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The hydraulic structures (dams, barrages, regulstor) are
complicated constructions and need an accurate nieeh and
economical visibility studies; prepare design, exmm and effective
technique to be followed for maintenance.

The percolation length is one of the most importerhs controlling the
design of the water structures especially for apemgth and thickness
Seepage under the apron of the hydraulic structwas controlled by
providing the apron with row or more of steel pilelsut the sheet piles
now is very high costs comparing by others optairthe same time, and
to improve the apron conditions of the old struetuhe sheet piles is not
possible to implement.

In present paper, an apron with multiple rows dfaewells starting by
one row of relief wells till six rows of relief i@were put under testing
in different arrangements .

An analog model was used with variable depths dathitces between
the relief wells rows in different arrangements.riis were performed
for one row of relief wells case, 84 runs were peried for two rows of
wells case, 72 runs forthree rows of relief wells case, 60 runs were
performed for four rows of relief well case, 4&suwvere done in five
rows of relief case and 36 runs were performedxmraws of relief wells
case. 429 reading node for every test run are dedrand plotted by
using the surfer software.

The conclusions, from the analysis of the obtamedel results was as
follows: The effective position in the potentialapion exit edge located
near the edge of the apron for six rows of relieflssrows at (20%-30%-
40%-50%-60%-80%)Lap respectively, measured fromtregs of an
apron. The effective percentage reduced in poteofidhe apron exit
edge is 73% and located at the 80% from the apotal tength for six
rows of relief wells (20-30-40-50-60-80). The édficy of the U.S. relief
wells is greater than that for the D.S. relief well
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INTRODUCTION

Seepage under the aprons of hydraulic structurggeomeable soil is one of the most
important parameter that governs the apron desigh reaintenance the structure
stability with time. Providing aprons of controtwttures with relief wells at critical
sections is the usual approach that is adoptedhieee safe of these structures against
uplift pressures on aprons, undermining, and hata&@iping.

Practically, the relief wells arrange in rows stagg one to another, and
distribute on the apron, downstream of the regulpters after designing the number
of relief wells and the gird shape (rows in x& yatitions), as shown in fig (1).

As for the vertical piping downstream the apron geeurity is achieved partly
by eliminating undermining (5) and partly by pravidg the zone just downstream the
apron toe by some means such as perforated cof/@snorete of blocks, Cutoffs,
undoubtedly have a very good effect in retardireglping process, as they originally
maintain mild hydraulic gradient by increasing ldngf creep line, and hence
participate much in decreasing the exit gradiehtevat the apron toe.

In the present study, the variable depths (d/TF¥%6.25% and 33.3%) and
distances (¥/La= 20%, 30%, 40%,50%, 60%, 70% and 80%) of testéef reells
rows.

Fig. (1): The arrangement of relief wells distriobant downstream regulator apron

The finished apron upper surface seems as a pligdinlittle openings filled
with filter, gravel, as shown in Fig. (2).

Fig. (2): The final surface of apron with relief Ngg(left side) — R.w pipe filled with
gravel
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The Electrical model (analog model) was used tdoper the experiments,
they are restricted to steady flows, and the simpypes assume homogeneous
isotropic aquifers. They are adaptable also foryasma of seepage through soils on
which structures such as, earths dams, masonrysjaegulators etc.. As shown in

Fig. (3).
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1: glass tank model 2: D.C power supply 3: Rasett Copper plate
5: Multtimeter 6: Measurements proper 7: Ritao
Fig. (3): Experimental model

The experimental model used, was based upon tharksonilarity between
the flow of the electric current through an elaticonductor and the percolating
water through porous media (ground water flow), rehim the first condition, the
movement of the electric current is proportional the voltage drop through the
electrical conductor while, in the second conditiloa velocity of the percolating water
through the permeable soil is proportional to fbevfhydraulic gradient.

Since, the flow of the electric current through electrical conductor is
governed by Ohm's law while the flow of water thybypermeable soil is governed by
Darcy' law, then the similarity between these twwd is achievedl, 2, 3, 5)The
elementary form of Ohm' law is expressed at

[ =S AE /X i Q)

Where:
I: is the electric current per unit area throughademal of specific conductivitg.
dE /dX is the voltage gradient in the current directiah
And the elementary from Darcy's law for the watewfthrough permeable
soil is expressed as:
VE-Kdh/as. ..o 2

Where:

v: is the velocity of the flowing water through &lsi permeability coefficienk,

dh/ds is the hydraulic gradient of the potential head the percolating water in the
direction of flows:
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EXPERIMENTAL RUNS

An apron provided with relief wells in six casessweed: as shown in Table (1).

Table (1): The apron

with relief wells cases

Apron case

Case diagram

1- One row of relief wells:
Well length (50, 75 or 100 mm) at a distar
*w1= (0.20, 0.30, 0.40, 0.50, 0.60, 0.70 ¢
0.80 Ly and Xy1, measured from the aprq

upstream side), one row of relief wells case
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shown in Fig. (4). Fig. (4): Apron provided with one row o
relief wells.
2 - Two rows of relief wells: ®
Well length (50, 75 or 100 mnaX distances H: 2
(measured from thepstream side): : Wi wp
Fist row: (X,:=20% Lsy) while, second row| ¢
(Xwz= 30%, 40%, 50%, 60%, 70%, and 80% .
Lay. The two rows of relief wells case — O :
shown in Fig. (5). Oereeerereeeeeeeeene XWs.g
Fig. (5): Apron provided with two rows g
relief wells
3 -Three rows of relief wells: ®
Well length (50, 75 or 100 mmat a|H
distances (measured from the aprong z Wi W W
upstream side):
First row of wells: (%,= 0.20 Ly).and the T . ST é :
second row of wells: (%= 0.30 Ly,) While pd . M"
the third row of wells located at {X=0.40, @--nnrnnnnnnnnnnnnnnnnnnnnnnnnnnd XWS @

0.50, 0.60, 0.70& 0.804). The three rows

of relief wells case shown in Fig. (6).

of relief wells

Fig. (6): Apron provided with three rows

4-Four rows of relief wells:

Well length (50, 75 or 100 mmat a
distances (measured from the ap
upstream side):

First row of wellsat (Xwa;= 0.20 L 4), the
second row of wells: (W= 0.30 Ly, the
third row of relief wells: (%= 0.40 Ly,
while the fourth row of well: (X, =0.50,
0.60, 0.70 or 0.80 4). The four rows of
relief wells case shown in Fig. (7).

Fig. (7): Apron provided with four rows d@
relief wells

=
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5- Five rows of relief wells;
Well length (50, 75 or 100 mmat a| @
distances (measured from the aproﬁg
upstream beginning): e Wi Ve W Wy
First row of wellsat (Xw:= 0.20 Ly, the
second row of wells: (¥= 0.30 Ly,) . Also,
the third row of relief wells fixed at (%= o
0.40 L), the fourth row of relief welll — Sox® o | i
located at (%4 =0.50 Ly and the fifth row ‘.XXW'
of wells examined under (X =0.60, 0.70 :IIS.'.'.'IIS.'.'.'I.'S.'.'.'S.'.'ZSI.'.'.'ISI.'.'.....“.','g\;;é.? ......
and 0.80 lgp) The five rows of relief wells F|g (8) Apron provided with five rows of
case shown in Fig. (8). relief wells
6- Six rows of relief wells:
Well length (50, 75 and 100 mmgt a
distances (measured from the apro?l 2 |
upstream beginning): «H wo w2 w3 w4
First row of wells (Xw= 0.20 L).the | €5 WO
second row of wells: (#= 0.30 Ly,), the Xw—
third row of relief wells: (%= 0.40Lyp), | @ reeerreeseees i ® . : : :
the fourth row of relief wells: (34 =0.50Ley) :IZIZIZIZIZIZIZIZIZIZIZIZIX\# ....... ° ) )
the f|f[h row Of I’elief We”s at (>$l4 =060 @ rrrrrnsnr ‘WX ......... [ )
La-and the Sixth 1OW OF 1Elief WEIS: (o | grrrorsseoroeoemoeeseo ooy ®
=0.70 and 0.80 ). The six rows of relief g (9): Apron provided with six rows of
wells positions shown in Fig. (9). relief wells
RESULTS AND ANALYSIS
The dimensional analysis for the variables involirethe problem indicated that:
a- Exit gradients at D.S edge:
1- One Row of Relief Wells:
Table (2): The percentage of effect of relief wellsn the apron exit edge for all
positions
R One row of relief wells
,EN Exit edge Relief well effect % effect
F;?Slll_'on Potential Potential potential
Y E L v| 3v| 5v|] 7v] 14 3y 5y 7
20% 0.44 | 0.74| 0.83] 0.92 0.08 0.18 046 057 |15 |1 | 38
30% 0.44 | 0.76 | 0.88| 1.03 0.08 0.16 041 o046 |15 |17 |32
40% 0.35 | 0.80 | 0.90| 0.99 01 012 039 O0p@G3 | 13| 30| 34
50% 0.39 | 059 | 1.00| 1.02 018 033 029 047 |286 | 22| 31
60% 0.39 | 0.85| 0.94| 1.04 0183 0.07 035 o045 |25 |8 |27
70% 0.37 | 0.80 | 0.99| 1.04 015 0.12 030 045 |29 (13 |2
80% 0.40 | 0.82 | 1.06| 1.16 0.12 0.10 0.23 033 23 |11 |1®
withoutr.w | 0.52 | 0.92 | 1.29| 1.49
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As shown in Fig. (9" the percentage of the postritead reduced for all

locations of one row of relief wells case.

The effective R.W location
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Fig. (9'): The change in exit edge potential foe oow of R.W locations

From Table (1) and by analysis the results, thetreffsctive position for the

one row of relief wells case is as shown in Fid) (Be comparison between the
potential head under the exit edge of the aproectdtl by the relief well position with

the exit edge of the apron (without relief wellase indicated:.

The best position for one row of relief wells cagéh the tested head 7m is
20%, then the potential head of the exit edge wdsaed by 38% compared with the
potential head of the apron without relief wellsea Also for the head 5m the best
position is 20%, and then the potential head ofeki¢ edge reduced 36% from the
potential head of the exit edge of the free apWihile the best position for the head
3m is 50%, the potential head reduced 36% fronpttential head of exit edge of the
free apron case. But the best position for the h@ad 1m is 40%, then, the potential

reduced 33% from the potential head of the exieeufghe free apron case.

2-Two Rows of Relief Wells:

Table (3): comparison for exit edge potential betwan two rows of relief wells and

free apron
R.w Potential head Effect of relief wells Effect Perzage
Position 1lv 3v 5v v 1lv 3v 5v v 1y 3 5 7

20-30 043 | 0.67| 080/ 0.8 009 025 049 0p3 |17 |ZBB | 42
20-40 043 | 064 081 099 0.09 028 048 0.p0 (130 |37 | 33
20-50 038 | 0.74| 0.76/ 0.8 0.14 0.18 053 0.3 |27 |¥A | 42
20-60 037 | 062| 083 093 01% 030 046 066 (29 |3 | 37
20-70 029 | 0.64| 084 079 028 028 045 0.fy@a4 |30 |35 | 47
20-80 0.32| 0.66| 0.70/ 074 020 026 059 O0Of5 |38 |26 | 50
without Rw | 0.52 | 0.92| 1.29| 1.49

From Table (3) and by analysis the results: thetnaffective position for the
two rows of relief wells and Fig. (10) the comparisetween the potential head under

the exit edge of the apron affected by the reliefl wosition with the edge exit of free

apron (without relief wells) indicated:.
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The best position for the heddh is (20%-80%), the potential head of the exit
edge was reduced 0% from the potential head of the free apron. Alsothe head
5m the best position i$20%-80%), and then the potential head of the exit edge
reduced46% from the potential head of the exit edge of tleefapron. While the best
position for the hea®m is (20%-70%), the potential head reduc&9% from the
potential head of exit edge of the free apron d@sethe best position for the low head
1mis (20%-70%), then, the potential reducdd% from the potential head of the exit
edge of the free apron case.

The effective R.W location 50 Percentage of reduction of apron exit edge potential
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Fig. (10): The effect of the relief well positiom ¢he apron exit edge potential head

3- Three Rows of Relief Wells

Table (4): Potential of exit edge of the apron fothree rows of relief wells or
without relief wells

R.w Potential head Effect of relief wells|  Effect Perzaye
Position | 1v | 3v | 5v | 7v| 1v| 3v| 5v| 7v| 1y3v|5v|7v
20-30-40 | 0.37| 0.62| 0.79 0.860.15| 0.30] 050 063 29 33 39 42
20-30-50 | 0.37| 0.67| 0.89 0.890.15| 0.25] 040 0.60 2927 | 31| 40
20-30-60 | 0.37| 0.49| 0.65 0.67Y0.15| 0.43] 0.64 0.82 2947 | 50| 55
20-30-70 | 0.36| 0.60| 0.6 0.720.16| 0.32| 0.61 0.7y 31 35 47 52
20-30-80 | 0.35| 0.57| 0.7Y4 0.780.17| 0.35] 058 0.7633| 38| 45| 51
Without | 0.52| 0.92| 1.29 1.49

r.w

From Table (4) and by analysis the results: thetrafisctive position for the
three rows of relief wells and Fig. (11) the conpam between the potential head
under the exit edge of the apron affected by thefreell position with the edge exit
of free apron (without relief wells) indicated:.

The best position for the hedadh is (20%-30%-60%), the potential head of
the exit edge was reduced 5% from the potential head of the free apron. Algo f
the headbm the best position i20%-30%-60%), and then the potential head of the
exit edge reduce@0% from the potential head of the exit edge of theefapron.
While the best position for the hedin is (20%-30%-60%), the potential head
reduced47% from the potential head of exit edge of the frpeoa case. But the best
position for the low headm is (20%-30%-80%), then, the potential reduc&8%
from the potential head of the exit edge of the fapron case.
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effective RW location percentage of reduction in apron exit edge potential
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Fig. (11): The potential of exit edge of three rafselief wells

4- Four Rows of Relief Wells

Table (5): Comparison for exit edge potential betwen four rows of relief wells
and free apron

R.w Potential head Effect of relief wells  Effect Perzaye
Position | 1v | 3v | 5v | 7v| 1v| 3v| b5v| 7v| 1y3v|5v| 7v
20-30-40-50| 0.30| 0.49| 0.58 0.66| 0.22| 0.43| 0.71| 0.83| 29 | 33| 39| 42
20-30-40-60| 0.37| 0.51| 0.59 0.63| 0.15| 0.41| 0.70| 0.86| 29 | 27 | 31 | 40
20-30-40-70| 0.33| 0.52| 0.50/ 0.63] 0.19| 0.40| 0.79| 0.86| 29| 47 | 50| 55
20-30-40-80| 0.34| 0.47| 0.50/ 0.60| 0.18| 0.45] 0.79] 0.89] 31| 35| 47|52
Without 0.52] 0.92| 1.29| 1.49
r.w

As follows the percentage of the effect of theafelWells on the exit of the
apron due to the four rows of relief wells casshewn in Fig. (12).
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Fig. (12): Four rows of relief wells exit change

From Table (5) and by analysis the results: thetnaffective position for the

four rows of relief wells and Fig. (12) the compar between the potential head under

the exit edge of the apron affected by the reliefl wosition with the edge exit of free
apron (without relief wells) indicated:.
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The best position for the heatin is (20%-30%-40%-70%), the potential
head of the exit edge was reduceds®96 from the potential head of the free apron.
Also for the head5m the best position i$20%-30%-40%-70%), and then the
potential head of the exit edge redu&@ds from the potential head of the exit edge of
the free apron. While the best position for thedh@a is (20%-30%-40%-70%), the
potential head reducet¥% from the potential head of exit edge of the frpma case.
But the best position for the low heddn is (20%-30%-40%-80%), then, the
potential reduce81% from the potential head of the exit edge of tleefapron case.

5- Five Rows of Relief Wells

The percentage of the effect of the relief wellslos exit edge of the apron include in
Table (5)

Table (6): The relief wells effect on the exit edgeotential for five rows of relief
wells

Potential head Effect of relief wells  Effect Perzaye
v | 3v | 5v| 7v| 1v| 3v| 5v| 7v| 1ly3v|5v| 7v

Position

20-30-40-50-60 | 0.25| 0.46/ 0.58| 0.61) 0.27| 0.46| 0.71) 0.88| 52| 50| 535 59

20-30-40-50-70 | 0.18| 0.39/ 0.49| 0.50] 0.34| 0.53| 0.80{ 0.99| 65| 58| 62| 66

20-30-40-50-80 | 0.18| 0.35/ 0.45]| 0.52/ 0.34| 0.57| 0.84/ 0.97| 65| 62| 65 65

Free apron 0.52| 0.92] 1.29| 1.49

As follows the percentage of effect of relief wedls exit edge of the apron for
the five rows of relief wells is shown in Fig. (13)

. . Percentage of reduction in apron exit edge potential
Effective R.W location 70 | ‘
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Fig. (13): Five rows of relief wells

From Table (6) and by analysis the results: thetrafisctive position for the
five rows of relief wells and Fig. (13) the compam between the potential head under
the exit edge of the apron affected by the reliefi wosition with the edge exit of free
apron (without relief wells) indicated:.

The best position for the headm is (20%-30%-40%-50%-70%), the
potential head of the exit edge was reduce@a$p from the potential head of the free
apron. Also for the heacdm the best position i§20%-30%-40%-50%-80%), and
then the potential head of the exit edge red&&8d from the potential head of the exit
edge of the free apron. While the best positiontlier head3m is (20%-30%-40%-
50%-80%), the potential head reduc68% from the potential head of exit edge of the
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free apron case. But the best position for the h@adlm is (20%-30%-40%-50%-
80%), then, the potential reduc&%% from the potential head of the exit edge of the
free apron case.

6- Six Rows of Relief Wells

Table (7): Comparison for exit edge potential betwen six rows of relief wells and
an apron without relief wells

Position of Potential head Effect of relief wells  Effect Peraaye

reliefwellsrows| 1v | 3v | 5v| 7v| 1v| 3v| 5v| 7v| 1v3v|5v| 7v

20-30-40-50-60-70| 0.16| 0.37| 0.41| 0.61] 0.36| 0.55/ 0.88| 0.88 69 | 60 | 68| 59

20-30-40-60-60-80| 0.14| 0.38| 0.44| 0.46| 0.38| 0.54/ 0.85| 1.03| 73 | 59 | 66 | 69

Apron without
R.W

0.52]0.92]| 1.29| 1.49

As follows the percentage of relief wells on exdge of the apron is shown in
Fig. (14).

Effective R.W location Percentage of reduction of apron exit edge potential
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Fig. (14): Six rows of relief wells

From Table (7) and by analysis the results: thetrafisctive position for the
four rows of relief wells and Fig. (14) the compar between the potential head under
the exit edge of the apron affected by the reliefi wosition with the edge exit of free
apron (without relief wells) indicated:.

The best position for the headm is (20%-30%-40%-50%-80%), the
potential head of the exit edge was reduce83% from the potential head of the free
apron. Also for the heafm the best position i§20%-30%-40%-50%-70%), and
then the potential head of the exit edge red&&8d from the potential head of the exit
edge of the free apron. While the best positiontlier head3m is (20%-30%-40%-
50%-70%), the potential head reduc68% from the potential head of exit edge of the
free apron case. But the best position for the headlm is (20%-30%-40%-50%-
80%), then, the potential reduc&®% from the potential head of the exit edge of the
apron without relief wells case.

b- Percolation Length:

The depth of the relief wells (d,), founded on a homogenous permeable soil of
thickness (T), permeability (K) and for a givenatele position X,:./L 4, of the relief
well, we have:
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(le_nll_ap) =y (CV, C:H, C:R, FWl-rJAhLVI RWl-I"/AhLV1 le»n/RWl»n) ..................... (3)

Number of models 15 models constituting 45 expentaleruns were carried
out on an electric analogue and the measuremaetitfefent potential at various points
of the flow field were affected by using a digitahmeter of high sensitivity. For each
model the total (b was taken 1.00, 3.00, 5.00 and 7.00 V accordinthé¢ assigned
run to be carried out on the model. Also, the piiaewuifference readings (k) and
(Rw1r) are taken for the whole diversification of 45 suworresponding to the adopted
ratio:-

- 0.167, 0.25and 0.33 for the depth ratig.4T. for six rows
-0.20, 0.30, 0.40, 0.50, 0.60, 0.70 and 0.80 ferrdiative position ratio x./Lapfor

SiX rows
Used the formula (4) to calculate the creep lengither apron hydraulic structures
Lp =X LV + CHXELH ................................................................. (4)

We get the value ofQy) and the values ofF{,.,) and Ry..n) from table (8) to table
(14), for the potential head gH=3v.

Table (8): One row of relief wells

FF]RITF
dIT | dilap | X/Lap | Ay | Ay | Cv | Gy | Cr | F | RN e

020 | 050 | 250 | 0.17]0.83 | .20 [0.30] 0.20[ 0.60 | 0.40 | 1.50
030 | 035 | 2.65| 0.12]0.88 [0.13 [0.20| 0.15] 057 | 0.43 | 1.33
040 | 029 | 271 ] 0.10] 090 [0.10 [0.17| 0.12] 058 | 0.42 | 1.41
0.167| 0.083 | 050 | 0.25 | 2.75| 0.08/ 0.92 [ 0.08 | 0.16] 0.09] 0.64 | 0.36 | 1.77
060 | 020 | 2.80 | 0.07]0.93 [0.07 [0.10] 0.10[ 050 | 0.50 | 1.0
070 | 025 | 275 ] 0.08] 092 [0.08 [0.13] 0.12 052 | 0.48 | 1.09
0.80 | 0.10 | 2.90 | 0.03] 0.97 [0.03 [0.06] 0.04] 0.60 | 0.40 | 1.5

020 | 031 | 2.69| 0.13] 087 [0.15 [0.17| 0.14] 054 | 0.46 | 1.31
030 | 031 | 2.69| 0.13]0.87 [0.15 [0.19| 0.12[ 0.61 | 0.39 | 1.58
040 | 021 | 2,79 | 0.07] 093 [0.07 [0.12| 0.09] 057 | 0.43 | 1.33
0.25 | 0125|050 | 0.23 | 2.77| 0.08] 092 [ 0.08 |0.12] 0.11] 0.52 | 0.48 | 1.09
060 | 0.18 | 2.82| 0.06/ 094 |[0.06 |[0.10| 0.08/ 055 | 0.45 | 1.25
070 | 021 | 279 | 0.07/ 093 [0.07 [0.11| 0.10[ 052 | 0.48 | 1.1
080 | 0.12 | 2.88| 0.04] 096 |0.04 [0.07| 0.05/ 058 | 0.42 | 1.4

020 | 1.00 | 2.00| 0.33/0.67 |050 [ 059| 041/ 059 | 0.41 | 1.53
030 | 064 | 2.36 | 0.21B0.786| 0.270] 0.37| 0.27[ 057 | 0.42 | 1.37
040 | 054 | 2.46 | 0.1800.820| 0.219] 0.31| 0.23[ 0.57 | 0.42 | 1.13
0.33 | 0.167 050 | 0.32 | 2.68 | 0.1060.890] 0.119] 0.22| 0.10{ 0.68 | 0.31 | 2.2
0.60 | 0.11 | 2.89 | 0.0370.963| 0.038] 0.08| 0.03[ 0.73 | 0.27 | 2.67
070 | 0.16 | 2.84 | 0.0580.94 | 0.056] 0.12| 0.04| 0.75 | 0.25 | 3.00
0.80 | 0.09 | 291 | 0.03p0.970| 0.030] 0.07| 0.02[ 0.78 | 0.22 | 3.50

From Table (8) indicated that:

1- The effect of relief wells front is greater thiect of rear of relief wells in the flow
direction.

2- The one row of relief wells is not enough tceetfon flow paths
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Table (9): Two rows of relief wells

d/T L‘l’p X/Lap | ALV | AhLH | CV | CH | CR| F R N'ZV AEL/V /';
0.20- 0.32 2.68 | 0.11] 0.89 | 0.12]| 0.20| 0.12| 0.62 | 0.38 | 1.66
8:28- 0.27 273 | 0.09] 0.91 [0.10] 0.17| 0.10] 0.62 | 0.38 | 1.70
8:38- 0.34 | 266 | 0.11] 0.89 | 0.12]| 0.20| 0.14| 057 | 0.43 | 1.42

016 0.083 8:28- 0.33 2.67 | 0.11] 0.89 | 0.12] 0.20| 0.13| 0.60 | 0.40 | 1.54
8:28- 028 | 278 | 0.09] 091 |0.10|0.17| 0.11| 0.60 | 0.40 | 1.54
8:;8- 0.26 2.74 | 0.09] 091 |0.10] 0.16| 0.10] 0.61 | 0.39 | 1.60
8:28- 055 | 245| 0.18] 0.82 | 0.22|0.30| 0.25| 0.54 | 0.46 | 1.2
8:28- 0.51 249 | 0.17| 0.83 [ 0.20] 0.29| 0.24] 057 | 043 | 1.20
8:38- 040 | 260 | 0.13| 0.87 | 0.15|0.22| 0.18| 0.55 | 0.45 | 1.22

0.25| 0125 8:28- 0.46 254 | 0.15| 0.85|0.17]0.25| 0.21] 054 | 0.46 | 1.19
8:28- 0.47 253 | 0.154 0.844| 0.17] 0.27| 0.20] 0.58 | 0.42 | 1.35
8:;8- 0.49 251 | 0.16| 0.84 | 0.19] 0.27| 0.22| 055 | 0.45 | 1.22
8:28- 1.57 1.43 | 0523 0.477| 1.10| 0.90| 0.67| 0.57 | 0.42 | 1.34
828- 1.63 1.37 | 0.534 0.466| 1.14| 0.79] 0.64] 0.48 | 0.39 | 1.23
8:38- 1.65 135 | 055| 045 |1.22]0.87| 0.78] 052 | 0.47 | 1.11

0.33| 0.167 8:28- 1.58 142 | 052| 047 | 1.10| 0.83| 0.75] 052 | 0.45 | 1.10
8:28- 1.86 1.14 | 0.62| 0.38 [ 1.60] 1.01] 0.85] 0.54 | 0.45 | 1.20
§é§- 1.47 153 | 0.49| 0.51 | 0.96| 0.78| 0.69| 0.53 | 0.49 | 1.08

As follows the relief wells effect on vertical ahdrizontal flow paths, Fig. (15).

—+— DV —=—DH  ——CV
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For the two rows of relief wells: from Table (9)dRig. (15) indicated that:
1- The vertical potential increase with the inceeabthe relief wells depth.

_ . = _
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Fig. (15): Flow factors
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2- The factor of horizontal flow (§ depend on the relief well depth, (> 50% for the
shallow depths < 50% for deep depths).
3- The best relief well depth is (d/T =33%) and blest position is (20%-70%)

Table (10): Three rows of relief wells (d/T0.16 — d/L,,=0.083

AT | diley | XILg | Ahy | Ah | © | Cy | G | F | R | Flahy | R/ANy | FIR

0.20-
0.30- | 0.37| 2.63| 0.12 0.8% 0.140.22| 0.15| 0.59 0.41 1.46
0.40
0.20-
0.30- | 0.35| 2.65| 0.12 0.88 0.140.23| 0.12| 0..65 0.35 1.91
0.50
0.20-
0.16| 0.083| 0.30- | 0.39 | 2.61| 0.13 0.87 0.150.23| 0.16/ 0.59 0.41 1.41
0.60
0.20-
0.30- | 0.33| 2.67| 0.11 0.89 0.1p0.21| 0.12| 0.63 0.37 1.75
0.70
0.20-
0.30- | 041 | 259| 0.14 0.86 0.160.25| 0.16] 0.62 0.38 1.56
0.80

0.20-
0.30- | 0.57| 243| 0.19 0.81| 0.23| 0.32| 0.25| 0.56 0.44 1.28
0.40
0.20-
0.30- | 0.61| 2.39| 0.23 0.77] 0.30| 0.34| 0.28/ 0.54 0.46 1.21
0.50
0.20-
0.25| 0.125| 0.30- | 0.56 | 2.44| 0.19 0.81| 0.23| 0.33| 0.23| 0.58 0.42 1.43
0.60
0.20-
0.30- | 042 | 2.58| 0.14 0.86| 0.16| 0.25| 0.17| 0.59 0.41 1.41
0.70
0.20-
0.30- | 0.51| 249| 0.17 0.83| 0.20| 0.29 | 0.22| 0.57 0.43 1.31
0.80

0.20-
0.30- | 1.72 | 1.28| 0.57 0.43|1.32| 0.93| 0.79| 0.54 0.45 1.17
0.40
0.20-
0.30- | 1.83| 1.17| 0.61 0.39| 1.56| 0.98 | 0.85| 0.53 0.46 1.15
0.50
0.20-
0.33| 0.167| 0.30- | 1.81 | 1.19| 0.60 0.40| 1.50 | 0.96 | 0.85| 0.53 0.46 1.12
0.60
0.20-
0.30- | 1.72| 1.28| 0.57 0.43|1.32| 0.93| 0.79| 0.54 0.45 1.16
0.70
0.20-
0.30- | 146 | 1.54| 0.48 0.52| 0.92| 0.77| 0.69| 0.53 0.47 1.11
0.80
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As follows the effect of relief wells on flow patfectors

FLOW FACTORS
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0.20-0.30-0.80

Fig. (16): Flow factors for three rows of relief Nge

For three rows of relief wells, from Table (10) &fid (16) (indicated that:
1- Vertical path effect depends on the relief wellttiep
2- Horizontal path > 50% of total flow for d/T33%.
3- The best position of relief wells rows to nmize the horizontal flow path is
(20%-30%-50%)

Table (11): Four rows of relief wells (d/T0.16 — d/L,,=0.083)

R/
diT | d/lap| X/Lap | Ahuv | Ay Ci| Cr | F | R|Fbhy | |FR
LV

0.20-0.30-
o023 040 | 26 | 013087| 0.15| 025/ 015 062| 033 147
020030 54 | 2.76| 0.0§092|0086| 017 007 070| 030 242
0.40-0.60

0.16| 0.083 500 20
Soouoy| 053 | 247| 018082| 021 | 031 023 058| 042 140
0.20-0.30-
S oousy| 045 | 255| 015085 017 | 027] 014 060 | 040 150
0.20-0.30- ]
o ousr| 052 | 248| 017083| 020 | 031 021 059| 041 147
020030 55 | 245| 018 082| 0.22| 0.31] 024 056| 044 129
0.40-0.60

0.25| 012550 o
20-0. ] |
2205|046 | 254| 015085| 018 | 028 014 060| 040 185
0.20-0.30- -
2202|054 | 246| 018082| 022| 032 029 059| 041 145
0.20-0.30- j ] |
22023 159 | 141 053047| 112 | 086 074 054 | 043 116
0200301 4 55 | 142| 053047| 112 | 085 0.73 054| 045 116
0.40-0.60

0.33| 0.167} oacc o
Y00S| 144 | 156| 048052| 092 | 079 065 051| 048 131
0.20-0.30- ) ’
2202|146 | 154| 049051| 0.96 | 080 064 054 | 043 131
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As follows the relief wells effect on vertical flopath Fig. (16).

18 Flow factors 18 flow-factor —&— 020-0.30-0.40-050

s ,  emonon

14 14 >ﬂ ——0.20-0.30-0.40-0.80

12 > 12 -

L —— ([ N I

08 § 0*"\ 4 s g \ N /
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Fig. (17): Effect of relief wells on flow paths

For four rows of relief wells, from Table (11) aRidy (17) indicated that:
1- The best position of relief wells rows, to mimm the horizontal flow path are
(20%-30%-40%-50%) or (20%-30%-40%-60%)

2- The best depth for four relief wells rows isTE/33%).
3- Front potential of relief wells refer to the best value from the total potential of the

relief wells, is bigger for the shallow depths lbé trelief wells than for deep relief

wells.
Table (12): Five rows of relief wells (d/T0.16 — d/L,,=0.083)
AT |dile|  Xls | Ahy |[Ahu | Cy|Co|Ce| F | R | 1 R IFR
LV LV
0200300401 0.28 | 2.72| 0.090.91|0.10| 022 004 078 021 367
0167| 0.083 200300401 5 | 49| 017083]0.20) 034 017 067 033 2.00
0200300401 033 | 267 0.11089]012| 0.21] 013 069 036 175
0200300401 057 | 243 0.19081]023| 0.34 023 059 04] 147
025 | 0.125 0200800401 057 | 2.43| 019081 023| 0.34 023 059 04] 147
0200300401 0.48 | 252 0.1 0.84] 0.19| 0.20 0.1 060 040 152
0200390401 130 | 1.70| 0.43057| 075 069 061 054 046 113
033 | 0.167 O30 390401 140 | 160 0.46 054 0.85| 0.76) 0.64 054 0.46 118
02009908 176 | 124 056 0.44]1.41| 1.05 071 059 041 147
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Fig. (18): Effect of five rows of relief wells otofv factors

From Table (12) and Fig. (18) indicated that:
1- The vertical potential increase with the inceeabthe relief wells depth.
2- The factor of horizontal flow (¢ depend on the relief well depth, (> 50% for the
shallow depths and 50% for deep depths).

Table (13): Six rows of relief wells (d/T0.16 - d/L,,= 0.083)

d/T

d/Lap

XIL ap

Ahpy

Ahyy | Cy

Ch | Cr

F R

F/
Ahpy

R/
Ahpy

F/IR

0.167

0.083

0.20-0.30-
0.40-0.50-
0.60-0.70

0.85

2.15| 0.28

0.72] 0.38

0.58| 0.27

0.68

0.31

2.1

0.20-0.30-
0.40-0.50-
0.60-0.80

0.58

2.42| 0.19

0.81] 0.23

0.35| 0.23

0.60

0.34

0.25

0.125

0.20-0.30-
0.40-0.50-
0.60-0.70

0.73

2.27| 0.24

0.76| 0.31

0.42| 0.31

0.58

0.42

0.20-0.30-
0.40-0.50-
0.60-0.80

0.58

242 | 0.19

0.81] 0.23

0.38| 0.2Q

0.66

0.34

0.33

0.167

0.20-0.30-
0.40-0.50-
0.60-0.70

1.30

1.70 | 0.43

0.57] 0.75

0.69| 0.61

0.53

1.]

0.20-0.30-
0.40-0.50-
0.60-0.80

1.79

1.21| 0.6Q

0.40| 1.50

0.95| 0.84

0.53

0.47

1.]

As follows the effect of relief wells on the flovahs factors showed in Fig. (18)
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Fig. (19): Relief wells flow factors

From Table (13) and Fig. (19) indicated that:
1- The vertical potential increase with the inceeakthe relief wells depth.
2- The factor of horizontal flow (§ depend on the relief well depth, (> 50% for the

shallow depths and 50% for deep depths).

Table (14): the best relief wells rows for flow fators

F/ R/
d/T | d/L X/L Ah Ah Cv | C C F R FIR
ap ap LV LH V H R AhLV AhLV
20-70 1.86 1.14] 0.620.38| 1.60| 1.01] 0.8 0.54 0.45 1.2
20-30-50 1.83 1.17| 0.6[L0.39| 1.56| 0.98| 0.85 0.53 0.44 1.1
20-30-40-60f 1.58 1.42| 0.530.47|1.12| 0.85 0.73 0.54 0.45 1.1
0, 0, - - -
33% | 16.33% 20539830 1.76 1.24| 056 0.44]|1.41| 1.05f 0.71 0.59 0.41 14
20-30-40- i
50-60-80 1.79 1.21| 0.6Q0 0.40| 1.50| 0.95 0.84 0.53 0.4 1.1
As follows the relief wells rows factors showedFig. (20).
. Flow factors — 2010 2 Fiow-factors ii@w :?LH :.__RW :E;Em_\/
— 2030-50 18 l—— |—RDIH— —FR
18 | — 20-30-40-60
i —20-32-42-:0-50 j z \X\ I ! | —)
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= / . AN [ el
e : ——
Me: \ A / §\Q& ; B
o6 06 (e
04 g D 041 = — T
o2 Facfors 02 row of relief wells
' 1 2 3 4 5 6 7 8 9 1 ' 2070 203050 20-30-4060 03040508  20-3040-506080

Baled on the analysis of the obtained madsllts are:

Fig. (20): Relief wells best row

CONCLUSION

1. The optimum position for reducing exit gradient wasated at positions,
(20%-30%-40%-50%-60%-80%),-

~N O 010



982 M. Abd-el Salam Ashour et al. ...

2. The effective reduction percentage in potentighefapron exit edge was 73%
at the position (20%-30%-40%-50%-60%-80%,)L

3. The percolation length can be shortening by usindfimumber from relief
wells.

4. The factor of horizontal flow (¢ depend on the relief well depth, (> 50% for
the shallow depths ardd50% for deep depths).

5. The best position of relief wells rows, to minimttee horizontal flow path are

(20%-70%)Lap

The best depth for relief wells rows is (d/T= 33%).

Horizontal path > 50% of total flow for d/T < 33%.

The minimum effective row number is two rows ofigélwells, first row at

20% from apron length and second at 70% from ajenogth.

© N

NOTATIONS

horizontal path coefficient
coefficient ratig C,/Cy

vertical path coefficient

relief well depth

front potential for relief wells
apron length

horizontal length.

percolation length

vertical length.

rare potential of relief wells row
The subsoil layer thickness under the apron.
relief well position

Ahy,  vertical flow path

Ahy  horizontal flow path

20%-30%-40%.. The position of relief wells rowsaapercentage of the apron length
measured from apron upstream
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