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ABSTRACT: The stratified reservoirs are forming due to natural phenomena such as sediment current
or a significant change in water quality parameters in terms of salinity, dissolved oxygen, heavy metals,
etc. Today, research of the dense reservoir in different conditions is needed for better management.
Understanding the outflow pattern and its interactions in stratified reservoir according to different
discharges from the deep conduit and application for the operation of its system in Gotvand Dam using
by a physical model is the main goals of this research. An undistorted physical model with a 1:40 scale
from the deep duct structure with the details was established. This scale is calculated based on the
Richardson number and the same density conditions in the model and prototype. Laboratory scenarios
of the physical model were designed and implemented in two sections to allow changes water level in
the reservoir and maintain it. These two categories were designed for simulating short and long term
effects of saline layer evacuation in the reservoir. The results of experiments with different outflow rates
(maximum up to 800 liter per second) revealed that salinity of the layer in front of the deep conduit plays
an important role in the salinity of the depleted stream, and other layers in different level of the reservoir
have not affect in changing this amount. Also, the pattern of the streamline formed towards the output is
under very stable conditions without expanding to other layers. The experimental results revealed that
the fluid below the offtake remaining unaffected by the outflow and the fluid above the outlet vertically
to make up the volume lost through the outflow but preserving the horizontal isopycnals. This issue was
clearly recorded in addition to measuring by imaging from the model. To ensure the necessary turbulence
and increase Reynolds number in the physical model, outflow was reached more than twice (up to 1677.5
liter per second) but flow pattern towards offtake still was in very stable condition and streamlines did
not expand to above and below of outlet layer. Any significant amount of vertical diffusion among dense
layers was not observed.
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1. INTRODUCTION distortion was needed to have measurable flow depths in the

The term “density model” is defined here as a model of
fluid motions in a gravitational field in which the variations
of density within the field originate or influence the flow field.
Strictly speaking, this applies to all free surface fluid motions,
but in this case the emphasis is on motions involving fluid
masses of the same state, and with relatively small density
differences, (Ap/p « 1). Initially the models were used to solve
engineering problems, such as selective withdrawal for power
plant intakes, sediment current in reservoirs, salinity intrusion
studies and evacuate saline water through Deep conduit in
stratified dam reservoirs. In recent years, the use of these
types of models has expanded further into accident analyses
(e.g. gas and oil spills, avalanches) and heat transfer studies
in which buoyancy-driven convection plays a significant role.

A physical model constructed for investigating density
current in Chicago River system. The model was designed
based upon the Densimetric Froude number similarity. It had
ahorizontal scale of 1.to 250 and a vertical scale of 1 to 20. This
*Corresponding author’s email: sh_faghihirad@yahoo.com

laboratory. In the model the excess fractional density between
the North Branch and the Chicago River was exaggerated 100
times, using a saline solution as a surrogate for the heavier
inflow from the North Branch The model was tested for a
constant inflow discharge from the North Branch and varying
boundary conditions, such as the surface water elevation
at Columbus Drive, and the density gradient between both
branches. The experimental results demonstrated that a bi-
directional flow could develop in the Chicago River originated
by density currents [1].

A research is concerned with a study of the establishment
of the selective withdrawal of a linearly stratified fluid through
a line sink at the base of a reservoir with bottom topography
in the form of a sill of arbitrary height. The nonlinear problem
is investigated numerically in two dimensions. Development
of the flow towards the steady state is studied, and the effect
of the sill on the withdrawal-layer thickness upstream of
the sill is examined. In general, the presence of a sill causes
the withdrawal layer to be thicker and to shift upward with
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respect to the flat-bed case. The proposed equation for
withdrawal-layer thickness was verified experimentally [2].
In the following, another research was established in same
environment but this time with a side contraction of arbitrary
dimension. The research is based on physical and numerical
model. In general, the presence of a contraction causes the
withdrawal layer to be thicker with respect to the flatbed case,
but thinner than that for a sill of the same flow cross-sectional
area at the constriction [3].

A physical study was stablished to find the angle and
velocity of discharge of brine sewage into the marine
ambient, in order to prevent the environmental hazards of
the brine sewage discharge into the sea the results showed
that angle variations, in spite of changes in velocity affect
the concentration distribution profile pattern at the highest
elevation of the center line and also increases the width of the
current plume and the most evolution and dilution occurs at
the 60 ° angle [4].

Many other research studies were carried out in the field of
sediment density current in reservoirs by physical simulation
in order to more understanding about sedimentation and
optimized the operation of sluice gates during flood with
occurrence sediment current in reservoir [5, 6, 7, and 8].

So far, various studies have been carried out on the issue
of salinity in the Gotvand dam [9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19,20 and 21]. Those research studies are mainly related to
the environmental parameters of the Karun River, the factors
affecting the quality of reservoirs, the quality of groundwater
in the Gotvand region, the solubility rate of Gachsaran salt
formations, and the numerical and physical modeling of
dissolution in salt formations and Gachsaran Formation.
Simulation of the quality conditions of the Gotvand reservoir
water was done by interaction with salt formations over time
using 3D numerical modeling [18]. One of the solutions
proposed for the Gotvand Dam reservoir is water quality
management decision to the depletion of saline water from
the bottom layers through a deep duct and its transmission
by the pipe for industrial and commercial use. Understanding
the process of evacuation of saline water and its interactions
in reservoir layering with regard to the amount of outlet flow
and the continuity of salinity in the outlet for the industry are
main goals of this research. In this study, by using a physical
model tool, this issue and the role of different salinity layers in
drainage through the deep conduit are discussed.

2. PRINCIPLES OF PHYSICAL SIMULATION

The term “stratified flow” is often used to designate the
flow. Most of the cases of interest involve density differences
Ap/p of the order of 1072 or less, although some cases, such
as tailings plumes, oil slicks, and gas releases can involve
Ap/p > 1071 [22].

In physical modeling, if dynamic similitude is satisfied,
kinematic similitude automatically follows. Dynamic
similitude of flows in which buoyancy effects are important
usually requires the Densimetric Froude number to be equal
in model and prototype; that is, (Fr,) =1.It should be noted
that equality of Froude number, Eq. (1), does not require the
density differences to be the same in model and prototype
[23].
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Test Tank

Fig. 1. Physical Model Components

gL (1)

In dense models, the Richardson number ( R; ) is also used.
Richardson’s number is the ratio of stabilizing gradient to
disturbing (shear) gradient and is a formation of Densimetric
Froude number as follows:

Ri = g%h 1 (2)

U2~ Frp?

In general, it is not possible to satisfy equality of Reynolds
number simultaneously with equality of Froude number.
Reynolds number in the model usually is much smaller than
in the prototype. The Reynolds numbers should, however, be
in the same range of flow behavior. In most cases, prototype
flows are turbulent, so model flows must also be turbulent.
For a free shear flow such as a jet or plume, the flow properties
are practically independent of Reynolds number when it is
above about 10,000 although even smaller values do not cause
significant effects suggest a limit of 4,000 [1].

An undistorted physical model with a 1:40 scale from the
deep duct structure with the details was established. This scale
is calculated based on the Richardson number and consider
limitations in physical simulation for gates (orifices) [24,
25 and 26]. The same density conditions in the model and
prototype was used in order to decrease scale effect.

3. PHYSICAL MODEL COMPONENTS

Fig. 1 shows details of the physical model. The model
comprises a test tank, three tanks for saving water and a water
circulation closed system. Mixer system was installed on the
head of two save tanks for preparing salt water.

4. LAB SCENARIOS AND RESULTS OF PHYSICAL

MODEL

The optimization of the outlet of GRP (Glass fiber Reinforced
Plastic Pipe) so that the maximum amount of salinity can
be discharged is an important goal of this research. For this
purpose, the scenarios are designed as follows:

- Dynamic water level in the reservoir and regulated outlet
from GRP

- Stable water level in reservoir and regulated outlet from
GRP

- Measuring EC in front of tunnel

- Measuring EC in the inner boundary (between dense
layers)
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Fig. 2. Streamline toward to the outlet (GRP)

- Measuring EC on the top of stoplog

- Measuring EC from the outlet (GRP)

Also, color injection from different location in the reservoir
would be run and reveal stream lines toward the outlet
(Fig.2).

The measuring results for EC and imaging from the model
revealed that salinity of the layer in front of the deep
conduit plays an important role in the salinity of the
depleted stream, and other layers in different level of the
reservoir have not affect in changing this amount. Also,
the pattern of the streamline formed towards the outlet
(GRP) is under very stable conditions without expanding
to other layers (Fig. 2 ).

5. CONCLUSIONS

An undistorted physical model with a 1:40 scale from
the deep duct structure with the details was constructed
for investigating the role of operation of GRP in stratified
Gotvand dam reservoir. The main findings of this research
are summarized below:
The salinity of the depleted stream from GRP is depend
only on the salinity of the layer in front of the deep outlet,
and other layers in different level of the reservoir have not
affect in changing this amount.
In the range of discharge variations from 100 to more
than 800 liters per second, the flow pattern was formed
near the entrance of the outlet is a very stable condition.
In other words, the only layer in front of the offtake is
being evacuated.
Any vertical diffusion among dense layers is not observed
in the model.
The fluid above the outlet vertically to be replaced the
volume lost through the outflow but preserving the
horizontal isopycnals
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Table 1. Similarity parameters for the physical model
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Table 2. Specifications of the first stage test series

9 e 30 Gulejl loj wae | BLae GRP (2955 (90 | o ,blan Iy | o a¥ elw)l|  EC .
ULMM
(hr) cwigiay (liter/sec) cuigigy y0 | (M) cuigigy | (cm) Jowo | (ms/cm)
@ e b bloe GralesT (s 0 sl
o A
() ¥ 5 Y0 BV A ool s O sl YA/ G AFY Al N SlBgs 4y
S VOIAY XVPY FEVY 0I5 | Al e e el e
YVIO b agY £y Ve Sl 4y
P30 Ao po Sldalejl (5 pw Clasiie ¥ Jgor
Table 3. Specifications of the second stage test series
g Joe o Giwlejl ploy wae| blsw GRP 29,5 29 3 yblew 315 o ay el EC o
UL&AM
(hr) cigigy (liter/sec) cuigigy yo (N) cwigigy (cm) Jow | (ms/cm)
L blos Gralesl s 50 s
o A ool o ¥ sl VYO G gy Y oy SBgs ay
(G55592) YOIAR «(Jaw) VY Bev g¥er
YVIo B agiy TV 'Y S Y

gy 50 Gt Ll g ad 5 a5 o B o3lail 4 55 ol
Lo tolojT Jgl (gm0 4 S Cutlo py CoaBsa oz 50 (590 o)l
0 i (o &y a8l LSS 0l > bghas (6581 5 Sudl (o 3las]
O Jods & Jae S5l eh Ol ol G ol (JSS 4z @
Ol 00,5 oo bl GRP 1 alss o woja> Jlio 4 (guds
2 LS AY (5,05 Glie b plp &S el 5,5 by 5)e
Lis gl & Glaloj] Job )0 <85 Cules 00,5 o0 el ()50
05 6yt o inles] gl aelol jo sl s Jlael Sugey ool
O3 Lagie les 1005 oo dl) (3P ) 15 RIS <)
el o ) o
Olie Wo) »5 Gostie ydd Cwliy @Sl a5 jshailes
S Jelow (nl g alce BT Cutloy Comdes Jloz 0 5)ed
Z95 Ol Sipd )3 G (nytir 0> blie Y (660
L Jae gl 5 5 baiale)] 51 ik ol 4o ol |, GRP |

L Jowe o (Swsm 6)l8 0 9 pialojl ples el A...:L: 5 odslie

VYoY

Wadge LIS Tody 4 odd Cubloy Casdee Yz 0 ed
Jlie 4Y Slasie | SLGRP Sl 29,5 ob,> Slasis
Sz s oYL sy 5 005 SLiwl jo oal sl 6,0
losialesl slomil 1o 0000 (29,5 jleads alsu (g9 (e 5
3 VL Jlos 58 (55 jleads sl gl Jol (6 e
0yi> Jlie &Y 515 (35 55 S8l g alss () & wled oo 9l
Sl oo plonil (0l SBs8 Sy 5 500 g 485 O j90
) JS)
G laanT B (o 5 Lo alosT sl (6 @l (o3l o
Sl pgas 3oyl G jshaie 4y oud S5 B Lapze jo
T 9 O s Dl o 5o Llalesl Slej plso
oo oyl Jsaz o oo o Ll laseiie b ioles] 50 GRP
N E3oe FES spn otlel cal o ol Ban e
S 3l el B2)35 L lalojl Jsb ) (35 515 ST a8 el IS

‘Ssl.a) Jﬁ“aﬂ oud alsly a5 wl.) GRP )I gfﬁ)" @QL)}‘)—!B



ubuuay s waﬁg.o (cm) s )‘| alold w.dg.n o)l.o.&

sl,=e) Stoplog JUls YU

FEr 6398 jgmin b (5 50l (o 5o o, AY )

Inductive jsiws b 5ol o> Sorg) By o> v v
FEr 63958 jgmin b (5 50l wa¥ o e Al ¥
FU 609 2SN g b (6 550510 Faby) (29> 50 - ¥

Jo 33 (5558 Gl gaacow uai LB .0 S
Fig. 5. Location of salinity sensors in the model
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Test (1-1) Dynamic Water Level
Time in Prototype (Minute)
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Fig. 6. Salinity changes in four measure points with respect to time, test 1-1

Test (1-2) Dynamic Water Level
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Fig. 7. Salinity changes in four measure points with respect to time, test 1-2
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Test (1-3) Dynamic Water Level
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Fig. 8. Salinity changes in four measure points with respect to time, test 1-3
Test (1-4) Dynamic Water Level
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Fig. 9. Salinity changes in four measure points with respect to time, test 1-4
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Test (1-5) Dynamic Water Level
Time in Prototype (Minute)
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Fig. 10. Salinity changes in four measure points with respect to time, test 1-5
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Fig. 11. Evidence of regular and stable layer discharge at the end of the first series of tests
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Test (2-1) Stable Water Level
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Fig. 12. Salinity changes in four measure points with respect to time, test 2-1
Test (2-2) Stable Water Level
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Fig. 13. Salinity changes in four measure points with respect to time, test 2-2
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Fig. 14. Injection tracer and formation of streamlines in the first position at different time
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Fig. 15. Injection tracer and formation of streamlines in the second position at different times
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Fig. 16. Pattern of tracer(streamline) in the second position, 19 hours and 21 minutes after the end of the test
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Test (3-1) Dynamic Water Level
Time in Prototype (Minute)
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Fig. 17. Salinity changes in three measure points with respect to time, test 3-1 (maximum discharge flow)
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