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Abstract
Struvite is a substance which are prepared under a weak alkaline condition by phosphoric acid ion, ammonium ion, and magnesium ion.  The struvite plant removes phosphoric acid and ammonia in a dewatered filtrate of a sludge treatment facility by struvite preparation reaction, and at the same time recovers the struvite prepared.

At the full-scale plant in operation since 1998, the quality (T-P=0.3 to 0.6 mg/l) of discharge water as equivalent or more is obtained in the form of struvite by recovering the phosphoric acid in a dewatered filtrate, and without injecting PAC in an aeration tank.

The recovered struvite contains hardly any toxic substance, and is sold to fertilizer companies as a fertilizer raw material.

Introduction
Phosphorous ore, being one of the raw materials of a chemical fertilizer, is a resource whose exhaustion is feared.  All of the phosphorous ore in Japan relies on imports, and the amount is about one million tons per year.

The imported ore is largely used to make chemical fertilizer which contributes to an increase in harvest.  However it results in adverse effects such as eutrophication of closed water area such as lakes and bays through washed soil and leaked water from agricultural fields and domestic wastewater.

Accordingly, an advanced wastewater treatment to carry out removal of phosphorous has been popularized in sewage treatment facilities where closed water areas are a discharge target.

The coagulant addition activated sludge process and the anaerobic and aerobic activated sludge process are adopted in these treatment facilities, but there are problems such as the occurrence of a large amount of sludge, deterioration in the quality of discharge water in accordance with the increase of returned water loading, and so on.

Furthermore, any such process of removing phosphorous is not always a process that removes phosphorous in an applicable manner.

The present paper introduces the operating experience during 3 years at the full-scale plant with technology for removing phosphoric acid and ammonia in waste water, using magnesium, and at the same time recovering struvite with an application method for using recovered struvite 

Operation of struvite plant at STP

The Shimane Prefecture Lake Shinji East Clean Center (hereinafter described as "STP") started an advanced wastewater treatment operation by coagulant addition activated sludge recycling in a modified process, with a present-day treatment capacity of 45000 m3/day from April 1994.  This process removes nitrogen in a two-stage recycle type of nitrogen removal.  A pre-stage anaerobic and aerobic activated sludge process also simultaneously carries out this removal of phosphorous, and at the same time PAC is conventionally added to an aeration tank.

Excessive phosphorous taken in excess sludge is discharged by anaerobic digestion, and then returned to the water treatment system as a dewatered filtrate in dehydration of sludge.  
At STP, the phosphorous load caused by returned water becomes about 70% of inflow sewage.

It has been conventionally required that injection of poly-ferric sulfate is carried out in dehydration of sludge in order to reduce the phosphorous load and stabilize removal of phosphorous in the water treatment system, and a large amount of PAC is injected into the aeration tank in order to attain a targeted quality of treated water.

Accordingly, the struvite plant was introduced to (1) lower the phosphorous concentration of discharge water by reducing the phosphorous load of returned water from sludge treatment, (2) reduce the amount of chemicals used such as PAC, poly-ferric sulfate and so on and also reduce the amount of sludge occurring in accordance with it, and (3) prepare the chemically produced fertilizer (struvite) and utilize it as a resource.

Outline of struvite plant
The original struvite plants (500 m3/day and 150 m3/day) have been in operation since 1998 at STP.  Another struvite plant with a capacity of 500 m3/day was added in September 2000, and the present plant capacity is 1,150 m3/day. The flow outline and the struvite plant at STP is shown in Fig. 1,2,3and main plant specification is shown in Table 1.  
Firstly, the dewatered filtrate from the sludge treatment facility is charged in the lower part of a reaction tower.  Magnesium hydroxide is added so that the molar ratio of Mg/P becomes 1, sodium hydroxide is further injected according to requirement, and pH is adjusted at 8.2 to 8.8.  On the other hand, the strivite prepared is fluidized in a fine crystal condition which grows by 
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mutual contact.  However, when it is stood alone for about 10 days, it grows in a granular shape 
of 0.5 to 1.0 mm
Fig.1 Struvite plant flow outline
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The struvite is extracted from the lower part of the reaction tower and taken out by screening.  The fine granular struvite contained in the separated liquid is returned to the reaction tower as seed crystals.  After the water content rate of the recovered struvite has been lowered to 10% or less in a hopper, it is carried off.
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Fig.2 Struvite plant

Fig.3 Struvite plant

Table 1 Specification of struvite plant
Name
Quantity
Specification

Struvite plant

 (500 m3/d)
2
Type:
Vertical type double cylindrical reaction tower

Charged raw water:
Dewatered filtrate

Dimension:
Diameter of reaction tower
1,430 mm


Diameter of precipitating portion
3,600 mm


Total height
9,000 mm

Struvite plant 
(150 m3/d)
1
Type:
Vertical type double cylindrical reaction tower

Charged raw water:
Dewatered filtrate

Dimension:
Diameter of reaction tower
960 mm


Diameter of precipitating portion
2,600 mm


Total height
5,500 mm

Struvite separator
1
Type:
Cylindrical rotation type separator

Charged raw water:
Mix solution of struvite
Treatment amount:
Max. 6 m3･hr-1

Hopper
1
Type:
Electrically opening and shutting square cut gate hopper

Effective volume:
10 m3

Operation experience
The elapsed change in the quality of Influent and discharge water before and after introduction of the struvite plant is shown in Fig. 2.  The phosphoric acid ion in the raw water flowing into the struvite plant is 100 to 110 mg/L (NH4 - N = 200 to 250 mg/L), but that in the discharge water of the struvite plant is 10 mg/L or less, and the removal rate is 90% or more.
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Furthermore, in accordance with the introduction of the struvite plant, even if PAC in the aeration tank and poly-ferric sulfate at dehydration are not injected, the quality (T-P= 0.3 to 0.6 mg/L) of discharge water as equivalent or more is obtained.

Fig.4 The elapsed change in the quality of influent and discharge water
Component analysis of struvite
Table 2 shows the analytical result of the components and heavy metals of struvite as recovered from the sludge treatment of returned water at STP.  The component amounts of ammoniac nitrogen, citric soluble phosphoric acid (P2O5) and citric soluble magnesia (MgO) coincide nearly with theoretical values, and the toxic substances of heavy metals are less than a standard value.

Furthermore, 500 to 550 kg/day of struvite is prepared per day at the present plant, and then sold to fertilizer companies.(250 EUR/ton, covered transport costs by customers)

Table 2 Analytical result of struvite component

Ammoniac nitrogen (N)
5.67%

Citric soluble phosphoric acid (P2O5)
29.53%

Citric soluble magnesia (MgO)
16.18%

Cadmium (Cd)
0.000006%

Arsine (As)
0.000048%

Mercury (Hg)
N. D. (0.000005% or less)

Nickel (Ni)
N. D. (0.01% or less)

Chromium (Cr)
N. D. (0.02% or less)

Method of application

Chemically produced fertilizers that have, respectively, the same authorized component amounts (8 to 15%) of nitrogen, phosphoric acid and potassium contained in a fertilizer are very frequently used.  The fertilizer companies buying struvite produce fertilizer not by using struvite alone, but by mixing it with other inorganic and organic materials and adjusting the authorized component amounts (%) of nitrogen, phosphoric acid and potassium.

In particular, the fertilizer including struvite is not sold as a "green" recycled product.
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The fertilizer including struvite is illustrated in Fig.5a.
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Fig.5a The fertilizer including struvite

There is a characteristic which reveals a slow effective fertilizer efficacy by including struvite in the fertilizer, and it is widely used as a fertilizer for paddy rice, vegetables, flowers and so on.
In particular, it is certified as having a high effect on improved taste of paddy rice.

The information given on the packets of these products is shown in the box 5b.

AGRIYUKI MAP AJIGEN - Special fertilizer for delicious rice

This fertilizer was developed to improve rice in taste.

Strictly selected amino acid and MAP very effective to improve rice in taste are enriched.  This fertilizer is best for rice at the times of coming into ears and going to seed.

Features and effects

1. The MAP AJIGEN is a definitive granular organic fertilizer.  Strictly selected animal and vegetable organic matters are dissolved into amino acids, matured, and processed by our original methods.

2. The MAP AJIGEN contains 20% of non-stress type MAP.  The MAP (Magnesium Ammonium Phosphate) mainly consists of nitrogen (5%), phosphoric acid (28%), and soluble magnesia (16%).  The fertilizer shows the slow efficacy and contains no accessory ingredients such as sulfuric radicals.

3. The MAP AJIGEN smoothly promotes physiological conversion of the paddy rice for the correct times of flowering and seeding; and improves the color, taste, and smell peculiar to the paddy rice.

4. MAP contained in the MAP AJIGEN has been proved to have a good effect of improving the paddy rice in ripeness and taste.

5. The MAP AJIGEN hastens the growth of soil microorganisms, activates the soil, and promotes crumbling for good cultivated land.

Standard quantity to be applied for paddy rice (kg/10 ares) :

Basic application 20 – 30 ; additional manuring 20-40

HIYAKU - MAP, Organic Compound No.8 - 8-10-8 - Magnesia 4.0

Features

* The HIYAKU contains 30% of non-stress type MAP.  The MAP (Magnesium Ammonium Phosphate) shows the slow fertilizing efficacy and contains no accessory ingredients such as sulfuric radicals.

* The HIYAKU is a granular organic fertilizer of highest quality.  Strictly selected animal and vegetable organic matters are dissolved into amino acids to process by our original methods

* The HIYAKU mainly consists of organic nitrogen (3.0%) and MAP nitrogen (1.5%).  It shows little fertilizer troubles such as gas trouble and damage on roots, and the efficacy can last for a long time.

* The HIYAKU helps saplings take roots correctly and firmly for early delivery.

* The HIYAKU smoothly promotes physiological conversion of crops for the correct times of flowering and seeding; and improves the color, taste, and smell peculiar to the crops.

The key points of delicious crops are not only the sugar content and the sweet-sour ratio but the amino acid content.

For reference: 

Organic compounds can be labeled as "Organic" if they contains organic nitrogen of 0.2% or more (approx. 1/25 of rapeseed lees) according to the Fertilizer Regulations.  Most of the organic compounds contains 0.5% to 1% organic nitrogen.

How to apply

■ Standard quantity applied (kg/10 ares)

Fruit and vegetables : basic application160-240 ; additional manuring 60-220 in several applications

Leafy vegetables : basic applications 160-200 ; additional manuring 140-220

Flowers : basic application 100-160 ; additional manuring 80-140

Fruit trees : Spring 60-100 ; Autumn 100-140

Tea garden : Spring 160-200 ; Autumn 160-200

■ Applications to gardening

Garden trees: Apply 100 to 150 g/m2 around the trunk of the tree.  Apply three times a year (June-July, September-October, December-January).  Increase/decrease the quantity applied depending on tree size.

Pot flowers: Put 3 g per a 15 cm pot (No.5) in a corner as a standard.
Box 5b Description on packets of marketed struvite fertiliser product

Summary
The operating experience of the struvite plant at STP for about 3 years was studied, and the following results were obtained.

(1) The quality of discharge water as being equivalent or more is obtained in the form of struvite by recovering the phosphoric acid ion contained in returned water from the sludge treatment facility, without injecting PAC into the aeration tank or poly-ferric sulfate in dehydration.

(2) The struvite recovered contains hardly any toxic substance, and is sold to fertilizer companies as a fertilizer raw material.
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T-P除去率

				宍道湖東部浄化ｾﾝﾀ-における流入水・放流水全リンの推移 シンジコトウブジョウカリュウニュウスイホウリュウスイゼンスイイ

				Influent		Discharge		除去率 ジョキョリツ

		35,156		4.26		0.21		95.1

		35,186		4.13		0.16		96.1																																NH4-N

		35,217		3.45		1.4		59.4																																原水 ゲンスイ		合流処理水 ゴウリュウショリスイ		除去率(%) ジョキョリツ

		35,247		3.22		0.44		86.3																														9/1/99		296		237		19.9

		35,278		3.15		1.68		46.7																														9/8/99		271		227		16.2

		35,309		3.47		1.03		70.3																														9/16/99		320		241		24.7

		35,339		3.37		0.68		79.8																														9/22/99		272		216		20.6

		35,370		3.22		0.69		78.6																														9/29/99		267		212		20.6

		35,400		3.39		0.44		87.0																														10/7/99		241		215		10.8

		35,431		3.24		0.4		87.7																														10/13/99		271		219		19.2

		35,462		3.42		0.44		87.1																														10/20/99		269		239		11.2

		35,490		3.75		0.24		93.6																														10/27/99		276		210		23.9

		35,521		4.26		0.95		77.7																														11/4/99		314		229		27.1

		35,551		4.1		0.73		82.2																														11/10/99		277		213		23.1

		35,582		4.34		0.49		88.7																														11/17/99		249		180		27.7

		35,612		3.83		1.06		72.3																														11/24/99		215		187		13.0

		35,643		4.09		1.3		68.2																														12/1/99		218		156		28.4

		35,674		4.04		0.78		80.7																														12/8/99		284		211		25.7

		35,704		4.32		0.65		85.0																														12/15/99		248		182		26.6

		35,735		5.28		0.65		87.7																														12/22/99		223		153		31.4

		35,765		4.29		0.28		93.5																														1/5/00		233		178		23.6

		35,796		4.39		0.81		81.5																														1/12/00		218		165		24.3

		35,827		4.5		0.9		80.0																														1/19/00		225		170		24.4

		35,855		4.23		0.82		80.6																														1/26/00		227		166		26.9

		35,886		4.23		0.96		77.3																														2/2/00		211		164		22.3

		35,916		4.43		1.43		67.7																														2/9/00		219		167		23.7

		35,947		3.74		1.37		63.4																														2/16/00		214		159		25.7

		35,977		3.48		0.62		82.2																														2/23/00		194		149		23.2

		36,008		3.27		0.55		83.2																														3/1/00		212		165		22.2

		36,039		3.88		0.87		77.6				0.7676666667																										3/8/00		205		148		27.8

		36,069		3.93		0.64		83.7		平均値 ヘイキンチ																												3/16/00		254		185		27.2

		36,100		4.29		0.84		80.4				0.3683333333																										3/22/00		222		203		8.6

		36,130		4.69		0.54		88.5																														3/29/00		260		170		34.6

		36,161		4.54		0.6		86.8

		36,192		3.96		0.23		94.2				47.9808944855

		36,220		3.86		0.15		96.1

		36,251		3.86		0.58		85.0

		36,281		3.6		0.35		90.3

		36,312		3.82		0.2		94.8

		36,342		3.78		0.32		91.5

		36,373		4.02		0.68		83.1

		36,404		3.74		0.12		96.8

		36,434		4.23		0.12		97.2

		36,465		3.77		0.14		96.3

		36,495		4.04		0.17		95.8

		36,526		4.35		0.43		90.3

		36,557		4.52		0.39		91.4

		36,586		5.17		0.13		97.5

		36,617		5.76		0.27		95.3

		36,647		5.1		0.6		88.2

		36,678		4.42		0.41		90.7

		36,708		4.26		0.25		94.1

		36,739		4.33		0.46		89.4

		36,770		4.42		0.23		94.8

		36,800		4.08		0.23		94.4

		36,831		4.1		0.24		94.1

		フォスニックス処理状況 ショリジョウキョウ

				PO4-P																		T-P																		T-N																		SS

				原水 ゲンスイ		１号処理水 ゴウショリスイ		除去率(%) ジョキョリツ														原水 ゲンスイ		１号処理水 ゴウショリスイ		除去率(%) ジョキョリツ														原水 ゲンスイ		合流処理水 ゴウリュウショリスイ		除去率(%) ジョキョリツ														原水 ゲンスイ		合流処理水 ゴウリュウショリスイ		除去率(%) ジョキョリツ

		9/1/99		105		3.63		96.5												9/1/99		113		10.3		90.9												9/1/99		290		260		10.3												9/1/99		190		812		-327.4

		9/8/99		101		4.61		95.4												9/8/99		103		10		90.3												9/8/99		258		221		14.3												9/8/99		160		156		2.5

		9/16/99		107		4.5		95.8												9/16/99		114		11.4		90.0												9/16/99		136		127		6.6												9/16/99		336		408		-21.4

		9/22/99		107		3.9		96.4												9/22/99		119		9.05		92.4												9/22/99		304		236		22.4												9/22/99		232		150		35.3

		9/29/99		103		8.03		92.2												9/29/99		112		33.5		70.1												9/29/99		315		268		14.9												9/29/99		512		950		-85.5

		10/7/99		101		5.99		94.1												10/7/99		120		93.5		22.1												10/7/99		294		251		14.6												10/7/99		454		522		-15.0

		10/13/99		115		9.32		91.9												10/13/99		113		36.7		67.5												10/13/99		281		239		14.9												10/13/99		130		282		-116.9

		10/20/99		107		42.4		60.4												10/20/99		118		107		9.3												10/20/99		280		261		6.8												10/20/99		332		644		-94.0

		10/27/99		116		6.01		94.8												10/27/99		126		17.3		86.3												10/27/99		281		219		22.1												10/27/99		244		186		23.8

		11/4/99		124		10.2		91.8												11/4/99		129		20.5		84.1												11/4/99		314		244		22.3												11/4/99		80		138		-72.5

		11/10/99		124		8.81		92.9												11/10/99		121		59.3		51.0												11/10/99		264		219		17.0												11/10/99		106		58		45.3

		11/17/99		114		8.43		92.6												11/17/99		124		35.7		71.2												11/17/99		266		215		19.2												11/17/99		282		208		26.2

		11/24/99		126		86.9		31.0												11/24/99		116		119		-2.6												11/24/99		233		218		6.4												11/24/99		84		294		-250.0

		12/1/99		106		11.1		89.5												12/1/99		110		29.4		73.3												12/1/99		231		173		25.1												12/1/99		128		264		-106.3

		12/8/99		133		11.5		91.4												12/8/99		117		29.7		74.6												12/8/99		221		194		12.2												12/8/99		30		200		-566.7

		12/15/99		115		11.2		90.3												12/15/99		114		50.7		55.5												12/15/99		240		186		22.5												12/15/99		226		276		-22.1

		12/22/99		110		9.54		91.3												12/22/99		108		31.5		70.8												12/22/99		223		168		24.7												12/22/99		32		132		-312.5

		1/5/00		125		16.2		87.0												1/5/00		137		83.2		39.3												1/5/00		246		220		10.6												1/5/00		336		488		-45.2

		1/12/00		121		13.7		88.7												1/12/00		117		55.5		52.6												1/12/00		232		199		14.2												1/12/00		224		482		-115.2

		1/19/00		131		22.5		82.8												1/19/00		126		52.9		58.0												1/19/00		224		185		17.4												1/19/00		116		188		-62.1

		1/26/00		134		6.62		95.1												1/26/00		142		115		19.0												1/26/00		243		166		31.7												1/26/00		496		842		-69.8

		2/2/00		122		12.2		90.0												2/2/00		118		65.2		44.7												2/2/00		211		189		10.4												2/2/00		76		456		-500.0

		2/9/00		128		17.8		86.1												2/9/00		125		54.8		56.2												2/9/00		224		177		21.0												2/9/00		224		254		-13.4

		2/16/00		127		12.6		90.1												2/16/00		132		54.1		59.0												2/16/00		217		172		20.7												2/16/00		312		304		2.6

		2/23/00		116		5.43		95.3												2/23/00		119		46.2		61.2												2/23/00		202		176		12.9												2/23/00		290		624		-115.2

		3/1/00		125		14.5		88.4												3/1/00		129		57.2		55.7												3/1/00		222		186		16.2												3/1/00		19		316		-1563.2

		3/8/00		112		5.31		95.3												3/8/00		111		38.9		65.0												3/8/00		196		163		16.8												3/8/00		128		258		-101.6

		3/16/00		149		8.03		94.6												3/16/00		146		36.5		75.0												3/16/00		247		182		26.3												3/16/00		172		142		17.4

		3/22/00		128		100		21.9												3/22/00		134		158		-17.9												3/22/00		222		225		-1.4												3/22/00		124		650		-424.2

		3/29/00		141		14.6		89.6												3/29/00		147		40.5		72.4												3/29/00		248		175		29.4												3/29/00		84		176		-109.5
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PAC addition

Poly-ferric sulfate addition
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原水ＳＳ
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1997年5月

1996年4月

1998年4月

1998年9月

1999年4月

2000年1月

1996年4月

1997年5月

1998年9月

1999年4月

2000年4月

造粒脱りん装置実運転

除去率

調査年月(月間平均値)

全りん除去率(％)
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コスト比較

		36404		36404

		36411		36411

		36419		36419

		36425		36425

		36432		36432

		36440		36440

		36446		36446

		36453		36453

		36460		36460

		36468		36468

		36474		36474

		36481		36481

		36488		36488

		36495		36495

		36502		36502

		36509		36509

		36516		36516

		36530		36530

		36537		36537

		36544		36544

		36551		36551

		36558		36558

		36565		36565

		36572		36572

		36579		36579

		36586		36586

		36593		36593

		36601		36601

		36607		36607

		36614		36614



9月

10月

11月

12月

1月

2月

3月

1999

2000

原水

処理水（１号）

105

3.63

101

4.61

107

4.5

107

3.9

103

8.03

101

5.99

115

9.32

107

42.4

116

6.01

124

10.2

124

8.81

114

8.43

126

86.9

106

11.1

133

11.5

115

11.2

110

9.54

125

16.2

121

13.7

131

22.5

134

6.62

122

12.2

128

17.8

127

12.6

116

5.43

125

14.5

112

5.31

149

8.03

128

100

141

14.6



流調水

		36404		36404

		36411		36411

		36419		36419

		36425		36425

		36432		36432

		36440		36440

		36446		36446

		36453		36453

		36460		36460

		36468		36468

		36474		36474

		36481		36481

		36488		36488

		36495		36495

		36502		36502

		36509		36509

		36516		36516

		36530		36530

		36537		36537

		36544		36544

		36551		36551

		36558		36558

		36565		36565

		36572		36572

		36579		36579

		36586		36586

		36593		36593

		36601		36601

		36607		36607

		36614		36614



9月

10月

11月

12月

1月

2月

3月

1999

2000

原水

処理水（１号）

113

10.3

103

10

114

11.4

119

9.05

112

33.5

120

93.5

113

36.7

118

107

126

17.3

129

20.5

121

59.3

124

35.7

116

119

110

29.4

117

29.7

114

50.7

108

31.5

137

83.2

117

55.5

126

52.9

142

115

118

65.2

125

54.8

132

54.1

119

46.2

129

57.2

111

38.9

146

36.5

134

158

147

40.5



粒径分布

		36404		36404

		36411		36411

		36419		36419

		36425		36425

		36432		36432

		36440		36440

		36446		36446

		36453		36453

		36460		36460

		36468		36468

		36474		36474

		36481		36481

		36488		36488

		36495		36495

		36502		36502

		36509		36509

		36516		36516

		36530		36530

		36537		36537

		36544		36544

		36551		36551

		36558		36558

		36565		36565

		36572		36572

		36579		36579

		36586		36586

		36593		36593

		36601		36601

		36607		36607

		36614		36614



9月

10月

11月

12月

1月

2月

3月

1999

2000

原水

処理水（合流）

290

260

258

221

136

127

304

236

315

268

294

251

281

239

280

261

281

219

314

244

264

219

266

215

233

218

231

173

221

194

240

186

223

168

246

220

232

199

224

185

243

166

211

189

224

177

217

172

202

176

222

186

196

163

247

182

222

225

248

175



SSサイクロ

		36404		36404

		36411		36411

		36419		36419

		36425		36425

		36432		36432

		36440		36440

		36446		36446

		36453		36453

		36460		36460

		36468		36468

		36474		36474

		36481		36481

		36488		36488

		36495		36495

		36502		36502

		36509		36509

		36516		36516

		36530		36530

		36537		36537

		36544		36544

		36551		36551

		36558		36558

		36565		36565

		36572		36572

		36579		36579

		36586		36586

		36593		36593

		36601		36601

		36607		36607

		36614		36614



9月

10月

11月

12月

1月

2月

3月

1999

2000

原水

処理水（合流）

190

812

160

156

336

408

232

150

512

950

454

522

130

282

332

644

244

186

80

138

106

58

282

208

84

294

128

264

30

200

226

276

32

132

336

488

224

482

116

188

496

842

76

456

224

254

312

304

290

624

19

316

128

258

172

142

124

650

84

176



		36404		36404

		36411		36411

		36419		36419

		36425		36425

		36432		36432

		36440		36440

		36446		36446

		36453		36453

		36460		36460

		36468		36468

		36474		36474

		36481		36481

		36488		36488

		36495		36495

		36502		36502

		36509		36509

		36516		36516

		36530		36530

		36537		36537

		36544		36544

		36551		36551

		36558		36558

		36565		36565

		36572		36572

		36579		36579

		36586		36586

		36593		36593

		36601		36601

		36607		36607

		36614		36614



9月

10月

11月

12月

1月

2月

3月

1999

2000

原水

処理水（合流）

296

237

271

227

320

241

272

216

267

212

241

215

271

219

269

239

276

210

314

229

277

213

249

180

215

187

218

156

284

211

248

182

223

153

233

178

218

165

225

170

227

166

211

164

219

167

214

159

194

149

212

165

205

148

254

185

222

203

260

170



				mm		原水SS濃度(mg/L) ゲンスイノウド		T-P除去率(%) ジョキョリツ

				2.9		32		75

				3		33		82.4

				4		43		70

				5.8		63		75

				6		65		80.66

				6.8		74		90

				6.8		74		81

				6.8		74		96.4

				7		76		80.7

				7		76		86

				8.5		92		76.4

				8.5		92		65.9

				8.5		92		87.7

				9		98		90

				10		109		85.5

				11		120		87

				11.3		123		75.4

				11.5		125		90

				11.5		125		76.6

				11.8		128		61.8

				11.8		128		66.3

				12		130		84.1

				12.5		136		85.9

				12.5		136		88.2

				13.5		147		78.2

				13.8		150		89.1

				14.5		158		86.5

				14		152		91.4

				14.6		159		90

				15.8		172		87.6

				17.2		187		85.5

				16		174		87

				17.6		191		91.7

				17.6		191		77.9

				19		207		80.5

				20		217		55.5

				20		217		58.2

				20.5		223		71.6

				20		217		85.9

				20.9		227		80

				21.1		229		93

				22		239		78.2

				22.4		243		88.6

				22.4		243		76.8

				22.4		243		73.8

				22.4		243		55.9

				23.5		255		74.5

				23.5		255		63.5

				23.3		253		57.6

				24.9		271		70

				25		272		76.4

				25		272		89

				25.5		277		81.8

				25.9		282		80.8

				26.8		291		83.6

				28		304		82.3

				28.8		313		80

				29.4		320		75.1

				30.8		335		86.1

				30.8		335		91.8

				31.2		339		76.8

				32		348		74.1

				32.5		353		72.7

				37.4		407		61.6

				38		413		73.2

				38		413		84.5

				39		424		46.5

				43		467		46.5

				59.5		647		46.5

				40		435		75.7

				40		435		80

				40.3		438		80.6

				41.5		451		80.5

				41.5		451		66.4

				44.5		484		49.1

				45		489		66.4

				45.5		495		78

				55		598		72.8

				55.2		600		78.5

				57		620		65.5

				60.8		661		55

				62.9		684		83.9

				66.5		723		60

				68.9		749		23

				71		772		29

				83		902		62.9

				87		946		61.3

				105		1141		63.8

				122.5		1332		35
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造粒脱リン原水SS濃度(mg/L)

T-P除去率(%)
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						造粒脱りん法（１９９９年） ゾウリュウダツホウネン		同時凝集法（１９９７年） ドウジギョウシュウホウネン

				１．薬剤費 ヤクザイヒ		6,900,000		14,250,000

				２．汚泥処分費 オデイショブンヒ		0		13,350,000

				３．電力費 デンリョクヒ		1,420,000		0

				４．収入 シュウニュウ		ＭＡＰ売却費 バイキャクヒ

						4,500,000		0

				ランニングコスト合計 ゴウケイ		3,820,000		27,600,000

								　　　単位：（円／年） タンイエンネン





		

				4/1/96		9.17

				5/1/96		8.66

				6/1/96		8.31

				7/1/96		8

				8/1/96		7.21

				9/1/96		6.68

				10/1/96		6.5

				11/1/96		6.72

				12/1/96		7

				1/1/97		7.4

				2/1/97		7.72

				3/1/97		7.92

				4/1/97		7.5

				5/1/97		5.78

				6/1/97		5.79

				7/1/97		4.61

				8/1/97		5.22

				9/1/97		5.06

				10/1/97		5.87

				11/1/97		5.61

				12/1/97		5.26

				1/1/98		5

				2/1/98		5.67

				3/1/98		5.37

				4/1/98		5.11

				5/1/98		5.5

				6/1/98		5.56

				7/1/98		4.84

				8/1/98		4.5

				9/1/98		4.56

				10/1/98		4.34

				11/1/98		4.99

				12/1/98		4.93

				1/1/99		4.93

				2/1/99		5.67

				3/1/99		5.38

				4/1/99		5.56

				5/1/99		4.83

				6/1/99		4.43

				7/1/99		4.33

				8/1/99		5.06

				9/1/99		4.5

				10/1/99		5

				11/1/99		4.81

				12/1/99		4.94
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1996年4月

1997年5月

1999年4月

1998年9月

1996年4月

1997年5月

1998年9月

1999年4月

水処理系PAC適宜添加

造粒脱りん装置実運転

ﾎﾟﾘ鉄添加脱水

全りん(mg/L)
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						ＭＡＰ濃度(mg/L) ノウド

						液体サイクロン流入水 エキタイリュウニュウスイ		液体サイクロン流出水 エキタイリュウシュツスイ		回収率(%) カイシュウリツ				流入 リュウニュウ		流出 リュウシュツ

				＞250μm		133.7		2		98.5				44.6		3.4

				75～250μm		100		12.3		87.7				33.4		21.0

				45～75μm		38.8		29.6		23.7				13.0		50.6

				＜45μ		27		14.6		45.9				9.0		25.0

						299.5		58.5





		0		0

		0		0

		0		0

		0		0



液体サイクロン流入水

液体サイクロン流出水

粒径

ＭＡＰ濃度(mg/L)



		0

		0

		0

		0



回収率(%)

粒径

回収率(%)



		





		

		53.8		53.8		53.8

		410		410		410

		254		254		254

		188		188		188

		178		178		178

		156		156		156

		470		470		470

		710		710		710

		416		416		416

		510		510		510

		196		196		196

		124		77.5		21.4

		232		232		232

		264		264		264

		54		54		54

				34.5		15.3

		94		94		94

		602		602		602

		298		298		298

		402		402		402

		84		84		84

		92		92		92

		290		290		290

		532		532		532

		274		274		274

		16		16		16

		138		138		138

		222		222		222

		100		100		100

		24		24		24



反応塔原水

反応塔処理水

液体ｻｲｸﾛﾝ処理水

反応塔原水ＳＳ濃度(mg/L)

Ｔ－Ｐ濃度(mg/L)

反応塔原水汚泥濃度と全りん濃度の関係

142

32.3

20

153

57.8

40.5

143

26.6

25.2

139

25.2

21

142

30.2

24.1

138

119

18.4

133

37.3

23.6

131

57.3

21.2

128

27.3

23.3

128

39.3

30.6

124

19.5

16.6

122

24.9

19.5

120

22.6

15

107

22.7

16.1

113

17.2

16.8

130

39.4

24.3

116

54.9

21.3

127

31.2

24.7

117

17

13.3

119

29.6

18

130

57.7

30.7

125

45.7

32.7

106

45.4

20

109

23.7

11.8

119

39.6

27

109

102

72.9

107

12.4

8.69

116

12.6

8.23



		

		53.8		53.8

		410		410

		254		254

		188		188

		178		178

		156		156

		470		470

		710		710

		416		416

		510		510

		196		196

		37.5		82.7419354839

		232		232

		264		264

		54		54

		94		94

		602		602

		298		298

		402		402

		84		84

		92		92

		290		290

		532		532

		274		274

		16		16

		138		138

		222		222

		100		100

		24		24



反応塔原水～反応塔処理水

反応塔原水～ｻｲｸﾛﾝ処理水

反応塔原水ＳＳ濃度(mg/L)

Ｔ－Ｐ除去率(%)

反応塔原水汚泥濃度と全りん除去率の関係

77.2535211268

85.9154929577

62.2222222222

73.5294117647

81.3986013986

82.3776223776

81.8705035971

84.8920863309

78.7323943662

83.0281690141

13.768115942

86.6666666667

71.954887218

82.2556390977

56.2595419847

83.8167938931

78.671875

81.796875

69.296875

76.09375

84.2741935484

86.6129032258

79.5901639344

84.0163934426

81.1666666667

87.5

78.785046729

84.953271028

84.7787610619

85.1327433628

69.6923076923

81.3076923077

52.6724137931

81.6379310345

75.4330708661

80.5511811024

85.4700854701

88.6324786325

75.1260504202

84.8739495798

55.6153846154

76.3846153846

63.44

73.84

57.1698113208

81.1320754717

78.2568807339

89.1743119266

6.4220183486

33.119266055

88.4112149533

91.8785046729

89.1379310345

92.9051724138




