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SUMMARY

l.' By the aerial seleetwe gamma-ray prospectsng, t‘our (4) groundwater vems and

three (3) groundwater veins have been detected in the Quetta and Kalat Areas, 1.
respectwely - All the groundwaters in these verns are the moving . groundwaters i
‘The movement of these groundwaters is ]udged by the fact that these groundwaters .

have been formed recently which is p: oved by the tritium content analy51s of them.

2. An overall evaluation shows that all those veins are ranked as large scaled'=

groundwater veins.

3. By the aerial selectwe gamma ray prospeetmg, a possd)lhty is found out that
the moving groundwater vein is developed in both the Quaternary sedlmentary _
layer on the bedrock and the fissured vein of the bedrock. Therefore, in the future,
. the. exiStence of this fissured groundwate_r vein should be checke_d by the test -
boring. o ' '

Tt is adv1sed that the depth of the test bormgs be planned to excavate the
bedrock by 100m beyond the location where the test borings attain the bedrock. If -
the existence of the ftesured groundwater vein system can be'confirmed, it will be

of great value for the development of groundwater resources in the future.

i, The flow capac”it:ies of ' the nnovlng' groundwater are eStirhated ‘to be
. 22, 160 m3/d and 16,840 m3/d in the Quetta and Kalat Areas, respectwely. When
the groundwater is utjhzed, supplemental recharge is further induced, and it is .

anticipated that the actual flow capacity will exceed the calculated one.

5. The p0531ble yields, when calculated from the concept -of safe yleld are
estimated to be 17,730 m3/d in the Quetta Area and 13,470 m2/d in the
Kalat Area.

6, In addrtlon to the movmg groundwater veins, the stagnant groundwater zones
- are detected at L0 places in the Quetta Area and at 2 places in the Kalat Area.

These zones are also intended for groundwater development. - However, the



pumpage is. not permanent and exhaustlble. When the perm1331ble cntlcal
groundwater drawdown is set at lOm, the poss:ble yields of stagnant groundwater
are estimated to be 7, 330 m3/d and 3 380 m3/d in the Quetta and Kalat Areas,_
respectwely : : '

7. The totai posmble ylelds from both * moving and stagnant groundwater_'
- development are estimated to be 25, 610 m3/d and 17,350 m3/d in the Quetta and -
Kalat Areas, respectively.
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CHAPTER 1 INTRODUCTION

1.1 Pdégg'se- '-
Global groundwater prospectmg is conducted wrth the aenal selectwe .

_ gamma ray prospectmg method 1n the Quetta and the Kalat Areas of the Provmce

of Baluch;stan. With this propectmg, the diStl‘lbuthﬂ of groundwater vems and
. zones is discovered; addltionally groundwater ﬂow capacrty and posajble yield of'

groundwater, which will be the basrs of an 1rr1gat10n development project through "
groundwater development, are caiculated

1.2 Aerial Selective Gamma-Ray Prospecting

1.2.1 Prospecting 'Sys"tehm and Me‘thod '

The aerial selective gammamray prospectrng method ‘and its - support '
systems used in this survey are covered by Japanese Patents. The detect:on of the_
ground surface gamma-rays is made by both two-detector packages attached to
each side of the body of a prospectmg ‘helicopter- and one aerial gamma-ray
detector installed inside the helicopter. - The combination of these detectors
removes the effect_s of surrounding garnm_a_-raye such as cosntic‘ rays_ wn__ich disturb
the detection of g'arnma:rays' from ‘the fisstred veins. = Still and video cameras are
installed at the bottom of the hehcopter to take p1ctures of the prospectmg line.
When significant fissured vein/zone is detected during the - measurement on the -
prospecting line, its signal enters the momtorlng device. Detected 51gnals are then
registered in a survey' disblay Detected gamma-rays are recorded on magnetic
tape and judgements about groundwater velns/zones made by analyzing- these
recorded data (FIGs 1.1 and 1.2).
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1.2.2  Survey Period
The survey period for gamma-ray prospecting was as followss
(1) - Field survey _ _ o
During the period between June 12 and 'C_I.uiy' 21, 1986, and Au'gust 1 and
August 31, 1986, preparations for incoming of equipment and materials from Japan
were made, ~ Various _apfiro'vals were acquired, and prelimin_ary arrangende_rifs’ for
propsecting work were carried out. From Septerber 15 through November 1&,

actual ptospect:ing work and its relevant work were carried out.

(2) Home office work in Japan

During the period between November 15, 1986 and March 14, 1987, analytical

work was carried out.



CHAPTER 2 AERIAL PROSPECTING WORK



. CHAPTER 2 . AERIAL PROSPECTING WORK

2.1  Base Camp and Heli-pad
Two base camo_s' for gamma-ray prospecting using the helicopter, one in
'Que'tta=and' another in Kalat, were established.

(n Quetta Area

| A provmmal govemment bu11dmg iocated in the center of the Quetta Area '
was used as the base camp. . A heli- pad where the helicopter landed and took off
was constructed in front of the above bu1ldmg As there was no iron plate
available for the heli-pad, a thick layer of gravel was placéd' over the heli-pad and
the access road for working trucks, Water was sprayed over them with a WAPDA

watering truck, Every day, helicopter was operated out of Quetta airport.

(2)  Kalat Area |

A provincial government lodging situated in Kalat town was used as the base
camp. A heli-pad of the Pakistan army situated beside the na'tiorira'l road No. 25,
6 km north of Kalat town, was used. The data Coilec_ted' in the area by prospecting
flights were checked by instruménts brought from Japan and loaded on a special

‘vehicle.

2.2 Prospeéting Lines

As all the features of grouhdwatér veins and zoﬁéé were intended to be
measured and examined, prospectmg lines of al OOOm-gnd pattern covermg both :
Quetta and Kalat Areas were determined as shown in FIGs 2.1 and 2. 2. However,
500m grids covered some portions of the areas, because practical conmderat:ons
made this necessary. As contmental topography and large-scaled topograph:cal
structures dominated in these survey areas, and many fractured zones were 10 to
100 km long, this prospecting line interval was judged to be sufficiently proper to
detect groundwater veins/zones.

The number of prospectlng lines surveyed was 30 north-south and 25 east- .
west lines in the Quetta Area, and 12 north-south and 16 east~west lines in the

Kalat Area.



In both areas, north—south prospectmg ]mes were made from north to south
using the west-end line as a base ling, and east-west prospectmg lmes were made
from west to- east usmg the north-end lme as a base lme Radlo_marke_rs were
utilized by the hehcopter to CODfll‘m sites to assure the exact prospecting flights.

The ground stations- were set up by the Survey of Pakistan on the most.
impor tant points in order to estabhsh control points.. Thlrteen {13) control points.in
the Quetta Area and seven (7) in the Kalat Area were estabhshed. “The prospectmg'
lines are numbered from the west-end line for north-south lines and from the

north-end line ior east-west lines. as shown in FlGs 2.1 and 2 2.

2.3 Prospectmg Blocks

The Quetta Area of 28,000 ha and Kalat Arca of 12 000 ha, totalhng 40,000
.ha, were prospected by the selective aerial gamma-ray prospectmg The Quetta
Area is divided into 10 blocks (A, B, B!, C, D, E, F, G, H and 1) and the Kalat Area
is divided into & blocks (A, B, C and D). as shown in FIGs 2.1 and 2.2,

The area of each biock is as follows:

Name of Block Area (ha)
Quetta Area
A 4,700
B 1,430
B 2,500
C 1,500
D 3, 500
E 2,600
F 3,300
G 3,650
H 3,250
I 1,570

sub-total 28,000

Kalat Area
A #,200
B 1,800
C 3,000
D 3,000
sub-total 12,000
Total 140,000




24 Survey Height and thht Speed

When surveymg the mtenmty of selected gamma rays from a hehcopter, 1f
thereby decreasmg the detectlon accuracy. In thlS surway, a height of- lOOm from
the ground whlch had been determmed to be the most eff1caent for prOSpectmg in
Japan, was ddopted. During the surVey, the hehcopter flew at tlus constant height.

Slmllamiy, a flight speed of 90 km/h, which had given the best prospectmg R
results i in Japan, was adopted in this survey

' The fhght paths of the hehcopter conformed 1o the 51gnals emitted from
radio makers installed on the coordinates, and the survey was executed along the

prospecting lines,
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