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Abstract

Introduction: Rivers are generally receiving wastewater from agriculture, industrial and
urban areas. Population growth, urban development and human activities have always been
a threat to the quantity and quality of river water flows. In general, the purer the water, the
more valuable and useful it is for riverine ecology and for abstractions to meet human
demands such as irrigation, drinking and industry. Conversely, the more polluted the water,
the more expensive it is to treat to satisfactory levels. This leads to disruption of natural food
chains and the loss of riverine lives. Protecting and improving the quality of river flows is a
priority.

The changing hydrological regime associated with the developing water demand schemes
may alter the capacity of the environment to assimilate water soluble pollution. In particular,
reductions in low flows result in increased pollutant concentrations already discharged into
the water course either from point sources, such as industry, irrigation drains and urban areas,
or from non-point sources, such as agrochemicals leaking into groundwater and soil erosion.
Reduced flood flows may remove beneficial flushing, and reservoirs may cause further
concentration of pollutants. Monitoring of water quality in different reaches of rivers depends
on the purposes of water uses and requires a long-time and high-cost planning. Numerical
simulation models are useful tools for a rapid and low-cost assessment and prediction of water
quality in the present and in the future conditions of the rivers reaches. Different scenarios can
be tested for evaluating the effects of point and non-points sources of pollutants discharging
into the river, and for predicting the effectiveness of alternative restoration plans in the
management of water-based lives instream and in riverine riparian areas. In the present study,
the effects of discharging pollutants on water quality in a long river reach have been studied
under the present condition and in different scenarios of river training schemes.

Methodology: As a case study, the 51-km Diwandra-Bijar Reach of the Ghezel Ozan River
was selected. Modeling of the existing conditions of river quality was performed using existing
geometric-hydraulic and river water quality data. Two mathematical models QUAL2KW and
WASP were used to simulate the water quality. Simulation of different parameters (such as:
DO, BOD, COD, Norg, NH3, Q, h, V, T and pH) were considered. In order to calibrate these
models, RMSE and MAPE statistical indices were used. Using the QUAL2KW model, five river
training schemes (variationof 1-riverwidth, 2-sideslope, 3-longitudinalslope, 4-bed roughness;
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and 5- width and longitudinal slope of the river) were considered.

Results and discussion: Comparison of river conditions simulation with two models of
QUAL2KW and WASP with observational data showed that both models have the proper
ability to simulate water quality. The study of river conditions showed that the river flow
increased along the river due to the entry of the sub branch. Due to changes in geometry and
river flow, depth and flow velocity are changing along the path. Changes in river water
temperature to 35 km are decreasing and then increasing. The concentration of dissolved
oxygen from the upstream to downstream of the river is decreasing. BOD concentration is
rising from kilometer 19. The concentration of nitrate in kilometer 32 has increased due to the
arrival of the Cham Zard River. The concentration of Norg has increased from Kilometer 19.
This is due to changes in the river section and a decrease in sedimentation due to the increase
of the flow and entry of pollutants into the river. Ammonia concentration also increased at
Kilometer 19 with the arrival of the Cham Zard River, and finally decreased by the arrival of
the Yol Gashti river. Considered scenarios showed that, with decreasing river width, flow
velocity increased, resulting in an increase in the concentration of the dissolved oxygen that
increased the amount of river self-purification capacity. The concentration of NO3, BOD and
COD parameters also increased slightly in high Discharge. The effect of the scenario of the
Side slope on the water quality and hydraulic performance of the river is very small and has
the least impact on the water quality of the river. By reducing the slope of the river bed, the
flow rate is reduced, so the dissolved oxygen decreases. And the concentration of BOD and
COD parameters has increased and the concentration of nitrate has decreased. This scenario
is appropriate for the condition where the river needs to reduce the BOD. By the roughness
increases, the flow velocity decreases. Consequently, the concentration of quality parameters
(such as: BOD, DO and COD) are decreased.

Conclusion: The results indicated that both models are capable of simulating the qualitative
status of the river reach. The results of the five river training scenarios prove that wherever
the dissolved oxygen (DO) is insufficient in the flowing water, the decrease in the channel
width has the greatest effect. Implementation of both the decrease in channel slope and the
increase in the channel width is effective in the reduction of BOD and COD, while does not
result in a significant reduction in DO. Nitrate variations are almost negligible in all scenarios,
indicating a low susceptibility of this parameter to the changes the channel geometry.
However, wherever the concentration of Nitrate is a major treat, the increase in the channel
width together with the decrease in the channel slope would be an alternative training
solution.

Keywords: River training, Water quality, QUAL2KW model, WASP model, Ghezel Ozan
River.
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Table 1 Location of sampling stations in Ghezel Ozan
River
Geographical
coordinates Station

Location

Latitude  Longitude Code

Near Nessare

. N35528.6 E47338.2  k09-02
Bridge

Adqgajeri Village  N35531.9 E47817.9 k09-03

Near Zard

Kamar Village N35540.2 E47247.5 k09-05

After the Yol
Gashti N35589.1 E47263.0 k09-09
confluence

o yge 03995 Jsbys ()39l U35 ailssg; 0ol (655 o3l (S 0ee sleesls ¥ Jguer
Table 2 Hydraulic data of Ghezel Ozen River in the study area

Mean Mean . Channel . Distance

Depth  Velocity Flow I;Q/ate SSllde Cglannel Roughness Width Elevation Upstream  Station
Hm Vs Q7 ope ope n B (m) (m) (km)

0.54 1.45 18.76 0:0 0.004 0.024 24.0 1741 51 k09-02
0.55 1.22 20.23 1:1 0.002 0.022 30.0 1760 44 k09-03
0.37 0.89 29.69 1:1 0.002 0.035 90.0 1672 19.7 k09-05
0.63 0.95 37.03 2:1 0.001 0.095 62.0 1635 0 k09-09

Ol 4 635)5 Saplyz 5 (s 3590 039350 Jsboys (gl 38 alog) ol CouieS slaosls ¥ Jgur
Table 3 Ghezel Ozen River Water Quality Data During Study Range and Inlet Flows

Norgar]ic N03 NHA! COD BOD DO_ pH T Distance Station code
(mg/lity  (mg/lity  (mg/lit)y  (mg/lit)y  (mg/lit)y  (mg/lit) (°C)  Upstream (km)
0.01 2.25 0.11 34 1 O/Y 4/AY 7.97 113 51 k09-02
0.01 2.01 0.12 30 VoY V¥ 8.18 11 44.3 Diwandra River
0.01 2.2 0.12 32 VY/Y q/87 8.18 11.1 4 k09-03
1.15 2.2 0.35 56 20 11 8.01 9 32 Other Inlet Flows
0.05 2.3 0.18 35.6 19.8 9.35 796 95 19.7 k09-05
0.08 2.75 0.14 32 9.2 1129 7.89 122 19 Cham Zard River
0.11 - 0.12 20 13.6 9.35 7.81 134 0.52 Yol Gashti River
0.06 2.1 0.17 32 13.6 8.36 793 12 0 k09-09

Journal of Hydraulics
14 (4),2020
6



WWAA Glicu ) oF o)les VF 0490

Sy yuap

alog) (owiie slag p s pdd -F-Y
5 QUALZKW s 50 b ailog, (sjluwdants § ms
5 o I S e ool Cowdy @l s » WASP
ol 5o 095 5k 5 Lol o e LUl 5 Ll eimes
SIS szl sly G
szl o e Jow pleie &0 QUALZKW  Jow
G ,00 sy ek 4 ol colaul bl
e ool CoiS Gy 2 alboy, maibils slepladl
b alog) ;o (Susd Jgomo sloplidl gl 5 S,
Wl>og, oye -V 10 g pdy puss Jold aS ol Ol
5 shol anlnl 65 -F (Jsb ol -V (il el Y

S5 s Sl o oy, (b g Se -0

S0 sla,Kal,

— a5 el Gl plp e Seglie Sl patls S
W9, 0yl 9 yms (52 b (onine alall) pges ol
3 Seaglie b 65 alS e ailsog; (ilage 5o w35l
Slored Sesd ol 5 o LS L ol e
595 P bio GRSy Casi b o] SRl 5 ol ol
Sl erblie ;5 N b sz o)l il w)les
05 ol Lt ady) sldse gl el iy oSl
P e el e Gl e 095 S
P ikl ilegd oo 0l (A5 (oS sla SRy
2085 8 k5 5500 5 Blo U dgzge Ll atals
520) amaiboles il b oS s (sl il s o lSa,
a5 85 13 pon 090 (L ez by S,
e csoz cnl o sl 0a L1 ¥ Jgiz o Sl

er Inlet Flows

iwandra River
(+32 km)

(+44.3 km)

- Di
- Othe

o Jobss Jol ol (S slaJow son oS 5 Ll
FB o abaly 5l By, 5l esgame o sl (Slej o3l
.(Massoud Tajrishi et al., 2009) ceul aculoxe

Qi = Qi1+ Qini — Qout.i 1)

&l WASP g QUALZKW  Jaw g0 5l eslaiwl b
BOC DO :uil) Sdgyae g 25 slasxiuls
dg>g0 Lyl (PH 9 To V h Q NHz (Nog COD
Sledlbl (g 5le Joe jalain 4y .Cawl 0als aisls y ailsog,
Sl ool 0ylg b Jow 4y (699,9 o b ,m g ali
WlEsg) 4 (2 slaaslh 0959 Joma g g ojL T S5
Syge 4 QUALZKW oo _miwly ams o ol
9 ™) o by JIWASP Jawe g Joke Lawgs ) S055
oslisial Jb B zul55 &y B Joo sl 5 (las
Sloooly acgazs 5l riwly jelaie 4 Lol oad
oy, Jsb )0 09250 sla olKius! ouls (5,5 0;ldl
el 0ol oolaul (k09-09 Kk09-05 K09-03Kk09-02 )
oSl jar gl sbgasls 5l mbs b)) sl
(MAPE?) oz 3llas 1.Slo duo 0 9 (RMSE!) Silas 1o

| 0dls oolaul

b im1]?2
— o
n

100 [z2,]07> - 0| ®3)

MAPE = — - =5
n i=1 0
5 5

=z = ZE

TE = =

£ 2 =

gt 21
=

- Cha
r—

l

‘ Ghezel Ozan River Flow
&= b=
= =3
£z EE=
=z z

|

(+0 km)

K09-09 Station

Fig. 2 Diferrent Reaches of Ghezel Ozan River in Dyvandareh-Bijar area and its sub branches
£ rasli ol pon 4y Jloes — 0,lg0 03L,0 (55l 58 w0y, gu o3L Y S
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Table 4 Different scenarios of geometry variations for water quality modeling in Ghezel Ozan River

>4 53 S2 S1 Solutions
- Decrease 20% width  Increase 20% width Existing conditions Chan\g/;\t/eiértlthver
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