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Abstract 

Lembang Bua' Tarrung is one of the Lembang in the District Rembon Tana Toraja Regency and 

has 4 hamlets , namely Merrara Hamlet , Buttu Hamlet , Karappa ' Lebusan Hamlet, and Lebani 

' Tiroallo Hamlet . Lembang Bua' Tarrung is area hills and have cool climate . _ In the area this 

, number growth population Keep going increase every year so that the need for clean water will 

also Keep going increase . In Buttu Hamlet  there is a reservoir building serving community water 

needs with a volume of 12.5 m3 and distributed with 50 mm (2 in ) diameter PVC pipe , will but 

the available water in this reservoir not yet distributed by equally to all society , so study this aim 

for knowing capacity adequate reservoir and pipe size as channel distribution of clean water in 

Lembang Bua' Tarrung. Method in study this is method quantitative with count maximum water 

requirement in order to determine capacity reservoir building and water demand at peak hours 

for determine pipe size as channel clean water distribution. Research results  show  that capacity 

reservoir building 25% of maximum water requirement , which is 32.4 m3 with dimensions of 3.6 

m × 3 m × 3 m. Distribution pipe  with a diameter of 3 inches HDPE type . 8 hydrants general 

dotted service with each with a capacity of 23.1 m3. 

Keywords: Clean Water , Bua' Tarrung , Distribution , Capacity.  

PENDAHULUAN 

Clean water is one needs tree human 

needed  by sustainable. The use of clean water 

is very important for consumption house stairs 

, need industry and place general (Hosseiny et 

al., 2021). Because of the importance needs of 

clean water , then reasonable thing if clean 

water sector get priority handling main because 

concerning people 's lives. Fulfillment The need 

for clean water is very dependent on the 

availability sources of clean water which 

include: could obtained from ground water and 

surface water that is could provided from rivers, 

springs, weirs and reservoirs / dams (Quitana et 

al., 2020). 

Remembering clean water is needs 

that are not limited and sustainable which must 

fulfilled every moment, no only regarding 

sufficient debit but by quality fulfill applicable 

standards and quantity nor continuity must 

could Fulfill needs the community it serves 

(Koehler et al., 2018). 

Lembang Bua' Tarrung is one from 11 

Lembang and 2 Kelurahan in the District 

Known Rembon as a Climate Village in Tana 

Toraja Regency and has a growth resident who 

continues increase each year . In terms of this 

needs will clean water too the more increase for 

fulfill needs society, ok needs domestic and non 

domestic (Achore et al., 2020). For fulfill needs 

that, distribution of clean water to society must 

also divided by evenly. But what happened in 

Lembang Bua' Tarrung , the clean water 

available in the tub reservoir (reservoir) yet 

distributed equally to society, so still many 

communities that use water from source 

another. Because that need existence analysis 

reservoir building and distribution on the 
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existing clean water supply moment this is for 

distribution could equally to society (Wang et 

al., 2022). 

 

1.1 Estimation Amount Population 

Projection clean water needs could 

determined with notice growth 

population for projected to clean water 

needs until with fifty year coming or 

depends from desired projection 

(Ağbulut, 2022).  

As for related with projection needs 

the is number Growth Residents. Growth 

rate population calculated with 

percentage use the formula : 

 

(%) =
Penduduk n - Penduduk 0

Penduduk 0
 × 100 ………. 2.1 

 

There are several method used  for 

project amount population among others, 

namely : 

1) Arithmetic Method 

The formula used in the method 

projection arithmetic are : 

P t = P 0 (1+ rt ) ..…………………… 2.2 

where : 

Pt  = amount population in year t 

P 0  = amount population in _ base 

r  = speed growth population 

t  = period time Among year base 

and year t ( in year ) 

2) Geometric Method 

The following formula is used in the 

method geometric : 

P t = P 0 (1+ r) t ……………. 2.3 

where : 

P t  = sum population in year t 

P0 _  = sum population in the year 

base 

r  = speed growth population 

t  = period time Among year base 

and year t ( in year ) 

3) Exponential Method 

The formula used in the method 

exponential are : 

P t = P 0 e rt ........... ….. ………….. 2.4 

where : 

Pt  = amount population in year t 

P 0  = sum population in _ base 

r  = speed growth population 

t   = period time Among year base 

and year t ( in year ) 

e   = number tree from 

system natural logarithm (ln) whose 

magnitude is 2.7182818 

 

1.2 Estimation Clean Water Needs 

1) Domestic Water Demand ( Qd ) 

Domestic water is the water used for necessity 

house ladder such as drinking water, cooking, 

washing and so on (Smiley & Stoler, 2020). 

Needs domestic determined by the presence 

consumer domestic, originating from 

population data, pattern habits, and levels 

supported life existence development social 

economy that delivers trend enhancement clean 

water needs. Water requirement per person per 

day customized with usual standard used as 

well as criteria service by category the city. In 

it every category certain water requirement per 

person per day vary (Yee et al., 2021). 

For knowing criteria the need for clean 

water for each category could seen in the table 

following this . 

Table 1. Clean Water Needs 
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Source : Criteria Planning Directorate General 

of Public Works Creation, 1996 

2) Non Domestic Water Needs ( Qnd ) 

Non domestic water is the water used 

for necessity industry, tourism, places of 

worship, places social as well as the place 

commercial and general other (Ziyaee, 2018). 

Table 2. Non- Domestic Water Demand For 

Category I, II, III, IV 

SECTOR SCORE UNIT 

School 10 
liter/student/ 

day 

Hospital 200 liter/bed/ day 

Public health 

center 
2000 liter/unit/ day 

Mosque 3000 liter/unit/ day 

Office 10 
liters/ 

employee / day 

Market 12000 liter/ ha / day 

Hotel 150 liter/bed/ day 

Restaurant 100 liters/ seat / day 

Complex 

Military 
60 

liter/person/ 

day 

Industrial 

Area 
0.2 - 0.8 

liter/ second / 

hectare 

Tourism 

Area 
0.1 - 0.3 

liter/ second / 

hectare 

Source : Criteria Planning Directorate General 

of Human Settlements, Department of Public 

Works, 1996 

 

Table 3. Non - Domestic Water Demand For 

Category V (Village) 

SECTOR SCORE UNIT 

School 5 
liter/student/ 

day 

SECTOR SCORE UNIT 

Hospital 200 liter/bed/ day 

Public health 

center 
1200 liter/unit/ day 

Mosque 3000 liter/unit/ day 

prayer room 2000 
liters/ 

employee / day 

Worship 5 liter/person/day 

Market 12000 liter/ ha / day 

Commercial 

/ Industrial 
10 liter/ day 

Source :  1 Criteria Planning Directorate 

General of Human Settlements, Department of 

Public Works, 1996 
2 SNI 03-7065-2005 Procedures for Planning 

Plumbing Systems. 

a. Reservoir Building 

1) Reservoir Function 

Function main from the reservoir is for 

balancing between production discharge and 

water use discharge (de Wit et al., 2022). Often 

for at the same time, clean water production 

discharge no could always same big with water 

usage discharge. At the moment amount clean 

water production more big than amount water 

usage, then the excess water for temporary 

saved in the reservoir, and used return for fulfill 

lack of water at the time amount clean water 

production more small than amount water use 

(Domingo & Nadal, 2019).  

2) Distribution Reservoir Capacity 

For knowing volume capacity 

required reservoir dimensions i.e. 20% 

of maximum water requirement . For 

calculate reservoir volume can use 

formula : 

V=PLD 

………………………………………

…. 2.5 

Where :  

V  = Volume (m3) 

L  = Width (m) 

P  = Length (m) 

D  = Depth (m) 
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b. Network System Distribution 

Generally available on the system 

network clean water distribution are : 

1) Primary pipe or main pipe 

2) Secondary Pipe 

3) Tertiary pipe  

4) Service Pipe 

c. Piping 

1) Pipe Type 

a) Plastic Pipe (PVC) 

b) iron pipe pour 

c) Concrete pipe 

d) steel pipe 

e) HDPE (High Density 

Polyethylene) Pipe 

f) White pipe (GIP) 

2) Determination of pipe diameter 

In determining pipe dimensions 

used for activity water transmission 

and distribution can be calculated use 

formula : 

        Q = V × A 

..…………...... 2.6 

V  =
Q

 
1
4

π × D2
……..……………..…..…. 2.7 

D =√
Q × 4

 π × V
…...………………………….…...… 2.8 

 

 

Where: 

Q  = Discharge (m 3 / sec ) 

V  = Speed flow (0.9 - 2) 

(m/ sec ) 

A  = Cross -sectional area 

(m 2 ) 

D  = Diameter of pipe (m) 

Rated speed Genre in 

allowable pipe is of 0.3 – 2.5 m/ s at 

peak hourly discharge . Then speed 

Genre is known with use method 

trial and error. 

3)  Lost energy in the pipe 

a. Lost energy consequence 

friction in the pipe 

Lost energy consequence 

friction in the pipe can 

determined with Darcy 

Weisbach equation as following 

: 

Hf = f
L

D
.
V2

2g
.……..…………………….…... 2.9 

Where: 

Hf  = Loss of energy due to 

friction (m) 

f  = Coefficient swipe 

L  = Pipe length (m) 

D  = Diameter of pipe (m) 

V  = Speed flow (m/ sec ) 

g  = Acceleration gravity 

(9.8 m/ s ) 

Based on equation 2.9 f is 

calculated with equality Swamee and 

Jain (1976) as following . 

f      = 
0,25

[log (
k

3,7D
+ 

5,74

Re0,9)]
2

.…………..…2.10 

Equation above _ apply for 

range 5.10 3 < Re < 10 6 

and 10 -6 < k/D < 10 -2 

For Re is calculated with 

equality following this . 

Re = 
V.D

ѵ
..…………….…………….. 2.11 

Where: 

k  = Roughness of pipe 

D  = Diameter of pipe (m) 

Re  = Reynolds number 

V  = Speed flow (m/ sec ) 

= Viscosity  _ kinematic (m 2 

/ sec ) 
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Table 4. Hardness Values Wall For Various 

Commercial Pipes 

 
Source : Robert J. Houghtalen , Ned HC 

Hwang, A. Osman Akan. “Fundamentals of 

Hydraulic Engineering Systems Fourth Edition 

”. Pearson. New Jersey. 2010 

Table 5. Viscosity Kinematics 

Temperature 0 

C 

Viscosity Kinematics ( m 2 

/ sec ) 

0 1,787 x 10 -6 

1 1,728 x 10 -6 

2 1.671 x 10 -6 

3 1,618 x 10-6 

4 1,567 x 10-6 

5 1,519 x 10-6 

6 1,472 x 10-6 

8 1,386 x 10-6 

10 1,307 x 10-6 

12 1,235 x 10-6 

14 1,169 x 10-6 

16 1,109 x 10-6 

18 1,052 x 10-6 

20 1,002 x 10-6 

25 0,890 x 10-6 

30 0,798 x 10-6 

35 0,719 x 10-6 

40 0,653 x 10-6 

45 0,596 x 10-6 

50 0,547 x 10-6 

60 0,467 x 10-6 

70 0,404 x 10-6 

Temperature 0 

C 

Viscosity Kinematics ( m 2 

/ sec ) 

80 0,355 x 10-6 

90 0,315 x 10-6 

100 0,282 x 10-6 

b. Lost energy consequence Bend 

or change cross section 

Lost energy consequence 

bends and changes pipe cross 

section is stated in form general : 

Hf =K
V2

 2g
……………………………………….. 2.12 

Where: 

Hf  =  Lost energy (m) 

K  =  Coefficient lost power 

on bends (0 - 1) 

V  =  Speed flow (m/ sec ) 

g  =  Acceleration gravity 

(9.8 m/ s ) 

 

RESEARCH METHOD 

2.1 Overview of Research Sites 

Research location is in Lembang Bua' 

Tarrung  Subdistrict Rembon Tana Toraja 

Regency has 4 hamlets, namely : Merrara 

Hamlet, Buttu Hamlet, Karappa ' Lebusan 

Hamlet, and Lebani ' Tiroallo Hamlet. By 

geographical reservoir building is located 

between 3 0 06' 63” Latitude south, 119 0 

45'58” Longitude east with elevation 1,379 

Meters above surface sea ( masl ). 

 
Figure1. Research Location 
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2.2 Flowchart Research 

 
1. Finding 

a. Projection Amount Population 

Projection about amount population is 

is step beginning in count clean water needs 

in the future. On discussion this planned 

projections for the next 10 years come 

counted start from 2020 to 2029. For 

knowing amount residents in Lembang Bua'. 

Tarrung at 10 years old future, then need 

conducted projection population with quantity 

data resident 5 years final from 2015 to 2019. 

For know average growth residents, especially 

formerly calculated rate growth resident. 

Table 6. Average Rate  Growth Growth 

Population 

Year 

Amount 

Population ( 

soul ) 

.  

Soul 
Message 

(%) 

2015 827 - - 

2016 834 7 0.846 

2017 840 6 0.719 

2018 935 95 11.310 

2019 961 26 2,781 

Amount 134 15,656 

r% 3,914 

Average growth 33.50 

Source : Calculation results 

 

1. Determine Method Projection 

Growth Population 

On determination method 

projection this used 3 methods, namely 

: method arithmetic, geometric, and 

exponential (Leoneti & Gomes, 2021). 

Criteria election method this using 

correlation test. 

a) Arithmetic Method 

P t = P 0 (1+ rt ) 

Example calculation : 

2016  = 827 (1 + 3.914% x 1) 

                      = 859 souls 

Table 7 Calculations With Method 

Arithmetic 

Year t 
Amount Resident 

(Soul) 

2015 0 827 

2016 1 859 

2017 2 892 

2018 3 924 

2019 4 956 

Source : Calculation results 

a) Geometric Method 

P t = P 0 (1+ r) t  

Example calculation : 

2016  = 827 (1 + 3.914% ) 1 

  = 859 souls 

Table 8 Calculations With Method 

Arithmetic 

Year t 
Amount Resident 

(Soul) 

2015 0 827 

2016 1 859 

2017 2 893 

2018 3 928 

2019 4 964 

Source : Calculation results 

a) Exponential Method 

P t = P 0 e rt  

  Example calculation : 
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 2016  = 827 x 2.7182818 3.914 
% x 1 

  = 860 souls 

Table 9 Calculations With Method 

Exponential 

Year t 
Amount Resident 

(Soul) 

2015 0 827 

2016 1 860 

2017 2 894 

2018 3 930 

2019 4 967 

Source : Calculation results 

b) Correlation Test 

For get score coefficient correlation 

could calculated with help Microsoft excel ( 

used Ms. excel 2010 ), where score coefficient 

correlation (R) close to 1 or R = 1 is used. 

Table 10. Calculation Of Correlation Test 

 
Source : Calculation results 

Based on Table 4.5 the value of results 

more correlation test calculations _ close to 1 

i.e method exponential , then for project amount 

residents of Lembang Bua' Tarrung  used 

method exponential. Count amount 10 year old 

resident upcoming. 

Year P 0 t r e 
Amount 

Projection 

2019 961 0 3.91 2.7182818 961 

2020 961 1 3,91 2,7182818 999 

2021 961 2 3,91 2,7182818 1039 

2022 961 3 3,91 2,7182818 1081 

2023 961 4 3,91 2,7182818 1124 

2024 961 5 3,91 2,7182818 1169 

2025 961 6 3.91 2.7182818 1215 

2026 961 7 3.91 2.7182818 1264 

2027 961 8 3.91 2.7182818 1314 

2028 961 9 3.91 2.7182818 1367 

2029 961 10 3.91 2.7182818 1421 

Source : Calculation results 

Based on results calculation 

on could is known amount residents 

who will use clean water . In 

accordance with analysis 10 year 

projection will come so taken amount 

population 2029 with total 1,421 

people , from amount the in 

accordance Table 2.1 Lembang Bua' 

Tarrung enter category V ( village ) 

with amount population <20,000. 

a. Water Demand Analysis 

1) Calculation domestic water 

demand ( Qd ) 

Known : 

 
Based on results calculation above, 

result projection clean water needs start 2020 to 

2029 can seen in table 4.8.  
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Table 12. Projections Water Needs 

 
Water Source Discharge Calculation 

Calculation of water source discharge 

carried out in the field , that is use method 

lifebuoy with data as following : 

Table 13. Discharge Measurement Data 

 
Flow rate calculation calculated use equation 

2.6 as following : 

Q  = AV 

A  = Width × Depth cross section 

  = 3.8 × 0.283 

  = 1.075 m2 

 

V   = 
Jarak

Waktu
  

 

   = 
6

29,2
 

        

  = 0.206 meters/ second 

 Q  = 1.075 × 0.206 

  = 0.221 m3 / sec 

  = 221 liters/ second   

 

  Based on results the calculation above , 

the discharge at the water source in Lembang 

Bua' Tarrung could Fulfill needs Public until 

year 2029. 

Reservoir Capacity Analysis 

Capacity to be accommodated by the 

specified reservoir based on maximum water 

demand (Table 4.9), which is 125,908 lit/day. 

Based on Table 2.1 the reservoir volume 

is 25% of maximum water requirement per day 

. Then the required reservoir capacity 

calculated as following : 

Qmax    = 1,440 liters/ second 

   = 124.416 liters/ day 

Reservoir  capacity  = 

124.416 ltr / hr × 25% 

 = 31.104 ltr / hr 

 = 31.104 m 3 

After get the required reservoir capacity , then 

calculated reservoir capacity in the field with 

data as following : 

P  = 2.5 m 

L  = 2.5 m 

T  = 2 m 

Volume  = W × L × H 

 = 2.5 × 2.5 × 2 

 = 12,5 m 3 < 31,104 m 3 (TIDAK 

SESUAI) 

Based on results calculation on obtained 

reservoir capacity in the field no in accordance 

with water requirement up to year 2029. As for 

the reservoir at this only capable serve water 

needs with calculation following this : 

Qmax 2019    = 0.993 liter/ second 

   = 85,778 liters/ day 

Capacity seservoir   = 85,778 × 25% 

  = 21,445 liters/ day 

  = 21,445 m 3 

Terlayani (%)               = 
12,5

21,445
×100 

  = 58.29% 

Based on calculation above the water 

available in the current reservoir this only 

capable serve Public of 58.29%, then from that 

need planned return in accordance with analysis 

until year 2029 with dimensions as following : 

P  = 3.6 m 

L  = 3 m 

T  = 3 m 
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Volume  = W × L × H 

 = 3.6 × 3 × 3 

 = 32.4 m3 > 31.104 m3 ( OK) 

 

 
Figure 2. Looks Front Reservoir Building 

 
Figure 3. Looks On Reservoir Building 

 

1. Distribution System In The Field 

 Clean water distribution system 

in Lembang Bua' Tarrung moment 

this, that is system flow by gravity 

from reservoir to tub release press 

(CPM), then in this CPM also used as 

water divider to Public by direct and 

forward to hydrant general (HU). 

Amount hydrant existing general 

moment this is 2 units with capacity 

accommodate 1.2 m 3 . Type of 

distribution pipe used is 50 mm 

diameter PVC. 

As for the conditions distribution 

moment this not yet divided by equally 

to Public because the condition of the 

area is hilly and the number of hydrant 

less general with capacity that is not in 

accordance with amount service 

(Soteropoulos et al., 2020). Apart from 

that in some point many pipes are 

experiencing leakage consequence 

condition the path through which the 

pipe passes and also the influence 

great water pressure because BPT 

placement has different height more 

from 100 m. Pipe leaks due to water 

pressure is caused by poor pipe quality 

not enough support (Fan et al., 2022). 

2. Distribution System plan 

Distribution system this, that is 

drain water from the reservoir through 

tub release press (CPM) then 

forwarded to the hydrant general (HU) 

(Kupel, 2022). Distribution pipe 

through some CPM due to condition 

area services located in the area 

mountains so that have difference 

sufficient elevation far where the 

reservoir is at an altitude of 1,379 

MDPL, while HU1 is at an altitude of 

1,138 MDPL. Hydrant general 

planned so that water can divided by 

equally for Fulfill needs the 

community it serves (Turner, 2021). 

Amount service on hydrant general 

determined based on table 2.1, which 

is 200 people per HU with amount as 

following : 

         Amount population      = 1421 

                           Jumlah HU               = 
1421

 200
 

      = 7.105 ~ 8 

Units 

After determine amount hydrant 

general , next calculated needs the 

water . Hydrant water requirement 

general determined based on peak 

hour water demand. Amount water 

needs in every hydrant general as 

following : 
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=  
2,017 ltr/det

 8
 

= 0.252 ltr /sec/HU 

= 21,773 ltr / hr /HU 

= 21,773 m 3 

 

Based on calculation on planned 

dimensions hydrant general as following : 

P   = 3.5 m 

L  = 3 m 

T  = 2.2 m 

 

Volume  = W × L × H 

 = 3.5 × 3 × 2.2 

 = 23.1 m 3 > 21.773 m 3 (OK) 

 
 

Figure 4. Location Of Planned HU 

Placement 

 

Table 14. Height Data Hydrant General 

No 
HU 

number 

Elevation 

(MDPL) 

1 HU1 1.138 

2 HU2 1.104 

3 HU3 1.098 

4 HU4 963 

5 HU5 915 

6 HU6 1.009 

7 HU7 910 

8 HU8 885 

 

a. Determining the Diameter of the 

Distribution Pipe 

For determine the diameter of the 

distribution pipe to each hydrant 

general calculated based on peak hour 

debit use equation 2.8 as following : 

D      =√
Q × 4

 π × V
 

     Q  = 2,017 liters/ second 

 = 0.00204 m 3 / sec 

V is assumed  = 0.5 m/ sec 

So: 

D   = √
0,002017 × 4

3.14 × 0,5
 

= 0.0717 m 

= 71.7 mm ~ 76.2 mm = 3 inches 

 

On planning this HDPE pipe is 

used because pass the winding path 

that is bustling in the area hills. As for 

the advantages using HDPE pipes, 

namely the material is flexible and 

strong so it fits used in the area hills . 

In addition , HDPE pipes are also 

capable of endure up to 50 years . 

 

b. Lost energy in the pipe 

1) Lost energy consequence friction in 

the pipe 

The size lost energy could 

determined with equation 2.9 as 

following . 

Hf = f 
L

D
.
V2

2g
 

Example calculation : 

Is known water temperature 

of 20 0 C 

Re = 
V.D

ѵ
 

Re  = 
0,5 x 0,0762

1,002 x 10-6  

= 38,023 

f      = 
0,25

[log (
k

3,7D
+ 

5,74

Re0,9)]
2
 

f      = 
0,25

[log (
0,0000015

3,7 x 0,0762
 + 

5,74

38.023
0,9)]

2
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= 0.022 

CPM1 - HU1 

 L= 460 m 

 D= 76.2 mm = 0.0762 m 

Hf     = 0,022 
460

0,0762
.

0,5
2

2 . 9,8
 

  = 1,360  

Table 15. Loss Energy Consequence 

Friction In The Pipe 

Pipe L(m) D(m) V(m/s) g f Hf(m) 

CPM1 - 

HU1 
460 0.0762 0,448 9,8 0.023 1,360 

BPT1 - 

HU2 
540 0.0762 0,448 9,8 0.023 1,596 

BPT2 - 

HU3 
560 0.0762 0,448 9,8 0.023 1,656 

HU2 - 

HU6 
325 0.0762 0,448 9,8 0.023 0.061 

HU6 - 
HU7 

535 0.0762 0,448 9,8 0.023 1,582 

HU6 - 

HU8 
590 0.0762 0.448 9.8 0.023 1,744 

HU3 - 

HU4 
570 0.0762 0.448 9.8 0.023 1,685 

HU4 - 

HU5 
305 0.0762 0.448 9.8 0.023 0.902 

Total 11,486 

Source : Calculation results. 

 

2) Lost energy consequence turn or 

change cross section 

Lost energy consequence turn 

or change pipe cross section is 

determined based on equation 2.18 as 

following : 

0 < K 1, the calculated value 

of K by 1 

Hf      = K
V2

 2g
 

           = 1
0,448

2

 2.9,8
 

     = 0.0102 m 

     Hf total = 8 × 0.0102 

    = 0.082 m 

 

Based on calculation above 

the total loss energy that happens in 

pipe flow , i.e. total loss energy 

consequence friction plus total loss 

energy consequence turn or change 

cross section as following := 11.486 

+ 0.082 = 12,568 m. 

 
Figure 5. Plan system network clean water 

distribution 

 
CONCLUSION 

 Based on results discussion in chapter 

previously could taken conclusion as following 

: Capacity adequate reservoir building for the 

need for clean water in Lembang Bua' Tarrung 

until in 2029, which is 25% of maximum water 

requirement with a volume of 32.4 m3 has 3.6 

m long, 3 m wide, and 3 m high, The size of the 

distribution pipe that must be used as channel 

distribution of clean water in Lembang Bua' 

Tarrung, namely 3 inches in diameter HDPE 

type. 
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