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1- Advection-Dispersion Equation (ADE)
3- Main Channel Cross-Sectional Area

5- Longitudinal Dispersion Coefficient
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2- Transient Storage Model (TSM)

4- Storage Zone Cross-Sectional Area

6- Storage Zone Exchange Coefficient

8- One-Dimensional Transport with Inflow and Storage
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Table 1- Details of Experiments

o J5b ) ol (0

- Salojl (g (o dw pdlae so3 Sow Sy
SielojT ojles . (o g5l (46 gl g9
Experimental Flow Type of Dam Number of
Test Number - ' Dam Length : materials Dams
Series (cm) Discharge
(lit/s)
1 alocls yo 1
2 1 75 2.5 Coarse- 2
3 Grained 3
4 alocs o 1
° 2 75 5 Coarse- 2
6 Grained 3
7 alocs o 1
8 3 75 7.5 Coarse- 2
9 Grained 3
10 alocs o 1
11 4 35 25 Coarse- 2
12 Grained 3
13 wlocus o 1
14 5 35 5 Coarse- 2
15 Grained 3
16 wlocus o 1
17 6 35 7.5 Coarse- 2
18 Grained 3
19 aloy, 1
20 7 75 25 _ _ 2
21 Fine-Grained 3
22 aloys, 1
23 8 75 5 _ _ 2
224 Fine-Grained 3
25 aloy, 1
26 9 75 75 _ _ 2
27 Fine-Grained 3
28 aloys, 1
29 10 35 25 _ _ 2
30 Fine-Grained 3
31 alo; L
32 11 35 5 ST 2
33 Fine-Grained 3
34 aslay L
35 12 35 75 ST 2
36 Fine-Grained 3
37 s 2.5
38 - 5 - -
39 Control - 75
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1- Non-Linear Least Squares
3- Determination Coefficient

2- Root Mean Square Error
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Table 2- Estimation of Transient Storage Model (TSM) Parameters with OTIS-P for 1t to 3™ Series Experiments

o ko
Salojl Dx A As * Dal R? RMSE
Test (m?/s) (m?) (m?) (1/s)

Number
1 0.082 0.018 0.036 0.034 0.90 0.94 0.06
2 0.116 0.020 0.046 0.048 1.22 0.91 0.08
3 0.141 0.019 0.052 0.061 1.55 0.95 0.05
4 0.105 0.038 0.029 0.011 0.37 0.88 0.13
5 0.181 0.039 0.032 0.025 0.91 0.95 0.06
6 0.184 0.040 0.038 0.034 1.35 0.92 0.09
7 0.211 0.043 0.018 0.012 0.23 0.98 0.03
8 0.246 0.043 0.026 0.017 0.71 0.98 0.04
9 0.302 0.044 0.032 0.022 0.96 0.94 0.05
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Figure 3- Breakthrough Curves of Laboratory Results and OTIS in L4 Reach for experiments 4, 5 and 6
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Table 3- Estimation of Transient Storage Model (TSM) Parameters with OTIS-P for 4 to 6'" Series Experiments

w3l o yles

D A A
Test (mzjs) o) (mi) (1‘75) Dal R? RMSE
Number
10 0.035 0.014 0.039 0.012 0.26 0.95 0.06
11 0.064 0.014 0.038 0.019 0.45 0.98 0.02
12 0.081 0.017 0.054 0.016 0.40 0.96 0.04
13 0.073 0.032 0.032 0.010 0.28 0.98 0.03
14 0.086 0.034 0.031 0.016 051 0.97 0.02
15 0.078 0.030 0.049 0.023 0.71 0.92 0.08
16 0.112 0.041 0.009 0.009 0.61 0.97 0.03
17 0.108 0.042 0.022 0.011 0.43 0.96 0.05
18 0.121 0.040 0.019 0.012 0.63 0.93 0.07
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Figure 4- Breakthrough Curves of Laboratory Results and OTIS in L4 Reach for experiments 25 and 34
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Table 4- Estimation of Transient Storage Model (TSM) Parameters with OTIS-P for Experiments 19 to 21

SalojT o 5led

D A A o
Test (mzjs) ™) (m;) ws) Dal R2 RMSE
Number
19 0.091 0.019 0.032 0.030 0.91 0.98 0.02
20 0.140 0.017 0.058 0.063 1.48 0.95 0.06
21 0.211 0.018 0.074 0.081 1.89 0.93 0.12

3o ey, wloas ool wl (K0 (g9
T8 9 o slad pals el SeulS oo Loy
J—1 0 lo e Jols ce pmw a5 )0 5 00
8l ales pals o o ol Jsdsie o
st Lo oo J 518 5 ol Sy il S
olbe ploy o Lo aaled cons Geml8 slaows
a5 ol Gtalid e ol dsay o (Sog
ol 58 G plej Sae Lz Lol yan (Sog
gyl ek 45 09h CBge L BINSS (2o
o=y (@) el a b Jols o o il
Al dlg> ] b
g o (Dal) Jo Sl sae d oo gl
AS aas o LS (YIYO L < /2 05L0) Jous s

Yo

o Sl Gl j3 Sy ) wlas s9g

el il g (G9mlS s m Jols (0 LS
Haslen, dlas jlesliiul @ dly ;0 092 (k>
slad—w Sl (2lys JSl el S ez ge
Sdge 8, ladie 4o )0 5 09 (FemlS
Sy Fmt izeen 5 Ol Gl 2 50 (Sog
Shoslewl ool e ioli8l SemlS slaaw casoVl
S5l JLisl e s ralS zgo ails sy il
ol cbale Aot )0 5 0B e sl bLE 4
dalyd ral S cows by blis o (Crax) (Sog]
ST ce s Rl cezge el e a5 3L
L4) o)l 83l o lul,—o 0l 2 (D0 Jo—b

IRV PP



VIAVEE G0/ VEr Y sl AV 0)loud /TY A/ iS5 5 (5 ol (W0 jlr puriigee Coligios

Jedz piid g pias sloa g ;o .l ool ools
2Eilesl slac sl y as, sla e o (F)
Jsr=Sor—te o ol e, sla—e s
6y lol dlin OTISP g iwass (gLt el
ot lel diglio )l mlsi e85 ©jp o
bwg ez la e 5lwsl 5o el 28
olie oS culaily e sl il )l ol
Sl BUS 55 ©) JS5 Lo foses iecks
5 OTIS-P goue Joo S am o0l adgijl ass,

S99 Lo jialejl 51 S a0 soae g5l Jos
V) 5,k ialayl 5l oace ol ialidl .ol atsls
oo 8l gl cde an les o L, (YV) B
P M) oo,z ceyw GialS 5 () cblagS Jols
28 4 o iles] ol
SmlS Gl J 5 185 () p jolaie 4
JS e Glos, eolws (SouSTy ¢ Jlil o (dg)

5 P :’"Lo)’] CUE Ty - YT SO | L ..LA}T

ul el |) s_Al 39 ) ool Q Gmlf lLA)‘ @;u ‘_g‘)_> OTIS GO JA_A l_’ 03— 6)wa 8 rtn o]
Qe e olas (0) SIS 50 (M) 5 OF) o,leis sla il sl
210 170 :
[EXPERIMENT 14| | ™ | |, 1504
2.00 f&h =< DATA{t4} 166 TA (L4) |
1.90 K*, LT |
cims I 1\ o
1.80 . 1.60
\W 158
170 X\ s
L = ‘ e A 1.54
“mmmﬁy s 152 —e-
150 demf = 150 dm—" f
o 50 100 "me )55 200 250 300 o 50 100 1sd™eldoo 250 300 350 400

YY 9 V€ L iubo;l 51 Ld o5L ;3 OTIS (g3us Juo (5 5lwdam 9 2 Euivlojl guli aid, g doxie -0 JSui

Figure 5- Breakthrough Curves of Laboratory Results and OTIS in L4 Reach for experiments 14 and 32

OF) )le—is bl as oo, i (S5

Ay 0 olos, sole cidge cilagSS ily-8lail
dlas glils JSdsein oo Lo g}gL_f slbo—w

3

Sogdl zgl elale L5 as anlys oo y5ailoy,
Sode a b el S e wo iyl (>l 0 Cmax)
et et jses VPR Cna) (So901 gl o lale
e ey s b Y0¥ 9 (FY) 8 lois ialsjl o
9oyl pad a Sl (OVF) 8l iolajl jo
Ll 5 O0) Jyb (oSl oy s 2l
S9=lS loowaiay oy sa by mlas 59>y

RWARVAPES

Y7

s (VF) 3l ol oyl a5, e &_slie

las 0524 45 aas o s (YY) 3l Lialejl
At SemlS lhow A0y o y5aliloy ;) auals b
asbe gl wame Gialidl cezrge Loy s p3 00l
o (L) S e gl o5 3 oyl
Lo 09— oo o a0y pdl s 0429 .ol
Jsdseie b oo 3 o Sog T cBge e ilagSs
sla Sos I 5ol il Senl S slaaw dsw
oz el dmlian i 23U ol Ly (Jobs
e L5 ad aaled o bl b ol ais S5
Shls (V) 8l il o3l o L4 3L a5



e SB pelyly p1 Sl (Aol Saw S (G305 g ALl o)

L (YY) 5l slaiolae;l colys, sl SoSTy,
Joe sla el )b o9l o ol asos [, (Y1)
9 sl ialesT gl (TSM) cBge o 3lagSs
Joe sl eola L (aal—2) Ssml 3 slao

sl 0l &I1(Y) Jgaz 0 OTIS-P s00e

Ju—o slpyolyly ymr (FemlS sbaw 5929 iU
(TSM) cdgo cublugSs

L 09— 555 (o jetaie a (mgi ol o

sle el o by e )d S90S laaw (040

YA UYY s islesl ;5 OTIS-P (sdas Juo U (TSM) Cldige by d Juo (5la el yby 35915 -0 Joun
Table 5- Estimation of Transient Storage Model (TSM) Parameters with OTIS-P for Experiments 37 to 39

owlesT e yles Dy A

As a

Fr Re Dal R? RMSE
Test Number (m?s) (m?) (m?) (1/s)
37 0.061 5630 0.008 0.011 0.046 0.032 0.35 0.97 0.08
38 0.068 8346 0.014 0.019 0.041 0.027 0.31 0.97 0.05
39 0.084 12450 0.089 0.018 0.032 0.019 0.21 0.96 0.06

4S 05 (g9 yi da e Oy (66T e
ol sl b gl S el e
(FI) ol 958 s il 31 L (@) oo blagSs
5 oAl A, sl e
- sinlasl 6l OTIS (soae Joa L oo (g jlwdis
o og oyl & 5 (YY) 5 (YA) 6l sla
oals (lid (7) JS—b )0 [l yz je j0 Ssml S
s Dal) JgSpls sae d b gl .l ol
50yl VO L 2 /Y)Y 05L0) Jguo pmicds (g
by eds Lo yiall 091 50 p3Y Cealad
035 Laialajl 51 S ,a 50 (soue gl o

S aed e oLt (B) Jpoor bt (o 2

5 Lot 6L®&l_a}] SHEN) Gy 59,8 sae o8l
Sob SoSly o b ialS e (YA L (YY)
sae Giulidl el ool edd sle il 5o (D)
2 Sl eble L 00,5 o s (D) oy 99,8
ol S d it bgte e L gl >
clale SasTy e cplplsy g oS e > cews
=S eyl seils p slaosl yo Glos; sols
oo Gl cege el een 4 S 09 5
50 Gg—w e aales (D) Jebo SaSTy,
G L 398 oo s () Lo 2 39,8 se 38l
Jite ol ool ol 5 Ly, 8le 5l glouac

290 290 -
RIMENT 38l —OFiS (L4) RIMENT 39 — oTis|(L4)
270 o h OO ‘ 270 .
o DATA (L4) O DATA (L2)
250 - 250
230 + 230 +
C(ms/m) , C(ms
210 4 210 4 | :
\ 2
190 + N ‘ - 190 + i 1 i I
170 + % - 170 + N | |
= S
150 S . 1 |1s0 & - - 4+ I 1 + I 2
o 50 100 1s5dime (shoo 250 300 350 0 50 100 1so™mebho 250 300 350 400

¥ 5 YA s yivlbo;l g1, L o3l 45 OTIS (g3 Juo (5 5lwdamd 9 2 Euiylosl guls didy gl gioxio —T JSW5

Figure 6- Breakthrough Curves of Laboratory Results and OTIS in L4 Reach for experiments 38 and 39
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Introduction

In recent years, pollution of surface water resources, especially rivers, has posed an
environmental challenge. Pollution from municipal or industrial wastewater and waste disposal
into rivers are important problems for human societies to protect the environment. Knowing the
level of river water pollution as one of the sources of human water needs is essential and
therefore modeling the quality of river water is very important. Hydraulic structures in rivers are
one of the ways to control pollution in open-channel flows. Check dams are one of the types of
these structures that due to the porosity of their environment can play a controlling role in the
transport of contamination by increasing hyporheic exchanges as well as transient storage of
contamination in their porous media. Transient storage model (TSM) is one of the methods of
pollution transport analysis, especially in rivers with high hyporheic exchanges. The efficiency
of the Transient Storage Model (TSM) is in the correct estimation of the four parameters of the
model (Dx, As, A and o). Previous studies have not investigated the effect of hyporheic
exchanges due to gabion check dams on the four parameters of the transient storage model
(TSM). In this study, the effect of gabion check dams on pollution transport and the four
parameters of the transient storage model (TSM) with OTIS numerical model were investigated.

Methodology

Experiments of tracer material (NaCl) were performed in a flume with a length of 12 m, a width
of 0.5 m and a height of 0.7 m in four flow discharges (2.5, 5 and 7.5 lit/s). An ultrasonic flow
meter was used to measure the flow discharge in all experiments. Materials with medium
diameter (Dp) of 11.85 mm and porosity (n) of 0.28 were used to create a sedimentary bed with a
length of 12 m and a thickness of 12 cm at the bottom of the flume. In this study, two types of
gabion check dams with medium diameter (dg) of 11 mm (fine-grained) and 19 mm (coarse-
grained) were used. In each experiment (except for the control experiment), 1 to 3 check dams
were used at intervals of 2.5, 5 and 7.5 meters from the beginning of the flume, respectively. In
this study, check dams with lengths of 0.75 and 0.35 m, widths of 0.5 and heights of 0.4 m were
used. The length of the flume was divided into four equal reaches (L1, L2, L3 and L4). Two
sensors were placed to measure the electrical conductivity (EC) of water at the end of each reach
to measure the amount of contamination. Micro-propeller and ultrasonic depth-gauge were used
to measure the velocity (V) and depth (h) of water flow in each reach. The laboratory results in
L4 reach were simulated by the OTIS-P numerical model and the four parameters of the
Transient Storage Model (TSM) were estimated. The OTIS-P numerical model estimates the
four parameters of the Transient Storage Model (TSM) using the Nonlinear Least Squares (NLS)
optimization algorithm and then simulates the breakthrough curves (BTCs) at L4 reach using the
Crank-Nicolson implicit finite difference method.
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Results and Discussion

The results showed that gabion check dams increased the transient storage of solute in the
porous media of such dams, thus reducing the peak contamination concentration (Cmax) in the
main flow area. On the other hand, check dams in the flow path will act as a sedimentary bed-
form, which increases the hyporheic exchanges between the main flow area and the porous
media of such dams. Increasing hyporheic exchanges into the porous media of the dams will also
reduce the contamination concentration (Cmax) in the main flow area. Increasing hyporheic
exchanges into the porous media of the dams also reduces the contamination concentration
(Cmax) in the main flow area. Reducing the contamination concentration (Cmax) in the main flow
area will also increase the longitudinal dispersion coefficient (Dy).

The results showed that reducing the length of check dams (a) causes a smaller volume of flow
and solute in the porous media of such dams to be temporarily maintained. As a result, the
amount of contamination concentration (Cmax) in the main flow area increases, which reduces the
longitudinal dispersion coefficient (Dy) in these conditions.

Comparison between the storage zone exchange coefficients (o) estimated by the OTIS-P
numerical model showed that these coefficients decreased with decreasing the length of check
dams (a). Reducing the length of check dams (a) will reduce the space of the porous media in the
flow path. Therefore, the solute will leave these storage zones with a shorter residence time, so
the storage zone exchange coefficient (o) decreases with decreasing the length of check dams
@).

Gabion check dams made of fine-grained materials reduce the exchange discharge between the
check dams and the main flow area. The use of fine-grained materials reduces the rate of
contamination transfer to the downstream reaches, so the peak contamination concentration
(Cmax) in the downstream reaches will decrease, so the longitudinal dispersion coefficient (Dy)
will increase in the fourth interval (L4).

Conclusions

- Increasing the number of gabion dams (N) from one dam to three dams caused an
approximately 1.43 to 1.71 times the value of longitudinal dispersion coefficient (Dx).

- Increasing the length of gabion dams (a) from 35 c¢cm to 75 cm caused approximately 1.43 to
2.49 times the value of the longitudinal dispersion coefficient (Dy).

- Increasing the length of gabion dams (a) from 35 cm to 75 cm caused an approximately 1.10 to
4.43 times the value of the storage zone exchange coefficients (a).

- The use of fine-grained materials in gabion dams increased the storage zone exchange
coefficients (o).

Keywords: Advection-Disperion, longitudinal dispersion coefficient (Dy), storage zone
exchange coefficients (a), Storage Zone.
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