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ANNEX C GROUNDWA TER

C.1 GENERAL

The groundwater levels in Pishin Lora Basin are going down year by year due to increased
utilization of water for urban and agriculture water supply so that the resource may have
become a potential threat to these valleys.

Groundwatér monitoring had been carried out occasionally at some existing dug-wells and
" ubewells from the 1970s in Pishin Lora Basin from the view point of groundwater mining.
However, because excessive pumping up made it rapid drawdown, the government of
Balochistan and its relating organization have done the measure relatively in detail and
systematically from the end of the 1980s to grasp the tendéncy of the groundwater level change
in the following impertant Sub-Basins in view of groundwater conservation.

" Quelta Northern Sub-Basin
Masmng Sub-Basin
Mangocher Sub- Basm

Main monitoring sites were situated at total 15 locations, out of which 10 in Quetta Northemn, 4
‘in Mastung, and 1 in Mangocher Sub-Basin. The obscrvation data of monthly basis and/or
'dally basis from 1989 at these 15 locations are available. Seasonal- basm data are also avallable_ :
during these pcnods at lhc other obscrvallon points continually. '

k Accordlng 1o thosc data, the ﬂucmahon of the groundwatcr fevel in the respeclwe sub-basins

‘shows the respectwc characteristics. Even in one sub- basm Tt can be dlstmgunshed and
" classified into some patterns. ‘Respective situations of the sub- basm regarding Pishin, Quctta
{Norihern) and Mastung are as mentioned under.

" In the other sub-basins, the groundwater monitoring has not been carried out well.

C.2 TENDENCY OF GROUNDWATER LFVbL CHANGL
' IN THE" RLSPI&CTIVE SUB-BASIN

To ascerlain the tendency of groundwater level changes in respective Sub-Basins, first dividing
respective Sub-Basing into some areas according to some features such as topography,
hydrogeology, location of aquifers, and the groundwaler using condition, etc., lhe graphs of
groundwater level changes expressed in each divided area.



Fig.C.1 to Fig.C.3 show the gcneral tendencies of lhc'groundwatcr level change making the
" monitored data smooth by moving average method, out of which Fig.C.1 shows the tendency
of the groundwater level change in Pishin Sub-Basin, Fig.C.2 Quetta Northésn, Fig.C.3
Mastung.

(1)} - Pishin Sub.Basin

Groundwater table in the zone along the Pishin Lora and its tributaries is usually shallow. In
the case it is in deeper aquifers in the valley floor, however, piezometric heads are semi-artesian
conditions. The zone in the foot hill areas of right flank of the valley is usually deep in water
table condition. This zone is main recharging area to the groundwélter reservoir through direct
infiltration. The sub-surface inflow is restricted to the left flank of the valley. The reservoir is
recharged from Kuchlagh area through two gaps in the Ajram Ghar range.

‘. ‘As shown in the Fig.C.1, itis _cl_assiﬁed approximately into the following four regions. .
) Westem Foét .Slope.s and Piedinont |
i) Northern and North-Eastern Piedmont |
‘ .iii) Sduih'~Ez;s£cm Picédmont
iv) Conter of Vsl i&_ay f*loof

'3 Iri _the'caSc' 1), Western Foot Stopes and Piedmont mean the ‘area along the foot slopes of
* mountain chains from Killi Habib of south Qila Abdullah to sauth-west side of Gulistan Town,
The moniitorflxg data show the continual declining of groundwater fevel unifohnly in this
region. The rate of drawdown during six years from 1987/88 1o 1993/94 is 2 to 6 meters.

One monitoring datum shows 10 meter's drawdown during the first two years.

T'his area has the Loe Darra and Roghahai Manda, etc. which flow from the western side to
“ Gulistan area. However the scale of piedmont formed by these river-flow is small and
groundwater may not be recharged so much.

However, water may utilized for irrigation, drinking, ete. in its own way rather more than the
recharging ratio by some villages and towns scattering around.

In the area of Northern and North-Eastern Piedmont {(case .ii)), groundwatei' level was fallihg
‘down a little less than 5 meters during 14 years from 1976 to 1990, though it can't be
mentioned accurately because of the lack of the data between 1977/78 and 87/88. After that,



however, groundwater levels tuen inte rising, and show about 10 1o 13 meters up during 3
years between 1990 and 1993, and then their fluctuation settled relatively.

It is considered there are so many cases around observation wells, showing recovered
groundwater level temporarily and partially because the pumping up from wells had been
stopped in some reasons. To avoid these kind of temporal and partiat water level change caused
by stopping pumping up not showing actual wide-range groundwater level change, we picked
up the data during 2 years from 1992/93 to 94/95 and analyzes them. Though paitly they show
the area {Northern picdmont) groundwater level rising, groundwater level change per annum
- shows not so targe comparmg to the case during 6 years from 1988/89 to 94/95. The area
groundwater level rising may be mfluenced by Delay Action Dams and so on.

This acea is located in the wide and large scale of piedmont slopes made of outflow by Pishin
Iora and Barshora Lora at the outlet of mountains or by the right flank branch such as Togha
Manda, and in the area of the ﬁpstream of K.K.Bund. The area is usually highly permeable so
that the groundwater may be recharged easily lhrough ther. This may be due to groundwatcr is
rechargcd by some effective method.

South-Eastern Picdmont is located around Pishin Town (case iii}), and geologically Subrecent o
~deposits are extent widely, The groundwater level change in this area has the relatively same':
tendency as Northern and North-Bastern Picdmont, however, the ratio of rising and falling are
small From 1976 up to 1990 it didn't change so much, and raised as the same manner of the .
atea mentioned at ii) about few meters durmg lIto3d years, and then stabilized. It may be caused
thc same reason as the area ii, howevcr its influcrice may little. :

The area of Center of Valley Floor (case lv)) shows very little groundwater change which is
only around 1 meter fluctuation during 20 years ffom 1977 up to date. Aqulfcr is existing very
. few in this area, then groundwater have not beén exploited so much. Even if the aquer
existed, it may be confined and not influenced so much by the change ratio of the other areas.

(2) Quetta Northern Sub-Basin'

Fig C.2 shows the momtonng result after 1088 in the Quetla Nonhem Sub Basin, Accordmg
to this result, the sub-basin can be divided into Southern, North to North Eastcm and Mid-
area, and further following seven areas,

i) Landi ~ Mian Ghundi -~ Western Piedmont

it) Landi ~ Mian Ghundi ~ Eastem Picdmont



Jii) Lower Karez (Bastern Piedmont)
iv)  Western Piedmont ~ Sariab Lora
v) Hanna River ~ Baleli Gap

vi)  River Side in Valley Floor

vii) - Mountain Side in Valley Floor

Southern Piedmont is from Landi ~ Mia_n'Ghundi to éast or west piedmont, which is c0111p05cd
“of highly permeable wide aqu.‘tfer. ‘Though the tendency is a little different from cach other, the
groundwater level is declining cénlinually, and the ratio of drawdown may be gradually
increasing year by year. Total drawdown is 7~8 meters to ten and few meters during 8 years
from 1988 to 1996. (casc i) - iv)).

In North and North-East Piedmont along Hanna-Urak River, highly permeable alluvial fan
“deposits extent very widely, and like the area i) continual drawdown of groundwater level is
recognized. Total drawdown during 8 years from 1988 to 1996 is ten and few meters. (case

v)).

In the area of from i) to v), the excellent aqlnfers exist, and groundwater may have been
- exploited acuvely Remarkable drawdown in these areas reflects of this result, because much
' higher quantily may have been pumped vp from geound than recharge.

“While, vi) to vii) show very little groundwater c}iangc and it is ralher said that groundwater is
'rnsmg, though ils ratio is very little. The scale of aquifer in this aréa is small, so that
groundwater would not exploit so nuch. Due to aquifer in this area zs usually confined,
fluctuation may be reduced remarkably. Rlsmg of groundwater level may be caused by the
result of infiliration through the arca by i irrigation water or domeslic sewage water, etc.

{3 M:las.tu'ng Sub-Basin -

' lri.g.C.fi shows the monitoring result in the Masluﬁg' Sub-Basin from 1988. The classification
'c:_)f the tendency of groundwater level change in the Mastung Su_b~Basih is according to the
depth of aquifer and divided into the following two,

i) Kad Kocha Area

ity ° Around Pringabad Town



i) Northward of, Southward of, and Around Mastung Town

The monitofing result shown in the graph of Kad Kocha Acea (case 1)) is confined deepet
aquifer. Their depth to piezomelric tevel is between 30 and 60 meters, Totally Groundwater
level declines refatively in large ratio which reaches 10 or ten and few meters during 8 years
from 1988 up to date.

The monitoring result shown in other four graphs may be shallower unconfined aquifer of
which depth to water level is between 10 and 20 meters. The most of all has same tendency. .
~ Water leve! of the shallower aquifer shows also generally continual declining, however their
“drawdown is in the small range of between one to few meters during 8 years from 1988 to
1960.

C3 GROUNDWATER ANALYSES ACCORDING TO THE
GROUNDWATER MONITORING

Mohit(')ring studies of Quelta, Mastung, and Mangocher Sub-Basins carried out by WAPDA
and UNDP in the ecarly stagcs have been succeeded to Balochistan Bureau of Water Resources
(so-ca]lcd Watcr Bureau) which was established as a section of Imgation Deparlmcnt so far.
Monitoring is how going on adjusted and computerized as data-base by them including Pishin
Sub-Basin. ' ' '

" In the study of Imgatlon Water Resources Dcvelopmcnl with Delay Aclton Dams, Quetlia
' Nonhem Maslung and Pnshm Sub-Basins are the most conccmed '

In this Section, according to these data—bases coopcfated by céurtesy of Water Bureau, it is tried
| to compute the deficit rate from recharge into to discharge from lhe respeclive. groundwater '
basin in the most concerned Sub-Basins 1o this study. '

--- Change of Groundwater Level in Pishin, Quetta Northern, and Mastung Sub_-Bésin

Monitoring locations of Pishin, Quetta Northern, and Mastung Sub-Basin are shown in Figs.
C.5, C.10, and C.16 respectively. Applied groundwater levels at the same llmcs at respecuvc ;
sites catculaled from the moving average fluctuation (taking the movmg average of one ycar)' ‘
and the rcspcctwc changes of groundwater level are shown iit Tables C.i to 3. However,
because of the shorlage of data, the standard dates are extracted from groundwéter contour
maps existing in the appropriate report or publication issued by WAPDA {1975/76 fiscal year o
“for Pishin Sub-Basin (this is the latest one available as the standard), 1985/86 fiscal year for
Quetta Northern Sub-Basin, and 1977/78 fiscat year for Mastung Sub-Basin}. The standard
elevation of or depth to the groundwater level has been read from the above contour maps at



respective observation locations. As far as Mastung Sub-Basin concerned, after sceuring the
cnough duration to a certain extent, and comparing the changes between 1977/78 and 1985/86
fiscal year, the data of 1985/86 have been taken as the standard gronidwater level to get higher
reliability.

The elevation and the change of groundwater level are shown in Figs.C.6 to 8 for Pishin Sub-
Basin, C.11 to 15 for Quetta Sub-Basin, and C.17 to 21for Maslung Sub-Basin from the above
analyses.

C.4 REGIONAL CHARACTERISTICS OF THE CHANGE
OF GROUNDWATER LEVEL

(1) Pishin Sub-Basin

i) Altitude of Groundwater Level at 1994/95
Altitude contour ma]j of groundwater leve) al 1994/95 is showh in Fig. C.6.

Groundwater elevation is graduaily going down from Bast to West or South-West generally.
Among their tendencies, some remarkable characteristics can be described as under.

* First, the hill range and its extension composed mainly of Bostan Forniation divide the
- groundwater basin largely into the upstream and the downstream side,

Bostan Formation is composcd mamly of i :mpemous matcnal so that it may shape the barner to
: groundwatcf flow hke as underground dam, ' '

* Ins the upstream side, thovgh the hydraulic gradient is relatively steep around the picdmont, it is

“rapidly reduced near side of this hill range. Hydrautic gradient becomes again steep, after that it
becomes gentle again atong the hill range. The funher proceedmg to the downstream side, the
more gentle the groundwater level.

i Sccond. groundwaler in the downsiream side is not flowing along exactly same direction as
Pishin Lora, but first flowing to western picdmont ward and then bending its flow direction
into the main stream of Pishin Lora. This is why the drawdown rates in the western pledmont _
are very large comparing to the eastward.

ii) Change of Groundwaler Level

--~ Characteristics



It can be mentioned as under as shown in Fig. C.1.

The groundwater level in the western piedmont and their down-reaches is going on drawing
down consistentiy from 1975/76 resulting around 10 meter's drawdown in the piedmont and
17 to 18 meter's drawdown in the down-reaches during 19 years.

In the northern and the noith-eastern piedmont, those have been rapidly drawing down during
the first 13 years resulting the observed maximum value is almost 13 meters. After that
however, the groundwater level turns to rising resulting the observed maximum value is almost
13 meters during 6 years by 1994/95. ‘

Thbugh the tendency in the south-eastern piedmont is same as the northern and the north-
castern piedmont, their rate is much lower than them, namely, the observed maximum drawing
down during first 13 years is 4.5 meters, on the contrary 1,3 meters rising during 6 years after
that,

From the down reaches of valley floor to hili range of Bostan Formation, the groundwater level -
changes very little. "

- --- Change during 13 years from 1975!?6 to 88/89

The contour map of groundwatcr level changc durmg 13 years from 1975/76 to 88!89 is shown
in I‘lg C.7. The nearer 1o the piedmont slope from the central area of valley floor, the larger
* drawdown the groundwater level. The maximum observed drawdown is almost 13 meters in
the nor(her_n. piedmont, 7 meters around the way out of Pishin Lora from mountain to -
- piedmont, and a little less than 5 mcters in the western piedmont. - - .

- Changc during 6 years from 1988/89 to 94/95

The contour map of groundwater level change during 6 years {rom 1988/89 to 94/95 is shown
in Fig. C.8. In the westward from the central area, those show the same tendency as before.
- - On the contrary, those in the northern to the north-castern pledmont turn to rising resulling
more than 6 meters rising gencrally in the picdmont. In the case of |he_s_(_)ut‘n -eastern area, those
are very little deawdown of less than 1 teter during 6 years. | '

--- Change during 2 years from 1992/93 to 94/95

The contour map of groundwater level change during 2 years from 1992/93 to 94/95 is shown -
in Fig. C.9. This analysis was carried out to avoid temporal and partial water level change
caused by stopping pumping up not shdwing actual wide-range groundwater level change.
Though partly they show the area (Northern picdmont) groundwater level rising, groundwater
level change per annum shows not so large comparing to the case during 6 years from 1988/89



to 94/95. The arca groundwater level rising may be influenced by Delay Action Dams and so
on.

(2) Quetta Northern Sub-Basin
- i) Altitude of Groundwater Level at 1994/95
‘Altitude contour map of groundwater level at 1994/95 is shown in the Fig. C.11.

Al groundwater flow in this Sub-Basin, part of which is from South to Nosth (atong Sariab
Lora) and from East to West (along [fanna-Urak River) is absolutely drained to Baleli Gap.

T is largely divided into the following three areas according to the gradient of the groundwater
level.

First, the area from the southern to Quetta city, groundwater is flowing to Sariab Lora at first,
and then directing to the northward. Generally their hydraulic gradient is very gentle due to
“much discharge causing great drawdown in the upper stream. On the contrary, those in the
downstream side are not so significant. As a result, the hydraulic gradicnts become more gentle
relatively year by year. '

- Second, the area from Baleli dap up to 7 to 8 km upstream side, the hydraulic gradient is also
very gentle. chc'rally this area is recharged froin Hanna River abundantly, and simultaneously
B aclwcly pumpcd up. Pcrmcablhly in this area may be very good so that the mfluence of
pumping up at some locatlon may reach to large extem resultmg groundwater level is kecpmg '
- refatively even at any places. Active pumping up at many places cause the relatively rapid but

- even drawdown of groundwater level,

Third, the area between the above two areas, the hydraulic gradient is relatively steep due to
rapid drawdown in the dowastream, on the contrary not 5o much in the upstreant side. As a
resull, the hydrauli¢ gradient is going to steeper gradually.

i) -~ Change of Groundwater Level

-~ Characteristics

It can be mentioned as under as shown in Fig. C.2.

~ Around the southernmost part of Sub-Basin (both eastern and western picdmont and Landi ~
- Mian Ghundi), the drawdown ratio of the groundwater level is relatively large showing average



~approximately 1 meter along the western piedmont, and 0.5 to | meter atong the eastern
piedmont per annun.

That of the area around Hanna River to Baleli Gap is more remarkable showing approximately
- average 2 melers per annumny,

While in the central part of the sub basin, generally the changes are very little, though partly
showing the relatively large drawdown of groundwater level.

- Change during 9 years from 1985/86 10 94/95

The contour map of groundwater level change during 9 years from 1985/86 to 94/95 is shown
in Fig. C.12. Around the southernmost part (Landi ~ Mian Ghundi and both piedmonts), total .
drawdown during 9 years is more than 10 meters (the maximum nearly 13 meters). In the
northward of Mian Ghundi, parily the drawdown is remarkable where may be closely
connected with the pumping ratic in the area,

"The drawdowa arouid the atea of Hanna River to Baleli Gap is very reinarkable showing total
15 meters. Abundant groundwater is existing in this arca and it has been pumped up actively
- from the early days resulting great drawdown. '

The drawdown in the central part of the Sub-Basin is relauvely small though parlly large
- where may be closcly connecled with thc pumping raho in the area.

Averagc Change during RcSpcclwc )’C‘HS of 1985/86 to 88/39, 88!'89 to 9]/92 and_- ';
91/92 to 94f95

Comparing to the above mentioned long -term changc of groundwater lcvcl dunng 9 years, lhe
tendency of relatively short-term change was checked dividing them into each 3-years. The
results are shown in Fig. C.13 to 15. According to these results, it is said that they show the
‘approximately same tendency each other, that is, the actively pumped up areas in the Sub-Basin
are generally around both the northern and the Soulhcm are'a_s, and in the area between them,
the groundwater is scarcely existing, and difficult to be pumped up casily. - '

" Drawdown ratio is generally high in the southcrnmost area, and the most remarkable arca has
been shifting gradually from both the eastern and the weslern piedmont to the area belween
Landi and Mian Ghundi. In the area toward North, remarkable drawdown area shift from some
place to the other place where may be closely connected with of pumping up ratio, medow:l
ratio is gradvally increasing year by year. '

In the area around Hauna River to Baleli Gap, the drawdown during first three years was the
maximum 4 meters, however, it increases more than 6 meters per three years recently. The



largest drawdown area is shifting gradually from the upsteeam side to the downstream side
which may be closely connected with the pumping up ratio.

(3) Mastung Sub-Basin
i) Altitude of Groundwater Table at 1994/05
-Allitude contour map of groundwater level at 1994/95 is shown in the Fig. C.17.

‘Al groundwater flow in this Sub-Basin is heading for the Gap between Maslung and Shirinab
Sub-Basin. The hydraulic gradient in the southern area is very gentle due to probably the large
drawdown around Kad Kocha caused by a lot of pumping up. That the contour lines go into
the mountain side is also due to the result of the large drawdown especially in Kad Kocha area.

Except the above mentioned area, the contour lines of groundwater level are generally
following with the surface topography. That the groundwater gradieat from Sakhot and Amach
- area Lo the Gap is relatively stéep suggest that this area may be composed of relativély '

impervious material. ‘

i) Change of Groundwater Level
--- Characleristics
It can be mentioned as lindér as showh in Fig. C.3.

_ Thc drawdown around lhe alluvial fan area dismbutmg in thc downslream of the Kad Kocha -
 and the northernmost is remarkable.

That around the Pringabad Town is also consid'crab.lc partly.
Changc during 9 years from 1985/86 Lo 94/95

' The contour map of groundwater level change during 9 years from 1985/86 to 94/95 is shown
in l‘:g C.18:The area showing the most remarkable groundwater drawdown is the alluvial fan
arca of Kad Kocha, the observed maximum drawdown i is 16 meters during 9 years.

The drawdown around Pringabad Town is the maximum 10 meters during 9 years. And that
around Mastung Town is the maximum 7 meters.

In the other area, the drawdown is characterised like as followings; it is usually large along the
picdmont, and become smaller geadually as proceeding to the downstream side. The maximum
- drawdown is approximately 10 meters which is observed around the piedmont of the
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northernmost area of the Sub-Basin, That around Amach and Sakhol situating in the castern
piedmont is approximately 6 meters. While around the Gap, it is only around 1 meter.

--- Average Change during Respective 3 years of 1985/86 to 88/89, 88/89 to 91/92 and
91/92 to 94495

Comparing to the above mentioned long-term change of groundwater level during 9 years, the
tendency of relatively short-term change was checked dividing them into each 3-ycars. The
results are shown in Figs. C.19t0 21,

Even during every 3-years, specially mentioned the above three areas in the alluviat fan of Kad
Kocha, around Pringabad Town, and around Mastung Town show the relatively remarkable
drawdown, though around Mastung Town shows a little different characteristic from the other
two due to water in this area mainly supplied from a lot of Karezes. Kateze is a system to
intake water widely from the elevation around the groundwater table, then lhc drawdown
caused by this system is not so significant, '

The drawdown around Maétllng Town duting every 3-years remains | or 2 meters. While that
~ around Pringabad Town and in the altuvial fan of Kad K()cha_ is relatively large sihowilig 4105
* meters during first and second 3 years, and during recent 3 yea'i"s,-- lhou'gh in the case around
Pringabad Town remain a little over than 3 raeters, in the case of the alluvial fan of Kad Kocha,
it becomes very large showing the observed drawdown being the maximum 10 meters, that is,
average 3 to 4 meters pe_r annum. The draWdoWn during recent-3 years in t'hc norihernmost
- piedmont arca becomes also large around twice as much as the before. '

C.5 ANNUAL DEFICIT OF GROUNDWATFR IN PISH[N QUEITA
NORTHERN, AND MASTUNG SUB-BASIN

To calcutate the deficit of gronndwater recharge to dischargc in the respective Sub-Basins from
the Monitoring data, first dividing the alluvial atea of each Sub-Basin into some clements (uml
area in Pishin Sub-Basin is 2km*2km=4km2; Quetta Northera and Maslung Sub-Basin -
tkm*tkm=1km?2), and second the representative values of Specnﬁc chld are shown in every
‘elenient as shown in Table C.4. '

" Vatues shown in Table C.4 are decided from Figs. A.2, A.7, and A9, ANNEX A showing the
location of existing wells utilized for hydrogéological analyses in Pishin, Queua Northem, and
‘Mastung Sub-Basins. In these Figs, contour maps of Specific Yield exlracted from Tables A.1
to A.2, ANNEX A are also shown.
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Likewise from Figs. C.7 (o 8, Figs. C.13 to 15, and Figs. C.19 to 21 the representative values
of drawdown in cvery element are shown on Table C.5 in the case of Pishin Sub-Basin, on
Table C.6(1) Quetta Northem Sub-Basin, and on Table C.7(1) Mastung Sub-Basin.

The volume change stored in elements of groundwater basin have been calculated as the
multiplication of Specific Yield by Groundwater Level Change, and showa on Tables C.5,
C.6(2), and C.7(2). The summarization of all values in every clement is the total volusie
change in the respective Sub-Basins, narhely the deficit or the surplus of total recharge to total
discharge. ;

(1) Pishin Sub-Basin

Durmg 13 years from 1975/76 to 1988/89, the deficit of groundwalcr volume rescrved in the
basin is total 574 MCM, namely, discharge is average 44 MCM surplus per annum over
recharge.

While, duringrﬁ years from 1988/89 to 1994/95, the grbﬁndwatcf_ volume reserve’d in the basin
turns into the surplus of 316 MCM, that is, average 53 MCM surplus per annurn.

llowevér_ because it is considered there are so many cases showing temporary and partial
‘groundwater level changc around observation wells, we picked up the data during 2 years from
1992/93 to 94/95 and analyzes them. As a result, the groundwater volume reserved in the basin
show the deficit of 26 MCM during 2 years, that i is, average 13 MCM deficit per annum.The
area groundwater level rising may be mﬂucnccd by Delay Acnon Dains and so on,

A causc_ of this result is not decided yet, As a' possible r'eas'on, so many delay ‘action dams have
‘been constructed in Pishin Sub-basin so far and their distribution is fit with the area
groundwater level rising as shown in Fig. C } wheré locates in the northern and the north-
~ castern; Provided that the discharge in this basin is not changing, it is said that the average
- surplus of recharge 44453= =97MCM per annum has been taken place comparing to the before.
. Recent rising ratio of the Qouhdwalcr level becomes lower or some are said to be drawing
-~ down aga.in as shown Fig. C. t due ld probably reducing recharging ratio from delay action

dams or increasing pumping up ratio. However, the time every groundwater level beginning to
- riseis almost saine, then it is difficult to say the groundwatcr rising has been caused by delay
action dams completely because every dam wasn't construcled at the same time,



(2)  Quetta Northern Sub-Basin

During cvery 3-years from 1985/86 to 1988/39, 1988/89 (o 1991/92, and 1991/92 to 1994/95,
the deficit in the groundwaler reservoir of recharge under discharge is 57 MCM, 63 MCM, and
51 MCM respectively, that is, average 19 MCM, 21 MCM, and 17 MCM per annum
respectively.

The deficit ratio increases a litlle during the second 3 years comparing to first 3 years. However
during recent 3 years it is reduced 4 MCM average per annum due to probably pumping up
control or groundwater mining limit, etc.

(3)  Mastung Sub-Basin

During every 3-years from 1985/86 to 1988/89, 1988/89 to 1991/92, and 1991/92 to 1994/95,
the deficit in the groundwater reservoir of recharge under discharge is 43 MCM, 39 MCM, and
65 MCM rcspecnvely, that is, average 14 MCM 13 MCM, and 22 MCM per annum

© respectively:

" During the first and the following 3 years, the deficit ratio of recharge under discharge is alniost
same, however it is increasing remarkably during recent 3 years. Especially, the drawdown
around the downstream area of Kad Kocha is distinct as shown in Fig. C.21.

L C.6 Sl’MULATION FO‘RAVAI‘LABLE'GRO_UNDWATER RECHARGE BYf
DAD ' :

" Groundwater rcéharge contributed by delay action dami is categorized into two lypcs.' Oncis a

recharge from reservoir bed and the another is downstreain recharge in the fan, for the later
| water is supplied through conduit installed under the dam body. Each recharge volume of
waler is subjct:t to l]}'drogcolbgic characleristic of related groundwaler layer, scale of FESCIVOIT,
~* dam facilities, rainfall pattern, and reservoir stage. In order to estimale the available qmnuly of
water for groundwater recharge, a dam operatlon simulation is required to be conducted.

‘The dam operation'simulation was done to calculate reservoir stage monlhly for (hc duration of -
30 years, by input of munoff into reéservoir, and 01llp|iis of evaporation from reservoir water

sucface, recharge from reservoir bed, and releasing water for downstream recharge. 'Runofl
from catchment of the DAD was estimated by actual rainfall from 1966 to 1995 multiplicd by
ranoff factor varying from 8 % in summer to 15 % in winter, which was deduced from



observed data of Chapper Lift station. Evaporation calculated by Penman method attached in
the ANNEX H as Table H.2. 1.

Recharge from reservoir bed was estimated in consideration with characteristics of dam
foundation layer for permeability and stage of reservoir using results of F.E.M. seepage
analysis which was attached in the Section of 1.3.2 of the ANNEX 1. Scepage into rescrvoir
bed was obtained through the seepage analysis in the some lypiéal cases of perneability of
rescrvoir bed, thickness of the reservoir bed, and water depth in the reservoir. Prior to the dam
operation simulation, maximum seepage into reservoir bed of cach proposed dam was
calculated as shown in Table 6.6.1 in the Main report applying a regression equation derived
from the seepage analysis in the some typical cases.

(Seepage into reservoir bed, cuan/day) = 0.982 x 10(26.937K) x H(0.345l0gK+1.556) x B
Here, K. Permea'bili.ty of reservoir bed (cnvsec.)
H: Maximum water depth in reservoir (m)
B: dam length (m)

Recharge from reservoir bed is estimated through the dam operation sinwalation on the basis of
the maximum seepage giving water depth in reservoir with time, and decreasing permeability -
with year. '

Downstream rechargc was estimated in consxderanon w:lh the area spread and its characteristic

of permeability. Prior to the dam opcrauon simulation, maximum releasable water by each

~ proposed dam was calculated as shown in Table 6.6.1 in the Main repon which was the lower

of the rechargeable water during ﬂowmg down on alluwal fan and flowing capaculy of aqucr :

Downstream recharge is eshmated through the dam operation s:mulahon on the basis of the

~ maximum releasable water gwmg releasmg water from réservoir conespondmg with watcr
depih in reservoir with nmc ‘

- Annual rechargeable water of the delay action dam is an annual average of the results of the

reservoir bed recharge and downslream recharge obtained through the dam operation
sunuhtlon
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Table C4  Inferred Disiributlon of Specific Yield in Eefch Element
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