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Per vear. As such in the vear 2012, Pakistan will have reached the stage of “acute water
shortage”, where people flight for every drop of water. Fresh storages, therefore, have to be

Source: Rasul, G. (2008)




Groundwater Issues

*Growing number of tubewells as groundwater
contribution is increasing to about 40-50 MAF to
meet crop water requirements (ASP, 2008)

Falling groundwater levels
Deteriorating Groundwater quality
«Causing secondary salinization
*Increasing energy cost

Groundwater recharge is inevitable for its
sustainable exploitation through modern
technologies such as ASR



What i1s ASR?

*The technique of storing surplus good quality water
Into the aquifer and pumping the same water during
periods of high crop water requirements is called
Aquifer Storage and Recovery (ASR).

*ASR techniques are cost effective alternatives
almed at storing surplus water during flood periods
and recovering it during times of water shortages.

*These techniques provide an option to the farmer
like water bank deposit especially where
groundwater is brackish.



Conceptual Scenario of ARS Technology
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ASR Benefits

* Subsurface water bank

* Buffers between supply and demand

* Allows storage for irrigation

* No mosquito's

* No evaporation/seepage losses

* On farm subsurface water storage option
* Land saving from surface storage

* Geophysical exploration such as resistivity survey can
help design and install ASR components.



Objectives

* To Investigate possible changes in quality of the
recovered water when injected during aquifer
storage and recovery technology.

* To determine the recovery efficiency during
different aquifer storage and recovery
treatments.
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Resistivity Survey

* The resistivity survey meter (ABEM SAS 4000
Terramater) was used to study the aquifer
characteristics, water table depth, soll layers below
the ground surface and aquifer potential.

* The Schlumberger electrode configuration with
current electrode distance (AB/2) was followed with
electrode separation of 2, 4, 6, 8, 10, 10, 15, 20, 25,
25 30, 35, 40, 45, 50, 50 60 70 80 90 100 100
120 140 160 and 180 meter.

* The potential electrode separation (MN/2) was kept
at 0.5, 2, 5, 10 and 20 meter.

« Using 1X1D computer software, field data were
analyzed by plotting the reS|st|V|ty against
electrode spacing.
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Electrical conductivity (ds/m

Aquifer Resistivity vs Electrical Conductivity
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Irrigation water quality criteria

Usual Severe
Water . range in
Symbol| Unit |. . 9€
parameter |rr|gat|on
water
Electrical
Conductivity ECy St 0-3 > 3.0
Sodium
Adsorption SAR 0-5 >15
Ratio
Residual
Sodium RSE meq/| 0-5 > 5
carbonate

Source: FAO, 1994




ASR components

Pump

Sluice gate valve
T-section

Check/ foot valve

Suction pipe/Delivery pipe
Nakka

Canal water entrance pipe into the storage tank
Recharge pipe

Flow meter
Screens/Gravel

Water storage tank/ Pond
Observation well



24

Layout of ASR Mechanism . delivery
(dimension 1 inches) i’
. IJ ! - S
| L Y
»it] ’E 4
1*3 1 Storage
I Well depth = 20ft 164
e Delivery pipe 4 inch dia;
Sl suction pipe of 6 inch dia
I~ '—4
15x15x o . |
13 ft B Recharge pipe
19 |
oy /"al. |

8 inch dia. of 39 ft i length

30U / /

Blind suction pipe of 6 inch /
dia. & 65 ft in length; filter of

Pump Sluice v,




W2 75 _

PW=Production Well

and
1.3.."1::.:: 1.-1;-."1._:::: 'WE-;-: ESI;_:.:: ES 1._:::: and ESE':: are the
observation wells in West and East-South direction
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Amount of Sediment Removed

Volume of Total
water Sedimer_lt Sediment Water Water Sediment Passed
FresiE i Settling Cleaning Storage
3 CElEl Basin Section Section
(m ) water (Kg)

ke) | 8 | (k&) | (Ke)

100 13 | 7(54%) | 3(23%) | 2(15%) | 1(8%)




Recovery time, pumping time and injection
time

* Recovery time and pumping time both are basically the
pumping time but the point which separates these two
terms is the quality of water at two different targets.

« Recovery time “the time required recovering the same
volume of water as was injected during injection phase”

* pumping time “the time expands to pump the recovered
water up to target EC value of 3 dS/m”

* Injection time “the time required to inject the measured
amount of canal water into the well”

These all times were measured during all the treatments.



Recovery Efficiency

e Stored water displaces the native water of the
aquifer creating a large bubble in the vicinity
of the well.

* Monitoring of the groundwater quality was
continued to assess the development of
freshwater zone during recharge period and
its depletion zone during pumping periods to
assess the Recovery Efficiency.



Quality of Native Groundwater

Time Electrical conductivity Sodium Adsorption Fesidual Sodium
Eatio Carbonate
(minutes) EC (d5/m)
(Time since pumping) (SAR) (RSC)

0 3.03 6.16 Nil
5 103 11.5 2.0
15 4.07 11.71 2.0
25 407 11.89 22
35 108 11.75 2.4
45 4.08 11.57 2-2
60 408 11.75 2.0
80 4.09 117 20
100 4.09 12.16 24
120 4.01 1151 2.0
140 40 11.45 2.0
160 4.0 11.45 2.0
180 40 11.45 2.0




Recovered Water Quality

Time Treatment 1 51 m?d Treatment 2 71 m?° Treatment 3 99 m°
(minutes) EC (dSm) SAR EC (d5 m) SAR EC (dSm) SAR
0 2.3 0.0 067 1949 036 0.4
s 1.5 0.0 087y 430 0s5e 0.9
10 1.0 10.1 1.17 515 106 138
< 22 10.1 123 5.8 132 1.30
20 2.4 10.3 201 640 15 267
a5 2.8 10.3 231 T2 163 252
30 3.1 108 2.5 TH 1 90 3.33
35 3.4 10.8 263 Ta 321 3535
A0 3.63 11.1 207 23 333 570
45 368 11.1 202 28 5 55 5. 70
50 368 11.3 3.1 o6 2 50 G.61
=5 3.7 11.3 3.3 o9 2 g T21
60 3.7 11.3 3.4 10.0 e 202
65 3.74 11.3 3.534 103 301 2B
~0 375 11.5 363 10.6 376 2.8
-5 3.77 11.5 3.72 10.8 3 34 06
20 3.7 11.6 382 108 338 o7
g5 382 11.6 3092 112 3 46 10.0
00 305 11.8 308 11.2 371 10.7
o5 4.0 11.8 402 112 376 109
100 4.1 11.9 412 11.82 3es 11.0
110 4.0 12.0 4.0 11.6 308 11.0
120] 4.0 12.0 4.0 11.6 4 11.1
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Recovered volume (m3)
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Relationship between Injection and Pumping time
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Relationship between Recovery and Pumping time
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Recovery efficiency (%)

Recovery up to 3dS/ m; FAO Criteria
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Recovery time (minutes)
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Recovery efficiency (%)

Efficiency and Injected Volume
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ASR Findings / Conclusions

* ASR recovery efficiency was found to be 80% for
injected volume of 51 m3; 91% for injected volume of
71 m3 and 98% for |njected volume of 99 m3: up to 3
dS/m.

* The recovered time was found to be 70% of injected
time for injected volumes of 51, 71 and 99 m?,
respectively.

 The recovered volumes till EC value of 3 dS/m were
42.373 m3 for 51 m3; 64.5 m3 for 71 m3 and 97.5 ms for
99 m>.

* The results suggested that Aquifer Storage and
Recovery (ASR) technology has the potential to store
water during period of surplus water to use it during
peak hour demand.



Recommendations

* The Iinjected volume of canal water should be
more than 100 m3to recover the same volume of
Injected water having quality permissible for
Irrigation purposes.

« Farmer can pump the tubewell to irrigate the crops
for the period of 42 minutes against the injection
time of one hour, however, depending on the
recharge and discharge rates of the site.

« Two farmers of the area have adapted ASR
technology at their farms and many more are
Interested.



Construction Cost of Water Storage Tank

Specification of Water Storage Tank

Water storage tank size =15x 15 x 13 ft

Gravel filtration basin =2x10x 8 ft
Sediment settling basin =3 x 10 x 8 ft
Water intake section =4 x6Xx8ft

Total Cost 1,29.900



Aquifer Storage and Recovery Technology

A new technology to store water
under ground for later use like

Water bank

Buffers between supply and demand
Allows storage for irrigation

No mosquito’s

No evaporation/seepage losses
Underground water dam

Land saving under surface storage
Recovery efficiency 70 to 80%
Recharge rate 0.63 cusec

Pumping rate 0.89 cusec

For Information, Please Contact Prof. Dr. Allah Bakhsh
Department of Irrigation and Drainage, University of Agriculture, Faisalabad
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Thanks

Suggestions / Comments




