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'CHAPTER 3 PROSPECTING METHOD

3.1 Survey of Existing Wells

Exis_ting wells in both Quetta and Kalat Areas were investigated, and data
such as well steucture, pumpage and amount of drawdown were collected. These
basic data were used in tritium analysis to c'la_r'ify'the state of groundwater flow or
storagé, to establish detection reference of groundwater veins for the aerial
gamma-ray prospecting and to obtain spec:'ific capacities from gamma-ray
intensity. '

The "location and the measurements of existing wells where preliminary
surveys were executed are summarized in FIGs 3.1 and 3.2 and TABLE 3.1, “The
figures in the table show that hydraulic featureé vary largely according to the |
location of the wells. The wells having good hydraulical characteristics have good

correlation with the groundwater veins.

3.2  Aerial Selective Gamma-ray Prospecting

3.2.1 Flow of Aerial Prospecting

An overali.work flow chart of aerial prospecting is given in FIG. 3.3. A
flow chart of site aerial prospecting work is given in FIG. 3.4. The site prospecting
Work consists of the preliminary survey and the main. survey. _

The preliminary survey, which is mentioned in detail in the following section:,
"consists of the selection of selective gamma-fay and su'rvey of specific capacity.
In the main survey, verification whether the surveyed gamma-ray values were
recorded completely or not was done by printing the surveyed values immediately
after prospecting each prospecting line. If any error was discovered, the line was

prospected once more.

3,2.2  Selection of Selective Gamma-ray and Survey of Specific Capacity

Taking the _topograph'ical stf’uctures of this area into account, the
preliminary aerial prospecting to determine the detective gamma-ray energy was
executed by examining the groundwater in fissured bedrock and in the Quaternary
s_edimentatioh above the bedrock. _

According, it was determined that 1 ch gamma-rays, which had a strong
cbrrélativity with the specific capacity of groundwater was very effective in the
detection of gamma-rays by aeria.l' prospecting among the gamma-rays from 150 to
3,200 KeV. |
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FIG. 3.1 LOCATION OF SURVEYED EXISTING WELL, QUETTA AREA
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TABLE 3.1 EXISTING TUBE WELLS

QUETTA AREA

Screen

. Static Discharge

 Well . potal Dia Draw—
Depth Hfl)lilﬁang Dia Setting  Length gé‘\fg{ _ down
(m) ) {cm) (m) (m) {m)  (wi/ma) (m)
1, 2.. 3. 4, 5. 6, 1. 8. 9
MP-2- 6 957 2854 254 50.0- 9857 457 381 1514 396
MP-2-34 2975 254 254 1356-1454 51.2 384 0454 6232
23992496
2697-291.4 _
QV-3- 1 1445 203 203 7T74-1445 571 219 0625 290
QV-3-11 1012 305 341 183 0.370 244
QV-4-64 924 203 203 741- 924 183 .-213 0.303 305
QV-4-103 1442 254 254 274- 457 558 274 0439 13.7
51.8—- 716
884~ 960
1158-1219
137.2-141.1
QV-4-104 957 254 25.4 274- 320 393 274 0.568 457
QV-4-109 - 254 Data not 280 0265 Data not
available available
CP-2- 7 1033 254 20.3 424- 485 274 132 0.046 20.8
536- 689
771~ B0.2
o 954— 985
CP-2-32 1225 254 25.4 823-11173 351 567 0.556 158
CP-2-34 1972 305 305-203 649-1250 1058 445 1931 299
: . 1640-1939 S
CP-2-35 1957 305 305/203 658-1039 1061 457 1760 460
. 1260-1929
CpP-2-36 1932 305 203 110.9-1289 735 658 1.325 498
: 1332-1573
. : 1588-1902
CP-2-37 1954 305 203 735-1274 1078 543 1696 43
: 1329-1584 o
1426-1847
1887-1943
KALAT AREA
Well Mo Total Dia Screen Static Discha'rge Draw--
Dep.th g?ﬁéﬂg Dia Setting ~ Length g;}:{ down
(m) (em) {cm) Am) {m) (m) { mi/in) {m)
1. 2. 3. 4. 5. 6. 7. 3. 9,
UN-KL-4 2057 203 20.3 1158-1036 152 546 0102 9.8
1402-1524 122
1615-1859 244
UN-KL-5 1164 203 20.3 274—- 412 19.8 138 0.379 1.5
533-— 640 107
UN-KL-3 1698 203 203 61.0- 777 168 473 0.485 4.3
i0.z 1006-137.2 366

Source: WAPDA
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L. Preliminary Survey

Adjustment of equipment on the ground

Y

Flight adjustment of equipment

Y

Area confirmation flight

Y

Flight to select the energy level for
selective gamma-ray

¥

Flight for specific capacity calculation

2. Main Survey

Measurement of gamma-rays on the ground

Survey according to the altitude division
(Correction of detective gamma-rays)

¥

Measurement above fixed points
¥

St Confirmation of prospecting line paths

1 .
Measurement through prospe_cfting lines ]

Y

Printout on magnetic tape
Verification of course survey results

Yes

No

FIG. 3.4 FLOW CHART OF SITE AERIAL PROSPECTING WORK
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Additionally, it became clear that gamma-rays of 2 chand 3 ch were also useful as
auxiliaty rays. Thus in this survéy,"'gé'rhma -rays of 1 ch"w'e:re pritnarily surveyed
and 2 ch and 3 ch gamma- rays. were- also used as aux;hary rays. _ _

The tlight to estu‘nate spemhc capac:lty is a basic reseafch method deslgned
to learn the spec1f1c capacity from aenal gamma-ray mtensmes. The relatlonshxp
between gamma-ray" 1nten51ty and specxflc capacity is clarified using the results of -
gamma-ra.y strvey above the existing ‘wells from where specxﬂc C&paCl'tleS have
been obtained. The spec:ftc capacity mentloned here, whose unit is m3/d/m, is a
value calculated by dividing pumpage (m3/d) by drawdown of wells {m) at a time
when pumping levels are stable.

As for the relationship between gamma- ray intensity and spemfzc capacity,
the gamma-ray of 1 ch shows the highest positive correlativity (correlation
coefficient in Quetta: 88%and in Kalat: 99.5%).

3.3  Measurement of Radioisotope

To c.larify gfoundwat_er_ flow and the possible yield  of groundwater
development, thé- concentration of radon (222Rn) with a short half-life and tritium

(3H) with a middle half-life contained in the groundwater was measured,

3,3.1 Radon

The water sémplés' for measurement were collected from both inside and
- outside the survey areas. In the Quetta Area, water samples were obtained from
37 places in totatl, which include 14 open wells, 21 tube wells, one spring and one
flat pond "temporérily formed due to heavy rainfall in August 1986. In the Kalat
Area, on the other hand, since there were fewer practical wells, water samples
were obtained from 15 places in total, including 12 open wells, one tube well and 2
springs. _

' From the fact that the half-life of rad_on is as short as 3.825 days and that -
i{s confi'gufation is gaseous, chemical treatment was performed in the field and the
" radon was sealed in a 25 ml glass vial for quick measurement in a heli-pad
laborat.o'ry. For the measurement, a portable liquid scintillation countér (S-1287B)
was used, and a 10-minute and 2-line repeated measurement was édopted.

The locations of water sampling in both areas are shown in FIGs 3.5 and 3.6.
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FIG. 3.5 LOCATION OF WATER SAMPLING, QUETTA AREA
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FIG. 3.6  LOCATION OF WATER SAMPLING, KALAT AREA
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3.3.2  Tritium
The locations of water se'mp';ihg for tritium 'meesure_me'nt are the same as
for radon measurement in both areas; that is, the water samples were collected
from 37 places in the Qu_etta Area and 15 places in the Kalat Area. These water
samples were 'Ci:)llecte'd simUltarieously with the radon water sampless 500 ml of
water was sampled sealed and stored in a polyethylene vial. |
' Since the half-life of trmum is as long as 12, 262 years, measurement was
.conc!ucted after the samples were brought to Japan. For this measurement, firstly,
in order to remove 1mpur1t1es, the total amount {500 ml) of water collected was
dlsnlled in a glass distiller. Next, 40 ml of the distilied sample was accurately
weighed, then mixed with 60 ml of AQUASOL—II which is a scmtlllator._ *1 The
sample was' left to stand in a dark place for 24 hours, and ‘then measured using a
liquid scintillation counter. This measurement was repeated for 100 minutes in

order to obtain more accurate data.

*1 H. Kawasaki-and S. Kimura: "Yatabe precipitation tritium cbntent"' Technical
report of National Research Institute of Agnculturai Engmeermg, Japan,
No. 24 1981 -
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CHAPTER & ANALYTICAL METHOD

4,1 Aecrial Selective G:amma—ray Prospecting

4.1.1.  Numerical Analysis

Prior to numerical analysis, the intensity of measured aerial gamlﬁa-rayé
was corrected in order to correspond to that of 100m above the ground. One
example of the original intensity of gamma-rays is shown in TABLE #.1. When
geometrical-relief caused the standard height to be adjusted, the gamma-ray count
was corrected using a radar altimeter to determine the height above the ground.
For the correction factor, the values measured for the different heights were

employed.

4.1.2  Detection of Groundwater Vein/Zone and Evaluation of Ifs Scale

_ After the flight route was checked using the prospecting line video and the
intensity of selective gamma-rays was corrected, the following numerical analysis
was conducted to detect the groundwater veins/zones.

Since the scale of groundwater veins/zones is large and the intensity of
detected gamma-rays increases proportionally as the speéific (_:a_p_acity becomes
la'rger,%1 the distribution curve of 3 detected gamma-rays was extracted. Using a
computer, the peak intensity from which surrounding gamma-rays were eliminated,
the photdeiectric area, ‘detection width, detection position and the intensity
distribution ratio of 3 types of gamma—réys were calculated. Finally, an evaluation
of the scale of the groundwater' veins/zones was comprehensively made. The
overall evaluation was classified into # rank, A, B, C and D, in the drde_r of a large
scale groundwater veins/zones.

Cne exampié of this evaluation result is shown in TABLE 4.2 The last
symbol in the table indicates the overall evaluation. When the overall evaluation
corresponds to Ranks A and B_,' the size of the groundwater vein/zone and its’
specific capacity is great. Therefore, a large scale groundwater development is
regarded as being feasible. In contrast to the above, when it falls within Ranks C
and D, it follows that the size of the groundwater veinfzone is small and
consequently, the specific capacity is also small The limited utilization of

groundwater should be considered.

*1 T, Qchiai: “R.1. utilization method", Groundwater handbook, Building industry
survey committee, P1163, 1979
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TABLE 4,1 AERIAL SELECTIVE GAMMA-RAY MEASUREMENT VALUE (EXAMPLE)
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TABLE &2 AERIAL SELECTIVE GAMMA-RAY PROSPECTING EVALUATION (EXAMPLE)

fuetta ~ 4 area

830,83 0,350 0 D ¢ oML oW P2 2 A 35 127D

.70 0.540.733.030 2230 27 BIC 81 91 M 2 33 346 10.88 D
HIEDIS0PT0.720.030 WD FE AL W f1 2% X 3} 35 LS D
IPOLIE L LI38030 . 290 6 RL 83 Y ¥ O} B M D

FAT LIS LIREM 030 M0 S FIC 91 %1 m R 3} e 8.5 D

.22 1,23 LA A0S0 3338 3% B 7 31 ® & B 348 992 B

AL LR LR LI INI0 A0 WE AT &2 7 W OW A3 431 977D

PR 1.38 1,33 1,430,050 53 C 2726 M@ % 91 35 & 3 348 % ©

7O MU A5 LET 1436030 W00 W MO M 1 0nm W M@ 1M 1318 D
3 4 BITLSILE3NLG50830 20D 2% 8T 8 1 W™ B B LT 9.5 D
46 29 B 145 165 1.420.020 24D 276 18R 9 1 3 N ! 2 9.4 ¢
12 8% WIC L7 1,73 1,750,830 253D 275 9B WA 91 32 2 M 293 9.6 D
B 072 MIB1.83 037 1.8808.050 S50 276 iM4B 1 71 a3 M 33 291 83
14 26 224B 090 L0 195050 33 C 226 920 193 .91 4 &2 0B 1W® 945 C
577 330178 1732000030 2030 274 IMB 100 71 3 2@ 2@ 383 918 C
14 8 306B2.932.832.950.030 W0 276  @3C 83 91 2 M 33 348 1275 D
7R WO 2.132150050 S0 PR 83C 1M ¢ M 58 12 LW 9.9 ¢
1 87 S07BZ.032.122.200030 WD s 93C 0§93 91 31 31 3}/ R 97D
19 71 MRLIAWLAOMSL CEML M4 B0 M4 71 ¥ 5 3R 344 1835 ¢
B 181 2T B ES2R5TL520.050 52T 226 108 190 1 3 43031 20 948 C
2L 3 MIe82.332852750.38 A 2% W0 4 fY ¥ 142 W OELB B3 B
21 WIS R030 7D 2% M2B M2 YT 0B 28 B 27 9.8 D
212 BFRERAILEILII0MA 1ISEA F4 FB @ 71 31 118 B3 AL 9.9 A
2% MIEISMA20.038 WY 28 NFR W4 R A 87 31 3. 1031 8
IO MRCLFIWMLBOINR MIE WS 720 ME 37 184 33 319 805 ¢
25 135 0223340 3930830 SMC HNé. TR 15 O ®MO& B! OLP L
7 Ml MBS LM LME FTE 8 e 32 0 OB M 3@ AR %4 OB
135 2BC03.423.423.450.830 B0 FF4 0 240 4§10 31 31 33 4 897 D
B L4 LIMASC SRR G ¥ o 40 70 31 40 3 358 955 ¢
353 0 MIC 93BG M0 s MR W3 9 M -1 75 1088 D
3155 MS 033 aE Ly COEIC 4 B WM M B 5% RN 2.8 . ¢
32158 HIBAIAMANI0NIR IR W MR M P13 8 1 34 19.81 B
VW2 OFEINSAMAIINBA PR 4 O OIM 9 B IR’ 1M 9.4 B
4187 B4 4RAITLITA ITSA NS IR 9 9 d O3 314 1883 A
TS MRiE4aananel 23 2 ME MY 4 2@ 82 33 380 1852 B
By MiPAdB4d34REE30 WD 26 B % 91 MM 33 1M 8985 ¢
70 WMARAIILSA3 6254 MMA S OSB3 9 2 3 33 LW .4 A
3B O3 WFBA8IA.854.33 0050 WAL FRe §F0 R O] P 4 33 3.4 1200 C
37 1% MIBAM4FRIAT05R IR A M MMB 4 91 3} K7 33 255 1041 A
9 M3 FICS.N35.035.100.030 2930 24 93RO M P @ I e 732 D

...22—



The results of overall evaluation for these détected points are plotted on a
1/50,-000 topographi¢c map in order to find a continuous groundwater vein. The
detected blocklike ‘vein which is limited to a given range is here defined as the
stagnant groundwater zone,

4.1.3  Calculation of Specific Capacity

The wvalues of the specific capacity of the res'p'ettive groundwater
veins/zones are caICulatéd on the basis of the intensity of selective aerial gamma-
rays, using the method described in péra. 3.2.2 as follows:

S.C. = 232.1 N - 214,1 (for Quetta Area)
S.C. = 849.1 N - 852.6 (for Kalat Area)

where, 5.C.t ~ Specific capacity {m3/d/m in case of $250mm
well);

N Intensity of selective gamma-ray/intensity of
basic gamma-ray
One’ example of calculation of S.C; is shown in TABLE 4.3. In the
determination of constants of the above equation, the values of S.C. of existing
wells listed in TABLE 3.1 were applied as the basic data after confirming enough
reliability of data through investigation of the mechanism of and relationship
between. pumpage and drawdown about the accuracy of the estimated 5.C. in the

case of the deep wells,

4.1.%  Groundwater Vein Dip

For some continuous veins with an almost constant width, the groundwater
vein dip is calculated. These groundwater veins are assumed to be veins which are
related with fractured zones. _

In the analysis of the groundwater vein dip, the g.amma—r'ay intensity
distribution curve is used, and a statistical fechnique is applied for iis computer
analysis. The diagram for judging the groundwater vein dip is shown in FIG. #.1.
When the groundwater vein dips on the forward side in the flight direction, a
rightward inclined gamma-ray intensity' distribution is produced; while in the

reverse dip, a leftward inclined gamma-ray intensity distribution is produced.

..23.-



" TABLE 4;3 SPECIFIC CAPACITY CALCULATION (EXAMPLE)
*]
®*%  FoAL %% QUETTA-A

. k2
NJATEY= ,1.11825
S, C/A(+D=.

I = (B79769

Yoty NowEW-1

-

NN D WwN

= 1.01449
= 1.01449

= 1,086%96
= 1,01087
= 1.01449
= 1,03623
= 1,06159
= 1,07971
= 1.,05072
= 1,01812
= 1,06522
= 1,06159
= 1.0942

= 1.06522
= 1,09783
= 1,1087

= 1.0471

= 1,11957
= 1.07246
= 1,08333
= 1,09058
= 1.,00362
= 1,08333
= 1,17029
= 1.04348
= 1,05072
= 1,09058
= 1.,00725

= 1,03986
= 1.02536
= 1.03623
= 1.06884
= 1.06522
= 1.08696
= 1,07246
= 1.09058
= 1.1087

= 1.08333
= 1,11594
= 1.06159

BLOCK NAME

MEAN VALUE OF NAME N

45.39%9

D T T

(O ROROGRHRONIRINORORO R RGN ORONORG R RN

mwmmnw

tUuLVLVLLLOOLON

(SRR Ry

S,

. = s

21.312
21.312
38.128
20,4712

21,312

26,3568
32,2424
36.4464
29.72
22.1528
33.0832
32.2424
39.8096
33,0832
40.6504
43.1728
28.8792
4546952
34,7648
37.2872

38.9688

18.7896
37.2872
57.4664
28,0384
29.72
38.9488
19.6304

27,1976

23,8344
26.3568
33.924

33.0832

38,128
34.7648
38,9488

43,1728

37.2872
44.8544
32.2424

MEAN VALUE OF SPECIFIC CAPACITY
CORRELATION COEFFICIENT
PROSPECTING LINE
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FIG. #.1 GROUNDWATER VEIN DIP JUDGING DIAGRAM

4.2 Radioisotope
4,2.1 Radon

Since its half-li'fe_ is as short as 3.825 days, Radon is an effective tracer for
a hydrologic water cycle of approx. one day to one month. Due to'it_s short half-
life, the decay time between water sampling and measurement time was corrected
to produce a true value. The measured value is expressed in térrh_s of a ratio to N
(background count). Samples No. 15 (Quetta) and Nos 44 and 45 (Kalat) contained a
lot of suspended organic matter and silt particles; thereb):/ obsfructing luminance of

scintillater and making it impossible to obtain accurate data of radon.

4,2,2  Tritium

Tritium concentration is assessed based on the start of nuclear fests in
1954 when the tritium concentration in the air increased abnormally. Therefm;e,
~ the age of groundwater before 1954 is indicated as O (an old type of groundwater);
while its age after 1954 is indicated as N (a new type of groundwater ).
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CHAPTER 5 RESULTS OF ANALYSIS

5.1 Aerial Selective Gamma-ray Prosj}ecting

5.1.1 = Distribution of Groundwater Vein/Zone

5.1.1.1 Quetta Area

(1)  Moving groundwater

_ FIG. 5.1 shows the distribution of the'groundwater veins/zones ‘prepared as
the result of analysis.

The moving groundwater vein detected in the Quetta Area are four (4), A, B,
C and E as shown in TABLE 5.1, : | '

TABLE 5.1 MOVING GROUNDWATER VEIN, QUETTA'AREA

No. | Vein Name | ¥p Lepgthin Vein Width {m) C’Z“;‘Sf; (Srﬁe}:f/ﬁ)
1 A 11.5 500 - 700 51
2 B 9.0 500 - 1,400 W
S 6.0 500 - 800 37
4 E 6.5 %00 - 550 74

Since the groundwaters in veins A and B have a high concentration of tritium,
these groundwaters are assumed to belong to those of recent age and are regarded
as moving groundwater. As is apparent from the groundwater vein map(FIG. 5.1),
it is of high possibility that both these veins, form major groundwater veins flowing -
in a western direction of Quetta City. Groundwater vein C performs the function
of reinforcing groundwater vein A. The above stated veins belong to the
groundwater system in the northern side of Mt. Landi.

Groundwater vein E belongs to the groundwater system. in the southerri 51de
of Mt. Landi.. Vein E, distributed along Zarkhu N_ala, in the southeastern part of
the Quetta Area, is a hewiy-iound vein, This basin is not related to the
groundwater vein in the direction of Quetta Cit’y;_ The rech'arging area of this vein
is quite large and this vein is judged. to be a fissured groundwater vein. Also, at its
periphery, the groundwater zone extends, and vein E shows the largest specific
capacity value In the Study Area. It can thus be evaluated as a particularly
significant vein.
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In the case of necessity of reinforcing the ground\'vater in the downstream
area by means of artificial rechargmg, the’ eff1c1ency of groundwater uttljzatlon in
the ‘downstream area will s;gmfmantly mcrease by uuhzmg this detected
groundwater vein system, and constructing the rechargmg basm in the upstream
area of the vein, Partlcularly in the Quetta Area, this groundwater t‘echarglng
effect can be expected.

(2) Stagnant groundwater

Besides the above stated moving groundwater vein; ten (10) groundwater,
zones D and from F to N, are detected as shown in FIG. 3.1, The specif_ic capacity
of these zones is less than that of the above stated 'mo'ving groundwater veins, and
th-es'e. zones are judged to be stagnant groundwat'er zones. It is presumed that the

development of groundwater in accordance with the storage capacity is possibie.

5.1.1.2  Kalat Area
(1) Moving groundwater

FIG. 5.2 shows the vein map in the Kalat Area. The moving groundwater
veins detected in the Kalat Area are three (3), A to C. Referring to the results of
tritium analysis, the groundwater in these veins can be regarded as moving

groundwater.

TABLE 5.2 MOVING GROUNDWATER VEIN, KALAT AREA

No. Vein Name Ve}\nré.;r(isr':?) in Vein Width (m) C}Z\;;eat:ai%; éﬁe%?;)
1 - A 17,5 700 - 1,300 141 .
2 B © 6.0 _ 750 - 1,000 | 132
3 C 7.0 600 -~ 1,100 150

- Vein A and B, as shown in FIG. 5.2, joih in the northern part of the Kalat
Area, to produce the same water system. It is estimated that vein A is a fissured
groundwater vein in partial contact with the fracture zone. .

Vein C, distributed in the western side of Mt. Chappai, is a large-scaled
newly-found vein. This vein is independent of the water systems A and B, and
shows the greatest specific capacity value in the Kalat Area. It can be thus

evaluated as a significant vein.
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{2) Stagnant groundwater

In addition to the above groundwater veins, groundwater zones D and E are
detected around the conference of vines A and B. These. zones appear to. be
stagnant groundwater zone and the épeciﬁc capacity of these zones is less than that
of moving groun’dwatef veins A, B and C. The groundwater of these zones,

however, can be developed with some limitation.

5.1.2  Conformity between Aerial Selective Gamma-ray Préspecting and Seisimic-
' Prospecting :

Seismic prospecting was conducted on some part of the groundwater veins
detected by aerial gamma-ray prospecting. The fellowing are the conformity

between both prospectings:

(1)  Quetta area

The seismic prospecting .was performed on the groundwater zone D and vein
E, detected by aerial gamma-ray prospecting, from which the bedrock depth is
presumed. For the groundwater zone D, the maximum and minimum bedrock
depths are 250m and 200m, respectively. The bedrock is preéumed to be Chiltan
limestone of the Mesozoic era. These facts justify the analytical results that this
zone is lacking in continuity and is a limited reservoir.

‘In vein E, based on seismic waves, the bedrock depth reaches 150m and low
wave speed values of 2.1 and 2.8 km/sec are found in the bedrock whose nomal
speed is 4.8 km/sec. This shows the high possib.ility of existence of a fissured zone
in the bedrock. The result of aerial prospecting that the gamma-ray intensity
continues in the form of a belt and that the existence of a fissured vein is
acknowledged coincides with seismic prospecting. For reference, infrared rays (8 -
13 um) were measured on some parts of the prospecting lines. They have, however,

no relation with the existence of the groundwater vein/zone.

(2) Kalét area

In vein A, detected by aerial gamma-~ray prospecting, seismic prospecting was
conducted. From . seismic prospecting, the bedrock - depth is rather shallow,
reaching in deep section. The wave speed in the bedrock is relatively low, showing
2 to 3.5 kmfsec, and it is presumed that a fissured zone exists in the low speed

area.
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5.1.3  Distribution of Specific Capacity

FIGs 5.3 and 5.4 show the  specific capacity distribution of each
groundwater vein/zone, calculated from aerial prospecting. The average_é.peéiﬂc
capacity of the veins is 37 - 74 m3/d/m in the Quetta Area, and 132 - 150 m3/d/m
in the Kalat Area. In the Kalat Area, a larger specific capacity is generally found.
It appears that this is due to the good hydrogeological characteristics of existing
test wells in this area. ' '

5.1.4  Fissured Groundwater Vein Dip

The groundwater vein dip is estimated for vein E in the Quetta Area and
veins A, B and C in the Kalat Area. Vein E in the Quetta Area dips downwards to
the northwest direction. The angle of dip is unknown. Veins A and B in the Kalat
Area, dip downwards to the northwest direction, but vein C dips downwards to the

southeast direction.

5.2 Radioisotope
5.2,1 Radon

Radon contents in the. Quetta and Kalat Areas are shown in TABLEs 5.3
and 5.4, respectively. In the Quetta Area, the maximum and minimum radon
contents are 2,96N and 1.03N. The éverége is 1.84N. In the Kalat Area, the radon
content ranges from 4.65N (Max.) to 1.07N (Min.), and the average proves to be
2.45N, which is on the whole a large value. It seems that this is self-explanatory
from the conditions described below.

During August 1986, in the vicinity of the Quetta Area, substantial
precipitation was recorded. Since then, there was no rainfall for about 2 months,
no recharging to the groundwater. From the fact that half-life of radon is as short
as 3.825 days and that the radon content of precipitation is as a rule zero, it
follows that approximately 90% of radium contained in a stratum reaches
radioactive equilibriufn in about one month, if not replenished by new precipitation.
Therefore, the radon content of the samples collected from the end of September
through to mid October 1986 seems to have been significantly reflected by radium
content in the stratum. Consequently, due to the weather conditions that there
was no rainfall for the last 2 months, the use of radon as a tracer proves to have

been useless.
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TABLE 5.3 RADON-TRITIUM CONTENT MEASUREMENT RESULTS, QUETTA AREA

{Page 1).
No. Sa]:‘ﬂéigfmzata '.Location' Rn *1 | IH #7
1 9,727 14:15% RV -—-4,./64 2.96 N - N
2 9,/27 14:40 QV-4,104 216 N
s | eos27 1sizo| QV~3/li 2.4 4 N
4 9/27 15:55| QV-3,1 2.6 3 N
5 9,/29 14.50 QV-3,103 2.51 N
6 9,29 10:40 Sikazi 2.22 N-
7 9,/29 11:05 Fauj Ali 1.92 N
8 929 11:30 Gausodo Tube Well 201 N
9 9,29 11:35. Gausodo Tube Well 1.65 N
10 5,29 12110 Shah Beg Gubti 1.31 N
11 9,30 13:40 Abdul Khan 137 . N
12 9,730 14:15 Cement Factory 219 N
13 10,71 11:40 QDA Heli Pad 1.14 N
14 10,/1 12:50 N.Lourdes Hotel 1.13 N
15 101 11:30 Gwandne - N
16 10,71 12:20 Jamalan 1.76 - N
17 101 13:00 Abdul tah 1.58 0
18 10,71 14:00 Muhanmad Qasim 1.6 8 0
19 101  14:00 Faiz Muhammad 1.49 0
20 101 14:20 Rasul Bakhsh 1.5 2 0
21 - 1072 15:00 Karim Bakbsh 1.49 N
22 1.0/2 14:10 Hasani 1.77 N
23 102 14:45| Lashkar Khan Kili 213 N

(To be continued)
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TABLE 5.3 RADON-TRITIUM CONTENT MEASUREMENT RESULTS, QUETTA AREA

(Continued) . n : ' a (Page 2)

'Nq. Saﬁ:}?c}i!}%aata Location Rn *1 | 3H %
24 10,72 15120 ' , 1.64 - 0
25 | 108 11:20 | QV-3/39 232 | W

26 10,8 BT 40 QV-4,/103 2.52 N
27 108 12:19 MP-2,/6 197 N
28 108 13:0686 cp-2,32 2.33 0
29 | 10,9 12.:45 CP-2,/34 1.1 6 0
30 | 10/9 13115 Cr-2,/35 1.57 0
31 19/9 13:46 CP-2,/36 1.03 0
39 10,9 14735 Cp—-2,31 1.4 0 0
33 10/‘3 15:30 Quetta Airport 2.4 3 N
34 10,11 15:45 CP-2/17 2.48 N
35 1011 16:25| Dilder Open Well 1.28 o
36 1011 17:03| Barazai Open Well 1.4 6 0
37 1011 16:00 Springs ) 1.4 9 0

Note: *1 This is expressed in terms of the ratio to radon content N (background count}.

#)  Tritium content is based on 1954 measurement; the groundwater béfore 1954 is expressed
as O {(0ld) and that after 1954 as N (New).
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TABLE 5.4. RADON-TRITIUM CONTENT MEASUREMENT RESULTS, KALAT AREA

_‘No. | Sar;*nnpéi%%iafa"_ | - Lbcatibn o | Rn"'*.l._ . _IB:H xy
38 10/14 15:43 81 Springs 178 N
39 10/14 163119 OW1 Open Well | 255 N
40 1014 17:00 | OW2 Open Wc.l.l | 148 N
41 1014 17:27 KL—S Tube Wel | 3.22 0
12 | 1015 11:28| OW3 Open Well | 155 | N
43 1015 11:51 | ‘OW4 Open Well - N
44 10,15 12:21 OWS5 Open Well — | N
45 10715 13:00 | @\VG Open Well 4.55 N
46 10,15 13:27 | OWT Open Well ~ | 375 N
47 10,715, 14:2_0 OWS8 Open Well 133 N
48 1016 09:53 OW 9  Open Well 234 - N
49 10,16 10:45 sz Springs 1.68 | N
50 1 0/.1.6 11:28 OW 10 Open Well 465 0
51 1016 11:40 OW 11 Open Well 1107 N
52 10,16 13:35| OW12 Open Well | 185 N

Note:  *{ This is expressed in terms of the ratio to radon content N (background count).

*)  Tritium content is based on 1954 measurement; the groundwater before 1954 is expressed
as O (01d) and that after 1954 as N (New). "
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5.‘2.2. Tritium

The trmum measurement results for the Quetta and Kalat Areas are shown '
in TABLEs 3.3 and 5 4, respectwely. In the Quetta Area, among 37 samples, 14“.
sampies indicate old typed groundwatér prlor to 1954, and 23 samples are of new
type after 1954, It is cleared that the well c’roup in the western sidé of block A
and the well group distributed in the eastern side of block I belong to old typed
gr oundwater. How_ever, these old typed well groups. do not co_1r_u:1de with the
groundwater “vein . detected | thfough aerial selective .ganﬂr.]"ia.—ray prospecting.
Because, both groups exist on the mountain side out of the detected vei'n areas.
, " In contrast, the well group which exists in the western side of block F, with
the same topography, also indicates new typed groundwater ‘Both well groups are
of quite difference. This fact may be explained as follqws: The slope of the
ground surface where the old typed groundwéter well groups are located is .ge.ntle,
presenting a partiai debris fan. Therefore, the raihfail maﬁi be stored temporarily -
in the debris fan due to its topographical and geological-strucutral _condition_s, and
reach the fan edge slowly. On the contrary, the topography at the back of the
place where the new typed groundwater well groups are located is similar to talus.
Therefore, the rainfall may recharge the groundwéter direct_ly} |

In the Kalat Area, it is cleared that among 15 samples, 13 samples show
new typed groundwater and only 2 samp.les indicate of old type. This shows that
- groundwater in the Kalat Area, unlike that in the Quetta ‘Area, .is mamly of new
type. This also c01nc1des with the results of the seismic prospectmg_that the
bedrock depth is apprdximately 30 to 100m. Besides the above, the spring waters.
of Nos. 38 and %9, which are not included in the Study Area are new typed

groundwater, indicating that the reéharging speed is great.
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CHAPTER 6 GROUNDWATER CAPACITY

6.1

General

The groundwater is divided into two groups; moving groundwater and stagnant
groundwater. '
(1)  Moving groundwater

The flow capacities of the moving groundwater for respective veins are

calculated using the Darcy's law as follows:

Q=TxIxW

where, Q: Groundwater flow capacity (m3/d)
T: Transmissibility coefficient (mZ/d)
I : Hydraulic gradient of groundwater
W: Width of vein (m)

The section where the flow capacity (Q)} is estimated is the one that crosses

the groundwater vein at its downstream portion with the right angle to the moving

direction of groundwater.

The transmissibility coefficient (T) is obtained in the following method:

a) To estimate the specific capacity (S.C.) for the whole vein with the method
described in #.1.3, Chapter 4;

b) To convert 5.C. into T with the following formula®1:

Tz £xS.C.+ n ( and = constant) )

Here, and are the optimum values obtained with the least square method
For Quetta Area: £= 9.329, 7 =26.087

For Kalat Area: £= 5431, 7 =16.066

¢) Then to obtain the mean value of T to be used in the calculation.

" The hydrautic gradient {I) of groundwater veins is estimated based one the

groundwater contour maps prepared by WAPDA and UNDP*z._ For the Quetta

Area, the contour map covering the whole Study Area surveyed by the WAPDA in

1971 is used (FIG 5.1). ‘Although the measurement of groundwater contour line was

*]

*2

Logan, T "Estimating transmissibility from routine production tests of winter

wells", Groundwater, Yol. 2, No. 2, 1964

United Nation/WAPDA, "Groundwater studies in selected area of Baluchistan",
Technical report No. 4, 1982
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carried out by the UNDP in 1978, the data is lacking around vein E. The tendency
of groundwater drawdown'reselﬁbies through macro-view, though the groundwater
drawdown was observed during the period between 1971 and 1978, Therefore, it is
judged that the data of 1971 are appricable for the estimation. For the Kalat
Area, the contour map surveyed by the UNDP in 1978 is used (FIG. 5.2).

As the width of vein (W), the width of vein at its downstream section is

adopted.
(2) - Stagnant groundwater

Since the storage capacity of the stagnant groundwater differs in the
hydrologic characteristics from the flow capacity of the moving groundwater, the
calculation method applied for the moving groundwater cannot be applied to the
calculation of the storage capacity of the stagnant groundwater. Therefore, the
possible yield from the stagnant groundwater zone is estimated using the specific
capacity and permissibie critical groundwater drawdown not based on the storage

capacity.

6.2 Quetta Area

6.2.1  Moving Groundwater

The estimated flow capacity of veins A, B, C and E is shown in TABLE 6. I

TABLE 6.1 MOVING GROUNDWATER FLOW CAPACITY, QUETTA AREA

vein | TN | Gragtona 571y | Vein Wit | CrOUREE Flov
T (m?/d) I W (m) Q (m>/d)
A 582 i/ 66 610 5,380
B 486 1/265 I, 356 2,480
C 396 1/ 46 772 6,650
E 707 i/ 46 433 7,650
Total 22,160

In vein A, the groundwater flow capacity amounts to about 5,380 m3/d. In
vein B, 1t is estimated to be 2,480 m3/d. In the rmid and downstream sections of
veins A and B, both open and deep wells are excavated in order to utilize the

groundwater.
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Vein C crosses the debris fan and the groundwater flow capacity is large
compared with the scale of the vein. Since groundwater development in this
periphery area has not yet been promoted, it is judged that this vein is promising
for the future de\)elop_ment of moving groundwater. Consequently, it is 'judgéd that
vein C is a favorable one for test boring and verification.
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Vein E has a different water system from veins A; B-and C, and the
groundwatef flow capacity is calculated at 7,650 m3/d. This shows a large flow
capacity. compe_ired_ with the vein scaie. It is judged that this vein isa fissured
groundwater .bﬁe c_ohne_cted with the fracture zone. Conseq'uérit'ly, not only
development of the groundwater in the Quarternary stratum, but also development
of the ﬁssur_ed' groundwater vein will be possible. The results of the ‘seismic
prospecting show that bedrock exists 150m below the ground surface. This means
that the fissured vein will exist in the section 150m below the ground surface or
lower. Vein E has not'yet been developed and is considered to be most suitable for
future groundwater development. It is advised that the depth of the test boi‘ings be
" planned to excavate the bedrock by 100m beyond the location where the test
borings attain the.bedrock.-

6.2.2  Stagnant Groundwater

In the Quetta Area, groundwater zone D is . the fargest ~stagnant
groundwater zone. By verifying with a test borni'ng the stagnant groundwater in
zone D where the bedrock depth has been estimated by seismic pr03péc{i_ng, Ithe
groundwater' étorage conditions and bedrock characteristics will be made more
clear. Since the groundwater zone D is wide in its distribution range and both the
scale of the zone and the specific capacity are greater than those:of other stagnhant
groundwater zones, it is intended for future development in preference to other
stagnant gfoundwater zones. However, since it is a closed groundwater zone in a
dry area, attention should be paid to its sustainability* 1. '

As the existence of groundwater after 1954 is confirmed by trit_ium
analysis in the outer area of the central northwestern part of this groundwater
zone, induction of supplemental recharge by pumping may be expeéted from the
peripheral area. In addition to the above, the staghant groundwater zone is

distributed in nine locations F to N as shown in FIG. 5.1

*1 S, Yamamoto: "Groundwater .pt;ospecting method", Chikyu Publishing Co.,
P22, 1973 ‘
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6.3 Kalat Area

6.3.1 Moving Groundwater

The estimated flow capacity of veins A, _B_'and C of the K.alét- Area is
shown in TABLE 6.2 ' '

TABLE 6.2 - MOVING GROUNDWATER FLOW CAPACITY, KALAT AREA

vein [Transmistbitty | vydrawic, | vin wigt | Grovpivate Flow
| T (m2/d) 1 W (m) Q (m3/d)
A ] 700 1/372 . - 1,290 1 - 2,430
B 610 1/ 53 | 305 9,260
C 678 t/106*1 | 805 | 5,150
Total _ . 16,8{#0

The groundwater flow capacity in the downstream section of vein A is
2,430 m3/d. The flow capacity in vein B is greater than that in vein A, 9,260 m3/d.
The groundwater flow capac.ity in vein C is estimated to be 5,150 m?’/d. Since the
periphery of vein C is. an undeveloped area, it is regarded as promissing

groundwater development area.

6.3.2  Stagnant Groundwater

The stagnant groundwater zones D and E exist near the junction of veins A
and B. Since both these zones are in contact with veins A and B, there will be a

possibility that supplemental recharge is induced by pumping in veins A and B.

*#]1 This value is estimated taking into account the surroundihg-_geography and
moving groundwater veins. It is, therefore, necessary fo confirm this by
performing test borings.
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CHAPTER 7 = POSSIBLE YIELD FROM GROUNDWATER DEVELOPMENT

7.1 General

The possible yield from groundwater development was calculated for both
moving and stagnant groundwaters. - 7 S

In devéloping groundwater, it is necessary to iﬁtrbduc_e the concept of safe
yield that water can be collected from the grouh_dwater veinsfzones without
inéurring unfavorable results. 'Accor'd-ing to radioisotope analysis,.it is confirmed
that moving groundwater is hydrologic cycle water. The possible yield from
moving 'groundwater development is set at 80%*1 .of ~the groundwéter flow
capacity. - The stagnant grotndwater differs from moving groundwater in the above
definition. The possible yield from stagnant groundwater development is estimated.
using the specific capacity' on the basis of the permissible critical groundwater
drawdown of 10m in consideration of prevension of an unfavorable influence caused
by pumping*z. In the case of development of groundwater of this type, care should
be given to the change of dinamic water level.

7.2 Possible Yield from Moving Groundwater Development

The possible yield from moving groﬁndwater development js estimated in both
the Quetta and Kalat Areas and summarized in TABLE 7.1. In the detected moving
groundwater veins, both Quaternary stratum gr'oundwate;' ahd fissured groundwater
in the bedrock are considered to be developed and utilized. In particularly, since
the fissured groundwater system develops many fissures at its periphery,
groundwater recharge is extensive and groundwater utilization with deep wells
looks promising. _

Using the aforementioned method to introduce the concept of safe yield, the
possible yield from moving grouﬁdwater development is estimated as 17,730 m3/d
in the Quetta Area and 13,470 m3/d in the Kalat Area. '

*]  MITI Sendai Bureau: "'Survey report for optimum' groundwater utilization. in
the western area of the Yaragata Basin", Industrial Water, No. 317, P. 35,
1985 . ,

*2  Water balance research group: "Groundwater resources”, Kyoritsu publishing
Co.; P, 330, 1973
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TAB_LE.?._I POSSIBLE YIELD IN MOVING GROUNDWATER VEIN

- Quetta Area

ven [ gt T cenmivate et
A downstream 4,310-
B ! 1,980 i
C n 5,320
E " 6,120
Total 17,730
Kalat Area
Vein Section of Possible Yield from
Name Estimation Groundwazg;/);)veiopment :
A downstreamn 1,940
B " 7,410
C " 4, 120
Total 13,470
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7 3 Possrble Yxeld from Stagnant Groundwater Devélo opment

- The p0551ble yield in the Quetta Area is estimated as 7,880 m3/d in total as
shawn iri TABLE 7.2, Of the stagnant groundwater zones, zone D represents a
mgmflcantly larger groundwater zone compared with other groundwater Zones.

If . groundwater in Zone D is deVeloped by controllmg the groundwater level
with supplemental recharge from per 1pheral areas, _the utilization of groundwater.
for a relatively iong penod will be possible

The stagnant graundwater zone in the Kalat Area is estimated to e)ust at 2
locations D and E around the junction area of the moving groundwater veins A and
B. The specific capacity in these groundwater zones is relatively large at 47 to 51
m3/d/m ‘as shown in TABLE 7.2 Tho total possible yield from s’ta_gnént.
groundwa'ter development is estimated to be to 3,880 m3/d. Since  these
groundwater zones are adjacent to the moving groundwat.er veins A and B, these
zZones appear to have the function to recharge both veins A and B even with very
slow speed. Consequently, if the groundwater level is lowered by developing veins
A and B, supplemental recharge from groundwater zones D and E will be
‘accelerated, thereby producing the effect of increasing the groundwater flow

amount in both veins A and B.
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TABLE 7.2 POSSIBLE YIELD IN STAGNANT GROUNDWATER ZON.E

Quetta Area

Avfé'rage

Total

“Possible Yield

T T Number of
Area | Specific | Pumping | Specific | from Groundwater
Zone Name | Capacity | - Point Yield Development*1
(km?) | (m?/d/m) (m3/d/m) (m>/d)
D 2.6 69 & bly 4,140
F 2.0 35 2 70 700
G 1.1 33 1 33 330
H 0.9 35 1 5 | 350
I 1.9 29 2 58 580
3 1.2 | 23 i 23 230
K 0.4 33 1 33 330
L 0.4 34 1 - 34 340
M 1.5 30 2 60 600
N 0.8 28 1 28 280
Total 7,880
Kalat Area
Average | Number of | Total Possible Yield
7 N Area Specific [ Pumping Specific from Gr_oundwe}eter
one Name Capacity; Point Yield Development ™1
(km?) {m?/dfm)] - 1 tm3/d/m) (m2{d)
D 3.1 51 3 i53 1,530
B 4.7 47 5 235 2,350
Total 3,880

Note: *1 The permiésible ‘critical groundwater drawdown of 10 m is adopted in

the estimation..
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CHAPTER 8 COMMENTS ON WELL TESTS

8.1 General

The test wells, three (3) in the Kalat Area and four (4} in the Quetia Area
(excl. one (1) outside the Quetta Area), have been  drilled in the groundwater
'veihs/z'one which were detected by the aerial gamma-ray 'épectfo prospecting.
' However, the pumping test, which is the standard testing‘method, haé only been
conducted' for ‘some of these test wells, although the water sampling test was
carried out for all the test wells. These test wells are located in the upstream '
section of the respectwe veins and the number for each vein is only one.
Therefore, the detailed assessment of the results of the aerial’ gamma ray spectro
prospecting in comparison with the well tests is premature. The following are the .

tenitative comments on the well tests conducted 'up to the p'resent:

8.2 Qgéfta Area

The limestone in the bedrock is well-devéioped around the test well site of
Vein A. The remarkable discharge: was measured through the water sampling test.
However, the further development of groundwater of Vein A should be restrained,
in due consideration of over-extraction of groundwater in the northern part of the
Quetta Area. In case of developing groundwater of this vein, careful attention
should be paid to the change of groundwater level in the downstream section of the
vein. : _ | ‘ S

In Vein B, the drilling was stopped at the point of 300m deep from the grdund
surface before reaching the bedrock due to the limited capacity of the existing
drilling machine. The fact that the bedrock of this site is very deep compared with
the surrounding areas may show that this site is located within the tectonic zone.
Judging from the above, there is possibility that the fissured groundwater vein may
exist at the section deeper than 300m irom the ground surface. o

The test results in Zone D shows that the aerial gamma-ray spectro
prospecting was effective to detect the fissured groundwater zone under. the thick
alluvial layer, even thick clay layer. The development of groundwater of this zone
should carefully be made, even thdugh the fest dischﬁrge is hopeful, in
consideration of the groundwater in this zone being stagnant. -

The past well test records show that the ratlo between the discharge by
water samplmg and that by pumpmg-up differs greatly in case of the groundwater
level being deep. And it becomes very hard to assume the value of dxscharge by
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pumping-up based on the results of water sampling test. Therefore, it is definitely
necessary to conduct the pumping test in Vein E in order to collect the accurate
discharge value. |

8.3 Kalat Area

The discharges in Veins A and B collected ‘through the water sampling test
differ greatly from the amounts estimated based on the aerial gamma-ray spectro

prospecting. The reasons may be the following:

{1} The shale layers are more predominant than the estimation based on the

previous geological data, especially in the case of Vein A.

(2) There is a case that even the shale layer becomes 'good aquifer. However,
' the fissure of Vein A might have been collapsed by the carth pressure during
drilling operation because of the shale layer of this vein being not so hard.
This consideration is supported by the resuits of the electric logging test

conducted.

However, the existence of the fissures groundwater vein is still expected in

the deeper section where the limestone layer may be developed.

8.4 Conclusion

The specific capacities of the veins in the Quetta Area obtained by the well
test generally coincide with the estimated ones. However, those of the Kalat Area

differ each other greatly. The reason of the difference is as follows:
(1) The data regarding groundwater in the Kalat Area are very few.

2) Those of the existing wells located outside the Area were inevitably used as

the basic data for the analysis.

In the Quetta Area, the existence of ground_water in the fissured veins of
limestone layer is confirmed. The groundwater in these fissured veins will have
great value at the places where the groundwater cannot be collected from the
Quarternary Forrmation. -

At present, the conditions of groundwater movement are still'not clear due to
the ‘limited test wells. In order to analyze the groundwater movement and its
potennal in detail, it is recormmended that the number of test welis be increased
and that the drlllmg of test wells in the mld-stream and downstream sections of

the respective veins be included in addition to those.in the upstream section.-
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