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Sketch of midsection method for computing discharge
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Explanation
123 ... n --Observation verticals
by, by, b3, ... by, --Distance from initial point to observation vertical
dq,ds,ds,.....d,;,  _Depth of water at observation vertical

Dashed lines --Boundaries of subsections
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(57 Jaad) 1194 olo i 50 Loaigns 3udUT 0l 1= Jgu

epmy T pH Ec o yloit

NOs Mg Ca Na HCOs Cl SOs °C puS/cm Aigod
- 3.1 2.3 14 5.5 1.3 0.6 24.5 7.2 662 SP1
- 2.3 3 1.3 4.9 1 0.9 22.1 7.5 580 SP2
- 2.3 3.1 14 4.6 1 1.1 27 7.5 546 SP3
- 0.7 6.2 0.9 6.3 13 0.5 31 7 680 SP4
- 1.8 5.4 1.7 5.9 2.4 1.5 25 7.4 970 SP5
- 1.7 4.2 1.1 6 1 0.4 24 7.3 590 SP6
- 24 4.1 1.2 5.5 1.6 1.2 24 7.3 587 SP7
- 1.8 4.2 1.0 5.8 1.2 0.5 21 7.1 600 SP8
- 2.9 3.4 15 5.3 1.2 14 21 7.2 645 SP9
- 1.7 2.3 0.9 2.7 1.8 0.4 22.4 7.7 385 S3-1
- 1.5 1.9 0.9 3 0.9 0.5 23 7.8 338 S3-2
- 2.2 2 1.0 2.9 1.3 0.5 22.1 7.5 404 S3-3
- 3.1 4.3 1.5 7 15 1.3 22 7.3 831 S3-4
- 1.1 6.3 14 6.7 2 1.0 26 7 840 S3-5
- 2 4.5 1.2 5.6 2 0.6 22 7.1 637 S3-6
- 2.2 4.7 1.3 6.4 15 0.7 21.5 7.2 757 S3-7
- 3 2 14 5 1.1 0.9 23 7.5 714 S3-8
- 3.3 2.8 1.2 5.8 1.3 0.7 25 7 745 S3-9
- 24 4.4 14 6.5 15 1.1 18 7.3 811 S3-10
- 1.9 4 2 4.5 2 2 23 7.4 942 S3-11
- 3.6 34 14 6.2 1.8 0.7 18 7.3 703 S3-12
- 3.6 6.6 1.6 7.4 1.8 2.6 19 7.2 1044 S4-1
- 2.7 3.6 1.5 5.9 14 1.2 20 7.6 691 S4-2
- 1.1 7.4 1.7 6.9 1.8 2.6 26.6 7.2 1173 S4-3
- 4.2 3.2 1.3 55 1.8 0.8 - - 656 S4-4
- 4.3 3.1 1.3 5.9 15 1.8 23.6 7.3 743 S4-5
- 1.9 4.8 1.5 55 1.6 2 22.3 7.4 754 S4-6
- 2.8 4.3 14 6.2 1.7 0.8 21 7.3 746 S4-7
- 2.2 4.8 1.6 6.4 1.9 1.1 27 7.4 795 S4-8
- 2.5 3.2 1.7 5.6 1.7 0.7 21 7.4 685 54-9
- 2.8 4 1.9 6.2 1.8 1.6 21.2 7.2 858 S4-10
- 2.9 3 1.5 5.3 1.6 1.2 20 7.6 658 S4-11
- 2.9 3.8 1.8 6.4 1.8 1.2 21.7 74 821 S4-12
- 1.8 3.5 1.3 4.8 1 0.9 - 7.5 578 S5-1
- 3.3 3.3 1.7 6 14 1.2 194 7.5 733 S5-2
- 2.7 3.3 1.2 4.8 1.2 0.7 19 7.4 596 S5-3
- 2.9 3.2 14 5.7 14 1.1 20 7.2 727 S5-4
- 2.1 4.5 1 6.2 1 1.1 19 7.2 630 S5-5
- 1.6 4.5 1 5.6 1 0.9 20 7.4 596 S5-6
- 2.9 5.2 11 7 1 14 21 7.3 732 S5-7
- 1.8 4.4 1.1 5.5 1.3 0.7 23 7.4 608 S5-8
- 2.9 3.6 1.3 5.9 2 0.7 20 74 660 S5-9
- 2.7 3.6 13 5.6 1.7 1 19.8 7.7 807 S5-10
- 3.2 2.9 1 5.6 13 0.9 18.5 7.5 625 S5-11
- 2.1 4.4 0.9 5.7 0.9 0.8 17 7.4 614 S5-12
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(5 Jad) 172 slo pi 5o raiges ;LT gl (anloh) V- Jgu

T

(epm) Ec | .
NOs | Mg | Ca | Na | HCOs | cI | so.| ec | PHO| HSem o
~ | 25 [ 38 | 14 | 61 | 14 |08 | 21 | 75 | 655 | s61
~ |22 | 4 | 12 | 54 | 13 | 11| 21 | 74 | 632 | 562
~ | 28 | 34 | 14 | 55 | 15 | 07 | 21 | 7.7 | 609 | 563
~ | 23 | 36 | 12 | 58 | 13 | 07 | 18 | 75 | 606 | S64
~ 26 | 37 | 12 | 52 1 | 08| 21 | 74 | 610 | 565
~ | 16 | 38 | 09 | 52 | 09 | 06 | 21 | 73 | 565 | 566
~ |26 | 24 | 12 | 43 | 11 | 03 | 20 | 76 | 418 | 567
~ [ 27 | 25 | 15 | 51 | 15 | 07 | 21 | 79 | 560 | 568
~ [ 28 | 35 | 1.1 | 56 1 |04 - | 78 | 567 | 569
~ [ 17 [ 41 | 1 | 54 | 06 | 06| - | 73 | 580 | 56-10
~ [ 32| 3 | 13 | 56 | 13 | 14 | 215 | 73 | 607 | 5611
~ [ 25 | 35 | 15 | 57 | 16 | 1 | 105 | 73 | 654 | 612
~ [ 05 | 23 | 07 | 3 07 | 02 | - ~ | 286 | si2
~ |11 | 23] 07 | 28 | 08 |01 | - — [ 250 | st
~ [ 12 [ 33 | 1 | 46 | 09 |04 | - ~ | 430 | sit
| 2 [ 33| 18 | 47 | 17 | 15| - T | 740 | s4si2
~ [ 17 | 46 | 1.3 | 44 | 17 | 08 | - ~ | 709 | R4
~ [ 22 | 29 | 11 | 42 | 19 |07 | - ~ [ 510 | RS
~ [ 34 | 36 | 14 | 62 | 19 | 08 | - ~ | 700 | R3
~ 19 [ 43 | 1 | 55 | 19 |05 | - ~ | 537 | spe3
~ |81 | 23 | 14 | 55 | 13 |o064| - ~ | ee2 | sii
~ [ 23| 3 | 13 | 49 1 095] - ~ | 580 | s4si2
~ [ 23 | 31| 1.4 | 46 1 118 - ~ | 546 | R4
~ |07 | 62 ] 09 | 63 | 13 | 05| - ~ | 60 | RS
~ | 18 | 54 | 17 | 59 | 24 | 156 - ~ | 970 | R3

fo




(Siud Jaad) 1129 olo poo 5o aigos JIUT ulis Y-V Jous

(epm) T Ec
NOs| Mg | Ca | Na |HCOs| CI [SO4| °C uS/em|
9.3 3.3 3.7 1.7 7 1.6 1.2 - 7.4 837 ds13
36 1.7 3.6 1.2 5 11 0.9 - 1.7 635 ds25
10.3 2.9 3.6 1.4 6.4 1.5 0.7 - 7.4 764 ds14
6.6 2.2 3.7 1.4 5.2 1.3 0.9 - 75 648 ds19
16.7 2.3 4.2 1.4 4.9 2.3 0.8 - 7.2 785 ds9
30 2.3 3.3 15 5.6 1.3 1 - 7.5 668 ds23
14 1.9 55 1.5 5.8 15 0.9 - 7.2 810 ds15
1.3 1.2 5 1.3 5 1.8 1.5 - 6.5 928 ds24
15.7 3 4.2 1.4 5.9 1.2 1.1 - 7.7 745 ds7
10 1 5 1.3 55 1.3 1.1 - 7.4 726 ds8
19.2 1.9 3.7 1.2 55 1.1 0.9 - 7.4 638 ds18
10.13 2.2 5.6 1.4 55 1.5 2.1 - 7.2 965 ds16
12.56 2 4.2 1.1 5.7 1.6 0.7 - 7.3 655 ds20
10.5 2 4.5 1.3 6.3 1.3 0.9 - 7.2 787 ds21
32 2.7 4.6 1.4 6.9 1.6 1.1 - 7.3 775 dsl12
58 1.6 4.4 1.2 4.7 1.2 1.2 - 7.2 710 ds4
242 2 4.2 1 5.8 1 0.6 - 7.4 655 ds5
15 2.2 34 1.1 4.8 1.9 0.7 - 7.3 624 ds26
13.2 2 49 1.4 6.1 1.3 1.9 - 7.3 879 ds17
69 19 4.8 1.3 55 1.8 15 - 7.6 799 ds22
12.3 1.9 5 1.4 7 1.6 1.3 - 7.2 814 ds6
35.2 2.6 3 0.8 4.6 0.9 1.1 - 7.4 637 dsl
31.6 2.4 4.7 2 5.7 2 2.1 - 7.3 1020 dsll
13 1.9 3.9 1.1 35 2 1.2 - 75 686 ds2
8.4 1.6 4.3 1 6 1 0.5 - 7.4 690 ds3
16 2.3 49 1.3 6.6 1.5 0.7 - 7.2 800 ds10
52.5 2.4 4.4 1.3 6.1 1.4 0.9 - 7.1 790 d100
16.3 2.2 34 1.2 5.3 1.2 0.9 - 7.4 665 R1
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-34.07 -6.21 Aquifer S5-4
-34.41 -6.34 Aquifer S6-5
-44.9 -7.45 Aquifer S3-2
-38.56 -6.17 Aquifer S4-10
-35.95 -5.96 Aquifer S3-4
-39.16 -6.7 Aquifer S3-5
-36.36 -6.36 Aquifer S6-2
-34.34 -5.79 Aquifer S5-11
-35.73 -6.04 Aquifer S6-3
-35.3 -5.81 Aquifer S4-8
-36.11 -5.6 Aquifer S6-9
-35.01 -5.98 Aquifer S3-9
-34.7 -6.19 River R4

-32.14 -5.06 River R5

-35.28 -6.31 River S4-4
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HCO3 SOq4 CL K Na Ca Mg TDS
HCOs3 1
SO4 485 1
CL 324 .398 1
K 261 209 338 1
Na 439 .689 .609 .185 1
Ca .689 518 334 .365 226 1
Mg 371 270 238 .046 388 -.253 1
TDS 931 731 536 342 .631 757 .366 1
AV po0) Sl Jad jo Lol glaygr (S V-F Jguo
SO4 Cl Na k ca Mg TDS HCOs3
SOy 1
Cl 279 1
Na 524 446 1
K -127 -.266 032 1
ca 465 249 324 -.044 1
Mg -.011 .079 333 -.060 -.370 1
TDS 465 262 Jq17 -.074 .607 .329 1
HCOs -.036 -132 409 016 308 379 .824
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clc;

Clear;
close all;
global r
global se
global ix
global iv
global iiix
global speed
global area
global ivl
global iv2

x = [0,10,20,30,40,50,60,70,88];

d =[0,-20,-23,-20,-21,-17,-25,-23,0];
d1=10,-10,-10,-10,-10,-10,-10,-10,0];
d2=10,0,0,0,0,0,0,0,0];
v=[0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1];
v1=10,0.39,0.9,1.25,1.4,1.35,1.2,1,1.2];
v2 =[0,0.65,0.8,1.5,1.7,1.8,1.52,1.42,1.45];
g = numel(ix);

ix = linspace(min(x),max(x),100);
IV = interpl(x,v,ix,'spline’);

ivl = interpl(x,v1,ix,'spline’);

iv2 = interpl(x,v2,ix,'spline’);

id = interp1(x,d,ix,spline’);

id1 = interp1(x,d1,ix,'spline’);

id2 = interp1(x,d2,ix,'spline’);

forel=1:¢
fv(1,)=v;
fv(2,))=ivl;
v(3,)=iv2;
end
fore2=1:g
fd(1,:)=id;
fd(2,:)=id1;
fd(3,:)=1d2;
end
fore3=1:g
id(1,:)=ix;
1d(2,))=ix;
id(3,:)=ix;
end
lix=interpl(x,d,ix,'spline’);
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ff = numel(v);
ave= sectionofriver4;

% for rf = 1:100
% xfd =fd(:,rf);
% xfv=fv(,rf),
% xid=id (:,rf);

% ivv(:,rf) = interpl(xfd,xfv,xid,'spline’);

% end

fori=1:99
=i+l
iiix(i)=abs(iix(i))
end
area = sectionofrivrl(r);
speed = sectionofriver2(se);

dis1=0;
forb=1:99

dis (b) = speed(b)*area(b);
disl= disl+dis(b);
end

ss= (iiix)";

figure;
subplot(4,1,1);
imagesc(iiix,ix,dis);
colorbar;
subplot(4,1,2);
imagesc(iiix,ix,ave);
colorbar;
subplot(4,1,3);
plot(iix,'r','linewidth’,1.5);
colorbar;
subplot(4,1,4);
contourf(id,fd,fv);

colorbar;
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Abstract

Investigation of interaction between aquifers and rivers is one of the most
important issues that has been considered by the hydrogeology experts. The
Gamasyab River in Hamadan province with the length of about 70 kilometers
originates from the Gamasyab spring at the northeast of Nahavand plain and flows
toward the northwest where it enters to the Kermanshah province. Gamasyab is a
perennial river. Due to the environmental importance and management of water
resources, the interaction between the river and aquifer has been studied in this

research.

Based on the field studies the Gamasyab river path was divided into six parts and
flow rates (discharge) were measured in hydrometery stations. In addition, water
samples from river and groundwater aquifer were collected during the wet (July)
and dry (October) seasons. Water samples were analyzed for the major ions and
stable isotopes of deuterium and oxygen-18 in water and environment lab of the
Shahrood University of technology and lIranina Mesbah Energy Company,
respectively. The hydromentry measurements revealed the hydraulic connections
between the surface and groundwaters as the river is mostly draining the aquifer.
Water table elevation and river discharge time series were also analyzed to
investigate the river-aquifer interactions and the results confirmed the hydraulic
connections. Based on the hydrochemical studies using composite plots, Pieper
diagram and correlation coefficients between major ions, the major water-type of
the aquifer was determined as Ca-HCO3 which proves the major effect of
surrounding carbonate rocks dissolution on the aquifer chemistry. The isotopic
studies showed that except part D with the losing character, the river is mostly
gaining along its path on Nahavand plain. Based on the results of different methods
applied in the current research, the Gamasyab River was determined as a gaining

river in most parts.

Keywords: Hydrometry, Stabe isotopes, Gamasyab, Nahavand, Hamedan
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