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Hydraulic conductivity K [m/s]
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Velocity Description Location Reference
7.2 m/h> Diffuse flow - (Foster and Milton 1974)
Lowest conduit All over o
4.2 m/h> ) (Ford and Williams 1989)
flow velocity the world
] All over )
3.6 m/h> Diffuse flow (Worthington 1991)
the world
Diffuse flow and All over
3.6 mh> ) o (ASTM 1995)
conduit flow criterion the world
Lowest conduit flow All over .
3.6 m/h> . Worthington 2007
velocity the world ( J )
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Mq = (@Q.C)dt =M, fﬁ;QAm (10)
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Y#AF YY¥4 Straight Distance to
DOY - Yaa. Proposed Injection
Y\ F/AA VoY f t (Day)
-l 0F /70 Ci (ppb)
OYA/AS §.51a8 t, (Day)
- 10BY YIVY O Cp (ppb)
Based on
IV Nia straight
distance
Based on Vi (M/h)
/Y < IAN proposed
distance
Based on
<IYY AT straight
distance
Based on Ve (m/h)
-/f- -Iv¥ proposed
distance
t;: time to the leading edge, C;: leading edge concentration, tp:time to the peak
concentration, Cy: peak concentration, Vimax: Maximum flow velocity, V,: peak
concentration flow velocity
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Kre Kwmax KM e .
o oY)
(m/s) (m/s) (m/s)
YY) o7 V) A Vo) - Szes 59 Gl
(sub- local) (PACKER TEST)
Yx) - FIr) V) o F Sz Sl Liales]
(sub- local) (SLUG TEST)
Alex) Y/exy o FAx) - e @ by,
(Local) (MILANOVIC)
V¥x)eF V/¥x) T Vex)oF 6‘“‘.‘5” sl b,
(Regional) | (GRADIENT APPROACH)
VigxyF v/exy -t V/fx) - F 5“*'7?’[3 99,8 (S (59,
(Regional) (RORABAUGH)
WYY AR Flaxy+? 6‘“;“’U SRS
(Regional) (TRACER TEST)
Kwmin minimum hydraulic conductivity, Kmax maximum hydraulic conductivity, Kre representative hydraulic
conductivity
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GMS SEEP2D Simulation
Total Flowrate = 0.00004(m*3/s)/(m)
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GMS SEEP2D Simulation
Total Flowrate = 0.0013(m*3Is)/(m)
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total head GMS SEEP2D Simulation
1785.00 Total Flowrate = 0.0027(m"3Is)/(m)
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Abstract

Construction of dams on limestone formations, however morphologically, has an
appropriate form; but usually causes seepage from the reservoir to the downstream.
Also, the construction of a dam on calcareous-karst formations has the risk of over
seepage from the reservoir, and the existence of the karst leads to complicating this
issue. Therefore, various methods of hydrogeological analysis are needed to determine

the condition of karstification of reservoir and dam axis in the karstic areas.

Beheshtabad dam is in investigation studies stage and approximately situated at the far
end of the anticline axis named Sangwill, which composed of dolomitic limestone with
roughly 700 meters thickness. The right side of the reservoir is mainly in direct contact
with this karstic formation. In order to determine the effect of scale effect on hydraulic
conductivity and leakage from the reservoir of the dam, Karst's hydrogeological studies
of the anticline were carried out. These included measurement of water level and
boreholes hydrochemical analysis, measuring springs discharge and hydrochemical
condition of springs and environmental isotopic studies. The results showed that karstic
aquifer’s water level on the right side of the reservoir has very similar fluctuations with
a difference between the minimum and maximum of 2.5 to 3 meters. The water level
from the northern limb with a level of about 1625 decreases towards the spring in the
southern limb with a level of about 1595 and a gradient of about 0.007. Also, spring
discharge in the sought limb has the same fluctuation with three coefficients of
recession curve. Recession curve coefficient a1 in the order of 102 indicates the
intermediate flow (diffuse-conduit) make up 15% of the flow and the coefficients a2 and
o3 in order 107 indicate the diffuse flow accounts about 85% of the aquifer flow.
Hydrochemical and isotopic parameters of springs and boreholes also have low
fluctuations. These variations for anions and cations are less than 20% and for Ec and
acidity are less than 5%. The amount of environmental isotopes in springs and
boreholes does not show any significant variations so that the standard deviation
obtained from monthly acquired data is less than 1.2 per mil for sD and less than 0.2 per
mil for 5'80. The amount of environmental isotopes shows that the source of springs is
about 2300 meters and composed of heavy rainfall and snow in two limbs. Also, the
isotopic composition of downstream springs is the average of the amount of isotopic
value boreholes in the north and sought limbs showing that springs catchment area in

left side (SPL) and right side (SPs) is recharged from both limbs of the anticline.

Finally, the results of the studies show that the Jahrom-Asmari karstic aquifer on the
right side of the reservoir is an aquifer with diffuse to diffuse-conduit flow. The aquifer
is recharged through two anticline’s limb and mainly through the system of joints and
fractures. The groundwater flows from the northern limb to the southern limb and is
discharged into the springs downstream. In such a condition, the hydraulic connection
between the anticline’s northern limb with the southern limb is exists. This connection
is formed at the time of reservoir formation, between the reservoir and the lower springs
of the dam axis with a higher gradient (around 0.037). Therefore, by the dam
impoundment, the major seepage current in right abutment of the reservoir in the north
limb of anticline towards sought limb and finally discharge in springs downstream of
the dam axis

Following the hydrogeological studies of the Jahrom-Asmari Formation and the
determination of the hydraulic relationship between the reservoir and downstream of the
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dam axis and springs, the effect of the scale on the hydraulic conductivity and leakage
from the reservoir of the dam was investigated. In this way several methods have been
used for evaluation of hydraulic conductivity and for determining the reservoir leakage
in the right side of the dam. These methods are including Lugeon tests, Uranine tracer,
gradient approach, and spring recession curves. Also, pumping test was carried out by
considering pumping wells assumptions. The results showed a range of hydraulic
conductivity values for rock mass from 2.1x10° m/s in sub-local scale (Slug test) to
1.7x10* m/s in regional scale (Dye tracing test). In such a context, reservoir leakage is
calculated approximately 0.1 lit/s in the sub-local scale to 2.7 lit/s on a regional scale.
By considering the fact that reservoir scale is correlated with regional scale, leakage in
the right side of Beheshtabad dam is calculated according to a regional scale. Therefore,
the leakage amount was predicted to be within the range of 5.4 to 7.8 m?/s.

Accordingly, the dam axis should be selected, as far as possible, in cases that the dam’s
reservoir is not regionally in contact with the karst network. Then, if the reservoir
contact is regional, the methods for determining the regional hydraulic conductivity
should be used to accurate leakage amount.

Keywords: scale effect, karst, dam, hydraulic conductivity, leakage, Beheshtabad.
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