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Abstract

This project is a drainage project design for a county-level city in central and western China.
Based on the city's hydrogeological data, population distribution and meteorological data, raw
sewage water quality data, etc., we design the entire drainage system including the urban
drainage pipe network and sewage treatment plant.In order to adapt to the characteristics of
many kinds of landmarks, complex landforms, large elevation changes and environmental
protection requirements of the county-level city, we have divided the county-level city along
the B-River into two sections, choose the drainage system of rain and sewage diversion in the
design of urban drainage network and the form of surround arrangement in the layout of the
pipeline network. Due to the high content of nitrogen and phosphorus in raw sewage, we
adopt the modified A>/O process + biological aerated filter multi-stage treatment method for
sewage treatment process and the common concentration, digestion and dewatering processes
for sludge treatment process. The design improves the traditional A%/O process and applies it
in series with the biological aerated filter, which has the features of good treatment effect,
stable water quality, small amount of residual sludge, convenient operation and management,

and low capital construction and operation costs.

Key Words: Drainage works; Surround type; Sewage treatment; Modified A%/O process;

Aerated biological filter
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HXgHT | HXIA (ha) HXgT | HXIA (ha) HXgH5 | HXEA (ha)
1 0.04 29 1.16 57 15.64
2 0.08 30 1.20 58 12.24
3 0.12 31 1.24 59 14.28
4 0.16 32 1.28 60 15.64
5 0.20 33 1.32 61 21.08
6 0.24 34 1.36 62 22.44
7 0.28 35 1.40 63 20.4
8 0.32 36 1.44 64 14.96
9 0.36 37 1.48 65 14.96
10 0.40 38 1.52 66 15.64
11 0.44 39 1.56 67 15.64
12 0.48 40 1.60 68 14.96
13 0.52 41 1.64 69 14.96
14 0.56 42 1.68 70 20.4
15 0.60 43 1.72 71 22.44
16 0.64 44 1.76 72 21.08
17 0.68 45 1.80 73 15.64
18 0.72 46 1.84 74 14.28
19 0.76 47 1.88 75 12.24
20 0.80 48 1.92 76 15.64
21 0.84 49 1.96 77 13.6
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22 0.88 50 2.00 78 19.32
23 0.92 51 2.04 79 49.14
24 0.96 52 2.08 80 130.472
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FE] 1.22 1.50 2.72

e 0.98 1.37 2.35

yil 1.13 2.08 3.21

i 0.53 0.37 0.90

HTX 1.35 1.92 3.26
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B DEERH (mm) KB EE h/D
200~300 0.55
350~450 0.65
500~900 0.70

=1000 0.75

(2) WItMRE  5KEEN S, HE/MOHRER 0.6 m/s, HigKEiHRE
MR, £EMFCA 10.0 m/s,AEEEM A 5.0 m/s.

(3) B/MUER HEIE T RANER. EHATEIIENERDNTRINER, W
KHBADNER. ER/ANVERIESY, FHKEERIZHES 300 mm.

(4) PRI 15K EAEAE A R /N AR 300 mm I AH R (1) /N AT
WeE D9 0.003. FELEE WA N, EACHOR, AHN ) e Bt 7 i k)

(5) BOKHER  RIEF RS G Habr. M T MU Mo BT 45 2R T 5 25 I &
Wi, —ME T, ETERIERANET 7~8m; LK. k. fAKEMZER BT
5m, HARR ARG SEERIE DL H

(6) I/NELIRE 5502 — T =r: B byg KORG8 R K i 5 08 1
BORETE N RPR SEOKRZE LA b 0.15 my [y 1E 8 B DR [ £ 20170 52 B BIR,  BERI5KE
B/NE L EEA/NT 0.7 ms ST E S TR

(7) EiEER TKEEERMAAN, RADKIF%E: SRR, K&
¥z

2. EIE R SRR

UKURIREE . 78 LR T S8 T8 R TT AR AT B R 55 L A 225K, AT DAHH
THE AT E -

CEAMEK BTG B To ORI It i A 75 V5 7K B BOKIR S AR & 15 7K 1Y)
TAVEKEE, &RATHEAKEL L 0.15 m. AR EEUKEREREE, &K
FEVKRZ LB R RE RS T AR, AU AR 1224 X 5l 2% A1 AH A B [X PR 22 3 1 e )
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AR TTREBH A WK )7 32 B 15 K g T8 B &R AN K TE K. A
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FEN X V57K $ET Y, B R AR 23 duk iy T S 3 X935 K il 21 i BCHE K 8 T 7 2B E R
PETFIR Ml o V5 /KB TE R RUIRIRIEHAR K, 1075 7K AL BE A SR R 52 48 /K A4 /K A7 B
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K25 TARKEFERHREHE

SEEERTKE SEPRE @
ABORE q HIRTSK RITRE
ERERES Hhong | 5ty | BRUR
A EIR tEmE mE RITRE | KR(LS) | BRiLSs) (L/s)
HHRS q2(L/s) mE(Ls) K,
(ha) gs[L/(s-ha)] qu(L/s) (L/s)

1 2 3 4 5 6 7 8 9 10 11 12
22-21 80 - - - - - - - 51.87 51.87
21-20 1 11.40 0.09 1.06 - 1.06 2.30 2.43 - 51.87 54.30
20-19 4 19.76 0.09 1.83 1.06 2.89 2.30 6.64 - 51.87 58.51
19-18 19 12.92 0.09 1.20 2.89 4.08 2.30 9.39 - 51.87 61.26
18-17 20 17.48 0.09 1.62 4.08 5.70 2.23 12.71 - 51.87 64.58
17-16 34 21.28 0.09 1.97 5.70 7.67 2.16 16.55 - 51.87 68.42
16-15 - - - 0.00 7.67 7.67 2.16 16.55 - 51.87 68.42
15-14 33 21.42 0.09 1.98 7.67 9.65 2.10 20.31 - 51.87 72.18
14-13 32 18.49 0.09 1.71 9.65 11.37 2.07 23.49 - 51.87 75.36
13-12 31 19.04 0.09 1.76 11.37 13.13 2.03 26.71 - 51.87 78.58
12-11 30 23.52 0.09 2.18 13.13 15.31 2.00 30.61 - 51.87 82.48
11-10 - - - - 15.31 15.31 2.00 30.61 - 51.87 82.48

10-9 - - - 0.00 48.06 48.06 1.76 84.75 - 198.16 282.91
9-8 42 20.40 0.11 2.24 72.00 74.24 1.68 124.81 - 198.16 322.97
8-7 41 22.44 0.11 2.47 74.24 76.71 1.68 128.50 - 198.16 326.66
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Bk 2.5
7-6 40 21.08 0.11 2.32 86.44 88.76 1.65 146.30 198.16 344 .46
6-5 39 15.64 0.11 1.72 88.76 90.48 1.64 148.83 198.16 346.99
5-4 38 14.28 0.11 1.57 92.20 93.77 1.64 153.63 198.16 351.79
4-3 37 12.24 0.11 1.35 96.91 98.25 1.63 160.16 198.16 358.32
32 36 15.64 0.11 1.72 98.25 99.98 1.63 162.66 198.16 360.81
2-1 35 13.60 0.11 1.50 99.98 101.47 1.62 164.82 198.16 362.98
1-0 - - - - 127.88 127.88 1.58 202.49 198.16 400.65
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#£2.6 HKETFEKIHTE

KR (m) ERRE
ER | ®itR | BEE witm | BRUIEHE
ERR Bt E peEE i IKTE EHIE (m)
KE = #D =®
= I I (m) N N
L(m) | Q(L/s) (mm) v(m/s) | b/D | H(m) tim | Tiw | Lim | Tiwm | Lim | Tim -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | 17
22-21 | 696 | 51.87 400 0.00125 0.6 0.63 | 0.252 | 0.8697 | 255.00 | 254.94 | 254.05 | 253.18 | 253.80 | 252.93 | 1.20 | 2.01
21-20 | 411 | 5430 400 0.00124 0.6 0.65| 0.26 | 0.5091688 | 254.94 | 254.78 | 253.18 | 252.67 | 252.92 | 252.41 | 2.02 | 2.37
20-19 | 629 | 5851 400 0.00146 0.65 | 0.64 | 0.256 | 0.9188948 | 254.78 | 254.85 | 252.67 | 251.75 | 252.42 | 251.50 | 2.36 | 3.35
19-18 | 420 | 61.26 400 0.0017 0.7 0.63 | 0.252 0.714 | 254.85 | 254.67 | 251.75 | 251.04 | 251.50 | 250.79 | 3.35 | 3.88
18-17 | 590 | 64.58 400 0.00176 072 | 0.65]| 0.26 1.0384 | 254.67 | 254.66 | 251.04 | 250.00 | 250.78 | 249.74 | 3.89 | 4.92
17-16 | 689 | 68.42 400 0.00195 0.76 | 0.65| 026 | 1.342926 | 254.66 | 253.77 | 250.00 | 248.66 | 249.74 | 248.40 | 4.92 | 5.37
16-15 | 493 | 68.42 400 0.00195 0.76 | 0.65| 026 | 0.961623 | 253.77 | 252.81 | 248.66 | 247.70 | 248.40 | 247.44 | 5.37 | 5.37
15-14 | 547 | 72.18 400 0.0023 082 |0.65| 026 | 1.257778 | 252.81 | 252.25 | 247.70 | 246.44 | 247.44 | 246.18 | 5.37 | 6.07
14-13 | 505 | 75.36 450 0.00143 0.69 | 0.65 | 0.2925 | 0.7214922 | 252.25 | 252.74 | 251.34 | 250.62 | 251.05 | 250.33 | 1.20 | 2.41
13-12 | 480 | 78.58 450 0.00153 0.72 | 0.65] 02925 | 0.7344 | 252.74 | 252.73 | 250.62 | 249.89 | 250.33 | 249.59 | 2.41 | 3.14
12-11 | 560 | 82.48 450 0.00163 0.75 | 0.65]02925| 0.9128 | 252.73 | 252.72 | 249.89 | 248.97 | 249.59 | 248.68 | 3.14 | 4.04
11-10 | 732 | 82.48 450 0.0023 0.86 | 0.58 | 0.261 | 1.684336 | 252.72 | 252.62 | 248.97 | 247.29 | 248.71 | 247.03 | 4.01 | 5.59
10-9 | 989 | 28291 700 0.0012 0.87 0.7 | 049 | 1.186416 | 251.81 | 250.87 | 247.27 | 246.08 | 246.78 | 245.59 | 5.03 | 5.28
9-8 750 | 322.97 700 0.00175 1.05 0.7 | 0.49 1.3125 | 250.87 | 250.39 | 246.08 | 244.77 | 245.59 | 244.28 | 5.28 | 6.11
8-7 760 | 326.66 700 0.0018 1.06 0.7 | 0.49 1.368 | 250.39 | 250.00 | 244.77 | 243.40 | 244.28 | 242.91 | 6.11 | 7.09
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SHOKRZ S TRET YRR

B3 2.6
7-6 770 | 344.46 800 0.00105 095 | 0.7 | 0.56 0.8085 | 250.00 | 249.56 | 249.06 | 248.25 | 248.50 | 247.69 | 1.50 | 1.87
6-5 610 | 346.99 800 0.00106 | 095 | 0.7 | 0.56 0.6466 | 249.56 | 251.05 | 248.25 | 247.60 | 247.69 | 247.04 | 1.87 | 4.01
5-4 520 | 351.79 800 | 0.001146 | 0.96 | 0.7 | 0.56 | 0.59592 | 251.05 | 250.21 | 247.60 | 247.01 | 247.04 | 246.45 | 4.01 | 3.76
4-3 460 | 35832 800 0.00115 097 | 0.7 | 0.56 0.529 | 250.21 | 250.43 | 247.01 | 246.48 | 246.45 | 245.92 | 3.76 | 4.51
32 560 | 360.81 800 0.00116 098 | 0.7 | 0.56 0.6496 | 250.43 | 251.00 | 246.48 | 245.83 | 245.92 | 245.27 | 4.51 | 5.73
2-1 500 | 362.98 800 0.00118 099 | 0.7 | 0.6 0.59 251.00 | 251.00 | 245.83 | 245.24 | 245.27 | 244.68 | 5.73 | 6.32
1-0 | 1000 | 400.65 800 0.00145 1.1 0.7 | 0.56 1.45 251.00 | 251.00 | 250.36 | 248.91 | 249.80 | 248.35 | 1.20 | 2.65
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KERTHOK IR

24 WHRKEERFZZITIHE

2.4.1 MKEMEZ

ZEG AR, W EINE, PR IR X R RIS R, B R X
FELERAS MUK IS, /K A $2 T R 7K 65 R 55 HE /K TR R 230 14 [ T 38 % 1 L Ak
TS IRAE . AR TR A8 T B R KA B 2, MR IR Ao B8 7K 7K
CAE, KB RHK O TR, MKE RE R 55 KE N E A KRB A

LT R R KGR 238 my AR TR IbR s, KPR I B K L
R IARESE T JTHE TRV, BRI AR a0 7 5 240 48 B K S0
242 RIDEITEE

WRIFEEN PR E, RoRiHEE, B EBRNREIKR g E5i, K&k
B TR E PN 2.7

%27 WATEREHMTFECEE

BEHHS | HE bR E(m) B 5 b T 5 5 (m) BEHHS | HWEbrEm)
0 255 35 251 65 251.81
1 254.81 36 251 66 251.74
2 254.78 37 251.81 67 250.21
3 254.83 42 253.41 72 252.62
4 254.67 43 252.85 73 250.65
5 253.77 44 252.28 74 250
6 252.81 45 251.72 75 250
7 251.7 46 251.42 76 250
11 254.3 47 249.85 77 250
12 253.73 51 253.23 78 250
13 253 52 253.33 79 250
14 253 53 252.63 80 250.56
15 253 54 252.25 81 251
16 253.01 55 250 H 249.5
17 2513 56 254.37 A 249.5
18 252.86 57 254.64 B 250.2
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SHOKRZE S TRET VRV RIT

5K 2.7
19 251.7 58 253 C 249.5
30 251.23 59 251.9 D 250.2
31 251 60 250 E 250.2
32 251.04 63 253.16 F 249.5
33 251 64 252.7 G 249.5
34 251 - - - -

2.43 HEC/KEFR

F R R KT8 M55 W HEK AR LA HBIE 251, ’ K8 8 i) A B 2R F e il
FER AT AN W AT 1 S 0K 43 BB BT K TR AR o ARG K T AR 5 R K
W ~F- 1 A BB AR R K RN T ), IR &R X XA AR AR 2.8,

2.8 ILAKXBREAR &5

HXT | PRl (ha) EXgT | Kb (ha) XS | PRl (ha)
1 11.40 29 14.70 54 7.82
2 12.00 96 15.68 111 7.82
3 11.52 30 11.76 55 13.60
4 9.88 97 11.76 56 13.60
&4 9.88 31 9.52 57 15.64
5 10.22 98 9.52 58 12.24
85 10.22 32 5.82 59 7.14
86 9.04 99 5.82 112 7.14
6 7.08 100 6.86 60 7.82
7 17.68 33 6.86 113 7.82
8 10.92 101 7.28 61 10.54
&7 10.92 102 7.28 114 10.54
9 16.64 34 10.64 62 11.22
10 14.76 103 10.64 115 11.22
88 21.00 35 6.80 63 10.20
11 62.40 104 6.80 116 10.20
12 76.01 36 7.82 64 14.96
13 17.00 105 7.82 65 14.96
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KEFHHK TIERIT

4K 2.8

14 19.04 37 12.24 66 15.64
15 7.14 38 14.28 67 15.64
90 7.14 39 15.64 68 14.96
16 11.56 40 21.08 69 14.96
17 11.82 41 22.44 70 20.40
18 13.54 42 20.40 71 11.22
19 12.92 43 14.96 117 11.22
20 17.48 44 9.34 72 10.54
21 11.96 45 3.68 118 10.54
91 5.46 106 6.44 73 7.82
22 3.89 46 14.96 119 7.82
92 11.13 47 14.96 74 14.28
23 7.83 48 10.20 75 12.24
93 7.82 107 10.20 76 15.64
24 9.66 49 22.44 77 13.60
94 9.66 50 21.08 78 19.32
25 24.78 51 7.82 79 49.14
26 22.02 108 7.82 80 130.47
27 12.88 52 7.14 81 20.80
120 12.88 109 7.14 82 10.40
28 13.02 53 6.12 83 53.06
95 14.00 110 6.12 - -

234 KIOHE

ATtz ] EXCEL BAF#EAT RK T EmEMK AT, KRS8 Bt
M, MO ME S ERER. WA, W, Rk A EEERE, BTSRRI
% 2.9,

Reml ey, 7K v S R B R B SR RN T B R, )
BB — BB E AR N R B B R .
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SHOKRZ S TRET YRR

£ 2.9 WAKFEKIITER

‘ EARRRATE | H WitHimEbRE | B R HETR
. 1K ‘ AR | N
wit | BE [ (min) ‘ Wik | 42 | KJy | i | EER (m) (m) (m)
. T ESih=y ) e
TR | KE &= D( | #E | vi(m/ | KEEH

F(hm? | Zt,=XL qo[L/(s'h IL(m)
%5 | L(m) t=L/v QL/s) | mm | I(%) | s) | Q,(L/s) i L2 gE i R Zpl | B | AK

) N m?)]
)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0-1 420 | 130.47 0 6.15 1.70 22132 | 500 | 3.5 | 1.14 | 22328 | 1.47 | 255.00 | 254.81 | 253.80 | 252.33 | 1.20 | 2.48
12 | 620 | 17397 | 6.15 9.08 1.17 203.19 | 500 | 3.5 | 1.14 | 22328 | 2.17 | 254.81 | 254.78 | 25233 | 250.16 | 2.48 | 4.62
2-3 | 420 |220.53 | 15.24 6.15 0.83 182.02 | 500 | 3.5 | 1.14 | 22328 | 1.47 | 254.78 | 254.83 | 250.16 | 248.69 | 4.62 | 5.98
3-4 | 590 |220.53 | 21.39 8.64 0.70 153.60 | 500 | 3.5 | 1.14 | 22328 | 2.07 | 254.83 | 254.67 | 253.63 | 251.57 | 1.20 | 2.21
4-5 | 688.7 | 257.25 | 30.03 | 10.09 0.58 14827 | 500 | 3.5 | 1.14 | 22328 | 2.41 | 254.67 | 253.77 | 248.69 | 246.28 | 598 | 7.49
5-6 | 493.1 | 267.89 | 40.12 7.22 0.48 129.63 | 500 | 3.5 | 1.14 | 22328 | 1.73 | 253.77 | 252.81 | 252.57 | 250.84 | 1.20 | 1.97
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KEFHHK TERIT

4K 2.9
6-7 | 338728581 | 4734 | 4.96 0.44 12454 | 500 | 3.5 | 1.14 | 22328 | 1.19 | 252.81 | 251.70 | 250.84 | 249.66 | 1.97 | 2.04
7-B | 216.6 | 305.13 | 52.31 3.17 0.41 124.65 | 500 | 3.5 | 1.14 | 22328 | 0.76 | 251.70 | 250.20 | 249.66 | 248.90 | 2.04 | 1.30
30-31 | 3353 | 20.80 0 7.46 1.70 3528 | 300 | 3.00 | 0.75 | 52.94 | 1.01 | 25123 | 251.00 | 250.13 | 249.12 | 1.10 | 1.88
31-32 | 627.4 | 104.20 | 7.46 11.33 1.10 114.56 | 400 | 3.10 | 0.92 | 115.89 | 1.94 | 251.00 | 251.04 | 249.02 | 247.08 | 1.98 | 3.96
32-33 | 670 | 194.97 | 18.79 9.63 0.74 14524 | 400 | 490 | 1.16 | 14571 | 3.28 | 251.04 | 251.00 | 247.08 | 243.80 | 3.96 | 7.20
33-34 | 420 |228.61 | 28.42 6.03 0.60 136.06 | 400 | 490 | 1.16 | 14571 | 2.06 | 251.00 | 251.00 | 249.90 | 247.84 | 1.10 | 3.16
34-35 | 430 | 269.67 | 34.45 9.44 0.53 14327 | 500 | 1.56 | 0.76 | 149.06 | 0.67 | 251.00 | 251.00 | 247.74 | 247.07 | 3.26 | 3.93
35-36 | 390 | 294.45 | 43.89 8.56 0.46 134.67 | 500 | 1.56 | 0.76 | 149.06 | 0.61 | 251.00 | 251.00 | 247.07 | 246.46 | 3.93 | 4.54
36-37 | 458.7 | 322.17 | 52.44 | 10.07 0.41 13138 | 500 | 1.56 | 0.76 | 149.06 | 0.72 | 251.00 | 251.81 | 246.46 | 245.75 | 4.54 | 6.06
37-E | 471 | 430.67 | 62.51 9.62 0.36 156.35 | 500 | 1.80 | 0.82 | 160.12 | 0.85 | 251.81 | 250.20 | 245.75 | 244.90 | 6.06 | 5.30
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SHOKRZ S TRET YRR

4K 2.9
11-12 | 331.1 | 20.56 0 7.36 1.70 3488 | 300 | 3 0.75 | 52.94 | 0.99 | 25430 | 253.73 | 25320 | 25221 | 1.10 | 1.52
12-13 | 480 | 27.64 | 7.36 10.68 1.10 30.52 | 300 | 3 0.75 | 52.94 | 1.44 | 253.73 | 253.00 | 25221 | 250.77 | 1.52 | 2.23
13-14 | 560 | 4532 | 18.04 | 12.46 0.76 3446 | 300 | 3 0.75 | 52.94 | 1.68 | 253.00 | 253.00 | 250.77 | 249.09 | 2.23 | 3.91
14-15 | 629.9 | 66.64 | 30.50 | 14.01 0.57 38.07 | 300 | 3 0.75 | 52.94 | 1.89 | 253.00 | 253.00 | 249.09 | 247.20 | 3.91 | 5.80
15-16 | 420 | 77.56 | 44.51 9.34 0.45 35.16 | 300 | 3 0.75 | 52.94 | 1.26 | 253.00 | 253.01 | 247.20 | 24594 | 5.80 | 7.07
16-17 | 590 | 142.15 | 53.85 | 12.15 0.40 56.97 | 300 | 3.5 | 081 | 57.18 | 2.07 | 253.01 | 251.30 | 251.91 | 249.85 | 1.10 | 1.46
17-18 | 688.7 | 178.87 | 66.00 | 12.51 0.35 62.60 | 300 | 45 | 092 | 64.84 | 3.10 | 251.30 | 252.86 | 249.85 | 246.75 | 1.46 | 6.11
18-19 | 300.5 | 219.69 | 78.51 5.13 0.31 6829 | 300 | 5.1 | 098 | 69.02 | 1.53 | 252.86 | 251.70 | 246.75 | 24521 | 6.11 | 6.49
19-D | 248.8 | 268.83 | 83.63 3.66 0.30 79.98 | 300 | 6.85 | 1.13 | 79.99 | 1.70 | 251.70 | 250.20 | 24521 | 24351 | 6.49 | 6.69
42-43 | 590 | 20.40 0 13.12 1.70 3460 | 300 | 3 0.75 | 52.94 | 1.77 | 253.41 | 252.85 | 25231 | 250.54 | 1.10 | 2.31
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KEFHHK TERIT

4K 2.9
43-44 | 540 | 3536 | 13.12 | 12.01 0.88 3124 300 | 3 0.75 | 52.94 | 1.62 | 252.85 | 252.28 | 250.54 | 248.92 | 2.31 | 3.36
44-45 | 560 | 5032 | 25.13 | 12.46 0.64 32.10 | 300 | 3 0.75 | 52.94 | 1.68 | 252.28 | 251.72 | 248.92 | 24724 | 3.36 | 4.48
45-46 | 440 | 6596 | 37.59 9.79 0.50 3323 300 | 3 0.75 | 52.94 | 132 | 251.72 | 251.42 | 24724 | 24592 | 4.48 | 5.50
46-47 | 440 | 69.64 | 47.38 9.79 0.44 30.33 | 300 | 3 0.75 | 52.94 | 132 | 251.42 | 249.85 | 245.92 | 244.60 | 550 | 5.25
47-G | 237.7 | 12096 | 57.16 5.29 0.39 46.61 | 300 | 3 0.75 | 52.94 | 0.71 | 249.85 | 249.50 | 244.60 | 243.89 | 525 | 5.61
51-52 | 750 | 10.20 0 16.68 1.70 17.30 | 300 | 3 0.75 | 52.94 | 225 | 25323 | 253.33 | 252.13 | 249.88 | 1.10 | 3.45
52-53 | 440 | 2040 | 16.68 9.79 0.79 16.12 | 300 | 3 0.75 | 52.94 | 132 | 253.33 | 252.63 | 249.88 | 248.56 | 3.45 | 4.07
53-54 | 590 | 30.60 | 2647 | 13.12 0.62 1896 | 300 | 3 0.75 | 52.94 | 1.77 | 252.63 | 252.25 | 248.56 | 246.79 | 4.07 | 5.46
54-55 | 440 | 45.56 | 39.59 9.79 0.49 2223 | 300 | 3 0.75 | 52.94 | 1.32 | 25225 | 250.00 | 246.79 | 24547 | 546 | 4.53
55-F | 244.9 | 69.86 | 49.38 5.45 0.42 29.63 | 300 | 3 0.75 | 52.94 | 0.73 | 250.00 | 249.50 | 245.47 | 244.74 | 4.53 | 4.76
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SHOKRZ S TRET YRR

4K 2.9
56-57 | 760 | 11.22 0 16.90 1.70 19.03 | 300 | 3 0.75 | 52.94 | 2.28 | 25437 | 254.64 | 25327 | 250.99 | 1.10 | 3.65
57-58 | 440 | 22.44 | 16.90 9.79 0.79 17.62 | 300 | 3 0.75 | 52.94 | 1.32 | 254.64 | 253.00 | 250.99 | 249.67 | 3.65 | 3.33
58-59 | 440 | 4420 | 26.69 9.79 0.62 2726 | 300 | 3 0.75 | 52.94 | 132 | 253.00 | 251.90 | 249.67 | 24835 | 3.33 | 3.55
59-60 | 440 | 97.92 | 36.48 9.79 0.51 5025 | 300 | 3 0.75 | 52.94 | 1.32 | 251.90 | 250.00 | 24835 | 247.03 | 3.55 | 2.97
60-C | 216.7 | 161.84 | 46.27 3.56 0.44 7157 [ 300 | 55 | 1.01 | 71.68 | 1.19 | 250.00 | 249.50 | 247.03 | 245.84 | 2.97 | 3.66
63-64 | 610 | 10.54 | 0.00 13.57 1.70 17.88 | 300 | 3 0.75 | 52.94 | 1.83 | 253.16 | 252.70 | 252.06 | 25023 | 1.10 | 2.47
64-65 | 520 | 26.18 | 13.57 | 11.57 0.87 2279 | 300 | 3 0.75 | 52.94 | 1.56 | 252.70 | 251.81 | 25023 | 248.67 | 2.47 | 3.14
65-66 | 440 | 26.18 | 25.13 9.79 0.64 16,70 | 300 | 3 0.75 | 52.94 | 1.32 | 251.81 | 251.74 | 248.67 | 24735 | 3.14 | 4.39
66-67 | 440 | 4726 | 34.92 9.79 0.53 2490 | 300 | 3 0.75 | 52.94 | 1.32 | 251.74 | 250.21 | 247.35 | 246.03 | 439 | 4.18
67-A | 238.4 | 9724 | 44.71 5.30 0.45 4395 | 300 | 3 0.75 | 52.94 | 0.72 | 25021 | 249.50 | 246.03 | 24531 | 4.18 | 4.19
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KEFHHK TERIT

4K 2.9
72-73 | 610 | 10.54 | 0.00 13.57 1.70 17.88 | 300 | 3 0.75 | 52.94 | 1.83 | 252.62 | 250.65 | 251.32 | 249.49 | 1.30 | 1.16
73-74 | 520 | 1836 | 13.57 | 11.57 0.87 1598 | 300 | 3 0.75 | 52.94 | 1.56 | 250.65 | 250.00 | 249.49 | 247.93 | 1.16 | 2.07
74-75 | 460 | 32.64 | 25.13 | 1023 0.64 20.82 | 300 | 3 0.75 | 52.94 | 1.38 | 250.00 | 250.00 | 247.93 | 246.55 | 2.07 | 3.45
75-76 | 560 | 44.88 | 3537 | 12.46 0.52 23.47 | 300 | 3 0.75 | 52.94 | 1.68 | 250.00 | 250.00 | 246.55 | 244.87 | 3.45 | 5.13
76-77 | 500 | 60.52 | 47.82 | 11.12 0.43 2620 | 300 | 3 0.75 | 52.94 | 1.50 | 250.00 | 250.00 | 244.87 | 24337 | 5.13 | 6.63
77-78 | 440 | 74.12 | 58.94 9.79 0.38 2798 | 300 | 3 0.75 | 52.94 | 1.32 | 250.00 | 250.00 | 248.90 | 247.58 | 1.10 | 2.42
78-79 | 440 | 141.10 | 68.73 9.79 0.34 48.04 | 300 | 3 0.75 | 52.94 | 132 | 250.00 | 250.00 | 247.58 | 246.26 | 2.42 | 3.74
79-80 | 440 | 168.64 | 78.52 9.79 0.31 5242 (300 | 3 0.75 | 52.94 | 1.32 | 250.00 | 250.56 | 246.26 | 244.94 | 3.74 | 5.62
80-81 | 440 | 183.26 | 88.30 9.79 0.29 5250 | 300 | 3 0.75 | 52.94 | 1.32 | 250.56 | 251.00 | 244.94 | 243.62 | 5.62 | 7.38
81-H | 831.9 | 190.06 | 98.09 | 18.50 0.27 50.57 | 300 | 3 0.75 | 52.94 | 2.50 | 251.00 | 249.50 | 243.62 | 241.12 | 7.38 | 8.38
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KEFHHK TERIT

4K 2.9
72-73 | 610 | 10.54 | 0.00 13.57 1.70 17.88 | 300 | 3 0.75 | 52.94 | 1.83 | 252.62 | 250.65 | 251.32 | 249.49 | 1.30 | 1.16
73-74 | 520 | 1836 | 13.57 | 11.57 0.87 1598 | 300 | 3 0.75 | 52.94 | 1.56 | 250.65 | 250.00 | 249.49 | 247.93 | 1.16 | 2.07
74-75 | 460 | 32.64 | 25.13 | 1023 0.64 20.82 | 300 | 3 0.75 | 52.94 | 1.38 | 250.00 | 250.00 | 247.93 | 246.55 | 2.07 | 3.45
75-76 | 560 | 44.88 | 3537 | 12.46 0.52 23.47 | 300 | 3 0.75 | 52.94 | 1.68 | 250.00 | 250.00 | 246.55 | 244.87 | 3.45 | 5.13
76-77 | 500 | 60.52 | 47.82 | 11.12 0.43 2620 | 300 | 3 0.75 | 52.94 | 1.50 | 250.00 | 250.00 | 244.87 | 24337 | 5.13 | 6.63
77-78 | 440 | 74.12 | 58.94 9.79 0.38 2798 | 300 | 3 0.75 | 52.94 | 1.32 | 250.00 | 250.00 | 248.90 | 247.58 | 1.10 | 2.42
78-79 | 440 | 141.10 | 68.73 9.79 0.34 48.04 | 300 | 3 0.75 | 52.94 | 132 | 250.00 | 250.00 | 247.58 | 246.26 | 2.42 | 3.74
79-80 | 440 | 168.64 | 78.52 9.79 0.31 5242 (300 | 3 0.75 | 52.94 | 1.32 | 250.00 | 250.56 | 246.26 | 244.94 | 3.74 | 5.62
80-81 | 440 | 183.26 | 88.30 9.79 0.29 5250 | 300 | 3 0.75 | 52.94 | 1.32 | 250.56 | 251.00 | 244.94 | 243.62 | 5.62 | 7.38
81-H | 831.9 | 190.06 | 98.09 | 18.50 0.27 50.57 | 300 | 3 0.75 | 52.94 | 2.50 | 251.00 | 249.50 | 243.62 | 241.12 | 7.38 | 8.38
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SHOKRZE S TRET VRV RIT

F3EF KRB EITTE
3.1 SIKAIE N ERFAE

T A AR H SR I T HE K AR vt 1) — A B R AR ) o A Bk RS K Ab
JTE, #ATEHEUK) CPEAT R, SiKAAREE . KEMA R, T9KAEE] R
BB R IAMREOREE R R Y], PSS B £ WA E . TR BT
BEGE PR, FB RS MR EAT : AT et > S iAs SRV S L) XX — 2
W)\ <o b v | e vivh 2| WAAANS =i N A MK VA R =277 53 B 2 N = ks TR A i s W S TR
J XA B 29 R K R AR G s A K A s s Ik N TR E B A R
LB R K ] BRSS9k kN Rgil . w5

3.2 [SIKAIE T ZiRFEa1EEL
3.2.1 EISKAIBR BB T ZR12

T5 K AN T2 R R R 2 v o2 B AL T R GRS TR A B R SR R

—RACFR H AE T L BRIk BRI AR G, YR BE N T,
I — AL B RENS 2 BR TS K ) BOD {1 20 % ~ 30 %.

TR R GRS KA R, VAR F, T A, V5K
BODs{H A [£ % 20 ~ 30 mg/L, — AT LLIE B HRBOK A ARE LA HH 1) 22K

RIEFRE (CEAMHK R TEY (GB50014-2006) w40, ¥57K) KI5 AL E R 40
% 3.1 fior.

R 3.1 15K AR ZEP

. VOBLIB e
ALFE 25 5 ALFE 51 FETE
SS BOD5
—2 MRS ULiE CHARDTE) 40 ~55% | 20 ~30 %
AW R WIRUTIE VI . —IRUTTE 60~90% | 65~90%
%
TG e vk VIRPCTE ~ TEES TN . —IRPTTE 75~90% | 65~95%

MR 31 AR, RIS TR A AR B R B, (HH L U T A REA Rt
%% BOD5. COD M'SS, Xt A ) LB A — & IIBREER, DUATRTS Ve h R
AN, B RERFELIY 10 ~20 %, BERIEERFLI012~19 %, IEARZTREBHX
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REEZHHK IR
B LR E R, FIL, VARG KRB L.
3.2.2 Sk AR T ZEK
V5 KBNS AT AL I R R I BSR4

iy
BOD5>4
TN
R I
B0D5>17
TP
TR X TR AR S > 17 mg/Ls
At
BODS__220__275
TN 80
3005_220_20>17
TP 11

JR 2 BODs/TN WS A%, % BODs/TP 7§ & 223K, N IRIE AL ER BRI A AL, A
TRES T, R A BT JE AN AR, RS 0D B4R AR AN
FERTRERIRIIRAN AL, DASE RLPTR FH B [R5 B R T2
323 SKABTZ%E

A TR 5 KA E ) [T i 3.5 JT0, JR /N KA B AR it
RHKOKPIEE] (GB18918-2002) — % A biit, BT ZAR Ak PR3N 95.5 %,
BRERE 81.25 %, AHERFE 92.9 %, H—1GH A0 T ZHAE LB 2K
JREER . A TR BHUR = 24025

A AR A BT AUXHESE AYO TEMATH R, LS AYO T Z AL
b A R RS BRI TS Ve AT U AL AL B, 32w A BRI R
TG AYO T2, T RIS I 2 B M ZUE A RS, RIS JEE N PRI 5 K
DESERF I K b 5y AR B SR BT LD, SREBR AR R 258 S D35, T T S0 A W BRI A0CR -
BRI AYO TZ0 AT Sk, ALY RIEL 7Y (e 10 %/t K E SEE N T
St (53— Bk, 29 SR 90 Y% B EHE N DR, Tl AR AT HEK H )
ANIIERIIRIEAT SRt KERE RIS I N RO R, THBR 1K 20 IR BR B Y
AFIREHE, 25 7 RGHEYIRIERE ). HEA T ZRAENE 3.1 Prx.

Ak, SR AYO LZILHAAL S AYO TEMH: RGW R, K E N E D,
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FERA. G HRABIBIT R T, LWRNEARERERIE, TWIKIsIRZE, SVIHE
—BUNT 1005 ISR EBHKE R, BAAREIERG BT R 2R, R HRER T,
AASEINTE BN E, AT 9 . sl R 30 AYO L2475 /K AL .

90%

T b
kg PR pein ol {0 4’— ok
|

B 3.1 %R AYO TZHRER

il 3.1 fros, WUCEEA I . DRAEI . SRR T AN 2 AEUth 2 25 R 2 AYO AR I B
B T2 RGBT PY AR A 0 s B o T Xk T DARR 8 Ab 3 B AR et A it K 9 7
AR, RERA LR TR A, 5 AaEER NER A, ek &
BFER PR AR . SR 2N AYO T2 TR At v] DR A AR B 7K 45 B T 1
HRT — & BN 20 ~ 30 min, #E7KIm &N AN K TSR ER 10 % ~ 15 %.
Foft X3k it S8 5% 48 AYO TZEMFM,

g4 AR KB AL TE DA S A B R SCERF AT, BLR. AYO 2% COD. BOD:s.
SS\TN.NH3; — N.TP KP4 LBRZ 53 HI AT IE 87 %- 90 %+ 92.8 %+ 61 %- 92 %+ 91.64 %,
MG T2 OAA TIRKSES, (Ao EHa L BT B AOKBESR, JUH 2 S &M

S figglsiiel

[=] it
PN -7 [ N 7 B

|

B 3.2 ZZAETZRERR
A TR =GR AL B AL BRI BOOUR FH B S AEIE I (BAF) b =ABrmi s a0, LT &
3.2, HEEMPEIR AR, R AR YT IESEAER], HR R B E TR
i, TRELDr, ACBRCRE . (s BRBER AU IR R 17 3, 7870 A R AE0E
M TTE L IERREIE,  [RIN OIS i S AL B e IR BREEA B, RS iRs, 22145,
PR = R i BOR TR A8 (BAF) Ik s Bmi g 75 3.

ik, ATREBHRAERN T ZREN =903, BRI 3.3,
29
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Nz 15K B
g
I |

[j__(D [ === o[ |= mu

Dimbih BRAYOM UM RANGAEIET AR MR

el
7

[}%:k%i}n(}=n[}mﬁmw

WAL PNl — it il Y5 YR IKALG

B33 EEGHEKLAE TEREREHE
3.3 FKAIEEITHE

3.3.1 FHEH

AR TR W RS MHE 935 7K ) 5 7K I 3 — i AL PR 4E i, 75 7K B DN80O [ % i
MR X BB 5] AKEAIIE], 1B P A A, TR S LA 3.4,
[ ‘ I
Sef o | e]5S
i

o, |

o
o = m
3
-
A 3.4 BiERER
Wit A SH

Quuax = 0.401/2 = 0.2005(m3/s)
3.3.1.1 HEEEYEIREE n (1)

_ QmaxVsina
n = (3.1

ATREVS M, — AR, 55— HT TAER . fif a=60° , i
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28I b=0.021 m, MAT/KIR h=0.4m, EHHRE v=0.9m/s, FRNEIE TGS E] B %

QmaxVsina 0.2005%x+/sin60° A
n= = ~ 25 (M)
bhv 0.021x0.4x0.9

3.3.1.2 &3 E B(m)
M2 BEFE S= 10 mm = 0.01 m, A% 5 B2 LUAR A 98 0.2 m, TUIAIAE 58 22
B=S(n-1)+bn+0.2 (3.2)
RN IS
B=0.01 x (25 — 1) + 0.021 x 25 + 0.2
= 0.965(m) ~ 1.0(m)
3.3.1.3 1 HEKLIBK hi(m)
A S T TG FH B AR T T I, R B B=2.42, kKH 3, ALK

4/ 2
m=hw=ﬁe)3-%ﬂmwk (3.3)
10 T A ) K S A R
he = 2.42 x (2L V4 0.9° X $in60° X 3
1= (G2 * X7 o8 X Sin
= 0.097(m)

3.3.1.4 MEE2SE H(m)
AT IR ha B 0.3 m,
H=h+h; +h, =1.0+0.097 + 0.3
= 1.397(m) = 1.4(m)
3.3.1.5 i 24KE L(m)
BE/KIRIEFERE B1=0.85m, WividlrBITAE a1=20" , #E/KIEIENRFLEN 1.1
m/s. DU 55 oK

B-B; 10-0.85

2tana;  2tan20°
A 5 7K 2R T S A PR A S K

L, = ~ 0.21(m)

_L_oz

L:L1+L2

ana

H1=h+h2

A, HUOAMFRTSRIEIR, m.
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1.0 + 0.3
L=021+011+10+05+———
tan60°
= 2.57(m)
3.3.1.6 B HMEE W(m*/d)
__ 86400QmaxW1
W == (3.4)

FEHHEIFRE 21 mm, HUHE & Wi =0.07 m*/10°m3 57K, NI

_ 86400 X 04001 0.07 _ . o oo
1000 x 1.40 = 1.73(m"/d) > 0.2(m"/d)

KHANIEE TR & (ARKHKBETFFEMSE 11— &) 56 521 71, A
Wik H GH BEE2& A RIFE MM ERTS AL, 5 8 GH-1000013],
£ 3.2 GH BIEA R MRS LIRS S5

SR IRPIES 25 AT AR
(kW) (mm)

MW5E B (mm) | R H (mm) | ZZEMAEa®) | M2k E (mm)

1000 < 10m 60,65,70,75,80 15~80 0.75~2.2 50x10

3.3.2 ZHigHit

AR TR A BE DRI AT, 20 LBRE I BIFY . T, d4YR
FNE AR BRI . W& TEB b =0.010 m, JEHHAE v=0.8 m/s, thAPHLABEUE S 5%
N R AN
3.3.2.1 #R&EEIBHEE n

&M A a=70°

n = QmaxVsina _ 0.2005xvsin70° 54 (/l\)
T b 0.010x0.4x09

3.3.22 iHEMHERE B (m)
B=S(n—1)+bn+0.2=0.01 x(54—1)+0.01 x 54+ 0.02 = 1.27(m)
3.3.2.3 3 &K hy (m)
A S U5 T A48 6 T I T

h = hok= B> s
LR ﬁ(E) 29
0.01 0.92

4.
3
00z 2 *7x98

=242 % ( X sin70° x 3
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= 0.28(m)
3324 MEEERSEH
M AT YR IE = ho=1m, NI
H=h+h; +h, =0.4+0.28 + 1 = 1.68(m)
3325 HEMESKL (m)
1. i85 L
BE/K U2 T8 A FRRE N 1.34 m/s,  DUSEZK 34820 o 30 20 K

B—-B; 127-0.85

b = 2tana;  2tan20° ~ 0.58(m)
2. 1HHE L
A 5 7K 2R T S A PR A S K
L; 0.58
2 = 7 = T =~ 029(m)
H1 = h + h2
X, H O AMETRER, m.
04+1

L=058+029+10+05+-
= 3.18(m)

an60°

3.3.2.6 EHMHEEE W (m¥/d)
TEMSE A B 10 mm 50T, WA & %R 1000 m3 75 7K77 0.08 m3, ]

_ 864000 4. W1 _ 86400 x 0.2005 x 0.08 = 0.99(m3/d) > 0.2(m3/d
71000k, 1000 x 1.40 = 099(m/d) > 0.2(m7/d)

AV RS, M EE B=1.27 m, AR 10 mm, 2 (L 7KHEKET
FEE 11 ——5 % £ )5 531 1L, 13 HF A [m) %% 58 [V 2 B 1, AR A 554 HF-1000,
HESH I TR 3.3,

+ 3.3 HF B B3 EH B 5 S8 X /Mg R~

TR | Bl W BT Al UK
LIRSy VAR (mm)
(®) (kW) (mm) (mm) (mm)
1535 (AR
HF-1000 60~80 1.1~-2.2 1350 980 1500~4770
LA E )
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3.3.3 Akt

YURbI ) T A S DL g 45 B9 9 Rl R #7723 B 5 /K R b7 A S5
BACER 5N 1 TAe S TR (41 (e sl AN <io 7255 W 16 A e W T T N s W/ TR 201 I - S s
PTRb I AT T i 5

R AT TR 2 R, B MG R BB A s . RS
Tt AR A — M8 N 25, A K I e e T3, AT 7 AR A I T A e PR
RS TRPHAAR R RI IR AR, P DA HIS K e Ia R, R MR B E
SETEARAG RN o RN, X5 KA PR AR o i TR = R K 730
R AEY S TE, CUERIBRE B, Zi B3 817 9% AR R SO i S
s B YT 25 /K R O E NN 5 B R T ESREN, TN R A B D33 Tt
JiE, AbFR AR — MR =,

AR TRV b F R AR R R AYO T8, — IR HsAX, BN
AN, TR AE IR T IR BRI R, BREA L2 RIS, .
U, N T ORUERR BB ESOR, ATk F R ST .
3.3.3.1 Wit &M

KA R B E 0.40 m¥/s, f/NATHALER 0.36 mY/s, At E - FR =it
WA, BRI E N 0.20 m¥s, f/NEHHRE 0.18 m¥/s, ARk 2%
Kz=1.50.
3.3.3.2 ®ititE

1. ARG E L(m)

B KRR N AIE v=0.25 m/s, JATRSIA t=30s, M

L = vt = 0.25 x 30 = 7.5(m)

2. AKRETEER A(m?)

max 02
= Gmar _ 02 _ 4 g(md)

A =
v 0.25

3. MEFEE B(m)

HY n=2 #%, 4455 b=0.6m, M
B=nb=2x0.6=12(m)

4. BYUKR ho(m)

5. LA FR V(md)
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B 5 K UTvb & X=30m3/10°m3 157K, JERRUTHP R IE]BEES [a] T=2d, 15/KinE R

ALk R B Kz =1.58, N

0.2 X 30 X 2 X 86400

1.5 x 10° = 0.69(m?)

6. I-I_%lﬁ: S-I—%_"-H
RESR RSB TR S 2 4, SR 44, TTRS 21

Vo= : =0.17 m3
0 2 X2 ' ( )
7. ";)'LE&—I’Q R‘j

(D WEFR Y EO% a@m) BCFE 3=035m, SRR a1 =05m, FAEESK

IR 550, AR

__2h
a=—=+a; (3.5)
i
_2><O.35+05_10
tan55° 5= 1.0(m)
(2) PRI Vo(m®)
m
.
Vo = f(Za2 + 2aa; + 2a42) (3.6)
i

0.35 , ,
V0=T(2><1.0 +2x 1.0 x 0.5+ 2 x 0.5%)

= 0.20(m?) > 0.17(m5)
AV S hi(m)
SO 2 5 YT I3 ) TR 2 BRI U S A A ORIt ) A A R Ay o VR Ry D 2

W BE S 0.06. TIRPHIKEE N[2(L, + a) + 0.2]. it P iiad - E bR EE S 0.2 m. T

L—2a-02 75-2X10-0.2

L, = =
2 2 2

= 2.65(m)
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hs = h, + 0.06L; = 0.35 + 0.06 X 2.65 = 0.51 (m)

9. AL EEEH (m)
HutEEh, = 0.3m,
H=h; +hy,+h; =03+0.67+0.51 = 1.48 (m)
10. WHE R /NRIRUmin(m/s)
fEf/hmER, RA—8 T, Bln=1, H/MNIE Qus A 0.18 m¥/s, 1ZiE FIT
fib s o ZK A T T T AR i N 1 M2, X

= min (3.7)

U, =
mn
Nn1Wmin

iy

018
Umin = 775704 x 1

3.3.4 IR AY0 Rt
SN WE AP RCE 1 sops=20 %, Ns=40%, Nnwsn=35%, N1N=
5%, nt=5%, MAA—HARTfEKBRIEE 3.4 FioR.
R 3.4 —FKA-EHHAKKE

= 0.45(m/s) > 0.15(m/s)

KB AR COD BOD SS NH;-N TN TP
JR 57K 400 220 200 70 80 11

— K 320 176 120 66.5 76 10.45

— PR B 80 % 20 % 40 % 5% 5% 5%

TRAE B HEK K : COD =320 mg/L, BODs K So=176 mg/L, SS iKE Xo=
120 mg/L, TN =76 mg/L, NH3-N=66.5mg/L, TP=10.45mg/L, HMLEER S C, &

EARIREL 25 C.

g5 2 MK BRIV DA R A ) A DG SRS S 1, TNk I 2 B A%O 200y
COD. BODs SS. TN, NHi-N. 7P HJ P32 BREZ 737015 87 % 90 % 92.8 % 61 %
92 % 91.64 %. it H/K/KF: COD=41.6 mg/L, BODs WK EF S.=22.88 mg/L, SS
¥ X.=8.64 mg/L, TN =29.64 mg/L, NH3-N=1532mg/L, TP=0.87 mg/L. HAk 2t
H KK T R DL RE B8k B FEBE WL R 3R 3.5,
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£ 3.5 i HAKE

KI5 AR COD BOD SS NH;-N TN TP
J 57K 400 220 200 70 80 11
— K 320 176 120 66.5 76 10.45
K 41.6 22.88 8.64 532 29.64 0.87
T RAEBRAR 87 % 87 % 92.8 % 92 % 61 % 91.64 %

3.3.4.1 MAIRBALIRAKLRERN AYO

BODs/TN = 220/80 = 2.75, BODs/TP =220/11=20> 17, & %R, ATLURAS R
i A%0 .
3342 FEXEIHHE

1. SRHE

WATEGTRE 00=9d, {5URETR R Y=0.85 kgMLSS/kgBODs, Jx N ith P iR &
TR AR K S X=4.0 g/L, 1M

_ Q(SO_Se)emyt
Vi= 1000X (3.8)

U2 X 3 i AR

35000 x (176 — 22.88) x 9 x 0.85

1= 1000 x 4.0
12 X 3K 7745 BE I [a]

= 10249.47(m3)

t, = Vl/Q — 10249.47/35000 = 0.29(d) = 6.96(h)
2. AERTR
I
V, = Vl/4 = 10249.47/, = 2562.37(m%)
B—HBH R

V..
18
Sy = /h = 2562-37/4_5 = 569.42(m?)
HEAT TLREH SRR BB B, S b1 = 4.5 m, <R Bt Ky

Lo S 569.42
17 8p, " 5x45

= 25.31(m)
AT W R

gE SR NLL: Py, = 45/, =10, Wb/, = 1~2.
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WK R T L "1/,[)1 = 2531, =562, difly, = 5~10.

WitBEEE S 0.25 m, ZX IR FEEE=5 X 4.5 + 4 X 0.25 = 23.5(m).
BUEE N 1.0 m, WM E H =45+ 1.0 = 55(m).
3343 REX®EITTHE
. BRHE
K H A8 1 Az X S
SR EIE R Kaerr)
20°CH}, it ZGEZE Kaepo = 0.06 kgNO3-N/(kgMLSS - d), ¥ %%6 = 1.08, #&it

KR T=8°C, I
K e = 0.06 x 1.08%720 = 0.024[kgNO; — N/(kgMLSS * d)]
PR OV R G HERR I AE & A Xv, Forf MLVSS 7£ MLSS H1 i S I H N y =

0.7, X

QSoSe) (3.9)

AXy = yY: 1000

U] Jse ozt 2 GEHERR Rl A= 0

35000 x (176 — 22.88)

1000 = 3188.72(kg/d)

AXy = 0.7 x 0.85 X
B SR IZ X MR
Z X BEK )AL EIRE Ne=66.5 mg/L, H/KSEIKRE Ne=5.32 mg/L, 7] L
P ERAR X AR

0.01Q(Ng—N¢p)—0.12AXy (3.10)
KgeX .

V2=

WG

v 0.001 x 35000 X (66.5 — 5.32) — 0.12 x 3188.72
2 0.024 X 4.0

= 18319.31(m)

Z XK 745 EH I TR

v, 18319.31
t, = =" —0.52d = 12.50h
2 /Q 35000

38



SRS TR W ELRTT
2. R¥higit
SRA X BRI
Vz o= V2/4 — 1831931/4 — 457983(m3)
SR XCRE— A R AR

V..
Syp= "1/, =457983/ _=1017.74(m?)
BRI K S X AR, B Ly=23.5m, XA R

B, =7 y, =101774,5 5 = 43.31(m)
SR DCR RS BT, B 95
b, = B2/, = 4331/, = 21.65(m), W 21.7m
FARR I XUBRIE Bett, it HERIE 8 10.85 m, BREEEEJE 0.25 m.
ZIX SEBR A E = (10.85 X 2 + 0.25) X 2 = 43.9(m)
3344 REXEMHREXZITIHTE
1. RKAXEER
FesRIRAIX AR, BUZIXIK 71 B E] = 1.5 h, T PREX S A

35000 5
V3= QVy =—,—x 15 = 2187.5(m")

PR TR A X AR, 1Z XK 715 B I E] t = 30 min, T

35000 30
X — = 729(m?)

Va=Qt=—7—%%5

2. ARBRTIRITHTE
B HIREBERN

Vy = V3/4 — 2188/4 = 547(md)
B PREEIA R AR

14
_ 3%/ _547, _
Sy = /= 5 /45 =121.56(m?)
AR A
Vo = V4/4 =729/, = 182.25(m?)
T — S TR AR A R AR

V
S4$ _ 4$/h — 182.25/4'5 — 40_5(m2)
WA AR LRSI 8 R AU XU B8 P =T A X B P+ IR S KR, B La+
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Bs=23.5m, M
PRAX ) A 205

Szt S 121.56 4+ 40.5

By=1L,= -
3T T L+ B, 23.5

PREEVX B A RO

= 7(m)

S
34
Ly="""/p, =12156/; = 17.4(m)

B, =23.5-17.4=7.1(m)

VTR X RUBRE, M ERIE R 6% =7/2=3.5 (m), B EFHEZIE 0.25m, MR
UK S o 5

B; = 3.5x 2+ 0.25 = 7.25(m)

TREREE X WA E BT, B8 JBIE 5 5 =7.1/2=3.55 (m).

3345 BMRR AYO & MiBEAIZIT S5
FLA RNt ) J 25 A
V=V,+Vy,+V3+V,=10249.47 + 18319.31 + 2187.5 + 729 = 31485.28(m?)
HELARIK I 45 BRI [

_V, _31485.28 — _
BOD:s {57e 41477 Leops

QS, _ 35000 x 0.176

L = =
BODs = Xy, 4.0 x 10249.47
148X R AT Ln

= 0.15[kgBODs/ (kgMLSS * d)]

SR 35000 X 76 = 0.06[kgTN/(kgMLSS - d
TN=7"Xy,  ~ 4.0x10249.47 x 1000 [kgTN/ (kg )]
S AR Lp
QxTPy 35000 x 11

brr = v, T 70xz188 x 1000  0HALKGTP/(kgMLSS - d)]
FHIE (R AMEK R TEY (GB50014-2006) % 6.6.18. % 6.6.19. £ 6.6.20, =T

TG EEATF 52K,
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3.3.4.6 FERiTREAX
SR AW I N PN TR A A A A T AR 2 9k
Xy =yX = 0.7 x 4.0 = 2.8(gMLVSS/L)

FoRAYE =i
BU/5 YR 7= 280 Y=0.6 kg VSS/kg BODs, I 2% Ka=0.05d", X
Py =YQ(Sy — S.) — kqV1Xy (3.11)
W A= e P i
Py = 0.6 X 35000 X (0.176 — 0.02288) — 0.05 x 10249.47 x 2.8
= 1781 (kgSS/d)
ZJa RAEY SR &

B SS HIi5 e 4% f= 0.6 g MLSS/g SS, #E/KIH SS #E Xo= 120 mg/L, H7Kf SS
WE Xe = 8.64 mg/L,

Ps=fQ(Xo— X.) (3.12)
M HEAE Wi Ve re &
P = 0.6 x 35000 x (0.12 — 0.00864)
= 1919(kg SS/d)
P RV5 Ve &
AX = Py + Ps = 3700(kg SS/d)
SEBRTSRT R RHY = — 3700 = 0.69(kg SS/kg BODs).

0(So—S2) _ 35000%(0.176—0.02288)

3.3.4.7 HHKEIHTTE

%iﬁﬁiﬁﬂ(&iﬁfﬁo AR TR 2 I St &g, /KB I ik K 5 RS
RHEN, BWERSGE, BEEKE. KA BIBE .

AW R RS K BT

_ Q 0_ 3
Ql_KZX86400 1.39 x 86400—0.56(m/s)

WA IRIE v=0.8 m/s, NI 7K W i T X

4=y, =0 56/( = 0.175(m?)
Eihd= 2= |27 2 0.47(m)

A

HE7K & % B DN500, S2BRE T8 i
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FRREAT MRS Ve IR TE W o [Pl S Ve IRIE TR Qp o

Qg = RQ =1x0.405 = 0.405(m?>/s)
S [958 SR B Qg = 0405/, = 0.10125(m3/s)
WAERIE v=0.7 m/s, L1 W7 A

A= QR/V — 010125/07 — 0145(m2)
HUUIE W b X h = 0.6m X 0.3m, SERRE

0.10125 _
V=06x03 0-20(m/s)
HEIE RS 0.3m, EEAE

0.3+ 0.3 = 0.6(m)

Ve LSS i A
ALK AL Q) = 10%Q = 10% x =2 = 0.014(m?/s)
PRAHE AL RRQ, = 90%Q = 90% x == = 0.126(m?/s)

FLOVIE v= 0.6 m/s, FLIE/KErmARTHE T
HEBUR AR TL MK A = 0014/, - = 0.023(m?), #itAL IR 0.16m x
0.16m.
HEPR A KL DK TR AT = 0126/ - = 0.21(m?), #H4L R ) 0.5m x 0.5m.
BEK %1 R ) 6000mm x 1600mm .
ZJa vt KB J oK BT
%% b=55m, X
Q3 = 0.42 x \[2gbH”2 = 1.86bH ™2 (3.13)
H
Q3 = (Q, + Q,) x 2 = 0.28(m?/s)
MIE_F (R 7K Sk i =

1.86b 1.86 X 5.5
HKFLIE T 5K FLAH [E]

B JE AT KB BT B2 ORI K R B

42
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Qs = Q3 = 0.28(m*/s)
IR v=0.8 m/s, FiE LK
a="0s/,=028/ o —035(m?)

i d= \/@ _ [axoss _ 0.7(m)
T Vs

il

3348 BRARZEITHE

il

1. ®ZIHES = AOR,

BOD MR HH k=023 d', BODsRIH A t=5d, XL ERE

Q(So—S)
Dl = 1_2—kt

— 1.42Py (3.14)

WG

35000 x (0.176 — 0.02288)

. e —1.42 x 1781

= 5313.37(kg0,/d)

HEK BB E No= 76 mg/L, Hi7KH) NHa-N [ Ne=29.64 mg/L, XiEtb T4

D, = 4.6Q(Ny — N,) — 4.6 X 12.4% X Py (3.15)
AW
D, = 4.6 X 35000 X (0.076 — 0.02964) — 4.6 x 12.4% x 1781
= 6448.08(kg 0,/d)

X F A A R D T S
SR A A B () B 25 2502 Nire
e S R E 124 %, N
fHHTE R E %= 0.124Py = 0.124 x 1781 = 220.84(kg/d)

A R TG B B = 6.31(mg/L) -

P T R =K R K S R P T 2 PR B
=76-29.64-6.31=40.05(mg/L)

L IR TR L R
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N7 = 35000 x 40.05 x

555 = 1401.75(kg/d)

i
D; = 2.86N; = 2.86 x 1401.75 = 4009.01(kgO0,/d)
MFEAEAOR = Dy + D, — D3 = 5313.37 + 6448.08 — 4009.01
= 7752.44(kg0,/d) = 323.02(kg0,/h)
AOR,,,, = 1.4A0R = 1.4 x 7752.44 = 10853.42(kg0,/d)
= 452.23(kg 0,/h)

AOR 7752.44

28 ==Y NN —
il:]gj& lkgBODS E’Jﬁ%&% Q(So—Se) 35000x%(0.176—0.02288)

= 1.45(kg0, /kgBODs)

2. INEEEE

AR TR IER RS RN 1.013 X 10° Pa, KA SRS, LB A E0E TR,
PEVBJE 0.2 m, MERIRE 43 m, EHEBHE Ea=20 %, &wE/KiEHN25C.

JEJIMEIE 24

| TEPHEATUE

1.013 x 105
IK R IB R AN AT Cooy=9.17mg/L, Csos)=8.38 mg/L.

TAPHLAS I H A B 4E 0] T )
P,=P+9.8x103H

=1.013 x 10°> + 9.8 x 103 x 4.3
= 1.4344 x 10°(Pa)
75 I AU N B S A8 1 49 B

21(1—Ey)

— 0
= S X 100% (3.16)

t

i

0. — 21 x (1—0.2)
79421 %x(1-0.2)

X 100% = 17.54%
S U N it P B4V AR A A

_ Py 0
Csmzs) = G529 (60107 *+ 45) (3.17)
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U

1.4344 x 10° N 17.54) 9.32( mg/L)
= Y. m
2.066 X 105 = 42 J

CSm(ZS) = 8.38 X (

B, IREWIEMRAIRE Co=2mg/L; {5/KEFEAMNEIERE a=0.82; {5
K AR SR B E 1E R B BHL 0.95, X ArHERR AR

AORX Cs(zo)

- A[BOCsm(T ) —C1]X1.024Tmax=20 (3.18)

SOR

i

7752.44 x 9.17
R =
0.82 x (0.95 x 1 X 9.32 — 2) x 1.024(25-20)

= 11234.40(kg/d) = 468.10(g/h)

ORI bR 75 A B
SORy = 1.4 X SOR = 1.4 x 11234.40 = 15728.16(kg/d) = 655.34(kg/h)
U 48 s S S S

Gs = SOR X 100% = 468.10 x 100% = 7801.67(m3/h)
S = 03E, °=03x%0.2 6 =7801.67(m"/

RIS B Gy = 1.4G5 = 1.4 x 7801.67 = 10922.33(m?/h)
3. RRE=ESEND (EXESD p
p=nhy+hy+hs+hy+Ah (3.19)

FEIX AR RS TR FE 40 2% hy 54t RVEE R8P ) ho 2 F1EL 0.002 MPa, BRBHER
7Kk hs A 0004 MPa, M S 2%BH 77 ha oA 0.004 MPa, & #7K3kAh BX 0.005 MPa.

i NS RS

p = 0.002 + 0.043 + 0.004 + 0.005 = 0.054(MPa) = 49(kPa)

4. HERERNMENRS[HE

Jetie i me it B BB T kB A R IR A LR SRS, A5 0 BZ P,
PR EAR A 215 mm, BRSO EEIIBR 0.2 m (ML T7, AT Ea=20 %,
BN 2~3m¥/(h » AN), HTAER PR KIAA 4.3 m, RS HF 0.30~0.75 m¥4>, 7
AAEST e =0.18 kg Ox/(h = ), TIF A4 RE 77 B 75 B RS2 4k

655.34
. SORmax _ /4 _ 910(4)
! q. 0.18
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%2R TR
PR AL = A8 A 55 T A

_F _25.31><4.5><5_063 2y < 0.75(m?
5. N EEITE
KRG ETE, R E
3
Q, = smax/4 — 17370.73/4 = 4342.68(™M /h)

Wi v=10m/s, NER

= 0.392(m)

e 4Q _ 4 x 4342.68
B ~ 3.14 x 10 x 3600

T 12 DN400,
AT B, R AR A N RS AT S A R . S, S

1 Gp 1 1737073 3
W ==X =—X = 868.54(™M
Cw=5%—4 =5 4 (" /p)

s g

Wi v=10m/s, NER

4x86854
- [31ax10x3600  *17°(mM

S & & 42 DN150mm .
XAMPES R, LB RE

Gmax 4 10922.33 s

4
Qs _g
M v=10m/s, N2

7o~ 314 x 10 x 3600 _ -278(m)

WS 8449 DN250 mm.
3.3.49 HENSHERSFZEE

TEREEI R X, A% 1 SUIRIE RS BRI XU XU TE 3 &, &R E —
W1 AR RS AR SR SURE BB, FIE M | ARk, 3%
IR S Wimd 15 /K&

1. FREM

it S RV e = 23.5 X 43.4 X 4.5 = 4589.55(m°)

RE M5 KT H RNy = 458‘13\}55 X 5 = 22947.75(W)

ORI RN,y = 115 /5 = 115 x 11473.875 = 13194.96(W)

Q= 4Q \/ 4 X 2184.466
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Btk H LTI ZR 14000 W HHER 25, THRFERE N 6.10 W/m’.

2. REt
A HEEFV o = 20.3 X 6 X 4.5 = 548.1(m?)
TG K BT FR BIIHEN o = 548.1 X 5 = 2740.5(W)

1.15N ...
ORI RN ey =/ = L15X27405/) = 1575.79(w)

vt i F AL DI 2000 W HIHERL 2%, DIFRE LN 7.30 W/m?s
3. TERE M
A SR g = 8.2 X 6 X 4.5 = 221.4(m?)
BT KA TN 0 = 2214 X 5 = 1107 (W)
FABHEHLEHLIIRN ) o = 115N g = 115 X 1107 = 1273.05(W)
et B HLDIER 1500 W HHENL, DIFRE N 6.78 W/m®,

3.3.4.10 SREIRIE&ZFIEE
TSV B EE R = 100%, 598 i [a] 7 &

Qr = RQ = 35000(m?3/d) = 1458.33(m3/h)

WG S, SiHlREAEEGE, BRETkTs % s aiEgE, 411 4&.
PREQ, = U/, = 145833/, — 36458(m’/h).

3.3.4.11 BIRER
RATWEREE Ry, =200 %, JRAWRIAIE

Qg = RyQ =2 x 35000 = 70000(m*/d) = 2916.67(m*/h)

T RIRARERE 4 &, —H—%, BEREN
Qg pyi = 2916:67/2 = 968.89(m? /h) = 0.270(m?/s).
RAMEIREREGIE 0270 m%s, , HEHFE 1 m.

3.3.5 HXHE

3351 HUBEHRNEE
EitH Gomngy = 10922.33(m3/h) = 182.04(m3/min).
3.3.52 HlLEHRES
2 it 5 P=49 (kPa).
3.3.5.3 HXMLAYIESE
Witk #e 3 G, 2 1 1 %, BESXHLERES 91.02 m*/min.
S (BKHOK AT &5 11 58 495 7T, EFM-5 N LS2WDA 1% % XML
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— &, HEEBIM SR IS127-6, HELE RS NLE 3.609,
% 3.6 N L82WDA BREXI RS H

i o Bo & LB . _
Hdin | JHEP | #HEORE | HiThE FHEE
AL 5 . . Th
(r/min) (kPa) (m*/min) (kW) = (kg)
(kW)
L82WDA 730 49 104 118 JS127-8 130 4700

3.3.6 Zimith

PN It L R i <0 i . VR 1
3.3.6.1 BEIFEH

KT E Omax = 0.401 m¥/s = 1444 m3/h, 1L RECH Kz=1.39; SRR AYO b
H R [ AR X = 40000 mg/L; —JIB R AE D EAMK E Xr= 10000 mg/L; 5el=lii
L R =100 %.
3.3.6.2 ®iHitE

1. HEIERRKEER

AR TRV E 0, n=2, ZPTIRE AT q = 0.90 m*/(m? « h), WITHEH 57K
T T R

o Qua _ 1444
"~ ng  2x09

= 802.22(m?)
2. HEHFER

4F 4x1444 _
Dz\/;z / = =31.96(m), HD=35m.

SRR ITE H 73 7K T T AR

1 2 1 2 2
F=nD? =7 x3.14 x 352 = 962.11(m?)

T SE PR T T AT

 Quax 1444
9="0F = 2x96211

= 0.75[m3/(m? « h)], & 0.6~1.5[m®/(m? « h)]

BWE ZIRUTE AR BE R 0.5 m, U R yTTE i ASMED =35+ 0.54 0.5 =
36(m)-

TIRPTE M AR Y E IR AT AETE S 2 m, AT R SRR E S, U il
R KHMED =35+ 2+ 2 =39(m).
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3. KBRS T G

24(1+R)QoX
F

G = (3.20)

WA E L

C24x (14 1) x722%4.0

962.11 = 144.08[kg/(m* * d)] < 150[kg/(m?* * d)]

R KR,
4. MIEEBSHIBHKR he
UUUERTA] t=2.5h
h, = qt = 0.75 x 2.5 = 1.88(m)
5. RS REMER
WK S A s R e LHETE, 5 IR IX 28R4 2 h VR Al 8 o 5 IRIX I
%R

_ 2T(1+R)QX

T 24%(X+X,) (3.21)

RANH AT

_ 2x2x(1+1)x35000x4000

= 3333.33(m?
24 x (4000 + 10000) (m®)

ARSI X BV = 3333.33/2 = 1666.67(m3)
6. 1+§J”L/E =Eh,
(D 15} EE h's WEMRPMARIEE 0.05, 5EHER D =1.5m, [k
HWE 4% DI =3.0m, Hiff60° , N

. D;—D, 3.0-1.5
' h, = X tan60° = ———— X tan60° = 1.3(m)
mh,, 2 Tx 1.3 2
V,= E X (D12 + DD, + D) = 5 X (3.0 + 3.0 x 1.5 + 1.5%) = 5.36(m?)

(2) [ E R

" _ 1 _ _
hy = =——x 0.05 = ——x 0.05 = 0.8(m)

mh, 2 2 mx0.38 2 2 3

Vs
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(3) 8 FLBS IR B B R,

o _V=Vi—Vy 166667 53628044
4= F - 962.11 = 1.44(m)

TSR = hy = hy, + h, + h, = 1.30 + 0.80 + 1.44 = 3.54(m)

7. UEMHEEE H

wEESh=03m, ZMEEEh=05m, NI
H=h;+hy+hs+hy=03+188+ 0.5+ 3.54 = 6.22(m)

8. itk ER it

KA P OFRERK, JFRERRA.

(1) LK SR AL PR KEQ = 224 = 228 = 0.2005(m?/s)

[l EL R =100 %, 2l = FiibdtK SR A ki
Q" =(1+R)Q = (1+1)x 0.2005 = 0.401(m3/s)

BGHE KA vo= 1.1 m/s, WK% d = /% = /% = 0.68(m)

HE/K & 1EHL DN700, HE/KE SEPRIE vo N

o = 4Q" _ 4x0401 _ 1.04(m/s)
T aD,? 314x072

R T LR AR vi B 0.6 mi/s, FURTE D, 4 0.6 m/s, SR NAED, 4 N

4 x0.401

3.14 X 0.6
BEEEREEON 0.15 m U H O BEK R R A MR

D, 4 = 0.90 + 0.15 X 2 = 1.20(m)
LK SR E IR E 4 NHKIL, HKFLRSF Bx H=0.50m X 1.20m, H/KFLIR
iEUzjlg

= 0.92 ~ 0.90(m)

_ Q' _ 0401 e A
V2 = 050 T Ix050x1.20 0.17 <0.2(m/s), FF&HER.

it B T EERIRE N 1.6 m, T O S E HKFL R KIFEAN 1.3m,
FaifaE 1.55 me AWIHEL vi=0.03 m/s, Fai @ N /KREM f A

(14 R)Qpar _ (1+1) X 0.401

= 13.37(m?
U3 2 % 0.03 3.37(m?)

f
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D, = 4f+D2— 4><13'37+092—422 4.2
T TR T T 314 97 =422 ~ 4.2(m)

(3) ISyt . HOTE X A R A

_m(D*—D,") mx (352 —42?%)
B 4 B 4
YT SRR T S g

= 948.26(m?)

_3600Q,,,, _ 3600 x 0.401

nd  2x948.26
(4) IS Ui AR w6

= 0.761[m3/(m? * h)]

86400 X (1 + R)XQma, 86400 X (1+1) X 4000 x 0.401

1000nA4 N 1000 x 2 X 948.26
—/ﬂ/ﬂﬂj7kﬁ]§ﬁ1ﬁi+

(1) FERFEE . BRSO RIA R, BIEEA A & . B K AMERE
MEE a = 0.40 m, £E/KFEMEEEEEE b=0.10m/s, JilE v=0.6m/s, 7% B=0.8 m/s, N
FE -

= 146.15[kg/(m? * d)]

Ve 0.2005
£ KRy = = = 222 = 0.42(m)

- 2n2
S KRy, = \/—k +h2 = \/ZXO 19 +0.422 = 0.59(m)
hy 2 0.42

. - 3 ,aQZ 3 /1.0><0.20052
llﬁ?liﬂ(/?khk = F = To8x0.8. = 019(111)

S H R 0.11m, ME/KAER L. 0.1140.59=0.70(m).
(2) ZMIEHE AW 90° =B HIK, XUMIEH K. T
HEAMUMEK: Ly = (D — 2a)m = (35 — 2 X 0.4) X m = 107.44(m)
SERITBIESIS L,=(D—-2a—4b—2B) Xm
=(35-2X04—-4X01-2X08) Xm
=101.16(m)
MK L=L; +L, =107.44 + 101.16 = 208.60(m)

18 b A g

Q _ 0.2005x1000

Qo =7 =" =096[L/(s * m)] < 1.5~2.9[L/(s * m)],
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U BE LT MR K, 3 A I
B)E, BRKL=L,=101.16(m)

HE | 67 g
qo = L = 220051000 _ 1.98[L/(s *m)], MNF 1.5~2.9[L/(s -m)|ZIf], FFHER,

L 101.16

W E = AR % b=0.16m,

SENE N = % =221 — 632(4)

0.16
— BRI q = % = 02005% = 0.32(L/s)

BT CEKHEK BT - R 55 682 71 90° , 4 q=0.32L/s,, iHEKE
h=35 mm.
(3) HKERTT BUH/KERIE v=1.0 m/s

L_ [t _ [axo2005
o mu 7x1.0 (m)
HY DN500mm

(4) HKFHFBETT BE/KH T RIK I B B 2IA K FF, ARSI S N 1.2 2k
x2 Ko K EAIRZE DNS00. /KRR HE K GdE N H /K, it — it o ) SR LK IF .
O LBV ESK, R E B AR T DN200, A3 B8 & 15 DN300.
10. HERITE
(D HRETHE EEQ = Qy +Qy
T MRl L R=100 %, &0 1 ERR KT IEEQy, , W
Qy = 145833/, = 729.165(m%/h)

T AYO [ BE SR RTTIREQy, AR ERIAR MG ENAX = 6432 x
0.6 = 3859.2(kgMLSS/d), HXSLFRANEISJE BEMLSS .y = 8g/L, FIRIFIEKE N p=
99.2 %, IR RIRISVRAIRE

__AX38592X1000 oo 4y — 482.40(m/d) — 20 /)
T MLSS_, 8 - ) = apeAtm/® = 20w/

—ytith .
TN WA R EIQ, = 201/, = 10.05(m?/h)
ARSI EQ, = Q + Qg = 729.165 + 10.05 = 739.215(m?/h) = 0.205(m?/s)
BuiiEo = 1.3 m/s,

frd= [ 2025 _ 0.448(m), HEVE I I DN45O.
TV wx1.3
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(2) Wbl M FEAESIRIENl ORMBCE VeI, 18FE LA
KT 3m/min), 5K AR THRATGIeNE, @ He s H i s,
FERT BB G EEHRART 2K, EEA RS [E R % S AL B AL 52 Bk
Xttt AL ERIUMA R AR (AR e R TR AR AR 20T
RBLEA IR 7] VI3 RIS TAEA IR 7] AR BT i VL IR RIS 385 TRE A R
A E ) ZBG-35 B AL S R bl
FARMEREB B Tochnical Parameters

om B % zpx-20 ZBX-25 ZBX-30 ZBX-35 ZBX-40 ZBX-45  ZBX-50  ZBX-55
A (mm) ®20000 25000 ©30000 ©35000 40000 D 45000 D50000 55000
SmAkRmN) 283 442 636 769 1005 1272 1570 1900
MehONEO(mm) 020400 025400 ©30400 35400  ©40400 ©45400  OS0400  ®S5400
MR EPKN) 225 25 265 285 30 325 38 425
32488 (m/min) 2-8
RATDHEEW) 0.37 0.37  0.37/0.76 0.37/0.76 0.55/0.76 0.55/1.1 07511  0.76/1.1
R (mm) ®300 350 ®400 2450 ®500 @800 ®800 ®700
HBH(mm) 3000-6000

ommm T 2BX-20  ZBX-25  ZBX-30  ZBX-35  ZBX-40  ZBX-45  ZBX-50  ZBX-55

° 20000 25000 30000 235000 40000 45000 ®50000 ©55000
o2 ®3850 4050 ®4250 4450 4650 ©4850 5050 5250
D3 2600 @700 ®1000 1200 1300 ®1500 ®1700 ®1800
D4 ®1100 1200 1600 1800 2100 2300 2500 2600
s ®3580 3780 ®3080 4180 4380 4580 4780 4080
L 1500 1500 1500 2000 2500 2500 2500 2500
L2 650 650 750 750 750 750 750 750
B 450 500 500 550 550 600 600 600
Hi1 500 500 500 600 600 700 700 700

). EADEARNNAREIHNDEAREAMRTRRN CREARANRN,

2 ROMELEREE RS NP S8 H4P,

E 3.5 ZBG B i3 RN AR EEESH
11. FELBEERIT
TFERR S K NMEES 0.5m, 3FEF R4 1.0m X 0.4m X 0.4m, #EH DN200
HITEE S ST | HK & &R
3.3.7 BREWEM

DO JE B AR B, T 50 BB SR I B BR BT 55, A TRV I Rk S &
SRR . AN K B WU B IR FE A, TR A et R A
AL B, Fa e 1 /K A BT T oy = 4 A P o it B0t () B e o AR TCTE SR FHIBR A
JEH A S BBl ) 7 AT =R B

FE AL TR T2 5 5 m DNRY B AR W) V0 D0 A 2 R A2 A8 H AKOK B AR
GB1819-200 —Z% A FritE. o, GFE g5 EEIE &, HEBREER. A=
PACFJE Z K COD BAIK,  FERAT SOl A0 It ZUR B AN 2, AEAT 75 EEAM Bl
G| N>R RIS KR NBRIE, RIS K I NE

__ QN
Qr = oo (3.22)
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EIX B, & rh K E Q 24 35000m3/d, — AT Ji5 1 H 7K H R B B Ne=0.02964g/m?,
157K JE K BODs i FEE N 0.22g/m?, RN L5

_ 35000 x 0.02964
Qr = 2.86 x 0.22

= 1648.76(m3/d)

FINIEIKIG, RIBE G 1075 7K & T AR FE IR A A N KR B o 8t
HBEHIK K B A 357K BODs(So) = 31.74 mg/L, Hi7K BODs(Se) = 10 mg/L; Hi7K SS(Xo)
=17.24 mg/L, Hi7K SS(Xe) =10 mg/L; #E7K NH3-N(S,) = 8.23 mg/L, Hi7K NH3-N(S,) =5
mg/L; #KTN (S)) =31.91 mgL, H/KTN (S,) =15mg/L.

& 3.7 ZRAEEHEHAOKR— KR

KRR COD BOD SS NH;-N TN TP

JR KK 400 220 200 70 80 11

— K 320 176 120 66.5 76 10.45

ZRHK 41.6 22.88 8.64 5.32 29.64 0.87
ZRABAER 87 % 87 % 92.8 % 92 % 61 % 91.64 %

=HHEK 57.72 31.74 17.24 8.23 31.91 1.32

=K 50 10 10 5 15 0.5
ER QS & 13.37 % 68.5 % 42.00 % 39.25 % 53.00 % 62.12 %

3.3.7.1 RECEMEMITE
. BRBUERAAREETE
Wit 3k N R H P 3975 K B A 35000 m3/d,  E R iR SRS AL B gpy X 0.8
kgNOs N/(m? 6L « d), JERIESE 3 m, WiHHKAMR RIS, =31.91 -8.23 =
23.68(mg/L), H/KHIREIKES, =15 —5 = 10(mg/L), N
ACy = 23.68 — 10 = 13.68(mg/L)
N s RAEAGIERMAFA

QACy

= (3.23)
oy

_35000x13.68 _ . g

= Toooxig - °o0-e(md)
VE T A T AR

A= W/H - 29925/3 - 1995(m2)
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2. IBRFEKRIFEHETE

TR AR IBIR B — M HL 100 % ~ 400 %, 13 11HL 100 %, W35 /K& S AR R =
ZFT QrHL 70000 m?; 11 yEh /K J7 R 1 7 ge7 ¥ HX 9.0 mP/(m? - h), N

JE M BT AR

_@Q — 70000 = 2
A=""24q= /24 x 9 = 324(m%)
5 R A B I (]

t=§=§=aﬂao=zmmmyaEmLAOmmZEL?%3§ﬁo

3. REEEIRBITE
(D TR A EY AR ARYE DL LRI E T RIS AR LU AL, SR
6, W AsteAnug i SRy 324, Hok 4 P2, iR

Agﬁ%=8um%<1mmﬁyéﬁémﬁ£io

(2) JEMb T 3.0m FIIERZRE (HD, #it 1.2 m WEKXEE (hD, &
0.3 m FIERFEE S AL, Wit 1.0 m MiE KX & (hy), Wit 0.5 m H &, ¥t 0.5m
JE e, U]

T R BT R

Hy=H+h;+h,+hs+hy+hs =3.0+12+0.3+1.0+0.5+0.5=6.5(m),7E 5
~7m 2], FFEERK.

(3) RAAEDIEIR ) Bt 1E 57, WAEEK a = VA = V81 = 9.0(m),
I AE R 0.5m, U]

A iAKa = 9.0+ 0.5 x 2 = 10(m)

S BRI A R AR S A A K

T & R~} 10000mm X 10000mm x 6500mm, JEhE &N 4 JE.

(4) AN ST seth 25 S s B — MR 10~15 L/(m? = s), W 1HRH
12L/(m?=s) , M

B S EQ = 12 x 81 = 972(L/s) = 58.32(m?/min)

IR B — MR E 4~6 L/(m? * s), iR 4 Li(m? « s), N

BRI R KR Q = 4 x 81 = 324(L/s) = 1166.4(m3/h),

Wik TAEF B 24 hit, KPPBefEIK 15 min.

(5) KimdEkicit
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JERHMS : 900mm X 900mm X 1000mm, JEL¥E: 36 /k

JE KR 100 X 36 X 4 = 14400(1)
3.3.7.2 KBS EMIEMITE

. RERKREAREITE

H I8 it NH3-N 3K () 22 HACyy, -y = S, — S, = 8.23 =5 = 3.23(mg/L); JERHY)
NH:-N KT #1qyy, -y = 0.4gNH3 — N/(m? + d),

B 5 BE R R R T AR
« ACyp._n 35000 x 3.23
5= & Alhts oy = 282625(m?)
qNH; —N 0.4
il AL BEE AR AR
_ 5 _282625 .
§ =~ 1200 _ 23°2mY)

2. BEKRIFEHEHE
BT IEIh /K 745 B B [A] HX 40 min=0.67 h,
JEh /K 77 2R 1H AT
_H_ 30 s/l - b
1=7 =067 +om/(m” - h)
AT UK J7 2R T A I BUE TG B 3~12 m3/(m? » h), &R,
JEIh S T

H
t

A= 50q =354 4.5 = 324(m?)
3. FHCEYED
(1) THEAAAEY e AR AR YE DL BRI ikt S AR LB, e AR #
M AEACAE e S T AN 324 m?, BEE 4 %, HhAR

A = % = 81(m?) < 100(m2), A& MIEER.,
() JEMEFETHE Wit 3.0 m MERLE S E (HD, Wit 1.2 m MBOKX & E (h),
it 0.3 m KITZEIL, Bt 10 m FEKXEE (h), Bk 0.5 m (I, ¥t 0.5
m JE e,
?};ﬁ?m;%l\%}g%:
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Hy=H+hy+hy+hg+h,+h;=3.0+124+03+1.0+0.5+0.5=6.5(m) , 7E
5~7Tm ZIA], FFEEK.
(3) A BEN R~
WA NIEN T, WAELK a=VA =81 =9.0(m), BUEMEEE 0.5m, NI
M Ka =9.0+4 0.5 x 2 = 10(m)
SEBRIEM A AR S R 5 K
T R <) 10000mm X 10000mm x 6500mm, JEhEE N 4 J.
4. BSARGEIT
(D WAEYTAE WEihRE IO T H B R E RS
WA R A LI e S

_ QACgop _ 35000 x (31.74 — 10)

Re = 1000 1000
ML T A E

= 760.9(kg/d)

e 4.57QACyp, -y _ 4.57 x 35000 x (8.23 — 5)
N 1000 - 1000

= 516.64(kg/d)

A T A
R =R+ Ry =760.9 + 516.64 = 1277.54(kg/d)
(2) SEPRprfRAtEE (Rs)

RxC
RS _ 5(20)

" a[BPCym(z5)—CL]x1.024Tmax=20 (3.24)

EIX B, HRSEE R, Cspoy = 9.17mg/L, Cones) = 9.32mg/L, C), =
2mg/L, fRAFK (3.24) 18

_ 1277.54 x 9.17
0.82 % (0.95 X 1 x9.32 — 2) x 1.02425-20)

Rg
= 1851.34(kg/d) = 77.14(kg/h)

(3) ' 5&E (Gs)
IRSAEIEMME R RE TR =

Ry  1851.34

03E, 03x0.2
A TR

Gs = = 30855.67(m3/d) = 1285.65(m?/h)
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G 1285.65
N% =25 =

=== 4.0[m*/(m? « h)], S B E 2R

MRS e R FH AUR F R B I AL S8 IS, 2B RN 45 Mm?, BRRE
HERWE, TEREER v=10m/s, NERBIEN v=5m/s. TEERENAKE
&G 80 ~ 150 mm, ¥ il3%E ] DN80, SCEE ST R DN32, #iENIFE 12.5 cm.

5. WEIRIT R E MR it R sk

(D) THEBRE U . B EER A 12 Li(m? « s), VUM BEmAe i i,
)
B eSS EQ = 12 X 81 = 972(L/s) = 58.32(m3/min)
(2) IKIRIMBETHE . AKIPBERREER A 4 Li(m? « s), NI
Bl KEQ = 4 x 81 = 324(L/s) = 1166.4(L/s)
MK & K E LA

1166.4 x 30 L00% = 167
—_— X = 1.
60 x 35000 0 0

TAEE®I 24 h i, KMHEERER 30 min.
6. JeEHE

Mg S A e e r= R
_ 0.6MBODs +0.8% _ 0.6X 2174 +08X4 _ .
- ABODs - 21.74 = 0.75(ke/kgBODs)
AR
(31.74 — 10)
W, = YQ(So — S.) = 0.75 X 35000 X ~——-———— = 570,675 (kg/d)

1000
7. koK ER T
(1) /KBt BEMA 7K R G0k /N I R G KR E Sk
JERENA% . 900mm x 900mm X 1000mm, JELFE: 45 4N/
JE KR 100 X 45 X 4 = 18000(1)
(2) HKBEE
e R = 3B E R KB, it 90° RIHEC AR, Wit 50 mm (916 &, 5 1E 100
mm B 98, BT A0S 80 Ay, JKINEN & 1/2 )7,  HH/KAE 8 %6 B2 200 mm, 15
FE1H 800 mm.
8. WHEIIHIEhEE
W TE KR 1.0 mJs,
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35000

4%

IR BT B Hd, = 3600><24><;.14><1.0 = 0.359, JUDN350;

B H/KE ) TE R E 0.8 m/s,

35000
4%

s S i s A — 4 _ .
ﬁ%aﬁ%aﬁﬁ@—J%mmwﬂw{JMm,WDMWL

S, BEKE R ETBRGE S 2.5 mis,

35000
4%

&W%ﬁmﬁ%%%%ﬁ@=J 4 = 0.227, H{ DN200;

3600%24%3.14x2.5

9. Bkt

WA= Pt 6 S rh sl 75 KU, it iR B R AR MU H K AR D9 3 S bl K o
AR TR UE R FHE SR J5 1 BT /K A7 8 S e B e /K &, S K AE T K it 4
RN EL T=2h, NI

TH KA AR

35000 X 2
V= QI =——,—=12916.67(m*) ~ 2920(m*)

BB B KA R 10m, JEKM RN

_v_m0_ o,
S=E= 10 - A

JERMI NS AN: LXBXH=18.25m X 16m X 10m
3.3.8 {LE[RS

SR RS it T2 AT IS K AR BER, B0 i B 2 AR HH 7E DNHP [ AE A8 it v
BT BRA TR IR, BES AV YRR Th R LB 2, T B B DAL 2 B
LA T 1) B 240 o ) 101

3.3.8.1 BREEZFIFF MG NRVIREE

T Rl 1) 2 T Bl A2 )5 /KR BN & @k, i I & IR #h 55 K R B RRAR I S AR
BT D) . RS AR S A F R o, JERZSE B UUEY), b vERER UlE
M. FEEBRIBMAE T SANREE, S EEREREMENEERE, AT
R KRR

RKTAFNFM T, A TR TR REEmM G, &8 SRR RS E
M, gbdh, R A AR R BB G S A I, BRI A% 2 0.5mg/L LA
N, AT, PR A AR K R VA AR ARG, R A SR A B 7R R B U
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AReTER, EHATIX IR g 0 IEEMARR, BRAC T IR . B, A
TAER B R 2R . M BREEA  =ABR RE DR FH /K A AR, AT TR T
K R A AER BT, RN v DU D B 0 A B, — 287 iRIEAH BT RLBoR, %
T R B 2 K TP < 0.5 mg/L IHFBEE R, %K H FeSO4 AE ABRBEZ 7, W 7 RIE P : Fe >
2.5 A RIS E R,

3382 HAEME

TR BRI S R AYO TZ, Til SS hE R (kp) LN 5 %, —RALHEEEK

BIFAWEP,, = Xokp = 17.24 X 0.05 = 0.862(mg/L)

IR 5 ® Py, = P, — Pyy = 1.32 — 0.862 = 0.458(mg/L)

=R A H KA

BIFASWP,; = X3kp = 5 x 0.05 = 0.25(mg/L)

AR S B Pgg = P3 — P,y = 0.5 — 0.25 = 0.25(mg/L)

TN K B, HANE P Fe = 3,0 0.33 mol/mol P 54, WEHIAN TR
%ﬁm,%%ﬁﬁﬂ%ﬁ%ﬁ%,@%w%ﬁ&ﬁ%w-Rmﬂmmo

A B ARV R LA BR A ], ) RS BORE, BT AR I AR R Ak 24

%Vﬁlwnwm,ﬁ%%% SN 20.45 %o .

RS 25 7% &N q = K (P3 — Pg3) = 2.944 x (0.5 — 0) = 1.472(mg/L)
HM 258 G = qQ = 1.472 x 35000000 = 51.52(kg/d)
3.3.9 iSKIEERSZRIT
KH A M ERHERLE
3.3.9.1 EFMEH
AR Q = 35000 m3/d, &AWL FR S K N &l 5,
3392 MEItE
B SE 7 mg/L, BN &2 70 i) H =

35000
G =0.001 X7 x
PEHT AR A A =
= 15 X 24G = 15 X 24 x 10.21 = 3675.6(kg)

WIHKH 2 8InENL, S8 IMENEINE RN 0~20 kg/h, LA 1H 14, IF
60
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WA B . AR 5 X 1000 kg 755 A R IV A7 o

IR AR A G st Hodr, Wit 2 G s LA B AN SR A A,
FA L BCE RN B & R ISR i, InEE WIc R B KINERM & . SUES, BHHm
B 5 AU, REBRERE3 &6, HkRESURRE. OHEREANSRETTRE 1
CDI12-6D HHPHARET A, BB S KTk,

FEFEESL, MR E KR 1.5 m K Hh . EEPEEHEN, 2B
RGN AR5, EEVES SN, BB KW E KB, 1L
I WLEE T At 100 o
3.3.9.3 iZEUBMIZ &

AR 3R s R

WA A ) S B FR AT AV, = 4.5 X 9.0 X 3.6 = 145.8(m?),

SR M AERATIAV, = 5.0 X 9.0 X 4.5 = 202.5(m?) . NRIF 24/ M 8 ~ 12

(SYNEHE SN

NG N: G = 145.8 X 12 = 1749.6(m?)

SEN: G, =388.8 % 12 = 4665.6(m%)

WV HE I SUA] e F — 6 38 KURIR XL, A SRR F 7 6 38 Rl AL, 72 25 P 3
[ LA_F 20 em (7 B % 25— G IR &R 3 .
3.3.94 HEEMBITE

ARV PE K H = R TE PR A B A, JLB PR, Beflin A] <=0.5 he

1 H SR A 25 AR

t__35000
24

X 0.5 = 729.17(m3)

2. P AR
BOH It 2OV ERa A, LB PIRE (n=2), BREEHAR AR

729.17
Vl =

= 364.59(m?)
3. BRI A
WAt h = 1.6 m (A BOUKEE, #iF b= 1.8 m ISR 5 B, WA LAiHEL L = 18 X

1.8 = 32.4(m) K LLZL = 72 x 1.8 = 129.6(m) [H/K I K &
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B A R A B = T = 4()

32.4

4. A

A S, AR B = 1.8 x 4 = 7.2(m), it L=324m KKE. h
=1.6m FI/KIRCLHE, WAV, =32.4x 7.2 % 1.6 = 373.25(m?) > 364.59(m3)

5. T

IR 0.3 m Ay, AR & H=1.9 m.

6. KBt

FEIRKIB R R RS S B W R, B E AR EE, KoK BRI
B . E Q=041 mYs, WEE DN600mm, JiiE vi=1.07 m/s; FHRE LR
DN450, i 1.21 m/s.

7. HKE

TR T TOAE SR (1 a2, S T R ) 5 B, Rl b=5.0m. X
HE Kk

2.
— Q 3
H= (mob\/Z) (3.25)
PR e AN s

0.41
0.42 x 5.0 xvV2x9.8

H=( Y3 = 0.125(m)

3.3.10 &EfKkHITE

3.3.10.1 SUAVHREDKFHF
FC/K R A oL RS K IR, BUK e K E KB aE N
Q = 1.3 x 35000/24 = 1895.8(m?/h)
W B K EE £ Di=900mm, Jiid A

18958
- %x0.92><3600

= 0.83(m/s) < 1.0(m/s), #i/EER.

v

R KRG, FKEEANEKS, G555 EIBERA 2 MK, g EEA
2 JEJS SRS, U A JE A S B A EC A q = 1895.8/2 = 947.9(m3 /h). KH]
FET i TH s VA HE 1) T 2o T K Sk K

fF—A K BB IR B g=947.9(m3/h)=263.3(L/s) > 100 (L/s), FHMILIE, 4
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TR RIE, %E 0.5m IES.
WITED b=1.0m, BURERE mo N 0.33, NIHE FKkL

3 ¢ 0.26337 — 032
me? X b?2g 033" X 12X2%x98 (m)
XA TE, 2.5 <— <10, B =0.85m, Mhif—= 2.7, il &R G HEER.

WHEI/KEER Dy=600mm, i q=947.9(m3/h), MRHEN

9479

A
7 0.62 X 3600
I N AR R 1.5 53 Ed /KR S+ B 11 4% D=1.5, Di1=1350(mm)

3.3.10.2 R A2/0 & Ntk FH

AR ERAR M b, FEAURTHERAR IR

BEAKE R E Q=1895.8 m¥/h, #E/KE S Di=900 mm. &I ELAKH L H 0,
KAKHBEN . SRR, WAKEN 4 K3, ZJESEE, A 4 BE S5
H L U AN JE SR S A3 L RN q = 1895.8/4 = 473.95(m3/h).

KK 2 J5 LA T 56 T vas 7 HE (10 70 M i BB K &, B9 — AN KSR TRB 1
q=473.95(m3h)=131.65(L/s), &E 0.5 m FHER, HE b=1.0m FIESE, FHMRERHK
mo A 0.33, NMIHE 7Kk

g’ q? 3 0.131652 — 0.20
= |mizxbi2g (03 x12x2x98 20
HU B=0.60 m, Mt B/H = 0.3, f£2.5 % 10 2 [a], i &5 % 5 BT R

WEBKEER D=450 mm, & q=473.95(m%h), NHEAN

v= = 0.93(m/s)

473.95
%x 0.452 x 3600

FIRELK I AR 1.5 5 El K ds F E R 42 D=1.5, Di=1350(mm).
3.3.10.3 HfbAC/KFHiLER

R AR TR, BRAYEME KIS B AYO OBt El K I
PSR, Rt B K 3 S5 UTRb i K H R SH S, RN E S 5
3.3.11 irEE&EIEIT

b TS KA EE ] BT BARE EE E X, P R L m R .
ik AR B RIATE% S, SOV RIS k. A

B 0 R 4 A TR T AR WA S T S AR S R
63
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REEZHHK IR
B 2R 58 3% FH T ) I 1A R G TR A &) MagneW3000 plus & e 8 i =it 1Z%7- il
ZAFE S HAR LRSS, RS mP RS SRR R R
F 2, ZEAEBOE Y FRERLE, EEDERS H/KE R DN600 mm.

B3 DN200~DN6OOE S BIfe S M

B 3.6 MagneW3000 plus 2% g8 s IR B TR S H

3.4 SiRAEIEITIHE
3.4.1 15 RKRYE

TSR 1) R TS e P B AR S &, DTS TRAR R . VS YR IR 4 BE S Uik
I TR B2 B, RESYn/ Nme B AR RS o AR TRE B i e
BIVSIR AT IRGE, TS URIRAERT 57K P1=99.2 %, W4i G157 5 /KE N P=97 %.
34.1.1 FERSRENITE

AYO L2 ARG AT RGRER LN CAIHE, 0~482.40 m¥/d=20.1 m*h
34.12 SiRKRE

SN R A TR TS TR MR X = 4000 mg/L, 5 K 1Rl ELEL 100 %, 1)

R
X_l-I—_RXXr (3.26)

M, X.=8000mg/L=28g/L.
3.4.13 R RTHIHE
1. R4ETAR A
AR TR UM G it SR FH e A8 B [l i 2% v Ve iR e AL B e =X B ik 4L, 15 e i ]
B EHL M =30 kg/(m? » d). W4t ) X
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— OsC
A= - (3.27)

EIXH, {5eE Qs=482.40 m/d; {5 AMKRE C=8 kg/m?; 5 [&{4i# & M=30
kg/(m? « d), |

A_QSC_482.4O><8
M 30

= 128.64(m?)
2. WA BRI

ATFEWIERA 2 M5REkgi, n=2, N
SEHIRAIDITIA, = A/, = 128.64/) = 64.32(m?)

WA O BEH B D = j (440, J (4x6432)/ _ 9.0(m)

3. WARMIRE 5
R TARM 7 ROKIF N

_ T
he =S (3.28)

EIX B, WKR4YamtE T=15h, 0

QT 48240 15

he = ud = 7ax1286s - 234
WHE h=03mP#GE, it h=03m R EE, EHAVMEIE, witibEE

i=1/20, HiVEREATFEDi=1.0m MEHZ, FED=24m [HHE&Z.

bR P R R = i (5 - 22) = 2= x (3 —22) = 0.165(m)

2
IR BT hs = (22— 2) x tan55° = (2% - 22) tan55° = 1.0(m)

WGt 1R PR
H=h,+hy+hs+hy+hs = 0.3+2.34+0.3+0.165 + 1.0 = 4.105(m)
4. W4g ) Bs TR AR AR T

. Qs(1—P;)  482.40(1 — 0.992)
- 1-pP, 1-0.97
5. W45y B s KR ETHE

= 128.64(m3/d) = 1.49(L/s)

_ Qs(P1— P3) _ 0.992 -0.97 ; B
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HEEHHIK TR
3.42 IMfeith
B H AT IR, BERSIE 7oK R4 Q = 128.64 m/d (RY5IRE, BLIHEARYS
YN 150 m3/d.
Wit RE e, VSRR YR E] t=8 h, W/ ho=3.0 m, NI-yeib i) sz miA
F N

F_Qt_ 150 x 8 — 8.33(m?
= ah,  Zx30x2a - &33(mY)

Bt et B=3.0 m MHsE, i K

_F_83_
=5~ 30  28m)

e St N8, RSN 07 m X 0.7 m [ FE, #ithy=2m 5 E,
&E hl = 05 m E‘Jﬁ%i )I_I\]J7 Iﬂi?)ﬁﬁﬁ%/‘éx%ﬁ H

H=h;+hy+h;=05+3.0+2.0 = 5.5(m)

3.4.3 [5iiE it

AR R iR R A . HFHER: JSIRELELMN T, hft L R
S TSI TP AN, 24 COL M CHy, 5T A RIS, Hu5 e REIE 1L
T ERasE . RAH N EIEER M R TR F e R NI B, KA ML B L LR
e A — S8 AL
3431 SRREEKIZEE

AR TREEHEA g5 R RAHL TZ, BHEHENIbETEET. Tk EsRE
AN A AT IS 34 o — A i R T AR IR S REIA 3 35°C, IR R A
IR . —ZOE GBS T R B E N LR, PR ERRE R EN
80%. Z—ZiHMIG, —ZAEE )5 TSV NAEE SRR TR G, —guE
TG IR AN FHE A £, — A M AR IE 88T . i — R B AR
20~26 °CHITRE . —Jif it 75 ZER B A e, JF MR BiEm, AR Rk A
PR 20 % iAo [FIB, IR B IS R R GE A . SR Y A i [
i, BRI T . SR R B RN I P SV SN BRI, B
R4
3432 EWHBRTEITIHTE

1. HEET B ER

HRwE 0.=20d, N
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V=060,=150x 20 = 3000(m>)
— %5 AR 2:1, W—ZE it B R R, I 1000 m3. 20y kit A
TWCE 1, AN 1000 mi.
2. E#EREE LIRS E
— P AR A AE R T R
WIMEHMmEAE D N 11 m, £5BER G AN2.0m, WEEKER G 2.0m, 4
SEEE hE2.0m, HEAKHH 15° , #%

HEVRRE SRy = hy = —2 X tan15° = 1.2(m)

W) RS R =D =11m
THEARF

2
ARV, =" x hy =205 x 2 = 6.28(m?)

2 2
L%iﬁﬁv3=—nh3(%+%“3+dz) Ixmx12x (42224 2y = 46.36(m?)

NHER BRIV, = V3 = 46.36m3.

X112

2
FEARARW, = - x hy = x 11 = 1044.84(m?).

AE AL IR I A AR
V=V,+V,+V;=1044.84 + 46.36 + 46.36 = 1137.55(m3) > 1000(m?)

THRR T :
EARERMMNAA, = —d3 +mdshy =7 % 2% +3.14 X 2 X 2 = 15.7(m?)

EERIHA; =S(D+dy) Xt = = 281.01(m?)
T AEAR R THTAR

P w2 —”xz'02+”x 11+ 2.0) X — - = 90.54(m’
27 4 72 sina 4 ( ) 15° SHm?)

3.4.33 HWRTIHE
1. MRESRFEAREQ, (kcal/h)
IR WEALTSIRIRE To =35 C, A5 RETFWIRE Ts=18 C, HPFHWRIKEE N
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Ty =12°C. R4 fuibt ARGV =V, = 150/, = 75(m3/d), #

75
Q1 =57 (Tp = Ts) x 1000 = - x (35 — 18) x 1000 = 53125 (kcal/h)

B KFEIAE

Qimax = ;/—4(TD —T,) x 1000 = ; X (35 — 12) x 1000 = 71875(kcal/h)

2. WA AR Q, (keal /h)

AL BB R R BERH : th3 K=0.7 keal/ (m2 *h « "C); Huffi LL_E#0 fljth ie
K=0.67 kcal/ (m2 < h« ‘C); Hul LA T #5rHhEE K=0.457 keal/ (m2 < h « 'C); X4t
MR, KA RS TS Ta=12.5C, XFFITFIRE N Ta=-3CHIEN T
AR Te=13.5C, AFHIMHHEIRE AN Ts=3.27TC.

(1) Vb PR . W5 EUGNE AR F = A3 + A, = 281.01 + 15.7 = 296.71(m?),
WA BTN RS,
M35 T B AR R
Q. = FK(Tp —T4) = 296.71 X 0.7 X (35 — 12.5) = 4673.18(kcal/h)
Tt 5 f KA AR
Qimax = FK(Tp —T4) = 296.71 X 0.7 X [35 — (= 3)] = 7892.49(kcal/h)
(2) Hhif P it BE ) #AGR O . YAk it BE (1) 1/3 FEHLTRI DA, 2/3 AEHRE DAL,
)
F=2/3A; = %/3 X 380.13 = 253.42(m?)
TR DA b (i B 1) P S5 FE #v
Q,; = FK(Tp —T4) = 253.42 X 0.6 X (35— 12.5) = 3421.17 (kcal/h)
bR DA (v B 1) e K FE#V R
Quomax = FK(Tp —T4) = 253.42 X 0.6 X [35 — (—3)] = 5777.98(kcal/h)
(3) M LA R B R k. F=1/34, = 1/5 X 380.13 = 126.71(m?), 14h
NI
HiTAT DA (i B (1) P S5 FE #v
Q3 = FK(T;, — T4) = 253.42 X 0.45 X (35 — 13.5) = 2451.84(kcal/h)
HbTAT DA (v B 1) e K FE#v
Quamax = FK(Tp — T,) = 253.42 X 0.45 X (35 — 3.2) = 3626.44(kcal/h)
(4) MWRPILL . F = A, =90.54(m?), JbIM A%,
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AL 33 FE R
Qg4 = FK(Tp —T,) = 90.54 X 0.45 X (35 — 13.5) = 875.97 (kcal/h)
Ak e KFE R
Qramax = FK(Tp — T,1) = 90.54 X 0.45 X (35 — 3.2) = 1295.63(kcal/h)
R UIEGE
B RV AL P 3 SRR
Q2 = Q21 + Q22 + Q23 + Q24
=4673.18 + 3421.17 + 2451.84 + 875.97
= 11422.16(kcal/h)
e AT AT T B R FE A
Qamax = Q21max + Q22max T Q23max + Q24max
= 7892.49 + 5777.98 + 3626.44 + 1295.63
— 18592.54(kcal/h)
(5) s 5 HAR IFERAE . BT B U 8 T 5 FA S e 2 (R AR A2y i R 0
FERVEDT 10 %, NI
05 = 0.1 X (53125 + 11422.16) = 6454.72(kcal/h)
Qo = 0.1 X (71875 + 18592.54) = 9046.75(kcal/h)
BEEH A AR R B
Qr = Q1 + Qy + Q3 = 71001.88(kcal/h)
Qrmax = Qimax T Q2max + Q3max = 99514.29(kcal/h)
BAHC RGN EE
Q' =nQr = 2 x 71001.88 = 142003.76(kcal/h)
Q) = NQrmax = 2 X 99514.29 = 199028.58(kcal/h)
XA, n A—ZHIB AN
3434 RmB[AITE
KRBT R Ve - /KA e 2 AN RHIR A 177 2N S AR B THR S AT K
PR AT IE A E TR
. SRESREME
B PR AT N B E — B AT AR, ARSI

AL A E 5 IR R Qs = 75/, = 3.125(m3/h)

FEAVG I BN —JOHAILRT, S 5ROk —JH s le iR &, BT HE:,
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£ AR THAK TRIEI
A le S5 R N 12,
[EA AL V5 YR Qs = 3.125 X 2 = 6.25(m3/h)
TEAR IR S EQs = Q51 + Qsp = 3.125 + 6.25 = 9.375(m3/h)
2. WHISRHOERE
SRS R H P AR 13 °C. A5 e STHNTSIRIES G 15 TR

1x13+4+2x35
T = 3 = 27.67(°C)
N JH BET — QTmax _ 99514.29 _ o
I5Ueth HREET, = Tg + Tocio0n = 2767 + 537e 000 = 38:28(°0)

3. RIEIMKE
AT BN R ORI ATy =87 °C, /KR T, =75°C, Ty —T,, =87 —
75 = 12(°C). NIFAJEI/KE
Qrmax _99514.29

Ow = T, =T, )% 1000 12 x 1000
4. AIBB[ORHE

EHEE R e-/KHAZHEE, NE@ES), 514 DN4Omm, WE/ME 47mm.

= 8.29(m3/h)

8.29
X0.040% X3600

?%?}EE% lj‘] ?fﬁiEU = 31z

4

= 1.83(m/s)

AT 1.5~2.0 m/s, FEER,

SMEE 2 DNSSmm,  HOKTESNE I IR AL = s = 1.16(m/s)
TXO.OSS X3600
AT 1.0~1.5m/s, FFEHER,
5. HRBRKE
AL B E AR
AT, =Ts—T,, = 27.67 — 75 == 47.33(°C)
AT, =T, — Ty = 38.28 — 87 =— 48.72(°C)
AT = AT, — AT, 4733 -4872 18.02(°C
m = 1AT1 B —4733 ~ 1802(0)
T AS A K AT, " 4872
— QTmax
= A (3.29)
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AHEKRISE TRE U T
EIXHE, WEIME D BCN 47 mm, HHEE K N 600 keal/(m? « h » °C), M

L= Yrmar o 99514.29 X 1.2 = 28.07
"~ mDKAT,,” =" mx0.047 x 600 x 48.02" 7 " (m)

PEARFIRAS 8K 4 m, WIEE RS n = 2807/, = 7.02(HR), W8 1.
6. I EBIE
Ve IR AR Y, S AU R Gw(kg/IHH AN

_ Qr
Gy = —(T4—T)yn (3.30)

X H, BFERE Qr N 71001.88 keal/h, #IPAL/KIGEE T N 5 BRIKEE, #RlP Ak
JKIKIR Ta 2929 90 $EICJE, JKELHEE v A 1.0 keal/(kg « 'C), H4 BRI 80 %,
71001.88

Gw =190 —5) x 1.0 x 80%
3.4.3.5 HUHFRBRIZITITE

D YRR R, TZIRERE, CE L SN BB (R, AR (R
R R o R 00518 P39 TR £ R PR BEL R -8, B 78 R
LEVNG IR, > RY.

AR RN, %72 (R b

= 1044.15(kg/h)

A,
1000x76—56
A
A

(3.3D)

TEIXE, A ATH A58 5 A0 i VR L AR IR EL, T keal/(m? « h + °C); A
NREAT R G R, BAT keal/(m? + h « °C); K AR MERRBUN VP, A7
keal/(m? « h * °C); 8o NI ST S5 JEE,  BA7 mm.

. BINEFRREITITE

(DB EIHE 0 F AT RS, iR &R BE LS 1 R VHR ZAT = 7°C,
MhEEZE I APHR,, = 0.133 m? * h » °C/kcal, JBEELEH)VNE R APHR,, = 0.05m? = h * °C/
keal, MREBIERE k=1, FEMIEHANMEIERRD, <3, W A=1.1.

(2) fRFRAFHR 5

L Tp—Ty 35— (—3) ,
Rf =P Rkd = ———=x 0133 X 1 X 1.1 = 0.7942(m" * h  °C/keal)

(3) fRIBEEE S EME Ry Do 5. A B TR T A0 44 i3 Vi gt 1 94
S %), = 1.33m? « h » °C/kcal, EMZEHS, = 12.85, &
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KEFHHK TIERIT

R, = 84/A4 = 0.1/1.33 = 0.0752(m? * h * °C/kcal)
Dgs = 0.0752 x 12.85 = 0.966
IKVeRD I KT Z G FA, = 0.8 kcal/(m * h « °C), EHAHS, = 8.65, X
R, = &8,/A;, = 0.02/0.8 = 0.025(m? * h * °C/kcal)
Doy, = 0.025 x 8.65 = 0.216
Bk E#VGZA, = 0.15 kecal/(m * h = °C), BN ERHS, = 2.85, #§
R; = 61/A; = 0.01/0.15 = 0.067(m? * h * °C/kcal)
Do; = 0.067 x 2.85 = 0.191
BT R,=R,+XR+R,
= 0.133 4+ 0.0752 + 0.025 + 0.067 + 0.05 = 0.3502(m? * h * °C/kcal)

TH A T 55 PRI A R R ISR &+, #v33A3 = 0.25 keal/(m « h » °C), B AR
#S; = 3.2, 83 = 3(RI - R,) = 0.25 X (0.7942 — 0.3502) = 0.111(m), A3 = 110mm,
)

R; = 85/A3 = 0.11/0.25 = 0.44(m? * h * °C/kcal)
Do3 = 0.44 x 3.2 = 1.408

(4) BIZSWRIE SRR

Do = Dg1 + Doy + Doz + Dos = 0.191 + 0.216 + 1.408 + 0.966 = 2.781 < 3.0

S8 D fEABTE, PRI KR I% )5 B 5 3

2. M RA_EithEE A ARIR I T

R R R BRI YR A EHE B R E, = 0.02keal/(m « h + °C), H#
IR B R0, = 1.33 keal/(m + h = °C), U]

1000 X76-8; 1000 Xe33—400

HBEES,, = ” = 15— = 27(mm)
g 0.02

3. HBETA T 0B, HuARAYIRIRIRT
b B 2% M T LA R Ve A+ (R IR, A4 5% = 1.0kcal/(m + h + °C), 11|
1000 x%— §; 1000 x%— 800
Op = . = 133 = 1620(mm)

T BE ZE b T DA 1) £ T ek 2 A 21 T B R 102 me

A TR B = I — Z A A CRIR S A R S BB RS AR ] T
ORISR — G AR TR T I A AR EE, AT T — i it 7
3.43.6 REWMHITE
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SHOKRZE S TRET VRV RIT
ARV R 2 i UE S A, AR P R AT IR A B DA
NTH AR5 Y8 i 5 A8 O IETE HEAT IR S AE . 2 BRI U A B TS A 2R B HRS 1.5m),

EIRRAME
1. IRHERASE
FAL A Eqe KA 6 m¥/(min « 1000m?), YHALHEA AR V=1000 m3. & HEHEAL

A=
14 1000
= —_— X—= 3 i = U. 3
97000 = © * T000 6(m3/min) = 0.10(m?/s)
2. BSAEER
WSO NI 12 m/s,  JUBIT 75 LA A T A
_q_010_ 2
Ay == == =0.00833(m?)
LB RN DN6Omm Hf,  AE— 4R ) W 1 T £

A A
A=7D?=7x0.06" = 0.00283(m?)

=
i
K<k
i
=
Gk
&

0.00833 -
= ooz = 2.94, XM 3.

P2 BN P S Bt i

0.1

_ _ ~ i A
u_;aﬁg_11mmug,E71ﬁmuaﬂ,ﬁmgxo

3.4.4 j5iRRRKIE T
FSAKALE R S T, BRI TRIREE S, HA KR 97 % ki, BIRARE

WRAG A IR RN, AHARFRIIR R, MECLALE, PIUEAE 5 e AL B AN AL B b =5 3EAT V58

4|
b/[\\

WK o
A TRV R 2RI T, A Z A K HLE A K-S e R RE HARE . #ERE/

73

B R 5 SR A
q:

TSR IH A FE A T o0 T s R AR s D, HEEATE e R A & B A 60 %, 1 fi
FR 50 %, HIeIKERN 95 %, MHE/KREKNFE RS REN
100-97::90(H§/d)

100 -P; 150 x
100 — 95

Q=Cox150=p,

IS e AR
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KEFHHK TIERIT

Q1 =90 x 0.6 x 0.5 = 27(m3/d)

WAL E T A TS R

Q, =90 — 27 = 63(m3/d)

T — 35 2 6 R85 b 2.6 /L, K URTEHE 1 gL 45K % 95 060075 U 8
p=2.6%0.05+1x0.95=1.08(g/mL) = 1080(kg/m®), WITHHith AL T 75 Bt K O 4
SR

Q' = 1080 x 63 = 68040(kg/d)

P (GKHEK BT 094 FIHLBL) 55 604 5, BELHIE DY-3000 M U%
VENL3 &, 2 1 %, FLUEMSAAERE 3000 mm, YRR 50~500 ke/(h + m), FIZIHLT
2 2 2kW, HLBRAME R <) 6400mm x 3570mm X 1950mm. i /K 5 V5 e i & K 2K 75 %,
K (975 8 A
100 — 95
100 — 75

Q; = 63 x = 12.6(m3/d)

K (75 V8 AT P 24 E S
3.5 SIKALE FHME

VoK ALEE )T A S AR B IR ARE. AR = S HAR AR F, DA
RFEIE, B, AR E . RO BB /N, SO A E R 26 AT LR
1:100~1:1000 F) b R o

3.5.1 FEAERN

3.5.1.1 BN TEERE

ST AT BN ARYE S AR DIRe s s, 256 XHE# e eiImmE, Db
FUSAT I8 o S AL BAY AL A B R R IR B — M N 3 AR 5 A7 &
HERE L EEEY, W RiERh . RAFHME, RERW P LR, RSN
T, fUKIRE H L . FEALPRM B, — AT N B 5~10 m BRI EE . V5
Te AL FERG B AL T X B 2= 32 KU (1) R KA IR AT R A B, DATEE . SR
BUF 728 H Fr SRR AR A S (N 75 SRE AT B . 2 MR 5 1 e SR ) AT L ST G Bl 2 7 K
AL

3512 ERWFERME

J XSV T YR A B A SR A R A, G AT R RS S ARV KARER )T, BR T
F AL FEA SF (B] R AL, IE B RE %5 AL B SIS AT IO BRI
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TEFG /KA NIE BEA 4K . B8 HEEE S, i B PR G A TP, BEE
T TAI4E4 BB, B GHUE R F4h, 1E] X IR R 56385 1R KIS K HETL
RYi.

3.5.1.2 HEEFNYMTEERE

KA AR A Ba. SWUE. HAE. Strieie=s. 22,
MUE. . %, SHEVEYMALE RARYE R 2 255 FE T . AETEX . ZREH
SRSV ARV TAR R B YERL S AL B S ORI B, I L A5 e 103, &
G T X EZE S A 1 KA, PURIE R GF I TAE 54

3.5.1.3 | X%k

FHE, 5K XA EAAR N T 30%.

3.5.14 ERHE

J DX N A B AL R T B R R

T KACTR) N N A B RS S TE B RS A2, R R R . — R T
4~Tm, FFATIEYENE 3.5~4m, ANTHETEE 1.5~2m, FATHEEDSEANF 6~10m.
3.5.2 57K GHER

TR B AT AR, R AR Ry ORI S i B AN R AR K 22 57 7E 7 Rt
BB, AR 3.8 .

% 3.8 [5AKAHE FREHR (m?)

b K & — b TR E (10*m?)

(m3/d) (10*m?) AW gt EMEERTE
5000 0.5~0.7 2~3 1~1.25
10000 0.8~1.2 4~6 1.5~2.0
15000 1.0~1.5 6~9 1.85~2.5
20000 1.2~1.8 8~12 2.2~3.0
30000 1.6~2.5 12~18 3.0~4.5
40000 2.0~3.2 16~24 4.0~6.0
50000 2.5~3.8 20~30 5.0~7.5
70000 3.75~5.0 30~45 7.5~10.0

100000 5.0~6.5 40~60 10.0~12.5
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HEBZHHK T ERIT
3.6 IS/ SEME

T KA SE AT Bl A2 i AL B IR R 5 AL PR A S N KA W B B, 8 R R
IKEFT AR BT TR . T5/K) 3T @ 2 A0 B R ORAIE T 2R R R /K ) 44 FigiT,
HAFRE R FER /N e H R A AR S IR X B K R A 2%

TEREAT P TH A7 B 1) [ B D AT i Fe A B, DA 8 5 AL B A SR B B 2R 1) = A
Fretl b B AR AW &, FLEL]— R AR 1:50~1:100, #1724 1:500~1:100.
3.6.1 SIEMEN—RME

FEREANTG KBS AR, SRR REAE VS KA e N E iR, (BEZHIEI T, 1
TSmO — R A
3.6.1.1 AUEM T E S HW R AKSK IR, BFEEREUR . R ok KA Y4 &
KSR AR R o T BRI 825 FE P 4 ) T4 7K Sk
3.6.1.2 HHAT/KIITHERS, POEFIERRK . PURE KRR, HRE KRR ETH.
W LA A R AR, BART kAR T R A i KBS
3.6.1.3 5K HIHUKER SR, FAZKAEUKTFE, FaE AT AR B .
3.6.1.4 FACIEMFYIIAK KR CRFEGE HACRMIACKIR) . ATi%ER 3.9 AT R .

£39 AEMFYKLBRMSERE

LARiRY)| AR (em) LKk AKkAR (em)
T it 10~25 AW pE 270~280
MR 10~25 I it 25~50
FRITIE I 20~40 TRt 10~30
B TUE 40~50 Fz kit 10~30
ME R ITVE Tt 50~60

3.6.1.5 V5/KAH ] i m R B, N LT, IR REA AT K.

3.6.2 SKAERESENRE

AR T REBEV IR TV 0 B = /KA 245 m, V57K ACER T Hh T bR & 251 m,  ARER S A KHE
JECEITRL IR KA 36 /R K IS AN 2= {5, 25 B S 42 LR FEAN B R, 476 & J7 TH 561,
BT R AYO i (RIBR) Ak T, DU A, S S K bR .
3.6.2.1 i+ EKin

1. BERKFIITE

VEAVEY S TPN
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KRS TRE W R
h =il (3.32)
i fE AT DO AR, (RSO EEARYE (4 KHEK ST FM - Bk Bt
KEEER.

JR R kAR
172
hj = 2 (3.33)
ISVIC TS

2. BARREAKIHITER
REACKHR KR, = il

1

HUE v = L Ry Bt 4 2T Ut th K 7 24 5
i = (vnR‘§)2 (3.35)

Eﬁjv:%; n 52 0.013: R=§, X IR .

RSBy = £

SR Kb = h; + h;

DA B PRS2 R K45 R 2 0 KA KB 0 1-5 A 3R
% 668 TLEEE 679 UL,

FALFRI B PIKAUE, 2 WA KHAK T 5-3REHHKD) 28 565 TR FIl b FE A4
AR RAGE, 2 WHTR 3.6.1.4,
3.6.2.2 RuffRKIAITE

1. ZHiEH 2 S AD Bk HER 5y

AT | = 3m

V28 X =b+2h =127+ 2 x 0.4 = 0.81(m)

NS _ K _ 0.4x1.27 _
KIPEAR R = - = === 0.63(m)

2 2 2
B i = (vaR™3) = (0.8 x 0.013 X 0.6373)% = 0.0058%
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KEFHHK TIERIT

SRR FR 2 A h; = il = 0.0058% X 3 = 0.00018(m)
AR A I B R I B T

0.82
h; —[1+E (—) ><—~11><——0036(m)

29 19.6
W 4 W DR R RE T HE

Q = 0.42,/2g x bH™>,

1M Q JHAIE 0.200m%s, b YMETE, 4 1.27m, THHEIME /KA1 H=0.19m.
M B 2R

FEMATEIEE, h; = 0.00018(m)

M BH 2R T
ho=Ex 2 = 036><082 0.01(m)
=8% 5 T 196
e

[ =6m
Vil X = b+ 2h = 3.04 + 2 X 0.4 = 3.84(m)

NS _ K _ 0.4%3.04 _
KIPEAR R = - =———=032(m)

24 2 2
B i = (vaR™3) = (0.9 x 0.013 x 0.323)? = 0.0030%

TSRS FR 2 A h; = il = 0.0030% X 6 = 0.00018(m)
B IR R4

2
h—[1+E (—) « 22 11x 2% _ 0.050m)

29 19.6

2. ERATAYhoKIR

HY 0.25 m.

3. M ER RN AYO Kk RthEL K+

(1 WA B

AVEEIEN

L=6.5m, Q=0.200m%s, DN500, v=0.98m/s, 1000i=2.56
hy = iL = 0.00256 x 6.5 = 0.017(m)

IERIETES

I &) DN500 FH /7 2 %08, 2 0.06, 2548 FH /1 2 %18, 5L 0.8
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BHEKRIS 5 TS W R
h—z 2 + v _ 08+006><0'982 — 0.042

(2) i) [ H: 7K 453

PN RAE (1) A (3) k5, e =3Eil & s 2 R K 4

SRS REE, = &1 + &2y En NSRBI REHUE 3.0, &, NRAEE T
FHUE 0.34

h = Zz zi - zl = (& + zlz)Z—i = (3.0 +0.34) x 2032'28 = 0.16(m)
B)w%]ﬁf: £ R
eV ERPN
L=18 m, Q=0.4 m¥s, DN900, v=0.83 m/s, 1000i=0.899
hy = iL = 0.000899 x 18 = 0.016(m)
IERIEGEN
7] &} DN90O FH 77 Z& %€, HX 0.05
hy = ZE - Zi — 0.05 x 20%8328 — 0.0018(m)
4. A%0 | MbBCk 3t
(1) BEWEHEKE 7y DN900 ¥R
IEREGEN
TP ) R g B 0.8, HITIPH /1 RELE,HL 1.0
0. 2
Ezzx——_(g zg——_(08+10)x2 5 = 0.063(m)

(2) EM % DN450 5688

JR A 2R

3k 1A 45 2k S350, 3L 0.5

mzikwﬁzqﬁzmxoy — 0.016(m)
2g 29 2x9.8

5. BE/kHZE A2/0 KNt

NEYELEN

L=75m, Q=0.132 m%s, DN450, v=0.80 m/s, 1000i=0.201
h, = iL = 0.000201 x 75 = 0.015(m)

ISEEPS
H A R2EE N 1.0
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# B g HHK TR
h—z xvzz— 1722—10>< 0.80° - 0.033
i = L850y =Ygy = MOX g5 gg = 0.033(m)

6. A0 RNt

JKIREL 0.3 m.

7.A%0 RN E I

NAVEL AN

L=26 m, Q=0.200 m%*s, DN500, v=0.98 m/s, 1000i=2.56
h; = il = 0.00256 x 26 = 0.067(m)

JRIER A R
B &2 508, 1.0
0.982
b= Ex —_zlz = 1.0 X 5—g—= = 0.049(m)
8. —yiith

g 2R yTiE /K 37 EL 0.5 m.
9. —Piith = PEM AL K H
(1D WA B
MEPES S
L=31.5m, Q=0.200m%s, DN500, v=0.98 m/s, 1000i=2.56
hy = iL = 0.00256 x 31.5 = 0.08(m)
IERIEGES
I J/&]] DN500 BH 77 2 %08, 50 0.06, 2557 BH /7 R %8, 5L 0.8

V2 V2 0.982
hj=szE=(z EZ)——(08+006)><2 55 = 0:042(m)

(2) fie] I H: 7K 451

PIANTRIRAE (1) A1 (3D HitdR, AR =@ S 0es 2 R i /K 45

FRZEE S REE =& + &y S NER I REUIUE 3.0, & NEHBH T
FRHE 0.34

2

2 0.98
h, _sz—_zl 3y =+ zlz)%z(3.0+0.34)><2X9_8=0.16(m)
(3) lﬁaH#F £ R
HFERR

L=18.5m, Q=0.4 m*/s, DN900, v=0.83 m/s, 1000i=0.899

h; = iL = 0.000899 X 18.5 = 0.017(m)
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IEEERES
I7] %] DN90O [H /7 £ %€, Ht 0.05

h—z (it v e 083t oots
1= 0,57 g = gy = 005 X Tgg = 0.0018(m)

10. JEMBACKI

(1 JREWEEKE 9 DN90O Ik E
IERIEGES
B R RE I 0.8, HICPH 1 R ARE, L 1.0

h—z xvz— + v2—08+10x0'832—0063

(2) BC/K%H DN450 (85 4s
IEEIEIES
HE EFE 42k R0 B 0.5

h —Z e 05x 2T o6
=25 2g_§12g_ S X5 gg - 0-016(m)
11. JEMEC K ZEpEnh
MY R S
L=363m, Q=0.132m%s, DN450, v=0.80 m/s, 1000i=0.201
h, = il = 0.000201 x 36.3 = 0.0073(m)

IEEIEIES
HIOBE I R % N 1.0

2

’l = E = =1.0 X% : = 0.033(m
E g El g . X .8 ' ( )
12. ?}Am\yﬂj‘ﬂmﬂﬁ

KA 2.70 m

13. JEHLE]E Kb

NAVEL AN

L=5.2m, Q=0.132m/s, DN450, v=0.80m/s, 1000i=0.201
h, = iL = 0.000201 x 5.2 = 0.001(m)

IEE IEHER
s EIRH ) 258,04 1.0, DN450 [ [®IE, BU{E 0.07

h —Z 2 + V2 _ 1.0 + 0.07) x 0.80° —0.035
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R EFAHK TR
14. JF7Kith
JKHEL 0.1 m
15. I 7Kt 2= F% Ay C 7K
AVEEIEN
L=254m, Q=0.4m3s, DN900, v=0.83 m/s, 1000i=0.899
hy = iL = 0.000899 x 25.4 = 0.023(m)
Jey B KA
1] [ DN900 FH 77 7 %18, HX 0.05

h, —Z X — 0.05 x5 _ 00018
§ _El 05 X 55 gg = 0-0018(m)

16. H&fiith FL K H:

(1 JREWEEKE 9 DN90O Ik E
IERIEGES
L R BEH 0.8, HIOFH I REEH 1.0

h; = v Y 08+ 1.0) x5 _ 0,063
j—ZExz—(E Ez)—g—( +1.0) X o—— == 0.063(m)

(2) /K% N DN500 H455 %
IEEIEIES
HE EFE 42k R0 B 0.5

b= L T g5k 22
1= 2.5 2g_512g_ ~ 7 2x9.8
17. Bk 2 Refidit
AVEEIAEN
L=9.9m, Q=0.200m%s, DN500, v=0.98m/s, 1000i=2.56
hy = iL = 0.00256 x 9.9 = 0.025 (m)

= 0.025(m)

IEREES
7] [f&] DN500 FH 77 % %€, HX 0.06
h; =0.06 X 0.98° _ 0.00294
_ZE _Elz X xo8 (m)
18. Hfbith

KA HL 0.1 mo
19. e fiit 2 i
THFEK LR
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L=720 m, Q=0.200 m/s, DN500, v=0.98 m/s, 1000i=2.56
hy = iL = 0.00256 X 720 = 1.84(m)
FERE il H /K A v B AR ST, BUKAR 0.001m.
3.6.2.3 frEitE
& 3.10 [SKAE ZEMNFYRE—K

FEMHY KT ARE (m)
A AR 256.20
TLRD B 25591
MR 0 AYO [ Bt 255.31
it 254.90
WS AE ) pE 253.98
TE7K 251.24
H B it 251.00

3.63 [SRAERESENE
HlEERNE, TERAZE ARSI TR, £ (GSKH KT 5-IREHE
KDY B 476 ZEE 480 TLHANAAI, A TR TR A K THE SR LA LL) R B ) 7 v S
TEEKRAR, BEREER R E—BER 1~1.5 m/s, Ui5REERKE, AT
AR B R R, —BERA 1.0 m/s. SFFEKBEE I 98 %5, Hm#EKT
I SRR, 5 Ve B TE K AT E ALIE KR 2~4 5
3.6.3.1 ZiiEISRRE
WRERR
L=79.5m, Q=0.205m3s, DN450, v=1,25m/s, 1000i=4.62
hy = iL = 0.00462 x 79.5 = 0.37(m)
IERIEGES
THRIETEIR ) 30%, E45KN 1.3 x 0.37 = 0.48(m)
FHIRBRANIE KM 3 £, 15UEHIKEN 3 X 0.48 = 1.44(m)
3.6.3.2 T RREEIIRE M
WRERR
L=6.2m, Q=20.1 m*h, DN150, v=0.34, 1000i=1.86
h; = iL = 0.00186 x 6.2 = 0.012(m)
IERIEGES
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THRRREIR I 30%, S412509 1.3 X 0.012 = 0.015(m)
IR R NTEIKI 3 £, 15EHIKA 3 X 0.015 = 0.045(m)
3.6.3.3 RARMB Nt
WRERR
L=3m, Q=150 m%d, DN80, v=0.35, 1000i=4.41
hy = iL = 0.00441 x 3 = 0.013(m)
IERIEGES
TSR 30%, S412509 1.3 X 0.013 = 0.017(m)
IRt R NTE K 3 £, 154N 3 X 0.017 = 0.051(m)
3.6.3.4 Ifeih B —RiEML A
WRERR
L=3.85m, Q=75m%d, DN50, v=0.40, 1000i=9.63
hy = iL = 0.00963 x 3.85 = 0.037(m)
GRS
THARFER R 30%, &4k 1.3 X 0.037 = 0.048(m)
SRR T BRI 3 4%, 15N 3 X 0.048 = 0.144(m)
3.6.3.5 —iHMEI ZRIE L
MEPEZ PN
L=5m, Q=150 m%d, DN80, v=0.35, 1000i=4.41
hy = iL = 0.00441 x 3 = 0.013(m)
IERIEGES
TR 30 %, &4ikJy 1.3 X 0.013 = 0.017(m)
SRR R NTEIKI 3 £, 15EHIKA 3 X 0.017 = 0.051(m)
3.6.3.6 ZZiHEIRRKHLE
AVFEPN
L=7.5m, Q=63 m*d, DN50, v=0.35, 1000i=7.70
hy = iL = 0.00770 X 7.5 = 0.058(m)
IERIEGES
TSR 30%, S42509 1.3 X 0.058 = 0.075(m)
e R T NIEKI 3 4%, I5Tdik N 3 X 0.075 = 0.225(m)

84



BHKRA S TRE WG
3.7 {BIKEEARE

3.7.1 Wit #Iis R
BWIHRE Oma=401 L/s, H/KEEREFEAN 248.35 m, 1% DN800, 781 /& N 0.7, 7K
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ABSTRACT

Wastewater treatment systems are nowadays evolving into systems where energy and
resources are recovered from wastewater. This work presents the long term operation of
a demo-scale pilot plant (7.8*mwith a novel configuration named as mainstream
SCEPPHAR (ShortCut Enhanced Phosphorus and polyhydroxyalkanoate (PHA)
Recovery) and based on two sequencing batch reactors (R1-HET and R2-AUT). This is
the first report of an implementation at demo scale and under relevant operational
conditions of the simultaneous integration of shortcut nitrification, P recovery and
production of sludge with a higher PHA content than conventional activated sludge. An
operating period under full nitrification mode achieved successful removal efficiencies
for total N, P and COP(86+ 12 %, 93t 9 % and 736 %). In the following period,

nitrite shortcut (with undetectable activity of nitrite oxidising bacteria) was achieved by
implementing automatic control of the aerobic phase length in R2-AUT using
ammonium measurement and operating at a lower sludge retention time. Similar N, P
and CODQ removal efficiencies to the full nitrification period were obtained. P-recovery
from the anaerobic supernatant of R1-HET was achieved in a separate precipitator by
increasing pH and dosing MgClrecovering an average value of 45% of the P in the
influent as struvite precipitate, with a peak up to 63%. These values are much higher
than the typical values of sidestream P-recovery (12%). Regarding PHA, a percentage in

the biomass in the range 6.9-9.2% (gPHAF§S) was obtained.

KEYWORDS

EBPR, nitrite, polyhydroxyalkanoate (PHA), struvite, recovery.
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1. INTRODUCTION
The water sector has lately changed the paradigm ¥astewater treatment to resource
recovery. Hence, wastewater treatment plants (WWaRsnowadays known as water
resource recovery facilities (WRRFs). The major ainthese facilities is to go one-step
beyond wastewater treatment and is related togbevery of energy (for example as
biogas, biomethane, or hydrogen) or water and na&tesources from wastewater (for
example as N-P-based fertilisers, bioplastics @ulose). In this frame, novel WRRFs
configurations have been put forward recently.
Phosphorus arises as a perfect candidate in tihasligan shift since it is essential for
our society in the production of fertilizers anlaly$, for securing food supply. However,
the main source of P, the phosphate rock, showasterf rate of use relative to its
formation and, this is why it can be consideredaason-renewable source which,
depending on the assumptions taken, is envisaged ttepleted in the next 50 to 300
years (Ahmed et al., 2015; Gi&k and Konieczka, 2017; Cordell et al.,, 2011,
Theregowda et al., 2019). It is estimated that lonitons of P are removed yearly via
wastewater treatment in the planet (which represg@tt20 % of the global P demand)
and, therefore, implementing efficient P-recoveryategies would mitigate the
dependence on the phosphate rocks (Mayer et 4i6) 20
Enhanced biological phosphorus removal (EBPR) setiaon the enrichment of the
microbial community in polyphosphate accumulatimgamisms (PAO), which have a
metabolism capable of accumulating P intracellylad polyphosphate (Poly-P) when
alternatively exposed to anaerobic/ aerobic (oxemaonditions. The fraction of PAO
able to accumulate P under anoxic conditions witttate/nitrite as electron acceptor are
called denitrifying PAO (DPAO). Thus, the influeRtis accumulated in the biomass

purged at the end of the aerobic stage, when tildgslhas the maximum amount of
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Poly-P accumulated. Purging biomass with high Ptexdnmay have some practical
drawbacks since undesired struvite precipitatiat thogs pumps and pipes can occur
when bio-P sludge is subjected to anaerobic digestecreasing P entrance to the
anaerobic digester (for instance, implementing d®very) should limit the extent of
this uncontrolled precipitation. In fact, struvitecovery has many benefits for the
WRRFs, not only for its commercial value but foe theduction of pipe blockage,
sludge production, ferric chloride dosage and dperaand maintenance costs of the
plant (Lizarralde et al., 2019). However, the eficy of P recovery from the anaerobic
digestate is only about 12% of the P entering éitiluent (Remy and Jossa, 2015) and
therefore alternatives must be found to achieve aaensignificant percentage of P
recovery.

An option to increase the amount of P recovered tan@dvoid undesired struvite
precipitation is the implementation of mainstreasme€overy based on EBPR activity.
Some authors have already shown that a signifiPaeiktraction from the anaerobic
phase of EBPR systems can be maintained at longaethout any deleterious effect
on PAO activity (Guisasola et al.,, 2019). Some eplas are the BCFS® process
(Biological-chemical phosphorus and nitrogen rermjoyMeijer et al.,, 2001; van
Loosdrecht et al., 1998) or other reports (Baeza.e2017; Kodera et al., 2013; Shi et
al., 2012; Valverde-Pérez et al., 2015). A commaonctusion of these works is that up
to 60 % of the influent P could be recovered atdhd of the anaerobic phase under
well-controlled conditions.

Anaerobic extraction of the supernatant can leadrtother advantage in terms of
resource recovery, since it opens the door to abaepurging of EBPR sludge. PAO
accumulate polyhydroxyalkanoate (PHA) under anaderobnditions from the volatile

fatty acids (VFA) taken up. This PHA would be usedenergy and carbon source in a
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posterior phase under aerobic/anoxic conditionsgiRg at the end of the anaerobic
phase results in biomass with the highest PHA eardéthe whole operation, whereas
the conventional aerobic purging results in a pwgé low PHA content. Sludge rich
in PHA shows two potential advantages: i) it carubed as a precursor for bioplastics
production after its extraction and ii) if sentthkee anaerobic digester, this sludge would
have a higher potential methane production duéstbigher PHA content (Chan et al.,
2020; Huda et al., 2016; Wang et al., 2016).
Regarding N removal, the nitrite pathway approdah, nitritation (NH"™ — NOy)
followed by denitritation (N@ — Ny), has been reported to have advantages when
compared to conventional nitrification and denitation processes (Turk and Mavinic,
1987): 1) 25% lower oxygen consumption for N oxidaf thus reducing aeration costs
and also lowering the carbon footprint of a WWTH, up to 40% lower COD
requirement for denitrification and iii) faster defication rate (1.5 to 2 times), thus
requiring smaller anoxic basin. The nitrite pathvieg already been reported with low
strength municipal wastewater (Guo et al., 2009; élal., 2009; Yang et al., 2007),
and also integrated with EBPR (Marcelino et al110 Moreover, nitrite has been also
reported as a good electron acceptor for DPAO (Eayd, 2013).
Nitritation, the first step of the nitrite pathwag,achieved by creating conditions where
nitrite oxidising bacteria (NOB) are eliminated rfrothe system while ammonia
oxidising bacteria (AOB) are retained. Mathematicatquation (1) should be satisfied
in order to eliminate NOB while retaining AOB:

Hnoe - bnos < SRT' < Haos - baos (1)
where Wos and [hos are the apparent growth rates of NOB and AOB, eetsely,
bnos and hog the apparent decay rates of these populations, S&ib the sludge

retention time. Most of the strategies enablingrhiete pathway involve manipulating



169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

Unos and phos such that equation (1) is satisfied. In most casésinevitably to reduce
both Wos and [hos but incurring stronger reductions iRgs.

A common strategy reported in the literature toaob®NOB washout is to decrease the
dissolved oxygen (DO) setpoint (Aslan et al., 20BRckburne et al., 2008; Jiang et al.,
2019; Jianlong and Ning, 2004; Pollice et al., 208ice it is widely accepted that
AOB have higher affinity with oxygen than NOB. Theawback of operating at low
DO value is that higher D emissions may occur (Massara et al., 2018, 2017).
Hence, this work proposes a novel WRRF configurattamed as mainstream
SCEPPHAR (ShortCut Enhanced Phosphorus and PHAVRggowhich is one of the

novel technologies involved in the SMART-Plant ) (www.smart-plant.eu). The

whole SMART-Plant project aims to prove the feddipbof novel wastewater treatment
technologies at demo pilot-scale towards a circeatmmomy scenario, not only to treat
wastewater, but also to recover resources. SCEPP¢tRguration redesigns the two-
sludge system proposed by Marcelino et al. (20bl)ntlude in the mainstream

resource recovery (struvite and PHA-rich sludgehe Tsystem is based on two
sequential batch reactors (SBR): one mainly hatgpbic (R1-HET) performing EBPR

under alternating anaerobic/anoxic/aerobic conastiand another mainly autotrophic
(R2-AUT) in charge of ammonia oxidation to nitr{tmmplete nitritation).

This work presents the critical assessment for -kengn operations of a demo-scale
mainstream SCEPPHAR pilot plant treating real waater from a municipal WWTP

under relevant environmental conditions, showirgyrissource recovery possibilities of
this novel configuration. To the best of our knoage, this is the first report in the
literature of an implementation at demo scale amideu relevant operational conditions
of the integration in a mainstream configurationnitfite pathway, P-recovery and

production of sludge with increased PHA content.
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2. MATERIALSAND METHODS

2.1 SCEPPHAR Pilot plant configuration
The demo-scale pilot plant was located in the mpaldVWTP of Manresa (Barcelona,
Spain). Figure 1 shows the process diagram of tlo¢ plant, which includes: i) R1-
HET anaerobic/anoxic/aerobic SBR (V=2500L) for Inete®phic processes, ii) R2-
AUT aerobic SBR (V=2500L) for autotrophic nitrifizan, iii) R3-PRE reactor
(V=150L) for struvite precipitation, and iv) R4-INMessel (V=2500L) for interchanging
supernatants between R1-HET and R2-AUT. The pilahtpoperated with 70% of
volume exchange ratio (VER), i.e. 1750 L of wastewavere treated per cycle. Table 1
summarizes the main operational parameters forthiree periods reported: start-up,
complete nitrification and nitrite pathway. Hydraulesidence time (HRT) is calculated
considering both R1-HET and R2-AUT volume, and ihdependent SRT fixed for
each reactor is also included.
R1-HET and R2-AUT were inoculated with sludge froine activated sludge of the
Manresa WWTP (anoxic/aerobic configuration with NdDt no EBPR) and R1-HET
was bioaugmented with PAO-enriched sludge from BRIE pilot plant (Rey-Martinez
et al., 2019). The wastewater used was the effloktite primary settler of the Manresa
WWTP with the average composition shown in Table 2.
Each of the cycles follows the next operationalusege: the process starts with the
influent feeding to R1-HET. Then, an anaerobic phtekes place and PAO uptake
organic matter, release P, and accumulate PHA.maerabic purge is performed and,
after settling, the supernatant of the reactorctvins rich in phosphates and ammonia, is
sent to R4-INT. Then, 150 L of R4-INT are sent t8-FRRE for P precipitation as
struvite. The rest of content of R4-INT is transéer to R2-AUT, where ammonia is

oxidised to nitrate or nitrite (depending on thei@d). After settling in R2-AUT, the
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supernatant is returned to R1-HET for an anoxicsph®uring this R1-HET phase,
denitrifying PAO (DPAO) perform P-uptake using iémitrate as electron acceptor.
Finally, an aerobic phase is required to completapf@ke. After settling, the
supernatant is discharged to the effluent and twdecstarts again. The complete
sequence of the pilot-plant when operating withyeleclength of 12 h is detailed in
Table 3, while the 8 h cycle used during part ofridee | is reported in the
supplementary information (Table S1).

2.2 Pilot plant monitoring and control system
R1-HET, R2-AUT and R4-INT had on-line monitoring tdvel (Endress Hauser),
which was essential for the automation of the etehange steps between the reactors.
R1-HET and R2-AUT were monitored with DO (Hach Lahgtemperature (Pt1000,
Axiomatic), pH and oxidation reduction potentialagh Lange). R2-AUT had also an
on-line ion-selective-electrode (ISE) for ammonia&te (Hach Lange) for the
automation of the aeration phase control lengthiPRE was monitored with a pH
sensor (Hach Lange). Aeration flow of the reacti@ssels was monitored with gas
rotameters (Iberfluid). R1-HET, R2-AUT and R3-PREere stirred (Milton Roy
Mixing) during the reaction phases. Centrifugal msniGrundfos) were used for water
interchange, and dosing pumps (Seko) for sludggepand dosage of Mg and acetic
acid. All the mechanical equipment and monitoringgtems were connected to an
industrial computer (PPC-3170, Advantech) througtaga acquisition system (PCI-
1711 I/O card, Advantech). The software Addcontlteveloped by the research group
was used for automating all the operation, momtpiand control. DO was controlled
by manipulating the aeration flow-rate through #leaontrol valves (Type 3241/3374,

Samson Instruments) based on the DO measurementaaptbportional-integral
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algorithm programmed in the control system. DO @ietpin the aerobic phases of R1-
HET and R2-AUT was always maintained at 3 m-L

2.3 Chemical analysis
All the samples for the determination of solublenpounds were filtered with a 0.22
pm filter (Millipore) before the analysis. P was asared with a phosphate analyser
(115 VAC PHOSPHAX sc, Hach-Lange) based on the Wammlybdate yellow
method samples. Ammonium nitrogen was analysed waithammonium analyser
(AMTAXsc, Hach Lange), based on the potentiomett&termination of ammonia.
Nitrite and nitrate were analysed with lon Chrongaéphy (DIONEX ICS-2000).
Volatile suspended solids (VSS) and total suspesdéds (TSS) in mixed liquor were
analysed according to Standard Methods (APHA, 198§D was analysed by using
Lovibond kits (COD Vario Tube Test LR and COD Varflabe Test MR) and the
MD100 Lobivond spectrophotometer. Soluble COD (GPvas measured with
samples filtered through 0.22n filters, while total COD (COB was not filtered. The
PHA content in the biomass was measured as foll&&:mL of formaldehyde was
added to each sample to stop the biological reastiand then the sample was
lyophilised. The PHA was extracted from lyophilissaimples using hexane and butanol
according to the method of Werker et al. (2008)bs®guently, the PHA was
determined with a GC (Agilent Technologies 78208)dascribed in Montiel-Jarillo et
al. (2017). The standards used were 3-hydroxybuigeid and 3-hydroxyvaleric acid
copolymer for polyhydroxybutyrate (PHB) and polyhgxlyvalerate (PHV) and 2-
hydroxycaproic acid as standard for polyhydroxy-@tmylvalerate (PH2MV).

2.4 Batch experiments

24.1 Sampling and monitoring
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The biomass used in all the batch experiments vithsirawn from the pilot plant at the
end of a cycle. Then, biomass was washed threestimin tap water and was left
overnight with magnetic stirring and aeration imlerto consume the remaining COD
and to achieve endogenous conditions at the begjrofithe experiments.
The batch experiments were conducted in a 2 L Vesgh on-line pH, DO and
temperature monitoring as in (Guisasola et al.,7200he probes, pH (Sentix 81,
WTW) and DO (Cellox 325, WTW), were connected tamaltiparametric device
(INOLAB 3, WTW) which in turn was connected via R&22to a computer with an own
data acquisition software developed in Visual Basic
In every experiment, 40mL samples were extractedye80min for the analytical tests.
The samples were processed with a centrifuge (Baok@oulter, Avanti J-20 XP) and
filtered through 0.22um pore diameter filters (bidre).

2.4.2 PAO/DPAO activity batch experiments
The PAO/DPAO activity tests were comprised of thsequential phases mimicking the
cycle of R1-HET: an anaerobic phase (180 min)pfedd by an anoxic phase (60 min)
and a final aerobic phase (120 min). The first aviaie phase was obtained by sparging
N2 gas. At the beginning of the experiment, a pulseutrients was added so that the
concentrations were: phosphorus 10 mgRP L (KH,PQy), acetic acid 150 mgt
and ammonium 20 mg NfN L™ (NH4CI). The anoxic conditions were obtained by
adding at time 180 min a single dose of nitritaibrate so that the concentrations were:
nitrite 15mg NQ-N L™* (NaNQ,) or nitrate 15mg N@N L™* (NaNQs). The
nitrite/nitrate added was equivalent to the ammionihat would have been oxidized
during the nitrification phase in R2-AUT of the giilplant. Finally, the aerobic phase

was accomplished by sparging air, maintaining ade@veen 2-5 mg L
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2.4.3 Nitrification activity experiments
Nitrification activity tests comprised two aerolpbases of 120 min each, with a DO
between 2 and 5 mg'L At the beginning of the experiment, ammonium ¢SH was
added so that an initial concentration of 15mgs;NN L™ was obtained. If required, a
second aerobic phase was planned with a pulserdaérfNaNG).

2.5 Calculations

The observed production and consumption rateseostiidied variables were calculated

as follows:
. . AC
Production or consumption rate = — (2)
f~lo
AC
te—t
Specific production or consumption rate= £— (2)

VSsS

Where AC is the concentration difference between the baggand the end of the
phase in mg L, t, and t are the initial and final time in minutes, and V&®centration

is in mg L™

Furthermore, the ratio P-release/C-consumption )(B(Zing the anaerobic phase was

calculated as a PAO activity indicator:

PREL

1P Mp
P/C (% )= coglgON (3)
32

Where Re, is the phosphorus release during the anaerobigepihamg P@-P L, Mp
is the P molecular weight (30.97g/mol), C&JR is the COD consumption in the
anaerobic phase in mg@*, and 32 is the factor gft mol for acetate.
Total N removal was calculated as ammonium in tifeient minus the sum of the
nitrogen species measured in the effluent as ammmgmitrite and nitrate.

2.6 Economic assessment
The economic feasibility of the mainstream SCEPPH&Rfiguration was evaluated

and compared to a traditional’/® configuration for a time span of 30 years. The
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detailed methodology and results can be found enStipplementary Information. The
major design assumptions were: i) primary and sgaonsettlers are not needed for the
SCEPPHAR plant while they are considered for tf&Aplant, ii) three independent
SCEPPHAR process lines are needed to guarante®tiieuous operation and to ease
the maintenance, and iii) just one warehouse spgtepment unit (i.e. blower and
pumps) for all process lines is purchased as aupadkcomes were derived from the
net production of electricity (i.e. biogas) and teagter tariff. The cash-flow relative to
struvite was negligible compared to the other coBidA recovery incomes were
excluded because of the low PHA content, but tkeegse in biogas production due to
the PHA concentration in the sludge was considefgternal carbon addition was not
accounted since the biochemical oxygen demand (B&Djent was considered high

enough to promote both N and P removal.

3. RESULTS

3.1 Period I. Preliminary results and operational changes during the start-up
In a first start-up (Period I), the system was apstt for more than three months with a
configuration of 8 hours per cycle (Table S1). Anmaowas fully oxidised since R2-
AUT was enriched in nitrifying organisms. HowevEBPR activity was not detected,
indicating the absence of PAO in R1-HET. The lowC@resent in the influent (150
40 mgCOD-[) was a clear bottleneck for the implementatiorEBPR. In addition,
specific batch tests in R1-HET demonstrated thaD@€émained almost constant during
the anaerobic phase and that no VFA were deteaeédaling that besides the low COD
content there was a lack of COD fermentation to V& enhance fermentation and to
increase the VFA availability for PAO, the anaemophase was increased from 3 to 6

hours and the whole cycle length was extended f@no 12 hours using the
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configuration reported in Table 3. After severalek® with this extended cycle length,
PAO activity remained very low. Finally, it was d#ed to add an external carbon
source (acetic acid, additional concentration df ity COD- [') at the beginning of the
anaerobic phase. Figure S1 compares an examghe ainiaerobic P release obtained in
two different cycles without and with VFA addition.

Considering the low COD available in the wastewateed and the results obtained
during Period |, the SCEPPHAR pilot plant was opmtarom that moment onwards
with a cycle configuration of 12 h and with an antded dosage of acetic acid (to
increase the COD concentration by 100 mgCObat the beginning of the anaerobic
phase in R1-HET). After this operational change;HEIl was progressively enriched

in PAO and EBPR activity increased, promoting stabid good removal for P and N.

3.2 Period Il. Stable operation of the SCEPPHAR pilot plant with complete
nitrification

This section reports the results obtained durirggltimg-term monitoring of Period II,
when the pilot plant was operated under complétéication mode and had good PAO
activity. Figure 2 shows the ammonium, phosphatk @ODs input/output profiles of
the pilot plant once the PAO activity was enhaneed Table 4 shows the average
solids concentrations. During the days 0 — 175,effleent P was consistently below
the discharge limit, with an average of &®.1 mgPG*-P-L*. Ammonium oxidation
was almost complete, with average effluent conegiotn of 1.9+ 2.5 mg NH*-N- L™,
Nitrite, nitrate and TN average concentration ia #ffluent were 0.5 1.2 mg NQ-
N-L?% 3.7+ 0.9 mg NQ-N-L* and 5.2+ 3.6 mgTN-L% Hence, the pilot plant was
accomplishing its main objective, which was to mksgal discharge limits for the

Manresa WWTP (P < 1 mgP*LNH;*-N < 4 mgN-L* and TN < 10 mgN-t, (EEC



366  Council, 1991)). The removal efficiencies duringi®e Il for total N, P and COP
367 were 86 12 %, 93t 9 % and 726 %. Ammonia oxidation started to decrease on day
368 180, because of a significant decrease in temperdfigure S2) and because the
369 aeration phase in R2-AUT was limited to 3 h.

370 Concerning to COR Figure 2C shows the low influent concentratiord amgh
371 variability (136+ 39 CODQy-LY), the values at the effluent of 3114 mg COR-L* and
372 removal efficiencies higher than 75%. The lack dDOC in this wastewater was
373  alleviated by the addition of the 100 mgCOD:-bf acetic acid. The need of this
374  addition was corroborated in some cycles (days1198)-where a pump malfunctioning
375 led to the absence of this extra VFA and resulteal lower P-removal).

376  Figure 3 shows an example of a cycle operatiorginbtl at day 139 of operation, when
377 the system was under stable operation with compidtdication. The cycle started
378  with the feeding of 1750 L of wastewater (step ARA-HET in Figure 1). The influent
379 wastewater in this cycle contained 3.8 mgP®-L' and 31.3 mgNH-N-L™.
380 Considering the concentrations in the remainingeaikquor in R1-HET before the
381 feeding (30% of the reactor volume) and a possiblecentration similar to that of the
382 end of this cycle (around 0 mg POP-L' and 0 mgNH"-N-L?), the initial
383  concentrations in R1-HET after the feeding showdenbeen around 2.7 mgFaP- L
384 and 21.8 mg NE-N-L™. The first measurements (t=0.633 h) showed that t
385 theoretical ammonium concentration (21.8 mgNN-L™) agreed with the measured
386 value (22.8 mg N&f-N-L™), but did not agree for phosphate. The experintenta
387 measurement was 13.2 instead of 2.7 mgP® L. This increase was related to the
388 length of the feeding phase (38 min): PAO coul@aet P linked to the uptake of the

389 VFA available in the wastewater.
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During the following anaerobic phase (step 2 forHET) P concentration increased
linked to VFA consumption by PAO, reaching 34.8 gk P-L* at the end of this
phase (an increase of 9.2 times the initial wadiewa@ncentration). On the other hand,
ammonium concentration remained almost constannhgluhis anaerobic phase, with
22.3 mg NH"-N-L? at the end of this phase. Then, biomass was pusgeg 3) to
maintain the SRT around 10d and the stirring wasett off for biomass settling. After
settling (step 4), the supernatant of R1-HET (73%e volume) was transferred to R4-
INT (step 5). In the following step 6, R1-HET ree=sil the supernatants of R2-AUT
(containing the water of the previous cycle aftgnification) and R3-PRE (150L). After
this water interchange, the concentration of amoman{Figure 3) at the beginning of
the anoxic phase decreased significantly down Son®& NH;*-N-L™, as the content of
R1-HET (30% remaining after settling) was dilutedhwthe nitrified water from R2-
AUT with ammonium concentration around 0 mg fHM-L’. Phosphate also
decreased to 27.1 mgPOP-L! due to the added effect of three different proessy
struvite precipitation in R3-PRE that reduced tlmmoentration of phosphate in the
supernatant of this reactor, ii) occurrence of sémgtake in R2-AUT and iii) DPAO
activity during the filling of R1-HET from R2-AUTas nitrate content in this exchanged
water can be used as electron acceptor for P-uptake

During the rest of the anoxic phase (step 7), #maining nitrate could be used as
electron acceptor for DPAO activity. In the cycleegented, initial nitrite/nitrate
concentration was low, as it was almost depletethduhe previous feeding phase, and
hence anoxic P-uptake was low. Regarding the ati@ritored variables, ammonium
concentration did not change significantly, and lghs COD consumption was
observed. Finally, in the following aerobic phaseef 8), P-uptake was fast, reaching

0.06 mgPQ@*-P-L! at the end of the phase. Ammonium was fully oxidisnd COR
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was only 16 mgCOD-L at the end of this phase. Finally, aeration aimirsj were
turned off for the last settling (step 9) and dagje (step 10), where a very high quality
effluent was obtained, fully accomplishing dischealignits.

Regarding R2-AUT, it received the anaerobic sugantaof R1-HET through the buffer
R4-INT (step 1 for R2-AUT). The aerobic phase (si@pvas designed for ammonia
oxidation to nitrate, and it accomplished its objex; reducing the ammonium
concentration from 17.3 to 0 mg WHN- L™ and increasing the concentration of nitrate
up to 17.6 mg N@-N-L™ during its two hours of duration (Figure 3). Thestrof the
cycle time in R2-AUT was devoted to idle, settlimgscharge, filling and purge (steps
3, 4, 1). Figure 3 also reveals some P-removal 23ART, probably due to the
aerobic/extended-idle configuration used in thigcter. The presence of PAO in this
configuration is attributed to the non-aerated edésl-idle phase acting as a post
anaerobic zone (Wang et al., 2012).

Finally, R3-PRE receives 150 L of anaerobic supamtdrom R4-INT. This stream has
a higher P content than the influent and a sinfilgh content of ammonium. Phosphate
precipitation took place in this reactor when pHswacreased up to 8.5 by air sparging
for CO, stripping and the addition of 19 mg RgL" as concentrated solution of
MgCl,. Typically, P concentration in R3-PRE decreasediad 65%-75% at the end of
the phase. The supernatant of this reactor wassalsato R1-HET during step 6 (Figure

1).

3.3 Period I11. Achieving nitrite-shortcut in the SCEPPHAR configuration
Before moving to shortcut nitrogen removal, theofpilplant was stopped for
maintenance and some valves and pumps were replsmalise of clogging issues.

Hence, Period Il starts at day 275 after a neveutetion. The input/output profiles for
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phosphate and ammonium during this period are showigure 4, the average solids
concentration is reported in Table 4 and finallgyfe S3 shows the temperature profile
in R1. The plant showed complete nitrification aay 41 with good nutrient removal
performance. The system recovered a similar rempediormance to that observed
during Period Il with an effluent below dischargmits. Figure S4 shows a fully
monitored cycle on day 362. The profiles durings thatch cycle were also similar to
those obtained on day 139 (Figure 3): only sligHtywer P-release activity was
observed during the anaerobic phase.

Once the system was stable (day 363), two opegdticimanges were implemented to
decrease NOB activity in R2-AUT: i) real-time canitof the length of the aerobic
phase using the on-line ammonium measurement amgheirating at lower SRT. The
proposed strategy does not require operating atvaDO value to achieve nitritation
and, hence, the DO setpoint was maintained at & \agwvoiding a potential increase of
N>O emissions reported at lower DO (Massara et @1.822017).

Figure 5A shows an example of the ammonium andteitmonitored in some cycles of
R2-AUT on day 365, two days after implementing #&eobic length control strategy.
Ammonium was oxidised during the aerobic phaseelinko the increase of nitrate
concentration, measured by the same on-line semseration and stirring were
automatically turned off when the ammonium concdmdin decreased below 3
mgNH,"-N-L™. However, stirring was not stopped in the cyclesve in Figure 5A to
have representative values of the monitored vaghDuring the non-aerated phase,
ammonium remained almost constant, probably relatetde detection level of the on-
line ISE analyser, while nitrate slightly increasdde to some nitrite oxidation,
probably because of oxygen surface transfer duéhdostirring. Nevertheless, this

problem was not observed in the conventional ofmeratf the plant.
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Figure 5B shows a batch experiment conducted or8d8y15 days after implementing
the control strategy. During the first part of #gageriment, ammonium was oxidised at
a rate of 5.7 mgNi-N-L™-h', nitrite was accumulated at 3.2 mgh®-L™*-h' and
nitrate was produced at 2.7 mgh® - L' i, These values indicated that AOB activity
(oxidation of ammonium) duplicated the activity BIOB (production of nitrate),
leading to accumulation of nitrite. Moreover, iretbecond part of the experiment, after
the addition of an excess of nitrite, NOB actistightly decreased to 2.2 mgNEN- L
L.d' instead of increasing. This indicated that NOBevire limiting step and that the
first actions towards decreasing NOB activity wpositive.

After a month of implementing the control stratei)B activity was undetectable and
the nitrite-shortcut SCEPPHAR configuration wasefively obtained. Figure 6 shows
two examples of pilot plant cycles obtained on dady® and 439 of operation.
Ammonium in R2-AUT was completely oxidised to rigti without detecting nitrate
and matching nitrite formation to ammonia oxidatidine aeration phase length was
shorter on day 439 since the controller adapts ldngth automatically. Figure S5
shows an example of a batch test with R2-AUT bianais day 419, where a high
ammonium concentration was added at DO setpoints @ and 3 mg@®L™. Nitrate
was not observed at any DO setpoint, indicatinddbk of NOB activity.

Returning to the experiments on Figure 6, thetedtich effluent of R2-AUT entered
the anoxic phase of R1-HET. Nitrite was not detéatethe first sample of the anoxic
phase because the feeding time of 28 minutes wasgérto reduce the available nitrite
by DPAO, as already observed for nitrate in thevipres cycles. No additional nitrite-
based DPAO activity was observed during the restnaixic phase due to the lack of
nitrite. However, nitrite DPAO were very active @monstrated in the specific batch

experiment shown in Figure 7, where a nitrite réidncrate of 0.072 mg N-NO g*
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VSS-min' was observed. This high nitrite DPAO activity icalies that a fraction of P
was uptaken in the anoxic feeding phase of R1-HEE. most significant result of the
SCEPPHAR configuration in Period Il was the susbt@sP-removal using N-removal
via nitrite. Moreover, some P-uptake was also olexein R2-AUT, similarly to Period
II, and showing that the nitrite shortcut did néfeaet potential PAO presence in R2-
AUT. Regarding the overall removal efficienciesidgrPeriod Ill, they were similar to
Period II: 82+ 11 % for total N, 94 12 % for P and 8& 7 % for COL.

Tables 5 and 6 show the main parameters of R1-HEITR2-AUT in the four cycles
presented in this manuscript. The maximum spec#ies for conventional EBPR
processes (i.e. COD uptake and P-release) werdanebtdor the case with full
nitrification. However, under nitrite-shortcut mottee P-removal efficiencies were not
affected in spite of the lower specific rates. Tiadure of the influent COD was very
diverse: from complex COD to VFA. Thus, simultaneéermentation and COD uptake
could be occurring under anaerobic conditions. Pheé values were quite high for
being a real wastewater, probably due to the aeeitt amendment. Regarding the N-
related processes, the specific ammonium oxidatibe increased during time and it
was higher when nitrite shortcut was applied, pbbpalso due to the lower SRT used
(5-7d) that led to lower biomass concentration (@ad). The ratio of nitrate with
respect to the initial ammonium was close to on¢hencomplete nitrification cycles,
while the ratio of nitrite versus initial ammoniwvas close to one in the two cycles

reported with nitrite-shortcut.

3.4 Resour cerecovery
The main purpose of the mainstream SCEPPHAR cordigun was to examine the

feasibility of recovering resources from the wasttaw besides obtaining a good
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effluent quality. Regarding the recovery of P as\ste, the typical values obtained in
R3-PRE showed P-precipitation to be in the rang®®% depending on the specific
cycle and precipitation conditions. Magnesium weaddeal in the range 1-1.5
molMg?*-mol*P: a fixed amount of Mg was dosed but the P concentration at the
beginning of the precipitation phase in R3-PRE wasable. P-recovery in R3-PRE
was feasible due to the increased concentrati¢halftained at the end of the anaerobic
phase with respect to the influent. The average@amation of P in R3-PRE was 62
2.4 times the influent concentration with a maximuncrease of 9.2 times in the cycle
of day 139. An average 45% of the P in the influeotild be recovered as struvite
following the next considerations: a typical pré@pon of 70% of the initial P in R3-
PRE, an influent of 1750L of wastewater with 4 mgP®-L* and that 150L of
anaerobic supernatant with 30 mgP@®-L* were sent to R3-PRE. When considering
the best scenario (day 139), a supernatant of 38QxigP- L, influent 3.8 mgP&}-
P-L* and 80% of precipitation, the recovery increasedtou63%.

The biomass extracted at the end of the anaerdiaisephas a higher PHA content than
the typical purge obtained at the end of the aergiiiase. PHA analyses in a
conventional cycle of the pilot plant showed petages of PHA in the biomass
(gPHA-g'TSS) of 3.1% and 6.9 % at the start and end ofatieerobic phase. Batch
experiments with excess of VFA and left overnigidreased PHA content from 0.7%
to 9.1%, which is the maximum value measured with sludge. This value would be

obtained by adding an excess of VFA in all or sainéne cycles in the pilot plant.

3.5 Economic Assessment
This section reports the main results obtainedtlier economic evaluation, which is

detailed in the Supplementary Information. The preisent value for SCEPPHAR and
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A?/O were estimated at 58.2 and 63.4 M€, respecti@ysidering a wastewater tariff
of 0.73 €/, the internal rate of return (IRR) was very high SCEPPHAR and #0:
21% and 29%, respectively. The slightly better onte for the A/O technology was
mainly due to its lower capital expenditures (CABE¥5.9 M€) compared to
SCEPPHAR (21.8 M€), due to the discontinuous nabfithe SBR operatiol.he cost
advantage of missing settler units in SCEPPHAR woféset by the higher total tank
volumes and mixing units. Cost of piping was alsghr for SCEPPHAR because of
its more complex liquid interchange system.

Operational expenditures (OPEX) were slightly higlee SCEPPHAR, mainly due to
the higher maintenance costs related to the hig@®PEX. The wastewater tariff
required to obtain an IRR = 4% was 0.27 and 0.3 €r A%O and SCEPPHAR,
respectively. Hence, SCEPPHAR is outcompeted bygraventional A/O if only the
incomes from biogas production and struvite aresictared. However, the difference in

terms of wastewater tariff aid for SCEPPHAR is ob¥6 higher than for %O.

4. DISCUSSION

4.1 COD requirementsfor the SCEPPHAR configuration
The pilot plant during Period Il showed good rerabefficiencies of P (94 12 %) and
N (82+ 11) with a wastewater enriched in VFA: COB 338+ 81 mgCOD- [, CODs
= 236+ 39 mgCOD- [}, ammonium 4@ 11 mg NH*-N-L* and phosphate 42 1.1
mg PQ>-P-L*. Metcalf and Eddy (Tchobanoglous et al., 2013pmemend threshold
ratios for the design of WWTP configurations aimiag simultaneous C, N and P
removal (/O and UCT): a readily biodegradable COD (rbCODpteat of 6.6 g
rbCOD-g'NOs-N and 10 g rbCODHP. These ratios, translated to the wastewater

treated in this work, result in the need of 30&G®D- L'*. This value is higher than the
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CODs available for the VFA-enriched wastewater teéain this work (236+ 39
mgCOD- Y. Hence, if the wastewater met the design recomat@rdof Metcalf and
Eddy, the SCEPPHAR configuration would be able remtt it without the need of
adding extra COD.
If the COD concentration was too low, as in theecatudied in this work, additional
VFA would be required. Fermentation of excess studgpears as a clear option to
obtain extra VFA, although the amount produced ighlly dependent on the
pretreatments used (Longo et al., 2015; Luo eR@all9). For the R1-HET scenario (i.e.
SRT around 10 d and with 2.7 gTSS)lthe solids production would be around 675
gTSS-d. To obtain an increase of VFA in the influent arduL00 mgCOD-L for a
daily influent of 3500 L-d, 350 gCOD-@ would be required. Considering a ratio of
0.85 gTVS-gTSS in the sludge, this amount of COD could be inbth achieving a
fermentation yield of 0.61 gCOD*§VS by using one of the pretreatments reported in
the literature (Luo et al.,, 2019). Additional CODuwd be also obtained from the
fermentation of primary sludge or other fermentatdebon sources such as glycerol
(Guerrero et al., 2015, 2012).

4.2 Successful implementation of nitrite shortcut
The simultaneous implementation of real-time cdrifdhe length of the aerobic phase
and decrease of SRT led to a successful operatittnsiortcut N-removal, that was
maintained without observing any NOB adaptationirduthe operation of Period Il
The rationale of the first strategy is that if dena is switched off around complete
ammonia oxidation, some residual nitrite shouldpbesent that could not be further
oxidised by NOB due to the lack of aeration, thgrimiting their growth (Fux et al.,
2006; Guisasola et al., 2010; Guo et al., 2009; aismet al., 2008; Marcelino et al.,

2011). The reduced NOB growth would lead to a slyglower nitrite oxidation rate in
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the following cycle. As a result, nitrite accumudat when ammonia oxidation is
completed and the aeration phase is terminateddnoelslightly higher than in the
previous cycle, further reducing the growth of NOBver many cycles, the NOB
population would decrease gradually, which will dmompanied by increased nitrite
accumulation at the end of the aeration phasesleW®B growth is repressed through
this misalignment between oxygen and nitrite, AOB ot affected because oxygen is
provided until ammonium is depleted. Moreover, aymalso result in transitory high
free nitrous acid (FNA) levels when aeration igrterated and nitrite is accumulated in
the bulk liquid. While the reported FNA levels ibliory to AOB and NOB varied
considerably in different studies, it is evidenattrAOB are in general much more
tolerant to FNA than NOB (Jubany et al., 2009b;kPamnd Bae, 2009). In summary,
when aeration is suppressed, the conditions asodhiat it is likely that yog decreases
more than Wog, thus contributing to the decrease of NOB activitiiis strategy can
only be successful if it is combined with a prof&T selected to remove NOB faster
than they grow as shown in equation 1 and explaingarevious works (Guisasola et
al., 2010; Jubany et al., 2009a, 2009b; Lemaied.eP008; Marcelino et al., 2011).

4.3 Resour ce recovery
Most alternatives to recover P from WRRFs are basethe sludge generated (&lile
and Konieczka, 2017; Egle et al., 2016; Mayer et28116; Melia et al., 2017; Rittmann
et al., 2011; Rotta et al., 2019). The most accepbategy is, nowadays, its
precipitation as struvite (NWWIgPQO,-6H,O) from the supernatant of digested sludge
(Jabr et al., 2019; Le Corre et al., 2009; Li et 2019; Rittmann et al., 2011). Struvite
is a slow-release rate fertiliser with nitrogen amaignesium that has been reported to be
a good option for agricultural uses. Struvite ppéation in a tertiary step is not a viable

option due to the low concentration of phosphatd ammonia. The most adequate
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stream for the struvite precipitation is the digéstof anaerobic digestion, due to its
high ammonia and phosphate concentrations. Iniaddivhen EBPR is integrated in a
WRRF, P recovery as struvite from the digestatelimmore efficient since the sludge
entering anaerobic digestion contains up to 20 dimere P as Poly-P that could be
easily released in the digestate (Miinch and B&612Shu et al., 2006).

However, typical values of P-recovery around 12% abtained by struvite
precipitation from the supernatant of anaerobieslign (Remy and Jossa, 2015), in
contrast to the much higher 45-63 % of P-recovepprted in section 3.4, which is one
of the main achievements of the mainstream SCEPRPHAR

The key operational factor in this configuratiorolstaining a high anaerobic P-release,
as it determines the maximum resource recoveryddratbe obtained: the amount of P
that can be recovered in R3-PRE and the perceofadgEA in the sludge. On the other
hand, the precipitation reactor does not need taldsgned to treat all the influent
wastewater, as less than 9% of the influent igecb@n this case (5.5% of the reactor
volume). Another possibility would be decreasinge thumber of cycles with
precipitation: it could be plan a single recoveer play with some extra VFA in this
specific cycle. This strategy has been proposebdriiterature (Kodera et al., 2013; Lv
et al., 2014), although in some cases it has peyadome instability in PAO activity
(Acevedo et al., 2015). Nevertheless, the long-teperation with an optimised volume
of anaerobic supernatant extraction every cycle deesn demonstrated to be feasible
and stable at lab-scale (Guisasola et al., 2019).

With respect to PHA, the values of 6.9% at the einthe anaerobic phase or 9.1% after
adding extra VFA obtained in this work are much éovhan the 41% (gPHARYSS)
obtained by a side-stream system fed with surpluks€ale activated sludge and

acclimated with fest/famine cycles using fermentdgA liquors from industry or
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primary sludge sources (Werker et al., 2018). Haxeeonsidering the amount of
sludge produced per day and the COD load in tha plant, our 6.9% of PHA in the
biomass results in a yield around 5% of the inl&DCfinally ending as PHA in the
produced sludge. This result seems low at a flestiag, but it is much higher than the
negligible yields that can be obtained in sideastresystems for producing PHA.

The PHA content in the biomass could be even imgataf R1-HET was operated at a
lower SRT. This lower SRT would decrease the toimnass and, thus, would increase
the percentage of PHA in the sludge if enough ameNFA uptake is maintained. In
a previous work (Chan et al., 2020), the PHA cantérEBPR biomass increased from
8 to 18 % (gPHA-QVSS) when the SRT was decreased from 15 to 5 d4js.change
can easily be implemented in the mainstream SCEHR®E@nfiguration, since it is a
two-sludge system that allows the independent ap#tion of both SRT.

To elucidate if the experimental PHA content in themass was reasonable, the
amount of PHA produced with the extra VFA added wakulated considering the
anaerobic stoichiometry for PAO (Smolders et 894) (1.33 molC-PHB- mdC-Acet

= 0.95 gPHB-gAcet). The inlet acetic acid (100 mgCOD)lto R1-HET with a typical
biomass concentration of 2.7 gTSS-Wwould result in an increase of 2.5% of the PHA
percentage in the biomass. Therefore, the expetahPiA increase observed (3.8%)
was reasonable, as some of the inlet COD couldebmented to VFA during the
anaerobic phase. In the hypothetic case that thendss concentration was only 1.4
gTSS. [}, the increase of PHA would have been 4.8%, whigiperts the strategy of
decreasing SRT for increasing the percentage of.PHWse results also show that an
important amount of VFA should be available or atide view of obtaining biomass

with a significant PHA percentage.



664  Although the experimental PHA content obtained ddu¢ improved by lowering SRT
665  or with sporadic VFA dosages, its percentage Ifati from the requirements for an
666  economical down-stream recovery of the PHA polym#érich recommends a minimum
667 value of 40% (gPHA-§vSS) (Werker et al., 2018). Nevertheless, purgingge with
668 high PHA content can also be beneficial for an eobd biogas production. Several
669  works report a significant increase of biomethawoéeptial (BMP) of biomass with
670 higher PHA content (Guisasola et al., 2019; Hudal.e2016; Wang et al., 2016). Chan
671 et al. (2020) studied BMP versus the PHA contentEBPR sludge at different
672  operational conditions and obtained a linear catimh BMP (mL CH4-gVSS) = 240
673 + 15.3 * PHA (mmol C-QVSS). They showed that the percentage of COD in the
674 influent that could be recovered as methane coalthbreased from 11% (SRT=15 d
675 and purge extracted from the aerobic reactor) % Z8RT=5 d and purge extracted
676  from the anaerobic reactor). Moreover, the main BRtffease was observed during the
677 first days of the test, due to the higher biodegbédy of PHA. Thus, digesting
678 biomass with high PHA content would have a sigaificimpact in anaerobic digesters
679  working at relatively low HRT.

680 4.4 Integrated assessment

681  This work reports the major benefits of the marmtn SCEPPHAR configuration: i)
682 EBPR can be combined with a high P recovery asistuii) the sludge generated
683  contains a higher amount of PHA than conventiohalge, iii) it can remove nitrogen
684  via nitrite shortcut, and iv) high COD, N and P mamal are stably obtained if enough
685 rbCOD is available in the wastewater. On the otiide, the PHA content in the sludge
686 does not allow an economically feasible extractathough this sludge increases the
687  specific biogas production. Struvite recovery isndestrated, but the incomes that

688  could be obtained are nowadays negligible comptrdéiae other costs. Current CAPEX
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estimation for the SCEPPHAR configuration is higheen for a typical AO

configuration without resource recovery, and henéeither development and
optimization is needed to become competitive frameaonomic point of view. The
15% higher wastewater tariff required for SCEPPH#RN for A/O could justify its

implementation if resource recovery is considerdchtagic and incentives are
legislated. The current study did not consider mes from PHA because of its
concentration below the recommended 40%. Howewedences from other projects,
e.g. PHARIO (Bengsston et al.,, 2017; Werker et 2018), suggest that a PHA
accumulation up to 40% is feasible if short enriehtmperiods are planned at the
expense of an additional reactor and external Vi&ade. This would open the
possibility to obtain incomes from PHA recovery3S€@EPPHAR that would potentially

improve its economic feasibility.

5. CONCLUSIONS
The mainstream SCEPPHAR configuration was operatesl demo-scale pilot plant
and for a long-term with successful results in ®whC, N and P removal efficiencies
under full nitrification and under nitrite shortauiode.

* Regarding P recovery, the anaerobic supernatana ltaticentration of P of 6-9
times that of the influent, allowing that 45-63%tbé P in the influent could be
recovered as struvite in a separate precipitatois Value is much higher than
the typical values around 12% reported for sidestr®-recovery.

* Mainstream SCEPPHAR proposes a purge from the abi@ephase of the
EBPR system rather the conventional purging atetie of the aerobic phase.
This biomass contains 6.9-9.2% of PHA, a highercgatage than typical

activated sludge, but its extraction does not seeonomically feasible for
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bioplastic production with the current technologidsevertheless, purging
biomass with high PHA content would increase theharge production when
diverting this sludge to anaerobic digestion arlist it would enhance the
energy recovery of the system.

The economic feasibility study shows that the qurn®CEPPHAR technology
would require a water tariff 15% higher than thawoconventional AO and
hence it would be necessary to legislate incentiwéavour resource recovery to

make it economically viable.
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Tables

Table 1. Main operational parameters used for each period.

HRT SRT (d) SRT (d) Aerobic
Cycle
Period Days (d) R1- R2- length
length (h)
HET AUT control
Start-up 8-12 1-1.5 15 15 N
Complete
[ 0-225 12 15 10 12 N
nitrification
11 Nitrite shortcut 291-439 12 1.5 10 5-7 Y




Table 2. Average composition of the influent of the pipéant (effluent of the primary

settler of the full-scale WWTP of Manresa).

Compound Concentration Units
PO,>-P 42+1.1 mgP- L*
NH4"-N 40+ 11 mgN- Lt
NO,-N 0.1+ 0.1 mgN- L*
NOs-N 1.3+ 0.7 mgN-L*
COD+ 228+ 81 mgCOD.- [
CODs 136+ 39 mgCOD- L'*

Temperature 20+ 6 °C




Table 3. Configuration of the four reactors of the pildamt with a 12 h cycle length.

R1-HET (heterotrophic SBR) R2-AUT (autotrophic SBR)
Time (min) Phase Time (min) Phase
0-37 Feeding from influent 37-358 Aerobic
37-355  Anaerobic 338413 Settling
355-360 Purge 413 - 441 Extraction to R1-HET
360 - 385 Settling 441 - 465 Feeding from R4-INT
385-413 Extraction to R4-INT 465 - 470 Purge IoHRET
Feeding from R2-AUT
413 - 441 470 - 37 dle
+ R3-PRE

441 - 541  Anoxic
541 - 661 Aerobic
661 - 691  Settling

691 - 720 Extraction to effluent

R3-PRE (precipitation reactor) R4-INT (interchange vessel)

Time (min) Phase Time (min) Phase

385-413 Settling 385-413 Feeding from R1-HET
413 - 425  Extraction to R1-HET 413 - 425 ldle

425 - 435 Feeding from R4-INT 425 - 435 ExtractiofiR3-INT

435 — 385 Precipitation: M§" addition 435 - 465 Extraction to R2-AUT

465 — 385 dle
! Maximum value (the real value depends on the cbaofrihe aeration phase length)

Time of the following cycle



Table 4. Average solids concentrations

operational periods.

in R1-HET and RZFAWuring all the

Operational period Reactor VSS TSS
(days) (gVSS- 1Y (gTSS- Y
0-225 R1-HET 1.44+0.18 1.70+£0.22

R2-AUT 3.30+£0.80 4.09 +1.00
275-450 R1-HET 2.03+0.18 2.48 +0.12
R2-AUT 2.15+0.12 2.80+0.16




Table 5. P release and COD consumption rates during R1-Hia€rabic phase

P-release P-release rate COD consumption rate  P/C ratio
Cycle
mgP-L* mgP-mgVSS-minit mgCOD- mgVSS-miri*  molP/molC
Aug 2018 31.0 0.129 0.212 0.35
Apr 2019 12.0 0.044 na na
May 2019 27.0 0.096 0.055 0.68
June 2019 23.2 0.051 0.094 0.32

na: not available




Table 6. Ammonium consumption and nitrite and nitrate prdaurcrates in R2-AUT

for the four cycles presented

NO3s-N/ NO,-N/
NH,"-N oxid. NO,-N prod. NOs-N prod.
Test NH;-N  NH4-N

gN-g'VSS-miit  gN-g'VSS-min* gN-g'VSS-min* -

Aug 2018 0.035 0.000 0.047 1.36 0.00
Apr 2019 0.029 0.000 0.027 0.94 0.00
May 2019 0.062 0.062 0.000 0.00 1.01

June 201¢ 0.087 0.122 0.000 0.00 1.40
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Figure 1. Schematics of the SCEPPHAR configuration as implemented in the demo-

size pilot-plant.
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HIGHLIGHTS

e Successful long-term operation of the mainstream SCEPPHAR at demo scale
(7.8m°)

* Including nitrite shortcut did not affect the C, N and P removal efficiencies

* Avg 45% of the P in the influent was recovered as struvite (peak value of 63%).

* Thehighest PHA percentage in the biomass was 9.2% with extra VFA dosage
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KPR B FRAZIE S DIEREE . Lhr b, SFEA I EUCADOT WRRF BA BT
8, mHX > EEREZE . e . SWSEHELD LT WieE4Er A HIRE
fF4b (Lizarralde £, 2019) o #RTT, M EREIH ALY b BSOS ) RORAN Ly HENJEZK
WY 12% (Remy A Jossa, 2015) , [ Sb0AZiidk 2% 4% U7 v LASE BT i R g [l i

BT EBPATE BN 23R P RIS ) S 302 — FhBEHG 0 P [al A& S o AN Ay A3 3] 1)
BEAVUERIER TR, —HEHOAKY], I EBPR RSGIREMBREIR P
DA R HIESE, A PAO M AL AR F 520 (Guisasola &, 2019) . il
U1, BCFS®idfE (AWML FI &I 2:6%)  (Meijer &, 2001; van Loosdrecht &,
1998) Atk (Baeza 5%, 2017; Kodera %, 2013; Shi &%, 2012; Valverde-Pérez
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&, 2015) o IREETAERERESISRE, FROERIRFMT, PR B R Ay [Ei
=k K P A 21 60% .

IR PRESRBOAT LLLE B3 5 [y TR ) — MR H, BB Y EBPR 5T Y
PREGFALITIT 7K1 PAO FE IR SRAT S MRS 4% AL R IR (VRA) TR R R
FNRWTHREE (PHA) o TEA E/ERESRAETT, PRI PHA 7] FHAE IS B B se s
Bls . IR B R A 7 AR AN R TR i PHA S8R HAEYE, eGR4
ARG REAR PHA S 21— K. & & PHA KIS BRA M MNEERSE: D
SEIUE AT A R A P2 I R4, 2) A RBOE NP, T PHA S8
B, %5 VR I TR E AR P B T ( Chan 2§, 2020; Huda 2%, 2016; Wang 2%, 2016) .

KTBA, HikiE, WHRHEe, eHTHE (NHS—-NO2) FFdkAT Sl
. (NO2z—N2) (Turkand Mavinic, 1987) , HAEGMAHILAIRASIL T2 (Turk F1
Mavinic, 1987) BAMH: 1) BAMFEEREIET 25%, MM PRI TRA I LT
IKALBR) IR A2 2) AL COD 77 3K F#AIK 40% : 3) IR mdfbig = (1.5 £ 2
%), T BRI R LU N AR #hid 4t DA AR BE I T 2E /K Hh 43 24 iE (Guo
&N, 2009; Ma%§, 2009; Yang %%, 2007) , 3 HiE5 EBPR %54 (Marcelino %,
2011) . UkAh, TEAHEREhtH kR IE y DPAO 1 B IFH T 244 (Tayé 2, 2013) .

Ak, AR SRS — 2, il G 2 AR AR #h AL B (NOB) MR
gk, MWMIREAEZAEME (AOB) « W Eif, N 7 E{RE AOB ¥ [HII ¥ kR
NOB, RMijii £ i (1) :

HnoB - bnos < SRT™ < paos - baos
HA unos FT paos 73514 NOB F1 AOB R M AEKIEZR, bnos A baos X RE 15 M
TEIRIE R, SRT Jyimets B [a] o VAN ER #hidk A2 19 LASE IR R 2 B R mg I8 SR pnos
A paos, PMEEER (1) o ERZBEIFN T, A vl et Z L unos A1 paos,
B2 53 pnvos PR T 3R 2,

SCHR T ARE BIERTS NOB 15 Bk B i ML SR 2 PRI A4 (DOD € £ (Aslan 45,
2009; Blackburne %, 2008; Jiang %, 2019; Jianlong and Ning, 2004; Pollice %%,
2002) , P AAMTE#EIN Y AOB E NOB X4 B A S m ¥k A1 /). 7EMK DO A Tizg
TR R T RE S AR B T N2O HEX (Massara 45, 2018, 2017)

D, ASCERH T —FoB ) WRRF 2544, FROyEii SCEPPHAR  CHE A% 5 A0 )
MERFIE R WIRER R EO , R ERETL) BH (www.SMART-Planteu) i K]
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WEARZ — BAER T TBUH B 7EUF BTE RO I A iU T 537 2L R K A 3R A ]
TEH G DG RO R AT AT, BEF IR EE, X SR E .

SCEPPHAR Mt & = it 1 Marcelino (2011 4£) 42 IPifI5 e R4, 0
TP BIRENL (A RIE S PHA 17508) « % RGET AR RS (SBR)
—NEER R (RI-HET) , fEAE IRV IS8 64 N AT EBPR: 3 —A
FERAFME (R-AUT) , FIRHEAN N MRS G .

AR SCKFAE A DG IR BT 2% AF T AL BRI T IS K AL B TS B R K ) R Y AR 3 0
SCEPPHAR Al L) MG AT AT 17 OCBEVTAL, s 11X o e & 1 58 U [0
77 JEBATFT A, IR SCIR A 5 — R S8 TE R VMU R A S BR A 2% A T 5 A TR
A FREE . B EORAE = PHA & &1 000075 Ve R 5
2 MR
2.1 SCEPPHAR HiR L) L&

SR R L A T2 H I BTk (A EES D o K1
EoRTHRAT MRER, Hhass: D HTFFRLERN RI-HET RS E T
R REAE (V=2500L) ; i) F T B IR0 R2-AUT L4807 ik X s B 2% (V=2500L) ;
i) T 23 AU0ER R3-PRE W3 (V=150L) ; iv) FIT7E R1-HET f1 R2-AUT
Z A28 e FIE R RA-INT 2545 (V=2500L) . iZH ik L] LA 70% HIARFIAS #: K (VER)
BAT, EMEEAMEIRALTE 17501 SR K. R 1 845 TG M= 55, seamiemm
WAL £ AT E 2 AT S8 P EK U B ) (HRT) i 2 [F]I 25 (& R1-HET 1
R2-AUT KRR, I BISQHE e SR HE [ 5E I 57, SRT.

i} R1I-HET F1 R2-AUT 7: A K H Manresa 157K 40 CGHEAT W AR SRS Ak 1 AN 32k
AT SRAGAE P BR B (1 B I SR LD YRSV IS Ve, JEXT RI-HET FIH K AR
AR TS S PAC BTG LAY R (ReyMartinez &, 2019) . JiTH
[11)% 7K & Manresa y5 7K A F2 A1t K, HPRr sk 2 fis .

T— AL BT SIS F T 20 B BRI R1-HET JFah: SREHEN
REFT B, PAO TEUAENL, B P, AR PHA; HHTIREMRHE, VER, ¥EH
TR SR P S N 3 B W% 2 RA-INT; SA)5, ¥ R4-INT H1[#) 150L i% % R3-PRE,
R SFABEIE: RA-INT HENHRIMOMEIFIZE R2-AUT, K AN IR
hE T AEER £ (BT IED ¢ 7 R2-AUT £l ytiE)s, LisE Rl R1I-HET #H471F
AT B fEE RI-HET BrBaiiEl, SAHIGRBEE (DPAO) LUILAHER #h/H e £h1E A
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=
=

ST FE

TRARBATBER S, BRJE, T AN ER BOR SE BRI TR, EIEAHRI
Bk, PEIRFIXRITAGE. R 3 VEAHULE T DL 12 /N o A IS AT I Al ) i e
e, ARG R (R SL) ety 1AESE — B BB A 1) 8 /N a5 .
22 HIRTL) BIERS

R1-HET. R2-AUT M1 R4-INT XHEALHEAT 7 EL MM (Endress-Hauser) , X%}
SN 2% )32 30 R 1) H 34k 22 5 % . ) DO(Hach Lange), it /& (Pt1000, Axiomatic),
pH LI 5 A7 (Hach Lange) W% R1-HET #1 R2-AUT. R2-AUT it LA LA
ITHTR L B ik f Ml (ISED  (Hach Lange) , T H & HIBE A BKEE . I pH
f&1&# (Hach Lange) Ml R3-PRE. AHAMEE I ETT (lberfluid) Ml s 87 2% 4% 1
WA E. R BIEE R1I-HET, R2-AUT Al R3-PRE (Milton Roy &) . B
%% (Grundfos) FIF/K2c#e, e (Seko) FT5yeidtb DL EER ZBRIGTRIN. FIf
A U B A5 A AL R Ge R iE B R 2E R4 (PCI-17111/ O &, Advantech) %E#: %]
Tkt HML (PPC-3170, Advantech) . HIfff78/INHFF & i Addcontrol #4H T H 3h
WA AR, AR 8 3l R (3241/3374 AL, Samson {1 #%5) # i<
TE, AR AR A D R AR ) R G g 1 LU AR o BRI 4. R1-HET
R2-AUT T &M B DO B2 [ 4R & AR FFE 3mg-L 2,
2.3 W

FESMTZ 0T, B 1008 nr AL S B0 3 0.22um (3 84S (A5 3D
g DLPUEHIR B s V2ot i v saitl,  FHBERR #h 70 #rX (115vac PHOSPHAX sc, Hach
Lange) M. T2 A ek, 85 #iC (AMTAX sc, Hach Lange) 4>
WTEcR . LAHER ShAAHIR Ehidid B 7 a3k (DIONEX ICS-2000) #EAT 43 #7 .

RIEFRETTVE (APHA, 1995) iR A I R MR FEE (VSS) AIEE
FFEAR(TSS) o fd ] Lovibond 7 & (COD Vario Tube Test LR A1 COD Vario Tube Test
MR) 1 MD100 Lobivond 73 )06 i34 7 COD. @R 0.22um 8 & 1d JE Y
FES I E W% COD (CODs) , ik COD (CODt) AREHITIE. AW+ PHA
SREMEI T FENEEF TR 0.6 mL FFEELLIEAEYI R, SRIEERE ST
HRHE Werker £5 (07775, A Che A T B AR 16 5 Fh 42 B PHA (2008) . BEJS, 40
Montiel-Jarillo Z5fTi&, HSMEIETE GC (Agilent Technologies 7820A) il PHA
(2017 FTfdt IR A 2 3- 32 2 T IR 3- 32 5L IR AL SR ] T 52 2k T IR E (PHB))
AR IR IREE (PHV) FIAREYIT, 2-525: CRRIE N IR H-2-F L IR RS (PH2MV)
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IFRE I -
2.4 HERE
2.4.1 BUREAN BRI

FE— NGS5 RIS, B P A7 b Ak 2 S5 v {8 F 1 AR P s ARl ) i o R
W AWt B SRoK e =3, FEAERE )4 RS SN B R, AMETEFERI R 1K) COD
HAE LI TF AR B 1A 21 Py PR 2% 1

HLE S RE—NEAMEL pH, DO AL EMEIhAER 2L &8 R HT I

(Guisasola %, 2007) . # pH (Sentix 81, WTW) #1 DO (Cellox 325, WTW) &
FHERS— 52384 (INOLAB 3, WTW) , %4 ilid RS232 &3 —4&
HATE Visual Basic &1 B CRIEHE RSB A 1T E L

FERRR ST, B 30 r PP 40 ZFHAE AT BT, IX SR A B 0L

(Beckman Coulter, Avanti J-20 XP) 4b#, Jfilid 0.22um FLRILHES (Millipore)
2.4.2 PAO/DPAO & ML B 2%

PAO/DPAO & MR AL SR R1-HET &3 =AM Lp B R B (180 43
B, ARG RBRERT B (60 408D FIERARIIFAMT B (120 405D o I BEANE K
BIEH —KIREM. LRGN, min—EEMFRgy, FHKREN: B
10mgPOs*-P « L (KH2PO4) , £ & 150mg * L1 Fl%% 20mgNH4*-N « LT (NH4CD) .
R AR TE 180 430 FR B [R]85 79 22 P O A e A B R 2 B, LR B
N WRSEREE 15mgNO2-N » LT (NaNO2) BifffRE: 15mgNOs-N » LT (NaNO3)
NI RS R B R 5 A 2 TAE AR T 1) R2-AUT [AHAL I Boh B A4 . B
J&, U B e A AORSE I, K% DO Z4ERFTE 2-56mg » L2 A .

2.4.3 WALIEESEL

TEALTE VN AR P AN E B B, AN BN 120 434, DO fE 2-5mg <L 22 ],
FESCITFARIT, W INE: (NHaCD , DMEFRTS 15mgNH4*-N « LT IR E . R H
2, R BN EEREE (NaNO2) J#EATE8 —NMF & B
25 iHHE

WAL R, BSR4 = R AR R T S R

R B

tf

(1)
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sc
R A PR = L (2)
okt Ac I B FIZ 2 MIUAE 2, S0 mg « LY to i te ZMSLRIVI
[ A 2], BA67 min; VSS WJEBAL Ny mg « L,
WA 5 DR SEU B T SR  RCB5 R ER  E 0 PUC A SR 0
He 47

p
P/C (mo ) = COI;ICI.:’ON (3)

molC

il

sorp, Do R BN OB REICR, LL POS-P « LY M REBEE T 105 TR
(30.97g/mol) ,CODcon & KA M Bt COD jH#EE, LA mgO2 -« L1 NHAL; 32 24
FRE I R % (gO2/ C mol) .

G F B AT DU K A R s 2 K A5 R P RS R R AR R S R
Foftf) s A5
2.6 ZTPAL

X BLPEAL T E SCEPPHAR AL B MAFTrIATHE, I S54&50 AYO Bl B i
177 30 ERF RIS FE I LS. PRANII VA RIS T DIZEAN e M5 Boh 3R B, Bt
ik &: i) SCEPPHAR T.J AN EYIYUMA i, 1M A20 L] MIFE AT i
i 22 =ANMSLIK) SCEPPHAR A2 77 4 A IR FF SR is A GERR I8 i) A A2 ]
5 M SE— AN P 2% FH & CRIXULANZED AR A& H o WKk B L A 7= (RIVE A0
R, . 5 HARAFLL, 58 38AMCHIERMALIE. BT PHA & &
fiX, PHA F RIS HEBRAE S, (HIC 225 & 3T5 T PHA K Z T B0 &
. T ANFTREE (BOD) & &I\ E M3 R MBI 5, AR g
HOBR AN o
3 &%
3.1 BB I: B3R BIE 4 RABRIER T

ER—UURER (BB D, RGUs T 7T =AML, BIRIEHRECE 8 /M (&
SL) o« BT R2-AUT & &b EY), DRthaa 58 %Ak, (H2, Rt 2] EBPR V54,
F W R1I-HET FAFLE PAO. #E/KH Ik COD (150+40mgCOD-L™Y) J&5Ljifi EBPR
RS, th4h, RI-HET *FRdeE it ENERKS, ERAM B COD JLFIRiHE
5, JEHAMNE VFA, XRPIBR T COD FEfkz 4, EHA COD KK VFA (1)
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PG N T ERREE IR R PAO 1Y) VA RIS, (FFH R 3 i ffc B R M 3 71
PG INE] 6 /NEF, BN EE 8 /NRHEK B 12 /B EIEKEIAEUE fS, PAO
TV SRR . B, e 78 R BT G BT MR I/ B il ( L8, FEINVR > 100mg
COD-L™) . K S1 LL# 17 AEW A FEE h A AT VEA B 3R 153 1) R4 P B TIL
Zn e

% B2 BT /K 1A% COD R HMEFIRT B | 45, MIRESZ, SCEPPHAR Hiif
T) ITeaiasT, 1EAECEN 12 /NEE, JEESIINEER (£ R1I-HET IREMT BOTIGI
¥ COD WK £ n 100mgCOD-L™) . #/E&H 5, R1-HET &1 s 4 PAO, EBPR i
PN, (2T P. N R E RIFERK.
3.2 BB 1l: SE&mib&AF T SCEPPHAR FiR L) KA EBIT

AT T L) AR R I8 4T I B R I PAO V&I B B 11 K
WA R 5 R . B 2 o T PAO T MG s fE TPk 3% B 108 . A CODS H N/
Wrdiahgk, R4 Bon TR 78 0-175 KN, HKH P AR T HE SR,
35 {9 0.2£0.1mgPO4*-P-Lt . & A H A AR, FHHAKIKEN
1.942.5mgNH4*-N-L* . H 7K o7 i B2 #h o i R R R0 e 1T 3R B 4 i
0.5+1.2mgNO%-N-L%, 3.7+0.9mgNO*-N-L* f1 5.2+3.6mgTN-L*. K, Hf1T) IE
TESCHLH FEH AR, RIIAE] Manresa 75 /K ALER ) Bk e HEABR{E (P<1lmgP-L*t.
NH4*-N<4mgN-L™* F1 TN<10mgN-L™)  (BRH& S IL AR F 4, 1991 45) o fEM B
I, A, BRI CODT M 22 BR3E 731y 86+12%, 93+9% Ml 79+6% . HI T-if & Wi
R (B S2) LLA R2-AUT H RSB BLBR B 3 /i, ST UR7E 180 RIF
B

KT CODs, K 2C &or KKK B m b (136239CODs-L™Y) , HiZKik
JE{E N 31+14mgCODs-L?, ZMFiE 75% . JEL# I 100mgCOD-L* ZFR AT DL 22
fRIE/KH COD MiBh= . fERELHEIN (180-195 K) Y, ZE S A HiAMK VFA
THFEP BFRREBUR, ML T IR FER 0 26 2

Bl 3 JEoR T — AMEHIZAT IR B, ZoRBITE RGUSAT 1A 139 KA T 58 A Afib i
T IBFARAS . TEHIFIE T 17500 Kbkt (Bl 1 7 RI-HET P8R 1 o AfEH
157K 3ERE S 3.8mgPO#%-P-L 1 A1 31.3mgNH4*-N-L 1. % &3k T R1-HET Tl &8
EWIRE (R PBLAARFN 30%) LK 5 A8 21 45 S AL 1 T eIk B (4
O0mgPOs*-P-Lt F1 OmgNH4*-N-L1) , #% W5 RI-HET I 4] 46 iR & A R A
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2.7mgPO4*-P-Lt FI 21.8mgNH4*-N-L*. #H&XME (t=0.633h) X B, FHALEIK L
(21.8mgNHs*-N-LY) 5l (22.8mgNH4*-N-L'Y) —%, HE5BERIEA—H. %
IS EAE Y 13.2 AN 2.7mgPO#>-P-Lt. X RPN 5 #okkist A (38min) 4 5%: PAO
RERE B K ] R VFA S8R S 1) P

TERE G RERT B (RI-HET HI%5 2 25) , PIRIERIINS PAO JHFER) VFA A%,
TR B4 I I8 2 34.8mgPOs>-P-L™t (MY AN T M4 /KK EE 9.2 %) « 55— J5THl,
TEARRE W B, R LT ORFHE R, 7EIZM BRSSO 4 22.3mgNHs*-N-L. 285,
WATAEYI R GBIE 3) LUK SRT RIF(E 10 KA, IR RE ABEAT AW BT b
DibEfE CGEIR4) , B RI-HET [ LB (BRI 70%) #3 R4A-INT CBIES)
TEBEE 25 9% 6 1, RI-HET #:U R2-AUT (& RS AL & BT —AMEFR KO Al R3-PRE
(150L) 1 EidW

HERXMKZ# 2 J5, BT RI-HET (JUFE/ERIAR 30%) & EHKH R2-AUT 1)
FRFZZ)y OmgNH4™-N « L™ SR MRE, SR BOT IR Bk (B 3) R& 1%
fik & 8.5mgNH4*-N « L. BT =/NA [ 20 b AE A, % iR 6t FE(K =
27.1mgPOs>-P-Lt: i) R3-PRE "SI UTIE, FRMK 7R N4 FIH IR 2k 10k
FEs i) R2-AUT HF HIE— S8R i) M R2-AUT 378 R1-HET /5] ff) DPAO 3
P, BRONXFAZ 3K o RS R 5 2 5 AT DUFIE PRI Fe 752 44k

TERIRMEEN B CPIER T, FIR AR EE T LUFE DPAO Jif M1 H 52 44
TEFTRIEIA T, AR SR/ R 25 BT A0 IR FEBUAK,  BRORTE SE AT f HERIEY B LT 4
FER, RIS AE B Bl I3 UG . 0 T A R AR &, BORFERA BB AN, IR H.
WA BN COD WH#E. I/, fEH NRMAEME CPIR 8) 1, P IR,
TEIZPY B 45 R 15 2] 0.06mgPOs>-P- L. fEULFT BR A5 i, #gil 58 A%k, T CODs
fh 16 mgCOD-L. e, 5 (RS LT B J5 Ui CBER 9O M CGF
10> , TEMCAISRIGIER M E MK, AR B HEBORAE .

KT R2-AUT, Ei@EdZZr RA-INT #2408 R1-HET BIREA HIiFH (R2-AUT #2P
WD o wotrE B GPIR 20 DU EEACOIEIREL, BRI T B, fERE
AN AR B N 17.3 90 B OmgNHAt-N-L, 3 f il R £ 9 FE 8 i 2
17.6mgNOs-N-L* (] 3) . R2-AUT HHARIIEHN RILTTHTNE, Wk, H
HAMRE CGPIR3. 4. D . B 3&HH/R T R2-AUT H11)—28 P £, WEEZHT
2N A% P 0 U A AN B A B T . AEIXRIECE R, PAO MIAA{ERH T AR
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RPN B B e T /5 IRAE X (Wang %5, 2012)

B )5, R3-PRE A R4A-INT #24i 150 L PR ETE R 2B & s TRkK, e
EHZAML. TEZRNAET, @A E N, B B R A, R3-PRE i) P
IREPEARL) 65%-75% o 1z N i) EIFRAE AL IR 6 T il A R1I-HET (K1)
3.3 BB 1117 SCEPPHAR Bt B i Seil AN R £h 4 72

TERE N PR S 2 A, i ) DN 3 28 1) T e LR R, SRS T R TR
DRk, BB 10 AHTHERh 5 SR 275 KIFUh . 2T B o o R R R0 2 (0 N/ b o 28 4
Bl 4 FioR, ~FREARKRE MR 4 iR, SE RLHREREIIZEWE S3 fim. %1
TE2E 341 R R e MM WIER, BA RIFIVEFRERIER. RS EERE &
B 1 AR SR B A ARMEL, HEZKAR T HEBORAA . 7R3 362 K32 356 4 Wi MAE A an
Kl S4 fFitan. BCHEACTEFE B dh 28 2800 TESE 139 RARAF ik (B 3) « 7EIR
S B S 2 TR PRI 1

—HRGE (5 363 K) , RKEAT IR B i PAFEIR R2-AUT 1) NOB i
P 1) AP 7E 22 2 2 SR R A P B B s 1D TERAR 75 e A5 B I [ T 45
o TSRS AN T5 2L/ DO A Mg /TRl sSe B ALE R, DMk, DO #s {H AR FF
& 3mg-L?, @i AK DO N N20 HElE i e in (Massara 5%, 2018, 2017) .

Bl 5A SE 7R T TE St A 48K P 25 1) SRS T K S5 156 365 K, TE R2-AUT M SELLAF
Ao 0300 38 () R RS R 38 1) — A7 81l o 388 Sk A [ PR 7 2R A% SR B &, A SEU B B ) 1)
F A SRS ER SRR BE B N ¢ . MR FERE 2 3mgNHa™-N-L ™t LUR I, BRURI $
B3R . H2, TEE BA FIRFIIEH I RAF b5k, DR st e AARE
VERME . TEIERAME, BILTRRHERE, FTRESTELR ISE AT Ok MK P4 2%,
TR 3 T S RS IR 36 1 S8 Ak T s 7 8, 3k T 62 f T dE B e M R SR T R i
Ao AR, TEL) [ A o R 5 3% )

Kl 5B feR T TESEHt AR I SR IE 15 RJS M3 378 RahAT i — MRk . 1R85
55 —5B 50, Bl LA 5.7mgNH4* L1 ! iR A 4k, WAEER 2R DL 3.2mgNO2-N Lt
RN B, AR EE L 2.7mgNOs-N « L1« h L i 2 =2k . S 6 R 0] AOB 1tk

CEtf%EA) 5 NOB #EME (IR SR~ &) [F25, 8T WAHERE AR . kb, 16
LIS ok, EHRMEETMRES, NOB iF M # i il M € 2
2.2mgNOz-N « Lt « d iR . X% 8 NOB &R D 1%, I H 4% NOB &k
(55— /M F R AR .
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TESEHEAEH SRS ) — N A 2 J5, NOB y&M AT Rf, JF HA MRS T Fifs
TEAHIR £ SCEPPHA #AL . ¥ 6 J&7r T RIS TR 410 RANEE 439 RS 3| L)
TEIIPA S o TE AR DN B R TR 2k FL AR A 18 8T 5 2 S8 A0 AH VT B (1 155
T, R2-AUT bl e A8 N WIH IR 2h o H T4 4% F 2id& BN KR, 78
55 439 RIESP Bk . B S5 R TTESE 419 KX R2-AUT AW it A7 b & X5 1
— /R, HAfE DO Jy 1,2 #13mgO2 » Lt HI5E AL S AL RN T S8k . (E4E7 DO
SENL VR A R £, R NOB iEMEA L

2 E 6 ik, R2-AUT HeE & TEAHER 25 1 H 7Kgk N B RI-HET (BB B
TEANLE 2 HIT AOAG PR b O 200 A R 6 BT 42 B A, H T~ 28min Fry kS a] 2 LA
DPAO JHAETT R FH AN IR £, DAZ T 7EGREERY B i) 28 — e A h o dor HH T AH R 26
BT AR L s =, 7RG B TR AR AR b, TGRS 1 B i DA A 1% 6y 5
filif\) DPAO ¥& . $R1, IEWER 7 AT ke b 5 h R (A RE, RS AR 25
DPAO EH K, 12056 W 2 21 0 AH R £k 193E S 26 5 0.072mgN-NO2” g™VSS smin.,
X AR £ DPAO T MR B/ & 1) P 75 RI-HET sk UERHI B 4T .
ISF 391 111 SCEPPHAR G il FR) e il 3 435 SR A& 08 e VA 7R 35 i 60110 [R] IR e o) 508 < S 4h,
FULFHH 1, 75 R2-AUT oW 82 31— el Ui i, 1 3% B0 S TR 6 76 FE AN e i 78
R2-AUT B LE ) PAO [IAFAE . BFIA 111 JA 0] (5 A 25 R R S I3 10 ARALL: B A
82+11%; P N 94+12%; CODt N 80+7%.

AP EBL DYANMEFA  R1I-HET Al R2-AUT (1 1 B8R IR 5 F1E 6 Fin. i%
T7 RAE SR 2 R AT LG B4 45 EBPR It F2 (EP COD $FHURT P BE 0 8 K LLAE
SR, FELAHIR sh AN, R HEBUR, (B P ZERAEFIFAZRE W . #7K COD
BRI 2R IWE 1) COD B RMENRIIRR . Bk, 7EREZM T Rets A
i kAR KR COD L. X FS2brfksK, PIC ARG, XATRERE BT LMIMEIE.
KT HRAACHII AR, R R S A T SR B T (R HG 0, 17 24 8 FH S A 1R b AR A 2
W, XA AR B T A SRT Bk (5-7d) SEEBURHIAEMEIRE (R4 . £
SRR, TR E AR TR EL (1 LU B T 1, SR AE A R #h 0 R i 4t
EPANMEIR T, T REER 35 1 Ee ) 5 0T 46 i 1 bR B T 1o
3.4 BIFEE

F it SCEPPHAR e & 1 3 2 H Bk 7193 R HEK B E AL, L2 A A5 7K
HEICBIR K AT AT M. T LS 38 TR P RN, £ R3-PRE H43 211 SURME
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J& 7n T 65-90% Ju Bl N P T UE B Wk TORE B I O9E BE R U VE SR 1. TE
1-1.5molMg?* » mol'P 3G IV INEE: Wshn—E =M Mg®*, {HJ27E R3-PRE HITiEk
BARUGI PIRER 22BN . BT 5K R PR B4 R A3 21 PRIk 23S A,
R3-PRE H1(#) P [EISZ AT 4T 1. R3-PRE H1 P [PIIREE R KK FER 6.2+2.4 f%,
TESR 139 RGN 9.2 £ o ARHE DL i FF 00, HEK P35 45% ¥ P 7] [1]
WO B30 : R3-PRE HI4h P H11) 70%1 L ALYT0E, 175010 KN 4mgPO4*-pP » Lt
(1735 7K ik 7K T 1501 ¥ 7 9 30mgPOs%-P « Lt [ R4 _EIE WA R3-PRE. 2 f& 5|
% (5139 K) B, EiEWCA 35mgP0O4*-P « L, #t/k&E A 3.8mgP04%-P « L1,
UUUESE 80%, [Hlfic a4 i 5] 63%.

TE RS B 25 RO R R A 4 5 B AT L S P B 4 SR 45 B 1 i R 7 4 B v 1
PHA &&. T BHAIEFR T PHA S HT R B, 76 REM B ah A gt sk,
AT (QPHA « g'TSS) H11) PHA L 73731 v 3.1%F1 6.9%. {3 H it & VFA it
ROBCE AR PHA S &M 0.7%38 N5 9.1%, X2 %75 Vel & i i K qE .
EHFR T AT SRR 63, Nt &8 VRA 213 2% (8 .

3.5 Z&TFiE

REMERTIE I EEL R, XEAAREE TS H M. SCEPPHAR Al
A% [ O M3 I 4> BIfhit )9 58.20 Al 63.40ME. % & F K /K 2% %4 0.73€/m3,
SCEPPHAR F1 A%/0 A aE % (IRR) JEH & 2 21% 1 29% . A%O 1.2
BEPRUSN ST B E R T SBR BRAEMAT RFLEE, HEASH (CAPEX)

(15.9M€) HH#T SCEPPHAR(21.8ME€) 5 fik. SCEPPHAR H i/t B 2% B 0 1) il A
AR e (1) S E S AR R A B e Tk « SCEPPHAR I ERA WM E &, BoNE
MR A R G T IR 2%

SCEPPHAR [1Mk55 % H1 (OPEX) Mgy, FE&H T 58 A1 CAPEX AHC M4
PRRA R - AYO Fil SCEPPHAR %75 IRR=4% T 5 1R K B 43 514 0.27 Al 0.31€/
m3. B, WERNCGE R B A S IEA N, Il SCEPPHAR i A& 4t i)
A?/0. {H/E, SCEPPHAR 7E & 7K 4b ¥ 247 By J7 T 1) 22 AN b A%/O it 15% .

4 PR
4.1 SCEPPHAR 2 EH) COD &3k

B EA 10 ], AR S R R TR (1) 7K (CODT=338 £81mgCOD 1.7,

CODs=236+39mgCOD - L, 4% 40+£11mgNH4*-N « L, % 4.24+1.1mgPOs*P - LD
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JER T BIFRIR (94112%) . fif (82+11%) &% . Metcalf 1 Eddy ( Tchobanoglous
&5, 2013) FILEFXTER 2B C, N AP (A%0 A1 UCT) M5 /KAL) Fil & TR
LR 5 EYIB# COD (rbCOD) & &4 6.69rbCOD-g*NOs-N il 10grbCOD-g*P.
X e LY S A AR SO BE K, 80 2 306grbCOD- Lt PRI, W SRR /K3 2
T Metcalf 1 Eddy f1# i1, SCEPPHAR Mt B X LR it &1 COD #thEA
FIEK

TEANARSCRE FE R BIACKE, Wi COD IR KRG, H 75 BASMOTE R M IR -
SRV 7 A 1) 8 e P A T Ao R PR AR B, L T i 95 e AL T A2 SRS 44 VFA
IR 2% H¢ (Longo 2%, 2015; Luo ZF, 2019) . XFT R1-HET /7% (H SRT £ 10d
H 2.77gTSS « LY , [P E¥ 214 6759TSS « d. A 718 H % 3500L « d* (R E
100mgCOD -« L™t g /K g 4% K PERE T IR, W75 22 350gCOD « dt. % & 3|5 Y
0.85gTVS « g*TSS L], & i A I SCHR o i 5 f) — Ao oAb 28 07 3%, SEE B
0.61gCOD -« d*TVS [ K= B 345 E = COD (Luo %, 2019) . AL MWL
Yo B FoAth R I R B C Ll H vl R R D rR 3R 134041 (1) COD(Guerrero %%, 2015,2012)
4.2 TWRHRREH AR M B Th L

AE B R H S SRT B BIERBIHAT, BOh 5 BT R I AU A
FERT B N1 (IS AT I R G 1 R A R ek AU T 10 S BV R T S — V3K
W PR FE AR SR 0 SRAE T8 R S A B A LB, — OBk B IR A R 6 A% Tk
Z BRS04 NOB VR AL A7 AE, TR 1 EATHIAE K (Fux 4%, 2006; Guisasoal
&%, 2010; Guo %%, 2009; Lemaire 2%, 220; Marcelino 25, 2011) . #iHI551) NOB
A Ko 2 5 EUBE JS 176 2 S BRI IR A R 2R A% . S5 IR, MR AL e T FLE
ST B RET, EASER £ AR B LT — /MBS OE IR FEHISS T NOB AR K.
FEZ UG FE T, NOB Kl 2Bl AR, IR 11 bt 5 B B B4 o i A R
FRAIGIN. RS WAHER SR AP 0] 7 NOB (AR, Tt T B B FE RN
IESEAAWARME, FrRUX AR AOB. Ak, US4 A B RS AR sh i fR B AE
AR I, B RE S BUT RS S AR (FAND 7K. G AR
ForP AT ikIERIXS AOB A1 NOB BRI FH i FAN 7K-FZ FAH 2K, {HER AOB i
# Et NOB X} FAN it 5 2112 (Jubany 5, 2009b; Park Fl Bae,2009) .22, 4]
BRSSO M43 uvos b b aos FEIREE 2, MITIAH BT NOB JEMERIFEK. 40
TEAFE L ESORRREIIREE, 9T NOB JHAELLILAE KA DU, R 5HERE 1)
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SRT A &iesk, %5 A BER ). (Guisasola %5, 2010; Jubany %%, 2009a, 2009b;
Lemare %%, 2008; Marcelino %, 2011) .
4.3 BEIR EIWL

MK G2 U RIS RN PR 2 BT (B AR 7 SR R 2 BT 7= AR 15 T (Cieslik
A1 Konieczka, 2017 4; Egle %%, 2016 4F; Mayer %5, 2016 5; Melia %5, 2017 4F;
Rittmann %5, 2011 4F; Rotta 25, 2019 &) . 14, HATEAZHIMHEE, MIHILISTE
() 35 15 B 2 24 THE (NHaMgPO4 =6H20) (Jabr 45, 2019; Le Corre %, 2009;
Li £, 2019; Rittmann %, 2011) .

SR E EM B R RO R, PEIRIE R O & — MR A ik
T REER SR AN Z IR BEAIS, 7E58 =20 i 3SR UTE N R PIAT IIE . DI AVTER A
T 7KL AT A R e, RN LR R b IR BE AR . KA, K EBPR )i
| WRRF H1J5, MIEAR DL 3 T7 2 RSO (1 3k 58 s, DR Dt N R A6 )
TSP P &2 A2 Poly-P 1) 20 £i% LA L, 1R%5 2 721 AL HORE i HE SR (Minch £ Barr,
2001; Shu %, 2006) .

SR PRAEE AL I VR I 5 260 T T 3RAT 12% 76 47 (1 186 [ i3 S Y A (Remy
A1 Jossa, 2015 4F) , TMHE 3.4 iRl KBS R =L 45-63%, iXs& SCEPPHAR
FRMFEERREZ —.

G B OB AR DR F 2 3RS i IR AR T i, DO B e T T R4S i K U
[l R3-PRE o] [ B S RS e PHA B EG . 55— 7 TH, DUTE R VA8 A T
FONMCBLETE A MK BT, BUNTER PGSR, KBRS KEAS] 9% (RN
AR 5.5%) o F— M BRI A UUE =R PERR I CEL: T DATHRITE X /M
SE BB AR R R FH — S8 AM T VEA AT — IR . RS TER LB T E O
512 PAO V&HBN I — LA Fa e, (HIZRmS e Kk 42 (Kodera %8, 2013; Lv %,
2014; Acevedo 55, 2015) . RE WL, ESLIEMEBT, AP EIERIRI
SRR IHERAE CE & AT AT AR E 1 (Guisasola &5, 2019 45) .

KT PHA, A543 B HITE PR Be4s TR ¥ 6.9% B3 TE IR IS VFA J5 1)
9.1%iZ ik TIE L MR R GRS 0 41% (gPHA-g-1VSS) , %R R 48 LA R
2 ROPE MG Y N EERL, AR R B T Tk el = 25 e R IE R R VFA IS N5
HIYLE0EH (Werker 55, 2018) o ZRTM, 58 2B R A 15 e A A T i COD
fifar, FATEEYIBIHE 6.9% (1) PHA 7= &2 ik M A s 2 LV =I5 e i) PHA B
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THHAER) COD By 5% . F—F, XNERUTIRIC, (EE@iEm FEAE PHA B30
RGP RS A R TE R &

WIERIERAKM SRT Fig4T RI-HET, HERvUSELEMFE R PHA E&. Wi
Y LA I R4 VA ISR, TIAHERR) SRT s /b s A B8 inis e b PHA
R ot ZELLRTII TAE S (Chan 2, 20200 , 34 SRT M 15 K/ 5 K, EBPR
YRR PHA S8 M 8% HNE] 18% (gPHA-gVSS) . X g n] DL A 7E 3=
it SCEPPHAR B H1 LB, PINE R —MR5Te RSG5, RN SRT BIMALARAL .

N T B AR SRR PHA SRR A AH, HE T PAO MIREM T E, 1t
BTN T A VEA 1) PHA 7242 B (Smolders 25, 1994)(1.33molC-PHB-mol*C-Acet=
0.95gPHB-g*Acet) . AWM BN 2.7gTSS-.L B RI-HET AR 2 FR

(100mgCOD-L™Y) &ffiEWF b PHA (HELHIN 25% . R, W30 S50 1 PHA
Thimr (3.8%) A RUR), FIYLEREAN B —LL1f 11 COD mJ LUK EERL VFA. TEAR
WAVIEIRIESCN 1L49TSS-LL BN T, PHA [N 4.8%, X CRFFF(K SRT (1)
FHSLASG N PHA IR i b X Se25 BUAERT, B TIRM A B3 PHA S AEYR,
R HEECR IR & 1 VFA.

JUE AT LUE IS F% SRT 3l Z 8L VFA 2571k sk I sE58 PHA & i,

I & AR R T X PHA REWIRHTES N R ZR, @il MEN 40%

(gPHA-g?VSS)  (Werker &, 2018) . #ATfI, 5B EA m PHA S &5k IR
A3 TAREEA . ST A IRE T PHA & B m AR A H ki (BMP)
WEWI (Guisasola 45, 2019; Huda %, 2016; Wang %, 2016) . Chan % (2020
) W TAEAFRERMET EBPR 5iEH BMP 5 PHA &8GR, 13 H 4
% BMP (mLCHa-g'VSS) =240+15.3*PHA (mmolC-g™VSS) .

AT, W RLRE RE RIS R e g K ) COD 7 EE AL 11%  (SRT=15d, Jf A%F
SR NI R E 28% (SRT=5d, FEMIRER N2 HRED o th4t, BT PHA
(AR R e m, PRI AE IR 28 — R 3 1 £ BMP JHsr. KL, Wtk
HAG T PHA & 20 AP0 HRT A AR 1 DR A ith = A K54
4.4 A THG

AR T iR SCEPPHAR BLE M EZM A 1D EBPR i LA LS I
s P RIS & i) PSR SRS A E LK PHA; i) U@
R AR R 2 iv) R KA 2881 roCOD Rl R, FS e 3R 1 % COD,
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N I P B GF 5Bk S — 7T, SRR M5 e B InE e A A==, (H2i5e i)
PHA & EARTFET LTI SIea RS S TIEM, (H24m LA 3|
RIS N 5 oAt B A AR EL IS 2 38 . SCEPPHAR i B 24 i (1) CAPEX {52 %2 L v A5 % U
M R AZO LB m, PRIk, MWAETHMEERE, 2SI RN LU &
e 7T. N A BRSO A A B B B SO LR T RS I, 84 SCEPPHAR
FEG KA EER B A2/ O it 15%, X AT DAEB H st A3 1. T PHA 1)
W PEAR T UL 40%, AT LA | (R 78 R 2% FE N .

B2, HAhWHMIEYE, #1401 PHARIO (Bengsston 2%, 2017; Werker 2%, 2018)
Faih, SRR DA N S B2 A AN VFA SRR SR8 IR 4RI 18], ) PHA
FRER ik 40% 20 AT, X AT e SCEPPHAR 1) PHA [l 3RS, XA
Al Re i AT AT
5 &b

SCEPPHAR Eilc B A — MR R L) K WlisT, A5 emi A
PRI AR, BUS 778 C N AP ERRBCR I T RN 45 3.
® CTHEEIG, IR HIEWR R R K I 6-9 £%, AT LAZE SRS E 4

kK 45-63 % (1 DL 250 BT A B B . (A IR P BT HaE

12% I A I BUE =13 2
® LUXTITIEWIAEY], MATH SCEPPHAR HAK HELLLHE MK AYO /K2t

15% . PRIy 1A SR RISAE DT B R AT, SEy) e WUl f i N DA SRR & A b B

i
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20-19 4 19.76 0.09 1.83 1.06 2.89 2.30 6.64 - 51.87 58.51
19-18 19 12.92 0.09 1.20 2.89 4.08 2.30 9.39 - 51.87 61.26
18-17 20 17.48 0.09 1.62 4.08 5.70 2.23 12.71 - 51.87 64.58
17-16 34 21.28 0.09 1.97 5.70 7.67 2.16 16.55 - 51.87 68.42
16-15 - - - 0.00 7.67 7.67 2.16 16.55 - 51.87 68.42
15-14 33 21.42 0.09 1.98 7.67 9.65 2.10 20.31 - 51.87 72.18
14-13 32 18.49 0.09 1.71 9.65 11.37 2.07 23.49 - 51.87 75.36
13-12 31 19.04 0.09 1.76 11.37 13.13 2.03 26.71 - 51.87 78.58
12-11 30 23.52 0.09 2.18 13.13 15.31 2.00 30.61 - 51.87 82.48
11-10 - - - - 15.31 15.31 2.00 30.61 - 51.87 82.48
81-80 21 17.42 0.09 1.61 - 1.61 2.30 3.71 - - 3.71
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80-79 18 13.54 0.09 1.25 1.61 2.87 2.30 6.59 - - 6.59
79-76 5 29.48 0.09 2.73 2.87 5.60 2.30 12.87 - - 12.87
78-77 2 12 0.09 1.11 - 1.11 2.30 2.56 - - 2.56
77-76 3 11.52 0.09 1.07 1.11 2.18 2.30 5.01 - - 5.01
76-75 - - - - 7.77 7.77 2.15 16.75 - - 16.75
83-82 16 11.56 0.09 1.07 - 1.07 2.30 2.46 - - 2.46
82-75 7 17.68 0.09 1.64 1.07 2.71 2.30 6.23 - - 6.23
75-74 - - - - 10.48 10.48 2.09 21.86 - - 21.86
85-84 15 14.28 0.09 1.32 - 1.32 2.30 3.04 - - 3.04
84-74 8 21.84 0.09 2.02 1.32 3.34 2.30 7.69 - - 7.69
86-74 82 - - - - - - 0.00 3.61 - 3.61
74-73 - - - - 13.83 13.83 2.02 27.96 - 3.61 31.57
73-72 9 16.64 0.09 1.54 13.83 15.37 2.00 30.72 - 3.61 34.33
90-89 81 - - - - - - 0.00 7.22 - 7.22
89-87 11 - - - - - - 0.00 33.31 7.22 40.53
88-87 12 - - - - - - 0.00 35.34 - 35.34
87-72 10 - - - - - - 0.00 25.20 75.87 101.07
72-71 13+14 36.04 0.09 3.34 15.37 18.71 1.96 36.59 - 104.68 141.27
71-70 25426 46.8 0.09 4.33 18.71 23.04 1.91 44.05 - 104.68 148.73
96-95 6 7.08 0.09 0.66 - 0.66 2.30 1.51 - - 1.51
95-94 17 11.82 0.09 1.09 0.66 1.75 2.30 4.03 - - 4.03
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94-93 22 15.01 0.09 1.39 1.75 3.14 2.30 7.22 - - 7.22
93-92 - - - - 3.14 3.14 2.30 7.22 - - 7.22
97-92 23 15.64 0.09 1.45 - 1.45 2.30 3.33 - - 3.33
92-91 - - - - 4.59 4.59 2.30 10.55 - - 10.55
98-91 24 19.32 0.09 1.79 - 1.79 2.30 4.11 - - 4.11
91-70 - - - - 6.38 6.38 2.20 14.04 - - 14.04
70-10 28 #1129 57.4 0.09 5.32 25.05 30.36 1.85 56.32 - 104.68 161.00
102-101 83 - - - - - - 0.00 41.61 - 41.61
101-100 - - - - - - - 0.00 - 41.61 41.61
100-99 27 25.76 0.09 2.39 - 2.39 2.30 5.49 - 41.61 47.10
99-10 - - - - 2.39 2.39 2.30 5.49 - 41.61 47.10

10-9 - - - 0.00 48.06 48.06 1.76 84.75 - 198.16 282.91
62-61 67 15.64 0.11 1.72 1.72 2.30 3.96 - - 3.96
61-60 66 15.64 0.11 1.72 1.72 3.44 2.30 7.91 - - 7.91
60-59 - - 0.11 0.00 3.44 3.44 2.30 7.91 - - 7.91
59-58 45 10.12 0.11 1.11 3.44 4.55 2.30 10.47 - - 10.47
65-64 68 14.96 0.11 1.65 - 1.65 2.30 3.78 - - 3.78
64-63 65 14.96 0.11 1.65 1.65 3.29 2.30 7.57 - - 7.57
63-58 46 14.96 0.11 1.65 3.29 4.94 2.30 11.35 - - 11.35
58-57 - - 0.11 - 9.49 9.49 2.11 20.01 - - 20.01
57-56 44 9.34 0.11 1.03 9.49 10.52 2.08 21.92 - - 21.92
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69-68 69 14.96 0.11 1.65 - 1.65 2.30 3.78 - - 3.78
68-67 64 14.96 0.11 1.65 1.65 3.29 2.30 7.57 - - 7.57
67-66 47 14.96 0.11 1.65 3.29 4.94 2.30 11.35 - - 11.35
66-56 - - - 0.00 4.94 4.94 2.30 11.35 - - 11.35
56-9 43 15.96 0.11 1.76 15.46 17.21 1.97 33.98 - - 33.98
55-54 70 20.4 0.11 2.24 - 2.24 2.30 5.16 - - 5.16
54-53 63 20.4 0.11 2.24 2.24 4.49 2.30 10.32 - - 10.32
53-52 48 20.4 0.11 2.24 4.49 6.73 2.19 14.74 - - 14.74
52-9 - - 0.11 - 6.73 6.73 2.19 14.74 - - 14.74
9-8 42 20.4 0.11 2.24 72.00 74.24 1.68 124.81 - 198.16 322.97
8-7 41 22.44 0.11 2.47 74.24 76.71 1.68 128.50 - 198.16 326.66
48-47 71 22.44 0.11 2.47 - 247 2.30 5.68 - - 5.68
47-46 - - 0.11 0.00 2.47 2.47 2.30 5.68 - - 5.68
49-46 62 22.44 0.11 2.47 - 2.47 2.30 5.68 - - 5.68
46-45 - - 0.11 - 4.94 4.94 2.30 11.35 - - 11.35
50-45 50 21.08 0.11 2.32 - 2.32 2.30 5.33 - - 5.33
51-45 49 22.44 0.11 2.47 - 2.47 2.30 5.68 - - 5.68
45-7 - - - - 9.72 9.72 2.10 20.44 - - 20.44
7-6 40 21.08 0.11 2.32 86.44 88.76 1.65 146.30 - 198.16 344.46
6-5 39 15.64 0.11 1.72 88.76 90.48 1.64 148.83 - 198.16 346.99
44-5 51 15.64 0.11 1.72 - 1.72 2.30 3.96 - - 3.96
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5-4 38 14.28 0.11 1.57 92.20 93.77 1.64 153.63 198.16 351.79
43-42 52 14.28 0.11 1.57 - 1.57 2.30 3.61 - 3.61
42-4 38 14.28 0.11 1.57 1.57 3.14 2.30 7.23 - 7.23
4-3 37 12.24 0.11 1.35 96.91 98.25 1.63 160.16 198.16 358.32
3-2 36 15.64 0.11 1.72 98.25 99.98 1.63 162.66 198.16 360.81
2-1 35 13.6 0.11 1.50 99.98 101.47 1.62 164.82 198.16 362.98
33-32 61 21.08 0.11 2.32 - 232 2.30 5.33 - 5.33
32-31 72 21.08 0.11 2.32 2.32 4.64 2.30 10.67 - 10.67
31-30 73 15.64 0.11 1.72 4.64 6.36 2.20 14.01 - 14.01
30-29 74 14.28 0.11 1.57 6.36 7.93 2.15 17.05 - 17.05
29-28 75 12.24 0.11 1.35 7.93 9.28 2.11 19.60 - 19.60
28-27 76 15.64 0.11 1.72 9.28 11.00 2.07 22.81 - 22.81
27-26 77 13.6 0.11 1.50 11.00 12.49 2.05 25.55 - 25.55
26-25 - - 0.11 0.00 12.49 12.49 2.05 25.55 - 25.55
38-37 60 15.64 0.11 1.72 - 1.72 2.30 3.96 - 3.96
37-36 59 14.28 0.11 1.57 1.72 3.29 2.30 7.57 - 7.57
36-35 58 12.24 0.11 1.35 3.29 4.64 2.30 10.67 - 10.67
35-34 57 15.64 0.11 1.72 4.64 6.36 2.20 14.01 - 14.01
34-25 - - 0.11 - 6.36 6.36 2.20 14.01 - 14.01
25-24 56 13.6 0.11 1.50 18.85 20.35 1.94 39.44 - 39.44
41-40 53 12.24 0.11 1.35 - 1.35 2.30 3.10 - 3.10
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40-39 54 15.64 0.11 1.72 1.35 3.07 2.30 7.05 - - 7.05
39-24 - - - - 3.07 3.07 2.30 7.05 - - 7.05
24-23 55 13.6 0.11 1.50 23.41 2491 1.90 47.22 - - 47.22
23-1 35 13.6 0.11 1.50 2491 26.40 1.88 49.73 - - 49.73
1-0 - - - - 127.88 127.88 1.58 202.49 - 198.16 400.65
Mg 2 ISKEEKATHE
wit P75 151 (m) HRRVR B
BB | W | EEE | Wk AR 13
B B T B 7% BEUATE] K TH BN (m)
K & %D i3
= v(m/ I.(m) s T
L(m) | Q(L/s) | (mm) I /D | H(m) s Nuw o | ke | Fum | b¥mo | N
S) Vit Vit
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | 17
2221 696 | 51.87 400 0.0013 | 0.6 | 0.63 | 0.252 0.87 255.00 | 254.94 | 254.05 | 253.18 | 253.80 | 252.93 | 1.20 | 2.01
2120 | 411 | 54.30 400 0.0012 | 0.6 | 0.65 | 0.26 0.51 254.94 | 25478 | 253.18 | 252.67 | 252.92 | 252.41 | 2.02 | 2.37
20-19 | 629 | 5851 400 0.0015 | 0.65 | 0.64 | 0.256 0.92 254.78 | 254.85 | 252.67 | 251.75 | 252.42 | 251.50 | 2.36 | 3.35
19-18 | 420 | 61.26 400 0.0017 | 0.7 | 0.63 | 0.252 0.71 254.85 | 254.67 | 251.75 | 251.04 | 251.50 | 250.79 | 3.35 | 3.88
18-17 | 590 | 64.58 400 0.0018 | 0.72 | 0.65 | 0.26 1.04 254.67 | 254.66 | 251.04 | 250.00 | 250.78 | 249.74 | 3.89 | 4.92
17-16 | 689 | 68.42 400 0.0020 | 0.76 | 0.65 | 0.26 1.34 254.66 | 253.77 | 250.00 | 248.66 | 249.74 | 248.40 | 4.92 | 5.37
16-15 | 493 | 68.42 400 0.0020 | 0.76 | 0.65 | 0.26 0.96 253.77 | 252.81 | 248.66 | 247.70 | 248.40 | 247.44 | 5.37 | 5.37
15-14 | 547 | 72.18 400 0.0023 | 0.82 | 0.65 | 0.26 1.26 252.81 | 25225 | 247.70 | 246.44 | 247.44 | 246.18 | 5.37 | 6.07
14-13 505 | 75.36 450 0.0014 | 0.69 | 0.65 | 0.2925 0.72 25225 | 25274 | 251.34 | 250.62 | 251.05 | 250.33 | 1.20 | 2.41
13-12 | 480 | 78.58 450 0.0015 | 0.72 | 0.65 | 0.2925 0.73 252.74 | 25273 | 250.62 | 249.89 | 250.33 | 249.59 | 2.41 | 3.14
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12-11 560 82.48 450 0.0016 | 0.75 | 0.65 | 0.2925 0.91 252.73 252.72 | 249.89 | 248.97 | 249.59 | 248.68 | 3.14 | 4.04
11-10 732 82.48 450 0.0023 | 0.86 | 0.58 0.261 1.68 252.72 252.62 | 24897 | 247.29 | 248.71 | 247.03 | 4.01 | 5.59
10-9 989 | 282.91 700 0.0012 | 0.87 0.7 0.49 1.19 251.81 250.87 | 247.27 | 246.08 | 246.78 | 245.59 | 5.03 | 5.28
9-8 750 | 322.97 700 0.0018 | 1.05 0.7 0.49 1.31 250.87 250.39 | 246.08 | 244.77 | 245.59 | 244.28 | 5.28 | 6.11

8-7 760 | 326.66 700 0.0018 | 1.06 0.7 0.49 1.37 250.39 250.00 | 244.77 | 243.40 | 244.28 | 24291 | 6.11 | 7.09

7-6 770 | 344.46 800 0.0011 | 0.95 0.7 0.56 0.81 250.00 249.56 | 249.06 | 248.25 | 248.50 | 247.69 | 1.50 | 1.87

6-5 610 | 346.99 800 0.0011 | 0.95 0.7 0.56 0.65 249.56 251.05 | 248.25 | 247.60 | 247.69 | 247.04 | 1.87 | 4.01

5-4 520 | 351.79 800 0.0011 | 0.96 0.7 0.56 0.60 251.05 250.21 | 247.60 | 247.01 | 247.04 | 246.45 | 4.01 | 3.76

4-3 460 | 358.32 800 0.0012 | 0.97 0.7 0.56 0.53 250.21 250.43 | 247.01 | 246.48 | 246.45 | 24592 | 3.76 | 4.51

3-2 560 | 360.81 800 0.0012 | 0.98 0.7 0.56 0.65 250.43 251.00 | 246.48 | 245.83 | 245.92 | 24527 | 451 | 5.73

2-1 500 | 362.98 800 0.0012 | 0.99 0.7 0.56 0.59 251.00 251.00 | 245.83 | 245.24 | 245.27 | 244.68 | 5.73 | 6.32

1-0 1000 | 400.65 800 0.0015 1.1 0.7 0.56 1.45 251.00 251.00 | 250.36 | 248.91 | 249.80 | 248.35 | 1.20 | 2.65

78-77 459 2.56 300 0.0055 0.6 0.1 0.03 2.52 255.00 255.00 | 253.83 | 251.31 | 253.80 | 251.28 | 1.20 | 3.72
77-76 450 5.01 300 0.0055 0.6 0.1 0.03 2.47 255.00 253.92 | 251.31 | 248.83 | 251.28 | 248.80 | 3.72 | 5.12
76-75 574 16.75 300 0.0035 0.7 0.37 0.111 2.01 253.92 253.00 | 248.83 | 246.83 | 248.72 | 246.71 | 5.20 | 6.29
75-74 560 21.86 300 0.0030 | 0.68 | 0.46 | 0.138 1.68 253.00 253.00 | 246.83 | 245.15 | 246.69 | 245.01 | 6.31 | 7.99
74-73 170 31.57 350 0.0017 0.6 0.54 | 0.189 0.29 253.00 253.00 | 251.99 | 251.70 | 251.80 | 251.51 | 1.20 | 1.49
73-72 844 34.33 350 0.0017 0.6 0.57 | 0.1995 1.43 253.00 251.00 | 251.70 | 250.27 | 251.50 | 250.07 | 1.50 | 0.93
72-71 420 | 141.27 500 0.0022 | 0.96 0.7 0.35 0.92 251.00 251.00 | 250.27 | 249.34 | 249.92 | 248.99 | 1.08 | 2.01
71-70 590 | 148.73 600 0.0010 | 0.65 | 0.65 0.39 0.59 251.00 251.00 | 249.28 | 248.69 | 248.89 | 248.30 | 2.11 | 2.70
70-10 689 | 161.00 600 0.0029 | 0.71 0.7 0.42 2.00 251.00 251.81 | 248.69 | 246.69 | 248.27 | 246.27 | 2.73 | 5.54
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62-61 390 3.96 300 0.0055 0.6 0.1 0.03 2.15 251.80 251.55 | 250.63 | 248.49 | 250.60 | 248.46 | 1.20 | 3.10
61-60 440 7.91 300 0.0046 0.6 0.2 0.06 2.02 251.55 251.33 | 248.49 | 246.46 | 248.43 | 246.40 | 3.13 | 4.93
60-59 148 7.91 300 0.0046 0.6 0.2 0.06 0.68 251.33 251.19 | 246.46 | 245.78 | 246.40 | 24572 | 493 | 547
59-58 632 10.47 300 0.0036 0.6 0.28 0.084 2.27 251.19 251.46 | 245.78 | 243.51 | 245.70 | 243.42 | 549 | 8.04
58-57 148 20.01 300 0.0030 | 0.67 | 044 | 0.132 0.44 251.46 251.04 | 25039 | 249.95 | 250.26 | 249.82 | 1.20 | 1.22
57-56 614 21.92 300 0.0030 | 0.69 | 0.455 | 0.1365 1.84 251.04 250.00 | 249.95 | 248.11 | 249.81 | 24797 | 1.23 | 2.03
33-32 388 5.33 300 0.0055 0.6 0.1 0.03 2.13 253.31 252.89 | 252.14 | 250.01 | 252.11 | 24998 | 1.20 | 2.91
32-31 440 10.67 300 0.0034 0.6 0.32 0.096 1.496 252.89 252.52 | 250.01 | 248.51 | 249.91 | 248.41 | 298 | 4.11
31-30 610 14.01 300 0.0030 | 0.62 | 0.36 | 0.108 1.83 252.52 250.66 | 248.51 | 246.68 | 248.40 | 246.57 | 4.12 | 4.09
30-29 520 17.05 300 0.0030 | 0.65 0.4 0.12 1.56 250.66 250.00 | 246.68 | 245.12 | 246.56 | 245.00 | 4.10 | 5.00
29-28 460 19.60 300 0.0030 | 0.67 | 0.425 | 0.1275 1.38 250.00 250.00 | 245.12 | 243.74 | 244.99 | 243.61 | 5.01 | 6.39
28-27 560 22.81 300 0.0030 | 0.71 | 0.47 0.141 1.68 250.00 250.00 | 248.94 | 247.26 | 248.80 | 247.12 | 1.20 | 2.88
27-26 500 25.55 300 0.0030 | 0.73 0.5 0.15 1.50 250.00 250.00 | 247.26 | 245.76 | 247.11 | 245.61 | 2.89 | 4.39
26-25 440 25.55 300 0.0022 | 0.68 | 0.55 0.165 0.97 250.00 250.00 | 245.76 | 244.79 | 245.60 | 244.63 | 4.40 | 5.37
25-24 440 39.44 350 0.0015 0.6 0.65 | 0.2275 0.64 250.00 250.00 | 244.79 | 244.15 | 244.57 | 24392 | 543 | 6.08
24-23 434 47.22 350 0.0020 0.7 0.65 | 0.2275 0.86 250.00 250.54 | 244.15 | 243.30 | 243.92 | 243.07 | 6.08 | 7.47
23-1 446 49.73 350 0.0022 | 0.74 | 0.65 | 0.2275 0.98 250.54 251.00 | 243.30 | 242.31 | 243.07 | 242.09 | 7.47 | 891
33-32 388 5.33 300 0.0055 0.6 0.1 0.03 2.13 253.31 252.89 | 252.14 | 250.01 | 252.11 | 24998 | 1.20 | 2.91
32-31 440 10.67 300 0.0034 0.6 0.32 0.096 1.496 252.89 252.52 | 250.01 | 248.51 | 24991 | 248.41 | 2.98 | 4.11
31-30 610 14.01 300 0.0030 | 0.62 | 0.36 | 0.108 1.83 252.52 250.66 | 248.51 | 246.68 | 248.40 | 246.57 | 4.12 | 4.09
30-29 520 17.05 300 0.0030 | 0.65 0.4 0.12 1.56 250.66 250.00 | 246.68 | 245.12 | 246.56 | 245.00 | 4.10 | 5.00
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29-28 460 19.60 300 0.0030 | 0.67 | 0.425 | 0.1275 1.38 250.00 250.00 | 245.12 | 243.74 | 244.99 | 243.61 | 5.01 | 6.39
28-27 560 22.81 300 0.0030 | 0.71 | 0.47 0.141 1.68 250.00 250.00 | 248.94 | 247.26 | 248.80 | 247.12 | 1.20 | 2.88
27-26 500 25.55 300 0.0030 | 0.73 0.5 0.15 1.50 250.00 250.00 | 247.26 | 245.76 | 247.11 | 245.61 | 2.89 | 4.39
26-25 440 25.55 300 0.0022 | 0.68 | 0.55 0.165 0.97 250.00 250.00 | 245.76 | 244.79 | 245.60 | 244.63 | 4.40 | 5.37
25-24 440 39.44 350 0.0015 0.6 0.65 | 0.2275 0.64 250.00 250.00 | 244.79 | 244.15 | 244.57 | 243.92 | 543
24-23 434 47.22 350 0.0020 0.7 0.65 | 0.2275 0.86 250.00 250.54 | 244.15 | 243.30 | 243.92 | 243.07 | 6.08 | 7.47
23-1 446 49.73 350 0.0022 | 0.74 | 0.65 | 0.2275 0.98 250.54 251.00 | 243.30 | 242.31 | 243.07 | 242.09 | 7.47 | 8.91
81-80 360 3.71 300 0.0055 0.6 0.1 0.03 1.98 254.82 254.62 | 253.65 | 251.67 | 253.62 | 251.64 | 1.20 | 2.98
80-79 420 6.59 300 0.0053 0.6 0.2 0.06 2.23 254.62 25493 | 251.67 | 249.44 | 251.61 | 249.38 | 3.01 | 5.55
79-76 752 12.87 300 0.0035 0.6 | 0335 0.10 2.63 254.93 253.92 | 249.44 | 246.81 | 249.34 | 246.71 | 559 | 7.21
81-80 360 3.71 300 0.0055 0.6 0.1 0.03 1.98 254.82 254.62 | 253.65 | 251.67 | 253.62 | 251.64 | 1.20 | 2.98
80-79 420 6.59 300 0.0053 0.6 0.2 0.06 2.23 254.62 25493 | 251.67 | 249.44 | 251.61 | 249.38 | 3.01 | 5.55
79-76 752 12.87 300 0.0035 0.6 | 0335 0.10 2.63 254.93 253.92 | 249.44 | 246.81 | 249.34 | 246.71 | 559 | 7.21
96-95 500 1.51 300 0.0055 0.6 0.1 0.03 2.75 253.6500 | 253.57 | 252.48 | 249.73 | 252.45 | 249.70 | 1.20 | 3.87
95-94 420 4.03 300 0.0055 0.6 0.1 0.03 2.31 253.57 253.22 | 249.73 | 247.42 | 249.70 | 247.39 | 3.87 | 5.83
94-93 590 7.22 300 0.0051 0.6 0.22 0.07 3.01 253.22 253.85 | 252.09 | 249.08 | 252.02 | 249.01 | 1.20 | 4.84
93-92 480 7.22 300 0.0051 0.6 0.22 0.07 2.45 253.85 253.06 | 249.08 | 246.63 | 249.01 | 246.56 | 4.84 | 6.50
92-91 560 10.55 300 0.0035 0.6 0.29 0.09 1.96 253.06 251.28 | 246.63 | 244.67 | 246.54 | 244.58 | 6.52 | 6.70
91-70 732 14.04 300 0.0030 | 0.61 | 0.36 0.11 2.20 251.28 251.00 | 244.67 | 24247 | 244.56 | 24236 | 6.72 | 8.64
97-92 550 3.33 300 0.0055 0.6 0.1 0.03 3.03 253.00 253.06 | 251.83 | 248.81 | 251.80 | 248.78 | 1.20 | 4.29
98-91 550 4.11 300 0.0055 0.6 0.1 0.03 3.03 253.00 251.28 | 251.83 | 248.81 | 251.80 | 248.78 | 1.20 | 2.51
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83-82 380 2.46 300 0.0055 0.6 0.1 0.03 2.09 253.19 253.01 | 252.02 | 249.93 | 251.99 | 24990 | 1.20 | 3.11
82-75 629 6.23 300 0.0050 0.6 0.1 0.03 3.15 253.01 253.00 | 249.93 | 246.78 | 249.90 | 246.75 | 3.11 | 6.25
85-84 380 3.04 300 0.0055 0.6 0.1 0.03 2.09 253.17 253.00 | 252.00 | 249.91 | 251.97 | 249.88 | 1.20 | 3.12
84-74 629 7.69 300 0.0048 0.6 0.23 0.07 2.99 253.00 253.00 | 24991 | 246.92 | 249.84 | 246.85 | 3.16 | 6.15
102-101 | 1185 | 41.61 300 0.0030 | 0.81 | 0.48 0.14 3.55 256.77 255.85 | 255.71 | 252.16 | 255.57 | 252.02 | 1.20 | 3.83
101-100 | 550 41.61 300 0.0030 | 0.81 | 0.48 0.14 1.65 255.85 252.85 | 252.16 | 250.51 | 252.02 | 250.37 | 3.83 | 2.48
100-99 689 47.10 300 0.0030 | 0.83 | 0.54 0.16 2.07 252.85 251.95 | 250.53 | 248.46 | 250.37 | 248.30 | 2.48 | 3.65
99-10 668 47.10 300 0.0030 | 0.83 | 0.54 0.16 2.00 251.95 251.81 | 248.46 | 246.46 | 248.30 | 246.30 | 3.65 | 5.51
88-87 415 35.34 300 0.0030 | 0.78 | 0.445 0.13 1.25 252.17 251.07 | 251.10 | 249.86 | 250.97 | 249.72 | 1.20 | 1.35
90-89 452 7.22 300 0.0052 0.6 0.21 0.06 2.35 251.41 251.00 | 250.27 | 247.92 | 250.21 | 247.86 | 1.20 | 3.14
89-87 631 40.53 350 0.0019 | 0.67 0.6 0.21 1.17 251.00 251.07 | 247.92 | 246.75 | 247.71 | 246.54 | 3.29 | 4.53
87-72 668 | 101.07 450 0.0023 | 0.92 | 0.65 0.29 1.54 251.07 251.00 | 246.75 | 245.22 | 246.46 | 24493 | 4.61 | 6.07
65-64 390 3.78 300 0.0055 0.6 0.1 0.03 2.14 252.23 252.31 | 251.06 | 248.92 | 251.03 | 248.89 | 1.20 | 3.42
64-63 440 7.57 300 0.00495 | 0.6 0.18 0.054 2.18 252.31 252.11 | 248.92 | 246.74 | 248.86 | 246.68 | 3.45 | 5.43
63-58 440 11.35 300 0.0031 0.6 0.33 0.099 1.36 252.11 251.46 | 246.74 | 245.37 | 246.64 | 245.28 | 5.47 | 6.18
69-68 390 3.78 300 0.0055 0.6 0.1 0.03 2.15 252.97 252.85 | 251.80 | 249.66 | 251.77 | 249.63 | 1.20 | 3.22
68-67 440 7.57 300 0.00495 | 0.6 0.18 0.054 2.18 252.85 252.67 | 249.66 | 247.48 | 249.60 | 247.42 | 3.25 | 5.25
67-66 440 11.35 300 0.0031 0.6 0.33 0.099 1.36 252.67 252.26 | 247.48 | 246.11 | 247.38 | 246.01 | 529 | 6.25
66-56 440 11.35 100 0.0031 0.6 0.33 0.033 1.36 252.26 250.00 | 246.11 | 244.75 | 246.08 | 244.72 | 6.18 | 5.28
56-9 590 33.98 300 0.003 0.77 | 0.59 0.177 1.77 250.00 250.87 | 244.75 | 242.98 | 244.57 | 242.80 | 5.43 | 8.07

55-54 386 5.16 300 0.0055 0.6 0.1 0.03 2.12 253.92 253.64 | 252.75 | 250.63 | 252.72 | 250.60 | 1.20 | 3.04
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54-53 440 10.32 300 0.0036 0.6 0.28 0.084 1.58 253.64 253.33 | 250.63 | 249.04 | 250.54 | 248.96 | 3.10 | 4.37
53-52 440 14.74 300 0.003 0.63 | 0.38 0.114 1.32 253.33 252.67 | 249.04 | 247.72 | 248.93 | 247.61 | 4.40 | 5.06
52-9 440 14.74 300 0.003 0.63 | 0.38 0.114 1.32 252.67 250.87 | 247.72 | 246.40 | 247.61 | 246.29 | 5.06 | 4.58
48-47 710 5.68 300 0.0055 0.6 0.1 0.03 391 254.46 254.64 | 253.29 | 249.39 | 253.26 | 249.36 | 1.20 | 5.29
47-46 440 5.68 300 0.0055 0.6 0.1 0.03 2.42 254.64 253.00 | 249.39 | 246.97 | 249.36 | 246.94 | 529 | 6.07
46-45 437 11.35 300 0.0033 0.6 | 0335 | 0.1005 1.44 253.00 25191 | 246.97 | 245.52 | 246.86 | 24542 | 6.14 | 6.49
45-7 443 20.44 300 0.003 0.68 | 1.335 | 0.4005 1.33 251.91 250.00 | 245.52 | 244.19 | 245.12 | 243.79 | 6.79 | 6.21
49-46 710 5.68 300 0.0055 0.6 0.1 0.03 3.91 253.18 253.00 | 252.01 | 248.11 | 251.98 | 248.08 | 1.20 | 4.93
50-45 401 5.33 300 0.0055 0.6 0.1 0.03 221 251.88 25191 | 250.71 | 248.50 | 250.68 | 248.47 | 1.20 | 3.44
51-45 499 5.68 300 0.0055 0.6 0.1 0.03 2.74 252.15 25191 | 25098 | 248.24 | 250.95 | 248.21 | 1.20 | 3.70
38-37 280 3.96 300 0.0055 0.6 0.1 0.03 1.54 252.46 252.11 | 251.29 | 249.75 | 251.26 | 249.72 | 1.20 | 2.39
37-36 520 7.57 300 0.00495 | 0.6 0.18 0.054 2.57 252.11 250.80 | 249.75 | 247.18 | 249.70 | 247.12 | 2.41 | 3.68
36-35 460 10.67 300 0.0034 0.6 0.32 0.096 1.56 250.80 250.27 | 247.18 | 245.61 | 247.08 | 24552 | 3.72 | 4.75
35-34 560 14.01 300 0.003 0.62 | 036 | 0.108 1.68 250.27 250.20 | 245.61 | 243.93 | 245.50 | 243.82 | 4.77 | 6.38
34-25 500 14.01 300 0.003 0.62 | 036 | 0.108 1.5 250.20 250.00 | 243.93 | 242.43 | 243.82 | 24232 | 6.38 | 7.68
41-40 230 3.10 300 0.0055 0.6 0.1 0.03 1.27 251.00 251.00 | 249.83 | 248.56 | 249.80 | 248.53 | 1.20 | 2.47
40-39 560 7.05 300 0.0051 0.6 0.14 | 0.042 2.86 251.00 250.00 | 248.56 | 245.71 | 248.52 | 245.66 | 2.48 | 4.34
39-24 500 7.05 300 0.0051 0.6 0.14 | 0.042 2.55 250.00 250.00 | 245.71 | 243.16 | 245.66 | 243.11 | 434 | 6.89
43-42 384 3.61 300 0.0052 0.6 0.1 0.03 2.00 251.84 251.77 | 250.67 | 248.67 | 250.64 | 248.64 | 1.20 | 3.13
42-4 446 7.23 100 0.00496 | 0.6 0.15 0.015 2.21 251.77 250.21 | 248.67 | 246.46 | 248.66 | 246.45 | 3.11 | 3.76
44-5 830 3.96 300 0.0053 0.6 0.1 0.03 4.40 252.67 251.05 | 251.50 | 247.10 | 251.47 | 247.07 | 1.20 | 3.98
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R 3 WAKFEKITHER

‘ EARRRATE | H WitHimEbRE | B R HETR
. 1K ‘ AR | N
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. T iR ) e
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%5 | L(m) t=L/v QL/s) | mm | I s) | Q,(L/s) i L2 gE i R Zpl | B | AK

) N m?)]
)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0-1 420 | 130.47 0 6.15 1.70 22132 | 500 | 3.5 | 1.14 | 22328 | 1.47 | 255.00 | 254.81 | 253.80 | 252.33 | 1.20 | 2.48
12 | 620 |173.97 | 6.15 9.08 1.17 203.19 | 500 | 3.5 | 1.14 | 22328 | 2.17 | 254.81 | 254.78 | 25233 | 250.16 | 2.48 | 4.62
2-3 | 420 |220.53 | 15.24 6.15 0.83 182.02 | 500 | 3.5 | 1.14 | 22328 | 1.47 | 254.78 | 254.83 | 250.16 | 248.69 | 4.62 | 5.98
3-4 | 590 |220.53 | 21.39 8.64 0.70 153.60 | 500 | 3.5 | 1.14 | 22328 | 2.07 | 254.83 | 254.67 | 253.63 | 251.57 | 1.20 | 2.21
4-5 | 688.7 | 257.25 | 30.03 | 10.09 0.58 14827 | 500 | 3.5 | 1.14 | 22328 | 2.41 | 254.67 | 253.77 | 248.69 | 246.28 | 598 | 7.49
5-6 | 493.1 | 267.89 | 40.12 7.22 0.48 129.63 | 500 | 3.5 | 1.14 | 22328 | 1.73 | 253.77 | 252.81 | 252.57 | 250.84 | 1.20 | 1.97
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MRS

6-7 338.7 | 285.81 | 47.34 4.96 0.44 124.54 | 500 | 3.5 1.14 | 22328 | 1.19 | 252.81 | 251.70 | 250.84 | 249.66 | 1.97 | 2.04

7-B | 216.6 | 305.13 | 52.31 3.17 0.41 124.65 | 500 | 3.5 1.14 | 223.28 | 0.76 | 251.70 | 250.20 | 249.66 | 248.90 | 2.04 1.30

30-31 | 335.3 | 20.80 0 7.46 1.70 35.28 | 300 | 3.00 | 0.75 52.94 1.01 | 251.23 | 251.00 | 250.13 | 249.12 | 1.10 1.88
31-32 | 627.4 | 104.20 | 7.46 11.33 1.10 114.56 | 400 | 3.10 | 0.92 | 115.89 | 1.94 | 251.00 | 251.04 | 249.02 | 247.08 | 1.98 | 3.96
32-33 | 670 | 194.97 | 18.79 9.63 0.74 14524 | 400 | 490 | 1.16 | 145.71 | 3.28 | 251.04 | 251.00 | 247.08 | 243.80 | 3.96 | 7.20
33-34 | 420 | 228.61 | 28.42 6.03 0.60 136.06 | 400 | 490 | 1.16 | 145.71 | 2.06 | 251.00 | 251.00 | 249.90 | 24784 | 1.10 | 3.16
34-35 | 430 | 269.67 | 34.45 9.44 0.53 143.27 | 500 | 1.56 | 0.76 | 149.06 | 0.67 | 251.00 | 251.00 | 247.74 | 247.07 | 3.26 | 3.93
35-36 | 390 | 29445 | 43.89 8.56 0.46 134.67 | 500 | 1.56 | 0.76 | 149.06 | 0.61 | 251.00 | 251.00 | 247.07 | 246.46 | 3.93 | 4.54
36-37 | 458.7 | 322.17 | 52.44 10.07 0.41 13138 | 500 | 1.56 | 0.76 | 149.06 | 0.72 | 251.00 | 251.81 | 246.46 | 245.75 | 4.54 | 6.06
37-E 471 | 430.67 | 62.51 9.62 0.36 156.35 | 500 | 1.80 | 0.82 | 160.12 | 0.85 | 251.81 | 250.20 | 245.75 | 24490 | 6.06 | 5.30
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MRS
11-12 | 331.1 | 20.56 0 7.36 1.70 34.88 | 300 3 0.75 5294 | 099 | 25430 | 253.73 | 253.20 | 252.21 | 1.10 1.52
12-13 | 480 | 27.64 7.36 10.68 1.10 30.52 | 300 3 0.75 52.94 1.44 | 253.73 | 253.00 | 252.21 | 250.77 | 1.52 | 2.23
13-14 | 560 | 45.32 18.04 12.46 0.76 34.46 | 300 3 0.75 52.94 1.68 | 253.00 | 253.00 | 250.77 | 249.09 | 2.23 | 391
14-15 | 6299 | 66.64 | 30.50 14.01 0.57 38.07 | 300 3 0.75 52.94 1.89 | 253.00 | 253.00 | 249.09 | 247.20 | 3.91 5.80
15-16 | 420 | 77.56 | 44.51 9.34 0.45 35.16 | 300 3 0.75 52.94 1.26 | 253.00 | 253.01 | 247.20 | 24594 | 5.80 | 7.07
16-17 | 590 | 142.15 | 53.85 12.15 0.40 56.97 | 300 | 3.5 0.81 57.18 | 2.07 | 253.01 | 251.30 | 251.91 | 249.85 | 1.10 1.46
17-18 | 688.7 | 178.87 | 66.00 12.51 0.35 62.60 | 300 | 4.5 092 | 6484 | 3.10 | 251.30 | 252.86 | 249.85 | 246.75 | 1.46 | 6.11
18-19 | 300.5 | 219.69 | 78.51 5.13 0.31 68.29 | 300 | 5.1 0.98 | 69.02 1.53 | 252.86 | 251.70 | 246.75 | 24521 | 6.11 6.49
19-D | 248.8 | 268.83 | 83.63 3.66 0.30 79.98 | 300 | 6.85 1.13 79.99 1.70 | 251.70 | 250.20 | 245.21 | 243.51 | 6.49 | 6.69
42-43 | 590 | 20.40 0 13.12 1.70 34.60 | 300 3 0.75 52.94 1.77 | 253.41 | 252.85 | 25231 | 250.54 | 1.10 | 2.31
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43-44 | 540 | 3536 13.12 12.01 0.88 31.24 | 300 3 0.75 52.94 1.62 | 252.85 | 252.28 | 250.54 | 248.92 | 2.31 3.36
44-45 | 560 | 5032 | 25.13 12.46 0.64 32.10 | 300 3 0.75 52.94 1.68 | 252.28 | 251.72 | 24892 | 24724 | 3.36 | 4.48
45-46 | 440 | 6596 | 37.59 9.79 0.50 33.23 | 300 3 0.75 52.94 1.32 | 251.72 | 251.42 | 24724 | 24592 | 4.48 | 5.50
46-47 | 440 | 69.64 | 47.38 9.79 0.44 30.33 | 300 3 0.75 52.94 1.32 | 251.42 | 249.85 | 24592 | 244.60 | 550 | 5.25
47-G | 237.7 | 120.96 | 57.16 5.29 0.39 46.61 | 300 3 0.75 5294 | 0.71 | 249.85 | 249.50 | 244.60 | 243.89 | 525 | 5.61
51-52 | 750 10.20 0 16.68 1.70 17.30 | 300 3 0.75 52.94 | 2.25 | 253.23 | 253.33 | 252.13 | 249.88 | 1.10 | 3.45
52-53 | 440 | 20.40 16.68 9.79 0.79 16.12 | 300 3 0.75 52.94 1.32 | 253.33 | 252.63 | 249.88 | 248.56 | 3.45 | 4.07
53-54 | 590 | 30.60 | 26.47 13.12 0.62 18.96 | 300 3 0.75 52.94 1.77 | 252.63 | 252.25 | 248.56 | 246.79 | 4.07 | 5.46
54-55 | 440 | 45.56 | 39.59 9.79 0.49 22.23 | 300 3 0.75 52.94 1.32 | 252.25 | 250.00 | 246.79 | 24547 | 546 | 4.53
55-F | 2449 | 69.86 | 49.38 5.45 0.42 29.63 | 300 3 0.75 5294 | 0.73 | 250.00 | 249.50 | 24547 | 244774 | 4.53 | 4.76
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MRS
56-57 | 760 11.22 0 16.90 1.70 19.03 | 300 3 0.75 52.94 | 2.28 | 25437 | 254.64 | 253.27 | 25099 | 1.10 | 3.65
57-58 | 440 | 2244 16.90 9.79 0.79 17.62 | 300 3 0.75 52.94 1.32 | 254.64 | 253.00 | 250.99 | 249.67 | 3.65 | 3.33
58-59 | 440 | 4420 | 26.69 9.79 0.62 2726 | 300 3 0.75 52.94 1.32 | 253.00 | 251.90 | 249.67 | 248.35 | 3.33 | 3.55
59-60 | 440 | 97.92 | 36.48 9.79 0.51 50.25 | 300 3 0.75 52.94 1.32 | 251.90 | 250.00 | 24835 | 247.03 | 3.55 | 2.97
60-C | 216.7 | 161.84 | 46.27 3.56 0.44 71.57 | 300 | 5.5 1.01 71.68 1.19 | 250.00 | 249.50 | 247.03 | 245.84 | 2.97 | 3.66
63-64 | 610 10.54 0.00 13.57 1.70 17.88 | 300 3 0.75 52.94 1.83 | 253.16 | 252.70 | 252.06 | 250.23 | 1.10 | 2.47
64-65 | 520 | 26.18 13.57 11.57 0.87 2279 | 300 3 0.75 52.94 1.56 | 252.70 | 251.81 | 250.23 | 248.67 | 2.47 | 3.14
65-66 | 440 | 26.18 | 25.13 9.79 0.64 16.70 | 300 3 0.75 52.94 1.32 | 251.81 | 251.74 | 248.67 | 24735 | 3.14 | 4.39
66-67 | 440 | 47.26 | 34.92 9.79 0.53 24.90 | 300 3 0.75 52.94 1.32 | 251.74 | 250.21 | 247.35 | 246.03 | 439 | 4.18
67-A | 2384 | 97.24 | 44.71 5.30 0.45 43.95 | 300 3 0.75 5294 | 0.72 | 250.21 | 249.50 | 246.03 | 24531 | 4.18 | 4.19
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72-73 | 610 10.54 0.00 13.57 1.70 17.88 | 300 3 0.75 52.94 1.83 | 252.62 | 250.65 | 251.32 | 24949 | 1.30 1.16
73-74 | 520 18.36 13.57 11.57 0.87 15.98 | 300 3 0.75 52.94 1.56 | 250.65 | 250.00 | 249.49 | 24793 | 1.16 | 2.07
74-75 | 460 | 32.64 | 25.13 10.23 0.64 20.82 | 300 3 0.75 52.94 1.38 | 250.00 | 250.00 | 247.93 | 246.55 | 2.07 | 3.45
75-76 | 560 | 44.88 | 35.37 12.46 0.52 23.47 | 300 3 0.75 52.94 1.68 | 250.00 | 250.00 | 246.55 | 244.87 | 3.45 | 5.13
76-77 | 500 | 60.52 | 47.82 11.12 0.43 26.20 | 300 3 0.75 52.94 1.50 | 250.00 | 250.00 | 244.87 | 24337 | 5.13 | 6.63
77-78 | 440 | 74.12 | 58.94 9.79 0.38 27.98 | 300 3 0.75 52.94 1.32 | 250.00 | 250.00 | 248.90 | 247.58 | 1.10 | 2.42
78-79 | 440 | 141.10 | 68.73 9.79 0.34 48.04 | 300 3 0.75 52.94 1.32 | 250.00 | 250.00 | 247.58 | 246.26 | 2.42 | 3.74
79-80 | 440 | 168.64 | 78.52 9.79 0.31 52.42 | 300 3 0.75 52.94 1.32 | 250.00 | 250.56 | 246.26 | 24494 | 3.74 | 5.62
80-81 | 440 | 183.26 | 88.30 9.79 0.29 52.50 | 300 3 0.75 52.94 1.32 | 250.56 | 251.00 | 244.94 | 243.62 | 5.62 | 7.38
81-H | 831.9 | 190.06 | 98.09 18.50 0.27 50.57 | 300 3 0.75 5294 | 2.50 | 251.00 | 249.50 | 243.62 | 241.12 | 7.38 | 8.38
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