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ABSTRACT 

This report presents a comparative study on the usefulness 
of stable isotope parameters ( hydrogen and oxygen ) versus the 
physico-chemical parameters (electrical conductivity, 
temperature, hydrogen ion concentration) of water to determine 
the extent of mixing of the river Kabul with the river Indus near 
Attock. 

In view of the 
investigations, elect 
to be the best fie! 
path length. However, 
due to their greater 
a better scenario of 
the physico-chemical 
flow conditions, it 
complete mixing of 
channel. 

sampling techniques employed in the present 
rical conductivity and temperature are found 
d parameters for a quick estimate of mixing 
the stable isotopes of the water molecule, 

sensitivity and measuring accuracy, provide 
the mixing characteristics as compared to 
parameters. It appears that under normal 
takes about 5 km channel distance for 
the Kabul river water in the Indus river 

A computer code MIXABC is developed to determine the 
percentage contribution of one river water along a mixing channel 
in the other river. Details of the source program are presented. 
The code can be used on any IBM / compatible microsystem. 

Key words: River water mixing, 
deuterium, pollution. 

stable isotopes, oxygen-18, 
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1. Introduction: 

There is a variety of pollution problems in Pakistan. Among 
these the most common problem is that of contamination of surface 
and groundwater environments. Contamination of water makes it 
difficult to use not only for drinking but also for agricultural 
purposes. Depending upon the source and the path of flow that 
water has followed in the hydrologic cycle, it may pick up a 
number of inorganic and organic pollutants rendering it 
unsuitable for the required purpose. Common sources of water 
contamination may be: a) industrial waste which contains 
inorganic and organic materials, and b) municipal sewage, 
sanitary and domestic waste. 

In view of the potential threat of a pollutant to human and 
biotic life of a water system.it is always required to use the 
most reliable and quick method to distinguish the extent of 
contamination in the surface water systems and the adjacent 
recharging areas. The potential of non-nuclear methods ( physico-
chemical, hydrochemical and biological tools ) to study 
hydrological, hydrogeological and pollution problems has long 
been recognised. Recently, nuclear techniques are being 
successfully applied for a quick and reliable study of many 
environmental problems. The pollution indicators in the non-
nuclear approach include measurement of colour, turbidity, 
suspended sediment load/ suspended solids, temperature, pH, 
electrical conductivity, alkalinity, TOC (total organic carbon), 
BOD (biological oxidation demand), COD (chemical oxidation 
demand), concentrations of major cations, anions and polyaromatic 
hydrocarbons etc. in the contaminated water. The nuclear 
parameters include measurement of "stable isotope ratios" or 
"radioactivity" of the components of water molecule as well as 
its dissolved aqueous species such as inorganic carbon, sulphate 
and nitrate. The concentrations or levels of various pollution 
parameters of a particular water system vary depending upon the 
source of water in that system and the mineralogy of the drainage 
system. 

In civil zed countries, the government and the people are 
greatly concerned about the proper disposal of industrial and 
domestic wastes. In Pakistan, the disposal of waste material is 
carried out in an un-suitable manner both on the land and in the 
water courses. This report attempts to presents a comparative 
approach for the determination of the extent of mixing of the 
river Kabul in the river Indus. It is envisaged that the 
technique applied in this study may equally be used to identify 
mixing patterns and polluted zones in any contaminated hydrologic 
or hydrogeologic system to suggest possible remedial measures. 
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2. Objectives: 
The objectives of the present investigation are to study 

the suitability of physico-chemical/hydrochemical techniques in 
relation to isotopic techniques for characterising mixing pattern 
of the river Indus and the river Kabul, from the point of their 
confluence. 

3. Study area: 
The field site for the present investigations is located 

near Attock, about 60 kilometers north-west of Islamabad (figure 
-1). The criteria for site-selection was based on the isotopic 
differences between the water of the river Kabul and the river 
Indus because these rivers drain water from different altitudes 
and locations, well separated from each other. 

The water of the river Kabul has a high sediment load and 
thus looks quite muddy, whereas the water of the river Indus is 
quite clear. When these waters mix together, an apparent mixing 
boundary can be seen along the mixing channel because of the 
muddy water of the river Kabul. 

4. Field and laboratory procedures: 
In the present investigations, some important physico-

chemical parameters such as: electrical conductivity (EC), 
temperature (T), hydrogen ion activity (as pH), were measured in 
the field. Water was also collected for major ion analysis , 
stable isotope analysis of hydrogen and oxygen in the water 
molecule and laboratory pH determinations. Due to long term 
storage of water samples, the major ion analysis was not 
performed. 

A brief introduction to field / laboratory measuring 
procedures is given below: 

Water sampling: Sampling was performed from the individual 
rivers prior to mixing, at the confluence, and from profiles 
along the cross-section of the river Indus about the apparent 
mixing boundary. A few water samples from an open well, a spring 
and a deep cased well (tube-well) from Khairabad / Attock area 
were also collected. Details of sampling points are given in 
Table-1. 

An ordinary boat was used for the collection of water 
samples and in-situ measurements of field parameters. Pre-
cleaned, double stoppered plastic bottles were used for water 
collection. Five persons were involved at a time for collecting 
the water samples and recording the physico-chemical data. The 
water sample at any point was collected in bulk and was 
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immediately transferred to different bottles for isotopic and 
chemical measurements in the laboratory afterwards. Sampling 
along each profile was continued until similar values of 
electrical'conductivity were noticed. In all casts, water samples 
were collected at least upto the middle of the river Indus cross-
section for each profile. 

Many problems were faced during field sampling. A motor boat 
was necessary for this purpose, because ordinary boat could not 
be kept in straight segments across the river due to extremely 
fast flow of water. So profiles taken were in segments, slightly 
inclined towards the direction of flow. Also, it was impossible 
to stop the manually operated boat at the sampling point. 
Consequently, the distance of the sampling point from the 
reference point (river bank) could not be measured. However, 
water sampling was performed such that the inter-nodal distances 
along each profile were approximately equal. These approximate 
inter-nodal distances along the profiles were, therefore, 
utilized in graph plotting and interpretation. The inter-profile 
distances were, however, measured precisely along the course of 
the river Indus. Also, it was not possible to collect more 
samples between profile E and profile F due to the occurrance of 
a rain storm. 

pH: pH is defined as "-log of the activity of hydrogen ions" in 
a solution. A field measured concentration of hydrogen ions (H*) 
in water is probably the most important geochemical / 
hydrochemical property. The pH value of pure water is always 
seven. A pH value below seven indicates acidity and a pH value in 
excess of seven indicates alkalinity. The pH meter used in the 
field has a detection limit of 0.05 pH units and thus minute 
differences in the pH of the individual rivers and their mixed 
waters were detectable. 

TEMPERATURE: As the two rivers are coming from different regions 
and drain snow melt water of different altitudes there is a 
temperature (T) difference between the two rivers. The 
temperature of individual river waters and the mixed water was 
measured using a temperature sensor available with the Digital 
EC / Temperature meter. This temperature sensor could detect 
differences upto 0.1 °C and this was sufficient to use 
temperature as a mixing indicator. 

ELECTRICAL CONDUCTIVITY: A simple measure of ionic strength and a 
very useful property of natural water is its electrical 
conductivity (EC). EC is proportional to the quantity of 
dissolved ions present in water and can be used effectively in: 
delineating pollution plumes, monitoring reaction progress or 
giving good estimates of total dissolved solids in a water 
sample. The digital EC/Temperature meter, used in the field has a 
detection limit of 1 uS and thus EC could be effectively used for 
determining the mixing profiles. 
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TABLE - 1 
DETAILS OF SAMPLING POINTS 

SAMPLE TYPE LOCATION DISTANCE (METERS=m) FROM 
CONFLUENCE 

Kabul River 
Indus River 
Confluence 

Profile - A 
Profile - B 
Indus River 
(right bank) 
Prifile - C 

Profile - D 

Profile - E 
Profile - F 

Dug Well 

Spring 

Pumping Well 

Kund Rest House 
Road Bridge 
Centre of the 
boundary joining 
two rivers 
Near Ice Factory 
Near Chips Machine 
Just before Indus 
river-road bridge 
Near Qilla (Fort) 
after Road bridge 
Pipe line near 
Qilla (Fort) 
Near Graveyard 
•lust before Indus 
River Railway 
Bridge 
Bahreen Hotel on 
G.T. Road Near Kund 
Kund Fairy near 
Kund Rest House 
Tourist Hotel on 
G.T. Road near 
Indus River Road 
Bridge 

'1000 m upstream 
100 m upstream 
0 m 

214 m downstream 
854 m downstream 
1891 m downstream 

2013 m downstream 

2318 m downstream 

2745 m downstream 
4898 m downstream 
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STABLE ISOTOPE ANALYSIS: The varying concentrations of stable 
isotopes are reported in the delta notation defined as: 

6 (°/oo) = [ (R. - R.td) / R«td ] * 1000 (1) 

where R« = isotope ratio (2H / 1H or 1 B 0 / 1 60) of sample water 
and R«ta = isotope ratio of standard water. Values are expressed 
in parts per thousand or per mill. (abbreviated as: %>o) 
deviation from standard. The standard for isotopes of water 
molecules is SMOW (Standard Mean Ocean Water), a water whose 
hydrogen and oxygen isotope ratios are close to the mean isotope 
ratios of all ocean waters. 

Water was not directly used for its stable isotope analysis 
but hydrogen and carbon dioxide gas samples were prepared for 
mass spectrometeric analysis. Hydrogen gas was prepared by 
reducing about 10 uL of the sample water with Zn metal shots at 
480 °C in a vacuum line while the COz gas was prepared by 
equilibrating it with 5 mL of sample water for 3 hours at a 
constant temperature of 18 °C under constant shaking. A modified 
GD-150 mass spectrometer was used for the determination of 2H/ 1H 
and '»0/ 1 60 stable isotope ratios in the water molecule. The 
total precision of analysis is +/- 1 % o for H2 analysis and 
+/- 0.05 °/oo for oxygen analysis. The details of gas sample 
preparation procedures and the mass spectrometric operational 
procedures are described elsewhere (Sajjad, 1989). 

5: Data evaluation: 

5.1: Computation of mixing: 

The effective mixing from the point of confluence of the 
two rivers can be determined by using a simple balance equation 
based on chemical or isotopic concentrations of the collected 
water samples. 

Let 51 and 52 be the physico-chemical / hydrochemical or 
isotopic indices ( for example: values of temperature, electrical 
conductivity, chemical activity of aqueous species or stable 
isotope ratios etc.) of water of the river Kabul and the river 
Indus respectively before the two rivers join. Let 5i be the 
physico-chemical or chemical or isotopic index of mixed water 
in the river Indus. Then the composition 61 of mixed water in the 
river Indus may ba related to the compositions 51 & 62 of 
individual rivers as: 
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5i = f61 + (1 - f)62 (2) 

where f is the contribution from the river Kabul and (1-f) is the 
contribution from the river Indus. From this equation, the 
contributions from the individual rivers towards the mixing 
channel may be calculated as: 

6* - 52 
f = (3) 

61-62 

and 

f* = (1 - f) (4) 

To evaluate the contribution in X , the above results 
are multiplied by 100. 

As the waters approach complete mixing, the factor f 
approaches a steady value. In the above derivation it is assumed 
that the values of physico-chemical or chemical or isotopic 
indices simply change due to a two component mixing while, the 
effect of other factors such as evaporation and base flow etc. 
are insignificant. 

5.2: Computer code MIXABC 

Percentage contributions of the Kabul and the Indus 
rivers to the mixed waters are calculated by the use of the 
computer code MIXABC along different profiles. MIXABC is a set of 
programs written in GWBASIC and executable in the environments of 
the operating system DOS 3.2. The programs are sufficiently 
flexible to accept data without any restriction of Input format 
and is capable of giving out the results in a properly formatted 
and well-red table. The output formats of the percent 
contribution values have been assigned two-digits in their 
fractional parts. 

The programs can read data from diskette. As far as the 
output medium is concerned, the user can feed in the appropriate 
format to get the results on the monitor or printer. Various 
features of the code MIXABC are high-lighted in Table-2. 
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TABLE 2 

LAYOUT OF THE OUTPUT FILE 

Sr. No. Item Type No. of digits in 
Integer part Fractional part 

1. Percentage Cont
ribution of the 
Kabul river 

NUMERIC Three one 

2. Percentage Cont
ribution of the 
Indus river 

3. Percentage Cont
ribution of the 
Spring 

NUMERIC 

NUMERIC 

Four 

Three 

one 

one 

11 



6:Results and discussion: 

1 The physico-chemical and stable isotope data are presented 
in Table-3. It is clear that for individual rivers and the 
mixing profiles, the data of EC, temperature and stable isotopes 
have a good correspondence in view of the measuring accuracy and 
the detection limit. Although, the pH meter was able to detect 
differences upto 0.05 pH units and the river Indus and the river 
Kabul had a difference of 0.32 pH units, the inconsistence in 
measured pH data shows that this parameter did not turn out to be 
a diagnostic tool in the field. This is attributed partly, to 
lack of equilibration time ( beacause the boat was in constant 
motion ) required by the pH probe for representative readout and 
partly, to the greater sensitivity of the pH probe to high flow 
rate and turbulance of the Indus water in the hilly area of 
Attock. 

The mixing characteristics of the two rivers are elaborated 
in figures: 2 - 5 which show the data of a particular monitoring 
parameter along successive profiles. As we move on profiles A and 
B along the cross-section of the river Indus from the right side, 
we first hit water of the river Kabul which successively mixes 
with water of the river Indus. When mixing is near completion, a 
nearly constant value of the monitoring parameters is obtained 
and the data tends to plot along a smooth line with values which 
are proportional averages of the river discharges. 

The comparative evolution of E.C., T, 6 2H and 5 1 B 0 trends 
along each profile are shown in figures: 6 - 1 1 . It can be seen 
that as we move along successive profiles in the direction of 
flow, more and more mixing of the two river waters is attained at 
points close to the right bank of the Indus river. Consequently 
at profile - F, mixing of the two rivers is almost completed and 
we get a nearly straight trend. It is worth while to point out 
that the width of the river Indus decreases and its depth 
increases between the Road and the Rail bridges. This also helps 
rapid mixing of the two river waters. In all the profiles, the 
oxygen and hydrogen stable isotope results indicate trends 
similar to the two physico-chemical parameters namely temperature 
and electrical conductivity. Random variations of data indicate 
channel turbulance because of the hidden rocks below the water 
body mainly near profiles A, B, C and D and the bridge pillars 
near profile - C . Nevertheless, at profile F, the perfect 
straight line trend of the physico-chemical data shows complete 
mixing, whereas, the slight deviations from straight line trend 
of the stable isotope data shows that the water of two sources is 
very close to complete mixing. This means that the sensitivity of 
nuclear parameters can be used to further define the sharpness 
of the mixing boundaries. 

From this study, it appears that the mixing waters of the 
river Kabul and the river Indus travel a channel distance of 
approximately 5 km from the point of confluence before these 
waters mix completely near the rail bridge under normal flow 
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TABLE - 3 

PHYSICO-CHEMICAL AND STABLE ISOTOPE DATA OF SURFACE 
AND GROUNDWATERS NEAR ATTOCK 

ISOTOPIC 
PHYSIOCHEMICAL PARAMETERS PARAMETERS 

Temp. EC PH 5'»0 6« H 
Sr. Sample Sr. Sample 
No. Type (°C) (US) Field Lab. (per mil 1. SMOW) 

1.0 KABUL RIVER 19.2 316 8.07 7.87 -9.6 -60 
2.0 INDUS RIVER 16.5 163 7.75 8.24 -12.6 -85 

3.0 CONFLUENCE 17.3 178 7.90 8.25 -12.3 •77 
4.1 PROFILE- A 19.2 316 7.27 8.19 -9.6 -63 
4.2 18.3 257 7.15 8.20 -10.8 -69 
4.3 16.8 190 7.32 8.25 -12.1 -83 
4.5 16.6 168 7.64 8.25 -12.6 -83 
4.6 16.9 169 7.60 8.19 -12.6 -83 
5.1 PROFILE- B 19.2 316 7.80 7.70 -9.8 -63 
5.2 18.5 282 7.74 7.60 -10.4 -71 
5.3 17.1 217 7.62 7.67 -11.5 -74 
5.4 16.7 180 7.82 7.71 -12.2 -83 
5.5 16.6 169 7.45 8.13 -12.2 -83 
5.6 16.6 168 7.62 7.96 -12.3 -83 
6.0 INDUS RIVER 

(RIGHT BANK) 
16.5 175 7.90 7.84 -12.0 -77 

7.1 PROFILE- C 17.9 242 8.00 7.29 -11 .2 -71 
7.2 17.8 203 8.04 7.31 -11 .2 -72 
7.3 17.3 187 8.04 7.40 -11 .3 -76 
7.4 16.8 196 7.62 7.46 -11.8 -78 
7.5 16.5 184 7.58 7.15 -12.4 -80 
8.1 PROFILE- D 17.5 232 7.82 7.40 -11.4 -70 
8.2 17.0 206 7.80 7.54 -12.1 -77 
8.3 16.8 215 7.66 7.53 -12.0 -77 
8.4 16.5 182 7.63 7.51 -12.0 -79 
8.5 16.5 184 7.40 7.38 -12.0 -79 
9.1 PROFILE- E 17.1 207 8.04 7.59 -11.8 nil 
9.2 17.1 212 7.80 7.48 -11.8 ^77 
9.3 16.7 178 7.52 7.56 -12.2 ^79 
9.4 16.5 181 8.07 7.62 -12.4 -81 
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Table - 3 continued: 

PHYSICO-CHEMICAL AND STABLE ISOTOPE DATA OF SURFACE 
AND GROUNDWATERS NEAR ATTOCK 

ISOTOPIC 

Sample 

PHYSIOCHEMICAL PARAMETERS PARAMETERS 

Sr. Sample 
Temp . EC PH c5'»0 62H 

Sr. Sample 
No. Type (°C) (US) Field Lab. (per mill . SHOW) 

10.1 PROFILE- F 17.1 209 8. 05 7. 59 -12.0 -78 
10.2 17.1 209 8. 10 7. 57 -11.9 -77 
10.3 17.1 209 8. 09 7 50 -11.8 -76 
10.4 17.1 208 8. 00 7 48 -11.9 -78 
10.5 17.2 204 7. 90 7 .53 -11.8 -78 
11. DUG WELL 23.7 1027 7 .30 7 .05 - 4.2 -24 
12. SPRING 22.0 520 7 .96 7 .58 - 5.0 -28 
13. PUMPING WELL 23.3 958 7 .45 7 .40 - 9.9 -67 
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Fig. 2: E V O L U T I O N OF M I X I N Q T R E N D S ALONG 
THE RIVER I N D U 8 USINQ T E M P E R A T U R E DATA 
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Flo- 3: E V O L U T I O N OP M I X I N G T R E N D S ALONG 
T H E RIVER INDUS USING EC DATA 
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F l 0 . 4: E V O L U T I O N OF M I X I N G TRENDS ALONG 
T H E R IVER INDUS USING D E U T E R I U M DATA 
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Fig- 6: C O N T R I B U T I O N FROM T H E R IVER 
KABUL AT P R O F I L E - A 
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Fig. 7: C O N T R I B U T I O N FROM T H E RIVER 
KABUL AT P R O F I L E - B 
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Fig- 8 : C O N T R I B U T I O N F R O M T H E R IVER 
KABUL AT P R O F I L E - C 
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Flo- ©: C O N T R I B U T I O N FROM T H E R IVER 
KABUL AT P R O F I L E - D 
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Pig- 10: CONTRIBUTION FROM THE RIVER 
KABUL AT PROFILE-E 

80 

% 
c o 
N 
T 
B 
I 
B 
U 
T 
I 

O 
N 

60 -

40 

0 

- * - OXYGEN-18 

•H— DEUTERIUM 

* ELECT. CONDUCTIV ITY 

•B- TEMPERATURE 

«NJ 

2 3 
SAMPLING NODE NUMBER 

~ -Q 



100 

F ig . 11: C O N T R I B U T I O N FROM T H E R I V E R 
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conditions. Based on stable isotope analysis, the completely 
mixed river Indus water near the rail bridge is found to be 
enriched by 5.5 %>o in oxygen -18 than its original isotopic 
composition prior to mixing of water from the river Kabul. 

The values of temperature and electrical conductivity of the 
dug well, spring water and the tube-well water in the vicinity of 
the river Indus are higher than that of the Indus river (Table -
3). This is attributed to the soil-water interaction. Stable 
isotopes of hydrogen and oxygen of the water molecule are 
conservative tracers and thereby, these parameters can establish 
the origin of groundwater. In view of the stable isotope 
composition of precipitation in the nearby Peshawar valley 
[Qureshi et. al., 1987], it appears that the open well represents 
slightly evaporated rain water and the spring water represents 
purely rain recharged groundwater. The pumping well seems to tap 
the river Indus water along with the natural groundwater under 
induced infiltration conditions. Mixing analysis based on the 
stable isotope composition of groundwater (spring water in this 
case) and the river Kabul water shows that under normal discharge 
conditions, the tube-well water contains about 65 - 77 percent 
Indus river water and 23 - 35 percent rain recharged groundwater. 

7. Conclusions: 

Some conclusions drawn from this study are as following: 

a) A comparison of isotopic and physico-chemical techniques 
shows that EC and temperature are the best parameters that 
can be used in the field for quick estimates of mixing 
boundries. Isotopic techniques can be used to further define 
the sharpness of mixing boundaries. 

b) Under normal flow conditions, the two river waters show a 
complete mixing after about 5 km from the first apparent 
mixing boundary as based on E.C. and temperature data. The 
stable isotope data of hydrogen and oxygen of the water 
molecule shows that the mixing is almost near completion at 
the Railway bridge. 

c) Studies may be performed using a motor boat and proper 
equipment for the measurement of respective discharge of the 
two rivers in order to perform mass balance calculations. 
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d) The methods and approach adopted in this study can be useful 
for tracing of potential pollution zones in a river and its 
adjacent groundwater recharge system as caused by a 
particular type of pollution (for example: pollution from 
disposal of industrial waste or domestic waste) in the other 
river. 
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10. ANNEXURE - I ( Source Programs - HIXABC ) 

The entire code HIXABC consists of six modules. The first 
one corresponds to profile-A and 1s presented below. It may be 
noted that with slight modifications of given statements, this 
module can be used for calculations of mixing characteristics of 
two water sources along a mixing profile. 

MODULE 1: Percentage Contribution of the river Kabul & the river 
Indus along Profile A 

10 DIM A(50),B(50),C(50),D(50),E(50),F(50),G(50),0(50),H(50),J$(50) 
40 OPEN "i",#7,"kab.dat" 
70 INPUT "output file ",0$ 
100 OPEN "o\»8,0$ 
130 DEF FNFI(DEL,DELI,DELK)=(DEL-DELK)/(DELI-DELK)*100 
160 DEF FNFK(DEL,DELI,DELK)=(DEL-DELI)/(DELK-DELI)*100 
190 FOR 1=1 TO 10 
220 INPUT #7,A$ 
250 NEXT 
280 FOR 11=1 TO 20 
310 INPUT #7,A(II),B(II),C(II),D(II),E(II),F(II),G(II),0(II),H(II),J$(II) 
340 NEXT 
370 END1=4:END2=P 
400 GOSUB 670 
430 PRINT #8," ! ";"!";" ";"!"; 

*( M I " . " " 
» t • » 460 PRINT #8," ":PRINT #8," 

610 STOP 
670 PRINT *8," MIXING PROFILE A" 
675 PRINT #8, 
" X Contribution of the river Kabul & the river Indus after confluence point' 
700 PRINT #8," ";"!"; 

••... i i , 730 PRINT #8," ";"!";" 
NODE ";" ";" ";" ";" 

760 PRINT *8," ' ";"!";" —-—";"!";" ";"!' 
f • 9 

kit I I | M . I I T 

•I ll • ft ii 

790 PRINT #8/"PARAMETER";"!";" 1 
I I M I I I I I I I I I . " • " I " " C " 

o , ! , 4 , ! ; 0 
820 PRINT *8," I ";"!";" ";' 

850 PRINT #8," ' ! KABUL INDUS";"!";"KABUL INDUS";' 
"KABUL INDUS";"!";"KABUL INDUS";"!";"KABUL INDUS " 
880 PRINT #8," ! ";"! 

910 FOR N=END1 TO END2 
940 118 (N)=FNFI(0(N),0(2),0(1)) 
1030 IEC(N)=FNFI(C(N),C(2),C(1)) 
1120 K18(N)=FNFK(0(N),0(2),0(1)) 
1210 KEC(N)=FNFK(C(N),C(2),C(D) 
1300 KPHF(N)=FNFK(D(N),D(2),D(D) 
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1390 IPHF(N)=FNFI(D(N),D(2),D(1) 
1480 KPHL(N)=FNFK(E(N),E(2),E(1) 
1570 IPHL(N)=FNFI(E(N),E(2),E(1) 
1660 KAL1(N)=FNFK(F(N),F(2),F(1) 
1750 IAL1(N)=FNFI(F(N),F(2),F(1) 
1840 KAL2(N)=FNFK(G(N),G(2),G(1) 
1930 IAL2(N)=FNFI(G(N),G(2),G(1) 
2020 KH2 (N)=FNFK(H(N),H(2),H(1) 
2110 IH2 (N)=FNFI(H(N),H(2),H(1) 
2200 KT (N)=FNFK(B(N),B(2),B(1) 
2290 IT (N)=FNFI(B(N),B(2),B(1) 
2380 NEXT 
2410 PRINT #8," ! 

2440 PRINT #8," 0-18 !"; 
2470 FOR N=EN01 TO END2:AA(N)=K18(N):BB(N)=I18(N):NEXT 
2500 GOSUB 3400 
2530 PRINT #8," ! " ;" !" ;" 

2560 PRINT #8," H-2 !"; 
2590 FOR N=END1 TO END2:AA(N)=Kh2(N):BB(N)=IH2(N):NEXT 
2620 GOSUB 3400 
2650 PRINT #8," ! " ;" !" ;" 
f» l( H a l» II ft II • •• » M 

" i E 
2680 PRINT #8," ' EC* !"; 
2710 FOR N=END1 TO END2:AA(N)=KEC(N):BB(N)=IEC(N):NEXT 
2740 GOSUB 3400 
2770 PRINT #8," ! " ;" !" ;" 
f t I* M | I I I I I I I I • II ft •• 

3280 PRINT #8 ," ' TEMP. !"; 
3310 FOR N=END1 TO END2:AA(N)=KT (N):BB(N)=IT (N):NEXT 
3340 GOSUB 3400 
3370 RETURN 
3400 FOR N=EN01 TO END2-1 
3430 PRINT #8,USING "MM. I" ;AA (N); 
3490 PRINT It8,USING "•«••«.•";BB (N); 
3495 PRINT #8 , " ! " ; 
3550 NEXT 
3555 PRINT #8,USING "««««.«";AA (END2); 
3560 PRINT #8,USING "#»##».#";BB (END2); 
3570 PRINT »8," "; 
3580 RETURN 
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11. ANNEXURE - II (Example of Output Data) 

MIXING PROFILE B 
X Contribution of th* rivar Kabul A tha rivar Indus aftar confluanca point 

1 1 
! NODE I 
I 1 1 1 1 1 

PARAMETER! 1 ! 2 I 3 I 4 1 S I 
! 1 1 1 1 
! KABUL INDUS I KABUL INDUS(KABUL INDUSI KABUL INDUSI KABUL INDUSI 
1 1 ! 1 1 1 
! ! ! ! I I 

0-18 I 93.3 6 .7 ! 73.3 28.7! 36.7 63.3! 13.3 86.71 13.3 86.71 
! I ! ! I I 

H-2 ! 88.0 12.01 58.0 44.0! 44.0 56.0! 8.0 82.0! 8 .0 92.01 
I I ! I I I 

EC 1100.0 0 .0 ! 77.8 22.2! 35.3 64.71 11.1 8 8 . * ! 3.9 96.11 
1 1 1 ( 1 1 

TEMP. 1100.0 0 .0 ! 74.1 25.91 22.2 77.81 7.4 92.81 3.7 96.31 
1 1 
I NODE I 
I 1 1 1 1 1 

PARAMETER! 6 I 
I 1 1 1 1 
I KABUL INDUSI KABUL INDUS (KABUL INDUSI KABUL INDUSI KABUL INDUSI 
1 1 1 1 1 1 
! I I 1 I I 

0-18 I 10.0 90.01 
! ! I I I I 

H-2 I 8.0 92.01 
I I ! I I I 

EC I 3.3 98.71 
I ! ! I I I 

TEMP. I 3.7 96.31 
. . . . 1 . . i 1 1 1 . . . 1 
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