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Abstract  The study of performance of clean water reservoir systems is absolutely necessary especially after operating for 
over 10 years. In this regard, the study covers the operational optimization to fit the desired plan of the company in meeting 
the continuity and the quantity of service water needs, and the ability of the water reservoir to meet the needs of water service 
for the next few years. The reservoir and distribution of pipes are safe against earthquakes that occur in the year 2012. The 
damage does not occur on a reservoir and a pipeline distribution. The customer usage in peak usage hours 06.00-8.00 and 
17.00-19.00 is still in accordance with the standards of the peak hours and the minimum limit of the water in the reservoir and 
in accordance with the criteria and requirements per person/day. It still meets the ideal water capacity in the reservoir of 
37,324 l/sec and is still able to serve the addition of new connections around 4.1296 SR for the next few years. The level of 
leaks on the distribution of drinking water 30.79% can be suppressed by means of fixing the main meters on the reservoir 
each year so that the rate of leakage in water distribution can be minimized. 
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1. Introduction 
1.1. Background 

To support customer services, PDAM Tirtauli 
Pematangsiantar, a clean water company, has been seeking 
support for the various components so that the aspects of 
quality, quantity, and continuity can be fulfilled. One of 
these important supporting components is a reservoir. In 
1977 PDAM Tirtauli Pematangsiantar has built a reservoir in 
Siantar Marimbun Pematangsiantar with a ground capacity 
1500 m3, debit 249 l/s derived from spring Mual Goit. 

A reservoir serves to hold the water before it is distributed 
to customers. The amount of water usage by the customer 
during 24 hours is surely not constant. At a time when most 
of the customers using the water called the peak hours, while 
at the time the customer uses little or no water is called the 
minimum hours/empty where water will be accommodated 
in the reservoir, so that at peak hours, the flow can be 
distributed evenly. 

As one of the infrastructure (basic infrastructure), clean 
water is needed by consumers and its existence must be 
sufficient both in quantity and quality, and there should be all 
the time (continuity). The availability of sufficient water can 
be fulfilled when there are sufficient water resources to meet  
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the water needs [1]. 
There are three ways of distributing clean water worth 

consumed. (1) the water from the source directly streamed to 
the customers is called the flow of distribution; (2) the water 
from the source of the streamed to the reservoir with the 
average flow, then from reservoirs further channeled to the 
customers/consumers; and (3) the water from the source of 
the streamed to the processing units, then from the 
processing units, water flowed into the reservoir of the 
distribution reservoir, distributed to all areas of service [1, 
2]. 

1.2. Drinking Water Supply Management System 

The existing water treatment effort, from not meeting 
quality standards into the water that meets the quality 
standard is required. It's done with an attempt to create a 
management system providing decent clean water is 
consumed by the customer. In general, the management 
system can be examined in the following way: 

 Production systems. The process of fetching water from 
the nature, then turn it into a decent water to be 
consumed by humans. This process is called raw water 
intake. 

 Distribution system. Is the main part of the water supply 
system, which consists of a pressurized piping network 
to reach out to its customers in the services area. 
Components of the distribution system are the water 
shelter (reservoir), piping systems and customer 
connection system.  
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Figure 1.  Tong Marimbun Reservoir, PDAM Tirta Uli Pematangsiantar 

1.3. Reservoir 

Several aspects that should be evaluated on a reservoir: (1) 
the type of clean water storage facility, (2) the material of 
construction, (3) the functions and basic purpose, (4) 
reservoir performance, (5) clean water drainage systems, (6) 
construction, (7) layout, (8) pipeline equipment, (9) the 
method of capacity calculation, (10) the percentage of 
service, and (11) to calculate the capacity of a reservoir by 
using methods of the chart [1, 3].  

A reservoir means reservoirs/ponds of water or water 
storage. The shape of the reservoir varies, depending on the 
designer, but building a reservoir should be made 
symmetrical and regular facets. In addition to the ease in 
making, it is also in capacity calculations [4-6]. 

1.4. Earthquake 

An earthquake is a natural phenomena or disasters that are 
destructive and can be classified into four types namely [7, 
8]: 
 volcanic earthquake 

This earthquake was caused by magma activity before 
the volcano erupted. When its activities are increasingly 
high, the explosion would cause the onset which will 
also lead to the occurrence of an earthquake. The quake 
was only felt in the surrounding mountains. 
 the tectonic earthquake 

Earthquakes caused by tectonic activity. Tectonic plate 
shifts, suddenly have the strength from very small to 
very large. This earthquake caused much damage or 
natural disasters on Earth. A strong earthquake vibration 
may spread to the whole earth. 
 earthquake debris 

Earthquakes usually occur in areas of limestone or 
mining area, earthquakes are rare and local. 
 the artificial earthquake 

Artificial earthquake was an earthquake that caused by 
human activity, such as dynamite blasting, nuclear or 
hammer hitting onto the surface of the Earth. 

Based on strength or magnitude (M), earthquakes can be 
distinguished into: 
 A huge earthquake with a magnitude greater than 8 SR 
 The massive earthquake with a magnitude between 7 to 

8 SR 
 Damaging earthquake with a magnitude between 5 and 

6 SR 
 A large quake with a magnitude between 4 and 5 SR 

 A small earthquake with a magnitude 3 and 4 SR 
 A micro earthquake with a magnitude between 1 to 3 

SR 
 The ultra micro earthquake with magnitude less than 1 

SR 
Under the Earth's crust there is a layer of hot rocks in the 

shape of soft and mild. The crust is formed from iron and 
nickel with a portion of the middle. The solid crust thickness 
can reach 70 km below the row of mountains in the world. 
Most of the earthquake came from the Earth's crust. 
Sometimes earthquakes can also occur at a depth of 700 km 
below the Earth's surface [7]. 

1.5. Management 

The company's loss can be minimized through supervision 
based on the existing data in the field, combined with 
existing data in reservoir in detail. With a combination of this 
data, it will be found where the leak is occurring, whether in 
the distribution pipeline or on the stem or on the meter gauge 
on consumers [9, 10]. Management of clean water 
distribution network is not detached from the process of 
management and reservoir which has been established by 
PDAM Pematangsiantar Tirtauli. PDAM Tirtauli Reservoir 
located in Kecamatan Marimbun Siantar Pematangsiantar 
should pay attention to proper water treatment processes 
until the water gets to the customer, volume of water out of 
the reservoir to the consumer should not be the same, 
because when it is larger then the company will continue to 
lose money [5, 10]. 

If the distribution network is not appropriate, then the 
PDAM Tirtauli must be carried out routine maintenance to 
the entire network of distribution pipes, from the reservoir to 
the consumers by way of re-check every stem and 
consumer’s meter each month. 

1.6. Drinking Water Distribution  

Water Distribution tariff policy greatly affect the PDAM 
Tirtauli operational continuity. Consumers can judge 
whether or not a decent distribution rates to be increased. To 
adjust and increase the distribution of drinking water rate, 
PDAM Tirtauli should improve their services [11].  

2. Data Discussion 
2.1. The Description of Siantar Marimbun Reservoir 

The Reservoir serves to distribute clean water to the South 
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service zone. The number of subscribers as of December 
2010 is 18.790 connection, Sub-district Simarimbun as 6 
villages, Sub-district Siantar Timur as 7 villages, Sub-district 
Siantar Selatan as 6 villages, Sub-district Siantar Marihat as 
7 villages, Sub-district Siantar Barat as 2 villages, Battalion 
122 and Palm Oil Research Center Marihat housing [7, 12, 
13]. Reservoir of Tong Marimbun equipped with multiple 
fixtures with their respective functions in order to run 
smoothly according to Table 1. 

Table 1.  Equipment of the Reservoir 

No Name Of Accesories Amount Boldness 

1. Inlet Pipe 1 400 mm 

2. Outlet Pipe 2 400 mm 

3. Over Flow Pipe 2 400 mm 

4. Draining Pipe (WO) 2 400 mm 

5. Channel Atmosphere 4 Ø8’’ 

6. Bypass Pipe 1 400 mm 

7. Soothing Basin 1 Good condition 

8. Man hole 2 Good condition 

9. Doorstep enter 2 Good condition 

10. Affixing Chemical 1 Good condition 

11. Meter Level 1 Good condition 

12. Manometer 1 Good condition 

2.2. The Image and Working-Schema of the Reservoir  

The water from the source passes through the inlet pipe 
fills the reservoir basin.  
 The water passes through 7 compartments to precipitate 

the water.  
 After passing the 7 compartments, the water out 

through the outlet pipe to a distribution system.  
 When water entering the inlet pipe, the water first 

affixed with chlorine and calcium oxide.  
 

 Once out of the inlet pipe, the water flowed into the 
furthest part of the reservoir. 

Primary data was obtained from Reservoir Simarimbun at 
the time of measurement or field observation. These data 
include: (1) Debit Outlet. From the observed data (meter 
readings outlet) obtained debit outlets at ground reservoir 
Simarimbun (day 1 to day 3) and, (2) the Debit Inlet, is the 
data calculation of inlet debit in ground reservoir 
Simarimbun on 25-28 June 2011 (day 1 s. d day 3). 

Peak Hour periods occurred at 06:00, 07:00, 08:00 and 
17:00, 18:00, 19:00 because at that time the customers have 
already begun activities so that water consumption is very 
high. Based on observations in the field during the peak 
hours of 18.00, the height of the water and the availability of 
clean water in the reservoir are still at a safe level. Pressure 
measurements done at some point in the distribution line by 
using a manometer. Measurements made at the nearest and 
farthest SR. Pressure on nearest SR 0.3 ATM and at the 
farthest SR 0.7 ATM. 

2.3. Customer Growth in the South Zone, and Water 
Need/Month 

Tong Marimbun Reservoir has a volume of 1,500m3. The 
water comes from springs of Mual Goit, debit 248.63 l/s. 
Reservoir dimensions cannot be measured directly at the 
time of the measurement because the water never runs out in 
the reservoir, the highest level in the reservoir located at 
level 40. 

Based on Secondary Data from the PDAM Tirtauli 
Pematangsiantar that debit inlet in Simarimbun Reservoir 
fluctuate because before entering the reservoir, there is the 
addition of debit of 8.34 l/sec with pump system from the 
spring of Sibulak-bulak (Simarimbun Dolok) so that the 
debit increases at the pump operation. 

The service of PDAM Tirtauli especially the South Zone 
service area until December of 2011 of 77,02%. South Zone 
Service coverage and Secondary Data serve as the 
supporting data in the preparation of this research report [12, 
13].   

 

Figure 2.  Working-scheme of a reservoir 
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The data quantity of water sold in the service area obtained 
from the Subscription Relationship of PDAM 
Pematangsiantar are shown below: 

Table 2.  Total Sales-Water Service Reservoir Siantar Marimbun, 
Pematangsiantar 

Year Maximum Load Total Usage Percentage 

2006 107.055 80.692 75,37 

2007 107.734 81.263 75,43 

2008 108.167 82.978 76,71 

2009 108.678 84.639 77,88 

2010 109.114 85.770 78,61 

2011 109.658 86.431 80,42 

2.4. The earthquake Epicenter Measurement Chart 

To calculate the distance of the epicenter can use the 
common formula by using graph as shown in Fig.3. 

2.5. Graphical Calculation of Effective Reservoir Volume  

The graphical calculation of water demand is conducted 

by creating a graph of water demand fluctuations, which 
illustrates the need of water during the period of 24 hours, 
where the water requirement is stated in m3 / h, the interval is 
one hour, and the average consumption are also stated in m3 / 
h obtained from the total demand divided by 24 hours a day. 
The volume accumulation of water used per hour illustrated 
with a thick chart (blue), while the average water needs are 
illustrated with rhombus graphs (red). 

The calculation water volume is done by drawing lines: 
 Aligned with the average requirement graph, which is 

brought to the highest fluctuation graph, and then draw 
a graph. 

 Aligned with the average requirement chart, which is 
brought to the lowest fluctuations graph. The vertical 
difference is the effective reservoir volume. In this case 
the effective volume is less/more 900 m3. 

2.6. Mathematical Calculation of Reservoir Volume 

Reservoir volume calculated and expressed in the form of 
numbers. With the help of tabulations we can see the 
fluctuations of water usage. 

 

 

Figure 3.  The earthquake vibrations measurement chart 

 

Figure 4.  Fluctuations of Water Needs 
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Table 7.  Mathematical Analysis of Total Water Supplies 

Hour 

Usage of Water 

Fluctuation Average Cumulative Fluctuation Cumulative Average Margin 

 1 2 
3 

= Cumulative (1) 
4 

= Cumulative (2) 
5 

= (3)-(4) 

7:00 1.155,00 923.625 1.155,00 923,63 227,38 

8:00 1.109,00 923.625 2.264,00 1.847,25 412,75 

9:00 1.008,00 923.625 3.272,00 2.770,88 501,13 

10:00 893,00 923.625 4.165,00 3.694,50 470,50 

11:00 893,00 923.625 5.058,00 4.618,13 351,88 

12:00 809,00 923.625 5.867,00 5.541,75 184,25 

13:00 752,00 923.625 6.619,00 6.465,38 (18,38) 

14:00 721,00 923.625 7.340,00 7.389,00 (89,00) 

15:00 853,00 923.625 8.193,00 8.312,63 (97,63) 

16:00 915,00 923.625 9.108,00 9.236,25 (69,25) 

17:00 1.126,00 923.625 10.234,00 10.159,88 137,13 

18:00 1.289,00 923.625 11.523,00 11.083,50 502,50 

19:00 1.105,00 923.625 12.628,00 12.007,13 679,88 

20:00 950,00 923.625 13.578,00 12.930,75 710,25 

21:00 856,00 923.625 14.434,00 13.854,38 642,63 

22:00 853,00 923.625 15.287,00 14.778,00 572,00 

23:00 751,00 923.625 16.038,00 15.701,63 399,38 

0:00 750,00 923.625 16.788,00 16.625,25 221,75 

1:00 856,00 923.625 17.644,00 17.548,88 41,13 

2:00 759,00 923.625 18.403,00 18.472,50 (123,50) 

3:00 818,00 923.625 19.221,00 19.396,13 (229,13) 

4:00 887,00 923.625 20.108,00 20.319,75 (269,75) 

5:00 991,00 923.625 21.099,00 21.243,38 (198,38) 

6:00 1.126,00 923.625 22.225,00 22.167,00 - 

Column 5 maximum 679.875,00  

Column 5 minimum (229.125,00)  

Reservoir Volume = Max - Min 909.00 m3 

Table Description:  
Column (1): Fluctuation of water needs during observation time  
Column (2): Average needs, the volume of 1 day consumption divided by 24 hours  
Column (3): Cumulative usage of every hour usage 
Column (4): Cumulative average needs every hour  
Column (5): Difference in column (3) and column (4) shows the surplus/deficit of cumulative usage.  

Table 7 shows the calculation of the effective volume of 
the reservoir, where the margin between the maximum 
(679.875) m3 and minimum (-229.125) m3 is 909 m3. 

2.7. Calculating Reservoir Volume Based on the Extent 

Volume = base area x height  
Tub size:  
From the detailed image of Simarimbun Reservoir 

obtained data as follows: 
 cross-section length = 32.27 - (2 x 0.45) = 31.37 m  
 cross-section width = 15.62 - (2 x 0.45) = 14.72 m 
 maximum water height = 3.5 m  

Base area = Length x Width = 31.37 mx 14.72 m = 
461.7664 m2 

Volume = (base area x height) = (461.7664 x 3.5) = 
1616.18 = 1616.18 m3 

So, the volume of Simarimbun Reservoir = 1616.18 m3  

2.8. Calculating Reservoir Volume Based on the % of 
Usage Fluctuations  

The data required for calculating the volume of the 
reservoir: 
 The debit of average usage of reservoir 
 Water consumption per hour 
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The data is then inserted into the calculations table. 

Table 8.  The Percentage of Reservoir Volumes 

Hour 

% % % % % 

Usage Cumulative 
Usage Jetting Margins Reservoir 

Volume 

07.00-08.00 5,192 5,192 4,17 (1,022) (1,022) 

08.00-09.00 5,003 10,195 4,17 (0,833) (0,833) 

18.00-19.00 5,815 52,267 4,17 (1,645) (1,645) 

19.00-20.00 4,967 57,234 4,17 (0,797) (0,797) 

05.00-06.00 4,489 94,939 4,17 (0,319) (0,319) 

06.00-07.00 5,062 100,000 4,17 (0,892) (0,892) 

2.9. Calculating Reservoir Volume Based on Fluctuation 
Usage 

Q mean = 0.25656 m3 / sec = 22167 m3/ day  
Percentage of reservoir contents (%) = largest – smallest 

percentage  
= 2.12318 - (-2.32447) = 4.44765 %  
Reservoir volume 
= (2.12318 - (-2.32447)% x 22167)  
= 986 m3 

2.10. Calculating the Percentage of Reservoir Services  
The percentage of reservoir services can be calculated by 

the formula: 

= 
needtotal

reservoirtheintyavailabiliwater
x 100% 

The water availability in the reservoir is calculated by the 
amount of water delivered per day by looking at the usage 
fluctuations during the observation. According to 
Subscriptions Relations Subdivision of PDAM Tirtauli, the 
total water requirement is obtained from the summary of 
water use within 1 month. 

The actual water consumption in June 2012; domestic 

needs (group II), the use of 350,481 m3/month or 88.99% of 
the total consumption, non-domestic needs (group IIIA + IV 
+ V), the use of 32,098 m3 / month or 8.15% of total 
consumption, and social needs (group I), the use of 11,269 
m3 / month or 2.86% of the total usage. 

The volume of water consumption from the service area in 
June 2012 of 393,848 m3 / month and if it is assumed there is 
leakage in the distribution network by 20% or 78,770 m3 / 
month, the total water requirement in the service area of 
472,618 m3 / month or 15,754 m3 / day. 

Water requirement per person per day can be calculated as 
follow: 

=
days30xperson5,4xcustomersofnumber

need domesticfor nconsumptiowater

 

=
days30xperson5,4x823.17

m3/month350.481

 
= 0.146 m3/person/day 
 
Percentage of service of Simarimbun reservoir: 
Calculated based on the fluctuations of usage (wet 

volume) 

= needtotal
reservoirintyavailabiliwater

 

= 
754.15

986
x 100% 

= 6.26 % 
The percentage of maximum service in the reservoir is 

6.26%. 

2.11. Calculating Water Requirements 

Total water requirements calculated by looking at the 
population of service area. 

= number of SR served x 4.5 persons per SR (assumption) 
= 17,823 SR x 4.5 person 
= 80,204 person 
The population in 2010 = 109,114 person 
Service level 80% x 109,114 = 87.291 person 

Table 11.  Total water use in June 2012, Reservoir Simarimbun Service Area 

No Faction Extension 
Customer Sheet Account 

Water Usage 
Average 

(M3) 

I SOCIAL  178 11.279 2,841 

II Domestic Requirement  17.987 350.711 89,013 

III INSTITUTION  224 13.776  

IV COMMERCIAL  617 17.987  

V. INDUSTRY  28 335 8,146 

 Amount of this month 19.051 19.051 394.088  

 Amount to last month 18.917 75.668 1.743.478  

 Sum up to this month 18.947 94.615 2.137.836  
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Based on the water sales in the service area: 

=
daysalestotal

soldwater 
 

=
600,3xhours24xday150

326,000x2,137
 

= 164,917 l/sec 
Total sales = 164,917 l/sec.  
 
If we assume that the service level of 80%, then: 

=
80

100
 x water sales – water sales  

= 
80

100
x 167,917 l/sec – 167,917 l/sec 

= 41,229 l/sec 
 
Total distribution = 164,917 l/sec + 41,229 l/sec = 206,146 

l/sec 
Ideal capacity: 
= Q area – total water distribution 
= 252,8 l/sec– 206,146 l/sec = 46,654 l/sec 
 
If it is assumed the leakage by 20% then: 

= 
20

100
x remnant = 

20
100

x 46,654 l/sec = 9.33 l/sec 

 
So the ideal capacity can still be used: 
= 46,654 l / sec - 9.33 l / sec = 37,324 l / sec 
 
The number of SR can still be served: 

= 
soldwater

idealQ
x total SR  

= 
sec/l917,164

l/sec37,324
x 17,823 SR = 4,033 SR 

So, with Q = 37,324 l / sec, still able to serve 4,033 SR. 
 
Since the outlet pipe using Pipeline Steel (steel castings) 

which has been aged, the Chw or roughness of the pipe is 100, 
with a diameter of 400 mm, then the size of Q is: 

Q = 0.2785 x CHW x 0.4 x 2.63 S 0.54  
Q = 0.2785 x 100 x 0.4 x 2.63 0,0110,54 
Q = 0.21908 m3 / sec 
Q = 219.08 l/sec 
 
Velocity evaluation:  

v = 
A
Q

 
A = cross-section area 
So, 

v = 24.0x14,3x4/1
0.21908

 

v = 
1256.0

0.21908
    

v = 1,744 m/sec  

2.12. Epicentral Method 

Epicentral is the distance of the epicentrum from the 
seismic recording station. To determine the epicentrum by 
using the epicentral method, it requires at least three seismic 
recording station, so that the epicentral distance can be 
measured from each station. We use the LASKA formula to 
determine the distance of the epincentral: 

Delta = ((S-P) – 1’) x 1,000 kilometers) 
Epicentral delta = distance from the station (in km)  
SP = time recording interval between the primary and 

secondary wave (in minutes)  
1’ = 1 minute 
To determine epicentral distance of each station: 
Delta A = ((2 30’ 40” - 2 28’ 25”) – 1’) x 1,000 mil  
  = (2’ 15” - 1”) x 1,000 mil = 1’ 15” x 1,000 mil  
      (for 1’ = 60” so (1 x 1.000) + (1,000 x 15/60))  
  = 1,250 km  
Epicentrum distance from station A is 1,250 mil.  
Delta B = ((2 33” 45” - 2 30’ 15”) - 1’) x 1,000 mil  
  = (3’ 30” - 1’) x 1,000 mil = 2’ 30” x 1,000 mil  
    (2 x 1,000) + (1,000 x 30/60)  
  = 2,500 km  
Epicentrum distance from station B is 2,500 km. 
Delta C = ((2 36’ 15” - 2 32’ 15”) - 1’) x 1,000 mil  
  = (4’ - 1’) x 1,000 mil = 3’ x 1,000 mil  
  = 3,000 km  
Epicentrum distance from station C is 3,000 km. 
From the example, the distance of the epicentrum from the 

reservoir and distribution pipe for instalation channel still is 
in a safe condition (A) 

3. Conclusions 
From the study on the Earthquake and Management 

System of Simarimbun Reservoir PDAM Tirtauli 
Pematangsiantar can be concluded: 

1. The conditions still safe against the earthquake, there is 
no damage to the reservoir and distribution pipelines. 
The Q services are still met until afternoon since the 
water in the reservoir still above the minimum limit. 
Through the results of the calculation and by repairing 
the main meters, current reservoir still capable serving 
the needs of customers. 

2. The Simarimbun reservoir has the ideal production 
capacity of 37,324 l / sec and able to serve new 
connections of 4,033 SR for the next several years, 
sevice continuity is still met. Peak hours occur at 6:00 to 
8:00 and 17:00 to 19:00 as the use of water by 
customers are very high, peak hour factor is 1:39 and 
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the debit of 358.06 l / sec. 
3. The minimum limit of water in the reservoir is still in 

appropriate criteria of 1:18 meters. Requirement per 
person / day of the service area 0.146 m 3 / person / day. 
Evaluation of reservoir inlet debit water meter should 
be mounted on the inlet pipe to prevent overflow and 
excessive. 

4. PDAM Tirtauli Pematangsiantar should establish a 
Standard Operating and Procedures (SOP) to maintain 
performance and service satisfaction. 
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