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1 GENERAL 

1.1 Introduction 

The Kingdom of Saudi Arabia has been increasing its investment in clean energy, 

power and water. 

In this context, many water quality improvement projects are being proposed in 

multiple cities in the Eastern region of Kingdom of Saudi Arabia in order to 

strategically improve the potable water quality, supply and storage by replacing 

poor quality high saline ground water with Saline Water Conversion Corporation 

(SWCC) water, in order to improve the network resilience and water delivery for 

the proposed growth area.    

1.2 Purpose of this documents  

The objective of this report is to present the detailed hydraulic design for 

Dammam water elements under the scope of Dammam 5 project. The detailed 

design will be based on analysing the system steady state hydraulic 

performance and during the different operating scenarios for the design target 

year 2050. In addition, transient hydraulic analysis will be performed and 

submitted in separate document in order to investigate the impact of water 

hammer on the proposed items and size the proper protection devices to 

mitigate the surge effect, if needed.  

The detailed Hydraulic design of the overall system will be carried out to verify 

head losses, Pump station capacities, resulting flow rates and water velocities in 

the piping systems related to Dammam 5 scope. Boundary conditions at the 

connection points will be used from the received hydraulic model to allow 

appropriate operation of the system and will be clearly stated within the report.  

1.3 References and Standards  

The detailed hydraulic design criteria, system design and analysis are based on 

using the following references and standards: 

– Hydraulic design basis for Dammam water system (WQIP-Q0-ILF-T-0012). 

– Preliminary Hydraulic design for Dammam 5 water system (WQIP-D5-ILF-T-

0043). 

– 00_TES_SD_001-The Specification, Bills of Quantities and Typical Details for 

Water and Wastewater Networks Specifications – Water and Sewer 

Networks.  

– Employers Requirements, RFP.  

– RFP Drawings, D900208-DAM5-DG-EN-XXXX-01. 
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– Pipeline design basis and thickness calculation report for Dammam 5 

(WQIP-D5-ILF-T-0024). 

– Final masterplan report: SA025WTD-P1-S9-MP-REP-0001_01_Volume 1. 

1.4 Abbreviations  

NWC : National Water Company 

ISO : International Organization for Standardization 

DI : Ductile Iron 

EPS : Extended Period Simulation 

FCV : Flow Control Valve 

VFD : Variable Frequency Drive 

SOW : SCOPE OF WORK 

RFP : REQUEST FOR PROPOSAL 

1.5 System of Units 

The International Unit System (SI) shall be used in accordance with the latest 

Standard of the ISO 80000 standard (drawings, calculations, etc.). 

Item Unit 

Length Meter (m) or millimeter (mm) 

Diameter Meter (m) or millimeter (mm) 

Pressure Bars 

Force Kilo Newton (kN) 

Velocity Meter per second (m/s) 

Flow Meter cube per second (m3/s), Litre 

per second (l/s) 
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2 DAMMAM WATER SYSTEM 

1.1 System Description 

Generally, Saline Water Conversion Corporation (SWCC) provides water for most 

parts of the Dammam water system. The existing system is divided into two by 

Jubail Highway. The east part of the network is supplied by gravity through Tank 

55, which gravitates to the local network in the southeast, and north along the 

two large main to the Central Pump Station that delivers pumped water to the 

lower-laying northeast. Pumps from Tank 71 supply the network on the west side 

of the Jubail highway through two mains. Moreover, several isolated networks 

also exist that are only supplied by groundwater (Figure 1). 

Please note that Figure 1 is taken from the Request for Proposal (RFP) and 

presented without modifications with Reference. However, the terms reservoir 

and tanks are used interchangeably, and the red arrow in figure one should have 

been blue. 

 

Figure 1: Current Dammam Water Network Operation (sources: NWC - Project 

requirements – Dammam project 2 – Rev Feb 2021) 

According to the latest master plan, the Dammam city water distribution network 

is supplied continuously (24x7) from three reservoirs/pumping station sites, in 

addition to the wells located within the city: 

 Tanks 71 complex (including a pumping station) 

 Tanks 55 reservoirs (including a pumping station to Dhahran area) 

 Central Tanks site (including a pumping station) 

 53 wells (distributed within the network) 
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Figure 2 shows Dammam Existing Water Supply Network Schematic. 

The current local/operational reservoirs storages capacities and pumping 

stations are presented in the table1. 

Table 1: Dammam Current Operational Storage and Pumping Capacities 

(Source: Master Plan) 

 

 

 

Figure 2: Dammam Existing Water Supply Network Schematic (Source: Master 

Plan) 

 

However, according to the Dammam Water Improvement – Project 2 report 

(Project requirements – Dammam project 2 – Rev 2021) conducted by National 

Water Company NWC, the current system is faced with salinity problems, not 

functioning at its optimal condition and not supplying enough pressured water 

to some parts of the city due to many reasons including a limited supply of water 

by the SWCC, poor network connectivity, limited storage capacity and pumping 

stations, poor Operation and Maintenance (O&M), and limited electricity supply.  
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Jacobs has modeled the current network to improve the system performance, 

and its performance has been studied. The model showed that some areas 

connected with the SWCC could not receive water at an adequate pressure. As 

a result, groundwater is used in these areas to supplement the SWCC supply, but 

still, sufficient pressure is not maintained as pressure across the network generally 

is too low. Thus, a number of possible water improvement measures have been 

proposed by NWC in the same reports mentioned above that could improve the 

system's efficiency, Figure 3.  

In summary, the water improvement measures have been divided into the 

following five projects: 

– Project 1 (quick win) includes the strategic loop network between Dhahyia 

and Central tanks.  

– Project 2 includes reticulation spines to address salinity in the north of 

Dammam, and storage and pump station upgrades at Dhahyia and Tank 

71.  

– Project 3 – this includes the strategic loop and distribution network between 

Jamiah and Dhahyia tanks, along with the construction of storage and a 

pump station at Ash Shulah. 

– Project 4 includes the Jamiah tank and the SWCC supply main supplying 

Jamiah from the desalinated water supply. 

– Project 5 includes the strategic loop and distribution network between 

Jamiah and Central tanks, along with the construction and upgrades of 

storage and pump stations at Central Tank, Tank 55, and Jamiah. 
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Figure 3: Layout of the proposed measure (sources: NWC - Project requirements 

– Dammam project 2 – Rev Feb 2021) 

 

1.2 Focus of the study  

As mentioned above, Dammam water Improvement program is divided into five 

projects. This document is only focused Dammam 5. 

1.2.1 Project Number 5 (Dammam 5) 

This project includes both the strategic loop and the distribution network 

between Jamiah and Central tanks, along with storage and pump station 

upgrades at Central Tank, Tank 55 and Jameah, Figure 4.  
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Figure 4:  Dammam 5 proposed water network (sources: NWC - Project 

requirements – Dammam project 2 – Rev Feb 2021) 

 

The length of the proposed is about 17 km of 1400 mm and 1600 mm diameters, 

from Jamia reservoir to Tanks 55 and central tanks. Also, it includes about 23 km 

of 400mm and 1,000 mm diameters of distribution lines.   

Reservoirs:  

A) Central Reservoir  

2 service reservoirs, Storage Capacity for each: 45,000 m3) Total Capacity = 

total 90,000 m3. 

B) Tank 55  

1 service reservoir, Storage Capacity: 25,000 m3). 

C) Construction of a new reservoir in Jameah with the capacity of the 100,000 

m3  

 

Pump Stations: 

Following in the Table 2 are the specifications of the Pump stations for 

upgrading/construction in the Dammam 5: 
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Table 2- Pumps specifications in Dammam 5 (Source: RFP and Master Plan) 

Pump 

Stations Site  

Normal Operating Point  Pump 

type  

Nb of pumps 

Flow (l/s) Head lift (m) 

Central Tank 

PS 

4,500 50 VFD* 3 duty + 1 

standby 

Tank 55 PS 2400 40 VFD 2 duty + 1 

standby 

Jameah PS 250 35 VFD 1 duty + 1 

standby 

Aramco 

Emergency 

Booster 

350 60 VFD 
1 duty + 1 

standby 

* Variable Frequency Drive (VFD) 
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3 HYDRAULIC SIMULATION  

3.1 Model Modification and Adjustments 

Per the submitted technical memo and Request for Information (RFI), the 

received model did not match exactly the RFP, especially concerning storages, 

pumps, and Pressure Reducing Valves (PRV) in the water system under the scope 

of Dammam 2 and Dammam 5 Projects. Therefore, a few major modifications 

(explained below) are made to the model to match the RFP. Then both the 

original received model (without changes) and the modified model (with the 

changes) are simulated. The results are presented below for comparisons and 

decisions making.  

The following three significant modifications are made in the original received 

model to match the RFP:  

1.2.2 Storages 

In the original model, Tank 71, Tank Central, and Tank 55 were modelled as the 

reservoir with constant head. In the RFP, these are tanks, and to match the RFP, 

these reservoirs have been changed to tanks with their updated dimension 

supplied by the client. The details are provided in the following Table 3. Please 

note that the Diameters in Table 3 are equivalent diameters for a set of tanks 

except Jamiah Tank.  

Table 3 - Tanks Details in Dammam 2 and 5 

Site 
Number 

of tanks 

Networking 

capacity of 

each tank 

(m3) 

Diameter 

(m) 

Tank 

Height 

(m) 

Water 

Height 

(m) 

Ground 

elevation 

(m) 

DHAHYIA_TANK 2 45,000 48.0 25.8 25.4 4.5 

JAMIAH_TANK 1 100,000 81.0 20.4 20.0 90.7 

TANK 55 1 25,000 40.0 20.9 20.5 35.0 

TANK 71 2 45,000 58.6 17.6 17.2 8.0 

TANK_CENTRAL 2 45,000 50.0 23.9 23.5 3.9 

1.2.3 Pumps 

The pump stations in the scope of Dammam 2 and Dammam 5 have been 

updated according to RFP. The pump curves have been added, and the pumps' 

Variable Speed Drive (VSD) properties are defined for the operation pumps. It is 

assumed that the pump can be operated within the range of 60% to 120 % of its 

rotation speed except for Dhahyia (which is between 40% - 100% of its rotation 

speed as it is a pump with an enormous capacity). The VSD is controlled by the 

pressure of a remote junction point in the system ranging between 3.5 to 4 bar. 

Table 4 and Table 5 provide the details of the pumps. 
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Table 4 - Pump Details in the model within the Scope of Dammam 2 and 5 

Pump 
Stations  

Type of 
input  

Design 
Head 
(m) 

Design 
Flow (lps) 

Curve ID 

Central Multiple Point 

Curve 

50 4,500.00 CENTRAL_TANK_PS_NRY 

Dhahiya 

Strategic  

Multiple Point 

Curve 

150 5,250.00 DHAHIYASTRATEGICOPTION2PS1_NRY 

Dhahiya 

Network  

Multiple Point 

Curve 

50 2,350.00 DAHIAY_PUMP_NRY 

Jamiah  Multiple Point 

Curve 

35 250 JAMIAH_PS_NRY 

Tank 55  Multiple Point 

Curve 

30 2,400.00 MEW_TANK_55_PS_NRY 

Tank 71 Multiple Point 

Curve 

40 2,400.00 TANK_71_PS_NRY 

Table 5- Details of the VSD properties of the Pumps 

Pumps ID  Control Type  Control 
Setting 
(bar) 

Control Element 
Node 

Maximum 
Speed  

Minimum 
Speed  

CENTRAL_TANK_PS Junction Pressure 4 DMM_18604 1.2 0.6 

DHAHYIA_PUMP Junction Pressure 4 DMM_JUN_3038 1 0.4 

JAMIAH_PS Junction Pressure 4 DMM_14483 1.2 0.6 

MEW_TANK_55_PS Junction Pressure 4 DMM_JUN_2794 1.2 0.6 

TANK_71_PS Junction Pressure 3.5 DMM_JUN_1966 1.2 0.6 

 

1.2.4 Valves  

In the original model, around 68 different Valves were introduced in the scope of 

Dammam 2 and Dammam 5. However, these valves were not according to the 

RFP. After modification of the model to match the RFP and the requirements of 

the Design Bases, only the following Valves are kept active in the model, 

presented in Table 6. The settings of the valves are kept as the original model, 

and it is not changed during the modelling phase. Only the PRV (DMAV317) is a 

newly introduced PRV instead of (PRV-32) in its upstream (coordinates 

x=414664.17, y=2914254.70). This newly introduced PRV will reduce the pressure in 

the South part of Jamiah network (towards AL Khobar). The rest of the valves were 

assumed to be inactive and not considered in the hydraulic modelling.  
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Table 6- Active valves information in the controlling flow to Dammam 2 and 5 

scope 

ID Type Settings  

FCV-3 Flow Control Valve 6,400.00 (l/s) 

FCV-2 Flow Control Valve (out of SOW) 5,200.00 (l/s) 

FCV_TANK55 Flow Control Valve 2,200.00 (l/s) 

FCV_CENTRAL_TANK Flow Control Valve (out of SOW) 2,000.00 (l/s) 

FCV_TANK71 Flow Control Valve (out of SOW) 1,140.00 (l/s) 

PRV-7 Pressure Reducing Valve 3.5 (bar) 

PRV-5 Pressure Reducing Valve 3.1 (bar) 

PRV-20 Pressure Reducing Valve 2.47 (bar) 

DMAV317 Pressure Reducing Valve (New valve) 3 (bar) 

 

1.3 Proposed Water Supply System (Option) 

As per the multi-criteria evaluation conducted in the master plan of Dammam, 

Parent Scenario "Option 2 in the model" is the most optimal Option 

recommended as a future water supply strategy target year 2050 for Dammam 

City.  

The proposed Option 2, with supply from Dhahiya, Jamiah and KFMC strategic 

reservoirs is the preferred option Figure 5. 

 Dhahiya strategic reservoir is supplying Dhahiya, Tank 71 and Shulah are 

operational tanks under normal operating scenario and may supply Central 

Tanks as well under an emergency scenario. Dhahiya operational tank is supplied 

directly from the nearby strategic tank and the remaining operational tanks are 

supplied by pumping.  

On the other hand, Jamiah strategic reservoir supplies the nearby operational 

reservoir and Tank 55 and Central Tanks by gravity under the normal operating 

scenario. Under an emergency scenario, Jamiah strategic reservoir can supply 

the seven operational reservoirs by gravity.  

KFMC strategic reservoir is only supplying the nearby operational reservoir.  

Dhahiya reservoir supplies the transmission loop by pumping, and Jamiah 

strategic reservoir supplies the loop by gravity. In case of failure of Dhahiya 

strategic reservoir PS, the transmission loop may be supplied directly from the 

connection to Jubail Riyadh bulk water transmission line and Jamiah strategic 

reservoir. Should a major break occur on any section of the transmission loop, 

water can be delivered from both strategic reservoirs via the other route/sections 

of the loop.  

The primary distribution network from the six main operational tanks (Dhahiya, 

Tank 71, Central Tank, Tank 55, KFMC and Shulah) consists of a 1000 mm looping 
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lines; thus the continuity of supply can be ensured should a distribution PS fails or 

a major break occur on any section Figure 6.  

Also, the area supplied by pumping from Jamiah operational tank can 

alternatively be supplied from operational Tank 55 PS. Similarly, the area supplied 

from KFMC operational tank can be supplied from either Dhahiya or Shulah 

operational tanks. 

 

 

Figure 5- Dammam Proposed Water System Strategy (source: Master Plan) 

According to the master plan, in the model within the Option 2 context, the peak 

daily demand is set to 722073 m3/day, while for the (2050 ADD + Fire), it was found 

to be 660492 m3/day. The demand allocation is not changed during the 

simulation and is kept as the received model (as stated in the master plan table 

5). 

Moreover, according to the master plan for the year 2050, the target capacity 

of the network should be such that the transmission mains should be able to cater 

to the Peak Daily Demand (PDD) while the distribution system should be able to 

supply the Peak Hourly Demand for the same year (table 6).  
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Table 7: 2020 - 2050 Peak Daily Demands PDD (source: Dammam Master Plan) 

 

(1) Proposed part of the Water Quality Improvement Projects 

Table 8: Target Capacity of Water Supply System in Dammam (Source: Dammam 

Master Plan) 

 

1.4 Scenario One – 2050 Peak Daily Demand (PDD) 

For the target year 2050, the proposed Option 2 is simulated with Peak Daily 

Demand and hourly variable demand pattern. The objective was to evaluate 

the system's performance against different flow rates during the day, focusing on 

the peak hourly demand, which will result in minimum pressure and high 

velocities, and the minimum hourly demand during the day, which will result in 

maximum pressure in the system and low velocities. 

Figure 7 shows the hourly demand pattern with the peak multiplier of 2.08 to 

simulate the peak hourly demand during the day, and the minimum multiplier of 

0.52 to simulate the minimum hourly demand during the day.  
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Figure 6: Dammam City Planned/Future Water Distribution Network Main 

Structure as per Water Quality Improvement Projects (Source: Master Plan) 

 

The values of peak multiplier are based on using peak day factor of 1.2 and the 

peak hour factor is 2.5, since the base demand in the model is settled to: 

Peak Daily Demand – PDD                 Peak Hourly Demand -PHD 

PDD = 1.20 x ADD                              PHD = 2.50 x ADD 

PHD = 2.50 x PDD / 1.20                     PHD = 2.08 x PDD 

Accordingly, the hourly demand pattern should have a maximum peak multiplier 

of 2.08 and a minimum of 0.52. 

 

 

Figure 7: Dammam hourly demand pattern 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 15 

 

1.4.1 Minimum Residual Pressure, Maximum Velocity -Peak Hourly 

Demand 

Within Scenario One, the network's minimum residual pressure and maximum 

velocity were investigated during the Peak hour in the two models.  

Figure 8 shows the minimum residual pressure in the original received model 

(without changing the defined pumps operating points and PRVs), at each node. 

The minimum achieved residual pressure during peak hourly demand within the 

scope of the Dammam 2 and 5 projects is around 1.45 bar. 

After the mentioned-above modifications, the model has been simulated to 

evaluate the minimum residual pressure in the system.  

Figure 9 shows the minimum residual pressure in the modified model at each 

node during the peak hourly demand, where the minimum pressure is 1.72 bar 

for junctions supplied within the scope of work of Dammam 2 and Dammam 5 

modified system, excluding a couple of nodes on the suction side of the pump 

stations. In all Dammam water system, few points with black or blue colors are 

either closed or at proximity of the pumps. The orange points are slightly above 4 

bar pressure which is still acceptable.  

A comparison of the two models shows that by removing several PRVs and 

adding the VSD properties of the pumps with the mentioned above settings, the 

water system will perform better during the peak hours with overall energy 

efficiency.   

Figure 10 shows the maximum velocities during the peak hour of the original 

receive model for Dammam water system. The maximum observed velocity 

within the scope of Dammam project is around 1.92 m/s.   

Similarly, Figure 11 presents the maximum velocity during peak hours in the 

modified model within Dammam 2 and Dammam 5 scopes, which is 1.95 m/s. 

However, the strategic gravity main 1600mm diameter (purple colored) from 

Jamiah to Tank 55 has a slightly more constant velocity at around 2.17 m/s.   

The velocity comparison of the two models shows that the modifications also 

slightly increase velocities within the range of design bases. However, some of 

the pipes in the Dammam 2 and Dammam 5 scopes and most of the pipes in all 

Dammam system has velocities lower than 0.3 m/s (which is the minimum limit in 

the design bases). 

Tables 8 and 9 show the junction and pipes properties respectively during this 

scenario. 
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Figure 8- - Original Model-Minimum residual pressure at nodes during the peak 

hour (Scenario 1) 

 

Figure 9- Modified Model-Minimum residual pressure at nodes during the peak 

hour (Scenario 1) 
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Figure 10- Original Model- Maximum water velocities during the peak hour 

(Scenario 1) 
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Figure 11- Modified Model- Maximum water velocities during the peak hour 

(Scenario 1) 
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Table 9: Table for junctions within Dammam 2 and 5 at the peak demand hour 

within scenario 1  
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Table 10: Table for pipes within Dammam 2 and 5 at the peak demand hour 

within scenario 1 
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1.4.2 Maximum Pressure, Minimum Velocity - Minimum Hourly 

Demand  

The maximum pressure in the system has been investigated within Option 2 Scenario for 

both models.  

Figure 12 shows the maximum pressure from the original model in the system at each 

node during the minimum hourly demand. Within Dammam project, the maximum 

achieved pressure is around 6.83 bar. A few points with black or blue colours are either 

closed or the proximity to the pumps.    

Figure 13 shows the maximum pressure from the modified model in the system at each 

node during the minimum hourly demand. The overall water system pressure is less than 

4 bar. Most of the system has a pressure lower than 4 bar (green color). The orange points 

are very close to 4 bar which is acceptable. A few points with black or blue colors are 

either closed or the proximity to the pumps. Within Dammam 2 and Dammam 5 scopes, 

the maximum achieved pressure is less than 4 bar except for the gravity main 1600 mm, 

which can go as high as around 7 bar.  

Comparing the two models, it is obvious that by modifying the model, overall, the system 

pressure reduces. This behaviour of the water system is primarily due to the VSD 

characteristics of the pumps.  

Regarding the minimum flow rate during the day, the minimum hourly demand was 

investigated within Option 2 scenario.  

Figure 14 presents the minimum velocities during minimum hourly demand in the original 

model. Again, most of the pipes in the system have a low velocity of less than 0.3 m/s 

(except the gravity main 1600 mm Diameter from Jamiah to Tank 55, which has a higher 

velocity of around 2.18 m/s). 

Concerning the minimum velocity during minimum hourly demand in the modified 

model, some of the pipes in the scopes of Dammam 2 and Dammam 5 and most of the 

pipes in the all the Dammam system have a low velocity of less than 0.3 m/s (except the 

gravity main purple coloured 1600mm diameter from Jamiah to Tank 55 which has higher 

velocity around 2.08 m/s). Figure 15 presents the minimum water velocities in the system 

during minimum demand hour.  
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Figure 12- Original Model - System Maximum Pressure during the minimum hourly 

demand (Scenario 1) 

 

Figure 13- Modified Model - System Maximum Pressure during the minimum 

hourly demand (Scenario 1) 
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Figure 14- Original Model - Water velocities during minimum hourly demand (Scenario 1) 

 

 

Figure 15- Modified Model - Water velocities during minimum hourly demand (Scenario 

1) 
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Tables 11 and 12 show the junction and pipes properties respectively during the 

minimum demand hour for this scenario. 

Table 11: Table for junctions within Dammam 2 and 5 at the minimum demand 

hour within scenario 1  

 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 33 

 

 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 34 

 

 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 35 

 

 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 36 

 

 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 37 

 

 

 

 



 Water Quality Improvement Project - North Distribution 

Network & Reservoirs - Dammam Project 5 

 

 

 

 38 

 

Table 12: Table for pipes within Dammam 2 and 5 at the minimum demand hour 

within scenario 1  
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1.4.3 Pumps Operating Speeds 

As mentioned above the pumps nominal curves have been added to the system 

and the VSD properties of the pumps are defined in the model (Table 4 and Table 

5). 

The following figures show the speed and operating points of each pump for 24 

hours simulation period.  

Figure 16 presents the operating speeds and operation points of the Dhahyia 

pump.  

Op. Max = maximum operating speed along the extended period simulation 

(red) 

Op. Min = minimum operating speed along the extended period simulation 

(yellow) 

Ref. Max = Reference maximum speed (10% higher than Op. Max, blue) 

Ref. Min = Reference minimum speed (10% lower than Op. Min, pink, which is not 

visible in this case by chance as Ref. Min and Op. Min is the same and it is exactly 

under the yellow minimum operation curve, it can be seen in following pumps 

figures) 

Duty = introduced pump curve  

Operating Points = Points of operation during the extended period simulation 

(Crayon). 

As it is obvious the pump is operating within the range of 0.48 and 0.73 of its 

operating speeds (between curves colour red and yellow). Hence the chosen 

pump is big for the system, and it is not Energy efficient. This might be also one 

the reasons that several PRVs are introduced in the Dammam 2 scopes.  
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Figure 16- Dhayia Pump operating speeds and operation points 

 

Also, Figure 17 presents the Tank 71 pump operating speeds and operation 

points. This pump also works within the range of 0.71 to 0.89 of its operating speed 

to maintain the maximum 3.5 bar pressure at the control junction mentioned in 

Table 5.  

 

Figure 17- Tank 71 Pump operating speeds and operation points 

 

Moreover, Figure 18 presents the Central Tank Pump operating speeds and 

operation points. This pump is operating in the range of 0.65-0.92 of its operating 

speed to maintain the 4 bars pressure in the mentioned above control junction.  
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Figure 18- Central Tank Pump operating speeds and operation points 

 

 

Furthermore, Figure 19 presents the MEW-Tank 55 pump operating speed and 

operation points. Similarly, this pump is operating in the range of 0.73-0.89 of its 

operating speed to maintain the 4 bars pressure in the mentioned above control 

junction.  

 

Figure 19- MEW-Tank 55 Pump operating speeds and operation points 

 

Finally, Figure 20 presents the Jamiah pump operating speed and operation 

points. Similarly, this pump is operating in the range of 0.61-0.83 of its operating 

speed to maintain the 4 bars pressure in the mentioned above control junction.  
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Figure 20- Jamiah Pump operating speeds and operation points 

 

1.4.4 Tanks Levels  

Within the Option 2 Scenario, the tank levels have been evaluated. It is assumed 

that the initial level of the tanks is around half their height. Figure 21 presents the 

level of the five tanks in the scope of the Dammam 2 and Dammam 5 projects.  

As it is evident, the tanks have large capacities to supply the Dammam water 

system.  
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Figure 21- Tanks levels in Dammam 2 and Dammam 5 

3.4 Scenario Two – 2050 Average Daily Demand + Fire Flow 

(2050 ADD+FF) 

A second scenario within the proposed Option two setting with Average Daily 

Demand + Fire Flow has been used to evaluate the performance of the system. 

The settings remained the same except for the demand. Both the modified and 

original models are tested against this scenario, and the results are presented in 

the followings.  

3.4.1 Minimal Residual Pressure – Average Daily Demand + Fire Flow 

Figure 22 presents the minimum residual pressure at each node under scenario 

ADD+FF of the original model. The minimum residual pressure in the system is more 

than 1.5 bar for more than 99 percent of the system. In Dammam projects, the 

minimum pressure is more than 1.5 bar and the maximum pressure is around 6 

bar. Few points with black or blue colours are either extremely near to 1.5 bar, 

closed or at proximity of the pumps. 

Similarly, Figure 23 presents the minimum residual pressure at each node under 

the scenario 2 modified model. The minimum residual pressure in the system is 

more than 1.5 bar for more than 99 percent of the system. In Dammam project, 

the minimum pressure is more than 1.5 bar and the maximum pressure is around 

4 bar except for the gravity main 1600 mm from Jamiah where the pressure goes 

as high as 7 bar.   

Comparing the two the model, it can be concluded the modified model 

performs better in terms of minimum and maximum pressure, head losses, and 

overall water system energy efficiency.  

Figure 24 shows the velocities in the original model for the second scenario. Most 

of the pipes still have a velocity below 0.3 m/s. Within the scope of the Dammam 

project, the maximum velocity is 1.4 m/s, while most of the pipes have velocities 

lower than 0.3 m/s. 

Similarly, Figure 25 shows velocities in the modified model for the second scenario. 

Modification of the model slightly increases the velocity of the overall system 

within the design criteria. However, most of the system still has a velocity of less 
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than 0.3 m/s. Within the project scope in Dammam 2 and Dammam 5, the 

maximum velocity is 1.8 m/s, where few pipes have velocities lower than 0.3 m/s.  

Tables 13 and 14 show the junction and pipes properties respectively during this 

scenario. 

 

 

Figure 22- Original Model - Minimum residual pressure of the system (Scenario 2) 
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Figure 23- Modified Model - Minimum residual pressure of the system (Scenario 2) 

 

 

Figure 24- Original Model - Water velocities of Dammam system (Scenario 2) 
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Figure 25- Modified Model - Water velocities of Dammam system (Scenario 2) 
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Table 13: Table for junctions within Dammam 2 and 5 within scenario 2  
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Table 14: Table for pipes within Dammam 2 and 5 within scenario 2  
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3.4.2 Pumps Operating Speeds 

In ADD + FF scenario, pump operations and its operating speeds have been 

evaluated. 

Figure 26 presents the pump operating speed and operation points. The pumps 

are performing as follows: 

Dahyia pump is operating in the range of 0.52-0.65 of its operating speed to 

maintain the 4 bars pressure in the control junction (Table 5).  

Tank 71 pump is operating in the range of 0.72-0.74 of its operating speed to 

maintain the 3.5 bar pressure in the control junction (Table 5).  

Central Tank pump is operating in the range of 0.66-0.70 of its operating speed 

to maintain the 4 bars pressure in the control junction (Table 5).  

MEW Tank 55 pump is operating in the range of 0.69-0.79 of its operating speed 

to maintain the 4 bars pressure in the control junction (Table 5). 

Jamiah pump is operating in the range of 0.61-0.66 of its operating speed to 

maintain the 4 bars pressure in the control junction (Table 5).  

 

  

  

 

 

Figure 26- Pumps operating speeds and operation points 
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3.4.3 Tanks Levels  

Within ADD+FF scenario, the tank levels have been evaluated. It is assumed that 

the initial level of the tanks is around half their heights. Figure 27 presents the level 

of the five tanks in the scope of Dammam 2 and Dammam 5 projects.  

It is evident that the tanks have large capacities to supply Dammam water 

system in this ADD+FF scenario.  

 

Figure 27- Tanks Levels (ADD+FF) 

3.5 Aramco Emergency Scenario 

In the RFP the Aramco emergency scenario is mentioned, such that if the Jamiah 

pump fails, the Aramco emergency pump in Tank 55 should be able to supply 

water to the south part of the system near Jamiah.  

The following modifications have been made to the model: 

- The outlet of the pump has been connected with the pipe 700 mm 

- The throttle control valve (DMM_VAL_8122) has been open 

- The pipe 700 mm between Pumps in Tank 55 and Aramco emergency pump 

has been closed 

- The VSD properties of the Aramco emergency pump have been added as 

follows 

o Control Junction ID (J6) 

o Control Pressure 4 bar 

o Minimum and Maximum speed settings of 0.6 and 1.2  

Following mentioned above modification, this emergency scenario has been 

tested, and the results are presented below.  

Figure 28 presents the pressure of the system during minimum hourly demand and 

Figure 29 presents the pressure during peak hourly demand. As can be seen, the 

emergency pump can supply water with enough pressure in case of an 
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emergency. Most of the system has a pressure of less than 4 bar, with a few points 

slightly above 4 bar acceptable during an emergency.  

 

Figure 28- Pressure during minimum hourly demand (emergency Aramco) 

 

Figure 29- Pressure during minimum hourly demand (emergency Aramco) 
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4 CONCLUSIONS AND OBSERVATIONS 

As mentioned above, to match the RFP, the following modifications have been 

made to the received model: 

2) Storage types and levels have been modified and adjusted 

according to the RFP 

3) The duty points of the pump stations are updated according to the 

provided pump curves. 

4) The Variable Speed Drive (VSD) characteristics of the pumps are 

defined  

5) Several Pressure Reducing Valves are removed from the model within 

Dammam 2 and Dammam 5 projects    

Hydraulic simulation has been performed for both original and modified models 

within two main scenarios and one emergency scenario considering the 2050 

proposed water system option in the master plan. 

The results showed that by modifying the model especially simulating the VSD 

properties of the pumps, the system performs better in terms of pressure and 

Energy efficiency, and several of the Pressure Reducing Valves (PRVs) can be 

removed from the hydraulic model.  

Moreover, both original and modified models showed that the overall water 

system has low velocities of less than 0.3 m/s. However, by modifying the model, 

the velocity in the system slightly increases.  
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