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FOREWORD
 

As part of its activities, under the Irrigation System
 

Management Research Project (ISM/R) financed by 
the US AID ,
 

the SCA4P Monitoring Organization, which has been carrying
 

out the monitoring of the SCARP Tubewells, has 
 created a
 

large data base covering the constructional features and
 

characteristics of the tubewells 
 and complete time-series
 

record of their performance including the results of the
 

chemical analyses 
of the tubewell waters conducted over
 

time.
 

While the number of tubewells originally installed under the
 

SCARPs exceeds 13000, the constructional record that has
 

been fallen in the covers
data base 7137 tubewells in the
 

Pun.jab. The constructional record 
 of wells that had been
 

replaced has 
 not been taken in the data base, as it was not
 

easily accessible.
 

The time series data about of well performance and ground
 

water quality, however, covers 
 12065 originally installed
 

tubewells and 1514 replaced tubewells.
 

This publications brings out the information in the data
 

base and its extent. The data may he accessed by perspective
 

data users for their specific purposes.
 

Chief Engineer,
 
SMO.
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A DATA BASE OF SCARP TUBEWELLS
 

* PARVEZ ARJF
 

I. 	 INTRODUCTION
 

As part of its activities, under the Irrigation System
 

Management Research 
 Project (ISM/R) financed by the US
 

AID, the 
 SCARP Monitoring Organization. which has 
been
 

carrying out the monitoring of the 
SCARP Tubewells, has
 

created a large data 
 base carrying the constructional
 

features 
 and 	 clharacteristics 
 of the tubeweLls and
 

complete time-series record of their 
 performance
 

including the results of 
 the chemical analysis of the
 

tubewell waters conducted over time.
 

While the intention was 
 to check a sufficiently large
 

and diverse 
data 	base for investigating the causes 
of
 

well 	deterioration, 
the data base as developed is
 

expensive enough 
 be used for many 
other analytical
 

puirposes. It also provides a 
ready means for retrieving
 

data of interest selectively. Although country wide 
the
 

number of tubewells originally installed in SCARPs is
 

over 13000, (of which 
 1500 	have been replaced). The
 

constructional record that has been taken in the data
 

base covers 
7137 all the original compute tubewells in 

all SCARPs ProJects in the Punjab. The constructional
 

record of 
 SCARP tubewells in other provinces and those
 

that has been replaced has not 
been taken in the data
 

base as it was 
not easily accessible.
 

* Junior Geologist SCARPs MonitoringWAPDA
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The time series data about well performance and ground
 

water quality is, however, more expensive and covers
 

12065 original tubewells and 1514 replaced tubewells in
 

all the SCARPs.
 

This publication brings out the specifics and coverage
 

of the data has been entered in the data base and the
 

way the data base has been set up.
 

Information has also been included for prospective data
 

users and how to access any particular data.
 

II. 	 SET UP OF THE DATA BASE
 

The data base has been developed by using the software
 

Dbase-III plus a relational data base program developed
 

by and registered to Ashton-Tate, which has the
 

facility for relative retrieval of data according to
 

specific criteria.
 

III. 
DATA 	COVERAGE AND SOURCES OF INFORMATION
 

That 	data in the data base consists of
 

1- Tubewell construction record
 

2- Tubewell Performance Record and
 

3- Chemical Analysis, Tubewell Waters.
 

The informatior. 
 relating to tubewell construction
 

(Lithology, Tubewell Constructional Features, Tubewell
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Development, Initial 
 Well Performance 
 and Well
 

Equipment, has 
 been obtained from the, construction
 

files of individual tubewells 
 in which all relevant
 

information has 
 been recorded on standard forms of 
the
 

time of well construction, and equipment installation.
 

The information 
 about tubewell performance, based 
 on
 

subsequent short specific 
capacities tests, 
 was
 

obtained from the ledgers maintained by the SMO.
 

The results of the 
 chemical analysis of the tubewell
 

waters, carried out by SMO, were similarly obtained
 

from the ledgers maintained by the SMO.
 

IV ORGANIZATION OF DATA
 

The data base was 
 designed to be organized in five
 

computer data 
 base files, regarding well performance,
 

well construction, 
water quality, well equipment and
 

well lithology. All available 
 public tubewells data,
 

collected from 
 different 
 WAPDA and irrigation
 

Department records 
were organized under the categories
 

shown in Table-i to 4.
 

V. INFORMATION IN DATA FILES
 

The data has been organized in five data files and
 

these data files have the following information:
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Well Performance File:
 

The data in this 
 file cover measurement,
 
discharge, static and pumping water levels and the
 
inferred specific capacity during the short
 
specific capacity tests.
 

Well Construction File:
 

The data in this file 
 covers design capacity,

construction agency, drilling method, bore hole
 
diameter, well depth, length and diameter 
 of
 
screen,housing pipe length, screen slot length and
 
width, slot orientation, number of slot per foot
 
of screen, well development method, hours of well
 
development, and final acceptance test data.
 

Water Quality File:
 

The data in this file 
 cover the sampling and
 
results of the detailed 
chemical analysis of the
 
well water for all the ma.Jor.
 

Cations: Ca,Mg,Na,K, as well as Ec,TDS and SAR
 

Anions: Co3,HCO3,CL,S04
 

Well Equipment File:
 

The data in this file covers:
 

Pump: Make, Serial No, Depth set, number of
 
stages,
 

Motor: Make, Serial No, Horse Power, RPM,
 

Control Box: Make, Serial No.
 

Well Lithology File:
 

The data in this file cover the description of the
 
formation materials by depth intervals in the
 
categories 
of clay, silty clay, coarse sand,
 
medium sand, 
fine sand and kanker.
 

VI. DATA COVERAGE
 

Although about 
 13,000 tubewells have been installed in
 

the various SCARPs in the country, with quite a few of
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these having been replaced, entering on to the 
 data
 

base, their construction data has progressed 
to include
 

about 7,311 tubewells. The 
 original (as constructed)
 

record 
 of the SCARP tubewells included in 
 the data
 

base under the three files is in table-5.
 

As far as 
the time series record (well performance and
 

water quality) is concerned it 
covers 12,065 tubewells.
 

The time coverage of the data in the data base is shown
 

in Table-6.
 

For the replaced tubewells, the 
 data coverage of
 

performance record 
 is in table-7. This brings out the
 

number of tubewells for 
 which data 
are available for
 

varying periods of record from 4 to 
15 years. The table
 

brings out that the 
 number of tubewells in the recrrd
 

decrease with 
 time which is due mainly to the
 

progressive replacement of the tubewells.
 

VII. DATA STORAGE
 

It is essential that 
 great care and consideration be
 

given to the Organization 
 of data storage and
 

preservation. Data has been stored on a large number of
 

1.2 to 
1.44 megabyte diskettes. The storage system have
 

the facility for selection of a specific item of data
 

at a specific location 
and also be exampleable to
 

include new well 
or new data as 
they become available.
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About 30 high density diskettes have been used to 
store
 

the 13,000 public tubewells data. Three 
 sets of
 

diskettes of 
 each data base files have been made to
 

preserve the 
 data of all SCARPs tubewells. The data of
 

13000 public tubewells have 
 also been saved on a tap
 

that have sufficient capacity to store all 
the data of
 

SCARPs tubewells 
 regarding well performance, well
 

construction, water 
 quality, well equipment and well
 

lithology.
 

VIII.ACCESS TO DATA
 

After computerization of all SCARPs tubewells, now this
 

massive data has been brought under one roof. About 30
 

high density diskettes have 
 been used to computerized
 

all the SCARPs tubewells data.
 

The data can be supplied to any other agency with the
 

prior approval 
 of the Chief Engineer SCARPs Monitoring
 

Organization(SMO). All 
 data in the files are available
 

in the form of soft or hard copy. Any agency or
 

department interested 
 in having any information about
 

any particular tubewell Scheme or
or SCARP can access
 

the data base upon request.
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Table 1. Public Tubewell data base files.
 

Field name Description
 

Data in well performance file. 

SCARP Name of Scarp e.g Scarp I, Scarp II. 

lOC Scheme of the Scarp e.9 BRW means Beranwala Scheme 

WELL NO Identification Number
 

SPX Suffix to the well number e.g A,B,C etc
 

YY Years of specific capacity test.
 

MM Month of specific capacity test.
 

ENTRY A for acceptance and S for subsequent test
 

PIVL Pumping level in (ft) from measuring point
 

WLVI, Static water level in ft.
 

Q Discharge during test in gpm.
 

Data in Well Lithology File
 

SCARP Name of Scarp e.g Scarp I , Scarp II etc
 

LOC. Scheme of the Scarp e.g BRW means Beranwala
 

WELL No Identification Number
 

SX Suffix to the well number e.g A,B,C etc
 

DFROM Depth startedStartino point of the log
 

DTO Depth end, ending point of the formation
 

SANDI First type of formation
 

SANI12 Second type of formation
 



-------------------------------------------------------------
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Table 2. Data in Well Construction file.
 

Field Name Description 

SCARP Name of the Scarp 

LOC Scheme of the Scarp 

REP This code has been used for replaced tubewells. 

CONTRACTOR This field represent the agency name involved 
in Tubewell construction. 

DRIIMETHOD Type of drilling method RR represent reverse 
rotary, PC for percussion 

DRUIIRS Drilling time in (hours) 

COMPDATE This is the date of Tubewell completion. 

GBAGUISED Gravel bags used around the screen of the 
tubewel Is 

DEVMTHD Development method e.g raw hiding or air surging 
RH represent raw hiding, AS for air surging. 

DEVHRS Development time in (hours) 

DEVSAND Development sand 
0 represent free from sand 
1 represent traces 
-1 represent data not available 

TEC Initial electrical conductivity 

FEC Final electrical conductivity 

DEVHTHD2 Development method no 2 (Air surging) 

DEVHRS2 Development hours of the method no 2 (Air surging) 

BOREHOLE Bore hole diameter in inches 

DEPTH Depth of the well in feet. 

HOUSIEN Housing pipe length in inches 

HOUSDIA Housing pipe diameter 



BLKCASDIA 


BLKCASDI8 


BLKCASLE8 


BLKCASLEN 


SLTCASDIA1 


SLTCASDIA2 


SLTCASLEN1 


SLTCASLEN2 


HOSMAT 


SCRMAT 


SCRSLOTW1 


SCRSLOTW2 


SLOTLI 


SLOTL2 


NOSLOTi 


NOSLOT2 


SCROPEN 
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Blank casing diameter in inches (10"
 
diameter of casing)
 

Blank casing diameter in inches (8"
 
diameter of casing)
 

Blank casing length of the eight inches
 
diameter.
 

Blank casing length of the ten inches
 
diameter.
 

Diameter of the screen 
of ten inches
 
diameter.
 

Diameter cf the screen of eight inches
 
diameter
 

Length of the screen of ten inches
 
diameter.
 

Length of the screen of eight inches
 
diameter.
 

Housing pipe material MS represent mild
 
steel.
 

Type of screen material
 
MS: mild steel 
FG: fiber glass 
BR: brass 
PVC: pvc
 

Width of the screen of ten inches
 
diameter in inches.
 

Width of the screen of eight inches
 
diameter in inches.
 

Length of the slot in inches of ten
 
inches screen diameter.
 

Length of the slot in inches of eight
 
inches screen diameter
 

Number of slot of the ten 
inches screen
 
diameter.
 
Number of slot of the eight inches 
screen
 

diameter.
 

Open area in percentage of the screen
 



-------------------------------------------------------
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SJ:RORIENT 
 Screen slot orientation
 
V: vertical slot
 
D:diagonal slot
 
H:horizontal slot
 

MPAGLEVEL 	 Measuring point above ground level 
in ft
 

SWLBMP 
 Static water level below measuring point
 

FATDD 	 Draw down in feet at the time of first
 
acceptance test.
 

FATSND 
 Sand contents at the time of acceptance
 
test.
 
0 for free from sand
 
1 for traces
 

ODESIGN 	 Design discharge in cusecs
 

QACTUAL 	 Actual discharge in gpm.
 



-- --------------------------------------------------------

-- --------------------------------------------------------
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Table 3. Data in Water Quality file
 

Field name Description Field Description 

Name 

SCARP Name of Scarp : PH : PH 

hOC Name of Scarp Scheme jRSC Residue sodium 
carbonate 

WELLNO Identification of well SAR Sodium absorp
number tion ratio 

SFX Suffix to well no Q Discharge 

LABNO Laboratory number DEPTH :Depth 

LABYR Laboratory year :TEMP Temperature 

SAMPDATE Date of sample test
 

CA Calcium
 

fG Magnasium
 

NA Sodium
 

K Pottasium
 

C03 Carbonate
 

1CO3 Bicarbonate
 

Cil Chloride
 

S04 Sulfate
 

N03 Nitrate
 

F Flouride
 

CATIONS Cations
 

SI02 Silica
 

FE Iron
 

B Boron
 

'rDS Total dissolved solids
 

EC Electrical conductivity
 



------------------------------------------------------

--- -------------------------------------------------------

--- ------------------------------------------------------
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Table 4 Data in Well equipment file
 

Field name Description
 

SCARP Name of Scarp
 

LOC Scheme Name
 

WELL NO Identification of the well
 

SFX Suffix to the well 
no e.g A,B,C etc
 

DISCHARGE Design discharge
 

DATE Date of installation of the equipment
 

PUMP
 

MAKE Name of the Manufacturing company
 

SERIALNO Serial number of the pump
 

BOWLDIAM Bowle diameter in inches
 

BOWLALENTH 
 Length of the Bowle assembly in ft
 

NOOFSTAGE Number of stages
 

DEPTHSET Setting depth of the bowl assembly
 

MOTOR
 

MAKEl Name of the manufacturing company.
 

SERIALNOI Serial number of the motor
 

HPI Horse power of motor
 

RPM1 Revolution per minute of motor
 

CONTROL BOX
 

MAKE2 Name of manufacturing company
 

SERIALNO2 
 Serial number of control box cabinet
 

HP2 
 Horse power of the control box.
 



--------------------------------------------------------------------

---- --- -------------- ------- -- 

-------------------------------

--------------------------------------------------------------------

1)
 

Table 5. Status of data availability In database (original record) 

:Total : Well Well 
 well
 
Sr.: :No. of:Constructlon: Equipment : LithologyNo. :wells : - - ....--

SCARPs Schemes :Computerized:Computerlzed:Computerzed:
 
_,_ . . . I _ data data I_.__ date 

----- --- - --- --- I 
I---------------- I 

SCARP-I Beranwala 
--

129 126 127 70


2 Chichoklmalllan 12 0 10 
 10
 
3 Chukarkana 25 0 23 15
 
4 Hafizabad 321 320 290 225
 
5 Harse Sheikh 46 45 43 24

6 Jaranwala 133 9 133 80
 
7 Khanqah Dogran 213 210
209 163
 
8 Pindt Bhattian 21 20
6 17
 
9 Sangla Hill 236 232 233 120


10 Shadman 152 89 150 92
 
11 Shahkot 378 375 283 85

12 Zafarwal 403 390 400 220
 

1 :SCARP-II Ara 331 150
331 330 

2 Busal 248 240 212 0
 
3 Khadir 213 213 
 92 213
 
4 Kot Moman 232 232 230 0
 
5 Lalan 163 163 160 163
 
6 Lower Hujjan 1 51 51 50 0
 
7 Mona 138 138 137 138

8 Phalia 335 335 100 0
 
9 Shah Jewana 244 244 0 0
 

10 Sohawa 249 249 245 0
 

1 SCARP-III Alipur 552 541 363 0
 
2 Kot Adu 523 523 522 0
 
3 Rangpur 582 549 580 528
 

1 SCARP-IV Mangantwala 341 312 311 311
 
2 Muridke 656 624 622 
 627
 

1 :SCARP-V Khairwala 48 33 45 0
 
2 Satiana 71 
 0 70 0
 
3 Shorkot K.P. 101 98 95 
 57
 

:SCARP-VI Allahabad 
 672 576 
 0 382
 

1 SUKH BEAS Sukh Beas 101 26 99 26
 
,SCAR-'
 

1 :SCARP-VIII: Minchanabad-I 100 32 20 48
 
2 Mlnchanabad-II 126
 

Grand Total 8146 7311 6209 3764
 



----------------------------------------------------------------
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Table 6. Status of data availability in database (time series record)
 

Sr.' SCARPs ' Schemes Total IComput- Period 'Period Opertod of 
No. INos lerized lof of oWater 

'of ,Constr-!Perfor- Quality
.Wells 19 uctton mance
 

1 ISCARP-I Beranwala I 129 129 1960 11960-199111960-19891 
2 
3 

Chlchokimallian 
Chukarkana 

12 
25 ! 

12 
25 

1960 
1955 

1960-198811961-1989 
1965-1989!1961-1989 

4 Hafizabad 321 : 321 1960 1960-1990:1960-1989 
5 
6 

Harse Sheikh 
Jaranwala 

46 
133 

46 
133 

1961 1961-1990;1961-1989
1960 11960-199111961-19891 

7 Khanqah Dogran 213 213 1960 1960-198911960-19891 
8 
9 

Pindi Bhattian 
Sangla Hill 

21 
236 ' 

21 
236 

1959 ,1961-1990!1962-1988 
1960 1960-199111960-1989, 

10 
11 
12 

12III 
1 'SCARP-II 

Shadman 
Shahkot 
Zafarwal 
Ara 

152 
378 
403 
331 ' 

152 
378 
403 
331 

' 
1961 
1961 
1962 
1970 

1961-1990,1961-1989
j1962-199111961-19891 
1962-1990 1961-19891 

1 
1970-199011970-1985: 

2, Busal 248 248 : 1966 1966-1991:1976-1985: 
3 ' Khadir 213 24 ' 1965 :1965-1989'1967-1985: 
4 Kot Moman 232 232 1969 1970-1989 1969-1985' 
5 
6 

Lalian 
Lower Hujjan 

165 
51 

165 
51' 

1963 1963-1989,1964-1985 
1966 '1966-1989'1976-1985 

7 Mona 138 138 1964 1964-1990,1964-1985! 
8 Phalia 345 345 1946 11966-1990'1972-19851 
9 Shah Jewana 251 251 1970 11970-1990 1969-1985 

10 , , Sohawa 261 261 1966 1966-1991!1965-1985, 
11 Saline Zone 

II 795 ' 1 725 1 1978 '1978-1990:I 
1 SCARP-III 
2
3 
4 

Alipur 
Kot Adu
Rangpur 
Saline Zone 

II 

395 
5231 
582 
141 

I 

395 
523 1 
582 
135 

I 

1967 
1968 
1969 
1977 

1967-1991j1969-19851
1968-1989 1971-1985 
1969-19891969-1986 
1977-1990 i 

I 1I 

1 ISCARP-IV 
2 

I Mangantwala 341 j
1urdki656 

338 j
656 

1968 i1969-198911969-1987' 
1967 1969-1991 1971-1987 

1 iSCARP-V Khairwala 4 0 

2 Satiana 71 1 71 1977 !1977-199011979-1985 
3 Shorkot K.P. 101 1 101 j 1976 :1976-199011976-1987 

!SCARP-VI Allahabad 672 I 666 I
B 1977 11977-1990!1976-1987 

1 ISUKH BEAS Sukh Beas 101 1 100 1 i983 11994-19881 -I1 I II 
1 ISCARP-VIIII Minchanabad-I 100 1 99 1 1977 11977-19871 
2 , Minchanabad-II 126 126 1979 1980-1987! 

,SIND SCARP, 
 2851 1 2817 1 1967 11967-19861 'lilt!J 1 1913 19 1:1"I19811 

1 NON SCARP Qadirabad 45 5 1 1919 1I')9 I)9!
2 :Rasul Scheme 164 : 164 1985 :1985-1989: 

:Grand Total
: :12430 : 12065 
S----------------------------------------------------



----------------------------------------------------------

--------------------------------------------------

Table 7. Period of record for replaced wells 

:Comput-:T/wells after different 
:erized :period 
Wells 

Sr. SCARPS SCHEMES ---
No. 4 8 : 12 : 15 

:Years:Years 'Years :Years 
.... --- I ----- ------

:SCARP-I 

I Beranwala 10 9 8 6 I 
2 Chichokimallian 9 7 7 7 3 
5 Chukarkana 27 19 19 11 7 
4 Hafizabad 138 122 114 77 is 
5 Harse Sheikh 12 12 9 6 
6 Jaranwala 32 32 31 19 
7 Khanqah Dogran 8 7 6 i -
8 Pindi Bhattian 19 17 16 5 1 
9 

10 
Sangla Hill 
Shadman 

21 
59 

20 
56 

17 
54 

9 
38 

1 
6 

11 Shahkot 34 34 33 21 8 
12 Zafarwal 295 272 250 135 16 

:SCARP-II 
1 
2 

Ara 
Busal 

8 
S 

8 
4 

7 
4 

3 
1 

2 

3 Khadir 18 16 13 I 
4 Kot Moman 4 4 2 I 
S Lalian 6 4 3 - -

6 Lower Hujjan I I I I I 
7 Mona 3 3 2 -
8 Phalia 27 20 9 2 -

9 Shah Jewana 7 7 6 - -
10 Sohawa 20 19 15 6 1 

:SCARP-III 4 
I Alipur 73 54 30 10 7 
2 Kot Adu 328 13 10 8 -
3 Rangpur 126 49 27 1 -

:SCARP-IV 
1 Mangantwala 137 128 80 I0 -
2 Murdki 87 79 39: -

---------------------------------------------- I 

Grand Total 1514 1016 812 389 74 
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THE PREPARATION OF COMPUTERIZED DATABASE
 
FOR SCARPS TUBEWELLS
 

I. INTRODUCTION
 

Widespread waterlogging and salinity problems had developed
 

in Pakistan following extensive development of Irrigation in
 

the Indus Plains in the absence of adequate drainage. In the 

19(0's the Government of Pakistan embarked on a program to 

deal with the salinity and waterlogging problems through a 

series of Salinity Control and Reclamation Projects
 

(SCARPs). In these SCARPs tubewell were installed for Sub

surface drainage by WAPDA and transferred to the Provincial 

Irrigation Department 
 for operation. So far approximately
 

thirteen thousand public tubewell of various capacities have 

been constructed under these projects. In addition, a large 

number of private tubewells have been installed inside and
 

outside the SCARPs areas to supplement the canal supplies.
 

Under the Irrigation System Management Research Project
 

(ISM/R), a sub-project titled 
"Public and Private Tubewells
 

Performance" was taken up the
by WAPDA SCARPs Monitoring
 

Organization and was in mid
started 1986 sponsored and co

financed by USAID with technical guidance furnished by the 

Department of Agricultural Engineering, University of IDAHO 

U.S.A, as consultant.
 

Under this sub-project the following ma.jor activities 
 were 
out] ined: 

i) 	 Identification of the characteristics of public 
and Private tubewell. 

ii) 	 Identification and documentation of data to 
access
 
the extent and severity of problems.
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iii) 	Identification of the 
 causes of tubewell
 
deterioration.
 

iv) 	 Development of various method to skim the layers

of fresh water over saline water.
 

v) 	 Recommendation for improvements in design,

construction operation and maintenance 
 of public
 
and private tubewell.
 

In ordor to carry through the activities under this sub

pro.Ject the development of data base system for tuihewe [Is 

wnq considered to he a fundamental requirement. The primary 

putirpose of creating the data base was to Provide a ready 

m-nns for the analysis of the diverse factors which impart
 

on the performance of the tubewel.[s.
 

An enrlv examination of the 
 data indicated that whi le
 

adloint e information was available on the constructional and 

operat i ona I. input of the SCARPs tubewells. Hard Ly a ny 

ii format ion cou Id be had on the characterist ic or 

performance of private tubewel.s. As the collection of the
 

relevant information in the 
 private tubewells would have
 

involved a major activity, it was decided that 
 under the
 

pro.Ject the research activities should be restored to 
SCARPs
 

tubewells only.
 

The creation of data base for SCARPs tubewells was therefore
 

taken up as a maJor activity under the project.
 

This 	report describe the development of 
 data base for the
 

SCARPs tubewells 
 and brings out all relevant information
 

Pertaining to it.
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II. CHOICE OF SOFTWARE
 

For creating the data base consideration was paid to
 

different commercially available computer programms, finally
 

software selected with the advice of consultant was df3ASE-


III plus , a relational data base programme developed by and
 

registered to Ashton-Tate.
 

The selection of dBASE III plus software was based on 
the
 

fol lowing reasons.
 

i) Easy data retrieval with multiple selection/sorting by
 

parameter and location.
 

ii) Interfacing with statistical and graphics software.
 

iii) Data base modifications or additions at a later date.
 

III. DATA FILES AND FORMATS
 

After examining the availability of the different types of
 

information for the SCARPs Tubewells, it was decided to
 

create the following files.
 

i) Well Performance file.
 

ii) Well Construction file.
 

iii) Water Quality file.
 

iv) Well Operation file.
 

v) Well Equipment file.
 

vi) Well Environment file.
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Subsequently however it was decided to eliminate the files
 

on well operation and well environment on the ground that
 

their complete data was not available and also not valid.
 

Criteria used in selecting the computerized data input files
 

were:
 

i) Consistency with historic recording format. 

ii) Segregation of time-variable date (monthly or 
annual entries) from time constant date. 

iii) Convenience for analysis and output.
 

iv) Logical and organized data entry and storage.
 

v) Availability of specific data to other users and
 
organizations.
 

For each data input files, separate formats according to
 

which the tubewell data is computerized and stored was
 

prepared. All the inputs of each data base file on which
 

data was computerized are given in Table 1 to 4. After the
 

design of data base system then it was implemented in three
 

phased programme developed by the consultants.
 

IV. DATA BASE IMPLEMENTATION
 

Data base system was implemented in three phases and the
 

Phased programme of data collection and computerization of
 

public tubewells data was developed for the following
 

reasons:
 

i) It avoids becoming overwhelmed with data.
 
ii) It allows modification of the procedures at interim
 

stages.
 

iii) Identification of required input to the data base.
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iv) Development of data input 
 format consistent with
 
data needs and which:
 

-
 minimize storage requirement
 

- are expandable to include new monthly or 
annual records as they become available. 

- can perform checked on the validity of input 
data. 

- minimize data input time 

V. PHASING OF DATA BASE SYSTEM
 

Data base system was implemented in three phases as
 

discussed below:
 

Phase-I 
 Data base design and testing:
 

The objectives of this phase included 
identification of
 

needed input 
 to the data base. Software selection,
 

Organization and documentation and testing of data formats.
 

The phase-I have the following steps:
 

i) Identification of 
 required parameters and data sources
 
needed to calculate listed indicators.
 

The parameters necessary measurer
to calculate the
 

specified indicators are listed as potential input
 

parameters to the 
data base. The availability and
 

source of this data is then identified and recorded.
 

ii) Design data collection programs to supplement currently

available information and fulfill 
 the specified data
 
requirement.
 

Not all data required is available from past records
 

very little little data is available for private
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tubewell. Data availability and accuracy is examined to
 

determine about additional data collection programs 
are
 

necessary and achieved.
 

iii) Testing the data base system
 

Simple sorting, selection and 
 analysis procedures are
 

executed to determine any system deficiencies which may
 

exist.
 

iv) Modification in the data base system
 

The data base system is modified to remove deficiencies
 

in format or processing capabilities. In the well
 

construction file. 
 Some modification 
has been carried
 

out in the format to enter new entry.
 

Phase-II
 

A sample of about 1000, tubewells is randomly selected from
 

the population of active, 
 abandoned, replaced 
 and
 

rehabilitated public tubewells in Pun.jab and 
 the data was
 

entered in the computer input file. The ob.jective of the
 

phase-II was 
 to form the basis for development of
 

statistical analysis methods and to 
provide initial results
 

statistically relating environmental and 
 well construction
 

feature to deterioration.
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Phase-III
 

Advanced data collection and computerization
 

On the experience of 
 Phase-I and II full-scale data
 

collection and computerization of public tubewell from all
 

Regions is done in Phase-III.
 

VI. SOURCES OF DATA
 

The public tubewells data 
according to the aforementioned
 

three phases was collected from the following WAPDA and
 

Irrigation Department.
 

Well Performance Data
 

SCARPs Monitoring Organization *is responsible for
 

monitoring the 
 SCARPs tubewells annually. The
 

performance data available the
is in office of
 

Tubewells and Groundwater Monitoring Directorate which
 

is a part of the SCARPs Monitoring Organization.
 

The data is in the form of ledgers and reports and
 

during the development of data base system these
 

ledgers and reports were borrowed and then returned
 

back after data entry in the computer.
 

Water Quality Data
 

Salinity Monitoring Directorate of SCARPs Monitoring
 

Organization has been collecting the water quality data
 

since the installation of SCARPs tubewells. The data is
 

in the form of ledgers and these ledgers were collected
 



8
 

from the above mentioned offices for data entry in the
 

computer. After computerization of water quality data
 

were
these ledgers handed over to the Salinity
 

Monitoring Directorate Office.
 

Well Construction, Well Performance and Well Lithology
 
Data.
 

The above mentioned- data is available in the offices of
 

Design Directorate(Water) Central and SCARPs Monitoring
 

Organization Lahore. The data is lying in the form of
 

ledgers and files. During the computerization of above
 

mentioned data, 
the ledgers and files were borrowed
 

from the 
 offices of SCARPs Monitoring Organization and
 

Design Directorate (Water) Centrai 
 and then returned
 

back.
 

VII DATA COMPUTERIZATION AND CHECKS
 

The public tubewell data collected was computerized in five
 

input files 
as already mentioned and this computerization is
 

done by the following method.
 

The information available in different ledgers and files of
 

different input files are obtained by the data entry
 

operator during the data computerization.
 

The average daily progress of one data entry operator is
 

about 300 to 350 records which he entered in the computer
 

from ledgers of well performance, water quality, well
 

equipment and well lithology.
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In case of well construction file the average daily progress
 

of one data entry 
operator is about 20 to 25 records. 

Becnuse of large number of fields. The daily computerized 

data, data entry operators take the listing of computerized 

data for that particular day and compare it with the 

original records contained in ledgers. If a mistake 
 is
 

encountered during the checking 
 phase it is removed and
 

corrected in the computer record. In this ways all 
 the
 

public tubewell data was computerized and stored.
 

Quality Control and Data Correction Methods
 

The quality control and data correction method is only
 

applied on the well performance data. To keep a check
 

on the quality of computerized data, the data stored
 

was scrupulously scrutinized 
 and that having
 

questionable validity was discarded from storage files
 

through various filtering techniques. Three files
 

namely original, filtered and processed were made from
 

the performance computerized public tubewell data. Both
 

original and filter data of performance have been
 

stored separately and available in soft. and hard copy.
 

The filter files have 
 been used in the analysis of
 

deteriorated tubewells 
 to know the root causes of
 

tubewell deterioration. During the scrutinizing of the
 

Performance data many irregularities were found.
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The irregularities were checked and corrected manually
 

and through computer programming. Following are the few
 

examples to 
examine and filter the computerized data in
 

performance input files.
 

Error Checking
 

i) To look for duplicate entries in the data base
 

files.
 

ii) To see if any month/year of data are missing from
 

a series of observations for a given well.
 

iii) To see and trace the computerized records of 
 a
 

missing tubewell from the list of public wells.
 

iv) To check the data showing human errors i.e. abrupt
 

rise in the static water level reading for a
 

particular month/year etc.
 

v) To check the performance data for the preceding
 

years with reference to final acceptance test. It
 

is pertinent to mention 
here that average method
 

for recording the field practiced
data is i.e.
 

short specific capacity test for monitoring the
 

SCARPs tubewells which are subjected to small
 

errors in reading resulting from orifice plate and
 

piezometric tube. Moreover 
 the acceptance test
 

reading may increase in the preceding years
 

because working of a well results more
in 
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development. Keeping 
 this in view acceptance test
 

data to the of more
tune than 50 percent with
 

respect to first acceptance test has 
 been
 

discarded and not included during the analysis
 

work.
 

Filtering Techniques
 

Series of filtering techniques are applied after
 

debugging the computerized tubewell data to know
 

what percentage of data stored in the input files
 

can be effectively used 
 in the analysis work for
 

instance some of filtering techniques are
 

discussed below:
 

i) 	 Eliminate the number of 
 years of months in
 

which data was not recorded.
 

ii) 	 Remove the records having miss.ng field such
 

as static water level and pumping water level
 

etc.
 

iii) 	Delete the records of well with no first
 

acceptance test or acceptance test data.
 

iv) 	 Delete records with any other missing data.
 

v) 	 Eliminate records 
 giving the following
 

performance parameter readings 
 (Pun.jab
 

SCARPs) which are not possible.
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a) Specific capacity > 300 or Specific capacity < 0
 

b) Discharge > 3500 gpm or Discharge < 1 gpm
 

c) Static water level 50 ft.or Static water level < 0
 

d) Pumping level > 120 feet or Pumping level < 0 feet
 

e) Drawdown > 100 feet or Drawdown < 2 feet.
 

VIII. DATA COVERAGE
 

Although about 13,000 tubewells have been installed in the
 

various SCARPs in the Country with quite a few of these
 

having been replaced, entering on to the data base, their
 

construction data has progressed include
to about 7.311
 

tubewells. The original (as constructed) record of the SCARP
 

tuheweils included in the data base under the three files is
 

in Table-5.
 

As far as the time series record (well performance and water
 

quality) is concerned it covers 12.065 tubewells. The time
 

coverage of the data in the data base is shown in Table-6.
 

For the replaced tubewells, the data coverage of performance
 

record is in Table-7. This brings out the number of
 

tubewells for which data are available for varying periods
 

of record from 4 to 15 years. The table brings out that the
 

number of tubewells in the record decrease with time which
 

is due mainly to the progressive replacement of the
 

tubewells.
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IX. DATA STORAGE
 

The data base system has included enormous amounts of
 

diverse data ranging from well construction information to
 

water quality and aquifer characteristics. After
 

computerization of all SCARPs tubewells data, it is
 

essential that great care and consideration be given to the
 

Organization of data storage and preservation. Data has been
 

stored on 
 a large number of 1.2 to 1.44 megabyte diskettes.
 

The storage system have the facility for selection of a
 

specific item of data 
 at a specific location and also be
 

exampleable to include new well or new data as 
they become
 

available.
 

About 30 high density diskettes have been used to store the
 

13000 public tubewells data. Three sets of diskettes of each
 

data base file have been made to preserve the data of all
 

SCARPs tubewells. The data of 13000 
 public tubewells have
 

also been saved on a tape that has sufficient capacity to
 

store all the data of SCARPs tubewells regarding well
 

performance, well construction, water quality, well
 

equipment and well lithology.
 



-----------------------------------------------------------
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Table 1. Public Tubewell data base files.
 

Field name Description
 

Data in well performance file.
 

SCARP Name of Scarp e.m Scarp I, Scarp II.
 

LOC Scheme of the Scarp e.9 BRW means Beranwala Scheme
 

WELL NO Identification Number
 

SFX Suffix to the well number e.g A,B,C etc
 

YY Years of specific capacity test.
 

MM Month of specific capacity test.
 

ENTRY A for acceptance and S for subsequent test
 

PIVL Pumping level in (ft) from measuring point
 

WLVL Static water level in ft.
 

(7 Discharge during test in gpm.
 

Data in Well Lithology File
 

SCARP Name of Scarp e.g Scarp I , Scarp II etc 

IM Scheme of the Scarp e.9 BRW means Beranwala 

WELL NO Identification Number 

SFX Suffix to the well number e.g AB,C etc 

DFROM Depth startedStarting point of the log 

DTO Depth end, ending point of the formation 

SAND] First type of formation 

SAND2 Second type of formation 

- N 



------------------------------------------------------------

------------------------------------------------------------

15
 

Table 2. Data in 	Well Construction file.
 

Field Name Description
 

SCARP Name of the Scarp
 

LOC Scheme of the Scarp
 

REP This code has been used for replaced tubewells.
 

CONTRACTOR This field represent the agency name involved
 
in Tubewell construction.
 

DRI|,ETHOD 	 Type of drilling method RR represent 
reverse
 
rotary, PC for percussion
 

DRTHRS Drilling time in (hours)
 

COMPDATE This is the date of Tubewell completion.
 

GBAGUSED Gravel bags used around the screen of the
 
tubewells
 

DEVMTHD 	 Development method e.g raw hiding or air surging
 
RH represent raw hiding, AS for air surging.
 

DEVHRS Development time in (hours)
 

DEVSAND Development sand
 
0 represent free from sand
 
1 represent traces
 
-1 represent data not available
 

TEC Initial electrical conductivity
 

FEC Final electrical conductivity
 

DEVMTHD2 Development method no 2 (Air surging)
 

DEVHIRS2 Development hours of the method no 2 (Air surging)
 

BOREHOLE Bore hole diameter in inches
 

DEPTH Depth of the well in feet.
 

HOUSIEN Housing pipe length in inches
 

HOUSDIA Housing pipe diameter
 



16 

RLKCASDIA Blank casing diameter in inches (10" 
diameter of casing) 

BLKCASDI8 Blank casing diameter in inches (8" 
diameter of casing) 

BLKCASE8 Blank casing length of the eight inches 
diameter. 

BLKCASLEN Blank casing length of the 
diameter. 

ten inches 

SLTCASDIAI Diameter of the 
diameter. 

screen of ten inches 

SLTCASDIA2 Diameter of the screen of eight inches 
diameter 

SLTCASIEN1 Length of 

diameter. 
the screen of ten inches 

SLTCASLEN2 Length of the screen of eight inches 
diameter. 

HOSMAT Housing pipe material MS represent mild 
steel. 

SCRMAT Type of screen material 
MS: mild steel 
FG: fiber glass 
BR: brass 
PVC: pvc 

SCRSLOTW1 Width of the screen of ten 
diameter in inches. 

inches 

SCRSILOTW2 Width of the screen of eight inches 
diameter in inches. 

SLPTLI Length of the slot in inches of ten 
inches screen diameter. 

SLOTL2 Length of the slot in inches of eight 
inches screen diameter 

NOSLOT1 Number of 
diameter. 

slot of the ten inches screen 

NOSLOT2 Number of slot of the eight inches 
diameter. 

screen 

SCROPEN Open area in percentage of the screen ) 
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SCRORIENT 
 Screen slot orientation
 
V: vertical slot
 
D:diagonal slot
 
H:horizontal slot
 

MPAGLEVEL Measuring point above ground level 
in ft
 

SWLBMP 
 Static water level below measuring point
 

FATDD 
 Draw down in feet at the time of first
 
acceptance test.
 

FATSND Sand 
contents at the time of acceptance
 
test.
 
0 for free from sand
 
1 for traces
 

QDESTGN Design discharge in cusecs
 

QACTUAL Actual discharge in gpm.
 



--- -------------------------------------------------------
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Table 3. Data in Water Quality file
 

Field name Description !Field :Description
 

:Name :
 

SCARP 	 Name of Scarp : PH PH 

LOC Name of Scarp Scheme :RSC 	 Residue sodium
 
carbonate
 

WELLNO 	 Identification of well SAR :Sodium absorp
number 
 tion ratio
 

SFX Suffix to well no A :Discharge
 

LABNO 	 Laboratory number :DEPTH :Depth 

|ABYR Laboratory year TEMP 	 Temperature
 

SAMPDATE Date of sample test
 

CA Calcium
 

MG Magnasium
 

NA 	 Sodium
 

K Pottasium 

C03 Carbonate 

IC03 Bicarbonate 

CI, Chloride 

S04 Sulfate 

N03 Nitrate 

F Flouride 

CATIONS Cations 

S102 Silica 

FE Iron 

B Boron 

TDS Total dissolved solids 

EC Electrical conductivity 43 
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Table 4 Data in Well equipment file
 

Field name j Description
 

SCARP Name of Scarp
 

LOC Scheme Name
 

WELL NO Identification of tie well
 

SFX Suffix to the well no e.g A,B,C etc
 

DISCHARGE Design discharge
 

DATE Date of installation of the equipment
 

PUMP
 

MAKE Name of the Manufacturing company
 

SERIALNO Serial number of the pump 

BOWLDIAM Bowle diameter in inches 

BOWLALENTH Length of the Bowle assembly in ft 

NOOFSTAGE Number of stages 

DEPTHSET Setting depth of the bowl assembly
 

MOTOR
 

MAKE1 Name of the manufacturing company.
 

SERIALNOI Serial number of the motor
 

HPI Horse power of motor
 

RPMl Revolution per minute of motor
 

CONTROL BOX
 

MAKE2 Name of manufacturing company
 

SERIALNO2 
 Serial number of control box cabinet
 

HP2 
 Horse power of the control box.
 



---------------------------------------------------------------------
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Table 5. Status of data availability In database (original record) 

:Total : Well Well 
 Well
 
Sr.: 
 :No. of:Constructlon: Equipment : Lithology
No.c :wells : ,-, , 

SCARPs Schemes :Computertzed:Computerized:Computertzed:
' data : data : data 
 :
 

- - - - -- - - - - - I-- - - - -- 

1 :SCARP-I Beranwala : 129 126 127 70 
2 Chichokimallian 12 0 10 10 
3 Chukarkana 25 0 23 15 
4 Hafizabad 321 320 290 225 
5 Harse Sheikh 46 45 43 24
6 Jaranwala 133 
 9 133 80
 
7 Khanqah Dogran 213 209 210 163
 
8 Plndi Bhattian 21 6 20 17
 
9 Sangla Hill 236 232 233 120


10 Shadman 152 89 150 92
 
11 Shahkot 378 375 283 85

12 Zafarwal 403 390 400 220
 

1 :SCARP-II Ara 331 150
331 330 

2 Busal 248 240 212 0
 
3 Khadr 213 213 92 213
 
4 Kot Moman 232 232 230 0
 
5 Lallan 163 160
163 163
6 Lower Hujjan 51 51 50 0 
7 Mona 138 137
138 138

8 Phalia 335 335 100 0
 
9 Shah Jewana 244 244 0 0
 

10 Sohawa 249 249 245 0
 

1 :SCARP-III Alipur 552 541 
 363 0
 
2 
 Kot Adu 523 523 522 0
 
3 Rangpur 582 549 580 528
 

1 :SCARP-IV Mangantwala 341 312 311 311
 
2 Muridke 624
656 622 627
 

1 :SCARP-V Khalrwala 48 33 45 
 0
 
2 Satiana 71 70
0 0
 
3 Shorkot K.P. 101 98 95 57
 

SCARP-VI Allahabad 672 576 0 382 
1 :SUKH BEAS Sukh Beas 101 26 99 26 

SCARP
 

1 :SCARP-VIII: Hinchanabad-I 100 32 20 48 
2 : linchanabad-II 126 

Grand Total 8146 7311 6209 3764 .
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Table 6. Status of data availability in database (time series record)
 

Sr SCARPs Schemes Total
No.1 INos. Comput- Period 'Period period of
 o lerized 'of 'of Water
of I 'Constr- Perfor- Quality
 

,Wells i 'uction mance data
 
SCARP-I ~~~------------- ------ -------
1 ' IBeranwala---- ------- --------- I---------I
129 129 1960 1960-1991 1960-1989
2 Chichokimallan 
 12 12 1960 1960-1988 1961-1989
3 Chukarkana 
 25 25 1955 11965-198911961-19891
 

4 Hafizabad 321 
 321 1960 11960-199011960-19891
4 
 Harse Sheikh 46 1 46 
 1961 !1961-199011961-19891
 
Jaranwala 
 133 133 
 1960 1960-19911961-1989'
7 Khanqah Dogran 213 ' 213 1960 1960-1989 1960-19891
 

8 
 Pindi Bhattian 21 
 21 1959 1961-1990,1962-1988,1
91 Sangla Hill 236 236 
 1960 1960-1991 1960-1989
10 Shadman 152 1961
152 1961-199011961-1989

ZSahawa 
 378 378' 1961 1962-1991 1961-1989


12I Zafarwa] 403 403 1962 1962-1990 1961-1989
 

1 SCARP-II Ara 
 I 331 331 1970 1970-1990 1970-19852 , Busal 
 248 248 
 1966 !966-1991!1976-19851
 
3 Khadir 213 24 1965 1965-1989 
1967-1985
4 Kot Moman 
 232 232 1969 11970-1989 1969-19851
 
5, Latan 165 165 1963 1963-1989 1964-1985
 
6 Lower HujJan 51 51 1966 1966-1989 1976-19851
7, Mona 138 138 1964 1964-1990!1964-19851
8 Phalla 345 1946
345 1966-199011972-19851
 

Shah Jewana 
 251 251 1970 1970-1990 1969-1985
0 : Sohawa 261 261 
 1966 1966-1991,1965-1985!
11 ' Saline Zone 795' 
 725' 1978 978-1990'
 

1 iASCARP-IIAlpur 
 395 395 1967 11967-1991 1969-19851
2 Kot Adu 523 523 1968 11968-1989 1971-1985

3 Rangpur 582 I 582 ' 1969 11969-1989 1969-1986!
 
4I' I Saline Zone I 141 iB 135 1977 1977-1990
B 

1 SCARP-IV i Mangantwala , 
341 j 338 ' 1968 '1969-1989'1969-1987!2 Murdkl 
 656 656 1967 1969-1991 1971-19871
1 I 1 I 1 II SCARP-V Khairwala 
 48 0
2- Satana , 71 71 I 
1977 11977-1990!1979-19851
 
3 Shorkot K.P. 1011 101 
1 1976 h1976-199011976-1987;
 

'SCARP-VI IAllahabad 
 I ' 672 1 666 11977 11977-199011976-19871
 
1 1SUKH BEAS I Sukh Beas 
 101 1 100 1 1983 11994-19881 - I
I I I I II 1 I1 ISCARP-VIIII Mlnchanabad-I 100 1 99 11977 11977-19871 
 - 12 , Ninchanabad-II 
, 126 , 126 1I 1979 1980-19871I - 1 

SIND SCARP! 2851 2817 1967 !1967-19861
NWFP SCARP, 
 414 i 407 ' 1973 11973-19871 

1 !NON SCARP lQadirabad

2 45 45 I 1979 !1979-19891 
- Scheme-Rasul 164 164 1985 I- 1985-1989: 
 .

-- I - ,Grand Total
- - - - - - - - - - - - -:12430-- :12065
-
 -
 -
 -
 -




------------------------------------- ---------------------
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Table 7. Period of recxrd for replaced wells 

:Comput-:T/wells after different
 
:erized :period

'Wells 

Sr. SCARPS SCHEMES I -------
No.: 4 8 :12 ' 15 

-Years:Years Years :Years 

:SCARP-I
 

I Beranwala 10 9 8 6 1
2 Chichokimallian 9 7 7 7 3 
3 Chukarkana 27 19 19 11 7 
4 Hafizabad 138 122 114 77 15 
5 Harse Sheikh 12 12 9 : 
6 Jaranwala 32 32 31 19
7 Khanqah Dogran 8 7 6 1 -

8 Pindl Bhattlan 19 17 16 5 1
 
9 Sangla Hill 21 20 17 9 1
 

10 Shadman 59 56 54 38 6
 
11 Shahkot 34 34 33 21 8

12 Zafarwal 295 272 250 135 
 16
 

:SCARP-II 
 , ,
 

Ara 8 8: 7 3 2 
2 Busal 5 4 4 
3 Khadir 18 16 13 1 -
4 
 Kot Moman 4 4 1
2 15 Lalian 6 4 3 -
6 Lower HujJan I 1 1 1 
7 Mona 3 3 2 1 -
8 Phalia 27 20 9 2 9 Shah Jewana 7 7 6 - a 

10 Sohawa 
 20 19 15 6 1:SCARP-III 4
 
1 Alipur 73 54 
 30 10 7

2 
 Kot Adu 328 13 10 8 3 Rangpur 126 49 27 1 

:SCARP-IV
 
1 Mangantwala 137 128 80 10 

2 Murdki 87 79 39 9 



,Grndota17-------------------------------------------


II Grand Total 1514 1016 812 389 74
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DEVELOPMENT METHODS OF TUBEWELLS REHABILITATION
 

CHAPTER-I
 

1.IIntroduction
 

Wide-spread waterlogging and salinity problems have dev,ll:.,
 

in Pak.istan following extensive development of IrrigaLion 
ini 

Lhe Ind.s Plains wi thout adequate provision of draina.: .r, 

.1.96(. I1i Government of Pakistan embar:ed on a prigramme to 

re Iieve sa.inity and waLerlogging problems throu.h a s:,r" .'s 

.?f S,aliii .iniy Contro l and Rec lamatio:n f:r-(oj ec ts (SCARdI: 's). In 

Ihese SCARF's tubewel is were cons truc.Led Ly WAPF'D(*A and IaLer 

o:1ppratted by the F:rovirc ia . I rriga Lion Depar Lment. 

Ap')r ut imaLely Thir teen Thousand pub.ii cubewells o f vario.n.:
 

c apac .i.L.s were cons truc: ted lnder these Projec ts. ihce. 

major iLy of them are fLlncLiong satisfac tory but marnv, Ihave 

e:'perier.ce rapid deLer-ijoration and (ecln1e in dii.schar-je. 

Ove, 100( tubewelis have already been replaced duri.ici the 

last: few years and more are indeed of replacement. 

Nuirber of:( studies have been under ta::en Lo determine the 

causes of and corrective measures f:r pub1 ic ,(]. 1 

deteriratLion Despi-te the extensive 
 ef forts the sLudies 

have riot conclusively isolated the causes of deterloraLion. 

Tihe experimenL Lo find ouL the tec:-hniques for reiabiliLali oi, 

of Lubewe.lis were car-ried out ftrom May 1992 to May 179I.- nit 

Four number" o'f Lubewel is in SCARP-IV and SCARP- 1 Ly 

appl ying the .in terna Lionally i::nown techniques. Suc: ai 

mec I a 1 surging air surgi.irg L and use of dispersii.j 

643
 

http:e:'perier.ce
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agenLs. This report describes the results achieved on Lhe 

abuv mcnl:iored tLubewells. 

1.2 Scope of Work
 

RcI.hahI: 1i ation wil be carried out by mechanic.-al, a.
IMical 

and air- surging methods:
 

i) IMlechan ical MeLhod 

Surging with Surge Block. 

ii) Chemical Method 

Treatment wiLh Iexametaplhosphate. 

iii) Air Sur'ging Method 

q4
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CHAPTER-2
 

2.1 Previous Study 

AIloughl t.lhe problem f 'tLibwel 1 deterioration liave [JiWen 

engaging the attention of WA'PDA and operating agencies r.ioIL 

F ince mid si;ties yet limited amo unt of work i, propur'Lioi 

.o the magn i tude of i.nvestmen L invo lved was ;J lO 01
 

scien t:i fic lines to identify causes of deterior ation alid 

devising wavs and means of the. r maintenaice ai" 

r el .i 1 i t!a Li on. 

2.2 Present Study
 

LiIder IH'iR, it was proposed that further work rel atingr tc, 

tlhis pjroIbl.,em be done. Att[.:enLioni was given to evaluating the 

tommoily used Le [chnique of surging for the rel abilitation ofn 

we lls CoilnSLruc Led with fiber g lass c asirng. -oLIr ulmunber 

tI.i.Lewell s were reblli . 1:1.ated in SAlRF-I [ arnd IV 

SCARP-IV MDK-43 Jan 1992 to May 1992
 

MDK-219 May 1992 to Jun 1992
 

SCARF-I I O-166 Jan 1993 to May 1993
 
SO-1J78 
 Mar 1993 to Apr 1993 
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CHAPTER-3
 

3.1 Selection Criteria
 

For the trial, the work has restricted to four number 

lubewe ils selected to represent identical desion and 

construction facilities.However to examine the effect of
 

different environments. 
Four wells were selected where the
 

formation was composed entirely 
of sand and where c ay
 

lenses 
were also present. Another element considered was the
 

degree of deterioration 
as it is generally held that 
well
 

that have not far 
deterioration can 
be easily rehabilitated 

(Ahren's 1975). The Three wells therefore represented a hiqh
 

degree of deterioration (specific 
capacity reduction of 60
 

percent) and 
 one low degree of deterioration (specific:
 

capacity reduction of about 20 percent).
 

Four tubewelJs of 3 cus~cs design capacity MDK-43,219 in 
the
 

Huridke Unit SCARP-IV and SO-178, in 
 the Sohawa Unit of
 

SCARi'P-I 
 of which SO-166 is of 
2 cusecs design capacity were
 

related, wh.ich 
 were constructed by one contractor and S(O

178. 166 by 
the other contractor under 
 the same design
 

specifications. Apart 
 from practical considerations, the
 

selection of 
 these wells based on 
the further consideration
 

that surrounding 
 wells displayed 
similar behaviour and
 

treatment 
results might be widely applicable.
 

Ll6
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3.2 Tubewell Design
 

The , .elc1 tubewells were the reverse rotaryted drilled by 


method using 22 inch dia drilling bit and below mild steel
 

pump husing of 14 
inch, the casing and screen consisted of
 

0 inch dia fiber glass pipe. 
 The screen consisted of 1.75
 

inch long siots (180 per foot length) giving an open area of
 

H.7 percent with the slot width of 1/16". Screen length was 

intended to give an entrance velocity of 0.1 ft/sec. for the 

design capacity. The wells were gravel packed with graded 

gravel, for which as per specification,D-50 ranged from .1) 

mm to 12 mm and the uniformity co-efficient (D-60/D-10 ) was 

2.1. The comparative design features of the two tubewells
 

and their performance record is shown in Table-..
 

Of te,four selected wells, MDK-43 and S:-178, 166 which had 

clay lenses were badly deteriorated, while MDK-219, having 

sandy Formation materials behaved quite well with only a 

slight degree of deterioration.
 

47 
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Table-i COMPARATIVE CONSTRUCTION FEATURES & 
INITIAL PERFORMANCE
 

Description 
 !Tubewel1 Numbers
 

-
MDK-431 MDK-219 :S0-166: S0-178
 

Drilled depth (feet) 	 255.00 2.30 .00(I:) 190 . 00 220.00
 

Wel.1 Cased depth(feet) 
 242.75 220. 5 11.5.UU 9,)u 

lIjusing ]enq lth(feet) 54.75 84. 75 68. 78.00
 

i,) Screen length 136.00. (1 1.2. 58 110. 00 124.00
 

ii ) I lan k 54. 83 - 5. 5.00
 

iii) ai I Plug 
 4.0 4. 0 4.0 4.0 

L.ithology 	 (below housing) (feet)
 

.i) lIay 
 43 .00 - 15.00 .15. ou
 

.i ) FIine sand 46. 00 44. 00 
 150. .10.00
 

i i.) Mrd . sand 20.00 64 . 00 - 

iv) Coarse 25.00 6 . 00 
 20.00 165.00
 

v) [anl::er 
 - 5. 0 0.00
 

Discharge at Acceptance( c
(Cs.) 3. 4 4 4.16 2.6 .90 

Sprcific tap-u: :1ity 	gpm/ft. 119.31. 11.7.59 11.1. 15.6i
 
Date of accepLance
 

AfhI'r 4 ynars .1. 13 122.52 97.56 128.88 

After 8 years 95.31 114.11 88.88 to? .51. 

A fter 12 years 46.93 11.21 65. 04 55 . /0 

Af Ler 16 years 64.68 10.)5 .24 61. 8 41 .0 

Af-ter ::o y ea rs 48.58 97.22 63.00 39.45 

A f-tier 2.3 years 4.27 CC) .00 51. 086 35.71 

fnt-ranrue veloc:iLy ft.ic
 
Dased on design discharge 0.114 0.120 O.08t 01. J1.
 

Based on ac:ceptance discharge ).137 0. 158 0.1.03 0. 1.57 
CDsec s. 

'C. 
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CHAPTER-4
 

4.1 Treatment Procedures and Methods
 

Ihe treatments which were tried consisted of me:honical
 

sur'ging with surge block:k, 
 surging with rompressed air and
 

mer-[hanfiral surging 
 fo.lowing the .i.ntroduc:ion of disl.er .rni 

agent in t:he well. 

To evaluate the effec tiveness of the treatmn
is short 

spec if ic tests were carried out in.itially before t:he stavart
 

of the trials and subsequently after ea:h treatmerL.
 

The amount of sand 
brought i- the wel.and deposited in well 

hr I t-or was measured prio.o..:) and fo 1o,.i ng each Lre LamiL. L.e 

give an idea of the mater-ial 
 disl odged. Sho.rL s.e-cific
 

cap'a:.i ty tests 
were also. carried out 3 months aftrr tlf'
 

(-oncml..rsi.on of the trials 
 to determine the effec:ts cif :tie
 

I.r r-,a t.men t:s over time. Detai oo ififferent. trea [:m-, . arc

descr i.bed be].ow: 

4.2 Mechanical Surging
 

f diFVFwplls wm're developed withl 
 a vented surge block,1..2 IneL 

Jng and 7 inch dia meter and 400 K.G. in weight. The surge
 

blo:lk attatched to the drillirg line of 
a percussion rig, w.,
 

lowered 
to the bo I:toi of the wel . (Figure..-i) . The siurge 

I::lo:k was 1.i ted 2.5 feet and then droppedi : .i, s Lr o Fe!

being repeated twen ty Limes at each se[LL.ig. Tl-e sI.urci.e Iock:|, 

was ra.i..sed by intervals of 2.5 fee: and the prot: .ss r u ,e i..e 

LJq
 

http:se[LL.ig


up Lc top o cCasinrj pipe. Fo ] owirn Lthis treatmu,r - L I, 

sound:ing (.f tle well. was len. Tiei: rocess of strgiinn wa:u! 

i :'a sl1a r.. froi 


feutL r eua!Led .15 times 


ag ti.n repl st- rig t-.he bol1tom wi .h. drops u i 35.0 

at ea hI s.ettiig . Ag.]ain the wel l. 

s ( ji.i, was takn. Thl:I-ie dii, eposit'ed mat..eri a wasi l1-iri .:lthen.bai. 

outh:o c:r- carry.ig o.it1 a short spec:.if.ic capac:iLy Lest. 

4.3 Use of Dispersing Agent 

The i' . 1 was Lreat .d wi LI a dispersing agent, SodJi.Lii 

He, ame pi'osphatL for de fi occu 1at ing 1t c 

ii u.: e d..slodgel-d by mec:l-i.ca 1 -,Lirgi.i A l: (;L 

any materia h.•-ia cou ld 

]. . 

H;!armet.lapl isphat 

1 Cf .100 Iq of' 

.- mi. ed in 150 gall.ons of waLer was Lsed in 

e.c:h WPI3. Mixi..g was .olie. irn 45 cj"al11ol i d ums wii.:.i weregr"ll 


Ihoot1-ed to a temperature 
 of 100 degree cen Ligrade. The hieaLed 

mi .ure was puml:ed intio tle well aL a pressure of '5 Psi. 

tlI ii'l!..! Ji I .1. iich It di.a rubber iose pi.pe sLar-Ling fro m i :l 

.:MI itsn if th.lie wel1. mlie- tT .t;Lure was introi ucesd ini , feeL 

secI..ion' arid dispersed by lower-.nlg alnid raising the house pipe 

5 l..iimi inar: se.c..ion.i The hose p'ipe was wit diirawii Ly 5 

fr-ie. sicc:_'ss- .i \ely t ,il i3-. of the mix:iture was in'1rodU;i.Lc .-Ed 

1-tirouhIi the ent..ire well. Tlhis proc ess was repeated t.imes1-


for intr -oducing the fi 1. quai Li .y of lhe m ixt.re. Af t-r1-lie 

injec t:iig of Lhe tlota]. .luantL:i.ty of ti:he illtu.ire i 1 n s 

all.owed Lo stLay .l i 1lie hole fc.r .1.2 hours. lhe well was LIen 

deP.ve o:.,pedI wi.;tL surg .e b.ock1from to)p to bot:tomi w Iith 5 

.s or:l:, 2.5 feeL aL intLi.rva ls of 2.5 feet. Tl e well was of 

saCL ah'. ter ctomp "le Lcj '-he deve 1 pment1 . T le ma ter-i al1 

http:in'1rodU;i.Lc
http:mec:l-i.ca
http:spec:.if.ic
http:carry.ig


iI 

dep.:.owited duri.rg ihe process was bailed out bef ore c:arry ing 

uul. a s;pecific capacity test (Figure-ii). 

4.4 Air Surging
 

Surgigr of the well with air was done using a 150 Psi 600 

C'fri capac Ly compressor. The proceduret. 
 was hat t. I

c:tim preE,.:'ii air" was releaseLd thro)ugLh 1 inch dia rubbCr ,.. 

pip," s tar Li.rig from the well bottom. Wh. le the air wos be.inl 

released ithe air pipe was rai.sed anid J. w..ered [:.v 1.0 feel for 

I" ti me at each deptl setling( Figure-.i. T-he ar pipe was 

I..hpn raised I::y 10 feel: and 'the.? roc:ess re:peated up '.ut.1: top 

of Lhe casi.nig. Diring the t:reatment ihe water discI.i rce at: 

I;1,!i weJ 1 Lop was collect:l..ed inm" a sand cone Lo deteyin Ari:. I.he 

sand1 cote: . t. A SoLil i.lngt ofC tlie well was ta::en 1.2 Ihiour-s 

"lt , I Ie treal:nm.:'nt of I;,ILe well. he mater ial dhepositecM,d .

tli well bottom was bailed out before carrying out a short 

'p- cir J.fi c a pacit: test. 

4.5 Results 

I he resulLs of the trials on the tLubewells are shown in the 

iabl"-2..,4,5 and 6. 

he maLterial deposited after the initial mechani.cal surging ] 

was 1.:.. feet in case of HDK-.., 6 feet in HDK--219. 8 f te in 

HU-J78 and 20.5 fet in S-.-166. After surging ftllo wirn . the 

use of dispersing agen: the material deposited in I'IDK-43 was 

.3.5 fol where as MIK-2.9. N mnatpr'ial was deposJted arid in 

ca:', of SO-17B and S0-166 4.5 feet and 3 feet mat:erial w.a:s 
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deposiLed . Air surging was carried out: onl.y in IlDK-2t.9 ai.d 

liis brocught in 2 it eet of a :i.a 1 

I-r.].1owvinqtih.l.e iniLial sourwging 'the spec .i.c c:aplaci:y of 

,': it0:. t ,., {. frFoml 4.. 2b l: m.,"ie . 1n 2o9. 7.. c.gpm ii::.t .:, w i . lo :i.rn 

I l~r ( (Ia,:f I1Dl--219 l:. n C.r.a e( f .,- f or'n- . :.1;) i ,- Lo2/LO 

.1.0? . .1 io ipI aI r y j.n ;5 CFf :I I UI S hawi , 

.1r11 in s' 1-_3i f . C:l caIac.i Lyspec was -2 51 o 4 on S0.-1. TY 

i .. -i to 52 - 96 fo Sr iuse .spS(3-166. OfC1 . i. 

i j r. l:1 .1 i-creaste was f rom 419 . 7.1. q pmi fee-L to So6( ipi/ f e.r.J3 : 

ii i: Df MwhK-- I f ofrt- MDH i U:. W:i : -1.11mwhi . - K-2.1 9 1:he .n t r t ,: 

1. (H5 (:. m/ feet Lto .105 .C) q pm./ fee-.:* and increase for S(--. 78 

wil.......,l i 1 ..4 t o 41 ."3 In case of a.r sou.trgin c i.r0 I'iL)I-: 19 

Li,, .. nt. rease was fr(:m . 1,C] gl.m4ifeel 1 1.804 5 qpm.!2fc' t and 

t: o f 1SO:-i. 66 tht' Jmrr 'rasp was f rom 5".1.96, L~ ".3 

p:'m." fte,:l. A f ter 3 n(ol sho - .V ific hy 

ar r .i. .. i uc.t I and i n cl.:.i. c: a LE 57 41 c pm!i f e 

is a t p. (: apati Ls L was 

o 1) 26 p L. g pmi't I 

iiLi<n andi iiDl-:-2 19. 

2. Effect and Mech: Surging Material brought in the well feet
 

Treatment 
 1 MDK-431 MDK-2191 SO-1781 S0-166
 

After s,..irging with 2.5 feet 9.5 1.5 4.0 0 .16
 
strokes ( feeL)
 

Af Ler 2ridl suging with 3.0 3.5 1.5 4.C) J1.0.00 
feet str::es (-feet) 

To a I 14. 0 6 . B.C) 2Q.o 

After" air surg.ing N.A '2 .. 

(ftor sur-ging with dispersing 
agen is 153. C .0 4 .5 3.0 



---------------------------------------------------------------------

----------------------------------------------------------------------

---------------------------------------------------------------------

3. Effect of Mechanical Surging MDK-43 Specific Capacity Changes
 

:Sp.Cap. :percent increase:Sp.cap.
 
:gpm/ft :over per test 
 % of A.S.C
 

F"re- test 
 43.27 
 - 36.26 

fter merchanical surging 1*?.71 14.88 41.66
 

iAftr', uSr, oF dispersing 60.88 40).69 51 .03 

month af Wi" tretment 57.41 32.67 48.12 

4. Effect of Mechanical Surging MDI(-219 Specific Capacity Changes
 

:Sp.Cap. :Percent increase:Sp Cap.

:gpm/ft :Over per :% of
test A.S.C
 

F:reri~,it 1itaLion test 100 .27 85.14
 

Afteri mechanical surging 102.14 1.86 86.72
 

After- Ai- S-Mrging 104.85 4.56 a9.03
 

After d isl-)er-sing Agent 1(.:)5. 20 4.9.1. 89.32
 

After 3 m:onth 1()6.26 5.97 9 ).23
 

5. Effect of Mechanical Surging S0-178 Specific Capacity Changes
 

:Sp.Cap. :Percent increase:Sp Cap.
 
:gpm/ft :Over per test 
 :% of A.S.C
 

,-5- 16.61
 

After inechan:ical surging 41.14 82.44 30.31
 

Aftpr .- o, dispersing 41 .33 8-'.28 30.45 
aet
 

monLh after treatment J 05. 02 1.65.72 77.37 
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6. Effect of Mechanical Surging S0-166 Specific Capacity Changes
 

:Sp.Cap. :Percent increase:Sp Cap.

:gpm/ft :Over per test 
 :% of A.S.C 

'rer-abi il-ation test 32.52 - 29.06 

A fLer rn-rhariical surging 52.96 62.85 47.32".;2 

Af ter air surging 53.5 64.51. 47. 131 

4.6 	 Discussion
 

i) Impact on dislodging the fines
 

The results tabulated .in table 2 indicate that the initial.
 

sLrgi.ng was effective in dislodging the fines from the 

gravel pac:: or the surrounding formations which cou-itd be 
oi-,t tiuc ting the f 1ow in the we 1.1s. More material wa brogr i ht 

in IlDJV-43 SO-1.78 and 166 which had (lay 1.ayers as compared 

L;o [lD..L--2.t9 which has only 	sandy formaLion. 

l he 	 sLtsequen t use of dispersing agent rsu Ited(A in 

d i =l dgi.ng of 13.5 ft. of material in I1.)-4*.r and 4.5 feet of 

material in of c-ase of S0-178 where as MDK--2.1.9 it had no 

effoect. This points to the efficiercy of dispersing agent 

where .Iay i s presen t in the formation . WhiCh: 1 is 

dr I oc.ilt. ted and permits Lhe fines Lo be in lldrawn Lhe wt.-e. 

Air surgjing method tried in HDI::-2.9 having sandy formation 

had same effect in drawing in Tinesfhe in the well . But as 

the.r traktinent was done taaf-er- the in.Lial .ir'ging with the 

surge :bor I::. Its effect can riot be independen tiy ass ss[;,d. 

http:sLrgi.ng
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None the less 
as additional material 
was brought in. It can
 

be summarized that surging with air 
may be effect.ive, if not 

mor e than mechanical surging. The economics 
 of the
 

treaLments should determine in choice of 
the method. 

ii) Impact on Specific Capacity
 

After- i he initial mechanical surging the specif-ic capacity 

nf the 4 tubewells improved by 
 1,I.80 percent J .6 percent.
 

02.14 ,Tiid 62.85 percent respec:tively in MDK-43.,2Yt, ,-Oti--.170 

and VA6 with the use of dispersing agent the specific 

capacity increased by '-10.69 percent 4.91 percent and 3...28 

pprcpnt r'espective ly in MDK-.4 and SO--178 has been improved
 

by Liis method whi. e MDK-2L9 had rio much effec.l- With tie
 

trratlmenLs help to increase the specific 
 capacities thpv
 

were not effective in the restoring the wells 
 to their
 

original corditions. in the badly deteriorated well D1D1
:-43
 

S[)--.78 and S0-1.66 
the specific capacity afLer treatment was 

on l y 5.1. percent. 30.45 per-cent and 47.81 percent
 

respective]y of the acceptance capacity. It 
would therefore
 

appear that 
 apart from any mechanical blockage there may be
 

other causes which are 
 operative in restricting the flow
 

into the well In the case of 219
MDK almust 90% of 

accepLance specific capacity was attended but this had only 

a parLial, deterioration.
 

The short . specific capacity carried 
out after 3 months
 

indtcates that in 
MDK 219 it improved by 1% The reduction in 

)2: 

http:S[)--.78
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specific of mdk 43 in the short period of 3 months again
 

reinforces the view that other factors possibly bin fouling 

may b causes of the problem.
 

IJ 
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CHAPTER-5
 

CONCLUSIONS
 

The study carried out 
 in the 4 tubewell s indicates that Wi'' 

method aplied are effectively but .i t notdoes imprvu Lhe 

e ffi-iery of [*tubewe. 1 comp.lete ly. 

I. Ihe specrific capacit.y of tubewell 
No MDK-43 S0-178 and S0

166, imppioved from 43.'27 to 60.88 Lpm /fet 22.55 to I..3... 

anld 32.52 to 53.5 gpmfeel: respec I:ive.y the one of tle 

r ,,sojs is that presence of clay leonses present in Lhe 

f rmati.un whi(::h had effect on well by these techn iques. 

2. HI';12J9 Ihad impr)ved sa .,sfactory by these te::hniques.
 

3. er::hanical surging shall help in impr-oving the efficiency in 

both the cases. 

4. Use of dispersing agent has more efftect on the tubvwojl. 

havin clay lenses and fine si.lty mater-ial.
 

5. Air 'urging can improve 
 tLubewell having 
 entirely sand 

fotrma tion. 

http:rmati.un
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BS-166
 

Condition of column pipep after itlling out for
 
mectnical surging of the tubewell
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MDK-219 

Air surging with air compressor at the rate of 150 Psi 
pressure. Water being gushed during air surging FC 



BS-178
 

Condition of shaft before rehabilitation
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S0-178

Condition of the bowl 
assembly before treatment
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SO-178
 

Chemical treatment during carried out 
using sodium
 
Hexametaphosphate
 

Rks,
 

ILI 



S0-178
 

Turbid water coming after u-Iing Hexametaphosphate
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S0-178
 

Deposited material in tubewellt 
 bailed out after
 
mechnical surging. F16 -2 
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BS-166
 

Material bailed out after mechanical treatment 
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S0-178 

Chemical treatment being carried out using sodium 
hexametaphosphate 
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Factors Associated with Deterioration of SCARP Tubewells 

Muhammad Memon and Parvez Arifi" 

ABSTRACT 

To investigate possible causes of tubewell deterioration, this study based on the
available computer database of SCARP tubewells was undertaken. The average rate of 
decline in the specific capacity over the eight-year operation was used to characterize the
performance of tubewells in different SCARPs. was correlatedThis with different 
parameters such as acceptance specific capacity, actual discharge in relation to design,
development time, lithology, slot size, screen material, and saline and fresh water tubewells. 
The analysis concluded that some of the above mentioned parameters have a direct relation 
to the performance of the tubewells. 

INTRODUCTION 

WAPDA has installed about 13,000 tubewells of different capacities in 
various Salinity Control and Reclamation Projects (SCARPs) in the country. These
tubewells in many cases experienced a decrease in their discharges soon after 
their installation. Previous studies by Ahrens (1975) and other consultants, based 
on field investigations, pointed to a number of causes for tubewell deterioration.
Their results were, however, inconclusive mainly because of the limited scope of 
the studies. After two decades of SCARPs operation, an enormous amount of
data is available on their performance. Performance, well construction, water 
quality, well equipment and lithology data of all SCARPs tubewell have recently
been collected and consolidated into a single computer database (Arif, 1990). 

To investigate the possible causes of tubewell deterioration, the database 
was used to establish a correlation between well performance and several other 
factors (Arif, 1990). 

With a more extensive database now developed, the factors in the earlier 
analysis have been reexamined with several new factors now included. 

The objective of this study was to establish, as well as possible, the
relationship between well performance and some of the relevant factors pertaining
to well design, well construction, well discharge and the well environment. 

MATERIALS AND METHODS 

Specific capacity, the main parameter in the well performance file, is the
basic indicator of tubewell performance. Specific capacity of a well is defined as
the yield per unit of drawdown, and expressed as gallons per minute per foot of 

Senior Geologist and Junior Geologist, respectively, SCARP Monitoring Organization, 
WAPDA 
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draw down (gpm/ft). Specific capacity has been computed from discharge and 
draw down monitored annually in the SCARP tubewells. For this purpose, a short 
specific capacity test has been performed in each tubewell to get the value of 
static water level, pumping level and discharge. 

For comparison purposes, the specific capacity of tubewells were related 
to the acceptance specific capacity and expressed as a percentage, the 
acceptance specific capacity being taken as hundred. The deterioration rate was 
derived from the time of operation in years to get the annual rate for each 
tubewell. Computations for this purpose were made by developing a computer 
program. The deterioration rate after eight years of operation, was used anas 

indicator of well performance on the following considerations:
 

1. For this time period the data base was quite extensive and; 

2. significant changes in the performance of tubewells are captured 
during this period. 

Previous Work 

Previous work on the same subject (Arif, 1990) revealed that: 

Performance of the original tubewells was poorer than the 
performance of the replaced tubewells. 

Tubewells with high acceptance specific capacity showed poorer
performance than the tubewells with low acceptance specific 
capacity. 

The performance of the brass screen tubewells was better than the 
performance of the mild screen tubewells (Shahkot Scheme). 

RESULTS AND DISCUSSION 

For the investigation of the possible causes of tubewell deterioration, the 
factors that were considered in the analyses of the extended database are 
discussed below. 

Actual discharge in Relation to Design 

Tubewells with different design capacities have been installed in various 
SCARPs in the country. At the time of acceptance, however a number of 
tubewells were discharging more than the design and some were discharging less 
than the design capacity. It appears, that for some reason, wells were accepted 
even though they were producing less discharge than their design. 
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The multiple regression analysis earlier carried out (Arif 1990) had shown
that actual discharge (Qa) parameter accounted for about 15% of the variation indeterioration rate in SCARP-l, IIand I1l. To test this parameter further, an analysiswas carried out by using the ratio between the actual discharge (Qa) at the timeof acceptance test and the design discharge (Qd). After calculating the ratiobetween two parameters, the average value of deterioration rate was related todifferent Qa/Qd ratio ranges. Figure 1 shows the relationship between thepercentage deterioration rate after eight years of operation and the Qa/Qd ratiosfor SCARPs-l, II, Ill and IV. The number of tubewells used in the analysis is also 
shown on the top of bars in Figure 1. 

Figure 1 brings out a decreasing trend of deterioration rate as the value ofdischarge ratio ( Qa/Qd) decreases. This implies that entrance velocities through
the screen slots exceeding the design criteria may have contributed to the 
deterioration of the tubewell. 

Effect of Initial Specific Capacity 

After the tubewells were installed, an acceptance test was done todetermine if the wells had been fully developed. In this test, if the criteria for sand
content was met, the initial specific capacity termed the acceptance specific
capacity was determined through a short specific capacity test. 

The multiple regression analysis referred to above showed that 21 % to31 % of the variation in deterioration rate was explained by acceptance specificcapacity. This acceptance specific capacity is the variable most highly correlated
with deterioration rate in all SCARPs and Schemes. To test this further, a largersample of data was used in the analysis using values of specific capacity morethan 150 gpm/ft, 150-100 gpm/ft, 100-80 gpm/ft and less than 80 gpm/ft. For
SCARPs-l, II, Ill and IV, the results are shown in Figure 2. For greater values ofspecific capacity, going up to 200 gpm/ft, the data for two schemes, Sohawa &Busal, in the SCARP-II were also analyzed and the results are also in Figure 2. 

To test this hypothesis, the acceptance specific capacity of the originaltubewells which survived the longest period was averaged for SCARP-I to IV, 
as
 
shown in the table below:
 

SCARPs Operation time 
 Average Specific capacity

in Years. 
 (gpm/ft)


...-------------------------------------------------------

SCARP-I 
 28 
 76

SCARP-II 
 20 
 91

SCARP-III 
 16 
 95

SCARP-IV 
 18 
 97
 

Results of this analysis show that the tubewells having a lower acceptancespecific capacity, ranging from 80 gpm/ft to 100 gpm/ft have longer lives than 
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wells with acceptance specific capacities greater than 120 gpm/ft. (Figure 2). Thisin turn could be related to the formation characteristics as specific capacity is
directly related to the permeability of the formation. 

Effect of Development Time on Deterioration Rate 

After the tubewells' installation, the wells are developed to providesand-free discharge. Generally, raw hiding method has been used in most of theSCARPs tubewells. The development time varies from tubewell to tubewell
depending upon the formation materials and its relation to the gravel pack. 

To know the effect of development time on the performance of the
tubewells, Khadir scheme, for which this information was available, was analyzedby averaging the deterioration rate against different development time ranges. The
results are shown in Figure 3. 

Deterioration rate of the wells which took longer to develop was greaterthan that of the wells which were developed in shorter periods. This indicates thatthe deterioration rate may have been influenced by formation characteristics. 

Effect of LithoiogV 

In the database, the well lithology file contains the parameter of clay andfine sand. To know the impact of finer formation material (clay and fine sand) onthe performance of tubewell, an analysis of the total length of fine sand and clay
layers in feet below housing was done via a computer program. 

The average value of deterioration rate was calculated and plotted against
different ranges of clay layers as shown in Figure 4a. Similarly, the average value
of deterioration rate was calculated and plotted against different ranges of finesand as shown in Figure 4b. In considering these relationships, it should be keptin an mind that the clay layers could also be associated with fine sand and visa 
versa. 

Results as shown in the figure indicate that there are no significant 
differences in the deterioration of tubewells with or without fine sand and clay. 

Slot Size and Deterioration Rate 

Different slot size screens were used in the SCARPs tubewell and to knowthe performance of tubewells with different slot size, the average value ofdeterioration rate was calculated against different slot size width. Generally 1/16(0.062 r ) or 3/32 (0.0938) inches of width slot size have been used in different
SCARPs. The results of the analysis are shown in Figure 5. 

Slot size of 0.0938 are used in SCARP-l and III while two different slotsizes screen (0.0625-0.0938) inches are used in SCARP-II, IV and Khadir scheme 
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in SCARP-ll. Wells with the two slot sizes perform identically but in the case of 
SCARP-IV and Khadir scheme, a higher rate of deterioration was associated with 
the narrower slot size. This could be due to how the narrow slots are chocked. 
However other factors, e.g. the relationships to the gravel pack and the formation, 
must also be considered. 

Performance of Different Screen Materials 

Four types of screen material, fiberglass, brass, mild steel and polyvinyl 
chloride, were used in the installation of public tubewells of different SCARPs. The 
performance of mild steel and brass screen has already been analyzed for the 
Shahkot scheme (Arif 1990). 

To know the performance of other screen materials, an analysis was carried 
out using the large datahase. Figure 6 shows that the brass screen preformed the 
best followed by the fiber glass screen. 

Performance of Saline & Fresh Water Tubewells 

The performance of saline tubewells was computed with the performance 
of fresh water tubewells in SCARP-l, IIand III after operating eight years. Figure
7 shows that saline water tubewells have less deterioration than fresh water 
tubewells. The fresh water zone is defined as having Ec up to 1,600 (micro 
mhos), RSC, 0 to 2.5 and SAR less than 10. Saline water zone is defined as 
having more Ec up to 2700 (micro mhos), RSC 2.51 to 5.0 and SAR 11 to 18. 
The analysis indicates that the performance of saline zone tubewells is better than 
fresh water zone tubewells. This, on the face of it, appears to be anomalous. 
However, a factor which could explain the difference in the behavior pattern may 
be the utilization rate of the tubewells, with the saline tubewells operating for 
shorter period. 

CONCLUSIONS 

1. 	 Multiple factors are involved in the tubewell deterioration. 

2. 	 Tubewells giving discharge more than their design discharge deteriorate rapidly. 

3. 	 Low acceptance specific capacity tubewells perform better than high 
acceptance specific capacity tubewells. 

4. 	 Development time is directly proportional to the deterioration rate. 

5. 	 The results achieved through the screen material analysis indicates that 
brass screen performance is the best among the three screens. 

6. 	 Presence of clay and fine sand has little impact on the performance of 
tubewells. 
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7. Perhaps due to their lower utilization rate, saline tubewells show a better 

performance compared to fresh water tubewells. 
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