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APPENDIX-I EXPERIMENTAL FACILITIES
Ll = General
I.1.t  Objective and Concepts

In osder to collect the data and information necessary for the establishment of the most
appropriate’ plans for the water resources development projects, the expcmmntal

facilities were constructed during the Phase 2: Field Work.

These facilities were constructed to study on the appropriate development measures of
- water resources which include groundwater, spring water, subsurface water and river
- -water. The most appropriate development measures of water resources have been

studied and evaluated through the construction, operation/maintenaricé and monitoring

‘of the experimental facilities. It is certain that the experience gained by this study will

help to establish the adaptability and sustainability of water resources development

~ systems as well as their use in Bhutan.

- During the Phase 1: Field Work, a serics of field reconnaissance sllr»{é)*s were carreed
1 out to examine the construction conditions and to observe the willingness of the
* “government staft as well as the local people. Based on the resulls of . the ficld

FeConnaissance survcy,_ihc proposed cxpenmenlai facilities were selectcd among the

~“various allernaiwcs putting emphasis on the Followmg considerations.

_ - Sustainability and adaplability of the facilities
- - Smooth and painless intreduction of the f‘acn!mcs as the works of the future
~projects : '
-~ Potential of proposed water sources

- Construction conditions of the proposed sites
-~ Necessary construction period ' f

LLL2 ':Pi'o‘|)dsé(l Sch'emc :

Based on the conmderatlons menuoned above the fi:}llm\.fmg3 four’ (4) Kinds of water
resources e\cpl(ntablc in and around the Study Area were proposed,

~ - Groundwater scheme
- Spring water scheme
- -Subsurface water scheme
=" River water scheme

| All of these resources are considered to be important and essential to mitigate the -
 constraints of water utilization in the area. Therefore, it is proposed to select the -
facilities for each kind of water source, and it is necessary to consider the sustainability’

of these facilities.

The experimental facilities have been constructed in four (4) months period‘ from
November, 1994 to March 1995, by a local contractor under the supervision of the
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Study Team. After the completion of their construction, the monitoring works were
carried out to collect the necessary data and inforniation for the Study.

The locations of the facilities are presented in Fig. L1.1.

1.1.3 Monitoring Works

After completion of the construction of experimental facilities; the monitoring works

were commenced in oider to evaluate the performance, applicability, technical
feasibility ete. of such facilities. The monitoring works were continuexd till the end of
August 1995, which is the end of field survey of th¢ Study Team

The purpose and the items of monitoring of each faciliiy are summarized in Fig 112
and required staff for the monitoring were considered as described below; '

(1) Formation of Monitoring Works

The monitoring works consist of operation and observation works. The operation
work is to operate and maintain the installed cquipment of experimental facilities i
~ a favorable condition, and the observation work is to conduct the observation

' collcclmg and recordm;, necessary data of the e\penmemal fac:lmes

- The observauon wori\s 1o be- made n th]s momlonng is ﬁnthe: dmded mto the
' fol!owmg items:

o daily routine observation 16 be conducted wheucvcr lhe facilities are operated,
. 'penodlcal observatlon fo be conducted w:th sone frequency of one (1) w cck
- 10 days or one (1 Jmonth period, and _ -
+ - collection of data and information | necessary f‘or 1hc momtonng such as
: meleorologwal and hydrologacal rccords etc. :

i S'incc'th'e solar powc'rcd pumping fa'cility ( g_.,rOund water scheme) a"nd the slide type

pumping station (river water schemc) are located in the farm yard of RNR-RC in'
Bajo, the operation of such facitity was conducted by the stafl’ of the RNR-RC in

Bajo The routine and periodical observation works were also conducted by RNR-

'RC in Bajo and those works were inspected by qualified engineers and technicians |

durmg_, the opcrauon period in order to ensure lhc proper operanon

A-: for.the spring water’ storag,e fac;hty (sprmg water scheme) in the P]i‘anﬂvul area

and the shallow well pumping fac:!ny (subsirface watcr scheme) in the Bajo'area, it
was considered that operating the facitity and monitoring their pcrtormance shall be .

- carried out w;th a certain’ amount ‘of skill. The routine monitoring works of these
: f‘acﬂmcs were conducted by local people who utilize these facilities.

The metedrological records required for monitoring were collected by the

- counterpart staffin RNR-RC oftice, and were compiled by them. In order 1o ensure

the observation works of the experimental facilities, the observation works were
carried out by RNR-RC stafY and {ocal people at cach site of experimental facility
under the management and control of the project’s counterpact statt. The

1-2
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observation data was recorded in the monitoring record books of each
experimental facility. '

*“The formation of the above monitoring system is illustrated in Fig, L.1.3,
(2) Requived StalT

Three (3) counterpait staft of the project were assigned and they were in charge of

% overall controlling ‘and: managing of monitoring works to be conducted by the
RNR-RC staft and focal people. Teclnm!ogy transfer to the counterpart staff was
carried out through on-the-job training in the course of the. construction and
monitoring of the experimental facilities.

. ‘The required number of the staff and local people to be assigned for exccuting -
© monitoring works of each experimental facility is tabulated below. '

- Experunental Facihity RNR-RC stafl | Local People
Solar Powered Pumping Facility 1 -
Spring Water Storage Facihity - - 1
Shallow Well Pumping tacilty - - -
. [River Pumping Station R -
Totay 3. oo

o2 - Gmundnatn Schcmc Water Suppb Fac:ht) of l)ccp Wcll in thc l{‘\IR-
. : RCi in Bajo
‘ % - L2

(1) Basic Conditibns

Summary of Facility Plan

The deep well walcr supply facﬂny was constmclcd uuimng the test wcll dnl!ed in
' RNR R(‘ in Bajo in Phase I: Pleld Work ‘ : :
A solar pov.ercd pumpmg, sy:,tem is employed for lifting Up the: g,loundwaler S
:Although the initial investment ¢ost for the solar power pumpmﬂ unit is considered
to be a bit expensive, the operation and maintenance cost is expected to be cheaper
comparing with the other type of systems. In Bhutan, the solar power system has
‘been applied for the telecommunication networks so far, and is functioning well.-
Therefore, this solar power system is considered to be one of the recommendable
~ ... measures to attain sustamablc development in the water resources dcvclopmem_
seclor S - -
%' P -From the result of !he mcleo h)drologlcal sludy, 5.4 hr/day of avefagc sunshine :
' hour can be expected in the Wangdue Valley. A large amount of electric power
- cannot be expected from the solar systemn, and therefore, this' system may not be -
applied for the Jarge scale facilities such as lmgailon pumping system. Since the
outpuit power can be controlled adequately using the VVVF type inverter, it is
possible to apply the solar system for the small scale facilitics such as a small scale
water supply system.
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In order. to cxamine and confirm the performance, technical feasibility, and
adaptability of solar power system the solar power systeim was proposed as one of
the alternative power sotirces in this system.

(2) Proposed Component of the System

A solar powered pumping systcm was apptlied for lifting up the groundwater, and a
water supply system consisting of an elevated water tank and pipeline networks
was provided for distributing domestic water 1o the offices and the staff quarters in
the RNR-RC in Bajo. To ensure the daily operation of pumping facilities against
the shortage of solar power in cloudy or rainy days, the system is connected to the
public electric power supply networks. The schematic diagram of the:system is
presented in Fig. 1.2.1.

(3) Design Conditions

The following condilions were considered in dCSlgnmg the Water Supply F aul:ty of |

Deep Well in the RNR- RC in Bajo.

)

' (‘ roundwater is serv ed f‘or about SO persons wh:ch mcludc 30 slaﬂ of RNR-
- RC oflice who ‘consume the water during the day tinte and 20 inhabitants of ;

Popuhhon Sen ed.

~ residential quarters who consume the water dumu, day and mgn time.

2)

Des:gn Water Iemand

A de51gn daily water demand of 160 I/pcrson!day was' apphcd for dctermmmo

- the capacity of facalaly consu!enng the iesults of the dmmsuc \\aler demand ‘

' emdy e\ecuted in the Phase 1 study

N

o Desngn capacny of the etcvaled water tank is set at 4.0 m’ consndermg that the .
groundwater would be lifted up twice a day based on the daily water demand of

e

l)rsngn Capacm of Hevatcd Watel lank

160 I/person and the served population of 50.

Des:gn (‘ondmons ofSol.u S)stem

, -1hc desngn condmons of lhe solar system in lhe g,round\\aler schcme are

summanzgd as shown bclow

- -Aveta'gé'sun_shipc durali_on © 5.4 hr/day (roughly as estimated 4.3
: : |  hrKw/m'/day)

- TotalHead ©  50m

- Pumpmg Capacily . 8 m'/day

- Casing pipe diameter © 4irches

- Dynamic water level for well ©  -35 m from ground levei

1-4
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- Type of pump - Multi-stage centrifugal submersible pump
: with VVVE type inverter
- Electrical Specifications

Voltage D 3IXOSV
Power : . 550W,0.75 HP
Current . B88A

- Powerrate o 087
Maximum output L 1200W

“ Using the mean annual radiation of sunshine and Iiig. 1.2.2, the capacity of solar

battery was estimated as approx. 1,113 Wp (880 Wp for effective capacity). By .
applying the solar panels with a power of 53 Wp/unit, 21 units of solar panel

‘are required. According to Fig 1.2.2, approx. 10 m'/day of water discharge was

expected.

(4) Principal Featuves of the Facitity

The general plan and Ia)out plan of the proposed facility are shown m lwg 12, 3~ﬂ
The prmc:pal featurcb of the conslmcted facilities are summarwed belo“ :

3] Dccp Well Pumpmg Uml

ay” Submers:ble motor pump

-+ Type of pump _ : Mulii- stage cenlnﬁlgal submersub!c pump
- Casing pipe dlameler : 4 inches o
+ ~ Total head 50 m (Dynamic walerlevel GI %Sm)
e _Pumpmg3 capacity - . 1 8m’ lda:, ‘ :
b) Electrical specmcatlons
o Voltage = :3x65V
o Power - :S50W, 0.75HP..

o Current =~ :8.8A
.c} Control panel

The control pane! is provided wuth a control facahly to Shlﬂ the operation
from solar power to electric power supply and vice versa.

- Solar power driven '

The inverter converts the DC’ power from lhe solar array into lhrcc:' '
phases of AC power which is transmitted (o the subniersible motor. 7 he
AC output vollage and frequency vary contmuously asa ﬁmcuon of the
irradiation. ‘The system utitizes the power output of the solar DC: -
generating system to an absolute’ maximuim by means of maximum
power point tracking. :

+  Electric power driven : _ '
The control panel is provided with a transformer which can convert the
voltage front 440V to 65V. :
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[

d) Solar array

" The highly efticient solar miodules are connected in series and in parallel to
form a complete solar array with a nominal output voltage of approx. 65V
DC. The output current varies with the irradiation on the array. The DC
output from the array is transmitted to the inverler through-a main switch in
the inverter.

2) Existing Electric Power Supply

+ ' Power source +440 V, S0 Hz, 3 Phases -
«  Additional power line © : Approx. 60 m with 2 electric poles

~ - 3) Elevated Water Tank

a) Storage tank

¢ - Capacity = - 4w R
s Dimensions - . c2)yXZB)X 1) m
» Material St SMC panel tank '
. b): Tower S _ .
e Height : : T6m -
o Material ©0 T Steel structure

' c} Dlstrlbuuon Plpcs L
0« Material ' : : Galvanized steel pipe
~ e L engths and d;amclers S 2390 m (2 ind dial)
' : :230m (1 in. dia) -

; d) Ancnllary Pacalmcs - :
'+ Public water storage tanl\ :: l unit (ﬁOO I)
+  Publicwater lap N | uml

1.2.2 Moniloriug Works fo’r the Ground \\"a(cr Sch’cmé
(l) Purpose 0f '\Iommlmg

The solar powercd pumpmg syslems can be used in remole ‘arcas where the
: sunshme is plentifud and no eleclrlc power supply is available. Though this po“ er
? syslcm has already proved to° ‘be successful for the lechmcal applications 'in the
~ - country for the lighting facilities and the telecommunication networks, the technical
. feasibility, theé performance and the applicability of the facﬂlty to watm supply
| projects were cxammed through the trials.

@ Rcsulls of Monitoring Works

" The monitoring work was carried out from the end of April to the end of August -
© 1995, The following data were collected/monitored during the monitoring period.

(-6
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o Daily sunshme hours
o Pumped up water volume by soiar power and electric power supply
+  Relation of frequency and discharge by solar power driven pump

1) Daily Suashine Hours

The data on the daily sunshine hours wer¢ collected from the nieteorological

%% _ station at RNR-RC in Bajo. The monthly average of sunshine duration (hrfday)
at the station is summarized as shown below.
Duration of Sunshine 1830~1995
. . _unit  heday
Jan | Feb | Mor. | Apro | May | June | Wiy | Aug | Sep | Oct | Nev | Ihe
1% 5.3 58 57 ) 48| 48 43 59 6.5 65 | 66 | 6.1
The mean annual duration’ of sunshine was estimated as 4hr/day The mean'
monthly duration of sunshine is generally higher during the periad from
: October to December than from May to August. The daily sunshine data durmg
. ~the momlormg period is shown in Table I 2.1
2) Pum;led Up \\'ater \Y olume by Solm' Power and Electric Power Su|iply
a) Pumped Up Wﬁt_cr_Volunie by Solar"Péwe_r and Electric l’ower Supply- |
‘% " In order to ‘observe and esumaie the solar power system, lhc routme

observation works of each pumpmg operation were conducted by the stall
of the RNR-RC in Bajo and the selection of swnchmg aver between solar -
power and clcctrlc power was done nmnually in accordance with the
weather ¢onditions. -In addition to the pumping : ‘operation’ record,  the

: ac»umulalwc flow were recorded using flow meter on the distribution pipe

_ at the pumping’ ‘station. While using the solar power, the blow off valve of .
the storage tank was opmcd con!umously considering the vanatlon of solar

- power.iThe pumpmg operatmn record is shown in lhc Data Book l\f

Using the accumulauve now data, the amount of daily pumping up water
was calculated as shown m 'lable 2.1 and Figl.2.6. The result is.

- qummanzed below

Summan} of Estimated Pumpingi Discharge (m3{day) :

% ‘ : May - S dume . Oy o] L Awghw
' Solar 87 35 ;4.7 6.4)
' T hublic 03 07 09 08
Totat 29 47 56 6RO
(Sunshine he'day) (2.8} [&R:3] (5.1}

(6.8}

‘As mentioned above, when the solar system was functioning, the water tap

of the pipeline was not controlled for the purpose of inspecting the capacity
of the solar system. Therefore, the amount of water discharge does not
show the actuat conditions of water ¢consumption.
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b) Relation ofFréquency and Discharge in the Weather Conditions

Since the main source of power for the facilities is $olar power, design
sunshine hour of the facilities shall be decided based on the sunshine
duration and condition.

Pumping of ground water was carried out in proportion to sunshine

duration. However, public power was also utilized in spite that the sunshine i q7
‘occurred for a duration of more than about 5 hours on 1ith of July and :
t1th of August, mainly due to the cmiditio_ns of sunshine.

Amount of sunshine itradiation was monitored as output from solar panel

between fine and cloudy conditions using frequency measureinent and

cumutative low meter. Result of the output is shown in Fig 1.2.8. Since the

output required for driving the solar pamp, is more than 50 Hz frequency,

the intersnediate sunshine irradiation is not enough to drive the pump.

Accordingly, when solar radiation is available continuously, solar power

can be used as the power source. And power storage equipment must be

necessary for the solar power system. :

Based on the manitoring data observed during the field survey, the

available sn.n_ishi:je;time period is estimated from- 10:00 t_o'lS:OOin the
topographic conditions of Wangduephodraig. ' '

1.2.3 :Evaluation and Recommendation

N Evaluation of System

~ In Bhulan, this study is the first case of applying t]lé- solar powered 'punipihg_

' system for the water supply and the monitoring was carried out only for 5 months

, period. ‘Based on monitoring data; the solar system was ‘evatuated as described,
- below; | T A -

The solar power depends on the weather conditions. and specification of the solar.
system and its efliciency is proportional to the sunshine radiation volume and lime
“duration of the solar radiation. As a result of the monitoring it was found out that
the solar powered system pumped up a water volume of 5.7 m*/day in rainy season,
and the water volume per unit of sunshine hour is estimated roughly asbabout 1.2
11\3.:1'\!1101!111 of water is estimated toincrease in dry season by applying the solar
system - It is technically: possible to -apply the solar systém for domestic water:
“supply éven'in the weather condilions of rainy scason. In Wangduephodrang, it is. o
possible to apply water demand of more or less 5.7 m'/day based on the monitoring \g
data. Besides, manual switching operation will be difficult in proportion to weather .

conditions since weather conditions are not stabilized in rainy season, and therefore.
‘application equipment for storage is necessary. ' '

“The storage equipment is classified into lwo types ; One is the battery for
electricity and the other is tank for storing water. The battery system is confirmed
to have some problemis such as ircegular operation, life of the battery and high cost.
Since construction and maintenance of the tank are easy in Bhutan, the storage
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tank shall be employed to store the water in place of the battery. Besides, it is

necessary to cducate the local people to comml the water tap for saving the
pumping up water.

The result of alternative study based on the initial O/M cost is shown below. [t is
expected that applying the solar power system will be more eftective than using the
public power line for pumping up water depending on the site conditions.

‘However, in case of applying the solar power system for domestic water use in
‘Bhutan, there is also a fear that the system may be down for a long term when

~ there will be a break down in the system due to unexpected accidents, since

@)

‘importting the spare parts will take considerable amount of time. (,onsequemly

further detailed investigation should be required for applymg the solar power, and
training for the operation and maintenance of the system is necessary.
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R:ecommendat'ion of the l*‘utiu'e Plﬁn

- The- solar power was introduced mlo Bhulan since 1980's for small lighting

purposcs in a number of the pubhc facilitics, which is school, hospital as well as
some private households. ‘These solar facilitics were almost successtul and further
installations ére underlaken and under planning for ||ghnng purpeses in remote

- arcas. However, comparing wilk l|ghlmrr anid 'domestic water, if lighting system is
» failed by an unexpected accident, it is possible to utilize another cqmpment but the

domestic. water system can not be operated using other cquipment. Besides, since

‘ the spare par(s of the sofar system should be imported from other Country, there is

a problem that the functioning of the facility may have to be stopped for'a few
months period.
Siice the topographic conditions of Bhutan has many mountainous area, the solar

+ system ‘will be afiected by the shadow by mountain and fog:.etc.. Therefore, it is
- considered to apply only solar power systein for pumping facilities with: some

constraints' mentioned above, Bes:des in ‘order to prevent. from such unexpected

o acc:dents a supplcmemal power line is nececsary for applying . the solm powcr

system for domestic waler supplyr .

Based on the above meniloned items, lhc followlng reuommendalmns are madc for

5 adaplmg the solar power system

D Seleclton of design sunshme hour and Locauon of Solar Panel

As the result of the momtormg work as mentioned in lhe section-on *2)
Pumped Up Water Volume by Solar Power and Electric Power Supply’, the

-9
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discharge is variable in proportion to sunshine conditions, which is the amount
of sunshine and sunshine hour and the utilization of the solar powered facilities
is restricted to design sunshine hour. Since sunshine hour is decided by the
topographic conditions, such as the sunshine irradiation angle, latitude and
longitude of the project site and topographic conditions in the project site is
variable in landuse and water utilization, location of solar panel must be
considered to ulilize the maximum sunshine hour.

The desngn sunshiné hour is decided to suit for the facilities basad on average
sunshine hour in observed years and considering available coefticient. Besides,
recording of the sunshine data must be added to the rainfall data and sunshine
time zone,

§ 2} Capacity of the storagclank

1.3

L3,

Necessily of the storage tank is concluded from the results of the study, and the
capacity of the storage tank is decided considering the water demand, time
zone and daily sunshine duration. It is important to provide sufficient storage to
cover periods of the night time and bad weather conditions, when the outpul
'l‘rom the solar pump will bc low or stopped

o Its recommended lhat 1hc capac:ly of the tank shali be desn_gned to supph the
planned maximum dally supply water in 8~12 hours o

Spring Watcr Scheme': Sp_riug Water Storage Facilily in lengyui Area-

t Slilﬂ_ili:il'_\’ of Facility Plan

(1) G:elieral (:ondifion .

: .wllagers still have to !ace water shortage lroubles in bolh of rural and lmualmn :

l‘he n,llable wﬂcr SOUrce is qulle scaice i the Phangyul area. Allhou‘gh mosl of

the mountain- spring in the Phang,)ml area 'is utilized -to thc maximuin’ extent,
water supply

In'this arca it is believed to be ‘important to wtilize the spring waler as effectively as
possible. In the spring of the proper Phangyul the spring water is collected and

- vonveyed to the village with a polycthylene pipe, and the unused spring uaten is
Clelt waslud as it ﬂows bccausc no water tap is fitted at lhc outlet. :

To unl_:ze such‘_ unused wasléd _w_at_cr3 e'ﬂ‘cclively, instaltation’ of waler tap was

. proposed at the outlet of the pipe. The construction of storage tank was also
- proposed near the spring to store’ such’ wasted water as much as possible. The
~water stored in the storage tank was conveyed to the existing canal for
- supplementary irrigation of rice cultivation in the rainy season. According to the

rough calculation made in the preliminary study, the available water supply is
expected to increase by 510 15% by applying water tap and storage tank.

| (2) Proposed Component of (the Systen

I-10
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As schematically presented in Fig. 1.3.1, the system was proposed to be composed
of water tap at the outlet of polyethylene plpe storage water tank, and collecting
ditch. When the water tap is closed, the spring water will be spilled out from the
spring basin, and flows down to the collecting ditch through the wet swamp area.
The collected water is stored in the water storage tank.

(3) Design Condilions

~ The following conditions were considered in designing :.Spring'watcr Storage
Facility in Phangyul Area.

1) Water Tap

An ordmary type of water tap was fi ncd at the outlet of the polyethylene plp(‘
from the spring basin.

2) (:ouec'sing Diteh

':A collecting ditch of dry masonry to co!lect ‘:pllled water from the sprmgb basin
is dug so as to pass the wet swamp area located in front ol the spring basin.
The collected water is conveyed to the ‘water. storage t ank through the
.conveyance canal of wet masonry

3) Stonagc T'mk

A storage tank was constmc[ed at the corner of flat area. The storage tank is
- used to store water as well as to measure the volume of water which is spilled
: ‘out from the spring basin. Based on ‘the topographic’ condition, the design
~ capacity of the tank was set at 70 m’ and it was c*cpcctcd that the tank would -
- be filled évery 7 to 10 days consrdermg etpected sprmg dlscharge of 4 -8 l!mm :
: durmg the dry season. R

‘ l"he SMC panel was p.oposed ior lhc storage hnk to facrhlale lhc conqnuclron
in the limited study period.

(4) Pnnnpal l*eaturcs of Facility -

i The prmmpal i‘ealurcs of the consm:cted facr!mm are’ summanzed below, and t_hc., ;
- general plan and layout plan of the proposed facility are shown'in Fig. 1.3.2.

1} Intake facility .
o Spring water collecting pit Stone masomy -
« Collecting ditch : Length 35 m, Height 0.4 m
b : - Bottom width 0.4 m '

2) Water Conveyance Canal 7 : :
s Earthen ditch : Length 15 m, Ileight 0.4 m,
Bottom width 0.4 m

“1-11
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+ Stone masonry canal : Length 25 m, Height 0.4 m,
Bottom width ¢.4 m
+ Desanding pit : 1 unit
3) Storage tank
+ Capacity 70 m’
+ Dimensions C6(L)x 6(B) x 2 (H) n
» Material : SMC panel tank

4)- Related Structure )
» Wash basin 4 m? (concrete)
« Delivery pipe = - % 3inches, 20 m, PVC

132 Monitoring Works for Spring Water Scheme
- (1) Purpose of Maonitoring

A “ater tap was. installed at ihe outlet of the p:pelme from the spring basin to
- reduce the waste of spring water. A waler s{orage tank was constructed to store
- such spring water which spills out from the spnng_, basin due to installation of the
water tap. The main purpose of monitoring is to measure volume of the spring .
~water which spills out from the spring basin. From the view point of water use, the
icftect of storag,e tank should be also clarified !hrough thc monitoring opea ation.

() J‘.\lomtonng Wonks -

The momtormg works was. carned out from Ihe bcgnmmg of May to the end ot'_
August, 1995 except for a few weeks in May and June durmg the repamng works -
forlhe Ieakagc ofstoraqc tank , _ e :

l" he followmg ltems were momlorcd to measure thc cﬂects by mstalhng a \»atcr lap :
at Ihc outlcl ofp:pclmc o ;

- Volume of Sprmb Watcr Saved by lnstallmg Waler '1 ap.
-' Use of the Saved Water

1) Estimation Spring Dischargc Savéd by lnslalling Water Tap

¥ he daily water level in the Swater slorage tank was obseived by the village

people penodlcally every day as shown in the Data Book 1V. The sprmg water ‘
discharge is estimated from measuring Water level of the storage fank by the . _ ;g:
‘coumerpart staif once a week peciodically, The water level of the storage tank

was measured by setling a transparent viny! hose vertically on the tank wall and

by fixing a steel gauge plate beside the hose on the wall. The water level in the

tank was read by the height of water in the transparent hose. A villager was

assigned to take the reading every day and the reading was made in centimeters

of water height, After the measurement, the stored water was released for the

¢ next nieasuremeint.

I-12
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The observed water level data in the water storage tank and the volume of
spring water discharge are shown in Fig. 1.3.3. From the result of spring
discharge measurement in the First Field Work in 1994, it was supposed that -
water saved by installing water tap was 3 - 7 min and the water tank of 70 m'
was filled up in one week to 10 days. As shown in Fig. 1.3.3, the spring water
discharge during the monitoring period (May to August 1995) was estimated as
7-15 I/min and the water tank was fifled up in 3-4 days. It was necessary (0
consider the influence of direct runoff discharge from rainfall and around 2-6
§ ~Vmin of direct ronoft was roughly estimated based on the rainfall record and
- conditions of catchment area. It was roughly estimated that 4-5 V/min of spring
water was saved with installation of water tap. This rough water balance sludy
is summarized bcl()w

Water Balance at Phangyill Experimental Facility

. Deseription ) Estimated Discharge (Vmin)
Inflow{o Tank 7 - 15
- |irect Runofl from Rainfatl ) 2 - 6
Extimated Spring Discharge i -9
Pischarge for  [without Tap ‘4 - -B
- |Pronestic Use . Jwith Tap 1. - 2
- Expevted Sa\":"d Spring Discharge I - 6 N

There was not enough data for this kind of analysis and lt is nmes,saly o
observe the paramelers continuausly at ieast for more than 5 years. .

% 2) --'_Us't‘- of the Srivcd Waler f.

- When thc stored watcr is rcleased after measuremem the releascd uatcr can be -
“tised for domestic and mngahon purposes. “There dre about 20 people (4 :
households) utilizing lhls spring water. :

j Discharge oulﬂow of (I1e tank is proporllonal Io the Awater levn.l in the tank.

" When the valve was fully opened, the dlschargc was found to be 15-28 lse¢
and the discharge lasts for'a period of 40min, Capacﬂy of the existing channel
is found to be 6-7 Umin and when the valve is fully opened, the chanie! will
overflow.. The tank operation was carried out by controlling the tank valve in
proportion to channel capacity, and the storage waler was utilized in 3:4 hours,
‘The corresponding valve opening ratio and the discharge rate was found to be
'50% and  Slsec respectweiy Domestic water  was consumed for 3 times,
jmommg, afternoon and cvening for alotal of 3 hours and the spring water was
‘stored in the tank during some’ other time. Quanllty of water uuhztd for

-dtﬂercnt purposés at the various time periods is shown bciow
Water Tap for Domestic use

) Dc.r.{nphm “Operation . Estimated Water Amrounl © -~
: Time {hr) o _Qinery {miny
Momirg Tene 0510 60100 . 1020
" Afternoce Teme 1420 B2 1b g
Evening Time i 0518 I . 0724
T Taut P T N30 -

Storage Yank for Supplementary lrrigation Puspose

Operation Interval Estimated Mischarge Average Command
{day) {m 3day) Qs Fa Opeiation Punied) Azea(ha)
36 1020 W A0 63
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Although the monitoring survey was carried out mainly during the rainy season
(May to August), water stored was also used to irrigate rice. During the
planting season, the stored water was ulilized supplemientarily in addition to
rain and canal water. In this area, villagers face water shortage cspecially
during the planting season.

" 1.3.3 * Evaluation and Recommendaltion
(1) Evatuation of System

Existing ‘utilization of domestic water and irrigation water dépend on the spring
water, Bajo canal and rain water. The spring water facility was constructed to store
spring water during the unused time. The quantity of water available in the storage
tank is not sufficient for irrigation purpose. However, the water availability was
increased by the storage in the tank and the water flow was observed until the end

- point of the canal. The water stored in the storage tank is controlled by the villager,
which created a consciousness among the villagers 1o store and consume the water -

1 Cconmmcaﬂy ' :

 The valve control of the tank is carried out depending on lhejlcmcr”channel
~capacily. The functions of the storage tank which include the storagé and contro! -

are recognized by the wllagers Al present, the stored water is mainly used for
- domestic purposes. However, there is'a possnblht} that the excess water can also be
: used for livestock and garden farm, '

Since the time available for conslructio'n was limited during the monitoring study,
-panel tank was used for the storage tank. However, using the construction facility
-~ and materials- avaitable in Bhutan lhe slorage tanks of wet masonw can be

conslnlcted o :

- Singe; the slorage of: spring \\aier is II'!IpOl tant to prcvenl the erosmn oi the farm
Jand and ta improve the standard of living ¢ of the farmers, another swamp arca shall -
“be selected for storing the spring water.

(2)Recommendations of the Futu'rc Pian ning

-Based on the resu!ts of the mom{ormg, and consldermg the conslmc{lon cost,

- can beé concluded that the dircct benefit of the facility is quite a- few from an -
‘economical view poml I{ouevcr as dISClISSCd above, several uncountable henehts'.‘
shall also be achieved, ' :
Spring water storage Facilities are desirable for the nnprovemcnt of slandard of
hlwmg, of the villagérs and the environment: In future, similar type of spring water
storage facilities” shall be constructed to conserve and utilize the:spring water -
cﬂednei) :

In planning the spring water storage facnlmes the following items should bc should
be consndered
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D .Plamling’ of the Spring Water Storage Facilities

a) ilwestigalion for planning

b

Planning of the spring water storage facilities shall be made as shown
below.

Since the facilities are installed in the high hilly area where the land use is
fimited by its topography, the construction of these facilities shall be:
restricted 1o the areas which have good soil and topographic conditions.

The following investigations shall be made in order to design these

facilities:

Discharge of spring water
Existing landuse conditions
Existing conditions of water use
Topographic conditions

'Si:zile hnd Stiucture efthe Tank

: -Decns:on of the volume of the storage tank is made in accordanu wnh '
spring water discharge, ‘soil and lopographlc condllmns

The scale ol‘stora'ge' tank must be decided conmdermg, the available
volume of spring water, and water use.’In case, a large scale tank is
selected for slorage of spring water, econamic eV almlton of wale: use

- should alsé be made

j it is dn‘m:ult to conslmcl the storage tanl\ on a swampy area, and
: therefore replanning of the sile becomes necessary. I it i$ unavoidable,

it is preferred that the method of burymg half ot the tank inside the

 soil shall beapphed [

“Fhe main itenis of l‘acility for the future planning are concluded as follows :

- Intake [*acnhty '

In' order 1o prevent the percolation and seepage losses of spring v.ater lhe
¢ infake structuré shall b¢ made of wel masoniry concrete to collect the spring
water. Since the spnng water is used for domestic purposes, the intake tamllty
. should be designed to prevent the accumulation of sediments during the rainy -
~ season. Besides, the intake facility should also be covéred with a concrele :
board to prevent the falling of leaves and other materials. :

- Water Collection Ditch

Water collection ditch shall be used for the multipurpose of conveying the |
spring water from the intake facility to the tank and to collect the run off water
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4

from ‘the surrounding arca In order to collect the munoft water from the.

surrounding wet areas, the upstream side the collected ditch shafl be
constructed with dry masonry. The downstream side of the collection ditch
shall be made of wet masonry in order to prevent the scepage losses.

- Storage Tank

The storage tank is the large scale eqmpmem of the spring water facility and
‘site of the tank is dominated by the topographic and landuse conditions. Since
the main source of the facility is spring water, the soil conditions of the area is
not suilable for setting the tank. in this Study, the tank was placed in the
‘swamp area considering the land use and topographic conditions. The' soil
conditions in the area was not suitable for setting the tank and the soil consists
of clay. Considering the clayey soil conditions of the swampy arca and the
limited time available ior conslmctlon panel fank was chosen for the storage
tank. '

llowever where it is posaible the storage tank shall be madc of wet masom}' '
concréte by the available construction materials and mclhod Aucordmg!y

' :burymg halfofthe tank inside the soil shall be apphed

‘Subsurface Watel Schemc
_Shallow Well Pumpmg Faum} in thr Ba;o Area

1.4._1 Summary of Fanhly Plan

(l) (,enem! Condllum

_ ‘The uuhzallon of subsurl‘ace water is also conmdered nnportant eepccmlly in the'

- areas along the rivers such as the Chang Chhu. To utilize the subsuiface water:
citectively, a shallow well is dug, in the northern part: of lhc Bajo sub-arca. The'
utilization of subsuriace water is considered as’one of the eflectivemethods to.
provide irrigation and domestic water in:the coumry if such shallow wel!s are

operated and mamtamcd in good condition.

The subsurface water lifted up is expected to be used not only for domestic water
supply but also for supplemental irrigation and emergency water source: when the
ungat:on canal is damagcd by hazards such as land slldmg durmg the ramy season.

(2) Pr oposed Componcnl of thc Sy stem

A shaliow \uell was e*ccavated at the old river course of the Chang Chhu in the -
lower ‘river terrace ‘of the Upper Bajo sub-area. -To facilitate the sniooth .

© construction, ‘the liner plates with 3.5 m dia. was applied for the shattow well. The

water collected in the shallow well is lited up with a diesel engine pump and

- conveyed fo the existing canal for irrigation through delivery pipe.
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{(3) Design Conditions

The following conditions were considered in designing the Shallow Well Pumping
Facility in the Bajo Area.

1) Shallow Well

a) The shallow wells are generally made of reinforced concrete” pipe or
masonry work to save the conslructlon costs. Steel liner plates was adopted
for constructing the well in the Study taking into account of the limited
study period. The subsurface water tlows into the well through the holes
pravided on the wall or from Ihe bottem of the well, and then is h fted up
with any means. -

b) Well diameter and depth were determined to be 3.5 m and 70 m,
respectively as a result of prdumna:y study of the well dimensions and

stabality.

¢) According 10 the above prehmmary study on wc!l about 700 1/mm of ylerd
was expecled Ho

d) Dive{rsion Box
'2) Lifting up Fq‘uipment
"The diesel engine pump of 700 lfmm was adop!ed for hﬂmg, up the collc:.lcd :
- water conmdenng that the punping equipment would be essential in pesforming
the pumplng up test of the well to bc made pcnodacally during’ thc momtormg
 slage. S : _
3) Del.vm? Pipeline |
'A delivery plpehne and:a dlws:on box are prowded to convey the lifled water
" to-the adjacent field for irrigation in case such emergency: or supplementary
lmgauon water is required. Four (4) inches dianteter of PVC pipe was applied.
4) Principat Keatures 0!‘ Facilily
 The prmcxpal featurcs of the conslrucled facilities are summarized bclow and the
- generat plan and layout plan of lhc proposcd faculily are sho\m n hg l4 I and
142, _ _ : :
1) - Shallow Well

v Size of Well L 3Sm

o Depth of Well 7Tm _
» Material : Steel liner plate

2} Pumps
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. 'Typ'e - Single suction volute type (Movable)
o  Capacity -2 700 Vmin
+ Engine : Diesel engine

3) Delivery Pipe

+ Pipe Material PVC pipe
+ Length 290 m
+ Diameter + 4 inches

4) Division Box
o * Structure : Concrele
142 Monilm'ing \Vorks’ for Subsurface \\’alér Scheme

A shallow well was constructed in the old river course of the Chang (hhu as an '
experimental facility to wtilize subsurface water. The- purpose of the facility is to
provide domestic water to the local people in the vicinity and o supply irrigation w ater
to the cultwa!ed lands c\utendmg around the well site.

{1) Pu'rp’ose of I\”loniloring

* The uhl:zauon of subsurface water is conmdered lo be one ‘of lhe most cﬁccmc
and popnlar measures 10 exploit the water resources. There are a lot of places
“atong the rivers of the country which are sultab!c for this kind of measures, and the.
“data and information oblained through this ‘monitoring are believed (o contribute.
¢ for the application of shallow wells in the other similar topography of lands.
Therefore! the purpose of this monitoring is to examing and confirpy the technical
feasibility, apphcab]hly and suuablmy of applymg the: shaliow well in l]lc ‘Sludy
- Area and othcr snmlar areas. : . : :
R . ‘

) Moniloi‘i:ig Work

- Afler the constnlmon \\ork was completed al the shatlow well site in Upper Bajo
area, the momtorinb work was carried out from Aprll to August, 1995,

~ The followmg items were monnorcd to evaluate the perl‘ormance and’ adap!aballly -
of thc fac;hly : : :

'_ Rwer and Well Water Lovels :
‘ Pumpmg Test Data of the Shallow Well

1) River and Well Water Levels
It is important to grasp the source and working of subsurface water for the

shallow well. Since working of the subsurface water shall be related to river
-water and ground water, the subsurface water was obscrved by observation of
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2)

daily water levels between the Chang Chhu and shallow well. Results of the
monitoring are explained below :

The relatlonship between the water levels of the Chang Chhu and the shallow
well is shown in ¥ig. 1.4.3. Since the river water level was observed 1o be
higher than the well water level, it can beé concluded that the ground water
terrace of the Bajo arca does not influence on well water level. Accordingly,
the water level of the well is influenced only by the water level of the river.

Water level rose three times, July 15, July 30 and August 14 and the time lag of
cach fluctuation was observed as 15 days. The difference of waler tevels is
smaller during the summer scason in the range of 10 to 20 c¢m and is higher
during the winter scason in the range of 50 10 60 cm. Based on the water level
difference, the influence of river water level on the well water level is gradual.
Fluctuation of waler level from rainy season (o dry season occurs in 15 days
interval as observed during this study.

The relationship between the water levels of the Chang Chhu river and the
shallow well was confirmed through the head dilference between the water

- levels of the well and the river. Shallow wcll is rechargcd by the subsml‘ace
cwater f‘rom (,hang Chhu nvcr

Pumpmg Test Dala of the Sha!low Well

The plimp'ing, test. was cbnductcd .at ‘the shallow well to orasp s
hydrogeological conditions, which greatly influence on the suitability of the
Shallow wells instalied at the site and the possibility of conslruchon of the

' _shallow wells

3)

"l'wo t'ypes of pumping tesls namely cbnlinu'os p'umping test and recovery test

were conducted The continuos pumping tesl was carried out for 12 hours

“period. The recovery lest was carricd ‘out imniediately aﬁer the comp!umn of
- the constant discharge test. The pumping tests data’ are shoun in lablc L4

and lhe results of the pumping tests are shown in Fig. 1.4.4.
Estimation of Well Capacity by Size

Intake capacity is proportional to the radlus of the well and its drawdown. The

; capacity of the well is calculated for each size of the well and dra\\.dou n for the
i ulitization of shallow well. Intake capac:ly is calculated using the lo!low1n5
' tormula and aquer parameters from pumpmg test : ‘

! Intake Capacu\ (Q)

Q=ST/0. 0793 W(n)

where Q is the Intake Capacity andiscc)

T is the Transmissivity cocflicient (111215cc)
S is the drawdown (m)
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Wl is the Well function of u

T and S value of above formula is obtained the continuous pumping test, It is
nnporlam to grasp the hydrogeological conditions for well capacity, and the
major parameters necessary are transmissivily and storage cceflicient of the
- aquifer. These parameters arc calculated by using the Thics’s method and
~ Jacob’s niethod,
Thics's and Jacob’s method is shown below and major paramclcrs are
" calculated u smg the data of the pumping test : ‘ fé};

) Estimation of aquifer parameters from Pumping Test
i.  Transmissivity Coefficient T
Thies Method
hg 1.4.5 shows the relationship between drawdown of the shaltow well
and time of the continuos pumping test. This Figure is overlapped with the
“Thies's type curve 1in Fig.1.4.6 by the wcll function (W) and ifu and lhe

o match pomt is oblamcd

The parameter, Wthh is Transmisawaty coeflicient T,is calculated by thc ;
foliomng formula : '

Trm\s'missi\'il,\' L‘OC]TICi(‘m (T)

T =0079 x QS x Wo

where | Tis the l"mnsnnssml\ coclucucnt m lscc)

_ Q is the Pumping rate (' /scc) -
l.S Ihc Dr.\\\dou n (m) b\ llu. S i t\ pc cunve

- W is thc \\cll func[wn ol' u

u=r Si-ll“l -
‘risthe l"ldlllS oflhc <1mlluu well

T = 0.0796 x QIS , _
= 0.0796 X 0.016/0.59x1 X 0.00216 = 216X 107 mfscc

- Jacob’s Method
: lransn‘nsswnly coeﬂtcucnt is calculatcd by the foilowmg forula. f SR : o gj
~ Drawdaown (S) and time. (lb) al pom! S= 0 are calculated usmg, S- t Curve of L s
Fig. 1.4'5.
-Transn_ns'siﬁt_v cdcﬂ_"lcicm {T)

T = 0.183 x Q/As

where T is the Transmissivity coefficient {m /sec)
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3
Q is the Pumping rate (m /s¢c)
4As is the drawdown on oné logarithmic cvete > log(t/t')=1

T=0.183 x QS
= 0.183 x 0.016/1.036 = 0.00283 = 2.83 x 10" mr /sec

- Time Recovery Test

Since intake discharge of the well after pumping up is as same discharge as
in pumping up, time recovery test is utilized to intake discharge of the well.
" Transmissivity coeflicient is calculated using the following formuld

Transmissivi v cocflecient {T)
 T=0.183 Q/As

where  Tis the Transmissivity cocflicient (inzlscc)

Qisthe Pumiping rate (m "/scc)
As is the dravwdewn on one lOng’llhIl"llC cvele > log(lfl =1

T= 0,183 x QS L
=0.183 X0, 0I6/0.914 = 0.00320 = 320 % 107 w/sec.

The:s and Jacob methods were used (o calculate of' theqe paramelers and the
results are ‘shown below :

_ TRANSMISSIVITY COEFFICIENT (T) _ _
Transmissivity Coctliciend Thies Methed Jacob Method Fime rdoevery test
T o2 |6 X l(l"’m s 2,80 x 19 mPAss L a20w 1o mlnde |

ConSIdermg lhc sately factor a Transmlssmty ( oemmcnt of 2.16 x 10 n Isee
was selected as lhe T value of'lhe aqulfe; strata.

it | Stomgc Cocﬂitién’t S

An observation well ‘is necessary for calculating the storage coeflicient S.

‘However the observation well was not installed because of inexperien¢e -and

insufficient time available for the ¢onstruction. Accordmgly a 5,eneral siorage
coeflicient value is selécted.
The storage coeflicient § of various aquer materials ‘are given Dbelow, and :

~ aquifer material 'shall be classified as gravely sand cons:dermg, ihe soil
‘ COIIdIlIOllS in conslrucuon and the ab0vc T value. :

' STORAGE COEFFICIENTS Pt s

“Storage Coeflicient | Clay | Sand | Gravel Sandstone * | < Linsestone | Giranite
§ - 00} | 025 022 - .63 Q.02 0.005

Parameters of aquifer in the old river course at Bajo is grasped as below.

'-Transmi:ssivity Coeflicient : T=2.16x 10" m¥sec
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-Storage Coefticient :§=0.16

b, Estimation of Intake Capacity of Well Size

With regard to the possibilily of well sizes, the intake capacity of the wells are
examined for three well sizes of 1.0m, 2.0m, and 3.5m using the results of the '
pimping test. The intake capacity for cach well size is shown in Table 1.4.3 and
are summarized below

%‘fﬁa
o

Wwell Diamdler Dran “Jdown

1.00m . £.50m 200 m 250m -
35m Stsec Thsee 10 1'see 121 see
2.0m 4 Vsee . Glsee 8 1'ser 10 I'sec
10w Ilsee MED Tlsew CoR ey

Difierence of Ground level at shallow well and river water is 0.5~1.50 m in
experimental facility, and it is possible to drawdown 3.0~4.0 m based on the
-~ topographic conditions of the area.
" The observed average discharge is calculated as 16 Ilsec for-a dramlown of
- 1.65 m based on the cumulative flow meter from the ‘puniping t test. As shown in
' the above Table, the drawdown for a well of 3.5 m dlamctcr with a well
* “capacity of 7 Vsec i is 1.50 m based on the aquifer parameters front the pumping
test. Thus, the well capacuy is proportional to pump capacily and dnwdown
: esumatlon of well capacity is gwen about 7 lfsec for 1. SOm drawdown

1.4.3 : Evaluatibnf and Recommendation
{l) F tluali'on oT 'Sy"stcn'] :

Based on thc result of momlormg of well capacity and conslrucuon in thls siud)
lhc ‘;ubsurface watcr is evalualcd as shown below :

The: resource of- snb';urlace water is class:l:ed as dmcl resourcc and uuitrca -
' resotrce. Direct rcsourcc is ground water, river water etc., and indirect” resource is
rainfall and irfigation water. From observation of water levels of river and shallow
~well, it was found out that the subsurface water mainly consrsls of river walter at .
the old river course in Bajo, and therefore the subsurface water can be wtilized
‘ permanen!ly during thc wet and dry seasons.

~ During momtonmD term, subsurl‘acc waler ﬁrom the well was ulll:zcd by lhc [m,al

~ . people for domestic water and irrigation water However, well capacily is too qmall
for ifrigation water with a dlscharge rate of 7 Wsec for'a:drawdown of 1.50 m.
“Consequently, shal!ow well can be utilized as domestic water and supplemental
nrigation water in damaged canal Bajo and durmg successive no-rain days lor
|rnganon

“The constmclion of the experimental shallow well is described below ;

1-22
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Heavy equipment and drainage pump were kept ready for construction of the
shallow well considering the short construction term. However, since the soil
conditions of the construction site consisted of silty sand and gravely sand, smooth
construction was necessary to prevent from collapsing along the slope due to weak
bearing capacity. The soil conditions is variable from site to site. The well frame
was fabricated in the excavated hole, bul inflow of the subsurface water was high
and therefore a liner plate was fabricated on the ground and was hanged down by
the heavy equipment. For constructing shallow wells, heavy equipment is necessary
~ for smooth construction of all the well sizes and lengths.

'(2) Recommendations for the Future Plan
Based on this study of the shallow well the following recommendations are made;

“The resource of the shallow well is subsurface water based on the river water, and
shallow well is- available permanently for water resources development. Well
“capacity considering well size in this site is shown in Table.1.4.3 and drawdown
-and well size arc important for the planning of the well: Drawdown depends on the
rtopographic conditions, which is the head difference between river water level and
ground’ of well. - Accordingly, well capacity is proportional to topographlu
“conditions. In all cases, well capacity for each size of well is too high foi domestic
water use atone. The shallow well shall be applied: for’ public facilities, such as
school, hos;ntal and offices and can also be used for supplemental irrigation.
Accordmgly it is demrablc to plan the qhallow well considering other uses ot thc
well ‘ : :
As mentioned above heavy eqmp:mnt and dramabc pump is necessary for the
construction of shallow well. And to facilitate smooth constmcl:on ready made -
materials, such as finer plate and steel pipe are necessary. However at present, it is
difficult to arrange conslmchou materials ' and cqmpments in- Bhutan ”05&,7
arrangemenis should be made beforc the constmct:on of :ghallow wells. - '

In lhe fulurc when subsultacc water is uscd as the main waler resource, use of the
- shailow well'is mdlspensablc In the planning and construction of shallow well, the
© items of main equipments ‘:hould be considered. :

1) Intake location -

The intake location shall be decidéd;as follows.: .
-Investigation of intake location and the aquifer parameters -
. Subsurface water level and aquifec pa.raifnelers'_vérjr at the various locations of -
~the different water courses. Especially the Chang Chhu river has - much
- sediment loads which are piled up during flood conditions. For comparali\fely
shallow wells of 8~10 m depth, the soil conditions vary highly from tine sand to -
gravel at the intake location. The conditions of the soil layer for well capacily
and construclion must be confirmed by test boring.

-Subsurface water level
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2)

Based on the seiting of shallow well, the available subsurface water level is an
impottant parameter, for well capacity, pump‘speoiﬁcalian and setting of the
pump. In the shallow well, well depth is decided based on the topographic
conditions and usval height of drawdown.,

Subsutface water level depends on the fluctuation of river water level, and
drought water level. The minimum intake capacity is determined in accordance
with these items and the shallow well should be set as much close as to'the

‘water route of the river.

Steucture of Well

The liner plate (ready made materials) was applied to facilitate the smooth
construction considering construction term, Based on this study, ready made

~materials shall be adopted in the construction of the shallow wcll considering

the following reasons :

-Joining and fabrication of the well frame is smooth
-Strength of well is s'ati'sfactow for the high stress

"Regardmg setting the well, there is a fear that !he sand layer of the aqu‘er shp

2

into the well of driven up dunng_, the intake operation. Layers of small size
‘pebbles (2~3 cm), medium size pebbles (3~4 cm) and large size pcbbles (4~5
chi), shall be laid for a thickness of 30 cm each to prevent this cavmb ploblem '

D:ameler of thc Well

Well capacny is variable by aqmler paramelers well size and drawdown Since

»

aquer parameters and drawdown ‘are . restnclcd from lopographic and

: hydrogeoloycal condmom well size is dcmded consﬁermg waler demand

Constmcuon _' R o S SRR i

Well cons!ruct:on can bc clasmhed mto two methods. In thc first mclhod the _
~well construction shall be carried out by digging a big hole and then placing the
~well frame of ready made materials, vertically inside the well hole. In the
“second method, a hole is dug to place one frame and well is lowered down and
- then is dug again to place the second frame over the first frame and this process
s continued until the desired depth In this method, it is difficull to attain the

vertical condition of the well and therefore this method shall ot be applled In

the fi fst method the excavation shall be carried out using the excavator. For _

this purpose and smooth construction, the soil condmons and the structure of

‘the aqunfer stratum must be clarified.
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