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Development of Specifications for Innovative Urban Wastewater Treatment Technologies and Systems 
A: Review of the urban wastewater treatment technologies/systems, and technical standards currently applied to your countries, which are considered as successful and efficient. 

AIM:
The aim is to develop a ‘guide manual’ with the specifications of efficient technologies in respect to technical viability, cost, and ability to produce effluents able to be reused in agriculture. 
1. Ramtha Wastewater Treatment Plant

Locaton: Ramtha – Jordan

Introduction :

Ramtha Wastewater Treatment Plant has been started up on 1988 . It receives the wastewater of the city of Ramtha only . The main sewer lines in Ramtha are laid in the right and left slope of the Wadi Shomar , which crosses the urban area. During rain this leads very often to important penetration of storm water into the sewerage system (planed as separate system) due to damaged manholes, opened manhole covers etc.. Storm water overflow structures are available neither in the collection network nor at the treatment plant . These circumstances lead during rainy season to discharges to the treatment plant up to (4000 m3/day) (design flow 1920 m3/day) .

The wastewater stabilization pond system of the treatment plant of Ramtha comprises the following facilities : screens , two trains of anaerobic ponds , facultative ponds and maturation ponds . Disinfection of the effluent is possible by a chlorination plant , drying beds are not available . The anaerobic ponds are connected in series , while the facultative ponds and the maturation ponds are operated as two parallel trains . The two trains of the plant are operated alternatively changing every second week the discharge to one or to the other train . 

Since the pond system was put in operation in 1988 the anaerobic ponds were desludged only once in 1997 . The (6000 m3) to (7000 m3) sludge emptied of the ponds were partly transported by tankers to the dumping ground AlAkeder and partly filled in excavated trenches within the treatment plant area for drying and infiltration .

Type of treatment :

Al-Ramtha WWTP is a Wastewater Stabilization Ponds (WSP) system . In this system Wastewater Stabilization Ponds (WSP) use biological treatment to stabilize the wastewater . These ponds have long detention times and do not have mechanical mixing or aeration . There are three types of ponds : anaerobic , facultative and maturation ponds .

a) Anaerobic Stabilization Ponds :

Anaerobic ponds are used to treat domestic and high strength organic wastewater that has high concentration of solides. The stabilization of wastes is achieved by anaerobic bacteria . Typically , anaerobic ponds are earthen basins with depths of up to (4) m . Added waste settle to the bottom of the pond and the partially effluent is commonly discharged to another treatment process for further treatment. Anaerobic ponds generate odors due to the formation of hydrogen sulphide gas during the anaerobic digestion of the settled solides . 

b) Facultative Stabilization Ponds :

Facultative ponds are also called aerobic-anaerobic stabilization ponds because the stabilization of wastes is achieved by a combination of aerobic , anaerobic and facultative bacteria . Conventional facultative ponds are earthen basins that contain three zones . The first is a surface zone where bacteria and algae exist in a symbiotic relationship to aerobically degrade organic matter . The second zone is the intermediate layer where decomposition of organic wastes is carried out by facultative bacteria in a partly aerobic and partly anaerobic environment . The bottom is the third zone where bacteria anaerobically digest the sludge layer formed by the accumulation of large solids that have settled .

c) Maturation Ponds :

Maturation ponds are low rate stabilization ponds typically used for the removal of pathogens and intestinal nematode eggs . Long detention time , natural die-off of bacteria and many unfavorable conditions help to improve the microbial quality of the incoming treated wastewater to the maturation ponds .

Design Criteria :

The original design parameters for Al-Ramtha WSP were :

	Average Daily Flow
	1.920 m3/day

	Influent BOD5 Concentration
	1000 mg/1

	Influent S.S Loading 
	850 mg/L

	Total Detention Time
	28 days


Al-Ramtha WSP System Components :

Al-Ramtha treatment facility consists of two parallel trains , each train consists of :

Two Anaerobic Ponds .

Four Facultative Ponds .

Four Maturation Ponds .

The effluent from the ponds passes through a Chlorine Contact Basin and then is discharged to irrigation .

Basic data of treatment plant :

a) General :

Town : 


Ramtha

Governorate :


Irbid

Treatment Plant :

Ramtha

Responsible Engineer :
Essa Khazaleh

Contacted person :

Essa Khazaleh

Telephone :


02/7382436

Wastewater disposal :

Public system

67%

Cesspools

33%

Others 


0%

Wastewater collection :

Towns/villages connected (the most important) : Ramtha Town only

Important industries  : No important water polluting industries connected

Number of storm water overflows works : none

Length of sewers : 134.5 k .m.

Length per connected capita : 3.4 m/c

House connections : 3167 h .c.

b) Facilities :

Wastewater treatment technology : Wastewater stabilization ponds(WSP)

In operation since : 1988

Composed of treatment facilities :

Facility


Screen

Number of units

2(1 manual+1automatic) 

Facility


Anaerobic ponds

Number of units 

2

Total dimension

2 X 9800 m3
Facility


Facultative ponds




Number of units 

6

Total dimension

6 X 17600 m3
Facility


Maturation ponds

Number of units 

4

Total dimension

Chlorination unit
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Overall Efficiency :

The Influent / effluent labs. test reflect the performance of the stabilization wastewater treatment plant / year 2003 :

	(BOD)5 Inf. mg/L
	696
	(TSS) Inf. mg/L
	547

	(BOD)5 Eff. mg/L
	200
	(TSS) Eff. mg/L
	187

	(COD) Inf. mg/L
	1418
	(TDS) Inf. mg/L
	-

	(COD) Eff. mg/L
	588
	(TDS) Eff. mg/L
	952


· Efficiency of (BOD) 5 removal = 71.25%

· Efficiency of (TSS) removal = 65.81%

Ramtha Wastewater Treatment Plant (Running Cost ) /2003 :

	No.
	Item
	Amount (JD)

	1-
	Salaries
	37200

	2-
	Electricity 
	13311

	3-
	Phone
	393

	4-
	Fuel and Oil
	671

	5-
	Pesticides
	400

	6-
	Others
	319.5

	Total
	52294.5


· Plant Annual Influent = 1120945 m3 

· Cost of Treatment  =  46.7 fils        
                                     =  6.58 U.S. cents

Reclaimed Water Reuse :

In addition to sewage and sanitation services , the social community benefits from reusing of reclaimed wastewater to generate employment opportunities and to increase the income for local communities .

In Ramtha there are (8) contracts between the farmers and Water Authority of Jordan for reusing reclaimed water for restricted irrigation to irrigate about (940) donums in the vicinity of Ramtha Wastewater Treatment Plant .

Safety and Health Aspects :

The Ministry of Water and Irrigation (MWI) is giving high concern for safety and health measures ,  through the following :

1- Periodic monitoring of wastewater (Inffluent and effluent) of wastewater treatment plants for pathogens and microbiological tests .

2- MWI provides protected and safety clothes and equipment for all working staff .

3-  Regular medical check for all working staff .

2. Aqaba Wastewater Treatment Plant

Location: Aqaba – Jordan

Introduction :

Aqaba Wastewater Treatment Plant has been started up on 1987 . It receives the wastewater of the city of Aqaba only . The wastewater discharge to the treatment plant relies on (2) pumping stations . Storm water inflow into the sewerage network is not relevant because annual precipitation in the Aqaba region is very low (50 mm/a) . The total length of the sewerage system is some (210 k .m .) or about (4.1 m) per inhabitant (resident) . 

Beside the wastewater generation by residents sewage is produced to a high extend by the tourist facilities of Aqaba comprising more than (4100 beds.) so , specific wastewater generation is more than (180 1/c/d) related to capita number of residents . Due to high water consumption , the BOD5 – concentration in the raw sewage is relatively low (350 mg BOD5/1) . 

The wastewater stabilization pond system of the treatment plant of Aqaba comprises the following facilities : manual screen , two identical parallel trains of sealed facultative ponds and a maturation ponds . Anaerobic ponds do not exist . A chlorination plant is not available . Since the pond system was put in operation in 1987 , the Facultative Ponds were desludged in 1997 for the first and the only time. Sludge was emptied of the ponds and filled in excavated trenches within the treatment plant and covered by earth .

Type of treatment :

Aqaba WWTP is a Wastewater Stabilization Ponds (WSP) system . In this system Wastewater Stabilization Ponds (WSP) use biological treatment to stabilize the wastewater . These ponds have long detention times (33 days) and do not have mechanical mixing or aeration . There are two types of ponds : facultative and maturation .

a) Facultative Stabilization Ponds :

Facultative ponds are also called aerobic-anaerobic stabilization ponds because the stabilization of wastes is achieved by a combination of aerobic , anaerobic and facultative bacteria . Conventional facultative ponds are earthen basins that contain three zones . The first is a surface zone where bacteria and algae exist in a symbiotic relationship to aerobically degrade organic matter . The second zone is the intermediate layer where decomposition of organic wastes is carried out by facultative bacteria in a partly aerobic and partly anaerobic environment . The bottom is the third zone where bacteria anaerobically digest the sludge layer formed by the accumulation of large solids that have settled .

b) Maturation Ponds :

Maturation ponds are low rate stabilization ponds typically used for the removal of pathogens and intestinal nematode eggs . Long detention time , natural die-off of bacteria and many unfavorable conditions help to improve the microbial quality of the incoming treated wastewater to the maturation ponds .

Design Criteria :

The design parameters for Aqaba WSP were :

	Average Daily Flow
	9000 m3/day

	Influent BOD5 Concentration
	416 mg/1

	Total Detention Time
	33 days


Basic data of treatment plant :

a) General :

Town : 


Aqaba

Governorate :


Aqaba

Treatment Plant :

Aqaba

Responsible Engineer :
Jamal Musa Reyati

Contacted person :

Jamal Musa Reyati

Telephone :


03/2016818

Wastewater disposal :

Public system

64%

Cesspools

36%

Others 


0%

Wastewater collection :

Towns/villages connected (the most important) : Aqaba including hotels(about 4100 beds.)

Population connected as coverage treatment) : 47.600

Coverage : 64%

Important industries  : No important water polluting industries connected

Number of storm water overflows works : none (not important, 50 mm annual precip. only) 

Length of sewers : 210 k .m.

Length per connected capita : 4.1 m/c

House connections : 2757 h .c.

b) Facilities :

Wastewater treatment technology : Wastewater stabilization ponds(WSP)

In operation since : 1987

Composed of treatment facilities :

Facility


Screen

Number of units

1 (manual) 

Facility


Facultative ponds

Number of units 

2 (in parallel)

Total dimension

2 X 105000 m3
Facility


Maturation ponds




Number of units 

2 (in series)

Total dimension

2 X 50000 m3
Facility


Evaporation/infiltration ponds

Number of units 

about 20

Total dimension

200000 m2 and (1.5) m deep 

Aqaba Wastewater Treatment Plant Layout
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Overall Efficiency :

The Influent / effluent labs. test reflect the performance of the stabilization wastewater treatment plant / year 2003 :

	 (BOD)5 Inf. mg/L
	475
	(TSS) Inf. mg/L
	246

	(BOD)5 Eff. mg/L
	114
	(TSS) Eff. mg/L*
	616*

	(COD) Inf. mg/L
	1201
	(TDS) Inf. mg/L
	882

	(COD) Eff. mg/L
	382
	(TDS) Eff. mg/L
	862


· Efficiency of (BOD) 5 removal = 76%

* Effluent of (TSS) is very high due to algae growth 

* temperature is very high   .

Aqaba Wastewater Treatment Plant (Running Cost ) /2003 :

	No.
	Item
	Amount (JD)

	1-
	Salaries
	38040

	2-
	Electricity 
	13845

	3-
	Phone
	788

	4-
	Water
	1200

	5-
	Spare Parts
	600

	6-
	Labs. Material
	720

	7-
	Fuel and Oil
	360

	8-
	Pesticides
	4800

	9-
	Others
	600

	Total
	60953


· Plant Annual Influent = 3771210 m3 

· Cost of Treatment  =  16.20 fils        
                                     =  2.28 U.S. cents

Aqaba Wastewater Treatment Plant

Location: Aqaba – Jordan

Introduction :

Aqaba Wastewater Treatment Plant has been started up on 1987 . It receives the wastewater of the city of Aqaba only . The wastewater discharge to the treatment plant relies on (2) pumping stations . Storm water inflow into the sewerage network is not relevant because annual precipitation in the Aqaba region is very low (50 mm/a) . The total length of the sewerage system is some (210 k .m .) or about (4.1 m) per inhabitant (resident) . 

Beside the wastewater generation by residents sewage is produced to a high extend by the tourist facilities of Aqaba comprising more than (4100 beds.) so , specific wastewater generation is more than (180 1/c/d) related to capita number of residents . Due to high water consumption , the BOD5 – concentration in the raw sewage is relatively low (350 mg BOD5/1) . 

The wastewater stabilization pond system of the treatment plant of Aqaba comprises the following facilities : manual screen , two identical parallel trains of sealed facultative ponds and a maturation ponds . Anaerobic ponds do not exist . A chlorination plant is not available . Since the pond system was put in operation in 1987 , the Facultative Ponds were desludged in 1997 for the first and the only time. Sludge was emptied of the ponds and filled in excavated trenches within the treatment plant and covered by earth .

Type of treatment :

Aqaba WWTP is a Wastewater Stabilization Ponds (WSP) system . In this system Wastewater Stabilization Ponds (WSP) use biological treatment to stabilize the wastewater . These ponds have long detention times (33 days) and do not have mechanical mixing or aeration . There are two types of ponds : facultative and maturation .

a) Facultative Stabilization Ponds :

Facultative ponds are also called aerobic-anaerobic stabilization ponds because the stabilization of wastes is achieved by a combination of aerobic , anaerobic and facultative bacteria . Conventional facultative ponds are earthen basins that contain three zones . The first is a surface zone where bacteria and algae exist in a symbiotic relationship to aerobically degrade organic matter . The second zone is the intermediate layer where decomposition of organic wastes is carried out by facultative bacteria in a partly aerobic and partly anaerobic environment . The bottom is the third zone where bacteria anaerobically digest the sludge layer formed by the accumulation of large solids that have settled .

b) Maturation Ponds :

Maturation ponds are low rate stabilization ponds typically used for the removal of pathogens and intestinal nematode eggs . Long detention time , natural die-off of bacteria and many unfavorable conditions help to improve the microbial quality of the incoming treated wastewater to the maturation ponds .

Design Criteria :

The design parameters for Aqaba WSP were :

	Average Daily Flow
	9000 m3/day

	Influent BOD5 Concentration
	416 mg/1

	Total Detention Time
	33 days


Basic data of treatment plant :

a) General :

Town : 


Aqaba

Governorate :


Aqaba

Treatment Plant :

Aqaba

Responsible Engineer :
Jamal Musa Reyati

Contacted person :

Jamal Musa Reyati

Telephone :


03/2016818

Wastewater disposal :

Public system

64%

Cesspools

36%

Others 


0%

Wastewater collection :

Towns/villages connected (the most important) : Aqaba including hotels(about 4100 beds.)

Population connected as coverage treatment) : 47.600

Coverage : 64%

Important industries  : No important water polluting industries connected

Number of storm water overflows works : none (not important, 50 mm annual precip. only) 

Length of sewers : 210 k .m.

Length per connected capita : 4.1 m/c

House connections : 2757 h .c.

b) Facilities :

Wastewater treatment technology : Wastewater stabilization ponds(WSP)

In operation since : 1987

Composed of treatment facilities :

Facility


Screen

Number of units

1 (manual) 

Facility


Facultative ponds

Number of units 

2 (in parallel)

Total dimension

2 X 105000 m3
Facility


Maturation ponds




Number of units 

2 (in series)

Total dimension

2 X 50000 m3
Facility


Evaporation/infiltration ponds

Number of units 

about 20

Total dimension

200000 m2 and (1.5) m deep 
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Overall Efficiency :

The Influent / effluent labs. test reflect the performance of the stabilization wastewater treatment plant / year 2003 :

	 (BOD)5 Inf. mg/L
	475
	(TSS) Inf. mg/L
	246

	(BOD)5 Eff. mg/L
	114
	(TSS) Eff. mg/L*
	616*

	(COD) Inf. mg/L
	1201
	(TDS) Inf. mg/L
	882

	(COD) Eff. mg/L
	382
	(TDS) Eff. mg/L
	862


· Efficiency of (BOD) 5 removal = 76%

* Effluent of (TSS) is very high due to algae growth 

* temperature is very high   .

Aqaba Wastewater Treatment Plant (Running Cost ) /2003 :

	No.
	Item
	Amount (JD)

	1-
	Salaries
	38040

	2-
	Electricity 
	13845

	3-
	Phone
	788

	4-
	Water
	1200

	5-
	Spare Parts
	600

	6-
	Labs. Material
	720

	7-
	Fuel and Oil
	360

	8-
	Pesticides
	4800

	9-
	Others
	600

	Total
	60953


· Plant Annual Influent = 3771210 m3 

· Cost of Treatment  =  16.20 fils        
                                     =  2.28 U.S. cents

Reclaimed Water Reuse :

Reclaimed water in Aqaba Wastewater Treatment Plant (AWWTP) will be managed by Aqaba Special Economic Zone Authority (ASEZA) , a contract between The Water Authority of Jordan (WAJ) and (ASEZA) was signed to use reclaimed water discharged from (AWWTP) for landscaping , parks , playgrounds , side of roads … etc. , this  will be implemented after finishing the changing of Aqaba Wastewater Stabilization Ponds (AWWSP) to tertiary treatment , (expected to be changed in 2005). This will save fresh water for drinking purposes . 

Currently , the social community reuses part of (AWWSP) effluent for irrigating about (1480) donums planted with palms , forests &  fodders. Also a Pilot Project of about (112) donums was planted with fruit trees and irrigated with (AWWSP) reclaimed water . Some of the effluent is evaporated in the facultative , maturation and evaporation ponds .                                        

3. Wadi Mousa Wastewater Treatment Plant

Location: Petra, Jordan

Introduction :

Wadi Mousa Wastewater Project is a part of project No. 5-WW , which cover Wadi Mousa water supply system as well . A part of wastewater project is including construction of a wastewater treatment plant , four wastewater pump stations a telemetry system , and approximately (13) kilometers of wastewater piping and associated works . These facilities are described as follows :

Wadi Mousa Wastewater Treatment Plant is a mechanical treatment plant that used oxidation ditch followed by settling units (clarifiers) and polishing ponds .  Nitrogen removal is included as a tertiary treatment . The plant has been started up on March 2001, only one train being in service so far , as the organic and hydraulic load still below the design one . It is designed to handle an average of (3.400) cubic meters per day . The plant site includes seven buildings for operation , administration and maintenance .

The Wadi Mousa Pump Station is a wet well /dry well facility with three sets of pumps operating in parallel . Each set of pumps consists of three pumps operating in series. Other pump station components include in-line channel grinders, an emergency electrical power generator system , an odor control system, and an emergency storage wet well . The Wadi Mousa Pump Station facility also includes offices, storage areas and a maintenance workshop .

Taiba Pump Station is a wet well/dry facility with two sets of pumps operating in parallel . Each set consists of four pumps operating in series . Other components are influent grinders, an emergency generator system , and odor control system and an emergency storage wet well .

B’doul Pump Station is a wet well/dry facility with two sets of pumps operating in parallel . Each set consists of three pumps operating in series . Other B’doul Pump Station components include influent grinders, emergency generator system , an odor control system and an emergency storage wet well .

Beida Pump Station is a smaller submersible-pump type facility . There is one duty pump and one stand by pump . Other Beida Pump Station components include an emergency generator system , an odor control system and an emergency storage wet well .

The Wastewater Conveyance System consists of (2.04) kilometers of( 400) mm diameter concrete pipe gravity sewers and (11.6) kilometers of (100-450) mm diameter ductile iron pipe force mains . The system includes over (30) sewer manholes. It’s also includes (13) combination (air/vacuum) valves, (13) washouts and (2) gate valves .

Odor Control System :

Wadi Mousa wastewater treatment plant and the pumping stations are provided with biological odor control units , (sulfate eating bacteria) , which consumes the sulfide (S-2) from the hydrogen sulfide (H2S) , the main source of odor throw the suction pipe which leads the (H2S) from different compartments into this unit where the bacteria is available to feed on this sulfide .

Wastewater Treatment Process :

The Wadi Mousa WWTP will treat all of the wastewater flows collected from Wadi Mousa , Taiba , Beida and B’doul . The WWTP consists of preliminary treatment , secondary treatment and Nitrogen removal , disinfection and solid removal treatment and disposal . In addition , the WWTP will contain facilities for receiving septage for treatment and an effluent reuse facility for irrigation purposes . 

Design Horizon:

Based on the design criteria the design horizon for this project is (25) years , to the year 2020 . The WWTP will treat phase (I) flows up to the year 2010 . Provisions of future expansion to Phase (II) flows up to the year 2020 have been taken into account. This phase to be implemented , if required in the next few years .

Liquid Train 

Preliminary Treatment :

The preliminary treatment units located at the headwork of the treatment plant will include a Parshall flume primary metering device to measure the incoming rate of flow, a mechanical bar screen to remove large objects, such as sticks , stones , plastics and rags from the flow and a grit channel to remove inorganic solids such as sand and other readily settle able inorganic material from the wastewater .

The screens and grit channels prepare the incoming wastewater for subsequent treatment by removing solids that could damage or erode downstream equipment and/or settle in hydraulic channels or pipes and reduce the conveyance capacity. The meter provides flow data which is useful in plant operation and for plant records . 

Secondary Treatment :

The system is designed with two identical process trains for each one of the following functions ; an even split of wastewater flow into each train is done through a distribution box at the head of these trains. Due to the low flow, only one train is in service now , since more or less 1000 m3/day is received in the plant .

The biological treatment components are configured and sized to obtain the optimum removal efficiency of biochemical oxygen demand (BOD) , total suspended solids (TSS) and Nitrogen to meet and surpass the Jordanian Standards of effluent disposal . The design parameter had been conducted based on flows and connections anticipated during maximum month conditions .
The Modified Ludzack-Ettinger (MLE) process has been chosen for the design of the WWTP . This process consists of a biological reactor flowed by secondary settling . Activated sludge removed by secondary settling is returned to the biological reactor to maintain process dynamics. The reactor for the proposed process consists of two zones , and “anoxic” zone without aeration , followed by an aerated or “oxic” zone . In addition , some treated effluent “the mixed liquor” from the end of the aerobic zone is recycled to the head of the anoxic zone .

Nitrogen removal consists of two phases , one occurring in each zone . The oxidation phase in which ammonia is oxidized to nitrate occurs in the aerobic zone . At the end of aerobic zone , some of the mixed liquor , which includes the nitrate that has been produced, is recycled to anoxic zone . In the anoxic zone, Nitrate is reduced to Nitrogen gas which escapes to the atmosphere .

The reactor system is operated now with a mixed liquor suspended solids concentration (MLSS) range of (4000-5000 mg/L) and this range is susceptible to changes in an influent characteristics and the food to microorganisms ratio (F/M) .

The Return Activated Sludge (RAS) flow is designed to be (0.6-0.8) times the wastewater flow , under the present conditions (RAS) pumps are operated continuously with an average of (2600 m3/day) or (120 m3/hr.) .

Based on design criteria , the internal recycle of mixed liquor from the aerobic zone to the anoxic zone is (4.3) times the wastewater flow . 

At the present time only (4080 m3/day) or (170 m3/hr.) of the mixed liquor is recycled . 

The total volume of anoxic basins is (3024 m3) (1512 m3 per each train) and based on the present flow of (1000 m3/day)  the detention time is (36 hr.) . The volume of aeration basins is (6088 m m3) (3044 m m3 per each train) with present solids retention time (SRT) of (27 day) .

Mixed liquor from the oxidation ditch flows to a distribution structure that directs the flow to the two circular secondary clarifiers . At the average design flow of (3400 m3/day) , the overflow rate is (0.53 m/hr.) the peak overflow rate (at peak hour flow 11900 m3/day) is (1.86 m/hr.) since the plant receive the flow from Wadi Mousa Pump Station (WMPS) at peak hour flow of (340 m3/hr.) (the capacity of WMPS) which results in overflow rate of (2.7 m/hr.) . This will imply a need to put the two clarifiers in service to reduce the overflow rate to (1.28 m/hr.) however , after installation of the modified weir , the peak flow into clarifiers is reduced to an acceptable level that make it possible to put only one clarifier in service . The clarifiers are provided with skimmers where scum and floating material are scrapped to scum hoppers in each settling tank settling tank and then are pumped to the drying beds.

Lime is added to substitute the deficiency of alkalinity and consequent low PH which will ultimately render the reactor ineffective. Two silos with a capacity of (14) tons are used for lime storage and supply . Lime is added as slurry at the distribution box upstream the anoxic basins .

Solid Train :

Solids are removed rapidly in the clarifiers to avoid septic conditions in the bottom of the tank . Most of these solids are returned to the anoxic zone by way of the sludge pumping station . This is a process requirement and is know as “Returned Activated Sludge” and abbreviated as “RAS” . The excess sludge is pumped to the sludge holding tanks to be wasted as “Waste Activated Sludge” and abbreviated as “WAS” . “RAS” is controlled through a sludge pump station using three non-clog variable speed centrifugal pumps (one is stand by) . Each pump has a capacity of (2300 m3/day) . “WAS” is controlled by two single speed pumps (one is stand by) each with a capacity of (260 m3/day) . The process requirements (basically F/M and settling conditions) determine the quantity of “RAS” and consequent “WAS” .

The holding tanks consist of two portions , cylinder in the upper portion and cone in the lower one. This design provide two functions , thickening and anaerobic stabilization . The thickened sludge in the lower half of the bottom cone is drawn to the drying beds. The upped half of the cone and the bottom portion of the cylinder are active stabilization and mixing zone . Mixing occurs hydraulically when the incoming sludge is discharged tangentially near the tank wall , and by gas bubbles generated by the process . Two sludge recirculation pumps are provided to the holding tanks . The clear liquid “supernatant” is drawn at regular intervals and is returned to the upstream end of the plant main treatment train .

Sixteen sludge drying beds are used for sludge de-watering . The drying beds have a sand surface , supported by gravel layer on a prepared impermeable base sloped to drain . When loaded to drying bed , sludge is dried to a solid content of about (30) percent in (4-6) weeks (based on design criteria) . However , due to the low flow into the plant, more time is given to the “sludge cake” to dry to a solid content of about (70) percent . The dried sludge is removed using a hand shovels and carts to haul the products to a sludge storage area . It is proposed to use dried sludge in reclaiming land in a wastewater new reuse project .

Plant Effluent :

For the purpose of nematode egg removal , the most appropriate way is to retain the secondary effluent up to (10) days using lined polishing pond with (4 m) in effective depth. Based on an average flow of (3400 m3/day) the polishing pond volume is (34000 m3 ) . At the present flow of about (1000 m3/day) , the retention time in the polishing pond is increased to (34) days , this gives the plant the enough time to produce a good polished effluent .

Disinfection using chlorine process is included in the plant (2-mg/L) chlorine residual is required in plant effluent. Chlorine is withdrawn from (1) ton cylinders as a gas by vacuum , pass through a filter , and then mixed with water by ejectors to form chlorine solution which introduced into the effluent in a chlorine contact tank located down stream of the polishing ponds . Based on an average flow rate of       (3400 m3/day)  , the contact tank is providing the system with (30) minutes retention time . At the present time , the detention time in the contact tank is (100) minutes . The average chlorine consumption is around (40 kg/day) .

Modifications :

Some modifications related to process and operation has been carried out in the plant since the start since the start up day , as the following :

* Installation of water tanks in each pump station to provide the seal water pumps with enough water for operation .

* Construction of new pump station in the WWTP to recycle water from clarifiers effluent to the plant headwork . This modification was needed to substitute the lack in continuous flow into the plant as well as flushing the plant entrance from deposited solids. However, at the present time , this pump station is used for flushing process only , because many hydraulic and operation problems related to continuous recycling had emerged .

* Plant water line of odor control system in the WWTP has been isolated and the system is connecting now to new line from water tanks installed on the site . This work eliminated problems related to high pressure of plant water pumps which caused mal-function of the system water float .

* The odor control system in Baida pump station has been modified . Now water is supplied to the system by gravity using the head difference between water tanks and the float .

* New pressurized water line from seal water pumps has been connected to the suction of sewage pumps on Wadi Mousa Pump Station . By that , the problems related to suction blockage has been eliminated .

* So as to avoid problem of batch flow into the plant , new weir was installed on the aeration tanks effluent gate . This weir has enabled the operator to easy control of effluent using several holes within the plate body .

* New small water tank of dimensions (0.60*0.40*0.40*) m has been installed on water supply line of the odor control system , this tank eliminated problem related to unavailability of the odor system float and improves the performance of this system .

* New fuel and water thermo-pipes lines have been fixed in all pump station . The old black-iron transmission lines corroded and caused many leakages problems .

* New two surface horizontal pumps have been installed besides the old pumps . The modifications has been suggested by the reuse project consultant to match the requirements of this project .

* Stainless steel boxes were installed in Wadi Mousa Pump Station to prevent water from spreading over the surrounding area .

* New rectangular hole has been opened in the weir gate at oxidation ditch .

* Stainless steel boxes were also installed in B’doul Pump Station to prevent water from spreading over the surrounding area . The same thing will be done for Taiba P.S. 

LAB :

The plant is provided with small lab to conduct wastewater tests that are important for process control . The lab is equipped with some devices that enable the plant staff doing their tasks . The wastewater tests which carried out in this lab includes, COD , BOD , TSS , MLVSS ,      N-NH3 , N-Nox , OUR , dissolved oxygen , fecal coliform , chlorine residual … etc. 

Equipment and facilities description of Wadi Mousa WWTP :

	Unit
	Number of Units
	Comments

	Screening Unit
	2
	One mechanical screen in the top of headwork and one manual screen as stand by .

	Grit Chamber
	2
	To remove the relatively big suspended solids and prevent clogging of the down stream equipments .

	Odor Control Unit
	5
	Bio-filter using sulphere consuming bacteria. One per each pump station as well as WWTP . 

	Anoxic Zone
	2
	Anoxic selectors followed by anoxic reactors all provided by high speed/low speed mixers . These units are used for de-nitrification process .

	Aeration Tanks
	2
	Volume of each one : (3044 m3) 

	
	
	Criterion
	Design
	Actual

	
	
	Retention time(day)
	11
	12

	Secondary Clarifiers
	2
	* Each with volume of 600 m3 

	
	
	Criterion
	Design
	Actual

	
	
	Over flow rate (m/hr.)
	1.86
	1.28

	Sludge Holding Tanks
	2
	* Give the sludge coming from sludge pump station an enough time to thicken and partially stabilize .

	Polishing Ponds
	2
	* Two in series ponds with a total volume of (34000 m3) . The present retention time in these ponds is about (25 days) .

	Chlorine Contact Basins
	1 basin

2 injectors
	* Volume : (71 m3) . Design Retention Time is  (30 min.) The actual retention time is (76 min.) .

	Drying Beds
	16
	* Designed to dry the sludge to a solid content of about (30%) in (4-6) weeks . However, due to the low flow , sludge is dried to a solid content of about (70 %) in summer season .

	Pumping Units
	4 sewage pump stations +

 5 pump station in the plant
	* Wadi Mousa pump-station (3 trains each with 3 pumps) .

* Taiba pump-station (2 trains each with 4 pumps).

* B’doul pump-station (2 trains each with 4 pumps).
* Badia pump station (2 submersible pumps) . 

* WWTP (scum lift station , plant sewage lift station , sludge lift station , plant water pump station , irrigation pump station , internal recycle pumps , effluent recycle pump station , holding tank recirculation pumps) .

	Lime System
	2
	* Lime is added to substitute the deficiency of alkalinity and consequent low PH .

* Two silos with total volume of (14) tons and its accessories are providing lime slurry which injected into the splitter box up stream the anoxic zone .


Overall Efficiency :

The influent/effluent lab tests reflects a good performance of the plant units , the following table shows the results of the Wadi Mousa WWTP process lab . on May 2004 :

	Parameter
	BOD
	COD
	TSS
	TDS

	Time
	INF.
	EFF.
	INF.
	EFF.
	INF.
	EFF.
	INF.
	EFF.

	1st Week
	634.5
	5.5
	1160
	44
	897
	10
	913.3
	958.6

	
	382.5
	8.3
	740
	44
	878
	8
	
	

	2nd Week
	265.5
	8.78
	820
	48
	1012
	14
	881.6
	976

	
	789
	6.96
	1360
	52
	465
	10
	
	

	3rd Week
	440
	8.6
	1240
	29
	942
	13
	888
	1001.3

	
	432
	9.4
	1053
	37
	837
	10
	
	

	4th Week
	456
	5.9
	1000
	46
	586
	10.2
	904
	973

	
	488
	3.6
	1340
	68
	1597
	98
	
	


· Efficiency of BOD removal = (485.9 - 4.3)/485.9 = 99.1%

·  Efficiency of TSS removal = (901.75 – 21.65)/901.75 = 97.6%

The Influent/effluent labs. results – 2003 (Water Authority of Jordan Central Labs.): 

	
	Efficiency (%)

	(BOD)5 Inf. mg/L
	526.9
	98.4

	(BOD)5 Eff. mg/L
	8.4
	

	(TSS) Inf. mg/L
	771.8
	97.9

	(TSS) Eff. mg/L
	16.2
	


Wadi Mousa Wastewater Treatment Plant (Running Cost ) /2003 :

	No.
	Item
	Amount (JD)

	1-
	Salaries
	136860

	2-
	Electricity 
	70126

	3-
	Phone
	800

	4-
	Water
	500

	5-
	Spare Parts
	17600

	6-
	Chlorine
	11000

	7-
	Detergent and Courtesy
	3200

	8-
	Labs. Material
	500

	9-
	Fuel and Oil
	10600

	10-
	Pesticides
	3500

	11-
	Others
	7800

	Total
	262386


· Plant Annual Influent = 328662 m3 

· Cost of Treatment = 0.798 JD/ m3        
· Note : (1 JD) = 0.71 U .S .Dollar 

Reclaimed Water Reuse :

In addition to sewage and sanitation services , the social community benefits from the reusing of reclaimed wastewater , they produce fodders for there animals and they increase the national and local income from agricultural products .

Reclaimed water in Wadi Mousa Wastewater Treatment Plant (WMWWTP) is managed by Badia Research Development Program (BRDP) . They  divided the area in the vicinity of (WMWWTP) site into two phases :

Phase I : an area of about (70) donums is used as a demonstration site to test different agricultural practices including crops and trees selection .

Phase II : an area of about (1000) donums were (308) donums of this area are divided into (14) farms ranging in area from (18) donums to (35) donums , these farms were distributed to local farmers by (BRDP) through two local societies to plant fodders and trees . Both phases were provided with suitable on – farm irrigation system . 

Public awareness and training of farmers were conducted by (BRDP) , the social acceptance was very high , all available reclaimed water discharged from (WMWWTP) is used .

4. Madaba Wastewater Treatment Plant:

Location: Madaba - Jordan

The plant area embraces the city of Madaba, which is situated at about 25km southwest of Amman city.60% of the govern rate’s population is considered urban population. The climate is semiarid Mediterranean type with hot dry summers and cold wet winters.  

Madaba WWTP facility

Madaba WWTP was first designed to utilize stabilization ponds technique, which was operated in 1988. Modification decision was put in action in 2000, and activated sludge process was selected as the expand facility process.

Applied Technology 

The technology used in Madaba wastewater treatment plant went through two phases; stabilization ponds were the most accepted and common methods for wastewater treatment plants in the eighties in Jordan, but as population increased in the city of Madaba, and its efficiency was at risk, modification became a necessity.

Original design 

The plant used to consist of two treatment trains, and every train consists of: anaerobic stabilization pond, facultative ponds, followed by polishing (maturation) ponds, with chlorinating unit at the end. The following table shows the design criteria of the original facility assuming served population to be34, 000,and the sewage generation:60l/capita/d.

	
	Inflow
	Outflow

	Hydraulic loads, M3/d

BOD, ppm

COD, ppm
	2000

850

900
	2000

50

50


Whereas the following table shows the wastewater inflow loads measured at the inlet, and shows the annual raise of the hydraulic, and organic load of the plant’s influent.

	Year 
	Influent m3/d
	BOD5 mg/L
	TSS mg/L

	1990
	778
	1222
	1096

	1991
	1234
	1290
	1520

	1992
	1750
	1440
	1838

	1993
	2070
	1533
	3217

	1994
	2077
	1155
	2885

	1995
	2440
	1393
	2838

	1996
	2693
	1000
	2036

	1997
	3309
	1051
	3623

	1998
	3219
	918
	3077

	1999
	3609
	1382
	5980

	2000
	4266
	1079
	1028

	2001
	4611
	927
	3006

	Average
	267
	1200
	1070


Validating the modification 

Over the years the hydraulic and organic overloads, raised the need to proceed with the expansion of the plant, to maximize the treatment of capacity through reasonable interlinking between the existing wastewater treatments and expanding wastewater treatment plant. And to improve the treated water quality by the nitrogen and phosphorus removal system to prevent from algal bloom.

Process selection:

Activated sludge is the most widely used technique and   mostly suitable for wastewater treatment plants with influent highly loaded with organic matter, like the case of Madaba WWTP (average BOD inflow: 1200mg/l). Also this technique could function for diverse hydraulic loads, and that makes the plant's adaptation to raising hydraulic loads less complicated. Nitrification may be achieved biologically without the need of any chemical addition, and that consequently decreases the operational cost.  Activated sludge technique is capable of removing about 97% of the suspended solids (average TSS inflow in Madaba WWTP: 1500mg/l). In addition to the biological removal of phosphorus, and stabilization of sludge.
For all those reason activated sludge was chosen as the process of the new modified facility, and choosing the extended aeration was for the following reasons: 

· Long detention time in the aeration tank; provides equalization to absorb sudden/temporary shock loads.

· Less sludge is generally produced because some of the bacteria are digested in the aeration tank. 

· One of the simpler modifications to operate. 

Expansion Project 

Expanded wastewater treatment plant capacity is: 7600m3/d, a Korean company, with a capital cost of 5.4 million JD, carried out the construction of the new facility. The construction schedule was 660 day. The Koran Company was in charge of the experimental operation, which started in 20th August2002 so specialist appointed by the company conducted the operation at that time, in 1st January 2003 WAJ took full responsibility of the operation of the plant, appointing Jordanian staff.

Layout arrangement plan

· Tow parallel treatment streams in case of system breakdown and to facilitate maintenance.

· Minimize head lose of wastewater flow

· Design to make easy future expansion

· Space for maintenance of equipment

· Maintenance for rock filter

Design criteria of expanded facility 

	Item
	Influent 
	Effluent

	Flow rate m3/d
	7600
	7600

	BOD mg/L
	950
	20

	SS mg/L
	1000
	30

	T-N mg/L
	135
	50

	PO4-P mg/L
	33
	15


Process plan
Screen & grit chamber

1) Purpose

· Removal of the coarse, fie screenings & grit in raw wastewater.

· Prevention the rotating machine from physical abrasion by solid.

· Prevention of pipe clogging form grit accumulation in pipeline.

2) Process plan

· Raw wastewater flows into this chamber through septage receiving unit.

· All of the 4 (four) units are designed based on maximum flow rate (the greatest average monthly flow) and only 2 (two) unites of them shall be normally operated for the present period and the other 2 (two) units are considered or future plan.

·  Screenings generated from screen is collected in screening basket and moved into screening collection chamber.

· After the operation for proper period of grit chamber. The chamber shall be closed by weir plate to stop water inlet and then the grit storage chamber gate shall be opened to drain the water in the grit chamber. All of the water in grit chamber shall be drained to under ground via drainpipe in grit storage chamber. After finishing the drainage, remaining grit & mineral solids in grit chamber and grit storage chamber are removed to outside manually.

3.Design criteria

Average velocity <0.3m/sec

Retention time 30-60 sec 

Surface load <1800

Grease removal unit & equalization pond
1) Purpose

· Grease removal unit: Removal of grease & oil in raw wastewater.

· Equalization pond: Storage of the by – passed raw water & recycled water from polishing pond & tertiary maturation ponds when algal bloom happens in those ponds.

2) Process plan


· When inlet water flows at peak flowrate, the balance between max. & Peak flowrate (peak – max.) is by-passed into the Pretreated wastewater flows into the grease removal unit through division chamber No2 to remove grease & oil of which unit capacity in designed based on maximum flowrate (10.640 m’/day).

· Equalization pond through the division chamber No.2.

· When algal bloom happens in polishing ponds & maturation ponds seriously, the water is returned to equalization pond to remove the algae using biological treatment process

Design criteria 

Max. Velocity <1m/sec

Ascending velocity 15-30m/h

Horizontal velocity 0.15m/sec 

Retention time  >5 min.

Surface loading 5-10m3/m3h

Biological treatment process

1) Biological reaction unit

1. Purpose

· Biodegradable organic substance, nitrogen and phosphorus in the pre-treated wastewater are removed in the unit by biochemical reaction.

2) Process plan

· Anaerobic Tank

Raw wastewater & recirculated water flow into this tank. Under the condition without dissolved oxygen NO3 –N and other electron acceptor, phosphorus discharge biomass decomposes Poly-p to release PO4-P. Utilizing the energy generated when the biomass release PO4-P, they absorb VFA in wastewater and store it in their body as PHB which is a energy source to be utilized by biomass when the biomass uptakes PO4-Pexcessively in aerobic tank.

(Phosphorus release & BOD removal)

· Anoxic Tank

The MLSS in anaerobic tank and circulated water (from aerobic tank flow into this tank. The circulated water form aerobic tank includes NO3-N, which is removed by denitrification reaction in the anoxic tank.

(Denitrification / BOD removal)

· Aerobic Tank

Taking into account the high concentration of BOD in raw water this unit is designed based on extended aeration method, the nitrogen in the inlet water via anoxic tank is oxidated to NO3 –N by oxygen, which is provided by surface aerators. And organic material in the water is also removed biological reaction.

(Nitrification / Phosphorus / luxury uptake) 

Mixer for anaerobic tank and anoxic tank

Submersible type mixer is designed to save the electricity cost and to mix wastewater.

· Aerator for aerobic tank

Surface fixed type aerator is installed to supply oxygen.

It would be suitable type to preserve the constant temperature condition to cope with the atmosphere temperature of the site.

Three (3) sets of aerators are operated automatically according to the DO concentration in the aeration tank.

· Inner circulation pump

It is designed to fine the optimum condition of nitrogen removal efficiency considering with the nitrogen concentration of inlet, outlet wastewater and maintenance cost.

· Alum reaction unit for phosphorus removal.

Based on the phosphorus balance, the amount of phosphorus to be removed by the coagulant reaction is estimated.

3.Dimentions

	Tank
	Width (m)
	Height (m)
	Water depth (m)
	Length (m)
	Quantity (nos)
	Volume (m3)

	Anaerobic
	6.4
	4.6
	3.9
	20
	2
	998.4

	Anoxic
	6.4
	4.6
	3.9
	20
	6
	2,995.2

	aerobic
	20
	4.6
	3.9
	20
	12
	18,720


2) Settling tank

1. Purpose

· The solid separation after biological reaction.

· To recycle the sludge to anaerobic tank to keep the constant MLSS      concentration.

· To discharge waste sludge and scum to thickener.

2.Design criteria 

Design flow          average dry weather flow

Surface loading    8-16m3/m3/day

Surface SS loading    24-120kg/m3/day.

Effective depth   2.5-5 m

3. Recirculation station

· It is the intermediate tank to store the sludge in a short time fro sludge recycle and discharge excess sludge to thickener by pump.

· The blowing system is applied to prevent phosphorus from release.

Dimension 

	Item 
	Unit 
	Specification 

	Height 
	
	4.9

	Width
	M
	6

	Water depth
	M
	3.5

	Length
	M
	7

	Qauntity 
	Nos
	1

	Volume
	M3
	147


Tertiary treatment process

1) Polishing & tertiary maturation pond

1. Purpose

· To reduce coliform less than 1.000 MPN/100ml

· It is expected the removal of BOD, nitrogen & phosphorus by algae growth in the ponds.

2. Process plan
· Overflow water form settling tank will stay in these ponds for about 8 (eight) days. During the period bioinsects will be reduced and algae will help to remove BOD & nutrient such as N, P.”

· Drainage systems are designed to cope with the algal bloom in those ponds. When algal bloom happens seriously, the overflow water from settling tank is by-passed to chlorination chamber directly and the water in those ponds is returned to equalization pond. 

3.Dimension 

	Item
	Unit 
	Specifications

	Height 
	M
	1.95

	Quantity 
	M
	2

	Volume
	m
	19,535


2) Rock filtration

1. Purpose

· The use of polishing ponds does not only remove nematode egg but also increases the SS in the final effluent due to the presence of algae.

It is therefore designed to use horizontal rock filters to enhance the final effluent quality by removing algae.

Design criteria 

Rock hydraulic loading ratio   0.4-1.2m3/m3/day

Rock depth         1.5m

Rock size       13mm

BOD removal rate   0.4 

SS removal rate   0.6 

Void ratio     0.45

Sludge treatment process
1) Drying bed

1. Purpose

The sludge shall be dried naturally by spreading it on sand beds where it is left to dry to a percentage of 45% when it can be removed away and disposal. The filtrate is drained to recirculation station and sent to biological treatment unit.

2. Process plan
The thickened sludge in the thickener is pumped to the drying bed and is distributed. After drying for proper period, the dried sludge is collected by pay loader and disposed to landfill area by dump truck. 

Design criteria

Safty factor     2.6

Design flow     thickened sludge flow

Surface loading ratio    90-160 kg/m2/year

                                  110-160m2/1,000cap

Drying period      30 day

Solid content rate(influent)  0.03 .

Solid content rate(effluent)   045

Sludge layer thickness     0.22

2) Deodorization unit
1. Purpose

The odor shall be collected by FRP cover and sent to the carbon adsorption tower. To remove the bad smell from thickener. 

2. Process Plan

The bad smell from thickener is collected by FRP cover and sent to adsorption tower or recirculation station to remove the odor. The flowrate ratio to tower and recirculation station shall be decided on the treatment efficiency. Air diffuser shall be installed to increase the air distribution efficiency in the recirculation station.

3.Dimension 

	Item
	Unit
	Specification

	Width
	M
	2

	Height
	M
	3

	Length
	M
	1

	Quantity
	Set
	1

	volume
	M3
	6


.

Treatment efficiency

The efficiency of the modified plant was monitored and the table below shows the results of monthly samples taken in year 2003, at the inlet and outlet of the plant. 

	Month


	BOD


	TSS



	
	in


	out


	in


	out



	JAN


	1468


	50


	1021
	57



	FEB
	1048


	17


	719
	44



	MAR
	1550


	34


	1030
	34



	APR
	1148


	27


	1016
	38



	MAY
	763


	32


	1150
	40



	JUN
	1166


	31


	1165
	41

	JUL
	1047


	27


	1172
	43

	AUG
	903


	21.5


	778
	18

	SEP
	1132


	27


	1449 
	23

	OCT
	1136


	17


	833
	16

	NOV
	1800


	17


	3920
	24

	DEC
	2100


	33


	3875
	19

	AVA


	1271.75


	27.79


	1510.67


	33.08



	Total
	15261
	333.5
	18128
	397


· Efficiency of BOD removal= 97.8%

· Efficiency of TSS removal=97.8%

Technical aspects 

Sampling

The facility is equipped with a chemical laboratory where 8 sample for testing BOD5  is taken every month, while one TSS sample is taken daily. The Central Laboratory is responsible for TN samples (1sample/3months), and other biological tests (1sample/4months)   

Personal

The plant provides work for about ten qualified Jordanian workers including one engineer, two chemists, and 3 technicians.  

Economical aspects 

	Item 
	Amount (JD)

	Salaries
	88400

	Electrical bill
	104997

	Oil and grease
	1575

	Phone bill
	1077

	Water bill
	1330

	Laboratory materials
	710

	Fuel
	1370

	Gasoline
	1345

	Electrical spare parts
	1500

	Mechanical spare parts
	15759

	Sludge transporting
	5975

	Courtesy and detergents 
	3040

	Insecticide
	50

	Chlorine powder
	160

	Chlorine gas
	0

	Others
	1550

	Total 
	214199


The plant was designed   to keep gravity flow through whole process, to reduce the demand for fuel. And facilitating operation and maintenance was highly considered 

Not to mention the economical construction cost.

Operational expenditure  

Cost of treatment=18.37fils/m3

Health and safety

  Madaba WWTP and as all wastewater treatment plants in Jordan is subjected to monitoring programs initiated by: the ministry of health, MOH, water authority, and the ministry of environment in addition to many other public and private institutions that provide techniqual and advisory services.

Still The Ministry of Health plays the key role in enforcing health and safety standards by initiating intensive and comprehensive monitoring program, which consists of:

· Periodic and regular health inspection of the treatment plants to make sure that no adverse health effects are resulting from the plant

· Perform Medical health examination for workers in the plants once every 3-month to discover any symptoms or ill effects of the exposed people, and it is important here to mention that medical records of workers in plant don't show any negative health effects caused by the work environment.

· Awareness programs and health education of the workers in the treatment plants as well as to the farmers and the public.

· Sampling and testing of both raw sewage and treated effluents, with emphasis on the latter. Especially for parameters which are not tested in the in-site Laboratory of the plant, analysis includes the following parameters:

Microbiological content of the water; TCC and Thermo-tolerant Coliforms; Pathogenic enteric bacteria: Cholera, Salmonella, and Shigella; Intestinal parasites including nematodes and protozoa. Screening is conducted to discover the presence of any pathogens. Emphasis is made on Ascaris, Enclystoma, Giardia and Entamoeba.

Also some Chemical analysis is conducted for major items, which are tested regularly, include BOD, COD, TSS, pH, TDS; in addition to some tests for heavy metals which are monitored irregularly.

On the other hand the illegal reuse of the treated water in a manner that may endanger the public health is a serious concern, and this was solved by contracting with owners of nearby farms and by those contracts farmers commit to meet the Jordanian standard No. 893/1995 for the use of treated wastewater in irrigation. To assure that only restricted irrigation is allowed using the plant's effluent. A monitoring well is installed in original design of the plant

Social aspects 

Public acceptance

After the modification of the facility the social perspective began to change relatively fast, and that can be shown in the increase of the land prices in the vicinity of the plant area, moreover a commercial complex building was lately built 600m away from the facility fences. Odor control in the new existing facility can be considered by far the most important factor affecting that transform of the public attitude.

Other factors such as noise and vibration were taken into account in the design criteria.

Furthermore the landscape area surrounding the facility was donated to the retired militant society.

Reuse of effluent
[image: image2.wmf]
Treated wastewater effluent is considered a valuable water resource for irrigation. This is deemed by the supply-demand imbalance of drinking water, the arid climatic conditions of the country and the deficit in the trade of food commodities. Therefore it’s obligatory for all new wastewater treatment projects to include feasibility and design aspects for wastewater reuse. Whereas the untreated wastewater is prohibited to be discharged to the watercourses or to be used for irrigation by the Jordanian law. 

The design criteria in the expansion of Madaba’s WWTP considered the Jordanian standards for restricted irrigation, the hydraulic effluent of the plant is4800, it supplies the farm lands that are adjacent to the plant, which are estimated to be 1500 donums (1donum=1000m3). Every donum of land is to receive about 3m3/d, charging 100flis/m3          

Agriculture on lands using the plant’s effluent for irrigation is restricted only for fodder crops, such as Dutch and French grass, corn, and barley.

According to farmers estimate, the annual production of 1donum of Dutch grass reaches to 3.5 ton, and the annual production of fodder corn is 4.5 ton, both are harvested 4 to 5 times every year.

Moreover 200 donums inside the fence area of the plant are planted with olive and other landscaping trees.   
5. Mafraq Wastewater Treatment Plant:

Location; Mafrag – Jordan

The Mafraq Wastewater Treatment Plant is located about 6 km north of Mafraq on a 37-hectare area. The Plant began the operation in 1988 utilizing the stabilization ponds as the method of treatment. The plant consists of two treatment trains with 10 ponds. The area of each one is about 0.5 ha. Each treatment train starts with anaerobic stabilization ponds followed by facultative and polishing maturation ponds, At the end of the plant a chlorination raceway is located. The administration and laboratory building is located near the entrance of the plant. 

Operation of the Mafraq treatment plant is the responsibility of the department of wastewater treatment plants at the Water Authority of Jordan, which is part of the Ministry of Water and Irrigation. The director of the plant reports continuously to the WAJ headquarters in Amman. This reporting is in the form of monthly reports and other periodic reports. At the end of each year, the director prepares the budget for the following year which includes the cost of operation and maintenance for the plant.

The WAJ laboratories is responsible for sampling and testing the quality once each month. Other agencies such as the Ministry of Health occasionally collects and analyzes samples especially fro emergency conditions.

The current number of subscribers to the Mafraq sewage collection system is 3235. All the  collected sewage is discharged by gravity to the treatment plant. The sewered population represents 19890 people connected to the sewer network. 

The entire area of the plant is fenced. An area of 24 ha with the area of the plant (37 ha) is allocated and has been used for reuse of the treated wastewater for irrigation. Local farmers lease the land and used the treated wastewater for irrigating several crops such as wheat, sorghum, barseem, olives. The farmers uses the treated wastewater after being chlorinated for disinfections and pumped from the chlorination raceway to the reuse sites. The farmers has been used the treated wastewater inside the boundaries of the plant since 1996. All the treated wastewater  pf the plant is used by the farmers to meet the crop water demands. During the winter season however, when the demand for water is much less the effluent is discharged directly to the Wadi where it will be used later in another areas.

A farmers had a five-year contract lease agreement with the WAJ starting in 1996 t0 2001 and paid 150 JD/year to the WAJ, which covers the rent of 15 ha. The farmer managed the site with five workers and one engineer with a total salries of 1000 JD/month.

In 1999, the Minister of Water and Irrigation approved a new prices for the treated wastewater to be 0.1 JD per cubic meter if used for irrigation or 0.5 JD per cubic meter if used for industrial activities.

The plant was constructed and designed to cope with the following designed parameters: average daily influent flow of 3200 cubic meter with a peak of the daily influent flow of 10500 cubic meter; an influent biochemical oxygen demand (BOD) of 845 ppm and an influent total suspended solids (TSS) of 921 ppm. The following table shows the historical influent flow and the major parameters for the Mafraq treatment plant for the period from 1988 to 1999 (Annual report, Water authority of Jordan, WAJ):

Mafraq wastewater treatment plant flows and some parameters

	Year
	Flows 

Cubic meter/day
	BOD5

ppm
	COD

ppm
	TSS

ppm

	1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999
	782

950

1091

1395

1340

1377

1317

1290

2379

2638

2297

1933
	634

745

702

960

694

970

610

868

641

564

714

566
	1435

1576

1270

1246

1532

1563

1200

1759

1427

1151

1110

1356
	801

941

414

548

596

342

300

967

837

433

462

424


Compared to the originally designed parameters the data show that the inflow to the plant increased gradually from about 780 cubic mater per day to about 1930 in 1999. Starting fro 1996, the inflows values exceeded the designed inflow values. In addition, the influent parameters occasionally exceeded the designed the values.  

Mafraq wastewater treatment plant effluent parameters

	Year
	BOD5

ppm
	COD

ppm
	TSS

ppm
	NH4

ppm
	TDS

ppm

	1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999
	114

270

72

225

257

249

246

270

284

200

250

198
	552

630

506

590

906

557

509

431

634

596

576

525
	293

217

184

251

171

199

199

181

202

175

211

249
	-

-

-

-

-

-

-

144

184

155

140

142
	-

1188

1132

998

1058

1062

1010

1029

948

170

1294

1284


Compared to the originally designed parameters the data show that the of the effluent did not meet the designed values 

Existing Operation and Maintenance

The existing operation and maintenance of the treatment plant is facing a number of constraints such as:

1. lack of financial resources. The yearly budget is lower than needed. For example, the maintenance budget for the year of 1999 was 8000 JDs. 

2. lack of skilled human resources. The plant has 11 employees in addition to the director, but there is a lack of skilled operators.

3. lack of basic facilities at the plant such as communications, a laboratory, and suitable accommodations for the workers.

4. the involvement of the farmer in deciding the water qualities that are required for his activities. This creates a pressure on the plant operation and decreases the quality of effluent being produced.

5. lack of reliable measurement facilities at the inlet and outlet of the plant

6. lack of maintenance for most of the treatment plant units such as the gates between the ponds and the chlorinating unit.

Financial summary of the existing operation

Based on the available financial data of WAJ (annual report 1999) with respect to the general cost of wastewater treatment in Jordan for the year of 1999, the average cost per cubic meter is 0.037 JD. This figure ranges from 0.27 to 0.02. For the Mafraq plant the cost of treatment was 0.0969 JD per cubic meter.

The annual reported expenses for maintenance and operation of the plant in 1999 was 68396 JD. The breakdown of this number is as follows:

1. Salaries = 51328 JD

2. Electricity = 7518 JD

3. Water = 600 JD

4. Spare parts = 8000 JD

5. Chemicals and pesticides = 500 JD

6. Fuel and oil = 250 JD

7. Others = 200 JD

In terms of income, the WAJ figures for the years 1998 and 1999 show the average revenue from wastewater in Jordan is 0.22 JD per cubic meter. For the case of Mafraq , the number of sewerage connections is 3235; these connections generated a total of 155000 JD from the domestic and industrial users.   
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Figure (1.1) Process Flow Diagram
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