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Movement Analysis of Earth-retaining for Deep Open Cut (2nd report)
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(6) ( 4.3 4.4)
4.3 1/mm ka/ha mm/hr
BOD 0.214 2.200 2.000
sob | cop | ss CoD 0.210 3780 2.000
SS 0.404 6.440 2.000
m3/ha/dl mg/l | mg/l 1 mg/l m3/s
1755 19301 705 938 0.0001
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45
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SNQ2( ) 1.8501( = \x 2/3 2 K126 17013Q
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11 SNQ 1( ) 34100 ( = \x 2/3 1 SNQ .13 1350
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1 7.1mm ( 4.6 4.4 4.5)
( 87.4%) 1
BOD 7.5mm )
22.4mg/1 1 34.8mg/1 4
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29.9
mm a 1 h cl ash lathic 1755 m3/ha/d
30 0080 22911 1040 0 0 ol 708 0 0 128 ZZBI 40671 15218119285 193.0 mg/1
200 22911 1049 0 0 7"3] 494! 0 0 494 4941 40671152181 19285 20.1 1000kg/
750 22911 1049 0 0 449 279 0 0 279 27ﬂ 4067] 15218119285 0.9
1 1l 1213l g7 4620 1005l 270l 104 43 0l 0 sosl 505l 4067) 15218 10 285 0.3
D 951 1213 877, 46 1.005 2711 113 35 (] 0 497, 4971 40671152181 19285 319.9 1000kg/
[ 1004 1213 877 46 1,095, 271 120 29 0 0 491 491) 40671152181 19285 20.1 1000kg/
Z 104 1213] g 462 1005 271 121 2 0l 0 480l as0l 4067) 1% 713'_13_235 340.0 1000kg/
8 1061 1213 877 4621 1,005 271 124 24 0 0 4861 436] 40671152181 19285 3,199.0 1000kg/
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faalail 2 b ol ath laihic
3Q 0.0 2549 939 0 0.0l 00 00 425 0.0) 00 0 425] 4251 3913129370133283
25) 2540] a39 Q0 00 00l 2421 1813 00 00 Q0 183 183] 230130209370/332813
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1 714 1410 835 2771 1153 185 38 1.5 00 00 0 292 2921 391312937.0133283
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I 10 1411 =gl o 115l 1230 04 ngl 00 00 0 284l 224l 1209l 29370 419 oaul azaul g74ul 2713
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750 38121 2896 0 0 12231 1,005 0 0 1.005! 1.005) 89361 334601 42397
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3 75) 3812 28 147 0 0 6 54 0 0 15201 15201 89361 334601 42 397
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20§ 44711 2785 0 00! 001 1079 282 00 00 0 2821 282 8618|22§§g ég gg
1 758 44711 2785) 136 00 00 01 00 00 00 001 136.0] 1360] 861816
2 sl 4471} o7acl  ag 00! 00l 412 03 00 00 0 o40al _agol ags1alsgnzalz2106
3 708 44711 2785] 83 00 00} 519 09 00 00 0 8421 8421 8618)164578/73196
4 708 44711 2785) 787 00 00} 559 16 00l 00 0 803! 8031 8618)64578/73196
( ) 1000 kg mg/l
1 12 3) 4)
mm a h cl ath lathic
3Q 008 4471 1950 0 00! 00 001 13671 00 00 001 13611 13611 3758) 64581102160 19%] 56 4% 86 0%l 6171
258 4471 1050 0 00! 00 661 702 00 00 0 7021 7021 31651 64581 0623 6334 869Ul 429
758 4471 1950 0 00 00} 108 282 00 00 0 2821 2821 27871 645 67.7% 87.4% 280
1 sl 44 10000 124 00! 00 00 00 00 00 o0l 12350l 12350) 278 845 sa4ul_gs qul =
2 708 4471 19501 94 00l 00 41 03 00 00 0 940l 0491 338371 645 60.7%| 86 6Y 182!
2 sl 44 10500 23 00! 00 52 00 00 00 0 242l 2421 22011 a45 A1.8ul_aa 70 174
4 7058 4471 1950 787 00 00 Y3 16 00 00 0 8031 8031 3955 ﬁA‘%RI 9713 622 86 7% 174
1) / %( 5% )
2) ( - V4
3 ( V4
4) b /
46(3)
1000 m3
mm a h cl ath lathic
3Q 008 15308 1301 0 0 ol 1121 0 o] 11211 11211 39521 14635118587
250 15301 1301 1] 0 kYAl 751 0 o] Zo11 7511 39521 146351 18587
758 15300 1301 0 0 720 401 0 0 401 401} 39521 14 635] 18 587
1 101 0 0 0 0 130 107 _10g1] 1173 53 10 a37] 20528 148351 1282
2 101 0 0 0 0 293 1721 19611 1073 404 1721 6261 39521 146351 183 587
3 101 0 0 0 0 630 4871 1901 4801  anAl 4871 941) 3952) 14 635] 18 587
A 101 0 0 0 0 g3a) 1020l 1392 202l acal 1 o0a0l 15248 2002l 14438l 1888
( ) 1000 kg
om 2 h cl_atbh lathic
3Q 00§ 16751 1212 0 00 00 00} 680 00 00 0 6801 6301 356812 6256129823
2ol _1a78) 1212 0 00! 00l 258 214 00 00 0 214l 2141 256212 /206120307
Zol 16751 1212 0 00! 001 573 107, 00 00 0 1071 1071 306812 6256120823
1 101 00 00 0 00 00} 118 19 21021 1015) 31 190l 3321 306812 6256129823
2 101 00 00 0 00! 00l 220 2al 2110l _aoal oa 228! 04l 2eaal2 525 6l20202
3 101 00 00 0 00 00} 657 199l 20631 3821 26 190l 465] 356812 6256120823
4 101 00 00 0.0) 0.0i 00} 1090 6331 14261 153] 26 633! 8991 356812.6256129823
( ) 1000 kg mg/l
) 12 3) 4)
mm a h cl ath lathic
3Q 008 1671 840 0 00! 00 001 680 00 00 0 6301 6301 16071 262 24%1 52 4%l 85 By 607
250 1671 849 0 00! 00 37y 314 00 00 0 314l 3141 13671 26261 30038 11%l 617% 26 6 419
750 167) 8490 0 00 00 57 107, 00 00 0 1071 107) 11811 2626] 38068 04%] 66 9%l 87 20 267
1 101 00 00 0 00! 00 12 1ol 210 11 21 2ol 2321 1oacl oroal 2goql  goul sacul azoul g
2 101 00 00 0 00i 00 23 38 2111 6471 26 38! 3041 11851 26261 38100 11%) 66.8% 872% 22?1
2 101 00 00 0 00! 00 86 109l 206 268 26 100! 4651 10081 26246l 2630 165l 71 8ul Q27 Qul
4 101 00 00 0 00 001 109 6331 1431 107] 26 6331 8991 12571 26261 38838 31%] 648% 870%] 5836
1) / %( 5% )
2) ( - )
3) ( )
4) b /

5689 ha
29.9
1755 m3/ha/d
193.0 mg/1
45.0 1000kg/
0.9
0.3
703.4 1000kg/
45.0 1000kg/
748.4 1000kg/
7,033.7 1000kg/

246.2 ha
29.9
177.4 m3/ha/d
179.4 mg/1
18.8 1000kg/
0.9
0.3
286.0 1000kg/
18.8 1000kg/
304.8 1000kg/
2,859.7 1000kg/



1

(@) 8
1,000m3

1

O 4
1,000m3

0

0.

1

(@) 3
1,000m3

0

0.

o o
w ©

w ©

w ©

( )]
139.1
(120 1) 6 \
391.3
(391.3) J
:115.3 38
(115.3)
27.7a :18.5 4.7)
(27.7) (18.5)
\ 4 A
[i? |
72.6 245 04
(72.6) (245) (05)
)}
a
136.0
(78.7)
0.1 \
861.8 % (7.9) E)
(861.8) Lzzj /
1447.1 :0.0
(447.1) (0.0) 0.1
:278.5 :0.0 (55.9)
(278.5) (0.0)
v \ 4 A
[i; [i? T
239.7 0.0 0.0
(239.7) (0.0) (5.6)
( )
176.3 '>%>
(176.3)
162.6
(90.7)
:210.2
(206.3)
:101.5
(38.2)
1604 > | »/]
(180.4)
Cc
31.3
(26.6)
4.4

921
474)

1.5
(05)

0.0
(1.6)



3Q 425 1337 - _
Z5mm 62 1011 100 100
292 1266 37 22
8 282 1257 40 25
* 8 1,710mm 2,780mm
* 293.7 t/
1/ 0
3Q 1361 3758 - _
Z5mm 282 2787 100 100
1360 3757 0 0
4 goal 3255 52 52
g 5
9Q
* 645.8 t/
i/ 3
3Q 680 1697 - i
Z5mm 107 1181 100 100
332 1265 61 84
3 465 1005 38 134
* 3 1,350mm 900mm
( 1Q )
* 2626 t/
1)7.5mm 3Q 7.5mm
2)
3)
4) =(3Q )/(3Q 75mm )
4.5
5.1
5000
[50mm/hr | = 2)
t+40
1700
[75mm/hr 1 = 3)
t +4.38
2300
[100mm/hr 1 R 3)
t +49
50mm/hr
62 3
5.2

@
&)

(50mm/hr 75mm/hr

10

t/

t/

180

160

140
120

100

80

60|

40,
20

100mm/hr

(50mm/hr
(©))

)
)

100

(mm/Zhr 0]
(mm) 0

3,410

5110

50 0

9-1

13-1

SNO2 930

10-1

14-1

11-1

15-1

1-1
2-1
1850 || 3-1
2780 J1.4-1

12-1

16-1

13 Q

1-2

100 Q

1-3

1

(mm/hr) 50

75

100

(mm) 1,350

900

450

1,350

1,350

2-1

3-1

4-1

1-2

1-3




5.3 75mm/hr
@ (
Hydro-Works )
@
50mm/hr
)
*)
5.3
(mm/hr)
50 75 100
o o X
O X X
o) X
@
50mm/hr
i Qi 1,710mm
1 4 ( 2,780mm)
) ,
Q=z—aR A
i 360 na:.1 n Ah n+1) (
Q (m3/s) R )
(mm/hr) A (ha)
(©))
5.2
5.4
mm
SNO.13 SNO.13 . 5 5 < <
@ laz7ol @40l (5110)
[¢] [¢] o [0}
(@ | (930) | (1.850)] (2.780)
5'4 [ ] [¢] [¢] ¢} ¢}
@ 1 @30) | 18500 (2780)
[e] X X X
(1.350) | (200) | (450) | (0)
(1) [©) X
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50 30
40
20
30
£ E
o o
E 20 E 10
10
0
o | somm/hr o= b L s 50mm/hr
= = = 75mm/hr = = = 75mm/hr
............ 100mm7Zhr ssesereas=100mm/hr
-10 -10 .
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500
(m) (m)
50 30
- TN —
20 e
_ 30 L B ™~
= B e
o o B!
E 20 £ 10 | N T )
0 [ R
0
(U0 S 1.71m 278m n s e 0.9m
- - 3.41m om - - - 0.45m
_10 -10
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500
(m) (m)

5.6 50mm/hr

6.1
6.1

6.2
€Y

1-1 1-2

12



6.1

-1 1 1
12 | 1 N
2 I 1 1
@
6.2
25600 17000 5600
7680 5100 1680
33280 22100 2230
£1880 28340
21658 9919
83538 38259
138918 45539
+ 30%
( ) 7%;
252
1000
N
g
[ ]
4 m]
~
<
1,710 3,410 5,110
(mm)
y L‘ ’
| L8
6.3

6.3
6.2
AE/AC AE/AC
AE/AC
1,710mm
aeinc AEAC
AE/AC
AE
AC
*_
*
6.2
~ 100000
s, 10000
~ 1000
2 100
10
q 1
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<<

30mm/hr

3
( )
@
@ ©)
8mm
50mm/hr
( )
( 7.1)
30 25mm/hr
160 0
al go O u} o n] e o
& 0O oo o e
140 Sq * 2 ) H .
o ® 3 )
® 3Q( )
120 o 3Q + . 17Im, 278m) |
:- o 10
<100 e -
a * ¢
O ¢ 115
@ . * 3 -
2l DR S
~ [n] ’ i 20
60 4 *
[ ]
L 125
40 t
N *
20 130
O L) — ¥ - — - —— - 1 1 1 1 35
0.0 50 10.0 150 20.0 25.0 30.0 350 40.0 450 50.0
30 (mm/hr)
7.1

14



<<

>>



2.1

VA




250m ¢

250
13,000
29

1991

250
250

3,6
25

2.2
51
1993 1994
1993
1994
2.3
D
2)3)
3.
/m2 )
4.27 30
9.77 50
11.46 40
5.68 30
11.33 25
11.33 25
27.24 25
13.10 30
10.80 15
9.80 20




1990 94

D

1033/
613 897 46%
493 443 -10%
404 371 -8%
294 252 -14%
369 354 -4

1,029 1,011 -2
176 147 -16%
242 296 220
518 593 14%

98 189 93%

4,236 4,553 7%

100%

3

Case

Case

4.1

60mmx

60mmx

Case

Case

5)

0.839x

Case

1.9



(1)Case0

CFreso— J—1.60 [ J-2.303»[_]

663
—oso—a 1+

(2)CaseA

[ im0 |—1, 640):— 2,203 |

3.7% $ 6
T

(3)CaseB

3
9.0%

1+ 1,477—>|:|—1,64V|:|—2,139 > |

9.9% A
163

[ J—o950+» I__'_I/

499
24.7%

1993

(1)Cased

108méfyr

[ oo 1o Foom»[]

o

(2)CaseA

[::]—Lﬁﬁ—ﬂ:;:}—ﬂxgyy[::]—ﬁﬂﬂ-*[::]

2.6%h

B g
[ —es»[_t

(3)CaseB

e >

7.5h

314
e
— 6%

1994

4.3

Case

3 50 100
Case 1.91 m® Case
3.68 m
4.2
1993,94
Case C
ase
1993
Case 3.7 Case 9.
9 1994 Case 2.
6 Case 7.5 1
993 Case 1.6 m
1993
Case 31 Case 44 1
994 Case 24  Case 35
60mm
1993 1994
1993
1994
6 Case
5 Case 78
Case Case

Case

24.7
9.8

1994
Case

28.1

9.0

Leﬁ;y[:::}—Lgm->[:::]

105m3/yr

1993
Case
Case



1994

Case
Case
Case
(1994 )
Case0 CaseB
mm/ 103m3/ 103m3/
3 24 52 22,881 15,743 31%
6 20 63 27,634 19,349 30%
8 21 50 21,992 15,132 31%
22 57 24,823 23,284 6%
9 14 27 11,947 8,220 31%
15 31 13,597 10,721 21%
16 26 11,551 10,604 8%
17 18 8,055 7,121 12%
18 15 6,525 5,585 14%
9 29 51 22,184 19,591 12%
30
10
Cas
e 20 2.76 Case
22 2.33 m® 16

25| CaseB

1994

50 €
£

100

5.1
5.1.1

5.1.2

v\




Case 1.1 Case

3,000m*/
3,000m*/
5.1.3
100%
Case 3.6
8
Case
5.2
6.1
Case Case
Case 8.5 Case 21.5
Case 3.5 mt
Case 73 Case
96 Case
Case 90

2.2

Case

Case

6)



14.022x 3706.9
80x 365x Q

591x Q
5.155x Q

1264% Q
8.22x Q

5.10x Q 0.661
0.607x Q %7

7.393x Q 04
437x Q

18x ( %+ 1000) 33
3.55x ( + 10000)%
0.018x ( + 10000) 34

6.2
Case

1993 ( )

m/ ) 165 381 49 162 448 964 99 172
( ) 94| 1,052 32 114 222| 2,425 71 170
/m3 156 757 179 193 135 688 196 269
/| 415 757 479 406 387 688 484 559
m3
Case
200 m®
1994 30
3om®
200 m
Case
Case
Cas
e Case
500 /m’
6.3
Case 79 Case 9



77.1 m¥/ 17
115 m
77.1 m/

2/3
m’/s

[ ]
Case A [m]
{ O
=]
[}
CaseB o 3% 2% A%
T NN
6.4
6.5
Case 6.5.1
73
1
19
30 40 60
10
Case
31
55
900
800
700
600
500 [m]
400 7]
300
200
100 i
0
Case
25.4 m/ Case



10

8000
7000 _
6000
5000
S 4000
3000
2000 490
oo b
o ladln,
600 (73
502 73
431
400
~
200
125
1/3 0
10
6000 5568(100%) 5568
26.1mm/ 7.2mm/
5000 —
23 5.9Mm 4203(75%)
m/ 1.2mm/ 4000 —
3000 —
2000 —
1000 909(16%) |
( ) 30 444 538 208 518 656 0
( 7)) 2 327 44 728 6 859
( 7)) 4 154 77 021 35 655
(m¥/ ) 909 4 203 5 568 11
Case
11
16
75

1/6



6.5.2

6.

800

12

5

700

80

600
500

400

300
200

100

6000
5000
4000
<> 3000
2000
1000

12

| u]

13

13

10

20.6 / 5.5mm/
23

( ) 30079 421563 321409

( /) 2348 36511 18661
( /) 4153 61805 33077

mé/ 919.91 3056.54 4151

Case
4,153
14
124
218
554
580
600 554
425
400
200
124

0 , ,

14



15

22
74

4,500
4,000

4,151

3,500

3,057(74%)

3,000

2,500

2,000

1,500

920(22%)

1,000

15

6.5.3

" j
0

16

4151

120

B0

100

80

60

40

20

0 "I =
16
1000 o e
a
800
600 W
’ 400
200
N Y
17
17
753m%/
228m*/
12.0 3.6 / 23
5.5 1.2 /
23
18
Case
119 /nt
410
/m
19
96m*/ 37

11



200

18

300

250

200

150

100

50

410

238

(92%)

96 (37%)

19

6.5.

4

92

20

2.1

63

559

37

1.9

50

@0

40
35
30
25
20
15
10

500
450
400
350
300

200
150
100

50

20

80

21

21

1.2

1.3

406m*/
8im’/
6.5
23

759

‘l‘l.

632

389

137

22

12




90
80
70
60
50
40
30
20
10

6.5.

81(100%) 81
23
22
Case
23
74
5
24
11
o
50 a
40
30
20
10
, L - .

24

80

1100m%/

1200 —
1000
800
~ 600
400
200 I
0 1 1
25
25
100m*/
50m*/
Case
667
a8
800 o
667
620
600
o 426
~ 400 376
200
0
26

13

1710

21.5

620



350

296(100%) 296

300

27
27
6.5.6
28
3.5

Case

20
100

6.5

50

BO

40

30

28

300
250

B0

200

o> 150

29

29

13.1

Case
30

629
ase

14

3.2

651



800

800 3 m] / 3)
609 629 609 629

600 1 600
m\ 400 —=379 377 m\ 400 =379

200 200 127

0 0 \ , 0 , 0 .
0 0

30 Case A 32 Case B
160 a7 250
140 +34(89%)

200 197(100%) 197

120
100 150

80

60 54(37%) 100 80(A1H)

40

50

20

0 L L 0 1 1

31 Case A 33 Case B

31 Case 33 Case
Case
54m*/ 37
89
Case
1.2
Case
32 Case
651 609 100
42

131m%/ 197m*/

15



1995

1996

1997

<<

16

1994

1998
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1,900

50




2.1

2.2

11 12
11
12

3.1

@

&)

®

4

®)

(©)



3.2

4.1

@




AN75

4560

[>T
)

ROy

AN75

29mm

30 ]

Fird

AN75

AN74

FrerMia

S e O

VARRNA

)
@
P4535B
V4560A
P4535A
19mm
¢ 450
4.2
€y
30 40

JIS A5303

@ 250mm  450mm  700mm

a¥Ll

—

BHEH

50mmx 50mmx 50mm
900mmx 900mmx 600mm



80

40

RC

PA535C P7565A

10

20

30

10

20

30

(am) (mm)
v
v 40
v
v
@ 40mm
(cm)
O
X
@
® 400mm
P4535C
P7565A
@ 400mm
©)
30 40

( ) 50 60mm




@ 250 800mm

¢ 800mm

100

70cm

25 30kg

10m/min.

20m/min.

130x 130x 35mm

v

(@ 250 400)

(p 400

)

5mm

+ 180°

10° /sec

15ns (

2.0m

AC100V

&)

v

® 250 800




I
8230

17kn-AE 2R 1450)
R{EEE - (643 «

=5
ﬁEf‘E]EE

=51 347"
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®

1

® 800

10

-4 BN VI

11

10

11

12
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SUS304

/1

0.2v

SUS316

SUS316

1.0v
200 /1
5.0 /1
200 /1

SUS304
1.0 /1

2.0 /1

200

/1

SUS

0.1

>>



10 D

(€]

100 800mg/L

SUS304 SUS316
SUS304 SUS316
@ 0.1mdd mg/d
/day
®
(©)
100y A/m’
100 VSAg/AgCl) 100
[CI(mg/L)]
SUS304 SUS316
KCI
vsAg/AgCl
SUS304 100( VSAg/AgCh)
1.544 0.304log[CI(mg/L)]...
SUS316 100( VSAg/AgCh)
3.152 0.7511og[Cl(mg/L)]...
1000mg/L SUS304
0.632v SUS316 0.899V

SUS304
Cr(18%) Ni(8%) Fe( )
SUS316
Mo Cr(18%) Ni(12%) Mo(2%)
FeC )
Cr Ni Fe
( )

nm



Ox+ze® Red”

( )
48
2.1
2.1.1
(J1S-K-0102)
1
1/13 2/29
(mS/m) |  96.5 102
(25 ) 7.9 7.7
(ppm) 5.9 6.9
(ppm) [0.1 0.1
(ppm) 7.1 7.6
(ppm) | 171 188
(Si02) (ppm) 24.0 25.0
(ppm) 59.2 66.4
(4.8)(CaC03) | (ppm) 62.4 67.0
(CaC03) (ppm) 83 103
12 13 29
171mg/L
188mg/L
2.1.2
@

100, 200, 300, 500,
1000, 3000, 5000,10000

30000mg/L




) 100mg/L
CI 10mg/L)

SUS304
50x 30x )
31m3
400

JIS K0100
1L
180rpm
30

100,200 300mg/L 12
15 500
1000mg/L 3 3000, 5000, 10000
30000mg/L 1 2
20

10

@
100 300mg/L
12 15
300mg/L

500 1000mg/L

3000 30000mg/L

5000,10000,30000mg/L

2.1.3

(€))
200,500, 1000mg/L
SUS304 10
®x30 ) 400
30 1L
JIS 60577
[l
§ ¢ L
(Ag/AGC) ([]1 Pt
1]
\L/‘r
@)

200mg/L 1.2V
500mg/L
0.9V
1000mg/L 0.7v



(mA/cm?2)

(mA/cm?2)

(mA/cm2)

2

0

200 1000mg/L

500mg/L
- il
(a) S/
| 4
1000ma/L 1‘:’
| yalE==]
-
0.0 0.2 0.4 0.6 0.8 1.0 1.2
(V vs Ag/AgCl)
‘l
[ () /
/
- ;
\ /
Vs
i 200ma/L
/[ ]\
L 500ma/L ﬁ ?
0.0 0.2 0.4 0.6 0.8 1.0 1.2
(V vs Ag/AgCl)
I (c)
-
|
|
0.0 0.2 0.4 0.6 0.8 1.0 1.2

(V vs Ag/AgCl)

SUS304



2.2

2.2.1
@
200,1000,3000mg/L
200,1000,3000mg/L
0,0.2,0.5, 1.0,
2.0,3.0,5.0mg/L

200,1000,3000mg/L

0.1,0.3,0.6,1.0mg/L

200,1000,3000mg/L

0.2,0.5,1.0,2.0,3.0mg/L
0.3mg/L 1.0mg/L

)

SUS304 SUS316
10 x 30 ) 400

©)
SUS304 SUS316 (1L)
10
24
30

2.2.2
@
200,1000,3000mg/L
SUS304 SUS316
SUS304
-100 -15mv SUS316 -
70 +50mV
ov + 0.1V
50.0
(a)SUS304
:_g: 0.0
<
> 200mg/L
<
g 3000mg/L
>
£ -500

-100.0
\__ 1000mg/L

-150.0
0.0 5.0 10.0 15.0 20.0 25.0

100.0

50.0

(mV vs Ag/AgCl)

0.0

-50.0

ool
0.0 5.0 10.0 15.0 20.0 25.0



(mV vs Ag/AgCl)

(mV vs Ag/AgCl)

)

200mg/L o
0,0.2,0.5,1.0,2.0,3.0,5.0mg/L
SUS304 X
SUS304 SUS316
(mg/L)
200 200 1000 3000 200 1000 3000
I : *“" + 0.0mg/] 0 o o o o o o
1 ',p-‘ ", x0.2mg/|}
Y 205mg/|
100 |5 T T +img/L 0.2 o o o o o o
h-‘ I @
ﬁ ‘?\\ 0.5 o o o o o
0 N 1&‘ 1 o [} o o
‘ 2 o X o o
< 3 X x o
-100 !
0 5 10 5 P 5 5 x x « o " x
m
200 |
A €))
de, g | e, .
"f,h T e W P 200, 1000 3000mg/L
0 "\{ nﬁg‘;ﬂ E 0.1,0.3,0.6 1.0mg/L
T .
|\- SR %;; SUS304  SUS316
0
100 : ©
0 5 0 15 20 %
X
SUS304 SUS304 SUS316
( 200mg/L) (mg/L)
200 1000 3000 200 1000 3000
(my(L)
SUS304
0 o o [} o o o
3.0 5.0mg/L 0.1 o x x o o o
0.3 X X o X
0.6 X X X o X X
SU8304 1.0 X X X e} X X
200mg/L
2.0mg/L 200mg/L SUS304
0.1mg/L 1000 3000mg/L

0.1mg/L



SUS316 200mg/L
1.0mg/L
1000
3000mg/L
0.1mg/L
O]
200,500,1000mg/L
0.2,0.5,1.0,2.0 3.0mg/L
0.3 1.0mg/L
SUS304 SUS316
4
¢}
X
0.3mg/L
SUS304 SUS316
(mg/L)
200 1000 3000 200 1000 3000
(my{L)
0.2 o X x o o X
0.5 x X o x
1 X X X ) X X
2 X X X X X
3 X X X X X X
1.0mg/L
SUS304 SUS316
(mg/L)
200 1000 3000 200 1000 3000
(myL)
0.2 X x X o X
0.5 x X X o X x
1 X X X X X
2 X X X X X X
3 X X b3 X X X
200mg/L
0.3mg/L 0.2mg/L

SUS304

0.3mg/L
200mg/L
SUS304

SUS316
0.3mg/L

200mg/L
1.0mg/L

2.3

2.3.1
@

100,200,500,1000,
2000 5000mg/L

)

SUS304 SUS316
109 x 30 400

®
500mL

48



2.3.2

300

(1) (a) SUS304
100mg/L &
SUS304 0.4,0.5,0.6V o II:
SUS316  0.6,0.8,1.0V 2 o vs grngend o \,—/
[o6v] %
100 :
SUS304 0.6V ¢
SUS316 1.0V L-_‘—/u \ \
° 0 10 20 30 40 50
(hr)
SUS304 SUS316 100
L (b) SUS316
80
<
ﬁ 60
40
(V vs Ag/AgCl) |W|
L [oav] _ [os5v | \
1 1
) e——
0 5 10 15 20 25 30 35 40 45 50
(hr)
5 SUS304
30 48
cl (V vs Ag/AgCl)
(mg/L) -0.1 0 |0.1/0.2]0.3/0.4]0.5 0.6 0.710.8|0.9] 1
100 R16 | R18 R17
(@] (@] X
200 RO3 [ RO9 | RO2 RO1
(@] X X
500 RO5 | RO6 | RO4
(@] X X
1000 RO7 | RO8
(@] X
2000 R12 | R11 | R10
(@] X
2000 R13 | R14 | R15
(@] X
R o
(@] X




- SUS316

30 48
cl (V vs Ag/AgCl)
(mg/L) -0.1 0 |0.1/0.2]0.3/0.4]|0.5 0.6 0.710.8(0.9] 1
100 R16 R17 R18
(@] (@] (@]
200 RO2 | RO3 | RO1 R20 | R19 | R21 | R23 | R22
(@] (@] X (@] (@] (@] (@] (@]
500 RO5 | RO6 | RO4
O O X
1000 RO8 [ RO9 | RO7
(@] X
2000 R10 | R11 | R12
(@] O X
2000 R13 | R14 | R15
(@] X
R o
(@] X
X
SUS304
SUS316 0.2V
200mg/L SUS304
@) 0.2V
SUS316
7 SUS316
1000mg/L 0.2v
;
SUS304 SUS316 2.4
100m / 0.5V 1.0V (€))
200mg/L 0.2V 1.0V
500mg/L 0.1V 0.4V _ (50 100A)
1000mg/L 0.1V 0.2V
2000mg/L -0.1v 0.2v
3000mg/L -0.1v 0.2v
0 0.2V 0.4 0.5V (@)
7 9
SUS304 100mg/L

SUS316 500mg/L
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41.6 11.5
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3.1
200,1000 3000mg/L
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7
200mg/L SUS304
mg/L 0.1mg/L
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( ) mg/L
2.5mm 0.3mg/L
( mg/L
2mmy) 1000mg/L SUS304
0.1mg/L 0.5mg/L
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0 0205 1 2 3
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E? 06| x
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Olo o o X
0 0205 1 2 3
(mg/L)
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1] x X X X X X
<
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0.3] x X X X X X
0.1[.x
0] o o\ X X
0 0205 1 2 3
(mg/L)
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(mg/L)

(mg/L)

(mg/L)

1o o o
06| o
03lo o o
01f o
Olo o o o o o e}
0 02 05 1 2 3 5
(mg/L)
(b) SUS316
1] x X X X X
0.6] x
0.3 o) X X X
01f o
Olo o o o o X
0 0205 1 2 3 5
(mg/L)
(b) SUS316
1l x X X x X X
0.6] x
03] x x x x x X
01] o
Olo o o o X
0 0205 1 2 3 5
(mg/L)

(b) SUS316
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1000

500
200
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0.1v
SUS316
200mg/L 1.0v
SUS304 500mg/L 0.4v
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0.2 03 04 05 06 07 08 0.9 1
(V vs Ag/AgCl)

3000

2000
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1000

500
200

100

-0.1 0

0.1

0.2 03 04 05 06 07 08 09 1
(V vs Ag/AgCl)
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10 11
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No N- VTS/TS
(mg/gDS) (mg/gDS) (kj/kgDS)
1 H11.11.10 63 574 8
2 H11.11.22 53 653 6 97 35.
3 H11.12.3 63 599 10 97 36.
4 H11.12.10 74 693 7 97 35.
5 H11.12.20 90 640 7 97 35.
6 H12.1.7 87 790 5 96 35.
7 H12.1.14 82 626 5
8 H12.1.25 70
9 H12.2.7 73 877 96 35.
72 681 7.4 96.7 35.
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6-1-2

50%W.,C
40%W,,C+10%WC
Co+20%
Co+50%Cr
Co+10% +10% BN)
Co+20% +10%
BN
Co+20%WC+40%Cr
Co+10% +10%BN+20%WC
Co+10% +10%BN+20%Cr
6-1-3
SigN, 50 W,C
40%W,C+10%WC
20%
10 BN 20%
10 BN+10%  +20%Cr
10 BN+10% +20%WC
50%Cr
40%Cr  20%WC
+10%BN 10 BN+10%
TiB, 40%W,C+10%WC
SiC 50 W,C
40%W,,C+10%WC
40%W,C+10%WC
HIP

5000PPM




@ 265

SN,
40 W C 10 WC

1500
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19.5
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33
15
6-2-1
e | (5 |
|
#1000 o
I r M ©| ik O M
(7 leasEms
6-2-1
36
60 69.5
70
m/s
500
200
0.2MPa
cm’? 0.5wt

2.6m/s

200
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®)

1200

210m® min
5.2

250min
250kW 1M

¢ 160

21
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15
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34
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44

52
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70
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38 100 6-2-2
34 70
44 100
1
/
1
0.75u 0.6y
6-2-2
11,600
1000 11 6.3
NBR D)
120
10
()
@
¢ 190
2.5m/s
0.05Mpa
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60
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40 14 25
14 25 80 55
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%
14 24
13 24 80 56
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¢ 300 16.5
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0.75kw
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20 24
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m |675|170|280(540|810| 80 | 190| 95 | 230| 85 | 500|565 | 1150 | 137 | 400
%|06| 0 |-30{06|06|05[35]| 0 [-25 0.45 05| 0|05
(m) 4.25 4.8 55
3 1Q
450 325 137m 11 10 27 11
27 73
30%o 15.5 1 59 14.5
25%0 SS
1Q
1.2
12 16, 23, 28 , 11
5 17.5 29
11 30 2
10 ?
2.2
(SS) coD
33,000m’
30,000m’
76,000m’
3.1
11 1 10 27
27 10
11 13
18
2.1 14



(10 27 )
- m3/
(mm)
9,00 12,900 |19900 | 20,900
10001 2 117900 126100 | 26700
1100] 15 | 26120 32860 | 31900 1,600
12001 2 135760 138300 | 31800 8900
13001 25 | 35740 | 41000 | 31400 | 7.400 14200
1400] 55 | 52360 | 73500 | 29500 | 42300 }19000
15000 4 159670 79300 | 29600 | 52800 |18600
16001 85 1 70770 182500 1 29000 | 55200 [18100
17,00 135 1 80120 1119001 29000 | 56200 |35300
18001 155 1 80650 |137.300] 29000 | 56300 651001 5280
19:001 145 1 99090 |179500] 29000 | 53400 |66.100] 81130
20:00 3 88200 11308001 29000 | 51300 1661001 48540
21:00 72670 192500 | 28200 | 46600 66300 21.120
22:00] 05 | 56000 |69400 | 28400 | 46400 |64.000
2300 32410 | 46300 | 26000 | 26100 |61.800
0.00 30360 |45100 | 25300 | 24600 |59.700
100 26670 | 38400 | 24700 | 20100 53800
200 | 05 19840 26300 | 28800 | 4100 [47.900
300 | 05 | 43930 |53900 | 29400 | 31300 42100
4,00 42600 | 43200 | 28100 | 21700 136,200
500 29890 130600 1 27.000 9900 130400
6:00 11850 112500 | 19100 | 400 [24,600
3.2 1
3.2.1
27 SS
10 12 30 1073mg
L 15 30
16
CoD 10
10 27 11 1
COD SS cob | ss
() Jma/D)f(ma/L)] () | (ma/L)](ma/L)
8:00 410
9:00 3.5 158 1.5 230 775
10:00 3 137 318 3 147 405
11:00 3 238 4 82 260
11:30 | 15 240 790
12:00 | 1.5 930 6 49 151
[ 1230 | 15 1073
13:00 2 255 827 7 36 115
13:30 2 720
14:00 2 225 675 11 27 73
14:30 | 25 580
15:00 | 2.5 176 545 12 26 60
15:30 2 730
16:00 | 2.5 168 830 15 22 53
17:00 4 73 303 15 26 46
18:00 | 4.5 72 232
19:00 5 58 194
2000 | 4.5 316

13

SS/COD
4.9

230mg L

3.2.2

10

255mg L

13 3.2

11

10 13

27

72

SS 8
775mg L
CoD 9

10 27

SS 27

27 11
9 CoD
SS

27

16

293

12

60

10

m3/
[e-)

50

40

.

30

ik

7

20

Nlnalna

10

123456789 1011121314151617181920

ca

27

16

(

SS

(10/27) = (11/1) == 10/27) = (11/1)
-3
14 COD 8
SS
27 SS
12
13 COoD



SS SS/COD

16
SS
SS
SS
SS
CoD
27
27
300 SS
COoD
SS
3.2.3
10 28 SS
27
139t SS
SS
SS
4
28 43
31 19
118 2
27 4 14
86

SS
SS
4 120
43 4 20
140
120 -
100 | //
>S9 w |
vg . ‘_/‘
= ek
%)

20 |
20
0

] [ ]

10/27 10/29 10/31 1172 11/4
(=] —-ss
-4
3.2.4
11
SS
SS
16
10 21
10
27 11 8 16 10 21
8 16
45 /
121mm 10 27
SS
28 /
10 27
16 12 2
.

SS
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40

30

20

10

——8/16 —=—10/21 —0—10/27 —%—11/1 ®-11/8 -0—12/2

-5
3.3
3.3.1
3
SS
(mm) (mg/L)
3 16 19 1540 4 265 9
3 23 24.5 1940 5 261(12)
3 28 17.5 687 4 106(9)
4 4 26.5 1080 3 172(11)
4 11 29 1340 3 135(7)
10 27 73 1073 11 293 11
11 1 59.5 775 5 139(10
SS 687 1940mg/L
11
16 29 / 28 12
/
10 27 11

16

3.3.2

3.4

28

30

30

0

16

SS

16

16

16

130

SS

28

SS

300

28

10 30

3/16

3/23

DS

3/30

c

SS

4/6

-0

4/13

%



3.4.1

c P Q (Q Qo

m3 s
Qc m3 s

3.4.2

m 1.03 1.17

20

150

> 100

-7

3.3.2

3 23
6
16
32
8
16 10 27
130
100
23
250
( )
3 16 300 265 234 0.94
3 23 250 250 245 0.98
3 28 125 106 114 0.93
4 3 200 166 186 0.92
4 11 200 135 155 0.95
0.92 0.98
0.92
150
— >
§, 100
£

50 [

R 2

y = 0.8515x

= 0.8401

50

100
(mg/L)

150
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0.2
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3 5
20 30 45 60
0.25 0.65
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2
50 |
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0.24
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08

06

04

02

1200

1424

16148 19:12

00
21:36

20 12 21
22 18
/ 1
06 10
-1 o 7.6 16
21 17
16
12 21 20
m*/h m® m*/h m®

12/13 2.92 0.677 1.973 0.69 2.01 1.8
12/14 2.67 0.573 1.528 0.62 1.65 7.7
12/15 2.02 0.552 1.113 0.57 1.15 3.2
12/15 3.25 0.529 1.721 0.58 1.885 8.7
12/17 6.50 0.539 3.504 0.59 3.835 8.6
12720 4.39 0.476 2.089 0.53 2.328 10.3
1/13 1.0 0.496 0.496 0.492 0.492 -0.2
1/13 1.68 0.511 0.860 0.539 0.907 5.2
1/14 3.44 0.461 1.584 0.508 1.745 9.3
1/17 13.42 0.437 5.856 0.52 6.976 16.0
1/18 5.93 0.529 3.136 0.56 3.320 5.5

13




16

12 21
0.3 0.48
3.4 3.9 23
12/9 0.37 1.7 3.85 [8.5+£0.2
12/10 13 0.39 1.7 3.92 [9.5+ 0.5
15 0.39 1.7 3.81 [9.5+£0.5
12/13 14 0.46 1.83 3.46 | 8.5+ 0.3
14 0.46 2.28 3.41 |[9.0+ 0.3
14 0.46 1.45 3.41 [9.0+0.3
12/14 12 0.41 1.83 3.7 |[8.8+0.3
12 0.41 1.45 3.62 |[8.8+0.3
12 0.41 1.82 3.60 [8.0+0.3
12/15 11 0.42 1.82 3.37 |[8.5+£0.3
11 0.42 1.46 3.79 [8.5+0.3
11 0.42 2.27 3.67 | 8.5+ 0.3
12/17 11 0.41 1.84 3.84 |[11.5+ 0.3
12/20 10 0.45 1.42 3.38 [10.5+ 0.3
12/21 10 0.30 2.04 2.84 |12.0+ 0.3
10 0.30 2.04 2.84 |13.0+ 0.3
10 0.30 2.04 2.84 |[10.0+ 0.3
1/13 9 0.48 1.21 3.79 |[10.0+ 0.3
9 0.48 1.00 3.67 |[10.0+ 0.3
9 0.48 1.53 3.74 |8.0+ 0.3
1/14 9 0.43 1.42 3.84 |[8.0+0.3
9 0.43 1.10 3.92 [9.0+0.3
9 0.43 1.73 3.94 |[8.0+ 0.3
1/17 9.5 0.41 1.3 3.75 |10.0+ 0.3 | 24h
1/18 9.5 0.41 1.3 3.73 |10.0+ 0.3 | 24h

2)
b)

14




80

78 T

76 T

74 T

72

11 10 11.5 0.35( 0.334 .6 76.7 76.7
11.5 0.35( 0.334 .3 75.9 75.9

11.5 0.35( 0.334 1 75.1 75.1

11.5 0.35( 0.334 .9 76.8 76.8

11.5 0.35( 0.334 .2 77.2 77.2

11 16 13 0.32( 0.294 .7 78.7 78.1 78.5 78.4
13 0.32( 0.294 2 78.7 79 79.1 78.9

13 0.32| 0.294 .3 78.4 79.1 79.4 79.0

13 0.32| 0.294 .5 78.1 76.9 7.7 77.6

11 16 13 0.38| 0.349 .5 76.9 7.7 77.9 77.5
13 0.38| 0.349 7 77.3 78.1 78.2 77.9

13 0.38]| 0.349 2 77 78.5 78.4 78.0

13 0.38( 0.349 .2 75.6 76.5 77 76.4

11 16 13 0.44| 0.389 2 76.4 77.4 77.1 77.0
13 0.44( 0.389 .7 75.6 77.1 7.4 76.7

13 0.44( 0.389 .4 4.7 76.8 77.1 76.2

13 0.44( 0.389 .1 73 75.2 7 75.1

11 16 13 0.35( 0.324 1.1 75.7 76.1 77.3 76.4
13 0.35( 0.324 1.4 76.7 77.3 79.1 7.7

11 0.35( 0.324 .7 77.1 78.5 79 78.2

13 0.35( 0.324 2 77.2 78.3 78.5 78.0

06

0.8 1 12 14

23

16

2.4




®)

16

9.3
€Y)
@
12 1 17 19
5-1
®
%
4

16

o) | VIS(dry%) (cal/g)
4.79 97.6 4890
66.35 95.12 5010
20% 30%
10 11
30% 76%
-10
20% 30% 20% 30%
)| 78.8 | 78.6 | 78.2 | 79.6 | 78. 76.2
1.00 1.18 1.17 1.00 1.09 0.97
-11
(%) 2.6 3.4
(m3/hr) 7.0 8.3 7.0 7.9
(%) 0.6 0.7 0.4
(m/min) 1.1 1.1
(Mpa) 0.3 0.3
(kg-ds/m hr) 61 72 79 90

®

12




10

@

12

TS TS 2.6 3.4%
%) / :2.5 3.5%
t)
) 84.33 84.39%
\ 160 70% ()
) \ 31.53 35.10%
25 35% £)
100Me* 25.36  25.32%
(%) / 18 12% ()
:0.28 0.32
(meg/g TS) meg/g TS
\ :0.35 0.45 )
meq/g TS
+
\
11 10

17
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@

®

4

3%

10

30%

16
7.6

1.8

x 100

10

18

11
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MLSS

12

2000mg/1

>>



11

82,000m*/
61,500m*/
12 A O 4
12
CoD N-BOD
T-BOD

2,000mg/1
SRT
MLDO
12

DO

MLSS

A,B,C,D



E. ]

ANFRE IO PR

110m® kEO¥HE 50m° &tk

WZ.8m X L1B.OmMm X H2Z.1m HBHhEE

[ Kabith
Zk S HB ks 25
13 23 3F=
W27.6 > L40.4 > H4.1 W27.6 > L40.4 > H4.1 W27 6 > L40.4 > H4.1
KB BShEE 4570m° HEhER|/ 4.570m° HShEE 4.570m°
LY s P W ] B o = Yz g~ = [P R Es P ] Y - o
WE.8m(AZKEE) < L47.4m W6 8m(AZKEE) > L47 4m W6.Bm X L47.4m X H7.5m
x H7.5m x H7.5m (aE B>
BShE=EE 9.670m° BHEhE=|=E 9.670m° HxhE=R 9.670m°
HrsmR 448t < a7kER BsiR 448# < 47K ER BrdmiR 3368z < AEEE
SFLIE 300 SLFLEE 400 u =FLEE 400
R =R
BrE 5 =t BEEFR HEswm A=t HEESE #rsm A=t HiuEEEFR
HIsm7KER 4.5m B IKEE 45m HESRKER 4.5m
- SERRSRY SEEREEeSR TR L FRRY
1./ 4(AC]#5 > PR B 51 1/4(A B BROHIBR BE 1/4(AEFE>HIBR AR U
7 W27.5m > L54.6m >x H2.8m W27.5m > L54.6m > HZ.8m W27.5m x L4 6m >< H2.8m
IR HhEE 4.200m® BTTHhEF = 4.200m° BHTHEE 4.200m°
UL st 1)1 2 L 2t oS LR
1FR(X. SIT1-1FR&E1-2F%
s = ITEoohTHsU. FEhFih
¥y L CTHEARF &N TE
Do
pH COD MLSS MERK RQflex
MERK RQflex
MLSS SRT MERK RQflex
C
D DO 2.1
D02  3mg/I
ARDEFE RUNI RUN2 RUN3 RUN4 ]_/27( )
H12212~ H1Z2218~ H12224~
WEAm —  [Mr227-212 217 224 3.3
MLSS(mg/1)| 1.200~ 1,800 | 1500~-2,000 | 1,600~ 1,700 | 1.900~2.100 { 1.800-~2 300
e . 5n.a | DERETA~5 | DEIRACA~S
DO(mg/)) | DEIRT2~3 | DEIRET2~3 | DEIRTI~4 | cmoe o o S ope g g
HEEE x o] x e} 0
MLDO 1 MLDO



2 3 3.1

{2/7C ) 2/12( ),RUN1} D (
D DO 2 3mg/I ) B,C,D3
MLSS 1,500 2,000mg/1
RUN1
2.2 20 35cm 50 60cm RUN1
D DO D
mg/1
{2/12(C ) 2/17(C ),RUN2} MLSS RUN2
1,600 1,700mg/1
25 35cm
2.3 RUN3
2/17( ) 2 3 50 60cm
D 0.5mg/1
D DO 4 5mg/l C 2 4 B
3mg/1 C
{2/17C ) 2/24(C ),RUN3} MLSS RUNA C D
1,900 2,100mg/l B
C DO 4 5mg/l C RUN4

{2/25( ) 3/3( ),RUN4}
MLSS 1,900 2,300mg/|

100
80
60
40
20

RUN! ; RUNZ | RUN3

EIRE(cm)

1/2 1/9 1/16 1/23 1/30 2/6 2713 2720 v /5 an2

16

12 +

e 8 Y = A WE
:-: i ey B

R MBI/

TR A B A ciiiiininiiininiiniiin
. T, AN AY AT AT A, - . x = v v PR

1/2 1/9 1/16 1/23 1/30 2/6 2/13 2/20 2/27 3/5 /12
Bf}



- e - BEB
E - o — CEE
™
%
m
e f
= {
| - P — = I
1/28 2/4 2/1 2/18 2/25 3/3 /10
Bt
3.2
RUN1 RUN2 MLSS 0.83
RUN3, 4 -0.0049X  11.062
MLSS
D
(mg/1)
MLSS MLSS (mg/1)
E
o
=
Z i illm Nl
§ oIttt r
b ly=-po049x + 11.062 |
P R =08345 :
&3 MLSSRELZEREORBE
(RUZ-AIE, BRch ) F 1 i) o 500 1000 1500 2000 2500
FE KA RUN1 RUN2 MLSSRBE(mg/)
MLSSEE (mg/| 1,660 1,640
MLSS
& 18 Flem) 51 32
MLSS
2,000mg/1 0.5mg/1
3.3 MLSS
D
MLSS
MLSS



MLSS 1,500mg/1

MLSS 2,000mg/1

A-SRT

MLSS 2,000mg/1

MLSS

MLSS  2,000mg/|
3.4 A-SRT
SRT A-SRT
1/4 A-SRT SRT 3/4
A-SRT 2 3 A-SRT
A-SRT
(1994 )V

A-SRT 20.65x exp(-0.0639x )

SRT

A-SRT
A-SRT
3
A-SRT
10
MLSS
A-SRT
A-SRT
MLSS
SRT
A-SRT
3 A-S
RUN1 RUN4 A-SRT
MLSS 19
RUN1 RUN4
SRT 6.3 2
A-SRT 6.2
3.5 3 MLSS
3
8 /7 3
MLSS
MLSS
MLSS1,375mg/1
2.29t/
MLSS
2.29t/
3 MLSS
XS (CS MS ES)/Vax 108
XS MLSS (mg/1 )
CS )
MS .29t/ )
ES L 1 w )
Va 3 (=9,670? )

RT

MLSS



RUN2

YS (MS ES)/Vax 10° MLSS
MLSS

YS MLSS mg/1 )
MLSS MLSS
MLSS

RUN3
MLSS

100%

so%
SLamsEWERE -

60%

40%

20%

2,17 2/18 2/19 2/20 —f2/21 2,22 2,23 2/249
B 1=

MLSS

100%

BO% -l lammtmsEaRs el lcle 1o o100
BO% |1l lilolililililelelilslaleleli il lelilaliln

217 2/-18 2719 2,20 E‘[?]'/21 2,722 2,23 2,24

MLSS



RUN3 3
76
23

SRT
SRT

SRT
MLSS

3.6 MLSS

MLSS svi
2)
1.35
S V /2 2.45x 105 T-% X svi o7
7/ )
/)

()
MLSS (mg/1)

< 4 < w»;m

MLSS

X {S+ (2.45x 105 TO-5 SV| 0 7)} VL3
MLSS SRT

X (SRTx ES)+ Va

X MLSS(mg/1)
SRT A-SRTx 4/3( )
ES )
Va m )
MLSS
MLSS 5

3.7

X X
MLSS
20 35cm
SVl
100 140 150
SVI
SS C-
BOD
N-BOD

3mg/1
C-BOD N-BOD T-BOD

RUN2



<<

A-SRT

MLSS
2,000mg/1
A-SRT
A-SRT
A-SRT
(
A,B,C,D )
(1994 )
)( )



<<

10
11
12



<<

1

12

80

80

>>



11

10

T-N(mg/1) T-P(mg/l)

30 3.0
50 4.5
20 1.0
*
10 12
11

Step-A20 A20
<12hr 16hr
80 < 70%
85 < 75%
1000Wx 6000Lx 2000H(mm)x
24m3/D
>
A20
0.7 2.0
0.5 0.5
0.5:0.5 -

HPLC



RUN1 RUN2 RUN3 RUN4 RUNS RUNG RUN
A-SRT HRT HRT
SRT
1,2 MLSS
(RUN1 2000
2/11 3/11 | /11 4/23 | 6/2L 8/6 | 8/9 9/24 | 9727 11/5 |11/8 12/27|M2 1/5 2/18| 2/21 3/31
HRT 12 12 12 12 12 12 10 12
05 0.5 | 05 05 05 05 | 05 05 | 05 05 | 05 05 ] 05 05 | 05 0.5
0.7 0.7 0.7 0.7 0.7 0.7 0.3 0.7
A-SRT 9.2 7.0 9.2 5.8 4.3 5.5 7.4 5.9 10.9 10.9
MLSS  mL |2,543 3,525( 1,860 2,885 |1,126 1,326 | 935 1,503 | 1,328 2,645 |1,335 1,865(2,020 2,785(2,563 3,233
Lh 10L/h 10L/h
HRT 12 12 12 12 12 12 9.1 10
0.5 0.5 0.6 0.4 0.6 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.7 0.7 0.7 0.7 0.7 0.7, 1.4 0.3 0.7
A-SRT 90 9.2 | 6.8 9.0 5.6 43 55 10.5 10.5 10.0 10.0
WSS wL|2,670 3,138| 2,033 2,950 | 1,083 1,818 | 820 1,173 | 955 1,613 |1,828 2,690|2,443 3,328|2,780 3,463
0
HRT 12 12 12 12 12 12 10 12
2.0 2.0 2.0 2.0 2.0 2.0 2.1 1.5
R [A-SRT 8.8 6.7 8.8 5.5 4.3 5.5 10.5 10.4 10.0 10.0
WSS wL|2,673 3,458| 1,885 2,990 | 1,023 1,558 | 910 1,330 | 1,048 2,475 |2,158 3,085|2,748 3,453|2,255 3,385
ol 20 50 20
4.1
4.1.1
T-N NH4-N  BOD COD
— RUN
RUN  RUN RUN
T-P T-P PO4-P SS
RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 RUN 6 RUN 7
mg/L [3/11 4/28| 6/21 8/6 | 8/9 9724 | 9/27 1175 11/8 12/27| 1/5 2/18 | 2/21 3/31
T-N 32.4 26.7 25.3 30.6 34.4 37.0 38.9 32.9
18.9 39.3[11.2 33.3|20.6 29.5[13.7 37.6| 23.6 39.6| 25.0 41.0 |27.9 51.0[11.2 51.0
NH.-N 22.7 17.6 17.5 21.6 24.4 25.8 27.5 22.9
4 11.8 26.9] 6.6 22.1 | 13.8 20.3| 8.4 26.7 | 15.8 30.6 | 17.2 28.8 | 18.9 33.2| 6.6 33.2
T-p 3.8 3.0 3.2 3.5 45 5.1 5.1 4.1
2.1 5.9 | 0.7 5.1 | 1.8 4.6 | 1.6 4.7 | 2.2 11.3 | 2.5 16.2 | 3.1 10.8 | 0.7 16.2
PO._p 2.3 1.7 1.8 2.0 3.0 3.1 3.2 2.5
4 0.8 38|01 42|09 32|06 32| 1.4 90 | 1.3 119 | 1.6 8.2 | 0.1 11.9
T-BOD 146 108 85 124 152 177 182 140
79 204 | 31 215 | 44 112 | 46 211 | 115 212 | 80 242 | 137 267 | 31 267
S-BOD 53 36 30 42 53 57 58 47
21 79 10 71 21 38 18 65 3090 18 99 2686 1099
T-COD 67 57 51 67 80 82 83 71
45 83 2680 35 67 39 83 6295 58 98 70 94 2698
ss 85 90 65 83 89 93 106 89
47 120 | 40 100 | 32 122 | 52 124 60 134 56128 76 146 | 32 190




4.1.2 BOD/N BOD/P 40 I
35 [—4Run3 =
XRun 4 x
T- 30 v’d
BOD/N T-BOD/P — =5 25 ¢
> < X7 | x X
T-BOD/N E 20 e
15 - T
x
10
T-BOD/P 20 40 5 N
T-BOD/P 20 25@ . T
0 1 2 3 4 5
T-P (mg/L)
/T-P
RUN RUN 4.1.3
/T-P U
_ RUN RUN4
/T-P —
— /T-P 24
RUN
300
eRun 1 -BOD -
250 [ 4 Run 2 R BOD
ARun 3 Vég
~ 200 —{ xRun4 a e BOD
> +Runb5 T & o —
< 150 [oruns / WLk CH3COOH
Q -Run? +
om *
T o0 ] /“'..1;';;" BOD 85
L} 2 o
x
50 = x S-BOD S-BOD
i : S-BOD S-BOD
0 10 20 30 40 50
T-N (mg/L)
T-BOD/T-N
50 0
s ' 1
300 40 - — —1 30
eRunl 35 . . } 7
® Run 2 B
250 M aRun3 ° ) gzg N .e . . o .//" | BOE
x Run 4 - O/ o < 20 o M '8 Io 90
~ 200 H+Runb ov-.-c . 8 ry MI .’u .vy \ .I
a + 15 *
> © Run 6 & + + -i [ Al X 1
£ -Run7 + O o ¢ 10 * 0 —1a +1*— 120
o 150 un P’ T 5 ﬂ/’ hd / N
g + © \ xi 0 JU M * * ® 150
= 100 < }" B :/‘( 1900/8/29  1999/9/12  1999/9/26  1999/10/10  1999/10/24  1999/11/7
S
50 —
0
0 2 4 6 8 10
T-P (mg/L)
T-BOD/T-P



70
O
60 1 ...... 5°
%50
40
o 30
20
10
0
0 10 20 30
(mg/L)
S-BOD
4.2
4.2.1 RUN1 RUN2
RUN1 RUN2 — —
10 11 10 11 13
RUN
RUN
A_
SRT
85
-A20 80
A20
16
100 - —
50 (/ ]
60 "y/
40 4
20 /i
0

RUN1

HRT

20 50mg/1
RUN2
0.6 0.4
0.6 0.4
0.4x
ORP
N
NO

100

0.5 0.5

0.5x

2

80

60

40

20

10

0.5 0.5

10 11

NO




100

80

60

40

20

100

80

60 /

o /)

” 7
0

10

05 1 15 2 25 3 0 2 4 6 8
RUN (mg/) RUN (mg/1)
RUN2
200
7/6
100
0
5417 31
-100
-200 /
-300 B
-400
-500
RUN ORP
16
14 — ONO3-N
12 BNO2-N
10 ONH4-N
8
6
4
: 05 H
0 . . . .
RUN2
16
14 — ONO3-N
12 BNO2-N
10 O NH4-N
8
6
4
2
0 . . . . . . .

RUN2



RUN1

3/11 4/28
N 33.0 5.1 5.3 6.7
T-N "/ (18.9 39.34) | (3.15 7.49) | (3.04 9.17) | (4.48 9.18)
(D) _ 85 84 80
N 3.83 0.74 0.93 0.58
T-p "Dl (2.00 5.93) | (0.18 1.72) | (0.24 2.27) | (0.23 1.52)
) 81 76 85
RUN2
6/21 8/6
N 26.7 4.8 5.0 5.7
T-N "/ (1.2 33.31) | (3.5 7.28) (3.02 7.84) | (3.01 8.65)
) S 82 81 78
N 2.44 2.29 2.17 1.88
T-p "D .67 5.1) | (0.13 9.22) | (0.1 6.91) | (0.1 9.24)
*%) — 24 28 38
. 3.72 0.78 0.63 0.43
T-p* YO (3.16 3.99) | (0.53 1.06) | (0.44 0.79) | (0.38 0.51)
0 79 83 88
*
4.2.2 RUN3 RUN4 mg/1
RUN3  RUN4 12 13
14 15 RUN3  RUN4
RUN2
12 13
50
1
T-P 0.5 MLSS
1mg/1 60 90
A-SRT
1
RUN RUN 14 15
20mg/1
NO3-N

RUN3 RUN4




%

100
80
60
40

20

100

80

60

40

20

7 N 100 ’

80

e
I

60 J / T

” AT T |

/ /I’,' 20 )"
- 0
0 0.5 1 15 2 25 3 0 2 4 6 8 10
RUN3 (mg/1) RUN3 (mg/1)
12 RUN3
/ / 100 // y
j / 80 /,
(1 " )/(
I - 40 ( J ------
/. "L
0
0 05 1 15 2 25 3 0 2 4 6 8 10
RUN mg/L RUN mg/L
13 RUN4
18
16 ] ONO3-N
P T a— ENO2-N
E’ 12 ONH4-N
= 10
8
6
4
2
14 RUN3 1
18
16 ] ONO3-N
o 14 BNO2-N
g 12 ONH4-N
10
8
6
4
2
0
RUN



RUN3

8/9 9/24
N 25.3 4.6 5.1 5.0
T-N "D [ (20.62 29.51) | (3.48 5.86) | (3.48 6.61) | (3.72 6.08)
) - 82 80 80
N 3.06 1.44 1.96 1.27
T-p "D (.78 4.61) | (0.26 4.89) | (0.61 5.38) | (0.4 5.13)
) _ 54 38 60
N 2.98 0.65 1.13 0.96
T_p* "Dl (.78 4.61) | (0.26 1.28) | (0.61 2.64) | (0.42 1.81)
@ 78 62 68
RUN4
9/27 11/5
N 30.6 5.2 5.9 6.3
T-N "D [(13.68 37.61) | (3.82 9.74) | (4.55 8.28) | (4.59 7.65)
) S 83 81 79
. 3.45 1.50 2.13 1.88
T-p D1 (1.59 4.67) | (0.23 5.24) | (0.63 5.82) | (0.43 5.63)
@ S 57 38 46
o 3.34 0.38 1.04 0.82
T-p* "D (159 3.99) | (0.23 0.74) | (0.45 1.19) | (0.27 1.09)
o 89 69 76
4.2.3 RUNS
RUNS 10 16 A-SRT A-SRT
RUNS A-SRT 17
A-SRT
A-SRT 0.7
80 1.
16 T-N 5.7mg/1



10 RUNS5

11/8 12/27
" 34.4 7.0 5.7 6.0
T-N "D [ (23.55 39.57) | (3.72 10.29) | (3.57 8.26) | (3.64 8.89)
(D) _ 80 84 83
" 4.51 1.96 2.30 1.77
T_p "D (218 11) (0.5 6.9) (0.3 6.8) (0.3 6.7)
) — 56 49 61
" 4.16 1.10 1.40 0.85
T_p* "/ (3.22 5.5) (0.5 3.1) (0.3 3.5) (0.3 2.7)
%) — 74 66 79
100 f/ B 100 h,
_ 8 /f/ _ 80 v/ -
60 / 1% 60 (/ ,/
- /' / / — —
40 40 i
I/ ,"/ /
20 : 20 Ji- A
) 1/
0 0
0 05 1 15 2 25 3 0 2 4 6 8 10
RUN mg/L RUNS
16 RUN5
HRT 10
100 HRT 9.1
9% 0.3 A20
g 2.1
% A-SRT
. N T-N 10mg/1
80
80 80
00 05 1.0 1.5 2.0 25 3.0 A20
A-SRT/ A-SRT
17
A20 2.1
4.2.4 RUN6 RUN7 0.3
RUN6 RUN7 11 12 18
19 2.6 0.8
RUN HRT
HRT MLSS




3000 / 10 HRT12
A20 HRT 10
RUN7  RUN HRT
19
RUN
3 HRT

A20 1.5

0.7 HRT

11 RUN6
HI2 1/5 2/18

N 37.0 8.9 8.5 8.1
T-N "D (25.00 41) (4.3 16) (3.3 _15) G-4_17)

® — 76 L Lk

N 5.13 3.71 3.60 3.21
T-p O (2.5 16) (0.5 11) (0.5 10) (0.3 11)

@) — 28 30 3

N 3.39 1.09 1.13 0.57
Tp* "D (247 46) | (0.5 2.2) (0.5 _2.2) (0.3 1.2)

0 — 68 67 83

12 RUN7
HI2 2/21 3/31

N 38.9 6.6 6.4 8.3
T-N "D (7.9 51) (3-9 8.9) (3.6 9.1) G.4_11)

® — 83 84 &

N 5.05 2.59 2.44 2.95
T_p mg/L) (3.1 11) (0.3 8.1) (0.4 6.9) (0.6 7.5)

) — 49 52 22

M 4.91 1.21 1.10 1.5485
T_p* "/ (3.09 11) (0.3 4.1) (0.4 3.9) (0.7 4.2)

0 — 75 8 09

10




100

)
4
~
5 10 15
RUN (mg/1)

20

K’ // 100
80 / - 80
60 [f/i ' 60
40 /// 40
20 oy 20
0 0
05 1 15 2 25 3
RUN6 (mg/1)
18 RUN6
100 = 100
60 2f’7’ /’ 60
40 : 40
‘ Y/
1
20 j,li"’ 20
0 0
00 05 10 15 20 25 30 0
RUN7 (mg/1)
19 RUN7
4.3 PHA
BOD/P
BOD/P
20

11

2 4 6 8 10
RUN7 (mg/1)
12.00
10.00 s
. v
8.00 /
6.00 S
e
4,00 /:31 Y =0.1775x = 01127
2
. . R’ = 0.7397
2.00 <
000 'Y 3 Y 1
0 20 60 80
PO4-P



<<

IAWQ International Association on Water
Quality
PHA(poly
hydroxyalkanoates)
PHA
PHA
PHA
21 22
PHA
PHA
mg/1
7
®
6
L //
1S *
4 hd “
E 3 L 2 /
1 /} y = 0.0918x + 0.1906
® . R? = 0.8512
0 L L L
0 20 40 60 80
21
PHA
8
*
7
EL -
5 —
< *
I *
o 4 r 3 L 2 g
3 0»' S 2
L 2R 4
2 /
n . o y = 0.6416x + 1.0149
- RZ = 0.7629
0 ' . 1
0 2 4 6 8
PO4-P(mg/l)

PHA

12

@
@

®

4

®)

(©)

A20
10 12
A20
HRT

HRT

80

0.7
85
A20

EPA 63

10

11

1994

80

H

0.3

RT

16

(

A20

)



<<

10

mg/I1

>>



15014001

10 12

11

2.1

0-157

m/




No.

2.2

200L
304 100L
304 100L
500L
100L
2.1m¥%h 0.75kW m
m3/h  0.77kW 30m
m3/h  0.75kW 30m
35g/h  1.1kwW
@ 350mm 5000mm
® 400mm 500mm
0.4kw
0.1y m 0.8m7/ ( )
0.2kw
20L/min  0.245kW
50L/min 0.245kW
55L/min  0.2kw
130L/min  0.4kw
@ 250mm 5000mm
mm
2000mm
PVDF
0.8 20mg/L
50
U m 0.1
mm 1126
mm 32
m? 0.8
m3/ _at100kPa.25 4.7
kPa 200
kPa 200




10
m’/

11

2.4
2.4.1

€))
BOD

)

2.4.2
10

€y

m’/

MF

MF

&)

®
&)

2.4.3

€y

umu

)

2.4.4

3.1
3.1.1

10



10 11 10

CoD
10
15mg/L
11 20 mg/L 10
Cob
10 20 mg/L COD
mg/L 11
CoD 40mg/L
11
HRT
NH -N
10
I
—.—
D~€LD~ O &|—o0—
()‘ ——
—Q
\
\
q~cr<><;
10 10 11 10 20
3.1.2
10
mg/L

mg/L

3.2
3.2.1

T-BOD
T-BOD
? <
Q ~ —o -
‘\
\ \
\ '\\\\
\
\ -
CL.\ *
—=0-- O s p—
mg/L
10mg/L
o L
A ’\
\
\ =
"\ a N
A A
T A-e--.p_ 8
10mg/L
T-BOD



(n/| 0
) | (min) | (min) (nin) (%)

RUN1 5.0 10 1.0 1.0 62
RUN2 5.0 20 0.5 1.0 87
RUN3 5.0 20 1.0 1.0 80
1000 mg/L 300 mg/L RUN4 | 5.0 | 10 0.5 1.0 | 75
- —>( + ) —
150 - -
70L/min
m3h 33L/min
300
600 I
— / 1
3 'y 2 @
- 4 o
N O(RUND 1/14 1/17 | |
ORUN2) 1/17 1/20
» | | | ; O RUN3) 1/24 1/26 :
e —— I ARUNY /26 2/10
v - 9
/
/ o-o-"'oo}o :
&"coowoo-oou-" =0
3.2.3
3.2.2
3.2.1 —
RUN4
600
RUN
RUN
RUN ATU-BOD
ATU-BOD
CoD
RUN

600



DNA

~ ¥a
i ra 5008 ggote ®
Te) A (@] 08 8
A3inch (RUN4)
o 2 as
@
12 11
50mg/L
16
‘\\ :coo |
—e— ATU-BOD 20mg/L
-— \\\ ~ 50mg/L
S,
\ . F —— 4t - (x10)
' e A(x10)  —A—4-n-
A &
3.3 NN
3.3.1
Sep-pak tC18
2000 1000
500
1997
umu )
Salmonella typhimurium TA1535/Psk1002 12
20mg/L
10mg/L
(S9) 10 11
SOmix
10 2000
DNA
mg/L 11
10mg/L
16
16

2000



_D_ 4
/E\ =04+ 1710
= D/ ‘.\ -8 -
¢ 1,
"o
10
A, —& 12 1
o= -
Q\\\ \\‘\\\
N
W\\\“~wm\\
T\<§b===?=-o
11
17
3.4
11
12
BOD

Cob

T-BOD,ATU-BOD

4.1

Img/L

50

NH -N

NH -N NO -N
20 mg/L
50%
10mg/L
1.5 mg/L
50
10
35
5
80kPa
1.5mg/L
20 25mg/L



4.2
€Y

&)

®

<<

( 12 3 2 )
BOD (ng/L) | 24 29 5.3 5.9 3.2
ATU-BOD (ng/L) | 8.6 12 3.2 3.4 3.2
CoD (ng/L) | 23 22 14 13 8.8
(CFu/mL) [4.9.E+4]6.1.E+4[1.7.E+3]9.5.E+1[0.0.E+0
(CFU/mL)|4.8.E+3|1.6.E+3|3.9.E+1|8.0.E+0[0.0.E+0
(CFU/mL)|7.1.E+2|4.1.E+2|3.4.E+0]|9.2.E-1|{0.0.E+0
(ng/L) | 7.2 5.2 0.5 0.7 | 1.09
(mg/L) | 8.16 | 7.94 | 1.51 | <0.03 | <0.03
(mg/L) 1.97 3.56 15.30 17.00 16.70
(ng/L) | 0.150 | 0.160 | 0.078 | 0.062 | 0.032
(ng/L) | 0.16 | 0.10 | 0.11 | 0.08 | 0.05
(mg/L) | 19.0 | 18.1 | 18.8 | 18.9 | 19.0
(mg/L) | 3.39 | 3.12 | 3.32 | 3.56 | 3.79
() 40 30 30 10 1
(
)
12
m/
12
8




<<

1

m/d

2,500mg/L

>>



2,3)

SRT

11

UF

MF

2.1

50

,MF

1

100u m



36m3

0.2m3/min

5 30cm/s

4m2

3)

0.22mm,

l4cm

15g/m2

18m°

2.2
€Y)

0.1Im3/min
36ms ,HRT 9
, 0.2m3/min

20mg/L



4
e
353
IIJ:DD—EDZIZIZP_HEEED_‘]]E_EE':E]
2
1t
0
3700 3900 4100 4300 4500
(hr
6
7
2
A 20g/m2 B
15g/m2 2
2.0m/d 400
18 , 10
, 10
10 MLSS,SV,,,SVI
MLSS 3000 4200mg/L
,SV,, 80 90%,SVI 200 220mL/g
1100
11 , 12
-SS 11
NH,-N 21 32mg/L , NH,-N  1mg/L
1100 , 99 )
NOx-N 9 1img/L 50 75%

’ _SS ’
0.02 0.03kg/kg/d



2.0m/d

No.1 No.2

18

20mg/L
2 1 d)

3 4

60 m¥ mZhr
1 20L/min

1 20L/min

100L/ min

HRT 3 hr

HRT 6 hr

200L/min 2.0 Q

m/d

5 51000
4 p----{ T No.l P RRPED ST goo beeee| © NLSS o V30 |.....
& No.2 >= & sVl
3 nee S% GO0 fresreerrmmmmememscmcsmssssmssesesssec==ssaad
— n
2 x 2 400 0.0 i ecenccnccnccnccanaasans PITEC EELEEY
\U-)/= [e) [eJNe) [e] )
1 NE 900 Fope-BuareBeapAeomnns A bAA....]
28 oo0o Oopgo OpOpoO
0 a 0 1 1 1
0 100 200 300 400 500 0 100 200 300 400 500
(hr hr
8 10 MLSS,SV,,,SVI
50
0 F4° NH4 a NH4 |
< 40 o NO2+NO3
£ 30 fregreremrammnnnngrge e P e nna
0 o oo ®
T L L LT (TR
e [m]
cemm—e 10 premeeeBeeen B g e R e
O [Ay 5t rAy Fa) A —AN—y
500 0 100 200 300 400 500
(hr
9 11



14, 15

o 0.1 = = Lot 100_,
§3 0.08 }feemmumcciamccariiaannncaan AIRRELCRCOREE 80 ’ 1!000mg_CL2/L1pH12
3 o 24
2 0.06 |f------ FRRRERETE e ERREELRELE 60 ’
S IR R— 40 0.5m/d 1.8m/d
» 0.02 ...r..’q:A..N..S.S...?.9...........?...9....|..- 20 ’
o -N- [1]
s . N . 0 60mg-CL,/L ,
= 0 100 200 300 400 500 ,0.3m/d
= (hr 1.8m/d :
12 - SS ,
3.1
, 2
13 10 11 11
3),
11 12 ; (m3/d) 154 84
( ) 2 2
( / 11 9
7 )
(m2) 77 42
]
O ____________
2.0m/d
;l____'l
1 8 .3 N
:
Y,
3.2 13
@
, 3
, 1,000 mg-CL,/L
, pH 12
) 24 hr



60 mg-CL,/L

5 L/min/m2

4minx 8 /d

m/d

m/d

4.0

3.0

2.0
giol

] v?ooodoooooocp-

N OO\Q&°om_60° o-0%

0.0
3000

14

3200 3400 3600 3800 4000
hr

3.0

2.0

e

1.0

Vo

|

0.0
6000

15

6200 6400 6600 6800
hr

&)

MLSS, SVI

(sv

30

16 ,CST/SS ,SV
17, 18
19 , CST/SS
cST)  ( CST) +

30

(MLSS)  CST

,MLSS

20

L,HRT  6hr
1500 mg/L,SVI 100 mL/g,SV30 15

CST/SS 20sec L/g-SS
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20
20 22 ,
. 23

CST/SS
2.0m/d CST/SS 20sec L/g-SS ,
, 50cm

,2 3
180 200 .

s 120mg/L

No.1 | No.2

2m/d

PE-1815-R(SW)

9

2.32n/

27mm

1x 1 /d x7 /d

3 x8 /d

7 x8 /d

4 x1 /d 20mg/L

1 x8 /d

3 x8 /d

1) 3, 10mm

4.0 . : : :

30 ------------:-----------:-----------:------------l-----------:.-----------l-----------

m/d

0 30 60 90 120 150 180 210
d
20 No.1
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20mg-CL,/L
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ss
SS
O
O O
(@] (@] (@]
O
) ] lo
7
HRT 9 10 hr
BOD- 0.4 0.45 kg/m?/d
Kjl-N 0.015 0.025 kg/kg/d
200 250 %
MLSS 4000 5000 mg/L
25 15

24 _ J:ngaCLO
L

’ ) | \ O
4.1 == TIRE 2,

25, 0! g 5

No.600

O

O—

0.38 m 25
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¢)

( NaCLO )
s 3 1 8
/d
20 mg-CL,/L ,
NaCLO
NaCLO ,NaCLO
NaCLO
, 8 NaCLO
8 NaCLO
1 CL,
0 13 0
14 24 0.2 0.3 mg-CL,/L-
25 30 1 mg-CL,/L-
37 45 2 mg-CL,/L-
46 0
4.2
@
26 SV
svI 200mL/g 100 mL/g
27 5 SV
NaCLO 2mg-CL,/L-
/ SV ,5 SV
300 ,30 SV
50 ,NaCLO
SV
,NaCLO 2mg—CL2/L—
/ SV
NH4-N,NOx-N
, NaCLO
@
NaCLO
28, 29 s
, 1.5 23

11

ma/L

) ,NaCLO  2mg-CL, /L~
/ L, sV
, OV
NaCLO
,NaCLO 2mg-CL,/L- /
NaCLO ,lmg—CLZ/L—
7 1mg_CL2/L—
/ 63 )
30 , SV
= MLSS  —=%-cL2 ( 1 /3hr)
UV ~S -TE S
cL2
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/00N [ 300 =
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)

(x 0.0lmg -CL2/L-N
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MLSS

MLSS

5,000m3

mx 4.2
11
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X

640

)
45
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5,000m?

( )

6mx
45m

4.2mx

1,134 md

8.0

BOD

10mg 1

SS

5mg |

MLSS

2,190mg

4,000mg

1.2mx
30mm

2.4mx
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8.5md

640

10

12

10
10 12

11
11 11

36

36

35

10

34

35

11

11



<<

25 100

>>



pH8 8.5

11 12

11

pH



2.1
€Y

(Ca:Si:H,0=5:6:5

-2.1
-2.1

C a2+

2mm

)

50mg/L  PO,-P

pH
-2.2 -2.3

2.1
2.1
L
1980mL/h
@ 32x 490H 400mL
150mL
5¢ x 100H
2L/min




-2.2

RUN RUN 1 RUN 2 RUN 3 RUN 4
12/3 12724 1/7  2/3 2/4  2/13 |2/14  2/29
PO4-P 50mg/L
Ca? (mg/L) 200 100 200 200
pH 8.2 8.2 8.5 9.0
HRT(h) |1.0 1.0 1.0 1.0
-2.3
RUN RUN 1 RUN 2 RUN 3 RUN 4
12/3 12724 1/7  2/3 |2/4  2/13 | 2/14 2/29
PO4-P  50mg/L
Ca?* (mg/L) 100 100 200 200
pH 8.2 8.2 8.5 9.0
HRT(h) |1.0 1.0 1.0 1.0
12 Rery = Scry . SPo4 Pincal 100
Rcry (%)
Sery (mg/L)
SPO4-PincaI PO4_P
PO,-P
24
MLSS PO,-P
@
=S incal~ - 4
0,-P Tp Scoa=SPot Pincal” SPot Pout- Sry (4)
Scoa (mg/L)
Spos-pincal PQ,-P (mg/L)
PO,-P Spoa-pout PO,-P (mg/L)
Scry (mg/L)
T-P PO4-P
- PO,-P
Scry = Sr. Pincal = St. Pout ) !
Sery (mg/L) MLSS PO,-P
St_pincal T-P (mg/L)
Stopout T-P (mg/L) < L
Roos p= POI- Pincal™ “PO4- Pout - 10C  (5)
%04- Pincal
P04'P RP04—P P04'P (%)
Spos-pincal PQ,-P (mg/L)
PO,-P Spos-pout PO,-P (mg/L)

PO,-P

(mg/L)



T-P
T-P

2.2

€y

RI'- b — ST' Pincal ~ ST' Pout - 100 (6)

PO,-P 50mg/L

Sr- Pincal 2.2 2.4
Rip T-P (%) LV 120m/h 125%
ST—Pincall T-P (mg/L)
Stopout T-P (mg/ L)
100.0
Py @
< 800 .?‘.qf‘uﬂ]iiiil'i‘ﬁififuﬂiﬂ-
60.0
40.0 RUNL RUN2 RUN3 RUN4
o 20.0 < > ————————P¢—P¢+—>
g O'O 1 1 1 1 1 1 1 L
o 12.3 1217 1231 114 1.28 211 225 3.10 324
100 RUN1 RUN2 RUN3 RUN4 ° T-p
80 —— T-P
?\év 60
" =ne o)
20
T o o °% e fhp l .
12.3 12.17 1231 114 1.28 211 225 3.10 324
120 _ RUNL _ RUN2 RUN3 RUN4 I ®
100 |© i
—~ 80 el Y *% o
S .
40
20
0 1 1 1 II 1 1
12.3 12.17 12.31 114 1.28 211 2.25 3.10 324
-2.2
2.4
RUN1 RUN2 RUN3 RUN4
PO4-P 50 50 50 50
(mg/L)
Ca2+ 200 100 200 200
(mg/L)
pH 8.2 8.2 8.5 9.0
PO4-P (%) 96.0 90.3 96.6 90.5
(92.7 99.4) (77.6 99.5) (94.2 98.0) (79.8 98.5)
(mg/L) 49.9 41.3 37.5 22.4
(43.8 60.9) (33.1 45.8) (4.1 47.5) (0 37.1)
97.3 89.0 80.9 46.6
(%) (89.9 100) (71.6 100) (8.9 100) (0 77.9)




RUNI  RUN2 T-P )
45 55mg/L PO,-P 50mg L
T-P 10.0mg/L ( 2 )
93% pH LV 90m/h 125%
8.5 RUN3 SS T-P
pH 9.0 MLSS
RUN4 -2.3
45.2 -2.5 -2.3 o)
pH8.2 Ca
100 200mg L
RUN1
pH 8.5
120.0 RUN1 RUN2 RUN3 _ RUN4
e\°, 100.0 «—»
80.0 N o
60.0 I ? f
40.0 \o
5 200 T \ | ® e
8 0.0 \| ¥ ’ \I/ [ ) I °- M 1 1 I I
123 12.17 1231 114 1.28 211 2.25 3.10 324
2400 RUNL RUNZ RUN3  RUNZ ° T_p
350
- —— T-P
2 7 Cakey 2
= | ()
E 200 |
150 |
a 100 [
T |
0 1 1
123 1217 12. 31 1 28 2 11 2 25 3. 10 324
[s{VAV) RUN1 RUN2 RUN3 RUN4
~ >
= 600
> I
= 400 | I o /
R @
0.0 ol 1 : 1 1 1
123 1217 12. 31 114 211 225 3.10 324
100.0 L} ——
__ 800 ] '
400
200
00 1 . 1 :I 1 1 1
123 1217 1231 114 128 211 2.25 3.10 324
-2.3



-2.5

RUN1 RUN2 RUN3 RUN4
PO4-P 50 50 50 50
(mg/L)
Ca2+ 200 100 200 200
(mg/L)
pH 8.2 8.2 8.5 9.0
PO4-P ) 30.9 24.6 71.3 82.0
(0.0 86.8) (0 77.0) (57.8 87.3) (716.8 7.3
(mg/L) 21.9 10.4 22.3 43.3
(0.0 67.1) (0 40.9) (5.0 47.6) (21.2 63.3)
38.2 35.5 55.4 89.4
(D) (0.0 95.3) (0.0 00) (13.5 100) (62.1 100)
RUN1 RUN2 RUN3 pH8.2
8.5 Ca 100 200mg L
RUN2
Ca2+ Ca2+
RUN3
Ca?* 200mg/L RUN4 pH9.0
Ca 200mg L 89.4
pH9.0 Ca 200mg L
pH8.2 Ca 1007?
200mg L
pH 8.5
pH 9.0 Ca
200mg L

12 11




<<

2000mg/1

S-BOD/S-P

110%

60

15

40%

A-SRT 10

MLSS

>>



12

11

A20

11

2.1

2.2

11 6 2 12 3 31
2.3
2.3.1
PAC ( )
A-SRT
2.3.1
2.3.1

BOD



2.3.2

(0.88 1.60 m3/d) (33 51 /)
M M
/ N U/
\\)
vy
] =
N..
‘ ‘ ‘ ©.17 mx7 ) 0-4m)
AHEAREEE v
AA v
v \/\ =
(NL 1T . ; .
Mol T f % % 3
_v YV
0.78 1.00 m3 /d) Y
v
= (100 L/min)
a
/
032 0.48 m3/d)
2.3.1
2.3.1
h
Q) A- PAC
SRT RUN
m/d
I @ | @ | @ | @e
6/16 8/9 [26.0 0.80 | 5.0 5.0 | 10.0| 20.0 (110 | 40 | 10.1
RUN -1 [8/10 8/23]29.0 0.80 | 5.0 5.0 | 10.0| 20.0 (110 | 40 |10.1 0.5 PAC
RUN -2 8/24 9/9 |28.6 0.80 [ 5.0 ] 5.0 110.0(20.0|110| 40 |10.1 1
RUN -3 |9/10 10/1|27.4 0.80 [ 5.0 | 5.0 110.0(20.0|110| 40 |10.1 2
RUN 10/2 11/5123.5 0.80 [5.0] 5.0 110.0(20.0 110 40 |10.1
RUN -1 |11/6 12/1]19.6 0.80 | 5.0 5.0 [10.0]20.0 (110| 40 | 7.8 A-SRT
RUN -2 |12/ 12/22|16.5 0.80 [ 5.0 ] 5.0 110.0(20.0 110 40 | 6.5
RUN 12/24 2/7114.4 0.80 [5.0] 5.0 110.0(20.0 120 | 60 |10.1
RUN 2/8 2/28 |13.5 1.00 4.0 4.0 | 8.0 |16.0 (160 | 40 | 10.1
RUN 3/15 3/28(14.3 0.78 |5.1]110.3|15.4|30.8 (160 | 40 |15.2
B
3.1
RUN
-1 1.1
MLSS A-SRT



3.1.1 RUN

RUN RUN [ RUN | RUN | RUN | RUN RUN [ RUN | RUN
-1 -2 -3 -1 -2 -
8/10 8/24 9/10 10/4 11/8 12/2 12/24 2/8 3/15 6/16
8/23 9/9 10/1 11/5 12/1 12/22 217 2/28 3/28 3/28
pH - 7.4 7.4 7.5 7.5 7.6 7.6 7.5 7.7 7.6 7.5
M mg/L 192 186 190 204 206 211 202 198 198 199
COoD ma/L 50.9 59.6 56.4 61.7 60.2 61.3 64.9 60.0 57.4 58.4
S-COD" ma/lL 28.8 29.6 27.9 30.0 28.2 28.9 29.3 29.4 30.8 29.5
BOD ma/L 90.9 104 93.1 132 147 162 136 141 79.2 117
S-BOD" ma/L 33.7 33.8 24.6 27.5 29.4 40.7 34.7 31.8 35.9 32.1
SS mg/L 75.7 101 87.3 100 101 104 108 98.8 69.8 92.1
T-N mg/L 36.1 31.3 25.5 28.9 34.9 34.8 35.5 32.1 37.1 32.0
NH -N mg/L 22.0 21.3 20.9 23.3 25.0 26.0 24.7 24.9 24.3 23.5
T-P ma/lL 3.38 3.64 3.83 4.03 3.93 3.91 3.70 3.57 3.71 3.73
PO -P mg/L 2.10 2.09 211 2.25 2.27 2.10 1.96 1.94 2.19 2.10
SBOD/BOD - 0.37 0.33 0.26 0.21 0.20 0.25 0.26 0.23 0.45 0.27
BOD/N - 2.52 3.32 3.65 4.57 4.21 4.66 3.83 4.39 2.13 3.66
BOD/P - 26.9 28.6 24.3 32.8 37.4 41.4 36.8 39.5 21.3 31.4
SBOD/PO ,P - 16.0 16.2 11.7 12.2 13.0 19.4 17.7 16.4 16.4 15.3
pH - 7.4 7.5 7.5 7.5 7.4 7.2 7.2 7.5 7.5 7.4
M mg/L 76 79 86 85.7 95.0 80.6 71.1 83.3 64.3 81.7
COD mg/L 9.9 10.6 10.7 11.2 12.4 12.9 11.9 12.8 10.8 11.6
S-COD" ma/L 9.3 10.1 10.2 10.7 11.6 11.3 10.5 11.2 9.7 10.6
BOD ma/L 3.1 3.1 4.1 2.8 6.5 7.9 5.0 8.8 4.4 5.1
S-BOD" mg/L 2.0 2.2 2.6 2.0 2.2 2.3 2.6 2.6 2.1 2.3
SS mg/L 2.8 3.9 5.9 3.4 4.5 6.8 5.8 7.0 5.8 5.0
100 99 99 100 92 83 71 62 85 88
T-N ma/L 11.7 8.3 10.1 9.4 11.3 12.1 119 114 12.0 10.6
NH -N mg/L 0.1 0.1 0.3 0.2 2.5 0.9 0.2 2.0 <0.1 0.8
NO2-N mg/L 0.1 0.2 0.3 0.2 0.3 0.6 0.1 0.4 <0.1 0.2
NO3-N ma/L 7.7 6.6 7.5 7.5 6.8 9.1 9.3 8.3 9.5 7.9
T-P mg/L 1.14 0.93 0.94 1.49 1.90 1.81 1.93 2.06 2.66 1.52
PO -P mg/L 0.99 0.71 0.67 1.25 1.47 1.53 1.76 1.91 2.36 1.38
BOD/N  BOD/P - Sesm
. A-SRT7. RUN -1
3.66 31.4 S-BOD/BOD  0.27 + DASKTeE N 2
90.0 ]
BOD »° Jam
S-BOD P 8.6 : I 4
& .0 g
* :
2 S-BOD/BOD0.46  SS46mg/ 80.0 * 3 R
S-BOD BOD o %0 =
T
SS 40.0 A
PAC RUN2 3.0 0
20.0 ..
[=]
3.1.1 2 10.0
ORP-200mv 0.0 M
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
PAC BOD/T-P(-)
BOD/P  S-BOD/P
3.1.1 BOD/T-P T-P



100.0

@A-SRT10 I RUN
90.0 1 BA-SRT7.8 ((RUN )-1) — 7]
Ap_SRTE S (RUN__ -2 PS ._~l
80.0
4
% 70.0 o r~ =
60.0 o * A—ps
50.0 £
o
(L 40.0 ~
30.0 2
20.0 o
=]
10.0 o 8
0.0 v
0.0 5.0 10.0 15.0 20.0
S-BOD/P04-P (-)
3.1.2 S-BOD/P04 P T-P
BOD/T-P T-P
S-BOD/PO -P
3.1.2
S-BOD/PO -P
10 15
S-BOD/PO -P
T-P
10
*3
BOD/T-P 25 T-P
Img/L
3.1.2 10
3.1.3 10 S-BOD/PO,-
P ORP PAC
3.1.2 10
C ) mg/
10
33.8 92 .1
82.1 116
S-BOD 53.4 31.7
S-BOD/BOD 0.65 0.27

100.0
90.0
80.0 o 3 ’;t;fg".
- ¢ 3
¢ 70.0— ‘e ¢ |
< " P v
60.0 ;;!‘ ?
[ 2
N 50.0 7o
% 40.0 o
30.0
20.0 *
*e
10.0 *
0.0
0.0 20.0  40.0 60.0  80.0
S-BOD/P04-P(-)
3.1.3 10 S-BOD/P04-P
S-BOD/PO -P 20 60
10 20 S-
BOD/PO -P 15 A-SRT 8
S-BOD BOD
T-P
S_
BOD/PO -P
3.2
PAC
RUN2 PAC
PAC
1mgAl/L 2mgAl/L
PAC
PO4-pP PAC
3.2.1(P04-P 1 4mg/L) Al
PO4-P



4.5 I ]
40 8 4 (PP 2,02/
4 (PP 3.1moY |
3.5 B 4 (P4-P 4.16ma/L
E 3.0 N ; 0 (pos-P L1501 |
5 2.5 ° 0 (P4-P 3.25ma/LY
ér 20 d 14 " (P 4.25mg/L)H
= A= 4 [y o (PP 1.41mg/LY |
1.5 E 0 ? o (PM4-P 3.07mg/L;
1.0 0&',\... h & |6 ' (PP 4.13ma/L_
0.5 oEr uo a [0 ﬂn" .
0.0 = ° o
Al (mg/L)
3.2.1 Al PO4-P
T-P
PO -P 0.2mg/L
PAC
PO4-P T-P  1mg/L
PO4-P 0.5mg/L
T-P 0.7mg/L
3.2.1 PO4-P 0.5mg/L
3.2.2
4.5 [
40M < /l
o
~ 3.5 a 4
S 3.0 [ : ////‘629
z 2.5 e A//
g 2.0
1.5
1.0 e
0.5
0.0
0 2 4 6 8 10 12
Al (mg/L)
3.2.2 PO4-P 0.5mg/
Al
0 2mgAl/L
3
4mgAl/L T-PO.7mg/L
3.3 A-SRT
A20 A-
SRT A-SRT 6.5
10
A-SRT 6.5

PO4-P(mg/L)

4.0 s
* (4P 3.1400/0)| |
35 [7 A (PuP  2.63gL)
1 o (o 35mg/LH
3.0 [%
L A (AP 0.94ng/L)
25 [+ 7 | A (Pu-P 1.40mg/1)[
4 R o (4P 1.960g/L)
2.0 YO ’ 0 (op Laag)| |
° 9 (Pu-P 2.00mg/L)1
15 [ 4 g R R o (PM-P 1.08ng/L)|
)y e e o ¢ A3y
1.0 RgA‘hAfh N ° . PO4-P 2.1
0.5 T A o
i il 1N ol g
0.0
0 2 4 6 8 10 i) i 16
Al (mg/L)
(  PO4-P1 4mg/L)
NH4-N T-N 11 12mg/L
A-SRT
3.3.1 A-SRT
2.0 —.— 05
1.8 Y N
1.6 o i
2 - 04 2
$, 1.4 Ll 34 &a
SRR - S
; ! 0.3 5
= 08 —I
0\\/ 0.2
0.6 *
0.4
0.1
0.2
nn 0.0
A 7 8 9 10 11
)
3.3.1 A-SRT
A-SRT
A-SRT
ORP
ORP
A-SRT MLSS 6.5
1131mg/L 8 1207mg/L 10 1526mg/L

A-SRT



A-SRT 10

NOx-N
A-SRT
A-SRT RUN1 3
MLSS 2000mg/L
3.4
2 4 60
NH4-N 3.4.1
3.4.1
pH SS CoD S-COD BOD S-BOD NH,~N NOx-N PO,-P
m3 mg/L | mg/L mg/L mg/L mg/L mg/L mg/L mg/L
12/724( ) 9:00 6.8 |252 104 24.0 116 8.4 21.9 0.3 1.77
15:00 13070 6.6 |675 232 27.3 428 15.0 19.5 0.2 1.31
21:00 7.0 226 77.6 26.5 115 ]13.5 35.0 0.2 1.97
12/25( ) 3:00 6.2 4300 936 54.0 {3050 46.2 33.9 0.5 1.38
9:00 6.9 690 241 24.0 304 13.3 32.0 1.0 1.96
13110
15:00 7.2 220 78.5 21.8 164 19.5 36.9 0.8 2.28
21:00 7.4 182 77.2 24.3 148 23.2 43.1 0.6 2.66
12/26( ) 3:00 7.5 116 65.7 2.5 77 21.9 44.0 0.4 2.63
9:00 12030 7.5 122 68.4 23.1 92 18.1 41.6 0.5 2.54
15:00 7.5 246 100 25.3 166 21.4 42.2  [<0.1 2.57
21:00 7.7 284 112 30.1 185 2.4 49.4 0.2 2.67
12/27(_) 3:00 7.5 148 72.2 20.3 |91 17.5 35.3 0.2 2.08
7.2 622 180 26.9 411 20.0 36.2 0.4 2.15
6.8 3.5 9.7 - 9.2 - 0.9 15.3 0.76
NH -N 49.4mg/L
(23.5mg/L) 2
SS COD BOD 3.5
12 2
NOx-N 19.8mg/L 3.5.1 RUN
(12724 26 ) 3.5.1
16.2mg/L
3.5.1
RUN MLSS
ORP BOD-SS T-P T-P-SS
mg/L mV  |kg-BOD/kg-SS d|kg-P/m® d|kg-P/g-SS d|mg-P/g-SS h| /g-SS h| /g-SS h
-1 129.0 | 1730 [-338 0.07 4.06 2.54 0.82 0.03 0.20
-2 | 28.6 | 1200 (-394 0.11 4.37 3.84 1.71 0.04 0.43
-3 | 27.4 | 1470 [-339 0.08 4.60 3.32 1.34 0.02 0.35
23.5 | 1530 |-314 0.11 4.84 3.30 1.28 0.02 0.35
-1 ]19.6 | 1110 [-280 0.17 4.71 4.75 0.62 0.02 0.29
-2 | 16.5 1120 [-263 0.19 4.69 4.52 0.69 0.05 0.19
14.4 | 2210 |-179 0.08 4.45 2.05 0.14 0.02 0.03
13.5 | 2260 |-127 0.09 5.36 2.35 0.03 <0.01 0.01
14.3 | 2640 |-153 0.02 4.35 1.65 0.08 0.01 0.01
20.1 | 1660 |-264 0.11 4.62 3.28 0.78 0.02 0.22

NOx-N



SS

3.5.

(L/gss/h)

8.0 [ [ [ X h
. PAC
o PAC /8
6.0 1 PAC
a PAC A ‘&
- ﬁ '
2 Y
2
g 20 Z A
g O B
[AY ® C
0.0 o e [
of 8 o "
2.0 = :I
-4.0
-2.0 0.0 20 40 A0 8.0 10.0 12.0
Ss (mg-P/g-SS)
1
3.5.2 ORP
ORP -200mv
0.60
0.50 <>
0.40
.
0.30
0.20
43

DO  NOx-N

3.5.2

ORP

ORP

-300

ORP

-200
ORP(mV)

-100

0

ORP
NH4-N
3.5.2
3.5.2
MLSS
RUN mg/L  [mgN/gSS/h
209 22.0 1670 4.6
-2 20.6 23.0 1170 3.6
142 211 2120 3.0
3 4.6mgN/gSS/h
RUN
3.5.3
3 1mgN/gSS/h
3.5.3
4.0 [ [
e A
-~ 43 Py -”Z,' 3
£ 3.0 I
% ,J“'J’//
g 25 e
g 2.0 ,';;/'
1.5 P o
o A.-
1.0 [
0.5 -
A
nn
0 ns 1 15 2 2.5 3 3.5
S-BOD/NOX-N(-)
3.5.3 20 S-BOD/NO-X




3.5.3

RUN
RUN BOD-SS * S-BOD-SS * MLSS (20 )
KgBOD/kgSS d | KgSBODKgSS d Mg/l | SBOD | NO -N | ion/gss h | mgN/gss h
mg/L mg/L
195 20.6]| 990 | 15.0 19.3 0.9 0.8
-1 0.18 0.04 19.2 21.1]| 990 | 42° 19.3 3.4 3.1
19.2 20.7] 990 | 69™ 19.3 3.3 3.1
22.0 2511080 | 13.8 19.2 1.8 1.1
-2 0.23 0.05 211 24.2|1080 | 41 19.2 3.9 2.7
21.1 24.1|1080 | 68 19.2 5.1 3.6
182 21.7|1980 | 15.1 19.2 0.2 0.2
0.08 0.02 185 21.1]1980 | 42™ 19.2 1.3 1.2
185 21.411980 | 69™ 19.2 1.8 1.6
*) BOD-SS S-BOD-SS RUN SRT
**)
k) BOD 12 32 63mg/L 3 32 64mg/L )
BOD )
MLSS 1500 2500mg/L
BOD A-SRT 10 15
BOD
10
10
3.6 PAC
3.6.1
3500
2 2 t/
12800m3 1 3 4 3000
2500
<
£2000 ]
MLSS 1500
(A-SRT )
1000
. = """ 10000m3/d A-SRT 10
' R E 20000m3/d A-SRT 15
M ! tTTTTTT 20000m3/d A-SRT 10
MLSS A-SRT x0T ! =~~~ 30000ma/d A-SRT 15
. ! 30000m3/d A-SRT 10 |
01 1152
. y 0300 VlS 00 . .
10000 15000 20000 25000 30000
(m3/d)
2 (
3.6.1



1 t/

11,000m*/
MLSS2500mg/L  A-SRT10
MLSS
2,500mg/L
3 v
(MLSS1503mg/L  A-SRT15 )
16000m*/ NOX-N
t/
1 t/ 11,000m%/ t/
16,000m*/
t A-SRT10
15 MLSS
t/
1 t/ t/
11,000m*/ 10
t/ t/
16,000m*/
11
S-BOD/PO
S-BOD
PO4-P

<<

A20



<<

30

2500 7000mg/L
20 10

3.5L

>>



Research on production of lower fatty acid from sewage sludge

3.1

2.51

11

3.51

20

44

68

RUN

16RUN

-
1]
ot
kw,‘wft‘-sz}n—;_
154mm
24
3,494 ( )

170mm( )x 154mm( )

ORIENTAL MOTOR

3.2



@
20
RUN1
RUN3
23,000mg/ 1
RUN1-A
RUN1-B
RUN3-A
RUN3-B
@
10 RUN2-A RUN4-A 20 RUN1-A
RUN3-A 30 RUN2-B  RUN4-B
©)
RUN5,6 RUN7,8
6,000mg/ 1
RUN RUN

6,780mg/1

4,910mg/1

2.76: :1.58
RUN RUN
RUN8-A 2.09: RUN8S-B
:1.91
RUN
RUN
1-A 11,600mg/1
1-B 23,000mg/1 20
2-A | 1726 11,600mg/1 10
2-B 30
3-A 902mg/ 1 20
3-B 2 ,540mg/1
4-A | 2/ 2 902mg/| 10
4-B 30
5-A 6,780mg/ |
5-B 4,910mg/ 1
6-A | 2/16 6,220mg/ | 20
6-B 5,480mg/ |
7-A 6,230mg/ 1
7-B 5,950mg/ 1 20
8-A | 2/23 6,160mg/ I
8-B 6,080mg/ 1
2-2- 8
ORP ORP HORIBA D-22
BOD 2-2-21 5C
2-4-13
2-4-13
2-4-13
2-4-13
2-4-13
2-4-13
2-2- 6
2-2-29 5C
2-2-30 5C
GASTEC GV-100S




4.1 4.2

RUN mv
RUN1-A 6.4 RUN1-B 6.2 20 44 68
1-A | -240 -304 | -260 | -258
1-B | -348 -280 | -288 | -248
2-A | -240 -267 | -251 | -256

RUN 2-B | -240 | -264 | -250 | -222

RUN3-A 7.3 RUN3-B 7.2 3-A | -154 -335 | -319 | -325
RUN 3-B | -313 | -328 | -327 | -314
4-A | -154 | -315 =77 | -227

RUN3-B 4-B | -154 | -357 | -350 | -347

5-A | =355 | -291 | -247 | -208
5-B | -131 | -267 | -247 | -248
6-A | -169 [ -290 [ -246 | -198
6-B | -184 | -286 | -280 | -233
7-A | -294 | -262 | -232 | -210
7-B | -181 | -180 | -278 | -224
8-A | -257 | -278 | -258 | -196
8-B | -236 | -278 | -264 | -227

30 RUN2-B
20 RUN1-A 10 RUN2-A

RUN RUN
RUN RUN

RUN
RUN5-B  RUN7-B RUNI-A  RUN1-B
250mV -300mV RUN3
RUN3-A
RUN3-B -300mv

RUN RUN

20 44 68 RUN RUN

1-A
1-B
2-A
2-B
3-A
3-B
4-A
4-B
5-A
5-B
6-A
6-B
7-A
7-B
8-A
8-B

10 RUN4-A 44

RUN RUN

20
RUN RUN

4.3

OO |h|lWIWIN|IWIA]|RIN|&

olON[wld|RPr|IOOD|OIN|M|O|R|WIFL|OTN

DO |O|IN|IN|IN|IN OO
OO0 |N(N|O |IN[O o |0o101
ool |N(NO |N[A~joo|(Oo1on
NIOO|W|h|lOIN|(N|O|FR,|OT|FRP|[O|OIN|&~
oo oo |N|IN O |N|R~jlOojorfon
O[O [W|W[IN|FP[IFPIN|IO|IN|O|(F |-




BOD :mg/1

20 44 68 :mg/ 1

1-A 141 330 499 581 20 44 68
1-B 268 (1,200 (1,490 |1,960 1-A 56.6 196.0 | 284.0 | 434.0
2-A 141 290 339 397 1-B | 106.0 | 389.0 | 538.0 | 666.0
2-B 141 480 838 915 2-A 56.6 116.0 | 154.0 190.0
3-A 25 26 22 61 2-B 56.6 | 302.0 | 502.0 | 559.0
3-B 23 71 86 221 3-A 8.3 14.3 21.1 47.8
4-A 25 23 16 28 3-B 24.1 119.8 | 178.5 | 237.0
4-B 25 29 61 65 4-A 8.3 7.5 0.3 0.2
5-A 183 364 470 611 4-B 8.3 28.3 84.6 91.1
5-B 7 48 94 108 5-A 82.2 188.0 | 302.0 | 320.0
6-A 153 381 467 625 5-B N.D. 2.2 7.4 9.0
6-B 69 188 285 427 6-A 55.7 148.0 | 266.0 | 324.0
7-A 174 288 444 557 6-B 26.3 79.5 [ 132.0 | 212.0
7-B 3 13 47 62 7-A | 110.3 [ 251.5 | 443.0 | 493.8
8-A 105 226 324 445 7-B N.D. N.D. 19.8 32.6
8-B 18 107 228 325 8-A 68.7 192.1 | 278.6 | 408.1
8-B 20.5 70.0 | 151.7 | 213.5

4.5

:mg/1

30 44 20 44 68
1-A 29.9 108.0 | 142.0 185.0
RUN3-A RUN4-A 44 1-B 54.1 | 248.0 | 321.0 | 413.0
68 2-A 29.9 80.7 78.1 111.0
2-B 29.9 141.0 | 254.0 | 337.0
3-A 1.9 N.D. N.D. N.D.
3-B N.D. 7.9 18.4 55.1
RUN5-A RUN6-A 4-A 1.9 N.D. N.D. N.D.
68 RUN 4-B 1.9 N.D. N.D. N.D.
RUN 5-A 41.9 106.0 | 181.0 | 215.0
5-B N.D. N.D. 5.6 4.5
6-A 28.5 62.5 [ 154.0 | 209.0
4.4 6-B 11.6 40.9 80.1 115.0
7-A 33.6 72.6 | 121.0 137.0
7-B N.D. N.D. 2.6 N.D.
8-A 18.2 37.9 83.3 122.3
8-B 3.1 16.0 62.8 103.9

RUN4-A
RUN3-A

RUN1-A

RUN2



RUN RUN3-A
4.6
:mg/1
20 44 68
1-A 15.2 71.6 85.1 156.9
1-B 35.0 204.8 | 312.6 388.9
2-A 15.2 89.9 29.5 35.4
2-B 15.2 184.4 | 142.6 168.7
3-A 0.7 0.6 3.1 3.3
3-B 1.8 2.2 6.1 17.6
4-A 0.7 1.7 0.0 0.1
4-B 0.7 2.4 4.9 5.8
5-A 58.2 55.4 97.8 139.7
5-B 0.0 0.3 3.5 4.4
6-A 15.3 29.7 | 110.0 143.5
6-B 4.0 26.5 46.9 76.4
7-A 17.6 30.5 51.9 71.1
7-B 0.0 0.0 0.6 2.2
8-A 7.6 15.1 30.0 52.7
8-B 1.2 0.8 8.0 19.9
4.7
10
10 :mg/1
20 44 68

1-A | 11,600 11,600 10,500| 11,300
1-B | 23,000| 21,400| 20,900 20,300
2-A | 11,600| 11,200| 10,700 10,700
2-B | 11,600| 11,000| 11,100( 10,400
3-A 902 899 847 820
3-B 2,540 2,390 2,380 2,220
4-A 902 919 887 881
4-B 902 874 787 791
5-A 6,780 6,600| 6,430 6,140
5-B 4,910 4,790 5,000| 4,870
6-A 6,220 6,010 | 5,720 5,480
6-B 5,480 5,390 5,340 5,140
7-A 6,230 6,360 5,990 5,480
7-B 5,950 5,990 6,020 5,980
8-A 6,160 6,110| 6,000 5,580
8-B 6,080 5,860 | 5,810 5,650

4.8
11
11 zmg/1
20 44 68
1-A | 27.9 | 39.1 | 47.9 | 43.3
1-B | 45.4 |123.8 |150.5 |161.0
2-A | 27.9 | 40.7 | 47.9 | 49.8
2-B | 27.9 | 51.9 | 48.8 | 49.5
3-A | 26.8 | 25.8 | 23.7 | 28.4
3-B | 28.4 | 225 | 19.2 | 35.2
4-A | 26.8 | 25.6 | 24.8 | 27.2
4-B | 26.8 | 23.6 | 28.3 [ 30.7
5-A | 31.2 | 38.4 | 44.7 | 52.0
5-B 2.6 8.7 | 16.0 | 18.6
6-A | 24.4 | 39.2 | 46.7 | 58.6
6-B | 14.8 | 23.7 | 34.2 | 46.9
7-A | 28.2 | 27.4 | 30.0 | 33.2
7-B 2.9 5.0 | 10.8 | 12.6
8-A | 15.2 | 71.6 | 85.1 |156.9
8-B | 10.9 14.4 | 19.0 | 30.0
RUN1-A
44
68 RUN1-B
RUN RUN3-A RUN3-B
44
68
RUN1-A
RUN2-B
RUN3-A RUN



68
4.9
12
RUN1-A
RUN1-B
RUN1-B
RUN3-A RUN3-B
68
RUN1-A RUN
RUN3-A
RUN 30 RUN4-B
40
12 :mg/1
20 44 68
1-A 4.6 8.0 8.0 11.2
1-B 7.4 | 23.1 | 26.4 27.5
2-A 4.6 8.5 [ 13.0 8.2
2-B 4.6 | 10.3 9.7 10.9
3-A 2.1 2.1 1.7 2.2
3-B 2.2 1.8 1.4 3.9
4-A 2.1 2.1 1.9 2.1
4-B 2.1 1.7 2.5 2.9
5-A 4.2 5.9 5.4 6.5
5-B 4.0 | 42.1 | 56.1 57.0
6-A 6.5 | 25.0 | 25.2 26.2
6-B 9.0 | 40.1 | 43.6 46.4
7-A 4.2 4.4 5.9 6.4
7-B 1.3 | 51.8 | 63.2 63.7
8-A [ 12.2 | 29.0 | 32.7 32.2
8-B 9.1 | 45.4 | 50.0 50.7
4.10
13

13 Zppm
20 44 68
1-A 15 210 120 96
1-B 81 280 310 100
2-A 15 70 22 50
2-B 15 320 180 400
3-A 0 7 14 33
3-B 13 84 110 340
4-A 0 2 0 0
4-B 0 20 120 130
5-A 4 220 280 180
5-B 0 6 10 2
6-A 1 190 195 80
6-B 1 38 95 80
7-A | 119 740 620 760
7-B 0 3 156 0
8-A 4 560 400 170
8-B 3 210 370 135
RUN1-A 20
RUN1-B 44
RUN1-B
RUN RUN3-A
RUN3-B
5.1
RUN

14
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Q 5000 10000 15000 20000 25000
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20 6,000mg/1
14
mg /1) 68
902 [2,540 [6,230 [6,780 [1,1600 [23,000 2,540mg/1 11
20 0.004 [0.043 [{0.031 |{0.029 | 0.024 | 0.028 7,000mg/1
44 0.015 [0.070 [0.073 |0.064 | 0.035 | 0.042
68 0.045 [0.112 [0.085 [0.076 | 0.059 | 0.055
mg/mg
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EREERRE (ng/1)

240
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120
50
60
30
0
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PO4 P

AO

PO4-P

AO

3.5

2 4mg/1

6mg/1

4.5

9 10mg/1
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25 m
17 18 m
15
10 AO
AO
BOD
SS
AO
MLDO
PHA

AO

5.1

5.2

PO4-P

A0
11 10 12
coD
BOD
coD
BOD  COD
PO4-P
TP

SRT

PO4-



22 15 18
MLSS SRT MLDO SVI MLSS SRT MLDO SVI
1400 1500 1.5 2.5 | 150 200 |1800 2000| 8 10 | 1.5 3.0 | 150 250
1400 1600 1.5 2.5 | 80 150 |1800 2000 8 10 | 1.5 3.0 | 100 150
2.1 10
4 5 6 7 8 9 10 11 12 1 2 3
T-HRT [hour] | 9.6 |11.2]10.2(10.5(11.3| 9.2 | 9.6 |14.9(13.8|14.4|13.0(11.7|11.6
SRT [day] 15.3(17.2(19.3(17.3(15.8(12.6|15.710.7|11.0(12.3|12.2] 9.2 |14.1
A-SRT [day] |11.5|12.9(14.5|13.0/11.9| 9.5 ]11.8|8.0 8.3 |19.2 9.2 6.9 |10.5
T-HRT [hour] | 8.2 |85 |7.5(8.1|8.7|7.3|7.5(10.5(10.1(12.3(11.9(10.0(9.2
SRT [day] | 8.4 |7.1 |11.0|5.6 | 4.6 | 6.3 | 9.2 |4.8|4.3|6.0|9.4]|7.4]7.0
A-SRT [day] 6.3 (5.3 (8.314.213.5|14.716.9(3.6([3.2(4.5]7.1]15.6 5.3
2.2 11
4 5 6 7 8 9 10 11 12 1 2 3
T-HRT [hour] |10.7|12.5(|12.9| 9.7 |11.9|12.3|14.3|13.7(16.4|16.8|15.5(14.8|13.5
SRT [day] 15.4(16.8(10.7(16.8(25.6(12.3(11.1(10.7(13.9|14.2]| 9.0 |11.5]14.0
A-SRT [day] |11.6|12.6| 8.0 |12.6|19.2| 9.2 | 8.3 |8.0]10.4|10.7| 6.8 | 8.6 |10.5
T-HRT [hour] | 7.9 | 8.6 |10.1| 7.9 | 8.8 | 9.0 |10.4|11.0(13.7|11.9|14.8|12.9|10.6
SRT [day] |5.7 |10.0|4.8 | 7.6 |7.2|7.06.4|5.3|7.5|8.7 6.6 8.2 7.1
A-SRT [day] | 4.3 | 7.5 3.6 |5.7|5.4|15.3|14.8|4.0|5.6|6.5]|5.0/6.2]5.3
MLDO P0O4-P ASRT
1.0mg/1
ASRT
2.0mg/1
6.1
6.2
11
ASRT HRT
8 — 120
T :_ ] 100
10 11 < : = P
2.1 2.2 54 q . i o &
3 -:# £'140
2.3 2 L { ! SRR .
] ] 1
O...@_.@Hmomoﬂ@mwmw‘\‘y\my\_‘womﬂ@0
10 08| 24|01 18] 35] 0.4 TIPS RSENTE555533333558855
11 06| 12| 01| 11] 23] 01
10 08| 20 03[07]20] 02 11 1
11 1.0 26| 05|06 2.5 0.1
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1.3 11
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mg/1
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16 11
10
AO
PO4-P
DO
6.3
PO4-P
BOD
BOD
CoD

6.3.1 BOD COD
BOD 15 25
CoD
COD30mg/1
BOD 2.1 2.2
60
y = 0.1717x + 3.4563 *
50
_ 40
€4
20
10
o .
0 2
60
y = 0.1453x + 82175
50
_®
gy
2
10
‘e
’ 0 2Io A4I0A 60 slo 1:30 1;0 1:10 1Ieo 1;0 200
)
2.2 BOD
11 10 12
6.3.2
mg/1
20
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)
E
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20 30mg/1 er y = 0.1168x + 0.4404
10| . °
10mg/1 o 8
0.5mg/1 £
3
& 4 F
2 -
PO4-P
0
0 10 20 30 40 50 60
mg/)
3.5 4.0 5.1 P04-P
15 20
PO4-P 30 [ y=0.314x + 55003
2 °
20mg/1 0.5mg/1 E 2
TP $
a 10
PO4-P
5 -
0
0 10 20 30 4 50 60
- 45 (mg/1)
40 +
35 _ 5.2 PO4-P
zz 3 * A 03
" ] ,4.“}.01 ’:z‘ : . ) (24 6.4
15 g ry
10 ® BOD
5
0
0 2 4 6 8 10 12 14 16 18
/ TP
T-P P04-P 9t
8 |k
STy
20mg/1 T-P 0.5mg/1 sl £
o b g
4 -
3
PO4-P i
15 25 0 :
10/27 10/28 10/29 10/30 10/31 11/1 11/2 11/3 11/4
7
6.3.3 PO4-P 6.1
PO4-P -5.1 2
10 10
ol e _ J 5
PO4-P 8 8
=7 7
Es . k) 6 g
5 5
4 4
PO4-P 20mg/1 3 3
2 2
1 1
4.0 0 0
45 324 325 3/26 321 3/28  3/29  3/30

6.2



PHA PO4-P 0.2mg/1 DO

PO4-P
10 mg/1 16
11._3mg/1
DO
PO4-P
SRT
8.2 MLDO PO4-P
PQE Qx (TP TP)/(Cx Px 10-2
PQE m’
m’ PO4-P
mg/1 SS 5620mg/1 TP 237mg/1
3 4.2 PO4-P 0.1mg/1
PO4-P
ASRT DO
25
::\\1\

tt

==
' ~

10

MLDO PO4-P 5 \\\

14

—
. —.— £ DO PO4-P
\ — A= /
— 10
\ ~ 5 MLDO  mg/l DO

N = 2 DO 3.4mg/g D0 3.7mg/g
rr
LA L Lr el e .
30 60 80
95
MLDO
PO4-P 0.9mg/1 DO SS 5650mg/1 TP 157mg/l
2.7
mg/1 21 PO4-P 0.1mg/1 NO3-N 6.3mg/l

10.3mg/1 NH4-N  0.3mg/1



PO4-P

10 20 30 45 4.5 24
Do /I 4.4 4 3.6 3.4 3.8 5 4.8 4.6 4.9
PO -P( /T) 0.1 20.4] 19.2[ 18.2 17| 15.2 14 8 3.6 1.3 0.2 4.6
MLSS /1 1840 1850
17.6 17.8 18] 18.3] 18.7] 19.1 18.2
o /I 1.3 1.2 1.5 1.2 0.9 1.2 1.2 1.3 3.7
PO -P( /1) 0.1 21.7] 20.4] 19.3] 18.2] 16.3] 14.8 8.4 3.8 0.5 0.1 2.2
MLSS /1 1780 1840
17.5 17.7 17.9] 18.3] 18.7] 19.1 18.2
PO4-P
10 20 30 40 50
D0 mg/l 3.4 4.0 4.6 3.1 5.2
00 PO,-P /1 1.1 23.9 22.8 23.8 22.8 23.5 23.2 23.5 23.2 23.0
MLSS /1 2340
19.0 19.6
DO /1 1.5 2.3 2.4 1.9 1.6
Do PO,-P /1 1.2 22.1 22.9 23.1 22.9 23.1 23.2 23.2 22.5 23.0
MLSS /1 2050
19.0 19.6
TP
PO4-P
30
15
% : r. . - " - 3.5 SRT
~ 20
~
L1 DO
——
10 ——
5
0 . . . . . .
cob
30mg/1
DO PO4-P
DO PHA
PHA
PHA
DO
10
9.1
TP SRT
AO

<<
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11

1.7mg/1
18mg/1

88

50

1.0mg/1

2.6mg/1

10

94

0.1mg/1

>>



30

2)

4)
10

11

12 14
11

11 10 12
11

23

1)2)

12

46,000m®

2,400m%/

11

m3

108

5,740

2,200

5,880

4,310

7.5kwx 2
7.5kwx 1
3.7kwx 1

140? / x

17.8? / x

0.683



2 4mg/1 3 6mg/l

50
800m*/ 1,200m’ 800m’
2,400m*/
A-SRT 9.5 11.2
( 11
11.9 15.0
8.6 10.5
3.7 5.8
9.5 11.2
(mg/1) 1,108 1,942
47.6 58.2
BOD kg/m3 0.09 0.19
BOD-SS kg/kg 0.08 0.12
11 1,701mm
12
12 m

15014001

7.2 7.6 [7.1 7.3 |7.0 7.4 |6.7 7.2
(ng/1) |89 169 (80 173 |55 112 |0 3
(ng/1) |56 108 (55 100 |38 68 |5 11
ss (ng/1) [50 170 |58 152 |31 52 |0.5 4.2
T-P (ng/1) |2.1 3.6 (2.0 3.5 |1.6 3.4 [0.1 1.3
PO4-P (ng/1) 10.9 1.9 (0.9 1.9 1.0 1.9 [0 1.1
T-N (ng/1) |21.6 35.7(21.4 33.4|17.7 31.2|8.7 13.1
NH4-N (ng/1) |10.8 19.9(11.0 20.0|11.1 19.4[0 0.1
NO2-N (mg/Df0 1.0 Jo 1.0 o 0.1 Jo 0.1
NO3-N (mg/1) |0 1.0 [0 0.8 o 0.1 [8.4 11.8
4.1
2 4 2.0 4.0
1.8mg/1
30mg/1 15014001
25mg/1
0.2mg/1
80
95.5
80
70 1
60
50
40 B—1
30
20 1
= ] ]
6 6 8 8 10 10 12 12 14 14 16 16
mg/1

250

200

150

100

50

02 02 0404 0606 0808 1.010 1212 1414 16 16

mg/I




’ 140
120 M
50 100 [
@ M B
o H
s
O = —
02 02 0404 0606 0808 1010 1212 14 14 16 16
80 mg/I
80
120 70
__ 60
100 50
& “ Eroce )
EY
60 B 20 —’:
qﬁ » [
2 o L=
d o E S NN
” — ] NN é’% ®\9 \90 NN ¥
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4.2
0
. _
10 50
o
Y
0
15014001 12— — _ﬂﬂi
2-3mg/| 2 24 46 68 81010 1212 1414 16 16
mg/I
1.0mg/1 85.4
1.6mg/1
11
11.5 12.6 13.2 9.4 10.3 10.9 12.0 11.9 13.9 14.2 15.1 14.3
7.3 9.9 8.5 4.9 8.2 5.0 7.0 5.5 12.5 8.6 14.1 10.4
14.8 14.6 16.8 12.3 11.4 12.6 14.0 14.6 15.7 18.0 16.3 16.6
11
0.8 0.3 0.2 0.7 0.3 0.3 0.1 0.4 0.2 0.7 0.7 0.9
0.1 0.1 0.1/0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.4
1.4 1.0 0.6 1.4 1.6 1.1 0.2 1.5 0.5 1.7 1.2 1.6
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9

}
free

10
11
9)
» 3.0mg/1
17
12
6)
15 20
7)
A
100 2500
80 2000
S 60 1500 o |- COD
E 40 1000 £ |_o
20 500
0 0 1.1mg/1
12
8) 1.5 3.0

0.5 1.0

9)

11

1.5 3.0mg/1
5.5 6mg/l
26 44
® 20
0.6 m
1.0mg/1
12
11
12

1.5

1.0

11

0.1mg/1



<<

6
17.7 23.7
BOD-SS ka/kg 0.11 0.12
BOD kg/m3 0.17 0.19
SRT 14.8 15.1
MLSS (mg/1) 1,525 1,554
HRT 14.6 13.9
HRT 4.0 3.8
HRT 10.6 10.1
DO (mg/1) 0.1 0.3
DO (mg/1) 2.3 2.6
ORP(A,C ) mv -274 -276
5.8 5.6
m3 23,670 24,090
16.6 18.1 22.8 23.8
coD (mg/1) 56 73 55 78
(m3/2 1,840 2,180 1,190 2,950
(m3/2 10,510 15,950 | 14,390 16,310
A ORP mv -225 -247 -194 -261
(mg/1) 1.4 2.4 1.4 2.3
(mg/1) 0 1.1 0 0.1
10
15014001 10
10 12
p-190

BAETENS.D,et.al Water Sci Technol,
39 [1] 215 (98)

63 10
EPA
7 [10] 8 84
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10

1

1

10

4_5mg/L

3.0mg/L
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10

11

50mg/L 4.5mg/L

30mg/L

3.0mg/L
10

11

BF

BP

BF

10

11

2.1

10

2.2



No.5C

10

3.1

1.7¢/

Kj-N  NO,-N  NO,-N

N

20.9 t/
1.8t/

0.06t/

16.2t/
0.8
0.95

200mg/L

0 6 24

BF

0 35.3mg/L
6 24
51.7 57.1mg/L
0 33mg/L
6 24
49 90mg/L
BOD 0 174mg/L
6 24 531
968mg/L
BOD
(mg/L)
SS 9,059 10,900
73 138
BOD 174 380
35.3 44.8
33 75
6 SS 7771 9,520
191 334
BOD 531 866
51.7 784
49 90
24 SS 6.756 8.860
518 750
BOD 968 1440
571 88.4
90 130




36 mg/L 80mg/L
BOD 485mg/L

0.8
11
BOD
BOD
9.9mg/L
3.2 3.0 15.2mg/L
3.2.1
70mg/L
SS
SS 40 /
Cob 60 / 1.5
506kg/ 319 kg/
16 34 62
2.5mg/L 3.1
2.1mg/L
3.2.2 11
m3/ mg/L ma/L mg/L | Ka/ ma/L t/
35,400 764 32 8.0 283 21.9 775
3,350 53 10.5 372 39.1 1,384
28,000 919 30 9.2 258 25.2 706
3,550 35 12.5 350 38.0 1,064
425,200 91 38 1.4 595 21.2 9,014
178 48 1.8 765 26 9 11.438
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2000
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3.2.3

3.1 BP BF
8,000m*/ 22,000m* BF
BF
10
1mg/L
BP
3 1
BP
11
BP
12 BF
9,600m*/
6.6
3.2.1
3.2.1
m3/ mg/L mg/L mg/L Ka/ mg/L Ka/
7.380 589 9.9 73
1.667 15.2 112
27.800 217 124 345 23.7 659
920 17.4 484 30.4 845
21,800 32 14.6 319 23.2 506
45 194 423 30.8 671
m3/ mg/L mg/L mg/L Ka/ mg/L Ka/
BP 6.990 361 6.1 42 31.1 217
1.052 7.2 50 31.1 217
3,670 682 177 39.1 143 69.9 257
3.067 253 56.4 207 105.6 388




12

BF
SS
SS
SS
SS
BF
SS | T-P T-P [ss P| P/SS
% mg/L | mg/L | mg/L %
BF 16| 264 104 160] 1.00
23| 273 40 233] 101
029] 493]| 194 299 103
0.36f 1105 93] 1012] 281
BF
11
BF
1.5mg/L
BF
4.2mg/L 5.8mg/L
BF
mg/L
2.5 mg/L
12

3.3
0.2mg/L 0.8 mg/L
10
11 4 5
BP
0.1mg/L 0.5 mg/L
3.1mg/L
1.4mg/L 1.7 mg/L
2.9 mg/L
4.4 mg/L
9.2 mg/L 28,000m3/
39.1mg/L 3,000 m3/
375kg/
1 mg/L
BOD
1.8 mg/L 2.5mg/L

42



130kg/
350 kg/
BF
HRT
21.2 mg/L
21.1mg/L
SS
23.2mg/L
70 mg/L
50mg/L
80
kg/
4.1 4.2
11
4.1

7,000m*/

10

SS

350kg/

280kg/

70
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AO

11 AO
2.1
10
11
359,100m*/
20mg/ 1 307,800m*/
Img/1 30mg/1 3mg/1
51,300m%/ AO
73 7 x5
10m 1 22,050
2 4.5
AO 10
11KW 1370m?
5.5kW 760m3 1
11 AO 1,760
AO 6 2,592
A0

AO
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4-1 of o o s5001,30q1,30q1,30q1,300[1,40q1,400
m/hr
AO
AO
AO AO
m/hr 1,910 1,630 1,810 1,530
60 69 60 68
e /hr 9,740 8,480 10,100 8,020
5.1 5.2 5.6 5.2
3ppm|  -- 3ppm|  --
AO AO
8,500m°/hr
AO
DO DO
5mg/1
A0



AO

AO
3mg/1 AO
DO

7 10 (11 (12 |13 |14 |15 |16 20 |21

——
DO o
2.0 .
e
—10.0 =S
>
8.0
* ’/k'\ M
40 i % O %
e - LINN . s
o le——e o o -
0.0 S P A
22

6.5157.0/ 8.0 (68.0(42.5(10.5 0.0 14.0{0.5

7 8
8 23 31 1 3 4 |5
0.0 0.0 25.5]13.5
c7/7)
3.2
3.2.1
AO mg/1 A0
mg/1
A0 A0
mg/1
A0 - 143 - 357mV 20
AO - 72 - 113nv amg/1
A0 A0
0.1mg/1
7 A0 0.6
1.1mg/1 AO 0.7 1.5mg/l
ORP
3.2.3
v E2
3.2.2



AO

mg/1

l——

AO
AO
2.9% 3.5%

AO 2.6%

3.1%

3.2.4

A2 E2

E2

20.0

[

>

-3 2
>
> >
Y
[
[ 4

20.0

8.0

4.0

0.0

IS X

AO

AO AO

20%

A0 10



AO

AO
AO
E2 A0
AO A0
3.3
1 A0
A0

P04-P NH4-N NO3-N P04-P NH4-N NO3-N

(mg/1) | (mg/1) | (mg/l) (D) (mg/1) | (mg/1) | (mg/l) (@)
7 0.9 1.4 6.6 5.2 0.7 1.1 7.8 5.1
8 0.8 0.9 6.9 4.9 0.7 0.8 7.5 4.7
9 0.8 1.3 7.1 5.2 0.1 2.2 6.8 4.5
10 1.1 1.2 7.6 5.6 0.5 0.9 8.0 5.2
11 1.4 1.2 8.0 5.9 0.3 1.8 8.9 5.7
12 1.4 1.1 8.0 6.0 0.5 1.0 8.7 6.0
1 1.5 1.2 8.8 6.0 0.9 1.0 9.0 5.8
2 1.4 0.7 8.7 6.1 1.1 1.8 9.5 6.1
3 1.5 1.2 8.1 6.1 1.1 0.3 9.4 6.0

<<




<<

12

mg/1

>>



12

10
5mg/1
1
NO2

NH4-N mg/1
NO2-N mg/1
NO3-N mg/1

mg/1 -
Kr(ATU) mg/g h - 4.1
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VFA NH4-N | PO4-P SS
.9 12 2.8 1.5| 4,880
.6 100 9.0 65.8| 4,500
.6 160 18.2| 78.6| 4,360
7 177 27.5 84.9( 4,340
.8 167 39.9 88.3( 4,090
VFA NH4-N | PO4-P SS
.2 84 22.8 3.6] 10,154
.5 522| 56.4 8.0| 8,616
.0 889 65.9| 11.2| 8,196
.71 1,039 67.7| 14.9| 7,296
.71 1,399] 83.7| 20.2| 5,898
VFA NH4-N | PO4-P SS
.2 43 11.1 7.8] 7,144
-9 385 52.0 44.1] 6,160
.1 702 60.6 50.3( 5,574
-9 841 61.6 53.2( 5,064
.9] 1,010 7.4 59.8| 4,330
28 32 mg/1 H

Ccob BOD VFA SS
.8 15 5 6| 5,454
.6 80 166 142] 4,934
.6 90 264 180| 4,544
.0 86 147 167| 4,410
.0 125 - 180| 4,242
CoD BOD VFA SS
-8 253 300 118] 10,056
4 338 1,193 630 8,134
.0 448| 1,975 945| 7,934
7 646| 2,640 1,274| 6,726
7 688| - 1,341 6,306
Cob BOD VFA SS
-9 125 94 50| 7,814
21 250 865 480 6,516
.2 382 1,605 803| 5,768
.0 550( 2,000 986| 4,636
2 508 - 938| 4,506
28 32 mg/1 H
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(m) (m*) (m%) (m*) (m*)
31,756,600 217,940 35,022,890 24,088,830 7,440,420
289,260 114,990 184,080 143,250 35,530
87,000 * 27,240 95,950 66,000 20,380
10
(m) (m*) () (ka) (t) ()
1,438,690 203,990 21,734 18,300 21,532 804.80
4,960 880 147 81 124 5.60
3,940 560 60 50 59 2.20
4.5
4.1 4-3
11 10 28 12 14
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— 1.45 1.49
Cps 10 30
— 2 JIS K0102 12.1 100
- 11 JIS K0102 57.1  160g/1
0.07
24 29 JIS K0102 41.2
0.05 JIS K0102 35.1
o/mg/h SUS304
mg/kg 2000 JIS K0102 56.2
mg/kg 1500 JIS K0102 51.3
mg/kg 10 JIS K0102 52.2
mg/kg 10 JIS K0102 54.2
mg/Kkg 0.1 JIS K0102 55.2
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(=== ) (=== (13% )
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(e ) | (oo (e
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(41% ) (. 28% ) (99% )
3.46ppm 3.40ppm 6.28ppm 1.06ppm 0.05ppm
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SCADA  Supervisory Control and
Data Acquisition System
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5.3
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©) (3.8 )
400 2
15 20
(
P 7.0 )
(TP:m) - (TP:m)
RTC TP-7.00m )
RTC TP-6.50m :
RTC TP-500m ) 000 - ;oo
TP-600m
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-7.00 -7.00
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6.1

TP-7.0m TP-6.5m HWL TP-6.5m HWL
1.
TP-5.0m
2. TP-
6.0m
2
4% 10% 9% | 13% 23%
15% 22% 27%
a
10,600m3
( TP-7.0m)
a
b
MOUSE 14,500m3
( TP-6.5m)
a
b
71
BOD SS 21,200m3
TP-6.5m

TP-6.0m TP-5.0m)

27,200m( 7.5 )



a b a b a b
/ €D 3 ©)
65 39 24 29 23 23 2 21 13
3/ 2,507 | 1,067 933 896 856 833 837 719 569
BOD ton/ 9 29 23 23 21 21 21 18 9
SS tov 114 41 33 KY) 30 28 27 24 1
100 60 37 36 35 35 4 2 20
100 43 37 30 4 33 33 29 23
BOD 100 29 24 23 21 21 21 18 9
() SS 100 36 29 28 26 25 24 21 10
I — | — | 10,600 10,600 | 14,500| 14,500| 21,200| 21,200| 27,200
6.2 BOD SS
€))
2
65
31
BOD
RTC
a
BOD SS
MOUSE
10,600m3 BOD SS
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6.3
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) | 50 ) [BoD
RTC 8.42 8.42] 23.40 23.40 30
2mm 13.60]  25.15| 17.05 28.60
62% 33 137 82%
RTC 8.42 8.42|  23.40 23.40 40
3mm 20.400  34.60] 25.00 39.20
41% 24% 4% 60%
RTC 12.56! 12.56| 28.69 28.69 55
4mm 27.200  44.08] 32.95 49.83
46% 28% 87% 58%
8mm 54.40  80.65] 65.90 92.15 100
RTC 3.6 3.6 1.3 1.3
2mm 2.2 1.2 1.6 1.0
RTC 4.8 4.8 1.7 1.7
BOD 3mm 2.0 1.2 1.6 1.0
- RTC 4.4 4.4 1.9 1.9
4mm 2.0 1.2 1.7 1.1
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nd Application of a Fast Hydrodynamic M
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m [0.209
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3
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2.1 11
2.1.1 12 11 12
( )
SPEED"98 10 11
3 0/2 ' 0/2 i
A-t- 0/2 ' 0/2 i
36 14-n- 0/2 +  0/2 i
4-n- 0/2  +  0/2 :
4-n- 0/2  +  0/2 :
4-n- 0/19 | 0/48 0/10 1  0/10
A-t- 17/19 | 28/48 45/47 | 34/49
19/19 | 47/48 47747 | 47749
37 19/19 ' 37/48 47/47 1 42/49
38 -2- 19/19 ' 23/48 47/47 1 29/49
39 8/19 ' 0/48 21/47 +  0/49
40 -n- 19/19 +  3/48 47147+ 1/49
41 0/2  +  0/2 :
42 2/2 1 072 8/8 . 0/13
43 (@) 2z 0/2 | 0/2
44 |2,4- 212 1 22 8/8 |  2/14
45 -2- 19/19 ' 35/48 47/47 1 21/49
46 202 22 8/8 ' 14/14
47 |- 0/2 +  0/2
48 0/2 02 :
63 0/2  +  0/2 :
64 0/2 1 0/2 ;
65 0/2 | 0/2 |
66 2 10/16 |  0/45 a7 1 0/11
67 |n- /2 ' 0/2 /72 ' 0/2
178 - 19/19 '  48/48 47/47 1 47/49
=1 4 i 47/47 1 46/49
5 | 4T/4T T 43/49
12/12 + 41/41 212+ 172




2.1.2

85 90
10 11 173
70
10 11
M g/L)
10 11
4-n- ND ND ND ND
36 | 4-t- 0.14 ND 0.4 0.15 ND 8.3
4.4 1.2 48 2.3 0.79 84
37 A 0.26 0.09 3.9 0.33 0.15 2.4
38 -2- 13 7.2 40 11 5.3 31
39 ND ND 1.5 ND ND 0.7
40 -n- 2.5 0.3 15 3.2 1.0 37
42 — — 2.8 1.7 4.2
44 | 2,4- — — 0.06 0.04 0.12
45 -2- 0.14 0.04 4.4 0.08 0.01 1.7
46 — — 0.16 0.09 0.38
_ (n=1_4) — — 34 11 260
— (n 5 — — 110 11 700
— | 17B 0.04 0.023 0.058 0.041 0.0097 0.064
4-n- ND ND ND ND
36 | 4-t- 0.04 ND 0.2 0.02 ND 0.3
0.18 ND 1.6 0.2 ND 0.7
37 A 0.03 ND 0.42 0.02 ND 0.36
38 -2- ND ND 4.9 0.2 ND 1.9
39 ND ND ND ND
40 -n- ND ND 0.5 ND ND 0.2
42 — — ND ND
44 12,4- — — ND ND 0.03
45 -2- 0.02 ND 0.14 ND ND 0.05
46 — — 0.04 ND 0.12
— (n=1.4) — — 0.9 ND 11
— (n 5 — — 1.0 ND 9.2
— | 17B 0.015 0.0020 0.030 0.013 0.0002 0.041




2.2
11
W g/L
0.7 1.5
(2.3) (0.79 " 82)
. 0.31 0.44
(0.33) (0.15 2.4)
) 11
an (5.3 31)
. 0.07 0.09
(0.08) (0.01 1.7)
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0.15 4.7 0.42
A 0.15 ND ND
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(n 5) 0.3 33 1.7
178 0.015 ND ND
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(@) m /kg-DS
0.15 H11.6.8 5.3 1.2 5.3 3.4 25 26 ND
H11.8.19 17 5.7 3.3 2.7 13 11 ND
A 0.15 H11.6.8 0.34 0.63 0.37 0.17 0.52 0.52 ND
H11.8.19 0.29 0.19 0.39 0.17 0.92 0.27 ND
-2- 15 H11.6.8 140 98 150 140 200 130 ND
H11.8.19 100 130 110 120 190 120 ND
0.9 H11.6.8 24 19 12 21 16 33 ND
(=1 4) H11.8.19 180 24 21 4.9 7.7 47 ND
(n 0.3 H11.6.8 7.0 1.3 7.8 0.4 6.9 6.3 ND
5) H11.8.19 33 2.3 5.5 1.2 0.5 24 ND
178 0.015 H11.6.8 ND 0.024 ND 0.017 0.020 0.015 ND
H11.8.19 ND 0.067 0.032 0.063 0.064 0.055 ND
3.1 SPEED’98
10 11
1783
3.2
10

11




11

( ML)
4- - |4-t- 178 -
-2- -n-
2-
5
1 4

0.01 0.01 0.03 0.01 0.2 0.2 0.2 0.01 0.1 0.2 | 0.0002

0.1 0.1 0.1 0.2 0.2
11.10.6 7 — 0.14 34 0.33 15 0.2 17 0.21 64 170 0.035
1112.1 2 — 0.12 20 0.30 12 0.2 17 0.18 40 220 0.054
11.10.6 7 — 0.19 40 0.29 95 ND 10 0.04 69 87 0.041
1112.1 2 — 0.18 2.7 0.30 15 ND 14 0.02 53 130 0.048
111019 20 — 0.12 24 0.46 20 0.2 6.5 14 37 130 0.038
11121 2 — 0.12 16 0.36 79 ND 4.7 0.01 34 210 0.046
111019 20 — 0.16 21 0.28 95 04 32 0.08 43 120 0.035
1112.1 2 — 0.20 2.3 0.28 11 ND 39 0.02 33 170 0.047
11.10.19 20 — 0.20 25 0.25 18 0.2 4.7 17 100 240 0.040
1112.1 2 — 011 20 0.24 13 ND 40 0.04 79 400 0.044
111019 20 — 0.08 18 0.37 11 ND 37 0.08 25 120 0.045
11.12.7 8 — 0.10 16 0.29 9.7 0.2 30 0.04 35 320 0.049
1112.7 8 — 0.07 15 0.30 11 ND 44 0.05 33 150 0.048
111012 13 ND 0.52 0.93 0.33 15 0.2 50 0.31 23 150 0.038
11.12.7 8 — 0.15 10 0.15 8.2 ND 37 0.12 23 140 0.037
11.10.7 8 — 13 12 0.60 9.1 ND 16 0.05 24 18 0.043
1112.7 8 — 16 75 051 17 ND 12 0.12 50 96 0.060
11.10.4 5 — 021 47 0.26 13 ND 38 0.21 88 130 0.031
1112.1 2 — 0.14 2.8 0.24 11 ND 25 0.02 37 210 0.030
1110.6 7 — 0.42 7.3 0.30 10 0.3 34 0.25 46 71 0.035
11.12.2 3 — 0.08 12 031 10 0.3 28 0.07 42 58 0.030
11.819 20 — 0.1 2.3 0.20 11 ND 32 0.30 31 97 0.013
11.11.9 10 — ND 19 0.40 29 0.7 58 0.08 33 87 0.044
11.10.6 7 ND 0.02 0.79 0.20 71 0.2 24 0.06 21 91 0.035
1112.1 2 — 0.04 0.80 0.16 72 ND 18 0.04 14 64 0.035
111019 20 — 0.10 11 0.45 6.9 ND 6.2 0.28 17 11 0.036
11.12.7 8 — 011 13 24 53 ND 14 0.05 44 110 0.032
111019 20 — 0.07 13 0.33 9.7 ND 23 0.27 21 42 0.036
1112.7 8 — 0.06 0.95 0.24 6.5 ND 22 0.07 29 76 0.041
11.10.6 7 — 8.3 84 0.56 18 0.2 52 0.23 110 650 0.036
1112.1 2 — 0.86 26 0.37 14 ND 43 0.17 260 700 0.052
11.6.8 9 — 0.2 39 0.15 8.1 0.3 24 0.17 23 140 0.016
11.819 20 — 0.2 59 0.68 13 ND 25 0.07 41 81 0.012

ND
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( ML)
4- - | 4-t- 178 -
-2- -n-
2_
1 4
0.01 0.01 0.03 0.01 0.2 0.2 0.2 0.01 0.1 0.2 | 0.0002
0.1 0.1 01 0.2 0.2

11.10.6 7 — 0.04 047 0.02 ND ND ND 0.02 23 12 0.024
1112.1 2 — 0.04 0.38 0.05 0.3 ND ND ND 11 0.7 0.030
11.10.6 7 — 0.04 0.48 0.01 ND ND ND 0.01 30 17 0.025
11121 2 — 0.06 0.44 0.02 0.3 ND ND ND 34 0.8 0.013
11.10.19 20 — 0.08 0.70 0.27 ND ND ND 0.05 44 21 0.023
1112.1 2 — 0.12 0.68 0.36 05 ND 0.2 ND 8.6 35 0.029
11.10.19 — 0.09 0.56 0.11 ND ND ND 0.08 2.2 25 0.037
11.12. 1 — 0.12 0.56 0.22 0.2 ND ND ND 57 0.9 0.018
11.10.19 — 0.04 0.26 0.02 04 ND ND 0.05 09 05 0.018
11.12. 1 — 0.07 0.33 0.05 ND ND ND ND 14 05 0.011
10.10.19 20 — 0.02 0.19 0.02 ND ND ND 0.02 0.8 1.0 0.024
1112.7 8 — 0.02 0.17 0.02 0.3 ND ND ND 1.0 05 0.025
111012 13 ND 0.30 0.48 0.10 0.6 ND ND 0.01 44 14 0.031
1112.7 8 — 0.19 0.50 0.19 ND ND ND ND 17 0.9 0.041
11.10.7 8 — — 0.49 0.02 ND — — ND 1.0 0.6 0.0094
11.10.7 8 — — 0.11 ND ND — — ND 24 2.6 0.0043

11.10.7 8 — — 0.03 ND 0.2 — — 0.01 0.2 3.2 ND
11.10.7 8 — ND 0.05 0.02 0.2 ND ND ND 04 6.7 0.0012
1112.7 8 — ND 0.09 ND 0.2 ND ND ND ND 11 0.0002
1110.4 5 — 0.05 0.25 ND ND ND ND ND 0.8 20 0.0067
1112.1 2 — 0.04 0.24 ND ND ND ND ND 6.0 3.7 0.012
11.10.4 5 — 0.02 0.21 ND ND ND ND ND 0.7 21 0.0061
1112.1 2 — 0.02 0.20 0.01 ND ND ND ND 16 15 0.0073
11.10.6 7 — 0.06 0.27 0.04 ND ND ND ND 1.0 9.2 0.023
1112.2 3 — 0.05 0.26 0.09 ND ND ND ND 14 16 0.021
11.819 20 — ND 01 0.01 1.0 ND ND ND 04 ND 0.0012
11.11.9 10 — ND ND 0.01 0.3 ND ND ND 0.6 16 0.0029
11.11.26 — ND 0.1 0.09 04 ND ND ND 14 0.2 0.0040

11.819 20 — ND 01 ND 04 ND ND ND 05 0.3 ND

11.11.26 — ND ND 0.04 04 ND ND ND 04 ND ND
11.10. 6 ND 0.01 0.10 0.01 05 ND ND ND 04 19 0.0024
11.12. 1 — 0.01 0.08 ND ND ND ND ND 0.3 36 0.0069
11.1019 20 — 0.05 0.27 0.08 0.2 ND ND 0.05 1.0 1.0 0.029
1112.7 8 — 0.05 0.30 0.11 0.2 ND ND ND 19 14 0.031
1110.6 7 — 0.03 0.48 0.02 ND ND ND 0.01 70 1.8 0.017
1112.1 2 — 0.09 0.67 0.01 ND ND ND ND 2.8 12 0.017
11.6.8 9 — ND 0.2 0.08 14 ND ND 0.02 38 0.6 0.0055
11.819 20 — ND 04 0.01 04 ND ND ND 0.7 0.2 0.0016
11.6.8 9 — 0.1 05 0.08 04 ND ND 0.04 59 1.0 0.010
11. 819 20 — ND 0.6 ND 0.7 ND ND ND 18 0.6 0.028

ND
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( D)
-n- - - 178 -
-2- -n-
2-
(n= (n 5
1 4

0.01 001 003 | 001 02 02 02 0.01 01 0.2 | 0.0002

01 01 01 02 0.2
11.8.3 4 — 03 54 0.35 23 03 39 0.06 29 100 | 0.013
1111.9 10 — 02 2.6 0.40 31 0.6 45 0.03 28 77 0.042
11.8.3 4 — 02 37 061 16 03 15 0.06 21 160 | 0.017
111111 12 — 25 043 15 04 39 0.06 30 93 0.046
11. 927 28 ND 0.09 13 0.23 7.2 17 0.09 40 11 0.030
111216 17 ND 0.12 14 0.26 18 03 29 0.06 33 95 0.062
11.929 30 ND 0.17 13 12 59 13 0.07 23 26 0.049
111216 17 ND 0.08 0.84 0.65 19 15 0.15 26 97 0.061
11.8.3 4 — 06 71 17 17 26 011 35 160 | 0.0097
111216 17 — 03 59 0.56 11 0.7 95 0.10 11 86 0.054
11. 927 28 ND 0.37 38 043 17 22 0.09 28 61 0.051
111216 17 ND 0.16 41 0.37 13 06 35 0.08 48 300 | 0.062
11.9.29 30 ND 0.08 11 063 9.8 28 0.16 39 30 0.057
1112.9 10 ND 0.05 11 0.36 12 0.2 29 0.05 34 130 0.064
11.8.3 4 — 03 0.02 19 0.02 0.7 0.0078
1111.9 10 — 0.2 0.04 17 33 0.020
11.8.3 4 — 01 0.01 04 0.2 0.0048
111111 12 — 02 0.02 04 02 16 | 0.0091
11.927 28 ND 0.02 0.12 001 0.01 01 0.8 | 0.0079
111216 17 ND 0.03 011 0.01 0.2 0.2 15 0.016
11.9.29 30 ND 0.05 0.17 0.09 03 0.02 03 15 | 0.020
111216 17 ND 0.04 0.16 0.08 03 0.01 02 06 | 0034
11.8.3 4 — 0.2 0.08 0.2 0.01 0.7 0.0087
111216 17 — 01 003 02 0.01 04 08 | 0030
11.8.3 4 — 02 0.02 02 0.03 04 ND | 0.0080
111216 17 — ND 01 021 04 0.01 04 0.6 0.029
11.8.3 4 — 01 02 001 03 0.02 0.7 ND | 0.0018
111216 17 — 0.13 ND 0.2 0.3 0.017
11. 927 28 ND 0.02 0.18 0.01 0.03 04 04 | 0.0077
111216 17 ND 0.02 0.19 02 0.01 04 05 | 0011
11.9.29 30 ND 0.01 0.18 001 0.03 0.7 07 | 0017
1112.9 10 ND 0.02 0.24 0.01 05 0.01 0.9 0.2 0.012

ND
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<<

0.4 L)
2,4- -
2,3
0.2 0.01 0.01 0.01 0.01 0.01 5
0.02
11.10.12 13 3.2 ND 0.04 0.37 ND 0.04 320
11.8.19 20 2.6 — 0.04 0.11 ND — —
11.11.9 10 2.9 — 0.07 0.09 TPH0.01 — —
11.10.6 7 35 ND 0.05 0.12 ND ND 260
11.6.8 9 4.2 — 0.05 0.16 IE*H(?'(?; — —
11.8.19 20 2.0 — 0.07 0.15 TPHO0.02 — —
11.8.3 4 1.7 — 0.11 0.26 — — —
111216 17 2.6 — 0.12 0.38 TPHO0.01 — —
11.10.12 13 ND ND ND 0.05 ND ND 6
A0 11.10.7 8 — — 0.01 0.03 — —
11.10.7 8 — — ND 0.01 — —
11.10.7 8 — — ND 0.02 — —
11.8.19 20 ND — ND 0.03 ND — —
1111.9 10 ND — ND 0.02 ND — —
11.11.26 ND — ND ND ND — —
11.8.19 20 ND — ND 0.02 ND — —
11.11.26 ND — ND 0.01 ND — —
1110.6 7 ND ND 0.01 0.04 ND ND ND
11.6.8 9 ND — ND 0.04 ND — —
11.8.19 20 ND — ND 0.07 ND — —
11.6.8 9 ND — ND 0.04 ND — —
11.8.19 20 ND — ND 0.08 ND — —
11.8.3 4 ND — ND 0.03 — — —
111216 17 ND — ND 0.12 ND — —
11.8.3 4 ND — 0.02 0.04 — — —
111216 17 ND — 0.02 0.13 ND — —
11.8.3 4 ND — 0.03 0.03 — — —
11.12.16 17 ND — ND 0.12 ND — —
ND
TPH 2 4 6- -1- 3
*xk 1a- -4a-(1'- la- -4e-(1'- ) 3
15
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2.1

2.2

74

14

IPC

(Co )
(N,0)
(N,0)
3 4)
2.3
(CH,
(N,0)
(
(C0,) )
(C0,)
co
CH
N 0
1PCC(1995)
(CH)

(N,0)

O]




2.4

(g/m)
(
0.048 0.027
0.53 0.011
1.4 0.33
0.53 0.012
1.4 0.16
2.5
(1990 )
10
(mg/L)
NH,-N NO,-N NO;-N
NO-N T 49 1 5
NO,-N 10 ! 5 (N,0)
NH-N  T-| 1 1 5 31
N
NH,-N
C )
t 10 67.7 CO,-t
90%
( )
Co,-
2 8 9 10
368,602 366,523 357,920 353,293
264,482 269,951 279,371 283,591
633,084 636,474 637,291 636,884
49,608 47,959 43,170 50,195
-95 -9,751 -9,282 -9,950
49,513 38,208 33,888 40,245
( ) 682,597 674,682 671,179 677,129
« ) -1.2% -1.7% -0.8%

68.3 CO,-
0.8%



O
10
9
8 |
2
|
-200,000 200,000 400,000 600,000 800,000
(CO,-t/ )
3.2 Co,-t 4.2
80
3.2.1
36 9 CO,- 10 35.3
(CO-t/ ) (%)
10
264,632 280,168 286,909 292,156
71.8% 76.4% 80.2% 82.7%
A 54,279 42,519 27,914 23,695
14.7% 11.6% 7.8% 6.7%
18,221 15,865 10,560 10,360
4.9% 4.3% 3.0% 2.9%
8 7 4 5
0.0% 0.0% 0.0% 0.0%
50 53 50 42
0.0% 0.0% 0.0% 0.0%
31,235 27,719 32,312 26,859
8.5% 7.6% 9.0% 7.6%
122 135 115 122
0.0% 0.0% 0.0% 0.0%
54 56 57 54
0.0% 0.0% 0.0% 0.0%
368,602 366,523 357,920 353,293
100% 100% 100% 100%
-0.6% -2.9% -4.2%




3.2.2

10

Co

80%
(CH)
| 1
0]
| —
0 OA 10
[n] [m]
. ® (CHY) 21
g o (N,0) 310
| | (N,0)
| —
50000 100000 150000 200000 250000 300000 350,000 400000
0 )
(N,0)
©Co-t/ ) %)
10 CH, N,0 co,
226,156| 233,285| 229,127| 235,119 7 )
g5 833  79.94  80.5% 21 310
27,506] 28,007) 28,786 29,601 10 |1,818,076,350 1,058 22,228
10.44  10.0%  10.0%  10.1% 1,785,310, 990 1,039 21,828
295 261 310 315 1,723,488,540 1,003 21,072
0.1% 0.1% 0.1% 0.1% 1,774,550, 220 1,033 21,696
0,666 17,686 27,813 26,604
3.7 6.3% 9. 7% 9.1%
1,009 929 873 517
0.4% 0.3% 0.34 0.2%
264,632| 280,168 286,909| 292,156 , CH, N20 Co,
100% 100% 100% 100% 79 - AN
o3 10 918,983 33 ga1| 261,363
| | | | — 905,552 33 820 257,543
10 [ 875,089 31 go1| 248,880
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] o | | [ |- : d
=]
| @
N N O R
[ W
| | | | | CH
50,000 100,000 150,000 200,000 250,000 300,000
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261,363t
NO
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3.2.3 3.2.4
10
95 CO,-
9,950 CO,t
(
O,
10
1,473 1,443 1,310 1,194
166 7 8 5
3,690 4,896 4,860 4,853
826 5,231 5,988 5,639
9,928 8,803} 7,188 10,285
5,539 4,649 3,562 5,154
4,599 4,896 5,329 5,044
15,914 9,155 6,694 9,804
7,473 8,879 8,232 8,213
49,608 47,959 43,170 50,195
i | |
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e 2o ERIE
| O
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0 10,000 20,000 30,000 40,000 50,000 60,000
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10 (N,0)
CO,-
10 4.1 N,0
0 4,476 4,824 5,218
0 8 1] 10
1,138 1,214 1,483 NZO (CH4)
95 4,129 3,23] 3,239
95 9,751 9,287 9,95( 11
11
Co,- 7/
10
682,507 674,681 671,180 677,129
( ) ~1.2% “1.7% -0.8%
817,731  805,928] 807,135 815,578 .
19.8% 18.1% 18.2% 19.5%
011,250 896,756 901,221 011,301 ..
33.5% 31.4% 32.0% 33.5%
N,0 703,343 694,832 692,054 698,385 .
3.0% 1.8% 1.4% 2.3%
703,804 695,366 692,607 698,949
3.1% 1.9% 1.5% 2.4%
1,000,000
——
y— \ —A
900,000 -
>
1
S — = n——H ~
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——
He— — # X
——
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4.2.3

10
67.7 COn- /
N,0
35% 91.1 CO,- /
4.2
10
4.2.1
N,0
12
90%
3.3%
12 10
Co,- /
353,293| 52.2%
-1 22,228 3.3%
2 261,363 38.6%
50,195 7.4%
-9,950] -1.5%
677,129  100%
4.2.2
13
13.8 CO,-t 20.4% -1
19.7%
13 10
CO,- /
353,293] 43.3%
-1 160,677 19.7%
2 261,363] 32.0%
50,195| 6.2
-9,950] -1.2%
815,578]  100%

14
23.4 C0,-
(34.6%) -1
28.1%
14 10
CO,- 7/
353,203 38.8%
-1 256,490 28.1%
) 261,363 28.7%
50,195  5.54
~9,950] -1.1%
911,301  100%
4.2.3
15
2.1 COn- (3.1%)
-1
6.2%
—15 10
CO- /
353,293 50.6%
1 43,484  6.2%
-2 261,363| 37.4%
50,195  7.2%
-9,950( -1.4%
698,385  100%
4.2.4
16
2.2 CO~ (3.2%)
6.3%



16 10

CO,- /
353,293| 50.5%
-1 44,048  6.3% 12
-2 261,363 37.4%
50,195 7.2%
-9,950| -1.4%
698,949  100% 5 1
4.3 N0 10 0.8
40 50
30 40
COP3
23.4 CO,-
3.3% 28.1
28.7%
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80%
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( ) ( )
10
| o
i m
|
- (]
|_ (]
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|
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67.7 CO,-t/ x 0.06+ 0.384 CO,-kg/KWh®
106,000,000kWh/ ( )

91.1 CO,-t/ x 0.06+ 0.384 CO,-kg/kWh

142,000, 000kWh/
10 12
(  606,000,000kWh/ )
17%( ) 23%( )
(
:1,540,000m/ ) 1 ( 5.1.5 (N,0)
122,000,000kWh/ )
N,0
11 10
5.1.2
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84 ( )
100%
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7))
N,0
99.7% N,0
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€))
N,0
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13

14 11 13

0.000047

14

0.057ng-TEQ/m3N  0.00000067

>>



(Co-PCBs)

1.1
PCDDs PCDFs PCBs
75 135 209
12
2,3,7,8-T CDD
11 PCDDs 7 PCDFs 10
Co-PCBs 12 2,3,7,8-T CDD
TEQ
TEQ
1.2 D
- 1.3
- (PCDDs)
(PCDFs)
8 2
7 3
ClIx Cly
PCDDs(x+y=1 8) PCDFs(x+y=1 8) PCBs(x+y=1 10)
Co-PCBs PCBs @26 6 )



4000kg/

4000kg/
13 14
13 15 14 12
pg-TEQ/ kg/
0.6pg-TEQ/m
1pg-TEQ/
1000pg-TEQ/g
)
ng-TEQ/m N
H12.1-H13.1 H13.1-H14.11 [H14.12-
0.1 2 1
0.5 20 5
40 10
20 5
4000kg/ 0.1 80 1
(
2000 5
50kg/ [4000kg/
2000kg/ 10
2m 200Kg/
12
12 13
80ng-TEQ/m N
4000kg/

1,2,3,4



ng-TEQ/m N

12

10
1

200

2000kg/

2m
200kg/

80

4000kg/

2000kg/

80

4000kg/

80

1000

0.5

80

12
12

13 15
13

4000kg/

14

pg-TEQ/I

H12.1.15
H13.1.14

H13.1.15
H15.1.14

H15.1.15

10

10

20

10

50

10

10




1
3ng-TEQ/g

24 1

24

3ng-TEQ/g

2.1
@
)
®
4)
®)
(©)
)
®
©®
(10)
aDn
(12)
(13)
a4
(15)

2.2

2.3

PCBs

2.4
€Y

11

12

&)

2,3,7,8-T CDD

3.1
€Y

4.7x 105
5.7x 10-2ng-TEQ/m’N
13 14
80ng-TEQ/m°N
24 13 15 14 11 30
80ng-TEQ/m®
N 1/1000
14 12
1ng-TEQ/m*N

PCDDs, PCDFs, Co-

¢))

6.7x 107 1.5x 10-3ng-TEQ/g
14 12
ng-TEQ/g 1/2000
€))
10
1.4x 104 5.4x 10-lpg-TEQ/

10pg-TEQ/ 1/18

*
10




4.2pg-TEQ/

9.2x 1073
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(ng-TEQ/m N)
2
2,3,4 2,4 10 22 o 0.000047
2,3,4 2,4 11 9 0.0025
1
7,8,9 8,9 11 25 o 0.039
10 10 11 26 o 0.016
1,2 1,2 10 19 o 0.000058
3 3 11 16 o 0.00042
4 4 12 7 o 0.000088
1 1 11 5 o 0.012
1,2 1,2 10 28 o 0.011
3 3 10 13 o 0.029
4 4 10 14 o 0.0076
11 2 o 0.014
10 29 0.0013
1 10 15 0.057
2 3,4
ng-TEQ /g-dry
( )
( )
( )
2 4 2.5 1 186t/ 76t/
2 4 1 1.2 202t/ 247t/
1 2 1 2.2 61t/ 132t/
9 11 259t/ 267t/
1 2 1.3 293t/ 228t/




10

3.2

PCDDs,PCDFs,Co-PCBs

PCDDs PCDFs

Co-PCBs PCDDs PCDFs

14

80

PCDDs PCDFs

40 60

PCDDs, PCDFs

PCDDs,PCDFs,Co-PCBs

PCDDs,PCDFs,Co-PCBs

pg-TEQ /
10/12 10/13 o 1.8
0.05
10/19 10/20 o 1.5
0.0018
11/4 11/5 o 0.96
0.54
0.16
10/6 10/7 o 0.69
0.020
11/18 11/19 o 0.036
0.0033
0.0059
10/19 10/20 o 4.2
0.051
10/19 10/20 o 0.27
( )
11/4 11/5 o 0.022
0.0039
11/24 11/25 0.0092
0.0027
11/4 11/5 0.014
0.0014
0.00014
1720 1/21 0.20
0.089
1711 1/12 3.0
0.0057
11/4 11/5 o 0.11
0.071
0.052
PCDDs,PCDFs,Co-PCBs PCDDs,PCDFs
PCDDs PCDFs Co-PCBs

90



100%
80% [
60% [
OcCo-PCB
|| BpCDF
40% — BpCcDD
20% [
0%
. -8 7 Tl B~ L e e e e -
F e © 5
ES - -
PCDDs,PCDFs,Co—PCBs ( )
100%
80% H —— —
60% H +— -
0O Co-PCB
0% H — — | ||®PCDF
@ PCDD
206 H — -
0% 1 1 1 1 1 1
S -s - 7 I B~ _—— e e e -
T s = © -8 S
NS w © N
ES - <
PCDDs,PCDFs,Co—PCBs ( )
100%
80% — —
60% — —
O Co-PCB
40% ] 1 ® PCDF
@ PCDD
20% — —
0% 1 1 1 1 1 1 1 1 1

PCDDs,PCDFs,Co—PCBs ( )




100%

80%

60%

40% 1

20% 1

m PCDF
O PCDD

o Co-PCB

PCDDs,PCDFs,Co—PCBs ( )

3.3
PCDDs,PCDFs,Co-PCBs

PCDDs, PCDFs,Co-PCBs

(1) PCDDs,PCDFs

PCDDs, PCDFs
17
17
PCDDs, PCDFs
17

0,CDD H,CDF

0,CDD  H,CDF 0,CDF

H,CDF
0,CDD

0,CDD  H,CDF

PCDDs,PCDFs
0,CDD
(2) Co-PCBs
Co-PCBs PCDDs,PCDFs
Co-PCBs 14
12
14
Co-PCBs
(6) PCB (8) P CB
13
(6) PCB (8 P CB (13)H CB

0,CDF

@

10
(13)H CB

11
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4.1
11 12 11
12
11
14
4.1mg-TEQ/
2.8x 10 1.8

x 10-1  2.5x 102 2.6x 10-'mg-TEQ/
7.5%x 10-'mg-TEQ/
4.1mg-TEQ/
7.5x 10-1mg-TEQ/
3.4mg-TEQ/

14

11 11 me/
( ,
( ,
12
t/ t/ m3/hy |3/ )
5700 16| 43000 1032000
4990 14| 58000| 1392000
1,2 1480 4| 32000 768000
3 2330 6| 34000 816000
4 3380 of 47000] 1128000
7,89 5600 15| 71000| 1704000
10 1860 5| 29000 696000
4750 13| 38000 912000
1,2 10200 28] 72000] 1728000
3 3990) 11]  70000| 1680000
4 4660 13| 60000| 1440000
1180 3| 16000 384000
3500] 84000
3100] 74400




4.2

15

e 20
o
o
o
Efffj - 15
:12 . O 2346,78-H6CDH
g O 123789-H6CDH
9 | 1236,7,8-H6CDH
14 6 O 1234,7,8-H6CDH
O  234,78-P5CDF
3 B  12378-P5CDF
) % 0 2378-TACDF
0
€)) PCB
(@) 15
(©))
2)
D 4.3
mg/
@
©)) 13
17
PCDDs PCDFs PCDDs PCDFs
PCDDs PCDFs
T CDDs,P
CDDs,H CDDs,H CDDs,0 CDDs,T CDFs,P
CDFs,H CDFs,H CDFs,0 CDFs
3) 12
T CDF H CDF
4.1 16
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0.3

0.2
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11 10 5 11 10 5
11 9 28 11 9 29

3.1
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4.2
4.2.1

@

82 799

@
11 26 80
43

4.2.2
€Y)

47

@

21 48
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51 149
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4.3
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54 110

26
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2.1

48

:1.5mg/L

:0.3mg/L

pH

:0.3mg/L

10

19 22 25

10

18 22

10

18 22

10

15,18,19,21,22

10

6,7,13,14,15

BF+BP

10

18 22

10

18 22

g b~ wND e

JIS K0102 65.1.2

JIS K0102 65.2.1

JIS K0102 61.1

JIS K0102 67.2

2.2




200g 1000g

10 19 22
- 25
- 1.
10 18 22
_ 2.
10 18 22 3.
- 4.
10 15,18,19, 5.
- 21,22
- 6.
10 18 22
_ 7.
10 18 22
JIS K0102 46.3.2
JIS K0102 50.3  ICP
0.5g 10
800
700

2.3 pH

pH
pH

2.4 pH

13

pH

pH

pH




78 22
100ml L/S 10
85 15
L/S
66 34
L/S 10 13
39 61

85 15

pH

13

2.5

2.5.1

10g



Rlrlolkr|r|lolr|r|lolr|lr|lo|lr|r|lolr|r|o
o|lo|lo|lu|lo|lo|uv|lo|lo|lo|o|lvu|lo|lo|uv]lu|o|wv

2.5.2
20 30
7 7 114
100ml L/S 10
€))

10g

10



)

0.6mg/kg
10g 3.2mg/kg
1.6mg/kg
©)
BF+BP
10g
3.2
2.2 10
3.1
2.1
70
80
10
(mg/kg) 3780 3540 3420 1640 2270 1
(mg/kg) 39 1.7 3.5 0.5
(mg/kg) 7.0 13 13 16 16 0.5
(mg/kg) 1.7 1.0 1.4 1.2 1.9 0.5
) 10.56 8.61 8.74 13.65 18.96 0.01
(%) 32.82 11.14 11.61 8.08 10.72 0.01
) 20.22 39.32 37.35 41.06 31.51 0.01
(mg/kg) 220 270 200 400 630 1
(mg/kg) 0.5
(mg/kg) 4.9 20 15 20 30 0.5
(mg/kg) 1.4 6.1 5.1 2.0 0.5
) 19.11 13.96 9.53 14.46 22.11 0.01
) 7.92 9.77 7.41 6.68 9.06 0.01
(%) 37.58 27.65 36.48 37.69 26.02 0.01
(mg/kg) 220 240 180 190 1
(mg/kg) 0.8 0.5
(mg/kg) 2.3 22 8.8 11 0.5
(mg/kg) 1.4 3.5 1.6 2.2 0.5
%) 19.11 13.96 10.7 12.49 0.01
%) 7.92 15.14 11.63 11.11 0.01
(%) 21.79 31.44 40.55 39.14 0.01




10 19 10 20 10 21 10 22 10 25
) 84.1 77.7 76.5 77.7 78.4 78.9 84.1 76.5 0.1
(mg/kg) 48 52 48 50 63 52 63 48 1
(mg/kg) 0.5
(mg/kg) 0.5
(mg/kg) 0.5
10 18 10 19 10 20 10 21 10 22
) 76.9 76.2 72.3 74.2 747 74.9 76.9 72.3 0.1
(mg/kg) 31 44 30 42 36 37 44 30 1
(mg/kg) 0.5
(mg/kg) 0.5
(mg/kg) 0.8 0.7 0.3 0.8 0.7 0.5
10 18 10 19 10 20 10 21 10 22
%) 79.8 80.4 78.6 77.8 79.2 79.2 80.4 77.8 0.1
(mg/kg) 54 72 45 49 44 53 72 44 1
(mg/kg) 0.5
(mg/kg) 0.5
(mg/kg) 0.5 0.1 0.5 0.5 0.5
10 15 10 18 10 19 10 21 10 22
%) 75.6 80.1 84.2 76.0 83.6 79.9 84.2 75.6 0.1
(mg/kg) 900 140 160 190 240 330 900 140 1
(mg/kg) 0.5
(mg/kg) 0.6 0.6 0.8 0.5 0.5 0.6 0.8 0.5 0.5
(mg/kg) 1.9 0.6 0.9 0.7 1.9 0.5
10 6 10 7 10 13 10 14 10 15
%) 78.3 79.0 81.4 81.4 81.7 80.4 81.7 78.3 0.1
(mg/kg) 3300 3690 2940 2530 2750 3040 3690 2530 1
(mg/kg) 0.5
(mg/kg) 3.3 0.8 0.8 5.4 5.5 3.2 5.5 0.8 0.5
(mg/kg) 0.5
10 18 10 19 10 20 10 21 10 22
%) 83.5 82.8 83.1 82.0 79.4 82.2 83.5 79.4 0.1
(mg/kg) 1030 1750 1320 1520 1210 1370 1750 1030 1
(mg/kg) 0.5
(mg/kg) 0.8 3.0 2.3 2.1 1.2 1.9 3.0 0.8 0.5
(mg/kg) 0.5 0.1 0.5 0.5
10 18 10 19 10 20 10 21 10 22
%) 77.1 76.2 77.2 75.1 74.5 76.0 77.1 74.5 0.1
(mg/kg) 220 1190 1220 1200 270 820 1220 220 1
(mg/kg) 0.5
(mg/kg) 2.7 2.1 0.5 0.5 2.1 1.6 2.7 0.5 0.5
(mg/kg) 0.5




11 13
H 10.52 8.55 8.42 7.52 6.21 -
(mg/L) 1.2 0.9 11 46 0.1
(mg/L) 700 480 560 410 360 0.2
(mg/L) 0.02 0.07 0.01
(mg/L) 4.0 0.40 0.50 0.05
(mg/L) 0.10 0.11 0.21 0.43 0.01
H 7.18 6.72 8.73 8.88 6.65 -
(mg/L) 1.2 17 1.5 2.3 26 0.1
(mg/L) 92 230 140 84 230 0.2
(mg/L) 0.01 0.06 0.01
(mg/L) 0.05
(mg/L) 0.13 0.84 0.67 0.14 0.51 0.01
H 11.39 7.32 9.57 9.8 10.25 -
(mg/L) 14 0.20 0.20 0.1
(mg/L) 240 490 310 200 410 0.2
(mg/L) 0.01 0.01
(mg/L) 0.15 0.19 0.05
(mg/L) 0.40 0.10 0.18 0.01
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pH
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pH
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pH
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1.3

10
2.1.3
Fe
2.1
2.1.1
- !
COD BOD
- !
2.1.2
Clo,
Clo,
- |
“ | . | .
Al
N —Pp '\ >




2.2
2.2.1 300ml 1,000ml

(ppm)
(ppm)x ( (ml) mn) 300
1,000 ()
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ml
201
10
60 40
21m*/hr
2.8 3.5

2.3 3.1

3.1.1
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(9/16) (12/13)
75.2 % 73.9 % 1.30% A |
1.64 % 2.26 % 0.62% N
5.80 % 5.59 % 0.21% N
8.31 % 9.76 % 1.45% N
2.80 % 2.61 % 0.19% A
2.70 % 0.89 % 1.81% A
0.66 % 0.74 % 0.08%
16 12 13
TG/DTA
960
1,550 1,490
(9/16) (12/13)
800 567 569 2 N
800 1,200 961
1,200 1,552 1,490 62 A
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4.8
4.8.1
2,400mg/1
4.8.2
39
1,800mg/1

16

mg/1

50 I
%:45 ——
Eq —.—
35 ‘\ - -
30
% <
20
15 *
12 N N
) > N,
0 500 1,000 1,500 2,000 2,500 3,000
(mg/l)
39
PO, P PO, P
0 mg/1 40.2 mg/1
1,000 mg/1 15.0 mg/1
1,800 mg/1 0.90 mg/I 2.30 mg/1
2,400 mg/1 0.50 mg/1 0.70 mg/l
Fe
PO, P
PO,S + Fe* - FePQ,
40mg/1 PO, P 1.3
x 10 3mol/1 PO, P mg/1
1p800mg/1 Fe
3.5x 10 3mol/1
Fe
Fe,(S0,); + 6HCO,
- 2Fe(OH),4 + 6CO,1 + 3S0,2

Fe

p
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GC/IMS

/
O
oP
BPA
-d10
10 Aldrich Chem.
-d10
BSTFA
10
()
RO-1C-MX HPLC
99.99
10
TMS OP
GC/MS
11 ()
2.1.2
11 GC/MS Hewlett Packard HP5972
NP HP-5 Trace Analysis
OP BPA 0.25mm 30m 0.25u m
Sep-Pak
Plus
Oasis HLB Plus
Sep-Pak
plus
THERMOPLASTIC
2.1 GF/F
2.1.1 200

NP Riedel-deHaén SPC



GC/IMS

200
SS
10ml
50u 1 50ml 40ml 25ml
30ml ml/ ml/
20ml/ ml/
20% 20ml ml/
2.1.3 GC-MS
pl 60
10psi
280
280 10ml
ml/
50 1.5 50 / NP OP
130 / 210 50 /
280 280
10ml ml/
70eV BPA
10mg/1  20u 1 BSTFA 70u |
TMS
4-t- 207 208 nt nl
4- 207 208
357 358 GC-NS
-d10 188 184
-d10 212 208
2.1.4
1000ml
100ml
2.2

10ml



GC/IMS

] ®
|
$ 3.1
| |
— —
|
I T P o NP 0P
|
— 1
|
I T oy
| GC/MS
—
|
I ) 20ml OP NP
—— BPA
|
11—
L d10 L
] a 1
TS BSTFA 704 1
| |
1 1
| |
Iml 1ml
3.2
100
D ) 50 120
3 O]
4- 4-
(pag/l) 1.4 2.3 1.1
(%) 45.3 43.4 43.4
(pug/l) 5.7 8.7 1.7
2 (%) 8.5 6.5 24.6
4- - 4- A
(u a/l 0.7 15.4 0.5
(p g/l 5.0 21.1 5.6
88 103 102




GC/IMS

3.3 p o/l 0.3p g/l
0.01p g/1 0.03u g/1
10 NP BPA
100ml
1000ml  0.02 0.5u g/1
0.02u g/l
OP 0.02u g/l NP BPA @ @ /D
4- - 0.1 0.04 0.004 0.3 0.1 0.01
o 100. 4- 0.1 0.2 0.02 0.3 0.6 0.06
A 0.01 0.06 0.01 0.03 0.2 0.02
20
3.4
1000ml 0.02mg/1 mg/1
1000ml ml
100ml 10
OP NP 0.1
v /1) (%) o 36 100
0.00 0.0001
0.02 5.9 0.0012 0.0035 0.012
4- - 0.05 14.5 0.0069
0.10 3.4 0.0035
0.20 2.1 0.0043
0.50 6.6 0.0295
0.00 0.0055 0.017 0.055
0.02 33.3 0.0042
4- 0.05 21.0 0.0163
0.10 4.5 0.0056
0.20 11.7 0.0266
0.50 17.1 0.0671
0.00 0.0019 0.0056 0.019
0.02 3.9 0.0008
A 0.05 17.1 0.0078
0.10 3.1 0.0034
0.20 3.4 0.0079
0.50 16.9 0.0824




GC/IMS

2.0u g/l
p g/l
p oo/l
GC-MS
u

g/1
20.0

v = 9.6612x

R = 0.9533////p
15.0

o 4-t-
10.0 A
y = 6.7176x
/ R=o0.995 |=4
5.0 /-
y = 2.9879x
%‘/R’ = 0.9948
0.0
0.0 0.5 1.0 1.5 2.0 2.5
(u g/l
3.5
OP NP
1000ml
g 0.5ml
OP NP
pH
4.5

OP NP

(ug/b

(CR70))

3.0

2.5

2.0

1.5

12

8.0

6.0

4.0

2.0

0.0
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11
&)
11 11 12 24
®
46
JIS K 0102 54.2
JIS K 0102 55.2
JIS K 0102 38.1.2 38.3
59 3
JIS K 0102 65.1
JIS K 0102 61.2
JIS K 0102 65.2.1
59 2
©)
@
@
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®
4) 613 317
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11 1 11 8 12 2 11 11

% 0.3% 0.7% <0.1% 0.4%

%-ds 0.5% 0.4% 0.2% 0.6%

%-ds 99.5% 99.6% 99.8% 99.4%

Sio, mg/kg-ds| 403,000 373,000 409,000 407,000
CaO mg/kg-ds 75,500 71,100 75,600 105,000
Fe,O, mg/kg-ds 81,900 137,000 101,000 60,500
Al,O, mg/kg-ds| 115,000 96,200 95,600 111,000
Na,O mg/kg-ds 6,950 5,730 9,140 6,270
K,O mg/kg-ds 14,400 16,900 16,400 9,750
P,Os mg/kg-ds| 153,000 171,000 188,000 124,000
T-Cr mg/kg-ds 530 590 610 68
Cd mg/kg-ds 1.8 5.2 1.9 2.4
Pb mg/kg-ds 220 220 180 230
Zn mg/kg-ds 4,250 3,590 3,950 2,960
Cu mg/kg-ds 1,980 1,530 2,170 1,190
T-Hg mg/kg-ds <0.01 <0.01 <0.01 <0.01
As mg/kg-ds 14.1 20.9 15.7 6.4
Se ma/kg-ds 1.6 1.5 1.6 0.4




11 18 22 1 n
pH 8.1 80 8.2 95
T-Cr [mgL| <002 Q02 002 00
o |myL| <02 002 Q02 Q02
ad |mo| <0005 <0005 <0005 <0005
Po | my/L| <0005 <0005 <0005 <0005
THy [my/L| <00005 | <00006 | <0.0005 <0.0005
N |mo| <01 01 01 01
A |mg| o007 014 008 <001
S [mpr] o005 003 003 003
@
800
613
As 0
500 As
0 315
800
1000

600

1
As Se

mg/kg mg/L mg/kg mg/L

23.3 0.20 1.1 <0.01

400 22.4 0.38 1.0 <0.01

600 22.2 0.11 1.0 <0.01

800 25.3 0.21 0.8 <0.01

As Se

mg/Kkg mg/L mg/kg mg/L
23.3 0.20 1.1 <0.01
15 22.6 0.48 1.5 <0.01
30 23.2 0.31 2.2 <0.01
60 22.2 0.11 1.0 <0.01




As Se
mg/kg mg/L mg/kg mg/L
23.3 0.20 1.1 <0.01
22.2 0.11 1.0 <0.01
A N, 21.6 0.15 11 <0.01
17.4 0.32 2.1 0.17
B 12.5 0.23 1.3 0.14
0O, 12.9 0.19 1.3 0.11
©)
1
600 1
10 60
600
0.01mg
As

mg/kg mg/L

9720 59.6

As 600 4960 21.6

23.3 0.20

600 22.2 0.11




4

As

Se

mg/kg | mg/L | mg/L | mg/kg | mg/L | mg/L
20.5 0.11 — 1.6 0.05 —
1 100 17.8 0.10 0.17 0.9 0.03 0.06
2 100 16.6 0.09 0.10 0.4 0.03 0.02
3 100 16.5 0.09 0.06 0.4 0.02 0.01
46 10
0.5
10
100
11
10
1.5
10
0.01mg
3.7
10
100



1 100
2 3 13
0.01mg
0.01mg
As Se
(wtth) ma/kg | mg/L | maskg | ma/L |
0.0% 17.4 0.32 2.1 0.17
0.5% — <0.01 — <0.01
46 1.0% — <0.01 — <0.01
3.0% — <0.01 — <0.01
5.0% — <0.01 — <0.01
0.0% 17.4 0.78 2.1 0.17
0.5% — 0.04 — <0.01
1.0% — 0.02 — <0.01
3.0% — <0.01 — <0.01
As Se
pH
(wthh) mg/kg mg/L | mg/kg | mg/L —
16.0 0.09 1.2 0.12
FeCl, 1.0% - 0.02 - 0.02 8.3
3.0% — <0.01 — <0.01 6.0
10.0% — 0.02 — 0.01 3.7
10
As Se
pH
(wth)
mg/kg mg/L mg/kg mg/L —
23.1 0.17 1.5 0.01 7.9
0.3% — 0.06 — <0.01 7.8
Feso, 1.0% — 0.04 — 0.03 6.3
3.1% — 0.04 — 0.03 4.6
10.3% — 0.02 — 0.02 3.9



adobe acrobat



11

As Se
mo/kg | mo/l [ mo/kg | mo/l |
20.5 0.11 1.6 0.05
| 100 16.7 0.02 1.6 0.09
12
As Se
(wtth) | mg/kgl mg/L | mg/l | mo/kg | mg/L | mg/L |
20.8 | 0.06 — 1.7 0.08 —
FeCl, 1.5% 20.0 | 0.06 | 0.02 1.5 0.04 | 0.02
3.0% 20.3 0.02 0.04 1.3 0.04 0.04
6.0% 18.6 0.02 0.11 1.3 0.03 0.04
13
As Se
(Wit pH
mag/Kkqg mg/L | mg/L | mg/kg| mg/L | mg/L —
23.1 0.17 — 1.5 0.01 —
FeSO, 1.0% 22.8 0.04 | 010 | 14 | 0.01 | 001 ] 7.4
3.1% 22.4 0.01 | <0.01 1.4 0.01 0.01 6.9
10.3% 20.4 <0.01 | <0.01 1.3 0.01 | <0.01 5.9
®)
0.3
10
200 400
H
1 10
200 400
600
14

0.3

200

600



14

As Se
pH
(wth) mg/kg mg/L mg/kg mg/L —
23.1 0.17 1.5 0.01 7.9
23.1 0.06 15 <0.01 7.8
FeSO, 0 34 200 21.5 0.15 1.7 0.02 7.6
20 400 21.4 0.25 1.5 0.02 7.5
600 21.2 0.33 1.3 0.06 7.4
23.1 0.04 15 0.03 6.3
FeSO, L os 200 21.5 0.05 1.8 <0.01 7.4
i 400 21.2 0.09 1.5 0.01 7.4
600 20.5 0.26 1.3 0.05 7.4
23.1 0.04 1.5 0.03 4.6
FeS0O, 5 1 200 22.5 0.01 1.3 0.01 5.0
S 400 22.0 0.01 1.2 0.02 6.3
600 21.6 0.24 11 0.07 7.1
23.1 0.02 1.5 0.02 3.9
FeSO, 200 22.3 <0.01 1.4 <0.01 3.7
10.3%
400 22.2 0.01 1.3 <0.01 3.7
600 22.1 0.10 1.2 0.02 6.6
0.35 / 0.08
—~0.30 0.07
S 0.25 /; J 0.06
E 0.20 g’ 0.05 //
' /1 ~o.04
0.15 0.03 /
0.10 //‘ 0.02 —*
< 0.05 3 0.01
0.00 0.00 ' '
200 400 600 0 200 400 600
—— 0.3 - 1
—A— 3 —0— 10
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200
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3,000kcal/kg

7,000kcal/kg

80 )

8,000kcal/kg

38%

12%

40%
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11 1 80
3,000t 110 t 91 5
1 135t
2.1.2
2
1
SRT @
2.1 400 500 400 600
¥ B > X F A 2 2 KR > R F LA
BoR ERY
;»,> :;> & O sERBOHBHA
Bitw(F+—)
A2%:75~90% 424 5% ®E
I €T

ERFEHRREA

75



450

28 550
600 12 13
500
40
400
450 12 550 600 10
2.1.3
400
450 20 550 600 35 45
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ONR  :UF/SAREE400°C @F R  :UFP/SAIBEE450°C OHR  : UPH9AREE 500°C
N | UPHABEEA00°C AR CYPHIAREE 450°C  +F v — : YPOSA BB 400°C
X F v — 1 UPHSAREE 450°C  MEUEIK : UP/SA 2B 400°C DIRRRGK : YPH5A S8 450°C
(HR = mmme Dl ———F - e e Rk
60
50
<
e .
40 - - ¢
;\; [ 'S
~ 30
# A 4" -A'~
= L .
20 AN
10 . 5.1—_1— -E-L _--,4L'_';- :: -
0 T
350 400 450 500 550 600 650
Y7o %5BiRE (°C)
2.1.4
€H)
60121 | G0117 | G0120 | GO127
A () 400 450 500 400
B () 500 550 600 400
() 0.26] 0.24] 0.27 0.2
() 1.21] 1.67] 1.87 1.2
() 11.26| 13.10[ 13.37| 10.4
() 19.06] 15.19] 14.52] 45.1
() 19.12] 22.59] 23.13[ 10.5
() 17.35] 22.92] 23.19] 7.9
, () 2.16| 2.01| 1.34 7.9
2 () 6.31| 4.43| 4.03] 4.3
, () 9.95 9.63 11.1 2.2
(ppm) 1160 1370 1330
(ppm) 6 7 7
(mg/m3N) 125 102 38
(ppm) <5 <5 <5
(ppm) 6800| 10700 13500
rkg)l  35.1] 29.7] 29.4] 15.3
k)| 32.3] 27.2] 26.9

Cco Co,
H, CH,
CH4
CO
550
600 12 13
Co,
450 30 600 14
H, CH,
450 H, CH,
16 600 24
CH, CH
450
500
500 26
600 19
450 (60
500 CH,
550 600 H, CH,
OCO :YPHARRE450°C AC O, : UPHSARRE450°C OH, :UP¥9A;SE 450°C
OCH, :YPH5ABBE450°C % CH  UADCH : Y749A ;B 450°C
— e e GO = e =a :CO, tHy —-——-- :CHy,
:CH BHADCH
35
30 rx
25 I
— b8 oo ma
R 20 *
S P 4
ﬁ15 . ‘~.im;"-ﬁ
0 = %T"_
5
0
350 400 450 500 550 600 650

Y74 %BRE (°C)



)

Rx (%)

50

40

30

20

10

P0121 P0117 P0120

A () 400 450 500

B () 500 550 600

() 4.3 2.7 2.3

() 72.62 75.35 78.92

() 7.66 7.16 6.74

() 9.73 9.84 9.16

() 8.75 6.63 3.77

() 1.20 0.97 1.30,

(MIZkg) 33.5 33.1 34.9

(MI/7kg) 31.7 31.4 33.3

(at40 )(mPa s) 14.4 10.2 8.4
31 33MJ/Kkg

OVYPYPAREE 1 400°C  AUT/SAIREE : 450°C  CIYP/9ASREE : 500°C

4”\
\ ® Eﬁ
350 400 450 500 550 600 650
Y7o %5 BiRE (°C)
400
450 28 450
500 600
12
500
400 450

®

T0121 | TO117 | T0120
A () 200 450 500
B () 500 550 600
) 0.9 1.5 1.0
) 473 456 421
) 40.67]  40.25  36.61
() 1.08) 087  0.70
) 520  4.48  3.80
) 0.3d  0.10  0.95
() 0.36| 0.4  0.23
() 29.2] 4585 479
() 35.3  32.3  27.0
(MI/kg) 15.7] 15.9 = 14.7
(MI/kg) 15.4]  15.00  14.5
OUTHIAREE 1 400°C  AYT/PAIREL : 450°C  DFPH5AiREE - 500°C
50
q
S . +
% 3
B
20
10
0
%0 400 450 500 550 600 650
Y75 BRE (0)
500
500
40




4

w0121 w0117 W0120
A () 400 450 500
B () 500 550 600
9.6 9.6 9.4
(TSS)(mg/1) 135200 94700 141100
(mg/1) 135174 94676] 140996
(mg/1) <10 <10, <10
(mgo/1) 85300 645000 81100
(mg/1) 0.280 0.089 0.073
(mg/1) <0.1 <0.1 <0.1
(mg/1) <1 <] <1

(mg/1) - - -

(mg/1) 2.7 1.7 1.2
(mg/1) 2.5 1.5 1.0

R#£ (%)

OUT/75A REE : 400°C  AYZ/SAIREY : 450°C  OY7/5A IBEE : 500°C

30
25
20
1

T — ¢
10 m\\ﬁ

5

0

350 400 450 500 550 600 650

V7% %BERE (°C)
500
15 550 600 12
®)

OHR  :UFPHSABELA00°C @HR :UPMSARRE450°C OFH R  : UPHHAREE 500°C
PN | S YPHSAREE 400°C  AH TUPHSAREEA50°C  +F + — : YPHSAIREE 400°C
xF o —  UPH5A IBEE 450°C WUEEEAK - YPOSASREE 400°C SRtk : UPHSASRAE 450°C
(HA e o ] = m o= om el F e m el RESK
40
e
A A —
2 — e iy - T '3
[
20 /
& LICI
g —_ e LI R TN SR
10
———
et e G — e .
0
350 400 450 500 550 600 650
Y74 % BiBE (°C)
500
400 450 15
20MJ/kg 550 600 30MJ/kg
400
450 30 32MJ/kg 550
600 33 34MJ/Kg
550 600
15M3/kg
550
600  4MI/kg
500
H, CH,
CH,

(©)



2.2

2.2.

#vE (%)

OHR  :YFVSARBEA00°C @R :UPISAREEA50°C O R : YP/9AREE 500°C
AH :YTOIA REE 400°C Al D UPPINRBEAS0°C  +F ¥ — 1 UTUSAIREE 400°C
xF v — YPHSAREE 450°C  MURREIK @ UFIPAIREE 400°C CIRAtok : YPHHA REE 450°C

THR —m o = = m e TFP = - w — K
70
60 L3
—
50 //'
®
40 — —r /
\f
30 == e ————
20 ‘,',/\'“‘- — e
10 _-*_—J"J
0 i e it el S N
350 400 450 500 550 600 650
Y7 %% BEE (°C)
400
450 12 18 550 600
45 63
450
500 40 550 600 20
29 30
550 600 1.5
1
46
11 12

500 600

46
( )| ( )
H1206 TO0120 TO0120
<0.0005 | <0.0005 | <0.0005 |0.0005
<0.001 <0.001 <0.001 0.01
<0.01 <0.01 <0.01 0.01
<0.05 <0.05 <0.05 0.05
0.043 <0.005 <0.005 0.01
0.012 <0.001 <0.001 0.01
46
T0121 T0117
( (
) 400 450
) 500 550
<0.0005 <0.0005
<0.001 <0.001
<0.01 <0.01
<0.05 <0.05
<0.005 <0.005
<0.001 0.001




H1206 T0120
(mg/kg) 1.3 <0.01
(mg/kg) 2.4 3.4
(mg/kg) 85 269
, 5(mg/kg) 1470 4430
,(mg/kg) 4.8 10.2
,(mg/kg) <5 <5
H1206 - T0120
(@)
() 48
( ) 108
, () 103
.C ) 73
()
T-Hg Cdo
Cr,0, AsQ,
Se0,
T-Hg Se0,
T-Hg Se0,
T-Hg SeQ,

PO Cr,0, 100
50 AsO, 70

2.3
2.3.1

@

Cdo

PbO

V/V%

[y
w

32.4

=
()]

200ppm

N
N

CH, 88.0

64.4

N
N

5.8

4.5

1.7

0.5

4.0

0.2

~N| O NI NN PRI NO|O|IN] B BDlO|OOD|OIN] -

RN O|lFR,|lO|lO|O|lO|O|O|O| | )| ©

(kg/Nm*)

25

w
(=)

)

CH, CH, CH
C3H6

H,S

¢))

NH, H,S

2.3.2
€))

CH,

NH,




CO CH,

10
11
10 2.3.3
€y
(MI/kg) 42.0 27.8
(g/Kiih) 241.4| 368.6 ‘
(3/kWh) 10.14| 10.25
( ) 35.5 35.1 10
11 - =0~ - ¥ —— L
7
75 T
7.39 7.58 e . Y
ppm 247 1255 2 Rt
ppm 0 250 iss \I\‘
opm 695 911 " B
ppm 80 119 65
3.9 12.6 0 10 20 30 40 50
ppm F v — R (%/TS)
ppm 0 22
10
27.8MJ/kg
42M3/kg
S0,
NO NO,
@
co,
12
T0117( 2mm ) T0128( 2mm )
450 -B550 400 -B450
SRT25min SRT25min
(hr) 0 1 2 0 1 2
(W) 89.5| 84.8| 64.6 83.4| 70.8] 60.2
) 56.9| 59.3] 76.2 56.8] 66.4] 96.7 3
(mg/9) 90 96 238 90 270 60 1061
(ml/9) 4 7 37 4 3R 11 150
(m%/g) 79 99 222 98 251 56 978
(ml/g) 0.051] 0.062] 0.195] 0.056| 0.171| 0.055| 0.477
() 85.9 80| 47.7 85 71| 35.8




JIS K 1417

12
900 50 12
T0117 2 S0, NO N,
70128 1
1/4 1/5
1/4 1/4 2/5
23
1/4
11
1/4
3.1
11
5
CO CO, H, CH,
600 40
31 33MJ/kg
450 28
600 12
40
10
3.2
@
PO Cr,0, 100 Cd0 50 AsO, 70
3.3
@

CH,
C,H, NH, H,S

500 1000
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Y775 %

ey

yZosEEmMBRALORE
©)
SRT:Solid
RetentionTime
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10

1

800

825

300t/

540

830

2.5

250

330

>>
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10

@

11

800

2.1
2.1.1

2.1.2
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400 40 60

850 150 600m3,/h
050 /v 200 g
AN "
( “?--x 10kPa
100
80200 & » 2003, /h
100kg/h u U @)
(4)
><¢
CF B

0.3m® x 12nt' |1.6x 10%kJ/h| 7m® x 5.5" | 0.8m"x 0.5nPx 2. 3nf! 0.5m® x 2.0m" 0.7m"x 0.9nPx 4.3n'|0.5m® x 5.0m"|4m*/sx 10kPa

N
l

0 150mm
ERRART




—

6mm

4mm

2.5mm

0O 150x 500mmL

0O 150x 500mmL

0O 150x 305mmL

2.7m2/ 3.8m2/ 3.2m2/
(240m2/m3) (338m2/m?) (474m2/m3)
15p m - -
40% - -
0.8 0.9mm 0.6 0.7mm 0.4 0.5mm
150mN
150m 0Omm
12 —A 6mm ~~ B 4mm o C 2.5mm (20
1.0
()
g 0.8
08 600 800
0-4 0.03 /
0.2
0.0 “& 2
0.00 0.02 0.04 0.06 0.08 0.10 0.12
%s)
75kg/h
20 800
0.03 7/
2.1.3
800 0.03 /
(250 )
® ®) 0.01 0.015 €)
/
0.03 7/ 2.1.4
@
€y

0.03 7/

®



> > B> D

1.0

0.5

0.0

P
2) ¢ P)
( Py
C P9
—=— 6mm —~4mm ~=2.5mm
1+
///
=
100 200 300 400 500 600 700 800

600 800

(kPa)

| ° Runl(6mm )

° Run2(2 5mm ) Pun3(4mm )

12.0

10.0

(2.5mm ) 6.3kP} Ij ?, .

2.0 7 i
[ (6 ) 5.4kP]
0-0 1 1 1
0 5 10 15 20 25 30 35
()
@
6 4

5kPa



Run 1 Run 2 Run 3
1/26 2/9
J/g 22010 20190
C 44 44
H 6.6 6.7
N 5.7 4.5
wt%(W.B.)
T-S 0.95 0.8
T-CI 0.13 0.15
77 76
18 17
Si0, 6.1 6.2
ALQ, 2.5 2.2
Ca0 WE%(D.B.) 1.9 2.4
Na,0 0.24 0.29
K,0 0.27 0.33
P.0. 3.2 2.7
Fe,0, 1.4 1.4
Pb 50 54
Cd 1.6 <0.4
As 3.3 1.6
Se PP 0.5 <0.5
T-Hg <0.01 <0.01
Cré+ <2.0 <2.0
T-Cr 0.08 0.13
Zn Wit 0.09 0.07
Cu 0.04 0.04
Mn 0.02 0.03
Run 1 Run 2 Run 3
CF CF CF CF CF CF
m® . /h 110 130 120 140 150 160
m® /h 82 100 91 120 120 130
830 600 870 650 840 620
% 25.3 19.9 24 20.1 21.4 19.9
02 % 7.1 8.2 7.8 9.2 8.2 9.2
g/ms 38 0.0026 23 0.009 34 0.0061
pom 18 4.2 20 3.3 18 5.1
Pb mg/m3 5.5 <0.03 0.86 <0.03 1.8 <0.03
Cd mg/m? 0.18 <0.003 0.023 <0.003 0.05 <0.003
As mg/m3 1.0 <0.005 <0.02 <0.005 0.04 <0.005
Hg mg/mé 0.057 0.038 0.06 0.029 0.06 0.029
Se mg/m3 <0.02 <0.005 <0.02 <0.005 <0.02 <0.005
T-Cr mg/mé 0.10 <0.003 0.05 <0.003 0.08 <0.003




™ 0.01g/m?,

Sy m 20p
m
@
Hg
Hg ( )
©)
800 850
0.03 /
(SEM)® 0.6
2.2.2
@
IR (kPa) - CF (kPa) i
H —o—CF (kPa) —n— x 10(kPa) i
20
-40
P (0.6S) —-m-it»

-50 b

0.0 0.5 1.0 1.5
(sec)
2.2
(800 900 ) 0.062m%/
0.036m*/
@
2.2.1
@



6.0
. 1 |
i <0.1kPa <0.1kPa
Case A Case B Case C case D
— 4o | | | |
0 1 2 3 4 5 6 7 8
(h)
10
kPa
10
100kPa 0.4 0.5kPa
0.4kPa 150kPa
4 2.5
200kPa



Run 1 Run 2 Run 3
(6mm ) [(2.5mm )| (4mm )
Case A 100 KPa 0.4kPa 1.0kPa 0.8kPa
Case B 150 KPa <0.1kPa 0.6kPa 0.6kPa
0.6 s 20min 2h
Case C 200 KPa <0.1kPa <0.1kPa <0.1kPa
Case D 250 KPa <0.1kPa <0.1kPa <0.1kPa
150 kPa 200 kPa 200 kPa
0.6 s 0.6 s 0.6 s
5.4 kPa 5.0 kPa 6.3 kPa
8.7 kPa 9.4 kPa 10.6 kPa
«C Y-C ) 3.3 kPa 4.4 kPa 4.3 kPa
/3h 1.10 kPash 1.47 kPas/h 1.43 kPash
(0.4 0.5kPa 20 25 min 15 20 min 15 20 min
(0.4 0.5) x 60 (21.8 27.3) (16.3 20.4) (16.8 21.0)
6mm 4mm 2.5mm
2.7m¥ 3.8m¥ 3.2m¥
2 2 2
0.15MPa 0.20MPa 0.20MPa
1750kPa 1970kPa 2540kPa
0.146m3/( ) 0.215m3/( ) 0.185m3/( )
0.054m3¥/(m?> ) 0.057m3¥/(m?> ) 0.058m3¥/(m2 )




2.3.1

(10)

2.3.2
€))

N o

= 00— 4 \
SUS310S N
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Mom
CF CF
m3/h 140 140
mé/h 120 120
% 20.4 20.1
0, % 7.8 8.2
g/md, 23 <0.002
pm 17
&)
11
10
\ !
-~ t%—%—%—@
~‘\ |:>
\ =
N\
2>
11

2.4

2.4.1
2.4.2
11
12 ©)
12
100
| “=Runl
~ ﬁ"/ ~Run2
= 80
~ | // -—Run3
60
// Runl : 31y m
Run2 : 23um
40 // Run3 : 24pm
” Z
0
0.1 1.0 10.0 100.0 1000.0
(m
12
23 3luym
2.5
2.5.1
2.1 2.5
2.5.2
13
330
825 540 2.5 780

10



3.3 2.2
2.5 3.1
10
SUS310S (150 280MPa) « )
> SUS316 (150 250MPa) 800 900
SUS310s > SUS304 (150 180MPa)
SUS310S
SUS310S
SUS310S
<Us3ol SUS310S
SGP
JISR2541 JIS  R2541
2641
JISR2541
55400

11
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Run 1 Run 2 Run 3
6mm 2.5mm 4mm
(830 ) (180 ) (850 ) (180 ) (850 ) (180 )
wt%(W.B.) <0.1 0.4 <0.1 0.6 <0.1 2.7
wt%(D.B.) 0.45 1.4 0.84 2.6 1.1 1.8
Si0, 51 41 39 30 47 38
ALQ, 10 13 14 7.5 13 11
Ca0 4.1 9.4 9.5 4.6 8.4 11
Na,0 wt% 0.89 1.3 1.3 0.96 1.4 1.5
K,0 2.7 1.9 2.3 1.5 2.3 2.7
P.0. 6.9 15.3 16 5.5 9.9 16
Fe 0, 5.1 8.3 10 33 11.8 8.0
Pb 65 220 180 360 170 270
Cd 2.6 6.6 5.5 7.1 4.6 6.4
As opm 5.2 30 23 37 8.0 12
Se <0.5 8.0 <0.5 6.2 <0.5 1.3
T-Hg <0.01 0.10 <0.01 0.14 <0.01 0.19
Cré <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
T-Cr 0.23 0.41 0.17 0.47 0.43 0.53
Zn WE 0.29 0.51 0.62 0.65 0.39 0.82
Cu 0.09 0.55 0.10 0.20 0.16 0.20
Mn 0.06 0.12 0.12 0.14 0.11 0.39
W.B. D.B.:
12
Run 1 Run 2 Run 3
(6mm ) (2.5mm ) (4mm )
(830 ) (180 ) (850 ) (180 ) (850 ) (180 )
pH 7.1 6.2 7.1 6.2 7.4 7.2 —
Pb 0.001 0.004 0.07 0.05 <0.001 0.002 0.3
Cd 0.003 0.009 <0.001 0.023 <0.001 0.009 0.3
As 0.055 0.35 0.008 0.07 0.008 0.093 0.3
Se 0.001 0.20 0.002 0.012 0.002 0.021 0.3
Hg na/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.005
Cr 0.05 0.13 0.07 0.05 0.12 0.04 —
Cré* 0.04 0.07 0.05 <0.01 0.12 0.04 1.5
CN <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 —
PCB <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 —
Ar-Hg ND ND ND ND ND ND —

12




13

Case A Case B Case C Case D
2.5mm
6mm 6mm 4mm
300t/d
, 34,000m3, /h
40,8001, /h
250 830
18 m¥/s (250 38 m/s (830 )
22 m¥/s (250 46 m/s (830 )
2.5kPa 4_1kPa
6.0 6.0
mn( i 4_0mm 2.5mm
) )
2.7/ 3.8m%/ 3.20%/
3) 5
2.8kPa 2 5.4kPa 5.0kPa 6.3kPa
0.03m/s
R 0.027m/s 0.023m/s 0.025m/s 0.020m/s x 0.03m/s
0.020 0.024m/s 0.017 0.021m/s 0.019 0.022n/s 0.015 0.018mW/s /
. 890m? 2230m? 2050m? 2540m?
330 825 540 780
C )° 4.4m" 4.5mx 13.2m"% 5.0m’x 8.7m" 5.0mx 12.3m"x 5.0mPx
11.8nf 118" 11._8m" 11.8m"
20m? 66 44n? 62m?
i) 120% 110% 44800r, /h
2
3)
4) 448001, /h 4080013, /h
5) 0 150x 500L
11
3.2
0.5kPa
3.1 200kPa
6 4 2.5 20min/ 0.6
3.3
Hg
SS

13
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FLOW REGULATING SYSTEM USING WEIR AND
ORIFICE IN A MANHOLE

( 8 )

The “Flow Regulating System” is a new runoff control system, next to the infiltration
pavement, the off-line reservoir and in-line storage sewer. We have studied the validity
of the “Flow Regulating System” in the Hakusan trunk sewer basin of Metropolitan
Tokyo by both hydraulic model tests and numerical calculations.

Favorable results have been obtained by using an orifice at the bottom of a weir within
a manhole that is continuous with a pipe of more than 1,500mm in diameter. The new
runoff control system delays the concentration time by about nine minutes and reduces
the peak discharge by about 70% in the downstream area, thereby substantially
mitigating the flooding area. It has been found that this is an effective method for
runoff control in sewers.
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INTRODUCTION

The fast rate of urbanization in Japan’s major
cities has led to an increasing runoff coefficient
during rainstorms and escalating flood damage.
In order to achieve a more flood-resistant city,
the Metropolitan authorities have been
improving a sewer pipe system with an
increased discharge capacity. Because of the
problems of acquiring the necessary land in the
densely populated areas along the rivers as the
terminal of the sewer drainage system, the
river improvement works for widening river
cross section have been delayed. Alternative
runoff control measures have been tried by
using flood control reservoirs and in-line
storage of sewers as well as infiltration
facilities designed to percolate the rainwater
into the soil. These systems, however, cannot be
constructed widely throughout Tokyo.

This paper proposes the “Flow Regulating
System” as a new runoff control system. Its
merits are that it is free from the problems of
land acquisition and that little construction
costs are required.

The “Flow Regulating System” uses an orifice
at the bottom of a weir within a manhole that is
continuous with a pipe of more than 1,500mm
in diameter. This runoff control system delays
concentration time and reduces the peak
discharge in the down stream area.

The system has been applied in the central area
of Tokyo. The rainwater ultimately drains into
the Kanda River, an area constantly assailed by
floods because of the difficulty of improving

discharge capacity as river improvement (Fig.
1). The catchment area of the system is about
14ha. The pipes which is a combined sewer has
the following parameters: diameter 2,000mm, |
=1.5% and L=660m.

It has the discharge capacity to cope with a rain
fall Intensity of 75mm/hr with runoff coefficient
80%.

METHODS
Concept of the Flow Regulating System

The concept of the “Flow Regulating System” is
that the weir dams up the flow from upstream
with a little storm water flowing downstream.
The weir has an orifice at the bottom within a
manhole continuous with the drain pipe system
of more than 1,500mm in diameter (Fig. 2).

The concentration time of the storm water is
thus delayed and the peak discharge is reduced
(Fig. 3). In this manner, it is possible to control
the concentration time in each pipe. It is thus
possible to prevent inundation caused by the
simultaneous influx of storm water at the trunk
sewer downstream which is the confluence of
branch sewers.
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KOMAGOME st.
SUGAMO st.

Y

JR Yamanote Line

Hakusan Trunk Sewer

{/,‘,rhe Area of .
& Flow Regulating System

= wi—No. 2 Hakusan Trunk Sewer

\

Fig. 1 Geographic area using the Flow Regulating System

V/ Y TRIKIE—
Orifice
Weir Water level
without system
—g

Watér detention

_________

Water level with
Flow Regulating Syste

Fig. 2 Flow Regulating System

Themes concerning the Flow Regulating
System

Flow Regulating System serves three purposes.

(1) Designing the weir

In rainstorm conditions, the water level is
different  between the upstream and
downstream of the weir and the outflow from
the orifice of the weir is at a high velocity. The
flow velocity in the downstream pipe may be
over 3m/s which is the maximum allowable
value for the pipe system. It is therefore
essential to design a suitable weir in the
manhole so that the flow velocity of the
downstream pipe will be under 3m/sec.

Discharge m¥/s

— Without system
--- With system

Time hr
Fig. 3 Timeing In arrival of rainwater

(2) Determining the size of the orifice in the
welr

The purpose of the weir in the manhole is to
control the runoff flow of storm water. If the
weir orifice is too small an excess amount of
storm water will be stored in the upstream pipe
of the wer. The hydraulic grade line will be
above the ground line, causing overflow at the
manhole. Conversely, when the orifice is too
large the storm water will flow to the
downstream side too quickly so that the desired
effect of the weir will be lost. It is therefore very
importart to decide the optimum size of the
orifice. In this study, the size of the orifice has
been determined so that the concentration time
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may be delayed to the maximum extent under a
ran fal intensty of 50mm/hr with a runoff
coefficient of 80%.

(3) Ensuring safety in the upstream areas even
under the next flood control service level

The weir height and orifice size is designed for
a rain fall intensity of less than 50mm/hr with a
runoff coefficient of 80% so that under this
condition the storm water from upstream of the
weir will not overflow the weir. It is necessary,
however, that the hydraulic grade line must not
be above the ground line under the next flood
control service level which is a rain fall
intensity of 75mm/hr with a runoff coefficient of
80%.

Hydraulic model tests are required to resolve
the above problems (1) - (3) because the
coefficient of discharge in the orifice and the
velocity of the downstream pipe are governed
by the behavior of the water in the manhole
whereas the flow is a complex three-
dimensional phenomena.

Determining the test conditions

The pipe length reproduced in the hydraulic
model covers an extension of 40m each on both
the upstream and downstream sides of the
manhole (Fig. 4).

Plan view

5m

Discharge measuring tank

Flow adjusting tank

180 |

Longitudinal View

L L Cl 0.9 il
|| Jaole
0.4

lleir

D » L L[ Il [»

00.241
0 0.24n

3.60 1091
14.59

General Plan and Longitudinal View of the
Experimental System

Fig. 4

For easier observation of the manhole and pipe
flow, the experimental system was constructed
from acrylic resin. As the hydraulic phenomena
are governed by gravity, the Froude Law
applies.

Model scale 1/s scale is 1/8 to achieve
conformity in Mannig's roughness between
hydraulic model test and prototype. As the
other experimental condition, there is a steady
flow with downstream boundary conditions
being free fall. The reason why the flow in pipe
is under free fall at the 40m downstream point
from the manhole is this. The hydraulic
gquantities were measured using a point-gauge
and manometer for the water level
measurement and a propeller type flow-meter
for the velocity.

Estimating the concentration time

(1) Fundamental equations
For estimating the storage state and water
level in pipe, basic equations are the one-
dimensional momentum equation (1) and
equation of continuity (2).

hqv a T’  fH n°vv flvv _

- —_— e — -

gt 2g Ix 9fx RY® 2gDx (1)
M- q @
it 1

where t is the time, and x the distance with the
downstream direction taken as positive; H is the
water level, n is the mean velocity in the cross-
section of the pipe, nisthe Manning’'s roughness
coefficient, R the hydraulic radius, A the flow
area of the pipe, Q the discharge, q the inlet
discharge per unit distance, n anda energy
correction factors (normally both are 1.0), g the
gravitational acceleration, and f the coefficient
of loss.
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(2) Calculation method

Equations (3) and (4) are obtained by
differentiating the fundamental equations. The
pipe and manhole are then divided into a
number of blocks and the discharges from the
branch lines are introduced to calculate the
transportation of the water between blocks for
each step (approximately 1 second) by the Leap
Frog method.

J_Vj,t' Vit +_1 \fi,t-l' \;ji-l +HI-1- Hl‘l +I"FV“|V“| =C
g D o2 ¥ R )
A,t_ A,t—l+Q,t—1_ Q|,t-1:_qi (4)
Dt Dx;
v/ Lid
im“t in (=
i
S S
- .
Lo pob lﬂ
1 A \3\|_4\I s 1ol 7 8 . ! ! !
e YN N Y M|§g=L= out

B

Fig. 5 Concept Schematic of Calculation Blocks

RESULTS AND DISCUSSION

(1) Designing the weir

The weir installation position is as shown in
proposals A, B, and C of Fig. 6(the upper tier).
The manhole has a diameter of 3600mm.

Its inverted width is equal to the water width

- shows the Flow Regulating System

in the dry weather flow 1q. The weir height is
fixed at below 500mm from the existing
facilities in the manhole by making allowances
for the maintenance of the facilities.

Section A-A in Type C

{

R D

f
2000
2000

NN

Fig.6 Plan View of Weir and Cross-Section

Fig. 7 shows the velocity in the downstream
pipe in the case of a weir-mounted and a weir-
less system for discharge in 50mm/hr which is
the design storm water condition.

In the downstream pipe connected to the
manhole, the maximum velocity is 2.1m/s at
present. In the case of type A, it is 5.5m/s, in
that of type B 5.3m/s and that of type C 4.1m/s.
The longitudinal distance for which the velocity
is over 3m/s in the downstream
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Fig.6 Plan View of Weir and Cross-Section
pipe is 40m or more in the case of type A and B,
9m in the case of type C. Thus, the velocity in
type C comes closest to the present condition
without a weir. The flow conditions in the
downstream pipe of type C are also the most
stable whereas types A and B are subject to
sharp fluctuations in water level, having a
longitudinal distance amounting to a hydraulic
jump. Type C is therefore the most favorable
one.

Flow Velocity [ /s ]

7.0 — No system
Position of Manhole —& Type A

6.0 —4— Type B

) - Type C
5.0
4.0
3.0

—
2.0 1
1.0 |I—|—|—|—|—|—!
0.0
0 10 20 30 40 50 60 70 80 90

Measurement distance [ m ]
Fig. 7 Flow Velocity in Longitudinal Section

(2) Coefficient of discharge in orifice

The coefficients of discharge are compared in
the condition before over flow (Fig. 8). The
mean coefficients of discharge is 0.544 for type

A, 0.503 for type B and 0.485 for type C. From

the viewpoint of storm water runoff control, it is
best to use a type with a small coefficient of
discharge in orifice such as types B and C as this
enhances the storage effect of the pipe in the
early rainy fall.

Coefficient of discharge [ C ]
0.6

0.5

0.4
-& Type A

—& Type B
- Type C

0.0 0.5 1.0 1.5 2.0 2.5 3.0
oriffice trough-discharge *fsn]

Fig. 8 Discharge Coefficient in orifice Prior to Weir
Overflow

(3) Effect of hydraulic grade line upstream of
the manhole

The hydraulic grade lines have been compared
for the next flood control service level which is a
rain fall intensity of 75mm/hr with a runoff
coefficient of 80% (Fig. 9). In the present
condition, there is an open channel flow.
However, in case A, the hydraulic grade line
becomes 16.17 - 18.88m, in case B 16.20 -
17.59m and in case C 16.31 - 17.83m. In any
one of these three cases, the flow therefore
becomes a pressure pipe. The hydraulic grade
line on the upstream side should preferably not
rise to an excessive extent so that types B or C
are suitable.

In view of (1), (2) and (3), we have selected type
C for the weir placement and use this
coefficient of discharge to estimate the storage
effect using numerical calculation.

Hydraulic grade line [ m ]

19.5
19.0 4 : _l\#;pzyitem
18.5 —— Type B
18.0
17.5 w = —a il
17.0 pr=vmem- - =M
16.5 p—0
16.0
15.5
15.0 peomer—-- - - —_ — ————
14.5
0 10 20 30 40 50 60 70 80 90

Mesurement distance [ m ]

Fig. 9 Comparison of Hydraulic Grade Line For
Each Type, Q75-80

(4) Effect of Flow Regulating System

As the conditions for the numerical calculations,
the coefficients of discharge is a constant of
C=0.49 which is averaging coefficient of
discharge in the experiments, Manning's
roughness n=0.013, adesign rainfall of 50mm/hr,
75mm/hr and the recorded storm water rainfall
(Typhoon No.11 of 1993). The calculation
results show that as can be seen in Fig.10 for a
design rainfall of 50mm/hr, the peak dischargeis
reduced to approximately 70%, with a time lag
of about nine minutes. Similarly, a a design
rainfall of 75Smm/hr and at the recorded rainfall
it has been verified that the hydraulic grade line
upstream side does not reach the ground line.
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Discharge [ n s

3.00

- — lith out systen
peak discharge = liith systen

0=20m%s

20y peak discharge

Q=14 ¥s

L0

0.00 s s s e s T T N N N T T Y T T N T Y T 0 O A

10 i 12 3 14

Time [ hr]

Fig. 10 Effect of Flow Regulating System
CONCLUSIONS

The “Flow Regulating System”, using a bottom
orifice of a weir within a manhole connected to
a pipe of more than 1,500mm in diameter, is
provided delaying concentration time about
nine minutes and the peak discharge in the
downstream area reduced to about 70%, in the
form of type C as shown in Fig. 6. The provision
of systems with a plural number of manholes
promises to be even more effective. In this
sense, the “Flow Regulating System” is the
fourth effective means of controlling storm
water runoff, next to the infiltration pavement,
the off-line reservoir and in-line storage sewer.
The size of the orifice can be determined on the
basis of the coefficient of discharge in Fig. 8 and
numerical calculations using equation (3) and

(4).

For applying the “Flow Regulating System” to
other areas, experiments are needed to
determine the coefficient of discharge at the
orifice by varying the shape and size of the
manhole, and the connection angles of the
upper and lower pipes. This is the necessary
basic data for numerical calculation.
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STUDY FOR EFFICIENT STORMWATER DRAINAGE SYSTEM
( 8 )

The rainfall intensity at a given time is arealy limited though it is assumed to be
uniform in the stormwater drainage plan. The average rainfall intensity of a certain
return period decreases as its rain area is larger. If the arealy biased rainfall intensity
can be adopted as a planned rainfall, the overall stormwater drainage capacity of
several pumping stations, which are linked by the connecting trunk sewers in wide
drainage area, will be made smaller. This paper describes how the relation between
rainfall intensity and rainfall area can be determined statistically based on the actual
rain data for a preliminary study of future flood control planning. The effect of
connecting trunk sewers for flood control and other multi-purpose utilization is also
studied.
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INTRODUCTION

The sormwater drainage plan in urban area is formulated
on the assumption that the rainfdl intendty at a given time
is uniform in the whole drainage area. But through the data
of ground rain gauges and radar ran gauge system, we
haverealized the rainfdl intengity is not uniform in alarge
drainage area. It hes atendency that the stronger therainfall
intengty gets, the more limited its rainfal area becomes.
(SeeFig. 2)

If the relation of rainfdl intendgty and rainfal area is
determined datigticaly and the arealy limited rainfal
intengty can be adopted & a planed ranfdl, the
sormwater drainage system will be made more efficient.

Rainfall intensity decreases
asduration time gets longer

Namely the capital investment for flood contral facilities in
large drainage areacan be reduced substantially. Since the
average ranfdl intensty of a certan return period
decreases & its rain areais larger, the overdl stormweter
drainage capacity will be made smadler if the severd
pumping stations in large drainage areacan be linked by the
connecting trunk sewers. The flood control facilities in
local torrentia rain can be supported by other flood control
facilities where therainfdl intendty isrelatively small.

This paper describes how the aess of rainfdl intensity of
50 to 75mmvhr having the return peiod of 18 years are
obtained gatigticdly in the form of concentric cirdes for a
preliminary study of the next flood control planning. The
dignment and the dimension of the connecting trunk
sewers are investigated to cope with 18-year storm. In
addition to the effect on flood control, multi-purpose
utilization of connecting trunk sewers arealsostudied.

4 Rainfall Intensty

/ Rainfall intensty decreases
asareagetslarger

\ R
0 Area
<
VA

A/I'ime

Rainfall intendty decreases when

it rainsin long timeand wide area

Fig. 1 Characteristic of Arealy Limited Rainfall
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STATISTICAL ANALYSIS OF AREALY
LIMITED RAINFALL

Conditions of rainfall
gathered for analysis

intensity data

Therain dataused for andyss areasfollows.

The number of rainfall observatories : 21

Term of rainfall data: 12yearg(1983 1994)

Observation period of rainfdl : 10 minutes
At present there are 66 rainfal observatories recording
ranfdl intensity with 10 minute period in Ward area of
about 600 k . But there were only 13 rainfal
observatories having 10 minute period rainfal records
before 1982 Securing enough number of both
observatories and observation years for effective andysis, 0 s
we decided to use the rainfal data under the conditions
mentioned above.

10k

Fig. 2 Location of 21 Rainfall Observatories
and Thiessen Divisionin Ward Area

Thiessen division and calculation of
average rainfall intensity formula of
different rainfall areas.

(1) Obtain eacharea A1, A2, A3, , A21from
Thiessen division Fig. 2 and calculate average area AQ1
(about 29? ) from them

Thiessen division (2) Arrangein order of sizethe 12 rainfall depths of each

At firgt 12 rainfdls having the strongest intensity (mmv/hr)

areaAl, A2,

, A21 interms of rainfdl duration of 10,

in each year arepicked out.
The location of 21 rainfal observatories and Thiessen

20, 30, 40, 50, 60, 90, 120, 240, 360, 540, 720, 1080 ad
1440 minutes.

divisonin Ward areaareshownin Fig. 2.

(3) Cdculate in order of size the 12 rainfal depths at 21
aress by the weighted mean of each areaiin termsof rainfal
duration of 10, 20, 30, 40, 50, 60, 90, 120, 240, 360, 540,
720, 1080 and 1440 minutes. These caculated rainfal
depths are assumed to correspond to the average rainfal
area AQ1 and areshown in Table 1.

Calculation of average rainfall intendty formula of one
area

Theway of caculating the average rainfdl intensity and its
ranfdl intengty formula of onerainfdl area is as follows.

Tablel. 12 Average Maximum Rainfall Depth in Terms of Different Rainfall Duration(Rainfall Area AOL) (mm)
Rainfall Duration(min)
10 20 30 40 50 60 90 120] 180 240 360/ 540] 720| 1080] 1440
g 1] 25.7] 370 469 ] 529| 566 | 61.8| 744 | 87.5]108.6 [126.1 |152.1 |1183.4]200.7 |225.7 |243.2
— | 2] 200 31.0] 382] 438| 49.8] 53.5| 635 71.5] 85.5]100.7 ]1126.6 {151.3]175.0 ]196.7 |216.8
O 3] 174 279] 352 | 40.2) 452 | 494 | 576 | 64.5| 76.7] 89.1 [111.1 |136.6]153.5|175.1]190.5
4] 156 | 247 31.3] 364 | 39.9)] 43.2| 524 | 59.8] 70.6 | 79.8 1100.1 [124.1]|137.2 |145.8 | 158.4
5] 141 ] 221 | 284 | 324 | 356 | 39.2 | 476 | 54.6| 63.6 | 74.2 | 90.6 |108.5]120.7 |126.2 |136.2
6] 1291 198 253 | 29.2| 323 | 359 | 435] 48.1| 595]| 68.3] 81.8 | 98.4]109.6 |]109.1 |120.1
7] 115] 180 ] 229 | 26.0| 29.7| 325 | 37.8| 42.7|] 528 | 61.3] 73.0| 84.7] 93.2 ]| 92.4 ]1107.0
8] 106 16.6 ]| 200 23.0] 259 | 285 ]| 33.7] 39.0|] 479] 565 664 | 76.5| 823 | 829 | 88.9
9 9.2 | 143] 176| 205 23.2] 252 | 31.1]| 36.4] 43.8| 50.2 | 59.1 | 67.3| 748 ] 75.1| 78.9
10 80| 119] 146 165 18.7] 21.2| 269 ]| 30.8] 38.2| 440 ] 51.7| 59.2| 66.5] 625 | 72.7
11 70| 115] 130 150 171] 178 | 241 | 275] 37.2| 429 | 474 ] 529 624 ] 56.7| 70.8
12 6.7 99| 117 | 134] 145] 16.0]| 202 | 248| 328 | 375| 416 | 48.1] 58.0] 51.8]| 60.3

2
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(4) Cdculae the probable rainfdl intengties for the
return period of 10, 12, 14, 16, 18, 20, 22, 24, 26,
28 and 30 years from Table 1 by Gumbd method
which is used for ssormwater drainage planning in
Tokyo. Cdculated probable ranfdl intendties are
shown inTable 2.

(5) Determine the rainfal intensity formula based on
Kimisma formula; | a/(T®  b) which is used for the
next flood control planning of 75 mm/hr in Tokyo. The
vaues of a and b are caculaied by the method of least
squares from the data of Table 2 and areshown inTable 3.

Table2 Probable Rainfall Depth (Rainfall rea AOL) (mm)
Return Period(year)
10 12 14 16 18 20 22 24 26 28 30
10 24.1 25.2 26.0 26.8 27.5 28.1 28.6 29.1 29.5 29.9 30.3
20 36.2 37.7 39.0 40.1 41.0 41.9 42.6 43.3 44.0 44.6 45.1
- 30 45.4 47.3 48.9 50.3 51.5 52.5 53.5 54.4 55.2 55.9 56.6
£ 40 52.1 54.3 56.1 57.7 59.1 60.3 61.5 62.5 63.4 64.3 65.1
é 50 57.2 59.6 61.5 63.2 64.7 66.0 67.2 68.3 69.3 70.2 71.1
% 60 61.7 64.2 66.2 68.0 69.6 71.0 72.3 73.4 74.5 75.5 76.4
% 90 73.7 76.6 79.0 81.1 82.9 84.6 86.1 87.4 88.7 89.8 90.9
5 120 84.3 87.6 90.4 92.8 95.0 96.9 98.6 100.1 101.6 102.9 ] 104.1
9 180] 102.5| 106.6 110.1 113.0 115.6 118.0 120.1 122.0 123.7 125.3 | 126.8
E 2400 119.0| 123.8 127.8 131.3 134.4 | 137.1 139.5 141.8 143.8 145.7 147.5
£ 360] 147.0| 153.0 158.1 162.5 166.4 | 169.8 172.9 175.7 178.3 180.7 182.9
Qaé 540} 178.7 186.3 192.7 198.2 203.0| 207.3 | 211.2| 214.7]| 218.0 221.0| 223.8
7201 200.1 | 208.7 215.9| 222.1 227.5| 232.4| 236.8| 240.7 | 244.4 247.8 | 251.0
1080] 226.4 | 237.1 246.0 | 253.6 260.4 | 266.4 | 271.8| 276.7| 281.2 285.4 | 289.3
1440] 251.6 | 262.8 272.2 | 280.2 287.3 | 293.7| 299.4| 304.6| 309.3 313.7] 317.8
Table 3. Rainfall Intensities and Their Formula Calculated from the Data of Table. 2
) b I: rainfall intensity( /hr)
BascFormula; | = ———— where
(t%7 + a) t: rainfall duration (min)
a,b: variable
Return period(year)
10 12 14 16 18 20 22 24 26 28 30
Variablein a 7.5 7.5 7.6 7.5 7.5 7.5 7.6 7.6 7.6 7.6 7.6
the Fomula bl 16625| 1732.0| 1791.6| 1841.4| 1885.8| 19255] 1962.1| 1994.0| 2024.6| 2052.3| 2078.1
= 10| 1325 138.1 142.5 146.7 150.2 153.3 156.0 158.6 160.9 163.0 165.0
é 20] 106.0 110.5 114.1 117.4 120.2 122.7 124.9 127.0 128.9 130.6 132.2
;:; 30 90.6 94.4 97.5 100.3 102.7 104.9 106.8 108.5 110.1 111.6 113.0
'% 40 80.1 83.5 86.2 88.7 90.8 92.7 94.4 95.9 97.4 98.7 99.9
5 50 72.3 75.3 77.8 80.0 82.0 83.7 85.2 86.6 87.9 89.1 90.2
()] 60 66.2 69.0 71.3 73.3 75.1 76.7 78.1 79.4 80.5 81.6 82.6
= 920 53.9 56.1 58.0 59.6 61.1 62.4 63.5 64.5 65.5 66.4 67.2
= 120 46.1 48.0 49.6 51.0 52.3 53.4 54.3 55.2 56.1 56.8 57.5
E 180 36.6 38.1 39.4 40.5 41.5 424 43.2 43.9 44.5 45,1 45.7
240 30.8 32.1 33.2 34.2 35.0 35.7 36.4 37.0 375 38.1 38.5
360 24.1 25.1 25.9 26.6 27.3 27.9 284 28.8 29.3 29.7 30.1 |
540 18.6 19.4 20.1 20.6 21.1 21.6 22.0 22.3 22.7 23.0 23.3
720 155 16.1 16.7 17.1 17.5 17.9 18.2 185 18.8 19.1 19.3
1080 11.8 12.3 12.8 13.1 13.4 13.7 14.0 14.2 14.4 14.6 14.8
1440 9.8 10.2 10.5 10.8 11.1 11.3 115 11.7 11.9 12.1 12.2
(mm/hr)
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Calculation of average rainfall intengty formula of two
areas

Theway of caculating the average rainfal intendty and its
rainfdl intensty formula of atwo aress is asfollows.

(1) Obtain the combination area of every two aess
neighboring each other from Thiessen division Fig. 2 and
calculate average area A02 (about 62? ) from them. The
number of two neighboring aress is43.

(2Arrange in order of size the 12 rainfdl depths of every
combinations of two aress in teaams of rainfal duratiion of
10, 20, 30, 40, 50, 60, 90, 120, 240, 360, 540, 720, 1080 and

(3) Calculate in order of size the 12 rainfall depths of
43 combinations areas by the weighted mean of
considering each combination area in terms of rainfall
duration of 10, 20, 30, 40, 50, 60, 90, 120, 240, 360,
540, 720, 1080 and 1440 minutes. These calculated
rainfall depths are assumed to correspond to the
average rainfall area AQ2 and areshownin Table 4.

(4) Caculate the probable rainfal intendties for the return
period of 10, 12, 14, 16, 18, 20, 22, 24, 26, 28 and 30 years
from Table 4 by Gumbe method. Caculated probable
rainfal intendties areshowninTable 5.

1440 minutes.

Table4 12 Average Maximum Rainfall Depth in Terms of Different Rainfall Duration (Rainfall Area A02)

(mm)
Rainfall Duration(min)

\ 10 20 30 40 50 60 9o 120] 180] 240] 360] 540l 720] 1080 1440
ol 174| 276| 354| 413) 463| 517| 659 804| 1040| 1207| 1445]| 1765| 1950] 217.8| 2357
Sl 4 145 234] 302| 360] 408| 455| 57.71 667] 79.9| 95.1| 120.4| 147.8| 169.4] 191.3| 2095
Ol 129] 207] 271] 325] 373 419] s524] e01| 727] 840l 1075] 1331] 1528] 1696] 1847

| 4 116 190| 251 299] 339]| 382| 470| 548| 653| 782| 97.9| 1209| 1332| 1416| 1516

5 107| a77| 2321 275] 308| 342| 427| 495| e07] 711] 8771 1063| 1182| 1200] 1297

ol 99| 164| 211| 249] 281] 313| 383| 440| 535| 629]| 800] 962 107.0| 1003| 1122

71 89| 148| 192| 225] 255| 281| 350| 404| 494] 66| 657] 776| 862| 867| 967

8l 78| 132| 166] 198] 226] 254| 32.4| 378| 457] 526] 605] 69.1| 757 76.6| 817

| o 70| 112 147| 176] 204] 229| 298| 346| 418| 469| 545] 627| 688| 694 729

1o 62 99| 129 a50] 171l 192]| 246] 283| 360| 4201 497| 574| 632| 575| 672

1l 54 96| 115| 137] 156] 162] 220] 253| 352| 409| 456] 51.3| 593| 522 655

121 52 83| 104| 122] 132] 146] 185] 228| 310| 357( 400] 466] 552| 477 557
Table 5 Probable Rainfall Depth(Rainfall Area A02) (mm)

Return Period(year)

10 12 14 16 18 20 22 24 26 28 30

= 10] 16.7 17.3 17.9 18.3 18.7 19.1 19.4 19.7 20.0 20.3 20.5

= 20] 27.2 28.3 29.2 30.0 30.6 31.3 31.8 32.3 32.8 33.2 33.6

<3 30] 34.6 35.9 37.1 38.0 38.9 39.6 40.3 40.9 41.5 42.0 42.5

-% 400 41.2 42.8 44.1 45.2 46.2 47.1 47.9 48.6 49.3 49.9 50.5

= 50] 46.6 48.4 49.9 51.2 52.3 53.4 54.3 55.1 55.9 56.6 57.2

e 60] 52.1 54.2 55.8 57.3 58.6 59.7 60.7 61.7 62.5 63.3 64.1

=z 90] 65.6 68.1 70.2 72.1 73.7 75.1 76.4 77.5 78.6 79.6 80.5

= 120] 77.7 80.8 83.4 85.6 87.5 89.2 90.8 92.2 93.5 94.7 95.9

haé 1800 96.9 | 100.8] 104.1 | 106.9| 109.4| 111.6] 113.6] 1155 117.1 | 118.7 [ 120.1

240] 113.6 | 118.3| 122.2] 1255 128.4| 131.1| 133.4] 135.6| 137.6 | 139.4 | 141.1

360] 140.6 | 146.5| 151.4) 155.6 | 159.3| 162.7 | 165.7| 168.4] 170.9 | 173.2 | 175.4

5400 174.1| 181.7 | 188.0] 193.5| 198.3| 202.6 | 206.4| 210.0| 213.2 | 216.2 | 219.0

720] 196.0 | 204.6 | 211.8] 218.1 | 223.5| 228.4| 232.8] 236.8| 240.5 | 243.9 | 247.1

1080f 219.8 | 230.3| 239.2 ] 246.8| 253.4 | 259.4| 264.8] 269.7] 274.2 | 278.3 | 282.2

1440 245.4| 256.6 | 266.1 | 274.2 | 281.3| 287.7| 293.4]| 298.7] 303.5 | 307.9| 312.0
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(5) Determine the rainfall intensity formula based on
Kimisma formula. The vaues of a and b are
calculated by the method of least squares from the data
of Table 5. and areshownin Table 6.

Calculation of average rainfall intengty formula of the
combination area of morethan three areas
Theway of caculating the average rainfdl intensity and its
rainfal intensty formula of more than threerainfal aress is

asfollows.

Table 6. Rainfall Intensties and Ther Formula Calculated from The Data of Table. 5

BasicFormula: | =

b

(t 0.7 4+ a)

wher

I: rainfall intensity( /hr)

e

t: rainfall duration min)

a,b: variable

Return period(vear)
10 12 14 16 18 20 22 24 26 28 30
Variablein 14.1 142 143 145 146 146 14.7 147 147 14.8 148
the Fomula bl 1747.3| 1826.7| 1890.8] 1949.1] 1999.0| 2042.2] 2083.1| 2119.9] 21521| 2182.0| 2211.9
10l o916 94.9 78| 1001| 1022 1042| 1059| 1074] 1000| 1104]| 1115
20l 787 81.6 84.2 86.2 88.1 89.9 91.3 927 94.1 95.3 96.3
. 30l 702 729 752 771 78.8 804 818 83,0 84.2 853 86.3
£ 40| 64.0 66.5 68.7 70.4 72.0 734 74.7 75.8 77.0 78.0 78.9
3 50l 592 615 635 65,1 66.6 68.0 69.1 702 713 72.2 73,0
5 60l 552 574 59.3 60.9 62.2 635 64.6 65.6 66.6 67.5 68.3
= 90|  46.7 48.6 50.2 51.6 52.8 53.9 54.8 55.7 56.5 57.3 58.0
5 120l 410 27 441 453 464 47.4 48.2 49.0 49.7 50.4 51.0
o 180] 336 35.0 36.2 37.2 38.1 38.9 39.6 40.3 40.9 41.4 42.0
3 240 289 30.1 312 32.0 328 335 341 347 352 357 36.2
= 360 231 24.1 24.9 25.6 26.3 26.8 27.3 27.8 28.2 28.6 29.0
naé 540 182 19.0 197 20.3 208 21.2 21.6 20 23 226 29
720l 153 16.0 165 17.0 174 17.8 18.2 185 1838 19.0 19.3
1080 119 12.4 12.8 13.2 13.6 139 14.1 14.4 14.6 14.8 15.0
1440 9.9 10.3 10.7 11.0 11.3 115 11.8 12.0 121 12.3 12.5
(mm/hr)

(1) As for the average rainfdl intengity of three aress, the
combination area of every three areas neighboring esch
other from Thiessen divison Fg. 2 and average area
A03(about 92 ? ) are obtained. The number of three

neighboring aress is 23. The 12 rainfal depths of every
combination of three aress in terms of rainfal duration of
10, 20, 30, 40, 50, 60, 90, 120, 240, 360, 540, 720, 1080 and
1440 minutes are arranged in order of size. The 12 rainfal

Table 7. Rainfall Intensitv Formulas of Different Rainfall Ares

Return Period(year)

10 12

14

16 18

20

22

24

26

28

30

29

7.5 7.5

7.6 7.5

7.5

7.5

7.6

7.6

7.6

7.6

7.6

1662.5 | 1732.0

1791.6 | 1841.4

1885.8

1925.5

1962.1

1994.0

2024.6

2052.3

2078.1

62

14.1 14.2

14.3 14.5

14.6

14.6

14.7

14.7

14.7

14.8

14.8

1747.3 | 1826.7

1890.8 ] 1949.1

1999.0

2042.2

2083.1

2119.9

2152.1

2182.0

2211.9

92

15.5 15.6

15.6 15.7

15.8

15.9

15.9

16.0

16.0

16.0

16.0

1794.7 | 1872.8

1938.4 | 1994.7

2046.2

2090.1

2131.5

2169.7

2203.0

2232.7

2259.5

120

17.0 17.1

17.2 17.3

17.4

17.5

17.4

17.5

17.6

17.7

17.6

1820.3 | 1898.7

1967.8 | 2024.8

2076.6

2124.0

2162.7

2200.0

2237.5

2270.6

2297.7

144

17.8 20.0

20.3 20.4

20.6

20.6

20.7

20.9

20.9

21.0

21.0

1886.0 | 1974.8

2053.0 ] 2113.9

2173.0

2220.7

2266.5

2310.9

2346.9

2382.7

2416.3

618

33.2 34.1

34.7 35.2

35.6

35.8

36.2

36.5

36.7

36.8

37.2

Rainfall Area (knv)

TIO|ITIIQ T |T| || |T|D

2020.1 | 2140.2

2235.3 | 2321.0

2393.0

2453.0

2514.4

2568.7

2616.7

2660.0

2708.5
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depths at 23 combinations of three areas by the weighted
mean of considering each combination area in terms of
rainfal duration of 10, 20, 30, 40, 50, 60, 90, 120, 240, 360,
540, 720, 1080 and 1440 minutes arecalculated in order of
sze These cdculated rainfal depths are assumed to
correspond to the average rainfal area AQ3. The probable
rainfdl intengtiesfor thereturn period of 10, 12, 14, 16, 18,
20, 22, 24, 26, 28 and 30 years are cdculated by Gumbel
method. And the rainfal intensity formula is determined
based on Kimisma formula

Table 8. Rainfall Intensities for One Hour Rainfall Duration

(2) In the sameway, the rainfal intengty formulas for the
combination of four, five and dl areas, which are about
120,144 and 618 km?respectively, are determined. The
ranfal intensity formulasfor the return period of 10, 12, 14,
16, 18, 20, 22, 24, 26, 28 and 30 years in terms of the area
of 29, 62, 92, 120, 144 and 618 knfareshown in Table 7.
And therainfal intengties for one hour rainfal duration
calculated by the rainfdl intensity formulas are shown in
Table 8. From Table 8 therainfdl intendty of return period
of 18 years with rainfdl area of 29kn?is found to be
75mmv/hr. The relation between rainfal intengity and rain
areais shownin Fig. 3.

( /hr)

Return period(vear)
10| 12| 14 16 18 20 22 24 26 28 30
?g 29] 66.2 69.0 71.3 73.3 75.1 76.7 78.1 79.4 80.5 81.6 82.6
% 62] 552 574 59.3 60.9 62.2 63.5 64.6 65.6 66.6 675 68.3
g 92| 544 56.5 58.4 59.9 61.3 62.5 63.6 64.6 65.5 66.4 67.3
= 120] 52.6 54.8 56.6 58.1 59.5 60.6 61.8 62.8 63.6 64.4 65.3
% 1441 50.5 52.6 54.2 55.7 57.0 58.2 50.3 60.1 61.0 61.9 62.6
] 618 39.8 41.4 42.8 44.0 45.0 46.0 46.8 475 48.2 48.9 49.5
85
sof
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>
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Fig .3 Relation between Rainfall Intengty and Rainfall Area
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STORMWATER DRAINAGE PLANNING
BY AREALY LIMITED RAINFALL

The existing and planned pumping stations in Tokyo
have the capacity to cope with the three year storm of
50mm/hr rainfall intensity. If therain areais assumed to
be drde the areal digribution of rainfal intensity of 18
yeer return period can be drawnin the form of concentric
circles shown inFig. 4.

The aignment of connecting the trunk sewers
linking pumping stations to cope with arealy limited 18
year storm is assumed as shown in Fig. 5. The
connecting trunk sewers play arole to cope with the
excess stormwater exceeding the pumping discharge
capacity of 50mm/hr rainfal intensity. The excess
stormwater is diverted into the connecting trunk sewer
a adiversion dropshaft located at the upstream of the
pumping station. And the connecting trunk sewers are

i
2750, //,%z@,//,
757 ‘.ﬁ%;’fé‘//,ﬂ ¢

",‘\'(II"'

CO
'o

(5%

v

0 5

10km
Fig .4 Areal Digribution of Rainfall Intensity of 18 Year Return Period

TWe - N
» Z

laid deeper than most of the pumping stations since the
excess stormwater is diverted into them by gravity.
There are two fundamental methods to discharge the
stormwater trough the connecting trunk sewer. They are
storage method and transfer method. But the transfer
method will make it necessary to use the connecting
trunk sewer as a pressure pipe which would cause
serious backwater at relatively deep pumping station
drainage systems when the stormwater is discharged
from the deep pumping station catchments to the
shalow ones. So the dimensions of the connecting
trunk sewers are studied on the assumption that they
would be used as storage facilities to avoid complicated
hydraulic phenomenon.

2

Yy
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A:Pumping Drainage Area
—:Connecting Trunk Sewer
o:Existing Pumping Stations

o:Planned Pumping Stations

Fig .5 Alignment of Connecting Trunk Sewers

The networks of connecting trunk sewers are divided
into two groups, the west network and the east network,
across the river Ara.(See Fig. 5) They are 69.2 km and
24.5 km long respectively. In order to decide the
maximum diameter of connecting trunk sewers, the
small sub-networks are considered as the first phased
network and the position of aredy limited rainfal is
settled varioudly in try and error to find the maximum
discharge. In the west network the maximum diameter
of 5.12m was found in the sub-network located in the
southern extremity area. And the length of its sub-
network is about 6.8 . If the sub-network is expanded
to the north along the alignment, the necessary diameter
of connecting trunk sewer is decreased as shown in
Fig.6 even though the position of aredy limited rainfall
is settled in various way. When its length reaches about
24 km the necessary diameter is reduced to about 3.6 m
which is considered to be the minimum diameter for the

5,50
500 " B

450 \
4.00
3.50 e,

3.00

Diameter (m)

0 5,000 10,000 15,000 20,000 25,000

L ength(m)

Fig .6 Relation between Diameter and Length
of Connecting Trunk Sewers.

maintenance operation by a small truck. Therefore it is
concluded the necessary diameter of connecting trunk
sawers in the west network is 3.6m.
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As for the east network, the necessary diameter of
connecting trunk sewer is 9.5m. There is a hig
difference in diameters between the west network and
the east network since the average runoff coefficient of
the present 50mm/hr flood control plan is only 0.5 in
the east network catchment while it is 0.8 in the west
network catchment although the runoff coefficient 0.8
is adopted for the both network in the next 75mm/hr
flood control plan.

EFFECT OF CONNECTING TRUNK
SEWERS BY AERALY  LIMITED
RAINFALL

The tota cost per year including capital cogt,
maintenance cost and land acquisition cost to upgrade
the present 50mm/hr project to the next 75mm/hr
project by the conventional plan and this new plan is
caculated for comparison. In the method of
conventional plan the pumping facilities are reinforced
to cope with additional 25mm/hr rainfall intensity under
the uniform rainfal intensity. In the west network it is
estimated the total cost per year for the conventional
plan and the new plan is about 477 million US dollars
and 71 million US dollars respectively. The total cost
per year of the new plan is about 1/7 of that of the
conventiona plan. But the cost of diversion dropshafts
and rea time control systems necessary for their
operation is not included. Still the actua ratio of total
cost per year may be /4 1/5. The same tendency is
also found in the east network. So it can be said the new
plan using arealy limited rainfal is far more
advantageous in cost peformance than the
conventional plan.

In addition to the efficient flood control, these long
network of connecting trunk sewers have the following
advantages of multi-purpose utilization.

storage facilities for CSO control : the network
sawers are used for flood control only when the rainfall
intensity exceeds 50mm/hr having a return period of
three years.

complementary facilities during the rehabilitation of
old pumping stations

accommodation facilities for optical fiber cable
communication network and reclaimed water supply

conduits

backup facilities a emergencies such as hig
earthquake when some pumping stations break down

CONCLUSIONS

The characteristic of the rain vicissitude is reflected but
not the movement of rain area in the aredy limited
rainfal intensity mentioned above. In order to take the
movement of rain area in the planning, its movement
needs to be analyzed. The heavy rain, which is usualy
accompanied by the thunder storm , the typhoon and
the front, seems to move at random in its speed and
direction. However the faster the aredy limited rainfall
moves, the lesser the average precipitation per area
becomes. In other words, the arealy limited rainfal
moves, the runoff per area decreases compared with the
settled aredy limited rainfall. So the discharge rate
calculated by the arealy limited rainfall settled at a
point can be considered the vaue of safer side
statistically.

The effect of adopting the arealy limited rainfal as a
planned rainfall seems to be quite conspicuous. But
more detailed analysis based on a large number of rain
data in recent years is needed to obtain more reliable
rainfal intensity distribution both in time and area.
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