85 0.05 0.40 5867 4675
0.16 4601
0.35 3852

6/9/85 0.05 0.45 14500 11532
0.16 12345
0.35 9570

8/9/85 0.05 0.45 6509 4639
0.16 5105
0.35 3425

9/0/85 0.05 0.40 2924 2384
0.16 2701
0.35 1729

10/9/85 0.05 0.45 4185 3709
0.16 4059
0.35 3259

11/9/85 0.05 0.38 4502 3690
0.16 3830
0.35 2837

12/9/85 0.05 0.55 8450 6837
0.16 6948
0.35 6555

13/9/85 0.05 0.58 7585 6208
0.16 6717
0.35 5894

15/9/85 0.05 0.45 6150 4729
0.16 5240
0.35 3710

16/9/85 0.05 0.52 9730 8021
0.16 9595
0.35 6877

17/9/85 0.05 0.52 4930 4287
0.16 4760
0.35 3915

18/9/85 0.05 0.52 7150 5686
0.16 7040
0.35 4700
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TABLE 14: Sediment measurements (sand size) in vortex tube escape channel
number 3

Sample height Depth of
Date above bed flow Concentration C

(m) (m) (ppm) (ppm)

19/9/85 0.05 0.52 3502 2771
0.16 2976
0.35 2499

20/9/85 0.05 0.50 2496 1999
0.16 2039
0.35 1834

22/9/85 0.05 0.40 1592 1303
0.16 1454
0.35 965

23/9/85 0.05 0.38 954 838
0.16 877
0.35 697

24/9/85 0.05 0.38 5125 4770
0.16 4904
0.35 4319

26/9/85 0.05 0.45 5740 5448
0.16 5402
0.35 5345

27/9/85 0.05 0.38 3345 3174
0.16 3614
0.35 2632

29/9/85 0.05 0.46 7664 6698
0.16 7825
0.35 5609

30/9/85 0.05 0.50 7439 5479
0.16 5970
0.35 4620

1/10/85 0.05 0.40 1177 980
0.16 916
0.35 892

2/10/85 0.05 0.38 514 424
0.16 450
0.35 319

3/10/85 0.05 0.38 3260 2532
0.16 2737
0.35 1704
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TABLE 14: Sediment measurements (sand size) in vortex tube escape channel
number 3

Ssmple height Depth of
Date above bed flow Concentration C

(m) (m) (ppm) (ppm)

4/10/85 0.05 0.38 3260 2532
0.16 1022
0.35 760

6/10/85 0.05 0.38 509 452
0.16 459
0.35 392

7/10/85 0.05 0.38 482 367
0.16 369
0.35 264

8/10/85 0.05 0.38 892 621
0.16 577
0.35 433

9/10/85 0.05 0.38 1309 1143
0.16 1299
0.35 856

10/10/85 0.05 0.38 1899 1534
0.16 1540
0.35 1202

11/10/85 0.05 0.49 12020 11996
0.16 11529
0.35 12440

13/10/85 0.05 0.43 3597 2740
0.16 2910
0.35 2124

14/10/85 0.05 0.48 4649 3786
0.16 4205
0.35 3235



TABLE 15: Sediment measurements (sand size) downstream of vortex tube at
RD 39.65

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

30/6/85 1200 0.1 1.63 439 262
0.4 383
1.0 196

1/7 /85 1200 0.1 1.55 598 366
0.4 364
1.0 329

2/7 /85 1200 0.1 1.59 375 244
0.4 240
1.0 229

3/7 /85 1200 0.1 1.60 584 339
0.4 398
1.0 280

4/7 /85 1200 0.1 1.64 1132 586
0.4 817
1.0 421

5/7 /85 1200 0.1 1.59 808 628
0.4 771
1.0 552

6/7 /85 1200 0.1 1.60 1211 959
0.4 1316
1.0 805

7/7/85 1200 0.1 1. 78 863 686
0.4 866
1.0 632

10/7 /85 1030 0.1 1.77 495 440
0.4 506
1.0 421

11/7 /85 1030 0.1 1.91 712 581
0.4 638
1.0 575

12/7 /85 1030 0.1 1.88 1018 714
0.4 1000
1.0 644

13/7/85 1030 0.1 1.86 1167 764
0.4 1033
1.0 687

14/7/85 1030 0.1 1.88 914 635
0.4 889
1.0 571

Cont/ .....



TABLE 15: Sediment measurements (sand size) downstream of vortex tube at
BD 39.65

Sample height Depth of
Date Time above bed flow Concent ra tion C

(m) (m) (ppm) (ppm)

15/7 /85 1030 0.1 1.85 1009 872
0.4 943
LO 860

16/7/85 1030 0.1 1.84 611 523
0.4 389
1.0 571

17/7/85 1030 0.1 1.80 1335 797
0.4 1071
1.0

18/7 /85 1230 0.1 1.67 1047 696
0.4 730
1.0 655

19/7/85 1230 0.1 1. 72 1578 862
0.4 966
1.0 766

20/7 /85 1230 0.1 1. 75 1188 671
0.4 807
1.0 591

21/7 /85 1230 0.1 1.82 839 589
0.4 715
1.0 551

22/7 /85 1230 0.1 1.80 1055 591
0.4 809
1.0 498

23/7/85 1230 0.1 1.81 821 687
0.4 852
1.0 644

24/7 /85 1230 0.1 1.90 1280 770
0.4 753
1.0 791

25/7 /85 1230 0.1 1.88 1017 626
0.4 761
1.0 588

29/7 /85 1545 0.1 1.35 2054 1539
0.4 1450
1.0 1430

30/7 /85 1545 0.1 1.35 685 407
0.4 446
1.0 295

Cant / .....



TABLE 15: Sediment measurements (sand size) downstream of vortex tube at
RD 39.65

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

31/7 /85 1545 0.1 1.33 455 341
0.4 513
1.0 222

1/8/85 1545 0.1 1.50 443 317
0.4 320
1.0 293

2/8/85 1545 0.1 1.55 602 346
0.4 452
1.0 255

3/8/85 1545 0.1 1.47 490 211
0.4 291
1.0

4/8/85 1545 0.1 1.59 645 143
0.4 173
1.0

5/8/85 1545 0.1 1.43 802
0.4
1.0

6/8/85 1000 0.1 LOS 431 248
0.4 235
1.0 133

7/8/85 1600 0.1 1.35 590 408
0.4 492
1.0 304

8/8/85 0915 0.1 1.50 586 394
0.4 424
1.0 343

9/8/85 0930 0.1 1.67 437 291
0.4 361
1.0 253

11/8/85 1000 0.1 1.60 1321 532
0.4 648
1.0 340

12/8/85 0915 0.1 1.58 1436 879
0.4 1294
1.0 632

13/8/85 1630 0.1 1.75 2693 1083
0.4 1900
1.0 597
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TABLE 15: Sediment measurements (sand size) downstream of vortex tube at
RD 39.65

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

14/8/85 0900 0.1 1.83 678 405
0.4 489
1.0 373

15/8/85 0930 0.1 1.42 1014 558
0.4 656
1.0 386

16/8/85 1000 0.1 1.90 1285 690
0.4 860
1.0 635

18/8/85 0930 0.1 1. 74 496 342
0.4 417
1.0 310

19/8/85 0800 0.1 1.80 805 490
0.4 555
1.0 461

20/8/85 0830 0.1 1.63 485 392
0.4 482
1.0 352

21/8/85 1015 0.1 1. 75 687 368
0.4 458
1.0 312

22/8/85 0900 0.1 2.00 902 547
0.4 673
1.0 533

23/8/85 0800 0.1 1.90 1581 757
0.4 1018
1.0 653

25/8/85 0845 0.1 1.80 619 461
0.4 562
1.0 431

26/8/85 0930 0.1 1.62 871 769
0.4 799
1.0 750

27/8/85 0915 0.1 1. 75 722 500
0.4 634
1.0 448

28/8/85 1030 0.1 1.69 388 386
0.4 439
1.0 370

Cont/ .••..



TABLE 15: Sediment measurements (sand size) downstream of vortex tube at
RD 39.65

Sample height Depth of
Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

29/8/85 1630 0.1 1.98 1445 990
0.4 1014
1.0 1021

30/8/835 0900 0.1 1.79 1205 795
0.4 907
1.0 751

1/9/85 0830 0.1 1.73 1306 890
0.4 1077
1.0 806

2/9/85 0915 0.1 1.67 1104 676
0.4 878
1.0 560

3/9/85 0845 0.1 1.92 1057 791
0.4 920
1.0 773

Cont/ .....



TABLE 15: Sediment measurements (sand size) downstream of vortex tube at
RD 39.65

Sample height Depth of
Date above bed flow Concentration C

(m) (m) (ppm) (ppm)

5/9/85 0.10 1.69 931 611
0.40 685
1.00 560

6/9/85 0.10 1.95 2122 1011
0.40 1347
1.00 902

8/9/85 0.10 1.90 1059 524
0.40 774
1.00 434

9/9/85 0.10 1.90 645 459
0.40 694
1.00 405

10/9/85 0.10 1.98 817 524
0.40 647
1.00 509

11/9/85 0.10 1.95 613 412
0.40 500
1.00 399

12/9/85 0.10 1.90 1274 565
0.40 690
1.00 502

13/9/85 0.10 1.94 1055 498
0.40 719
1.00 422

15/9/85 0.10 1.85 1025 612
0.40 798
LOO 549

16/9/85 0.10 1.84 1942 967
0.40 1499
LOO 749

17/9/85 0.10 1.96 619 460
0.40 527
1.00 455

18/9/85 0.10 1.96 910 656
0.40 777
1.00 642

Cout/ .....



TABLE 15: Sediment measurements (sand size) downstrean of vortex tube at
RD 39.65

Sample height Depth of
Date above bed flow Concent ration C

(m) (m) (ppm) (ppm)

19/9/85 0.10 1.94 795 610
0.40 672
LOO 607

20/9/85 0.10 1.84 692 417
0.40 604
LOO 355

22/9/85 0.10 1.77 646 444
0.40 606
LOO 387

23/9/85 0.10 1.70 519 332
0.40 365
LOO 307

24/9/85 0.10 2.00 1079 655
0.40 765
LOO 650

26/9/85 0.10 1.80 689 319
0.40 327
LOO 297

27/9/85 0.10 1.76 857 348
0.40 415
LOO 272

29/9/85 0.10 2.10 849 395
0.40 736
LOO 323

30/9/85 0.10 1.95 1377 403
0.40 499
LOO 300

1/10/85 0.10 1.80 309 146
0.40 203
LOO 115

2/10/85 0.10 1.79 109 77
0.40 92
LOO 71

3/10/85 0.10 1.86 659 273
0.40 415
LOO 200

Cont/ •..••



TABLE 15: Sediment measurements (sand size) downstream of vortex tube
RD 39.65

Sample height Depth of
Date above bed flow Concentration C

(m) (m) (ppm) (ppm)

4/10/85 0.10 1.77 268
0.40 295
1.00 261

6/10/85 0.10 1.81 162 128
0.40 160
1.00 119

7/10/85 0.10 1. 73 295 188
0.40 204
1.00 177

8/10/85 0.10 1.74 372 255
0.40 282
1.00 242

9/10/85 0.10 1.73 697 342
0.40 420
1.00 280

10/10/85 0.10 1.88 1000 573
0.40 665
1.00 545

11/10/85 0.10 2.05 1572 853
0.40 1185
1.00 802

13/10/85 0.10 1.86 662 422
0.40 500
1.00 400

14/10/85 0.10 1.80 700 464
0.40 559
1.00 429



TABLE 16: Efficiency of vortex tube - 1985 mODsoon

Date

1/7 /85
2/7/85
3/7/85
4/7 /85
5/7 /85
7/7/85

10/7 /85
11/7 /85
12/7 /85
14/7/85
15/7/85
17/7/85
18/7 /85
19/7 /85
21/7/85
22/7/85
23/7/85
24/7 / 85
25/7 /85
29/7/85
30/7 /85
31/7 /85
1/8/85
2/8/85
4/8/85
6/8/85
7/8/85
8/8/85
9/8/85

11/8/85
12/8/85
13/8/85
14/8/85
15/8/85
16/8/85
18/8/85
19/8/85
20/8/85
21/8/85
22/8/85
23/8/85
25/8/85
26/8/85
27/8/85
28/8/85
29/8/85
30/8/85

1/9/85
2/9/85
3/9/85
5/9/85

Trapping efficiency
(%)

17.1
13.8
15.3
16.6
17 .2
19.5
35.0
30.6
32.9
43.3
42.0
44.1
47.0
27.4
26.1
30.0
29.0
25.2
33.3
21.5
25.1
25.8
38.6
32.8
77 .2
15.2
26.7
25.5
50.6
24.7
15.2
22.0
47.3
31.4
49.2
70.2
60.5
48.6
60.3
57.3
51.0
54.1
43.4
50.9
55.4
45.1
39.8
22.9
35.9
23.6
38.8

Water abstraction
(%)

7.1
7.1
7.1
8.8
8.5
8.5
7.9
7.5
8.0
8.3
8.3
8.2
8.5
8.5
8.3
8.3
8.3
8.0
8.0

13.3
14.3
11.1
9.7
9.1
9.1

17.7
11.1

9.1
7.4
9.1
9.1
8.0
9.1
9.5
8.5
9.7
9.9
9.4
9.1
9.1
9.3
9.1
9.8
9.1
9.4
8.7
8.3
9.4
9.8
7.5
8.6 *
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TABLE 16: Efficiency of vortex tube - 1985 monsoon

Date Trapping efficiency Water abstraction
(%) (%)

6/9/85 48.6 8.6
8/9/85 42.3 8.6
9/9/85 30.1 8.6

10/9/85 37.0 8.6
11/9/85 43.0 8.6
12/9/85 50.0 8.6
13/9/85 50.8 8.6
15/9/85 39.1 8.6
16/9/85 40.8 8.6
17/9/85 43.6 8.6
18/9/85 41.8 8.6
19/9/85 27.4 8.6
20/9/85 28.5 8.6
22/9/85 19.6 8.6
23/9/85 17.3 8.6
24/9/85 37.7 8.6
26/9/85 58.6 8.6
27/9/85 43.1 8.6
29/9/85 58.4 8.6
30/9/85 53.0 8.6
1/10/85 35.8 8.6
2/10/85 31.6 8.6
3/10/85 43.9 8.6
4/10/85 23.2 8.6
6/10/85 22.8 8.6
7/10/85 20.2 8.6
8/10/85 17.0 8.6
9/10/85 21. 9 8.6

10/10/85 18.4 8.6
11/10/85 53.8 8.6
13/10/85 35.0 8.6
14/10/85 40.7 8.6

* SMIP measurements indicate constant abstraction of 8.6% after 5/9/85



TABLE 17: Discharge measurements in Sukhsaina branch canal - 1985
monsoon

Date

3/7 /85 *
11/7/85 *
18/7 /85 *
31/7 /85
1/8/85
4/8/85
8/8/85
9/8/85

11/8/85
13/8/85
14/8/85
14/8/85 *
14/8/85 *
15/8/85
16/8/85 *
16/8/85
16/8/85
18/8/85
18/8/85
20/8/85
21/8/85
22/8/85 *
22/8/85
23/8/85
25/8/85
27/8/85
29/8/85 *
29/8/85
30/8/85

1/9/85
2/9/85
3/9/85
4/9/85

Time Discharge

1100 3.43
0930 4.19
0800 3.42
1000 2.29
1100 2.74
0850 2.59
0830 3.07
0900 3.91
1600 2.48
1600 4.13
0800 5.74
1425 5.16
1430 4.84
1430 2.90
0800 4.67
0830 4.26
1415 4.39
0830 3.51
1430 5.69
0745 3.05
0930 3.74
0800 5.55
0810 4.52
0715 4.43
0800 3.99
0830 3.58
1520 5.48
1530 4.89
0730 3.99
0745 3.62
0815 2.93
0745 4.44
0730 4.30

NOTE : * Indicates discharges calculated at head regulator from gate
openings at U/S and D/S water levels. All other discharges·
calculated from head over weir at a distance 670 m D/S of head
regulator. Weir calibration supplied by Sir M MacDona1d &
Partners Ltd

Q = 1.44 x 4.77 x H3/2



TABLE 18: Sediment measurements (sand size) in Sukhsaina branch canal
- 1985 monsoon

Sample height
Date Time above bed Concentration Discharge

(m) (ppm) (m 3/s)

11/7 /85 * 0930 0.2 882 4.19
0.7 782
L2 708

11/8/85 1600 0.1 1199 2.48
0.4 1090
LO 1108

15/8/85 1430 0.5 1278 2.90

16/8/85 0830 0.2 1720 4.40
0.4 1873
LO 1762

18/8/85 0830 0.5 1730 3.51

20/8/85 0745 0.5 2116 3.05

21/8/85 0930 0.5 1922 3.74

22/8/85 * 0800 0.5 1261 5.55

22/8/85 0815 0.5 2067 4.52

30/8/85 0730 0.5 881 3.99

1/9/85 0745 0.5 1783 3.62

* Indicates sample taken downstream of head regulator. All other samples
taken downstream of weir 670 m distant from head regulator.



TABLE 18: Sediment measurements (sand size) in Sukhsaina branch canal

- 1985 monsoon

Sample height

Date above bed Concentration Discharge

(m) (ppm) (m 3/ s )

9/9/85 0.50 1519 3.74

16/9/85 0.50 889 4.44

23/9/85 0.50 547 1.85



TABLE 19: Shankapur canal - average discharges over weir (0.050km) - 1985
monsoon

Date

27/6/85
28/6/85
29/6/85
30/6/85

1/7 /85
2/7 /85
5/7 /85
6/7/85
7/7/85
8/7 /85
9/7 /85

10/7 /85
11/7 /85
12/7/85
13/7 /85
14/7 / 85
15/7 /85
16/7 /85
17 /7 /85
18/7 /85
19/7/85
20/7 /85
21/7 /85
22/7/85
23/7/85
24/7/85
25/7 /85

3/8/85
4/8/85
5/8/85
8/8/85
9/8/85

10/8/85
11/8/85
12/7/85
13/8/85
14/8/85
15/8/85
16/8/85
17/8/85
18/8/85
19/8/85
21/8/85
22/8/85
24/8/85
25/8/85
26/8/85
27/8/85
28/8/85
29/8/85
30/8/85

Discharge
(m 3/s)

1.35
2.00
2.35
2.55
2.35
3.25
3.60
4.10
4.00
2.80
4.10
3.60
3.60
4.10
4.10
4.10
3.60
1.85
3.25
4.30
4.70
4.70
4.70
4.70
4.10
4.10
4.70
1. 85
4.10
1.85
4.75
4.25
4.10
4.05
4.70
1. 85
1.85
3.25
3.60
3.45
4.75
4.10
5.10
4.75
4.70
4.70
4.10
4.90
4.10
4.10
4.70

Cont / ••.....•



TABLE 19: Shankapur canal - average discharges over weir (0.050km) - 1985
monsoon

Date Discharge
(m 3/s)

31/8/85 4.30
1/9/85 4.30
2/9/85 4.10
3/9/85 4.90
4/9/85 5.10
5/9/85 4.70
6/9/85 2.85
7/9/85 5.10
8/9/85 4.70
9/9/85 4.25

10/9/85 5.10
11/9/85 4.70
12/9/85 4.70
13/9/85 4.70
14/9/85 4.25
15/9/85 4.25
16/9/85 4.70
17/9/85 4.70



TABLE 20: Sediment measurements (sand size) in Shankapur branch canal
- 1985 monsoon

Sample height Depth of
Date Time above bed flow Concentration Discharge

(m) (m) (ppm) (m 3/ s)

11/7 /85 1515 0.2 1.2 440 3.60
0.4 431
0.8 425

18/7 /85 1030 0.2 1.32 463 4.30
0.4 437
0.8 367

25/7 /85 1515 0.2 148 835 4.70
0.4 700
0.8 634

8/8/85 1530 0.1 1.32 419 4.75
0.2 452
0.4 470
0.8 459

11/8/85 1715 0.1 1.20 79 4.05
0.4 79
0.8 84

15/8/85 1130 0.5 165 3.25

21/8/85 1030 0.5 196 5.10

22/8/85 1600 0.1 1.33 958 4.75
0.4 844
0.8 929

30/8/85 0930 0.5 749 4.70

1/9/85 0915 0.5 561 4.30

NOTE: All samples taken downstream of measuring weir (50 m downstream of
head regulator).



TABLE 21: Sediment measurements (sand size) at RD 64 - 1985 monsoon

Sample height Depth of

Date Time above bed flow Concentration C

(m) (m) (ppm) (ppm)

11/7 /85 1545 0.4 2.00 1192 939

0.8 1047

1.3 752

11/8/85 1700 0.3 1.50 105 86

0.6 87

1.0 77

21/8/85 1100 0.3 1.60 239 153

0.6 153

1.0 119

22/8/85 1530 0.3 2.40 2260 1790

0.6 2176

1.2 1731



TABLE 22 Sediment measurements (sand size) taken at positions along the
length of the Shankapur branch canal - 1985 mansoon

Weir at 0.952km

Sample height Estimated
Date Time above bed Concentration discharge

(m) (ppm) (m 3/ s)

15/8/85 1130 0.50 253 3.00

22/8/85 1610 0.50 554 4.30

30/8/85 0940 0.50 357 4.30

Weir at 1.660km

Sample height Estimated
Date Time above bed Concentration discharge

(m) (ppm) (m 3/ s )

15/8/85 1140 0.5 225 2.00

22/8/85 1615 0.5 667 4.10

30/8/85 0945 0.5 477 4.10

Weir at 2.958km

Sample height Estimated
Date Time above bed Concentration discharge

(m) (ppm) (m 3/ s )

15/8/85 1150 0.5 148 2.0

22/8/85 1620 0.5 583 3.7

30/8/85 0950 0.5 452 3.7
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Plates





Plate 1 Desil ting in main canal - May 1985



Plate 2 Intake November 85



Plate 3 Settling basin - May 85



Plate 4 Settling basin - November 85



Plate 5 Sediment sampling mast d/s from vortex tube
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Plate 6 Sediment sampling mast vortex tube escape channel



Plate 7 Lifting frame at headworks tunnel exit



Plate 8 Flooding at the tunnel exit measuring site - August 85
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APPENDIX 1: Methods used to analyse field results

This appendix describes the methods used to analyse

the field discharge and sediment transport data

collected in the Chatra study, and the laboratory

analysis of sediment samples. It has been included in

the report to enable SMIP to follow similar techniques

when processing field data collected in future years.

Discharge and sediment concentrations at the headworks

tunnel exit

Velocity and sediment concentration profiles were

measured at the headworks tunnel exit during the 1985

measurements. A lifting frame located at the tunnel

exit was used to position a current meter and sediment

sampling nozzle in the flow. At the tunnel exit

velocities exceed 3m/s, and an 85kg sinker weight was

required to maintain the current meter on station.

The equipment used is shown in Plate 7. Velocity

measurements were carried out to check the estimates

of discharge made at the headworks, and to provide the

information required to compute sediment

concentrations from point sediment samples.

Figure 20 shows the measurement location at the

headworks tunnel exit, looking upstream. The invert

of the tunnel is 1.2m below the design bed level of

the downstream settling basin, and coarse material,

mainly cobbles and boulders, has settled at the tunnel

invert reducing the cross sectional area available for

flow. Bed levels surveyed at times when the canal was

closed are shown in Figure 20, and indicate that the

cross sectional area available for flow was on average

2.5m 2 smaller than the tunnel cross section.

Velocity profiles were measured at the three locations

shown in figure 20 on a number of occasions. The

results of a typical measurement, carried out on

14 July 1985, are shown in Figure 21.



It is apparent from this figure that the velocity

distribution at the tunnel exit is both relatively

uniform and axisymetric.

Velocity profiles have been fitted to the measured

points utilising an integrated form of the

Karman-Prandtl equation, assuming that the velocity

profiles were symetrical about the tunnel axis. Mean

velocities for the three profiles shown in Figure 21,

derived by fitting the measured data points to the

theoretical velocity profile, and also from averaging

the measured data points are shown below:

Left vertical

Centre vertical

Right vertical

Averaging

2.94

3.15

3.09

Velocity profile

2.83

2.99

3.02

The results tabulated above indicate that the

differences in mean velocities between verticals and

between methods are small. In this report discharges

at the tunnel exit have been computed by averaging the

measured velocities at the centre vertical and

multiplying the resulting mean velocity by the area

available for flow. The difference between discharges

computed in this way and from integration of the

fitted profiles over the flow area was less than 5%.

A comparison of discharges derived from current

metering with those derived from the headworks gate

calibration curves has been presented in Section 4.5.

The two methods yield discharges that differ, on

average, by 1.5% with a maximum deviation of 9% (Table

10). This level of agreement justifies both the field

and computational procedures that were used.

(Discharge measured by current metering in a canal

will typically have an error margin of 5% to 10%

depending on the number of verticals and the number of

points on each vertical that are measured.)



Figure 21 also shows sediment concentrations (with the

washload excluded) derived from pumped samples

collected at different heights above the tunnel invert

on the three verticals shown in Figure 20.

Concentration profiles at the three verticals are very

similar, indicating that sediment was relatively

uniformly distributed across the width.

The measured concentrations have been fitted, using a

least squares regression technique, to a simplified

form of the Lane and Kalinske's theoretical

concentration profile (see Lawrence 1986). The

equation is:

X=~

where

-Ka
e (lA)

x = concentration at height y above bed

a = ylh

h water depth

X
b = concentration at bed

K = a factor

Although this equation is strictly only applicable to

open channel flow it fits the measured data quite

well (see Fig 22) and has been utilised to compute the

sediment loads entering the canal.

The sediment flux at the intake is proportional to the

product of the velocity and concentration profiles

integrated over the depth and the width (see Bolton

1986). However the velocity and concentration

profiles shown in Figure 21 indicate that at the

tunnel exit variations across the width are relatively

small, and width variations have been ignored in the

analysis that follows.



Following the procedure outlined by Bolton (Bolton

1986) the sediment flux at the tunnel exit has been

computed by splitting the measured concentrations into

seven size fractions, and then integrating the product

of the fitted concentration and velocity profiles

through the depth. The total sediment flux is then

the sum of the flux's computed for each size fraction.

A set of typical concentration profiles for

different grain sizes is shown in Figure 22.

The sediment flux at the exit was also computed using

the simpler, but theoretically incorrect method of

firstly fitting the measured concentrations to

Equation AI, and determining the mean sediment

concentration from:

x =
Xb -K
K (1 - e ) (A2 )

where

X is the mean sediment concentration in the vertical.

The sediment flux was then computed from the product

of the mean concentration and the discharge.

The difference between the sediment flux's determined

by the two procedures was typically 5%, an order of

magnitude smaller than the scatte'r usually associated

with field sediment transport measurements. This

conclusion was not unexpected as similar results have

been obtained at other measurement locations (Lawrence

1986a). The second, simpler, procedure has been

adopted to compute the sediment loads at the tunnel

exit in this report, and we would recommend its use by

SMIP in future studies.



Sediment trapping efficiency-vortex tube at RD 39.65

A plan view of the vortex tube at RD 39.65 is shown in

Figure 5. Routine measurements of sediment

concentrations were made at sediment sampling masts

located downstream from the tubes and in escape

channel No 3.

Trial calculations similar to those described in the

previous section indicate that the simple

computational method, described above, can be applied

to estimate sediment loads at the vortex tube site.

Thus mean sediment concentrations were calculated

using Equation A2, after fitting the measured

concentrations to Equation Al to determine X
b

and K.

It was not possible during the routine data collection

programme to collect data from more -than two sampling

locations. However it was known from the earlier

intensive measurements carried out at this site that

there were appreciable lateral velocity and

concentration gradients at the canal section used for

both the 1984/85 and the 1982 measurements (Singh

1983). The 1982 data has been utilised to develop a

"correction factor" which, when multiplied by the mean

sediment concentration measured at the canal sampling

location used for the 1984/85 measurements, yields the

mean concentration over the section. The factor is

1.24. (This procedure has been described in more

detail in Fish 1985a.)

Similarly the 1982 data showed that sediment

concentrations in the three vortex tube escape

channels were different when the tubes were operated

at the same discharges. A second "correction factor"

has been developed from the 1982 data to account for

this. The factor is 1.15 and is multiplied by the

mean sediment concentration measured in escape channel

No 3 to yield the mean sediment concentration in all



three tubes. (The magnitude of this factor was

verified by three measurements carried out in 1985,

although as might be expected there was considerable

scatter about the mean value.)

Sediment trapping efficiency is defined as the ratio

of the mass of sediment diverted through the extractor

to the mass of sediment in transport just upstream

from the extractor. Trapping efficiencies were

computed from the results using:

TE% =

where

XtQt x 100
XtQt + XcQc

TE% is sediment trapping efficiency, %

Xt is mean sediment concentration in vortex tubes

Xc is mean sediment concentration in the canal

downstream

Qt is vortex tube discharge

Qc is canal discharge, downstream from the

extractor.

LABORATORY ANALYSIS OF

SEDIMENT SAMPLES

Each sample retained on the 63~ sieve after pumping

was transferred to a numbered plastic sample bottle

and returned to the laboratory for analysis. On

arrival at the laboratory each sample was transferred

to a number glass beaker and dried in an oven.

Once dry, the following procedure was adopted to deal

with each individual sample:

1. Sample sieved through a ll80~ sieve. This was

to remove large organics (twigs, leaves etc) from

the sample. Any obvious large sand particles

were returned to the bulk of the sample.



2. Sample sieved through a 63~ sieve. Although

each sample had been retained on a 63~ sieve

during the pump sampling process not all silt

passed through the sieve due to the sample itself

acting as a sieve. Up to 25% of a sample could

be of silt size and therefore its removal was

vital to prevent errors in assessment of the sand

size portion of the sample.

3. Residue retained on 63~ sieve weighed using an

electronic balance.

4. A concentration of the sand size sediment of the

sample could then be calculated and expressed as

a figure in parts/million(ppm) or as

grammes/litre.

The laboratory analysis of the dip samples involved

the measurement of the volume of the sample and the

separation of the silt and sand contents using a 63pm

sieve in the laboratory prior to following the above

procedure after drying. The concentration could then

be calculated from the volume measured and the weight

of the sand content.

A number of samples from all measurement sites were

sieved to give information on the particular size

fractions of sand particles in suspension. The

following sieve sizes were used 500pm, 355pm, 250pm,

180pm, l25~, 90pm and 63pm.

The analysis of the silt only samples was carried out

using the vacuum filtration method.





APPENDIX 2: Simulation of sedimentation in the Chatra

Canal

One of the objectives for carrying out the field

measurements was to collect field data which could be

used to aid the development of methods of simulating

the response of a major canal system to a large and

varying sediment input. This appendix briefly

describes the method that has been used to simulate

the sedimentation processes occurring in the canal. A

more detailed description of the computational

procedures is to be reported separately.

Simple models obtained by linking sediment transport

and bed friction predictors are available for

predicting "regime" bed widths, flow depths, and bed

slopes etc in alluvial channels (see for example White

et al 1981). In the Chatra canal both the discharge

and the sediment input varies, depending on the

conditions in the river and the requirement for

irrigation supplies. In the 1985 season these

variations were probably larger than usual because of

the operational problems experienced at the

headworks.

In these circumstances it is necessary to use a time

varying simulation. The computational model that was

used has been described by Atkinson (Atkinson 1985).

The full model, which includes diffusion of sediment

to and from the bed, was used for the simulation of

the settling basin. Simulation of the settling basin

was complicated by the presence of the superpassage at

RD 2.3, and an iterative approach was necessary as the

upstream water and bed levels are computed from a

downstream control.

To avoid an unnecessarily complex iterative

computational procedure the canal from the end of the

settling basin to RD 32 was simulated as a single



reach. It was assumed that sediment loads in the

canal equalled transporting capacity.

The sediment trapping efficiency of the vortex tube

was simulated using the averaged measured seasonal

sediment trapping efficiency.

The selection of the sediment transport function used

in the model presented some difficulties when the

model was first set up. Sediment transport data

indicates that in the main canal sediment

concentrations are significantly larger than those

predicted from the best of the currently available

sediment transport functions. The Ackers and White

method, utilised in the calculations described above,

over-predicts transport rates by a factor of about

five times (MMP 1979 and Lawrence 1983).

One reason for this discrepancy, which is larger than

the usual 0.5 to 2.0 times ·uncertainty· often

associated with sediment transport equations, can be

attributed to the effect of the large number of

structures in the canal. Water surface slopes

measured by MMP (MMP 1978 and 1979) indicate that

turbulence generated at the superpassages decays over

several hundreds of metres downstream from structures.

This increases sediment transport rates above those

that would be predicted from the energy gradient in

the reach estimated from water surface slopes.

When the effect of turbulence generated at structures

was included in the model it was found that the Ackers

and White transport function yielded satisfactory

results with a multiplying factor of 2.0 applied to

predicted transport rates.

Two examples of the results of applying the model are

presented. Figure 23 compares measured and predicted

sediment concentrations at the vortex tube at

RD 39.65. Predicted concentrations were obtained from



the model using the measured discharges and sediment

concentrations at the intake. Figure 24 shows

observed and predicted bed levels in the reach

downstream from the vortex tube. Predicted bed levels

were derived from the model utilising surveyed

pre-season bed levels and the measured discharges and

sediment concentrations downstream from the vortex

tube.

Both comparisons illustrate that the model can be used

to simulate the sediment transport and deposition

processes that are occurring in the Chatra canal

system. Before the model can be used in a predictive

mode , for example to estimate the effects of

different sediment removal strategies at the settling

basin, information on the canal desilting and

operational policy that is to be adopted in the future

is necessary. The list below, which is not intended

to be exhaustive, illustrates the information that

would be required:

(a) planned variation in the canal discharges through

the year;

(b) gate operational policy to be followed at the

headworks, particularly concerning closures to

prevent the entry of high sediment

concentrations.

(c) bed levels in the head reach (is sediment to be

removed to restore the canal to design bed

levels?)

(d) planned discharge capacity for distributory

canals and their expected sediment tranporting

capacity.





APPENDIX 3: The relative distance (RD) nomenclature

The relative distance (RD) nomenclature used to

identify structures in this report relates to

the distance measurement along the canal used by the

Indian contractors when the Chatra system was built,

each number being in 1000ft intervals, ie RD 39.65

being equivalent to 39650ft from zero. The zero point

was fixed at a position approximately 1000ft upstream

from the inlet gates of the Chatra canal.

In 1983 }&lP carried out a survey of chainages along

the canal from RD 32 to RD 67.7, RD 32 was assumed to

be its metric equivalent of 9.753km. The measured

distance between RD 32 and RD 67.7 indicated an error

of +2Om in the Indian measured distance. However

further along the canal between RD 131.4 and RD 135

the MMP/HR measured distance was 1345m compared to

1096m measured by the Indians, indicating rather

larger discrepancies in the original distance

measurement.

In this report the RD numbers are used to identify

structures only. Where distances are quoted, as in

the plots of the survey data, these are measured from

the RD starting point and converted to metric units

making the assumption that the RD starting point is

correctly positioned.






