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ABSTRACT 

During the flood season, sometimes discharge peaks in two tributaries of the 

Indus River System coincide at the point of confluence and their cumulative 

effect threatens the downstream barrage/headworks. Reasonably accurate lag 

time (transit time) between different control points in relation to discharge helps 

manage flood routing more safely. As a part of "Study of Lag Time of the Indus 

River System", radioactive tracer experiment was conducted to determine the 

lag time between Marala Barrage and Khanki Headworks at the river Chenab. 

Discharge data shows that the maximum flood peak appears in August. In the 

monsoon period of the year 1999 the floods were low. So the radiotracer 

experiment was carried out at low discharge of about 538 m3 sec"1 (19000 

cusecs). An activity of about 2 Ci of 82Br radioactive tracer was injected 

instantaneously in the river at Marala on 1st September 1999 at 0640 hours. 

Monitoring of radioactivity by scintillation detectors (sodium iodide) was done 

at Khanki Headworks. The peak value of activity was found on September 2, 

1999 at 0005 hours. The lag time was determined as 17 hours and 25 minutes. 

At this discharge level the river water travelled with the average speed of 3.69 

km/hr. 
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STUDY OF LAG TIME OF RIVER CHENAB BETWEEN MARALA 
BARRAGE AND KHANKI HEADWORKS USING 

RADIOACTIVE TRACER TECHNIQUE 

1. INTRODUCTION 

Rainfall in Pakistan is neither sufficient nor regular. It is not available 

during the whole year. The highest rainfall occurs during the monsoon season 

in the months of July and August. The intensity of rainfall is much more than it 

can be utilized. Large volumes of precipitation get wasted. The rivers of the 

country spread on the Indus Plains as soon as they emerge from the 

mountains. During flood they spread their flow path. Even at present, the area 

of active flood plains is as wide as 5 to 15 km at certain sites. People 

inhabiting the flood plains, raise crops in the same area. During the floods, 

especially when high peaks appear suddenly, many human and animal lives 

are lost with a great damage to the crops. Sometimes, discharge peaks in two 

tributaries result from high intensity rainfalls in their catchment areas and 

coincide at the confluence point. Their cumulative effect threatens the 

downstream barrage/headworks structure. - For the safety of 

barrages/headworks and the marginal bunds, relief cuts or breaching in the 

upstream sections have to be done. If reasonably accurate lag time (transit 

time) between different control points in relation to discharge level is known, 

flood routing can be managed more safely. For example, for a safe passage of 

flood peaks of the river Chenab through Trimu Barrage, flow level of the river 

Jhelum downstream of Mangla Dam can be adjusted in order to reduce the 

cumulative effect For this purpose the lag times of both the rivers for the 

particular discharges must be known. Presently, the lag time data generally 

used by Irrigation and Power Department from Marala to Khanki is one day, 

while in the other data on comparative time lag, National Engineering Services 

of Pakistan, Indus Water Treaty, WAP DA and Irrigation & Power Department 

determined its values as 12, 24, 24 & 14 hours respectively (unpublished data, 
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1999). Therefore, it is imperative to determine the lag times accurately 

between different control points to assess the cumulative effect of flows of 

tributaries reaching the point of confluence of two rivers. It will help to improve 

the protection measures during floods, and management of water distribution 

at low discharges. 

Keeping in view the importance of the problem, Irrigation Research 

Institute (IRI) assigned the study on measurement of actual lag times of Indus 

River System to Radiation and Isotope Application Division (RIAD), Pakistan 

Institute of Nuclear Science and Technology (PINSTECH) using radioactive 

tracer technique. The river Chenab is very problematic as there is no storage 

reservoir to act as buffer zone for flash floods. The first radioactive tracer 

experiment was carried out at Marala-Khanki sector of the river Chenab. 

Marala-Khanki section has been shown in Fig. 1. 

1.1 River Chenab 

The river Chenab originates in Kulu and Kangra districts of Himachal 

Pardesh, India. The river after traversing about 650 km (400 miles) of 

mountainous regions and falling nearly 7.5 m per km (39 ft/mile) opens out into 

the plains near Akhnor (Ahmad, 1993) and enters Pakistan in Sialkot District 

near Diawara Village. Flowing through alluvial plains ofthe Punjab it is joined 

by the river Jhelum at Trimu and the Ravi joins it further downstream. The 

Sutlej joins it upstream of Punjnad and finally it meets the Indus at Mithankot 

downstream Punjnad. The total length of the river is about 1,235 km (772 

miles) with catchment area equal to 66,782 km2. Hilly catchment area above 

Marala Barrage is about 32,282 km2 This area produces flash floods due to 

high rainfall in monsoon and relatively steeper slope. 

Discharge of the Chenab starts rising in the later part of May and 

passes 1,500 m3/s mark in June. High flows above 1,500 m3/s continue till the 

middle of September, the peak discharge month being August. 

2 



1.2 M ARAL A BARRAGE 

Marala Barrage is situated 26 km northwest of Sialkot on the river 

Chenab just 25 km from foothills of Pir Punjal Range in Akhnor and 10 km 

downstream the point of entrance of the river in Pakistan from Indian occupied 

State of Jammu & Kashmir. The old Marala Headworks was constructed 

downstream the confluence of three rivers (the river Munawar Tavi on the 

right, the river Chenab in the center and the river Jammu Tavi on the left) 

during 1905-12. After the creation of Pakistan as an independent state, the 

supply of Upper Bari Doab Canal taking off from Madhupur Headworks on the 

river Ravi was cut off and that of the river Sutlej was also stopped. In order to 

divert more water to Sutlej Valley the old barrage was replaced by the present 

barrage, which was constructed during 1965-68 by WAPDA under Indus Basin 

Project. Its capacity is 31,160 m3/s equivalent to 11,00,000 ft3/s (cusecs). Two 

canals viz. Upper Chenab and Marala-Ravi Link taken out from the left bank 

have capacity of 477 m3/s (16850 cusecs) and 623 m3/s (22,000 cusecs) 

respectively. Crest levels of the barrage bays and the canals are 244 m and 

244.5 m respectively. Floods are classified as low from 2,833 to 4,250 m3/s 

(1,00,000 to 1,50,000 cusecs), medium from 4,250 to 5,666 m3/s (1,50,000 to 

2,00,000 cusecs), high from 5,666 to 11,332 m3/s (2,00,000 to 4,00,000 

cusecs), very high from 11,332 to 17,000 m3/s (4,00,000 to 6,00,000 cusecs) 

and exceptionally high above 17,000 m3/s (6,00,000 cusecs). Flood data of the 

barrage for the last six years is given in Table-I (XEN Marala, 1999). 

Table I: Highest discharges of last five years through Marala Barrage 

Date Discharge Classification 

20.07.1994 13,387 rrfVs 4,72,570 cusecs Very High 

27.07.1995 12,464 m3/s 4,39,970 cusecs Very High 

23.08.1996 21,725 m3/s 7,66,878 cusecs Exceptionally High 

28.08.1997 21,970 m3/s 7,75,525 cusecs Exceptionally High 

05.03.1998 6,054 rrvVs 2,13,705 cusecs High 

20-07-1999 23,419 m3 Is 8,26,697 cusecs Exceptionally High 

3 



1.3 Khanki Headworks 

Khanki Headworks is the oldest headworks in Pakistan. It was 

constructed on the river Chenab in the years 1889 to 1892. It is located about 

16 km south-west of Wazirabad and connected by pucca road with Wazirabad 

and Alipur Chattha. Reduced level of the under sluices is 218 m (715 ft). Only 

one canal, Lower Chenab Canal having design capacity of 222 m3/s (7,832 

cusecs), off-takes from this headworks. Although the design capacity of the 

headworks is 22663 m3/s (800,000 cusecs) but even higher peaks were 

discharged at many occasions. For classification of floods as low, medium, 

high, very high and exceptionally high, the limits are the same as for Marala 

Barrage. Flood data of the Headworks for the last five years is given in Table-ll 

(XEN Khanki, 1999). 

Table II: Highest discharges of the last five years through Khanki Headworks 

Date Discharge Classification 

27.07.1995 18,428 rrvVs 6,50,517 cusecs Very High 

23.08.1996 24,115 rrvVs 8,51,269 cusecs Exceptionally High 

28.08.1997 24,013 rrrVs 8,47,650 cusecs Exceptionally High 

05.03.1998 6,240 mö/s 2,20,268 cusecs High 

20-07-1999 23,419 m3/s 8,26,697 cusecs Exceptionally High 

Table II shows that the highest discharge through Khanki Headworks is 

greater than that of Marala Barrage except in 1999. It is simply because of 

contribution of tributaries joining the river downstream Marala. In rainy season, 

the contribution of such tributaries is very significant so their discharges have 

to be considered when the lag time is estimated using peak to peak method 

(Unpublished data, 1999). 
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2. METHODOLOGY 

In order to determine the lag time between different control points, it 

was decided to use tracer technique. A "tracer" consists of a small amount of 

easily detectable (measurable) substance which is associated with the much 

larger bulk of material under investigation and measurement of which (the 

tracer) will yield information on the behaviour of bulk material. For a stream 

flow study, a tracer is injected in it at a suitable initial point and is detected at 

the point of interest downstream. Normally, two techniques viz. continuous 

injection and instantaneous injection are used (IAEA, 1983). In the former case 

a continuous dispersion plume of labelled stream is formed but for the long 

distances this technique. is not feasible. Hence, instantaneous injection is 

suitable for measurement of lag time of a river. In this case, the normal flow is 

tagged with an expanded pulse of labelled material. Ayub, et al. (1997) used 

the same technique to determine the lag time of the river Mada in Malaysia. 

The released tracer moves like a hot spot along the river but spreads over the 

stream diffusing laterally and longitudinally. After a few kilometers the released 

tracer is well mixed with the water and travels at the speed of stream flow. 

Monitoring of tracer at a point downstream is done by a suitable detection 

system. From the breakthrough/response curve, time corresponding to either 

centroid of the area under the curve or peak value of the activity is determined 

and the time elapsed after injection of tracer gives the lag time. 

3. SELECTION OF TRACER 

Different tracers like fluorescent dyes, chemical tracers, artificial 

radioactive isotopes etc. were considered. Radioactive tracers must be used 

instead of the conventional tracers only when the latter are no longer 

satisfactory either from technical or economic point of view. The fluorescent 

dye tracers get disintegrated by light to some extent and they may not give 

required results for long distances. For such a big volume of flowing river 

water, dilution factor is so high that the quantity of chemical tracer becomes 
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4.3 Detection of Tracer at Khanki 

Concentration of the radioactive tracer was monitored in the river water 

using two detection sets installed at Khanki Headworks. In one set, medium 

size waterproof sodium iodide (Nal) scintillation detector (2"x2" crystal) was 

connected to a compact counting unit (MINKIN Detection Systems). The other 

set consisted of Nal (Tl) detector (3"x3"crystal), high voltage supply, pre-

amplifier, amplifier, scaler, and ratemeter/counter. The block diagram is given 

in Fig. 3. Operating voltage of the detectors was 950 volts. Background level of 

radioactivity in the river water was measured and found to be quite uniform 

within statistical limits. The background, on the average, was found to be 58 

cps and 13 cps by the large and medium detectors respectively. The response 

of the detectors was recorded as count rate against time. 

5. PROTECTION AGAINST RADIATION 

In any radioactive tracer experiment, two aspects i.e. protection of the 

staff and the general population need be given due consideration. A lead 

transport container was designed to minimize the radiation hazards to the 

workers during transportation and injection , of the tracer. Radioactivity level 

was monitored by radiation surveymeters starting from the Hot Cell in the 

Reactor Hall, through out the transportation and injection of the radioactive 

source. The activity of 82Br to be transported was expected from 7.4X1010 Bq 

(2 Ci) to 11.1X1010 Bq (3 Ci). So the thickness of the lead shielding calculated 

by Health Physics Division of PINSTECH as 14 cm was sufficient safe for 

transportation of the tracer. To be on the safe side, a cylindrical lead container 

of radius 17 cm was used. Radiation dose rate at its surface was 0.52 mSv/h 

against the maximum permissible level of 2 mSv/h (IAEA, 1996). Only on two 

occasions i.e. during loading of tracer ampoules in the transport container at 

PINSTECH and their transfer from the container to the injection system, 

radiation level was high but this exposure was for a very short time. Radiation 

dose was recorded for all the workers by thermoluminescent dosimeters 
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(TLD). Pocket dosimeters were also used by the individuals to keep an eye on 

the radiation dose being received in the field. TLD results show that the 

maximum dose to an individual was 0.16 mSv whereas the maximum 

permissible dose for an individual is 0.4 mSv per week (IAEA, 1996). 

Therefore, the radiation dose to the staff was well within the permissible limits. 

The maximum permissible concentration (MPC) of 82Br in drinking water 

is 1850 Bq/liter (5X10"8 Ci/liter) [Gaspar et al 1972], The PMC further reduced 

by 2.5 time (i.e. 740 Bq/liter of 82Br) was considered safe as other limits have 

also been reduced by the same factor during the last decade (IAEA, 1996). 

The maximum detected radioactivity in the expanded plume at Khanki was 

about 11.84 Bq (3.2 x 10~10 Ci/l). Therefore, the dilution factor up to Khanki 

was so high that such concentration of radioactivity was not hazardous to 

public health. Due to relatively short half life (35.87 hours), 82Br must have 

decayed completely within a few days. So, the injection of radioactivity in the 

river was also safe for general public. 

6. RESULTS AND CONCLUSION 

Breakthrough curves were obtained by plotting responses of both the 

detection systems in the form of count rate (cps) versus time. Figures 4 and 5 

showing the curves for (2"x2") and (3"x3") detectors indicate the arrival of peak 

activity at Khanki at the same time. Count rate started increasing at about 

2245-hours on 1st September, 1999, which showed the arrival of the tracer. 

The monitoring could not be continued till the reduction of count, rate to the 

background but the peak of the tracer response passed and the downfall of the 

curve started. The peak value was at 0005 hours on September 2, 1999. In 

this way the lag time comes out to be 17 hours 25 minutes. Using the distance 

between Marala Barrage and Khanki Headworks as 64 km, the river water 

travelled with an average speed of 1.025 ms"1 (3.69 km/h). 
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Figure 3. Schematic diagram of detection system 
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