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The Draft Reuse Plan of Treated Wastewater and Sewage Sludge 
August 15, 2014 

1. Objective 
A reuse of treated wastewater, sludge and final disposal are studied in Technical Assistance and Capacity 
Building Project for the Jericho Sanitation Project (TeCSOM).  

2 Reuse of Treated Wastewater 
2.1 Reuse Options 
Factors that need to be considered in projecting treated wastewater use in agricultural and 
nonagricultural applications are addressed as follows: 

(1) Landscape Irrigation 
Landscape irrigation is the user of treated wastewater and is being used increasingly for various 
locations in public parks, community parks, roadside plantings, landscaping of other public 
open space and recreation areas. Treated wastewater has to meet high water quality levels for 
microbial concentrations because public contact with the applied water is a potential health 
hazard. Controlling chlorine residuals to maintain proper disinfection must be considered in 
landscape irrigation use. Treated wastewater can be used as agricultural water. However, 
depending on the available access by the public to the landscape irrigation, the degree of 
required treated wastewater quality will vary.  

(2) Agricultural Irrigation 
Treated wastewater can be used for agricultural irrigation. Depending on the use of the crop for 
eating, raw or not raw, the degree of the required treated wastewater quality will vary. Higher 
levels of treated wastewater quality are mandatory for application to raw eaten food crops by 
the draft Palestine Reuse Standards (Mya 22, 2014). The effect of water quality on the end crop, 
especially salt content, total dissolved solids and metals in treated wastewater must be 
considered for all soils and crops to prevent poor harvests.  

(3) Flushing Sewer 
It was recognized that sewers needed flushing, especially where certain reaches of sewer had 
an unfavorable combination of low slope and low tributary sewage flow. Sewers systems are 
affected by deposition of solids and sediments generating nuisances and operational difficulties. 
Methods of use treated wastewater for flushing sewers shall be used to solve/mitigate this 
problem. 

(4) Amenity Use 
Recreational and environmental uses include fountains, waterways in parks, creation of 
recreational lakes and ponds for amenity purposes. These uses may have roles which include 
landscape improvement, creation of waterfront space, recreation for the public and nature 
reserves for wildlife. The level of treatment of reclaimed water in most cases depends on the 
type of water body to which reclaimed water is released, and the degree of public contact and 
the health hazard. High quality and well disinfected reclaimed water must be maintained to 
ensure public health protection.  

(5) Cooling Water for Industry 
Industrial uses of reclaimed water are mainly power plants and manufacturing facilities where 
it is required for cooling purposes. Water quality, especially total dissolved solids and chlorides, 
is of concern because of the potential for scaling or corrosion in piping systems and heat 
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exchange units. Residual organic matter may also contribute to biological growth in cooling 
towers.  

(6) Toilet Flush 
Treated wastewater can be used as flush toilet water. Office buildings and apartments can have 
dual distribution systems, one system for potable water and the other for reclaimed water. 
Principal concerns with dual distribution systems are higher cost of infrastructure and the 
prevention of cross connection between the two water systems.  

(7) Groundwater Recharge 
Groundwater recharge is used to reduce, stop or reverse the decline of groundwater levels, and 
to protect underground freshwater in coastal aquifers against saltwater intrusion. Water quality 
requirements may include nitrogen removal or reduction of specific organic and inorganic 
contaminations. Water quality and flow of groundwater should be monitored sufficiently and 
continuously.  

In Jericho City, above mentioned landscape irrigation, agricultural irrigation, flushing sewers and 
amenity use options are applicable. 

2.2 Potential Risks and Measures on Reuse 
A flexible approach to treated wastewater (or TE: Treated Effluent) usage in the future must be taken in 
light of potential constraints/risks in quantity and quality in providing treated wastewater. The measures 
to be taken to reduce the potential risks are considered as follows: 
 (1) From the view point of the public health, treated wastewater pipelines have to be identified with 

tapes in order to avoid accidental cross-connections between potable water and treated wastewater 
supplies.  

(2) For avoiding human contact during public utility time, irrigation late at night and during early 
morning hours in public spaces is recommended to minimize the exposure of treated wastewater to 
the public.   

(3) Warning signs at the irrigation sites should be provided to public users, indicating that “it is non potable water for 

irrigation only". 

(4) The peak irrigation demand can be alleviated by scheduling irrigation for each site at different times.  

(5) It is important to notify users immediately at the time of the deterioration of treated wastewater quality and to 

stop treated wastewater deliveries in case of accidents/emergencies.  

2.3 Irrigation in the Garden and Amenity in the 
WWTP (Wastewater Treatment Plant)
There are the garden and amenity spaces 

(approximately 0.36 ha) in the Wastewater Treatment 

Plant (WWTP). The potential demand is 

approximately 27 m3/day (garden) and 126 m3/day 

(ponds, amenity). Sprinkling time is 20-30 minutes 

per day (twice a day) by manual. 
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      Photo 1 Sprinkling TE to Lawns                  Photo 2 Dropping TE to Trees 

Photo 3 Amenity Pond 

2.4 Flushing Sewers 
A cesspit tanker frequently comes to the WWTP to put as a sludge into the wastewater receiving tank. 
After discharging the sludge, the emptied tanker goes to the irrigation tank, and then fills up the tank by 
TE. The tanker goes to the upper of a sewer and discharge TE from a manhole for flushing once a month. 
The control factors of flushing sewers that need to be considered in reusing TE are addressed. 
・Control a manhole key no to discharge untreated wastewater/cesspit sludge into a manhole 
・Monitoring illegal discharge in cooperation with the police 
・Jericho municipality staff shall get on a tanker together 
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3. Pilot Plant Plan of Reuse Treated Wastewater 
3.1 Precaution of the Pilot Plant 
  1) Estimation of wastewater generation and possible TE volume 
  2) Estimation of potential TE demand at the Pilot Plant 
  3) Selection of plants and products for the Pilot Plant 
  4) Measured water parameters (periodical water quality test) 
  5) Information disclosure of the test results 
Before providing and/or selling the treated wastewater to users, C/Ps are obliged to disclose information 
of the results regarding the treated wastewater quality test and sewage sludge (soil) test. It shall 
guarantee the treated wastewater quality by meeting the reuse standard, and avoid conflicts, such as 
reduction/deterioration of products and occurrence of plant withering, between Jericho Municipality 
(supplier) and farmers (users). The user side can judge whether to use treated wastewater/sewage sludge 
on their farms based on the information.  

3.2 Wastewater Generation at the WWTP 
Wastewater generation (inflow of wastewater amount annually) was calculated in the Strategic Business 
Plan (SBP) for Managing Jericho Sewerage System. The following figure shows the wastewater inflow. 
It is assumed simultaneously that 70% and 40% of inflow amount. 

3.3 Location of the Pilot Plant 
The location will be next the sludge drying beds in the northwest of the WWTP.  
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3.5 Potential TE Demand in the WWTP 
Potential TE demand is shown in following Figure. 

3.6 The Draft Implementation Schedule of the Pilot Plant 
The draft implementation schedule of the Pilot Plant both inside and outside of the WWTP is shown as 
below, 
  1. Conduct treated wastewater quality test and sewage sludge (soil) test 
  2. Record the tested water quality and compare to the (draft) Palestine Reuse Standard 
  3. Set and implement the Pilot Plant in the WWTP (setting the experimental farm will start in early 

October since it is the timing for cultivating palm dates) 
  4. Conduct a questionnaire survey with farmers about the test results in Jericho 
  5. Information disclosure of the treated wastewater quality by a website and/or a municipal bulletin 

board 
  6. Hold joint workshops with related organizations and stakeholder meetings 
  7. Cooperate with neighbor farmers at the WWTP and the experimental farm outside of the WWTP 
  8. Finally, provide/sell the treated wastewater and/or sewage sludge to farmers 

An essential factor is securing the necessary quantity of wastewater. The commencement timing of an 
experimental farm outside of the WWTP will depend on the wastewater amount.  

3.7 Methodology of the Pilot Plant 
The experimental farm called the Pilot Plant will be set up inside the WWTP. The farm planted popular 
fruit trees in Jericho such as date palm, lemon (citrus limon), orange and so on may have approximately 
1,800 m2. The experiment of reusing treated wastewater and sludge fertilizer will be carried out mainly 
by the C/P, but the data of result will be shared with the JICA Expert Team.  
From the viewpoint of demand, providing treated wastewater for palm dates shall be highly feasible 
reuse option since there are many palm date plantations near by the WWTP. If any cooperative farmer(s) 
around the WWTP provide(s) an experimental palm date farm, the experiment of reuse of treated 
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wastewater and sludge fertilizer will be carried out outside the WWTP. Since equipment such as 
distribution pipes and pumps may become essential depending on the location of such experimental 
farm, production equipment should be arranged. In addition, since the volume of distributed treated 
wastewater depends on the inflow wastewater, also the Pilot Plant in the WWTP is of the first priority, 
the timing of commencement of the outside experimental farm shall be studied. 

Before providing the treated wastewater to farmers outside of the WWTP, the JICA Expert Team shall 
run an experimental farm called the Pilot Plant, and then the JICA Expert Team and C/Ps will 
simultaneously confirm whether the treated wastewater quality meets the standard. An experimental 
farm outside of the WWTP will be studied in parallel with the Pilot Plant.  

Regarding the reuse priority of the treated wastewater, the first priority is for the maintenance of the 
WWTP, and then the second is for the watering of the gardens and the Pilot Plant in the WWTP. 
Afterwards, the excess treated wastewater can be provided to farmers. The approximately estimated 
water demand of the irrigation/pounds and the Pilot Plant is lower than 100m3/day. On the other hand, 
as of the end of June 2014, the current influent amount reaches approximately 120 – 260 m3/day (while 
effluent amount is between 80 - 200 m3/day, lower than the influent amount.). Currently, a small amount 
of treated wastewater can be sold to users but neither the water quantity nor quality can be guaranteed. 
The JICA Expert Team and the C/Ps consider necessary to monitor the Pilot Plant and collect data for 
at least one year to show the evidence of safe treated wastewater. Figure shows the Pilot Plant area.  

Figure Pilot Plant

Jericho WWTP 

Pilot Plant 
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The Pilot Plant site shows below. 

Need site clearance and soil replacement       Irrigation tapping point for cleaning drying bed 

3.8 The Pilot Plant Area Preparation (Draft) 
1) Surface Leveling and cleaning 
All earth works on Site shall be completed before any fill is deposited. The pilot plant area should be 
clean from all rubbish, debris and any dirt .Sub-grade should be leveled before filling with any material.                 

2) Soil Improvement: 
The soil and the work of the laboratory tests shall be studied to ensure suitability for the cultivation of 
tree species mentioned. And if it turns out that the soil contains a high percentage of salinity the soil for 
at least half a meter of good soil suitable for agriculture must be improved.  

3) Soil Tilling and Mincing: 
The target area for planting by mechanical tilling and mincing shall be prepared to mix in organic matter, 
or to reduce the amount of weeds in the area. Tillage is often classified into two types, primary and 
secondary. There is no strict boundary between them so much as a loose distinction between tillage that 
is deeper and more thorough (primary) and tillage that is shallower and sometimes more selective of 
location (secondary).  

4) Chemical and natural fertilizers: 
Organic material to the soils through tilling shall be added to improve the soil's texture and workability, 
while increasing its nutrient content. Chemical and natural fertilizers should be added in scientific ways 
and amounts taking into account the divisions shown in the accompanying drawings.  

5) Irrigation system:  
Suitable irrigation system for each type of trees should be made, and all the necessary dripping tubes, 
water taps and necessary meters should be prepared  
Treated wastewater is getting from the treatment plant and in coordination with the engineers and the 
technicians of the plant.  
For the source of potable irrigation water, all of the costs to get to the source of potable irrigation water 
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by the municipality must be coordinated with the municipality and pay.  
Irrigation system must cover the whole target area of the study with the possibility of expansion to other 
areas as directed by the supervisor engineer.  
The times and amounts of water suitable for irrigation scientifically thoughtful which commensurate 
with the nature of the soil and the type of trees and climatic conditions must be taken into account. 

6) Palm Trees:
Palm is one of the most important crops, which the farmers in the Jericho and the Jordan Valley take care of. 

Palm produce fruits in a period ranging from two to three years from the date of Agriculture, so to achieve 

the purpose of this study; palm should not be less than the age of 3-4 years, and also must be healthy and free 

of disease and with good productivity, also with strong roots, making the rate of damage almost non-existent.  

When you move a palm tree to its new place; it must be done by specialists of planting the palms and to 

prepare the soil and all that is required before the transfer process. 

3.9 Palestine Reuse Standard for Agriculture  
The latest reuse standard for agriculture was prepared on May 22, 2014, but it is still a draft. MoA 
explained that the draft standard will be finalized as soon as possible.  
The draft Reuse Standard shows below.  
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Classification of the Treated Wastewater according to Quality 
Maximum limits for chemical and 
biological properties (mg/L) unless 
otherwise stated 

Quality of Treated Wastewater 
High quality (A) Good quality (B) Medium quality 

(C)  
Low quality (D) 

Biochemical Oxygen Demand BOD5 20 20 40 60 
Total Suspended Solids  TSS 30 30 50 90 
Fecal coliform bacteria (colony/100 mL ) 200 1000 1000 1000 
Chemical Oxygen Demand  COD 50 50 100 150 
Dissolved Oxygen   DO 1< 1< 1< 1< 
Total Dissolved Solids  TDS 1200 1500 1500 1500 
Potential of Hydrogen   PH  9 _6 9_6 9_6 9_6 
Fat , Oil and Grease  5 5 5 5 
Phenol   0.002 0.002 0.002 0.002 
Detergents  MBAS  15 15 15 25 
Nitrate Nitrogen   NO3-N  20 20 30 40 
Ammonium Nitrogen  NH4-N 5 5 10 15 
Total Nitrogen  T-N 30 30 45 60 
Chloride  Cl 400 400 400 400 
Sulfate SO4 300 300 300 300 
Sodium  Na  200 200 200 200 
Magnesium  Mg  60 60 60 60 
Calcium  Ca 300 300 300 300 
Sodium adsorption ratio  SAR  5.83 5.83 5.83 5.83 
Phosphate Phosphorus  PO4-P  15-20 15-20 15-20 15-20 
Aluminum Al 5 5 5 5 
Arsenic  As  0.1 0.1 0.1 0.1 
Copper  Cu  0.2 0.2 0.2 0.2 
Iron Fe  5 5 5 5 
Manganese  Mn 0.2 0.2 0.2 0.2 
Nickel  Ni  0.2 0.2 0.2 0.2 
Lead  Pb 0.2 0.2 0.2 0.2 
Selenium  Se  0.02 0.02 0.02 0.02 
Cadmium  Cd  0.01 0.01 0.01 0.01 
Zinc  Zn  2 2 2 2 
Cyanide  CN  0.05 0.05 0.05 0.05 
Chrome  Cr 0.1 0.1 0.1 0.1 
Mercury  Hg 0.001 0.001 0.001 0.001 
Cobalt  Co  0.05 0.05 0.05 0.05 
Boron  B  0.7 0.7 0.7 0.7 
Bacteria E. coli   (Colony/100 mL ) 100 1000 1000 1000 
Nematodes (Eggs/L)  less than or equal 1 less than or equal 1 less than or equal 1 less than or equal 1 
Maximum temperature  35 35 35 35 
The degree of turbidity 5-10 5-10 5-10 5-10 
A: Nivelo meter      

Source: Palestine Ruse Standard (draft) 
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Comparison of Reuse Standard (Reference) 

Maximum limits for chemical and biological properties (mg/L)
MOA Israel Jordan Oman WHO WHO

Items Trace
High (A) Irrigation Stream A A-1 Moderate Element

Biochemical Oxygen Demand (BOD) mg/L 20 10 10 30 15
Total Suspended Solids (TSS) mg/L 30 10 10 50 15 100
Fecal coliform bacteris colony/100mL 200 10 200 200 1000
Chemical Oxygen Demand (COD) mg/L 50 100 70 100 150
Dissolved Oxygen (DO) mg/L 1< 0.5< 3< 2<
Total Dissolved Solids (TDS) mg/L 1200 1500 1500 2000
Potential of Hydrogen (pH) 6 - 9 6.5 - 8.5 7 - 8.5 6 - 9 6 - 9 6.5 - 8
Fat, Oil and Grease mg/L 5 1 8 0.5
Phenol mg/L 0.002 0.002 0.001
Detergents (MBAS) mg/L 15 100
Nitrate Nitrogen (NO3-N) mg/L 20 30 50
Ammonium Nitrogen (NH4-N) mg/L 5 5
Total Nitrogen (T-N) mg/L 30 25 10 45
Chloride (Cl) mg/L 400 250 400 400 650
Sulfate (SO4) mg/L 300 500 400
Sodium (Na) mg/L 200 150 200 230 200
Magnesium (Mg) mg/L 60 100 150
Calcium (Ca) mg/L 300 230
Sodium Adsorption Ratio (SAR) mg/L 5.83 0.5 5 9 10
Phosphate Phosphorus (PO4-P) mg/L 20 30
Aluminum (Al) mg/L 5 5 5 5
Arsenic (As) mg/L 0.1 0.1 0.1 0.1 0.1 0.1
Copper (Cu) mg/L 0.2 0.2 0.5 0.2
Iron (Fe) mg/L 5 2 5 1 1.5 5
Manganese (Mn) mg/L 0.2 0.2 0.1 1.5 0.2
Nickel (Ni) mg/L 0.2 0.2 0.05 0.2 0.1 0.2
Lead (Pb) mg/L 0.2 0.1 0.008 5 0.1 5
Selenium (Se) mg/L 0.02 0.02 0.05 0.02 0.02
Cadmium (Cd) mg/L 0.01 0.01 0.005 0.01 0.01 0.01
Zinc (Zn) mg/L 2 2 0.2 5 5 2
Cyanide (Cn) mg/L 0.05 0.05
Chrome (Cr) mg/L 0.1 0.1 0.05 0.1 0.05 0.1
Mercury (Hg) mg/L 0.001 0.002 0.0005 0.002 0.001
Cobalt (Co) mg/L 0.05 0.05
Boron (B) mg/L 0.7 0.4 1 0.5 3
Bacteria E. Coli (colony/100mL) 100 100
Nematodes (Eggs/L) <1 <1 <1 <1
Redual Chlorine mg/L 1 0.01
Ammonia mg/L 20 1.5
Total Phosphorus (T-P) mg/L 5 0.2 30
Electrical Conductivity dS/m 1.4 2000μ/m 3000μ/cm
Fluoride mg/L 2
Barium (Ba) mg/L 50 1
Turbidity NTU 10 10
Fluoride (F) mg/L 1.5 1 1
Beryllium (Be) mg/L 0.1 0.1
Lithium (Li) mg/L 0.07 2.5
Molybdenum (Mo) mg/L 0.01 0.01
Nitrogen: Organic (kjeldahl) mg/L 5
Nitrate-N mg/L 11.3
Silver (Ag) mg/L 0.01
Sulphide (S) mg/L 0.1
Vanadium (V) mg/L 0.1 0.1
Maximum temperature degree 35
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Sampling schedule is shown below.  

Parameter Sampling Frequency (Time) 
Daily Weekly Yearly 

Biochemical Oxygen Demand BOD5 3   
Total Suspended Solids  TSS 3   
Chemical Oxygen Demand  COD 3   
Dissolved Oxygen   DO 3   
Total Dissolved Solids  TDS 3   
Potential of Hydrogen   PH 3   
Nitrate Nitrogen   NO3-N 3   
Ammonium Nitrogen  NH4-N 3   
Total Nitrogen  T-N 3   
Maximum temperature 3   
The degree of turbidity 3   
Fecal coliform bacteria (colony/100 mL ) 2 
Nematodes (Eggs/L) 1 
Bacteria E. coli   (Colony/100 mL ) 2 
Fat , Oil and Grease    4 
Phenol     4 
Detergents  MBAS    4 
Chloride  Cl   4 
Sulfate SO4   4 
Sodium  Na    4 
Magnesium  Mg    4 
Calcium  Ca   4 
Sodium adsorption ratio  SAR    4 
Phosphate Phosphorus  PO4-P    4 
Aluminum Al   4 
Arsenic  As    4 
Copper  Cu    4 
Iron Fe    4 
Manganese  Mn   4 
Nickel  Ni    4 
Lead  Pb   4 
Selenium  Se    4 
Cadmium  Cd    4 
Zinc  Zn    4 
Cyanide  CN    4 
Chrome  Cr   4 
Mercury  Hg   4 
Cobalt  Co    4 
Boron  B    4 

3.10 Groundwater Quality (2013 – 2014) 
The water quality data of two wells located near the WWTP will be compared with the treated 
wastewater quality. Adaptation to agricultural use of treated wastewater will be verified based on the 
Reuse Standard.  
Water parameters for the test are the 37 items which are stipulated in the Reuse Standard including 
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organic, nutritive, pathogenic, salt and heavy metal items.    
The locations of the target two wells are shown in following Figure. 

 Table shows the water quality results. 
Standard Well-1 (No.10) Majed Al Tarifi Well-2 (No.12) Iamael A'daaq

Items Quality A Survey-1 Survey-2 Survey-3 Survey-4 Survey-5 Survey-1 Survey-2 Survey-3 Survey-4 Survey-5
Sampling Date Jun 22-13 Sept26-13 Dec21-13 Mar 1-14 Jun 17-14 Jun 22-13 Sept26-13 Mar 1-14 Jun 17-14

Biochemical Oxygen Demand (BOD) mg/L 20 ND 5 ND ND ND ND 4.2 - - ND
Total Suspended Solids (TSS) mg/L 30 1.5 8.7 8 3 7.25 1 ND - - 10.75
Fecal coliform bacteris colony/100mL 200 0 6 3 0 0 0 0 - - 5
Chemical Oxygen Demand (COD) mg/L 50 ND 16.9 2.3 ND ND ND - - ND ND
Dissolved Oxygen (DO) mg/L <1 3.6 6.26 3.55 2.8 - 3.95 6.53 - - -
Total Dissolved Solids (TDS) mg/L 1,200 2,413 2,410 2,247 1,947 2,510 2,860 2,685 - - 2,933
Potential of Hydrogen (pH) 6 - 9 7.98 8.094 7.65 7.372 7.797 7.7 8 - - 7.361
Fat, Oil and Grease mg/L 5 ND 9.85 23.6 ND ND ND 19.3 - - ND
Phenol mg/L 0.002 0.00267 ND - 0.033 - 0.00418 ND - 0.037 -
Detergents (MBAS) mg/L 15 ND ND ND ND ND ND ND - - ND
Nitrate Nitrogen (NO3-N) mg/L 20 0.97 ND ND ND 0.79 8.39 - - 9.2 6.89
Ammonium Nitrogen (NH4-N) mg/L 5 ND ND 0.07 ND ND ND ND - - ND
Total Nitrogen (T-N) mg/L 30 0.97 17.3 17.2 8.52 10.86 8.38 27.53 - - 14.34
Chloride (Cl) mg/L 400 1024.6 947.3 844 803.7 838.7 1007.9 869.82 - - 1003.3
Sulfate (SO4) mg/L 300 157.5 158.97 137.1 95.5 135.3 305.2 370.83 - - 375.1
Sodium (Na) mg/L 200 491 349.6 558 579.7 645 343 428.5 - - 487
Magnesium (Mg) mg/L 60 96.3 - - - - 162 - - - -
Calcium (Ca) mg/L 300 54.4 - - - - 130 - - - -
Sodium Adsorption Ratio (SAR) mg/L 5.83 9.26 - - - - 4.74 - - - -
Phosphate Phosphorus (PO4-P) mg/L 20 20.3 - - - - ND - - - -
Aluminum (Al) mg/L 5 0.239 - - - - 0.212 - - - -
Arsenic (As) mg/L 0.1 ND - - - - ND - - - -
Copper (Cu) mg/L 0.2 ND - - - - ND - - - -
Iron (Fe) mg/L 5 0.087 - - - - 0.4 - - - -
Manganese (Mn) mg/L 0.2 0.011 - - - - ND - - - -
Nickel (Ni) mg/L 0.2 ND - - - - ND - - - -
Lead (Pb) mg/L 0.2 ND - - - - ND - - - -
Selenium (Se) mg/L 0.02 ND - - - - ND - - - -
Cadmium (Cd) mg/L 0.01 ND - - - - ND - - - -
Zinc (Zn) mg/L 2 0.029 - - - - 0.042 - - - -
Cyanide (CN) mg/L 0.05 ND - - - - ND - - - -
Chrome (Cr) mg/L 0.1 ND - - - - ND - - - -
Mercury (Hg) mg/L 0.001 ND - - - - ND - - - -
Cobalt (Co) mg/L 0.05 ND - - - - ND - - - -
Boron (B) mg/L 0.7 2.75 - - - - 2.16 - - - -
Bacteria E. Coli (colony/100mL) 100 0 - - - 0 0 - - - 5
Nematodes (Eggs/L) <1 ND - - - - ND - - - -
Maximum temperature 35 - - - - - - - - - -
Turbidity NTU 10 - - - - - - - - - -

ND: Not detected -: Not sampling
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The values highlighted with yellow color in above Table means an excess of the water quality a level in 
the Reuse Standard. These items are Total Dissolved Solid (TDS), Phenol, Chloride, Sulfate, Sodium, 
Manganese, Sodium Adsorption Ratio (SAR) and Boron. The cause and influence to human health of 
these items are shown in below Table.  

Item Cause and Health Influence 
Total Dissolved Solid (TDS) Main contents of calcium, magnesium, potassium, silicic acid and chloride. Drinking water 

quality: 500 mg/L. Little influence to human health with exceed the standard value. 
Influence to water taste 

Phenol Discharge source: coke oven gas, chemical industry and dyes industry. Drinking water 
quality standard 0.005 mg/L. LD50 (Media Lethal Dose) 300 mg/kg (mouse ingestion), 530 
mg/L (rat ingestion). Toxicity to the central nerve 

Chloride Caused by infiltration of seawater and airborne salt (seawater: 19,000 mg/L, Dead Sea: 
206,000 mg/L). As human factor: domestic sewage, industrial and agricultural discharge. 
LD50 (rat ingestion）Calcium chloride: 1000 mg/kg, Sodium chloride: 3000 mg/kg. Salty 
taste with 200 – 300 mg/L.  

Sulfate Caused by infiltration of seawater, fertilizer and industrial discharge. WHO Standard: 250 
mg/L. Distasteful with 200 – 500 mg/L. Influence to a human: diarrhea 

Sodium Caused by infiltration of seawater and airborne salt, Cosmetics and dyeing industrial 
discharge. Drinking water standard: 200 mg/L. No acute toxicity 

Manganese From nature of a soil. Drinking water standard: 0.05 mg/L. Influence to human: insomnia, 
emotional disease, shaking and slurred language.  

Boron Caused by infiltration of seawater and metal-surface treatment. Drinking water standard: 1.0 
mg/L. TDI (Tolerable Daily Intake) 0.096 mg/kg/day. Influence to human: emesis and 
diarrhea, erythralgia 

Source: Water Quality Dictionary for Drinking Water (Japan Water Works Newspaper Company)

3.11 Relative Salt/Boron Tolerance of Agricultural Crops 
Among the important agronomic factors, resistance to salt is the primary plant characteristic considered 
followed by boron tolerance, when selecting crops. Salt tolerance is the mechanism that allow plants to 
tolerate high salt stress. The relative salt tolerance of agricultural crops is show below Table.  

The relative salt tolerance of agricultural crops 
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The relative boron tolerance of agricultural crops is show below table.

4. Reuse of Sewage Sludge 
4.1 Reuse Options 
1) Greenbelt and Agriculture Use 
  Fertilizer, soil conditioner, gardening soil, compost 
2) Construction Materials Use 
  Cement material, roadbed material, tile, brick, back filling material, etc. 
3) Heating Use 
 City gas, heating-cooling, fuel, etc. 

4.2 Applicable Reuse of Sewage Sludge 
a) Fertilizer 
b) Cement material 
c) Covering up seeds with soil at the dumping site 

4.3 Soil Test Parameters 
Limit values for heavy metal concentrations in sludge for use in agriculture are shown below. 
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Reuse options of sewage sludge 
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4.4 Feasibility Study for Reusing Sewage Sludge 
1) Cement Raw Material 
 A component of a cement raw material is shown below. 

Estimation of potential demand in Israel 

b) Covering up seeds with soil at the dumping site 
Merits; 

Containment of offensive odor 
Landscape improvement 

Demerit/Discussion; 
Reducing capacity of dumping site by soil 
covering 
Consensus by  the Association (Joint 
Council Services, Planning and 
Development for Solid Waste Management 
In Jericho and Jordan Rift Valley(JCspd)) 



















A 2-14-3: Operation of the Pilot Plant 



Photo 1 11/11/2014

Photo 2 18/11/2014

Before starting the ground leveling

Photo 3 19/11/2014

The soil for citrus and alfalfa

Ground level is raised up approximately 0.5m

Photo 4 19/11/2014

The soil is conveyed by a truck (20 times)

Groundbreaking Ceremony of the Pilot
Plant as an experimental farm at the Jericho
Wastewater Treatment Plant (WWTP)

An excavator machine prepares the soil for
planting.

Normal soil for palm dates is conveyed
from inside the WWTP

Soil improvement transferred from in
Jericho (outside WWTP)



Photo 5 22/11/2014

Ground leveling completed
Dark brown color is good soil for citrus
Light brown color is normal soil for palm dat

Photo 6 22/11/2014

Photo 7 25/11/2014

Holes for planting

Photo 8 29/11/2014

The buffer zone from the fence is 5m since
a new fence will be built by Palestine side.

Treated wastewater tapping point at the
drying bed



Photo 9 29/11/2014

Irrigation system for planting

Photo 10 30/11/2014

Irrigation system for planting

Photo 11 30/11/2014

Signboard of the Pilot Plant

Photo 12 30/11/2014

Warning board
"It is Not portable water, for irrigation only"

"Pilot Plant Project Reuse of Treated
Wastewater & Sludge"



Photo 13 1/12/2014

Photo 14 1/12/2014

Portable water tank: 7m3

Photo 15 3/12/2014

Providing treated wastewater field

Photo 16 3/12/2014

Portable water storage tank

The Right plants are orange trees, The Left
plants are lemon trees.

Water Meter for irrigation to measure
treated wastewater volume

Water is provided by a small pump from
the tank



Photo 17 3/12/2014

Compost (animal fertilizer)

Photo 18 3/12/2014

Feeding/suction pump from the storage tank

Photo 19 4/12/2014

Providing treated wastewater field

Photo 20 4/12/2014

Planting lemon trees



Photo 21 6/12/2014

Planting palm dates

Photo 22 7/12/2014

Planting lemon and orange trees

Photo 23 7/12/2014

Dry sewage sludge for fertilizer

Photo 24 9/12/2014

Before plantation of Alfalfa and cone trees



Photo 25 9/12/2014

Irrigation: dropping system

Photo 26 10/12/2014

Photo 28 11/12/2014

Arranging decorative trees in front of the
Pilot Plant

Planting decorative trees in front of the
Pilot Plant



Photo 29 11/12/2014

Seeding  Alfalfa and cone trees

Photo 30 13/12/2014

The pump cover for antitheft

Photo 31 13/12/2014

Photo 32 13/12/2014

Camels intruded in the WWTP and ate the
plants for the Pilot Plant.

Eaten leaves by camels, and leaving few
leaves



Photo 33 15/12/2014

Alfalfa growing up

Photo 34 15/12/2014

Panorama of the Pilot Plant

Photo 35 17/12/2014

Weeding out the Pilot Plant

Photo 36 17/12/2014

Alfalfa and Corn growing up



Photo 37 20/12/2014

Fence for preventing animals from outside

Photo 38 20/12/2014

Portable Water Storage Tank (7m3)
Pump for feeding to the plants
Water meter to measure water volume

Photo 39 20/12/2014

Chemical fertilizer mixer

Photo 40 20/12/2014

Panorama of the Pilot Plant
The Pilot Plant operation has started on
20th December, 2014

Water meter to measure treated wastewater
volume



A 2-14-4: Handout Slides of the First Participatory Meeting 



TeCSOM
Reuse of Treated Wastewater and 

Sewage Sludge

The Pilot Plant

Satoru Oniki

TeCSOM
Utilization of Treated Wastewater

TeCSOM
Potential Risks and Measures on Reuse

“It is non potable water for irrigation only

TeCSOM
Irrigation in Garden & Amenity in WWTP

Grit Chamber

Reactor

Clarifier

Disinfection
Tank

Sludge Thickener

Sludge Drying Bed



TeCSOM
Irrigation in Garden in WWTP

“It is non potable water 
for irrigation only

TeCSOM
Amenity Use

“It is non potable water 
for irrigation only

TeCSOM
Implementation Schedule of the 

Pilot Plan at the WWTP

TeCSOM
Wastewater Generation at the WWTP

170



TeCSOM
Jericho WWTP Obligations

TeCSOM
Pilot Plan at WWTP

TeCSOM
Design of Pilot Plant

TeCSOM
Pilot Plant Layout



TeCSOM Pilot Plant TeCSOM
Relative Salt Tolerance of Agricultural 

Crops

No. Crops
Sensitivity

TeCSOM
Relative Boron Tolerance of Agricultural 

Crops

No. Crops

Sensitivity

TeCSOM



TeCSOM TeCSOM

TeCSOM TeCSOM
Water Quality Parameters

Parameter Cause and Affect



TeCSOM

Reuse
Sewage
Sludge
Options

TeCSOM
Reuse Sewage Sludge Options 

in Jericho

TeCSOM
Reuse Sewage Sludge Options

TeCSOM
Reuse Sewage Sludge

a) Fertilizer



TeCSOM
Limit Values for Heavy Metal Concentrations 

in Sludge for Use in Agriculture

Parameters Palestine1) Japanese2)

TeCSOM
Soil Test Result 1

Parameters Palestine Soil Sludge

TeCSOM
Nutrition for Soil

TeCSOM
Soil Test Result 2

Parameters Soil Sludge



TeCSOM
Monitoring Item at the Pilot 

Plant

Challenge

TeCSOM

TeCSOM TeCSOM



TeCSOM TeCSOM

TeCSOM TeCSOM

A B C D E F G Pond Empty Total



TeCSOM

“Do not discharge into  
Manholes

TeCSOM

No Point-Name WELL DEPTH
(m)

WATER USE

1
2
3
4
5
6
7
8
9
10
11
12

TeCSOM TeCSOM
Pilot Plan of Reuse Treated 

Wastewater



A 2-14-5: Questionnaire Results at the First Participatory Meeting 



Technical Assistance and Capacity Building Project for Jericho 
Sanitation Project (TeCSOM) 

2. Perception of Wastewater Treatment Plant 

11 (7)

 0 (0)

(Multiple answers allowed)

11 

(7)

9(4)

 8(5) 

10(6)

11(7) 

8(5)

11(7) 

Please look at the page back 



3. Perception of Treated Wastewater Reuse 

10(6)

0(0)

 0(0)

(Multiple answers allowed)

9(6)

8(6) 

3(2)

(Multiple answers allowed) 0(0) 

 0(0)

0(0)

0(0)

 0(0)

6(3)

0(0)

 8(5) 

1(1)

2(1)



4. Perception of Treated Sewage Sludge Reuse

10(6) 

1(0)

9(6)

2(1)

(Multiple answers allowed)

1(1)

 2(1)

 0(0) 

0(0)

1(1)

0(0)

9(5) 

1(1) 

 6(3) 

4(3)

5. Next Workshop 

11(7) 

0(0)

0(0)



A 2-14-6: Power Point Slides of the Workshop 



Appendix A 2-14-6 Power Point Slides on the 3rd Workshop of the Treated Wastewater 
and Sewage Sludge Reuse 















A 2-14-7: Agreement on the External Experimental Farm 





















A 2-14-8: License Procedure Application Form for Agricultural Reuse 
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Appendix A 14-8 Information of the Farm, License Procedure, Application and License 

1. Reuse of Treated Wastewater and Sewage Sludge 

1.1 Farm Owner Information

 Item Information Remarks 

1 Farm Owner’s Name Mr. Ayman Taweel Jericho resident 

2 Purpose  Irrigation for palm trees  

3 Area 150 donum (15 ha)  

4 No. of Trees 2,180 trees Palm date 4-7 years old 

5 Distance from the WWTP Approx. 600m  

6 Existing Tube Well Capacity 15 m3/hr, 107 m depth 1 well, 24hrs operation 

7 Farm Situation Refer to Photos  

8 Required Water 350m3/day (everyday) 

 150 m3/day 

Dr. Ismai:150m3/day 

Mr. Salem: 150m3/day 

Photo-1 Palm Date Trees                        Photo-2 Storage Pound (with fishes) 

Photo-3 Irrigation Pump                           Photo-4 Bulk Meter for Irrigation 
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1.2 Issuing the License Procedure in Ministry of Agriculture 



3 



4 



5 



6 

1.3 License Procedure on Treated Wastewater Reuse 



7 

1.4 Reuse Application for MoA 



8 



9 

Reuse License issued by MoA 



10 



A 2-14-9: Minutes of Meeting between Jericho Municipality and MoA 
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Appendix A 2-14-9  Minute of Meeting between Jericho Municipality and MoA on 
Sludge Reuse
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A 2-14-10: Selling Price of Treated Wastewater and Handover Letter to 
Jericho Municipality 



1 

Appendix A 2-14-10 Letter of the Mayor on Unit Price and Handover of the Pilot Plant 

1.1 Unit Price of the Treated Wastewater 

Decision No (2) session (05) 
Date: 2/2/2016 

Municipal Council has been decided in the session No. (05) the tariff of treated wastewater 
resulting from the WWTP for irrigation at the price of (1/2) Nis/m3 for one year till 31/12/2016 
from the date of decision. After one year, the municipal council has the right to reconsider the 
tariff of the cubic meter by raising or lowering it. Agreements and commitment which has been 
signed with the water user should be organized under the conditions that are mentioned in the 
agreement and the commitment. The legal unit prepares the agreement duly based on the 
decision purposes and submit it to the municipal council for announcing.  

Mayor: Mohammed Jalaytah    



2 



3 

1.2 The Pilot Plant Handover 



A 2-17-1: Guideline on Two Lines Operation of WWTP 



Appendix A 2-17-1
Guilde line for start-up of 2nd train
Municipality should inform farmers of limitation of treated water during start-up. 

         Procedure    Monitoring and key action

Empty and clean

Bubbling test

W.D. less than
0.6 m from bottom

Calculate necessary waste sludge volume 
for start-up and keep a certain volume in 
the current operated No.1 final 
sedimentation tank. And keep high MLSS 
over 4,000 mg/l in the No.1 reactor. 

Sludge turbulence and treated 
water quality in the final 
sedimentation tank should be 

B

Drain and be clean in No.2 reactor, final 
No.2 final sedimentation tank, return 
sludge pipes for start-up.

Any stones, debris should be 
removed out of the reactor and 
clarifier, to protect membranes  

BCheck condition of membrane 
diffusers, reactor mixers, a clarifier, 
blowers, a DO meter, and related 
facilities. In particular, facilities which 
are located in the submersible area 
and bubbling test for membrane 
diffusers with riser pipes should be 
cared in accordance with an 
instruction of the vender manual, and 
no any leakages can be found.

After completion of visual and 
performance chek of facilities,
treated water should be filled 
within 100 mm to Maximum 300 
mm from above the membrane 



m

960 kg/d SS
Day 1 st 6000 mg/l

Inlet 100 m3/d 200 m3/d

Return sludge pump
5.4m3/min x 40 min

m

MLSS 500 mg/l 
BOD-SS 0.02 kgBOD/kgSS

No.2 final sedimentation basin is full 
filled by treated water and No.2 
reactor is also filled by treated water 
up to the center level of a propeller of 
the reactor mixer (total volume approx. 
1,500m3).

B

SVI, MLSS, color of activated
sludge should be measured.
Blower is operated 
intermediately by manual.

B

Waste sludge is transferred by one 
return sludge pump No.M03-02-01 
for No.2 from No.1 final 
sedimentation basin to the dedicated 
No.2 reactor, and reactor mixers are 
operated continuously and oxygen is 
supplied in the reactor by 
intermediate operation of a blower. 

P

100 m3/d of inlet sewage is 
encountered in the reactor during first 
several days by arrangement of 
opening degree of No.2 inlet weir gate, 
and MLSS will be kept around 500 
mg/l. 



Day 2nd to 6th kg/d SS
Inlet 100 m3/d mg/l
～ 200 m3/d m3/d

Return sludge pump
(if necessary)

m

Day 7th to 13th 
Inlet 200 m3/d
～ 300 m3/d

m

Day 14th kg/d SS
Inlet 400 m3/d mg/l

400 m3/d

Return sludge pump

Overflow  to FST

5.5 m

SVI, MLSS, color of activated
sludge should be measured.
Calculate BOD-SS load and 
monitor color of activated 
sludge to be light blown. 
Blower is operated 
automatically by DO control. 
Scada setting should change. 
Treated water can start to 

B
P

B

B
P

Inlet sewage flow will increase day by 
day after reach of stable condition, 
and MLSS will also increase through 
two weeks, prior to overflow. If 
necessary, MLSS can be increased by 
return sludge pump No.M03-02-01. 

Start over flow to No.2 final 
sedimentation basin.  Suction header
valve at sedimentation basin No.1 is
open and return sludge pump should 
operate intermediately.

SVI, MLSS, color of activated
sludge should be measured.



Day ○○th kg/d SS
Inlet 600 m3/d mg/l

600 m3/d

Return sludge pump

Overflow  to FST

5.5 m

Day ○○th kg/d SS
Inlet 800 m3/d mg/l

800 m3/d

Return sludge pump

Overflow  to FST

5.5 m

Day ○○th kg/d SS
Inlet 1250 m3/d mg/l

1250 m3/d

Return sludge pump

Overflow  to FST

5.5 m
   Note: Above procedure can be arranged due to an operated condition of train 1 before start-up.
            BOD-SS load should be less than 0.2 kgBOD/SS.

Finally, inlet flow and MLSS will be 
increased day by day to be equal with 
No.1 train. 1250 m3/d/each train. 
Return sludge pump should operate 
intermediately.

B
P

B
P

B
PCompleted

SVI, MLSS, color of activated
sludge should be measured.
Calculate BOD-SS load and 
monitor color of activated 



<Outputs-3> 

A 2-18-1: First Workshop (Slides on the Sewerage Planning) 
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TECHNICAL ASSISTANCE AND 
CAPACITY BUILBING PROJECT

FOR
THE JERICHO SANITATION 

PROJECT

1st WORKSHOP

June 20, 2013

SECTION 1
SEWERAGE PLANNING 1. Types of Sanitation System

2. Wastewater Collection System
3. Procedure on Implementation

of Sewerage Project
4. Design Conditions

CONTENTS OF THIS SECTION

1. Types of Sanitation System

(1) Sewerage System
Centralized Sewerage System
Decentralized Sewerage System

(2) On-site Treatment System
Pit Latrine
Septic Tank
Advanced Household Treatment System

(1) Sewerage System

(2) On-site Treatment System

On-site Treatment System
(Septic Tank)
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On-site Treatment System

(Advanced Household Treatment System)
Applicable Sanitation System

Sewerage System

On-site Treatment System

[Low] [High]
Treatment Level, Consumption of electricity

[L
ow

]
[H

ig
h]

Po
llu

tio
n 

Lo
ad

Pit Latrine

Septic Tank

Advanced Household
Treatment System

Decentralized
Sewerage System

Centralized Sewerage
System

2. Wastewater Collection System 
in Sewerage System

(1) Separate Sewer System

Treatment facility
(Max. daily flow)

(2) Combined Sewer System Sewerage System in Jericho

(Separate System)
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Household Discharging System

3. Procedure on Implementation 
of Sewerage Project

(2) Master Plan

(3) Feasibility Study (F/S)

(4) Basic Design and Detail Design

(5) Construction

(6) Operation and maintenance
(7) Reuse of treated water and sludge

(Selection of F/S Project Area)

(Selection of 1st Implementation Area)

(Bidding)

(1) Preliminary Survey for Planning 

Types of Sewage Catchment Area

:
Future construction trunk line

:
2nd and after construction lines

:
1st construction trunk line

1st Stage Construction Area

Legend

Sewage Service Area
(Master Plan)

On-site Treatment Area

Sewage Service Area
(Feasibility Study)

WWTP

Municipal boundary

(1) Preliminary Survey for Planning

H.W.L of river water at discharging point of 
treated water from WWTP
Regulations (water quality, Noise, odor, etc. )
Sewage by-law
Regional Development plan
Environmental Impact Assessment (EIA) for 
WWTP
Underground facilities (water supply, gas, power 
cable, etc.)

(2) Master Plan
Target year : 15～30years
Set the basic condition
Sewage collection system
Design service Area
Design service population

Design sewage flow

Design sewage quality (raw sewage and treated water)

Facility planning
Flow capacity and required diameter of sewers

Study on treatment method and location of WWTP

Facility planning of WWTP
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(3) Feasibility Study

Target year : 5～10years
Set the basic condition for F/S

Design service population

Design sewage flow

Facility planning
Facility planning of WWTP (staged plan)

(4) Basic Design and Detail Design

Facility design of sewers and WWTP
Conducting detail topo. survey and geological survey

Facility design on the target area

Cost estimations
Bill of quantities (BOQ)

Cost estimations

Tender Documents in D/D Stage

(5) Construction

(6) Operation and Maintenance (7) Reuse of Treated Water and Sludge

4. Design Conditions
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(1) Design Service Area (2) Design Population Projection

Formula for Population Projection
(1) Growth rate : Y=b(1+a)^X

(2) Linear : Y=aX+b

(3) Geometric : Y=a*X^b

(4) Logarithm : Y=a+b*Ln*X

(5) Exponent : Y=a*e^bx

Population Projection
Sample

100,000

200,000

300,000

400,000

(3) Components of Sewage Flow

(4) Daily Flow Fluctuation

Daily Flow Fluctuation in Japan
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Daily Flow Fluctuation
Sample

Daily Flow Fluctuation in Jericho

Daily average flow (DAF) : Annual average
Daily maximum flow (DMF) : DAF x 1.50
Hourly maximum flow (HMF) : DAF x 2.90

Source; The Preparatory Survey Report on the Jericho Wastewater Collection, Treatment 
system and  Reuse Project, August 2011, P-24

(5) Calculation of Design Flow

How to calculate design flow in 
Jericho (residents)

Service population in 2020 : 25,076 persons

Per capita water consumption : 250 (l/cap/day)

Discharge to sewage ratio : 70 %

Connection to sewage ratio : 80 %
Source; The Preparatory Survey Report on the Jericho Wastewater Collection, 

Treatment system and  Reuse Project, August 2011, P-22

Design Flow (DAF)=25,076 x 0.25 x 0.70 x 0.80 = 3,511 m3/day

Design Flow (DMF)=3,511 x 1.50 = 5,267 m3/day

Design Flow (HMF)=3,511 x 2.90 = 10,182 m3/day

Design Flow in Jericho

Item
Target Year Fluctuation 

ratio2020 Ultimate
Daily 
average 6,600 9,900 1.0

Daily 
Maximum 9,800 14,400 1.5

Hourly 
Maximum 19,100 29,000 2.9

Source; The Preparatory Survey Report on the Jericho Wastewater Collection, Treatment system and  
Reuse Project, August 2011, P-24

(6) Design Swage Quality

Pollution load by per person

Item
Unit Pollution Load (g/cap/day)

Jericho Japan
BOD 60 x 80% = 48 58

TSS 70 x 80% = 56 45

T-N 12 x 80% = 9.6 11
Source; The Preparatory Survey Report on the Jericho Wastewater Collection, Treatment system and  

Reuse Project, August 2011, P-22
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How to calculate total pollution 
load in Jericho (residents)

Service population in 2020 : 25,076 persons
Per capita pollution load : 48 g/cap/day
Pollution load : 25,076 x 48 = 1,204 kg/day

(1) BOD

Service population in 2020 : 25,076 persons
Per capita pollution load : 56 g/cap/day
Pollution load : 25,076 x 56 = 1,404 kg/day

Service population in 2020 : 25,076 persons
Per capita pollution load : 9.6 g/cap/day
Pollution load : 25,076 x 9.6 = 241 kg/day

(2) TSS

(3) T-N

Design Sewage Quality in Jericho

Item
Design 
Flow

(m3/day)

Pollution 
load

(kg/day)

Design sewage quality

Calculation
(mg/l)

Adoption
(mg/l)

- (a) (b) (c) -
BOD

9,889
4,036 408 500

TSS 4,611 466 500
T-N 748 76 75

Source; The Preparatory Survey Report on the Jericho Wastewater Collection, Treatment system and  
Reuse Project, August 2011, P-26

(c) = (b) x 103 / (a)



A 2-18-2: Second Workshop (Slides on the Sewer Design and Exercise) 
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SECTION 2
SEWER DESIGN

1. Design sewage flow
2. Flow velocity and slope
3. Min. and Max. velocity
4. Flow calculation
5. Flow Allowance
6. Pipe material
7. Minimum pipe diameter
8. Minimum earth cover depth
9. Pipe foundation
10. Siphon
11. Manhole
12. Connection pipe and pit

CONTENTS OF THIS SECTION

1. Design Sewage Flow

Design Sewage flow for design of sewers

Hourly Maximum Flow in ultimate stage

2. Flow Velocity and Slope
(1) Gravity pipe=Manning Formula

(2) Pressure pipe=Hazen-Williams Formula

Where: 
V : Velocity in full pipe (m/sec)
n : Roughness coefficient
R : Pipe radius (m) (= A / P)
A : Cross-section area of pipe (m2)
P : Wetted perimeter (m)
I : Pipe slope (=1/1,000)
C : Velocity coefficient

V=1/n x R2/3 x I1/2

V=0.84935 x C x R0.63 x I0.54

(3) Roughness coefficient (=n)
Concrete pipe : n=0.013

PVC pipe : n=0.010

(4) Velocity coefficient (=C)
Ductile iron pipe : C=110

3. Min. and Max. Velocity

(1) Why is the Min. velocity need to be set?
To avoid the sedimentations such as sand, waste, etc.

To acquire the velocity for self-cleaning force 

(2) Why is the Max. velocity need to be set?
To avoid structures suffer from damage
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Adopted Min. and Max. Velocity

V=3.0 (steep slope)

Egypt

V=0.75 (D<700mm)

V=1.0 (D>700mm)

V=2.0 (gentle slope)

V=0.9 (450<D<500mm)

V=1.0 (600<D<800mm)

V=4.0 (non-metal pipe)

V=8.0 (metal pipe)
V=3.0V=2.5-3.0

V=0.7 (150<D<250mm)

V=0.8 (300<D<400mm)

Japan Jericho

Minimum
(m/sec)

Maximum
(m/sec)

V=0.6 V=0.6 V=0.6

V=3.0

Item USRussia

4. Flow Calculation

Q=A x V
Where: 

Q : Flow in full pipe (m3/sec)

A : Cross-section area in full pipe (m2)

V : Velocity in full pipe (m/sec)

5. Flow Allowance
Flow Allowance

Diameter
D<700 mm

700 <D<1,650 mm
Pressure pipe

Pressure pipe

Japan

Egypt

Jericho

D<700 mm
D>700 mm

150<D<600 mm
700<D<1,500 mm

AllowanceCountry

50~100%
No allowance

33~50 %
100%

No allowance
33%
25%
100%

Flow Allowance

Sewage

6. Pipe Material

△ (Heavy)

△(Heavy)

0.013

0.010

0.010 ~
0.013

n=

△

△

△

Strength Corrosion Cost Installation

Concrete

PVC

Ductile Iron

Material

7. Minimum Pipe Diameter

(Standard)

(Standard)

D=150mm

(Population<10,000)

D=200mm

(Street passing)

D=150mm

Russia

-House
connection

Sanitary
sewer D=250mm D=200mm

D=150mm

USGermany

- D=200mm

JerichoJapan

D=100mm

(Population<10,000)

D=150mm

D=250mm

Item

(Residential, Industrial area)

D=200mm

8. Minimum Earth Cover Depth
(1) Why is the Min. earth cover need to be 

set?
To avoid structural damage to pipe 

(2) Minimum earth cover depth
JerichoJapan

D>150mm
H=0.9m

D<300mm

H=0.6m (road), H=0.5m (walkway)

D>300mm

H=1.0m
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9. Pipe Foundation

Poor pipe foundation

What kind of problems are 
happened ?

(1) Unequal setting of pipe (2) Broken pipe

Problems by Improper Foundation

Road Caving Road Caving

Type of Pipe Foundation
PVC pipe

X

Concrete Bedding

Gravel Bedding

Sand Bedding

Item Concrete pipe

10. Siphon

Flat slope

11. Manhole
Maximum Interval

Longer interval         Lower construction cost

Shorter interval        Easy maintenance

Interval Applicable Conditions
Longer interval Wide road

Big diameter
Shorter interval Narrow road

Small diameter

Maximum Manhole Interval

Jericho

75

Diameter
150
200
450
500
600

US

100

Japan

75

Russia
35

50

70
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Manhole Cover
Why the cover is circular shape ?

Artistic cover in Japan

Precast Manhole
Invert on Manhole Bottom
Why is invert need to be set?

Odor (H2S generation)
Concrete corrosion (H2S generation)
Hydraulic risk (head loss)

Invert

12. Connection Pipe and Pit

Small 
Manhole

Appendix (Manhole Pump Station)

Submersible pump

Power Supply and Control System 
for MH Pump Station



District-A
Boundary

District-B (catchment area)

District-C
District-D

1. Design Conditions
1-1 Target Year

1-2 Sewage Catchment Area (ha) 1-3 Design Population

District-A District-A
District-B District-B
District-C District-C
District-D District-D

1-4 Per capita water consumption (l/cap/day) 1-5 Discharge to sewage ratio in domestic sewage 

District-A
District-B
District-C
District-D

1-6 Connection to sewer ratio in domestic sewage

Connection ratio

1-7 Commercial wastewater (m3/day) 1-8 Industrial wastewater (m3/day)

Shopping center (1) Shopping center (1)
Shopping center (2) Shopping center (2)

1-9 Flow fluctuation ratio 1-10 Unit Pollution Load per Person
Daily average flow (DAF)
Daily maximum flow (DMF)
Hourly maximum flow (HMF)

Shopping Center (1)

Factory (2)

3,000
7,000
11,000

200
250 260

Shopping Center (2)

Year 2020 Year 2030

2020 (1st phase)

District Year 2020 Year 2030 District

2030 (Ultimate)

WWTP

Year 2030
300 320

30,000Total

Factory (1)

250 270 2,500

Year 2020
180

70%

Year 2020 Year 2030
70% 85%

180 220

5,500
8,000
14,000

District

Item

Year 2020Year 2030

260 280
220

42,000
21,000

Year 2030

250

Year 2020

2.5

280 300
Total 980 1,100

220 250
230 280

Parameter

12

200

1.0
1.5

Unit pollution load
(g/cap./day)

BOD
TSS
T-N

Item Item

60
65

300 330
230

GENERAL SEWERAGE PLAN IN SANO CITY



2. Estimation of Sewage Flow in Year 2020 and 2030
2-1 Domestic Flow in Year 2020 (Daily average flow)

District-A
District-B
District-C
District-D

2-2 Domestic Flow in Year 2030 (Daily average flow)

District-A
District-B
District-C
District-D

2-3 Domestic Flow in 2020

District-A
District-B
District-C
District-D

2-4 Domestic Flow in 2030

District-A
District-B
District-C
District-D

2-5 Total Flow in 2020

District-A
District-B
District-C
District-D

367.5

District

2,500 300 70%

Discharge ratio
(%)

Population
(person)

Water consumption
(l/cap/day)

Domestic flow
(m3/day)

District
Population Water consumption Discharge ratio Domestic flow
(person) (l/cap/day) (%) (m3/day)

Connection ratio
(%)

3,000 320 70% 571.285%

Flow fluctuation
ratio

Hourly maximum
flow

(m3/day)

Flow fluctuation
ratio

Hourly maximum
flow

(m3/day)

2.5 918.8

Daily maximum
flow

(m3/day)
District

(m3/day)

Flow fluctuation
ratio

Daily maximum
flowDistrict

(m3/day)

Total

(m3/day)(m3/day)(m3/day)

Daily average
flow

Daily average
flow

(m3/day)

Flow fluctuation
ratio

Daily
average flow

Daily
maximum

flow

Hourly
maximum

flow

Daily
maximum

flow

Hourly
maximum

flow

Total flowDomestic flow

Daily
average flow

(%)
Connection ratio

70%

Commercial
wastewater

flow

Industrial
wastewater

flowDistrict

(m3/day)(m3/day) (m3/day) (m3/day)(m3/day)

367.5 1.5 551.3

1,428.0571.2 1.5 856.8 2.5

567.5 751.3367.5 551.3 918.8 1,118.8200 0



2-6 Total Flow in 2030

District-A
District-B
District-C
District-D

2-7 Sewage flow by unit area in 2030 for calculation of flow by sewer section

District-A
District-B
District-C
District-D

3. Estimation of Raw Sewage Quality in Year 2030

(m3/day) (ha) (m3/day/ha) (m3/sec/ha)
District

Total sewage flow

Design flow
(DAF)

Design
population

Connection
ratio

BOD
TSS
T-N

Raw sewage
quality

(m3/day)
Parameter

(person) (g/cap./day) (kg/day) (mg/l)

District

Domestic flow Commercial
wastewater

flow

Industrial
wastewater

flow

Total flow

Daily
average flow

Daily
maximum

flow

Hourly
maximum

flow

Daily
average flow

Daily
maximum

flow

Hourly
maximum

flow
(m3/day) (m3/day) (m3/day) (m3/day)(m3/day) (m3/day) (m3/day) (m3/day)

Total

(HMF) Catchment area Sewage flow by unit area

0 801.2 1,086.8 1,658.0571.2 856.8 1,428.0 230

1,658.0 270 6.141 0.000071

42,000 60.0 85% 51.0
(%)

Unit pollution
load Pollution load



PART OF DISTRICT-A AREA

GL=+123.00 m

L=170 m

15

11 L=
13

5 
L=

23
5 

12

L=
10

0 

13

L=
13

5 

16

L=
23

5 
m

17
18 L=

12
0 

21

L=
16

0 
m

23

L=
23

5 
m

25 L=
13

5 

14

L=250 m

19

L=320 m

20

L=260 m

22

L=180 m

24

L=160 m

A
=2

.2
0 

ha
A

=3
.1

0 
ha

A
=1

.9
0 

ha

A
=3

.3
0 

ha
A

=3
.4

0 
ha

A
=2

.5
0 

ha

A
=4

.2
0 

ha
A

=4
.8

0 
ha

A
=4

.1
0 

ha

A=2.80 ha

A=3.00 ha

A=3.20 ha

A=3.60 ha A=3.20 ha

A=3.60 ha

GL=+125.00 m

GL=+124.20 m

GL=+122.70 m

GL=+121.50 m

GL=+121.10 m

GL=+123.00 m

GL=+124.00 m

GL=+123.50 m

GL=+120.20 m

GL=+122.80 m
GL=+121.30 m

GL=+122.20 m

GL=+120.90 m

GL=+119.90 m

GL=+119.60 m



Flow Capacity Calculation Sheet

(ha) (ha) (m3/sec/ha) (m3/day) (m) (m) (mm) (1/1000) (m/sec) (m3/sec) (%)

11 12

12 14

13 14

14 19

15 17

16 17

17 19

18 19

19 25

20 23

21 23

22 23

23 25

24 25

25 -

Flow
allowance

Full pipe
velocity

Full pipe
flowSection NO. Downstream

section NO.

Pipe
Diameter SlopeFlow by unit

area Sewage flow Section
length Ground levelCovered area Accumulated

area







A 2-18-3: Third Workshop (Slides on the Sewer Cleaning) 



1

1

OUTLINE
OF

SEWER CLEANING PLAN

NJS Consultants 2

1. Purposes of Sewer Cleaning

3

1. Purposes of Sewer Cleaning

Sewer system is required to regularly clean up 
since soil and sand mixed in wastewater are apt to 
sediment.  
At rainfall time in combined sewer, soil and sand on 
the road, footpath, and from private land, flow in 
sewer pipes with rain water. 
Wastewater contains oils and fats from restaurants 
and household flows in, adhere, and sediment in 
sewer. 
Moreover, illegal dumping of domestic rubbish by 
citizens and ready-mixed concrete from 
construction site often cause clogging of sewer 

4

1. Purposes of Sewer Cleaning

These sedimentation makes flow disturbance, 
generation of bad odor, and overflow at the rainfall 
time results in submersion of manholes under 
water.       
Therefore、it is necessary to monitor sewer 
portions with poor discharge and accumulations of 
soil and sand by regular manhole survey or using 
camera to establish sewer cleaning plans and to 
conduct cleaning services.  

5

2. Preparation & Arrangement of 
Sewerage Inventory

6

2. Preparation & Arrangement of 
Sewerage Inventory

1.To properly maintain sewer systems, it is 
necessary to grasp the locations, sizes, 
and shapes of facilities that are recorded in 
sewerage inventory.      

2. Records for sewerage inventory are 
necessary to be created for all of the 
sewerage systems such as sewer, pump 
stations, and treatment systems.
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7

Component of Sewerage Inventory
(for Sewer)

(1) Sewer Record of Basic Data
(2) Sewer Network Plan & Profile
(3) Complain Record

8

(1)  Sewer Record of Basic Data

① Pipe No.
② Diameter (mm, inch)
③ Pipe Length (m)
④ Pipe Material
⑤ Road Name
⑥ Construction Year
⑦ District Name
⑧ Effluent Pump Station
⑨ Sewer Cleaning Date
⑩ Sewer Cleaning Condition

Necessary Items for Sewer Record

9

Sample of Sewer Record

District Name:  Colombo 1

Date Condition
SI-001 12" 108.63 Clay De Zoysa St 1920 Fort Sala Island PS 14/01/2006 Sand 30%

Effluent Pump
Station

Sewer Cleanig Record
Pipe No. Diameter

(mm, inch)
Pipe length

(m) Material Road Name Construction
Year

District
Name

10

(2) Sample of Sewer Network Plan & Profile

Manhole No.

Road Name

Pipe No.

Pipe Diameter

Pipe Slope Pipe Length

Invert Level
Treatment Area

Ground Level

Earth Cover

Invert Level

Pipe Length

Mahole No.

Road Name

Scale (S=1/500)

Pipe No.
Diameter

Slope
Length 11

(3) Complaint Record

① Overflow Points of Wastewater on Roads
② Number of Complaint by Residents
③ Sewer Areas with Repeated Overflows
④ Sewer Cleaning Record
⑤ Contents of Sedimentation

Sand/Sludge
Rubbish
Oil/Fat
Wood Roof
Mortar

Complaint from residents shall be recorded 
for following Items

12

Existing Sewer Drawing of
the Target City

(Auto CAD Data)
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13

Details of Existing Sewer Drawing

Pipe Diameter
Road Name
Invert Level
Construction Year (partially) 14

Necessary Data for Drawings

(1) Pipe No. → ×

(2) Pipe Diameter → ○

(3) Pipe Length → ×

(4) Pipe Material → ×

(5) Road Name → ○

(6) Construction Year → partially

Sewer Network Plan & Profile will 
be drawn by SEWER CAD with 
these Data 15

3. Subdivision of Sewer 
Cleaning Area

16

3. Subdivision of Sewer Cleaning Area

Sewer cleaning works are conducted by 
area unit, after establishing sewer cleaning 
areas based on the cleaning plan.
Sewer cleaning areas are established by 
area unit with catchment area of each 
pump station or more small areas.

17

General Idea of Sewer Cleaning Area

A- 01, B- 01, B- 02, B- 03, B- 04, C- 01 
shows Sewer Cleaning Area

P-1

P2

A- 01

B- 01

B- 02

B- 03

B- 04

C- 02

Sewer Cleaning Area

C- 01

18

4. Inspection and Investigation
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19

4. Inspection and Investigation

To discharge in sewer by day and night and to 
permanently keep good conditions at construction 
time, inspection and investigation works is 
necessary.
To keep a long life of sewer system by inspection 
and investigation works is an objective of 
maintenance works. 
Sewer cleaning works can reduce overflow, bad 
odour, caving, other damages and accidents by 
inspection and investigation works.

20

Flow Chart on Inspection and Investigation
Inspection and

Investigation for SewerPreparation & Arrangement
of Sewerage Inventory

Site Inspection Hearing
Investigation

Manhole Inspection

AnalysisSewer Cleaning

Analysis

Sewer CleaningRepair/Replacement

Television Inspection
Once again in 5 years

In 5 years

Accumulation Ratio:
more than 20%

Television Inspection

Analysis

In 5 years

21

Site Inspection - 1

To properly grasp sewer conditions at any time and 
keep normal functions; inspection and investigation 
works such as the monitoring of sewer, discharge 
conditions in sewer, damage happened by other 
construction works, the visual observations  for 
caving protection and systematic maintenance shall 
be carried out. 

Inspection members：3 inspectors + security guards （as required）
Daily inspection length：approx. 3 km/day

22

Site Inspection - 2
Inspection method：
Inspectors carry out the monitoring by traveling along and on 
sewer routes.    
a) Check of discharge conditions of wastewater in sewer

流下状況の確認

堆積状況の確認 

臭気の確認 

異状箇所は黒板を入れ

写真撮影する

土砂

Check
• Water Flow
• Accumulation of Solid/Sand
• Odor

Solid/
Sand

Take Photo for the  
extraordinary part

23

Site Inspection - 3
b) Check of route above ground （installation route of sewer）

Check of irregularities parts on ground
Check of conditions of paved roads  
Check of loose and damage of manhole covers
Check of waterhole and depression on road  

クラック 陥没

異状箇所は黒板を入れ写真撮影する

Crack

A depression in the Road

24

Site Inspection - 4

Large Crack
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25

Site Inspection - 5

Necessity of Emergency Practice 26

Hearing Investigation - 1

Complains from citizens 
Overflow of wastewater from manhole
Bad odor

Information arrangement with factors of  
frequency, areas, and causes   

Identifications of sewer areas that tend to take place 
the clogging of sewers      

27

Manhole Inspection 

Visual method that inspectors enter manholes and 
directly check flows of wastewater and inside 
situation of manhole. 
Inspection sewer: more than 800mm in diameter
Inspection shall be carried out after safety check 
on concentrations of oxygen and hydrogen sulfide 
because inspectors directly enter manholes.

Inspection members：3 inspectors + security guards （as required）
Numbers of daily inspection sites：approx.60 manholes/day

28

Manhole Inspection 

Inspection method：
Inspectors enter in manhole and check sewer 
conditions by mirror and/or video camera. 

29

Manhole Inspection 

Characteristics：
Inspection accuracy is high, since inspectors 
directly check extraordinary conditions. 
Inspection cost is cheaper than that of TV 
inspection.
Inspection records contribute to operation and 
maintenance as basic records for scheduling 
sewer maintenance.   
Matching inspection results with sewerage 
inventory

30

Television Inspection - 1

Inspection survey that inserts TV camera 
into existing pipes and checks inside 
conditions.    
Inspection survey that reflects extraordinary 
parts on monitored TV on ground and 
continuously records in video tapes. 
Records are utilized as maintenance 
information for sewer by arranging and 
storing photographs of extraordinary parts. 
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Television Inspection - 2

Application ranges of pipe diameter : 
150 mm to less than 800 mm

Inspection members：
Inspectors（5 persons），
Security guards（as required）

Characteristics：
Inspection works shall be possible only by  
opening and acquiring a running route of self 
moving TV camera in sewer.      
Inspection works continuously can conduct till 
maximum cable length of 100 m to 200 m. 

32

Television Inspection - 3

(1) Sewer Cleaning

洗浄車Jetting 
Machine

33

Television Inspection - 4

(2) Parking of TV Car and Setting up of Stop Plug 
to Upstream of Flow

ＴＶ車

止水プラグStop Plug

TV Car

34

ＴＶ車

ガイドローラー

Television Inspection - 5

(3) Setting up of TV Camera

TV Camera

TV Car

Guide Roller
(protect cable & pipe)管

　
径

半
径

35

Television Inspection - 6

Setting up of TV Camera 36

Television Inspection - 7

Setting up of Guide Roller to protect manhole
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37

Television Inspection - 8

Setting up of Guide Roller to protect pipe 38

クラック

モニター

カセットデッキ

キーボード

Television Inspection - 9

(4) Inspection of Sewer Inside

Monitor

TV Camera
Key Board

Cassette Deck

39

Television Inspection - 10

The followings give suggested procedures for 
accurate recording of televised pipe conditions:
Enters data view information, such as the date and 
job number, after the camera is placed in the 
manhole.
Announces or notes why the pipe is being 
inspected and if tributary pipes are plugged or 
active, or flow should be being bypassed.
Records pipe material, pipe joint intervals, and pipe 
diameter.

Records：

40

Television Inspection - 11

Record all structural defects as they are 
encountered.
Record all extraneous flow sources and assign 
leakage rate.
Identify all service connections and note whether 
they are active, capped, or abandoned.
Identify maintenance problems such as roots, 
grease, sediments, or dips.
Note whether the entire line was inspected, or note 
the reason for in-complete inspection.

41

5. Analysis

42

5. Analysis
Based on inspection results, pipe conditions are 
classified into the ranks of A to Ｃ that are evaluated.
Rank A：

Requires emergency practices.
Requires immediate cleaning works and/or repairing.

Rank B：
Conducts cleaning works and repairing within 5 years by 
scheduling it in yearly programs. 

Rank C：
No requires cleaning works and repairing in the 
immediate future but at any point in time.
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43
Rank A： Accumulation of soil/sand by ratio of 40% in Pipe 

Diameter and Requirement of Emergency practice

Sedimentation of Soil/Sand -1

44
Rank A： Accumulation of soil/sand by ratio of 40% in Pipe 

Diameter and Requirement of Emergency practice

Sedimentation of Soil/Sand - 2

45
Rank A： Accumulation of soil/sand by full in Pipe Diameter 

and Requirement of Emergency practice

Sedimentation of Soil/Sand - 3

46
Rank B：Accumulation of Soil/Sand by ratio of 20 % in 

Pipe Diameter 

Accumulation of Soil/Sand - 4

47
Rank C： Sedimentation but No Influence for 

Discharging of Wastewater

Accumulation of Soil/Sand - 5

48
Rank A： Requirement of Emergency Practice

Adherence of Oils and Fats -1
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49Rank B：less than of 30% in Pipe Diameter

Adherence of Oils and Fats-2

50
Rank C： Sedimentation but No Influence for 

Discharging of Wastewater

Adherence of Oils and Fats -1

51Rank A：More Than 30% in Pipe Diameter

Clogging by Wood Roots-1

52
Rank B：More Than 10% in Pipe Diameter

Clogging by Wood Roots -2

53Rank C： Less Than 10 % in Pipe Diameter

Clogging by Wood Roots -3

54
Rank A：More Than 30 % in Pipe Diameter

Clogging by Mortar -1
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55Rank B： More Than 10 % in Pipe Diameter

Clogging by Mortar-2

56Rank B：Less Than 10 % in Pipe Diameter

Clogging by Mortar-3

57

6. Determination of Priority Order 
of Sewer Areas for 
Implementation of Cleaning 
Works

58

6. Determination of Priority Order of Sewer Areas 
for Implementation of Cleaning Works

(1) Overflow points of wastewater on roads
(2) Sewer areas with much complains by residents
(3) Sewer areas with repeated overflows and much 

complains 
(4) Urbanized area with high population density
(5) Sewer area along main road
(6) Implementation of cleaning works from upper streams
(7) Sewer areas with smooth slopes of pipe line and with 

tendency of sedimentation of soil and sand  

After setting up of cleaning sewer areas, establishes 5 years’ 
cleaning programs including  priority order for implementation 
of cleaning works considering the following factors.    

59

7. Sewer Cleaning Method

60

7. Sewer Cleaning Method

(1) Sewer Cleaning Works by combination of High 
Pressure Jetting Machine and High Power 
Sludge Suction Machine

(2) Sewer Cleaning Works with High Power Sludge 
Suction Machine
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61

Sewer Cleaning Works by combination of High Pressure 
Jetting Machine & High Power Sludge Suction Machine

Sewer cleaning works to carry away soil and sand in sewer 
by combination of high pressure jetting machine and high 
power sludge suction machine.

Water Tanker High Power Sludge 
Suction Machine

High Pressure 
Jetting Machine

Pipe Plug 62

Sewer Cleaning Works by combination of High Pressure 
Jetting Machine & High Power Sludge Suction Machine

Overview of Cleaning Works Site 63

Sewer Cleaning Works by combination of High Pressure 
Jetting Machine & High Power Sludge Suction Machine

Overview of Cleaning Works Sites

64

Sewer Cleaning Works by combination of High Pressure 
Jetting Machine & High Power Sludge Suction Machine

Night Work
65

Sewer Cleaning Works by combination of High Pressure 
Jetting Machine & High Power Sludge Suction Machine

Applicable Pipe Diameter: less than 800mm
Equipment and Materials Used for Cleaning Works: High 
pressure jetting machine, High power sludge suction 
machine, Water  tanker, Security guard equipment and 
materials one unit, Other materials (Shovel, rope, sand 
pile, etc.)
Workforce: 5 workers
Characteristics：
・ High speed operation works due to good performance   

and high capacity of cleaning machines  
・ Safety operation for sewer 
・ High performance （Cleaning of pipe wall by high 

pressure water jetting)  66

Sewer Cleaning Works with 
High Power Sludge Suction Machine

General and popular cleaning works that workers enters 
in manholes: soil and sand are directly sucked by high 
power sludge suction machine.     

Blower
High Power Sludge 
Suction Machine

High Pressure 
Jetting Machine
(for Finishing)
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Sewer Cleaning Works with 
High Power Sludge Suction Machine

Application pipe diameter: 
more than 800mm

Equipment and Materials Used for Cleaning 
Works: 

High power sludge suction machine, Water 
tanker, Sludge submersible pump, Generator, 
Safety guard materials one unit, Other 
materials（shovels etc.）

Workforce:
5 members

68

Sewer Cleaning Works with 
High Power Sludge Suction Machine

Characteristics：
・ Less damage of sewer systems than other  

cleaning methods because workers directly   
handle a suction horse and suck soil and sand in 
sewer by using high power sludge suction 
machine. 

・ General and popular cleaning methods with the    
highest efficiency for carrying away soil and sand   
from sewer. 

・ It has high performance in case of low discharge 
of wastewater. It is recommended to use other 
methods (use of bucket machine) in case of high 
discharge of flow. 69

8. Grit/Sand Removal from 
Pump Station

70

8. Grit/Sand Removal from Pump Station 

Pump chamber that workers can enter in is 
manually cleaned.  
Cleaning works are carried out by using a sludge 
suction machine and a high pressure jetting 
machine, and by addition of a dump truck to get 
good efficiency, if a lot of sludge is planned to 
carry away.

72

① As carrying away of grit/sand from a pump well is conducted by 
entering of workers in a pump well, confirmation of with or without 
of toxic gas and ventilation have to be conducted 

② Ventilation for a pump well and detection for toxic gas have to 
continuously conduct during cleaning works in a well

STEP-2 Confirmation of with or without of toxic gases 
and ventilation for Pump Well 

有毒ガス確認・槽内換気

堆積物層

ガス検知機

送風機Blower

Grit/Sand

Gas Meter
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A 2-18-4: Technical Test on Sewer 



Appendix A 2-18-4 

Mini Test for Pipe Cleaning  

Please select proper mark 

Sewer pipe can be clogged various materials discharged by (1), and it will cause flooding of wastewater 

from manholes. Therefore since prevention of discharging such materials is the most important, public 

campaign and (2) for customers are essential. 

In order to realization of above, function/system of sewerage, proper manners for use sewage and (3) of 

clogging by such discharge should be (advertized) through TV, radio, bulletin and leaflet. 

However because the effects of these campaign cannot be perfect, (4) for sewer pipe shall be carried out by 

a management organization of sewerage system which is Jericho Municipality in this case. 

For an efficient cleaning, proper information arrangement of the ewer system is essential. In Jericho 

Municipality, currently around (5) km of trunk/branch sewers donated by Japanese Government and 12km 

of branch sewers donated by (6) was installed. In addition, some connection systems for around 350 

buildings are installed by Phase 1 and 2 Pilot Project carried out by JICA. 

There are some range of sewers along which should be carefully observed, such as (7), drop manholes and 

small slope ranges. This information was already classified and grouped with the location map. 

In addition, the information how to actually clog and/or sediment accumulation shall be grasped by (8) 

researches. 

Accordingly periodic research activity shall be done for beginning several years, and then regular cleaning 

plan can be formulated. Of course, cleanings for (9) and found points by above mentioned periodic 

researches shall be done. 

After several years from the start of operation of sewerage system, (10) cleaning of which interval shall be 

determined based on the research previously mentioned will be done. In addition, public campaign of 

awareness for proper usage of sewage shall be continuously done. 

(1) a. the contractor, b. foreigners, c. customers, d. the client 

(2) a. warning , b. education, c. announcement, d. information 

(3) a. bad effects, b. realization, c. emergency, d. good influences 

(4) a. cleaning, b. installation, c. maintenance, d. repair work 

(5) a. 15km b. 20km, c. 29km, d. 45km 

(6) a. GTZ, b. JICA, c. PWA, d. USAID 

(7) a. steep pipes, b. bend pipes, c. siphons, d. small pipes 

(8) a. emergency b. intermittent, c. periodical, d. continuous 

(9) a. regular base, b. specific points, c. emergency, d. irregular     

(10) a. emergency, b. irregular, c. continuous, d. regular 



Original Contents 

Sewer pipe can be clogged various materials discharged by customers, and it will cause flooding of 

wastewater from manholes. Therefore since prevention of discharging such materials is the most important, 

public campaign and education for customers are essential. 

In order to realization of above, function/system of sewerage, proper manners for use sewage and bad 

effects of clogging by such discharge should be advertized through TV, radio, bulletin and leaflet. 

However because the effects of these campaign cannot be perfect, cleanings for sewer pipe shall be carried 

out by a management organization of sewerage system which is Jericho Municipality in this case. 

For an efficient cleaning, proper information arrangement of the sewer system is essential. In Jericho 

Municipality, currently around 29km of trunk/branch sewers donated by Japanese Government and 12km 

of branch sewers donated by USAID was installed. In addition, some connection systems for around 350 

buildings are installed by Phase 1 and 2 Pilot Project carried out by JICA. 

There are some range of sewers along which should be carefully observed, such as siphons, drop manholes 

and small slope ranges. This information was already classified and grouped with the location map. 

In addition, the information how to actually clog and/or sediment accumulation shall be grasped by 

periodic researches. 

Accordingly periodic research activity shall be done for beginning several years, and then regular cleaning 

plan can be formulated. Of course, cleanings for emergency and found points by above mentioned periodic 

researches shall be done. 

After several years from the start of operation of sewerage system, regular cleaning of which interval shall 

be determined based on the research previously mentioned will be done. In addition, public campaign of 

awareness for proper usage of sewage shall be continuously done. 
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What appears in this swear line wall?
1) Concrete corrosion.
2) Rust.
3)Pipe color.
4) Bacteria.

What appears in this swear line wall?
1) Insect.
2) Manufacture fault.
3)Pipe color.
4) Damage.

1

Why is this pipe Broken?
1) Manufacture Fault.
2) Rust.
3)Crushed by upper load.
4) Concrete Corrosion.

What does this photo shows?
1)No Asphalt.
2) Manhole projection.
3) Extra weight of the manhole.
4)manhole depression.

2

Concentration  (ppm) Symptom/Effects

(              ) Offensive odor

(             ) Nearly instant death

(              ) Bronchitis, pneumonia, pulmonary edema

(              ) Danger to life

Please fill the blank table with the exact H2S
Concentration that match the effect?
1)  5 ppm.
2) 20 ppm.
3)350 ppm.
4) 1000-2000 ppm.

3

What does thisarrow shows?
1)Direction of the pipe.
2)Pipe Diameter.
3)Direction of flow.
4)Pressure direction.

What’s the result If sediment were 
abandoned without cleaning and 
consolidated in the pipes?
1) The more sediment accumulates.
2) The slower velocity of flow becomes.
3) The flow will be affected.
4)All above.

4

What are the main things to Inspect in the 
Manholes and for swear?
1)Appearance.
2)Surface abrasion.
3)Pavement damage.
4)All above.

What is this labor doing?
1)Cleaning the manholes .
2) Checking the line alignment.
3)Checking swear and manhole for
abnormalities.
4) All above.

5

What is this labor doing?
1)Cleaning the manholes .
2) Drilling  the ground.
3) TV inspection for manholes.
4) Cleaning the Pipe.

What is the formula used to calculate the 
Flow velocity for gravity pipes?
1) Bernoulli’s formula. 
2) Theis’s Formula.
3) Mathias’s Formula.
4) Manning Formula.
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6

What is the useful life for PVC pipe?
1)30 years.
2)40 years
3)50 years.
4) 60 years.

What is the cleaning frequency for a pipe
Age more than 30 years?
1) Every 4 years.
2)Every 5years
3)Every 6 years.
4) Every 2 years.

7

What is this Photo showing?
1)Manhole bench .
2) Manhole Base.
3) Manhole Invert .
4)Manhole Diameter.

>=
h?>=
5,

00
0

At what high should the Manhole 
mezzanine slab be constructed.
1)  3 meter.
2) 2 meter.
3) 4 meter.
4) 1 meter.

8

What is the max H2S concentration inside 
the manhole before getting inside the
manhole for inspection?

1) H2S < 30 ppm.
2) H2S< 10ppm.
3) H2S< 100ppm.
4) H2S< 1000ppm.

What is the minimum oxygen percentage to 
Be inside the manhole before getting in for 
inspection? 

1)  23%
2) 37%
3) 20%
4) 18%

O2

9

One of the following is NOT a methodology
of pipe cleaning inside of sewers: 

1) Cleaning with water Jet sear cleaner .
2) Cleaning with sludge suction machine.
3) Cleaning with hand reel winch machine.
4) Cleaning with air jetting.

What is the useful life of manhole concrete
barrel? 

1)  30 years.
2) 50 years.
3) 15 years.
4) 20 years.

10

Why Manhole cover take this shape 
embossment?

1) To show the brand name.
2) Non slip.
3) To take a asphalt shape.
4) To be easily opened. 
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A 2-24-1: Calculation Procedure Explanation Materials for Wastewater 
Tariff 
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Appendix A 2-24-1 
Memorandum on Calculation Sheet of Wastewater Tariff 

1. Connections 

(1) Household connections 

Potential number of household connections along trunk sewer is counted up and grouped into 
neighborhood, using satellite image and site investigation: total 1,553 connections of which 
800 are assumed to be started construction in 2014 and the other 753 are constructed in 2015.
(refer to page 1)

All 5,195 water supply connections in 2012 start to be constructed by 2018. (refer to page 1)

Of the connections of which construction start in a given year, 50% are assumed to be 
completed and discharged to sewer. (refer to page 2)

(2) Large users 

Large users are comprised of 26 (24), from “Arab Development Society” to “Border 
Crossings”; each location is identified and grouped into neighborhood. (refer to page4)

(3) Jericho Agro-Industrial Park (JAIP) 

Wastewater from JAIP is estimated by interpolation of 638 m3/d in 2014 and 2,500 m3/d in 
2018; the former 638 m3/d is from questionnaire survey for tenants of JAIP conducted by 
JAIP developer; the latter 2,500 m3/d is from feasibility study of JAIP development. (refer to 
page 5)

2. Unit wastewater consumption 

(1) Household connections 

Estimation is based on “unit supplied water per connection” according to 18 neighborhoods; 
this is from past water supply data (except large users) from 2008 to 2012. (refer to pages 9 
and10)

Estimation is made by using primary regression equation prepared for each neighborhood.

(refer to pages 8, 11 and 12)

Unit wastewater consumption is calculated from unit water consumption multiplied by 55%. 
(refer to pages 6 and 7)

(2) Large users 

Water supply volume of each large user is assumed to be increased by annual rate of 5.3 %, 
which is the average of past water supply (except large users) from 2008 to 2012. (refer to 
page 4)

Unit wastewater consumption is calculated from unit water consumption multiplied by 55%.
(refer to page 4)
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3. Wastewater volume 

Wastewater from household is calculated by multiplying “discharged connections” by “unit 
wastewater volume” of each neighborhood. (refer to pages 6 and 7)

Wastewater from large users is summed up using projected wastewater volume of each user; 
of which 50 % is assumed to be discharged in connected year and 100 % from the next year.

(refer to page 4)

Influent to WWTP is calculated by multiplying the sum of discharged wastewater by 1.1, of 
which 0.1 is the rainwater inflow due to misconnection of private sewer. (refer to page 7)

4. Cost calculation 

(1) Operation and Maintenance Cost 

Personnel Cost (refer to page 19)
14 personnel are assumed to be assigned from April 2014, of which 1 manager, 3 engineers 
and 10 technicians/workers. 
9 working months for 2014, and 12 working months after 2015 
Unit personnel cost is 7,000 NIS /cap /month for manager, 5,500 NIS /cap /month for 
engineer and 3,700 NIS /cap /month for technicians /workers as of 2012 in Jericho 
Municipality; annually 5% increase 

Electricity Cost 
Comprised of “fixed charge” and “metered charge” 
“Fixed charge” is calculated by “maximum demand” multiplied by “unit fixed charge”; 
maximum demand is 225 kW when all equipment are in full operation; “unit fixed charge” 
is 6.4087 NIS/kW/day for low demand users (JDECO as of 2013); annually 5 % increase.

(refer to pages 14,17 and 18)
“Metered charge” is calculated by “total load” multiplied by “unit metered charge”; “total 
load” is based on 3,655 kWh/day per treated wastewater 6,600 m3/d considering operation 
hours; total load of a given year =3,655 kWh/day *Influent wastewater volume /6,600 
m3/day *1.1; “unit metered charge” is calculated by weighted average of Rate A, B and C 
and their seasonal settings of JDECO tariff; annually 5 % increase. (refer to pages from 14 
to 18)
Solar generation is calculated by “100 kW *8 hours/day *0.7 (efficiency)”; reduction of 
electricity metered charge is calculated by “solar generation” *”unit metered charge”. (refer 
to page 13)
9 working months for 2014, and 12 working months after 2015 (refer to page 13)

Repair Cost (refer to pages 20 and 21)
Comprised of “spare parts replacement”, “shipping” and “supervisor” cost. 
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Estimation by contractor (Hitachi) 

Chemicals Cost (refer to page 22)
The cost of Hypo-chlorine solutions is calculated, to be dosed to effluent before discharging 
to Wadi. 
Unit dose rate is 0.18 m3/d per treated wastewater 6,600 m3/d =0.0000273 m3/m3. 
Unit cost of chemicals is 1.3 NIS/kg (as of 2013 in Jericho Municipality); annually 5% 
increase. 

(2) Capital cost 
Depreciation and other capital costs are not considered during this calculation cycle from 2014 
-2018. 

5. Annual cost and cost classification (refer to pages 23 and 24)

(1) Only fixed electricity charge is included in fixed cost; other costs are dealt with as variable 
cost. 

(2) Fixed cost is recovered by fixed charge and variable cost is recovered by volumetric charge, 
in principle. 

6. Cost allocation (refer to pages 25 and 26)

(1) General 
Discharged connections and wastewater are categorized into “residential” and “commercial” 
and into 8 volume categories (from 0-10m3 to over 251 m3); the figure of water supply service 
in 2012 is used for this categorization. 
There should be some deviation between the share of wastewater from 2014 to 2018 and the 
share of supplied water for all the municipality in 2012, because the former is for limited area 
of connections, whereas the latter is for all the municipality; the adoption of the latter is 
justified to avoid frequent and substantial revision of tariff structure. 
Annual average, minimum, maximum and variation from minimum to maximum are 
calculated based on the figure of water supply service in 2012. 

(2) Allocation of fixed cost (refer to page 26)
Fixed cost is allocated to “residential” and “commercial” by the share of “annual minimum 
wastewater”. 
Fixed cost thus allocated is further allocated to each volume category by the number of 
discharged connections. 

(3) Allocation of variable cost (refer to page 26)
Variable cost is allocated to “residential” and “commercial” by the share of “variataion from 
minimum level”. 
Variable cost thus allocated is further allocated to each volume category by the share of 
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“variation from minimum level”, within each “residential” and “commercial” category. 
Unit volumetric charge calculated above is an “average”, and should not be applied to specific 
volume band; i.e. 0.5 NIS/m3 of residential for 31-50 m3 is a weighted average of 0 -10 m3, 11 
-20 m3, 21 -30 m3 and 31 -50 m3. 

7. Revenue Estimate (refer to pages 27 -30)
Fixed charge is calculated by multiplying cumulative total of discharged connections (annual 
value multiplied by 4.5 in 2014 and by 6 in 2015 -2018). 
Theoretical unit volumetric charge specific to each volume band should be calculated 
manually. (refer to page 27)

8. Adjusting fluctuation of unit tariff among 8 volume categories 

The fluctuation of calculated unit tariff among 8 volume categories can be adjusted and made 
smooth, considering cost recovery, gap from water tariff and affordability for low-incomers. (refer 
to page 31) 

9. Balance of revenue and expenditure (refer to page 32) 
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Appendix A 2-24-2 

Cabinet decision No. ( ) for the year 2017 for the amendment of the Connecting Houses 
and Facilities to the Public Sewer System No. (16) for the year 2013. 

Based on the basics amendment law provisions of 2003, as amended, in particular Article 
(70) thereof, 

And on the Water Law No. (3) for the Year 2002, particularly Article (42) thereof, 

And on the local Authorities Law No. (1) for the year 1997, 

And on the Law No. (7) of 1999 of the environment, 

After revising the system of connecting houses and facilities to the public sewer network 
No. (16) for the year 2013, and upon the recommendation of the Minister of Local 
Government and head of the Water Authority and based on the requirements of the public 
interest and based on the powers vested in us by law, and based on what was approved by 
the Cabinet in its meeting held in Ramallah on   /   /    , it has been issuing the following 
amendments: -  

Article (1) 

To amend article No. (5) of the system to be added to it as follows: - 

3. After the deadline set by the service provider for the compulsory connection of the 
owner, all the determined fees of the owner or user are considered as public funds, 
whether the owner or the user or the service provider was connected to the public sewer 
network or not.  

4. The amount due of the owner or the user who fails to pay the bill on time is as follows: 
- (a) the service provider sends a written notice to the owner or user, stating the amount 
owed to the service provider and its details and that this must be paid within fifteen days 
from the date of notification; (b) in the event of non-payment of the owner or user,  the 
amount due is issued to the Execution Department and bills are considered as the official 
bonds that shall be collected under Execution Law No. (23) for the Year 2005 and not to 
be stopped unless the decision is issued from the court that has the lawsuit to stop it. 
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Article (2) 

To amend the article No. (6) paragraph (2) to be as follows: 

In case there is no ability to connect directly to public sewer, owners should allow 
installing pipes in their private lands for the neighboring lands within a setback and is 
located at a higher level than their land, according to the regulatory diagram approved by 
the local authority in accordance with the following procedures: -  

a. Inform the land owner by a notice attached with a diagram which shows the track of 
the pipe to express the reason for objections within a period of 15 days. 

b. Discuss the objections by a committee made for this purpose and consists of: 

  1. a representative of PWA; 

  2. a representative of MOLG; 

  3. a representative of service provider.  

c. The committee studies the objections and within a period of 2 months makes a final 
decision. 

d. In case of no objection submitted and/or the committee has issued a decision, the 
commission is entitled to enable the service provider to take an action directly on site 
without any objection so that the staffs/ employees of the service provider conduct 
inspection or connect to the public sewer for the necessary extension. Anyone objecting 
or making a problem to the staffs/ employees is regarded as committing an offense to the 
staff resistance contrary to the provisions of this system. 

The owner of these pipes should commit by a written undertaking to maintain it on their 
expense and to change the track in case it blocked the freedom of the land owner, and 
also to remove it in case there is an ability to connect directly to the public sewer. 

Article (3) 

To amend article (21) to be: 

Anyone who makes one of the following actions: 

1. To damage the property of the water and sewer authority; 

2. To connect his own sewer with the authority sewer or to cut it without a permission; 
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3. To cause any obstacle for the employee of service provider or to stop him for doing his 
duties or to refuse to let him enter his land to inspect public and private sewer; 

4. To use public sewer without a license or illegally use sewer in a way different from 
what has been approved in the license; 

5. To discharge rainwater to public sewer network; 

6. To throw any of prohibited materials that are mentioned in annex No. ( ) of this 
system; 

7. To discharge sewage outside of the exact location in the wastewater treatment plant or 
specified by the service provider within the border of competent authorities;   

8. To discharge sewage of private cesspit without written approval from the service 
provider; 

shall be punished by the imprisonment for a period of not less than 6 months and not 
more than one year or a fine of not less than 500 JD and not more than 5000 JD or what is 
met by equivalent currency, that affects the text does not any more severe penalty 
imposed under any other law. 

Article (4) 

To amend article No (21) from the system to be article No (22) and to amend article No 
(22) from the system to be article No (23). 

Article (5) 

All competent authorities must implement the provisions of this amendment after passing 
30 days from the date of publication in an official gazette. 

This issued in Ramallah in  /    /   2017  

Prime Minister  

Rami Alhamdullah  
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A 3-2-1: Details of Field Training Tour in Jordan (Wastewater Reuse) 
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Farmers visit of Amman’s WWTP/farms/farmers currently re-use treated wastewater. 

The criteria for selection of four Jericho farmers included their type of crop production (mostly dates, but 

bananas and herbs), own different size of farms, geographical distribution of farms within the city (not just 

those close to the WWTP), residency in Jericho, both male and female farmers, age, and passport holders. 

The selection was conducted after discussing candidate farmers through joint meetings by the Jericho 

Municipality, Jericho Union of Farmers, and the NJS experts.   

De s ign in g  an d I imple me n t a t io n  by :

V is it in g  s ite s :

A dvis in g  an d f in an c ia l s u ppo r t :

D ate :

N u mbe r  o f a t t e n de e s :

F arm e r  s e le c t io n  c o mm it t e e :

F arm e r s  se le c t io n  c r it e r ia

P u rpo se :

V is it in g  sc h e du le :

Co ve r e d t r ave l e xpe n se s : 155 NIS

16 NIS

16 NIS

55 NIS

40 NIS

160*2=320 NIS

150*3=300 NIS

150*2=300 NIS

75 NIS

32 NIS

55 NIS

1,364 NIS

8,184 NIS

P ar t ic ipan t s  in fo :

Farmer 46 yr Over 100 ha Near WWTP Male Dates Associate Degree

Farmer 59 yr 1.8 ha Near c ity center Female Herbs 9th Grade Completion

Farmer 47 yr 7 ha E of Jericho Male Vegetable , Dates Bachelor

Farmer 37 yr 10 ha N of Jericho Male Bananas High School DiplomaMr. Hossam Dreat

Internal transportation in Amman

Transportation from hotel to Jordanian bridge

Transportation from Jordanian bridge to Jericho lounge

Mr. Ibrahim AbuSeiba Manager of Jericho WWTP

Public awareness staff at Jericho Munic ipalityMr. Mohamad Azmoty

Mr. Sabry Edaik

NJS Consultants

Tour of WWTP with focus on treated wastewater re-use

Ms. Miyaser Dwedar

Mr. Ishac Shish

Transportation from Jordanian bridge to hotel

Meals

Hotel rent

June 9th-11th , 2015

6 people (4 Jericho farmers + 1 WWTP engineer + 1 public re lation staff)

Jericho Munic ipality, Jericho union of farmers, NJS

Planted crops (dates/bananas/herbals/fruits), farm size , geographical distribution of farms, Jericho residency, gender, age , passport holders

Meet with farmers/farms currently using treated wastewater

Share the learn ing with Jericho framers; re-use, crops, new potential crops for Jericho, methods, impacts, costs, water saving

Contribute to educational workshops in Jericho

10:30 am lecture about re-use of the treated water.

11:30-12:30 lunch.

1 :00 meeting with farmers and visits to the farms that use the treated wastewater.

5 :00 back to Jericho City.

10:00 am reception at Jordanian Water Authority.

6 :00 pm back to hotel.

10:00 am visit to WWTP, the farms that have used the treated wastewater to benefit from and to see the used Irrigation methods. 

Travel insurance 

Total per person

Total for 6 people:

5 :00 pm arrival to Amman (Caravan Hotel) Al-Lowaibda

※Eng. Tayseer Abu Khadra (WWTP's Director of Environment and Reuse Directorate) will jo in the delegation.

Crossing Tax

Transportation from Jericho lounge to Israeli side

Transportation from Israeli side to Jordanian side

Jordanian boarders tax

11/6/2015

10/6/2015

9/6/2015

Jericho Munic ipality

Madaba WWTP in Amman

Visiting farmers/farms
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Designing and Iimplementation by:

Visiting sites:

Advising and financial support:

Date:

Number of attendees

Farmer selection committee

Farmers selection criteria

Purpose

10:00 am visit to Aqaba branch of Jordanian MoA, regarding related regulations and licenses

Crossing Tax 153*7 + 277*1 = 1348 NIS

Transportation from Jericho lounge to Israeli side 23 * 7 = 161 NIS

Jordanian boarders tax 55 * 7 = 385 NIS

Transportation from Jordanian bridge to hotel 434 * 4 = 1736  NIS

Hotel rent 281 *7 *2 = 3934 NIS

Meals 1082 NIS

Internal transportation in Amman, Aqaba and Ma'an 200 + 776 = 976 NIS 

Transportation from Jordanian bridge to Jericho lounge and Israeli side to Jericho 55 * 7 = 385 NIS

10,007

Visiting schedule

Covered travel expenses
(1JD=5.17NIS, 1USD=3.60NIS)

Total

5:00 back to Jericho City.

10:30 am lecture about re-use of the SLUDGE

12:00-1:00 lunch.

A Study Tour of Sludge Use in Aqaba, Jordan

5:00 pm arrival to aqaba a7la tala  Hotel) 

※Eng.MOHAMMAD MAHAMID  (AQABA WATER COM  will join the delegation.

2017/4/10

2017/4/9

08/4/20147

Jericho Municipality

Aqaba City water company in Jordan 

Visiting farmers/farms

2:00 meeting with farmers and visits to the farms that use the SLUDGE in Ma'an city .

10:00 am reception at aqaba water com by Mohammad MAHAMID

6:00 pm back to hotel.

NJS Consultants

Learning about techniques used in their sludge composting.

April 8th to 10th, 2017

7 people (3 Jericho farmers +1 WWTP engineer + 1 public relation staff+ head of water and sewer dept ,  agriculture ministry    )

Jericho Municipality, NJS

 (dates/bananas/), farm size, geographical distribution of farms, Jericho residency,  age, passport holders

Viewing legislation and standards for reuse of sludge.

Look at the results (negative or positive) for the re-use of sludge in agriculture.

Viewing the economic aspects of the reuse of sludge.

Meet with farmers/farms currently using sludge.

Share the learning with Jericho framers; re-use, crops, new potential crops for Jericho, methods, impacts, costs and water saving.

Contribute to educational workshops in Jericho.
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A 5-3-1: Phased Construction Plan for Jericho Sewer Network 
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Appendix A 5-3-1 
Phased Construction Plan for Jericho Sewer Network 

2018.3.10 

1. Constructed Sewer Network and House Connections until the end of 2016 
Sewer network (Trunk and Branch Sewers): 

Item Constructed sewer length (km) Remarks 

JICA Project 25.3+4.4+3.9=33.6 Grant Aid and TA Projects 

USAID-1A Project 11.7 Branch sewers 

Total 45.3 

Number of house connection (excluding commercial, school, factory, etc.): 
246 (PP-1 in TA) + 645 (PP-2 in TA) = 891 households 

Served population: 891 * 4.5 person/household = 4,010 persons 
Actual inflow of WWTP: 526 m3/day
Sewerage coverage ratio: 4,010 / 23,220 = 17.3 % 

2. Constructed House Connections until the end of February 2017 
Number of household constructed by the Jericho own budget (0.87million NIS): 500 households 
Served population: 500 * 4.5 person/household = 2,250 persons 
Additional sewage flow: 2,250*181 l/person/day*0.5 = 204 m3/day

Total inflow of WWTP: 526 + 204 = 730 m3/day 
Sewerage coverage ratio: (4,010+2,250) * 100 / 23,220 = 27.0 % 
Occupancy rate of WWTP: 730 / 6,600 = 11.1 % 

3. Required Sewage Collection Facility 
The proportion of the surrounding areas (An Nwaeima and Ein ADuyuk) of Jericho to the total flow is 
low (about 9% of total sewage volume) and the cost investment effect is also low, so it is not considered 
in this study. 

3.1 Branch Sewer: 
Item Length (km) Remarks 

USAID-1B Project 24.0 Detail design was complete 

Other required sewers 55.3 

Total 79.3 

3.2 House Connection 
Total population of Jericho in 2020: 25,932 persons (estimated value) 
Number of household in 2020: 25,932 / 4.5 person/household = 5,763 households 
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Potential number of household connection: (25,932 - (4,010 + 2,250) / 4.5 = 4,372 households 

3.3 Other Sewage Generating Facilities 

Aqbat Jaber (AJ) and Ein Sultan (ES) Refugee Camps 
Jericho Agro-Industrial Park (JAIP) 
Jericho Hospital 
Tanker Sludge collected from Cesspit 

4. Scenario of Phased Construction of Jericho Sewer Network 

5．Phase-2 (End of 2017) 
5.1 Scope of the Project 
Branch sewer and house connection in the package-1 area for Aqbat Jabel Camp are constructed by 
UNRWA using Japanese budget. 

5.2 Sewage Flow and Coverage Ration at the end of 2017 
Total population of AJ Camp: 9,336 persons 
Population of the package-1 area (covered 40%): 9,336*40% = 3,734 persons 
Sewage flow of package-1 area: 3,734 * 90 l/cap./day * 80% * 100% = 269 m3/day
Wastewater from JAIP (assumption): 6 factories * 15 m3/factory/day = 90 m3/day 
Tanker sludge volume: 40 m3/day 

Total flow at the end of 2017: 526+204+269+90+40 = 1,129 m3/day 
Sewerage coverage ratio at the end of 2017: (4,010 + 2,250) * 100/23,870 = 26.2 % 
Occupancy rate of WWTP: 1,129 / 6,600 = 17.1 % 

6．Phase-3 (End of 2019) 
6.1 USAID-1B Project 

Target of sewer length: L = 24.0 km 
Accumulated total length: 45.3 + 24.0 = 69.3 km 

Phase-2：End of 2017 (part area of AJ Camp implemented by UNRWA) 

Phase-3：End of 2019 (branch sewers constructed by USAID-1B, counterpart and PA funds with 2.1 

million USD, remaining areas of AJ Camp constructed by UNRWA) 

Phase-4：After 2020 
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6.2 Project by the Counterpart and PA Funds 
6.2.1 PP-4 project 

Target number of house connection: 650 connection pits 
Households per connection pit: 2.42 household/connection pit (source: PP-3) 
Number of total household: 650 * 2.42 = 1,573 households 
Additional population: 1,573 * 4.5 = 7,079 persons 
Additional sewage flow: 7,079 * 181 l/cap./day * 0.5 = 641 m3/day
Actual detail design cost: 7,400 USD 
Calculated construction cost: 4.6 million NIS = 1.28 million USD 

Total cost: 7,400 + 1,280,000 = 1,287,400 USD 

6.2.2 PP-5 Project (House Connection in the Area of USAID-1B Project) 
The indicators of number of connection pit and household per kilometer of sewer length for the study 
are assumed referring the actual data of the USAID-1A Project as shown below. 

USAID 1A Project 

Length of constructed sewer 11.7 km 

Number of connection pit 157 connection pits 

Number of household 450 household 

Connection pit per km 157 / 11.7 = 13.4 connection pit/km 

Household per km 450 / 11.7 = 38.5 household/km 

Sewer length of USAID-1B Project: 24 km 
Number of connection pit: 24 * 13.4 = 322 connection pits 
Number of household: 24 * 38.5 = 924 households 
Additional population: 924 * 4.5 person/household = 4,158 persons 
Additional sewage flow: 4,158 * 181 l/cap./day * 0.5 = 376 m3/day

Sewerage coverage ratio at the end of 2019: (4,010+2,250+7,079+4,158) * 100 / 25,932 = 67.5 % 

Unit construction cost of house connection per connection pit (PP-3 project): 1,600 USD/connection 
pit 
Unit construction cost per sewer (PP-1 and PP-2 projects): 250,000 USD/km 
Detail design fee is assumed 5% in the construction cost 
Construction cost of house connection: 322 * 1,600 = 515,200 USD 
Detail design fee of house connection: 515,200 * 5% = 25,760 USD 

Total cost: 515,200 + 25,760 = 540,960 USD 
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6.3 Remaining Area of AJ Camp 
Total population of AJ Camp in 2020: 10,142 persons 
Population in the remaining area: 10,142 - 3,734 = 6,408 persons 
Additional sewage flow of the remaining area: 6,408 * 90 l/cap./day * 80% * 100% = 461 m3/日

6.4 Sewage Flow and Coverage Ration at the end of 2019 (Phase-3) 
Additional sewage flow in PP-4 project: 641 m3/day 
Additional sewage flow in PP-5 project: 376 m3/day 
Additional sewage flow of remaining AJ Camp: 461 m3/day 
Wastewater from JAIP (assumption): 20 factories * 15 m3/factory/day = 300 m3/day 
Tanker sludge volume: 150 m3/day 
Total flow at the end of 2019: 1,129+641+376+461+300+150 = 3,057 m3/day
Occupancy rate of WWTP: 3,057 / 6,600 = 46.3 % 

7. Phase-4 (after 2020) 
【Conditions】

Sewerage coverage ratio: 100 % 
Number of total household: 25,932 / 4.5 = 5,763 households 
Population coming from the outside of Jericho: 184 m3/day (100 %) 
Sewerage coverage ratio in AJ and ES Camps: 100 % 
JAIP: 400 m3/day 
Jericho Hospital: 150 m3/day 
Tanker sludge volume: 30 m3/day (collecting from Jericho suburbs un-sewerage area) 

Required sewage collecting facility to achieve 100% of connection rate is studied as below.
Total household number in 2019 (Phase-3): 891+500+1,573+924 = 3,888 households 
Required newly household connection: 5,763-3,888 = 1,875 households 
Additional connection pit: 1,875 / 2.42 = 775 connection pits 
Required construction cost for connection pit: 775 * 1,600 = 1,240,000 USD 

  Required detail design fee for connection pit: 1,240,000 * 5% = 62,000 USD 

Total cost for house connection: 1,240,000 + 62,000 = 1,302,000 USD 
  Additional branch sewer: 79.3 - 24.0 = 55.3 km 

Required construction cost for branch sewer: 55.3km * 250,000 USD/km = 13,825,000 USD 
  Required detail design cost for branch sewer: 13,825,000 * 5% = 691,250 USD 

Total cost for branch sewer: 13,825,000 + 691,250 = 14,516,250 USD 

【Sewage Flow Estimation】
Inhabitant sewage flow (100% connection): 25,932 * 181 l/cap./day * 0.5 = 2,349 m3/day 
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Sewage flow of coming population from outside of Jericho (100% connection): 184 m3/day 
Sewage flow of AJ Camp (100% connection): 403 + 269 = 672 m3/day 
Total population of ES Camp: 4,466 persons 
Sewage flow of ES Camp (100%): 4,466 * 90 l/cap./day *80% * 100% = 322 m3/day 
Sewage flow of JAIP (100%): 400 m3/day 
Jericho Hospital: 150 m3/day 
Tanker sludge volume: 30 m3/day (collecting from Jericho suburbs un-sewerage area) 

Total sewage flow: 2,349 + 184 + 672 + 322 + 400 + 150 + 30 = 4,107 m3/day 
Treatment capacity of WWTP: 6,600 m3/day (Daily average) 

Occupancy rate of WWTP: 4,107 / 6,600 = 62.2 % 

【Estimation of Construction Cost of sewer and House Connection in ES Camp】
Total population of ES Camp: 4,466 persons 
Estimated number of household in ES Camp: 4,466 / 4.5 = 992 households 
Estimated number of newly household connection: 992 / 2.42 = 410 connection pits 

  Additional branch sewer: 992 / 38.5 (household/km) = 25.8 km 

Required construction cost for connection pit: 410 * 1,600 = 656,000 USD 
  Required detail design fee for connection pit: 656,000 * 5% = 32,800 USD 

Total cost for house connection: 656,000 + 32,800 = 688,800 USD 
Required construction cost for branch sewer: 25.8km * 250,000 USD/km = 6,450,000 USD 

  Required detail design cost for branch sewer: 6,450,000 * 5% = 322,500 USD 

Total cost for branch sewer: 6,450,000 + 322,500 = 6,772,500 USD 



<<Chapter 6>> 

A 6-3-1: Future Action Plan for the TeCSOM Recommendations 
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