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Introduction 

Reasons for Standard Model Designs 

When the need for a new water supply system is identified (]) and the decision is taken to 
proceed with construction, the first requirement is to design the system (2,3). The design must be 
hydraulically and structurally sound as well as financially feasible. WHO has previously 
provided guidance on a range of designs for engineering components useful in rural water 
supplies ( 4). 

In the case of larger schemes, a firm of consulting engineers is usually employed to do the 
field investigations, topographic surveys and design work. For smaller schemes, the cost of 
employing such a firm is too high, and people in the local authority, municipality or water 
project have to prepare designs and construct the water systems themselves. 

Under such conditions, it is too difficult to begin a design from basic principles, and in many 
cases people qualified to take on such work may not be available. Also, the design details for 
smaller schemes are often determined by the minimum size of pipe or tank that can practicably 
be constructed, rather than by criteria such as water consumption, the size of the community 
and other factors that determine the size of units for larger schemes (5,6). Under such con­
ditions, a standard minimum size reservoir or pumping station can be used in a system that fits 
the needs of a wide range of populations. 

The standard model design approach therefore presents, in easily interpreted forms, a series 
of designs for the different units in a water supply system; these can be applied and combined in 
different arrangements, in order to cover as wide a range of situations as possible. 

The designs are intended to be used by smaller water enterprises or municipalities to prepare 
their own schemes with the maximum use of their own engineering and technical capabilities. 

This approach also has the advantage of standardizing the equipment used within an area, 
region or district. This facilitates its operation, and maintains a certain design standard that 
would be impossible if each community prepared designs to satisfy its own requirements. 

As stated earlier, specialized design bureaus are employed to prepare proposals and details 
of large water supply systems. Also, much work has been done on the design of individual 
facilities, particularly in the developing world. The World Bank's current studies on individual 
well technology and hand pumps are examples of this. 

Little attention, however, has been paid to the needs of medium sized rural communities 
under conditions that fall between these two categories. This publication is an effort to tackle a 
part of this problem, or to offer one solution to it. If this question is not addressed, there is a 
danger that the problems of the least and most developed communities will be resolved during 
the International Drinking Water Supply and Sanitation Decade (IDWSSD), while the needs of 
communities at a middle level of development are ignored or overlooked. 
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Background to Standard Model Designs 
The standard model designs presented in this publication were developed within the United 
Nations Development Programme/WHO-assisted project for community water supply, waste 
disposal and pollution control in the Socialist Autonomous Province of Kosovo in Yugoslavia 
(YUG/78/002, YUG/EHP 001). This project was implemented by Hydroprojekt Consulting 
Engineers, Czechoslovakia, during the period 1974-1977 under subcontract to the WHO 
Regional Office for Europe, and included a number of elements of water supply and sanitation. 
Within the water supply master plan for the whole of the Socialist Autonomous Province of 
Kosovo the standard model design approach was seen as a means of covering as many of the 
small rural communities in the province as possible and of providing a relatively uncomplicated 
tool for the provincial authorities to use after the project. 

These standard model designs, using one set of criteria, cannot cover every situation, since 
unit sizes and construction standards must comply with local water regulations, fire-fighting 
requirements and building codes. The standard model designs described in this publication were 
developed for certain circumstances and local engineers may have to change the sizes of units to 
meet specific conditions. The designs of the individual units have possibilities for wider 
application and the examples of water supply schemes are intended to facilitate their use. In this 
way the standard model design approach is in accordance with the IDWSSD goal of achieve­
ment of full coverage through replicable, self-reliant and self-sustaining programmes. 

Socialist Autonomous Province of Kosovo 
Although this publication is intended to present one approach to the development of standard 
model designs for water supply, some basic information on the Socialist Autonomous Province 
of Kosovo (see Fig. 1) is included to show the general context within which the work was 
undertaken. 

The Socialist Autonomous Province of Kosovo lies in the southern part of the Socialist 
Republic of Serbia and borders on Albania to the west, the Socialist Republic of Macedonia to 
the south, and the Socialist Republic of Montenegro to the north-west. 

The whole territory covers an area of 10 877 km2 , of which more than 50% lies between 300 m 
and 700 m above sea level, 27% between 700 m and 1000 m above sea level and the remainder is 
mountainous with a maximum altitude of 2584 m above sea level. 

The climate of the province is mostly continental. The coldest month is January, with an 
average temperature of - 1.3 °C at Pristina, and the warmest ones are July and August, with 
an average temperature of 22.8 °C at Prizren. 

The average annual precipitation from 1947 to 1971 ranged from 582 mm at Pristina up to 
1419 mm at Junik, but the distribution of rainfall throughout the year differed from the west to 
the east, indicating the increasing influence of the continental climate. 

The seismic activity of the territory is relatively high with the possibility of strong tremors. 
From the standpoint of water regime, Kosovo lies on a watershed with 51 % of its resources 

flowing to the Black Sea through the Danube, 43% flowing to the Adriatic through Albania via 
the Beli Drim and 6% flowing through Greece to the Aegean via the Vardar/ Axios (see Fig. 2). 
Because of its location at the very top of three catchment areas, water resources are relatively 
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limited, but in general they are more plentiful in the western Adriatic catchment area, while 
industrial pollution reduces the source availability of drinking-water in the eastern Danube 
catchment area. However, the only major river flowing into the province, the Ibar from 
Montenegro, does contribute a considerable supply of good quality water before pollution at 
Kosovska Mitrovica. a 

When the basic studies were made in the mid-1970s, it was estimated that 45% of the people 
of the province got water from surface water sources and 55% from groundwater. Of the latter 
group, 65% were supplied from natural springs and 35% from shallow wells. 

The population of Kosovo in 1980 was 1.525 million, of which only 26% were urban and 
74% were rural or semi-urban. In this context, semi-urban means rural communities that serve 
as centres for smaller neighbouring communities and provide such services as education and 
health care. However, from the standpoint of water supply and municipal services they can be 
treated as rural, particularly since their economies are based on agriculture. 

By the end of the IDWSSD in 1990, the population of the province is expected to increase to 
1.818 million, with the proportion of rural and semi-urban inhabitants having dropped to 64%. 
By the year 2000 the population is expected to be 2.1 million, of which 52% will be rural or 
semi-urban. 

Out of the total of more than 1400 rural communities in Kosovo, 12 were finally selected. 
Standard model designs wen� prepared for them, using standardized structures. These examples 
could then be used to apply the approach to the remaining communities. 

The selected communities were chosen to cover as wide a range of hydrogeological, topo­
graphic and source conditions as possible and the population ranges chosen, from 500 to 
4000 people, were intended to cover most of the villages in the province. 

From a list of 73 rural communities, 34 were chosen and these were visited in order to gather 
detailed information for the final selection (see Fig. 3). 

A data sheet on each community was prepared for easy comparison of the villages and to 
compile data for water supply designs. Among the criteria used in selection of the villages to be 
treated in the study, along with questions of hydrogeology, topography and size, practical 
aspects such as availability of maps, possible future development and prevalence of enteric 
diseases were also taken into consideration. The data sheets for each of the 12 selected villages 
are shown in Tables 1-12 and the distribution of villages in the province is presented in Fig. 4. 

Basic Design Criteria 

This section does not propose the universal adoption of these basic water supply design criteria 
for villages or small communities but describes the criteria chosen for the designs made under 
the particular conditions of the study. 

Water demand 
A range of criteria used in various European countries for assessing small community require­
ments were considered in choosing the criteria of the study. If the values selected are considered 

a The name Kosovska Mitrovica was changed to Titova Mitrovica in 1980. 
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inappropriate for any conditions, the scheme designs will still be valid, although the population 
size can be increased or decreased according to the choice for specific water consumption in 
individual cases. 

After considering various design criteria in current use and allowing for increased demand 
with time and the anticipated improvement of social conditions, the following specific water 
consumption figures were used for design purposes. 

Specific daily water demand (0) in litres per capita per day 

Population 
1980 1990 2000 

size 

Average Maximum ka d Average Maximum ka d Average Maximum ka d 

< 1000 80 160 2.0 120 220 1.83 160 290 .8 

1 000-10 000 120 200 1.67 170 260 1.53 220 330 1.5 

Q 
a coeff1c1ent of daily flow unevenness kd = maximum 

Q average 

After field visits to the villages and rural communities of different sizes, the designers felt 
that water demand would not rise in all cases to the level anticipated in the basic design criteria. 
It was therefore decided to introduce a water demand reduction coefficient of between 70% and 
90% in such cases. These reduction coefficients were based on individual observations in the 
communities and also took account of restricted use where the source capacity was a limiting 
factor. 

Water pressure 
It was recommended that the maximum operating pressure of between 40 m and 50 m be 
maintained in the distribution network and that the minimum operating pressure should be 
above 10 m. These pressure conditions will ensure that water losses from leakage will not be 
excessive, while pressures do not drop so low as to create a danger of infiltration of groundwater 
and contamination of the system. However, in some cases slightly higher values were admitted 
to avoid division of networks into pressure zones. 

Water flows 
The Colebrook-White formula was used to calculate hydraulic losses and flows in different 
types and diameters of pipeline. The absolute surface roughness (k) of inside faces of pipe walls 
was taken as follows: 

asbestos-cement pipes k 0.4 mm 

new cast-iron and steel pipes k 1.0 mm 

old, slightly encrusted cast-iron and steel pipes k 3.0 mm 

pipes of plastic materials k 0.01 mm 
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Storage capacity 
Water tank storage capacity should balance the unevenness of the daily flow in the network and, 
moreover, certain volumes should be reserved for fire-fighting. For rural communities a volume 
of about 50 m3 seems to be sufficient. It should also cover a temporary breakdown in the water 
source without substantial restriction of water consumption. Thus, a water tank capacity of 
50% of the total maximum daily water demand was considered as a minimum. 
Water quality 
The valid Yugoslavian water quality standards were compared with the European and Inter­
national Standards for Drinking-Water issued by WHO in 1970 and 1971, respectively, to set up 
design criteria for water quality. 
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Fig. 1. The Socialist Autonomous Province of Kosovo 
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Fig. 3. The selection of communities for standard model designs 
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Ta b l e  1 .  D ata s heet for  M a m u s a  

,. Genera I data 
1 .1 Commune Community Size 

PR IZREN 1

1· 2 
MAMUSA 1

1

'

3 
4 000 INH. 

2. Characteristic data about existing state :  

2.1 System of housing: 

Concentrated XI Partly concentrated 

2.2 Data for water pressure zones: 

Present houses max ground level 

min ground level 

Future houses max ground level 

min ground level 

I I Dispersed I 
Im ) 

- 355. 00 m a.s.l. 

- 325. 00 m a.s.l. 

- 360. 00 m a.s.l. 

- 325. 00 m a.s.l. 

2.3 Fac ilit ies with high water consumption 
}� description and water demand No 

At present : 

In future 

2.4 Power supp ly : 
I
ves I Voltage: 10 000 380/220 L� 

The nearest source of power supply 
(short description . voltage ) 

2 5 Access road to the community: 

Turn off point  on the main road : PIRANE ( PEC - PR IZREN ) 

Total di stance from the turn off point 
to the centre of community : - 1 0 ( k m) 
Surface of the road fro·m turn off 
ond accesibility during year : MACADAM. 

ALL V E H I C LES . PERMANENT 

Note s :  BASIC SCHOO L - 600 PUPILS - BA D SITUAT I O N  IN WATER 
SUPPLY 

SHOP 
FARM. COOPERATIVE 
SERIOUS DE SE A SES ARE FREQUENT IN SOME PART OF 
THE COMMUN ITY 

Date of visi t :  19. 6.1974 I Ell perts : CAB EL . CULJKOVIC 

l Poten t ial water sources : 

3.1 Type of source I 3.2 Height m a.s.q 3.3 Cap<1city estimate 

Spring 

DHp well 

Surface water 

I rrigation canal 

Other source 

x 

x UTILIZATION OF THE 
SPRING OF STUDENCANE 

3.4 Description or sketch of location of the w. source 

GROUND WATER AVAIL ABLE 
ON THE LEFT BANK OF 
TOPLUGA RIVER 
(ALLUVIUM) .  

PROPOSAL: 1 HYDROGEOLOGICAL 
BORE HOLE INCLUDING 
PUMPING TEST (M IN. 7 DAYS) 
AND 2 CH EMICAL ANALYSES. 

Data on existing w. supply : DEEP WELLS IN ALLUVIUM OF 
TOPLUGA ; INVESTIGATION ON W. QUALITY NOT R EGULAR 
(AT PR IZREN RE SULTS) W. QUALITY BAD, 
DEPTH 8-15 m NO WATER SHORTAGE REPORTED 

Notes : ALLUV IUM O F  TOPLUGA RIVER , W. SAMPLE AND PUMP 
T E ST IS POSS I BLE . INFORMAT ION F R OM DIRECTOR OF 
SCHOOL 

! 26. 10. 1974 - SAMPLE TA K E N  FROM EXISTING DEEP WELL 

Date of visit : 19 .  6.1974 
17 7 1974 
16.10 1974 

Experts : CABEL . CULJK OVIC 
KOU R I !., . PLANA 
RIE S .  CAB EL . DAVIDOVIC 



--

Ta b l e  2 .  Data sheet for O g oste 

1. G11nerol doto 
1 .1 Community  Size Commune 

:� 
1.2 

KOS. KAMENIC OGOSTE 1 1
.3 

4 000 INH. 

2.  Character istic doto about existing state : 

2.1 System of housing: 

Concentrated XI Portly concentrated 

2.2 Dota for water pressure zones: 

Present houses max ground level 

min ground level 

Future houses max ground level 

min ground level 

I I D ispersed I 
(m l 

540. 00 m a.s.l. 

520.00 m o.s.l. 

540. 00 m o.s.l. 

510 .  00 m a.s.l. 

2.3 Faci l i t ies with high water consumption IY' description and wot er demand No 

At present : 

In future : 

2.4 Power supply : 
I
ves I Voltage: 10 000 3801220 

The nearest source of power supply 
( short descri ption . voltage I 

2 .5 

Turn 

Total 

Access rood to the community: 

off point on th · d · D. KORMINJANE e main roo . (GNJILANE - BUJANOVAC ) 
distance from the turn 

IJd" 

off point 
to the centre of community :  17.0 ( k m) 
Surface of the rood from turn off 
and occesibility during year : MACADAM . 

LORR IES .  PERMANENT 

Notes : SECONDARY SCHOOL 
HEALTH CENTRE 
LOCAL AUTHORITIES OF GOVERMENT 

Date of visi t :  18. 6 .1974 I Experts : R I E S  

l Poten t ial  wot er sources : 

3.1 Type of source 3.2 Height m o.s.l. 3.3 Copocity estimct• 

Spring x I N SUFFICIENT 

DHp w ell 

Surface water x 555 .00 12.10.1974 - SAMPLING 
0 = 50 - 60 1/s 

I rrigat ion canal 

Other source 

3.4 Descr ipt ion  or sketch of location of the w. source 

� SOURCE ON THE SLOPE OF THE 1 KITKA HILL UNSUITABLE AND 
INSUFFICIENT. 

OGOSTE POSSIBLE GROUND We,TER ON THE 
RIGHT BANK OF OGOSKA - RIVER ( ALLUVI UM) DOWN STREAM 
OF THE V ILLAGE. 

. PROPOSAL: 1 HY DROGEOLOGICAL 
H .G. f BORE HOLE INCLUDING PUMPING 
INVEST. y  TEST ( MIN. 7 DAY S I  AND 

2 CH EMICAL ANALYSES. 

1 POSSIBILITY OF UTILIZATION OF . .,, 
SURFACE WATER OF OGQSKA 8� ' R I VER UPSTREAM OGOSTE 
COMM UNI TY. 

1 : 50 000 

Doto on existing w. supply :  ABOUT 70% FROM DEEP WEL LS, 
NO INVESTIGATION ON W. QUALITY 

Notes: APPROX 4.0 km IN THE NORTH FROM OGOSTE N EAR 
KITKA MOUNTAIN SPRING SEEMS TO BE SUFFICI ENT 
FOR W. SUPPLY 
OR DIRECTLY FROM T H E  OGOSTE R IVER UPSTREAM 
THE COMMUN ITY 

Dote of visi t : 18 . 6.1974 Experts : RIES 

23.7. 1974 KOURIL , PLANA 
12. 10.1974 R IES CABEL DAVIDOVIC 



Ta b l e  3 .  D ata s h eet fo r  Ra t kovac 

1 General data 
1 .1 Commune 

,
1 .2 Community 

, 
1.3 

ORAH OVAC RATK OVAC 
2. Character ist ic  data about existing state :  

2.1 System of housing: 

Concentrated XI Partly concentrated 

2.2 Data for water pressure zones: 

Present houses max ground level 

min ground level 

Future houses max ground level 

min ground level 

2.3 Fac i l i t ies  with  h igh water consumption 
descript ion and water demand 

At present : 

In future 

I 

Size 
4 000 INH. 

I D ispersed I 
(m l 

- 355. 00 m a.s.l. 

- 335. 00 m a.s.l. 

- 360. 00 m a.s. l. 

- 335. 00 m a.s.l. 

/ No 

2 . 4 Power supply : jYes I Voltage : 10 000 380/220 

The nearest source of power supply 
( short descri pt ion . voltage l 

2 . 5  Access rood to the community: 

Turn off point on th d . R A I LWAY TUNNEL (ZRZE ) e main roa AT THE ROAD DJAKOVICA- PRIZREI 
Total d i stance from the turn off point 
to the centre of community : - 6.0 ( k m) 
Surface of the road from turn off 
and accesibi l i ty during year : MACADA M ,  

LO R R I E S , PERMANENT 

Noles:  S C H O O L  
H E A LT H  C E N T R E  
GREAT WATER SHO RTAGE REPORTED 

Dall> of visi t :  10. 6. 1974 I Ex perts : R I E S ,  CABE L .  DAVIDOVIC 

l Potent ial water sources : 

3.1 Type of source 1 3.2 Height m o.s.q 3.3 Capocity est imcte 

Spring 

Deep well  x 
Surface water 

I rrigat ion canal 

Other source x SEE NOTES BELOW 

3.4 Descript ion or sketch of location of the w. source 

H.G. INVESTIGATION POSSIBLE GRO U N D  WATER 
ON THE LEFT BANK OF 
BELi DRIM RIVER 
( ALLUVIUM) . 

RE SULTS ON HYDROG EOLOG!CA 
INVESTIGATION PER FORMED 
IN 1974 UTIL IZED.  

1 :  50 000 

Data on existing w.  suppl y :  PR IVATE DEEP WELLS , 
ONE PART OF COMMUNITY SUPPLIED FROM COMMON WEL L ,  
WATE R  DIST R I BUTED BY PEOPLE ,  SHORTAGE O F  WATER 
REPORTED 

Notes: CON NECT ION TO RADONJIC SYSTEM REC O M M ENDED IN 
FUTURE 

! WATER SAMPLE FROM E X I ST I NG WELL TAKEN ON 
26.10 .1974 

Dote of visit : 10 . 6 . 1974 

10 .  3. 1974 
26.10. 1974 

Experts : R I E S . CABEL , DAVIDOVIC 

KOURI L ,  PLANA 
RIES, CABE L  



-
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Ta b l e  4 .  Data  s h eet fo r  Dog a n ov ic  

1 General doto 
1 .1 Commune Community Size 

K AC A N I K  1
1 ·2 

DOGANOV IC  11
3 

1 500 INH. 
2. Character ist ic data about exist ing stat e :  

2.1 System of housing : 

Concentrated 

2.2 Doto for water 

Present houses 

Future houses 

I Partly concentrated 

pressure zones: 

max ground level 

min ground level 

max ground level 

min ground level 

I XI D ispersed 

- 570.00 

- 560.00 

- 570.00 

- 560 00 

l 
(m l 

m o.s.l. 

m o.s.l. 

m a.s.l. 

m o.s.l. 

2.3 Fac i l i t ies with high waler consumption 

r descript ion and water demand No 

At present : 

In fu ture 

2.4 Power sup ply · 
I
ves I Voltage: 10 000 380/220 I;/ 

The nearest source of power supply 
( short descr iption . voltage J 

2 5 Access rood to the community: 

Turn off point on the ma in rood : UROSEVAC - T E TOVO 

Total di stance from the turn off point 
lo the centre of community : 0.1 ( k m) 
Surface of the road from turn off 
and accesibi l ity during year MACADAM ,  

PERMANENT 

Noles · ADM.CE NTRE 
SCHOOL 
SHOP 
HEALT H C E NTRE 

Date of visi t :  25. 6. 1975 I Ex perts : CAB EL,  DAVI DOV IC 

l Poten t ial water sources : 

3.1 Type of source 3.2 Height m a.s.l. 3.3 Capocity estimate 

Spring CRNI KAMEN x 912.00 30.7 1974 8 - 10 1/s 
6.10. 1974 - SAMPLING 

Deep well 

Surface wot er x LENE PAC RIVER 

I rr igation canal 

Other source 

3.4 D escr i pt ion or sk e tch of location of  the w .  source 

UTILIZATION OF CRNI KAMEN SPRING TOGETHER 
WITH DUBRA\IA WATER SUPPLY l FOR SKETCH SEE 
TABLE 9 )  

Data on existing w. supply : 

Notes : 

Date of visi t :  25. 6. 1974 Experts:  CABE L . DAVIDOVIC 



Ta b l e  5 .  D ata s heet for K i j evo 

1 Genera l  data 
1 1  Commune Communi ty  Size 

KLINA 1

1 2 
KIJEVO 1

1 3 
1 500 INH. 

2 Characterist ic data about ex isting stole :  

2 1  System af housing: 

Concentrated XI Port ly  concentrated 

2.2 Data for water pressure zones: 

Present houses mox ground level 

min ground level 

Future houses max ground level 

min ground level 

I I D ispersed 

575. 00 

550 00 

585.00 

550 00 

I 
( m )  

m a.s.l. 

m o.s.l. 

m o.s.l. 

m o.s.l. 

2.3 Fac i l i t ies with high water consumption 

r description and water demand No 

At present : 

In future 

2 .4  Power supply · jYes j Voltage: 10 000 380/220 

The nearest source of power supply 
( short descr ipti on . voltage ) 

2 .5 Access rood to the community : 

Turn off point on the main rood · K IJEyO . ( PR IST I NA - PECJ 
Total distance from the turn off point 
to the centre of community : 0 .5  ( k m) 
Surface of the rood from turn off 
and accesib i l i ty during year : 

PERMA NENT 

Notes ADM . C E NTRE 
BA S I C  SCHOOL 
SECONDARY SCHOOL 

Dote of visi t :  26 . 10 . 1974 I Experts : RIE S . DAV I DOV IC 

l Poten t ial water sources : 

3.1 Type of source 3.2 

Spring x 
Deep well x 
Surface water 

Irrigat ion canal 

Other source 

3.4 Desc ri pt ion or sketch 

26 10. 1974 - SAMPLING 
WATER Y I ELD SEEMS 

TO BE CONSTANT 

r - .?C!Qm 
I - - - , 

e 1 I 
of 
![!/ 

I 
L _  I - - - - - ..J  
600 00 - 610.00 m o.s.l. 

Dato on existing w. supply : 

Height m o.s.l. 3.3 Cop<:1city estimcte 

600 00- 610 00 26.10.1974 , 4 - 5 1/S 
21 . 1 .1975. 2-3 1/s 

of locat ion of  the  w. source 

KIJEVO 

TEPEN ICA 
� 

SPRING INSIDE THE COMMUN I TY. 
WATER SHORTAGE REPORTED. 

Notes: 

Dote of visi t : 26. 10. 1974 

21. 1. 1975 

Experts ·  WATTER!i, R I ES , CABE L .  
' DAVIDOVIC 
KOURIL ,  PLANA 



-
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Ta b l e  6 .  Data s heet for  R a n i l u g 

1 Genera l data 
1 .1 Commune 

. r
-2  Community 

11
3 

KOS. KAMENICA RANI  LUG 
2 Characterist ic data about ex isting state : 

2 1  System of housing: 

Concentrated XI Part ly  concentrated 

2.2 Data for water pressure zones: 

Present houses max ground level 

min ground level 

Future houses max ground level 

min ground level 

2.3 Fac i l i t i es with high water consumption 
descr ipt ion and water dema nd 

At present : 

In future 

I 

Size 
1 500 INH. 

I D ispersed T 
I m )  

470.00 m a.s.l. 

430 .00 m a.s.l. 

470.00 m a.s.l. 

425.00 m a.s.l. 

/ No 

2 4 Power supp ly ·  Ives I Voltage: 10 000 3801220 I;/ 
The nearest source of power supply 
( short descr ip t ion , voltage ) 

IN SUFFIC IENT FEEDING LINE , 
VA R I ABLE TENS ION IN NETW O R K  REPORTED 

2 5 Access road to the  community:  

Turn off poin t  on the ma in road : GNJ ILANE - KOS. KAM ENICA 

Total d i stance from the turn off point 
to the centre of communit y :  0.5 ( k m) 
Surface of the  road from turn off 
and accesib i l ity during year 
ASPH .  ROAD iNTO THE CENTRE OF THE COMMU NITY , 
ACCE SS PERMANENT 
Notes BASIC SCHOOL 

HEALTH CENTRE 
RANI LUG A N D  GLOGOVCE ARE SUPPOSED TO BE ONE 
COM M U N ITY  IN  FUTURE 

Date of visi t :  18 .  6 1974 j Experts · R I E S  

l Poten t ia l  water sources : 

3.1 Type of source 1 3.2 Height m a.s.q 3.3 Capt1city estimcte 

Spring 

D eep w ell x 
Surface water  

I rrigat ion canal 

Other source 

3.4 Descr ipt ion or ske tch of location of the w. source 

1 : 50 000 

Doto on existing w. supply :  

POSSIBLE GROUND WATER ON 
THE . LEFT  BANK OF 
BI NACKA MORAVA R IVER 
( ALLUV I UM ). 

PROPOSA L : 1  HYDROGEOLOG ICA L  
BORE HOLE INCLU DING PUMPING 
TEST (MIN .  7 DAYS I AND 
2 CHEM ICAL ANALYSES. 

WAT E R  SHO RTAGE DUR ING DRY CL IMATIC  C O N DI T I O N S ,  
O N LY 70% OF H O U S E S  SUPPL IED FROM DEEP WELLS 

Notes : 

Date of vis i t : 18 6 . 1974 

18 7. 1974 
12. 10.1974 

Exper ts : R I E S  

KOURIL , PLANA 
R IES  ,!:_l\�lc_l,_,_ DAVI DOVIC 



Ta b l e  7 .  D ata s h eet f o r  O pte rusa  

1 General data 
1 1  Commune Communi ty .  Size 

ORAHOVAC 1

1.2  
OPTERUSA 11

3 
1 500 INH. 

2. Character ist ic data about ex isting state :  

2.1 System of housing: 

Concent roted I Port ly  concentrated I XI Dispers.d 

2.2 Data for water pressure zones: 

Present houses max ground level - 430.00 

min ground level - 370.00 

Future houses max ground level - 450.00 

min ground level - 370 00 

I 
( m )  

m a.s.l. 

m a.s.t. 

m a.s.t. 

m a.s.l. 

2.3 Fac i l i t i es with high water consumption / descript ion and water demand  No  

At present . 

In  future 

2 .4 Power supply : Ives I Voltage : 10 000 380/220 I
Y 

The nearest source of power supply 
( short descr ipt i on . voltage I 

2 5 Access road to the community: 

Turn off point on the main rood . AT GRAHOVAC 

Total d i stance from the turn off point 
to the centre of community · -10 .0 ( k m) 
Surface of the rood from turn off 
and accesibi l ity during year : MACADAM . 

PERMANENT 

Notes : NO LOCAL GOVERN . OFFICE 
BASIC SCHOO L 

Date of v is i t :  19 .6 1974 I Exper ts : CABEL , CULJKOVIC 

l Potent ia l  water sources: 

3.1 Type of source 3.2 Height m a.s.l. 3.3 Cap11city est imcte 

Spring x 40 - 50 1/s - 17. 7. 1974 

Deep well 

Surface water 

I r r igat ion canal 

Other source 

3.4 Desc r ipt ion  or ske tch of loca t ion of the w. source 

WATER YIELD OF THE 
SOURCE IN THE CENTER -

GRAHOVAC OF THE VI LLAGE SEEMS 
TO BE SUFFICI ENT. 
IF USED , SANITARY - MEASURES OF THE AREA 

SPRING Suv. 
N ECESSARY. 

OPTE RUSA 
'<! '?.' PROPOSAL : MEASUR EMENT �lr,q OF YIELD AND QUALITY 

I 

1 :  50 000 

Dato on existing w. supp ly :  
DEEP WELLS AND SPRING IN THE MIDDLE OF THE COMMUNITY. 
WATER QUANTITY AND QUALITY INVEST. RESULTS ARE AT 
PR IZREN. THE SHORT PERIOD OF TURBID WATER FROM THE 
SPRING IS FREQUENTLY REPORTED 
Notes: 

Date of visi t :  19 .  6 . 1974 Experts : GABEL . CULJKOVIC 

17. 7. 1974 KOURI L ,  PLANA 



Ta b l e  8 .  Data  s h eet for  Vra n i c  

1 Genera I doto 
1 .1 Commune Communi ty  Size 

SUVA REKA r-
2 

VRANIC r -

3 
1 500 lNH. 

2.  Character ist ic doto about ex isting state :  

2.1 System of housing: 

Concentrated l 
2.2 Doto for water 

Present houses 

Future houses 

I Portly concentrated 

pressure zones: 

max ground level 

min ground level 

max ground level 

min g round level 

IXI Dispersed 

- 680.00 

- 600.00 

- 680.00 

- 600 .00 

I 
(m l 

m o.s.l. 

m o.s.l. 

m o.s.l. 

m o.s.l. 

2.3 Faci l i t ies with high water consumption IY' descr ipt ion and water demand No 

·At present : 

In future 

2 .4 Power supply 
I
ves I Voltage: 10 000 380/220 L,t 

The nearest source of power supply 
I shor t  descri pt ion .  voltage I 

2 .5  Access rood to the community :  VERY BAD 

Turn off point on the main rood . 1 km SOUTH. SUVA REKA 
·1 suvA REKA - PRIZREN )  

Total di stance from the turn off point 
to the centre of community : - 10 0  (km) 
Surface of the rood from turn off 
and occesibi l ity during year - 3km MACADA M ,  ALL VEHICLES 

PE RMANENT ( TO SOPINA ) 
- 7 km COUNTY ROAD ,TRACTOR , LANDROWER ONLY IN DRY CLI M .  PERIOD 

Notes . LOCAL AUTH. AT BUKOS ( OFF NEAR SCHOOL ) ;  
DETAI LED DATA ON F INANCIAL CONDIT IONS FOR PROPOSED 
DRINK .  WATER SUPPLY PROJECT AT SUVA REKA GOVERMENT 
ADMI N I STRAT ION 

Dote of v is i t :  28. 6. 1974 I Experts : CAB E L .  DAV IDOVIC 

l Poten t ial water sources : 

3.1 Type of source I 3.2 Height m a.s.q 3.3 Copr1city utimcte 

Spring 

DHp well 

Surface water I X 
I r rigat ion canal 

Other source 

1 318. 00 
1 290. 00 

1 8.10 1974 - SAMPLING 

3.4 Description or sketch of location of the w. source 

\'\.-

1 :  50 000 

CRNO VRELO 
1 318.00 m a.s. l . 
1 . 5 - 2.0 1 /S  - 30. 7. 1974 

BELO VRELO 
1 290.00 m a.s.l . 
2 0- 2 5 1/s - 30.7. 1974 

SOURCES SEEM TO BE 
SUITABLE BUT WATER Y IELD 

HAS TO BE MEASURED. 

Data on existing w. sup p l y ·  DEEP WELLS. VRANICKA RIVER 
NO DETAILED DATA AVAILABLE 

Notes: SPRI NGS BELO I CRNO VRELO . APPROX. 11 0 1/s ,  
DATA ON SPR I NGS AT PR IZREN (VODNA ZAJEDNICA ) 

Date of visi t :  28 .6 1974 

30. 7. 1974 
1 8. 10. 1974 

Experts : CAB EL . DAV IDOVIC 

KQURIL . PLANA 
CABEL,  RIES 



,_.. 
00 Ta b l e  9 .  Data sheet for D u b rava 

1 Ge-nerol data 
1 .1 Commune 

KACANIK 
2. Characteristic 

r
- 2  Community 

DUB RAVA 
data about existing 

r
3 

state :  

Size 
500 INH. 

2.1 System of housing: 

Concentrated 

2.2 Doto for water 

Present houses 

Future houses 

I Portly concentrated 

pressure zones: 

max ground level 

min ground levei 

max ground level 

min ground level 

I XI D ispersed 

- 700 00 

- 60().00 

- 700. 00 

- 600.00 

I 
I m )  

m o.s.l. 

m o.s.t. 

m o.s. !. 

m o.s.t. 

2.3 Fac il it ies with high water consumption I/ description and water demand No 

At present : 

In future 

2.4 Power supp ly : Ives I Voltage: 10 000 3801220 IY"' 
The nearest source of power supply 
( short descr ipt ion , voltog� ) 

2.S Access rood to the community: 

Turn off point on the main rood . 6km FROM DOGA�OVIC ON THE . ROAD DOGANOVIC - TE TOVO 
Total distance from the turn off point 
to the centre of communit y :  - 2 0  ( k m) 
Surface of the rood from turn off 
and occesi bi l i ty during year . MACADAM , 

ALL VEH ICLE S .  PERMANENT 

Notes : BASIC SCHOOL 
SHOP 

AT DOGANOVIC ; ADM1N .  AND HEALTH CENTRE 
NO WATERBORNE DESEASES REPORTED 

Dote of vis i t :  21 . 6 . 1974 I Experts · CABEL , CULJKOVIC 

l Poten t ial water sources :  

3 . 1  Type of sou rce 1 3.2 Height m o.s.q 3.3 Copricity es t i mcte 

Spring CRNI KAMEN I X 

Deep well 

Surface water 

I r r igat ion canal 

Other source 

912.00 30 7 1974 8 - 10 1/s 
6.10.1974 - SAMPLING 

3.4 Desc ript ion or sketch of locat ion of the w. source 

SOURCE SEEMS TO BE . 
SUFFICI ENT. 

PROPOSAL : 
M EASUREMENT OF YIELD 
AND QUALITY. 

Doto on exis-ting w. supply · DEEP WELLS , 

Notes : 

Dote of visi t :  21. 6 .1974 

30.7. 1974 
6 .10. 1974 

W. SHORTAGE REPO RTED 

Experts :  CAB EL . CULJKOVIC 
KQURIL . PLAN£<. CABEL . KREJCI 



Ta b l e  1 0 .  Data s heet for  K o l o  

t Ge-nerol data 
1 .1 Commune 

r
-2 Communit y  

1

1 3 Size 
VUCITRN KOLO 500 INH. 

2. Characteristic data about existing state : 

2.1 System of housing: 

Concent rated 

2.2 Doto for water 

Present houses 

Future houses 

I Portly concentrated 

pressure zones: 

max ground level 

min ground level 

max ground level 

min ground level 

IXI Dispersed 

645. 00 

590. 00 

645 00 

590.00 

I 
( m l 

m o.s.l. 

m o.s.l. 

m o.s.l. 

m o.s.l. 

2.3 Fac ilit ies with high water consumption 

I;-< description and water demand No 

At present : 

In future 

2 .4 Power supply : lves I Voltage: 10 000 380/220 L� 
The nearest source of power supply 
I short descr ipt ion . voltage l 

2 5 Access road to the community: 

Turn off point on the main road : VUCITRN 

Total distance from the turn off point 
lo the centre of community : 7. 5  ( k m) 
Surface of the rood from turn off 
and accesibil ity during year : COUNTY ROAD , 

ACCESS ONLY IN DRY SEASON 

Note s :  

Dote of vis i t :  26. 6. 1974 I Experts : R I E S ,  DAVI DOV IC 

l Poten t ial water sources : -
3.1 Type of sou rce 3.2 Height m a.s.l. 3.3 Cllp-1city estimcle 

Spring x 953.00 SAMPL I NG 4.10 1974 
tn -1.5 1/s 29. 7. 1974 

Deep well 

Surface water 

Ir rigation canal 

Other source 

3.4 Descriptfon or ske tch of location of  the w. source 

SOURCE SEEMS TO BE 
SUFFICIENT. 

;/ 
PROPOSA L:  MEASUREMENT OF 
Y I ELD AND QUALITY. 

KOLO 

PR IN 

A CICAVICA 

1: 50000 

Doto on existing w. suppl y ·  DEEP WELLS;  
WATER SHORTAGE REPORTED 

Noles : 

Dote of visi t :  26 . 6 . 1974 Exper ts :  R IE S .  DAV I D OVIC 

29 . 7 . 1974 KOUR I L . PLANA. 
4.10. 1974 R I ES .  DAVI DOV IC 



N 
0 Ta b l e  1 1 . Data s h eet fo r  Ko l o l ec 

1 G11<11era l  data 
1 .1 Commune 

1
1 .2 Communi ty 

11
3 

KOS. KAMEN ICA KOLO LEC 
2. Character ist ic  data about ex ist ing state : 

2.1 System of housing: 

Concentrated X I Part ly  concentrated 

2 2  Doto for waler pressure zones: 

Present houses max ground level 

min ground level 

Future houses max ground level 

min ground level 

I 

Size 
500 INH. 

I Dispersed I 

(m )  

500 00 m a.s.l. 

470 . 00 m a.s.l. 

500 . 00 m a.s.l. 

470. 00 m a.s.l. 

2.3 Fac i l i t i es with high waler consumpt ion I? descr ipt ion and water demand No 

Al present :  

In  future 

2 .4  Power supp ly · Ives I Vo ltage : 10000 380/220 IY"' 
The nearest source of power supply 
I short descr i pt i on . voltage ) 

2 .5 Access rood ta the community: 

Turn off point on the main road . D KORMINJARE . ( GNJILANE - BUJANOVAC) 
Total distance from the turn off point 
ta the centre of community : 12 5 ( k m) 
Surface of the  road from turn off 
and accesib i l i ly during year : MACADA M ,  

LORRIES . PERMANENT 

Notes . BASIC SCHOOL 
SHOP 

Date of v ,si  I :  24 .  6 .  1974 I Experts · R IES ,  DAVI DOV IC 

1 Poten t ial water sources : 

3.1 Type of source 3 .2 Height m a.i.t. 3.3 C11pocity estimcle 

Spring 

Deep well X 
Surface water  

I r r igat ion canal 

Other source 

3.4 Descr ipt ion or ske tch of locat ion of the w. source 

i POSSIBLE GROUND WAJER ON THE 
� R IGHT BANK OF OGOSKA I Rt VER UPSTREAM THE 
\ f V I L LAGE ( AL LUVIUM) .  

H . G . INVEST. --n-J, t ': PROPOSA L : 1  HYDROGEOLOG ICAL 
I :  BORE HOLE INCLUDING PUMPING 

�I i. Ck: TEST ( MIN. 7 DAYS ) AND 2 CHEM!CAL 
• p ANALYSES. 

KOLOLEC A : 
Al • .,, 
� 

a 

ti 8 
I 
I 

1 :  50 000 

Data on existing w. sup p l y :  DEEP WELLS ; 

Note!i 

NO INVESTIGATION ON W. QUALITY 
PERFORMED BEFORE 

! W. SAMPLE TAKEN ON 12.10 1974 FROM EXISTING DEEP 
WELL 

Date of visi t :  24. 6 . 1974 Exper t s ·  R IES . DAVI DOV IC 

23 .7. 1974 KOUR IL,, PLANA • 
12.10 .1974 RIES.CABEL, DAVIDOVIC 



Ta b l e  1 2 .  D a ta s h eet for  S re d nj a  K l i na 

1 Genera l  data 
1 .1 Commune 

r-

2 Communi ty  
KLIN�

13 Size 
SR B I C A  SR EDNJA 500 IN H. 

2. Charocterist ic dota about ex isting state :  

2.1 System of housing : 

Concentrated 

2.2 Data for water 

Present houses 

Future houses 

J Portly concentrated 

pressure zones : 

max ground level 

min ground level 

max ground level 

min ground level 

I XI Dispersed 

700. 00 

625. 00 

700. 00 

625 .00 

I 

Im )  

m o.s.1. 

m a.s.1. 

m a.s.1. 

m a.s.1. 

2.3 Fac i l i t i es with high water consumption !;-< descript ion and water demand No 

At present : 

In future 

2.4 Power supp ly : Ives I Voltage : 10 000 380/ 220 

The nearest source of power supply 
( short descr ipt i o n . vo ltage l 

2. 5 Access rood to the community: 

Turn off point on the main road : GOR NJA KL INA - SRBICA 

Total di stance from the turn off point 
to the centre of community : 0. 5 ( k m) 
Surface of the road from turn off 
and accesibi l i ty during year . COUNTY ROAD, 

PERMA NENT 

Notes . 

Date of vis i t :  20. 6 . 1974 I Experts · R I E S . VASIC 

l Potent ial water sources : 

3.1 Type of source 3.2 

Spring 

Deep well x 
Surface water 

I r r igat ion canal 

Other source x 
3.4 Descr ipt ion or sketch 

?< 
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PART I 

STANDARD MODEL DESIGNS 



Standard model designs 

Spring Intake Structures 
A spring intake structure is an underground structure, usually made of concrete, that collects 
the water issuing from a natural spring and feeds it into a delivery pipeline. In performing this 
function, the intake structure must also protect the spring source from contamination and 
ensure the hygienic quality of the raw water. 

Two types of such a structure are presented. Type I is suitable for a spring that emerges in 
one localized spot, while Type II is designed to cope with one that flows underground over a 
considerable lateral distance. 

Both types concentrate the flow into delivery pipes identically, as seen by comparing 
sectional plan C-C in Fig. 5 with sectional plan D-D in Fig. 6. However, for Type II a collection 
trench with permeable filter media must be provided. 

The intake structure is also designed to remove sand and other suspended material, and an 
overflow and drain are included to avoid difficulties when the spring yield exceeds the water 
demand, as it normally should. 

Design consideration 
It is particularly important for hygienic reasons that the intake structure be located at an 
elevation that precludes the possibility of any backflow into the spring. The maximum water 
level in the collecting compartment of the structure should therefore be about 0.5 m below the 
level of the natural spring discharge. 

The sedimentation compartment of the structure has been designed so that a flow of 10 litres 
per second will result in a vertical flow velocity of 1.4 cm/s. This will encourage sand and larger 
particles to settle. 

The maximum capacity of the intake structure is 15 litres per second. For higher flows the 
structure should be adapted by increasing the capacity of the sedimentation compartment, 
overflow, measuring weir and piping. 

Operation and maintenance 
As the structure operates, the water issuing from the spring deposits sand in the sedimentation 
compartment. This should be removed when necessary. The frequency of cleaning will depend 
on the amount of suspended material contained in the raw water, but monthly checking and 
cleaning is advisable. 

Every six months the outlet valve should be checked by fully closing, opening and then 
returning it to the desired operating position. Once a year the whole structure should be cleaned 
and the inside wall carefully disinfected to avoid biological growth. 
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Data on water quality and yield should be periodically collected and recorded in order to 
gain long-term information on the spring. 

Bored Deep Well 

Bored deep wells are designed for the technically effective, safe and economical collection of 
groundwater for supply purposes. Under normal conditions, these wells can be used for tapping 
groundwater resources in non-cohesive soil down to a depth of about 20 m. The complete well, 
including casing, filtration fill and locking lid, is usually constructed during the hydro geological 
investigation of a potential source of water. Attention should therefore be paid to its location, 
distance from buildings, waste disposal structures and land use during the initial hydrological 
investigations of the site. 

Design consideration 
The yield of a well or series of wells depends mainly on the hydro geological conditions, but is 
also affected by the diameter of the well itself. For example, with an unlowered groundwater 
depth of 6-7 m and a distance of 30-40 m between wells, a yield of about 2.5 litres per second 
could be expected from a well with a bored diameter of 600 mm. 

The selection of the size of both the borehole and the steel well screen, and the consequent 
filtration fill thickness, will depend on hydraulic conditions and on the equipment to be 
installed. The number of layers and the grain size of the filtration fill, and the number and 
diameter of inlet holes in the well screen depend on the grain size and composition of the aquifer. 
These dimensions and parameters cannot be set down in the typical designs contained in this 
publication and will have to be determined on the basis of local hydrological investigation and 
expert engineering advice. When the machinery is installed it is very important to follow the 
hydrogeologist's recommendations on the pipe, strainer or submersible pump positions, while 
taking into account the maximum allowable water level depression and gradual well capacity 
degradation. The difference between the water level inside and outside the well screen usually 
increases during the pumping owing to filter clogging. 

The bored deep well presented in Fig. 7 consists of the bore itself and the chamber for the 
installation of the casing head. The well consists of a perforated steel screen, filtration fill and 
gravel bottom fill. 

The well casing head is a flanged steel pipe with an arrangement that allows the pipe to be 
easily fixed and passed through the blank lid flange and that allows for easy measuring of the 
water level inside the well. The well chamber is encased in a layer of compacted clay to prevent 
direct infiltration of surface water to the borehole. 

The well chamber over the borehole is constructed either of reinforced concrete with 
moisture insulation or of water-retaining reinforced concrete, depending on soil conditions. In 
the roof there are two 60 X 60 cm openings: an access manhole and another directly above the 
borehole for assembly and maintenance. These are particularly important for the installation of 
a submersible pump. 

The roof slab has a backfill covering, watertight insulation and protective concrete screed 
or cover. 

The access openings have cast-iron or steel covers that can be locked, and a steel ladder is 
provided for access to the lower floor level. 
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Concrete slats should be laid flush with the tops of the covers to make a platform on top of 
the chamber. 

Construction sequence 
The borehole should be sunk from ground level or from the bottom of the excavation dug to the 
base level of the well chamber. The vertical bore should be sunk to the required depth ,  the gravel 
base should be placed in the borehole, the perforated steel casing installed and the filter gravel 
surround placed. The casing head of the well should be installed and a layer of clay placed on the 
bottom of the excavation. The well chamber can then be built. 

Operation and maintenance 
Bored wells require systematic checking. Particular attention must be paid to the packing of the 
valves in the well chamber. If it is not done properly, air could be drawn into the main. The water 
level in the well should be measured periodically and the drop in level checked and recorded in 
conjunction with the quantity of water pumped from the well. Every two or three years, and 
certainly at established regular intervals, the well should be completely cleaned. This includes 
dismantling and cleaning the valves, renewing protective paintwork and removing sand and 
sludge from the well itself. 

Dug Well 

The standard dug or shaft well presented in this publication is a vertical concrete structure of 
circular plan section. It  is constructed by digging a pit whose sides are held in place by a casing 
that is lowered as the work progresses. 

Design consideration and construction sequence 
This type of well is suitable for extracting water from relatively shallow aquifers with a practical 
depth limit of about 10 m and a normal range of depths from 4 m to 10 m. Dug wells can also be 
used as collection wells in the case of wellfields where relatively large quantities of water must be 
stored at the wellfield. 

These wells can normally only be dug in cohesive soils with an angle of internal friction of 
25° or more. 

The selection of the well diameter depends on the number of suction pipes that must be fitted 
into the shaft, although a minimum diameter is set by practical excavating limitations. For this 
reason the well presented in Fig. 8 has a dug diameter of 354 cm, making possible a final internal 
diameter of 194 cm and allowing two or three suction pipes to be fitted. 

The number and size of inlet holes ,  as well as the grain size of the gravel/sand filter, is 
determined by the soil characteristics of the aquifer and the yield of water required. 

The water table draw-down during pumping must also be determined in order to take 
measures to avoid filter clogging and to prevent air being drawn into the suction pipes. 

These factors can only be determined for each case by a detailed hydrogeological cal­
culation, carried out by a hydrogeologist. For this reason no general recommendations are 
provided in this publication. 

The well casing intended to tap the aquifer is made of plain concrete, standing on a 
reinforced concrete ring. Inlet holes are provided in the casing. 
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People gain access to the well by a steel ladder, reached by an access opening of 60 X 60 cm 
and fitted with a watertight cover. 

The roof over the well is of reinforced concrete with a suspension hook set in its centre for 
attaching lifting tackle for installation and maintenance. 

The well lining should be raised above the natural ground level to exclude the possibility of 
surface water infiltration and consequent groundwater contamination. The height of the well 
casing above natural ground level may have to be increased if the wellfield is located on a flood 
plain. This can only be determined by detailed hydrological investigation, although for safety 
reasons there should be a minimum elevation of about 1 m. 

The filter media around the outside of the well casing should consist of graded silica gravel, 
whose size and grading will depend on the aquifer soil characteristics. Specific guidance on this 
is essential for each case. 

Clay tanking is placed on top of the filter media to seal the well and prevent contamination 
by surface water. Care should be taken during the digging of the well to avoid interfering with 
the characteristic permeability and flow of the aquifer, and there should be adequate pumping 
capacity to maintain a dry working area with stand-by capacity on hand. 

The construction of a collection well is considerably more straightforward than that of a 
captation well. Although their construction is almost identical, the casing of the captation well 
has no inlet opening and is founded on a reinforced concrete base slab, and the casing is 
surrounded underneath by ordinary backfill rather than filter media, to make the structure 
watertight. Both types of well are shown in Fig. 8. 

There are suction pipes in the captation well only. They are fitted with flap valve type 
strainers to prevent backflow. The upper flange of the strainer must be submerged at least 60 cm 
below the minimum water level to avoid the possibility of air suction. The inner diameter of the 
suction pipe should be designed so that the flow velocity does not exceed 1 m/s during pumping 
or siphoning. 

In the collection well, the end of the siphon pipe should also be located 60 cm below the 
minimum water level. The pipework in a captation well has no valves, although in a collection 
well the siphon pipelines have valves to allow flow adjustment. These valves should be of a type 
suitable for vacuum flow conditions. 

Operation and maintenance 
Like bored wells, dug wells require systematic checking, with special attention to the packing of 
pipe joints, valves and fittings in order to prevent air from entering the system and interfering 
with operations. 

In captation wells periodic measurements of water level are necessary, and logs should be 
kept so that changes in well performance can be identified and monitored. 

Every two or three years both types of well should be thoroughly cleaned. The fittings should 
be dismantled, cleaned and reassembled or replaced as necessary and all paintwork renewed. 

Pumping Stations 

Pumping stations in water supply systems are designed to deliver water to a water tank or to 
distribution systems either where no natural gravity head is available or where it is insufficient to 
provide the necessary flow under minimum head conditions. 
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Apart from the fundamental piping equipment, a pumping station includes, in many cases, 
water hammer protection equipment, air release devices, valves and electrical equipment. It is 
commonly the most suitable location for disinfection equipment, when solution of sodium or 
calcium hypochlorite is to be used. 

Design consideration 
The pumping stations presented in this publication are designed for automatic pumping from 
bored wells, captation dug wells or collection dug wells, and for pumping from a wet sump that 
is part of the pumping station itself. 

Three basic types of pumping station are included with two variations of each: Types 1. 1, 
1.2, 2.1, 2.2, 3.1 and 3. 2. The first number of the type refers to the mechanical equipment 
installed in the pumping station, while the second number indicates whether the pumping 
station has a wet sump. The detailed characteristics are as follows. 

Type I. Pumping, chlorination, air release and water hammer protection 
Type 1.1 is a pumping station without a wet sump, containing pumping machinery, 

water hammer protection equipment, an air release device and chlorination equipment. 

Type 1.2 is a pumping station with a wet sump and the same auxiliary equipment as 
contained in Type 1. 1. 

Type 2. Pumping, chlorination and air release equipment 
Type 2.1 is a pumping station without a wet sump and with the same auxiliary 

equipment as in Type 1.1, with the exception of water hammer protection. 

Type 2. 2 is a pumping station with a wet sump and the same auxiliary equipment as 
Type 2.1. 

Type 3. Pumping and chlorination 
Type 3.1 is a pumping station without a wet sump containing pumping machinery and 

chlorination equipment only. 

Type 3.2 is a pumping station with a wet sump and the same auxiliary equipment as 
Type 3.1. 

All these types of pumping station, with and without wet sumps, are presented in Fig. 9 and 
I 0, while the different machinery arrangements are shown in Fig. 11, and the basic data on the 
electric system in a single line diagram in Fig. 12. 

The pumping stations have been designed to cover a capacity range of 0.5-5 litres per 
second, with a possibility of increasing capacity to 10 litres per second at a later date without 
expanding the structure; only the pumps and motors would have to be upgraded. A total 
delivery head of 85 m is allowed in pumping mains, since this was considered to be the normal 
and practical upper head limit for smaller supply systems. If a greater lift is required for specific 
schemes, two pumping stations could be used. 

The machinery is designed on the basis of the total output required and the calculated 
delivery head, while the need for water hammer protection is determined on the basis of the 
hydraulic analyses of the system. An air release device is included and connected to the system 
when the pumps are no"t self-priming. 
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The chlorine dosing equipment design depends on the flow of water and doses of chlorine 
needed to provide the requested residual chlorine level in the whole system. 

Where pumping stations are intended for future expansion, the auxiliary equipment should 
be designed for the stations' ultimate capacities, to avoid too many modifications when 
upgrading the pump sets. This would require very little increase in the initial investment. 

Calculations dealing with pumping and water hammer damping are presented in Fig. 13 .  
This also gives some basic instructions on calculation progress that have been simplified and 
modified appropriately for the standard designs for rural communities. 

Construction details 
For pumping stations without wet sumps, Types 1 . 1 , 2. 1 and 3. 1, the walls and the base of the 
valve space are constructed of plain concrete. The base is laid on a blinding layer, while the outer 
walls are provided with a waterproof bitumastic coating. Care should be taken during backfil­
ling to avoid damaging this insulation. The inner walls of the valve space are made with cement 
plaster and the floor set in slope towards the drainage outlet in one corner. The roof slab of the 
valve space is constructed of reinforced concrete provided with a 60 X 60 cm access opening 
with a cover. The foundations and footing under the peripheral wall of the building, protection 
wall and pump foundations consist of plain concrete, while the floor of the machine room is 
made of concrete strengthened with a reinforcing mesh to avoid cracking. All floors should be 
laid on a blinding layer and insulated against damp with a bitumastic coating. 

In the case of pumping stations with wet sumps, Types 1 .2, 2.2 and 3.2, the floors and walls of 
the wet sump and valve space should be constructed of water-resistant reinforced concrete. The 
floor should be cast onto a damp-course layer on a blind layer of concrete. The outside of the 
walls below ground level should also be covered with a bitumastic coating. 

The floor slabs of both the valve chamber and wet sump are benched; in the case of the valve 
chamber the slope is set towards the drainage outlet while in the case of the wet sump the slope is 
towards the pump suction. 

The floors of the pumping station should be covered with fire-clay tiles, except in the 
auxiliary supplies store-room where a cement screed should be laid. The inside walls should be 
of cement-lime plaster. 

The walls of both the valve space and wet sump should be plastered for a good appearance 
and, in the case of the wet sump, to keep suspended matter from adhering to the wall as the water 
level drops. The walls above ground level are built of cavity brick (38 cm thick), with the outer 
skin of facing brick or plain brick, and plastering depending on availability of material and the 
appearance desired. Partition walls are 12  cm thick and made of plain brick, and the window 
lintels are formed by the ring beam supporting the roof. 

On three sides of the roof a peripheral brick wall is proposed, 45 cm high, with the roof 
screeded and sloped towards the open side to facilitate roof drainage to the rear of the building. 
A 60 X 60 cm access opening with a cover and an access ladder is provided for both the wet 
sump and the valve chamber. 

Thermal and watertight insulation should be laid on the cement roof screed, and the 
windows can have steel, wood or aluminium frames depending on the availability and cost of 
materials. 

The door can be of steel or timber, according to preference and security considerations. 
The roof gutter and down conductor, flashings and the cover to the_ brickwork roof surround 

should be of zinc sheeting, and all steel and woodwork should have a protective paint coating. 
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If an aeration station is incorporated into the system, an additional door between the 
pumping station and the aerator should be included in the building. 

During construction the foundations can be dug with excavation machinery, although the 
diggers must avoid disturbing the finished bottom. Also, after construction and before back­
filling, the valve space and wet sump should be hydraulically tested and leaks repaired. 

Mechanical equipment 
The pumping sets are designed according to the required flow and delivery head. For flows of 
0.5-2.5 litres per second, self-priming pumps are recommended wherever possible although, 
because of reduced efficiency, non-self-priming pumps should be used for higher flows. 

If the supplier can offer self-priming pumps with over 40% efficiency to cater for higher 
flows, these should be used, as they are particularly advantageous in a pumping station with a 
wet sump below the pump axis. These pumps also eliminate the need for automatic air release 
equipment. 

For flows in the range of 0.5-5 litres per second, water hammer protection equipment is 
recommended only in exceptional cases with very high delivery heads. With flows of 5-10 litres 
per second, each set of conditions has to be analysed separately, and if the hydraulic analysis 
indicates the need, the equipment should be included in the design. 

The building layout proposed for the pumping station allows for the installation of a 
pressure vessel of a maximum capacity of 1 m3 and a space for a compressor with a capacity of 
15 m 3 /h of air and pressure of 1 MPa. This size equipment is small enough to be standard for all 
cases that require water hammer protection to be included in the design and yet is large enough 
for most small water supply systems. 

In cases where an automatic air release is required, such as in pump impeller flooding and 
automatic operation of a pipe siphon system, a vacuum pump and air vessel of about 150 litres, 
with an electrode of the float type for automatic priming control, should be installed. The 
minimum water level in the air vessel must be fixed above the pump impeller in any case. 

Where the actual pumping conditions do not call for complete automation and pumping is 
supposed to be continuous, the automatic air release equipment can be deleted and reliable flap 
valve type strainers should be fitted on the pump suction pipes. 

The actual model to be installed depends on the flow of water, and the dissolving tank should 
be large enough to hold enough chemical for 10 days. This allows the tank to be filled once a 
week, with a few days' reserve for emergencies. 

The dosing pipes can be connected to the pump suction pipes with a special type of 
non-return valve that automatically closes when suction is lost and the pump is out of operation. 
This system is used in conjunction with self-priming pumps. 

When the pumps are not of this type and an automatic air release device is used to keep the 
pump impeller flooded, the dosing pipes should be fitted with a solenoid valve that auto­
matically closes when the pump stops, thus preventing chlorine overdosing. 

Resume of machinery specifications 

Pumps 
Two horizontal centrifugal pumps are required, one operating and one as stand-by, of a capacity 
of 0.5-5. 0 litres per second each and a maximum total delivery head of 85 m. The pump and 
electromotor should be mounted on a common base plate. 
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Sodium hypochlorite dosing equipment 
One <loser of required flow range is needed with a dissolving tank of I O-day capacity or 
100 litres, whichever is larger.a 

Automatic air release device (when necessary) 
One air pump is required, with an air vessel having a volume of about 150 litres, fitted with a 
float or electrode type automatic control system and water circulating tank, if necessary, of 
about 30 litres capacity. 

Water hammer damping device (when necessary) 
One air compressor is required, with a capacity of 15 m3/h of air to be compressed to the 
pressure of 1 MPa and an air vessel with a capacity of about 1 m3 designed for the same pressure. 

Drainage pump (where drainage by gravity is not possible) 
A membrane or piston hand-operated pump or portable electric-driven submersible sludge 
pump, with a capacity of 2 litres per second and a delivery head of up to 10 m to be connected to 
the socket box in the station switchboard, is required. 

Pipes and fittings 
The following are required: steel suction and delivery pipes of 50-150 mm diameter, with 
flanged connection for the pressure of 1 MPa and a total length of about 30 m; air release 
pipework and fittings of % inches (19 mm) diameter, made of galvanized steel with screwed 
joints, of about 30 m of total length; and chlorine dosing pipework of 15 mm diameter, made of 
PVC or similar material, with shut-off, non-return and/or solenoid valves and a total length of 
about lO m. 

Electrical equipment 
The machinery of the pumping station is supplied by a 3-phase, 380/220 V, 4-wire, 50 Hz system 
with a solidly earthed neutral. For lighting and power sockets a single-phase, 220 V, 50 Hz 
supply system and for the portable light fitting a 24 V, 50 Hz system are proposed. 

Its capacity, when installed, should be 45 kW without aeration equipment, and about 72 kW 
when aeration is included; the calculated maximum loads are 20 kW and 38 kW, respectively. 
The annual power consumption will depend on the size of the pumps and water delivery 
capacity. The electrical installation is proposed for the maximum current intensity of 10 kA. The 
system is protected against short circuits by neutral earthing to ensure the safety of personnel. 

The pumping station should be supplied by a single feed cable from the nearest low voltage 
distribution line or, preferably, through a transformer station from a high voltage supply, 
especially when aeration is included. 

The power socket box in the pumping station switchboard should contain a 3-phase, 
380 V /25 A socket for a portable sludge pump connection, a single-phase 220 V /10 A socket and 
24 V supply from a 100 VA, 220/24 V transformer for a portable lamp connection. 

a A complete spare sodium hypochlorite doser should be kept in reserve for easy and quick replacement of a 
faulty doser. 
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The building will be protected from lightning by an earthing mat to which all outer metal 
parts of the building are connected, although in less cohesive soi l ,  earthing rods may have to be 
used to obtain the necessary resistance. 

The pumping room should be well l it and should be heated where cl imatic conditions dictate 
with infrared heaters located so as to warm equipment susceptible to gathering condensation, 
such as pressure vessels and water tanks. A cable and l ighting installation is shown in Fig. 1 2 . 

The power cables should comply with prevail ing building and safety standards and be 
insulated with PVC. Copper conductors should be used for cross-sections of up to 6 mm2 and 
aluminium conductors used for larger cross-sections. Power cables and conductors on walls and 
ceiling should be installed by clips or on cable trays, while cables on the floor should be passed 
through steel cable ducts. 

For power-factor compensation, no provisions are made for motors of an output less than 
4 kW, while for motors with outputs of 4-7 kW condensers of 2 kV Ar will be used, and for 
motors of 8 kW and 9 kW the condensers should have 4 kV Ar capacity. If pumping stations are 
to be expanded in the future to 20 kW, capacity condensers of 5-9 kV Ar will be required. The 
condensers should be fire-proof and located in the main switchboard. 

The station will have a main switchboard and a secondary switchboard should be provided 
in the aeration station when aeration is required. The switchboard will have provision for two 
pump control switches of 1 -9 kW capacity each, an air compressor control of 3 kW capacity, a 
socket control box, a lighting circuit control and the control for two infrared heaters . This will 
give a total installed capacity of 45 kW with an estimated load of around 20 kW. If an aeration 
station is included in the system, its secondary switchboard will be connected through the main 
switchboard. This will add a further 27 kW to the installed capacity and 1 8  kW to the calculated 
load. Thus, the total installed capacity in that case would be 72  kW with a calculated load 
of 38 kW. 

If the load on the switchboard is increased by 20 kW owing to increase in flow and 
corresponding enlargement of the machinery, the switchboard must be replaced or upgraded. 

The main switchboard, consisting of two box units with overall di mensions of 
1 . 6 X 0. 7 X 2 . 2  m, should contain the following main equipment (see Fig. 1 2) :  

1 three-phase/ 1 00 A circuit breaker for the switchboard feeding l ine; 
2 three-phase/25 A contactors for the pumps; 
2 three-phase/ 1 6  A contactors for the compressor and vacuum pump; 
1 single-phase solenoid valve outlet for automatic chlorine dosing; 
2 three-phase/25 A fused outlets for the socket box and spare outlet ; 
l single-phase/6 A circuit breaker for the lighting; 
3 single-phase/ I O  A circuit breakers and 2 spare outlets for the infrared heaters; and 

1 three-phase/50 A fused outlet for the aeration station connection. 
Auxil iary material for the equipment installation includes cables, steel supports and clamps, 

iron-zinc earthing strips, wires and material for lighting. 

Operation and maintenance 
The operation and maintenance instructions provided by the manufacturers for each item of 
equipment must be " followed, and the pumping station must be kept orderly and clean. The 
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pump sets must operate alternately, according to a predetermined schedule, to ensure uni­
formity of operation and opportunities for servicing and maintenance. 

When a self-priming pump is installed, someone should check, before starting it, that there is 
sufficient water in the first stage of the pump to ensure operation of the self-priming system. 

When air release equipment is included, the circulating water tank should be regularly 
checked and topped up as necessary, and air lines should be tested for leaks. 

The water hammer protection equipment should maintain the required pressure in the air 
vessel. However, if a non-automatic system is chosen, the air pressure must be regularly checked 
and brought up to the correct value if found to be low. The compressor lubricating oil level 
should also be regularly checked. 

Apart from carefully following the manufacturers' instructions about disinfection equip­
ment, the tightness of the non-return valve on the sodium hypochlorite solution inlet to the 
pump suction, or the solenoid valve function, must be checked to avoid the possibility of the 
solution being lost to the suction when the pumps are not running. 

Aeration Station 
An aeration station is necessary for systems where the raw water, mainly from underground 
sources, has a very low dissolved oxygen level or contains substances such as manganese and iron 
or a high concentration of carbon dioxide. When iron and manganese are to be removed, the 
aeration is followed by rapid sand filtration to remove the iron floes. Moreover, for manganese 
removal it is advisable to dose the water with potassium permanganate (KMn04) before 
filtration. In each case, the treatment process for iron and manganese removal should be set up 
with the close cooperation of a chemist in order to prepare an economical and sound design. 

Design consideration 
The standard aeration station is a mechanical aerating device that works by pumping raw water 
into a mechanically ventilated spraying chamber. 

The proposed station can handle flows of up to 10 litres per second andis designed to be used 
in combination with the standard pumping station described earlier. The designed maximum 
surface loading of the aeration is 30 m3 of water per hour per m2 of aerator cross-sectional area, 
while the ventilation system should provide 60 m3 of air per hour for each 1 m 3 of aerated water. 

The total hardness of the water to be treated should not be less than 90 mg/l calcium 
carbonate (CaC03), and the content of iron should be below 6 mg/I. 

The structural arrangement of the aeration station is presented in Fig. 14 and the arrange­
ment of the mechanical equipment is shown in Fig. 15. 

Construction details 
The foundation structure, including the pumping set blocks, is constructed of plain concrete 
with an underlying damp-course protection. The floor of the pumping room should be covered 
with fire-clay tiles, while that of the aerator compartment should be of screeded cement mortar. 

The masonry walls above ground level are of 38 cm thick brickwork with either facing brick 
or a plaster finish on the outside, while the partition wall is 12 cm thick and of common brick. 
The window lintels are formed by the roof ring beam of reinforced concrete that is continuous 
with the roof slab. The internal walls of the building are of plastered cement. The roof has a 
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felt/bituminous waterproof covering while the doors, windows, roof parapet and flashing are 
made to match those in the pumping station. 

Mechanical equipment 
The mechanical equipment in the aeration station (see Fig. 15) consists of two centrifugal pumps 
and a spraying chamber, or aerator, with a pump of the same capacity as that in the pumping 
station. Aeration pumps can be omitted from a bored or dug well. Then, the delivery heads of 
the pumps in the well will have to be upgraded to cover the required spraying pressure of about 
0.25 MPa, the equivalent of 25 m of water column, and the water will be pumped directly to the 
spraying chamber. The pipework in the aeration station should be adapted accordingly. 

The capacity of the spraying chamber may be increased as water demand grows by up­
grading the delivery pumps. All main piping should be steel-flanged, and the air lines should be 
of galvanized threaded steel piping. 

All machinery and pipework in the aeration station should be of galvanized steel or painted 
with an anti-corrosive coating. 

There is a 500 X 500 mm opening in the wall of the aeration room, fitted with an air filter 
and fine-netting insect screen to clean the air being drawn into the station. 

Resume of machinery specifications 

Pumps 
Two horizontal centrifugal pumps are required of 0.5-5. 0 litres per second capacity each, one as 
a stand-by, for a total delivery head of 25 m. 

Spraying chamber 
One steel chamber with spraying equipment is required, with a maximum capacity of 10 litres 
per second, fitted at the top with an axial screw type electric-powered ventilator of 0.26 kW. 

Pipes and fittings 
The main suction pipe is 80-125 mm in diameter, depending on the capacity of the station, and 
made of steel, as are all the adaptors, fittings, flanges and valves, while the pump delivery pipe 
measures 80-200 mm in diameter. The steel pipes and fittings from the spraying chamber to the 
pumping station wet sump are 150 mm in diameter. 

Electrical equipment 
The main power supply to the aeration station should be a 3-phase, 4-wire, 380/220 V, 50 Hz 
system with a solidly earthed neutral, light installation and the following power sockets: one 
3-phase 380/25 A socket, one single-phase 220 V /10 A socket and a 24 V supply fed from a 
100 VA, 220/24 V transformer. 

The total capacity of the installed aeration station is 27 kW with a calculated load of 18 kW. 
The aeration station is controlled from the main pumping station switchboard. It is pro­

tected from lightning by the system serving the pumping station. 
The machine room is provided with one infrared heater to protect the pumps. Two such 

heaters should be installed to heat the spraying chamber. For the location of all equipment, 
lighting and cables see Fig. 16. 
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The switchboard, consisting of one metal box with overall dimensions of 1.0 X 0. 7 X 2.2 m, 
should contain the following main equipment (see Fig. 16): 

1 three-phase/50 A circuit breaker for the switchboard inlet; 

2 three-phase/16 A contactors for the aeration pumps; 

1 three-phase/ IO  A contactor for the ventilator; 

2 three-phase/25 A fused outlets for the socket box and spare outlet; 

1 single-phase/6 A circuit breaker for the lighting; 

3 single-phase/ 10 A circuit breakers ( 1 for the infrared radiator and 2 spare breakers). 

Auxiliary material for equipment installation includes cables, steel clamps and other cable 
supports, iron-zinc earthing strips, wires and material for lighting. 

Operation and maintenance 
For operation and maintenance, the instructions of the manufacturers should be followed for 
each item of equipment installed. The aeration station should be kept orderly and clean. The 
aerator itself does not require any specific maintenance, only periodic cleaning of the walls and 
regular recoating with protective paint. The spray jets should be regularly checked; they should 
be cleaned, adjusted or replaced as necessary. 

Once a month the air filter in the wall ventilator should be checked and cleaned, while snow 
may have to be removed and anti-freeze fluid applied in winter to avoid freezing. 

Once a year, all equipment, including the pipework, should be dismantled, checked, cleaned 
and repainted; any worn parts should be replaced and a new air filter should be installed in the 
wall ventilator. 

Water Main Ancillary Chambers 

Some ancillary structures are required on the water pipelines. These standardized structures 
include: a pressure head breaking chamber, air and drain valve chambers and a measuring 
chamber. 

Pressure head breaking chamber 
The pressure head breaking chamber is normally intended for use.on mains between the source 
and the main water tank. It dissipates kinetic energy, and creates a free surface condition so that 
there are no excessive pressures in the downstream main. The chamber also releases air and 
therefore, where flow conditions allow, it should be located at peak points on the main. 

Design consideration 
The structure as presented in Fig. 17 is intended for flow rates of up to 15 litres per second. If 
higher flow rates are to be handled, the capacity of the inlet chamber has to be increased but 
otherwise the design remains unaltered. Of course, the pipe diameters in each system will depend 
on hydraulic calculation. 
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Operation and maintenance 
The water enters the chamber through an inlet pipe that terminates in a T-piece. This is 
submerged about 50 cm below the top water level to help dissipate the excessive kinetic energy of 
the incoming flow. 

From the inlet chamber the water passes over a weir to the outlet chamber. From there it 
flows through an outlet pipe to the next stretch of the main. The water flow is not controlled and 
excess water overflows into a drain. 

The design allows both the inlet and outlet chambers to be drained with hand-operated 
valves. 

For air release, an air pipe is installed downstream of the control valve on the outlet pipe. 
The maintenance checks for the pressure head breaking chamber are the same as for the 

spring intake structure: a monthly inspection to check for structural damage and to remove any 
sediments from the inlet chamber, cleaning and checking the valves every six months and 
emptying and disinfecting the chamber each year. 

Air valve chamber 
The suggested air valve chamber is a simple manhole type of structure where an automatic air 
valve and hand-operated sluice shut-off valve are located. 

Design consideration 
This chamber, presented in Fig. 18, should be located at high points on the water main where no 
other special structures are required or located. Pressure head breaking chambers or fire 
hydrants can also satisfy the air release function, in which case the special air valve arrangement 
is not required. The relation between the air valve diameter and the diameter of the water main is 
shown in the table in Fig. 18. 

Although a land drain is provided for the chamber, the cover should be located approxi­
mately 60 cm above the surrounding ground level so that surface wate.r does not collect in 
the manhole. 

Operation and maintenance 
The air valve chamber and its valves and fittings should always be kept dry and clean. They 
should be checked every three months to avoid water leakage and to prevent flooding of the 
chamber. If the latter happens, the supply system may be contaminated, especially if the main is 
emptied. It is therefore important to keep the land drain functional. 

The cover of the chamber should be locked to avoid unauthorized access. 

Drain valve chamber 
The drain valve chamber is a structure designed to contain a hand-operated valve that empties 
sections of the water main. It is therefore located at the lowest points on the water main. 

Design consideration 
The drain valve chamber as proposed in Fig. 19 can be used for mains up to 200 mm in diameter, 
with a maximum drain-pipe diameter of 80 mm. These are large enough for most small water 
supply systems. Where _special conditions exist, such as a certain time limit for emptying the 
pipeline, the drain-p ipe diameter can be set by a detailed hydraulic calculat ion.  
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The pipe arrangements are presented in two types. Type I, with one valve, is suitable for a 
system in which both the main pipeline and the drain valve chamber can be drained by gravity 
into a watercourse. Type II, with two valves, is suitable for a system in which the main can be 
emptied partly by gravity but the rest of the water must be drained through a branch valve into 
the chamber and pumped by a portable pump into the nearest watercourse. 

The valves can be operated by extended valve spindles from the top of the chamber. 

Operation and maintenance 
The operation and maintenance of this structure are similar to those of the air release chamber. 
The watertightness of Type II pipes is important and should be checked periodically. 

Measuring chamber 
The measuring chamber is designed to house a water-meter. 

Design consideration 
The measuring chamber presented in Fig. 20 contains a water-meter up to 100 mm in diameter. 
With a screw water-meter 50-100 mm in diameter, a measuring range of about 1-60 m3 /h can be 
covered, with a measuring accuracy of about 2%. 

The inside chamber size of 1.8 X 4. 0 m is also sufficient for a bypass installation. The valve 
arrangement meets the requirements for the minimum straight pipe length. This should equal 
10 times the nominal instrument diameter upstream of the water-meter and 6 times the nominal 
diameter downstream of the meter. 

The chamber should be easily accessible and provided with a land drain and a steel cover that 
can be locked. 

Operation and maintenance 
The chamber should be kept dry and clean and the valves and meter should be checked 
periodically. The meter should be read every month, or more frequently if necessary. After the 
guarantee period of the water-meter (usually four years) expires, a new meter should be installed 
and the old one sent away for cleaning, repair and testing. 

Sedimentation Tank 

The sedimentation tank is designed for the removal of suspended particles from the raw water 
and can treat the water in small treatment plants before slow or rapid sand filtration. When it is 
the only mechanical treatment unit, its capacity is 3-5 litres per second. This can be doubled by 
the application of a coagulant, but the actual capacity in this case will depend on the raw water 
quality and the characteristics of the suspended material. 

Design consideration 
The structure is designed to ensure the required settling effect for flows of up to 10 litres per 
second, but a hydraulic overload of more than 50% is still acceptable. The raw water feeding 
pipeline should be designed for the ultimate flow at a minimum flow velocity of 0. 7 mis to keep 
the suspended material from settling. The capacity of the raw water feeding pipeline should not 
be more than 20 litres per second. 
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The sedimentation tank as presented in Fig. 21 and 22 consists of inlet , sedimentation and 
outlet chambers. 

The inlet chamber has three compartments.  The inlet compartment is for turbulence 
dissipation and water level stabilization and has an overflow and a drain whose capacity should 
guarantee the discharge of the maximum inlet flow. Coagulants are mixed and dosed in the 
mixing compartment, and the valve compartment provides dry space for the flow control valves 
and the sludge draw-off control equipment. 

The sedimentation chamber is the largest part of the structure, where the mechanical 
cleaning of the raw water is performed, while the outlet chamber is a simple valve chamber that 
contains the outlet pipe and hand-operated shut-off valve, the drain and the access arrange­
ment. The sedimentation chamber itself has been designed for a horizontal flow rate of 
1-2 mm/s and for a settling velocity of 0.1-0.2 mm/s. The settling velocity can be doubled if 
coagulants are used. Its width to length ratio should be between 1 :  6 and 1 :  8 while the depth to 
length ratio should be between 1 :  10 and 1 :  15. The length of the chamber should be determined 
for each case according to the flow. 

The water depth in the tank can be considered constant, provided that the inlet raw water 
fl�w is excessive and the water surplus overflows into the drain. The capacity of the overflow 
pipe should be at least double the inlet capacity of the tank. For a rate of flow of 5-10 litres per 
second the water depth will be between 170 cm and 160 cm, respectively, owing to hydraulic 
losses , the water level being controlled by a valve in the outlet chamber. 

Construction details 
The sedimentation tank should be built of water-retaining and frost-resistant concrete. The roof 
of the inlet and mixing compartments is made of timber battens for easy access during operation 
and cleaning. The roof slabs of the valve spaces of both the inlet and outlet chambers are made 
of reinforced concrete and they have steel covers and ladders. 

The bottom of the settling chamber is constructed of screeded plain concrete, sloped towards 
the inlet compartment. 

Construction sequence 
Machine excavation is appropriate since the amount of earth to be removed is considerable. 
There must be no damage to the finished excavation, so that the structure can be founded on an 
undisturbed base. This is important because this structure is particularly susceptible to cracking 
owing to its relative length. Adequate drainage of the foundation should be laid during 
construction to protect it. A small building crane is recommended for lifting shutters, re­
inforcing steel and other materials into position to avoid unnecessary traffic across the com­
pleted profile. 

Pipework 
All pipework can be made of cast-iron except the perforated distribution inlet and collection 
pipes. These should be of steel, and the chemical dosing pipework is of PVC, polyethylene or a 
similar substance. 

The raw water inlet pipe has a hand-operated control valve. On the pipe connecting the inlet 
and mixing compartments,  a bypass branch with a hand-operated shut-off valve enables the 
settling tank to be taken out of service for cleaning, repair  or maintenance. 

37 



A pipe passes from the mixing chamber through a partition and into the sedimentation 
chamber, where the flow of water is distributed through a perforated transverse pipe. A similar 
pipe at the outlet side of the tank distributes the water already treated. The total area of the 
perforation should be 60-70% of the cross-sectional area of the pipes. The diameter of the holes 
should be 20 mm or more. They should be drilled into the pipe walls at regular intervals, from 
the bottom in the case of inlet pipes and from the top in the case of outlet pipes. 

The overflow pipe, 150 mm in diameter, in the inlet compartment empties into a drainage 
sump in the valve chamber, as do the valve-controlled drains from the inlet, mixing and 
sedimentation compartments. 

The outlet pipe, provided with a hand-operated valve, is connected to the bypass pipe. When 
the bypass is in operation, the relevant valves in the inlet and outlet chambers should be closed. 

The dosing equipment is located in the filter plant and the coagulant dosing pipe will feed 
coagulant to the mixing compartment at the point of inlet pipe entry. 

Operation and maintenance 
The sludge that collects at the bottom of the sedimentation chamber has to be removed 
periodically to maintain the efficiency of the unit and avoid the possibility of flocs being carried 
into the outlet chamber. The frequency of cleaning will depend on the quality of the raw water 
and the amount of coagulant added to the flow. This, in turn, will depend on the flow. The tank 
should, however, be inspected once a week at least, and cleaned if necessary. 

All valves should be opened and closed regularly and lubricated as necessary, and all 
pipework should be painted at the same intervals as that in all other water supply units. 

When the sludge is removed from the sedimentation chamber, the water flow must be 
stopped or, if the quality of the raw water permits, it can be rerouted to the filter plant. 

Sand Filtration 

The proposed filter plant is of the slow sand type and should be incorporated in systems where 
surface water sources are used, and groundwaters if their quality requires it. Normally, with a 
spring or artesian source such treatment would not be necessary. This type of filter is most 
suitable for small rural water treatment plants because of its flexibility and ease of operation. 

Design consideration 
The general arrangement of the filter plant is shown in Fig. 23 and an architect's view is 
presentep in Fig. 24. 

The plant can handle flows of up to 10 litres per second, equivalent to the supply for a 
population of about 4000. The water to be treated after sedimentation, in some cases preceded 
by coagulation, should normally be almost free of natural colour and have only limited 
turbidity, with the maximum concentration of suspended solids being 50 mg/I and an upper 
limit for colour being 40 True Colour Units. 

The filtration plant as designed has the following parts. 

For filtration 
A slow sand filter is required, with a flow velocity of 0.125-0.250 m/h. The filter medium 
consists of a filtration layer and a distributing layer. The former should be I 00 cm thick and 
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should consist of thoroughly washed river sand with an effective grain size of 0. 3-0.4 mm. The 
distributing layer, a total of 50 cm thick, should consist of an upper layer 5 cm thick, made of a 
material with an effective grain s ize of 1 -2 mm, then three 1 0  cm layers of 2-4 mm, 4-8 mm and 
8- 1 6  mm effective grain s izes , and finally a 1 5  cm lower support layer of material wit.h 
a 1 6-32 mm effective grain s ize. The actual filter area depends on the water flow, although this 
does not alter the design and only the length of the filter beds is adapted accordingly .  

For chemical dosing 
The following chemicals will be stored and mixed with the water: aluminium sulfate (Al2(S04)3) 
for coagulation, sodium carbonate (Na2C03) for neutralization and sodium hypochlorite 
(NaClO) for the disinfection of filtered water. Aluminium sulfate is used to assist sedimentation 
in the treatment process. The actual chemical doses will have to be determined on the basis of the 
raw water analysis in each case. 

For treated water storage 
Below the machine room a tank or wet sump is provided to create a balance be-tween the treated 
and pumped water. 

For pumping 
Pumps to deliver the treated water to the distribution systems are necessary in most cases . Two 
pumping sets are proposed, with one in operation and one in reserve. The pumping machinery 
provides water hammer protection and includes automatic air release equipment. 

Construction details 
The filter station presented in Fig. 23 is designed to be a rectangular structure, with the smaller 
area containing a machine room, a corridor, an operators' room, a chemical store and sanitary 
and dosing facilities . A larger area is taken up by the three filters. Roofing the filter beds is 
necessary only in regions with long and severe winters . 

Under the machine room a wet sump, or treated water tank, is located. It is constructed of 
water-retaining ,einforced concrete and must be tested for leaks after construction but before 
backfilling. It must also be thoroughly disinfected before the plant begins operation. The outer 
walls should be covered with a bitumastic waterproof membrane to prevent the possible 
penetration of groundwater when the sump is empty. The floor is benched towards a drainage 
pit in one corner and access to the sump is provided via a 60 X 60 cm access opening with a cover 
in the machine room floor and a ladder. 

The floors of the corridor, chemical storage and dosing rooms and toilets are constructed of 
plain concrete, while the machine room floor over the wet sump is of reinforced concrete 
supported on integral beams . 

The base and walls of the filters themselves are made of water-retaining reinforced concrete 
and the outer walls are painted with a bitumastic watertight coating. They should be tested 
before backfilling, as the wet sump should be. 

The roof of the filter area is s imilar to that oft he machine and ancillary rooms, except that it 
is supported on reinforc�d concrete columns extending from the filter dividing walls at 450 cm 
intervals. 
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A reinforced concrete stair gives access from the machine room floor level to the lower filter 
gallery that traverses the three filters, between the machine room and wet sump and the filters. 
Reinforced concrete walkways lie across the ends and along the lengths of the filters. 

All doors and window frames are of steel, aluminium or wood, depending on availability 
and preference, and should match those on other structures in the system. 

The inside surfaces of all buildings will be plastered and steel handrails erected around the 
filters and the stairs. The inside walls should be painted white to reflect maximum light, while 
the outside brick walls should be finished in the same way as those of the other structures. 

Machinery can be used for excavation if geological conditions permit and precautions are 
taken to secure good drainage and to avoid damage or disturbance of the finished base. 

The tank and filter leakage tests should be performed carefully. Particular attention should 
be paid to points where pipes pass through the walls between the filters and wet sump to ensure 
that the pipes are watertight. For these pipes special puddle-flanged sections must be used and 
keyed box-outs used during construction. 

Mechanical equipment 
The general arrangement of the mechanical equipment is shown in Fig. 25. 

A steel tank is installed in the filter gallery to ensure even distribution of the inlet flow to the 
three filters. 

Two water-meters will ensure that proper records are kept and that management of the plant 
is effective. One is to be located on the filter feed line in the filter gallery and the other in the 
machine room on the pump delivery main to the distribution system. The water level in the wet 
sump below the machine room is measured by a float device. 

The filter station is supplied with water from a small booster station that draws water from 
the wet sump. This consists of a centrifugal pump and a pressure vessel with automatic pump 
operation and it is designed for a daily water demand of 6000 litres and a maximum flow rate of 
75 litres per minute at a pressure of 0.4-0.6 MPa, the equivalent of 40-60 m of water column. 

The sodium hypochlorite dosing equipment includes a 200 litre dissolving tank, and the 
aluminium sulfate and sodium carbonate <losers, if required, are equipped with solution­
holding tanks of the same capacity. An injector system fed by the booster station is used to 
convey aluminium sulfate to the dosing spot while the other chemicals are dosed by gravity. 

Two pumps are needed, one operating and one as a stand-by, to pump the treated water 
under the required head. They are installed on the machine room floor above the wet sump from 
which the water is drawn for delivery to the distribution system. The details of the pumps and of 
the application of self-priming sets, as well as of the auxiliary equipment for the water hammer 
protection and standard air release device, correspond to those described for the pumping station. 

The suction and delivery pipes for the pumping station are of flanged steel, as are the filter 
feed and water collection pipework. The domestic supply piping is of galvanized threaded steel 
pipe and the piping for the chemical dosing is of PVC. 

Resume of machinery specifications 

Pumps 
Two horizontal centrifugal pumps, one operating, one as a stand-by, of a capacity of 0.5-
5.0 litres per second are required, with a maximum total delivery head of 85 m. The pump and 
the electromotor should be mounted on a common base plate. 
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Automatic air release device (when necessary) 
One air pump with an air vessel with a volume of about 1 50 litres, fitted with a float or electrode 
type automatic control system, is required, along with a circulating tank of about 30 litres 
capacity if necessary. 

Water hammer damping device (when necessary) 
One air compressor with a capacity of 1 5  m3/h of air, to be compressed to the pressure of 1 MPa, 
is required, along with an air vessel of about 1 m3 capacity, designed for the same pressure. 

Domestic water supply 
One self-priming centrifugal horizontal pump, with a capacity of 1 .25 litres per second and 
delivery head of 50 m, is required. Both pump and motor should be installed on a common bed 
plate. There must also be one pressure tank with a capacity of 200 litres, including a level 
indicator and pressure gauge for automatic pump control. 

Chemical dosing equipment (where required) 
The following equipment is required: 

1 <loser of required flow range, including a dissolving tank of 200 litres capacity and 
accessories for aluminium sulfate solution; 

1 solenoid valve of % inches ( 1 9  mm) diameter for the pressure water pipe; 

1 injector for aluminium sulfate solution transport; 

1 <loser of required flow range with a dissolving tank of 200 litres capacity and accessories 
for sodium carbonate dosing; and 

1 <loser as above for sodium hypochlorite dosing. 

A complete spare dosing set for each chemical should be kept in the store-room for easy 
replacement. 

Drainage pump (where drainage by gravity is not possible) 
A membrane or piston hand-operated pump or portable electric-driven submersible sludge 
pump with a capacity of 2 litres per second is required, with a delivery head of up to 1 0  m. It will 
be connected to the socket box in the station switchboard. 

Pipes and fittings 
The following equipment is required: 

steel suction and delivery pipes of 50-1 00 mm diameter with flanged connection for 
nominal pressure of 1 MPa and a total length of 1 5  m; 

air release and domestic water supply pipework and fittings of % inches ( 19 mm) 
diameter, with screwed joints, 30 m long and made of galvanized steel; 

pipework for aluminium sulfate, sodium hypochlorite and sodium carbonate, of 1 5  mm 
and 25 mm inside diameter, made of PVC or similar corrosive-resistant material, in­
cluding shut-off and non-return valves, with total length of about 30 m; 
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a set of flanged steel pipes with diameters of 1 50 mm, 1 25 mm and 1 00 mm for dis­
tributing and collecting water in the filter gallery and inside the filter beds, with total 
length depending on the length of the filter bed; 

hand-operated shut-off valves: 1 of 1 25 mm diameter, 1 1  of 1 00 mm diameter and 2 of 
80 mm diameter; 

2 non-return valves of 80 mm diameter with normal pressure of 1 M Pa on the pump 
delivery branch; 

1 steel distribution tank for evc;n distribution of settled raw water to the individual filters; 

2 horizontal screw water flow meters for average flow rate of 36  m3/h; and 

electric-controlled shut-off valves, one of 1 50 mm diameter on the filter outlet, and one 
of 1 25 mm diameter on the treatment plant inlet, to be used when complete automation 
of the plant operation is required. 

Auxiliary equipment 
The following equipment is necessary: 

1 electric-driven conveyor belt, 6 m long, for filter sand transport; 

1 portable sludge pump for pumping sand, with a capacity of 200 l itres per minute and a 
delivery head of 1 0  m, including an 80 mm-diameter easy lock-in pipe, 30 m long; and 

1 electric-driven mixer of 250 litres capacity for washing the filter sand. 

Electrical equipment 
The filter station can be supplied by one low voltage cable, either from a local low voltage supply 
distribution network or independently from a transformer connected to the nearest trans­
mission line. 

The supply terminates in a fuse box installed on the outer wall .  The power required is about 
28 kW with an annual consumption, depending on equipment, ofup to about 1 50 000 kWh. The 
general arrangement of the electrical equipment is presented in Fig. 26 in a single-line diagram. 

The building has l ighting and power sockets and the filter gallery at the lower level is 
illuminated by fluorescent lights installed on the ceiling. In the other rooms and on the outside 
walls near the entrances, appropriate fittings for filament lamps are proposed (see Fig. 27) .  The 
machine room will be heated with infrared radiation. A lightning arrester and earthing system 
should also be provided. 

A main switchboard is installed in the machine room and controls all supplies. The main 
pumps can be controlled manually from the switchboard, but under normal operating con­
ditions they will be controlled by the water levels in the main water tank near the consumption 
area. The shut-off electrode at the minimum water level in the wet sump under the pump room 
floor can stop pumping if necessary. 

The water hammer air compressor operates automatically, controlled by the pressure and 
water level in the pressure vessel , although it can also be operated manually from the switchboard. 

The standard automatic air release device is controlled by parts of its own mechanism, the 
electrodes in the vessel, and therefore no control other than a power outlet is required in the 
switchboard . 
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The inlet valve in the filter plant is electrically operated, as is the main outlet for the filters. 
These valves can be operated either from the switchboard or from the adjacent control boxes. 
Under normal operating conditions, however, they will be operated automatically, controlled 
by the water level in the wet sump below the machine room floor. The solenoid-operated valves 
used to control the water inlet to the chemical dosing equipment will be opened or closed 
simultaneously with the electric valve on the inlet to the treatment plant. 

The switchboard makes auditory signals, using a bell, siren or hooter, and has pilot lamps 
that make continuous visual signals. Lights on the switchboard will show whether the motors 
are running, whether the electric valves are open, and the maximum and minimum levels in the 
wet sump. 

The thermoplastic insulated cables should have a copper core of 6 mm2 minimum cross­
section, although for economic reasons aluminium cables of larger cross-sections will probably 
be used. 

Compensating devices are included in the switchboard for motors with an output of 4 kW 
or more. 

The switchboard (as shown in Fig. 26) comprises three box units with dimensions of 
2.4 X 0.7 X 2.2 m. It contains the following main equipment: 

1 three-phase/100 A circuit breaker for switchboard feeding; 
2 three-phase/25 A contactors for the pumps; 
1 three-phase/16 A contactor for the compressor; 
1 15 A fused switch outlet for the air release device; 
1 three-phase socket outlet for the domestic booster station; 
2 16 A reversible contactors for the control valves; 
3 single-phase solenoid valve outlets for pressure, water and chemical dosing; 
3 single-phase/6 A contactor outlets for the lighting; 
6 single-phase/ 10 A contactor outlets including 2 sockets, 2 infrared heaters and 2 spares; 
2 three-phase/25 A fused outlets, 1 for the socket box and 1 spare outlet; and 
1 water level indicator and recorder. 

Auxiliary electrical equipment 
Auxiliary electrical equipment (as shown in Fig. 27) includes: 

1 380/220/24 V socket box; 
4 infrared heaters; 
a set of cables including auxiliary steel supports, clamps and iron-zinc earthing strips 
and wires; 
lighting for the machine room (28.8 m2) to a level of 160 lux; 
lighting for the filter gallery ( 185 m2) with fluorescent lamp to a level of 60 lux; 
lighting for the corridor, store-room, operators' room and toilet (45.0 m2) to a level of 
100 lux; 
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lighting for the dosing room (14.4 m2) to a level of 200 lux; and 

lighting for the filter area (maximum 302 m2) to a level of 100 lux. 

Operation and maintenance 
The operation of the filtration station will be fully automatic except for the adjustment of the 
chemical <losers. However, the level of automation should always correspond with the expected 
level of operation services. 

The most important condition for the reliable operation of the filters is to avoid admitting 
highly turbid water. The filters must be checked for sand clogging, as it increases the hydraulic 
resistance of the filter bed. When the maximum level of sand is reached, the filter unit should be 
shut down, the water level lowered and a layer of sand about 5 cm thick scraped off. 

Depending on the local climatic conditions it takes a few days, or weeks in winter, to put the 
filter into effective operation again. Since the water must be discharged into a drain during this 
period, climatic conditions could be decisive in choosing whether to roof the filter area. 

When the thickness of the filter bed has decreased to about 60 cm, sand must be filled in to 
the original level. 

The operation and maintenance of the equipment, except the dosing equipment, is similar to 
that of the standard pumping station. 

Disinfection 
Dosing with a solution of sodium hypochlorite, with a minimum contact time of 30 minutes, will 
disinfect rural water supplies. 

The actual location of the dosing point will depend on the general layout of the system, and 
some systems may need more than one point of chlorination. For this reason, the designs allow a 
choice of several locations where chlorination may take place: the source, the pumping station, 
the water tank, the sedimentation tank or the filter. 

Design consideration 
Sodium hypochlorite was the chemical selected for dosing because it is relatively simple to 
handle and does not require the precautions necessary for the use of gaseous chlorine. Sodium 
hypochlorite is prepared in solution with 10-12% active chlorine and is transported in easily 
handled 50-litre plastic tanks. 

Hypochlorite solutions are not stable. They lose 1-2% of the active chlorine each month and 
so supplies of the chemical should not be stored for more than three months. Metal compounds 
should not be used in conjunction with sodium hypochlorite or located near it because of its 
highly corrosive vapour. 

Calcium hypochlorite can also be used and has the advantage of being available as a powder. 
Also, the solution for dosing can be made up easily on the site; 100 g of calcium hypochlorite 
contain about 34 g of active chlorine. It should be stored in paper bags. These should be kept in a 
dry room, out of direct sunlight and without large temperature fluctuations, to avoid un­
necessary degeneration. 

The dosing solution is usually diluted with treated water in a ratio in which 1 volume unit of 
sodium hypochlorite is to be diluted with a water volume of 5-50 units. The water to be used 
should be soft ,  with a hardness of less than 1 80 mg/I calcium carbonate (CaC03). If harder 
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water is used, the solution must be prepared in a separate tank and, after mixing, it should be left 
to stand for at least 2 hours, and preferably for 24 hours, to allow the carbonates formed to 
precipitate. 

The following table shows the approximate amounts of chemicals necessary for a three­
month period on the basis of 0.3-0.5 mg/1 of active chlorine dosage and a daily water con­
sumption of 200 litres per capita. 

N u m be r  of 
i n ha b i ta nts 

4000 
1 5 0 0  

5 0 0  

D a i ly d e m a n d  for  

water c h l o r i n e  
( m3 )  ( kg ) 

8 0 0  0 . 4 0  
3 0 0  0 . 1 5 
1 00 0 . 0 5  

S od i u m  hypoc h l o r ite C a l c i u m  hypoc h l o r i te  
per  day  fo r  90 d ays per d ay for 90 d ays 

No .  o f  N o. o f  
kg  5 0 - l i t re kg 2 0 - kg 

conta i n ers pa per bags  

4 7 1 .  1 8 6 
1 . 5 3 0 . 4 4  2 

0 . 5  0 . 1 2  

A higher dilution ratio can be used to provide sufficient solution volume. 
Water is usually dosed either by gravity, using a flow rate device, or with pumps, using a 

volume or flow rate device. Dosing by gravity was chosen for the rural water supply systems 
because it is easy and reliable. Plastic tanks of 25-200 litres for the disinfectant are sufficient to 
cover the demands of communities of up to 4000 inhabitants. Plastic dosing pipes of 15 mm 
inside diameter are connected to the dosing points located in the water tank inlet, the spring 
intake structure outlet or the pressure head breaking chamber outlet. The dose is adjusted 
manually according to the inlet flow. The inlet flow control should be omitted and the excess 
water allowed to overflow into the drain to avoid overdosing the water with chlorine. 

In standard model pumping stations a plastic pipe of 15 mm diameter is connected to the 
pump suction pipes. Overdosing is precluded by a shut-off and a special non-return valve. The 
latter closes automatically and stops the flow of the disinfectant when suction in the pipe is lost. 
When the pumps are not self-priming and automatic air release equipment for pump impeller 
flooding is used, the solenoid valve should be fitted up on the dosing pipe to start or stop dosing 
as necessary. 

Operation and maintenance 
The disinfection equipment is an important element of any water supply scheme, so it must be 
carefully checked whenever the solution tank is refilled. The proper function and tightness of the 
non-return or solenoid valves are essential. The <loser should be cleaned, washed and tested for 
correct function according to instructions. For this reason a complete spare <loser, ready for use, 
should always be available. 

Water Tanks 

The water tanks are used to balance the supply bf water from the source with the hourly 
fluctuation in demand throughout the day, and to provide water to the distribution system at a 
variable pressure. 
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The tanks also store sufficient water to handle emergencies and to allow the system to be 
disconnected from the source for limited periods for maintenance without interrupting the 
supply to the community. 

Design consideration 
The tanks presented in Fig. 28-31, of 100 m3

, 150 m3
, 200 m3 and 250 m3 capacities, respectively, 

are sufficient to satisfy the requirements of communities ranging in size from 500 to 4000 people, 
as calculated from the table below. 

N u m b e r  of 
i n h a b i ta nts 

500 

1500 

4000 

S pec i f i c  
wate r d e m a n d  

( l i t res  pe r  ca p i ta  
per  d ay)  

160 

220 

200 

260 

200 

260 

Tot a l  
water d e m a n d  
max i m u m  Od 

( m 3 /day) 

80 

110 

300 

3 90 

800 

1040 

R ec o m m e n ded 
n u m ber  a n d  C a p a c i ty as  

capac ity a percenta g e  of 

of ta n ks tot a l  d a i ly d e m a n d  

( m 3 ) 

1 X 100 125 

1 X 100 9 1  

2 X 100 o r  67 

1 X 200 

2 X 100 o r  51 

1 X 200 

2 X 250 63 

2 X 250 48 

The smallest tank, with a 100 m3 capacity, is recommended although it has a 30-hour reserve 
at the maximum daily demand at 1980 water consumption level only for a community with a 
population of 500. Although this is usually an excessive capacity, there could be considerable 
construction problems in building a smaller tank. On the other hand, the only advantage of 
additional capacity is that it ensures a supply of water in case of emergencies ,  such as fire or 
source failure. 

The normal capacity allowed for in design is 45-50% of the maximum daily consumption 
(Qd) and this condition is met and exceeded by all the other tank designs, with the storage 
capacity ranging from 48% to 91 % of maximum daily demand. 

Water systems that serve 500-4000 people need 47.5 m3 of water for fire-fighting. This 
corresponds to two hydrants operating at 3.3 litres per second each for two hours. This amount 
of water should be stored in the tank at all times. 

Water tanks normally lie between the water source and the community, although they can 
also be located on the far side of the community from the source. In the latter case, the water 
from the source flows through the distribution system to reach the tank. 

Construction details 
Water tanks are cylindrical water-storing structures whose base slabs are structured in two ways 
according to the type and compressibility of subsoil layers. Type I is for non-compressible 
subsoils such as rock and sandstone. Type II is for compressible subsoils such as clay. 

46 



The inside load depends on water depth ,  while the outside load depends on earth backfill. A 
minimum live load of 200 kg/m2 on the top of the tank allows for snow and permits access for 
maintenance purposes, especially during construction. The groundwater table should be below 
the base slab. 

The reservoirs should be tested for watertightness before backfil ling and properly dis­
infected before they are used for water supply. 

Detailed structural calculation and reinforcement drawings will be made for each system on 
the basis of detailed geological investigations that also consider requirements for the water­
tightness of the structures. 

Construction details are presented in Fig. 28-31. 

Construction sequence 
The most important recommendations for this type of water-retaining structure are the follow­
ing. A gravel sand layer about 40 cm thick, well compacted and drained, should be laid on clay 
subsoil to avoid soil slushing. Suitable keys should be formed between the peripheral wall and 
the base slab because this construction joint could become a source of leakage problems. The 
peripheral wall should be made of continuous concrete; the concrete should be well compacted 
and, after the shuttering is removed, the walls should be properly wetted to minimize concrete 
cracking. The central column and roof slab can be constructed of precast elements if they are 
properly tied and anchored. Careful attention to structural calculation and construction recom­
mendations is essential. 

Operation and maintenance 
The following recommendations can assist communities to operate their own systems. Access to 
the tank during operation of the system should be forbidden. This reduces the possibility of 
contamination to a minimum. The tank and pipework should be arranged so as to ensure water 
circulation (see examples of pipe arrangements in the section on water-tank valve structures, 
below). The sediment that may accumulate in the tank should be removed at least twice a year 
and the tank should be thoroughly cleaned and disinfected before it is used again. All metal 
elements inside the tank should be protected with water-resistant paint that does not contain 
phenols. The paintwork should be regularly checked twice a year during the cleaning and 
renewed as necessary. 

Water-tank Valve Structures 

The valve chambers and houses control and regulate the flow of water to and from the storage 
and balancing tanks. The designs include types for single tanks and for pairs of tanks. The 
arrangements also facilitate pressure control , overflow control, flow measuring, disinfection , 
and access for maintenance. They range in size from a relatively simple underground valve 
chamber, used generally in smaller tanks where control of the inflow by a float valve is not 
required, to large two-storeyed valve house structures with relatively complicated pipework for 
pairs of larger tanks, or for smaller tanks where automatic control is necessary. 

Valve chambers 
The valve chamber as shown in Fig. 32 has been designed so that two systems of pipe fittings can 
be included using the same construction arrangement. The Type I pipe arrangement is suitable 
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for use with a tank located between the water source and the distribution system. Type I I  is 
designed to be used with a tank at the opposite side of the distribution network from the source 
of supply. Neither valve chamber arrangement includes provision for disinfection. 

Construction of the chamber, a rectangular underground structure of plain concrete, is 
simple and similar to the measuring chamber described on p. 36. The chamber should always be 
drained to the level of the manhole constructed on the water-tank drain and overflow pipes. 
Care should be taken when designing the drain-pipe to avoid flooding the chamber when the 
tank is drained or overflows. 

Valve houses 
Valve houses are essential parts of a water-tank system when the valve chamber does not have 
enough space for the valves and fittings. The two-storeyed valve houses in this publication are 
rectangular, with the upper floor standing approximately on ground level while the lower storey 
corresponds to that of the lower tank drainage point. 

Besides housing the pipework, valves and fittings necessary for operation of the water tank, 
the valve house provides access to the water tank or tanks and can also serve to a l imited extent 
as a tool store. 

Design consideration 
The structure has been designed in two ways, one for a single water tank and the other for a pair 
of tanks, while three arrangments of pipework, Type I, Type II and Type I I I ,  have been 
provided. The criteria for civil construction, design and type·of pipework depend on the number 
of tanks to be connected to the valve house and the relative positions of the water source, the 
water tank and the distribution area, as well as the means of transporting water to the tank. 

Type I pipework is suitable when the water tank or tanks are fed by gravity and situated 
between the source of supply and the area of distribution. 

Type II pipework is used when the water tank or tanks are also located between the source of 
supply and the area of consumption but are supplied by pumping. 

Type III  pipework is useful when the water tank or tanks are located at the opposite side of 
the distribution system to the source of supply and where the inflow will be pumped. However, 
during peak hours the distribution system will be supplied by gravity via the same inlet/outlet 
pipe. 

Construction details 
The civil construction of both kinds of valve house , as shown in Fig. 33 and 34, is very similar; 
the valve house for one water tank can be easily adapted for the connection of another tank. 

The underground compartment and the peripheral wall are of plain or reinforced concrete, 
depending on the structural calculation. The valve house floor, tank access platform and ceiling 
are made of reinforced concrete cast on the site. Underground access holes and other holes will 
be left for equipment installation. An I-type gantry beam 160 mm high should be fixed to the 
walls to facilitate assembly and maintenance of the pipework. The lower floor of the valve house 
is ventilated by vent-holes in the peripheral masonry and is accessible by a steel ladder. The 
pipes' wall passage should be sealed by flexible mastic packing applied after the settling of the 
water tank and valve house. For this reason the holes should be made larger, leaving a space of 
about 2.5 cm around the pipe perimeter. The drain-pipe should be able to discharge water 
during tank operation and maintenance. 
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Type I pipework 
The inlet piping consists of steel flanged pipes with two hand-operated valves, a flow meter and a 
float valve to close off the inlet automatically when the maximum water level in the tank has 
been reached. A shaft that is fitted on the inlet pipework of the float valve installation can also 
function as a safety overflow. A branch pipe of 25 mm diameter and a valve are installed to take 
water samples. See Fig. 35 and 36. 

The inlet pipe is cross-connected through a hand-operated valve to the outlet pipe for the 
one-tank pipe arrangement to enable a limited water supply to be maintained during inspection, 
repair or maintenance of the water tank (see Fig. 35). 

The outlet piping consists of steel flanged pipes or cast- or wrought-iron flanged pipes and is 
provided with a screen/strainer and an air release valve that discharges water back to the water 
tank through a connection pipe. 

The three valves on the inlet and outlet pipelines are operated by headstocks located on the 
upper floor of the valve house. 

The drainage piping that passes from the tank through the valve chamber is of steel or 
cast- or wrought-iron flanged pipes. It has a hand-operated valve and a 25 mm diameter 
connection to the float shaft that has an inside diameter of 600 mm to allow for water level 
indication. 

A waste pipe drains the valve house itself at the lowest possible point to permit gravity flow. 

Type II pipework 
The Type II pipework is made of the same materials as Type I pipes. The valve-operated 
handstocks are located on the upper floor. The inlet discharges through a bellmouth located 
10 cm above the top water level in the tank to provide aeration and water circulation. See Fig. 35 
and 37. 

Type II pipework has the same provisions for level measuring, backflow prevention, 
sampling, drainage and air release as Type I. Since the Type II system is designed for a pumped 
supply, the float control valve on the inlet is omitted and a pressure head breaking chamber is 
included on the inlet pipework when a single tank is built (see Fig. 35). 

Type III pipework 
Again, Type III pipework is made of the same materials as Type I, but has necessary modifi­
cations in structure. See Fig. 37 and 38. 

One pipe, in this instance, serves as inlet and outlet. This pipe is divided into two in the valve 
house, so there is a pipe for each function. The inlet pipe has a valve that is operated by a 
handstock located on the upper floor. The pressure head breaking chamber is located on the 
interconnection between the inlet and outlet pipes. This arrangement maintains the water 
supply when the tank is cleaned and repaired. 

The inlet and the outlet pipes each have a non-return valve to prevent backflow when the 
tank is losing or gaining water. 

Double tank arrangement 
The arrangement of pipework in all three valve house types is not altered when there are two 
tanks instead of one, except that double connections have to be provided for inlet, outlet, drain, 
overflow and air pipes. This can be seen by comparing Fig. 35 and 38 with Fig. 36 and 37 .  
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Special considerations 
When selecting the type of valve chamber or house for a given project, it should first be decided 
whether a one- or two-tank system is to be used or if there is a likelihood that a second tank will 
be added to a one-tank system later. 

When a one-tank system is built as a first stage, the inlet and outlet pipelines will be 
interconnected, or a pressure head breaking chamber installed, in the same manner as for a 
normal one-tank system. This temporary interconnection will be removed when the second tank 
is constructed. 

In this case also the block-offs in the concrete for pipes and access to the second tank should 
be left in concrete walls, filled with brickwork and plastered over. People will be able to break 
into them easily at a later date. 

Operation and maintenance 
The equipment installed in the valve chambers and houses is intended for continuous operation, 
even during cleaning and maintenance work in the tank. Because of its strength and simplicity, 
no major difficulties should be encountered. However, every item should be operated and 
maintained according to the manufacturers' instructions. 

Also, to prevent corrosion, the pipes and fittings should be kept painted with a rust- or 
corrosion-protective coating and the structure should be ventilated to avoid unnecessary 
dampness and condensation. 

The water-meter should be checked and read each week and the float control valve should be 
checked for proper function. 

Once every six months, all valves should be checked by fully closing and opening them, and 
lubricant should be applied to the glands and valve shaft if needed. 

The valves, pipes and fittings should have a new protective coating applied at least once 
every two years. 

Distribution Network Structures 

Other important components of a water distribution system include fire hydrants, standpipes 
and house connections. Some typical designs for these are shown in Fig. 39. 

Fire hydrants 
The above-ground fire hydrants can be installed at any point on the distribution system, 
provided that a minimum water flow of 6.6 litres per second through two hydrants can be 
guaranteed with a minimum hydrodynamic pressure of 10 m in the system. 

The hydrants should be set at a maximum distance of 100 m apart and on pipelines with a 
minimum diameter of 100 mm. 

The above-ground fire hydrant system consists of a valve operated through a valve spindle 
from ground level, a 90° duck-foot bend with special fitting and a vertical stand to which the 
hydrant is attached. 

The hydrant has an automatic drainage system that operates when the hydrant is closed. 
The main components are made of cast-iron, the spindle of non-corrosive steel, and the 

extension pipes can be of steel , wrought-iron or cast-iron. 
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Standpipes 
Standpipes can be located anywhere on the distribution system, although it is recommended 
that they be installed on pipelines with diameters of 80 mm or more. 

In general, standpipes should be located where they will not be damaged by traffic, where 
people have easy access to them and where there is efficient drainage. 

The standpipe is connected by a sleeve connection, 25 mm in diameter, to the main distri­
bution pipe, and is installed on and supported by a 90° cast-iron duck-foot bend. 

A valve 25 mm in diameter is included in the pipe connection from the water main and is 
operated from the ground surface via a valve spindle. 

The standpipe has a spring-loaded handle or lever to avoid water loss through leaving 
it open. 

The main parts of the standpipe are made of cast-iron. The valve seatings are made of brass, 
while the inner pipes and springs are of steel. 

House connection 
Normally, house connections have to be constructed according to the specifications of the water 
supply agency or according to local bye-laws. Therefore, the schematic arrangement shown in 
Fig. 39 is intended only for guidance or for use where no such regulations or bye-laws exist, 
although it was prepared in the light of existing specifications. There is also a design for a 
connection to a public building such as a school or health centre. 

The house connection is a simple pipe connected to the delivery main. Adjacent to the main 
is a valve that isolates the connection for maintenance. This valve should be controlled from 
ground level by a valve spindle of appropriate length. A valve chamber with a manhole lies 
between this isolating valve and the building to be connected to the water supply. The chamber 
contains a water-meter and a valve. If the building has a basement, this chamber can be omitted 
and the valve and meter can be located inside the building. 

The pipework for house connection is usually made of galvanized steel or polyethylene and 
should be laid in a straight line. This makes it easy to find for repairs and improves the accuracy 
of metering. 

Operation and maintenance 
The fire hydrant, standpipe and house connection require periodic checking under operating 
conditions to ensure that they are functioning properly and that there are no water losses. The 
fire hydrants should be opened once every six months or at intervals determined by the 
authorities. This can be done when the streets are washed. Checking a house connection is 
normally done when the meter is read. 

Broken meters should be replaced; careful records of meters should be kept and a routine 
replacement and servicing programme established. 

General Service Building and Construction Details 

A general service building may be required at water tank, spring intake or wellfield locations 
where other structures are not available. It provides a room for attendants, toilet facilities, a 
location for disinfection equipment and storage for' tools. 

The proposed standard general service building, with foundations and floor slab of plain 
concrete, walls of brick or concrete blocks and a roof slab of reinforced concrete is shown 
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in Fig. 40. The walls are separated from the floor slab by damp-course insulation, the roof has 
thermal and waterproof insulation, and the doors and windows are of steel, although wood can 
be used. 

Some details of windows, doors and fittings are shown in Fig. 41. Other details of steelwork, 
windows and doors depend on local conditions. 

The wastewater from the toilet and wash-basin will go to a septic tank of appropriate design, 
located so as not to threaten the water supply system. The building should be kept clean, 
paintwork renewed when necessary and the septic tank periodically emptied and disinfected. 

The most typical construction details have been selected for standardization and presented 
in Fig. 42. These include fencing, pipeline crossing of watercourses and pipe laying, including 
pipe anchoring, drain outlet structure and precast indicator post. 
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5. SUPPORTING BLOCK 

16. CEIENT PLASTER 
1Z SUCTION STRAINER 
18. STEE L  OR CAST IRON PIPE 

19. FEED HOLES 

NOTE : 

NUMBER, DIAMETER ANO POSITION 
OF FEED HOLES WILL BE 
DESIGNED ACCORDING TO 
CETAIL HYOROGEOLOGICAL 
INVESTIGATION 

20. VALVE 
21. BELL MOUTH 

DIAMETER AND MATERIAL OF SUCTION OR SIPHON PIPE 
WILL BE INDIVIOUO.L FOR EACH CASE AS WELL AS 
FIGURES LI .L2,L3. L4 

3m 

SCALE 
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SECTIONAL Pl.AN C-C 

SECTION A-A 
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SECTIONAL PLAN D - D 

-� 
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SECTION B - B  

=d lol lol" ' " '� � t= 
FRCIIIT VIEW SIDE VIEW 

VIEWS ARE NOT TO SCALE 

PUMPING STATION TYPES 1.1. 2.1 and 3.1 (WITHOUT WET SUMP) 

-� 

8-EVATION RELATIONS 
GRrutll FLOOR e1 :r. t 0.00 
EXISTING GROUND 92 
RERlRMED GROUND 93 

TYPES tF PUMPING STATION ACCORDING 
1tl MAOilNERY EWIPMENT INSTAL.l£D 
(SEE F,g. 1 1 ) 

TYPE 1.1 

r=r-:n u==a 
LI 

10TAL LEHOTH OF ll£ BUILDING L 1 :r. 8J8an 
LEN.TM CF ll£ NAOIINE ROOM L2= 600cm 
WIDTH OF VALVE SPAC£ L3 • 180an 

TYPE 2.1 
L1 = 188cm 
L2s 550cm 
Lls 120an 

TYPE 3.1 
L1 •-1588cm 
L2 :r. 450em 
L3 • 120an 

LEGEND: 
1. B.INfllNG AND FOJN04TION PLAIN CONCRETE 
2. MOISTURE INSULATION-ASPHALT SHEET AND 

TWO ASPH. PAINT COATS 
3. RECEPTION WALL 
4. '#ASTE PIT 
S. BENCHING TO GRADIENT 
Ii REINFORCED CONCRETE 
1. NOT USED 
8. CENENT SCREED 
!l EARlliENWARE FLOOR TILES 

10. BRICKWORK 
11. INTERNAL CEMENT PLASTER 
12. INTERNAL CENENT - LIME PLASTER 
13. NOT USED 
14. EXTERNAL Pl.ASTER 
15. STEEL OOOR 
16. STEEL WINDOW 
17. STEEL IIS<TILATION COVER 
18. STEEL LADDER 
19. STEEi. COVER 
20. TARRED AO.PER 
21. SI.AG OR FOAM CONCRETE 
22. PROTECTING CEMENT SCREED 
23. ll10F SHEETING OR BITUMINQJS COVERING 
24. INSULATING SHEET 
25. CONCRETE TILES LAID ON 5.AND BED 
26. FLASHING 
27. Rl.lNOATION � PUMP 
28. SWITCHBOARD 

NOTES, 
MMH PIPE TO IE LAID <N..Y IN CASE WHEN GffAVITY 
DRAINAGE OF VALVE SPACE IS POSS181..E 
WATERPffOOf TYPE INSULATION SHOU..D 8£ APPLIED 
ON OUTER FACE Of VALVE Sf'llCE WAUS WHEN 
GROIMO WATER LEVEL IS COrilSIDEREO TO BE A90YE 
THE W.VE SPACE .:ITTOM LEVEL 

.. 
SCALE 
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SECTIONAL PLAN C - C 
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� (1) (2) 

SECTION A - A  

FRONT VIEW 
NOTE 
VIEWS ARE NOT TO SCALE 

I 
I 
I 
I 

_J 

�--

SIDE VIEW 

; L1 
,,.

, 
• ,so 

11" 
L 2  = 1"1 " I "' »I " I "  I 

I 

: 1itJ 
I • 

1
' -{�R 

0
SEE A 

: NOTES BELOW 

-
-
-< �  
I � 

I I 
ACCORDING TO L2 l& 25 L JL _ 

Lr-tL 
� 

AERATIO, STAT<ON 

SECTIONAL PLAN D - D 

� 
SECTION B - B  

PUMPING STATION TYPES 1.2.2.2 and 3.2 (WITH WET SUMP) 

ELEVATION RELATIONS 
GROUND FLOOR 
EXISTING GROUND 
REFORMED GROUND 
BOITOM OF WET SUMP 
MAX. W. LEVEL 

e i : !  o oo 

e 2 

9 3  
e,  =- 2.ao 

0 5 =- 0.SO 

TYPES OF PUMPING STATION ACCORDING 
10 MAOilNERY EQUIPMENT INSTALLED 
(SEE F,g 1 1 )  

I 
TYPE 1.2 

,-1 �I - -L2�: 

� 

' 
L4 l L3 

+---- �L�1 .--+ 

TOTAL LEN3TH OF THE BUILDING 
l£NGTH OF THE MACHINE ROOM 
WIOTH OF TI-E VALVE SPACE 
LENGTH OF l)IE WET SUMP 

TYPE 2 2  

L 1  :. B38cm 
L2 = 6CX)cm 
L3 : 180cm 
l4 = 543cm 

L1 = 788cm 
L2 = 550cm 
u = 120cm 

I L4 = 553cm 
________J 1----

-
- - ·-- --

I TYPE 3.2 

LEGEND : 

l1 =- 668cm 
L2 = 450cm 
LJ = 120cm 
L4 = 453cm 

1. BLINDING AND FOJNDATION PLAIN CONCRETE 
2.MOISTURE INSULATION- ASPHALT SHEET ANO 

TWO ASPH PAINT COATS 
3. RECEPTION WALL 
4. WASTE PIT 
5.BENCHING TO GRADIENT 
6.REINFORCED �CRETE 
1 WATERTIGHT REINFORCED CONCRETE 
8.CEMENT SCREED 
9. EARTHENWARE FLOOR TILES 

1 0. BRICKWORK 
1 1. INTERNAL CEMENT PLASTER 
1 2  INTERNAL CEMENT - LIME PLASTER 
13.STERlLIZATION PAINT 
1 4. EXTERNAL PLASTER 
15. STEEL DOOR 
16.STEEL WINDOW 
17. STEEL VENTILATION COVER 
1asTEEL LADDER 

1

19. STEEL COVER 
20.TARREO PAPER 
21. SLAG M FOAM CONCRETE 
2 2. PROTECTING CEMENT SCREED 
23.ROOF SHEETING M BITUMINOUS COVERING 
24. INSULATING SHEET 
2 5. CONCRETE TILES LAID ON SANO BED 
26. FLASHING 
21 Rll.NDATION FOR PUMP 
28. SWITCHBOARD 

NOTES· 
---- --

lliE HOLE AND DOOR ARE USED IN CDNJUCTIDN WITH 
AERATION STATION ONLY 

DRAIN PIP£ TO BE LAID ONLY IN CASE WHEN GRAVIT'! 
�AINAGE CF VALVE SPACE IS POSSIBt.E 

SCALE 

,. 
I 
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SECTION A-A 

PUMPING STATION • TYPES 1 . 1 .  2.1 and 3.1 (WITHOUT WET SUMP) 

N .., 

� .4st ---t> 
ffl�-� <}---- -�---·� I 

I � 
-� g 

, ·-� � 
I STATION 3 

-1 � 
I 
I 

I I 
I L __ _ 
L __ ---

�·- � II LJ 

�r 
, '  � I 

I -· D 
I 

I IT] 

i
: 

I 

: I 
I I 

�u..r..:-
1 = 

, r--

�.J_l 
-r-i--

I I s 

I '  

i i � 
-
-
- I I 

� 1: : 
I _J 

� 
SECTIONAL PLAN 0 - 0  SECTION C - C  

PUMPING STATION - TYPES 1.2.2.2 ard 3.2(WITH WET SUMP) SYMBOLS· 
.,.. YALYE 
� NOfril RETURN 

� FLOW MEASURING 

ELEVATION RELATIONS 

GROUND FLOOR 
BOTTOM OF Y,ET SUMP 
MAX. WATER LEVEL 
COMMON SUCTION PIPE , 1.SOm UNDER 
REFORMED GROUND AS A MINIMUM 

e,=io.oo 
e,:- 2.ao 
e5,-o.so 
e5 

���&��ED 
M

�ilJ��m JNfE:INIMUM e7 

MINIMUM WATER LEVEL IN THE eg 
WET SUMP 

DIAMETERS OF PIPES 

SUCTION PIPE 
PUMPING MAIN 
CONNECTION OF PRESSURE VESSEL 
TO PUMPING MAIN 

LEGEND: 

•d1 
•d2 
•d3 

PUMPSET CXJTPUT Q&0.5 upto 5.0 1/s 

TOTAL DELIVERY HEAD H upto 85m 

2 CHLORINE DOSING APPARATUS 
FOR DOSIN3 OF SODIUM HYPOCHLORITE 

l AUTOMATIC AIR RELEASE DEVICE 

4 WATER HAMMER DAMPING 
CONSISTING OF PRESSURE VESSEL AND 
AIR COMPRESSOR 

MATERIAL OF PIPES: 
SUCTION . PUMPING MAIN ANO CONNECTION OF 
PRESSURE VESSEL TO PUMPING MAIN ARE 
FLANGED STEEL PIPES 
AUXILIARY PIPING CF AUTOMATIC AIR RELEASE 
DEVICE - GALVANIZED STEEL, THREADED CONNECTION 
DOSING OF SODIUM HYPOCHLORITE - PVC OR 
SIMILAR CORROSIVE RESISTANT MATERIAL 

ALTERNATIVES OF PUMPING STATION ACCORDING 
TO THE EQUIPMENT INSTALLED 

�� 
�� ' """' 

I �  

�

2 
1 

I 
�-1 200  

L •5500 
La7&'10 

E@j=--: 
�

,
� L •68IO 

TYPE 1.1 
TYPE 1.2 

TYPE 2.1 
TYPE 2.2 

TYPE 3.1 
TYPE 3.2 

DIMENSIONS IN m m  

SCALE 
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02 
x 

SIGNALLNi AND 
CONTROLLING EI.ECTROOES 
IN WATER TANIC [E21 

,==========' 1----------
1 
I 
I 
I 
I 
I 
I AERATION -j STATION 

�lt!f o; ;-:-= furl/A "7z41 I � �1:!� 

SWITCHBOARD 

LV SUPPLY ...... 

r---1 
I iL_-=.�..l-:.-:..---t--
L ________ .J;== 

PUMPING STATION CABLE ANO LIGHTING INSTALLATION 

r - - - - -l SWI TCHBOARO < 40 kw > - 3 •::-:Mz�'IOOA.�1Sk_A _  - - - - - , 

A/ft ® � t t. @: � t.t t � t t ' I 
,. : 

I 

l 

L_ 

A 

HOUSE 

BOX "' 

DESIGNATIOtrj · 

� 

M 1  M 2  , . ,  

'--------y-----

! 
:r I n 

E1 E2 

� �  � 
! "' I 
§ i  m 
8 1:  i 
• !  • 
� 
i 

i 
m 

MJ 

3 

� � -� · 
� !  � ;  
& " t � � ! 
� . i 
.i i a 

M 4  P 1  ES m1 

� 
i -
! �  ; u �  t!l ; .J  a �  
c: ..: I  5 .  
h i i  

I 
" @ '  � Ill  � = i5 � ! � r  � :  � � .  h 

1+4 W1.W2 

t.04 ,., 

l � 
i 
i 

r i & • 

'--v--' 

iil � 
B..ECTRICAL Dl�AM FCR ELB'.:TRICAL EDUIPMENT INSTALLATION 

.... 
I 

_ _J 

TO sta>IS TRIIUTION 
SWITCHIONtO.ONLY IN CASE 

IF AERATION STATIOf4 15 IUILT 

DESIGNATION 
0, 
02 
D3 

- LEGEND 

ROOM FLOORAGE [ Ji 
MACHINE ROOM f1'l'fl£S 11.2 U.i) 24.0 22.0 11-0 
SODIUM HYPOCHLDRITE STORE 225 
AIDS STORE ,., 

ENV11t0t94ENT I • STANDARD 
IS - HUMCI 
I - CONOUCTI\IE MEDU4 

PUMPING STATION TYPE 
1.1 ANO 1.2 L1 • alaan 
2.1 ANO 2.2 L1 • '1U CIII  
3.1 ANO 3.2 L1 • us CIII 

... DYNAMIC SHORT - CIRCUIT CURRENT 

NOHINAL l.OAOING 

© AMNETER 

© VOLTMETER 

� kWh- METER 

t CUAR£NT TRANSFOfl:MER 

t CHANGE - OVER SWITCH 
FOR VOLTMETER • TRIPLE - POLE FUSE 

� AIR CIRCUIT BREAKER ... AIR CONTACTOR , 
:,, THERMAL RELAY 

0 RELAY 

! PR&:SSURE SWITCH 

ef' WAU SWJT� 

� TARIFFS CM� 

@ PILOT LAMP -MAX. AND MIN. L&:YEL 

ID RUNNING AND FAULT PILOT UHP 

1 TR#'l.E • POL&: SWITCH 

.J: COMPBtSAT�G CAPII.CITORS 

x CEILING LAMP 

)E-4 WAU LAMP 

� WAU. IGINTED 1NFRA-REO RADIATOR .. SOO<£I> ... 

IUUHINATION 
180[LUXJ 
IOO( LUKJ 
100(LUXI 

NOT(: THE SW491S ARE USED IN N::CORCWrtCE 
WlTM INlDINATIONAL STANDAAOS 
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CAI.O.JLATION SKETCH 

!:!LDRAuuc � JJ� !MTER TANK 

� PU,tPlNG MAIN 
ID.L. k l  

,.,, 

�t 
E.!] 

� 1  gl i i_ 
% '!! % 1.i 

�i 

TYP1CAL PJMP PERFORMANCE 
AND PLANT CHAR>CTERISTIC c:tR/ES 

PUMP PERFORMANCE 

EXAMPLE OF CALOJLATION 

PUMP INSTALLATION OiARACTERISTIC MTA: 

Qr = a.o VI RATED tMSCHARGE CAAICITY 
D • 0.100m INSIDE DIAMETER Of PUMPING MAIN 
L • 1.250 m lB<GTH Of PUMPING MAIN 
Hs min = 24.5 m MINIMUM STATIC 1£AO 
Hs rrmc = 29. 0 m MAXIMUM STATIC HEAD 
v 1.02M VELOCITY OF FLOW IN THE MAIN 
hf m FRICTION ANO LOCAL PRESSURE lDSSES IN SUCTION 

AND PUMPOG MAIN - 11) Til 12 1 - SEE CALOJLATION Sl<EltH 
0.10mn ABSQJJTE PIPE _.. INSIDE ROUGHNESSIWHITE -COl.EIIROO( FORMULA) 

H a Hs•hf TOTAL DELIVERY IEAO 
Hu: l'IMP SUCTION HEAD. MAXI- OPERATION VAWE I HYOIWJLIC LOSSES 

INCLUDED) SHALL BE COMPARED AND CIEO<ED 111 THE SUCTION 
ABILITY Of THE PUMP Til AW>ID RUNNl<G IN CAVITATION CONDITIONS 
INPSH - NET POSITIVE SUCTION HEAD SHALL BE TAKEN t< olCCOIJNT I 

CALCULATED VALUES, 
CHARACTERISTIC PUMP PERFORMANCE Qmina 7. 80(,'s 

<m,,c • 8.501/s 
htmin =15.1m 
h1maxs177m 

Hrnax:44.1m 
Hmin a42.2m 

"1·062 
"1•0.51 Qmax >Or > Omin 

ri: G
H
���� \:i

o

:.,:: =�
Q

druRER 

MAIN 

°""' C)­
OISOIARGE CAAICITY Olml/sl 

Ps¥" q1t�•H SHAFT POWER OF FU4P Pmr:ni:=S.8kW• PIO} IN THE GRAPH 
f'M MINIMUM WTPUT <F ASYNOfRONOUS MOTOR. FOR P < 1SkW PM =l1.2+ 1.3) 11 Prna,c 

,� ·75 kW! 

PU"1P OPERATION RANGE AND ELECTRIC MOTOR OUTPUT DETERMINATION 
PIPELINE PROFILE ILLUSTRATING SUITABLE LOCATIONS 
OF VARIOJS WATERHAMMER PROTECTION DEVICES 

WATER HYDRAuuc GRADE LINE 
TANK 

hf I ! 1 f I lhf I I 

� 
Hsi H 

WET SUMP 

BYPASS 

DISCHARGE 
TANK 

I?. 
RER.UX VALVE 

METHODS CF WATERHAMMER PROTECTION 
METHOD OF PROTECTION REQUIRED RANGE 

OF VARIABLES 
HwH:Hs+T-ht 

hO PROTECTION NEE OED H'M-I .1i�fl���INI 

F\JMP BYF!lSS REFWX VALVE �» 1  g •H 
IN LINE REFLUX VALVE � > 1 g 

SURGE TANK h SMALL 

AUTOMATIC RELEASE VALVE {'1r« 1 g 
�> Ssec 

DISCHARGE TANK -m- > 1 
AIR VESSEL � < 1 9 •H 

H'NH =�M
M

EN�!��
R
�:E���

I
�� : �ATERHAMMER 

Hs STATIC HEAD (ml  
�� �=�IC �:� IN THE PUMPING MAIN Im )  

REMARkS 
NP SH)ULO BE EXPRESSED IN(m) CF 
WATER Ol..UMN 
hf VALUE IS NOT DECISIVE (Hs» hf ) 

SOME WATER MAY ALSO BE DRAWN 
THROUGH PUMP 
USED IN CONJJCTION WITH 5CME OTHER 
METHOO CF PR)TECTION .V..TER C.OWMN 
SEPARATION POSSIBLE 
PIPELINE SHOULD BE NEAR HYMAULIC 
GRADE lit£ SO HEIGHT OF TANK IS 
PRACTICAL 
PIPELINE PROFILE SHOULD BE �VEX 
DOWNWARDS WATER COLUMN SEPARATION 
LIKELY 
h: PRESSURE HEAD AT TANK. PIPELINE 
PROFlLE SHOU!D BE CONVEX UPWARDS 
PIPELINE PROALE PREFERABLY CONVEX 
DO'MIWARDS. SMR.E.RELI.ABLE METHOD 

WATERHAMMEA WAVE ve.oc:1TY !m/t) MAY BE 
AS HIGH AS 110Clml'I FOR RIGID WALL STEEL 
PIPES OR AS LOW AS 35011W FOR VERY 
FlEXIBLE PLASTIC PIPES 
ACCELERATION CF GRAVITY I 111ts2) 

�APHICAL CAI.O.JLATION (EClJIVALENT SURGE TANK METHOD) 

4v:1x Ys(Hl+Hb)°t 1 
'X. IHs+ Hb+h) 1•X" 

a. PCl.YTAOP!Ctp,v) ow«iE 
EXPONENT M.05+ 1 251 

VESSEL LNDER STATIC ,- -' -• 

IP f'IH'ORMANCE CURVE 

V�n�cxl'k1Vf VESSEL 

,Po! 
t: :;; :e:E ( M] p/Vo J : 

CONDlTIONS J111l1 J 

�; � I t � �f K r�1
!

1
� ¥

n

, -TING POINT 

I �/-� 1 
B 1 ·� � )I L f ;fJ.;: 

POLYTRJPIC AIR VCUJME CHANGE 
IN THE VESSEL 

AIR 

UPPER LEVEL �-Y--
LEVEL UNDER 
STATC CONDITIOOS 

lYPICAL AIR VESSEL 
INSTALLATION 

% 

WATERHAMMER DAMPING 

SYMBCl.S: 
.. V AIR "11.M: CHANGE IN THE VESSEL !ml) 

RDW VELOCITY t< THE PUMPING 
MMN lnvlll 

•h max MAXlMJM PRES9JRE INCREASE ABOVE 
STATIC HEAD Im) 

-h max MAXMJM PRESSl.RE DECREASE UNDER 
STATIC HEAD Im) 

A t  INYERVAL OF TIME!tm:) 
F PIMPING MAIN CROSS SB:TIQN 

AREA lm2) 
PRESSURE HEAD t< THE AIR 
VESSEL ( m l  

PUMP!� MAIN I..CN31TUDINAL SECTION WITH TYPICAL 
PRESSURE HEAD LINES I.H)ER WATERHAMMER DAMPING 
NOTE: WMEN  DETAILED Pfl£SSURE HEAD LINE 0,.TA AA£ REQ\JIIIEO I COMPl.lCAlE SHAPE 

OF PIPE LONGlllOINAL SECTION! THE COMPUTER CW::UU.TU)N IS NECESSARY. 
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STATION � TYF'ES 12.2

1 ond ll 
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1 
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�==== 
SECTION A -A 

�II 

FRONT VIEW 
NOTE VIEWS ARE NOT TO SCALE 

1 1 I 1 1  
I 
I 

�� 
SIDE VIEW 

t.;:.,.=-1�1"1 - I - I - I - t 
��2.2 I 
and 12 I 

I 
§ I 

I 

t, 

. . ., 

SECTION D - D  

! 
$ 

l"I "" "' i " IJ�"' i " L"' i " j:1 

<@ 4 
SECTIONAL PLAN C - C 

SECTION E - E  

2, 

a1 -·-@ 

ELEVATION RELATIONS 

GROlN) FLOOR 81 it 0.0 

EXISTING GROUtll Iii 

REFORMED GIWNl 1!J 

LEGEND , 
BltHOING AND FOUNDATION PI..AIN CONCRETE 
l«)ISTURE NSl.l.ATION·ASPHALT 9EET ANJ 'NO ASPH. PAIN!" 00..TS 

3 RECEPTION WALL 
4 REIJrFOACED C0«:1£TE 
S CEMENT SCR££0 
6 EARTHENWARE FUXll TILES 
'f. BAK:KWORK 
8. INTERNAL CEIENT·Ll!E f'LASTER 
9. EXTENW.. fVSttR 

10 STEEL WIPOlN 
11. Cl.OCEO OOIER  
12 PRECAST LINTEL 
13 STEEL DOOR 
14. TNIAED PAPER 
15. SLAG Cit FOAM COICRETE 
16. F'ffOTEcn,c; CEMENT SCREED 
17 AC(F 5HEETN, OR BITIMINOUS COVER 
18 INSU..ATING SHEET 
19 CCIOETE Tl.ES LAID tN SANO BEO 
20 FLAS>< ... 
21 F<l.Nl,l,TION FOR �IJER'r' l,t,IIT 
22 .....,......, 

VENTILATION Hot.E WITH AIR FILTER 

....__...._ad._d. 
SCALE 
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·AIR FILTER 

A 

"''' 

<® 
SECTIONAL PLAN C-C 

SECTION B- B 

cv�i:iJ;j�d!Rutl 

- -· 
10 AIR RELEASE 
DEVICE 

WET SUMP 

PUMPING STATION 
TYPES 1 2, 2.2 Cll'ld l.2 

L_j 

l"VMPIMG STATION 
TYPES t2. 2.2 and 12 

SECTION A - A  

- l y r I "-.  .t.1R FILTER 

.__ ..... __ _ 
COMMON SUCTIOtil 
PIPE AERATION STATION 

FUNCTIONAL CHART OF THE AERATION 

ELEVATION RELATIONS 
IDENTICAL TO TIE INCORPORATED 
PUMP STATION 

e1 .. to.oo 

SEE INCORPORATED PUMP STATION es • - 0.50 

�:��ED
suc

Gi;:�Nri1'1s 1l0:NY:B�R ea 

LEGEND: 
MACHINES AND EQUIPMENT: 

1. PUMPSET FOR THE AERATOR 

OUTPUT Q . O.Sup1o5.0l/s 
TOTAL DELIVERY HEAD H • 25m 

2. AERATOR 

SPRAYING TYPE AERATOR MADE CF STEEL 
MAX. OUTPUT UPTO 10 IA 

3. SCREW TYPE VENTILATOR 
I CORROSIVE RESISTANT MATERIAL) 
BUILT IN TIE AERATOR WITH ALTER AND 
WATER DROPS SEPARATOR 
POWER OUTPUT APPROX O. 26 kW 

PIPES: 
PIPES IN THE AERATION STATION ARE MADE 
Of STEEL , PROTECTIVE ANTICORROSIVE PAINT 
FROM OUTSIDE AND INSIDE APPLIED 

SYMBOLS:  

iJ.. VALVE 

11!!:1 NON RETURN VALVE 

DIMENSIONS IN mm 

... 
SCALE 
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PUMPING s�:r�!
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CONTROLLING ELECTRODES e, 
I N WET SUMP OF THE 
PUMPING STATIOH 

CONTROL.UNG ELECTftODES E3 
IN COI..LECTlotil WELL "11! 

STATION SWITCHIOARO 

AERATION STATION CABLE AND LIGHTING INSTALLATION 

r;-;TCHBOARD <20kW> 3 • N, ""  SOMi,JIOV,tDDA. 1ia,.• tlkA 
- - - - - ---,  

I 
I 
I 
I 
L-

POWER SIJPIII.Y FROM PUMPING 
STATION MAIN SWITCHBOARD 

OESIG"6ATION: 

kW 

MS M 6  

, .. 
'--------v---' 

� 

El E4 

l!sa 

i !i � =} 
� :! � 

�� H 
El.B'.:TRICAL DIAGRAM FOR 

),� 

M 7  

"" 

- �  
i �  

g � I : 
! " . . 

m 2  

.. ... ... . .. 
I 
I 
I 
I 
I 

__ ___J 

5+6 W3+WS ... 

I 
ELECTRICAL EQUIPMENT INSTALLATK>N 

LEGEND 

DE SGMt.TION  ROOM fl.OOAAGE (,,,2] lt.lUNIMATIOH NVIAONMENT1 

04 MACHINE ROOM 13.0 1601WXI 1;1 
05 I AERAllON j 12.0 I 1001�1 

ENVIRONMENT 1 - STANDARD 

Ikm • 

<-···> -
© 
® 
� 
t 
z ' 
1 � , > 
0 cf 
ID 

x 

)H 

J<. • 

·-
t - CONDUCTIVE MEDIUM 

D'rNAMIC SHORT - CIRCUIT CURRENT 

NOMINAL LOADING 

AM'4ETER 

VOLTMETER 

kWh - METER 

CIJRRENT TRANSFORMER 

OW13E. OYER SWITCH 
FOft VOLTMETER 

TRIPLE- POLE FUSE 

AIR CIRCUIT BREAKER 

AIR CONTACTOR 

THERMAL RELAY 

RELAY 

WALL SWITCH 

ltlMMNB AND F.tU..T PllOT LAMP 

CEILING L#P 

WAU LAMP 

MU NOUMTED N=RA • RED RADIATOR 

SCX:KB> BOX 

NOTE 
THE SYMBOLS ARE USED IN M::COROANCE 
WITH INTERNATIONAL STAM».ROS 
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SECTIONAL PLAN C - C  

j1J I :�: 13ot 

SECT I O N  B - B  

F i g .  1 7 .  A press u re head  brea k i n g  c h a m ber  

15 60 15 150 I I 90 1 1  1 1  

- ·� 

SECT ION A - A  

-·� 

ELEVATION RELATIONS 

BOTTOM OF CHAMBER c 
OVERFLOW LE-.e. c 
EXISTING GROUND c 
REFORMED GROl.tlO c 

DIAMETERS OF PIPES 
OUTLET c 
INLET 
W'-STE PIPE c 

L EGEND : 
1. PLAIN CONCRETE 
2. REINFORCED CONCRETE 

e 1 • t  o.oo 
e2• • 1.03 
e3 
e4 

d 1  d2 d3 

l BENCHING TO GRADIENT 
4. CEMENT PLASTER 
S. WATERPROOF INSULATION 
6. PROTECTING CEMENT SCREED 
7. CAST IRON VENTILATION COVER 
8. STEEL LADDER 
9 COMPACT FILL AND HUMUS 

10. INLET STRAINER 
1 1 .  VALVE 
12. MAKE - UP PIECE 
13. AIR PIPE ,.. 2smm 
14. DRAIN PIPE ti 80mm 
15. OVERFLOW 
16. WATERTIGHT CEMENT PLASTER 
17. FOUNDATION CONCRETE 

SCALE 

3m 
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F i g .  1 8 . A n  a i r  va lve c h a m b e r 

� 
c: e 

_. 

5 

1 '-" 
201 I .... 100 I 1 20 

SECT ION A - A  

SECTIONAL PLAN B - B 

ID 

� 

!,! 
x 
c 

0 "' 

Q 

in 

-+ j 
D 

- -� 

-·---& 

ELEVATION REL ATI ON S 

LEVEL OF DELIVERY OR PUMPING MAIN e 1 
EXISTING GROUND : 
REFORMED GROUND : 

e2 
e3 

d - MAIN PIPEL INE  DIA M E TER . d1 - AIR VALVE DIAMETER 

NUMBER CF PRECASTED CONCRETE CENTERINGS : n 

L E GEND : 
1. BLINDING AND FOUNDATION PLAIN CONCRETE 
2. MOISTURE INSULATION 
3. PRECASTED CONCRETE CENTERING � 100 cm 
4. CONICAL PRECASTED CXJNCRETE CENTERING 

I 60 / 100 cm 
5. CAST I RON VENTILATION COVER 
6. CONCRETE TILES 30/30cm LAID ON SAND BED 
7. KERB - STONE 
8. F I L L  
9 .  DELIVERY OR 

1 0. VALVE 
1 1. AIR VALVE 
12. STEP IRON 

ir d  ( m m )  80 

ird1 l mm l  l 50 

NOTE : 
1. DRAIN PIPE 

PUMPING MAIN 

100 1 25 

50 l 50 

I S  DES IGN ED 

150 200 

50 l 80 

ONLY IF  
GRAVITATIONAL DRAINAGE IS POSSIBLE 

2 50 

80 
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F i g .  1 9 .  A d r a i n  va lve c h a m be r  

e1 
'"r--r------lt 

:i:: u ::E  1- < - UJ O o:: ..... 
z Vl  UJ a.. o::  
0 0  

TYPE I 1e1 �e4 1 "'-� 

i t ::1:  
. 1- < 

I �� 5 !  
z V) UJ a.. 0:: 
0 0  

SECTION A - A  e1 

lid 
125 

It----{ 9 

,2 

� 
i 

100 ,25 

� FOR TYPE I 

TYPE II !e1 >e4 l  

I 
1 1-o 

� 

A LTERNATIVES OF POSITION OF DRAIN VALVE CHAMBER 

�
CHAMBER DRAIN ON LY 

� 
If 100 n 60 

'
30f 

l lflt"aF f,ty 111 � :, 
�� �ffti

...-i-T-r-r

l : �
.,....,........

: : : : - � 
t 

SECTIONAL PLAN B - B 

d .i.. --=· -4- lW 

TOP V IEW 

SECTION C - C  
DRAIN OUTLET 

ELEVATION RELATIONS 

LEVEL OF DRAIN PIPE 
EXISTING GROUND : 

e1 

e 2  

REFORMED GROUND : e3 
LEVEL OF DELIVERY OR PUMPING MAIN ·. e4 

DRAIN PIPE - DIA METER : d 1 
NUMBER OF PRECASTED CONCRETE CENTERINGS : n 

ALTERNATIVES OF POSITION OF DRAIN VALVE CHAMBER 

TYPE I - DELIVERY OR PUMPING MAIN AND DRAIN 
PIPE ARE ON THE SAME ELEVATION 

TYPE II - DELIVERY OR PUMPING MAIN AND DRAIN 
PIPE ARE ON DIFFERENT ELEVATIONS 

L EGEND : 
1. BLINDl"4G AND FOUN DATION PLA IN  CONCRETE 
2. MOISTURE INSULATION 
3. PRECASTED CONCRETE CENTERING cj 100 cm 
4. CONICAL PRECASTED CONCRETE CENTERING cj6Q/100cm 
5. CAST IRON COVER ( HEAVY DUTY I 
6. CONCRETE Tl LES  30 I 30 cm LAID ON SAND BED 
7. K ERB  - STONE 
6. F ILL  
9. DELIVERY OR PUMPING MAIN 

10 COVER SLAB - REINFORCED CONCRETE 
1 1 .  CEMENT SCREED 
12 .  WATERPROOF INSULATION 
13. PROTECTING CEMEN T  SCRE ED 
14. STEEL LADDER 
1 5. DRAIN PIPE 
16 .  VALVE 
11  MAKE - UP PIECE 
1 6. SURFACE LOCKED BOX 
19. FLAP VALVE 
20. WATERTIGHT PLASTER 

.-d OF MAIN PIPEL INE! 80 I 100 I 1 25  

.d d1 OF  DRAIN PI PE so 50 

0 1 2 

SCAL E 

50 

1 50 

60 

3m 

200 

80 
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00 F i g .  2 0 .  A measu r i n g  c h a m be r  

@--- --� ---® 
1 Y2' 'ff 

t' : ,�, 

SECTIONAL PLAN 8- B SECTION A - A  

CIVIL CONSTRUCTION 

�---.---n----. ----· 
d1 

- �ia� I · .,_.._ l:11 iii • �-Jol:t3- - · ·--··--· 
�--

SECTIONAL PLAN D - D 

--� w-·- --� - e:n 1 ·1+t1 n -·· m • iti;ii .. !mlf:l-

SECTION C - C  

PIPES AND FITIINGS SKETCH 

ELEVATION RELATIONS 

BOTlOM OF CHAMBER , 

EXISTING GROUND, 

REFORMED GROUND, 

DIAMETERS OF PIPES 

e1,.to. oo 
82 

8J 

MAIN PIPELINE DIAMETER d1 

�ii;:::
TE

=ETER NOMINAL d2 

BYPASS PIPE DIAMETER d3 

LEGEND : 

1. BLINDING AND FOUNDATION PLAIN CONCRETE 

2. MOISTURE INSUlATION 

3. REINFORCED CONCRETE 

4. BENCHING TO GRACI ENT 

5. CEMENT Pl.ASTER 
6. WATERPROOF INSULATION 

1 PROTECTING CEMENT SCREED 

8. CAST IRON COVER 

9. STEEL LADDER 
10. COMPACT Fill AND HUMUS 

11. HAND OPERATED VALVE 

12. MAKE- UP PIECE 

13. FLOW MEASURING 
14- PIPE REDUCER ( IF REQUIRED) 

15. MASTIC AND WRAPPED TAPE JOINT 
PROTECTION 

O 1 2 3m 

SCALE 
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F i g .  2 1 .  A s ed i m entat i o n  ta n k  
(fo r sect i o ns B .  C .  D a n d  E .  see  F i g .  2 2 ) 

� 
J m I "° j 

L\1110.. Z 

I 
� �-�==,....::,�c;;:;;cs. 

�'::!:-:'==�--- <(g) 

SEDIMENTATION TANII. 

PERFtRATED STEE.. 
PIPE ,m FRON 
11E TOP 

"' 

- .�"'=-"':.......,._-_...,..-=.::r��.,....--=-';:.-=.:Z..-S-::::-S"-=::-==-=-·-=._-::-+ OllTLET-_-.=.,.-=. . .""=..-=.=-=-:::.-3-- � 
10 TitEATNENT fll.MT 

GROJND PLAN 

_@,_ 

.... 

SECTION A - A  

ELEVATION RELATIONS 

MAX. W. LEVEL 
BOTTOM <F SEDIMENTATION TANK 
REFORMED GROJND 
CENmE LINE LEVEL OF INLET PIPE 

BASIC DIMENSIONS 

b,. b2 

91 
92 
93 
94 

CJIOUND WIDTHS 
LENGTH 
DEPTH OF WATER 

L I max. 2000an I 
h l160 , 170 an l  

DIAMETERS 

INLET 
OUTLET I BYPASS I 
OVERFLOW 
DRAIN PIPE 

LEGEND : 
t BLINDING OONCRETE 

d1 
d 2 
. ,somm 
,, 80 mm 

2. WATERTNlHT REINFORCED CONCRETE 
J. eENCHING TO ORADIENT 
4. CEMENT SCREED 
5. STEEL COYER 
6. WOOD COYER 
7. STEEL LADDER 
8. PERFORED DISTRIBUTION PIPE 
9. PERFORED COLLECTION PIPE 

10. HAND OPERATED VALVE 
11. MAKE ·UP PIECE 
12. BLIND FLANGE 
13. ANCHORING 

.. 
SCALE 
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INLET 
c;a.tPARTMENT 

i 260 

� h 105 ii 9J 12 

F i g .  2 2 .  Sec t i ons  of a s ed i m e ntat i o n  t a n k  
(fo r g rou n d  p l a n  a n d  sect i o n  A see  F i g .  2 1 )  

DOSING ANO 
MIXING COMPARTMENT ..... le 3: u,!:!: o t-o. ii: it f "' 

ffi 3;�f z "' 
� f 

i!i ! o 1ii  1ii 
I I I I I I 

��Nh I �I-·-® 

�;�t
TER

I �I J r1 � �I� I J---4 5!! 

OVERFLOW 

SECTIONAL PLAN E- E 

SECTION C - C  

PIPE 

SP� 

$> 

� 

SECTION B - B  

I 250 I I b] I 1
1,Q I b] I 

SECTION 0 - D 

1� 

ELEVATION RELATIONS 

MAX.W. LEVEL 81 
BOTTOM OF SEDIMENTATION TANK 82 
RERIRMEO GROUND 83 
CENTRE LINE LEVEL OF INLET PIPE 84 

BASIC DIMENSIONS 

GAJUflD WIDTHS 
LENGTH 
DEPT� OF WATER 

DIAMETERS 

INLET 
OUTLET (BYPASS) 
OVERFLOW 
DRAIN PIPE 

LEGEND: 
1. BLINDING CONCRETE 

b1 , b2 
L (max. 2000cm I 
h l115Cl, 170cm I 

d1 
d 2  
.-1somm 
II 80 mm 

2. WATERTIGHT REINFORCED CCJ«:RETE 
3. BENCHING TO GRADIENT 
4. CEMENT SCREED 
5. STEEL COVER 
6. WOOD COVER 
7. STEEL LADOER 
8. PERFORATED DISTRIBUTION PIPE 

10. HANO OPERATED VALVE 
11.  MAKE· UP PIECE 
12. BLIND FLANGE 
13. ANCHORING 

O 1 2 3m 

SCALE 



-.J 

F , g .  2 3 .  A f i l ter  p l a n t  of t h e  s l ow s a n d  type 

� � 
i i � 

SAM> FILTER � 05% 

-

�- R,-,®�.-�I 
SLOW SAND r-1L1cn 

l 1 1 -!r �· 
� 

SANO F1LTER 
o;.._v. � 

If -- - -
�iW 

-- ------------ � �·� 1 1,. '" "I I "' 130 L1 1••• ,..,, 

"I I L2tma1t ll60l 
I I 

.,oo 

.\-

4 SECTIONAL PLAN 0-0 <© 
-

SECTION B -B 

SECTION C -C  

-- --� 
� 

-·� 

j -·� 

LEGEND: 

�-­

�--

FOLNDATION CONCRETE 

� 

MOISTURE INSULATION-TWO ASPHALT PAINT COATS 
MaSTURE INSULAT�-A.SP�LT SHEET AHO TWO ASPH 
COATS 

4 *TERTIOHT REINFORCED CONCRETE 
5 REINFORCEO Cl'.»ICAETE 
6 BEMCHING TO GRADIENT 
1. WASTE PIT 
a CE MEHT SCREED 
9 EA.ftTHEMWARE FLOOR TILES 

10 BRICKWORK 
1 1  INTERNAL CEMENT PLASTER 
12 STERILIZATION PAINT 
1J INNER CEMOIT - LIME P\.AST(R 
14 EXTER"',L PLASTER 
15. STEEL COOR 
16 STEEL WWOCNI 
17. STEEL VENTILATION COVER 
• STEEL LA.ODER , STEEL STAILltS , STEEL HiUIJRAIL 
19 STEEL COVER 
20. TARRED MP£R 
21 SLAG OR FOAM COHCJt£TE 

c!Q 

� 

L2lMCU1.l lllO) 

� 
L3h1111x. 2700) 

� 

� 

L3, n •• ,sol-- 11 • 4501 ,so 

100 

�i'-&> 

I 

SECTIONAL PLAN E-E  <© 

SECTION A - A  

PROTECTIVE CEMENT SCREED 
23 ROOF SHEETING OR IITUMINOUS 
24 INsut.ATING SHEET 
25. CONCRETE TILES LAID OH SA.ND BED 
211 FLASHING 
27 FC>lfllOA.TION FOR MACHINERY EQUlf>tilENT 
21. SWITCHIOARO 
a SA.tel Fl!..TER BED 

LAYER · RIVER SANO -EFFECTIVE SIZE O 3·0.4m111 100clt! 

ELEVATION RELATIONS 

Flll'n Gt.LLERY FLOOR •1 •t 0.0 
REFORMED GROUND e 2, e J 
MAX WATER LEVEL -0.JI SLOW SAf,(J FILTER) 
MAX WATER LEVEL -1 5 [ W£T SI.MP I 

MVMBER � SECTIONS n 

Sl.PPORTING L.t.YER • GRAVEL :::: ��� ::::: �� �:= NOTES {

ORAIN SIZE 1 · 2 111ffl DEPTH Sem >---- ------------- ---1 

TOTAL DEPTH SOe111 GRAIN SIZE 1·16111111 DEPTH W)c111 1 DRMN PIPE CAN BE DESIGNED IF GRAVITY 
OIWN SIZE '8·32111111 DEPTH 1Sc111 DR ..... AGE IS POSS8LE 

2 F UPIDE.RGROUIC) WATER LEVEL IS HIGH 
INSTUD MOISTURE NSUU.TIOH \IM.TERPIIOOF 
INSU\.ATIOH SMOlLD BE A.Pf'l.llD 

SCALE 
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SIDE VIEW 

FRONT VIEW 

F i g .  2 4 .  An  a r c h i tect 's  v i ew of a f i l t e r  p l a nt 

,,,.... 

SIDE VIEW 

SCALE 

5 6 
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F i g .  2 5 . M e c h a n i c a l  eq u i p m e nt for  a f i l t e r  p l a nt 

I D  
nu 

DOSING SPOTS FOfl SODIUM 
HYPOCHLORITE AHO FOfl 
S(K)IUM CARBONATE 

'NET SUMP 

+ 

--
•"'  

•"' 

.�, 

SECTIONAL PLAN ·C - C 

•"' 

•"' 

.!29. 

•"' 
PERFDRATm COLLECTION 
AJriCl DRAIM PIPES 

•"' 

@rtOOO 

� ­
o/� � ·M; ··� j/.,,, �.r,0��1 

· · · II -- al 

SECTION A - A  

--@ 
©-

-� 

� 

Cf> 
_,, .. 

SECTIONAL PLAN 0 - 0  

SECTION B - B 

---·� -----+  

_ ....!..._100 _ _  --+ 

-= -100 -

ELEVATION RELATIONS 

FILTER GALLERY FLOOR 
MIN. WATER LEVEL IN WET SUMP 
RM !SETTLED) WATER INLET 
tsm lHlER REFORMED GROlNl 
AS A MINIMUM 
PUMPING MAIN CJJTLET 
t5m UN)ER REFORMED GROl.1110 
AS A MINIMUM 

DIAMETERS OF PIPES 

RJIN WATER INLET 
PUMPING MAIN 
CONNECTION OF PRESSURE VESSEL 
10 PUMPING MAIN 

LEGEND: 
1.  PUMPSET 

e1 =:t:O.oo 
94 
es 

96 

•d, 
•d2 
•dJ 

OUTPUT O upto 5.0 1/s 
lOTAL DELIVERY HEAD H uplo 85 m 

2. WATER HAMMER PROTECTION 
CONSISTING OF PRESSURE VESSEL AND 
AJR CXM'RESSOR 

l AUTo.tATIC AIR RELEASE DEVICE 

4 DOMESTIC BOOSTER STATION 

S. CHEMICAL DOSING APPARATUSES 
Al.lMINIUM SU.PHATE 
SODIUM HYPOCHLORITE 
SODIUM CARBCJ,!ATE 

6. WATER LEVEL MEASl.fllNG DEVICE 

7. STEEL OISTRIBUTICJi TANK 

SYMBOLS: 

m!!I 
,;lo 

ELECTRIC OPERATED VALVE 
HAND OPERATED VALVE 
NON RETURN VALVE 

FLOW MEASl.fllNG 

PIPES DRILLING DETAILS 

I r«.-100 DISTRIBUTION PIPE 
HOLES ..-12mm@ SOlmm 

- �
·1 30 MIN W LEVEL 

INLET PIPES 

ROWS OF HOLES ..-12mm @ 500111111 

DRAIN PIPES 

DIMENSIONS IN mm 

SCALE 
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F i g .  2 6 .  E l e ct r i c a l  e q u i p m e nt for  a f i l t e r  p l a nt 

lsw;HB:RD-
1 

<3o kw> 3 •N - 50Hz,J80V, TOOA,Ji.m • 15 kA 

I 
I 
I 
L_ 

� 
� . 
g 

i 
� 
� 

�SIGNATION M1 

� 

LEGEND 

ITJ RUNNING ANO FAULT PILOT LAMP 

M2 

� 

" 
MJ M4 

" 
I • 
� • 

0 AUTOMATIC CONTROL ACCORDIJ<tG ll) THE ......,.TEA LEVELS IN W,:T SUMP 
ANO IN WATER TANK 

[il AUTOt<4ATIC C!'.lNTROL OF COMPRESSOR ACCORDING TO PRESSURE 
ANO LEV!:I..S IN PR�SSURE VESSEL 

� �LOT LAMP OPEN- SHUT.RUNNING AND FAULT 

(IJ AUTOMATIC CONTROL OF VALVES ACCOROlNG TO HE LEVELS 
IN WET SUMP 

II] LOCAL MANUAL SWITC.H NEAR THE MOTOR 

[f) PILOT LAMP OPEN-SHUT 

[!] AUTOMATIC CONTROL OF SOLENOIO VALVES 
SHUT-ON MAXIMUM LEVEL 1N WET S�P [INLET VALVE CLOSED ) 
OPEN- SIMULTANEOUSLY WITH START OF THE PUMPS ( INLET 
VALVE OPEH POSITION) 

MS 

j g  
u �  s �  � �  � = 
� i  

� �  � 

M6 

g r 
� �  . .  o •  

ID � � 

" ' 
M7 

f 
< 

§ a 

© 
© 
� 
$ 
0 

� 
i!f 
,,. 

-fff � � � 
51 52 SJ 

z � . 
& �  !!, ; & � 

; 
,;! � u 
i h  

AMMETER 

VOLTMETER 

CURRENT TRANSFORMER 

CHANGE-OYER SWITCH FOR VOLTMETER 

RELAY 

AIR CONTACTOR 

THERMAL RELAY 

TRIPLE - POLE FUSE 

DYNAMIC SHORT- CIRCUIT CURRENT 

Nl>tlMAL LOADING 

� 
� 
.h 
µ 
t 
1 
Jt 

'--v--' '-----v-----' 

� 
I 

kWh - HETER 

rARIFFS CHAJrflli;'OVER 

- - -- - - ----, 

�A rOA 

m1 

'--v--' 

I 

2SA 
I 
I 
I 
I 

_ _  J 

REVERSING AIR CONTACTOR 

AIR CflCUIT Bfl:EAl<ER 

TRIPLE POLE SWITCH 

COMPENSATING CAAI.CtTORS 

THE SYMBOt.S ARE USED IN ACCORDANCE 
Willi INTERNATIONAL STANOARDS 
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660 1eo 

D 
on -, 

WET SUMP 

PIPE CORRIOOR SECTIONAL PLAN 

LEGEND: 

x CEILING LAMP 

� WALL LAMP 

cl' WALL SWIT0-1 * WALL MOUNTED 
INFRA- RED RADIATOR 

� SOCKEO BOX = FLL()RESCENT LAMP 

F i g .  2 7 .  L i g ht i n g  a n d  c a b l e  i n sta l l a t i o n  for  a f i l te r p l a n t  

� 

��.:,NA- ROOM FLOO�AGE (m2 I 

01 CORRIDOR 9. 0 
02 OPERATOR ROOM 5. 1 
03 WASH ROOM 1. 3 
04 WC 0 8 
05 CHEMICAL STORE 5. 3 
06 CHEMICAL OOSING ROOM 1 4 . 3  
07 MACHINE ROOM 28. 4  
08 FILTER HALL 307. 8 
09 PIPE CORRIDOR 20. 5 

660 1 max. 2700 
1 

H1 

ILLUMINATION (WX) ENVIRONMENT 
100 1 
200 1 
100 1 
60 1 
40 1 . 11 

200 1. 11 
1 60 1. 8 
60 6 
40 6 .  8 

Il 
I 
I 
I 
I 
I 
I 
I 
I 

� -=---�- --I I 

n : r--I I 
I 1 08 
I I I I I I I L__ __ -Il : r--� 
: I 

= 

= 

GROUND ROOR SECTIONAL PLAN 

ENVIRONMENT , 

STANDARD 
HUMID 
CONDUCTIVE MEDIUM 

11 - CORROSIVE 

= 

= 

SCALE 

3m 
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� 
BASE SLAB TYPE II. 

SECTION A-A 

SECTIONAL PLAN B - B 

i 

--®-

F i g .  2 8 .  A 1 00 m 3 water  ta n k  

-� 

ALTERNATIVE SECTION A-A 

1111 120 �:: .... 201 1110 

�1,. ; ljy • 
SECTION 0 - 0  SECTI ON 0 - 0  
BA SE  SLAB TYPE I SASE SU.9 TYPE IL 

--®- L� 

SECTIONAL PLAN C-C SECTIONAL PLAN E - E 

ELEVATION RELATIONS 

BOTTOM 81 • :!: 0.00 
MAX.W.LEVEL 82 
EXISTING GROUND 83 
REFORMED GROUND 84 

BASE SLAB 
TYPE 1. 

FOR NON COMPRESSIBLE 
SOILS (ROCK. COMPACT, 
GRAVEL e.t.c. ACC. TO 
GEOLOG. INVESTIGATION I 

WATER TANK 
WITH SEPARATE VALVE 
CHAMBER 
VALIDITY OF SECTIONS 
SECTION A-A 
SECTIONAL PLAN B - B 
SECTIONAL PLAN C- C 
SECTION 0 - 0  

NUMBER OF STEPS 

LEGEND: 
1. 8LINOINO CONCRETE 

TYPE II. 
FOR COMPRESSIBLE 
SOILS (CLAY. SOFT SOIL 
e.t.c. ACCORDING TO 
GEOLOG. INVESTIGATION I 

WITH VALVE HOUSE 

VALIDITY OF SECTIONS 
Al T. SECTION A-A 
SECTIONAL PLAN B - 8 
SECTIONAL PLAN E- E 
SECTION 0- D 

WATERTIGHT REINF{RCED CONCRETE 
BENOINO TO GffADENT 

4. MCISTLRE INSULA.ll(J,I 
CEMENT SCREED 
T'Ml A.Sf'HALT Sl££TS ANO TI-R:E ASPH PAINT COATS 
INSULATION WITH PROTECTION 

9. HOLLOW 9RICK\IOk 

0. INSl.U.TING SHEET 
11 EXTERNAL PLASTER 
12. STERILIZATION PAINT 

ROOF SHEETING CR IITI..MNlUS CMRING 
14. CEMENT PLASTER 

STEEL LAOOEA 
16. STEEL DOOR WITH INSULA. TION 
17. GANTRY BEA.M No 16 
19 STEPS - Pl.A.IN CONCRETE 
19. EXTERNAL STEPS - REINFORCED CONCRETE 
20 COfrCRETE TILES LAID ON SA.NO BED 
21 VENTR.A.TICtl TUBE 
22 SlA.G OR FOAM COMa!ETE 

SCALE 
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8ASE SLMI 

SECTION A-A 

&>---

SECTIONAL PLAN B - B 

F i g .  2 9 .  A 1 5 0  m 3 water ta n k  

� 
NOTE: 
:� :e���-\.ACC:"Dllti 

REFORMED GAOUNO 

ALTERNATIVE SECTION A - A  

SECTION D - D  
BASE SLAI TYPE I 

-4- � 

SECTIONAL PLAN C - C  SECTIONAL PLAN E - E 

ELEVATION RELA'ilONS 

BOTTOM e 1 •:t:0.00 

MAX. W. LEVEL e2 
EXISTING GRWNO e3 
REFORMED GROUND e4 

BASE SLAB 
TYPE I TYPE II 

FOR NON COMPRESSIBLE 
SOILS I ROCK, COMPACT, 
GRAVEL e.t.c. ACC. TO 
GEOLOG. INVESTIGATION I 

FOR COMPRESSIBLE 
SOILSI CLAY,SOFT. SOIL 
e. t .c. ACCM:CMN, TO 
GEOLOG. INVESTIGATION I 

WATER TANK 
WITH SEPARATE VALVE WITH VALVE HOUSE 
CHAMBER 
VALDITY OF SECTIONS VALIDITY OF SECTIONS 
SECTION A- A ALT. SECTION A - A  
SECTIONAL PLAN B - B SECTIONAL PLAN B - B  
SECTIONAL PLAN C - C 
SECTION D - 0  
NUMBER OF STEPS n 

LEGEND: 
1 BLINDING CONCRETE 

SECTIONAL PLAN 
SECTION 

2. WATERTIGHT AEltFORCED �TE 
l SEICttlNG TO GRAOIENT 
4 MOISTI.RE INSULATOI 

CEMENT SCREED 

E - E  
0 - 0  

TWO ASfHA.LT SHEETS ANO THREE ASPff. PAINT COATS 
7 INSULATOI WITH PROTECTION 
I. FILL 4ND fUIUS 
i HOLLOW BRICl<W[JI( 
0. INSULATING SHEET 

1 1  EXTERNAL PLASTER 
12 STERILIZATION Pit.INT 
11 ROOF SHEETING OR BITUMINOUS 
14. CEIENT PLASTER 
15. STEEL LADDER 
ll STEEL DOOR WITH INSULATION 
17. GANTRY BEAM No 16 
11 STEPS - PLAIN CONCRETE 
19. EXTERNAL STEPS - REll<FORCED cot«::RETE 
20. CONCRETE TILES LAID ON SANO BED 
21 A.C. PIP£ • JSO 111111 • SUCRIFICEO FCRM 
22. VENTILl,Tlc»I TUBE 
23. SLAG CR FOAM COtrtCRETE 

SCALE 
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SECTION A - A  
J_ BASE SLAB TYPE l 

(Ql>, 

SECTIONAL PLAN B- B 

F i g .  3 0 .  A 2 00 m 3 water  ta n k  

·�-; ..... .  
SECTION A- A 
BAS£ SLAB TYPE II 

SECTION D-D SECTION D-D 
BASE SLAB TYPE I BASE SLAB TYPE U 

-·-®--·- --4 

SECTIONAL PLAN C -C 

ELEVATION RELATIONS 

BOTTOM e1 !!! 0.00 
MAX. W. LEVEL e2 
EXISTING GROUND e3 
REFORMED GROUND e4 

BASE SLAB 
TYPE I TYPE II 

FOR NON COMPRESSIBLE 

I 

FOR COMPRESSIBLE 
SCNLS ( ROCK, COMPACT SOILS ( CLAY. SOFT SOIL 
GRAVEL e.t.c. ACCORDING e.t.c. ACCORDING TO 
GEOLOOICAL tNESTl3ATll)•0 GEOLOGICAL INVESTIGATION) 

WATER TANK WITH VALVE HOUSE 

LEGEND : 
1 BLINDING CONCRETE 
2 WATERTIGHT REINFORCED 
3 BENCHING TO GRADIENT 

MOISTURE INSULATION 
CEMENT SCREED 

6 TWO ASPHALT SHEETS ANO 
INSULATION WITH PROTECTION 
FILL AND HUMUS 

'iii HOLLOW BRICKWORK 
10 INSULATING SHEET 
1 1  EXTERNAL PLASTER 
12 STERILIZATION PAINT 

ASPH PAINT COATS 

,3 ROOF SHEETING OR BITUMINOUS COVERING 
14 CEJENT PLASTER 
15. STEEL LADDER 

GANTRY BEAM No 16 
17 STEPS • PLAIN CONCRETE 
11 AC PIPE f 350 mm - SUCRIFJCED 
19 VENTILATION TUBE 
:II. !i...AG � RW"4  CCH:AETE 

NOTE, 
WIEN VAL'-£ CHAMBER IS !N'.:ORRlRATEO TO TI-E TAJ'fC 
RESPECTM: AOCESS STAACASE AND LQCKEO DOOR 
SHALL BE USED 2 , ,  

.. ....._ ____ _ 
SCALE 
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SECTION A-A ,!,._ BASE SLAB TYPE l 
l.QJ> 

SECTIONAL PLAN B- B 

F i g .  3 1 .  A 2 5 0  m 3 water t a n k  

� 

,-� 

-4-

e,.to.oo 

l4'l W.LE\IEL 
• 0.20 

SECTION A - A  
BASE SLAB TYPE n 

"11'1 24
0 

i11" 

SECTION D- D 
BASE SL.AS TYPE t. 

---- -...... ......  ....._ ,  ,, ..... " '-' "" ,, ,, ,, 
I 
L 

,,,n ,., i11" 

SECTION D-D 
BASE SLAB TYPE D. 

--4 

SECTIONAL PLAN C-C  

ELEVATION RELATIONS 

BOTTOM e 1 �:to.oo 
MAX .W.  LEVEL e 2  

EXISTING GROUND e3 
REFOIIMED Gll()(W e4 

BASE SLAB 
TYPE I TYPE II 

FCR N:tl COMPRESSIBLE 

I 

F� Cot,,FAESSIBLE 
SOILS I ROCK, COMPACT SOILS I CLAY, SOFT 
GRAVEL e.t.c. ACC. TO SOIL e .t .c . ACCORDING TO 
GEOLOG. INVESTIGATKlN I GEOLOG. INVESTIGATION) 

WATER TANK WITH VALVE HOUSE 

LEGEND : 
ILINOING CONCRETE 
WATERTLo.ll REINF�D CONCRETE 
BENOING TO GRADIENT 

4 MOISTl.�E 
SCREED 

TWO ASPH,t.LT SHEETS ANO THREE ASPH PA.INT COATS 
INSULATION WITH PROTECTION 

8 ALL ANO HUMI.IS 
9 HOt.LOW BRICKWORK 

10 INSUU.TING SHEET 
11. EXTERNAL PLAS� 
12 STER1LIZATION PAINT 
13 ROOF SHEETING OR BITUMINOUS COVERING 
14 CEMENT PLASTER 
15 STEEL LADDER 
16 GANTRY BEAM No 16 
17 STEPS - PLAIN CONCRETE 
115 AC. PIPE • 350 mm - SUCRIFICED 
1!il VENTILATION TUBE 
20. SlAG OR FOAM CONCRETE 

NOTE: 
WHEN VALVE CHA .. ER IS INCORPORATEO TO THE TANI< 
RESPECTIVE ACCESS STAIRCASE ANO LOCl<EO OOOR 
SHALL BE USEO ISEL F ,g 28 or 291  

SCALE 
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SECTIONAL PLAN C-C 
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I 
SECTION D - D  

©--·-
LEFT POSITION ;i 

§,; �"a 

\\ 
/f""}i' ��-�/ 

F i g .  3 2 .  T h e  va lve c h a m be r  for  a water  t a n k  

SECTION A-A 

--4-·-
R1$1T POSITION LEFT POSITION 

M-11" 

-�-

""</. 

� 
I 

'V ... 'I? ,r ,f 
� • r 
I i ; I 
+ + I t 

+t � �­�� o �  

.; 

SECTION B-B 

""</ 

� 
i 

--� 

�� 
SECTION D - D  

-·-@ 
' !-1'1GHT 

1(-h I;. II 

'"":::..\./ 
\ 

POSITION 

SECTIONAL PLANS E - E P IPES AND VALVES 
WHEN VALVE CHA,eER IS INCORPORATED TO WATER TANK LOCATED 

PIPING TYPE I - � '""'" OF ,_, .. ,, Pf PING TYPE II - BEHINO '°'"'"""' 

ELEVATION RELATIONS 

BOTTOM e 1 H 0.0 
EXISTING GROUND e2 
REFORMED GROUND e3 

PLAN OF PIPES - TYPE I LEFT 
RIGHT 

f'OSITION 

- TYPE II �:'r POSITION 

DIAMETERS OF PIPES : d1 ,d2 .d3 , d4 . dso•­
NOTE : L - ACCORDING TO DIAMETER OF PIPES 

LEGEND : 
1. BLINDING COOCRETE 
2. PLAIN CONCRETE 
3. REINF�CEO CONCRETE 
4. MOISTI.RE .. SULAT10N 
5. BENCHING TO GRADIENT 
6. WATERTIGHT PLASTER 
1. WATEAPROOF INSULATION 
I. PIOTECTtfO CEMENT SCREED 
l STEEL LADDER 

10. CAST IRON COVER 
1 1 .  CONPACT FILL AND HUMUS 
12 CONCRETE TILES U.10 ON SAND SEO 
13  MAkE -UP PIECE 
14 WATER METER 
15 NOH RETURN YALYE 
11 VALVE 
17. AIR VALVE •25111111 

DIAMETERS OF PIPES FOR 
OF VALVE CHAMBER , WHICH 

BOTH TYPES 
IS INCORPORATED 

TO THE FOLLOWING WATER TANKS. 

111'111'11  ,oo-3 """' ""•' '""' . . , .. .. " 80 .. , "" "" "' "' .. , " .. 80 "' ... "' 80 80 80 ... 25 25 

NOTE· 
FOfl PIPING TYPE U 11"d5 MEANS DIAMETER (I AIR VALVE 

3• 

SCALE 
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SECTION A - A  
CH.-...EL TYPE © 

�-

00 ..... 

F i g .  3 3 .  A va lve h o u se for o n e  water  ta n k  

� 
i 

l• I "' l" I  

SECTIONAL PLAN C-C  

e, 

-� 

-y 

SECTION B - B 
CHANNEL TYPE@ 

--4---- 1 

�· 

-·-@ 
� 'ij  

i" I j u, 1" 1 ,., ,so I 180 

� 

SECTIONAL PLAN 0-0 

ELEVATION RELATIONS 

BOTTOM e1 •t o.o 
MAX. W. LEVEL e2 

EXISTING GROUl«l e3 

REFORMED GROUND e4 

GROUND FLOOR es 

UN-GROUND FLOOA e5 

NOTE: 
THE ELEVATIONS ANO FIGURES IN BRACKETS 
APPLY FOR VALVE HOUSE INCORPORATED TO 
WATER TANK 2CJ0m3 OR 2SOm3 OF STORAGE 
CAPACITY I DEPTH OF WATER IN THE TANK IS 
400cm J 

VALVE HOUSE -WASTE CHANNEL ARRANGEMENT 

TYPE @ TYPE @  
VALVE HOUSE AT WATER 

I 
VALVE HCXJSE AT WATER 

TANK WHICH IS FED GRAVl- TANK WHICH IS FED BY 
TATIONALLY PUMl'ING 

LEGEND : 
1. PLAIN CONCR£TE !FOUNOATICHS ANO WALLSI 
2 GRA'vEL FILL 
J MOISTURE INSULATOI 
4. BENQllNG TO GRADIENT 

CEMENT PLASTER 
RENFCR:ED cotCRETE 

7 CEMENT SCREED 
CEIENT - LIME PLASTER 
BRICKWORK 
CEMENT PLASTER WITH MCIS"!l.JRE INSULA TK)N 

1 1  INSULATING SHEET 
12 SLAG OR FOAM CONCRETE 
U PROTECTIVE CEMENT SCREED 
14 ROOF SHEETNG OR BITUMINCNJS COVERING 
15 COMCRETE Tll.ES LAC OH SA.HO BED 
16 STEEL DOOR 
17. STEEL LADDER 
11 VENTILATICN COVER 
1 9  GLASS CONCRETE WINOCM 
20. STEEL WINDON 
21 GI.NTRV BEAM No 16 
22. DUCKED COVER 
23 STEEL HANDRAIL 
24. EXTERNAL PLASTER 

NOTE, 
LOCATION OF HOLES IN VALVE HOUSE FLOOR FOf:I PIPES 
A.ND VALVE CONTROL RODES SHA.LL BE FIXED ACCORDING 
10 THE TYPE OF PIPING 
NlN!ER OF STEPS Wilt. BE ACCORDING TO REFORMED GAOUICl 
ELEVATION ( t4 l 

0 

SCALE 
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F i g .  3 4 .  A va lve h o u s e fo r  two wate r  t a n ks 

ELEVATION RELATIONS 

BOTTOM e, et 0.00 

MAX. W. LEVEL e2 
EXISTING GROUND e3 
REFORMED GRCJU,ID e4 
GROUND FLOOR es 
UNDERGROUND FLOOR es 

NOTE: 
THE ELEVATIONS AND FIGURES IN  BRACKETS 
APPLY FOR VALVE HOUSE INCORPORATED 
TO WATER TANK 200m3 OR 250m3 OF 

t,;• I' P I 
C7 

� 

...-4 ti STORAGE CAPACITY ( DEPTH OF WATER IN 

f-p 1 e....3. .1 ·?)"< y THE TANK IS 400cm J 
- -�I- - - - -IH---i$f --""'- � I WA  111 - -- - VALVE HOUSE -WASTE CHANNEL ARRANGEMENT 

SECTION A-A 
CHANNEL TYPE @ 

©-·-

SECTIONAL PLAN C-C  

-� 

SECTION B-B  
CHANNEL TYPE @ 

li�,;,1;:,@, %2222 22fL, ,l_=i-
SECTION B-B 
CHANNEL TYPE@ 

1. -@-- = � 
A � -

"'" 

� 
ill. 

--@ 

LENGTH .L. OF RETAINING 
WALLS ACCORDING TO THE HEIGHT 

..Jl OF EARTHFILL 

SECTIONAL PLAN D-D 

TYPE (_a) I fYl-'C lD 
�t�� ��u;;o 

AT 

G:!,��r16
A

N:LY I :-;�;H M
1

�us;e/T

e:'A�E!
P1
r:1< 

LEGEND : 
CONCRETE ! FO�OATIONS ANO WALLS I 

2 GRAVEL FILL 
3 MOISTURE INSULATION 
4 BENCHlt«; TO GRA.OENT 

CEMENT PlASTER 
REINFORCED CONCRETE 

1 CEMENT SCREED 
8 CEMENT - LIME PLASTER 
9. BRICKWCRK 

10 CEMENT PLASTER WITH MOISTURE INSULATION 
It INSULATING SHEET 
12 SLAG OR FOAM CONCRETE 
13 PROTECTIVE CEMENT SCREEO 
14. ROOF SHEETING OR BITUMINOUS COVERING 
1S. CONCRETE TILES LAIO � SANO BED 
16. STEEL OOOR 
17 STEEL LADOER 
18. VENTILATI� COVER 
19 GLASS CONCRETE WINOCM' 
20 STEEL WINDOW 
21 GANTRY BEAM No 16 
22 OUCICED COVER 
23 STEEL HANCIIA.l. 
24. EXTERNAL PLASTER 

RETAINING 
FLASHING 

NOTE: 
LOCATION Of HOLES IN VALVE HOUSE FLOOR FOR PIPES 
ANO VALVE CONTROL RODES SHALL BE FIXED ACCORDING 
TO THE TYPE OF PIPING 

SCALE 
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F i g .  3 5 . Type I a n d  I I  p i pewo rk  i n  a va lve h o u s e  fo r  o n e  water  ta n k  
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<if·- 11 ---© ®--­
rol l"' l" l"'lll "' =11 "' l�I 1'1' 1 1"1 \I 'ij 

§ 
� 

-·� 

OUTLET 
-+ 

SECTION A-A 

� \l'.5 106 3& 
I I -

m l8 

SECTION E - E SECTION B- B 

NOTE THE ELEVATIONS ANO FIGURES IN BRACKETS APPLY FOR 
VALVE HOUSE INCORPORATED TO WATER TANK 200m3 
OR 25Qml OF STORAGE CAPACITY 
[ DEPTH Of WATER IN THE TANK IS 400cm) 

OUTLET 
-+ 

I ''" I '" I "' I" I '" 
1" I 

INLET 
-­
OUTLET 
-+ 

@--"''" " �,:::p �I 111 1 ,'1£� ©-·-
OVERFLOW -
tH<�PE

q==:i 
nl--tl'r'¥.+� l -·-® 

-·--@ 
SECTIONAL PLAN C - C  H H 

PIPING TYPE I - WATER TANKS WITH GRAVITATY FEEDING 
IN FRONT OF COMMUNITY 

� 
• - • 11 • 

; ., H SECTIONAL PLAN D-D 

PIPING TYPE II - WATER TANKS WITH FEEDING BY PUMPING 
IN FRONT OF COMMUNITY 

VALVE HOUSE FOR ONE WATER TANK 

ELEVATION RELATIONS 
BOTTOM e, =!: 0.0 

MAX W. LEVEL e2 

DIAMETERS OF PIPES - d 1 .d2 .d3. d4 . d 5  .d6 

MATli:RIAL CF PIPES ( d 1 -d5 J - STEEL OR CAST IRON, 
I d5 I - CONCRETE 

LEGEND - PIPING TYPE I 

INLET (d1 I 
1 FLANGED Pf>ES ANO FITTINGS 

OPERATED VALVE 
3 WATER METER 
4 FLOAT VALVE 

FLOAT SHAFT, STEEL PIPE - 1000,INSIDE .-&OOmm 
Mit.KE - UP PIECE 
OUTLET PIECE 

OUTLET ( d2 I 
9 FLANGED PIPES 

10 INLET STRAINER 
11 MAKE - UP PIECE 
12 HAl<l OPERATED 
13 HEADSTOCK 

DRAIN PIPE ( d 3J 
14 FLANGED PIPES 
15 HANO OPERATED VALIJE 

OVERFLOW I d4 I 
16 F"LANGEO PIPES 

AIR PIPE l d 5 l  

WASTE PIPE i d 6  I 
18 CCN:RETE PIPE 

19 F"LOAT SHAF"T , STEEL PIPE • 600 mm 
20 ™REAOEO PIPE .- 2SmP1 !GALVANIZED STEEL) 
2\ VALVE .- 2Smm 

L EGEND - PIPING TYPE II 

INLET ( d 1 ) 

HANO CPERATEO VALVE 
3 NON RETURN VALVE - F"OR NLET PIPE AT BOmM OF" TANK ONLY 
4 MAKE - UP  PIECE 
5. OUTLET PIECE 

OUTLET l d 2  I 
F"LANGEO PIPES ANO F"ITTINGS 
INLET STRAINER 

9 MAKE - Lf' P£CE 
10 HANO OPERATEO 

DRAIN PIPE (d3 I 
12 F"LAMGEO PIPES 
11 HAND CPERATED 

OVERFLOW I d  4 I 
14. F"LANGEO PIPES 

AIR PIPE ld5l 
IS WELDED PIPE 

WASTE PIPE I d5I 
16 CONCRETE 

17. PRESSURE BREAKING SHAH , STEEL PIPE f 600mm 
18 F"LOAT SH-'FT , STEEL PIPE • 600mm 
19. THREADED PIPE t1 2Smm (GA LVANIZED STEE L )  
2 0  VALVE 11 2Smm 

SCALE 
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F i g .  3 6 .  Type  I p i pewo rk  i n  a va lve h o u s e  for two water  ta n ks 

-·-<zy-·-

--v-

SECTION A-A 

�
ET

� I ii ·!ta·bt·!-tt 
�E 
PIPE 

SECTION B-B 
NOTE : THE ELEVATIOfrilS AN D  FIGURES I N  Bfl:ACICETS APPLY 

FOR VALVE HOUSE ltCOAPORATED TO WATER TANK 
200ml OR 2501113 OF STOftAGE CAPACITY 
( DEPTH OF WATER IN THE TANI< JS '400CM) 

112 Jf I I I ,., 1 "' I 

- I i+f i� 

----@ 
&>---

1 
1" 1 " 1  "' I 10 I "' 1"1 

� 

�' 

SECTIONAL PLAN C-C SECTIONAL PLAN D-D 
PIPING TYPE I WATER TANKS WITH GRAVITY FEEDING 

IN FRONT OF COMMUNITY 

-� 

--� 

j 
� 

ELEVATION RELATIONS 
BOTTOM : e , ., o oo  
MAX. W. LEVEL 82 

DIAMETERS OF PIPES d1.d1:d2.d2:d3.d4,d5.d5 
MATERIAL OF PIPES I dt -d5 I - STEEL OR CAST IRON 

I d5 I - CONCRETE 

LEGEND : 
INLET I dt,di I 

FLANGED PIPES AND FlnlNGS 
HAN> OPERATED VALVE 

J WATER METER 
4 FLOAT VALVE 
S FLOAT SHAFT • STEEL PIPE • 1000,INSIDE • 600mm 
6 MAKE - UP PECE 
7. OUTLET PIECE 
8 HEAOSTOCIC 

OUTLET ( d2 , di l  
9 FLANGED PIPES A.NO FITTINGS 

10.  INLET STRAINER 
1 1  MAKE • UP PIECE 
12 HANO OPERA.TEO VALVE 
13  HEADSTOCK 

DRAIN PIPE ( d 3 )  
1 4  FLANGED PIPES 
15. HANO OPERATED VALVE 

OVERFLOW I d4 ) 

FITTINGS 

16 FLANGED PIPES ANO FITTINGS, 

AIR PIPE ( d 5 )  
17 WELDED PIPES 

WASTE PIPE I d  61 
18 CONCRETE PIPE 

19 FLOAT 51-iAFT , STEEL PIPE • 600mm 
20 THREATED PIPE -"25mm (GALVANIZED STEEL I 
21 VALVE -"25mm 

._ ___ ..... __ ,., 
SCALE 
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F i g .  3 7 .  Type I I  a n d  I l l  p i pework i n  a va lve house  fo r  two water ta n ks 

§ 
f 
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I 

v·- � ,, '" I '" I ••• I � ·1 n - 1  I I  .lU!l 

I 
91111 I -� 

OVERFLOW 

= 

SECTION A-A 
NQT E : THE El.EV,,TIONS AN O  FIGURES I N  BRACKETS 

APPLY FOft VALVE HOUSE INCORPOAATIO 

STORAGE CAPACITY IOEPTH OF WATER IN THE 

t 
TO WATER TANK 21Xll113 OR 2!501113 OF 

TANK IS @c:111) 

I '" I  '"' I t " I  "' l" I I "' I '" I 

• 
OOT� 

OVE� 

I � 
� 

6 

� 
" i �· 

';:; ..,,-.... _ 
! 
ii -

[k �: '! 
,) ,i) 

-- !I!!! --
\ .1�.1s1 : 

" - " ,., I 
! -·� ,� -

1 
SECTION B-B 

I 
� 

" 
-----

'"= 

' � 
� ' 

-� 
!l 
.J 
� 

Wt.STE -2.25 --- ' 
� _I -= , 

�.,,; ORM�PE � I :::::M· 

PIPING TYPE II 
SECTIOtiAL PLAN C-C 

WATER TANKS WITH FEEDING BY PUMPING 
IN FRONT OF COMMUNITY 

PIPING TYPE III 
SECTIONAL PLAN 

WATER TANKS WITH FEEDING BY PUMPING 
BEHIND COMMUNITY 

VALVE HOUSE FOR lWO WATER TANKS 

ELEVATION RELATIONS 
BOTTOM e,•t 0.0 
MAX. W .  LEVEL e2 

OIAt.ETERS OF PIPES d1,d(,d2,df,d3,d4.ds,ds 
MATERIAL c:F Pl'ES (d1 -d5 J - STEEL OR CAST IRON (d§_ I - CONCRETE 

LEGEND - PIPING TYPE II 
INLET (d1,d(I 
1 FLANGED APES � FITTINGS 
2 HANO OPERATED VALVE 
J NON RETURN VALVE ·FOR NLET Pf>E AT BOTJJM CF TAN< OP«.Y 

MAKE - UP PIECE 
OUT\.ET PIECE 
HEADSTOCK 

OUTLET ( d2 ,dfl 
1. FLANGED fip£s ANO FITTN3S 
a INLET STRAINER 
II MAKE • UP PIECE 

10 HANO OPERATED 
11 HEADSTOCK 

DRAIN PIPE ( d J I  
12 FLANGED PIPES AND FITTINGS 
11 H4l'Cl OPERATED _VALVE 

OVERFLOW I d  4 I 
14. FLANGED PIPES ANO FITTINOb 
15. IELLMOUTH OVERFLOW 

AIR PIPE ( d 5 I  
16. WELOEO PIPE 
WASTE PIPE I d 5 I 

17. COMCRETE PIPE 

11 FLOAT SHAFT , STEEL PIPE • 600 mm 
19. THREADED PIPE•25- IGMAIANllED STEEL ) 
20 VALVE ,,25111111 

LEGEND - TYPE III 
INLET ( d 1 ,d(J 
1 FLANGED PPES ANO FITTINGS 
2 HANO tl'ERATEO VALVE 
J NON RETURN \It.LYE ·FOR INl.E"T Pl'E AT BOTIOM CF TANK ONLY 
4. MAKE · UP PIECE 

OUTLET ( d 2,dil 
S. FLANISEO PIPES AN> FITTINGS 
6 IN.ET STRlt.lNER 
7. MAKE - UP PIECE 
a. HANl CFeRATEO VALVE 
9. HON RETURtt VALVE 

DRAIN PIPE ( d J I  
10 FLAMGEO PIPES ANO 
11. HAtCl Cl'ERATEO 

OVERFLOW ( d4 I 
12. Fl.ANOEO PIPES ANO FITTINGS 

AR PIPE (d5I 
1l. WELOEO PIPE 

WASTE PIPE (d5I  
14. co«::RETE PIPE 
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Mamusa 

Basic Data 

The community of Mamusa lies in the commune of Prizren, about 13 km in a direct line, and 
about 20 km by road from the commune centre of the same name. Access to the community is 
possible throughout the year by means of a well maintained asphalt road. 

The buildings are concentrated along the sides of the main street that passes through the 
town on the right bank of the Topluga River, flowing along its south-eastern edge. Mamusa has 
a school and health centre but no industry (see Fig. 43). 

In 1971, the national census found the population of the community to be 2037 and, 
following detailed discussion with the provincial planning authorities, it was concluded that 
Mamusa would grow during the design period so that a population equivalent of 3900 would be 
used for the water supply system. Most of the population is employed in agriculture. 

In accordance with the design critiera, a per capita water consumption of 260 litres per day 
was adopted. This resulted in the following daily water requirements (see p. 4). 

Tota l  9 0% ( red uced  fo r  des i g n )  

m3/ d ay l i t res / second  m3/day  I 1 t r e s/  second  

1 0 1 4  1 1 . 7 9 1 3  1 0 . 6  

Water Resources 

An investigation of the area surrounding Mamusa indicated two possible sources of water. One 
is the alluvium of the Topluga River, near the community. The other is a karst spring with a 
recorded yield of 14-42 litres per second, located some distance away. 

Because of its proximity to the centre of consumption, the groundwater from the river valley 
was selected after water sample analyses from both sources had indicated that no additional 
treatment would be necessary. Also, the water from the karst spring was found to be of inferior 
quality to the river valley groundwater. 

The hydrogeological investigation of the proposed groundwater extraction area found that 
the fluvial sediment was 5.1 m deep and 2.9 m of this were considered to be water-bearing 
gravel/sand strata suitable for water extraction. The average water table line was found 1.6 m 
below ground level. 

91 



The overlying fluvial deposits contained fine-grained sand and clay loam, 2.3 m thick, that 
provided a good protective cover and minimized the possibility of direct contamination of the 
source from the surface. 

Pumping tests proved that 4 litres per second of water could be extracted from one well 
located 100 m from the river bank, so the system was designed with two bored wells at the same 
distance from the river and 100 m apart. 

No further details on the specific hydrogeological conditions or pumping tests are presented 
in this publication since its purpose is to describe the application of the standard model designs. 
However, the tests performed and general results found have been mentioned because they are 
critical for the design. 

The wells should be bored down to the top of the impermeable subsoil underlying the 
granular water-bearing strata. The inner diameter of the well screen will be determined by the 
pump and suction strainer design but a 30 cm minimum is recommended. The bore diameter 
depends on the outer diameter of the well screen and the recommended 10 cm thickness of the 
packing material. Taking this into consideration, a bore diameter of 50 cm was selected. 

The perforated well screen will reach from 10 cm below the maximum draw-down level of 
the aquifer during pumping to the well bottom on top of the impermeable substrata. The area of 
perforation in the active screen length should be at least 20% of the total screen area, while the 
grain size of the filtration fill material will be determined on the basis of the grain size 
distribution of the water-bearing strata and the filter screen perforation size. For this purpose, a 
detailed investigation of the grain size distribution of th�/aquifer is necessary. 

To ensure that hygienic conditions prevail at
. 
th7wellfield, a protection zone with strict 

access control should be established, covering an a�a extending about 100 m from the well. A 
secondary protection zone was recommended, �xtending a distance equivalent to 180-day 
groundwater flow time. The establishment of thls secondary zone of restricted activity should 
safeguard the wells from contamination by pathogens. 

The main characteristic of the groundwater is its degree of mineralization; its total hardness 
due to the presence of calcium and magnesium was 185 mg/1 calcium carbonate. Water of this 
quality is within the medium range of hardness and can be classified as very suitable for public 
water supply. 

During the pumping tests, the salinity of the water dropped slightly from 250.2 mg/1 to 
243.1 mg/I; 186 mg/I of this were the monovalent cation salts sodium and potassium. Also, from 
the low alkalinity and low concentrations of mineral acid anions, especially chlorides and 
nitrates, it is evident that the groundwater is little affected by pollution resulting from human or 
agricultural activity. 

The water was also found to be exceptionally pure, as illustrated by the very low chemical 
oxygen demand recorded. Thus little organic oxidizable matter is present. The same is true of 
ammoniacal nitrogen and nitrites. The minute nitrate values indicate that the water is not 
subjected to the usual sources of groundwater pollution. 

These data, as well as physical characteristics such as clarity and freedom from colour, 
turbidity and odour, make this groundwater a most acceptable source for public water supply 
and consumption. 

The water contains some free carbon dioxide and disinfection will have to be provided to 
ensure the bacteriological quality of the supply. Since the community of Mamusa plans a 
connection to the regional water supply system of Prizren-Suva Reka in the future, only dosing 
with sodium hypochlorite, within the range of 1 .5-3 g of commercially available solution per m3 of 
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water is anticipated at this stage. Carbon dioxide removal would be necessary only if the 
planned connection to the regional system could not be made and the wellfield had to be 
extended as a result. 

Water Supply System 
The water should be extracted from the aquifer using two bored wells 7 m deep. Because of the 
relative elevation of the water source and the area of consumption, a pumping station will lift the 
water to a service tank situated behind the area of consumption, so that the water is pumped to 
the tank through the distribution system. Water flow will be measured by a meter located in the 
pumping station. For a community of this size, a tank of 250 m3 capacity is required. 

Basic hydraulic calculations are presented in Fig. 44 and the longitudinal profiles in Fig. 45. 
Fire hydrants also used for air release and sludge removal will be installed on the distribution 

network. The network will be made of PVC; only one pressure zone is required. 
Standpipes are proposed for public water supply, with service connections to the school, 

health centre and other public buildings. 
The pumping station will be supplied with power from a 10 kV high-voltage line leading 

towards the school. The supply will be carried overhead for 800 m to a 30 kVA, 10/0.4 kV pole 
transformer at the pumping station .  The required installed capacity will be 44.6 kW with a 
power demand of 19.8 kW. 

A signalling and control cable for automatic pump operation will be laid to transmit the level 
signals from the water tank to the pumping station. 

Technical Specifications 
Bored deep wells 
There will be two standard bored deep wells 7 m deep, with a screen diameter of at least 300 mm, 
an arrangement of screen and filtration fill according to the hydro geological investigation and a 
suction pipe of 80 mm diameter with suction strainer and a hand-operated isolating valve of the 
same diameter. See Fig. 46 and 47, and the standard design in Fig. 7. 

Pumping station 
A standard Type 1. 1 pumping station, without a wet sump, will be built with the following 
machinery and electrical equipment: 

2 horizontal pumps with a capacity of 5.4 litres per second and total delivery head of73 m; 

1 set of standard air release equipment; 

I standard water hammer damping device; 

1 set of standard sodium hypochlorite dosing equipment; 

1 standard switchboard, prepared for the connection of a subdistribution switchboard 
for the aeration station later; 

1 set of standard lighting equipment, including light fittings, switches, socket outlets and 
cable installation; and 
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1 pole-type transformer with a capacity of 30 kVA, 1 0/0.4 kV, 900 m of overhead 
h igh-tension feeding line , and 9 1 0  m of control and signalling cable line between the 
pumping station and the water tank. 

The pumps can be operated manually from the local switchboard and automatically by the 
levels in the service water tank. 

The electrode switch-off level will be 393 .95 m above sea level, and the switch-on level 
393.0 m above sea level. The shut-off electrodes will be located at 327 m above sea level in deep 
well No. 1 and at 326.5 m above sea level in well No. 2. See Fig. 46-49 and the standard designs in 
Fig. 9,  1 1 , 12 and 41 . 

Water tank 
There will be one standard water tank with a capacity of 250 m3 and Type II base s lab. The 
maximum water level will be 394.0 m above sea level and the bottom level will be 390.0 m. See 
Fig. 50 and the standard designs in Fig. 3 1 .  

Valve house 
A standard valve house with one water tank will be built, with Type III piping. See Fig. 50 and 
the standard designs in Fig. 33 ,  38, 41 and 42. 

Distribution network 
The distribution network will include PVC piping with cast-iron fittings and adapting pipes, 
isolating valves with valve boxes for control from the ground, 30 fire hydrants and 13 water 
standpipes for a nominal pressure of 1 .0 MPa. There will be one house connection for the school 
and pipes of 1 00 mm diameter and a total length of3 1 75 m. See Fig. 43 and the standard designs 
in Fig. 39 and 42. 
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GRAPH ICAL CH ECK OF PRESSURE VESSEL VOLUME BY EQU IVALENT SURGE TANK METHOD 

Ho �OB.00 BASIC DATA FOR THE GRAPH I CAL 
CALCULATION 

Al R VOLUME CHANGE ""V IN THE PRESSURE VESSEL 
_q_!-'l1c_6!._

/s._ 
394. 00 

• 0 1.35,,,/
·

- - - - - - -
_y_ H ST A TIC 

PUMPING 
STATI� 

330j_ � 

CALCULATION SKETCH 

2nd STAGE QUANTITY OF FLOW 
LENGTH OF PUMPING MAIN 
INSIDE DIAM ETER OF PIPE LINE 
OUTSIDE DIAMETEF. AND WALL TH ICKNESS 
OF P1PE L INE 
MDDULUS ELA STICITY OF PVC PIPES 
INITIAL VELOCITY IN THE PUM PING MAIN 
ACCELERATI ON OF GRAVITY 
WAVE VELOCITY 
ESTIMATED AIR VOLUME IN THE PRESSURE 
VESSEL UNDER STATIC CONDITIONS 
INTERVAL OF TIME 
STATIC PRESSURE 
BAROMETRIC PRESSURE 
CROSS SECTIONAL AREA 
OF PUMPING MAIN 

RESULT : FOR THE PROTECTION AGAINST WATER HAMMER THE 
PRESSURE VESSEL TOTAL VOLUME OF 0.5m 3 WI TH 
AIR VOLUME OF 0. 15m 3 UNDER STATIC CONDITIONS 
IS SUFFICIENT. 

Oo = 10.6 
L • 915  

• 100 

I /s 

0'/s = 110/5. 3 mm 

= 3 • 103 MPa 
= 1 .  36 ml'S 
= 9.81 m/s 2 

a = 943 m/s 
Vo = 0.15 m3 

Ai .: 1.025 S 
H s = 64 
H b • 10 

• 0.007 85 m2 

..:i.. V = _l • Vg{ Hs+ HbJi:: • AH 
� 1Hs+ Hb+ l:J. H J 1 •t; 

A V =  1 11 0.15 ( 64 + 10 ) 1 

(64 + 10 + A H )1+1 •AH 

,. H  74 + .o.. H  (74 + A H ) 2 

10 84 7 030 

20 94 8 800 

30 1 04 10 800 

40 1 1 4 12 980 

50 124 15 390 

- 10 64 4 090 

- 20 54 2 910 

1t :::  1 FOR ISOTHERMIC 
EXPANSION 

11.1 . .o.H 
(74 + A H)2 

0 . 00158 0 0158 

0 . 00126 0 0252 

0 . 00102 0 .0307 

0. 000854 0 . 0 341 

0 . 000722 0 .Q361 

0 . 00 271 - 0.0271 

0. 0 0 381 - 0. 0762 
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Ogoste 

Basic Data 

The rural community of Ogoste is situated in the commune of Kosovska Kamenica, 9 km in a 
direct line from the commune centre of the same name. The Ogoska River flows through the 
centre of the community whose houses are built upon the lower valley slopes along both banks. 

In 197 1 ,  the national census found the population of the community to be only 1038. 
However, due to steady growth during the 1970s, the population was estimated to be 2750 by 
1980, and by 1990 the population was expected to be 3500. 

The population of Ogoste lives by agriculture, both crop production and livestock grazing. 
Ogoste has a secondary school, a health centre and local administration offices. It has no 
industry and none is planned. 

In accordance with the design criteria, a per capita water consumption of 260 litres per day 
was adopted. This resulted in the following daily water requirements. 

Tota l 9 0% ( red uced  fo r  d e s i g n )  

m3/day  I i t r e s/  second  m3/ d ay l i t re s/second  

9 1 0  1 0 . 5  8 1 9 9 . 5  

Water Resources 

During field reconnaissance, two possible sources of water for Ogoste were identified. One was 
the surface water of the Ogoska River upstream of the community, and the other the ground­
water from the river valley alluvium downstream of the community. After consideration of both 
alternatives, the first was chosen because of the relatively high quality of the source, the 
continuity of sufficient flow and the extremely scarce population and agricultural activity in the 
catchment area upstream of the community. Also, it eliminated the cost of hydrogeological 
investigations necessary to ensure that the alluvial deposits would yield sufficient water. 
Investigation would have been particularly important in this case since tests in the same 
alluvium for the supply to a neighbouring community had shown insufficient yield. 

Information on the flow in the Ogoska River at the proposed extraction point was found to 
be scarce. Only the results of some random measurements were available, although these were 
supplemented by adopting more comprehensive values for a nearby stream with a catchment 
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area of similar type and size. The calculations were checked by several control measurements 
and were judged to be adequately reliable. 

It is very important to check the minimum capacity of any prospective water source before 
taking the project any further. 

The annual average rate of flow at the proposed extraction profile was estimated to be 
0.35 m3/s on the basis of an average run-off of 6 .7 litres per second per km2 from the catchment 
area upstream. Large seasonal fluctuations in flow are anticipated, with maximum values as 
high as tens of m3/s and an estimated minimum flow in late summer of only 0 .01 m3/s. This 
minimum flow is slightly below the required amount for consumption but since the deficiency 
was small and expected to be infrequent, it was not considered important. 

The water was found to be aesthetically acceptable, with pH slightly on the alkaline side of 
neutrality. The dissolved oxygen level was about at saturation and there was a complete absence 
of free carbon dioxide. This indicates a non-aggressive water. Since no nitrates or phosphates 
were found, it could be assumed that the water was not polluted. The water hardness was also 
found to be very low, although the ferrous form of the iron content could be troublesome to 
white laundry. In general, the water was of high quality and suitable for drinking. 

Water Supply System 

On the basis of the site investigation it was decided that the surface water from the Ogoska River 
could be collected by means of a riverbank intake structure situated on the left bank of the river 
about 1.8 km upstream of the community. 

The water will be transported through a pipe 125 mm in diameter and 276 m long to a 
treatment plant with a horizontal settling tank, slow sand filters and disinfection facilities. The 
treated water will be pumped from the filter station to a 250 m3 capacity tank situated above the 
community. 

Basic hydraulic calculations are given in Fig. 51 and longitudinal profiles in Fig. 52. 
All elements of the system have been designed for the final anticipated water requirement of 

34. 13 m3 /h except for the pumps in the filtration plant. These will have an initial installed 
capacity of 18.33 m3 /h but can simply be upgraded at a later date. Treatment plant loadings are 
shown in Table 13. 

During the early years of operation only two of the three slow sand filters will be needed, so 
the third can be used to store sand. 

The raw water flow will be measured by a meter installed on the inlet pipe at the filter station, 
while the meter for treated water will be in the valve house of the water tank. 

The treatment plant will be supplied with power from a transformer serving the community 
through an overhead pole line 2.5 km long. The installed capacity will be 78 kW while the 
calculated power demand will be 28 kW. This will be provided through a 50 kV A, 10/0.4 kV 
pole-type transformer located near the treatment plant. 

The operation of the pumping station will be regulated automatically by the water levels in 
the water tank. The signals will be transmitted from the tank to the pumping station by a ground 
cable line. 

The treatment plant will be run by an operator who will make a routine check of the chlorine 
dosing and sample the water every day. 
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Ta b l e  1 3 . Tre a t m e nt p l a nt l o a d i n g s  

C h a racter i  st ies 
( max i m u m  q u a nt i ty/ d ay) 

Sedimentation tank (see F i g .  2 1  a n d  2 2 )  

w id th  a t  the  bottom 

width at the water l eve l  

average  width  

l e n gth  

d e pth of water 

settl i n g  a rea 

cross-sect i o n a l  a rea  

vo l u me of wate r 

rete n t ion  t i m e  

h o r i zonta l ve loc ity 

s u rface l o a d i n g  

(width o f  t a n k ) : ( l e ngth  o f  t a n k )  

( d e pth  of wate r ) : ( l e ngth  o f  ta n k) 

Slow sand filters ( see  F i g .  2 3 )  

f i l ter  bed l e n gth  

n u m ber  of u n i ts i n  o perat i o n  

f i l t rat i o n  a rea  

f i l t rat i o n  ve l oc i ty 

F i rst sta ge  
( 1 8 . 3 3  m3 / h  = 4 4 0  m 3/ d )  

1 . 4 0  m 

4 . 8 0  m 

3 . 1 0 m  

2 0  m 

1 . 7 0  m 

6 2  m 2 

5 . 2 7  m 2 

1 0 5 . 4  m3 

5 .  7 5  h 

3 . 4 8  m / h  = 0 . 9 7  m m / s  

0 . 3 0  m / h  = 0 . 0 8  m m / s  

1 : 6 . 4 5  

1 : 1 1  . 8  

2 4 . 6 0  m 

2 

1 7 7  . 1  2 m 2 

2 . 4 8  m / d  = 0 . 1 0 3 m / h  

F i n a l  sta ge  
( 3 4 . 1 3  m3 / h  = 8 1 9 m3 / d )  

1 . 4 0  m 

4 . 6 0  m 

3 .00 m 

2 0  m 

1 . 6 0  m 

6 0  m 2 

4 . 8  m2 

9 6  m3 

2 . 8 1 h 

7 . 1 1 m / h  = 1 . 9 8  m m / s  

0 . 5 7  m / h  = 0. 1 6  m m / s  

1 : 6 . 6 7  

: 1 2 . 5 0 

2 4 . 6 0  m 

3 
2 6 5 . 6 8  m2 

3 . 08  m i d = 0 . 1 2 8 m / h  

As the demand increases, the single 250 m 3-capacity water tank will be supplemented by a 
second tank and the valve house and pipework arrangements will be adapted accordingly. 

The distribution system is designed to include standpipes, fire hydrants and house con­
nections. At first, only the school, health centre and local administration building will have such 
connections. 

Technical Specifications 

Intake structure and raw water feeding pipeline 
A non-standard river intake structure, including an inlet bar screen and a pipe strainer 125 mm 
in diameter, river-stone bedding and 120 m of  protective wire-mesh fence, will be required, 
along with a raw water feeding pipeline of PVC, 125 mm in diameter and 267 m long, for the 
nominal pressure of 1.0 MPa. See Fig. 5 1-54. 

Water treatment plant 
The plant must have: a standard sedimentation tank for a capacity range of 5. 1-9 .5 litres per 
second, with a settl ing compartment 20 m long and a water depth of 1 .  7 m ,  and a standard slow 
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sand filtration plant with a capacity of 5.1 litres per second. Three filter units should be 
constructed and, of those, one should be kept in reserve. The filter bed should be 24.6 m long. 

The following filter plant pumping machinery and electrical equipment will be needed: 

2 horizontal self-priming pumps with a capacity of 5 . 1  litres per second and total delivery 
head of 43 m; 

1 set of standard sodium hypochlorite dosing equipment; 

1 set of standard sodium carbonate dosing equipment; 

1 standard domestic water supply booster station; 

1 standard switchboard for the operation and control of the machinery mentioned 
above; 

1 set of standard lighting equipment, including light fittings, switches, socket outlets and 
cable installation; 

1 pole-type transformer of 50 kVa, 10/0.4 kV; 

2500 m of overhead high-tension feeding line; and 

2000 m of control and signalling ground-cable line between the plant and the water tank. 

The pumps can be operated manually from the local switchboard, or automatically by the 
levels in the water tank. 

The electrode switch-off level will be at 578.95 m above sea level, and the switch-on level will 
be at 578.00 m above sea level, while the shut-off electrode in the wet sump will be set at 547 .9 m 
above sea level. See Fig. 55-57 and the standard designs in Fig. 21-27 and 41. 

Pumping main 
A 100 mm-diameter PVC pipeline, 2242 m long, for nominal pressure of 1.0 MP A, and including 
standard ancillary chambers ( one air chamber and two drain valve chambers), will be necessary 
for the pumping main. See Fig. 51-53 and 58, and the standard designs in Fig. 18, 19 and 42. 

Water tank 
A standard water tank with a capacity of 250 m3 and Type I base slab is required, with a 
maximum water level at 579.0 m above sea level and the bottom level at 575.0 m above sea level. 
See Fig. 59 and the standard designs in Fig. 31. 

Valve house 
A standard valve house for two water tanks, with Type I I  piping, for tanks located in front of the 
distribution area is required. Drain-pipe and fencing are also needed. See Fig. 59 and the 
standard designs in Fig. 34, 37, 41 and 42. 

Distribution network 
Necessary equipment includes PVC piping, cast-iron fittings and adapting pipes and isolating 
valves with valve boxes for control from the ground. There should also be fire hydrants and 
water standpipes for a nominal pressure of 1 .0 MPa. 

106 



The following equipment is required: 

413 m of pipe 125 mm in diameter 

1752 m of pipe 100 mm in diameter 

23 fire hydrants 

13 water standpipes 

3 house connections. 

See Fig. 51-53 and 58, and the standard designs in Fig. 39 and 42. 
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Ratkovac 

Basic Data 

The rural community of Ratkovac is located about 5 km in a direct line from the commune 
centre of Grahovac, although the distance is three times longer by road. It can be reached 
throughout the year by an asphalt road. 

Ratkovac stands on the eastern side of the Beli Drim River. Part of the community is built on 
a plain and part on the lower slopes of neighbouring hills. 

The population of Ratkovac at the time of the 1971 census was found to be 2076. This 
number was expected to rise to 2800 by 1980 and to 3600 by 1990. 

In accordance with the design criteria, a per capita water consumption of 260 litres per day 
was adopted for design purposes. This resulted in the following daily water requirements. 

Tota l 9 0% ( red uced  fo r  d es i g n )  

m3 / d ay l i t res/second  m3/ d ay I i t res/ second  

936 1 0 . 8  8 4 2  9 . 7  

Water Resources 

A regional water supply system is proposed as part of a master plan for water supply for the 
whole subregion of Metohija towards the end of the century. When the plan is realized, 
Ratkovac should be able to tap one of the delivery mains that will pass near the community. In 
the mean time, an alternative source will have to be developed, but the system should be 
designed so that it can be modified to accept the new source as easily as possible. 

The studies and hydrological investigations performed indicated that the alluvium on the 
left bank of the Beli Drim offered the only feasible interim solution. After Ratkovac is connected 
to the regional water supply system, the bored well could be retained as a stand-by supply during 
maintenance or breakdown of the regional system. 

The total thickness of the alluvium in the area close to Ratkovac was found to be from 2.5 m 
to 7 m, with the depth of gravel/sand aquifer varying from 1.1 m to 3.4 m and a 1.4-4.7 m layer 
of impermeable or slightly permeable material on top. 
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The spot selected for the extraction borehole had the following characteristics. 

0-2.4 m: impermeable/semi-permeable top layer of loam 

2.4-5.4 m: gravel/sand aquifer layer 

5.4-7.4 m: impermeable clayey loam 

The natural groundwater table was found 2.5 m below the ground level. Pumping tests 
proved that with a draw-down of 1 m a  yield of 5.5 litres per second was possible and this could 
be increased to 8.0 litres per second corresponding to a draw-down of 1.5 m. 

One borehole will therefore be sufficient to satisfy water requirements during the early years 
of development. Should the development of the regional supply system be delayed for any 
reason, a second well can be bored about 100 m from the first to meet increasing needs. 

The extraction well will be the same well that was used for the hydrogeological investi­
gations, bored to the bottom of the water-bearing strata. 

Water was taken from the well during pumping tests after a steady condition had been 
reached. Physical and chemical analysis showed that it was free from iron and manganese and 
had a neutral pH and no aggressive characteristics. The water was of temporary and moderate 
hardness and therefore no scaling problem was expected. The water was considered to be of very 
good quality and suitable for drinking. 

Water Supply System 
Because of the relative elevation of the bored well and the area of consumption, i t  wil l  be 
necessary to pump the water from the well to a service tank in front of the distribution area. 

Basic hydraulic calculations to determine the pumping delivery head are presented in Fig. 60 
and longitudinal profiles of the pumping main in Fig. 61. 

The proposed water tank has a capacity of 250 m3
• This represents 56% of the maximum 

daily demand. Since the pumping station is to be temporary, it was not considered worthwhile to 
provide automatic control of the pumps. Instead, someone can operate them manually each day 
on a schedule based on experience gained during the early period of operation. If the wellfield is 
extended at a later stage as water demand increases, automatic control equipment should be 
installed when the pump sets are upgraded, and a ground cable should be laid between the 
pumping station and the water tank. 

There will be a protection zone of 100 m radius around the well. The well should also be 
fenced in, with a secured access gate. An existing country road will have to be diverted to avoid 
the protection zone, as shown in Fig. 62. 

The construction of the bored well is the same as described for Mamusa, on p. 92. 
A standard pumping station will be located adjacent to the well and will include pumping 

units, an air release device and chlorine dosing equipment. No aeration is considered necessary 
because a dissolved oxygen level of 6-7 mg/1 was found in the raw water. 

The water will be delivered from the pumping station to the service tank by a pipe 150 mm in 
diameter. This is large enough for both the future water demand and the connection to the 
regional water supply system. The diameter also provides water hammer protection because of 
the low velocity of the pumping main. 
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The water tank of 250 m3 capacity will have a valve house. It is anticipated that another tank 
of 400 m3 capacity will be needed before the turn of the century. Pipework to serve both tanks 
would then be installed. 

The amount of water delivered to the area of consumption will be measured by a meter 
located in a standard chamber on the gravity supply main from the tank and before the area of 
consumption. 

Fire hydrants will be installed on the distribution network and used for air release and sludge 
removal. Standpipes will supply water to the community. They will be located at suitable points 
on the distribution network, along with individual connections to the school, health centre and 
local administration building. As demand develops, house connections can be provided. 

The pumping station will be supplied with power from a 10 kV high-voltage overhead line 
passing about 800 m east of the proposed wellfield via a 30 kVA, 10/0.4 kV pole transformer 
located at the pumping station. The transformer will have to be replaced by one of larger 
capacity when the pumping station is upgraded. At first, the installed capacity will be 35 kW 
while the calculated power demand will be about 16 kW. 

Technical Specifications 
Bored deep well 
A standard bored deep well ,  7 m deep, with a screen diameter of 300 mm and a suction pipe 
diameter of 100 mm, is required. See Fig. 62-65 and the standard designs in Fig. 47. 

Pumping station 
A standard Type 1.1 pumping station, without a wet sump, is required, containing the following 
machinery and electrical equipment: 

2 horizontal pumps with a capacity of 5 .2  litres per second and total delivery head 
of 67 m; 

1 set of standard air release equipment; 

1 set of standard sodium hypochlorite dosing equipment; 

1 standard switchboard; 

1 set of standard lighting equipment, including light fittings, switches, socket outlets and 
cable installation; 

1 pole-type transformer of 30 kVA, 10/0.4 kV; and 

780 m of overhead high-tension feeding line. 

The pumps will  be operated manually from the local switchboard, according to the time 
schedule of pumping. The shut-off electrode in the well will be located at 327 .50 m above sea 
level. See Fig. 62, 65 and 66 and the standard designs in Fig. 9, 11, 12 and 41. 

Pumping main 
The pumping main will require a 150 mm-diameter PVC pipeline 1245 m long, for a nom­
inal pressure of 1.0 MPa. A typical protection sleeve and an arrangement of isolating valves at 
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the site of a railway crossing will be included. See Fig. 60, 61, 63 and 67 and the standard 
designs in Fig. 42. 

Water tank 
A standard water tank with a capacity of 250 m3 and Type II base slab is required, with a 
maximum water level at 393.0 m above sea level, and a bottom level at 389.0 m above sea level. 
See Fig. 68 and the standard designs in Fig. 31. 

Valve house 
A standard valve house for two water tanks with a Type II piping arrangement is required for 
the tanks located in front of the distribution area. A drain-pipe, access road and fencing will be 
included. See Fig. 68 and the standard designs in Fig. 34, 35, 37, 38, 41 and 42. 

Distribution network 
Piping of PVC with cast-iron fittings and adapting pipes, isolating valves with valve boxes for 
control from the ground and fire hydrants and water standpipes constructed for a nominal 
pressure of 1.0 MPa will be installed. The following equipment is required: 

- 477 m of 150 mm-diameter pipe 

785 m of 125 mm-diameter pipe 

1757 m of 100 mm-diameter pipe 

30 fire hydrants 

15 water standpipes 

1 standard water-meter chamber. 

See Fig. 60, 61, 63 and 64 and the standard designs in Fig. 20, 39 and 42. 
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Doganovic 

Basic Data 

The rural community of Doganovic is  located about 3.5 km in a direct line, and 4 km by road, 
from the commune centre of Kacanik. It is accessible all the year round since it is located on a 
main road. 

Most of the community is located in the valley along the Lepenac River, although some 
buildings are scattered up the sloping ground further from the river. The total built-up area is 
0.25 km2 of relatively rugged terrain. 

In 1971, the national census found the population of the community to be 825, but, 
according to the available development plans, the population should reach 1400 by 1980 and 
2000 by 1990. 

In accordance with the design criteria, a per capita water consumption of 260 litres per day 
was adopted. This resulted in the following daily water requirements. 

Tot a l  80% ( re d u ced  f o r  d es i g n )  

m3/day  I i t r e s/  second  m3/day  I i t res/ second  

5 2 0  6 . 0  4 1 6  4 . 8  

Water Resources 

An investigation of available water resources found that a spring, Crni Kamen, that will supply 
the neighbouring community of Dubrava has enough water to supply Doganovic also. Further, 
supply by gravity would be possible for both rural communities. No other source in the area had 
acceptable water quality or could be used without treatment and/or pumping. 

All data on the water quality and yield of the spring are included in pp. 197-198, concerning 
the water supply of the community of Dubrava. 

Water Supply System 

Because of the relative elevation of the water source and the areas of consumption, the whole 
system will be operated by gravity. 
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All elements of the water supply system for both communities, starting from the spring 
intake structure and serving Dubrava first, such as the feeding main, the 100 m3 water tank, 
disinfection equipment and the distribution network at Dubrava are described on pp. 198-199 
(see Fig. 115). The part of the system that will supply only Doganovic begins with a measuring 
chamber on the pipeline from Dubrava to Doganovic. The water-meter for Doganovic is 
located here. Water will flow from this chamber through a PVC pipeline, 504 m long and 80 mm 
in diameter, to a service tank of 150 m3 capacity. This can be doubled later as the water 
requirements of the community increase. Water can also be disinfected in the tank if necessary 
(see Fig. 69). 

The distribution system will include fire hydrants also used for air release and drainage. The 
population will be served by standpipes; house connections will supply the local school and 
health centre. Basic hydraulic data on the system are given in Fig. 70 and 71. 

The whole system requires no electric power. 

Technical Specifications 

Measuring chamber 
A standard measuring chamber, including a standard pipe and valve arrangement, main 
pipeline and a bypass pipe 80 mm in diameter with a measuring range of 5-25 m3 /h, is required. , 
See Fig. 69 and the standard designs in Fig. 20. 

Water tank 
A standard water tank with a capacity of 1 50 m3 and a Type I base slab, with a maximum water 
level of 625 m above sea level and a bottom level at 621.3 m above sea level, is required. See 
Fig. 72 and the standard designs in Fig. 29. 

Valve house 
A standard valve house for two water tanks, with Type I piping for the gravity feeding, is 
required. The tank will be located in front of the consumption area. See the standard designs in 
Fig. 35, 36, 41 and 42. 

Distribution network 
The distribution network includes PVC piping with cast-iron fittings and adapting pipes, 
isolating valves with valve boxes for control from the ground, fire hydrants and water stand­
pipes for a nominal pressure of 1 .0 MPa and pipes of 100 mm diameter and a total length of 
1850 m. There will be 17 fire hydrants, 9 water standpipes and 2 house connections. See Fig. 69 
and the standard designs in Fig. 39 and 42. 
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NOTE : 
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' J y PRESS, E LEVATION OF 
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k, 0.01 J• L PRESSURE 
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810.7& -11.0 • 
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511 7&- 0.69 • 
100 0.8415 0.91 0.69 • """."7 

599. 7*- 6. 97 • 
100 1.2925 1.15 6-97 • 592.'!9 
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Kijevo 

Basic Data 

The rural community of Kijevo is located in the commune of Klina, 13 km in a direct line from 
the commune centre and 18  km by road. Since the community lies a short distance off a main 
asphalt road, it is accessible throughout the year. 

The built-up area is concentrated on the gently sloping terrain on the southern side of the 
main road from Pristina to Pee, but is not located near a large river or any other body of water. 

In 1971, the national census found the population of the community to be 1 318 and this 
figure is expected to increase to about 2400 by 1990. 

In accordance with the design criteria, a per capita water consumption of 260 litres per day 
was used in the design of the system. This resulted in the following daily water requirements. 

Tota l 9 0% ( red uced  fo r  d es i g n )  

m3 / d ay I i t res/ s e c o n d  m 3/ d a y  I i t r e s /  s e c o n d  

624 7 . 2  562 6.5 

At present, the community is supplied with water from a spring that yields about 1 litre per 
second and is situated almost in the centre of the community. This is not acceptable from a 
hygienic standpoint. Even if expensive hygienic measures were taken, it would be difficult to 
guarantee the protection of the source. 

Water Resources 

An investigation of the neighbouring countryside indicated that there was only one source close 
enough to the community. Although this was found to yield less water than was hoped, it was 
cheap to use and the pipework could be used at a later date for the connection to a more 
abundant but more distant source of supply. Such a source could be the alluvium aquifer at both 
sides of the Klina River about 4 km north of the proposed water tank. 

The spring selected for initial development issued from a relatively flat field area in three 
main points. This called for special measures to be employed for the water intake. 
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The soil characteristics of the spot were as follows: 

0-1 m: black humus clay 

1-6.4 m: yellow/brownish clay with calcite concretions 

with a thin sandy layer at a depth of 1.5-1.8 m under the ground level. 
The yield of the spring was measured and found to be a minimum of 1 litre per second. 
Another trial collection trench 1 .5 m deep and 10 m long was dug and a pumping test showed 

a possibility of collecting an additional 0.5 litre per second of water. 
The results of the tests indicated that a collection trench in the spring field about 2 m deep 

and 250 m long, to which all springs would be connected at an altitude of 584.70 m above sea 
level, could develop a guaranteed minimum yield of 2 litres per second. 

The water was colourless under natural seepage flow conditions but during pumping tests a 
slight increase in turbidity occurred. The water was also completely free from odour and 
adequately oxygenated. The total hardness approached 285 mg/1 calcium carbonate, so it is 
rather hard for public supply. However, most of the hardness is temporary. 

Although it was not considered necessary to treat the water before distribution, contami­
nation with trace amounts of both iron and manganese may cause some problems. These could 
be solved by aeration but economic considerations may weigh against it, since aeration would be 
necessary only for very short periods in the year. The concentration of nitrate and the absence of 
ammoniacal nitrogen and nitrite indicated that the water source was not subject to either 
domestic or agricultural pollution. 

Other dissolved salts were present in negligible amounts. This, along with the fact that very 
little organic material was present, suggested that the water should require no chemical 
treatment and/or aeration other than disinfection. 

It was decided to proceed with this design as an emergency health measure on the under­
standing that, as soon as conditions permitted, the supply would be supplemented by a 
connection from the alluvium in the valley of the Klina River near the rural community of 
Dobra Yoda. 

Water Supply System 
Following proposals of the master plan for Kosovo, the water supply for Kijevo will be the 
source of a larger system also supplying other communities in the vicinity such as Cabic, Zabrde, 
Stepenica, lglarevo and Cerovik. The larger system will be constructed when the use of alluvium 
groundwater of the Klina River valley is justified (see Fig. 73). 

The community of Kijevo will be supplied with water extracted from the spring field near the 
community of Stepenica only temporarily. 

Since it is not possible to use the standard intake structure for the water captation in this 
case, a special non-standard system of collection trenches has been proposed, including in­
spection manholes and fencing, as presented in Fig. 74. 

The water will be collected from section A of the main trench that forms the spine of the 
system, from the existing well bored during the hydrogeological investigation and from four 
other short branch collectors by perforated fire-clay pipes. Their diameter is calculated on the 
basis of the gradient of the impermeable subsoil and the calculated extract flow necessary to 
maintain the velocity in the drain at about 0.5 m/s. 
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The trenches should be dug to a depth of20 cm below the top level of the impermeable strata 
below the aquifer. The pipes laid on the bottom of the trench will be protected by flat slate stones 
that are locally available and not easily eroded. Every fourth pipe will be a plain pipe without 
perforations, with a baffle of concrete around it as shown in Fig. 75. 

Up to 20 cm above the top level of the water-bearing strata, the collection trench will be filled 
with a filter material comprising a washed gravel whose grain size distribution should be 
designed according to the soil material of the aquifer layer. The filter backfill in turn will be 
covered with a sand layer that is topped with a protective clay cover to prevent direct infiltration 
of unnecessarily contaminated surface water. The rest of the trench will be backfilled with the 
ordinary excavated material. 

Inspection manholes will be constructed at all points where the pipe direction changes, 
where pipelines join, or between 30 m and 40 m apart. They will have cast-iron pipes and fittings 
for cleaning the system. The manholes are of plain concrete and have a roof slab of reinforced 
concrete with a watertight bitumastic coating. Their cast-iron access covers can be locked and 
should be raised 50 cm above the existing ground level (see Fig. 74 and 76). 

The extracted water will be collected in the wet sump of a standard pumping station with a 
capacity of 3.4 litres per second and total delivery head of 56 m. The standard design will be 
modified in the following ways to suit the system to local conditions. The wet sump will be 35 cm 
deeper. The pumps will be self-priming, with a flap valve suction strainer. A concrete wall 55 cm 
high in the wet sump will separate the inlet pipe from the pump suction pipes. This compartment 
will serve as a settling chamber and will reduce the amount of sand and other settleable material 
reaching the pump suction. A 100 mm-diameter overflow pipe will also be provided in the wet 
sump for safety purposes. Finally, the machinery will be completed with a portable submersible 
sludge pump of 1 litre per second and 8 m head capacity. 

After disinfection with sodium hypochlorite the water will be pumped through an 80 mm 
diameter PVC pipeline to a standard water tank of 250 m3 capacity, with the maximum water 
level at 628.00 m above sea level. A 125 mm-diameter PVC delivery pipeline will convey the 
water to Kijevo. 

The pumping station will be supplied with power through an overhead 10 kV high-voltage 
line linked to the existing line passing near the community of Stepenica. 

Since PVC pipes with a nominal pressure of 1 MPa are proposed, the water hammer 
calculations indicated that in this case no water hammer protection equipment is needed. If 
other pipe materials are used, however, the need for such equipment must be assessed. 

Under normal operating conditions, the pumps will be automatically controlled by elec­
trodes installed in the water tank and in the wet sump of the pumping station. 

The modified arrangement and level differentials of the pumping station as well as the 
remainder of the water supply system are shown in Fig. 77. 

Technical Specifications 
Spring field 
Collection trenches (sections A, B and C) 244 m long, with inspection manholes and PVC 
connection pipes of 125 mm and 150 mm diameter and 105 m and 35 m long, respectively, a 
protection ditch 360 m long, a 125 mm-diameter PVC drain 120 m long including manholes and 
outlet structure with back-water flap and 1 145 m of chain-line mesh fence are required. See 
Fig. 74-76 and 78. 
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Pumping station 
A modified standard Type 3 .2 pumping station, with wet sump, is required, consisting of the 
following machinery and electrical equipment: 

2 horizontal self-priming pumps with a capacity of 3 .4 litres per second and total delivery 
head of 56 m 

1 set of standard sodium hypochlorite dosing equipment; 

1 portable submersible pump with a capacity of I litre per second and delivery head of 8 m; 

1 standard switchboard; 

1 set of standard lighting equipment, including light fittings, switches, socket outlets and 
cable installation; 

1 pole-type transformer of 30 kVA, 10/0.4 kV; 

2 10  m of overhead high-tension feeding line; and 

1 240 m of control and signalling cable line between the pumping station and service 
water tank. 

The pumps can be operated manually from the switchboard, or automatically by the water 
levels in the service water tank. 

The electrodes will switch off at 627 .95 m above sea level and switch on at 627 .00 m above sea 
level. The shut-off electrode in the wet sump will be located at 58 1 .5 m above sea level. See 
Fig. 74 and 77 and the standard designs in Fig. 10-12  and 41 . 

Pumping main 
An 80 mm-diameter PVC pipeline, 1236 m long, for a nominal pressure of 1 .0 MPa is required. 
See Fig. 78-80 and the standard designs in Fig. 42 . 

Water tank 
A standard water tank with a capacity of 250 m3 and a Type I I  base slab is required. The 
maximum water level will be at 628 .0 m above sea level and the bottom level will be at 624.0 m 
above sea level. See Fig. 8 1  and the standard designs in Fig. 3 1 .  

Valve house 
A standard valve house for two water tanks located in front of the distribution area is required, 
with Type II piping arrangement and including a drain-pipe, an access road and fencing. See 
Fig. 8 1  and the standard designs in Fig. 34, 37, 41 and 42. 

Distribution network 
Piping of PVC with cast-iron fittings and adapting pipes, isolating valves with valve boxes for 
control from the ground and fire hydrants and water standpipes for a nominal pressure of 
1 .0 MPa will be required in the following measurements and numbers: 
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1 048 m of pipe 125 mm in diameter; 

1 1 1 5 m of pipe 100 mm in diameter; 



22 fire hydrants; 

1 2  water standpipes; 

6 house connections for the restaurant, school, health centre, shop, grammar school and 
local administration building; 

20 m of steel pipe with jacked sleeve joints for the Pristina-Pec highway crossing, 
including supporting collars and flanged steel pipes of 1 25 mm diameter; 

1 standard drain valve chamber; and 

1 standard air valve chamber. 

See Fig. 78-80 and 82-84 and the standard designs in Fig. 1 8-20, 39 and 42. 
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Ranilug 

Basic Data 

The rural community of Ranilug is situated in the commune of Gnjilane, about 10 km in a direct 
line from the commune centre. The community is reached by a subsidiary road branching off the 
main road from Gnjilane to Kosovska Kamenica. 

The built-up area extends along the valley of the Binacka Morava River and joins the smaller 
community of Glogovce to the south-west. The latter community did not share in the water 
supply at this stage but could be connected to the system in the future. 

The inhabitants of Ranilug are employed in agriculture. The town has a school, a local 
administration building and a health centre. 

In 1971, the national census found the population of Ranilug to be 974 and, from infor­
mation provided by the provincial planning authorities, it was expected to increase to 1350 
by 1980 and to 1700 by 1990. 

In accordance with the design criteria, a per capita water consumption of 260 litres 
per day was adopted for design purposes. This resulted in the following daily water re­
quirements. 

Tota l 9 0% ( re d u ced for  d es i g n )  

m 3/ d a y  l i t res/seco nd m3 / d a y  I i t res/ s e c o n d  

4 4 2  5 .  1 3 9 8 4 . 6  

Water Resources 

No regional water supply system is to be constructed near the community, and there is no 
natural spring in its environs with a yield sufficient to satisfy the population's needs. The only 
available source of water is groundwater from the alluvium on the left bank of the Binacka 
Morava River near the community. 

The results of preliminary hydrogeological investigations of the alluvium in 1975 indi­
cated that the gravel/sand was water-bearing throughout its whole depth and the groundwater 
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was under pressure from the overlying clay layer. The soil characteristics of a test borehole 
were as follows: 

0-3.5 m: impervious sandy loam 

3.5-4.0 m: gravel/sand 

4.0-6.2 m: coarse-grained gravel/sand 

6.2-6.4 m agglomerate 

At the time of investigations the static water level was found 2.2 m below ground level and 
1.3 m above the top of the water-bearing strata. 

The pumping test indicated that the maximum off-take from one borehole was 1.6 litres per 
second and that this produced a draw-down in the well of 2.0 m. It was therefore proposed to 
construct one bored and one dug well to satisfy the calculated water demand of 4.6 litres per 
second. On the basis of the field studies it was decided to space the wells 50 m apart, and, for 
security against possible contamination, the nearest well should be 50 m from a public footpath 
and 70 m from the bank of the river. The latter distance should provide sufficient natural 
filtration to avoid the serious danger of pollution from the river water. 

Unfortunately, the borehole used for the hydrogeological investigations could not be used as 
one of the final extraction wells because it caved in during the final stages of the field test. Under 
normal conditions it would have been used and hence reduced the construction costs of the final 
scheme. 

The test borehole had not extracted river infiltration water but the hard calcium-bicarbonate 
water flowing by gravity from the surrounding valley towards the river. 

The chemical analyses indicated a water with a total hardness of 400 mg/1 calcium car­
bonate. This is a very hard water, on the limits of acceptability for public water supply. 
Magnesium and sulfate levels were also found to be relatively high, at 18 mg/1 and 48 mg/1, 
respectively. The water was undersaturated with oxygen and had a medium concentration of 
free carbon dioxide, most of this being in an aggressive form. Without water softening, scaling 
will be experienced in cooking utensils, although this will not be a general problem for the time 
being since central heating is not used in the community. 

The water was therefore considered acceptable for drinking because of the lack of an 
alternative source and because of the water-using practices and household facilities of Ranilug. 
However, the removal of excess carbon dioxide and simultaneous saturation with oxygen in an 
aeration process was advised. 

Water Supply System 
On the basis of the field investigations, it was decided that at this stage two wells should be sunk 
70 m from the bank of the Binacka Morava River. One of them will be a dug well of 2 m diameter 
that would act as a collection and captation well, and the other, a bored well, would serve purely 
for captation. Its water would be conveyed to the collection well by siphon. 

The first protection zone will be surrounded by a wire-mesh fence allowing no access within 
50 m of either well. No secondary protection is proposed because the impermeable nature of the 
top layer of 3.5 m thick sandy loam is considered to provide sufficient protection. The site layout 
and extent of the fenced-in area are shown in Fig. 85. 
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The water from the collection well wil l  be pumped to an aeration station and collected in the 
wet sump of the standard pumping station. The standard aeration station has been designed for 
its ult imate capacity while the pumps in the pumping station, designed with a capacity of 
2 . 5  l itres per second and total delivery head of 73  m, wil l  have to be upgraded later. An 
automatic air release system is included in the design to control the operation of the siphon, and 
sodium hypochlorite dosing is provided to disinfect the water. 

The water hammer calculations proved that,  providing the pumping main is made of PVC, 
no water hammer protection of the system is necessary (see Fig. 86) .  

The operation of the pumping station is automatically controlled by the water level in the 
water tank that is located between the wellfield and the distribution system. In addition, a 
shut-off electrode wil l  be fixed in the wet sump to protect the pumps against dry running. 

Between the pumping station and the water tank a control and signalling cable wi l l  be laid 
down as shown in Fig. 87 and 88 .  

The aeration station wi l l  also operate automatically. The aeration station pumps wi l l  be 
switched off by electrodes installed in the wet sump of the pumping station, while the shut-off 
electrode wil l  be located in the collection well to avoid the possibi l ity of the pumps working 
when dry. 

The pumping and aeration station will be supplied with power from a pole-type transformer of 
50 kVA, 10/0.4 kV that will be fed by an overhead high-tension 1 0  kV l ine 1 90 m long (see Fig. 87) .  

The water tank, with a capacity of 200 m3
, will be constructed at this stage and fed by direct 

pumping from the pumping station. The rate of flow wil l  be measured by water-meters installed 
on the pumping main in the pumping station and on the del ivery pipeline in the valve house at 
the water tank. 

The community of Glogovce wil l  be connected to the system after the wellfield capacity is 
extended by adding a third well and upgrading the pumps in the aeration and pumping stations. 

Technical Specifications 

Wellfield 
A standard bored deep well ,  7 .7 m deep and with a screen diameter of 300 mm, an arrangement 
of screen and filtration fil l  according to the hydro geological investigation and a siphon pipe and 
suction strainer of 50 mm diameter are required. See Fig. 85 and 89 and the standard designs 
in Fig. 7 .  

A standard dug well ,  with 2 .0 m inside diameter and 8 m deep , wi l l  be  constructed as  a 
captation and collection wel l .  It wi l l  require filtration fil l  according to the hydrogeological 
investigation, a siphon pipe connected to the standard automatic air release equipment and a 
suction pipe of 1 2 5  mm diameter for the aeration station pumps. See Fig .  8 5  and 89 and the 
standard designs in Fig. 8 .  

Aeration station 
A standard aeration station is required, including the following standard machinery and 
electrical equipment: pumps with a capacity of 2 . 5  l itres per second and an aerator with a 
capacity of 5 .0 l itres per l itre. 

The pumps can be operated manually from the local switchboard or automatically by the 
levels in the wet sump of the pumping station . 
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The switch-off level of the electrodes will be 434.5 m above sea level and the switch-on level 
will be 433.5 m above sea level. A shut-off electrode will be located in the dug well at 429.56 m 
above sea level. See Fig. 85, 89 and 90 and the standard designs in Fig. 14-16 and 41. 

Pumping station 
A standard Type 2.2 pumping station, with wet sump, is required, consisting of the following 
machinery and electrical equipment: 

2 horizontal pumps with a capacity of 2.5 litres per second and total delivery head of73 m; 
1 set of standard air release equipment; 
1 set of standard sodium hypochlorite dosing equipment; 
1 standard switchboard designed for the connection of the aeration station subdistribu­
tion switchboard; 
1 set of standard lighting equipment, including light fittings, switches, socket outlets and 
cable installation; 
1 pole-type transformer of 50 kVA, 10/0.4 kV; 
190 m of overhead high-tension feed line; and 
1650 m of control and signalling cable line between the pumping station and the water tank. 

The pumps can be operated manually from the local switchboard, or automatically by the 
levels in the water tank. 

The electrode switch-off level will be at 502.95 m above sea level and the switch-on level will 
be at 502.00 m above sea level. There will be a shut-off electrode in the wet sump, located at 
432.70 m above sea level. See Fig. 85, 89 and 90 and the standard designs in Fig. 10-13. 

Pumping main 
A 100 mm-diameter PVC pipeline for a nominal pressure of 1.0 MPa is required. It must be 
1643 m long and include two standard ancillary air chambers and three standard ancillary drain 
valve chambers. See Fig. 86-88 and 91, and the standard designs in Fig. 18, 19 and 42. 

Water tank 
A standard water tank with a capacity of 200 m3 and a Type I base slab is required. The 
maximum water level will be 503.0 m above sea level and the bottom level will be 499.0 m above 
sea level. See Fig. 92 and the standard designs in Fig. 30. 

Valve house 
A standard valve house for two water tanks with a Type II piping arrangement is required for a 
tank located in front of the distribution area. Drain-piping, an access road and fencing are also 
needed. See Fig. 92 and the standard designs in Fig. 34, 37, 41 and 42. 

Distribution network 
The distribution network requires PVC piping with cast-iron fittings and adapting pipes, 
isolating valves with valve boxes for control from the ground, 26 fire hydrants and 11 water 
standpipes for a nominal pressure of 1.0 MPa, piping 100 mm in diameter and 2475 m long and 
3 house connections for the administration and health centres and the school. See Fig. 86, 88 
and 91 and the standard designs in Fig. 39 and 42. 
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maxOd max Oh maxOtv2 

SECTION 
lls 1/s 1/s 

B 0.64 

4.6 
46lC 1.B= 

c 1 .30 8.28 

D 2.00 

DELIVERY MAIN 

maxOd LENGTH COEFFIOENT 
OF LOCAL 

�v,
($' 

,". 

i :f 

_ ,f.J. ;'::! 
'f" ...

. 

,.<{ 

c� 
� 

FLOW 
TOTAL 
maxQh/2 

lls 

4 .14 

1 . 30  

2 .00 

q 
PVC 

Cl.I TOTAL Q 

Oh/2+0f 
lls lls 

6.6 10.74 

6.6 7 .90 

6.6 8 .60 

J v 

LOSSES k• O.Dl 
1/s m 

4.6 1 1643 

2.5 1,643 

PUMPING MAIN 

c 

1.05 

1.05 

mm 'I, m 

100 0.4201 0.61 

100 0.1419 0.29 

HYDRAULIC CALCULAT IONS 

WATER TANK 20Qm 3 
H.W. l. 503.00 m a. s l  
L.W.L 499.20 m a.s.\. 

LENGTH • J v 
L 

PVC 
b 0.D1 

m mm % mis 

574 100 1. 9431 144 

655 100 1 .1 1 13  1 06 

632 100 1 . 2960 115 

PRESS. TOTAL HEAD 
LOSSES 
C11 J x L 

m m 

7.25 503.0-432. 70, 7.25= 77. 55 

2.45 503.0- 432.70+2.45= 72.75 

PRESS 
LOSS 
J, L 

m 

11.15 

7 . :lJl 

8.19 

2. s11s r,. 611s I � 

1()() 200 JOO m  

SCALE 

SECTION "A "- Pvc f !Oo - 1,64 3 m  

E LEVATION OF 
HYDRO DYNAMIC 

PRESSlJlE 
m 

499.20 -11.15, 
= 488.05 

488.05 - l28= 
=480.77 

488.05- 8.19· 
= 479.88 

maxQd LENGTH COEFFICIENT 
OF LOCAL 
LOSSES 

1/S m c 

1.25 50 + 2 11 3  1 10 

SIPHON PIPE 

SPRING AREA LOCATION 
WATER TEMPERATURE 
BAROMETRIC PRESSURE 
VAPOUR TENSION 
ABSOLUTE PRESSURE 

-
PVC 

ka 0.01 
mm 

50 

.... 43S m a.s. l  
max. 1S-C 

J 

•1, 

0.5454 

WELL 

STATION 
CAPACITY 2.5 1/s(4 .6 1/SJ 
TOTAL H E A D  76 m(81 O m }  

ANO AERATION 
STATION 
CAAIICITY 2.51/S 14 6 11> I 
TOTAL HEAD 2Sm 

v LOSS OF 
PRESSURE 

h 
m m 

0.49 0 34 

9.81m OF WATER COLUMN 
0. 17m OF WATER COLUMN 
9. 64m OF WATER COLUMN 
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Opterusa 

Basic Data 

The rural community of Opterusa is situated in the commune of Orahovac, 3 km in a direct line 
and about 5 km by road from the commune centre of the same name. The community is 
accessible throughout the year by a macadam road from Grahovac and from the town of Suva 
Reka. 

The built-up area of the community is concentrated along the edge of the southern slopes of 
the Milanovacka Planina mountain range; the terrain is fairly rugged. 

The population is employed mainly in cultivation and pastoral farming. The community has 
an elementary school. 

In 1971, the national census placed the population of Opterusa at 1339 and, according to 
information provided by the provincial planning authorities, the size of the community will 
grow relatively slowly but steadily and should increase to about 1800 people by 1990. 

In accordance with the design criteria, a per capita water consumption of 260 litres per day 
was adopted. This resulted in the following daily water requirements. 

Tota l 90% ( red uced  for  d e s i g n )  

m3 / d a y  I i t res/ second  m 3 / d a y  I i t res/ seco n d  

473 5 .5  4 27 5 .0 

Water Resources 

An investigation of water resources available near Opterusa was carried out during the early 
stages of the study. A natural spring was found, within the boundaries of the community, that 
was used for drinking as well as watering and washing livestock. Since there is neither a regional 
water supply system that the community can tap nor plans for one, the spring was investigated 
as a possible source of water. It is a karst spring emerging along the contact between the karst 
calcite layers of the Milanovac plain and the relatively impermeable adjacent argillaceous 
deposits. 

During field reconnaissance in September 1974 the yield of the spring was estimated to be 
40-50 litres per second. In October of the same year, the flow was measured as 24.2  litres per 
second, and historical records from 1 964 to 1 974 indicated the yield range of 24-78 litres 
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per second. The minimum y ield i s  1 5  l itres per second, far exceeding the demand of 5 l itres per 
second. According to information received from local residents, the spring water sometimes 
became turbid after periods of heavy rain. 

Although the flow of the spring apparently exceeded the required amounts, it was recom­
mended that continuous and more systematic records of the yield be kept in the future . 

The water was analysed and found to be very hard, with about 400 mg/l calcium carbonate. 
It was, in fact, approaching the acceptable l imits for a potable supply .  The high degree of 
hardness could result in scaling problems in cooking utensils, although this will not be a general 
problem since central heating is not used at present. For the time being, water softening has not 
been included in the design to avoid complicating the operations of a small supply system,  but 
this may have to be considered later. 

The pH of the spring water was 6 . 85  and it had a total sol ids content of 450 mg/l .  The nitrate 
concentration, at 9 . 5  mg/l , was acceptable for a potable supply ,  and no traces of dissolvent iron 
or manganese were discovered. Bacteriologically, the water was contaminated to varying 
degrees ,  depending on rainfall and flow conditions, owing to the connection through the karst 
system to the surface . 

It was decided that the spring should be used to supply water to Opterusa, but because of its 
quality deficiencies it was necessary to include treatment in the form of sedimentation, slow 
sand filtration and chlorination. Provision for water dosing with aluminium sulfate is included 
to deal with periods when the spring water has a high turbidity . The dosing will cause particles in 
the water to coagulate into floes . 

Another potential water supply source, the Mamusa wellfield, was studied at the prel iminary 
engineering stage ( see dashed l ine in Fig. 93) but this solution was less feasible, so it was not 
developed in the design. 

Water Supply System 

Water from the spring will flow by gravity into a treatment plant. After treatment it will be 
pumped through the distribution network and into a water tank behind the consumption area. 

The main elements of the system and their capacities will meet future requirements while the 
pumping station machinery has been designed for the first stage of development only,  with a 
capacity of 3 l itres per second, and should be upgraded at a later date (see Fig. 93 and 94). 

Although the whole system consists of standard structures; the standard spring intake 
structure had to be modified to meet local conditions and needs and to provide necessary 
hygienic protection to the source . 

A new spring intake structure will be constructed to replace the existing one and will include, 
outside its first protection zone, a cattle-watering structure (see Fig. 95-97) .  

The  whole structure has been designed to cope with a water yield within the  range of 
1 5-78 l itres per second, while for safety and security reasons the drainage system has been 
designed to carry away double the maximum anticipated yield. This precaution is recommended 
particularly when previous maximum spring yields have been estimated on the basis of local 
information and insufficient records or when regular and systematic measurements have been 
taken only over a l imited period. 

The spring intake structure consists of a cylindrical l ining of watertight reinforced concrete. 
I t  wil l be founded on the rock sub-base about 2 m below the existing top rock level at the 
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spring. A strainer and a 1 00 mm-diameter s luice valve wil l  be fitted on the 1 00 mm-diameter 
PVC water main inside the spring intake structure, in order to convey the water to the treatment 
plant located al most 300 m from the spring. The yield of the spring can be measured by a 
measuring weir inside the intake structure. 

This is an example of the need to design a special structure when the standard design does not 
meet a particular set of circumstances . This is more l ikely to occur for spring intake structures 
than wells ,  because their shape and layout are more susceptible to variation because of 
geological or topographical conditions. 

A 400 mm-diameter drain-pipe wil l  provide water to a specially designed cattle-watering 
structure. It wi l l  also serve as a cattle ford across the outlet channel. The structure wi l l  be 
surrounded by a peripheral wall of plain concrete with a safety rai l ing and an outlet overflow 
board that also empties and cleans the basin. The bottoms of the channels will be of stone pitching. 

The structure is an example of appropriate technology: when a relatively s imple structure of a 
type already fami l iar to the local population will be provided to satisfy a large part of its water 
needs. 

To protect the spring from direct contamination, a protection zone, including fencing and an 
open ditch , has been proposed around the point of issue of the flow. A second protection zone is 
proposed to extend 50 m west and east of the spring, including the part of the community north 
of the spring and the area above the community up to 300 m above the Suva Reka-Orahovac 
road. 

The intake structure should be vis ited and checked at least once per month as well as after 
long periods of rain and after normal high flow conditions such as the seasonal snow melt. 
During these visits the flow should be checked and carefully recorded and water samples should 
be taken for physical examination and chemical analysis . 

The water treatment plant wil l  consist of a sedimentation tank, a slow sand filter and a 
pumping station to deliver the treated water through the distribution system to the water tank. 
Its general layout is presented in Fig. 98 .  

A standard sedimentation tank has been designed to  handle a flow range of  3-5  litres per 
second. Its main dimensions will be modified according to the parameters presented in the table 
of treatment plant loadings (see Table 1 4) .  

A standard slow sand filter plant has been designed with the same capacity as the sedi­
mentation tank. D ue to the water temperature and quality, the filter beds may be constructed 
without roofing. The main parameters of the plant are presented in Table 1 4  and in Fig. 97 .  

The water coming from the Opterusa spring wi l l  be dosed with aluminium sulfate and 
sodium hypochlorite during the treatment process .  The aluminium sulfate dosing wi l l  facilitate 
the settling process ,  but it is anticipated that this will be required only when the spring water 
becomes turbid after periods of heavy rain. 

During periods of medium turbidity it is estimated that an aluminium sulfate dose of 1 5  mg/I 
wil l  be required, ris ing to around 50 mg/I during periods of exceptionally h igh turbidity. The 
actual amounts will be determined by operating experience. Initially, a supply of chemical 
equivalent to a dosage of 1 5  mg/1 for half the year can be used as an annual requirement. 

A standard pumping station at the treatment plant has been designed to deliver the treated 
water to a standard water tank of 250 m3 capacity located behind the area of consu mption. 

The hydraul ic calculations showed that water hammer protection equipment should be 
included in the pumping station. A graphical check of the standard damping equipment is 
presented in Fig. 99 .  
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Ta b l e  1 4 . Treat m e n t  p l a nt l oa d i n g s  

C h a racter i s t i cs  
( m ax i m u m  q u a nt ity/ d ay )  

Sedimentation tank 

width  at  t h e  bottom 
width  at  the wate r l eve l  
ave r a g e  width  
l e n g t h  
d e pth o f  water  
sett l i ng  a rea  
cross-sect i o n a l  a rea  
vo l u m e  of wate r  
rete n t i o n  t i m e  
h o r i zonta l  v e l o c i ty 
s u rface l oa d i n g  
(w id th  o f  ta n k ) : ( l e n g t h  o f  t a n k ) 
( d epth  of water ) : ( l e n g t h  of t a n k )  

Slow sand filters 

f i l te r  bed l e n g t h  
n u m b e r  of u n i ts i n  o pe rat i o n  
f i l t ra t i o n  a rea  
f i l t ra t i o n  ve l o c i ty 

F i rst sta g e  
( 1 0 . 8  m3 / h  = 2 5 9 . 2  m 3/ d )  

1 . 4 0  m 
3 . 6 0  m 
2 . 5 0  m 

1 5  m 
1 . 1 0  m 

3 7 . 5  m 2 

2 . 7 5  m2 

4 1 . 2 5 m3 

3 . 8 2  h 
3 . 9 3  m / h  = 1 . 0 9  m m / s  
0 . 2 9  m / h  = 0 . 08 m m / s  

1 6 
1 : 1 3 . 6  

1 1 . 1 0  m 
2 

7 9 . 9 2  m 2 

3 . 2 4  m i d = 0 1 3 5 m / h  

F i n a l  sta g e  
( 1 8 . 0  m3 / h  = 4 3 2  m3/ d )  

1 . 4 0 m 
3 . 6 0 m 
2 . 5 0  m 

1 5  m 
1 . 1 0  m 

3 7 .  5 m2 

2 .  7 5 m2 

4 1 . 2 5 m3 

2 . 2 9  h 
6 . 5 5  m / h  = 1 . 8 2  m m / s  
0 . 4 8  m / h  = 0 . 1 3 3 m m / s  

1 : 6 
1 : 1 3 . 6  

1 1 . 1 0  m 
3 

1 1  9 . 8 8  m 2 

3 . 6 0  m i d = 0 . 1  5 m / h  

The standard machinery and electrical equipment o f  the pumping station are designed for 
fully automatic operation. The pumping will be control led by electrodes in the water tank. The 
signals will be transmitted from the tank to the pumping station by a ground cable l ine. The 
water flow meter will be installed on the delivery pipe inside the pumping station. 

A standard gravity dosing system will chlorinate the water with sodium hypochlorite. The 
required dose will correspond to the quantity of water coming to the treatment plant and the 
feed control will be manual .  

The whole treatment p lant area, for security reasons and to avoid contamination through 
unauthorized access, will be surrounded by a wire-mesh fence similar to that surrounding the 
spring intake structure. Power for the treatment plant will be supplied from a 1 0  kV overhead 
l ine passing north of Opterusa. A branch overhead l ine will lead to a pole-type transformer of 
30 kVA, 1 0/0.4 kV located at the treatment plant. 

A water tank of 250 m3 capacity will be located north of Opterusa, with the maximum water 
level at 452.00 m above sea level . Its capacity will be sufficient to cover the demand of the final 
design period. 

Technical Specifications 

Spring intake structure 
A non-standard spring intake structure for a capacity range of 1 5-78 l itres per second, including 
access road, fencing and open ditch , will be required. A non-standard structure for cattle 
watering is included. See Fig. 95,  96 and I 00. 
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Water treatment plant 
A standard sedimentation tank for a capacity range of 3-5 litres per second is required, with a 
settling compartment 15 m long, a water depth of 1.1 m, a PVC pipeline of 100 mm diameter and 
total length of 270 m including the bypass pipe. 

Also required is one standard slow sand filtration plant for a capacity of 3 litres per second, 
with three filter units (two of them in operation), an unroofed filter bed length of 11. 1 m and a 
pumping station, with the following machinery and electrical equipment: 

2 horizontal self-priming pumps with a capacity of 3 litres per second and total delivery 
head of 70 m; 

1 set of standard sodium hypochlorite dosing equipment; 

1 set of standard aluminium sulfate dosing equipment; 

1 standard water hammer damping device; 

1 standard domestic water supply booster station; 

1 standard switchboard for the operation and control of the machinery mentioned above; 

1 set of standard lighting equipment , including light fittings, switches, socket outlets and 
cable installation; 

750 m of overhead high-tension feeding line; 

1 pole-type transformer of 30 kVA, 10/0.4 kV; and 

1020 m of control and signalling cable line between the treatment plant and the water 
tank. 

See Fig. 97-99 and the standard designs in Fig. 21-27 and 41. 

Water tank 
A standard water tank with a capacity of 250 m3 and a Type I base slab is required, with the 
maximum water level at 452.0 m above sea level and the bottom level at 448.0 m above sea level. 
See Fig. 101 and the standard designs in Fig. 31. 

Valve house 
A standard valve house for one water tank with a Type III piping arrangement for a tank located 
behind the consumption area is required, along with a drain-pipe, access road and fencing. See 
Fig. 101 and the standard designs in Fig. 33, 38, 41 and 42. 

Distribution network 
The distribution network includes PVC piping with cast-iron fittings and adapting pipes; 
isolating valves with valve boxes for control from the ground; 20 fire hydrants and 9 stand­
pipes for a nominal pressure of 1.0 MP a; pipe of 100 mm diameter and a total length of 2345 m; 
and one house connection for the school. See Fig. 93, 94 and 102 and the standard designs in 
Fig. 39 and 42. 
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FLOW SCHEME 
I 
I 

1' 
I 

/ PUMPING STATION 

l. _ e: ,5i1'�':,, ---L 
AERATION STATION 

max Od max Oh ffllxQh/2 FLOW QI ITOTALQ, LENGTH " J v PRESS. ELEVATION OF 
SECTION TOTAL piv.z.a, L PVC LOSS HYDRODYNAMIC 

max Qh/2 SEE k:001 Jx L PRESSURE 
1/s 1/S 1/s 1/s 1/s SCHE"E m mm •;. m/s m m 

BIWT-89) 0 4.5 , 6 6.1 404 100 0. 6971 0.82 2.82 448 . 20 - 2.82= 
= 445. 38 

BIB9 - BSI t1 2.6 1.6 4.4 271 ,oo 0.3882 0.58 1 .05 445.38- 1 . 05= 
= 444. 33 

5.0x1 .8  444. 33- 4.29 = 5.0 c 1.7 1 .7 6.6 8.3 353 ,oo 1 .  2154 1 . 12 4.29 
:9.0 = 440.04 

D 1.7 ,. 7 0 1.7 475 100 0.0722 0.22 0.34 445. 38 - 0.34 = 
= 445.04 

BIW.T.ElB!i 0 0 5.0 5.0 339 100 0.4880 0.67 , .  65 444.33+ ·1. 65 = 
= 445. 96 

DELIVERY MA I N  ( FOR JUDGING OF HYDRODYNAMIC PRESSURE AT THE END OF SECTION ··c··  THE 
SI MULTANEOUS WATER SUPPLY FROM THE WATE R  TREATMENT PLANT ANO 
FROM THE WATER TANK IS SUPPOSED. I 

moxQd LENGTH COEFFICIEN " J v PRESSURE ELEVATION OF 
OF LOCAL PVC LOSSES HYDRODYNAMIC 

L LOSSES k=0.01 C• J• L PRESSURE 
1/s m c mm '!.. m/s m m 

5.0 270 ,. 2 100 0. 488 0.67 , .  58 394.065-1.58= 392. 485 

FEEDE R PIPE LINE 

max Cd U,NGTH COEFFICIENT " J v PRESSURE TOTAL HEAD 
OF LOCAL PVC LOSSES 

L LOSSES k: 0.01 C x J 11  L 
1/s m c mm '!.. m/s m m 

5.0 1,014 1 .05 100 0. 488 0.67 5.20 452.00- 387.20+5.20= 70.0 

PUMPI NG M A I N  
FEEDING O F  WATER TANK A T  NIGH T .  CONSUMPTION : O  

moxQd LENGTH COEFFICIENT ,, J v PRESSURE TOTAL HEAD 
OF LOCAL A.C. LOSSES 

L LOSSES k:0.4 CxJ. L 
1/S m c mm •;. m/s m m 

5.0 5,250 ,.os 100 0.6273 0.64 34.56 45200-328. oo.34.58= 1ss.6 

3.3 5,250 1 . 05 100 0 2816 0. 42 15.52 452.00-328.00+15.52= 139.5 (av Qdl 

ALTERNATIVE PUMPING MAIN FROM WELLFI E L D  A R EA AT MAMUSA 

HYDRAULIC CALCULATIONS 
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ELEVATION RELATIONS 
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--i °' F i g  9 7 .  Water  t r ea tmen t  p l a n t 

REFERENCES TO STANDARDIZATION 

SEDIMENTATION TANK FI LTRATI ON STATIO N  
ELEVATION RELATIONS 

I 
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I 
I � 

e3:::.,o e, 0 390.10 I 
.s \ I � = )9Q 2{) UAV W C'VCI 

,�=390 00 

__ e4 a389.50 t e2°:9 60 + 
\ -=·� 

_13119 20 I e2a� fil 

..--- - MINW LEVEL 
.!::::=. 389. 20 ._... 

I 

I e5a38760 

�+  
eca38UJ e4,JS1 20 y_ 

I � ,  

I 
DATUM �400 I 

I 
DRAWINGS 
SEDIMENTATION TANK FI G 2 1  AND 2 2  FI LTRATION STATION - CIVIL CONSTRUCTION 

FILTRATION STATION - VIEWS 

FILTRATION STATION - MACHINERY 

FILTRATION STATION - ELECTR ICAL EQUI PMENT 

D I AMETERS OF PIPES 

I NLET JIJd 1 = 100 mm RAW WATER INLET 
OUTLET I BYPASS I J1Jd2 = 100 mm PUMPING MAIN 
OVER FLOW J1Jd 3 = 150 mm CONNECTION OF PRESSURE VESSEL TO PUMPING MAIN 
DRA I N  PIPE "d4 = 80mm 

BASIC D IMENSIONS 
b 1 = 150 cm FILTER BED LENGTH 

GROUND WIDTHS bi = 440 cm TOTAL LENGTH OF FILTRATION STATI ON 
DEPTH OF WATER h = 1 10 cm FILTER GALL ERY LENGTH 
LENGTH L = 15.0m NUMBER OF SEC TIONS 

F IG  2 3  

F I G  2 4  

F I G  2 5  

FI G 2 6  A N D  2 7  

Jfd1 = 100mm 
11d2 = 100 mm 
11d 3 = 80mm 

L 1 = 1 1 . 1 m  
L 2  = 20.1 m 
L 3 = 13.Sm 
n = 3 
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F i g .  9 8 .  Layout of the water t reat m ent p l a nt 
cl $1 

c:,,.' I 
<:}" I 
"'I J'; 

"' I 
& I 

,::r I 
<::'/ I 
41 

ct I 
-i!; 
I 

I SED I M E N TATION 
TANK 

I 
400 

t 300 

1
so\ 150 I 

150 f 50
! 

! 0.00 --2% 

� - f - ,_ 
<W-- - 1- 'Ns 

WATERBOUND MACADAM 5cm 
MACADAM 1 5cm 

' �-GRAVEL SAND 20cm 
I 

ACCESS ROAD CROSS SECTION 

8.4 

TRANSFORMER 

0 

.,; "' 

'!8 

;Jjj_ -, c:, _U:i_ I j � . � �",ii :.ii: lildilvil,!1l1l1/1l1F::�l·l•l1l1�il1lil1ii?� !dd,™h..,�;J'f"'::t:r-,�.,.,.'f!.-�,=:;�.::i.:z: (6 ill -">SI I 
0, ,.__ � -{IJ <'If �-� country rood 
!!j -�� '.?_ B2:H1r--;:--����� 

';ur; /,/,/ ,1,1,1,1,1,1,1,1;i:·�1,1,1,1,1,1, i.="'--"lilihl, I. I, . , , . . .  

FILT RATION STATION 
CAPACITY 3.0 1/s 1 5 .0 1 /s ) 

( NOT TO SCALE I 

Sfcr,oN "A .. _ Pvc 1 100 _ 270 m � 

RAW WAT ER 
FEEDER PIPE L I N E  

·e>-� -;z_ SECTION " B " - PVC )1'100- 11014 m  

PUM PI NG A N D  DELI VERY M A I N  

0 10 20 30m 

SCALE  



-.J 
00 

moo 

F i g .  9 9 .  O pe r at i o n  s c h e m e  a n d water h a m me r  c a l c u l at i o n s  
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BASIC DATA FOR THE GRAPHICAL CALCULATION 

2nd STAGE QUANTITY OF FLOW 
LENGTH OF PUMPING MAIN 
INSIDE DIAMETER OF PIPE LINE 
OVTSIDE DIAMETER ANO WALL THICKNESS 
OF P1P£ LINE 
MODULUS ELASTICITY OF PVC PIPES 
INITIAL VELOCITY IN THE PUMPING MAIN 
ACCELERATION OF GRAVITY 

ESTIMATED AIR VOLUME IN THE PR£SSURE 
VESSEL UNDER STATIC CONDITIONS 
INTERVAL OF TIME 
STATIC PMSSURE 
BAROMETRIC PRESSURE 
CROSS SECTIONAL AREA OF PUMPIMG 

Q0 • 5.0 lh 
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AIR VOLUME OF 0.10 ml UNDER STATIC CONDITIONS 
IS SUFFICIENT 
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SECTION" B " - PVC �100- \0'4m 

PUMPING AND 
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Fig . 1 0 1 .  Layout of the 

. 2.61 
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SCALE 
30m 

4LS.OO 
DATUM _I_ 

WATE R  TANK 250m3 

W..TER TANK 

I TYPE I. OF BASE SLAB SUPPOSED I 

HOUSE FOR ONE WATER TANK -
CONSTRUCTION 
CHANNEL ARRANGEMENT TYPE b J  

HOUSE FOR ONE WATER TANK -
TYPE Ill . 

OF PIPES 

•d 1 = 80mm 

VALVE HOUSE 

FI G 3 1  

FIG 3 3  

F IG. 3 8  

OUTLET 

DRAIN PIPE 

OVERFLOW 

AIR PIPE 

WASTE PIPE 

"d2 = 125mm !OUTSIDE THE VALVE HOUSE ,.dzo 100mm SEE LAYOUT I 

•d 3 = 80mm 

•d4 = 80mm 

•d 5 = SO mm 

"d6 = 200mm 
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Vranic 

Basic Data 

The rural community of Vranic is s i tuated in the commune of Suva Reka at a distance of 4 . 5  km 
in a direct l ine, and about 8 km by road, from the commune centre of the same name. The 
community can be reached only by driving a cross-country vehicle along a field track 6 km long 
from the neighbouring community of Sopina, located on the main Suva Reka-Prizren road. 

The township is bui l t  in rather rugged terrain along the val ley of the Vranicka Reka River in 
the northern foothil ls of the Bukova Glava range. Its single street branches into three in the 
lower, flatter area. This configuration determined the layout of the distribution system. 

The population of Vranic works in agriculture . According to the 1 97 1 census the population 
of Vranic was 1 422 and there were no plans for significant development of the community, 
although the population was expected to rise to about 1 600 by 1 990. 

In accordance with the design criteria, a per capita water consumption of 260 litres per day 
was adopted. This resulted in the fol lowing daily water requirements .  

Tota l  9 0% ( re d uced  f o r  d es i g n )  

m 3 / d ay l i t re s / s e c o n d  m3 / d ay l i t r e s / s e c o n d  

408 4 . 7  3 6 7  4 . 2  

Water Resources 

An investigation of the surrounding countrys ide and plans for development showed no possi­
bil ity of connecting Vranic to a regional water supply system. A spring was identified, however, 
about 5 km east of the community .  It is on the slopes of the Bukova Glava range, h igher than 
Vranic, so that water could be supplied by gravity. 

In fact there are two springs very close to each other, the Crno Vrelo and the Belo Vrelo. 
They are situated in a deciduous wood at an altitude of 1 300 m, in an area of green slate and 
metabasalts from the older Palaeozoic era. The water issues from a fissure in the rock structure. 

D uring field surveys undertaken in July 1 974, the yield of the Crno Vrelo spring was 
estimated to be 1 . 5-2.0 l i tres per second while that of the Belo Vrelo was found to be in the range 
of 2 .0-2 .5  l i tres per second. In September of the same year, the yield of the Crno Vrelo was found 
to be 3 . 5  l i tres per second while the yield of the Belo Vrelo had risen to 4.5 litres per second . 
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The springs are not currently used, although the result ing brook downstream is  used for the 
watering of cattle and limited irrigation. 

Because 1 974 was a dry year, it was assumed that the combined yield of both springs would 
be able to satisfy the calculated water requirements of 4 .2  J i tres per second under any conditions . 
I t  was, however, recommended that regular measurements of the yields of both springs be made,  
over a period of at least one hydrological year and preferably longer, to confirm these pre­
liminary estimates. 

The water from both springs was sampled and chemically analysed to assess its suitabil ity for 
drinking. Physically,  i t  was found to be cool and relatively colourless, clear, very palatable, 
s l ightly acid and h ighly corrosive, with low mineral content and only a minimum content of 
organic matter. 

People can use the water although , because of its aggressiveness, it may corrode the material 
of the distribution system. This possibil ity should be monitored during the operation of the 
system and, if necessary, the system should include neutralization with lime. Such neutral ization 
was not included in the designs in order to reduce the need for chemicals and the complexity of 
operations in such a remote area. Because of the corrosive nature of the water, PVC pipes were 
recommended for the del ivery main and distribution system, as well as corrosion-resistant 
concrete for structures. 

Water Supply System 
The Crno Vrelo water wil l  be col lected by means of a standard Type I spring intake structure. 
The length of the inlet compartment will be 3 m, although this may have to be modified after 
excavation of the outflow area. The diameters of the delivery drain and pipes of the structure 
will be 65 mm and 1 00 mm, respectively. 

The Belo Vrelo water wil l  be col lected by means of a standard Type II spring intake 
structure, with a collect ion trench 25 m Jong and pipes of the same diameters as the Crno Vrelo 
structure. 

All e xcavation work should be done by hand; no explosives should be used. A rainwater 
catchment trench wil l  be constructed along the fence l ine of the first protection zone to avoid the 
possibil ity of surface run-off contamination. 

A protection zone should be establ ished around each spring, preventing access within 25 m 
of the spring and a second protection zone should be formed at a distance of I 00 m uphil l  of each 
spring and 50 m on each side. The protection zones are shown in Fig. I 03 .  The first protection 
zone should be enclosed by a wire-mesh fence . 

A standard service bui lding will be constructed close to the Crno Vrelo spring but outside the 
fenced area, as shown in Fig. I 03 . 

The water will be conveyed from the springs by a 65 mm-diameter PVC pipe through a series 
of standard pressure head breaking chambers 59 1 m, 1 405 m, 2090 m, 2720 m, 3459 m and 
4000 m from the Crno Vrelo spring. These chambers are necessary to avoid e xcess pressure in 
the delivery main between the spring level at 1 3 1 8 m above sea level and the top water level in a 
water tank at 725 .00 m above sea level . The pipeline layout is shown in Fig. 1 03- 1 05 and the 
longitudinal profi le in Fig. 1 06 .  The delivery main wil l  convey the water to the standard water 
tank of 250 m' capacity. A standard valve house wil l  be located in front of the area of 
consumption. 
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The disinfection equipment will be located in the valve house .  A throttling valve will keep the 
flow to the tank at as constant a rate as possible .  The rate of sodium hypochlorite dosing will be 
adjusted manually. Because of this arrangement, a small deviation from the standard pipe 
arrangement is necessary; the inlet control float valve will be removed and the water con­
sumption meter should be installed on the outlet pipe . 

Besides the pressure head breaking chambers located on the delivery main, it is necessary to 
include a pressure reduction valve chamber on section C of the distribution network, since the 
difference in elevation between the top water level in the tank and the lowest point of the 
distribution system is 1 05 m. This non-standard structure is presented in Fig. 1 07 and its 
location in Fig. 1 05 .  

The const ruction of this chamber i s  simi lar to  that of the standard measuring chamber 
(see p. 36) . The pipework and fittings are of cast-iron, with a spring-loaded 1 00 mm-diameter 
reducing valve. The valve should reduce the pressure by 0.2 MPa, equivalent to 20 m of water 
column, at a flow of 8.28 litres per second. This i s  in keeping with the flow and pressure 
conditions presented in F ig. 1 08. In case of failure or during maintenance, a bypass round the 
reducing valve is included in the design. When this is in operation, throttl ing the flow to the 
required pressure reduction must be done manually. A pressure gauge is included in the 
chamber downstream of the reducing valve and bypass to facil itate pressure control. 

The chamber wi ll be drained by a concrete pipe, 1 50 mm in diameter and 30 m long, to allow 
free discharge . 

The water supply system and basic hydraulic calculations are presented in Fig. 1 09. 

Technical Specifications 

Spring intake structures 
A standard Type I spring intake structure , including piping, steelwork and fencing, is required, 
along with a standard Type II spring intake structure also including piping, steelwork and 
fencing. ln addition, a standard building with store-room, guardroom and toilet is necessary. 
See Fig. 1 03 and 1 1 0 and the standard designs in Fig. 5, 6, 40 and 42. 

Feeding pipeline 
A 65 mm-diameter PVC pipeline for the nominal pressure of 1 . 0 MPa, 4925 m long and includ­
ing six standard pressure head breaking chambers with drain-pipes, is required, along with a 
standard valve and a standard drain valve chamber. See Fig. 1 03- 1 06, 1 08- 1 1 0  and the standard 
designs in F ig. 1 7- 1 9  and 42. 

Water tank 
A standard water tank, with a capacity of 250 m' and a Type I base slab, is required. The 
maximum water level will be at 725 .0 rn above sea level and the bottom level will be at 72 1 . 0 rn 
above sea leve l .  See Fig. 1 1 1  and the standard designs in Fig. 33, 35 , 4 1  and 42. 

Distribution network 
The distribution network wil l include PVC piping with cast-iron fittings and adapting pipes; 
isolating valves with valve boxes for control from the ground; 3 1  fire hydrants and 1 7  water 
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standpipes for the nominal pressure of 1.0 MPa; and piping 100 mm in diameter and 2965 m 
long. A non-standard pressure reducing valve chamber is also required, including piping, 
isolating valves, pressure reducing valve and pressure gauge. See Fig. 105, 107-109 and the 
standard designs in Fig. 39 and 42. 
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SECTIONAL PLAN B-B SE CTION A - A  

CHAMBE R WITH PRESSU R E  R E D U C I N G  VA LVE - PI P E S  AND FITTI N GS S K E TCH 

ELEVATION RELATIONS 

BOTTOM OF CHAMBER : 

EXISTING GROUND : 

REFORMED GROUND : 
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PRESSURE HEAD BREAKING 
CHAMBER N" 6 - 799.40m as 1. 

r 

PRESSURE HEAD BREAKING 
CHAMBER N° 4- 1 009.90m a.s.l 

� FEEDER PIPE LINE 

4.2 1� 

.... -� 
<s 

SECTl(),I "'/>:' - • 65  - 4,925m 
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PRESSURE HEAD BREAK I NG 
CHAMBER N-5 - 899.40m a.s I 

FLOW SCI-EME 

lmax Qd LENGTH ,, J v 

L PVC 
k=0.01 

\/s m mm 'I, m/s 

4.2 4,000 65 2 . 2844 1.21 

FEEDER PIPE LINE l km  0. 00 - 4.!JO ) 

maxQd LENGTH fcOEFFICIENT " J 
L OF LOCAL PVC 

LOSSES k:0.01 
1/S m c m m  'I, 

4 2  925 105 65 2.2844 

O IXl l!D 3ll 400 500 m 

SCALE 

TOTAL TERRAIN 
DECLIVITY 

'lo 
1 "31

4
&�ll00 • 12.95 

v PRESSURE 
LOSS 
Clll Jx L 

.. 1. m 

1.21 22 19 

NOTES 

FLOW WITHOUT 
PRESSURE 

ELEVATION OF 
HYDROOYNAMC 
PRESSURE 

m 

799.40 - 22.19 • 777. 21 

FEEDER PIPE LINE It.TI 4.00 - 4.925 ) 

maxOd max Oh maxQ�/2 FLOW Qf lOTAL Q, LENGTH ,. J 
SECTION TOTAL Ch"i+Of L PVC 

max Qh/2 k , 0 01 
1/s 1 /s 1/s \/s 1/s \/s m m m  % 

B 2 10 3 78 6.6 10.38 225 '00 1 11296 
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HYDRAULIC CALCULATIONS 

SPRING INTAKE STRUCTURES 

v PRESS. ELEVATION OF 
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m/s m m 
1.39 4 1 2  721 20 - 4 12  = 717. 08 
1.17 8.63 717. 08 - 8.63 ' 708 45 

018 717 08 - 0.18 • 716.90 1.11 7. 71 696.90 - 7 71 , 689.19 



F i g .  1 1  0 .  S p r i n g  i nt a ke st r u ctu res ,  t h e  p ress u re head  b rea k i n g  c h a m ber  
a n d a gene ra l  s e rv ice  b u i l d i n g  

REFERE NCES TO STANDA R DI ZAT I ON 

SPRI N G  INTAKE STRUCTU R E -"CRNO VRELO" PRESSURE HEAD BREAKI NG  CHAM BER 

ELEVATI ON RELATIONS DIAMETERS OF Pl PES 

e4 • 1 319.47 OUTLET f d1 = 65 mm .,, WASTE PIPE • d2= 1 00 mm 
II "' 

9i-1 316.42 

y_ ra LE NGTH L1 = 300cm 

1 314.00 
DATUM � 

OUTFLOW OF SPRING e1 = 1318.00 
(SURVEYED BY ALTIMETE R }  

DRAW I N G  
SPRING INTAKE STRUCTURE - TYPE I 

F IG .  5 

SPR I N G  I N TA KE STRUCTURE  - "BELO VRELO " 

E LEVAT ION RELATIONS 

84 �295.20 

, 

•2=1 292.07 

y_ 

DATUM 
1 290.00 .... 

I I  

� 

OUTFLOW OF SPRI N G  
(SURVEYED BY ALTIMETER } 

DRAW I N G  

'\ 

e1 . 1 294. 00 

SPRING I N  TAKE STRUCTURE -TYPE U 
F IG .  6 

DIAMETERS OF PI PES 

OUTLET f d1 = 65mm 
WASTE P I PE f d2= 100mm 

LENGTH L1 = 600 cm 
L2=2 500 cm 

84 ,, 

--frn·· "" . 

DRAWING  
PRESSURE HEAD BREAKI N G  CHAMBER F IG .  1 7 

NOTE: ELEVATION 83 TAKEN OVER FROM ORIGINAL MAP 

CHAMBER ELEVAT I ON RELATIONS DIAMETERS OF PI PES 
No 81 82 

OUTLE T INLET WASTE PIPE 
83 84 • d1 f d 2  f d 3  

1 1 2 86.37 1 287. 40 1 288.00 1 288. 72 65 mm 65mm 1 00 mm 

2 1 2 60.87 1 261.90 1 2 62.50 1 2 63.22 65 mm 65mm 100 mm 

3 1 1 38 .37 1 1 39.40 1 1 40 . 00 1 1 40.72 65 mm 65mm 100 mm 

4 1 008.87 1 009.90 1 010.50 1 01 1 .22 65 mm 65mm 100 mm 

5 898.37 899.40 900.00 900.72 65 mm 65mm 1 00mm 

6 798. 37 799.40 800.00 800.72 65 mm 65 mm 100mm 

HOUSE WITH STORE .  GUARD ROOM AND w.c. 

ELEVATION RELATIONS 

84 ·�10.35 �:nJ 50 
DRAWING 
HOUSE WITH STORE, 1 �l� I U  
GUARD ROOM AND W.C. -

F IG  40  
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F i g .  1 1 1 . Layout of t he  2 5 0  m3 water t a n k  

' 
DELIVERY MAIN 

10 20 30m 

SCALE 

REFERENCES TO STANDARDIZATION 

ELEVATION RELATIONS 

DATUM 

WATER TANK VALVE HOUSE 

DRAWINGS 
WATER T ANK 250m3 
(TYPE I OF BASE SLAB SUP!'OSED I 

VALVE HOUSE FOR ONE WATER TANK -
CIVIL CONSTRUCTION 
(WASTE CHANNEL ARRANGEMENT TYPE O I 

VALVE HOUSE FOR ONE WATER TANK -
PIPING TYPE 1. 

DIAMETERS OF PIPES 
INLET Jl'd1 : 80mm 

OUTLET .e1d2=125mm 

DRAIN PIPE _.d3 = 80 mm 

OVERFLOW _.d4 = 80 mm 

AIR PIPE J11d5= 50 mm 

WASTE PIPE J11ds=200 mm 

FIG. 3 1  

FIG. 33 
FIG. 35  





Dubrava 

Basic Data 
The rural community of Dubrava is s i tuated in the commune of K acanik,  3 km in a direct l ine 
and 6 k m  by road from the commune centre of the same name. People get to the  village only by 
driving a cross-country vehicle along the i mproved rough track that runs 2 km from the 
neighbouring community of Doganovic. 

The township is concentrated on the northern slope of Luboten Mountain in the eastern part 
of the Sar Planina ridge . The community is divided into three groups of farmhouses connected 
by footpaths and field tracks .  Dubrava is on gently sloping ground. The entire population is 
employed in agriculture. 

In 1 97 1 ,  the national census found the population of the community to be 503 . Although no 
development plans for the community exist ,  the population will probably increase to about 550 
in the short term. 

In accordance with the design criteria, a per capita water consumption of 220 litres per day 
was adopted. This resulted in the following daily water requirements.  

Tota l  90% ( re d u ced  for  des i g n )  

m 3 / day  l i t re s/second  m3/ d ay l i t r es/second  

1 2 1  1 . 4  1 03 1 . 2 

Water Resources 
During the course of field surveys, the available water resources in the environs of Dubrava were 
invest igated, since no regional water supply system exists or is planned within a reasonable 
distance of the village. Although the Urosevac-Kacanik  regional water supply system will be 
built within the commune, a combination of the distance of the nearest point for connection and 
the need for pumping eliminated it as a source for Dubrava. The amount of water could not 
justify the expense of investment and operation. 

Therefore, a local source of water had to be found.  Investigations identified a spring, Crni 
Kamen, located about 2 km from the community. It is located in a deciduous wood on the slopes 
of the Sar Planina ridge, in a deep erosion trench below the Pristina-Tetovo road at an elevation 
of 9 1 2  m above sea level. Thus the water could be supplied by gravity .  The rock in the area of the 
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spring consists of phyll ite and sericitic slates with crystal l ine calcite intrusions. The spring flows 
from one such intrusion, covered with coarse rocky detritus. 

During the field reconnaissance in July 1 974 , the yield of the spring was estimated to be 
8- 1 0  l itres per second, and in October of the same year the yield was measured as 1 3 .6  l itres per 
second. According to rain gauge measurements, 1 974 was a dry year, while the two previous 
years were wet. With the low water demand of the community, 1 .2 l itres per second, the spring 
can be safely expected to yield more than enough water under all conditions. In fact, the 
minimum yield of the spring can be expected to stay above 5 l itres per second, and in most years 
it will be above 8 l itres per second. 

Since at present the spring is not used for any other purposes, it is free for use as a source of 
drinking-water for Dubrava. 

However, it is recommended that regular measurements of the spring yield, the water 
temperature and its chemical characteristics be made over the course of a complete hydrological 
year. 

Chemically, the water was found to be moderately mineral ized. It contains calciu m  bi­
carbonate with a total hardness of 96 .4 mg/I calcium carbonate. The water can be classified as 
soft and non-corrosive, with a good clear appearance, negligible alkalinity and strong mineral 
acidity .  There were no iron, manganese, ammonia or oxides of nitrogen detected by laboratory 
analyses, and the water was found to be almost completely saturated with oxygen. Therefore, 
the spring water in its natural state was considered to be very suitable as a potable supply .  Only 
disinfection was required, to safeguard the bacterial quality of the water in the distribution 
system. 

Water Supply System 
As mentioned in pp. 1 3 1- 1 32 ,  the Crni Kamen spring is to supply water to two rural com­
munities: D ubrava and Doganovic. Since Dubrava is located uphil l  of Doganovic in the 
direction of the spring, all the main elements of the Dubrava water supply system will have to be 
structured to meet the requirements of both communities. The measuring chamber on the 
pipeline from Dubrava to Doganovic is considered as the dividing point between the systems 
(see Fig. 1 12) .  

The water supply  system wil l  consist of a spring intake structure , a feeding pipel ine with a 
pressure head breaking chamber because of the e levation difference of 1 80 m between the spring 
and the community, a water tank with associated valve chamber and the distribution network. 

The standard Type I spring intake structure will include arrangements for overflow and 
piping sufficient to handle yields up to 30 l itres per second. The del ivery pipe and drain from the 
intake structure will be of 80 mm diameter and 1 50 mm diameter, respectively. 

Al l  excavation work for the structure should be done by hand, without the use of explosives. 
Because of the ground configuration round the spring, it will not be necessary to dig a run-off 
water catchment trench around the area. However, for security reasons, a wire-mesh fence will 
be erected around the first protection zone . The zone will have a radius of about 25 m. 

The water will flow by gravity from the spring intake structure through an 80 mm-diameter 
PVC feeding main to a pressure head breaking chamber. This will be located 400 m downstream 
of the spring at an elevation of 8 1 8 m above sea level .  The standard chamber has an 80 mm­
diameter inlet and outlet pipe and a 1 00 mm-diameter drain. The water wi l l  flow from the 
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pressure head breaking chamber through an 80 mm-diameter pipe 2.2 km long to a water tank. 
The tank has the minimum standard capacity of 100 m3 but is large enough to cover future 
water demand. 

The control pipework will be located in an underground valve chamber constructed as seen 
in Fig. 32. 

A standard service building, containing a chlorination station and sodium hypochlorite 
store-room, will be connected to the water tank. The hypochlorite solution will be fed to the 
valve chamber by a 15 mm-diameter PVC pipe (see Fig. 113). There is also provision for a 
guardroom and toilet. This building will be constructed in accordance with the designs in Fig. 40. 

Technical Specifications 
Spring intake structure 
A standard Type I spring intake structure is required, including piping, steelwork, drain and 
fencing. See Fig. 114 and the standard designs in Fig. 5. 

Feeding pipeline 
An 80 mm-diameter PVC pipeline, for the nominal pressure of 1.0 MPa and 2602 m long, is 
required, along with a standard pressure head breaking chamber including piping and drain­
pipe and a standard drain valve chamber. See Fig. 112 and 114-116 and the standard designs in 
Fig. 5, 17-19 and 42. 

Water tank 
A standard water tank, with a capacity of 100 m3 and Type I base slab, is required. The 
maximum water level will be at 735.0 m above sea level, and the bottom level will be at 731.3 m 
above sea level. See Fig. 113 and the standard designs in Fig. 28. 

Valve chamber 
A standard underground valve chamber, with Type I piping, drain-pipe and fencing, is required. 
See Fig. 114 and the standard designs in Fig. 32. 

General service building 
A standard building structure, including standard sodium hypochlorite dosing equipment and 
55 m of PVC dosing pipe of 15 mm diameter is required. See Fig. 113 and the standard designs in 
Fig. 32, 40 and 41. 

Distribution network 
The distribution network will include PVC piping with cast-iron fittings and adapting pipes , 
isolating valves with valve boxes for control from the ground, 14 fire hydrants and 8 standpipes 
for the nominal pressure of 1.0 MPa and a house connection for the school. There will be 2535 m 
of 100 mm-diameter piping and 415 m of 80 mm-diameter piping. See Fig. 112, 115 and 117 and 
the standard designs in Fig. 39 and 42. 
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Kolo 

Basic Data 

The rural community of Kolo is situated in the commune of Vucitrn, 5 km in a direct line and 
about 7 .5 km by road from the commune centre. People can get to the village only by driving a 
cross-country vehicle in dry weather along a country track that branches off the asphalt 
Vucitrn-Dubovac road. 

The community consists of scattered groups of farmhouses, connected by a series of 
footpaths. Kolo is in rather rugged terrain on the north-eastern lower slopes of the Cicavica 
hills. The economy of the community is purely agricultural. 

In 1 97 1 ,  the national census found the population of Kolo to be about 500 .  It was not 
expected to grow in the future. 

In accordance with the design criteria, a per capita water consumption of 220 litres per day 
was adopted. This resulted in the following daily water requirements. 

Tota l  8 5% ( re d u ced fo r  d es i g n )  

m3/day  l i t res/ second  m3/day  I i t res/  second  

1 1 0 1 . 3  9 4  1 . 1 

Water Resources 

A field investigation of the area surrounding Kolo was carried out to identify suitable water 
resources. Only one water source about 3 km from the village was found. It was considered 
because no regional water supply system existed or was planned. The quality of the water was 
checked to ensure its suitability for drinking. 

The spring, called Vrelo-Koles, is situated at a relatively high elevation of 940 .40 m above 
sea level , over 300 m above the area of consumption. It is located in a deciduous forest on the 
slopes of the Cicavica hills. Geologically, the area round the spring is composed of phyllite and 
sericitic slates with crystalline calcite intrusions, circumstances similar to the Crni Kamen spring 
serving Dubrava and Doganovic. 

During field investigation in July 1 974, the yield of the spring was found to be 1 .0- 1 . 5 litres 
per second, and in October of the same year 3 . 1 litres per second was measured. Since 1 974 was a 
dry year and the two preceding years were wet, it was estimated that the yield can be expected to 
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drop to as low as one third of the autumn flow in a dry year, and that this could be 0 . 7-0.9 l itre 
per second. W ith the possibil ity of some small shortage in supply during the late summer in dry 
years, the yield of the spring was judged adequate.  H owever, it should be stressed that it will be 
important to perform regular yield measurements in the future to verify the preliminary 
estimates .  

Samples of the water were collected in July and October 1 974 and tested for organoleptic 
and chemical quality. It was a non-corrosive medium-hard water with about 1 85 mg/I calcium 
carbonate, with only traces of dissolved iron and manganese, no traces of ammonia or oxides of 
nitrogen and only very low concentrations of alkaline and salts of the strong mineral acids. The 
water was almost saturated with dissolved oxygen and was not unpalatable .  

It was concluded that the water was suitable for supply to the community if disinfection 
safeguarded its bacteriological quality . 

Water Supply System 

The water from the spring will be collected by a standard Type I spring intake structure, with a 
collecting chamber 2 .45 m long. The delivery and drain-pipes will be 50 mm in diameter and 
1 00 mm in diameter, respectively .  

All  excavation work should be done by hand, and explosives should not be used. A water 
catchment trench about 30 m long will have to be dug above the spring to prevent contamination 
by surface run-off during periods of rain. The first protection zone, of about 25 m radius around 
the spring, will be fenced in. 

Because of the large elevation difference of 1 90 m between the spring and the water tank, a 
standard pressure head breaking chamber will he constructed on the del ivery main 1 078 m from 
the spring at an elevation of 750 m above sea level (see Fig. 1 1 8- 1 20) .  

A 50 mm diameter PVC delivery main, 1 1 99 m long, will  convey water from the pressure 
head breaking chamber to a water tank located in front of the consumption area. A standard 
water tank of 1 00 m3 capacity with a separate underground valve chamber will be sufficient to 
meet the population's needs. No future expansion is planned (see Fig. 1 2 1 ) . 

A standard building with store-room, guardroom and toilet is included in the design. It will 
be located near the water tank, to provide storage for sodium hypochlorite and shelter for 
operating staff. Sodium hypochlorite dosing equipment will be installed on the wall inside the 
tank entry room. 

The distribution network will be of PVC pipes with fire hydrants and isolating valves located 
according to need. The standpipes will be installed at convenient places on the network to 
supply the population with water. 

Technical Specifications 

Spring intake structure 
A standard Type I spring intake structure is required, including piping, water catchment 
trench, chain-l ink fencing and drain-pipe.  See Fig. 1 1 9 and 1 20 and the standard designs in 
Fig.  5 and 42 . 
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Feeding pipeline 
A 50 mm-diameter PVC pipeline, 2277 m long, for a nominal pressure of 1.0 MPa will be 
required, including a standard pressure head breaking chamber with piping and drain. See 
Fig. 118-120 and 122 and the standard designs in Fig. 42. 

Water tank and valve chamber 
A standard water tank, with a capacity of 100 m1 and Type I base slab, is required. The 
maximum water level will be at 674.0 m above sea level and the bottom level will be at 670.3 m 
above sea level. In addition, a standard valve chamber, with Type I piping arrangement , 
drain-pipe and fencing, is required. See Fig. 121 and the standard designs in Fig. 28, 32 and 42. 

General service building 
A standard building structure is required, including 20 m of service connection pipe of 15 mm 
diameter. See Fig. 121 and the standard designs in Fig. 40 and 42. 

Distribution network 
The distribution network includes PVC piping with cast-iron fittings and adapting pipes, 
isolating valves with valve boxes for control from the ground, 15 fire hydrants and 8 water 
standpipes for a nominal pressure of 1. 0 MP a. The pipes will be of 100 mm diameter and 2225 m 
long. See Fig. 122-124 and the standard designs in Fig. 39 and 42. 
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Fig. 1 1  9. Layout of t he  feeder pipeline 
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Kolo lee 

Basic Data 

The rural community of Kololec i s  situated in the commune of Kosovska Kamenica, 5 km in a 
direct l ine from the commune centre of the same name . The village is accessible all year round by 
a minor road t hat leads out of the Gnj ilane-Bujanovac road, forms the main axis of the 
community and gives it its long narrow shape.  To the east of the built-up area, the ground slopes 
gently to the Ogoska Reka R iver and to the west i t  rises quite sharply, forming hilly terrain. The 
whole community i s  engaged in agriculture. Kololec has two schools .  

The 1 97 1  census numbered the population at 485 and no increase was anticipated. For this 
reason a population figure of 500 was used for design purposes. 

In accordance with the design criteria, a per capita water consumption of 220 l itres per day 
was adopted. This resulted in the following water requirements .  

Tota l 8 5% ( red uced  fo r  d es i g n )  

m 3 / d a y  I 1 t r e s/  s e c o n d  m 3 / day  l i t re s / second  

1 0 1 1 . 2 8 6  1 0  

Water Resources 

A field survey indicated that the most convenient and economical source of water for the 
community of Kololec would be groundwater from the alluvium on the right bank of the 
Ogoska Reka River, just upstream of the town. Before a final decision could be made, however, 
a hydrogeological invest igation was necessary to ensure that the yield would be sufficient and 
the water quality acceptable .  

The hydro geological investigation, including a bored well and pumping test ,  was performed 
in 1975 .  

The geological profile of the  borehole was found to  be  as  follows: 

0- 1 .0 m: silty medium-grained sand, slightly loamy 

1 .0-2 . 5  m: loamy silt 

2 .5-3 .0 m: fine- and medium-grained sand with occurrence of gravel 
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3.0-5.0 m: sandy gravel with stones up to 8 cm 

5.0-5.5 m: loam with silty sand 

5.5-6.0 m: loam with sand 

The groundwater was found in the 2 .5  m thick aquifer of gravel/sand and, being under 
sub-artesian pressure, it rose at the time of investigation to 1.65 m below the ground level. 

To avoid inundation during periods of flood, the top of the well had to be raised l .5  m above 
ground level and surrounded with an impermeable fill material 10 m in diameter. 

The pumping test, as expected, indicated that a well located 50 m from the right bank of the 
river could provide more than the necessary water yield of 1 litre per second. 

Samples of the water flowing at a rate of 1 litre per second were taken for chemical and 
microbiological analyses during the pumping test. The water was found to have quite different 
qualities than the water of the adjacent river. This indicated that, contrary to expectation, the 
water was not infiltrated water from the river. 

The water was found to be barely suitable for water supply purposes because of its high 
hardness of 375 mg/I calcium carbonate and an exceptional manganese concentration of 7 mg/l. 
However, considering the lack of an alternative source and the need to improve the living 
conditions of the village, where water is taken directly from the river and used without any 
disinfection, it was decided to proceed with the scheme. Owing to the low quality of the water, 
the test borehole was not recommended to be used for the water supply. Since the alluvium of 
the river is probably relatively narrow in this area, a dug well should be sunk at a distance of only 
about 20 m from the river bank so as to collect bank filtered water from the river. 

On the basis of the chemical and bacteriological analyses of the river water, the infiltrated 
water should be mechanically and chemically pure and characterized by a favourable low 
salinity and a negligible content of oxidizable organic substances. The total hardness should be 
90-125 mg/I calcium carbonate, without iron and manganese. It is suggested that this water is 
suitable for drinking. Only sodium hypochlorite dosing, as protection against bacterial con­
tamination, will be needed. 

On the other hand, it may be easier to connect the Kololec water supply system to the water 
tank of Ogoste, about 5 km away. The water from the Ogoste source is sufficient and its quality 
is much better. This alternative is shown in Fig. 125-127. 

Water Supply System 
A dug well 2 m in diameter can be located upstream of Kololec, 20 m from the river bank, and 
sunk to the bottom of the water-bearing strata (see Fig. 128). The well will be constructed 
according to the designs in Fig. 8 and the levels and details determined by the local conditions 
presented in Fig. 129. 

A pumping station with a capacity of I litre per second and a delivery head of 52 m will pump 
water from the well through a 50 mm-diameter PVC pipe 457 m long to a water tank with 100 m3 

capacity. The Type 3.1 pumping station has standard machinery and electrical equipment. The 
levels and pipe dimensions suitable to this station are presented in Fig. 129. 

Standard sodium hypochlorite disinfection equipment is included in the pumping station. 
The quantity of water extracted from the well will be measured by a meter installed in the 

218 



pumping station, and the operation of the pumps will be controlled automatically by the water 
level in the water tank . 

The pumping station will be supplied with power by a 0.4 kV low-tension overhead l ine , 
coDsisting of a new pole l ine 200 m long and a reconstructed pole l ine 800 m long. 

The area of the well and pumping station will be fenced in and accessible by an asphalt road 
leading off the main Kololec-Ogoste road (see Fig. 1 28) .  

The standard water tank, including a standard valve chamber, is presented in Fig. 1 30 .  It will 
be accessible via a footpath 1 40 m long. 

The water flows from the tank through a 1 00 mm-diameter PVC pipeline to the distribution 
network consisting of 1 00 mm-diameter PVC pipes with fire hydrants, standpipes and isolating 
valves . 

Technical Specifications 

Dug well 
A standard dug well, 2 .0  m in diameter, 5 m deep and constructed as a captation well ,  is 
required, with filtration fill according to the results of hydro geological investigation, a suction 
pipe of 50 mm diameter and a suction strainer with a valve of the same diameter. See Fig. 1 28 
and 1 29 and the standard designs in Fig. 8 .  

Pumping station 
A standard Type 3 . 1 pumping station, without a wet sump, 1s required, consisting of the 
following machinery and electrical equipment: 

2 horizontal self-priming pumps with a capacity of 1 l itre per second and del ivery 
head of 52 m; 

1 set of standard sodium hypochlorite dosing equipment; 

1 standard switchboard; 

1 set of standard lighting equipment, including l ight fittings, switches, socket outlets and 
cable installation; 

200 m of low-tension feeding pole l ine; and 

457 m of control and s ignalling cable line. 

The pumps can be operated manually from the local switchboard, or automatically by the 
levels in the service water tank . 

The electrode switch-off level will be at 526.95 m above sea level and the switch-on level will 
be at 526.0 m above sea level . The shut-off electrode in the dug well will be located at 4 77 .05 m 
above sea level . See Fig. 1 28 ,  1 29 and 1 3 1  and the standard designs in Fig. 9 ,  1 1  and 1 2 .  

Pumping main 
A 50 mm-diameter PVC pipeline 457 m long, for a nominal pressure of 1 .0 MPa, is required. See 
Fig. 1 25- 1 27 and the standard designs in Fig. 42. 
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Water tank and valve chamber 
A standard water tank, with a capacity of 1 00 m1 and Type I I  base slab, is required. The 
maximum water level will be at 527 .0 m above sea level ,  and the bottom level will be at 523 .3  m 
above sea leve l .  Also, a standard valve chamber with Type I piping arrangement, drain-pipe, 
access footpath and fencing, is required. See Fig. 1 30 and the standard designs in Fig. 28, 32 
and 42 .  

Distribution network 
The distribution network includes PVC p1pmg with cast-iron fittings and adapting pipes, 
isolating valves with valve boxes for control from the ground, 1 5  fi re hydrants and 9 water 
standpipes for the nominal pressure of 1 .0 MPa, pipe 1 00 mm in diameter and 1 88 1  m long and 
two house connect ions for the schools .  See Fig. 1 25- 1 27 and the standard designs in Fig. 39 
and 42. 
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Srednja Klina 

Basic Data 
The rural community of Srednja Klina is s ituated in the commune of Srbica, about 3 km from 
the town of Srbica. Access to the vil lage is assured throughout the year by the Titova M itrovica­
Srbica asphalt road. 

The built-up area of the community is in two parts lying on either side of the relatively new 
main road . The road had no bearing on the development of the com munity. 

In 1 97 1 ,  the national census found the population of the community to be 485 .  The 
provincial planning authorities confirmed that there were no plans for its development , and, in 
fact , a slight decrease in population was anticipated by the turn of the century. I t  was therefore 
decided to design the system for a population of about 460 . The village economy is completely 
based on agriculture .  

In accordance with the design criteria, a per capita water consumption of 220 l i tres per day 
was adopted. This resulted in the following water requirements. 

Tot a l  7 0% ( re d u ced  fo r  d e s i g n )  

m 3 / d ay I 1 t r e s/  s e cond  m 3 / d ay l i t r e s/ second  

1 0 1 1 . 2 7 1  0 . 8  

Water Resources 
The com munity of Srednja K lina is close to the newly constructed Gazivode Darn multi­
purpose reservoir. I t  was therefore considered most appropriate that Srednja Kl ina, along with 
other villages in the area, be supplied by the regional water supply systerr. with the large modern 
water treatment plant that was built for the towns of Titova Mitrovica and Zvecan. The Titova 
Mitrovica-Srbica pipeline has already been designed .  I t  includes a 2 X 250 rn' capacity water 
tank located at an elevation that is also suitable for the Srednja K l ina water supply. 

Water Supply System 
The water supply system for Srednja K l ina is relat ively s imple, consisting only of a measuring 
chamber and a delivery pipe of 1 00 mm diameter. The pipe will bring water from the water 
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tank that should be constructed to supply water to the community of Srbica. In the future 
another tank of 1000 m3 capacity will be added (see Fig. 132). 

Since the 100 mm-diameter water main will cross the main road in the centre of the village, a 
special design for a road underpass has been prepared and is presented in Fig. 133. 

The water distribution system, including fire hydrants and standpipes, is shown in Fig. 134. 

Technical Specifications 

Measuring chamber 
A standard measuring chamber, with a standard pipe and valve arrangement, a water-measuring 
range of 5-25 m3/h, a 100 mm-diameter main pipeline and a 50 mm-diameter bypass pipe is 
required. See Fig. 132 and 134 and the standard designs in Fig. 20. 

Distribution network 
The distribution network includes PVC piping with cast-iron fittings and adapting pipes, 
isolating valves with valve boxes for control from the ground, 12 fire hydrants and 7 standpipes 
for a nominal pressure of 1.0 MPa, pipe 100 mm in diameter and 1950 m long and 15 m of steel 
protection jacket sleeve for the underpass below the Srbica-Gornja Klina road, including 
supporting collars and flanged steel pipes 100 mm in diameter. See Fig. 133-136 and the 
standard designs in Fig. 39 and 42. 
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