
Working Papar No. 21

TUBEWELLS IN PAKISTAN

DISTRIBUTARV CANAL COMMANDS:

LAGAR DISTRIBUTARV,

LOWER CHENAB CANAL SVSTEM, PUNJAS

by

Edward J. Vander Velde

and

Robert L. Johnson

INTERNATIONAL IRRIGATION MANAGEMENT INSTITUTE



Vander Velde, E.J. and R.L. Johnson. 1992. Tubewells in Pakistan distributary
canal eommands: Lagar Distributary, Lower Chenab Canal System, Punjab. Colombo,
Sri Lanka: International Irrigation Managernent Institute. vii+1i4 pp. (IIMI Working
Paper No. 21).

/ irrigation canals I tubewell irrígation I surface water I groundwater / Pakistan
I Punjab I

DDC 631.7
ISBN 92-9090-161-6

IIMI's Working Paper series is intended to stimulate discussion among people
interested in aspects of irrigation managernent. These papers make available the
results of recent or ongoing research, and the informed opinions of 1IMI staff
members and eollaborators, as early as possible. The views expressed are therefore
those of the authors, and do not (at this stage) necessarily represent the
eonsensus of 11M! or its partners. IIMI will welcorne comrnents on this paper,
which should be sent either to IIMI or to the coauthors at the following address:

1nforrnation Offiee
International Irrigation Management Institute
P.O. Box 2075
Colombo
Sri Lanka

@ IIMI, 1992
Responsibility for the contents of this publication rests with the authors.
All rights reserved.



Contents

Figures and Tables

Acknowledgements

Introduction

Previous Research on Tubewells and Limitations

Present Tubewell Research Objectives

The Research Locale: Lagar Distributary Command

The Process of Tubewell Data Collection

Discussion of Primary Tubewell Data

Type, Age and Density of Tubewells

Tubewell Discharge, Drawdown and Water Table Depth

Tubewell Water Quality Conditions

Conclusions and Implications for Further Research

References

v

vii

1

2

3

5

9

11

12

16

20

25

27

Appendix A.

Appendix B.

Appendix C.

Lagar Distributary Tubewell Census

Lagar Distributary Tubewell Physical Data

Lagar Distributary Tubewell Water Quality

29

37

41



Figures and Tables

Figure 1. Tubewells by ownership type: Lagar Distributary. 11

Figure 2. Private tubewells by power souree: Lagar Distributary. 12

Figure 3. Prívate tubewell development:
Punjab Provinee and Lagar Distributary. 15

Figure 4. Density of private tubewells, 1989:
Lagar Distributary watereourses. 16

Figure 5. Private tubewell discharges:
Lagar Distributary watereourse eornmands. lB

Figure 6. Depth to water table:
Lagar Distributary watereourse commands. 19

Figure 7. Dynamic drawdown of private tubewells:
Lagar Distributary. 20

Figure B. Private tubewell water quality:
Lagar Distributary eornmand. 22

Figure 9. Private tubewell water quality:
Lagar Distributary watereourse. 22

Figure 10. Private and public tubewell
water quality: Lagar Distributary watercourses. 24

Table 1. Operational private tubewells
in Lagar Distributary by
watercourse cornmand ad type of power, 1989. 13

Table 2. Age of prívate tubewells
in Lagar Distributary eornmand. 15

Table 3. Diseharge, drawdown and
depth-to-water table of tubewells in
surveyed watercourses of Lagar Distributary. 17

Table 4. Quality of groundwater pumped by
private and public tubewells in
sampled watereourse cornmands of Lagar Distributary. 21

v



Acknowledgements

We wish to acknowledge the effective collaboration of °the Punjab
Irrigation Departrnent's Irrigation Research Institute (IRI) and the
Directorate of Land Reclarnation (DLR) in the collection of the
prirna~ tubewell calibration and water quality data in this joint
research activity. Sh. Moharnrnad Sadiq, Research Officer
(Tubewells), IRI, both rnanaged the field collection of those data
over a period of several rnonths and contributed very helpful advice
at the design stage of this research based upon his extensive
research experience with public and private tubewells in Punjab.
Field data collection by IIMI Pakistan field staff was ably
supervised by Mr. Waheed-uz-Zarnan, Field Research Engineer, and Mr.
M. Saleern Malik, Field Research Social Scientist.

We accept full responsibility for the contents of this papero

Edward J. Vander Velde
Irrigation Specialist
IIMI Pakistan

Robert L. Johnson
Irrigation Engineer and Groundwater Specialist
Environrnental Assessment and Information Service Division
Argonne National Laboratory
Argonne
Illinois

vii



Introduction

THIS 15 ONE of several I1MI working papers intended to make available to
interested parties and other users in Pakistan and elsewhere, primary
data directly related to both private and public tubewell irrigation
systems in different parts of punjab Province. These primary data have
been collected through IIMI Pakistan' s collaboration with the Punjab
Irrigation Departrnent (PID), in research focused on identifying oppor­
tunities for effective conjunctive management of surface and groundwater
irrigation systems in Punjab. Working paper readers will find that the
analysis and discussion of data presented herein are limited, because
th~ primary intention of this paper is to illustrate the potential provided
by these data, and not exhaust them.

As part of its initial research program on irrigatíon operations in
Punjab, Pakistan, 1IMI began systematic surface water measurement and
monitoring of Lagar Distributary and related crop survey and other
watercourse-level investigations in selected parts of its cornmand area
in July 1987. The important role played by groundwater irrigation systerns
in this canal cornmand was soon obvious. As research in Lagar cornmand was
slowly expanded to cover the wider range of irrigation management issues
and problems associated with irrigation system performance and the
sustainability of irrigated agriculture, a significant component of the
overall research effort was focused upon the activities of private and
public groundwater systems.

Although less readily visible and less frequently acknowledged than
the huge network of Indus Basin canals, groundwater irrigation systems
have become a very important component in that contiguous irrigatíon
environment. Over very large areas, the surface irrigation system is
substantially supplemented by extensive public and private sector
groundwater development. It i8 commonly estimated that 40 percent of the
total irrigation supplie8 at farm gate in Pakistan is now derived from
groundwater. Nowhere in Pakistan i8 this more apparent than in punjab
Province, where groundwater development has played a crucial role in the
continued growth of agricultural production.

However, the Government of Pakistan is al so at the threshold of a new
era in the management of groundwater for irrigation. Direct public agency
control over tubewell facilities in ufresh U groundwater areas is to be
terminated befare the end of the present decade, and groundwater use and
further developmerit for irrigation will be left to prívate initiative.
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Present Tubewell Research Objectives

IIMI's research on groundwater irrigation systems in Pakistan is focused
upon evaluating opportunities and deterrnining the options for effective
conjunctive management of surface and groundwater irrigation systems in
punjab, in ways that will enhance the productivity of irrigated
agriculture and make it environrnentally sustainable. A prerequisite for
this research is the creation of a reliable, up-to-date, empirically-based
information database on private and public tubewells (e.g., locatian,
service areas, discharge, operations, water quality, etc.) organized on
the basis of surface irrigatian units.

Because private and public tubewell operations already interpenetrate
surface irrigation systems over large areas of the Punjab, the ways these
systerns function as de facto conjunctive use irrigated agriculture
environments need to be delimited and better understood. For example, if
periods when either tubewells or the surface system critical to meeting
crop water needs are accurately defined, then effective management
intervention that reduces variability in the operation of the respective
systerns at those times would improve the reliability of irrigation
supplies to farmers during such periods.

To date, IIMI's, field-based tubewell research on private and public
tubewells in Punjab jointly implemented with the PID' s Irrigation Research
Institute (IRI) and the Directorate of Land Reclamation (DLR) , has been
exceptional. For the first time in Pakistan, primary tubewell data
collection has been geographically organized with respect to surface
hydrological units (i.e., distributary canal cornmand areas) rather than
along administrative or political unit boundaries. Additionally, the
collection of time-series data on both private and public tubewell
operations and on groundwater quality as well as certain other aquifer
conditions, has been initiated for large samples drawn from those units.
These data can a1so be 1inked in both space and time with other field
measurements and observations of canal system operations and irrigated
agriculture both above and below the outlet, over large areas of punjab's
Lower Chenab Canal System.
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The Research Locale:
Lagar Distributary Command

LAGAR lS ONE of seven distributaries in the Farooqabad Sub-Division,
Upper Gugera Division, Lower Chenab Canal (LCC) system. lt offtakes from
the right bank of Upper Gugera (UG) Branch Canal at RD 108000 (linear
distance in feet from Sagar Head). Lagar is 62,218 ft (18,950 ro) long
and its subordinate channel Jhinda Minor, offtaking from RD 29 is 11,309
ft (3,447 ro) long. Lagar has a design discharge of 38 cusecs (1.08 ro3s)
and supplies 30 outlets, including 6 offtaking from Jhinda Minor which
has a design discharge of 9 cusecs (255 lps) (see Map). Discharge inta
Lagar is not regulated by a gated structure¡ karries (horizontal
stop-logs) are used to control flow from UG Branch into the channel.

Lagar's outlets serve a Culturable Commanded Area (CCA) - the design
canal irrigable area - of 16,356 acres (6,619 ha) within a Gross Command
Area (GCA) of 18,408 acres (7,450 ha) . The average sanctioned (or designed)
discharge of its outlets is 1.13 cusecs (32 lps) for an average service
area (CCA) of 545 acres (221 ha). Like other channels of the LCC system
in Farooqabad Sub-Division, Lagar was designed as a 50 percent intensity
canal. This means that the effective uduty of water R or water allocation,
is 1 cusec per 528 acres (1 lps per 7.5 ha). Five outlets are an exception
to this design standard; here the uduty of water R is slightly 1ess, at
1 cusec per 352 acres (1 lps per 5 ha), or 75 percent intensity. Several
Lagar watercourses have been improved through the On-Farm Water Management
Prograrnme of the punjab Agriculture Department. In early 1985, the lower
one-third of Lagar Distributary was lined by the PID in an effort to
improve the supply of surface water to tail outlets (Murray-Rust 1987).

Virtually every Lagar Distributary outlet is (or has been) served by

one or more public tubewells that substantially supplement canal water
supplies. The large numbers of prívate tubewells that have also been
installed throughout the distributary command area further supplement
available surface water supplies.

The majority of public tubewells in Lagar command were installed under
the first Salinity Control and Reclamation Project (SCARP-l) implemented
by the Water and Power Development Authority (WAPDA) in 1961-62. Lagar
SCARP tubewells are in either the Khanqah Dogran (KD) or Shahkot (SKT)
Sub-Divisions of the SCARP-l project area. KD public tubewells in Lagar
cornmand have been terminated under the SCARP Transition Pilot Project
(STPP) .
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The Process of Tubewel1 Data Collection

THE FIRST ELEMENT of research on tubewell irrigation undertaken and
completed in the service area of Lagar Distributary, was a census of all
tubewells. It was apparent fromprevious field work on Lagar Distributary
at the watercourse level, that many tubewells were sited outside of the
Distributary' s strictly defined irrigable area or CCA, a result of
individual and collective farmer efforts to expand overall irrigated
acreage. Thus, the tubewell census was planned for and implemented
throughout the entire gross commanded area of the Distributary. 11MI
field staff used both direet field observation and extensive interviews
with farmers to identify and precisely locate all tubewells and tubewell
bores, whether operational or abandoned. The basie census data were
subsequently entered into a computer database filei the contents of that
file are reported elsewhere in this paper.

Seemingly a straight-forward procedure, the tubewell census proved to
be a more diffieult and time-consuming exercise than expected. Available
watercourse cornmand maps (chak plans) were significantly out-of-date,
and though readily ava~lable for reference froro the local patwari and
the Head Draftsman's office of the ID's Upper Gugera Division, were often
in conflict with information provided by local· inforrnants. Multiple
borepoints usually identifiable only by a discharge pipe rising less than
a meter aboye the land surface, were nearly impossible to spot from any
distance once such crops as sugarcane, wheat, rice, maize or cotton were
well-established in their growth stage. Although nearly always cooperative
when interviewed, tubewell owners were often unavailable or too busy with
other activities to be interviewed. Finally, the continued installation
of new tubewells, coupled with the occasional abandonment of existing
wells, has meant several resurveys to keep the tubewell census database
reasonably up-to-date.

Following the completion of the first Lagar tubewell census in míd-1988,
a reliable basis existed for organizing and implementing the collection
of other primary tubewell data in the Distributary cornmand. Four clusters
of watercourse commands located respectively in the head, middle and tail
reaches of the Distributary and on Jhinda Minar, were defined as the
sample areas for more detailed tubewell studíes. In total, 15 watercourse
cornmands plus the service area of an abandoned public tubewell in the
head reach area were included.

9
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Discussion of Primary Tubewell Data

TUBEWELL CENSUS DATA col1ected by IIMI Pakistan in the command area oí
Lagar Distributary, beginning in 1988 and continued through 1989, reveal
that oí the 399 operationa1 tubewells identified, 368 were privately
owned (Figure 1). In these surveys, tubewells are defined as operational
if the well is observed operating and/or the owner states that the well
is operational. The latter is particularly important in the case of
installed bore points cornmonly operated by a tractor power take-off or
sometimes, by a portable high-speed diesel engine. Because these wells
are used much less frequently, the' owner's statement that he uses or
intends to use the bore for irrigation purposes is usually the determining
factor.

Figure 1. Tubewells by ownership type: Lagar Distributary'.

Prlvate 378Wells
92%

Publlc 31Wells
8%

Source: IIMI TW Census.

Within the Lagar conunand area, 37 public tubewells were also installed,
either as SCARP wells in the Shahkot and Khanqah Dogran Sub-Divisions of
the SCARP-1 project area, or as part of such earlier vertical drainage
and canal recharge programs as the FAO Chuharkana Scheme and the Rasul
Tubewell Project. Of these 37 public tubewells, 31 remain operational to
a variable degree and are under the authority of the punjab Irrigation
Department. Of the six abandoned public tubewells, two were terminated
through the SCARP Transition Pilot project in Khanqah Dogran Sub-Division.
Appendix A provides the complete census list through October 1989, for
private and public tubewells tor Lagar Distributary.
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Prívate tubewells by power source:

IIMI TW Census.

12

TractorP4"O 117Wells
31%

,.Ageand Density of Tubewells

of public tubewells are tYPiCallYmUcb.idEt~~tban~i~
tubewells, usually 300 feet (90 m) as ·coriv;>ared.:':to·tPe'l,i~:

.. > ..... ,·>c«' ..(.. ..""'.
average depth of private tubewells. The PU.t>1:lc.t~'Il,el1s

trically powered turbine pumps and; at leastat.~If~ti(rn~·
tallationin the late 1950s to theearly 1960l¡3,ea~~~ad~,t1

:;~~,:$tantial1.y'greaterthan t:hat of the ·averagepr~\f"á~i&}~_e~i'~~(;y." .
'::- ~~ ,,',-'¡ ,.; '-,~.. -¡-. .i:~~r,;-::,'::~·f~.

?~irF~>;'

':->::~':~',/
Previous official publications have usuallyre't~ th~tl

,:1Kt:?;<~E!-t~hi.rd of private tubewells are driven by>ijt 'Jtc>motQ~~
by diesel (e.g., Agricultural Stati·s~i.~$<.((~i~tél*~

~{1~.\tJ\t"lOS:t no mention is made of tubewells that aredri~eP,i~·trae~~#.
units. In Lagar's commandare~,tubewe~J.swi~~·electri~'$~

...lr~JI~:~~:;~:::a~;bout 26 percent,. diesel engln~"po",e,rea..~Eil~~;;,·~'43·per' "c:

i

,,\,;:,wells, 30 percentof ~allP~í,.va···/··'.' . ,
the distribution of private ·tub~~í+S'

source as of end~1989.



Table 1. Operatianal prívate tubewells in Lagar Dístributary by watercourse
cammand and type af power, 1989.

Water-1

Power Type
GCA 2 CCA Density (per

course (acres) (acres) PTO Diesel Electric Total '00 acres OCA)

IR 862 761 2 O 4 6 0.7
KD216 270 5 6 1 12 4.4

2R 672 533 7 4 17 28 4.2
3L 494 307 2 O 2 4 0.8
4R 728 562 6 7 O 13 1.8
SR 599 590 4 13 1 18 3.0
6L 778 646 '3 5 3 11 1.4
7R 677 614 2 3 2 7 1.0
BL 650 51B 2 4 5 11 1.7
9L 554 492 1 6 3 10 1.8

JIL 212 204 '3 O 6 9 4.2
J2L 877 856 8 18 2 28 3.2
J3L 406 364 1 5 2 8 2.0

J4TL 689 570 2 2 6 10 1.5
J5TF 788 788 4 7 4 15 1.9
J6TR 293 291 O 1 2 3 1.0

10R 1. 204 990 4 6 11 21 1.0
llL 442 435 2 2 7 11 2.5
12L 407 354 O 7 4 11 2.7
13R 605 535 4 5 1 10 1.6
14R 603 594 1 8 1 10 1.7
15R 489 408 1 3 3 7 1.4
16R 460 443 6 1 O 7 1.5
17L t,079 1.065 11 6 O 17 1.6
t8L 992 932 a 3 1 12 1.2
19R 456 395 6 5 o 11 2.4
20R 677 479 4 6 1 11 1.6

21TL e 709 694 3 lB O 21 3.0
22TF 671 660 7 4 8 19 2.8
23TR 335 319 4 2 1 7 2.1

TOTAL 18,678 16,399 113 157 98 368 2.0

'Refer to the map oí Lagar Oistributary tor the approximate locations of che
watercourses listed here.

'As recorded in Outlet Register, Farooqabad Sub-Division, Upper Gugera Division,
Punjab Irriqation Oepartment.

These data need to be treated with sorne caution, because continuous
field observations in Lagar Distributary command have shown that many
farmers will readily change their tubewell power source when opportunities
(e.g., the breakdown of a diesel engine, a new subsidy program) present
themselves. (For example, although the total number of private tubewells
in watercourse cornmand 2R remained constant frorn 1988 thru 1989 at 28,
the nwnber of electríc powered tubewells increased by 6 because of
incentives offered by the SCARP Transition Pilot project within which
area the watercourse cornmand falls.) Hence, the motive power composition
of the private tubewell populatíon in Lagar' s conunand area can be expected
to change more frequently within a single year, than will the total number
of operational private tubewells.

The tractor-driven private tubewells are particularly interesting for
several reasons: 1) they have been largely ígnored in official
publications, yet they comprise a s'ignificant portian (31%) of all private
tubewells in the canal cornmand¡ 2) they have the lowest installation
costs, excluding the cost of a tractor, but the highest operating cOStSi
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difficult to determine with confidence the annual growth rate in numbers
of private tubewells in Lagar's cornrnand area over the past two decades.
A comparison of the growth in private tubewell development for punjab
and the distribution of currently operational prívate tubewells in Lagar
command by year of development, are shown in Figure 3.

Table 2. Age of private tubewells in Lagar Distributa~ command.

Year tubewell reported installed

Pre-1971 1971 1972 1973 1974 1975 1976 1977 1978 1979
Number 7 1 2 6 3 13 2 12 7 12

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 Unknown
Number 14 21 23 15 31 42 29 47 38 41 4

Figure 3. Private tubewell development: Punjab Province and Lagar Distributa~.
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Between watercourse commands, prívate tubewell densities in Lagar's
command area vary dramatically, froro a low of less than one (0.7) to more
than 4 (4.2) per 100 acres GCA per well. Past researchers have suggested
that private tubewell densities increase toward the taíl areas of
watercourses and distributaries (WAPDA 1980:90). The plausible explana­
tion given for such a pattern is that these areas tend to be persistently
short of surface water supplies, and farmers compensate by installing
private tubewells.
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tubewells. The complete set of data ís given in Appendix B, with a brief
description of each data category. Table 3 shows the minimum, average
and maximum values for these parameters in the case of each sampled
watercourse. Based on 163 prívate tubewells sampled in Lagar's comrnand
area (out of 36B operational prívate tubewells), the average discharge
for private tubewells is 1.07 cfs (30.3 lps), with a minimum measured
discharge of 0.30 cfs (8.5 lps) and the maximum at 1.89 cfs (53.5).
Variation in prívate tubewell discharge for different Lagar Distributary
cornmands is shown in Figure 5.

Table 3. Discbarge, drawdown and deptb-to-water table ot tubewells in surveyed
watercourses of Lagar Distributa~.

Depth-to-water2 Discharge) Drawdownf No. of Public we11
Water-

1 table (feet) (ft Isee) (feet) wells discharge
course Min Avg Max Min Avg Max Min Avg Hax measurad ( ft Isec)

lR 7.4 8.1 9.0 1.2 1.3 1.4 11.8 14.1 16.9 4 2.09
KD216 9.4 10.3 11. o 0.0 1.2 1.4 7.3 11.8 16.4 6 *

2R 5.5 10.2 13.8 0.3 1.1 1.7 5.3 11.9 18.8 25 .
3L - - - - - - - - - o 1. 25
4R 9.1 10.7 13.1 0.7 1.0 1.3 5.7 8.4 12.4 12 2.63
SR - - - - - - - - - o 2.23~
6L - - - . - - - - - o 4.25~
7R - - - - - - - - - o 2.93
8L 6.0 7.9 13 .3 0.5 1.1 1.9 10.7 14.2 20.4 10 3.86
9L 8.6 9.5 11.3 0.9 1.2 1.4 11.6 17.9 21.7 6 1. 65

J1L 8.5 10.9 12.0 0.9 1.1 1.4 1.1 13.4 18.6 7
3~dJ2L 6.0 7.1 8.5 0.8 1.3 1.6 7.5 14.5 18.1 12

J3L 6.3 8.8 12.0 0.7 1.1 1.6 7.7 11.8 15.7 7 *
J4TR - - - - - - - - - 1) -
J5TF - - - - - - - - - a *
J6TR - - - - - - - - - o -

10R 6.1 13.1 17.5 a.s 1.0 1.5 7.0 13.6 19.7 16 4.8~
l1L 11.5 13.5 14.5 0.6 0.9 1.4 5.8 9.9 15.0 9 2.31
12L - - - - - - - - - o 1. 69
13R - - - . - - - - - a 2.18
14R - - - - - - - - - o 1. 82
lSR - - - - - - - - - o o.:n
16R 14.0 15.3 16.8 0.6 0.9 1.2 9.6 12.4 14.5 3 1. 70~
17L - - - - - - - - - o 4. 67~
18L - - - - - - - - - o 4.80
19R 16.0 17.8 21 .0 0.7 1.0 1.3 6.0 8.6 10.8 7 1. 90
20R 15.1) 16.2 19.3 0.7 1.0 1.4 4.9 8.6 15.3 10 •

21TL 7.8 10.8 17 .8 0.5 1.1 1.9 6.9 11.4 18.0 15 1.67
n'I'F 13 .1 15.6 17.5 0.6 1.0 1.4 5.3 10.8 17.5 14 1.91
23TR - - - - - - - - - o -

l. Refer to the map tor the approximate locations of the watereourses listed here in Lagar's
eemmand area.
Depth-to-water table was measured directly by lifting the pump froro the casing and physically
measuring the water table's depth in the bore.
Diseharge was ea10ulated basad on water pressure at the wall of the diseharge pipe.
Oynamio drawdown was est imated by the amount of suction head generated by the pump after
operating for a tixed periad of time.

'. 'l'hese diseharge rneasureroents are the total ot two publie wells.
, .. , Watereourses where the public tub_ell has been abandoned.

The average discharge of private tubewells in Lagar' s command area is
basically the same as that reported by the Irrigation Research Department
for the Punjab as a whole, based on its survey work between 1970 and
1980. For the 27 public tubewells measured (of the 31 operational), the
average discharge was 2.01 cfs (56.9 lps), the lowest public tubewell
discharge was 0.33 cfs (9.3 lps), and the maximum. 3.86 cfs (109.3 lps).

Extrapolating these average discharge values over all operating private
and public tubewells in Lagar' S command area, the present total
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tubewell discharges: Lagar
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A closer look at the average depth to the water table as a function of
watercourse command areas reveals a considerable degree of variation,
ranging froro 7.1 ft (2.2 ro) in Jhinda Minor's 2L command area to 17.8 ft
(5.4 m) for the command area of watercourse 19R.

In Figure 6, the average depth to the water table has been plotted for
surveyed watercourses as a function of their location along Lagar's canal
(excluding Jhinda Minar watercourses). It is apparent that there is a
general and significant decline in water table levels from head to taíl
in Lagar's cornmand. It is also clear from these data that watercourses
on the 1eft side of the Distributary have generally higher water tapIe
levels, compared to those on the right side. Because surface water must
flow downslope, one can conclude that between Lagar head and taíl, there
is at least a 9.?-ft (3-m) drop in the average level of the water tableo

Figure 6. Depth to water table: Lagar Distributdl:Y watel:'course commands.
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The observed gradient in water table levels also implies that there
is groundwater movement from the head and left side of Lagar's cornmand
area, toward the Dístributary taíl and right side. This suggests that
the primary source of recharge to the aquifer underlyíng Lagar's cornmand
area is seepage fraro the two very large unlined channels, upper Gugera
Branch Canal and QB Link Canal, whose alignment is roughly north to
southeast oí Lagar, and not fram water los ses within the command area.
This tentative conclusion is further supparted by the fact that the total
installed pumpíng capacity in Lagar I s cornmand area dwarfs the actual
amount of surface water entering the cornmand area. It is therefore highly
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Table 4. Quality of groundwater pumped by prívate and publíc tubewells in sampled
watercourse commands of Lagar Distributary.

Private tubewells Public tubewells

Water- SAR RSC SC No. of wells Average
course Hin Avg Max Hin Avg Max Hin Avg Max sampled SAR RSC SC

lR 0.4 1.9 3.7 0.0 0.08 0.3 760 803 910 4 0.9 0.0 480
KD216 3.0 6.2 9.0 0.5 2.79 4.4 990 1,040 1,160 7 - - -
2R 1.9 4.5 8.4 0.1 1. 37 2.8 600 1, 003 1,400 25 - - -
3L - - - - - - - - - - 4.8 2.0 1.200
4R 4.4. 7.9 13.3 1.1 3.06 6.0 1.000 1.4.92 1,900 - 5.6 2.2 1,000
SR - - - - - - - - - - 4.2 1.1 1,160
6L - - - - - - - - . - 7.7 3.2 1,325
7R - - - - - - - - - - 6.1 2.4 1.065
8L 3.3 6.9 12.4 0.6 2.40 3.8 880 1,290 2,100 10 4.7 1.7 960
9L 6.0 9.3 14.0 2.4 3.63 6.4 1,200 1,416 1,610 6 4.9 1.6 965

J1L 6.5 8.8 10.7 2.4 3.07 4.0 1,100 1,284 1,420 7 - - -
J2L 5.7 7.9 10.2 1.9 3.13 4.7 760 1.111 1,370 12 8.1 3.4 1,120
J3L 7.9 9.5 10.8 2.7 3.35 4.3 1, 150 1,387 1. 570 8 - - -
J4TR - - - - - - - - - - - - -
J5TF - - - - - - - - - - - - -
J6TR - - - - - - - - - - - - -
10R 1.9 5.5 10.2 0.0 2.41 4.9 860 1,285 1,750 16 5.3 1.5 1,160
l1L 3.6 7.5 12.9 0.6 :LOO 6.4 1,100 1,435 1,650 9 5.1 1.3 1,130
12L - - - - - - - - - - 8.3 3.3 1.390
13R - - - - - - - - - - 6.5 2.4 1,180
HR - . - - - - - - - - 8.7 3.2 1,210
1SR - - - - - - - - - - 12.0 4.2 1,600
16R 5.3 9.5 16.4 1.9 3.90 6.9 L030 1,610 2,100 3 8.4 3.2 1,430
17L - - - - - - - - - - 9.4 2.7 1,585
18L - - - - - - - - - - .. 12.5 2.5 1,650
19R 9.2 12.2 13.8 2.3 3.86 5.1 1,500 1,688 1,810 8 11.5 3.0 1,750
20R 8.5 11. 6 15.6 2.1 3.10 4.9 1,560 1,777 2,030 10 9.4 3.0 1,690
21TL 6.0 9.3 14.9 1.1 1. 83 3.0 1,270 1,586 1,800 15 - - -
nTF 8.1 12.1 18.8 0.0 2.65 4.5 1,500 2,059 3,000 13 - - -
23TR - - - - - - - - - - - - -

Notes: Hin: Hinimum.
Avg = Average.
Max = Haximum.

The Directorate tor Land Reclamation, punjab Irrigation Department,
uses the following standards for evaluating the suitability of groundwater
tor irrigation purposes:

Fresh Marginal Hazardous

EC: < 1000 1000 - 1500 > 1500

RSC: < 1. 25 1. 2"5 - 2.50 > 2.50

SAR: < 10.0 10 - 15.0 > 15.0

In Figure 8, the distribution of private tubewells based on these
standards i8 shown. In these terms, the majority of private tubewells in
Lagar Distributary' s watercourse commands pump water unsuitable for
irrigation purposes.

There is a very marked deterioration in the water quality pumped by

prívate tubewells as one moves from command areas near the head of Lagar
Distributary to tail-end commands. Figure 9 plots the private tubewell
average of one water quality indicator, EC, for each watercourse as a
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function of the watercourse's position along Lagar's channel. As the
graph clearly indicates, the water quality of the average private tubewell
measured in terms of its EC, declines from "fresh" in head-end
watercourses, to "marginal" in the middle reach of the canal, to
"hazardous" or "unfit" in the tail-reach commands.

This finding appears to be generally consistent with the earlier
tentative conclusion that the primary source of recharge to the
groundwater aquifer underlying Lagar Distributary cornmand, is seepage
from the two very large channels that traverse roughly north to south
near its head and eastern boundary. This tends to support the hypothesis
that there is slow groundwater movement from the head toward the tail of
the Distributary.

A comparison of the average water quality (Ee and SAR) pumped by private
tubewells in a given watercourse cornmand, with that pumped by the public
tubewell in the sarne cornmand, reveals that in all but one case, the public
tubewell provides groundwater of better quality than does the average
private tubewell in the watercourse's cornmand area. This is a somewhat
surprising finding, insofar as public tubewells typically pump water froro
depths more than twice that of private tubewells. Conventional wisdom in
the Punjab setting holds that the greater the depth from which water is
pumped, the worse the quality of water. The data tor Lagar tubewells
strongly suggest that aquifer water quality conditiens are not so easily
explained.

In Figure 10, one water quality parameter, Ee, is displayed for each
watercourse fer which both private and public tubewell data are available.
The average, minimum, and maximum EC values for private tubewells are
shown along with those of the comparable public tubewell. For the 10
watercourses depicted, in only one case is the value determined for the
public tubewell greater than the average tor private tubewells, and even
then, the difference is well below 5 percent. Interestingly, in three
cases, the public tubewell's Ee value is either the same or lower than
that of the best private tubewell. Since farmers typically abandon their
tubewells when water quality deteriorates to unacceptable levels, these
differences in public and private tubewell water quality are even more
striking.
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DLR data, 1988.
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Conclusions and Implications

for Further Research

SEVERAL IMPORTANT CONCLUS10NS concerning groundwater development in at
least the Rechna Doab region of punjab follow from even a cursory
examination of the data reported in this papero Based upon a complete
tubewell census of Lagar Distributary's cornmand area, private tubewell
densities are significantly higher than hitherto reported in this area.
Additional tubewell census surveys in distributary canal commands
elsewhere in the Doab and punjab, would provide a far more reliable basís
than currently exists for determining whether or not this finding is
locally specific or more widespread than was previously known.

Accurate census data when combined with the discharge measurements
made by the Irrigation Research Institute for private and public tubewells
in Lagar command show that the total installed capacity of private
tubewells is not only more than six times as great as that of public
tubewells, but that it exceeds by more than 12 times the amount of canal
water authorized for Lagar Distributary. This finding strongly suggests
that groundwater must now playa far greater role in irrigated agriculture
in this and similar distributary canal cornmands than hitherto suspected,
for it i s highly improbable that farmers would make such a level of
investment in private irrigation infrastructure, were it not either
neeessary or profitable for them to do so. The reasons for such a level
of groundwater development are likely to be complex and certain to require
further detailed comparative study.

The proportion that each source - private tubewells, public tubewells
and the surface system - contributes to the total irrigation supply
reaching farmers I fields, depends upon how many publ ie and private
tubewells are pumped. 11MI Pakistan closely monitored tubewell operations
for about 40 percent of the private tubewells and all public tubewells
in the command area of Lagar Pistributary for the rabi season, 1988-89
and the kharif season, 1989. Analyses of those data are substantially
complete and initial results have already been reported elsewhere (Vander
Velde and Johnson 1989¡ Johnson 1990¡ Vander Velde and Kijne 1990).

At least for Lagar Distributary command, much greater variation in the
actual levels of utilization of private tubewells exists than was
previously estimated, and the overall contribution of groundwater to
total irrigation supplies appears to be about 70 pereent. Such findings
strongly imply that increasing numbers of Punjab farmers do not pump
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Appendix A

Lagar Distributary Tubewell CensuB

THIS APPENDIX PROVIDES the complete list of operational public and private
tubewells for Lagar Distributary through October 1989. Both the MNMR"
and the "'TUBID" are unique tubewell identifiers. The "NMR" i5 simply a
data record number arbitrarily assigned to each tubewell. However, the
"TUEID" is a unique, spatiaIly-referenced identification label con­
structed for each tubewell based on specific location information.

For example, the first tubewell entry in the Lagar Distributary listing
has NMR = 1 and TUBID =L/IOR/185/18/A. The "L" identifies the fact that
this tubewell is in the conunand area of Lagar DistributarYi MlOR'"
identifies the watercourse conunand in which it is located - in this case,
the 10th watercourse froro the Distributary head on the right side of the
channel, downstream froro the head. The last grouping, "laS/18/A'" means
that this tubewellis in square number 185, kila (fieId) number 18 of
that watercourse conunand, and that it was the first (IIA") tubewell
identified in that kíla. If a second tubewell were also present in the
same watercourse with the same square and kila number, then it would be
identified as "L/IOR/185/18/B." If a third tubewell was later developed
in the same specific location, then "e" would be substituted for B to
define it.

The "OWNER" gives the name of the owner as reported to 11MI field
staff. Although many tubewells have mul tiple owners, for recording
purposes only the first owner's name - when given - was used in most
cases. Farmers often own more than one tubewell, but because the same
name is not always reported, and different transliteration conventions
are used in representing punjabi names in Roman script, names actually
recorded may not match.

"WCOURSE" refers to the watercourse command area in which the tubewell
is located; likewise uSQUARE" and "RILA" refer to the tubewell's square
and kila number, respectively. Square and kila information is as reported
by the farmer and, in most cases, confirmed by f~eld investigations using
maps obtained from the local patwari, if avaiIable. Substantial field
work has demonstrated that farmers' informat ion alone i8 nat always
reliable in this .respect. u PUBPRV" identi fies whether the tubewell is
privately owned ("P") or publico Public SCARP tubewells are denoted by
an "'S," Rasul program tubewells by an "R," and tubewells dating froro the
early FAO Chuharkana Program by an "F." Under "TYPE," the tubewell power
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$(liux10e ia identified¡ an "B" reters to electricMqtors, "D" to s1.'Pwand
'J.J"'WU speed diesel engines, and "B" to tractor-driven borepoints.

. ". :' ~:;

"BOREDBp· and "STARTY" identify the tarmer reported4epthof~~$t>~t~
feet) and the installation year for the tUb~ell,r~specti~~:lY•..·~,

't'.;<·..•.....,~..."",u. ...u. be noted that the installation year of thetut:>e".,:lJ.is no~'ln.~).J.;
'C!LSEtS the same as the installation year of the borethef{lJqner ispr,s~l.l~.~Y;
,ql:lUlg. Bores often fail within a relatively shortI,>eri04 0f tim$';~~i;~t:>

common for a currently operating tubewell to};>e onita second;:·thi.I1i:J;,:'
"'~- even fourth bore.

,"';

their totality, these data are accurate ... f()rli'aga.~Dis~~i~~~,
fhr"':'~ºlxmn,and through 1989. However, a few additionalentrie$:~~tréf~$dt.;~a.~~·.

continuing field observations in a .1~mit:eti'·l:l:timber()f·ti.~~'P)·
;:7< ·,·.•····Watercourse commands throughout 1990 I are incl~déélo"?~e.a$~ref~;r:tp,1)#"'~';'

of Lagar Diatributary for approximate waterc04,t'$~i;~o<:;ªt.j.(.>nª.. ,:.:' ,,' ,
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Lagar Distributary Tubewell Cenaua

NMR TUBID OWNER WCOURSE SQUARE KILA PUBPRV TYPE BOREDEP STAR'I'Y

1 L/I0RI226/5/A FAO NO. 21 10R 226 5 F E 300 65
2 L/I0R/298117/A FAO NO. 24 10R 298 17 F E 300 65
3 L/I0R/185118/A OHULAM MUHD 10R 185 18 P B 100 83
4 L/IOR/l91122/A MUHD 'I'UFAIL 10R 191 22 P E 100 74
5 LI10RI215/1/A HUHD SABAR ARAIN lOR 215 1 P B 95 88
6 L/lOR/21517/A HAJI SAAOAR lDR 215 7 P E 100 82
7 L/lORI218/17/A GHAFOOR WIRK 10R 218 17 P o 95 70
8 L/10R/220123/A MOLVI ABDUL REHMAN 10R :Z20 23 p E 90 82
9 L/lORI222/16/A MUSHTAQ 10R 222 16 P E 100 86

11 L/10R1225/14/A IBRAREEN OLAICH 10R 225 14 P E 100 73
12 LI10R/253/8/A MIJHD HUSSAIN SHAH 10R 253 8 p E 80 77
13 L/IOR/254/14/A JAVAID S/O KHOSHI lOR 254 14 P D 95 70
14 L/I0R1255124/A MOHD IQBAL 10R 255 24 P D 90 88
15 L/10R/255/16/A NIAMAT 10R 255 16 P E 93 86
16 LI10RI256/5/A MUHD HANrF QURESHI laR 256 s P E 100 83
17 LI10R/288/11/A HAJI SAROAR 10R 288 11 P B 95 98
18 L/IORI2 9411/ A BASHIR SECRETARY lOR 294 1 P E 100 86
19 L/lOR/297/151A HAJI SAROAR 10R 297 15 P E 100 72

376 LI10R1263/19/A MOHAMMAD ANWAR 10R 263 19 P D 89
377 LI10R/223/10/A IMDAD 10R 223 10 P D 89
486 L/lOR/288/9/A SIDDIQ-UR-REHMAN laR 288 9 P D 89
487 L/lOR/220/24/A RIAZA'l' 10R 220 24 P E 89
509 L/I0RI298/4/A SHARIF RAJPUT 10R 298 4 P B 89
639 L/I0R/189/16/A ARIF laR 189 16 P o 90

20 L/llL/285/1/A YOUSAF ALI llL 285 1 P E 85 7S
21 L/lIL/286/8/A SCARP SKT-85 llL 286 8 S E 282 61
22 L/llL/298/22/A MUKHTAR llL 298 22 !' E 80 77
23 LIl1L/314/20/A AKBAR ALI llL 314 20 P E 100 78
24 L/llL/315116/A ABDUL GHAFFAR RAJPUT llL 315 16 P E 108 78
2S LI11L/317/16/A MERAJ DIN llL 317 16 P D 110 84
26 L/llLI317/19/A MEHDI KHAN llL 317 19 P B 95 87
27 L/llL/317/9/A MUHD ASHRAF llL 317 9 !' E 100 87
28 L/11L/324/17/A BASHIR AHMEO llL 324 17 P E 110 84
29 LlllL/324/5/A BHUTTA " LATIF llL 324 5 P E 110 78
30 L111L/325116/A ABDUL LATIF llL 325 16 P D 100 B7

372 L/llL/2851111A ABOUL RAHIM llL 285 11 P B 120 87
31 L/12L/I04115/A SLAMA'l' 12L 104 15 P D 100 85
32 LI12L/lOS/19/A GHULAM MUHD 12L 105 19 p E 100 83
J} L/12L/128/18/A NAWAB 12L 128 18 P E 112 80
34 LIl2L/130/19/A MURD SIDOIQ FEROZPURI 12L 130 19 P D 95 88
35 L/12L/2/S/A REHMAT 12L 2 5 P o 100 88
36 L/12L/49/10/A MAJEED ASHRAF 12L 49 10 P D 100 86
37 L/12L/49/23/A SCARP SKT-86A 12L 49 23 S E 300 61
38 L/12L/511/A ASHRAF 12L 5 1 P E 100 86
39 L/12L/75/21/A NAZAR 12L 75 21 P o 100 85
40 L112L176121/A MURO HUSSAIN 12L 76 21 P O 112 77

41 L1l2L176122/A MUHD SARDAR 12L 76 22 P D 100 82
42 L/12L/8/15/A INYAT 12L 8 15 P E 100 84
43 L/13R/23/19/A ABOUL OHANI 13R 23 19 P B 95 64

44 L/13R/2712/A MURD SHER 13R 21 2 P o 110 84
45 L/13R/Z8/19/A ABDUL GHAFOOR 13R 28 19 P o 100 84
46 L/13R/44/1/A MERAJ OIN 13R 44 1 P B 150 75
47 LlI3R/45125/A SCARP SK'l'-B6 13R 45 25 S E 350 61
48 L/13R/SO/19/A GHULAM MUHD 13R 50 19 P E 120 77

49 L/13R/52/13/A ABDULLAH 13R 52 13 P B 130 82
50 L/13R/52/21A MERAJ DrN 13R 52 2 P B 100 87
51 L/13RI72/9/A JAN MUHD 13R 72 9 P D 110 85
52 L/13R/98112/A MURD 'I'UFAIL 13R 9~ 12 P o 120 80

53 L113R/98/13/A GHULAM MUHD 13R 98 13 P o 100 87
54 L/14R/I06110/A MURO SIlAFI 14R 106 10 P D 120 81
55 L/14R/I06/23/A SCARP SI('1'-87 14R 106 23 S E 350 61
56 L114R1l07112/A WAZIR 14R 107 12 P O 100 87

57 L/14R/I081251 A MUHD JAFFER 14R 108 25 P o 120 87

58 L/14RI125/20/A OHULAM RASUL 14R 125 20 P D 120 82

59 L1l4R1127/18/A rLAM DIN 14R 127 18 P o 100 87

60 LIl4RI135/12/A GHULAM GHOUS 14R 135 12 P O 120 87

61 L/14R/135/25/A MURD SHAFI 14R 135 25 P D 90 87

62 L/14RIl36/7/A REHMAT ULLAR 14R 136 7 P D 120 84

63 L!14RI178112/A MUHD RAMZAN 14R 178 12 P B 314 87

64 LI14RI178/23 / A MUHD AFZAL 14R 178 23 P E 120 81

65 LI15R/119/n/A KHlJRSHEED AHMED 1SR 119 22 P E 110 76

66 L/15R/125/15/A MtÍHD HUSSAIN l5R 125 15 p D 130 78

67 lt/15R/148/ ISlA BAHDARALI 1SR 148 15 l' D 100 87

6A LI1SRI39/12/A IFTIKHAJl lSR 39 12 P E 120 84

69 L/15R/39117/A ISMAIL 15R 39 17 P D 100 86
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~ú/ i./15R/39/4/A
,oo,i'''10115RI68124IA
'~;::';'L/lSR/68/5/A

"Hta::~~¡~~~~A
~f' '"L/16R/89/3/A

; 'L/16R/92/6/A
10116R197121/A

·J;./l'6RI .1 • / •
L/16R/.I./.
L/16R/./.I.

,'·'1./17L/103/11/A
. , 1o]171o/103/121A

L/11L/104/2/A'
'LI17L/115/1/A

10/1710/116111/A
, L117L/117/15/A
,L1171o/127/4/A
L/17L/129/18/1>.
L/171011301101A
L/17t./130/23/A

. 101171o113313/A
LI17L/58/5/A
L/17L/69121/A

,', L/17L/72124/A
'L/I1L/85/24/A
L/11L/87/5/A'
L/17L/98/12/A
L/17L/98125/A
L/17L/85/24/A
L/18L/12/6/A
L/18L/145/25/A
1o/18L/151/24/A
L/laL/lS8/11/A
L/l8L/16/2/A
L/laL/161/a/A
L/181./17/10/A
L/18L121221A
L/18L/26/10/A
Lll.BL/26/9/A
L/18LI3617/A
1o/181o/31115/A
L/181o/37/15/9
1011810/.1./.
L/19R/23/17/A
L/19R/36/11/A
L/19RI36/20/A
L/19R/41/18/A
r../19R/45/3/A
L/19R/45/5/A
L/19R/46/S/A
L/19R/60/20/A
L/19R/69/1/A
1o/19R/69/20/A
L/19R/45/5/B
L/19R/46/8/A
L/lR/I00/S/A
L/1R/17/18/A
1o/1R/19/17/A
L/,lR/20/1/A
1"'lR172/141A
L/1RI73/18/A
L/IR/17/24/A
L{20R/112/11/A
L/20R/113/19/A
1o/20R/117/2/A
L120R/63/2/A
b/20R/6617/A
LI20R/79/6/A
L/20R/82112/A
L/20R/86110/A
LI20R/88/4/A
L/20R/861221A
10120RI64/9/A
L121TL/48/19/A
10121TLI48120lA
1o/21TL/49/23 lA
LI21TL/50/13/A
Lf21TL/S1/8/A
L/21TL/52/19/A

~'NER

SCARP SKT-S8A
SI.QDIQ KHAN
MUHD YOUSAF
MUHO YOUSAF
SIDDIQ BHATTI
SCARP SKT-98
SIDDIQ HUNJRAH
MUHO Ml\NZOOR
MIJHD SHAFI
ANWAR CHATTA
NUSTAFA
OHULAH MUHD RAJPUT
MUHD MUNsHA JAT
GHULAM RASUL
ALTAF HUSSAIN
ANWAR RAJPUT
ABDlJL NAS! KHAN
GHULAM SARWAR RAJPUT
HAJI REHMAT ULLAH
ICARAM ELAHI
Mt1HD SHAFI
GIiULAM MUHD HINJRA
ARIF ALI BHATTI
SCARP SKT-99
ABDUL HAMEED
MUHD ASHRAF
SHABIR AHMAD RAJPtJT
MOHO YOUSAF ARAIN
SCARP SKT-89A
ASHRAF PATWARI
ALtAH DAD
SeARi' SKT-90A
MUHD ALI
MUHD ALI
SCARP SKT-90
WALI MUHD
NIAZ JAT
ANWAR
ANWAR
AKBAR JAT
NIAZ JA'I'
NIAZ JA'I'
NIAZ JAT
MUHD MANZOOR
NOORA I MUBARIK KAJLA
GHUALAM ALI DERATHE
ISA
SCMP SK'I'-91
ASRIQ SHAH
NOORA I MUHD CHEEMA
PIR SHAH
ABBAS
AQOOB
IN'iAT
Ml1HD YOUSAF
HAYA'I'
ZULFIQAR AL1
RASUL 3lA
KHALIL AHMED
NAZIR HUSSAIN
ANWAR SAEED
JALAL DIN
ASHRAF GUJAR
MUHD ASHRAF
RAJA
MUHAMMAD
MllHD CHERIK
MUHD MANSHA
RANA KliALIL-UR-REHMAN
RASOOL
NOOR MUHD
SHER I ADIL
MAHLA
'lAR MOHAMMAO
SHAMASDIN JAT
FAQIR MUHD
MUHD YOUSAF JAT
SAlmAR I<RAN
MUHD IBRAHEEM JAT
KUHD SIDDIQ
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15R
1SR
lSR
16R
16R
16R
16R
16R
16R
16R
16R
11L
17L
1'7L
17L
1710
17L
17L
17L
17L
17L
t7L
17L
17L
17L
17L
17L
17L
17L
17L
1aL
1SL
1SL
1SL
18L
18L
lSL
taL
18L
18L
18L
lSL
19L
1SL
19R
19R
19R
19R
19R
19R
19R
19R
19R
19R
19R
19R

IR
1R
IR
1R
IR
IR
IR

20R
20R
20R
20R
20R
20R
20R
20R
20R
20R
20R

21TL
2lTL
21TL
21TL
21TL
21TL



NMR TUBID OWNER WCOUR3E 3QUARE KILA PUBPRV TYPE BOREDEP 9TARTY

146 L/21TL/53/9/A ABDUL RASHEED RAJPUT 21TL 53 9 P D 100 88
147 L/21TL/55/4/A MUHD ASGHAR 21TL 55 4 P D 120 83
148 L/21TL/55/5/A SCARP SKT-92A 21TL 55 5 S E JOO 61
149 L/21TL/63114/A MUHD SIDOIQ 1 NOOR 21TL 63 14 P O 125 19
150 L/21TL/63/l6/A SHARIF !<HAN 21 TI.. 63 16 P O 125 79
151 L121TL/64120/A KHALID JAVED 21TL 64 20 P D 110 71
152 L121TL/6413/A ALI MUHD JAT 21TI.. 64 :1 P D 100 88
153 L/21'I'L/66/24/A ALI ARMED JAT 21TI.. 66 24 P D 120 81
154 L121'I'L179/1/A MUHD AKRAM 21TL i9 1 P D 120 79
155 L/21'I'L/801l91A MUHD YASIN 2lTI.. 80 19 p D 120 75
156 L/21'I'L/8112IA SARDAR KHAN 21TL 81 2 P B 100 83
462 L/21TI../62124/ A SARDAR KHAN / HUSSAIN 21TL 62 24 p D 82
488 L121TL/64/1/A HUSSAIN 21'I'L 64 1 P D 89
511 LI21TL/33/11/A FAKHAR DIN 21TL 33 11 p D 89
512 L121TL/60/14/A MOHO YOUSAF GUJAR 21TL 60 14 P D 89
514 L121TL/65/21/A ATTA ULLAR 21TL 6S 21 P B 89
611 L121TL133/23/A SARDAR MOHAMMAD 21TI.. 33 23 P B 90
624 L/21TL/61111/A HAJ 1 MOHO ALSAM 21TL 61 11 P D 90
625 L/21TL/51/2/A AMANAT 21TL 51 2 P O 90
626 L/21TL/5113/A NASIR-UD-DIN 21TL 51 3 P B 90
627 L/21TL/S412/A AKBAR 21TL 54 2 P D 90
628 L/21'I'L/55/12 lA RAO IL'iAS 21TL 55 12 P D 90
629 L/21TL/96/21A M.ASLAM RAO 21TL 96 2 P B 90
630 L/21'I'L134/17/A IDREES 21TL 34 17 p O 90
631 Ll2l'I'L/811lJ/A !<HALID JAVAID 21TL 81 13 P B 90
157 L/22TF/11S/221A F'URZUND 22'I'F 115 22 p D 100 88
158 L/22TF/1161l9/A IDREES 22TF 116 19 P D 100 88
159 L/22TFIl18/15/A MUHD HUSSAIN nTF 118 15 P B 110 87
160 L/22TF1124/91A NAKE MUlID 22TF 124 9 P B 90 85
161 L/22TF/125/12/A BASHIR KHAN 22TF 125 12 P B 90 87
162 L/22TF/126121/A ALI MUHD 22TF 126 21 P O 100 87
163 L/22TF/149/1l/A MUHD ASLAM RAO 22TF 149 11 P B 90 86
164 LI22TF/1521121A ARSHAD KHAN 22TF 152 12 P E 90 87
165 L/22TF/156/25/A MUHD RAFI 22TF 156 25 p E 90 81
166 L122TF/15711/A MUHD ASLAM 22TF 157 1 P B 90 85
167 L122TF/157 n lA ARIF BHATTI 22TF 157 7 p B 90 86
168 L/22TF/181/14/A MUllO YOUSAF 22TF 181 14 P E 120 83
169 L/22TF/561lG/A MUHD ASLAM RAO 22TF 56 16 P E 100 83
170 L122TF/85/12/A MUHD AKRAM 22TP 85 12 P E 90 81
171 L/22TF/a5121 A SCARP SKT-93 22TF a5 2 S E 350 62
172 L/22TF/92/15/A MUHO ASLAM 22TF 92 15 P E 90 80
173 L/22TF/llaIl5/B SHAH MUHD 22TF 118 15 P E 100 83
174 L122TF/118/14/A ALLAR DITTA 22TF 118 14 P E 90 81
489 L/22TF/11715/A MAHMOOO KHAN 22TF 117 5 P O 89
490 L/22TF/851l4/A MOHO ASHRAF 22TF 85 14 P B 89
175 L/23'I'R/119/15/A MUHO HUSSAIN 23TR 119 15 P B 100 B7
176 L123TR/122/8/A ANWAR HUSSAIN 23'rR 122 8 p E 120 80
177 L123'I'R1l 521221 A KHAN BAHADAR 23'I'R 122 22 P D 120 a5
178 L123TRIl56/a/A CULZAR KHAN 23TR 15b 8 P B 120 95
180 L/2J'I'R/S6/24lA SCARP SKT-93A 23'rR 56 24 S E: 300 62
lal LI23'I'R/S9/211 A MUHD DIN 23TR 59 21 P D 120 85
182 L/23TR/91/11/A ABDUL HAQ 23TR 91 11 P B 110 85
481 L123TR/91115/A GHULAM CHUSTI 2JTR 91 15 P B 88
183 L/2R/22119/A LUSHKAR ALI 2R 22 19 p E 100 76
184 L12R/24/19/A BASHIR ARMED 2R 24 19 p D 110 83
185 L/2R/25/l71 A MURO ANWAR 2R 25 17 P E 100 82
186 L/2R/27í19/A MURO SHAFI 2R 27 19 P E 100 87
187 L/2R/29116/A BASHIR AHMED 2R 29 16 P E 100 84
lB8 L12R129/9/A HAJI FAZAL KARIM 2R 29 9 P E 120 86
189 L/2R/31110/A KHAIR DIN (LOHARI 2R 31 10 P O 100 85
192 L/2R131/6/A MUHD SHARIF 2R 31 6 P E 100 87
194 L12R/34/15/A ABDUL AZIZ 2R 34 15 p E 120 80
195 L/2R/3"U14/A FAQIR HUSSAIN 2R 37 14 P E 120 86
197 L/2R/411121A SARDAR MlJHD 2R 41 12 P B 100 87
198 L12R/46123/A SADAR DIN 2R 46 23 P O 100 87
199 L12R/5a123/A AL! MUHD 2R 58 23 P E 120 87
200 L/2R/59/16/A GHULAM NABI 2R 59 16 P E 100 87
201 L/2R/61/20/A MUHD SHAHBAZ 2R 61 20 P E 110 87
202 L12R/61125/A RASHEED AHMED 2R 61 25 P E 100 86
203 L/2R/61/B/A HAJ 1 ALLAR DAD 2R 61 8 P E 110 87
205 L/2R/62/4/A SHARIF (LOHAR) 2R 62 4 P O 120 82
206 L/2R/6J/4/A INYAT KHAN 2R 63 4 P B 100 85
207 LI2R/64/20/A MUllD liUSSAIN 2R 64 20 P B 110 87
208 L12R/64/4/11 BASHIR KHAN 2R 64 4 P B 110 93
209 L/2R/65/B/A MUHD SIDDIQUE KHAN 2R 65 9 ? B ·110 93
210 L/2R/66116/A GHULAM NABI 2R 66 16 P E 110 87
211 L/2R/66/B/A SADIQ (MOCHIl 2R 66 8 ? B 110 82
212 L/2R/6717/A RASHEEn ARMEn 2R 67 7 p E 105 88

213 L/2R/68/14/A BASHIR JAT 2R 68 14 P ED 110 79
485 L/2RI24./B/1I IMD1IJJ HUSSAIN 2R 24 8 P E 89

33



·'t'i(:'>:

I'}:';,'j(
OWNER

ABDUL GHAFOOR
AElOUL WAHID
FAO .,
FAO 7A
RAJA AND RANA
GHULAM DASTGIR
IJAZ HUSSAIN
RAMZAN
RAHMET ALl
SARDAR
NAZEER
ASOHAR
GHULAM MOHO
MUHD SIDDIQ
INY'AT
MUKH'1'AR
RAHMET ALI
MUlID YAQOOB
GHUL1\M RASUL

·KUHD KHAN
FAO 14
AFZAL KHAN
J\MJ AO t<HAN
MURO ANWAR
FAO 13
AFZAL !<HAN RAJPUT
FAO 16
MURO ALI
ASHFAQ SHAH
SHARAFIT ALl DOGAR
TUFAlL !<HAN
BASHIR KHAN
Mt1HD AFZAL KHAN I FATEH.KSR
KUHD lIMIN
MAQBOOL !<HAN
MUKHTAR ALI
MUBARIK ALI
MUHP SHAFI
SARWAR KHAN AWAN
STAR SHAH
RAHMET ALI MEHR
ABOUL RASHEEO
ABOUL RASHEED
FAO 12
BASHIR SHAH
IJAZ KHAN
SAlDULLAH
MALIK MUaO YOUSAF
ISaFAQ SHAH
FAO 11
NIAZ AHMEO
lMANUT
BERKET
MAQDOAL SHAH
SHAUKAT ALI SHAH
RASSAN ALI
FAO 20
SRAHtJS-UO- DIN
FAO 19
BASHIR ARMED
YOUSAF KHAN
HABIB JILANI
ZULFIQAR ALI
SCARP SKT-93
NAZIR AHMED DOGAR
MANZOOR DOGAR
ZAHOOR AHMED
ZAHOOR AHMED
MUHD ISLAM DOGAR
BASHIR ROMA
TALlB HUSSAIN
WALl MURD ARIAN
ELAHI BAKHSHE AWAN
NASEEB aUJAR
MUHD JAMIL aUJAR
SCARP SKT-94
ALLAH DITTA ARIAN
HOLVI ABDUL RASHEED
SADIQ AWAN
MUHD Al<RAM
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WCOURSE

2R
3L
3L
3(..
3L

4AL
4AL

4R
4R
4R
4R
4R
4R
4R
4R
4R
4R
4R
4R
4R
4R
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
69
SR
SR
SR
SR
SR
SR
SR
SR
6L
6L
6L
6L
6L
6L
6L
6L
6L
6L
6L
6L
6L
7R
7R
7R
7R
7R
7R
7R
7R
7R
9L
8L
9L
8L
8L
9L
8L
8L
8L
8L
8L
6L
9L
9L
9L
9L
9L

46

60
61
57

8
n
22
22
22
23
23
25
35
45
46
46
56
60

8
8

49
50
51
54
58
58
65
66
66
67
68

1
69
7f:
71
75
81
82
52
52

119
11.9 .
120
134
136
16S

88
90
91
53

108
128
130
130
132
151
151 .
152
159.
19:} .
213
213
229
230
230
246
246
247
249
273
217
227
25l.
282
282
311

,
13
12
16
9

10.
16 .
·S

1n··
12
2

23.
···25

21 .
8

15
21 .
'1S,
'íJ2

·lf·
14::
e
2
9
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NMR roBID OWNER WCOURS¡;: SQOARE RILA PUBPRV TYPE BOREDEP STARTY

284 L/9L/332Il/A HAJI FAQIR MUHD RAJPUT 9L 332 1 P E 90 81
285 L/9L/337124/A KHADAM HUSSAIN 9L 337 24 p D 85 85
286 L/9L/84114/A ASHFAQ RAJPUT 9L 84 14 P r;: 100 80
497 L/ 9L1282 112 / A SHER MOHO S/O QASIM 9L 282 12 P B 89
501 L/9LI25013/A SARDAR MOHO 9L 250 3 P O 89
502 L/9LI250/7/A NOOR MOHO S/O SRAMAS DIN 9L 250 7 P O 89
287 L/JIL/229/16/A MUHD RAPIQ J1L 229 16 P B 130 61
288 L!JIL/305/11/A ABDUL REliMAN JIL 305 11 P E 250 73
289 L/JIL/305/13/A MOHO lQBAL J1L 305 13 p E 150 79
290 L/JIL/305123/A MUHD HUSSAIN JIL 305 23 P E 150 81
292 L/JIL/306121/A MUHD EHSAN J1L 306 21 P E 120 85
293 L/JIL/309/1/A MUHD IDREES JIL 309 1 P El 100 83
294 L/J1L1310/6/A AHMED ALI AWAN JIL 310 6 P E 90 84
374 L/J1L/30S/S/A ASHIQ J1L 305 5 P B 86
504 L/JIL/269120/A ABOUL RElIMAN J1L 269 20 P B 89
295 L!J2L/22111/A BlLAr. SHAH J2L 22 11 P E 100 79
296 L1J2L/23111/A SCARP SKT-94A J2L 23 11 S E 300 61
297 L/J2L/23116/A NASEER CHEEMA J2L 23 16 p D 100 84
298 L/J2LI24/24/A REHMAT AL! J2L 24 24 P O 130 85
299 L/J2L/25/17/A SCARP SKT-94B J2L 25 17 S E 300 61
300 LIJ2LI26/7/A SANTA CHEEMA J2L 26 7 p D 120 82
301 L/J2LI28/24/A ABDUL MAJEED J2L 28 24 P O 100 81
302 L/J2L/37124/A MANZOOR J2L 37 24 P D 100 85
303 L/J2L/37/7/A GHULAM ALI J2L 37 7 p O 100 86
304 L/J2L/38/13/A MANSHA J2L 38 13 p D 100 86
305 L/J2L/4311/A IBRAHEEM J2L 43 1 P O 120 82
306 L/J2L/5SI20/A MOLADAD J2L 55 20 P D 100 82
307 L/J2L/73/21A FAQIR HUSsJiIN J2L 73 2 P B 130 82
308 L/J2LI7S/251A SANTA I BAGA J2L 75 25 P B 120 79
309 L/J2LI76/l0/A RATAN KHAN J2L 76 10 P B 100 81
310 L/J2L/86/2/A FATEH MUHD J2L 86 2 p B 101) 81
311 L/J2L/89/15/A ABDULLAH J2L 89 15 P B 100 81
351 L/J2L/361221A SARDAR J2L 36 22 P O 100 84
352 L/J2L/37/21 A GHULAM ALI J2L 37 2 P B 100 88
353 L/J2L/44114/A MlJHD S!iAFI THUKRA J2L 44 14 P O 100 86
378 L/J2L/22/24/A ASLAM CHEEMA J2L 22 24 p O 89
491 L/J2L/40118/A FAKHRA SULTANA J2L 40 18 P B 89
492 L/J2LI22117/A RALA 5/0 REHMAT J2L 22 17 P D 89
493 L/J2L/40/21/A FAKHRA SULTANA J2L 40 21 P O 83
494 L/J2L/27111 A MOHO S/O MANAH J2L 27 1 P D 89
498 L/J2LI75/16/A ASHIQ J2L 75 16 l! D 89
499 L/J2L/60/8/A MALLAH J2L 60 8 P D 89
500 L/J2L/29/18/A ABDUL GHAPOOR AWAN J2L 29 113 P B 89
510 L/J2L/5SI1/A AHID KHAN J2L 55 1 p D 89
515 L/J2L/22119/A ASHIQ SIO REHMAT J2L 22 19 P E 89
312 L/J3LI15/10/A SADDIQ OOOAR J3L 15 10 p D 100 84
313 L/J3L/15/2/A MANZOOR KHAN J3L 15 2 p B 100 75
315 L/J3L/1613/A GEORGE MASEA J3L 16 3 P E 100 77
316 LIJ3L/2413/A BOTA BHATTl J3L 24 3 P O 100 84
317 L/J3L/26171A AJ<RAM KHAN J3L 26 7 P D 110 86
318 L/J3L/39/1/A WALI MUHD J3L 39 1 p E 110 86
319 L/J3L/40/10/A ASHRAF KHAN J3L 40 10 P D 110 81
320 L/J3L/42/13/A IFTIKHAR J3L 42 13 P D 100 77
321 L/J4TR/28/22/A QAMAR HUSSAIN J4TR 28 22 p E 100 72
322 L/J4TRI30/11/A MUHD BOTA RAJPUT J4TR 30 11 P E 100 85
323 L/J4TR/31115/A SAFDER KHAN J4TR 31 15 P D 100 88
324 L/J4TRI34/./A ABDUL GHAFFAR QURESHI J4TR 34 P B 120 77
325 L/J4TR/36/25/A RAFIQ !<HAN J4TR 36 25 P E 100 81
326 L/J4TR/37/51A SCARP SKT-95 J4TR 37 5 S E 300 61
327 L/J4TR/46116/A RANA MUZAFFAR J4TR 46 16 P E 115 81
328 L¡.J4TR/49/23/A MURO SHAFI J4TR 49 23 P D 121) 84
329 L/J4TR/53/5/A ABDUL REliMAN J4TR 53 5 p E 100 82
330 L/J4TR/66/5/A RANA MUZAFFAR J4TR 66 5 P E 100 75
348 L/J6TL/60/1/A QAMAR !<HAN J4TR 60 1 P B 100 87
331 L/J5TF/10/10/A MlJHD KHAN J5TF 10 10 P E 100 78
332 L/J5TFIl01l4/A MAQBOOL ARMED KHAN JSTF 10 14 p E 100 77
333 L/J5TF/1l/9/A RAMZAN KHAN J5TF 11 9 P E 100 79
334 L/JSTFI13/14/A ABDUL RAHIM JSTP 13 14 P E 100 77
335 L/J5TF/27/8/A KHAN MUHD JSTF 27 8 P B 110 86
336 L/JS'l'FI28/8/A ARSHID ARAIN J5TF 28 8 P D 100 85
337 L/JSTF/2911/A HADI KHAN J5TF 29 1 P B 100 85
338 L/JSTF/301l4/A ABDUL MAJID JSTF 30 14 P D 100 87
339 L/J5TF/31/22/A ABOUL ASIS KHAN JSTF 31 22 P D 100 87
340 L/J5TFI3216/A ABDUL GHAFOOR KHAN J5TF 32 6 P B 120 85

341 L/J5TF/41/11/A AFZAL !<HAN I MUBARAK AL! JSTF 41 11 P D 100 87
342 L/J5TF/43/25/A UMAR KHAN JSTF 43 25 p B 110 88
343 L/J5TF/44/13/A SHAFIQ KHAN J5TF 44 13 P D 120 86
344 L/J5TF/5312/A SARDAR J5TF 53 2 P D 110 88
345 L/JSTF/8/13/A AFZAL !<HAN J5TF 8 13 P D 114 82
347 L/J6TL/SS/20/A ABID AL! J 6'I'L 55 20 P E 100 75
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Appendix B

Lagar Distributary Tubewell Physical Data

DATA CONCERNING CERTAIN physical characteristics of 193 public and prívate
tubewells in Lagar Distributary command are given in this appendix. These
data were collected through direct measurements carried out by the
Irrigation Research Institute (IRI} of the Punjab Irrigation and Power
Department, late in Kharíf season, 1988.

As in the primary census listing of tubewells in Lagar Distributary
command (Appendix A), each well is first individually identified by its
"NMR~ and its "TUBrD." This information is followed by the column NDATE~

which gives the date on which the measurements were taken. The tubewell
discharge as measured by IRI in cubic feet per second is entered under
NDISCHARGE." (English units of measurement continue to be the standard
for the Punjab Irrigation Department as well as tor other irrigation
agencies in pakistan; therefore, the primary rneasurement data in this
Appendix are given as originally reported by IRI. Conversion to
international metric standards is easily and quickly done, however.)

Entries under NSTATICNSL" give the measured depth to water table from
the natural land surface of each well. If the tubewell was operating when
it was visited by the IRI team, it was turned off and suitable time
allowed for the water in the bore to return to its natural level before
this measurement was made. "STATICCLP" indicates the depth to water table
for each tubewell as measured from the pump. Because pumps are often
placed at the bottom of dug pi"ts, this depth is usually less than the
depth to water table measured from the natural land surface.

The depth of the water table when the pump is operating, measured from
the level of the pump, is given in the column headed qDYNAMIC." It the
tubewell was not in operation when the IRI team arrived to make these
rneasurements, it was operated tor a period sufficient for che water table
to stabilize at its dynamic position. The difference between the values
for NSTATICCLP" and qDYNAMICN is MDRAWDOWN.U All depths are measured in
feet.

When any of the foregoing rneasurements could not be taken tor various
reasons, the entry under the appropriate column(s) is a period (M.N).
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Lagar Distributary Physical Data

'l'UBlD DATE: DISCHARGE STATICNSL STATICCLP DYNAMIC DRAWDOWN

1 L/10R/226/5/A 4/08/88 2.29 16.5 19.4 43.8 24.4
2 L/lOR/29B/17/A 7/0B/B8 2.56 14.0 17.2 43.2 26.0
3 L/lOR/1BS/IB/A 15/08/88 0.99 6.1 2.0 11lol 16.1

" L/10R/19l/22!A 15/08/89 0.91 10.6 8.6 28.3 19.7
5 L/lORl2l511/A 15/08/88 1.43 10.5 8.5 24.g 16.4
6 L/10R/2l517/A 15/08/B8 0.67 8.2 8.2 21.5 13 .3., L/10R/218/17/A 15/08/88 1.11 6.7 4.8 21.5 16.7
S L/10R/220123/A 15/08/88 1.02 16.7 6.2 19.2 13.0
9 L/l0R/222/16/A 15/08/88 0.94 16.5 12.5 26.0 13.5

.11 lo/I0R/225/14/A 15/08/88 1.20 14.2 13.2 21.5 8.3
'. 12 L/IOR/253/8/A 15/08/88 0.45 14.7 U·I. 24 •. ~ 10.2

U lo/IOR/254/14/A 15/08/88 1.19 17.5 U.S 21;5 ,.".-'. 7.0
~:- .. " ~ 14 L/10R/2SS/14/A 15/08/88 0.80 14.7 13.2 27.1 13.9

. t'q-
,J~, 1.o/1~1255n.6/A 15/08/88 0.93 15.7 9.7 18.1· 8.4,-

t./tOR/256/5/A 15/08/88 1.05 16.3 12;3 2.'·~:ii' 12.6":'.,:' '1
11 L/tOR/Z8S/U/A 15/08/88 1.33 15.4 12,4 28.3 15.9
18- L/i0R/2941i1A 15/08/88 1.48 11. 7 11.7 29:'4' 1J:.7.7

~c;,'- . 19' L/1OR/297/1S/A 1S/08/88 0.93 14.5 13 .0 27.1 14 .1
20 ,-L/lllo/285/1/A 17/08/88 0.76 14.0 12.3 18.3 >6.0

'21 "L/liL/286/S/A 4/08/88 2.31 16.S 17 .5 32.S 15.0
22 L/111.o/298/22/A 20/08/88 0.62 14.0 13.1 24.0 10.9

',,:> 23 L/11L/314/20/A 21/08/88 1.02 13.3 12.2 20.3 8.1,.•~-:,. - ~

24 L/lllo/315/16/1. 21/08/88 1.10 13 .3 6.1 21.1 15.0
2~ lo/llL/317/16/A 20/08/68 0.60 14.3 14 ,2 20.0 5.8
27 , L/llL/317/9/A 20/08/88 0.75 14 .50 13 .0 22.6 9.6
28 .L/11L/324/17/1. 21/08/88 1.07 13 .50 10.3 22.3 12.0
2,~ L/11L/324/5/ A 21/08/88 0.87 13.S 10.S 17.1 6.6
30 L/11L/325/16/A 21/08/88

3'1~' LlllL/28S/ 11/A 15/09/88 1.38 11.5 11.5 26.3 14.8
e'3,( L/121./49123/A 4/08188 1. 69 16.3 11:3;6 3'l;3 12.1
l/7·' L/13R/45125/A 5/08/88 2.18 16.6 19.5 '41.6 22.1..•.$5 L/14RIlO6/23/A 7/08/88 1.82 17 .4 21.0 40.8 19.8
10 L/15R/39/4/A 8/08/88 0.33 17.1 18.7 '35:3 11';'6
'74 lo/16R/89/13/A 4/09/88 0.73 16.6 15.4 28.6 13.2

.•..7:$ LI16R/89/3/1. 9/08/88 1.70 15.4 16.8 26;0 9.2
76 L/16R/9216/A 4/09/88 1.24 14 .0 1LO 20.6 9.6
17, L/16R/97/21/A 4/09/88 0.62 15.0 14.4 29.6 14.5
9b L/17L/69/21/1I 9/08/88 2.18 19.5 22.6 43,1 20.5

. '"9$ L/17L/98125/A 8/08/88 2.49 18.6 21.6 31;6 10.0
97 L/ 18L/145125/A 10/08/88 2.04 15.8 18.5 ~20 13.8 .

100 L/18LIl6/211. 9/08/88 2.76 19.8 22.0 32.2 10.2
109 L/19R/23/17/A 30/08/88 .
110 lo/19R/36/111A 20/09/88 1.28 16.0 12.0 22.8
:l.l+ L/19R/36/20/1. 30/08/88 0.99 21.0 15.0 22.9
tu L/19R/41/18/A 30/08/88 1.90 18.0 21.0 32.0

;1'13' L/19R/45/3/A 30/08/88 0.93 lB.O 14.5 20.S
i14 L/19R/45/5/A 30/08/88 1.19 19.5 13.5 22;9'

':a;~S' L/19R/46/5/A 1/09/88 1.10 19.0 16.2 2,6.2,.
~1~1 lo/19R/60/20/A 31/08/88 0.83 16.0 15.0 2107'·'11'8- L/19R/691l/1. 31/08/88 16.0 15.2 ' ..
,~n, lo/19R/69120/A 30/08/88 0.69 16.8 15.0 2.4\6nn L/lR/100/S/A 15/09/88 1.34 9.0 7.7 ~.1.S .
121 loI1R/17/18/A 15109188 2.09 8.3 21>5
122 L/1R/19/17IA 15/08/88 1.21 7.4 7.4 24:.3
125 t/1R/73118/A 15/08/88 1.24 7.4 7.4 l~.~
126 L/1RI'1512:31A 15/08/88 1.40 8.6 4.8 18.6

.128. LI20R/112/11/A 29/08/88 1.06 16.0 11.5 18.8
129 ,lo/20R/1l3/l9/A 28/08188 0.73 16.0 11.0 17;1
:l{3~ 1.o/20R/116/11/A 31/08/88 0.98 19.3 13.3 2S.2

::1t~'i lo/20R/U712/A 17/09/88 1. 38 15.7 14.7 30.0
132 I,/20R/1l9/1/A 30/08/98 0.85 16.0 13;0 21:7

"'<~:
L/20R/63121A 29/08/88 0.95 13 .S 20.6
LI20R/66/7/A 29/08/88 1.01 15.0 2.1n

·ail~-' L/20RI79/6/A 16/10/88 1.02 15.S 15.5 20;6
L/20R/79/6/B 11/08/88 18.0 21.0 .

1": ~' ·'(in L/20R/82!12/A 17/09/88 1.19 15.0 11.0 :a.0
. loI20R/$6110/A 29/0B/88 0.67 16.0 10.0' 1;4 :9

.:.;~O L/21TL/49/19/A 15/09/88 1.31 9.9 7.3 A.•• ?,.c··Ul L/.21TL/48/20/A 15/09/88 1.48 9.7 7.3 .~9.2
r . ",142 L/21TL/49/23/A 15/08/88 1. S2 9.1 7.. 1 ',22.6

., ",'
·.~"3 L/21TL/50/13/A 15/08/88 1.14 9.1 5.1 18.1

. -~\.. '

>,144 L/21TL/51/S/A 15/09/98 1.11 10.1 9.1 21.S"145 L/21TL/S2/19/A 15/08/88 1.06 11.8 8.8 15.8~,~.- , 'e14,' L/21'f'L/53/9/A 15/08/88 1.11 12.9 8.9 21.5¡-",".
;'i/,",'. ·'147 L/21TL/55/411. 15/08/88 0.75 17 .8 10.8 21,.5

148 L/21TL/55/5/A 12/08188 1.61 11.2 19.6 26.6

::,.¡r-:
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NMR TUBIO DATE DISCHARGE STATICNSL STATICCLP DYNAMIC DRAWDOWN

150 L/21TL/63/16/A 15/08/88 1.14 11.8 7.8 18.1 10.3
151 LI21TL/64/20/A 15/08/88 1.20 11.4 7.8 23.7 15.9
152 L/21TL/64/3/A 15/09/88 1.89 10.0 8.0 26.0 18.1)
153 L/21TL/66124/A 15/08/88 0.51 7.8 7.8 14.7 6.9
154 L/21'I'L1791l/A 15/09/88 1.02 7.8 6.8 17 .0 10.2
155 L/21'I'L/ 80/19/A 15/08/88 0.79 10.7 7.1 111.1 11.0
156 L/21TL/81/2/A 15/08/88 0.93 12 .1 11 . 1 15.8 7.7
157 L/22TP/115/22/A 11/10/88 0.98 22.8
158 L/22TFIl16/19/A 23/08/88 1.38 13 .1 3.1 20.6 17 .5
159 LI22TF/118/15/A 26/09/88 1.13 15.2 15.2 21.7 6.5
160 L/nTF/124/9/A 28/08/88 0.80 16.0 9.5 23.4 13.9
161 L/22TF/125/12/A 28/08/88 0.81 16.0 13.7 19.0 5.3
162 L/22TF/126/211A 20/09/88 0.75 16.0 14.5 22.8 8.3
163 L/22TF/149/11/A 17/10/88 1. 06 16.0 12 .0 22.0 10.0
165 L/22TF/156125/A 20/09/88 0.78 15.0 15.0 23.0 8.0
168 L/22TF/181/14/A 28/08/88 1.12 16.0 10.0 22.3 12.3
169 L/22TF/56/16/A 23/08/118 0.117 17 .0 11.0 21.6 10.6
170 L/22TF/1l5/12/A 23/08/B8 1.30 17.5 9.0 21.7 12.7
171 L/22TF/85/2/A 30/0B/88 1. 91 18.4 21.2 31.2 10.0
172 L/22TF/921l5/A 29/0B/88 1.25 15.0 10.0 21.7 11.7
173 L/22TP/118/15/B 22/08/88 1.17 15.0 9.0 22.3 13.3
174 L/22TF/11B/14/A 23/08/88 0.5B 15.6 15.5 25.7 10.2
180 L/23TR/56/24/A 11/0B/88 18.7 21.3
184 L/2RI24119/A 15/0B/88 0.94 8.3 8.3 17. O 8.7
185 L/2R/25117/A 15/08/88 1.42 9.9 9.4 17. O 7.6
186 L/2RI27/19/A 15/08/88 1. 38 6.8 6.8 18.1 11.3
187 LI2R/291l6/A 15/08/88 0.49 5.5 5.5 20.9 15.4
188 L/2R/29/Z/A 15/08/88 1. 41 10.0 9.0 19.8 10.8
189 L/2R/311l0/A 11/10/88 0.71 13. O 13 .0 J 8.3 5.3
190 L/2R/311l6/A 15/09/811
191 LI2RI31/5/A 11;/08/B8 0.30 13 .8 11.3 23.7 12.4
192 L/1R/31/6/A 15/09188 0.76 13.8 12.8 22.6 !L8
193 L/2R/32/21A 15/08/88 0.78 11.3 8.3 23.7 15.4
194 LI2R134/15/A 11/10188 1. 08 12.0 11.0 21.7 10.7
195 L/2R/37114/A 15/08/88 1.13 9.4 9.4 19.2 9.8
196 LI2RI37/9/A 15/09/88
197 L/2R/411121A 15/09/88 1. 67 11.0 10.0 26.0 16 .0
19B L/2R/46/23/A 15/08/88 0.S2 8.1 8.1 20.3 12.2
199 L/2R/5S/23/A 15/09/88 1. 30 10.7 8.7 22.6 13.9
200 1./2R/59116/A 15/09/88 1.17 8.8 8,8 23.7 14 .9
201 L/2R/61/20/A 15/08/88 1.23 8.8 8,8 17 .0 8.2
202 L/2R/61/25/A 15/08/88 1. OS 9.4 9,4 23.7 14.3
203 1./2R/61/8/1\ 15/08/88 0.83 8.8 8.8 14.7 5.9
204 L/2R/62/2/A 15/09/SB
206 L/2R/63/4/A 15/09/88 1.25 10.3 9.3 23.7 14.4
207 1.12R/64 /20 / A 15/09/88 0.64 10.4 9.4 18.1 8.7
208 1./2R/64/4/A 15/09/88 1. 07 11.3 11.3 24.9 13 .6
209 1./2R/65/S/A 11110/8B 1.18 11.3 8.3 21.7 13 .4
211 LI2R/66/B/A 15/09/88 1. 38 9.3 8.3 27.1 lB.8
212 LI2R/6717/A 14/10/88 1.15 13 .0 10.5 20.6 10.1
213 L/2R/68114/A 15/09/88 1.15 11.2 9.2 24.9 15.7
215 1./31./61/'2111 15/09/88 1. 25 11.8 6.3 18.1 11.8
217 1./4R/22/23/A 16/08/88 1.12 11.0 12.0 18.1 6.1
218 1./4RI22/9/A 17/08/88 0.B3 12.0 12.5 18.2 5.7
219 L/4RI22/9/B 15/08/S8
220 L/4R/23/10//\ 13 /08/S8 0.87 11.0 11.5 23.9 12.4
221 L/4R/23/12/A 13/08/88 1.14 11.0 10.0 18.5 8.5
222 1./4R/25118/A 13/08/88 0.73 9.1 9.0 17 .1 8.1
223 L/4R/35/8/A 16/0S/88 O. El! 12.0 11.8 19.4 7.6
224 L/4R/45/8/A 20/G8/88 1. 07 9.5 7.8 19.4 11.6
225 1./4R/46/2/A 15/08/88 1. 32 11.0 10.0 18.5 8.5
226 L/4R/46120/A 22/08/88 1. 02 10.0 8.1 17 .7 9.6
227 L/4R/56/1/A 13/08/88 0.83 9.2 8.2 16.2 B.O
228 L/4R/60/15/A 22/08/88 0.88 9.2 9.3 18.3 9.0
229 L/4R/8/21/A 15/08/8B 1.20 13 .1 11.1 17 .1 6.0
230 L/4R/8/23/A 08/10188 2.63 13.2 16.5 50.0 33.5
234 1./5R/54/20/A 09/10/88 2.33 11.5 14.0 41.6 27.6
251 1./61./120/24/A 15/09/88 1. 43 23.7
257 L/6L/91124/A 15/09/88 2.82 9.0 32.6 23.6
260 1./7R/130/16/A 09/10/88 1.80 11.5 17 .1 5.6
262 LI7R/132/10/1\ 16110/88 1.13 14.0 10.0 17.7 7.7
267 L/8LI193/12/A 15/09/88 3.86 13 .2 31.2 18.0
268 L/81./213/2/A 15/09/88 1.15 8.7 5.7 21.5 15.8
269 L/8L/213 /23/ A 15/09/88 1. 06 6.4 4.9 17 .0 12.1
270 1./81./229125/A 15/09/88
271 L/81./230/21/A 15/09/88 0.95 8.8 8.8 26.0 17.2
272 L/8L/230/B/A 15/09/8S 1.16 6.1 4.8 lS.1 13.3
273 1./81./246/15/A 15/09/88 0.61 7.1 5.1 15.8 10.7
274 1./8L/246/21/A 15/09/88 1. 86 6.0 4.':> 24.9 20.4
275 1./8L/247/15/A 15/09/88 1.32 6.0 4.0 17 .0 13.7
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0.92
1.29
0.53
1.65
1. 37

0.97
1.39
1.13
1. 34
0.86
1.34
1. 34
0.99
0.90

0.96
1.35
0.91
1.36
1.25
0.79
0.75
2.12
1. 62
1.27
1. 40
1. 59
1.49
1. 10
1.34
1.32
1. 27
0.B8
1.29
1. 50
1.57
0.12
0.88
1.16

1. 29
1.21
0.89
1.41
1.05
1.33

DATE

15/09/88
15/09/88
15f09J88
14/10/88
15/0B/B8
15/08/88
15/08/88
15/08/88
15/08/88
15/08/88
15/08/88
11109188
09/09/88
15/09/88
08/09/88
15/09/88
08/09/88
08/09/B8
05/09/88
11/09188
12/10/88
12/09/88
10/10/88
12/10/88
12/09/88
07/09/88
07/09/88
07/09/88
14/09188
11/09/88
11/09/88
11/09/88
07/09/88
05/09/88
10/10/88
05/09/88
14/09188
12/09/88
0~/09/a8

14/09/88
15/09/88
15/09/B8
14/10/88
15/08/88
15/09/88
15/08/88
15/08/88
15/09/88

'roBlO

L/BL/249/21A
L/BL/273/151 A
L/8L1277 1211A
L/9L/227/14/A
L/9L/251/8/A
L/9LI282121A
L/9LI282/9/A
L/9LI311/11/A
L/9LI332/1/A
L/9L/337 /24/ A
L/9L/84/14/A
L/J1L1229/16/A
L/JILI30&/ 111A
L/J1L/30S/131 A
L/J1L/305123/A
L/JIL/30SI2S/A
L/J1L1306121/A
L/JIL/309/1fA
L/JIL1310/6/A
LIJ2L/22/11/A
L/J2L/23/11/A
L/J2LI23/16/A
L/J2L124/24/A
LlJ2L125/171A
L/J2LI2611/A
L/J2L/37/24/A
L/J2L137 171A
L/J2L13B/13/A
L/J2L/43/1/A
L/J2L/551201 A
L/J2L173/UA
L/J2L/36/221A
L/J2L/44/14/A
L/J3LI15110/A
L/J3L/1512/A
L/J3L/16f3/A
L/J3L/2413/A
L/J3L/26171 A
L/J3L/3911/A
L/J3L/40/10/A
L/JSTFJ9/1/A
L/KD216Jll/15/A
L/KD216/22125/A
L/KD216122171 A
L/KD216/23/1SJA
L/KD216/7/221 A
L/KD216/8/23/A
L/KD2161221SIA



Appendix e

Lagar Distributary Tubewell Water Quality

THIS APPENDIX CONTAINS the complete set of water quality data resulting
from the analysis of groundwater samples taken from public tubewells and
a large sample of private tubewells in Lagar Distributary command. The
groundwater samples were drawn by the Irrigation Research Institute late
in Kharif season, 1988, at the same time as tubewell data given in Appendix
B were collected. The water quality analysis of these samples was done
by the Soil and Water Laboratory, Directorate for Land Reclamation (DLR)
of the Punjab Irrigation and Power Departrnent.

As in the primary census listing of tubewells in Lagar Distributary
command (Appendix A), NNMRN and its NTUBID H are unique identifiers of
the specific tubewell fram which the sample was drawn. The sample code
number used by the Soil and water Laboratory in their ana1ysis is
identified under NLABNO. u

The headings tor the chemical and water quality parameters measured
are largely self-explanatory. Units of measurement tor these headings
are as follows:

*

*

*

*

Ca, Mg, Na, e03. HC03, el, S04, and total cations/anions (CATIO)
are measured in milliequivalents per liter¡

Dissolved solids (NDS") are in parts per mil1ion¡

EC (electrica1 conductivity) is in micromhos per cm at 2S0C¡

RSC (residual calcium carbonate) is in milliequivalents per liter¡

SAR (sodium absorption ratio) i5 dimensionless.

Trace measures of chemical characteristics are entered as UTU and any
missing values are denoted by a period (u.").

Based upon the results of the sample analysis, the Soi1 and Water
Laboratory determined whether the water of a tubewell was -fit" (UF-) or
"unfit" ("U") for irrigation purposes. This classification i8 indicated
under the heading "FIT." The standards used to determine the irrigation
suitability of tubewell water are those adopted by the punjab Irrigation
Department and used by DLR in their work. They are specified in the main
texto
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Lagar Distributary Tubewell Water Quality Data

BCDS PM Me sAR nr

11.4 704 1100 7.6 1.55;1.F
12 •. 5 780 1220 7.4 1.4 .S.fí F
12.9 800 12.50 7.5 .1.8 4.3 P
16.8 1017 H.9Q 7.6 3.98.7U
18.2 1120 1150 7.1 3.8 7.8 'U
11.2 6'37 1090 7.6 1.7:Lr, F
11.4 1,04 1100 1.4 1.8 4.~F.
14.6 902 1410 1.8 J.3 1.5 o
12.6 781 1230 7.7 2.2 4.4 F
12.8 800 1250 7.5 2;1 5.3 u
io.8 672 lOSO 7.S 0.4 2.1 F
10.9 6181060 9.0' 2.64;1 U
11..9736 l1S0 7.7 1.6 3 .• " F
8.8 5SJl 860 7.9 .0.0'-1.~ F

n-J'':;f' .iig~ ~:: .·;';~::v~t~ .."~
17.91bIl1l1'100 7.43.)'1,3 U'-
13·.0'8l~ ),270-- 7.'J:,L2;.'i1i·O F
15.S 960 i!ioo 8 .1)~'6;''.-i~.' U
1~5;5 9ll.1.; 1'.'0- 7 ;4}34/:,,:1:l.8 o
11..6 723 1130 7.3 .1,:l-.5~1 ,
11. 2 -'7041).OÓ 8 .2 ~,,:- 0.6.' '.3 .8}"
1t.210S~ j,65D 7;( 3.2 11.3 U
lS.7~6-o'··).500 '7'4';'2J .-' ,"1'4 F

g:~ ¡~:'*~~~~:a"-'~:t;.~:~ ~
17~1 103': _1~.o'7.6.-.'3~.~.i7.8 u
U:g itnl!', ;t~~g .... i':~~!:~'~}'¿é;{:tl.'·~····
i~:¿ ~~¡(n~g ,~:i,iF~:~~',{¡;;:~._~
17.(1 lQ~4 1600 7 •.8·h2:l2,.Odl ..,
10.. 6 có5g 1030 8 •. ~¡ ." l;.~J.i ..·•.,5 •.·.~ .., f'
lA;7 '915' 1430 7. 3>',·3.2!r.ot, D,

~~:r t~tfNggi~,;;.;::~~-J?:JttJ g
1.5.1 g~~; lASo '1 .&": 3~-a;! . 8~1 "U

!IT :m fill H1i1~i~l~i
18.1 111l? 'í731l 7"c<i'~';l-t·--~;:u'
U:; t~i~ t:~g' '.~;~'!". ~'~~~;)il~r;3'-{
17.8 lI)$a P 00 ·7'J!hOc;,!3., U
UI.8 U45 1HO 8.. 5 ;1' :;a-).~U-
19. o 1152 1800 7.43.2. JJ,"~',u
7.$ 4:$6160 7f~ .9d>1,'",·5r
".8 :;\\l7 4'Q() lí;~, 1l.0'l)!.~.t\
7 . s .486 7607.ii~· o'~;:9,;.r
9.3 582 910 8~1l()'3'i'<'3:~¡:"

1t~ 1~:1 l¿~g i:l .*::,~t:~' ~
19 •2 UD 1'140 7 ~62".t:~;~b\ u
.21.5 12~9 2.030 ,;, .~.~·;:¡ll>~o,';.~ ..

¡i¡i¡ifi¡mi~ ;i~lI~iii!;
19.5 1184 1950 8.9. ·l~'j;'ijal.(J, .
17.,81-09::1. 1690 7.93.0 "9.4.U
19.'1 11'65 18208/6 4.9 15;6W
16;7 1,-'02.4 ;1600 8.0 3.4 lll.2 u
.15.4 ;''l,41 14708<1 2.:1.. 9.2 F,.;
16;'4 "lOU' 1580"e;3 ·1.1; 10.4 (1
1]:t1ibsa 17001;~7 1.5,B.7 U
19.0 1,1$2 tBÓO 7;!> 1,'1 9.1 U
17.4 1062 1660 $.1 1.17.7 U
15.29H 1470 7.~9 2.2 B.6 ,
liLo ttíO 1750 8.1 1.1 1.6 U
18.), .:1120 1750 7.93.0- 10,1 u
16~e iQ37 1620 7.8 2.6 10.0 U
11.1 i075 1690 7'.7:1,,¡71'8.9 U
13.1 e13 1270 Q.3 <1.2 6.0 F'
14.2 877 1370 8.• 0- :"1~'" 9.7 F
13.5832. 13008.0 L 3 7.5 F
16.91037: 1620 $~.~ 3.:0' 1•• ~ ·0
19.5 U20 1750tl,.22.•:~1.L8 U
24.2 15362400 '1.73.6 11:.8 u

S04 CATIO

4.5
5.1
4.3
6.9
7.4
3.5
3.9
5.6
4.5
4.2
3.3
2.7
3.1
2.6
6.1
5.0
6.9
4.6
4 •.5
5.6
4.5
3.9
7.3
6.1
4.5
4.3
6.9
7.0
5.1
4.6
5.0
7.1
3.8
5.4
8.1
6.0
5.6
6.3
5.5
6.0
5.5
5.7
6.4
6.2
7.0
5.5
6.4
6.9
6 .. 8
2.4
1.2
2.0
4.0
2.6
5.9
7.0
8.6
S.1
8.1
6.5
6.4
6.0
7.1
7.4"
!¡, 3'
5.7
1.6
7.1·
7.1
1.3
5.8'
7.4
7,3
S.1
7.1
4.3
4.5
4.8
6.7
7.5
9.6

CL

1.3
1.7
¡'2
1.8
1.6
1.0
1.1
1.7
1.1
1.2
1.0
1.0
1.0
0.9
1.6
1.6
2.3
1.8
2.7
1.7
1.6
1.6
2.1
2.2
1.3
1.5
2.1
2.2
1.9
1.6
1.8
2.9
1.4
2.6
4.4
3.1
2.9
5.5
6.7
5.8
3.3
3.1
5.6
6.4
-4.8
6.2
3.9
4.1
5.3
0.7
0.5
0.6
1.0
0.9
5.1
4.3
5.7
4.0
5.4
7.0
6.0
7.0
3.S
4.5
4.6
4.1
4.5
4 6
5.4
3.9
3.6
4.1
4.0
5.0
4.5
3.3
4.8
3.9
5.2
5.1
6.8

C03 MC03

0.0 5.6
0.0 5.7
0.0 7.4
0.0 S.l
O. o 9.2
0.0 6.7
O. o 6.4
0.0 7.3
O. o 7. o
0.0 7.4
0.0 6.5
O. o 7.2
0.0 7.2
0.0 5.3
O. o 7.9
0.0 6.9
0.0 8.7
0.0 6.6
1.2 7.4
0.0 8.2
0.0 5.5
0.0 5.7
O. O 7.8
0.0 6.8
0.0 6.7
0.0 7.0
O. O 8.1
O. O 7.8
0.0 6.7
0.0 5.9
O. o 5.8
O. o 7. o

T 5.4
O. O 6.7
0.0 9.7
O. o 9. o
0.0 6.6
O. O 6. O
O. o 4.9
O. o 5.5
0.0 6.9
O. o 7. o
0.0 &.4
O. o 5.5
0.0 7.3
O. o 5.8
0.0 7.5

T 7.8
O. o 6.9
O. O 4.7

T 3.1
O. o 5.2
O. o -4.3
O. O 4.5
O. o 6.6
O. o 6.9
0.0 7.2
0.0 6.6
0.0 7.1
O. O 4.9
O. o 6.1
O. o 6.5
0.0 7.2

T 7.2
0.0 6.8
O. O S.ó
0.0 4.3
O. O 6.1
O. o 5.9
o ti 6.2
O. o 5.8
O. O 6.5
0.0 7.0
O. o 6.1
O. o 6.1
0.0 5.5
O. ti 4.9
O. o 4.8
ti. O 5. o
0.0 5.9
O. O 7.8

NA

7.3
8.2
7.3

12.6
12.8
6.2
6.8

10.6
7.8
8.1
4.7
6.3
6.3
3.2

12.6
9.0

12.3
8.8

13.6
10.6
7.4
6.1

12.6
U.2
6.4
9.8

12.2
12.6
10.9
8.6

10.0
14.2
7.1

11.2
19.4
12.0
11.6
14.0
14.7
14.3
12.2
13.2
15.0
14.9
16.0
15.0
15.3
16.1
15.3
2.5
1.2
0.8
5.3
2.9

14 .3
14.2
16.6
12.2
16.3
15.6
15.6
16.6
13.6
16.8
13.3
12.0
13.2
13.2
14.2
12.3
11.6
12.6
14.3
13.3
13.3
8.8

11.0
10.0
14.9
15.2
19.0

MG

2.6
2.8
3.9
3.2
4.1
3.6
2.8
2.9
3.7
3.1
4.4
3.5
4.2
3.9
1.6
2.9
4.1
3.1
1.6
3.7
2.5
3.6
3.5
3.1
4.5
2.1
3.1
2.7
2.1
2.3
1.4
1.8
2.1
2.5
1.8
3.6
2.5
2.6
1.3
1.9
2.0
1.-4
1.8
1.6
1.7
1.3
1.5
1.6
2.3
3.7
2.3
5.3
2.6
3.7
1.9
2.3
3.1
2.4
2.6
1.4
1.4
1.6
2.7
1.4
2.0
1.8
2.0
2.3
2.9
3.1
1.9
3.9
2.5
1 9
2 8
2.6
1.6
1.7
1.2
2.1
3.6

LAflNO CA

143 1.5
144 loS
191 1. 7
198 1.0
201 1. 3
199 1. 4
195 1.8
202 1.1
193 1.1
197 1. 6
196 1. 7
194 1.1
203 1. 4
190 1. 7
192 1.4
204 1. 6
200 1.5
189 1.1
312 0.6
205 1. 2
131 1.7
206 1. 5
210 1.1
209 1.4
20S 1. 6
213 0.9
212 1. 8
211 1. 7
133 1. 3
132 1. 2
134 1. 2
136 l. o
275 1.4
135 1. o
326 1.0
274 2.5
137 1.0
138 1.2
140 1.1
139 1.1
276 1. 5
216 1.2
141 1. ti
219 1.6
215 1.4
214 1.2
217 1.0
277 1.1
218 1.4
147 1.6
259 1. 3
145 1. 7
148 1. 4
146 1.4
222 1.4
223 1. 7
224 1. 8
327 1.7
226 1.7
220 1. 4
221 1.5
328 1.3
142 1. 5
278 0.9
225 1. 4
233 1.6
238 1. 2
231 2 3
236 1. 9
280 2.0
228 1.7
231 1.5
227 1. 5
234 1. 6
229 1.6
281 1. 7
232 1. 6
219 1. B
235 0.8
230 1. 2
245 1. 6

~:",._,

~~;;... '1'UBID

';;"" t' ,l.110R/.. / . / •

:~i{>.{\.C tng:~ies~i8~Á
':;';" '.!."'". L/l0R/191/22/A
"t e

:, ",LI10RI2151l/A
J:? '.~.,:LI10R/21SI7/A

......._ ,L/10R/218/17/A.¡.. 1./10R.I220/23/A
'~,,! .9 L/I0RI222116/A
': li"L/10R/225/14/A
eJ: Ln" L/10RI253/8/A

"i~': "):tt) O". tHg~~~~i ~H~:
4::'-, ;'!J'/~~~g:~~~:~~~~A
~{3.~'F >tng:~~~~~~;~A
~l,',~i'~; tnit~~:~ ~n~A
~:: ';1,,' ,L/ULI286/8/A
.0-> ,,¡... :,:, 1,/l1101298/22IA
.¡. ':'. 'L/llL/314/20/~l- •:'t{:;-~/11L"31s1l6/A
"~,,.:·:af>: 1o/l1.101317116IA'.$':': L/l1.101317/9/A

.~.< L/11101324/17/A
'2-'9': L/llL/324/5/A
~7 L/12L/49/23/A

:.11 LIl3R/4S/25/A
iZC'!lS . L/14R/l06123/A
Y!79,1.115R/39/4/A
~) \it. L/16R/S9/13/A

-:~'7:S L/16R/89/3/A
, '7~ L/16R/9216/A

:~1tl L/16RI97/21/A
(J··~O r,./11L/69121/A
.t:-'¡JS L/17LI9S/25/A

·97 10/1910/145/25/11
1llO L/18L/16/2/A
110 L/19R/36/11/A
1,11 L119R/36120/A····re ,t'.ií' Lh9R/41/18/A, -

t{ '~~3... Lll~R/45/3/A
e '1,14 L/19R/45/S/A

;t~s L/19R/46/5/A
1~7 L/19R/60/20/A
3;1$ L/19R/69/1/A
;1l9 L/19R/69120JA
'1.Z0 L/IR/100/S/A
121 L/IR/17/1S/A
'122 L/lR/19/17/A
125. L/1R/73/18/A
'12' LJ1RI75/23/A
1¡8 L/20R/112/11/A
129 L/20R/113/19/A
}30 L/20R/116/11/A
131, L/20R/U7I2IA

:r~~, 1oJ20R/119/1/A
,(34 L/20R/63/2JA
135 L120R/66 11 /A
~l36 L/20RI79/6/A
1.17 LI20R/79/6is
'1~8 L/20R/82J12/A
t~)J L/20R/86/10/A
ll.(ll L/21TL/4S/19/1I
·)'141 L/21TL/49J20JA
;.:'142 L/21TL/49/23/A
~~.3 L/21TL/SO/13/A

...'.;,.i~l.••~ L/21TL/5118/A
;]1:4i L/21TL/52/19/A

_~~~.~ L/21TL/53/9/A
¿S)47 L/21TL/SS/4/A
':'F1.S'~ LI21TL/63116/A
.i;kl$~ L/21TL/64120/A
'5;~~2 L/21TL/64/3/A

.,«"53 L/21TL/66124/A
~;'1'54 L/21TLI79/1/A

Ji~~;U L/21TL/80/191A
o/{,;.lS6 L/21TL/81/2IA

;' ",1"58 L/22TF/1l6J19/A
:;/: '
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NMR TUBID LABNO eA MG NA C03 Neo3 CL S04 CAno DS EC PH RSC SAR F.IT

159 L/22TF/118115/A 285 1.9 1.0 12.8 0.0 5.9 4.3 5.5 15.7 960 1500 8.3 3.0 10.6 U
160 L/22TF/124/9/A 242 1.3 2.2 14.0 0.0 7.3 4.0 6.2 17.5 1088 1700 7.4 3.8 10.6 U

161 L/22TF/125/12/A 244 1.3 1.0 14.0 0.2 4.9 3.5 7.7 16.3 1024 1600 8.6 2.8 13.0 U
162 L122TF/126121/A 282 1.4 3.1 18.9 0.0 6.8 7.4 9.2 23.4 1427 2230 8.1 2.3 12.6 U
163 L/22TF/149/11/A 329 1.6 2.3 18.4 0.0 7.2 6.7 8.4 22.3 1344 2100 7.6 3.3 13.2 U
164 L/22TF/152/12/A 283 1.2 1.3 21.0 0.6 6.4 7.3 9.2 23.5 1427 2230 8.5 4.5 18.8 U
165 L/22TF/156/25/A 284 3.2 2.4 24.3 0.0 6.7 11. 7 11. 5 29.9 1792 2800 8.0 1.1 14.5 u
168 L122TF/181/14/A 243 2.4 2.8 25.5 0.0 7.3 13.1 10.3 30.7 1920 3000 7.9 2.1 15.8 U
169 L/22TF/56/16/A 246 1.4 1.8 13.6 0.0 7.6 3.3 5.9 16.8 1024 1600 7.5 4.4 10.7 U
170 L/22T.F/85/12/A 239 1.4 2.7 13.6 0.0 6.4 4.2 7.1 17.7 1101 1710 8.0 2.3 9.5 U
172 L/22TF/92/15/A 240 1-3 4.8 14.3 0.0 7.4 5.1 7.9 20.4 1248 1950 7.5 1.3 8.2 U
173 L/22TF/92/25/A 241 3.2 2.8 14.0 0.0 6.0 5.3 8.7 20. o 1248 1950 7.9 0.0 8.1 U
184 L12R124/19lA 163 1.5 2.5 10.3 0.0 6.3 1.9 6.1 14.3 896 1400 7.9 2.3 7.3 F
185 LI2RI25/17/A 161 1.0 2.4 8.6 0.0 6.2 1.5 4.3 12.0 742 1160 8.0 2.8 6.6 o
186 L/2R/27/19/A 160 2.0 3.6 8.4 0.0 6.1 1.9 6.0 14.0 864 1350 7.9 0.5 5.0 F
187 L/2R.129/16/A 158 1.7 2.3 7.4 0.0 6.2 1.2 4.0 11.4 704 1100 7.6 2.2 5.2 F
188 L/2R/29/2/A 162 2.2 2.8 8.3 0.0 7.5 1.7 4.1 13 .3 a19 1280 7.3 2.5 5.2 F
la9 L/2R/31/10/A 322 1.3 2.5 4.6 0.0 4.9 0.9 2.6 8.4 525 a20 7.!l 1.1 3.3 F
191 L/2R/31/5/A 159 2.3 2.9 6.4 0.0 6.2 1.4 4.0 11.6 716 1120 7.5 1.0 3.9 F
192 L/2R/31/6/A 270 1.5 2.3 7.1 0.0 6.1 1.3 3.5 10.9 672 1050 9.3 0.2 5.1 F
193 LI2RI32121A 164 1.0 1.9 7.4 0.0 5.6 1.2 3.5 10.3 640 1000 9.0 2.7 6.1 U
194 L/2R/34/15/A 157 1.7 2.2 6.3 0.0 5.5 1.1 3.6 10.2 627 980 7.6 1.6 4.5 F
194 L/2R/34/15/A 321 1.4 2.4 6.4 0.0 6.0 1.1 3.1 10.2 627 9110 8.0 2.2 4.6 F
195 L/2R/371l4/A 156 1.5 3.0 3.8 0.0 4.a 0.9 2.6 8.3 512 800 7.6 0.3 2.5 F
197 L/2R/41112/A 262 1.4 2.8 2.8 o. o 4.7 O,S 1.8 7.0 44B 700 8.3 0.5 1.9 F
In L/2R/46/23/A 155 1.8 2.7 8.0 0.0 5.1 1.6 5.8 12.5 768 1200 7.7 0.6 5.3 F
199 L/2R/59/23/A 269 1.6 3.1 4.6 0.0 4.8 1.2 3.3 9.3 576 900 B.3 0.1 3.0 F
200 L/2R/59/16/A 268 1.3 2.6 6.5 T 6.6 1.3 5.0 12.9 800 1250 !l.5 2.7 4.6 U
201 L/2R/61120/A 152 1.8 3.0 5.6 0.0 5.7 1.3 3.4 10.4 646 1010 7.7 0.9 3.6 F
202 L/2R/61/25/A 154 1.5 3.0 5.8 O. O 5.5 1.2 3.6 10.3 640 1000 7.!l 1.0 3.9 F
203 L/2R/61/8/A 153 1.8 3.4 6.1 O. O 6.1 1.3 3.9 11.3 704 1100 7.4 0.9 3.8 F

206 L/2R/63/4/A 266 1.1 2.5 6.1 T 5.7 1.1 2.9 9.7 608 950 8.5 2.1 4.5 F
207 L/2R/64/20/A 263 1.1 2.5 6.6 T 5.5 1.1 3.6 10.2 627 990 8.5 1.9 4.9 F
208 L/2R/64/4/A 265 1.2 2.1 5.a T 5.5 0.9 2.7 9.1 563 880 8.5 2.2 4.5 F

209 L/2R/65/8/A 320 1.7 2.9 3.7 0.0 4.9 1.0 2.4 8.3 518 810 7.7 0.3 9.4 F
211 L/2R/66/8/A 264 1.5 2.4 3.8 0.0 4.7 0.7 2.3 7.7 480 750 8.2 0.8 2.7 .F
212 L/2R/6717 /A 325 1.2 1.6 6.6 0.0 5.2 1.0 3.2 9.4 576 900 7.8 2.4 5.6 F
213 L/2R/68/14/A 267 1.3 1.9 2.9 T 3.9 0.5 1.7 b.1 384 600 8.4 0.7 2.3 F
215 LI3L/61/21A 254 1.6 3.3 7.5 0.0 6.9 1.3 4.2 12.4 768 1200 8.2 2.0 4.8 F
217 L/4R/22123/A 168 1.1 2.4 10.6 0.0 6.4 2.0 5.7 14.1 870 1360 7.5 2.9 8.0 U

218 L/4R/22/9/A 175 1.0 2.6 14.0 0.0 9.7 1.9 7.0 17.6 1075 1680 7.6 5.1 9.2 U

220 L/4R123/10/A 166 1.1 2.5 10.9 0.0 6.9 1.6 6.0 14.5 896 1400 7.9 3.3 8.1 U

221 L/4R/23/121A 170 1.0 3.0 6.3 0.0 5.3 1.0 4.0 10.3 64 O 1000 7.2 1.3 4.4 F

222 L/4R/25/18/A 167 1.2 2.8 6.6 0.0 5.1 1.2 4.3 10.6 659 1030 7.3 1.1 4.6 F
223 L/4R135/9/A 169 1.1 3.8 12.0 0.0 6.3 2.0 8.6 16.9 1043 1630 9.1 1.4 7.6 U
224 L/4R/45/8/A 172 0.7 3.8 13.2 0.0 7.9 2.2 7.6 17.7 1081 1690 7.2 3.4 a.a u
225 L/4R/46/2/A 171 1.0 2.4 14 .6 0.0 a.3 2.4 7.3 18.0 1100 1720 7.6 4.9 11.2 U

226 L/4R/46/20/A 173 1.0 3.6 11.2 0.0 7.8 1.7 6.3 15.8 973 1520 7.2 3.2 7.4 U
227 L/4R/56/l/A 176 0.7 5.0 9.2 0.0 !l.4 1.3 5.2 14.9 915 1430 7.4 2.7 5.4 U

228 L/4R/60/15/A 1'14 1.0 4.9 10.2 0.0 7.3 2.0 6.a 16.1 992 1550 8.0 1.4 6.5 F
229 L/4R/8/211A 165 1.0 2.2 16 .8 0.0 9.2 2.3 8.5 20.0 1216 1900 7.8 6.0 13.3 U

230 L/4R/8123/A 314 1.6 1.6 7.1 0.0 5.4 1.2 3.7 10.3 640 1000 9.0 :2.2 ~.6 F
234 L/5R/54/20/A 313 2.1 3.0 6.8 0.0 6.2 1.6 4.1 11.9 742 1160 1.5 1.1 4.2 F
251 L/61,,/120/24/A 256 1.5 2.3 14.2 T 8.3 :¿.7 7.0 18.0 1088 1700 8.4 4.5 10.3 U
257 L/6L/91/24/A 255 1.1 2.2 6.4 T 5.2 1.0 3.5 9.7 608 950 8.4 1.9 5.0 F

260 LI7R/130/16/A 316 1.1 1.4 7.8 0.0 4.9 Lb 3.8 10.3 640 1000 7.6 2.4 7.0 F

262 L17R/132/1 O/A 315 1.5 2.7 7.5 0.0 6.5 1.4 3.8 11.7 723 1130 7.6 2.3 5.2 F
267 L/8L/193/12/A 257 1.4 2.1 6.3 T 5.2 ] . 1 3.5- 9.8 614 960 8.5 1.7 4.7 F
268 L/8LI213/2/A 271 2.5 3.0 6.6 0.0 7.3 1.1 3.7 12.1 749 1170 8.0 1.8 4.0 F

269 L/!lL/213/23/A 171 0.7 5.6 6.0 0.0 6.9 1.1 4.3 12.3 755 1180 7.3 0.6 3.3 F

271 L/!lL/230/21/A 178 0.9 4.2 6.3 0.0 6.~ 1.1 3.8 11.4 704 1100 7."3 1.4 3.9 F

272 L/8L/230/8/A 180 1.!l 1.4 7.0 0.0 5.5 1.1 3. " 10.2 640 1000 7.3 2.3 5.5 F

273 L/8L/246/15/A 182 1.2 3.0 18.0 o.e 7.7 3.0 11. 5 22 .2 1344 2100 7.!l 3.5 12.4 U

274 1"/8L/246/21/A 183 1.2 1.9 10.6 0.0 6.9 1.8 5.0 13.7 844 1320 7.7 3.9 9.5 U

275 L/8L/247/15/A 181 1.7 2.7 13 .6 0.0 7.2 2.5 8.3 18.0 1088 1700 7.6 2.8 9.1 U

276 L/8L/249/2/A 179 1.8 4.6 6.0 0.0 7.4 1.1 3.9 12.4 768 1200 7.4 1.0 3.3 F

277 L/8L/273/15/A 303 0.9 0.5 7.5 T 4.4 1.1 3.4 8.9 563 880 8.5 3.0 8.9 U

278 L/8L/277/21/A 272 1.0 0.8 10.0 T 5.6 2.0 5.2 12.8 800 1250 !l.5 3.8 10.5 U

279 L/9L/22'7/14/A 317 1.2 2.2 6.4 0.0 5.0 1.5 3.3 9.8 60S 950 7.6 1.6 4.9 F

280 L/9L/251/8/A 207 0.9 2.0 7.5 0.0 5.7 1.1 3.6 10.4 646 1610 7.6 2.8 6.2 U

282 1,,/91,,/29219/A 184 1.8 2.1 8.5 0.0 6.3 1.7 4.4 12.4 768 1200 7.3 2.4 6.0 F

283 L/9L/31l/111 A 185 1.3 1.7 12 .2 0.0 6.6 2.2 6.4 15.2 934 1460 7.6 3.6 9.9 U

284 L/9L/332/1/A 186 1.1 1.1 12 .8 0.0 6.2 2.3 6.5 15.0 n8 1450 7.5 4.0 12.2 U

285 L/9L/337124/A 187 1.2 2.1 9.7 0.0 5.9 1.9 5.2 13 .0 819 1280 7.8 2.6 7.5 U

286 L/9L/84/14/A 18S 0.7 1.3 14. o 0.0 8.4 1.7 5.9 16.0 960 1500 7.6 6.4 14.0 U

287 L/J1L/2291l6/A 291 1.4 0.7 9.2 T 4.7 2.4 4.2 11.3 704 1100 8.4 2.6 9.0 U

2B8 L/J1L1305ill/A 286 2.6 1.2 9.0 0.0 6.2 1.8 4.8 12.8 793 1240 8.3 2.4 6.5 F

289 L/JIL/30S/13/A 247 2.6 1.0 10.3 0.0 6.9 1.8 5.2 13.9 890 1390 7.8 3.3 7.7 U

290 L/JIL/3051231A 287 2.2 1.1 10.9 T 6.4 2.4 5.4 14.2 877 1370 8.5 3.1 8.5 U

292 L/JIL1306/21/A 290 1.2 0.9 11.0 0.6 ~.5 2.2 4.8 13 .1 B13 1270 8.6 4.0 10.7 U

293 L/J1L13091l/A 289 1.8 0.9 9.7 T S.2 2.4 4.8 12.4 768 1200 8.5 2.5 8.3 F

294 L/JIL1310/6/A 288 2.0 0.6 12.2 T 6.2 2.6 6.0 14.8 909 1420 8.6 3.6 10.7 U

295 L/J2l./22/11/A 293 1.0 0.8 5.8 0.0 3.9 1.1 2.6 '/.6 4g6 760 g.3 2.1 6.1 F

296 L/J2L/23/11/A 318 1.1 0.7 8.3 0.0 5.(, 1.2 3.3 10.1 627 980 7.6 3.8 g.7 U

297 L/J2LI23/16/A 294 1.2 1.2 8.0 T 5. :2 1.3 3.9 10.4 653 1020 8.5 2.8 7.3 U

298 L/J2Lt:24/24/A 330 2.0 2.2 9.7 0.0 6.2 2.4 S.3 13 .q 864 1350 7.4 2.2 6.7 F

4.3
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10.7
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13.6
10.6
13.8
13.6 '
12.~
11.8
12.8.
14.7
15.3
16.3
15.2
16.5
10.7
10.3
12.0
10.2
10.5
10.9
10.3

4.9
3.4
4.0
3.0
3.2
5.1
4.8
:), 8
4.5
4.9
4.9
4.5
5.3
5.8
6.3
6.5
6.1
7.0
3.2
3.3
3.7
3.4
3.6
3.8
3.4

eL S04 CATrO

1.9
1.1
1.6
1.2
1.1
2.4
2.1
1.5
2.1
2.7
2.0
2.0
2.3
2.4
2.6
2.5
2.5
2.0
1.2
1.1
1.3
1.1
1.2
1.3
1.1

6.2
5.8
4.4
4.2
6.4.
6.7
6.7
5.3
6.6
5.6
5.0
4.7
5.2
6.5
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6.6
7.5
5.7
5.9
7.0
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T
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T

0.0
0.6
0.4
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T
T
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T
T
T

0.6
0.0
0.0
0.0
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NA C03 Mcm

9.7
8.0
8.0
6.1
8.3

11.3
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7.7

11.3
11.2

9.8
10.0
10.3
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12.6
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8.8
7.0
8.8
8.3
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7.0
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1.8
1.3
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0.7
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1.0
1.3
0.7
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1.6
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1.0
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