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Abstract

The urban drainage system is the most important public infrastructure to reduce
water pollutants, but it is also an important sewage unit for the receiving water body.
The normal operation of the drainage system is essential to ensure the quality of the w

ater environment and the health and safety of the people.

This design is about the drainage engineering design of a town in Zhumadian Cit
y. It mainly includes the layout of sewage and rainwater pipe network system and the
design of sewage treatment plant. The drainage system adopts a diversion drainage sy
stem. According to the topographical characteristics of the city, the terrain of the two a
reas is inclined to the river to realize the drainage along the slope. Therefore, the areas

[ and II adopt the orthogonal interception layout scheme. At the same time, the big
gest feature of the influent water quality in the design area is that the wastewater body
contains high-concentration organic matter, which requires a higher oxygen supply in
the wastewater treatment process. The wastewater also contains a small amount of an
d are all targets for removal.

The designed water treatment volume in this area is, and the design sewage volu
me is large, and longterm development is considered. The indicators in the raw sewag
e are: concentration, COD concentration, SS concentration, concentration, and concen
tration, and the disc-harged water after treatment must strictly meet the national level
A discharge stan-dard.

After analysis, it is known that the treated water belongs to wastewater that is eas
ily biodegradable and has no obvious toxicity. Two-stage biological treatment can be
used to make the effluent meet the standard. Primary treatment mainly uses physical
methods to remove suspended substances and inorganic substances in sewage. The se
condary treatment mainly adopts biological method, mainly CASS process, which can

effectively remove BOD, COD, and in sewage. The design process flow is: sewage
— grille — sewage lifting pump room — grit tank — regulating tank — secondary lif
ting pump room — primary dep-osition tank — CASS pool — contact disinfection
tank — discharge up to standard.

The design of the drainage system has the advantages of saving investment, good

effluent quality, simple process, effective use of occupied area and stable operation of
I
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the process. In addition, the CASS process is flexible for secondary biological treatm
ent, which can ensure that the sewage can be discharged in the system by extending th
e aeration time. It has strong impact resistance and can achieve different treatment goa

Is.

Keywords: urban drainage system; diversion system; CASS method; sludge concent

ration
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T, HAS e BIEAETERRA, TTA56. 61, 66, 72, 80 &ENIIKX
T BOE Ao VRN 2 LR 3 4.
(1) {5KEMHEF R BT
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F, — — AR Sm BRI 2R 5, % PR 9% .
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4.2.1 HitEXR
(1) Fe7K RS0 H)HE A JF 3 B8 CRUECEHEAT RO /K I, 0 T RANEC /K 7 [l R o
FLoK SR AT R R 2 AH A5 1
(2) Fe/K RS KRR E /N T1. 0om/s, AR TFEKKIESIE, F A0
KRR o
(3) LKL ALRAE 73 B3I 2 o
4.2.2 WititHE
(1) #HAEERD,
Fe /K R K A (SR BN O =3096m° [, ik K& 4R D, =1100mm i,
PAKITHEE, B8v=091m/s, HEBiHER,
(2) B/AKRFMEREEN 4 BEYTEM, & ETTE M 1K &R
q=3096/4="774m* | h .
@ 18 LKkH
AN KBS IRIB R E N g =215L /s, HAEKT100L/s, RAMEHIE.
VU B8R T M () 9 o T 43
g =m,bH\|2gH (4.2)
L g — MBI E, m/s;
H——18 Kk, m;
b——18%, BB b=15m;
m, — —E RE, EHE R 0327 ~0.332.
)

2 2
H=s L =# 0215 =021(m) (43)
myb~2g 0.33"x1.5"x2x9.8

@ B B
b TR A AR, AE R %5 THE 2 25<B/H<10 . HU B=0.6m , N
B/H=2.73 (#£2.5~3.0{0[ W) , FrLlxiE)E T4 % 5 iiE.
(3) E/KEERD,
WK EER D, =1000mm , it q=3096/4="774m’ | h, BREKITIHHERE

5 v=0.98m/s .
(4) AR} EADZD
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WG AR E: ) B =7 e s [/ @ B S s W R e o ST RS
D=1.5D, =1.5x1100 =1650(mm) (4.4)

4.3 T+EEE
4.3.1 &itEKR
(1) THEEAm BB EN L
() TR OLESEE T OLMHES
(3) THEAE BN S L AUR R A), B T DUASIE
(4) 5 bl et 9 — R A L 3 5 T K T 96 FE R 1/3~1/25
(5) MEFEN0.250F,  (H,/H,\)<0.64 NE M, 58RI 5% 80.3~2.5
i, (H,/H)<0.70 Jy E i, &3
43.2 BEXTEERITTE
(1) WAMETEREW

ek AT EE A A N T B TE SRR 0.35 4%, BRI 15

W =0.358 =0.35x1.08 = 0.38(m) (4.5)
(2) Btz EIrRERE B

B, =12 +0.48 = 0.94(m) (4.6)
(3) Wy BHHEEB,

B, =W +0.3=0.68(m) (4.7)

(4) TUREKE
BN IS B /KIR G (H, / H)) = 0.60, IR i 4218 7K IR
H, =0.6H, = 0.6x0.8 = 0.48(m) (4.8)
(5) R C
C=0.5W+1.2=1.39(m) (4.9)
(6) KA LA B
AT R R R

0 2
Al J(Blgwj Lo J(w] FL39 S142m) (4100

Y A ER A

Dz%A:%xl.42=O.95(m) (4.11)

(7)) BREKE

29



T S T R X HE K TR B

MRl B PR A BE0.8my R B L. 2m, TR [RAE S KB L, N
L,=C+0.8+1.2=1.39+2=3.39(m) (4.12)

(8) THREKE

L, =5B =5%x0.94=4.7(m) (4.13)

(9) E M REACEREEKE
L=L+L,+L,=2.7+3.39+4.7=10.79(m) (4.14)
£:M=11.48>10 (4.15)

B, 094

iR, FFEEK.
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5 AL KE

R A5 /K AL 3 ) YA RV it A A AR AT TR PR AN M ) IR LT, (RS
KA EE S B 18 B A S AN IR A B BT o AR AS AN AN BE A A 2 BRI
FEAE R K H A NS 2, SRTARA AR AR KR B L3 = 5 b B SR i Ak
HHRP,
5.1 # A
5.1.1 & ik

FE M R AT B 4 i B AT A Ak, AR K B T . KRN b By 7K
RO R S o BEANTS KAV T 2 /T KPEE S HAEE. BR &
s SR BT WETEOLT , A I RS A A A . FTE
AR A 25 RN R BT s Ja 3 A2 25 BRAH AR A BB 424080 00 ROURLAF G 5 /)8 2R
.
5.1.2 Witit&

R AR B B 5.1 Bk

1050
1050

A

20
|_360_| 500 | 462 | 1000 _| |_ 180
i~ Ll e e |} L

300

800

500
0~
2.

8

895

S00

B 5.1 #&igtH it E SR (BAL: mm)
(1) HHHE 5
OBt (A4S
Oy Vsina

bhv (5.1)

n=
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L Q, ——&IHHE, m’ /s;
a — —IE M, o = 60°;
b— —HEARRIIEIRER, B b =0.025m ;
n—— MK IRIBREL, A
h— —MHET KR, B A=0.5m ;
v——i M, B v=1m/s .
—HRE AR, PIAREN TR, R, i TR . MRS
2% ) ] B 288 Ay

086 Jsin60°
n=—2 ~32 (4 (5.2)
0.025x5x%1

Q) M B
WS 55 B BEL0.2m o HMISE 55 S = 10mm(0.01m) , NI 55 &
B=S(n-1)+bn+0.2

B=0.01x(32-1)+0.025x32+0.2 (5.3)
B=131(m)
(2) KKtk
hy = hik
2
hy=é~—sina (5.4)
2g
_ pS
c=BE)

L — B ARLHR, m;
hy —— T EARKARR, m;
g— —EHNGEE, m/s”;
k — — A& M 25 Py i FE I AR S B R I R A B, — X3
E——THIIRH .

BCE R WTIH OV AE TR, p=2.42, RAEIES
NN V_2 .
hy = hyk = ﬂ(;) 22 sin ok
0.01 I’

h =2.42x(———)** ——sin60°x3 (5.5)
0.025" 19.6

h =0.095(m)
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(3) MEEE=EE
WM AT S E R s, = 0.3m T
H=h+h+h,
H=0.5+0.095+0.3 (5.6)
H=09m

i

(4) MHEE =R
@ HKBSEH TR KIEL o WHKIRTEB, =1.05m, #5857 I M1 %

o, =20° , BEKIEIENKHEENO.77Tm/ s .
, _B-B _131-105_

= = =0.36(m) (5.7)
2tane; 2xtan20°
@ i 5 K SR E B A A i KL,
=50 _036_ 4 150m) (5.8)
2 2
L=L+L,+1.0+0.5+ #,
tan o (5.9)
H =h+h,
R H,— —METRIER, m
L=036+0.18+1.0+0.5+ 2103
tan 60° (5.10)
L=2.5(m)
(5) FHWEE
:—86400Q‘“3XW' (5.11)

1000K

LW AMER, o /10m 5K, ¥ ME RN 16 ~25mm I,
W,=0.10~0.05m> /10°m*> ¥5 7K 5 #& M A B & 30 ~ 50mm W ,
W, =0.03~0.1m> /10°m 57K o BT REME BN 25mm, B W, =0.05m> /10° m’
157K

7 . 86400x0.86x0.05

1000x1.35 (5.12)
W =2752>02(m"/d)

LR ERTIR, SR AP
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5.1.3 BEMERIGHLBH
(1) FHAMEE
2 FiRiFEAE, W=2.752>02(m%/d), FHHIEL.
(2) WHERT5HLE L

sl 4 aiRREAXGEBRMEBREIN, ST KAEN
0.86/4=0.215m* /s =18576(m" / d) .

Jie e AR M BRI I & BAR S HCh: OMERNT° . @B HL I &
L5kw ;. O M AT K 3% 1.0m 5 @ #E A 0.5~1.0m/s s ® T K& A
17000 ~ 34000’ / d -

5.2 BRI
5.2.1 Wit ZH

(1) AP s A 58 e I FE ARIIE 0.25 ~ 0.3m / s 5

(2) YT R IR CREF 0.1m /s /iha s

(3) AL EAT A A1 ~ 3min ;

(4) BT A BOKIR 2 ~3min , R~ 1.5;

(5) YIRMBI L/ B =5TA11K 5, JPib K S5 UTrbib it ve 2 Lt 5 KiF, R
JEAE DT I A 85 A 1] A

(6) N T REGITEDIB IEE AT VAT, JTRb I R 7K O ) 2015 Y e i 7 1)
— 3, [ AR AL KO R S REK O R E R,
5.2.2 WititHE

W TR BT T SR S A 5.2 Pk
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r. 8""

T -

o

a I

N

o

L - _’ §o
- [Ta)

o

a I

N

o

i 4
= -

D70
3901 L 4000 £5Q1000¢ SPEB100045¢ 4000 L 3901
7901 1 1900 00 '1900° 3 7901
07 1 M 2000 v 1 90T
A J A J
——

} — } — H+ — } — }
B 5. 2 BRI E SRR (B4 mm)
(1) BHER
V=0 tx60 (5.13)
X o —&IHRE, 0, =0.86m’/s;
¢ ——BETH R RN K AT IR 1), Bz = 2 min

V =0.86x2x60=103.2(m") (5.14)
(2) KyLWrm R
A= Lo (5.15)
vl

X v — —FIREN PKFRIE, B vy, =0.09m/s .

A=288 _g550m)
0.09

(3) WMEREE

A (5.16)
hZ

Kb b —— HHOKE, B, =2m.
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B =£=%=4.64(m) (5.17)
h 2
(4) BT RE
EXI’IZZ*‘%’ m\”
p=B 28 5 300m) (5.18)
n 2

e 2.32 - .
/%ﬁf:—%:Lm,MEﬁmE%*o

o

(5) i
103.2
L=% 528 —Z =11.12(m), B L =12.00m . (5.19)
(6) BINTERE
q=dQ,_ x3600 (5.20)
L @ ——W\ITPKIGKTRTAE, Bd=02m’ /m’.
g =0.2x0.86x3600=619.2(m’ / h) (5.21)

() VI ZEPIRHEIR
BT M B BT T S, T B AR

a+a

V,= xhyxL
:EEEP a——/ﬂﬁl’+i]ﬁju’ m;
al——YRﬁ//hiJr‘—FEﬁ’ mo
@ virbt EosE
__2h +aq, (5.22)
tan55°
X hy ——23&, Wh =0.64m;
a, ——-FETE, Wa, =1m
YOS > BE 55 7K~ T B R M o > 550, AN T 43
_ 23064 1 oom) (5.23)
tan 55°

Q@ vt
K E A, W S AT Y SR N [2(L, + )] +0.2 .
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L-2a-02 12-2x1.9-02

LZ

. 2 2 (5.24)
L,=>=4(m)

h,=h,+0.2L, (5.95)

h, =0.64+0.2x4 =1.44(m)

B VbR
YR b = 0.5m, I

H=h+h+h
hthy (5.26)
H =0.5+2+1.44 =3.94(m)
ORUER N
I/():a+a1xh3><L
v =19l 44512 = 25.06(m) (5.27)
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6 —_HEMNETE
6.1 FIIRUTIEM
W B AIRUTE ML) H 172 55 8515 7K o I B0 [ R 22 4, IR e S AR P Ak B
HHIRI AR, 8RB YR S G e A A R Y
6.1.1 3B AR UTIEI B TR
(D W FHEARSVEM A BUKIR 2, FEEREN 6 ~12;
(2) PUEMHIAR R T16m ;
(3) PUEM IR T0.95 5
(4) BHEEOT, RHAVREE;
(5) iR Tt BN, BT DO R 2 SRR ;
(6) Bk HKIBIT 7 NEER =Fh: oot K R K, kK
O HY AR R i K R 3 K B,
6.1.2 B AR ITIEM B THTE
i PiE o EoR E B E 6.1 Frok:

B
H 12000 ‘lm'l 12000 ’Q}
K 6.1 FBRAVEME TR REE (EA2: mm)
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(1) /KEEHR

F = Lo (6.1)
nq

b 0 — —BAEIRE, 0 =0.86m"/s=3096m’/h;

n —— 3, Wn=49;
q —— KM, Blg =1.5m /(m*eh) .
R 3096
4%x1.5

=516m’ (6.2)

(2) ViRthER

D= 4—F=\/516X4 =25.6(m) (BUD=26m) (6.3)
w 3.14
(3) A RBUKE
hy=q't (6.4)
X ¢ ——PUERtE, HBe=2h.
hy, =1.5x2=3(m) (6.5)
(4) YTIENs e = B
O #RIGRE
:ﬂ@ (6:6)
XS —— FAFHGRE, —HBKH0.3~0.8L/(Nd), S=0.5L/(Ad);
N — — it AE%L N=372000 A ;
T — —PKIERRIGJelRIRG N Ta], SR FALE Ve, HXT=4h .
V= 0.5x372000x 4 15.5(m) (6.7)
1000x2x24
Q@ GRS
Vlz%hs(iq%rrlrfrrf) (6.8)

X b — 5
n——5F EEREAT, B r =2m
r, ——15 TR, B =1m.
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hy =(r,—r,)tana
hy =(2—-1)tan 60° =1.73(m)
3.14x1.73%x(2° +2x1+1%)

-
3
V= 12.7m°
R V5L L RAEAAER > AR
v, =%h“(R2+Rr1 +17)

L b —— IR
R— T A%,
h, = (R—7r)%0.05=0.55(m)
DI R P e e B VAR

3.14x0.55x (13> +13x2+2%)
3

V2 =
v, =114.56(m’)

FEATIEAA G P AR TRk
Vo4V, =12.7+114.56 =127.26(m*) > 15.5(m”)
FHE AT WL, JTUE N A 2B I AR
@ viiEihEmEE
H=h+h+h +h,+h,
H=03+3+0.5+0.55+1.73
H =6.08(m)

(5) Vlyehh A LAt =

h+h,+h =03+3+0.5=3.8(m)
(6) BIREERIZ
D/ h, =26/3=8.67
HHEET L, BRfEAE 6 ~ 12 VG, i 2 2K
6.2 TEHRSIEMEISTR T E (CASS)
6.2.1 it kiR

(6.9)

(6.10)

(6.11)

(6.12)

(6.13)

(6.14)

(6.15)

(6.16)

1E CASS igsH, — Mg /KACHE R B E K. B, UiE. HEK. W
B 5 M E. SBR LRI AMAFE T 2, CASS LZ & 1E SBR L%
il EGEE L2 . BT SBR AT UL L ZFEEEIRFAR, 15 & 1Al S BRI,
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AR JLEER, B SBR AR A A L/K-T- Mg AN ) A K- T 3=, SBR
BERRAPAERAE BRI T L, CASS T 24k 7164 SBR LM AL, 2
TRRBE BERRCR, BN B R S Kb R —

Wil CASS IBiFE, HHEARFEAF/AFESEMNTE. TIE. TEAEMN
THEL,  DAKC SR #8 A IR S JE 4
6.2.2 CASS TE#itit
25K AR BUINER 6.1 Prok:
£ 6.1 y5K) . HKKR
1559 coD BOD SS NH3-N N TP
K 600 300 200 25 35 6
H7K <50 <10 <10 <5 <10 <0.5

VEKSHEBE SR . WA GRS KA ER S e HE R ) HR 2 A
FRAE.
(1) BRSATIE]

SR A5 JRIKE X =3000mg / L , 1598 i N, =0.1kgBOD; / kgMLSS,,
KA =024, WESHE AN

2428,
¢ NX
_24x0.24%300

0.1x3000

(6.17)
=5.76(h)

a

(2) PLIERT[H]

5P E A KT 3000mg / LI, {5 AT REE AT R SRR
u=74x10"TX"" (6.18)
R T — —J5KIEE.
THKIRET =10°C, V5IRMIVTIEIEE R
u="74x10*x10x3000"" =1.07(m/ h) (6.19)

IESMKIRH =5m, ZMMEREE e =050, JUER AN

AH+¢ 024x5+0.5

t = ~ =1.56(/) (6.20)
oy 1.09

(3) BITHAH
HEKI IR £, = 0.5, JE4T AN
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t=t,+t +t,=576+1.56+0.5~8(h) (6.21)
THRATA R R A I EON -
n,=24/8=3 (6.22)
(4) BRRIMAER
W BRSNS =9, M) R4S R R St [ R FUA
Q __ 74304 =11467(m’) (6.23)

T nn,  0.24x9x3

(5) Bz HsK¥EE BoD,

AR KK R I EESR, K g BOD, Ri/NF10mg / L, WiZBEiT BOD, M

o s,
© 24+ K,Xft,n,
. 24%300
¢ 24+0.022x3000%x0.75x6x3

BT O, TR G K
(6) FRIFRE
10°C 598 H & Ak R ECH
K00 =Ky =0.06x1.04'
K0, =0.041(d™)

RIRENSVEAX, N

(6.24)
=79(mg/L)<10mg/L

(6.25)

_YQ

—K 1ooof24 e

39079 ) 041x11467x 202 10752 x9x3 (6.26)
0 1000 24

1000
AX, =0.6x 74304 x

AX, =5882.16(kg / d)

RIRAEY SRR AX N

AX, =001~ f,f)x S =S

1000

(6.27)

200-10 _ 6705.9(kg / d)

AX =74304x(1-0.7x0.75) x

RIRTGVEEAX A
AX = AX, +AX =5882.16+6705.9 =12588.06(kg / d) (6.28)
RIRTGVEHE Ny N
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N, _ 3000
B 1= 1-024
TSI &S KZEN 97%, NTHESR RTS8 RARFA
AX 12588.06
N, 3.95

=3947.4(mg / L) (6.29)

:3188.9(m3 /d) (6.30)

() Br%i5Tes

_ SN Vnnyt, 0.75x3000x11467x9x3x6

A =29.6(d™) (6.31)
24AX, 24x5882.16x1000

FHUETT L, THSTAE AR VS YRR AL s A R I 75 2
(8) HRHKAR
A& RE IR N, TS

AX
o

. (6.32)

N, =0.12

I R R A AN, ) ™

AX
AN, 0 = 01222109 4 1000 = 0,12 x 255218 1 699
0 74304

(6.33)

AN, 4, =9.5(mg / L)

K Bt E A 15
Noioy=No =N ,0=25-9.5=15.5(mg / L) (6.34)
S KB R TN, SEEEWE BCE K BT — 4 A K
bR TR EERAIER, HKE R SR AR

N
K, +N

(6.35)

1uN :lum

A gy —— TR HEE R
w,, — — TG B K B T
N — —B it N RIS
K, — —tH I A
IeEE, BEH/KEEN, =N, X 7.19 FHAT78H, W

43



T S T R X HE K TR B

N, = Bat (6.36)
ﬂm_ﬂN

H, SRR W pH HA SR B8 BRI 41,0

DO
0.098x(T—15)
Hn(s) * K, +DO

Hoiry = x[(1-0.833)x(7.2-PH) ] (6.37)

R g5 — —PRHEAKIHR (IS B A IR IR K LI, 5 = 0.5d 7
T — — WA TG KR 5
DO — —@ES N E A, DO =2mg/ L ;
K, — R R, K, =1.3mg/L;
pH — —5/KpHE, pH =72
RN A -

0 2
Hyigy = 0.5 "0 xmx[(l—0.833)x(7.2—7.2)] =0.19 (6.38)

B K, B HEEE R, IHHEAAM

KN(T) = KN(ls) XeO'HMT_lS) (6.39)
Kb Ky — — PRI SOOI B AL IR, K =0.5mg /L

KN(IO) —0.5% " 11810-15) _ 28(mg / L)
A B ) LR R AR

u, =0i+b,v (6.40)

c

X b, —— A SENRE, BT b Zi5/KIRERN, HEIEA
SWAE
by x1.04"° (6.41)
KA, by =0.04d", WA
by oy =0.04x1.04 =0.027d"" (6.42)

{59ehe 6, =29.6d , AL LEIG IR 4 R P

=b

N (20)

1
=—+0.027=0.06 (6.43)
=296

U K 2 N
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KN(IO) *Hyao)
Hmao) ™ Hyao (6.44)

0.28x0.06 0.0168
- - ~0.13(mg / L
€9 =019-0.06  0.13 (mg /L)

Ne(lO) =

(9) BIZEKEE
BRI OKIR H = 8m WK b oA

h = HO __8x74304 =1.92(m) (6.45)
nn,V  9x3x11467

%5 BE S B BE AR R Y .

(10) ®IHFEE
WITRAERFEARFE 4T AHAVIIREE. SREBGFEAE. 4%
TR AED LK ENEE. AVIENTEREN =05, HRERFEAR
b =0.121,
HHUERT W, SEARA HLA A5 e T L 7R B &= AOR A

AOR, = 2.86><(74304xm—0.45x0.12x%x11467>< 0.75)

A0R3=8010.86(kg/d) (6.46)

AOR = AOR, + AOR, — AOR, =14271.6(kg / d) =594.6 (kg / h)
%13k K S BN, =35mg /L, Kb B S 135 K 7K 5 200 OR IE H 7K 2= A
N,=5mg/L, Zidit5E, HMUEEAFEAE AOR, N:

AOR, =4.6| oNo=Ne _ 1, V%
1000 6,
AOR, =4.6 74304x 223 _0.45%x0.12x 2200 4 11467x0.75 | (6.47)
1000 1000

AOR, =10037.43(kg / d)

SAEA T & AOR,
N, —TN
AOR, =2.86x| 01 e _¢ 1p NS
1000 10006,

AOR, = 2.86x(74304xM—0.45x0.12x :13888 x11467 x 0.75] (6.48)

AOR, = 8010.86(kg/d)
gr LR, T LR A
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AOR = AOR, + AOR, — AOR, =14271.6(kg / d) (6.49)
(1D frEREE
PRt A B AT AT
SOR = AORX € (6.50)

@ ('ch‘vb(T) - C) x1.0247%

K C oy, = 20°CI EAETH K P HRAEREE, C, 00 =9.17Tmg / L 5
o — —FA R R, a =0.85;
B— ALK SR EAEIE RS, £=0.95;

p ——BIEIR B R R T B 2 B IE R %L, p=—L—
1.013x10

p——FTEMIX KRIE S, Pa;
T ——WIEKIEE, AHIAXZET=10°C, HZFET=25°C;
Cpry — — B UF 7K 25 11 TR TR A0 N 1 2 A i A AN T

D, Qt
C,.=C .| —Lb
5(T) ““(2026x1w 42}

Cry — BEVFKHR AR T ST K TR AT 5
py AT BB LS LT, p, = p+9.8x10°H
H——2 53 B B IRIR L
21(1-E,)

—GBTE KT R, O -
ORI G, O 79+21(1-E,)

x100% ;

E,— [ s B AR, SRS,
C —— BRI P IIERAIREE, C=2mg/L.
[X 35k BT AE HBHAR =1 E900m, KA UK Np = 0.91x10° Pa, [E/MEIERECH

5
p=— P 010 _,, (6.51)
1.013x10°  1.013x10

AR S Sk 2SRRI 0.3m &b, VERIRIE 4.7m, 4% & TN
p, =P+9.8x10°H =1.013x10° +0.098x10° x 4.7 =1.47x10°(Pa) (6.52)
AL SR BB R E, =20% , S /KT & & &N

o HAZE) 00— 21XAZ0D 6000 —17.59 (6.53)
79+21(1-E,) 79+ 21x(1-02)
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HAKR 25°C, WKEBAE C, . =8.4mg /L, bR PR R A
BN

pb Qt
C,=C | —2—
o) (2 026x10° 42}

1.47x10°  17.5 650
C,= 8.4{2.026)(105 0 j=9.6(mg/L)
S b A SOR 5 N
SOR AORxCS(ZO)
a (,chsbm - C) x1.024" (6.55)
594.6x9.17

T 0.85%(0.95%0.9x9.6-2)x1.024" 9178 (kg / h)

p=2OR I8 152967 (m* /) =254.9(m’ /min) (6.56)
03E, 03x02

R
A
H\
)

<H

hEm

KK ABAE C, o =11.33mg /L, WU A THERAEAE C, ) N

e [P 9
va(lO) =Cuuo (2_026)( 10° ’ 42)

1.47x10°  17.5 (657
C,=1133x| == 1222 |_12.95(mg / L)
2.026x10° 42
A bl i AU SOR, ) N
SOR AORXC,
alppC, . —C)x1.024"%
(A0Cor =€) (6.58)
SOR = 294.6x9.17 ——1056.68(kg / )
0.85x(0.95x0.9x11.33-2)x1.024
KBTS HE
p= SOR :1056'68:17611.4(m3/h)=293.5(m3/min) (6.59)
03E, 0.3x0.2

6.2.3 BRIt E
%I /KACEE ) 3L 9 JHERRA, REEARE BRI N K 80m, BE 29m,
7J<757%5m, HE=0.5m, HBAEF1600m’ .
SIBHIAT ECR A 3 ERIE, AE TE b=9.7m.
(1) mzﬁmz
BT KR =b/h=9.7/5=1.94, TR KT 1, NTF 2, FEHERM,
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(2) BiZKR
WK/ RE S =L0/b=80/9.7=8.2, KWt XT 5, /N 10, FFEEXK.
HAp i N IX K 13m, SRS EFRN) 16%, 1% 4 FE CASS RS IAT BN E

e

DN&0OX9
— = }

=

= Yk
[~ DN150X9

L

I e

i

I

=

g

L DN150
r— —

Exsi

e —
[T DN150

e

?F
T

LS ‘

—
DNLOOX9

Hyge I = g
] il T ="
= 48]

| i e

|

\

\

\

\

|

\

\

I DN150X9 y
o R o

sssss

B 6.2 4P CASS BR A ERERE (BAL: mm)
FALJEE CASS Ha S vt iS5 T B B 6.3 BT
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TRAMARE A S DNL OO
Bl +2647 i o A P
_ P ABR B AEE. DN25O
&) } ) Nz B 2667, Kk
5 200
0y — 000 sw | e | em g
| 81600 |
! - ) smuan
=7 - 1 DN&OX9
A RHEASEDNL 00
SrEAbEr ?)
oot | L b4
T AURILYASE DN 0O | 80000
bt -0 261 i

1
U N 13000 - e | sz00_fog
[ ———————————————— |

6.2.4 BREEZME

BB AR sx— 1 BURERAE, BRI MR 4.0m, RS T
4~5m*, HEEREST: 15~20m’ / (he™) ©

BRI EBFIA BN R 7.3 fis: HERILE HRS ST
FERHSEPY CASS M FRIRR S L IR AL STy CASS it <, IR+ 1k 3
MR, FINERAAE ERE 13 AR, A CASS i, 91 ig
At 9 IREER TR, 27 MRAVRSCE, 351 AREARE, MIRAARE Lwk
SX-1 BUBESk 10 Ay, ARhIE 130 MR, Aithdt 3510 MRk, BEAMRAK
(AR5 AR 4m?/A.

MR BB B A B A 6.4 PR
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o

BN

f 1 il
} 81600 |

K6 4 BRRETSER SRR (BA: mm)
BRI TERMHEAEN
Gw::20xl30=072(nf/s)
3600
11 SE bR AR b e 75 ZE R L B
G, =M=O.55(m3 /s)
9x 3600

HIAIL, G, >G,, e e MR rHtER.
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6.2.5 FXMLE AT E
SRBLB I BT S07  E N 6.5 B

DN250—-C5-FC
r COP-1.50
i ® FMT
I = ' e
M3 il
RALE q
DN200-CS—FC 7
/ COP0.70 Y gl
T | v T
KN KN DN250-C5-FC %
COP-1.50
€Pr
| 111 | B %51
= [ 3 1] é
80 7333 | 6667 | 9333 | ee67 | 9333 | 6667 | 8533 — | 5467800

| 61600 |

L

K 6.5 HRNFER I TERAER
(1) B
O A S T I N G, = 20130

3600
e o 2592 e s s
*EEZEE‘J@E’%EEG“=T=864(m3/h) , BRERBEREEA

=072(nﬁ/s)=2592@n3/h) ,

ca2=§£§=665(nﬁ/h) .

BB (G KHKBET T &SRS 19 & CGEKEE K IR, @&

TARTENEERLN DN250mm, TR WE v, =15m/s , BALEEEH TN
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10.33pa/m ; EZFREREEEN DN200mm, TRk, =7.5m/s , BAL
FEPERH 778 3.62pa/m 5 EEC AR EE KE E 42N DN200mm, IR
v, =3.0m/s , BAEEBEH I N1.58palm

(2) FEATRK

@ Rk

e — 4 B RUL B 46 1) B 8 o K A B 1 A B B, 8 U B 1 P
JIH, ARREC R A R AR,

I, =55.5KD"? (6.62)
X [ —EERNSERE, m;
D__’/:Eé;//f?ﬁ} m;

K——KEHRFE R, ZE R A R E .

PR BCUERKERIRL, PR EEERTERKE I+ o (ALEZERNLE 1
witd, HTERICE. BENRME ML, £FER—EreetE, WE
HRFH 4R A B, = 0.05m

Q) WK

K JE N L(m) K1 R SRR BE 7 K Skt 2 Pl 4 e =05

AP =Ap, xI

X Ap, —— A KIRFE B 45k s

MR T 1 =53.6m , B K [,=25.7m , FMRAR BEK L=189m,
M EEAN IR SR AR B R

hf =Ap,, <l +3xAp, ,x1, +39xAp, , xI,
h, =10.33x53.6+3%3.62x25.7+39x1.58x18.9 (6.63)
h, =2.00(kPa)=0.2m

BRERERERERN 0.1m, B1100mmH,0, SX-1 B2S3 B K /14
2N 200mmH,0 , NIEAEEIBBIRGEE KA :
h,=h,+h,+0.1=0.05+0.2+0.1=0.35(m) (6.64)
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7 JHEWE
7.1 BEIHE

HEESE, A, &Mk Ak, EIRIEE AT 548, Wk
SRR 2 B2 /K 1 1.5 i, TS ARG 25 B2 K I 2.5 £, S EMACR
{13/ /K IR FE « B0 Bebiet 1o) L VR AFRE L WU TR 2k ™
7.2 BEHEEFELZRIE
(D mEE

KGN s, HACRHBENEFBER TN, NEE%Tmg/L, ©F
fiff 1% 20d THE, HITHRINE RS

G =0.001x 7% 0.86x 3600
G=21.67kg/h

(7.1

(2) fBEE
W =20x24G
W =20x24x21.67=10402kg

(7.2)

(3) INEHFFM
HEEERINE TN 0 ~ 20kg / h FINENLLBUING, L2 6, —H—%&, Scilfe
B . G SR F 28 2 1000kg AR, 3t 12 H.
7.3 DS IA A1 EE
FFInE R S &, B R G @EN A E, R naE . SERRITH
A, InER SR
V, =4.5%x9.0x3.6 =145.8(m*) (7.3)
THEAFREARUA
V, =9.6x9x4.5=388.8(m’) (7.4)
SRARAIE N R R0 G S A /N S8 ~ 12 U, THEE AT A3 &l f /N e S,
NN
G, =145.8x12 =1749.6(m>) (7.5)
HER /NS ER
G, =388.8x12 = 4665.6(m") (7.6)
INEIAIE ] — & T30-3 38 XU XML, HCHLZIZ 0.25Kw.
FPEEHW & T730-3 18 XA AN, FCHINZE 0.4kw, FE2d— Gl
&%, MEEZE N LA 20cm 4.
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7.4 FEARRTHTE
B BT SR B 7.0 R

<:) +3.907
+3.198 +3.198 +3.198
4

et e
; F2.64
S —
: +0448
+0.000 T +0.000
DN90Q
| 857 [oa4gg0q 60 | 3167 | 35633 400
| 54298 |
T T
Ers .
A-A#EE 1200
. 46600 ,
00 w0 e s 16289 . 8453 s g0)
1 1 1 1 1 1 T
m:/ﬁﬁ%m
il T

|
Nl
800x450

Nl
LOTT°
10000

o
S

—
I3

éﬁ
HE
@3@
]

| g
?\ I (i Iy
T T\ i
(f:) (f:) 800x450
=T gl
%

00 500 | 40000
| 46600

o=
1=
s

wEERETEE 1200
B 7.1 B EREE (AL mm)
(1) EAhrh AR
KSR, A A £ = 30 min 7,
V=0,.=0.86x3600x0.5

(7.7
V =1548(m’)
(2) b
WB RS A EE (n=2), WFREAS B ERN:
I{:%:qum (7.8)
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(3) i
BRI KR h=2.0m , BHEHb=2.5m, WK L=18x2.5=45(m), /KiK
KEL =72x2.5=180(m), 4R 73 E0N
— = ( 1% )

(7.9 (4) BEZHAE

RIELL B8, B s B=2.5x4=10(m), K L=18x2.5=45(m), /KIF
h=2m .
HELECE
V, =45x10x2=900(m’) > 774(m’) (7.10)
P fdth HH 7K B B 4
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8 V5 URALFE B R T
8.1 Sk EITH
(1) ¥PiHyseE

___1006n0 (8.1)
' 10°(100-p)x p
L C—— 5K BRI, mg/L;
n——HHRUTIE M ITERCR, — ML 40% ~ 55% ;
O—Hitis/KE, m’/d;
p—— 5 EKE, —MEL95% ~97% ;
o —— MG R, LL1000kg / m’ it
__100Cn0
' 10°(100-p)x p (39)
100x200x 50% x 74304

= = 247.68(m’ / d)
1000 (100-97)x 1000

(2) FRIEV

KH CASS L2153, FIRTGIRAE AX =12588.06kg /d , FIRTGIIKEN
N,=39474mg/L~4g/L, FKEHK99.7% 115 .

BTN waat

M=3147m3/d (8.3)

8.2 E JjHk4Eith
8.2.1 WitMiid

TSR 4 i 122 B 2 W R Ve PR TR [RI B, PRAKYe b B4R AR, fRIETE
Kt PR ER AR A 15Teikd R A =MI7 0 o hl R E TR AR
YE AR O

A iE TSRS Ve WS T S WU Ye TR G AR LA L AL TS e Rk
4, NEHTREGRS T 2= AR AR50 5 E IR EHER, SRR YE
ANEHTHICETR JEHEETE IREEMTERE; BEO0WRYE 11 S0 13 MEH
T, HET 22 E O IMAFE AR s, SRR, (HE0RFENETE
Yt P ™,

it Bk, SRFE 4.
8.2.2 Witit&
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AR A s RS B 8.1 i

|

goq 16600

—
=3
—_—

boa]bod

1500

|
1
18200

7500

bm?oal

Bodsod 1450 2000 | 2000 | 2050 | 2050 | 2000 | 2000 [1450 pockod
11 T 1 T T 1 11

K 8.1 E /W iHit&E s’ (BAAL: mm)
(1) MR
WHETG R NFI RISV =314Tm’ /d , FIRT5 VIR E I F KK 99.7% ,
C, =4.0kg/m’ . W& H IR 515 0e & /KEN9IT% , W5 e BARHKE N
C,=40kg /m’ o WHiI5T AT RIET, WX 8.1 5kl Al &L HiLH
40kg / (m*+d ).

®8.1 B REHEAEELRE

e 15V EIKER /% ] 7 3 Wi 156 5 K2 /%
/[ kg ! (m*d)]
W5 95~97 80~120 90~92
EMEE e 99.2~99.6 20~30 97~98
J&5ETE e 98~99 40~50 96~97
RET5Te 99~99.4 30~50 97~98
1=2% (8.4)
G

K 9— 5=, m’/d;
C,——I5REMRIKSE, kg/m’;
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G ——i5RE KB, kg/(m’ed).

A:%
3?47><4 (85)
A= =314.7m’
(2) HWEE
WHE n =2 METEHERIb.
B TR AR
4, =§=¥=157.35m2 (8.6)
AR EE D
D=/(44,)/ 7 =/(4x57.35)/3.14 =14.16(m) (8.7)
Hy D =15.0(m) -
(3) AR
TAEER > A BUKIEN
h =% (8.8)
X T——k4git e, h, BT =154
_Or 314712 _ (5.9)

2244 24x3147
BEh =03m, ZWEREL=03m, WEHZi=1/20, 5k} FEERZ
D,=10m, LJEEZD,=2.4m.

T JER I 32 o R P
h, = (%—%sz
17 24 (8.10)
h, = (——;]x 1/20=0.365(m)
2 2
{59 mE
hs :(&—&jxtanSS"
2 2
vd 1.0 (8.11)
hy = (;—;)x tan55°=1.0(m)
2 2
IR AR
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H=h+h +h+h +h,

(8.12)
H=03+5+0.3+0.365+1="7.0(m)
(4) Wi E
1-99.7% V'
97% 3147 (8.13)

V'=314.7(m’ / d)
8.3 it
WITTiti5 e O, =247.68m’ /d » FIRIGIQ, =314.7m’ /d . TBRETTIRERN
O, +0, =247.68+314.7=56238m" /d , VB MW HEEIEJeit.
W et e 8] T =108, sk, =3.0m , WP RN F 9:

_ 056238310 _ g 50,0y (810>
nh, 2x3.0x24
WP 5E B =5.0, NiHEbK 5.
L=2-28_g 81(m) (8.15)
B 5

tg55°x(5-1)

PR A, PR 0.6m>0.6m , A = =3.52(m),
VO Ay =0.3m, I Yeit (505 H 9
h=h+hy+h =03+3.0+3.52=6.82(m) (8.16)

8.4 [REHM
8.4.1 witHfid
(1) —HPRAEHEN . XHEIREAT RIS, PLUSRTEBOH AL .
(2) ZZIRAWA . R TS JeE A Rr SO AN A R B2 AT . B — 2tk
58 T QEA AR 1.1, 2:1 81 3:2.
(3) WIAHIR S E AL A D ATE A 2 L AFE = AN B, ol KK B TR
AL F B = AN B
8.4.2 WititHE
WIRPTEM ISR S CASS W 4d 5 TG 5 IR G 5, S/KFEA 97%,
VSRR 562.38m’ /d , FERMEMA SR 75%, WIEHER PG B E RN

50%.
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(1) {HAHAEBERITH
@ HRAIGIRES v, 15

V=0v, (8.17)
Kt v —HER, s
O—5kE, m’/d;
v, ——y5 ek, d, ARSI R R 1S ECR 4 Hd P
v =20d, M
V =Qv, =562.38x20=11247.6m’ (8.18)
Q@ W EBAAS, 5
y =25 (8.19)
SV

A C—— V5P VIR NIRE, kg/m’;
S, —— &R, kgVSS/(m’+d)
HIeEKEN 97%, WG EEE &R 3%, HrE R R4 vss & 75%,
2GR
C, =3%x75%x1000 = 22.5kg / m’ (8.20)
WS, =1.1kg / (m*d), NI

y_ 0C, _562.38x225
S, 1.1

=11503.23m’ (8.21)

(2) k&t

KH M IE, PLRIEI S g E A S AL 2:1, W —ZH Ak
SEF8000m” , H 2 JEth, FLIAEFN 4000m° o ZEAIBE TR 4000m°
F 1 .
O H it R 5

— %% ZHHAI R A R A ELAE D ORAD 17m, EREERA
D, =2m, fHih, =20m, WEHEIRELSd, =2m, HEFRH 15°, #

172

h, =h, xtan15° =2.0(m) (8.22)

MVEAG AR = B =D =1Tm .
A BEAEM
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2 2
_zd; 3'14:2 x2.0 = 6.28(m) (8.23)

Xh4:

=7y

2 D 2
V;:lﬂ'h3 D_+i+d_3
3 4 4 4

2 2
v, =L31axo0x| L 7X2 2 (8.24)
3 4 4 4

V,=171.2(m")
NEARERET EEAR, By, =1, =1712m .
FEARZS AR

2
V= ﬂ-4D xh = 3’;4><172 x17 =3858.7(m’) (8.25)
HOH A A AR
V=V,
(8.26)

V' =171.2+3858.7+171.2=4201.1(n") > 4000(m*)

AL S B R AR TSR

2
A, ="%5
2 (827
A4=3'1‘:’<2 +3.14x2x2 =15.7(m?)
R mA
A =" (Drd)xTs
2 sina (8.28)
3.14 2.0
4 = 1742 =230.6(m’
} 2 X( )XsinIS (m")
NHER R AR
2
A =TT gyt
4 2 sina (8.29)
g .
A2=3'14X2 +3'14(17+2)>< ?'0 = 233.7(m?)
4 2 sinl5
TH AL A AR 2 TH AR
(8.30)

A, =Dh =3.14x17x17 =907.9(m*)
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PR A v A T AR
A=4+A4 +A4,+ A4
o (8.31)
A=907.9+233.7+230.6+15.7=1387.9(m")
@ Wkt R ~F
N N — N / =1 N D /
WAL B Sl B A D =17.6m , B a =E=8.8(m) o KHhEAE H— K
HN(14~2.0)D, BLH=141D=141x17.6=24.8(m), Ki¥Hb=H/2=12.4m .

TR E R =(0.74~ 0.84)D, BLR=0.75D =0.75x17.6 =13.2(m)
TH A AR F
Vz%ﬁazb:gx3.14x8.82><12.4:4022.3(m3) (8.32)
TH A FE AR R TR
F= 27z\/m X ?2b22 (27[—2sin1 %+%\/ﬁj

a b*—a

F=2x3.14x

2 2 n + 2
8.8 12.4° -8.8 2 124 124

2 2 2 2
1247 8.8 12.4°x8.8 ><(3.14_Zsi .88 88 1242_882)

F =479.5(m")
(8.33)
8.4.3 P
(D) HURGFHAE
@ AR EQ

'

%
Ql :g(TD —]—ZQ)XIOO
K ——H it & R RS RE, m’/d;
T, —— AL VR
T, —Hi5RiRE.

L0 — 0 o L 3R R 5 e o = 2220

=281.19(m3/a’),

T, =35°C, {5IRFEFHEENIT.6°C, HVPHRARILEZ13°C, HOFEkEHEP
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281.19
= x(35-17.6)x1000
v ( ) (8.34)
0, =2.039x10° (kcal / h)
BAAEIE
281.19
= x(35-13)x1000
e ( ) (8.35)
O, = 2.58x10° (kcal / h)
ORGHAESEIPR
0, =2 FK (T, ~T,)x1.2 (8.36)

X F——hi B Kt i 1 A T AR
T, —— A o AR
K ——itiz . TOBESMRIERREL (keal/m*+he°C) .
A B AR S5 R R it 5 K <0.7(keal /m’eheoC) 5 ith BE
K <0.6(kcal / m*+h="C) s (A AK);MIE K <0.45(keal / m*«heC) (ith4hy+
1),
NSO PR
F=4,+4,=2306+157=2463(m’), WIS AR, EFHRN
12.6°C, ZZFZHAIMPHAM N -8.3°C, HCFEHEHE
0, =246.3x0.7x(35-12.6)x1.2

(8.35)
0, =0.046x10° (keal / h)

0, =246.3x0.7x(35—(~8.3))x1.2

(8.36)
0,, =0.090x10° (kcal / h)

i VEERIAIR O, o« ATHACHIIEER) 1/3 R LA, 2/3 fEuT L L, T

F :3/11 ~2,907.9= 605.3(m’) (8.37)
3703
VI FERE
=605.3x0.6x(35-12.6)x1.2
O ( ) (8.38)
0,, =0.098x10° (kcal / h)
RRFEAE

63



T S T R X HE K TR B

0, = 605.3><0.6><(35—(—8.3))><1.2
0,, =0.189x10° (kcal / 1)

i JHEE (I DR AR K

F= %Al = %><907.9 =302.6(m’), WM EN LI, TSR A 13.4°C

(8.39)

3

KRFEIMTESEANS.1°C . FHxeieE A

0,, =302.6x0.45x (35 —13.4) x1.2

(8.40)
0,, =0.035x10° (kcal / h)
R E
0., =302.6x0.45x(35-5.1)x1.2
s (8.41)
0,;, =0.049x10° (kcal / h)
ive THERRFASIR O,
F=4,=2337(m’), MCT¥efa
=233.7x0.45%x(35-13.4)x1.2
O ( ) (8.42)
0,, =0.027x10° (kcal / h)
RRFENE
=233.7x0.45%(35-5.1)x1.2
O ( ) (8.43)
0,, =0.038x10° (kcal / h)
PR Y A T ) A K
0, =0.046x10° +0.098x10” +0.035x10° +0.027 x 10’ (2.48)
0, =0.206x10° (kcal / h) '
RAFENE
0,.. =0.090x10° +0.189x10° +0.049x10° +0.038x 10
(8.45)

O, =0.366x10° (kcal / h)

Q) W IE SR BB MR
TR 5 S TSR L AT AL B T IR AR AT (1 5%~15%, B

0,=(0.05~0.15)(0,+0,), HilHL 10%".
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0, =0.1x(2.039x10° +0.206x10°
0, =0.2245x10° (kcal / h)

Oy =0.1%(2.75%10° +0.366 x10°)
Q3max = 0312X105 (kcal/h)

P At S FERR A

0, =(0 +0, +0,)=2.47x10° (kcal / )

Ot = 0.1%(0, e + Osy + Qs ) =3.24x10° (keal / h)
HAL RS FER

O =nQ, =2x2.47x10° =4.94x10° (kcal / )

O = NO1 iy =2%3.24x10° =6.48x10° (kcal / h)

N n——ZLH ALt 2
(2) HAH ORI BT
TR RS FE
5=A(R) -R,)
A A —— R R 3 R EL
R —— M BE LSRR FR FAPH
T,-T

R} =—2—4R kA
AT

X AT —— & ZEMBE A ) RO VR 22 5
R, ——EELERIIEE, R =0.133m°ehe°C / keal ;
k——IREAZIE R, MHHAIB R k=1;
A——TRIRARIARS TR0t B 25 74 AEPE R AL
X2 R R A5
D, =Y RS,
X R——H—EARHH A ;
S—R—EMEE R REL.
Ry=R,+> R+R,
A Ry — It BE LS T R R TR AT L A R L PR
R, —— 1 EELE SR THIFAH
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ZR:%- (8.54)

A O ——FRORIRA R 25 = M EE £ 4 JRL T 5
A ——BR IR B I R B EE LS R T 2K
KH EIRVFREINERCAE A, AT RO T E 6 2O A, WA SR
PSR LI, B RIRATRHEE S
ﬂ’G

1000x 26 — 5,
§=— K (8.55)

Ay
N A — T AT &SN TR e R A% R 3
Ay ——TRRA R T 2
K —— &5 A& R0 Fe Vi s
O — A &5 73 25 R SR
ORE R
iv HiE S

toF W otk W T #% AT =7°C . R, =0.133m*«he°C/ kcal

R, =0.05m>«he°C /keal » k=1, BEMTALEMBIEIESEIRD, <3, M 4=1.1.

i~ THEACPRAEH R

R =121 p g
3?T 3 (8.56)

Ry :%xo.lﬁxlxl.l:O.792(m2-h-°C/kcal)

i IR R R
SN IR T A, =1.33keal / (mehe°C), S, =12.85, #l

54 2 o

R, ==+ =0.1/1.33=0.0752(m"*h+°C / kcal)
A, (8.57)

D,, =0.0752x12.85=0.966

IKYBRP I KT Z A, = 0.8kcal / (mehs°C), S, =8.65, #
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R, = % _0.02/08= 0.025(m>+h+°C / keal)
A4 (8.58)

D,, =0.025x8.65=0.216

BiKJE A =0.15keal / (mehe°C), S, =2.85,

R = O _0.01/0.15= 0.067(m>«hs°C / kcal)
A (8.59)

D,, =0.067x2.85=0.191

HT
Ry=R,+) R+R,
R, =0.133+0.0752+0.025+0.067 +0.05 = 0.35(m’ +h=°C / kcal)

(8.60)

T AL T 26 (SRR AR IR+, A, = 0.25keal / (meh«°C),S, =3.2

8, = (R) - R,)=025x(0.792-035)=0.111(m) ~ (8.61)
HL 6, =110mm »
iy

R, = % =0.11/0.25 = 0.44(m*+h+°C / kcal) (8.62)

D,y =0.44x32=1.41 (8.63)

iv. RS AE TR b

D, =Dy, + Dy, + Dy; + Dy,
D,=0.191+0.216 +1.41+0.966 =2.783 < 3.0

(8.64)

S1BGER) D, EATT, RimAT Rl R ik e RS2
@ BT DL L) IR
TH AR EE R R A BRI AR R E N SR A R, SR BRI IR R A A P AR 2

Ay =0.02kcal / mehs°C, PASHIREE L HIEINRE A, =1.33kcal | mehs°C .

A 1.33

IOOOX?—@; 1000 % 0 -400
Oy = = : =27(mm) (8.65)
i 2o 133
A 0.02

() B, JRAR R
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TR B i THT DA b BE DL R RS, AR EL A, =1.0keal / mehs°CPY,

1000><’jg—56 1000x(1)'fé-800
Oy = . = E =1620 (mm) (8.66)
1.0

M EEE LT DL R ORIEADEHE M B 1T AT 1.2m,  BIVELERE N 0.5m.

(3) AATHEBHTTE
ORI T
BRI — IO RE B — B S, A it A TR B

0, = 281.19 =11.72(m" / h)

TGP GUHAIHT, SRR G TR R & B N S, R

(8.67)

=.[24]

HlRS RGN 1:2, BRFAHELGEE
0, =11.72x2=23.44(m’ / h) (8.68)

SR B
0,=0,+0,=11.72+23.44=35.16(m’ / h) (8.69)

@ iHEIGRE LRE
CAAE e H-F B s AR N 13°C o A5 SIHWTE IR G 5 K15 e iR A

N
p XI312x35 57 670 (8.70)
15 H R R
5
[ =7 +—Lrms 9767, 32810 _ 36 eg0r (8.71)
=T x1000 35.16x1000

(3 HUKIEHE
KR B T =75°C ,

Ao e #ON O FOK R R B T, =85°C

T,-T,=85-75=10°C . NHIKIGHEN
(8.72)

B O ~3.24x10° 3
Q= (TW—Ti)XIOOO =Toxi000 = 2420 /)

@) P s DR T

TSV AEE A L
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35.16
v

=314 =1.73(m/ s) (8.73)
'TXO.OSS2 x 3600

HMEE AR DN135mm, OKLESME & TR HE
32.4

V=7aa 314 =1.12(m/s) (8.74)
(’4)(0.1382—'4X0.0942jx3600

B HAHAKSE L
AT, =T -T,=27.67-75=-47.33°C

AT, zﬂ'—Tw, =36.88-85=-48.12°C (8.75)
AT, -AT, 4733-48.12 .
AT, = AT 3 =41.72°C
In In———
AT, 48.12
AT e B K
__Yrw 5 (8.76)
7DKAT,

X D——AESIME, m;
K —— AR5

_ 3.24x10°
7x0.094%x600x47.72

x1.2=45.97(m) (8.77)

&ﬁﬁ%iﬁ%&mLW%ﬁWﬁﬁgL&wT&Iﬂmﬁo

@ sy
KR S ATy

Or

G, =—=L (8.78)
(T, -T)yn

X O —HHEE:
T —— P KR 2
T, — 8l W UK KR, 29 90°C;
y—— KA, 1.0kcal/(kg. °C);
n——IP R, %,

Rl KR ELT = 5°C, K 80%, M
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0,  648x10°

G, = = =9529(kg /h)  (8.79)
(T, -T)yn (90-5)x1.0x80%

(4) HHHE RSB HE
@ Bt H R A BB TR — 3% S~ T /(1000 emin) i, BT
6m’ /(1000m’smin) , EJEETH LS AR &R

4000
q=06x
1000

=24(m’/ min) = 0.4(m’/s) (8.80)
@ i B EIRBE R R OR R AN10 - 15m)s, B

HNS5~Tm/s. WFEREY, =12m/s, FEERI AN

d = \/4X04 = 0.206(m), Bld, =200mm (8.81)
v 3.14x12
RREETHALIL T 24 2585, BERME v, =Tm/s, BEFRIN
d, - |2 =\/ D04 _ 6 055(m), Hd, = 50mm (8.82)
v, 3.14x7
B} BEKE
VAT A SR
H':h1+h2+%:17+2+1:20(m) (8.83)
e IV NEH IV RS
h=§H'=§x20=13.33(m) (8.84)

@ JEHHLTHZRIBEH — G RGN N — RETE it . BT e IE4RHLIh R N A
N=VW (8.85)
A N—BEFNI %,
V —— AR
W —— A A TR TR
BB W =5W/m*, I
N = VW =4000x5 = 2000007 ) = 20(KW) (8.86)
PR JEE 4000m’ — ZIF AL, TR G DIEA 20kw [ EZEHL .
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(5) BRWELFRGWIT
@ WwAFEIH
HAREG I 75 H e 77 5 0.62m° [ kgVSS 5 15 & HH N 4%, & VSS N 65%.

VSS =562.38x0.03x75%

(8.87)
VSS =12.65(1/d) =12650(kg / d)

T VSS HIRRARZEN 50%, U AR 1)
VSS =12650%50% = 6325(kg / d) (8.88)
BT LR B P 8 0.62 %6325 =3921.5(m°/d) ,  FEEARA Y8 SARFR I 54. 5%
it BAREN
3921.5

=7195.4(m’/ d) (8.89)
0.545

Q) HAEERNHEGVE
— A R AR AR SR 80%- 20%, i — I A R
7195.4x80% =2878.2(m’ / d) = 0.033(m’/ 5) (8.90)
AW =S =
2878.2/n=2878.2/2=1439.1(m’ / d) (8.91)

XA n——HABRAN L, B
P A =g < &N
7195.4%20% =1439.08(m’ / d) = 0.017(m’/ ) (8.92)
BT S A R R TR, RN 0.4m’ /s W I T
iNE St s
q, =0.4+0.033=0.433(m’/ s) (8.93)
CHOHMIE RN E R E
q, =0.017(m*/ s) (8.94)
ERENTEREU Sm/s if, RAAEL7~-8m/s, WELEER

4 - 4q, _ \/4x0.433 _ 0.332(m), BXd, = 400mm (8.95)
v, 3.14x5

J = 4q, :\/4><0.017 _ 0.066(m), Bd, =100mm (8.96)
TV, 3.14x5
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R K RETRZ, R TEATHHRENLS ~3.01H, B 2.2

2.1 1x0. "
Vi = ><2ql=21x043§—724m/s (FFAEK) (8.97)
AT 314,04

v, =2 (2DOLT 4 s s (R EER) (8.98)
za,

@) AR
BRI BT H =S B 25% ~ 40% , B 6 ~ 10h K57 K &1t
B, HU35%, S 2R Y

V =7195.4x35% = 2518.39m’ (8.99)

16 F 3000m” 1B AR He 7 o 2t 20 <A
8.5 15VRMBKHLE5
8.5.1 JHALFEHIIS e R

WIS e 5 CASS MRk 4 Js TS IR &5, S/KEN 97%,
5 562.38m’ /d , ¥ERMEEAS RN 75%. 15 V8 A I TR B 20 i A4
R, TS R A LB FE N 50%.

TEA S BT 5 Je &R

l/:(um—p}Vx(L_pJg)

100-p, 10000
(100—97)><562.38 75%50
= x| 1— (8.100)
100-95 10000

V'=2109(m’/d)
Kb p——AITRMEKE, 97%;
p,—— WIS TERIEIKE, 95%;
V ——HEi5 AR
R,—— A VHALAESE, 50%;
p, —HEIRANMIN S E, 75%
8.5.2 5iRMiK
(1) FPRBKNLATER
KB = A 5 e, Sdisleikdnfa, HE/KEBLAEN 97%, 15K
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REIRIEIRA T MG 2, (BRI, MELLALEE, P DL e O AL BEAN AL P 75 25
PV o WA I T2 AT F A2 0 B Ue K R A PRI BRI, T IR 2 v e Fh I PR 7K RN =6
GAKIIHEE, S5SNI EKEL 15%. K, WK, H46R0 TS e AR
ABIBEKHT 1/10 A1 1/5, B2 Ja HRIJe A 2 e BETR A s s e AL,
MR KHLEA K & e R BR BARE . #EReD . BEEHIBRE SR . H
WG B A ik a5 7K SR BRI AR B 5 e 2N -

- xloo_l?::2u19x10095::4218m3/d (8.101)
100- P, 100-75
M =42.18x(1-75%)x1000 =10545kg / d (8.102)

FEXSPURRPIREAT K S, JePhdd /N Rz, SRECH B0 IR [5G 7K b B 2
S 1T S PR AT 5 7K AL B . 5 P /K LI Y DY-3000 28 R i Hs JE AL .

BRI R SR E B RSB bR TSR &E 1000kg/h, 15U EKE 75%,
LI RSB BRI TS R R 2.0%0. SiTHHILRA 1 4, TEFEME AN
12 /N, DR 5 JE AL ) AL By

m=1000x12=12000kg / d (8.103)
zx bRTR, W LA 2 E KR
(2) FHFRM A58

HRBKNLS SE k. (RIERC RS, R @A ETEsMEflE, 5K
32m, % 8.9m. VSYRMLAKNLGE A RIS A& A AT . FR Bl SRR R R E AL LA K
INZGE MR R TSR B R T — R R . V5V KRR BT
BoREEWE 8.2 Fis:
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3722l

I

8500

BEREN

I

T

T

e

HERER

="
8100

¥
[ T

6000
el
3 S =
® gl %7 e ,,%,,,32 i
3600 5'7‘ Aapaate 1290 605 1920 _ge, f bl
#=10 = e A — “wa
ap 4240 2o 8600 ddo 3040 o 3560 200 4900 40
T + ¥ T— S +

L

& 8.2 {5Rbi/KERBHHHREREE (BAL:mm)
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200 4240 200 8600 200 3040 240 13040 200 4500 4U;F

Ll 1l il 1 1

e =
%_7 THHpoG [Sum
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9 Wiis/KMAE KmE
9.1 ¥5/K) W FHMAE

VS KRR ST AT B AR . AR, SR RS MR A, L)
JsFhis L. BB G Yo KA IR ) IR A B N R B A 5 K b
R A — I S Ak ),

9.2 KAbFE BT YR A7 B

Kb TR AL S S AR S
(1) ¥EHE & AT R ST B R 7 1, ] B 50 o o e
(2) TGO b7 {08 2 T, B 1k T
(3) KEFERIFUINT, AT R B AT A R, M — e B

FREOLT, HEEBR 5~10 Ko 3T — SRR IR I ESI, 1 0ys5 JE s ik
oo LB, HLER B AT R PT .

(4) F ARGV T AT BN S B E, AR
9.3 B R IEEFFHARE

T, SR ISP T A L LA SN
(1) KIS T A ELE B A G . WIS, R I% % B T %
Kb TR S B S IR o 0 SRR At S R S A A T 1k, R ARIE
FSKAETE RGN IERABAT, 2 i R S ST
(2) AT WS AL B AT A SR ST 3, LR
(3) EHLKE. 2R, BIR. RS, MHE. XU A B A4
TEHL TS o Hb 3 B B TR A3 B B (6 S5 T LA R - A
25 B P - A

AN [T AE 5 7K A TR )5 00 2 5 P 0 L SAIE S8 G R L 908 o ) SR 8 A

2, ATLVREE A G, VKA AU SRR RS, WAL, AL
B BV,
9.4 EEHY)

FEKACTE DR SRR A S . KL, A s KT S
LR, FUMISEL. GPE. faEs, iR, BOKA BRI E
TR B T R 2 A RN )X S B R R R K TR,
TR TS L be, Solbas e 5 Ab B ah My (R & BREE BS, BN A R
R BEE—E PR, T LA (G 47 55 b B A I AT . 4k
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TGKAREL] )T IXHEE, T AR R, B AR AR TR AT TS K A B
[N EE S io] £ 3. v SeP

TEVSKARER] ™, RABEIE R, DAJT (8 45 B3 7] 5 K AL B K% B e 2 A
B, BRI E R T K i
9.5 15K HmEME

V5 7K AL ER FAR B e FEAT B PRE AL FR R S K 2 2 ) e B, R AR B A
S 2 ADEHE WL AR 10 RO A s o RIS b B GRAIE AR 2 22 [ HEAK I, R
iE TGRS BB R
9.5.1 HKERFRFEHIBIHTHE
(1) T

KT Rt 4 R R TR K BN 0.215m /s, RN
DN500mm, T4 A0, R A 25 P8R T it A KR ARk, WA h, =4, .
@ EiE

y =22 024y g6 9.1
F, 05°x3.14

Q@ Kk
Uk BT N 1R K Sk A0, BTh, = A, .

2
)
h =& (9.2)
£Te 0,

X E——JmERH ) R4
B H£A, DNS0Omm ) 90° &3k, £=0.96, 24
|

1.06°

2x9.8

h, =h, =0.96x2x

w

=0.11(m) (9.3)

(2) BSAYTRPH 2 85tk

ZisK) A WA UL, SRR E N 0.43m° /s o B BK
29.3m, i E N 0.43m° /s, 12N DN700mm; %5 B KEN 42462m, HEAN
0.86m" /s, E1EN DN9OOmm; 3 =B KEH 44.5m, MEHN0.43m’ /s, BN
DN700mm; VUK EN 66.5m, HEH0.215m° /s, & 155 DN500mm.
@ EHiERE
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B vlzgzofm—x“zl.lzm/s (9.4)
F 0.7°x3.14

BB v, = Lo 080 5 (9.5
F, 0.9°x3.14

=B v3:2:0'243—)<4:1.12m/s (9.6)
F, 0.7°x3.14

BB KR v, =L = 021X o6 (9.7
F, 05°x3.14

@ KKk
IKKARK A IREACKHUR b, MR B SLAR K A, 2R
LYEY S RPN
h, =iL (9.8)
KA i BRAK ARSI K
L— &R KE,

BHRE: WEN043m® /s, 1N DN700mm i, 1000i=2.15; WEN
0.86m° /s , 41N DN9OOmm Ff, 1000i=224; M= N043m’ /s, BEHEN
DN700mm K}, 1000i=2.15; &N 0215m’ /s, &1~ DN500mm K,
1000i =2.93 .

RANEHETS

2.15x29.3+2.24x42.64+2.15x44.5+2.93%66.5

h, =
! 1000 9.9)
h, =0.45(m)
i, SRR ASKAR A,
2
y
h=&— 9.10
=0, (9.10)

X E——REHE T 2%

A F43, DN700mm ) 90° %53k, £=1.02, 44; DN700~900mm(/L &=
), £=3, 1/ DN700~900mm(7 it —i#), £=1.5, 14> DN500mm [
90° %k, £=0.96, 24 DN500~700mm(%) S =i#), £=1.5, 24, i,
E=3, 3/,
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HRANEHES
2 2 5
h. =(4x1.02+3+1.5x2+0.3x2)x 112 +(0.3+1.5)x 135 +(1.02x2)x 1.06
2%9.8 2x9.8 2x9.8
h. =0.97(m)
(9.11)
y
h, =h,+h, =0.45+0.97 =1.42(m) 9.12)

(3) BRIt
Sk I BT, SR I 9 0.43m° /s o MK RN
DN700mm, 1 T8 SEck., TR FU% Py TRb i P 3R Ak 2k, BTk, = 5, B9,
OR .

VI=Q—M=1.12m/s (9.13)

F  0.7°x3.14

@ KkHskh,
N RS R B, BTh, = 4, .

2
,
h= & (9.14)
Ly

X E——JRErH A R
TR, DN700mm [F)90° &3k, £=1.02, 114
|

1.12°

x9.

=0.07(m) (9.15)

(4) #&HE]
PRI 4% 74304m’ / d IR E— IRE K. IMHRE RN v=1m/s, M
M, KA b=0.025m, WEEES=0.01m, M2 HA«=60°, HWHTK
wKh=0.5m o
Q@ KLk
hgzﬂ(%)3;—gsinaK (9.16)
AA p—TRARE, HL2.42;
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K——7KCk R R A2, B3,

RNEHETS
4
001y 1 .
h§:2.42><(0.025j ><2X9'8s1n60 x3 (9.17)
h. =0.11(m)
HBREMLERE, BWh,=02m.
@ HwiAKA

CL A5 7K W R S5 7K T N K TETRR =8 116.143m, 75 18 31224 H K Sk,
FHY5 KR D0 A ity 1 22 b K HE IR KRB 9 BT, b, =0.700m o JUE K R 1)
HKFHEbRiE A by =120.000m , HEAK A, A EIRKKIIR, HIER]—E
e att, Bh, =0.05m . WIHFRTKAL By = b —h, =120.00-0.05=119.95(m)

B e KA
hy=h,—h. =119.95-0.2 =119.75(m) (9.18)
(5) BEKRITFES
@ MK FLIFE v
=g 086
F 0.5x0.5%x5

@ dFlkkink Hy, $EIRFLO BT A RISk %,
0= uW. 2gH, (9.20)
X p—RERY H0.62.

=0.69m/s (9.19)

H, = %x% - o.ézz x 20;699; — 0.06(m) (9.21)
() kiR KA h,
h, =h,—H;,=119.75-0.06 =119.69(m) (9.22)
@ KRR by, BUEEKIA ROKIEN 2m, T
h, =h,~2=119.69—2 =117.69(m) (9.23)

O KEZIEH
av UM /KAL h,
LRI TR AR 109 123.00m , P51 AN KA hy =122.50(m) , PRI 21 157 1)

KKBIR N h, =h,+h.=045+0.97=1.42(m) , VLW M P #6 K K 51 K A
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1.12°

2x9.8

h =h.=1.02x

L =h, —0.07(m) ., W ¥ W W Ak A N

h, =122.5+1.42+0.07 =123.99(m)

by BRI R L HKE =i hy
RN REA BB HEKE o XA HEKE BE ST G A . HEKE =
FEwn T KA, HKIHE A BEE, WA BEEZE 03m, 1P
h, =123.99+0.3 = 124.29(m) (9.24)
c. #HfEh,
h,, =h,~h, =124.29~117.69 = 6.6(m) (9.25)
d. KR R KB IR
FHKEWE BRI HKE, KEHDERNS00mm, HKEERN
DNS500mmo

KIS ERE
v, =L 02153 504 (9.26)
F, 0.3’x3.14
/K TR
v, =22 02X4 o) (9.27)
F, 0.5°x3.14

ev KKK,
KK A b, IR K Sk AR b AR K Sk Bk, SR, R

v=1.06m/s, DN500mmit},1000i = 2.93 , ARNEHE N

h, L =223 4182 20.053(m) (9.28)
1000

N, B 0.1m.

#ARAF, DN=300mm K, 90°%3k, £=0.78; DN=500mm i, 90° %k,
E=0.96; KFENM, E=1; W, £=03; W/, £=0.3, 1EFIER, £=2.0;
I, £=1.0, RAHIERS:

2 2
h, =(1.0+0.78+0.3)x 3.04 +(2x0.96+0.3+2+1)xﬂ
2%x9.8 2%x9.8 (9.29)
h, =1.28(m)
E:Xh{’g :l.Sm o
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i
h,=h, +h, =0.1+1.5=1.6(m) (9.30)
f. KESHIEH, FEHI/KE KK 0.65m, )
H=h,, +h,+0.65
H=6.6+1.6+0.65=8.85(m)

(9.31)

©® TEKIETHE G R T
Fm LA 74304m’ /d R E R RG. RA I de, TR RO
MEHNQ,, =086m’ /s, L& 5 GFIHE, 4 H 1 %, HFBEH. ZHSHK
300QW900-15-55, HE/KIEMEA 0,=900m’ /h , HFEA 15m, BHEN 77%,
HHZhERON 47.78kW, HHLIHHRN 55kWH, RIS K M A B ALK S, ik
RIRHBIL0.5% 0.5 KL, —HITRETI 5 1S
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RIS R 300QW900-15-55 FIZK IR E 45T 2k 4 9.1 Bk

00 F0i) 001 a0

200
FE (m3/h)

B 9.1 KEFRERE L
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HAVE S 300QW900-15-55 B LT R~Fan & 9.2 fros

w1 450s 100

L 5

o 89 7

E

T T
4t
+—

}1

150

1955
E

2200
T D S H G AT

1100
[ER=REHE S Wb 15 ST

oA
Kttt
6228 58 681 380
fm| \‘m—\la_®EE
T
&y &
= e - K =+ ool
o0 o)
o |3
[au] ol
- = %
Py \\M iE
5
180 420 250 =
E
1300 =
2

SRANANSG EER ] FER 300QW900-15-55

ric | | Bra ety | & | Ll

B ok Ll MR | mR | g8 | al
7 -
o it e ‘ ‘ B
T & m K i \ £ 1R’

& 9.2 BEKEKUTRF
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RhEERA 5 GKEIFHTINIER, KESKEZ B EE N
7.385m. MHIHS I A, TR ERE A S 9 2 IR B AR KB, KK 40m,
T 10.8m. HEKIMBHIEREKA N, =h,—H, =119.75-0.06 =119.69(m) , &%k
fiyhy =h,—2=119.69-2=117.69(m) . F& 5 BT B 39mx39m & it it
N A 9.3 k.

**********************************************************************************

T

| 3692 [153880

§
%

7385

H
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T H— Tl
7385

7385

i
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164)]

H
|
LT

7385

1

001538 3692 |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

HkED=900

!2359 izom l 4574 l 10872 l 19015 112&0

| 41600

9.3 REBRITERER (B4 m)

9.5.2 “WRFR IR
(1) HIYTit % CASS ¥t

K] R E T 4 PR O i, SRR KR R 0.215m’ /s
B 12 DN500mm;9 BE CASS iti, R CASS ¥k /Kifi &4 0.096m’ /s E 17
DN400mm. HFERER, A EIEh S CASS HhFFMACk# L, B
llyv = }Z§ o

@ s
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B vlzgzwzl.%m/s (9.32)
F, 0.5 x3.14

BB, =22 O s (9.33)
F, 0.7°x3.14

BB =22 080 5, (9.34)
F, 0.9°x3.14

FIPURL: v, = 2 = 0090X4 76, (9.35)
F, 04x3.14

@ KKk, HEEESBARRHAKIRE, Wh, =52,
2
hgze‘zv— (9.36)
8

X E——REH T R %

A FA3, DN700mm ) 90° 253k, £=1.02, 24 DN700~900mm(JL &=
), £=3, 1/ DN700~900mm(7 > it —i#), £=1.5, 14; DN40Omm [}
90° %3k, £=0.9, 24> ; DN500~700mm(/C A —if), £=3, 2/ ; DN700~
400mm(7r i =), £=1.5, 61

RNE P15
2 2 2 2
h§ =(2><1.02+3+1.5><6)>< 112 +1.5x% 1.35 +(3><2)>< 1.06 +2x0.9x% 0.76
2%x9.8 2x9.8 2%x9.8 2x9.8
h§ =1.44(m)
(9.37)
1l
h, :hé =1.44(m) (9.38)

(3) ¥IYLith
GA5/K] RBE T 4 FRAR IR AT, B BRI KR 0.215m’ /s
1% DNS00mm.  FH - IT3E ith Py 3 SR, DRt X 28 R e b A 6 ) Jeg i K Sk
Bk, Bh, =h,.
@O HRERE Y
\:% (9.39)
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P F—— /K K W .

KIEN 0.3m, LN 1.0m, N
0.215

v=
0.3x1

=0.72m/s

@ KKk
KKARK N, RAB RN ERE KKK, Bh, =k

2
v
ho=E——
: §2g
Rt E—— R RB
XS Cowe=3, N
v2
h =h =Ee
W & é: zg
2
L =3x 072" _ 0 .08(m)
x9.8
(3) ZIkRFEFFRus
@ vk
ok v, =2 = 02X g6
F, 0.5°x3.14
IKIEN I : vzzgzw:lﬂlm/s
F, 0.4>x3.14
KF s v, =L = B2XE 00
F, 0.32x3.14
HKETRIRE: v, zgzwzl.%m/s
F, 0.5°x3.14
K B ETE: v =2=M=1.35m/s
F, 09°x3.14
R A S v, =2 = L2 g6
F, 0.5°x3.14
@AK:kHi%kh,,

AR b IR AR K b, R MK SRk g, LR
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a. Rk KR,
H £ 5 : DNSOOmm , v=1.06m/sh,10000=2.93 ; DN90Omm,
v=1.35m/si,1000i =2.24 .
IREERKE, HARRKE 1 =575m, HKEI=32m, HKEEI=8m, X
MK S L = 6.5m , AAANEHES

hf :£x5.75+£x3.2+ 2.24 X8+ 2.93 x6.5
1000 1000 1000 1000 (9.49)
hf =0.063(m)

Wh, =0.1(m)
by JREAKCKHUR b,

R WokmW\H, £=3, 14 ; DN500mm £90° 2%k, £=0.96, 6/,
DN400~500mm,# 4, £=0.19, 1/; DN300~500mm,#i¥, £=0.16, 114
R, £=03, 24 IEEIEE=0.68, 14 KEAND, £=1.0, 17 ILAR
=i, £=3, 1A pHEBEE, £=15, 14 #E0, £=05, 14 HiEER
G, £=20, 14, RAKIES:

h, =(3+5x0.9+0.3x2)x 1.06° +(1+0.19)x 171 +0.16x 3.04° +(0.9+0.68+0.3)x 1.06° +(3+1.5+2)x 1.35°
2%x9.8 2%x9.8 2%x9.8 2x9.8 2%x9.8
h, =1.429(m)
(9.50)
R ENZENER, Bh, =1.50m
|
hWth+h§=0.l+1.50=1.60(m) (9.51)

B KEHEH
a- IR DTVEMIKAL hy
TN T AR 514 123.00m , CASS N /K47 hy, =127.000(m) , JLIHEHZE CASS

WHIACKHIR N D, = h, =1.44(m) , PUBEM A EKLARK A A, = 0.08(m) , WTTHE
KA A hy =127.00+1.44+0.08 =128.52(m) , HFEF|—E M 2e 4Kk, Wl Ik
PEFEIR 5 K BUTEIB I AR RN 0. 1m, ) — A& T+ 32 15 B K B b i
128.52+0.1=128.62(m) , AV TN AKSKIR A A, =0.11m, W\ Z ke 5R
S KA A by —h, =122.5-0.11=122.39(m)

b CURTH R R,
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h,, =h,—hy =128.62-122.39 = 6.23(m) (9.52)
cv KEZEH

%8 0.8m (M HE HAKL, M

H = H,,+h,+0.8=6.23+1.60+0.8=8.63(m) (9.53)
@ ZWARTFIE LT RF

TR RIS S AWE R, 4 1 &, FEEEA. EAS R
300QW900-15-55, FE/KEREN Q,=900m’ /h, #FEN 15m, BFEN 71%,
HHZhEN 47.78kW, HEHLTHFE A 55kW. /K& 42N DN500mm, KHENCH
N $400mm , 7KZEH AR N ¢300mm , H/KEE 42 A DN500mm, 25 Hi7K
S N DN9OOmm, JTiE it /K 24 4 DNS0Omm,  7F H /K 25 115 B DN90Omm
M TERA 5.

TUARTFE B RN N 39mx39m, AR TR B v U RS ST
IKSEFH R AR [RINERA 5 G KEHAHEFIIE R, KIEEKEZ AT 1]
#ik 7.385m.

(4) CASS ¥t
ZI5/K) 3 9 FE CASS M, A HE CASS MR E 4 0.096m’ /s
@ WK R,
h, =il (9.54)
L ALK AR R
L— LK,
AR F1E DN400mm, K L=80m, 1000i=2.04 .

FPRONEEFT -
80x2.04
h, =
71000

=0.16(m) (9.55)

Q@ SRR b,
RS DN40Omm 1190° &3k, £=09, 219

iy
v 0.76
h, =E—=0.9%x2x =0.053(m) (9.56)
2g 2x9.8
iy
h,=h,+h.=0.16+0.053=0.22(m) (9.57)

(5) CASS nhZE =t
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SR G PR R ik, BV B A R BN 0.43m /s o
BEKE 95.299m, i N 0.86m° /s, RN DNOOOmm, iE N v=1.35m/s ; 5
BKFER 26.000m, JiE N 0.86m’ /s, 15N DN9OOmm, HiE AN v=135m/s .

@ KK#skh,, AKKBURh HIFFKKBIR b, AR KSR b, HA
a. WREACKHIK D,

h, =il (9.58)

L ALK AR

L— %K,
BRI HEN0.86m’ /s, E1E A DN9OOmm .
RNEHETF

A

[ _(95.299+26)x2.24
4 1000 (9.59)
h, =0.272(m)

by SR &,

2
1%
h =& (9.60)
FTe 0,

b E——REH I R
AR, DN90Omm f790° &3k, £=1.07, 14 DN700~900mm(/L &t —
), £=3, 1 DN700~900mm(%; 3t —i#), £=1.5, 1/>; DN400mm ]
90° %53k, £=0.9, 24 DN700~400mm(Z)r i =), £=1.5, 6.
RN
) 276
2x9.8 (9.61)

2 2
L2 1.0741.5)x22

2x9.8 2x9.8

h. =(3+1.5%x6)x +(0.9%x2

h, =1.06(m)

U
h, =h,+h, =0.272+1.06 =1.332(m) (9.62)
@ HfibHEb T D,
€. %1 CASS b /K fif h,=127.000(m) , CASS b W /K 3k #t & N
h,=h,+h,=0.16+0.053=0.22(m) , CASS 3l & i 7 £ filt ¥t {1 K 45 2k Oy
h,=h, +h =0272+1.06=1.332(m) , W & fit ¥ #F W A K L K
h,, =h,,—0.22-1.332 =125.448(m) .
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9.5.3 5lREHF KNI ME

(1) FIRVTRP I 2 B iR 4t

ZIGKT LA 4 BERIRITIN I, 158 8RN 247.68m’ /d =0.0028m” /s, HL

0.003m> /s « PIPEVTRPIIITS VR BN 0.0015m° /s o F—BHKE 95.299m, 5 B
KJZh 148.000m, H=BLKEN 121.441m, HEPUBKEN 61.926m. EHK:
ISR EN0.0015m" /s, #4E A DN70mm, 1000i=7.72, v=042m/s; V5P EN
0.00075m’ /s, 42N DN25mm, v=1.34m/s .

@ V5V, FSIRBU D HIRRRGRHIR h, FURES VR b, H A

a. WG TRAIK N,

h, =9.8xiL (9.63)
EVE LI e NIVANERE TN
L— B LKL,

RS
7.72
h, =9.8x x(143.177+148+121.441+61.926)
‘ 1000 (9.64)
h, =3.66(m)
be JRHNGIREK A,
V2
h.=¢&— (9.65)
FTe 0,

A E——JmEE I R
A FA, DN25Smm [1190° &3k, £=1.03, 4 1~ DN25~70mm(IL & i = i#),
£=3, 4/ DN70mm f190° &3k, £=1.12, 64 RAZIEA

h§:(I'O3X4+3X4)x2153.28+6X1'12X% (9.66)
h. =1.53(m)
y
h, =h,+h, =3.66+1.53=5.19(m) (9.67)

(2) CASS #hZ E /1R 4aHh
KR 9 YIRS EAN314Tm’ /d =0.036m’ /s . R
CASS W5 e 2N 0.004m /s « B CASS Jh 2 5 ik 4ath (K FE 75.299m, 7
T3 HIREN0.036m /s, E1EJ DN250mm, 1000i=3.61.
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@ FFREK, . TSIFR D, ARSI b AR ISR A, 415
a. WFHGIR K D,

h, =9.8xiL (9.68)
A i ——BRAK G ek
L—EHLKE,
RANEHE1F
h, :9.8x13(')g:)><75.299 (9.69)
h, =0.272(m)
by JEHERIG VIR b,
2
h. = gg (9.70)

X E—REH T R %

ARG, HHE CASS it 0, =0.004m" /s DN150mm ff]90° &3k, &£=0.48,
v=0.24m/s,2 I~ DN200mm []90° %3k, £=0.48, v=0.58m/s,8 ;s DN200~
250mm(L &M =1E), £=3, 1 4 DN200~250mm(/_ &R =), £=1.5, 1
A RANHHES

B M e S
h, =0.168(m)
]
h,=h,+h, =0.272+0.168 = 0.44(m) (9.72

(3) EJIRYE M SHIIRTTIEIB KI5 e Z et
ZIEKT IR 2 EERIE, J5IRE N 0.0066m’ /s o BRI E A
0.0033m” /s o FHEE Jy ety 2 e 1 i 55— B JE 76.72m, 35 Z B 28.68m,
BRI HIREN0.0033m’ /s, 12N DN70mm, 1000i=32.7,
@ 5k, SRBURh ISR b, ARSI b, H A
a. WALIGRARK D,
h, =9.8xiL (9.73)
L iR KEF R
L— %K,
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RNE 1S
h, =9.8x 2= x(76.72+ 28.68)
: 1000 (9.74)
h, =3.45(m)
by JRERISIRK A,
ho=& v (9.75)
¢ 2g '

b E——REH I R

BRAG: HREHN0.0033m’ /s, E/EN DN70mm, v=1.12m/s ;i5EEH
0.0066m” /s, &4 N DN70mm, v=1.19m/s . £1#%4F, DN70mm [1]90° %5 3k,
E=1.12,21; DN70~70mm(JLHME =), £=3, 24 RAHIER

B T e 976
h, =0.58(m)
]
h,=h,+h, =3.45+0.58 = 4.03(m) (9.77)

(4) R EFRES
ZIEKT I8 2 EERIE, J5UREN 0.0066m’ /s o FHIEYRIREE E 1k S
MK E R S0m, &RE: J5IREN0.0066m’ /s, 1A DN150mm, 1000i=1.83,
v=0.35m/s o
@ ¥E¥edkh,, SRBUEh IR RHIR b, ARV R b, H A
a. WALIGIARKD,
h, =9.8xiL (9.78)
L iR KEF R
L— LK,

RNEHES
h, =9.8x 183 50
1000 (9.79)
h, =0.092(m)

by Je RS IR A,
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2

\%
h.=&— 9.80
; fzg (9.80)

A E——R/EBH T REL
BEE: SIREN0.0033m’ /s, &N DN7Omm, v=1.13m/s; DN70~
150mm(JC &R E =), £=3, 14 RAHESE

2
h=3x 1.13
2%9.8 (9.81)
h, =0.20(m)
i
h, =h,+/, =0.092+0.20 = 0.3(m) (9.82)

(5) 15IRR5F
@ VEREHEH
a. CASS ili5efiih
O T bR R 0 123.00m , CASS M NT5IRALh  =127.500(m) , CASS it 5
HRGB RS IR RN h, =h  +h, =0.272+0.168 = 0.44(m) » W E JIKAibs5
JehiNh,, =127.06m , B D405 5K B YK TTHE M )5 Je 1R & 2 et i)i5 e
K N h,=h,+h =345+0.58=4.03(m) , W W P W 5 Y L N
h  =127.06-4.03=123.03(m) , W= J¢ it & 75 ¥ & b 095 & # K N
h,=h,+h =0.092+020=03(m) , W 7 B N5 F 5 015 ¥ N
h,s=h,, —h,=123.03-0.3=122.73m
b JHALHBTS IR AL,
ZE K ARSI A A h,g =137.00m .
v {5 RuEH A D,
h,, =h,—h, =137.00-122.73 =14.27(m) (9.83)
d. V5 RZE H
RS 1.5m PR AR E oKk, T
H=H ,+1.5=14.27+1.5=15.77(m) (9.84)
@ FHRFEH MR

a. %
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SRR RSN 3 QUK E, 2 M 1 &%, BB, %EAS A NL50A-8
RIVGKIEHIE, BEPWHKERRENQ,=20~30m’ /h, #HFEHNE~9m, HE
N 42%, HWAHLTHFEN 15kW. SRR IHEHF B le B HENE, 5N
DN250mm.

by T5Ue IR U R

TP ARTHE 3 BT I R SE R 20m < 20m ,  [FRS R A 3 615 /K Ve 2 HHEHES

MR, TSRS D R S R A Y BN, 4508 DN250mm.
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10 {5/KACE TEME
10.1 §tid
10.1.1 {5 TEH

RUAZGAL FALFETT /KA B TR S A3 il b B & 5004 He Bt e
LA A TR | XANEL., B, 0%, DaFEH2Hs TIE (fERLg
. GEINREK. IRIHERE B,
10.1.2 ZwiHiKHE

A TS (T T AR e A0 BIbsiE, K& G il T2 %A
SERUPAN AR E ) TR EHE K TR ER, A (4 i O TR TR ] P 44 1T I
TARRAAGNRY PR E BN, FEX AT R, B RECN 15.34%. +
77 THREVHE B X AR AN 250, 3% (A B LA S e 80 a7 TR
W E
10.2 HBHEMH
10.2.1 {57K) W EHEHH

A (AHOK TR AR S 25 T 3T &5 0 B v
(1) 5K B B HEIRIEFR

HEZEFM AT
1820 x 72500/100 = 1319500 7t (10.1)
(2) 57K b5 B ITEAR
HEZEFM AT
3525 x 42199/100 = 1455840 Ji: (10.2)

R SR TSR VEAITT S, R S AR TS IE AR [ Y,
(3) {5k BRUTRD M B TR R
HEw MG
214 x 175143/100 = 374807 7t (10.3)
(4) {57K) FIULHb IR AR
HEw MG
2 X 4842 x 50000/100 = 4841880 Tt (10.4)
(5) {5/K) B Rth BIEAR
HEw G
2 x 12732 x 39700/100 = 10108788 7t (10.5)
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w>ﬁmr @ﬁ JEiEE
Hi%EH
2 X 4842 x 50000/100 = 4841880 i
(7) ¥57K] Bl BRI b
Hi%EH
2 x 1068 x 21937/100 = 468575 7C
(8) 5K THBEIBEINIE S
Hi%EH
630 x 810 = 510300 7T
w>m%ﬁ%$ Uik
Hi%EH
1875 x 41468/100 = 777525 Tt

(m)m%m%mﬁ ik ey
B
2 X 674.49 x 26549/100 = 358138 Jt
(n)p%M$ Gk Y7
B
2 X 152.81 x 50000/100 = 152810 Jt
(12) 15U AKLE LI bR
B
231.5x 173525/100 = 407710 Jt
(13) VH it = B IR b
B
306.25 x 215268/100 = 659259 Jt

(14) mdﬁzﬁmﬂzﬁ By
HEER

3 % 7334.8 x 38155/100 = 11194372 Jt

(15) WS BRI H
HEERH A

2% 1126.37 X 91200/100 = 4108998 st

(16) {5KT M2 UM
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OB M7 B H &1t 2566812 70
@tk s B st a1t 284331 7
@pnEE EER AT 762218 7t
DI AEEREFR AT 13401938 T
OFFEHEZTE AT 98345 7T
©FUEN B A T 1420900 7o
@AW T EER AT 1295342 70
@ R AT 347824 G
OfE & HIEFR A 4403796 7t
O FEEERH AT 243358 76
C17) EP=iBhid & B A7 1500000 I
(18) J 4B E® & HE A1 1500000 T
(19) LIpshia EEE%R AT 1500000 JG
(20)75/K) B BE A, @i L iE5 K S E RSN : 64053066 7T
10.2.2 T W&
B A3 1) B o & 96926998 Tt
(1) BEBEFHH: BE) &5+ M5 = 64053066 + 6926998 =
70980064 7T
(2) [AJ3ERH: 70980064 x 0.5 = 35490032 It
(3) HAhZEH: 70980064 x 0.05 = 3549003.2 J¢
(4) BB 70980064 + 35490032 + 3549003.2 = 110019100 &
10.2.3 BITHAZE
57K AL B AR B BLALE T AR R B k. 2R, R isLEiE . 1TEE
e, LRSS R ARSI, 07 Lt/ m* 5K 5EY,
1. 37 71%% E1:
E1 = N x 365 x 0.5 = (5400 + 23040 + 1000) x 365 x 24 x 0.5 = 5372800 7¢
(10.16)

i

A N——KEE . ERBIE R BREITIEZ H (hW);
d——HL 2 Bl (fl}/g):
2. #j57%% A E2:

E2=365 x Q X Zab (JG/a) =365 X 76389 x 572 x 10 — 5 = 159485 Jt
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XF Q——"FHHI5/KEM/d);
a—— T AL 2225 710 2 i B (mg /L)
b—— BT AL 25 1 B A7y
3. LHE4EF 9% E3:
E3=A xM=5000 x 100 = 500000 JG
Kef A——W T8 NEERFEY TR T Oo);
M——3555E 5 ().
4. PrIHIR LT E4:
E4=S X P=64053066 x 80% X 6.2%=3177033 JG
Rep s TRFAOT) GEERET 80%it);
P—LE A FTIHIRER, —MeRA 6.2%5Y,
5. 1B 415 %% Eb:
E5=S X 1% (J5/a) =64053066 x 1%=640531 Jt
6. 2'& % H E6:
E6=(E1+ E2 + E3 + E4 + E5) X 10%=926985 T
7. W, FLERRAA:
YE=E1+4+ E2+E3+E4+E5+E6=10196834 Jt
8. FALF K=
>'Q =365Q =365 x0.86 X 24 x 3600=27881923m3
9. JU BN, A B RS AR B A

T=YE/YQ =10196834/27881923=0.37 Ji/m3
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& W

AT 2020 4E 2 A FAIJFSG, & 2020 4 6 H LAISEH, 52k T Bkt
A2, FEAFELLTLAJ7H:
(1) V57KE ML WIKE W E L DL W e 26 7 R LU
(2) WiHREE, 15K T ZHH5E .
(3) V57KACBM BT, 15T S BT 5
(4) V57K AL BRSNSk A 2R T H 3 DA R R AT
(5) FEARIEFHIRSG . RIS TR Bl Rk £
(6) F&MA B DL OK P E
(7) AR5
(8) ANSCHHIES
(9) SEMEIL 14 7K.

Z XI5 KA BRI 11.1 Fos

K111 BFHAKKE

SS BOD COD NH,-N P
Bk mg/ L 200 300 600 25 6.00
ik mg/ L 8.5 7.9 20 0.13 0.5
A FEFREE Yo 95.75 97.37 96.67 99.48 91.67

LR FU) T ZEALHE TS /KA B ST LA 5 e AL B S W R 0, HLARH
IR 11.2 FioR:

R 11. 2 BKEELEMHY)

K e FA%
BEKIRTH AR ok 1 40m x 40m
L SRR LRl 2 12mx2.32m
LN T Ve MR 4 D=26m

L RERILH 4 39mx39m
EVIGis 1 DN1100
TIRIRTH R 5 1 40m x 40m
TR 1 R
I 1 60m x 50m
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R 11. 2 BKEELEMHY)

K Ko VE
CASS ith 9 80m x29m
e 1 13.2mx9m
TH EE b 2 10mx10m
O IRAR I 2 [, D=15m
e it 1 7.81mx5m
15 by 1 20m x 20m
— A 2 D=17m
A 1 D=17m
TV MK 1 W EIENL, 63.04mx17m

% 10.3 ZTFRASHT

s

TR 1100.19 JiJG
iB4T 9 101.97 Ji G
yUsHLY e 0.37 Jt

AL ZBT KA CASS AT AT Ry 1 32 9K AR s 8 FR xR il 7R GE )
R, T HIBATRRE, AKTMERIAIE. BRibzAh, CAss LRt dift
TR BT HAR BB T2 4 o AV Al RiE, 8 A sEhrfE i, st
L, T ELmE K AR ER RS EERE
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ABSTRACT: Catchment urbanization perturbs the water and
sediment budgets of streams, degrades stream health and
function, and causes a constellation of flow, water quality, and
ecological symptoms collectively known as the urban stream
syndrome. Low-impact development (LID) technologies
address the hydrologic symptoms of the urban stream
syndrome by mimicking natural flow paths and restoring a
natural water balance. Over annual time scales, the volumes of
stormwater that should be infiltrated and harvested can be
estimated from a catchment-scale water-balance given local
climate conditions and preurban land cover. For all but the
wettest regions of the world, a much larger volume of
stormwater runoff should be harvested than infiltrated to
maintain stream hydrology in a preurban state. Efforts to
prevent or reverse hydrologic symptoms associated with the urban stream syndrome will therefore require: (1) selecting the right
mix of LID technologies that provide regionally tailored ratios of stormwater harvesting and infiltration; (2) integrating these
LID technologies into next-generation drainage systems; (3) maximizing potential cobenefits including water supply
augmentation, flood protection, improved water quality, and urban amenities; and (4) long-term hydrologic monitoring to
evaluate the efficacy of LID interventions.

1. INTRODUCTION

Catchment urbanization is associated with a reduction in stream
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A. Symptoms

™

green roof i

Figure 1. Symptoms, causes, and cures of hydrologic perturbations associated with the urban stream syndrome. (A) Symptoms include: (1) altered
streamflow (base flow, peak flow, annual runoff volume, flow variability); (2) altered stream morphology (stream width, depth, complexity, and
disconnection from the riparian zone, hyporheic zone, and flood plain); (3) impaired water and sediment quality (trash, nutrients, dissolved oxygen,
toxicants, suspended solids, temperature); and (4) shifts in biological composition (loss of native species, reduction in sensitive species, increase in
tolerant species, increase in invasive species) and loss of ecosystem services (organic matter retention and processing, nutrient removal, primary
production, and respiration). (B) Causes include: (1) replacing grassland and/or forests with impervious surfaces such as roads, parking lots, roofs, and
sidewalks; (2) building stormwater drainage and flood control infrastructure to convey rapidly stormwater runoff to streams (formal drainage systems);
(3) reducing stream complexity by burying, straightening, and concrete-lining streams; and (4) altering overall water and sediment budgets through
water importation, the construction of debris dams, and surface water impoundments. (C) Examples of LID technologies that can potentially address
the hydrological challenges associated with the urban stream syndrome include unlined technologies that infiltrate stormwater runoff (e.g., unlined
biofilters and permeable pavement) and technologies that harvest and export stormwater runoff from the catchment (e.g., green roofs and rainwater
tanks used for irrigation or indoor toilet flushing). Top row includes images of urban creeks and drains in Orange County, California (from left to right:
San Diego Creek, Costa Mesa Channel, Fullerton Creek, and a drain in the City of Irvine). Middle row includes two streetscapes and a buried stream in
Orange County California, and Parker Dam at the start of the Colorado Aqueduct on the California—Nevada border. Bottom row includes an unlined
biofilter in Melbourne (Australia); permeable pavement in Westminster, California; green roof on a public building in Houston, Texas; and a rainwater
tank in Melbourne (Australia).

and function (Figure 1A). Although underlying causes of the
urban stream syndrome will vary among catchments, its
hydrologic symptoms are generally associated with replacing
grassland and/or forests with impervious surfaces such as roads,
parking lots, roofs, and sidewalks; building drainage and flood
control infrastructure to convey rapidly stormwater runoff to
streams (so-called formal drainage systems); and altering
catchment water budgets (e.g, through water imports and
exports) (Figure lB).l‘4_8

Increasing catchment imperviousness generally reduces
infiltration and evapotranspiration of rainfall, whereas formal
drainages increase the hydraulic connectivity between catch-

ments and streams.”~'” These two modifications have opposing
effects on streamflow during wet and dry weather. During wet
weather, the volume of stormwater delivered to a stream
increases, the lag time between rainfall and storm flow gets
shorter, and peak flow rate increases.'” "> During dry weather,
streamflow decreases due to reduced infiltration over interannual
time scales,"*'” although there are exceptions to this rule. Water
importation can increase dry weather streamflow by increasing:®
perennial discharge of wastewater effluent and nuisance runoff;
and/or groundwater seepage into streams from leaks in
subterranean drinking water supply and sewage collection
pipelines. Management of surface water impoundments (e.g,
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dams and reservoirs) can also increase dry weather streamflow."®
All of these catchment modifications, in addition to altering
stream hydrology, degrade streamwater quality by raising stream
temperature, changing the balance of nutrients, carbon, and
oxygen in a stream, and facilitating the mobilization and
transport of fine sediments, chemical pollutants, and human
pathogens and their indicators.'~'*~** Changes in water quality
and hydrology (both symptoms of catchment urbanization)
affect stream morphology, stability, ecology, and chemistry.”*~*°

Catchment urbanization is commonly quantified using two
metrics: total imperviousness and effective impervious-
ness.'~**** Total imperviousness is the fraction of catchment
area covered with constructed impervious surfaces such as
asphalt and roofs. Effective imperviousness represents the
impervious fraction of the catchment area with hydraulic
connection to a stream through a formal drainage system.
Compared to total imperviousness, effective imperviousness is a
better predictor of streamwater quality, ecological health, and
channel form.”' ™ Total imperviousness does not take into
account whether flow from an impervious surface is conveyed
directly to a stream, or instead drains to adjacent pervious areas
where opportunities for filtration, infiltration, and flow
attenuation are provided. The ecological condition of streams
typically exhibits a wedge-shaped dependence on total
imperviousness: streams in catchments with low total imper-
viousness exhibit a range of ecological conditions (from degraded
to healthy) that narrows with increasing total imperviousness due
to reduction in the maximum attainable stream health.'”
Effective imperviousness exhibits a less variable negative
correlation with stream ecological condition, water quality, and
channel form."”

The negative correlation between effective imperviousness
and stream health raises the question: can hydrologic symptoms
of the urban stream syndrome be prevented and/or reversed
through urban forms that keep effective imperviousness low?
Effective imperviousness can be kept low as an urban community
develops (or reduced through retrofits of an already developed
catchment) using technologies that intercept runoff from
impervious surfaces at a variety of scales.””*> The intercepted
runoff can be infiltrated to support groundwater (e.g, with
unlined biofilters and permeable pavement), exported to the
atmosphere by evapotranspiration (e.g., using green roofs, rain
gardens, vegetated swales, wetlands, and urban forests),
redirected from storm sewer systems to pervious surfaces (e.g.,
with downspout disconnection), and/or exported through the
sanitary sewer system to downstream receiving waters (e.g., using
rainwater tanks for toilet flushing) (Figure 1C, see also Table S1
in the Supporting Information). These environmentally sensitive
stormwater management systems go by a variety of names,
including green infrastructure and low-impact development
(LID) technologies in the U.S., Water Sensitive Urban Design in
Australia and Canada, and Sustainable Urban Drainage Systems
in England.36 In this review, we adopt the term LID technologies.

Acquiring and maintaining public support for LID technolo-
gies requires demonstrating that they are effective at minimizing
flood risk and the negative impacts of urbanization on human and
ecosystem health."””*® In this review, we explore: (1) the variety
of modeling approaches available for supporting LID selection
and evaluation; (2) technologies available for stormwater
infiltration and harvesting; and (3) implementation challenges
including maintenance, climate change, path dependence, and
site-specific constraints. A number of review articles have been
written on LID technologies and their use for mitigating

hydrologic, water %uality, and ecological symptoms of the urban
stream syndrome.””~*® However, these tend not to consider
simultaneously the international scope of the problem, its
potential solutions, and policy and technological barriers to
practical implementation. Our review adopts a multidisciplinary
(hydrology, engineering, social science, and ecology), multiscale
(from individual LID types to whole catchments), and binational
(U.S. and Australia) perspective. The binational perspective is
warranted because severe and persistent droughts in Southeast
Australia and Southwest U.S. have set the stage for creative
multibenefit solutions to urban water management in both
countries.”*"’~* Australia, in particular, is spearheading a
number of innovative government—industry—university collab-
orations dedicated to the testing and adoption of LID
technologies.34’47’48

2. CATCHMENT-SCALE URBAN WATER BALANCE

Case for Volume over Peak Flow Rate. In many countries,
stormwater regulations place limits on the peak flow rate or high
flow duration allowed to enter a stream from individual
properties.”> To comply with these regulations, property owners
typically install stormwater detention g)onds that capture and
slowly release runoff from large storms.”” There are a number of
well-documented problems with this approach, includ-
ing:25'51_53 (1) the simultaneous release of stormwater from
many properties within the catchment can cause downstream
peak flows to exceed predevelopment conditions and erode
downstream channels, even if the peak flows from individual
properties remain within regulatory limits; (2) reduced
infiltration associated with impervious surfaces cuts off the
primary means by which water is normally supplied to a stream
(through subsurface flow paths and resupply of shallow
groundwater), and detention ponds do not typically address
the problem; and (3) the superposition of poststorm flows from
multiple detention basins in a catchment distorts downstream
dry weather flow regimes. Although a number of stream
“sustainability” metrics have been proposed,””* controlling
(and ideally eliminating) the volume of stormwater runoff
flowing to a stream through formal drainage systems is a
prerequisite for maintaining and restoring the preurban flow
regime (for reasons that will be detailed in the following
sections).17’51_53

Impact of Urbanization on Catchment-Scale Water
Budgets. Drawing on analogies with environmental flow
management, Walsh et al.”’ proposed a catchment-scale water
balance (or “bucket”) model to estimate the volume of water that
should be infiltrated and harvested to maintain stream hydrology
as close as possible to its preurban state. Eq 1 represents an
annual water balance for a typical natural catchment assuming:
the volume of water associated with soil moisture and shallow
groundwater does not change appreciably over annual and longer
time scales; and all water that infiltrates into the catchment
eventually flows to the stream through subsurface routes (i.e., the
infiltrated water is not lost from the catchment by deep
seepage).”"

MAR = ET + S (1)

Variables appearing in this equation include the mean annual
rainfall depth in the catchment (MAR, volume of rainfall per
catchment area per year), evapotranspiration depth (ET, volume
of water returned to the atmosphere per catchment area per
year), and annual streamflow depth (S, volume of water flowing
in a stream per catchment area per year). The units of “depth per
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year” can be interpreted as the depth of water that would be
obtained if the annual water volume associated with each term in
eq 1 was evenly distributed over the catchment area.

Over annual time scales, subsurface flow constitutes the
majority of streamflow in most natural catchments, including
during storm events.’® ™' In this context, subsurface flow
(sometimes referred to as “old water”) is defined as rainfall that
infiltrates and flows to a stream through shallow groundwater or
the vadose zone as interflow and throughflow. By contrast, the
contribution of overland flow (technically, Horton Overland
Flow) to annual streamflow is generally small in natural
catchments.>* ™ Neglecting overland flow, the annual water
balance for a natural catchment can be approximated by eq 2
where SPy represents the contribution of subsurface flow to
preurban streamflow (note the superscript “pu” refers to
“preurban”).

MAR = ET?" + SP¥ ()

'sub

Urbanization perturbs this water balance in a number of ways
by (1) redistributing MAR between ET and S, generally
decreasing ET (except in regions where significant water
importation occurs, see below) and increasing S; and (2) altering
how water is delivered to the stream, from subsurface flow paths
in the preurban state (S = Sf,) to a mixture of subsurface flow
(Sip) and overland flow from effective imperviousness (Sg;) in
the urban state: S = St;, + Sg; (note the superscript “u” refers to
“arban”). Thus, eq 3 represents an annual water balance for an
urbanized catchment (Figure 2A).

MAR = ET" + S, + Sy 3)

'sub

Values for Sg,;, and Sg; can be calculated from the mean annual
rainfall (MAR), the fraction of the total catchment area that is
covered with effective imperviousness (fg;), and the stream
coefficients for undeveloped (C) and effective impervious (Cg;)
areas:

Sap = MAR X Cg X (1 —fEI) (4a)
Sgr = MAR X Cygy X f, (4b)

To illustrate the effect of urbanization on catchment water
balance, evapotranspiration, subsurface flow, and overland flow
are plotted against effective imperviousness in Figure 2B. To
generate this plot, we adopted stream coefficient and impervious
runoff coefficient values of Cg = 0.3 and Cg; = 0.8, respectively; a
region-specific procedure for calculating these coefficients is
described later. As illustrated in the figure, the Walsh bucket
model predicts that urbanization is associated with a decline in
evapotranspiration (because forests and/or grassland is replaced
with impervious surface, denoted as the gray region in Figure
2B), a decline in subsurface flow to streams (because resupply of
the shallow groundwater by infiltration is reduced with increasing
imperviousness, blue region), and an increase in the volume of
overland flow entering the stream on an annual basis from
effective imperviousness (red region).

Maintaining Preurban Hydrology through Infiltration
and Harvesting. Two categories of LID technologies can be
deployed to support preurban streamflow as a catchment
develops. The first type, infiltration-based LID technologies,
transfer stormwater runoff to the subsurface where it can
recharge groundwater supplies and provide base flow for local
streams. The second type, harvest-based LID technologies,
capture the remaining runoff (i.e., the stormwater not infiltrated)
and use it for any purpose that keeps it out of the stream (e.g,,

A. MAR ET C. MAR ET  Export

urban watershed
urban watershed (with LID)

(without LID)

Subsurface Runoff

AV B

Subsurface Runoff

s, T

= Subsurface Flow
Impervious Runoff

Infiltrate Harvest

ET

Subsurface Flow
¢ Infiltrated Runoff

Harvested Runoff

fraction of MAR
fraction of MAR

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
effective imperviousness (El) effective imperviousness (El)

Figure 2. Catchment-scale water balance (or “bucket model”) for
calculating the volume of stormwater runoff that should be infiltrated
and harvested. (A) Simplified form of the steady-state annual water
budget for a catchment in which LID technologies are not implemented.
Mean annual rainfall (MAR) is partitioned between evapotranspiration
(ET), streamflow associated with subsurface infiltration (SPY), and
streamflow associated with storm water runoff from connected
imperviousness (Sg;). (B) Influence that urbanization (represented by
effective imperviousness, fg;) has on the distribution of MAR between
ET, subsurface flow Sy, and impervious runoff Sg;. These curves were
generated using rearranged versions of eqs 3, 4a, and 4b. (C) LID
technologies can mitigate the effects of effective imperviousness on
catchment water balance by capturing impervious runoff for infiltration
(LID,, to support subsurface flow to the stream) and harvesting and
exporting impervious runoff from the catchment (LIDy, to compensate
for the decline in evapotranspiration frequently associated with
urbanization). (D) By infiltrating and harvesting stormwater runoff in
the right proportions (determined by eqs 6a and 6b), it is theoretically
possible to maintain annual streamflow at preurban levels as effective
imperviousness rises. Note that, technically speaking, if all runoff from
effective imperviousness is harvested or infiltrated, then by definition
effective imperviousness is zero. Thus, the horizontal axis in panel D
should be regarded as the effective imperviousness that would have
resulted if LID technologies had not been implemented. Curves in this
panel were generated using rearranged versions of eqs S, 6a, and 6b. In
all cases, the following stream and impervious runoff coefficients were
assumed: Cg = 0.3, Cg; = 0.8.

irrigation of ornamental plants and toilet ﬂushing).62 In theory,
preurban streamflow can be maintained if the right number and
mix of these two LID types are deployed; namely, enough
infiltration- and harvest-based LID technologies to exactly
compensate for the infiltration and evapotranspiration lost by
replacing forests and grassland with impervious surfaces.

Applying these concepts to the catchment water balance
described above, we arrive at eq 5, where LID; and LIDy; denote
the annual stormwater runoft depths that should be infiltrated
and harvested, respectively (Figure 2C):

MAR = (ET" + LIDy) + (8", + LID,) (s)

The first term in parentheses equals the preurban
evapotranspiration (ETP"), whereas the second term in
parentheses equals the preurban subsurface flow to the stream
(SP%). The volumes of runoff that should be infiltrated and
harvested depend on the fraction of the catchment area covered
with effective imperviousness f;:
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LID; = MAR X Cg X f,, (6a)

LID; = MAR X (Cy; — Cg) X far Cu > Cs (6b)
Returning to the example presented above, subsurface flow to
the stream is maintained at preurban levels (30% of mean annual
rainfall), provided that a portion of stormwater runoff is captured
and infiltrated as dictated by eq 6a; i.e., the sum of the blue and
brown stippled regions equals 30% across the entire range of fg;
in Figure 2D. The portion of stormwater runoff not infiltrated, eq
6b, should be harvested and kept out of the stream (light
burgundy color, Figure 2D). In this hypothetical example, the
hydrology of the local stream is unchanged as the catchment
urbanizes because: (1) subsurface flow to the stream is
maintained at predevelopment levels, and (2) no stormwater
runoff flows overland to the stream via effective imperviousness.
Tailoring Infiltration and Harvesting to Specific
Regions. An interesting and previously overlooked conse-
quence of the Walsh bucket model is that, for a given set of values
for Cg and Cy, the relative proportion of runoff volume that
should be infiltrated and harvested is constant; i.e., their ratio
does not depend on the fraction of the catchment area covered by
effective imperviousness:
LID, 1
= ,  Cg > G
LDy (Cg/Cs— 1) (7)
In the hypothetical example presented above, we arbitrarily
selected values for Cg and Cg;. Region-specific stream coefficients
and impervious runoff coefficients can be estimated from
previously published correlations. For example, the impervious
runoff coefficient can be estimated from an empirical correlation
proposed by Walsh and collaborators'” based on runoff data
collected in and around Melbourne (Australia):

Cgr = 0.230 + 0.206log10(MAR) (8)

Because this correlation is for impervious surfaces (as opposed
to natural landscapes), it will likely apply to cities other than
Melbourne (although this is an obvious target for future
research). The stream coefficient Cg can be estimated from a
correlation developed by Zhang and co-workers®®’ based on
streamflow measurements from 250 catchments worldwide.
Zhang’s correlation depends on the fraction fi of the preurban
catchment area covered with forest, together with evapotranspi-
ration depths for forests (ETy) and herbaceous plants and soil
moisture (ETy):

C; =1 — ET/MAR (9a)
ET = fET: + (1 — f )ETy (9b)
—_ 1 + 2(1410/MAR)

"7 1 + 2(1410/MAR) + MAR/1410 (9¢)

B 1 + 0.5(1100/MAR)
"~ 1+ 0.5(1100/MAR) + MAR/1100 (9d)

ET,

After substituting these correlations into eq 7, we find the ratio
LID,/LIDy required to maintain preurban streamflow depends
on only two variables: the mean annual rainfall MAR and the
fraction of the preurban catchment area covered with forest fp.
(Figure 3). The thick black curve in the figure denotes
combinations of MAR and fp for which equal volumes of
stormwater runoff should be infiltrated and harvested; i.e.,
log;o(LID;/LIDy) = 0. For most of the climate and preurban

log, (LID,/LIDy)

1.0 4
FO% Infiltration-
® to-Harvest Ratio
d 0.8
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Figure 3. Relative volumes of runoff that should be infiltrated and
harvested (LID;/LIDy) to maintain a preurban flow regime in
catchment streams, plotted as a function of mean annual rainfall
(MAR) and the fraction of the preurban catchment covered with forest
(fg). Color denotes logarithmically transformed values of the ratio
LID,/LIDy calculated by combining egs 7, 8, and 9a—9d. Most of the
plot area is located to the left of the thick black curve (which
corresponds to combinations of MAR and f where the infiltration and
harvest volumes are equal, log,o(LID;/LIDy) = 0), implying that more
stormwater should be harvested than infiltrated across most climates
and preurban forest covers. The thin black curve corresponds to all
values of MAR and f where the required infiltration volume is 30% of
the required harvest volume. The dots on the curve (labeled C1 and C2)
represent two cities with very different climates and preurban land
covers but the same required infiltration-to-harvest ratio (see main text).

states encapsulated in the figure, considerably more stormwater
should be harvested than infiltrated (ie., most of the plot is
occupied by regions to the left of the thick black curve). This
result calls for an emphasis on LID technologies that harvest
stormwater over a wide range of climates.

Another interesting implication of eq 7 is that cities with very
different climates and geographical locations can have similar
infiltration-to-harvest ratios, as illustrated in Figure 3 for two
hypothetical cities with an infiltration-to-harvest ratio of 30%.
The first city (point labeled C1) is located in a relatively dry
climate (MAR = 575 mm year ') and was mostly unforested
prior to urbanization (fg = 0.3). The second city (point labeled
C2) is in a wetter climate (MAR = 1050 mm year™') and was
mostly forested prior to urbanization (fy = 0.9). Pasadena
(California) and Baltimore (Maryland) are two U.S. cities that
meet the criteria for C1 and C2, respectively.

In practice, some fraction of water volume infiltrated by LID
will be exported from the catchment, for example, to the
atmosphere by evapotranspiration and/or to deep aquifers by
seepage. Thus, the ratio LID;/LIDy; needed to restore catchment
water balance may be larger than predicted by eq 7, because some
portion of infiltrated stormwater is automatically exported from
the catchment before it reaches the stream (LID technologies are
discussed in Section 3).

Strengths and Limitations of the Walsh Bucket Model.
The strength of the catchment-scale water balance model
presented above is its simplicity and the fact that it can be readily
applied to various regions around the world; however, the model
entails a number of assumptions that may not be satisfied in
Ppractice.
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Figure 4. Ternary representation of field and laboratory data on the performance of popular LID technologies relative to percentage of runoff volume
infiltrated (lower left vertex), harvested (lower right vertex), and allowed to flow to the stream through connected imperviousness (top vertex). The
abbreviation PP refers to permeable pavement. The designation “with drain” refers to systems in which treated effluent can be routed to storage facilities
for nonpotable uses, such as garden irrigation and toilet flushing. The designation “without drain” refers to systems in which treated effluent leaches
directly into the subsurface. Arrows along the side of the ternary diagram denote systems that are used primarily for infiltration (left leg of the triangle) or
for harvesting (right leg of the triangle). Polygons indicate hybrid systems that can be “tuned” to provide specific infiltration-to-harvest ratios. Solid
colored lines reflect observed performance, whereas colored dashed lines denote theoretical performance (i.e., the performance is possible but not
documented). The thick black line with a blue halo marks the location of hybrid systems that achieve a 30% infiltration-to-harvest ratio (corresponding
to the black curve in Figure 3, see text). Data used to generate this figure are discussed in the main text.

First, the catchment water balance eq 1 may not apply in all
cases. For example, the importation of water to Los Angeles has
caused dry weather flow in the region’s urban impacted rivers to
increase 250% or more over the past 50 years; summer flow in the
iconic Los Angeles River has increased approximately 500% over
that period of time.® In other regions, the withdrawal of water
from urban streams, together with sewer infiltration and inflow
(I&I), can significantly alter a catchment’s water balance. The
Ipswich River in Massachusetts has gone dry for extended
periods due to municipal water withdrawal.”’ In metropolitan
catchments surrounding Baltimore, Maryland, I&I can exceed
annual streamflow.*

Second, in some urban catchments, subsurface water (i.e., “old
water”) is still a dominant source of storm flow in urban impacted
rivers.”” Although the underlying mechanism for this observation
is not well understood, a possible implication is that urbanization
may induce excess storm flow in urban rivers via two
mechanisms: (1) by increasing effective imperviousness (as
assumed in the Walsh bucket model); and (2) by altering the rate
at which old water is delivered to a stream during storms (e.g., by
accelerating the transfer of rainfall to the subsurface through
leaky storm and/or sanitary sewer systems). In urban areas where
the second process applies, reducing effective imperviousness
alone may not control the volume of water delivered to a stream
during storms.

Third, the Walsh bucket model does not take into account
regional physiography and geology that can influence both
patterns of urbanization as well as intrastorm stream responses
(e.g, the effects of urbanization on stream flashiness tends to be
buffered in catchments with permeable soils, level slopes, and
high lake density)."®

In principle, the first limitation can be addressed by adding
terms to the catchment water balance eq 1 that account for
regional variations in the import and export of water over annual
time scales. Addressing the second and third limitations, on the
other hand, may require more sophisticated (spatially and
temporally explicit) models that capture the influence of surface
and subsurface storage and local hydrogeology on intrastorm, as
well as interstorm, streamflow variability (see modeling tools in
Section 4). Next we turn our attention to commonly adopted
LID technologies, and discuss their utility in light of the
catchment water balance model described above.

3. LID TECHNOLOGIES FOR MAINTAINING OR
RESTORING PREURBAN HYDROLOGY

The Walsh bucket model presented above suggests that LID
technologies have the potential to remedy hydrologic symptoms
associated with the urban stream syndrome. Translating theory
to practice will require a diverse set of LID technologies tailored
to (1) capture all stormwater runoff before it enters the stream;
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Figure S. Biofilters are a hybrid LID technologies that can be tuned to achieve different levels of stormwater harvest and infiltration. In the example
illustrated here a biofilter is configured to receive both roof and road runoff. In a harvest configuration, treated water from the biofilter can provide
nonpotable water to the home for toilet flushing, laundry, and hot water supply (lined biofilter with underdrain, A). In an infiltration configuration, the
biofilter supports groundwater recharge and stream baseflow (unlined biofilter without underdrain, B). In both configurations, a portion of the water
processed by the biofilter is lost to the atmosphere through evapotranspiration (ET), another form of harvesting. Colored layers in the biofilters (upper
and lower right panels) delineate pondmg zone (blue), filter media (brown), transition layer (light brown), and gravel layer (gray). Adapted from Figure

2 of Grant et al.*® and Grant et al.”*

and (2) infiltrate and/or harvest the captured runoff in the
proper proportions. In practice, many different factors go into
the selection of LID technologies (e.g., flood protection,
operation and maintenance costs, site-specific constraints, and
human and ecosystem cobenefits).*>°® Here we take the position
that the first-order concern in LID technology selection should
be maintaining (or restoring) preurban flow regimes, with
secondary consideration given to other constraints and benefits.
Accordingly, in this section we classify several popular LID
technologies relative to the three end points that underpin the
Walsh bucket model presented in Section 2: the percent of runoff
volume harvested, infiltrated, or left as overland flow
(represented by vertices of the ternary diagram in Figure 4; see
also Table S1). Given our focus on restoring a preurban flow
balance, we opted not to discuss technologies that work only by
storage and attenuatlon, despite their utility for mitigating peak
storm flows”%” (see beginning of Section 2).

Infiltration Technologies. Examples of infiltrative systems
include infiltration trenches®®® and permeable pavement’®”
(represented in Figure 4 by a teal arrow, cyan arrow, cyan dashed
box, and brown arrow). Infiltration trenches and permeable
pavement without under-drains (i.e., drains that collect some
fraction of the outflow from a system) infiltrate the highest
percentage of runoff (60—100% runoff removed).”” Permeable
pavement with under-drains infiltrate less runoff because a
fraction of outflow is piped to the storm sewer system (25—66%
runoff removed,”” cyan arrow, Figure 4). Rerouting this piped
fraction to a storage facility can transform permeable pavement

with under-drains from infiltration to hybrid systems (ie,
technologies that both infiltrate and harvest, dashed cyan box,
Figure 4), assuming that the captured water is used for irrigation
(evapotranspiration) or in-house activities (e.g., toilet flushing)
that transfer the water to the sanitary sewer system.”>”> Although
treated stormwater is rarely used for domestic purposes in the
U.S,, such systems are actively being trialed in Southeast Australia
(see Section 4).*”

Harvesting Technologies. Examples of harvest-based LID
include green roofs,”*”7° rainwater tanks,”””® and wetlands’**
(shown as a pink arrow, green arrow, and orange dashed arrow,
respectively, Figure 4). A broad range of harvest efficiencies have
been noted for green roofs (23—100% runoff removed).”>"'
Green roofs export runoff mostly in the form of evapotranspira-
tion, with the soil/media matrix dominating export in the winter
(low harvest: ~34% runoff removed) and the “green”
component contributing to export in the summer (high harvest:
~67% runoff removed).”* Rainwater tanks harvest between 35
and 90% of runoff on average’” depending on the ratio of tank
size to roof area, storm frequency and duration, the number of
acceptable rainwater uses (e.g,, toilet flushing, clothes washing,
hot water supply, or garden irrigation), and building occupancy.
Human use of rainwater is expected to be higher in multistory
residential and office buildings than in commercial/industrial
buildings, given the greater number of inhabitants per unit area of
imperviouness.”” Although wetlands typically export relatively
small volumes of runoff in the form of evapotranspiration (0—3%
runoff removed”’*), outflow can be tapped for human use,
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substantially increasing the overall percentage of runoff
harvested. Upward of 50—100% harvest has been reported for
wetland systems in South Australia and New South Wales,
resulting in potable water savings of $120,000 to $663,120 per
year (in 2006 AUD).**

Hybrid Technologies. LID technologies that both harvest
and infiltrate stormwater runoff, or “hybrid technologies”, appear
as polygons in Figure 4. Examples of hybrid technologies include
unlined biofilters (no under-drain, blue polygon), partially or
completely lined biofilters (with under-drain, red polygon),”***
and dry bioswales (unlined with an under-drain, green
pol}rgon).86’87 The term “dry bioswales” refers to swales that
are intended to dry out between storms. Two configurations for a
household biofilter (lined with an underdrain versus unlined with
no underdrain) are illustrated in Figure S.

To date, few studies have quantified the percent runoff
harvested through evapotranspiration for hybrid systems. Values
as low as 2—3% runoff removal have been reported for unlined
biofilters; however, these percentages may be low because a
substantial portion of infiltrated runoff passes into upper soil
layers where additional (unquantified) evapotranspiration may
occur.”®® Higher evapotranspiration values (>19% runoff
removed) have been reported in lined biofilters.”® Thus, a
tentative range for percent runoff harvested via evapotranspira-
tion across biofilters (lined and unlined) is 2—19%. Unlined
biofilters are primarily infiltration systems, with evapotranspira-
tion constituting their primary contribution to harvest (total
runoff removed ranging from 73 to 99%; evapotranspiration, 2—
19%; and infiltration, 7 1—97%).67’82’83 In contrast, lined
biofilters are often used to treat stormwater prior to discharge
to a storm sewer system,; the treated effluent can also be captured
and stored for subsequent human use, increasing harvest
potential (total runoff removed ranging from 20 to 100%;
evapotranspiration, 2—19%; human use, 0—80%; and infiltration,
1-63%).”>**% Dry bioswales are effective for harvesting and
infiltrating runoff, with near 100% runoff removal achieved over a
broad combination of infiltration and harvesting percentages
(total runoff removed ranging from 46 to 100%; evapotranspira-
tion, 2—19%; human use, 0—54%; and infiltration, 27—
96%).”**** The effectiveness of dry bioswales for harvesting
runoff can be attributed to their relatively large surface area to
catchment area ratio, compared to other hybrid systems.””

Matching LID Technologies to Storm Water Manage-
ment Goals. According to Figure 3, the volume of stormwater
that should be harvested far exceeds the volume that should be
infiltrated for most climates and preurban forest cover. Thus, in
many locales, the emphasis should be on harvest-based LID
technologies. This may prove challenging in practice, because
distributed harvest systems that capture stormwater runoff at its
source (e.g., rainwater tanks and green roofs) only treat one form
of impervious area (rooftops) leaving runoff from other,
potentially much more extensive imperviousness (e.g., roads
parking lots and residential driveways) untreated.”> Although
regional (or end-of-catchment) LID such as wetlands can be
employed to harvest the remainder, this approach is at the
expense of water quality in reaches upstream of regional
facilities.” Alternatively, runoff from roads and driveways can
be captured and harvested using distributed hybrid systems (e.g.,
lined biofilters, dry bioswales, and permeable pavement with
underdrains) configured to provide nonpotable water for human
use (configuration “A” in Figure S).

At the parcel scale, LID technologies (or combinations of LID
technologies) can be selected to match catchment-scale goals for

the volume of runoff to be infiltrated and harvested. For the two
hypothetical cities described in Section 2 (see points C1 and C2,
Figure 3), the required infiltration-to-harvest ratio is 30%, which
translates to a straight line in Figure 4 (see thick black line with
blue halo). In practice, this infiltration-to-harvest ratio can be
achieved by selecting hybrid technologies that cross or enclose
the line (e.g, lined biofilters “tuned” to achieve the 30% target)
and/or by a combination of infiltration and harvest technologies
designed to operate toward the harvesting end of the spectrum
(e.g., treatment trains consisting of large rain tanks that overflow
to unlined biofilters).’

4. OPTIMIZING LID SELECTION AT THE CATCHMENT
SCALE

Modeling Tools. A number of modeling tools are available
for optimizing the selection and siting of LID technologies so as
to minimize flood risk, maximize human and ecosystem
cobenefits, and stay within capital, maintenance, and operation
costs.”"~"? These optimization schemes have several elements in
common, including: (1) a spatially explicit (e.g, GIS-based)
platform that includes information on the informal and formal
drainage for a site and candidate locations for LID technologies;
(2) a rainfall-runoff model that routes stormwater through the
catchment; (3) an objective function that quantifies hydrologic
performance (e.g,, relative to stormwater harvest and infiltration
targets, see Section 2) and costs of candidate LID configurations;
and (4) an algorithm that identifies optimal solutions (e.g., by
minimizing one or more objective functions)®"**”*~* or finds
the greatest unit improvement in stormwater control per unit
incremental cost.”*""® Examples include software packages
developed by university researchers,””””'® the Model for
Urban Storm water Improvement Conceptualization
(MUSIC),"" and the U.S. Environmental Protection Agency’s
System for Urban Storm water Treatment and Integration
(SUSTAIN).”®

Rainfall/runoff models can also be used to explore how a
particular stormwater management strategy might impact
receiving water quality. An example is the U.S. Environmental
Protection Agency’s study of the Illinois River (a multijurisdic-
tional tributary of the Arkansas River in the states of Arkansas and
Oklahoma) in which a catchment model based on Hydrologic
Simulation Program Fortran (HSPF) was calibrated for nutrients
and the output linked to a hydrodynamic and water quality
model for Lake Tenkiller.'”” EPA used the resulting HSPF model
to identify a set of stormwater management scenarios that met
total maximum daily load targets for the lake.

Recent advances in uncertainty quantification can be exploited
to improve the utility of stormwater modeling tools. An example
is the DREAM and AMALGAM statistical toolboxes'**™'%° that
quantify model parameter and predictive uncertainty using
Markov chain Monte Carlo simulation. DREAM has been widely
used for model-data synthesis, hypothesis testing, and analysis of
model malfunctioning in various time series applications.
AMALGAM uses a multiple objective approach to produce a
suite of equally acceptable (Pareto optimal) solutions from which
stakeholders can select the option best suited to their collective
needs.'”” Importantly, both statistical packages take into account
all forms of uncertainty, from model formulation error to data
noise and bias, and thus reveal both what is known and what is
not known about a system. Such information can assist managers
and stakeholders by clarifying how much confidence can be
placed in model predictions, and by identifying areas where
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targeted investment (e.g., in data collection or model develop-
ment) would significantly improve model predictions.

Two unknowns that contribute to model uncertainty include:
(1) long-term maintenance of LID technologies (will their
hydraulic performance degrade over time?) and (2) changing
climate (how will LID form and function change under future
climate scenarios?). With the exception of rain tanks and
wetlands, all of the LID technologies summarized in Figure 4
include a step in which the captured stormwater is filtered
through a granular media. As a consequence these systems are
vulnerable to clogging (reduction in permeability over time) due
to a variety of influent and filter-specific physical, chemical, and
biological processes.'””"'* Because clogging reduces the volume
of stormwater that can be harvested or infiltrated (and potentially
effects pollutant removal''!), sustained hydraulic performance
requires routine inspection, cleaning, and replacement of the
filter media. In a recent comparison of biofilters in Melbourne
(Victoria) and Los Angeles (California), Ambrose and
Winfrey' "> noted that larger systems tend to be maintained by
the government agency responsible for their construction. On
the other hand, the responsibility for maintaining smaller
distributed systems is often transferred to land owners with
uncertain results. If hydraulic performance of these systems
degrades over time, model simulations premised on as-built
permeability will overestimate stormwater volumes that can be
harvested and infiltrated postconstruction, and potentially pose a
flood risk. Confounding this maintenance issue is the fact that
stormwater management systems, in general, are sized based on
the idea that historical climate is a good predictor of future
climate®—an assumption that is violated under climate
change.'" Climate change also has implications for the “green”
component of many LID systems.''”''* In the end, both
challenges (uncertain maintenance and uncertain climate) are
probably best addressed by using uncertainty quantification
where possible (e.g., with DREAM and AMALGAM, see above),
factoring in redundancy, and designing smart (perhaps modular)
LID systems that can readily adapt to a changing world."">'"*

Practical Constraints. One of the primary outcomes of the
catchment water balance described in Section 2 is that, for most
areas of the world, restoring catchment water balance will require
a focus on harvest-based LID technologies. A win-win example is
using harvested rainwater and road runoff for in-home activities
(e.g, for toilet flushing, laundry, and hot water supply,
configuration A, Figure S), thereby protecting streams and
reducing potable water consumption.”” However, in the U.S. a
number of institutional barriers presently limit the indoor use of
nonpotable water. These include:''*™""" (1) low uniform water
prices that create an environment where consumers and
developers have little incentive to invest in schemes to reduce
potable water consumption, although this is changing in the
southwestern U.S.; (2) plumbing codes that do not explicitly
address rainwater use or inadvertently prohibit it by requiring
that downspouts be connected to the storm sewer collection
system; (3) a patchwork of local, state, and federal regulations
with various and conflicting treatment standards; (4) prohib-
itions against indoor use of nonpotable water in some locales that
prevent local water utilities from sponsoring such schemes; (5)
different interpretations of who owns stormwater runoff, with
some states (e.g., Colorado) prohibiting residential capture and
reuse of stormwater on the premise that all rainfall has been
already allocated to downstream users; and (6) resistance from
drinking water providers over concerns that wide-scale adoption

of rainwater and stormwater harvesting may endanger public
health, or lead to revenue loss.

Although public health concerns are often cited as a barrier to
the adoption of harvested rainwater and stormwater for
nonpotable uses in the U.S., the scientific evidence (and practical
experience) generally do not support that contention. Public
health concerns stem from the fact that both sources of water can
harbor microorganisms that cause human disease."'”"** Human
infection depends on multiple factors—including pathogen type
and load, the mode of exposure, and susceptibility—that are best
assessed through epidemiological studies and/or a Quantitative
Microbial Risk Assessment (QMRA) framework that includes
hazard identification, exposure assessment, dose—response
assessment, and risk characterization.'*""'**

An epidemiological study of children in rural South Australia
found that drinking roof harvested rainwater posed no more risk
of gastroenteritis than drinking water from a reticulated
supply.'*> However, concerns have been raised about the study’s
sensitivity (ability to detect an effect against background rates of
infection) given that only 1016 people participated.''” QMRA
studies, which have been advocated as a more sensitive
alternative to epidemiological investigations,'"” indicate that
minimally treated stormwater and rainwater may be acceptable
for certain in-home uses, such as toilet ﬂushing.1 2122 Rainwater
also appears acceptable for garden irrigation and shower-
ing.ng’1 ! However, the suitability of stormwater runoff (e.g,
from parkin% lots or roads) for these purposes is less well
understood.'** Across the board, proper design and maintenance
of collection systems as well as appropriate disinfection measures
such as UV disinfection and chlorination are necessary to achieve
public health targets for in-home use."'” Currently, more than 2
million Australians use roof-harvested rainwater for potable or
nonpotable supply.''” The State of Victoria now requires new
homes to have a rainwater tank for garden watering and in-home
uses such as toilet flushing (although solar hot water heating can
be installed as an alternative, suggesting that this instrument has a
broad focus on “sustainability”, rather than a specific focus on
water management).47 Australia’s ongoing experiment with
rainwater tanks (and more recently biofilters) should provide a
wealth of data and experience with which health officials around
the world can objectively evaluate the risks and benefits for in-
home use.

Site-specific constraints may also impede infiltration schemes.
For example, the City of Irvine (California, U.S.) discourages
stormwater infiltration at certain locations due to low soil
permeability, locally perched shallow groundwater, and concern
that groundwater contaminants (such as selenium) may be
mobilized into local streams or the deep aquifer used for potable
supply.'>* This concern is shared by the Orange County Water
District (which manages the local groundwater basin that
supplies drinking water to more than 2 million residents) and the
Orange County Healthcare Agency (which manages public
health for the county), and is enshrined in County regulatory
statutes.'”® Thus, for this particular region of Southern
California, infiltration may be feasible in only a few locations
and under fairly strict control; for example, at large centralized
facilities strategically placed to facilitate runoff treatment and
recharge to deep groundwater aquifers.' >

5. EVALUATING LID EFFICACY

Once LID technologies have been selected and implemented,
ongoing monitoring programs are needed to ensure goals are
being met. A number of recent reviews summarize field data and
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Figure 6. Social—ecological feedback loops can lead to “cognitive lock-in” in which streams are maintained in either a degraded state (because they are
perceived primarily as storm drains, right loop) or healthy state (because they are perceived as ecologically valuable assets, left loop). The left loop may
be more likely to occur if LID technologies are incorporated into an urban space as a city develops (“LID de novo”). Retrofitting an already developed
area with LID technologies may or may not trig%gr a transition from the right loop to the left loop (“LID retrofit”) (see main text). Adapted from Figure
3 in Walsh et al." and Figure 3 in Grimm et al.'’® The abbreviaton "EI" refers to effective imperviousness.

modeling approaches for evaluating the effects of land-use and
land-cover change (in general) and LID interventions (in
particular) on catchment-scale hydrologic budgets and stream-
flow.*""*’~"3* Generally, the available techniques can be
classified into three types: (1) modeling approaches; (2) time-
series analyses; and (3) paired catchments. Modeling approaches
simulate the influence of land-cover change on the rainfall-runoff
relationship, potentially revealing a causal link between the
former and latter while controlling for climate variability. This
approach is particularly useful when the goal is to evaluate “what
if” scenarios (e.g., evaluating how the storm hydrograph might
change in response to various LID interventions, see discussion
of modeling tools in Section 4),13%13% and in cases where long-
term rainfall-runoff records are not available. Alternatively, when
the goal is a post de facto evaluation of an LID intervention, time
series analysis can be conducted on rainfall and hydrograph data,
provided quality data are available both before and after the
intervention. A variety of time series tools are available including
graphical methods, > ~'% autoregressive models,"**'*" linear
and curvilinear regression models,""”*~"** multiple linear
regression models," ™% trend identification tools,"**~'>* and
change point analysis.">* Interpretation of time series data can be
complicated by climate variability over the time of observa-
tion.l4(),154—157

The gold standard for assessing the hydrologic impact of land-
use change is paired (or triplicated) catchment studies, in which
the catchment of interest is paired with a control catchment (and
areference catchment, in the case of a triplicate design) of similar
climate and physiography.'*®'*” There is a long history of using
paired catchment studies to assess the impact of vegetation
change on catchment hydrology,”®*”'** but the technique has
been applied only recently to assess the impacts of LID
interventions on stream health. Such studies collectively

demonstrate that adopting LID technologies for stormwater
management (over conventional centralized retention and
detention basins) markedly improves the hydraulic performance
of streams, as measured by higher baseflow, lower peak discharge
and runoff volumes during moderate storms, increased lag times,
and retention of smaller more frequent precipitation
events.””'®'7'** These field results are generally supported by
modeling studies, although centralized stormwater control
measures may perform better than distributed LID systems for
controlling peak discharge from large storms,'®>'% a problem
that could presumably be overcome by proper LID technology
placement and design. Not surprisingly, none of the urban
stormwater management approaches perform as well as
unurbanized (reference) catchments.’” Thus, it can be argued
that the best approach for protecting stream health is to place
strict limits on urban development within a catchment. Short of
this goal, however, distributed LID technologies should be used
for managing stormwater runoff.”>®’

The next frontier is paired catchment studies that evaluate how
LID interventions simultaneously influence the hydrologic, water
quality, and ecological response of streams. One example is Little
Stringybark Creek in Melbourne (Australia). In collaboration
with a local water utility, researchers developed a financial
incentive scheme to encourage homeowners to install rainwater
tanks and unlined biofilters, and worked with the local
municipality to install lar§er neighborhood-scale infiltration
and harvesting systems.'®’ " To determine if these retrofits are
impacting flow, water quality, and ecology in Little Stringybark
Creek, researchers are employing a “before/after control
reference impact” (BACRI) study, consisting of the study
catchment (where LID technologies are implemented), two
urban control catchments (with similar levels of effective
imperviousness, but where LID technologies are not imple-
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mented), and two nonurbanized reference catchments represent-
ing natural conditions.'®” Although such experiments are
ambitious and challenging,169 they are a rigorous field test for
how well LID technologies insulate streams from catchment
urbanization. The project has already generated important
lessons in relation to community engagement,””'”? institutional
aspects,’”' and the performance of LID technologies in flood
reduction.'”” There are some early signs that the retrofit may be
improving water quality in the creek.'”

Regardless of which approach is adopted (modeling, time
series, or paired catchment), appropriate statistical methods
should be used to link LID intervention to changes in stream
performance, after taking into account instrument accuracy and
precision.”* A critical consideration is the predicted change of
the response variable (e.g., baseflow or peak discharge) relative to
extraneous sources of variation and noise. For example, if
modeling studies suggest that baseflow will increase by 1 to 2 L
57!, then flow measurements must have precision less than half

. 175
this value.

6. CONTEXT- AND PATH-DEPENDENCE OF THE
URBAN STREAM SYNDROME

In this final section, we describe social, environmental, and
ecological factors that may make the urban stream syndrome
context and path dependent. By this we mean that the
hydrologic, water quality, and ecological state of a stream
depends not only on the extent of LID intervention (as
measured, for example, by the volume of stormwater harvested
and infiltrated) but also on the environmental context and
historical path by which the catchment arrived at its current state.

Cognitive Lock-in. Cognitive lock-in is one form of path-
dependence that can arise from positive feedback between the
societal perception, management, and the physical and biological
condition of a stream; it tends to vary within communities
depending on their state(s) of economic development."'”*'””
The term “cognitive lock-in” originates from the field of social
psychology, where it has been applied to understanding
consumer habits and choices with respect to a product or
service.””*'”” The idea is that repeated consumption or use of a
product results in a (cognitive) switching cost that increases the
probability that a consumer will continue to choose that product
or service over alternatives. As applied here, cognitive lock-in can
affect stream health in postive or negative ways (Figure 6). If a
community perceives their stream is a threat (e.g., due to the
damage it might cause by flooding), local managers may be
pressured to enact policies that degrade a stream’s aesthetic and
ecological value (e.g., through installation of formal drainage with
high effective imperviousness, and stream burial), unintention-
ally reinforcing negative perceptions of the stream as a drain (red
loop in the figure). Conversely, if a stream is perceived as a
valuable asset, local managers may respond by enacting policies
that protect the stream from urbanization, reinforcing positive
perceptions of the stream as an asset through increased property
value and the provision of green space and other ecosystem
services (green loop). Examples of cognitive lock-in abound in
stormwater management, 151 and its manifestations are evident in
urban centers as diverse as Los Angeles, Paris, Moscow, and
Melbourne.”""*°~"*> A common pattern is that, as cities
industrialize, prevailing public values call for harnessing and
restraint of urban rivers for flood control and property
development (favoring the red loop), while postindustrial
development leads to demand for restoration of recreational,

aesthetic, cultural heritage, and ecological values (favoring the
green loop).

Urbanization Thresholds. Path dependence can also play a
role in observed urbanization thresholds. Urbanization thresh-
olds are defined as a critical level of urban intensity (e.g, as
measured by effective imperviousness, road density, or the
metropolitan area national urban intensity index, MA-NUII'*)
at which symptoms of the urban stream syndrome begin to
manifest if the catchment is urbanizing, or disappear if an already
urbanized catchment is being retrofitted with LID technologies.
Most evidence for the existence of urbanization thresholds
comes from comparing metrics of stream health (hydrology,
water quality, and/or ecology) across two or more nearby
catchments with different levels of imperviousness (i.e., paired
catchment studies, see Section 5). For example, Walsh et al.'”
found that stream health (as measured by hydrologic indicators,
water quality, and biodiversity) was good in two catchments with
low effective imperviousness (<1%), but poor in two nearby
catchments with elevated effective imperviousness (S and 22%).
Effective imperviousness thresholds of up to 10% have been
associated with significant degradation in one or more stream
metrics.”> As noted by Hopkins et al,'® this particular threshold
may reflect the tendency of urban communities to transition
from mostly informal (unsewered) drainages below 10% to
mostly formal (sewered) drainages above 10% imperviousness
(although their measure of imperviousness is a satellite product
that may not equate to effective imperviousness). Collectively,
such studies suggest that preventing the urban stream syndrome
requires keeping effective imperviousness well below 10% and
perhaps below 1%, although there is considerable study-to—
study variability depending on climate, physiography, geology,
land-use, and stream history.'** ="

In some streams urbanization thresholds may not be
observed.”> As part of the U.S. Geological Survey’s National
Water Quality Assessment (NAWQA) Program, Cuffney et al.'™
evaluated the impact of urbanization on in-stream invertebrate
assemblages (a measure of stream ecosystem structure and
function) across urban-to-rural gradients in nine metropolitan
areas of the U.S. They found that invertebrate assemblages were
strongly related to urban intensity (MA-NUIL), but only when
the urban development occurred within forests or grassland. A
much weaker (or nonexistent) correlation was observed in areas
where agriculture or grazing predominated, presumably because
those streams were already degraded. Importantly, in forests and
grassland there was no urbanization threshold below which
ecosystem assemblages were resistant to urbanization. Even
small impervious fractions were associated with “significant
assemblage degradation and were not protective.”'*’

That imperviousness thresholds are not always present is not
surprising, given that effective imperviousness is only one of
many stressors that can negatively impact urban stream health.
For example, salinization has an enormous ecological toll on
streams worldwide.'”® Although road runoff clearly contributes
to the problem (particularly in northern climates where salt is
used for deicing roads'?"'??), there are other sources of salt that
would not be eliminated by reducing effective imperviousness
alone (e.g., irrigation return flows). Other examples of urban
stream stressors include loss of riparian habitat and tree canopy,
impoundments that alter flow regimes and elevate temperatures,
point source discharges of nutrients, heavy metals, and
contaminants of emerging concern, to name a few.! ™3 Thus,
reducing effective imperviousness may be a necessary, but not
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sufficient, condition for curing the urban stream syndrome in
some catchments.

For all of the reasons stated above, it is difficult to predict the
imperviousness threshold (if one exists) at which stream
conditions will markedly improve as an urbanized catchment
undergoes an LID retrofit. Shuster and Rhea'®* reported a small
but significant improvement in the hydrological condition of a
small suburban creek (Shepherd Creek, Cincinnati, Ohio) after
installing 165 rain barrels and 81 unlined biofilters in the 1.8 km*
catchment (reducing effective imperviousness by approximately
1%, mostly from roofs). However, a follow-up study of the same
field site reported little change in water quality and ecology of the
stream compared to a control stream in the nearby catchment."*”
The authors suggest a number of possible explanations for the
lack of a water quality and ecological response, most notably that,
despite the relatively large investment in LID retrofits, effective
imperviousness in the catchment was not reduced to levels where
improvements in stream health would be expected (after
retrofits, the effective imperviousness in the Shepherd Creek
catchment was still above 10%). The authors concluded that,
“additional research is needed to define the minimum effect
threshold and restoration trajectory for retrofitting catchments to
improve the health of stream ecosystems”.'®” Ongoing retrofits
in the Little Stringy Bark Creek project (see Section 5), which
will reduce effective imperviousness below 1%, may eventually
shed light on this important issue.

Although it is fair to say that LID technologies are not a cure
for all symptoms of the urban stream syndrome in all catchments,
they do address critical hydrologic and geomorphic symptoms of
the disease while providing myriad cobenefits and subsidiary
ecosystem services, including water quality improvement, flood
protection, green space, recreation and aesthetic value, wildlife
habitat and corridors, carbon sequestration, pollination services,
urban heat island cooling, and a much needed supply of
nonpotable (“fit-for-purpose”) water in drought prone areas such
as Southeast Australia and Southwest U.S."*/0>7¢1937195
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RS BIRTA, AR TOKSCEEIFEST Fortran (HSPF) [RIEE/K XA X} 77
ERAN 57K BN AR SRR DG AT TR HESE EIA R LRI (EPA) 1] Tenkiller.
EPA A5 FH 72 A2 ) HSPF AR A A s T — 2L 2 2091 H B oK #ger H A R 7K
7%

At s PR BRI BB e vT T3 M K @ TR s, — ANl 72
DREAM Fl AMALGAM Gttt T HE &, % L EAf 5 /R v R SRR P B
RSHCRITIM A M. RSP R FFI R S, DREAM #)12 N T A %
PEeEar . A IR AR AL 5 0 4 . AMALGAM 15 F 22 H b5 B4 i — B Rl REA)
ez (M RFEEMD BT &, FIasAH G il DL Rk # il & AR R R 1
T % BEIE, RS R EEE TR EtE, WA E
RZE BRI ZE, AT — ARG SRR AT, X fE BT DL Bh
RN ) 52 AH OG5 VBT A B T R T A5 B, A e R AL A A T R PR I R B (8
e ERR VAR B R I R 7 TR 55 ) K R OK S B 28 o)

SEREAURH E A R FR R AR (D UD EARMKMIYEr (s
PERE R B S RER ML ? O (20 AR (RRSERE ST LD T A L)
RERG W AR ? Do BR T /KFEAIEH, B 4 HREHIFTE LD HAREERE—A
IR, BIE R A R SR AR A R K . BRI, E T ARk AKORT L R S E E R
B AERAYERE, X RFR G KATEE (B HERSE R .
DK A3 € 20k /D TR SE BB IE I K B GETRERZ VS el 88D, FrERmE
PERE TR E WA AT . TS ARSI SR . TR X SRRA (LEZ RN Fik
AL CInRIAREE MDD B4 IEmE 1T b, Ambrose Fl1 Winfrey fg i, K
R RS AE 67 5 W BUS MUY . 55— 5T, 4e3r B/ il R 4
AT LHTE &, BRI . WRIX L R 1/K I EREREE
() (RIARER 1T BAEAEG, LAIR T2 38 M B B2 AR B A H0LKS v 15 o] 7t L J5 W R A2
IR K B, FEnT REiE Rk A RUS: o JRIEIX —4E3 0 A /2, W/K B BE R 48 1 S
T R T g SR AR AR B R G TN DR 2 AR s X — (R AR AL T
Wby . SR BT LID RGERI GO 5. B, XAk OF
By o BB RS 2 RS #nT e i@ R T g A ASef e 24k (Flin, {3
DREAM FI AMALGAM, W, 300, FHREITRM BT e (WYFRBEHUL) LD R4t
SR f f- LA R



SEERRRE o 27 2 F TR SRK X ACTHHT I E B IR 2 o2, TR R 2 Ao
DR, PR R K X KP4 75 Z2 0 55 TSGR LD B8R — XU 11
T RESER FR) R ZKCRTTE 6 A 000 FH - S B3 2l (B 2 3o I A 5 AN IR I
FCE A, B 5), M ERIBRFIF A KBRS SR80, fEE, HAravrz
il BERRAG BR 1) 7 == A AN AT AROR K . Herp g (1) ge— ok lig 7 —4
BT, W PR RIT RS LS50 30 805 T UK AR TR, R IXAESE
] PG e P R R AR AR (20 R B ] KA P B T T 2 L KA T
EHE, ZRBRKEERENRKBERS: (3) 7. MBI HHE,
BHA B MAR HAH B REAEE AR HE: (4)  ZRIEAERL e 5 < Py A HIAS FTARH]
K, TR IE 243K 55 2w B Bh SR it &) (50 H5—20 (fln. BT M)
FEPTA MK S fogs s RS T, 250 RS A BRI R K L (6)
TR 7R A L R X )32 SR P R 7K T G 7K AT 7T e S 5 2 A R B 3 BUIRO AN 51 2 11
VLR AT -

JRE I3 A A B I) R 5 A A 5 TRDRE AT 11 W 7K AT R 7K FH AN TR
B RELS, (ERFEAESE (FISEERZRE) BH A SIFIX —18 ml. AL PA R EE T
PIRPKIRA ] B & A S B GEPIR AT . NSSEGHUR T 2R, B
JE A SSRURI A A )y 2K, 5y A foe A A S AU AT 0 S TR E B A P XU D
fili CQVIRA) HEZEHEATPIAL, ZAEZREAEfE TR0 BEa Pl 51 E SN PPt AN
RS RALE o

X RO AT ) LB BEAT (1 — TR AT 20T FT R I, WO R T Bk (R i 7K
A R RS KK SE 2 5 B B I % . SR, NATTRZ 0 7t i U RS
AJREGeR MR /) =2 T, FOAREAIZS5 T QMRA B,
AT AP AETATIR A A ) — A ERUEA B A, QMRA AFALR I, Z0d i
R PR 2 AL B 1 R KRR K] TR S X e 3, ol an st il o R ZK ALt T T 4
el HE ML AR, SR, AATTXS REZKARIR (At SR B 45 4 4 BAE 6 1 R 7K AR 0D
FER LTy G I 1 A, O 7 SEBL A T A SE A H b, iU iicse
ARGUHEATIE S R B AGEST, JF RIS =4 A S 8 Mt, A0SR AN B A S A B
e 200 J3 R E K J2= THACEE B RS 7K FH PP 7K SAN AT AR R K R R 18« 4 22
AN AR ZSR B KT — A RKH, TGRS, o OF
BT DL R R REROK BERRAE N AR, B UGZ S 2 R AR AR, IR
W AEAEHEAT IR 7K (UL Al iZEYD I pg as ) Wl N 3R At & i Bl A e,
i A8 1 1) 2R D1 e NS 2 UL - VYA P s P A XU AT e A

7€ IR SR ), P RE RS VEE T 2. N, BROCTHT (GGREDINRIAE Jé TEHD
T EESEVR, REREEZ TR, O T KIT R (it mRE it
N R RSB TR K R R 2 B KR ISR B A B K AE
B2 R EUKIX (A3 B 200 2 77 & RS- BEUCHI ZK IR 24 R 7K sk A ==
REETHMN (ASTEEZENAILTA), HHENEEM. Hik, XTrm
MR X, B8 W] B R DB LA s n] AT 10 HL A2 B 2474 (0 22 5



0 R A TR AL AR A 2 A K 25 K2 T4 L AT B
5 VHERIRIE

— H LD HERBR GRS AL, 0 7R R R s vt RISk Ok H AR B9S2 i)
T B — S PPR 45 7 I B s A T ORAS R R A 7 5 AR (— D P&
LID FF CREAE) RHIBUR FE K ST AR s e B iR g ik . — Mkt 7T
RHEARR =2 (1) @ETE; (2 BEFSISHT; Al (3) mxiis. B
WTTEERAL T L 78 55 A PR VAR LS R IR, AR SR AR [FI B, 48
N TEZRIMPRIIR G R . EHARZ PG B G s (. PP R NI R4
WHAT R & LID T e s, WLER 4 @it TR, DLRAERA KR
WAL K IER T, XFAERAE . 30, MEFRE LD T E PP
BF 5 AT DA o Rk R 2 B 1B A7 W) 18] 77 91 0 A BT 2 T 1A J #0608 .
B2 R E P TR, BFEEETE. AREEE, LMk EaBE . £t
LR RIARE R . AR T, FIARL 5o Hr o Bl E WL (B (4R , S ARk
AL ] 7 51 B T R AR A S R

PEAL R B AR A K SCR2 i 1 b A 2 B (B =A%) KXo, ek
PR AR K X AL AT 8RR X (RIS KX, 1E =5t s
LR BT, A Rt R 7K DX ATE FE PP A AR B AR A 6 B2 K XK S 52 A TR K 1
DS, AR AR A R TP LD B i R R . X LR AT 3L [ %
B, KM LD BORBATIAKE B XTSI rh X E R XD 7] 2 R
TR FT1ERE, anfE S5 R A AR S A BRI E R R AR & . 3
(P33 S BT (B A5 1), DA R B /N TR AT B R K AR (AR B o X e 37 &5 T3 i 79 3
SRABLRI 9 (1) SCHRF, T AR Hh I 748 1 i ot 42 1) DR 2 R AR D 9 27 T Pl e Lk 43
izl LID RATLF, W a AlRES e RIE UG TR RAE T Z24RF%,
B — PRI T R K E BETE R IR EARIN T (7)) SKIXBFELF . B, 7T
PIIAA, PRI AL R () 5 7 1 A2 s BRI R 7K X A B T R e« SR, BRIt
Z Ak, o3 A LD BRI A T B K AR

N AR OO IR 7T, YA LID TG a] (5] B S AT IR AR K ST K
FUFAE SN . — M) F-2 S8 /R A GEOCHIIE) 1) Stringybark. #F5T A\ 25 24
—XKERKAFEAE, HilE T —IUBEERIT I, B P 2 2 W KA e AT B
AL, e E RMATE B EMIE RS . DL e X 2 XS IE 7R 52
Stringybark & AKBTAIAR, WFFCN DL IEAE R “dEHlET . =522 20"
(BACRD) 7%, QLIEMFFEAE/KX (SLHE LID HAR BT ). PN T #2 H BE /K X
CEAMUE NS E MK, (B UD R i, PMAIEM LS %4E
IKIXARR B RS A R SE B0 e o2 30 H A BRERYE, BT — /N 15
R, DL f# LID BRI T S R K X i AR B R . I H L&A
X 25 WU J5 T DA LID $52 AR AE R vk 75 T R B T 7= AR 1 BB 230 20 .
A SRR R R, MUE v RE 2 B N IZK .
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BB A FPRAS B P SL AR

RSB o NRIBIE R HAR KA — R, T DL 2 G A8 BRI
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ARG, TR R 7RV HEK R A (T OB
Moo M WR AR A AR B, S B n] DB I A e fr i
PATAN ST A S 0 R BCR A Hh [, S 384 00 7= A (B A0 B it e st A0 A 2
SSRGS CEROIEA) MR B FIAIAR . 7 K B A7 A
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BT L AR S o LR 2, BB T AR, St ) 2 A (U RO
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RIENWESRWKEIR R R ST MAESNME CER T3,
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(ERANELE) WA, mREZ R SR 2B fb. EENZ, TEARMAIE
o b, WA T, R TIXANIE, S RGN R AT, B
IRNIAZ KR 5 “ B A G RIA O, ARARE.

ANFIKMEBEFE A S RAEAE, ZIFAFEE, BONAE R AE KR & Rext
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7T, DAB R 50 5 7K X LS AT I A 2 SR 0 i 5 1) e /D s i [0 R A D B 02
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BOW

A9 FL, 2929 DY, Rl B AR AT MR SR — A et i, 3R ENZEE 1
FERXPUER, RETIRZ &L TIRZ R TIRZ . X TIRZ, WHdh 7R
Z, HEREMGEVOR. RIS K. U5 EA BEHNSREWy.
MR, SRPUERERRR T D RER, NEIE—VISMERGEE, 1M
et RIS, X HENME S B AGESRANEEA T LR, A 1 IXeE, &
XEARRFEHE L ! TR HIRII BRI RN L A, BOEEERL 20T, &
Raassin—, Big st b DREe, & - RKiEgEEN T ERERRAET, &
2, LA CANERHR: MEAMEF, NRZ — S, B2 —ml, Sk
Wl B J A

UEi, BA/ARERZ N, KOy, BERAIRmE B AEE, X4
EPER . RER) BRI N A B OaE b T s — 218 . H oG, FRERG
HEE, W FRENANNE, K EE O BEE, BAl—-PFx, FKEE
e H B FRIBCGEAESEF T, —HEOK, REREZNNEANTAS KK, ]
BT o AT GRS, BRI IIA TR 1o ok, FE R
SMPETORY:, B4 T RIRZHLS, BRGNS M T3 Hlss, A
ARVBERZ NN RG, BB R TRE A B (K 2 A2 AT, 2R
TeIHIMAGE T BRMF T AE EL bl Bk AR 2 22 A 1 ST
AR 2RI 18], 45 7 3AT— MOV B I B Wi Ak, 2
PANEE S B/ N o NIV i U S E A oy [ 8 8 S SRS SN AN R SN 7 A
R B LETT SAEIEE R TIRZ L R VIR, AR, &I W2 HAsK=E
s ARJE, FIEER R LRI U A “ RIBHEER” WA, &
AR BTN sEst. D2 BB “ W E S HUE " HFAF 10 5=
MRS R IR. “ZBUTER” KZE. B0, BMSREEE/NFE YR B
FUf, XVUERERLE . RO 2 A8, Bt 7 IR ERAT, BUERIRANT, —%&
RN EEE o

B, AMEABBIEAIAC, M8 —4 90 5, JATHRAEFERXE K
BIEH. mE R RRINAG A7 B AT A M, iERAT
AN TEZEFNBA, F 7 ELZEEL RN IFAT2EITEeL, #A7
REERER B IRIRT, —E RS AR IR Juke, 4G T 2 SR !

GEEE, ERAAEARREN T, —#E %, AF. BIF, fghE
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T IS TR X HEk TR B

. HEHT, LB, Sl Vr AR K2 s 8 & i 7%
RN, WEARE. ER REEESHRERANZ T, XA E Tk
HECUF AR IR, AR 28 2 ORI A VT O PV AL R R A= i 7, TRURSLARAE 30
W, HEEHNAE. TR, tER, LTER, BERES, M, ER
SN !
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GHokA2E TRE R

T

i1

X f5 G 5 TR X f5 G 5 TR X f5 G 5 TR X $5hi i 5 [iga
1 3 11 12 21 7.8 31 30
2 7.8 12 7.8 22 9.9 32 12
3 9.9 13 9.9 23 12 33 9.9
4 12 14 12 24 30 34 12
5 7.8 15 7.8 25 30 35 7.8
6 9.9 16 9.9 26 7.8 36 9.9
7 12 17 12 27 9.9 37 12
8 7.8 18 7.8 28 12 38 7.8
9 30 19 9.9 29 7.8 39 9.9
10 9.9 20 12 30 9.9 40 12

X 45k 5 TR X 45k 5 TR X 45k 5 TR X 3k = TR
41 3 51 9.9 61 12 71 12
42 3 52 12 62 7.8 72 7.8
43 3 53 7.8 63 9.9 73 9.9
44 7.8 54 9.9 64 12 74 12
45 55 12 65 30 75 7.8
46 3 56 7.8 66 3 76 3
47 3 57 9.9 67 3 77 9.9
48 30 58 30 68 7.8 78 12
49 30 59 30 69 3 79 7.8
50 30 60 30 70 9.9 80 9.9

X 45k 5 TR X 45k 5 TR X 45k 5 TR X 45k 5 TR
81 12 91 30 101 4 111 6
82 7.8 92 2 102 6 112 4
83 9.9 93 4 103 4 113 6
84 12 94 6 104 6 114 4
85 7.8 95 4 105 4 115 8
86 3 96 6 106 6 116 6
87 9.9 97 4 107 4 117 10
88 12 98 6 108 3 118 8
89 7.8 99 4 109 2.6
90 9.9 100 6 110 8
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T IS TR X HEk TR B

Bt 2
X 35~ AR X 45k 5 T X 35~ AR X 45k TR
119 20 129 4.5 139 5.5 149 4.8
120 4.8 130 20 140 4.8 150 4.5
121 4.5 131 2 141 2 151 5.5
122 20 132 5.5 142 4.5 152 4.8
123 20 133 4.8 143 5.5 153 4.5
124 5.5 134 4.5 144 4.8 154 20
125 4.8 135 5.5 145 2 155 2
126 4.5 136 20 146 4.5 156 5.5
127 5.5 137 4.8 147 20 157 4.8
128 4.8 138 4.5 148 5.5 158 4.5
X 355~ AR X 45k = T X 355~ AR X 45k = TR
159 5.5 169 5.5 179 5.5 189 5.5
160 4.8 170 4.8 180 4.8 190 4.8
161 4.5 171 181 4.5 191 4.5
162 5.5 172 182 5.5 192 5.5
163 4.8 173 5.5 183 4.8 193 2
164 2 174 4.8 184 4.5 194 4.8
165 4.5 175 4.5 185 5.5 195 4.5
166 5.5 176 5.5 186 4.8 196 5.5
167 4.8 177 4.8 187 4.5 197 4.8
168 4.5 178 4.5 188 2 198 4.5
X 35~ AR X f5 G 5 R X 35~ AR
199 5.5 209 5.5 219 4.8
200 4.8 210 2 220 4.5
201 4.5 211 4.8 221 5.5
202 5.5 212 4.5 222 4.8
203 2 213 5.5 223 2
204 4.8 214 4.8 224 4.5
205 4.5 215 2 225 5.5
206 5.5 216 2 226 4.8
207 4.8 217 4.5 227 2
208 4.5 218 5.5
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kRS TRE R

I 3
R 1 X A KR Q1 SErhiR
HE - B
o AR BRSPS | MERR | AR | AR | BRI |
Yime | YR (ha) | HE 0L/s ha) | 7B ql (L/s) a2(L/s) &= (L/s) H Kz wEQl (L/s) | & (L/s) | & (L/s)

1 2 3 4 5 6 7 8 9 10 11 12
15~16 0.301 4.515 4.515 2.30 10. 38 32. 307 42.69
16~17 0.301 12. 1905 12. 1905 2.05 25.00 32. 307 57.31
17~18 0.301 21.7623 21.7623 1.92 41. 87 32. 307 74.18
18~19 0.301 31. 3341 31. 3341 1.85 57.92 32. 307 90. 23
19~20 0.301 39. 0096 39. 0096 1. 80 70. 39 32. 307 102. 70
20~21 0.301 48. 5814 48. 5814 1.76 85. 57 32. 307 117. 88
21~22 0.301 58. 1532 58. 1532 1.73 100. 42 32. 307 132.73
22~1 0.301 72.5109 72.5109 1.69 122. 21 32. 307 154. 52

1~2 25 30 0.301 9.03 81. 5409 90. 5709 1. 64 148. 96 32. 307 181. 27
23~24 0.301 4. 6956 4. 6956 2.30 10. 80 10. 80
24~25 0.301 10. 6554 10. 6554 2.08 22.18 22.18
26~26 0.301 17. 8794 17. 8794 1.97 35.15 35. 15
26~27 0.301 22.575 22.575 1.92 43. 26 43. 26
27~28 0.301 28. 5348 28. 5348 1. 87 53.29 53.29
28~29 0.301 41. 1768 41. 1768 1.79 73. 86 73.86
29~30 0.301 45. 6918 45.6918 1.77 81.03 81.03
30~2 0.301 49. 5747 49. 5747 1.76 87.13 87.13
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B I R X HEk TRE B

2~3 43 3 0. 301 0.903 143. 7576 144. 6606 1. 56 225.98 32. 307 258. 29
31~32 0. 301 5. 3277 5. 3277 2.25 11. 97 11.97
32~33 0. 301 8. 9397 8. 9397 2.12 18. 97 21.421 40. 39
33~34 0. 301 19. 7757 19. 7757 1.94 38.45 21. 421 59. 87
34~35 0. 301 37. 8357 37.8357 1.81 68. 50 21. 421 89.92
35~36 0. 301 55. 8957 55. 8957 1.73 96. 95 21. 421 118. 37
36~37 0. 301 68. 5377 68. 5377 1.70 116. 24 21. 421 137. 66
37~38 0. 301 74. 4975 74.4975 1.68 125. 19 21. 421 146. 61
38~3 0. 301 81.7215 81. 7215 1. 66 135.94 21. 421 157. 36

3~4 65 30 0. 301 9.03 228. 7299 237.7599 1.48 351. 66 53.728 405. 39
39~40 0. 301 4.1538 4. 1538 2.31 9.59 9.59
40~41 0. 301 11. 0166 11. 0166 2.07 22.84 22.84
41~42 0. 301 16. 9764 16. 9764 1.98 33.97 33. 57
42~43 0. 301 20. 2272 20. 2272 1.94 39. 23 39.23
43~44 0. 301 26. 187 26. 187 1.89 49. 37 49. 37
44~45 0. 301 33. 411 33.411 1.84 61.32 61.32
45~46 0. 301 40. 4544 40. 4544 1.80 72.70 72.70
46~47 0. 301 46. 4142 46. 4142 1.77 82.16 82. 16
47~4 0. 301 53. 6382 53. 6382 1.74 93.45 93. 45

4~5 85 7.8 0. 301 2. 3478 293. 7459 296. 0937 1.44 427.50 53.728 481. 23
48~49 0. 301 4.214 4.214 2.30 9.71 9.71
49~50 0. 301 9.03 9.03 2.12 19. 14 19. 14
50~51 0. 301 13. 244 13. 244 2.03 26.91 26.91
51~52 0. 301 18. 06 18. 06 1. 96 35.47 35. 47
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52~53 0. 301 23. 177 23. 177 1.91 44.29 44.29
53~54 0. 301 31.5749 31.5749 1.85 58. 31 58. 31
54~55 0. 301 40. 0029 40. 0029 1.80 71.98 71.98
55~5 0. 301 50. 4476 50. 4476 1.75 88. 49 88. 49
5~91 109, 118 10. 6 0. 301 3. 1906 357. 3773 361. 11 1.41 510. 11 53.728 563. 84

147




B I R X HEk TRE B

Bk 4
i 11X A 3 KR Q1 SErtR
\ Bt
R B AR | ST | M | RSk | RBORR | BERE | )
i TR (ha) | HETEE: g0 (L/s. ha) | S8 1 (L/s) a2 (L/s) & (L/s) R Kz | iz QL (L/s) (L/s) (L/s)
1 2 3 4 5 6 7 8 9 10 11 12

6~7 124, 125, 126 14.5 0. 331 4. 7995 9. 6983 14. 4978 2.01 29. 17 29. 17
56~57 0. 331 0 13.24 13.24 2.03 26.91 39. 84 66. 75
57~58 0. 331 0 21. 3495 21. 3495 1.93 41. 16 39. 84 81. 00
58~59 0. 331 0 23. 17 23. 17 1.91 44. 27 39. 84 84. 11
59~60 0. 331 0 24. 7588 24. 7588 1.90 46. 97 39. 84 86. 81
60~7 0. 331 0 34. 6888 34. 6888 1.83 63. 41 39. 84 103. 25
7~8 131, 132, 133 12.3 0. 331 4.0713 49. 1866 53. 2579 1.74 92. 86 39. 84 132.70
8~9 137, 138 9.3 0. 331 3.0783 53. 2579 56. 3362 1.73 97. 63 39. 84 137. 47
9~10 142, 143 10 0. 331 3.31 56. 3362 59. 6462 1.72 102. 71 39. 84 142. 55
10~11 146, 147 24.5 0. 331 8. 1095 59. 6462 67. 7557 1.70 115. 06 39. 84 154. 90
61~62 0. 331 0 10. 4596 10. 4596 2.09 21.81 21.81
62~63 0. 331 0 13. 7696 13. 7696 2.02 27. 86 27. 86
63~64 0. 331 0 19. 0987 19. 0987 1. 95 37. 28 37.28
64~65 0. 331 0 22. 508 22.508 1.92 43. 15 43.15
66~11 0. 331 0 28. 3998 28. 3998 1. 87 53. 07 53. 07
11~12 154 20 0. 331 6. 62 96. 1555 102. 7755 1. 62 166. 70 39. 84 206. 54
66~67 0. 331 0 6. 1566 6. 1566 2.21 13.61 13.61
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67~68 0. 331 0 12. 9752 12. 9752 2.04 26. 43 26. 43
68~69 0. 331 0 18. 1057 18. 1057 1.96 35. 55 41. 55
69~70 0. 331 0 24.163 24.163 1.90 45. 96 6 51.96
70~71 0. 331 0 28. 2343 28. 2343 1.87 52.79 6 58.79
71~12 0. 331 0 33. 1331 33. 1331 1.84 60. 87 6 66. 87
12~13 190 4.8 0. 331 1. 5888 135. 9086 137. 4974 1.57 216. 00 45.84 261. 84
T2~73 0. 331 3.31 3.31 2.30 7.61 7.61

73~74 0. 331 9. 6983 9. 6983 2.10 20. 39 20. 39
74~175 0. 331 15. 3584 15. 3584 2.00 30.71 30.71
75~176 0. 331 19. 3304 19. 3304 1.95 37.68 37.68
T6~T717 0. 331 22.7397 22. 7397 1.91 43. 54 43. 54
T71~178 0. 331 24.8912 24.8912 1.90 47.19 47.19
78~179 0. 331 28. 3005 28. 3005 1.87 52.90 52.90
79~13 0. 331 31.6105 31.6105 1.85 58. 37 58. 37
13~14 0. 331 169. 1079 169. 1079 1.54 259. 67 45.84 305. 51
80~81 0. 331 1.324 1.324 2.30 3.05 3.05

81~82 0. 331 3.5748 3.5748 2.30 8.22 8.22

82~83 0. 331 6. 9841 6. 9841 2.18 15. 23 15.23
83~84 0. 331 10. 2941 10. 2941 2.09 21.51 21.51
84~85 0. 331 12. 4456 12. 4456 2.05 25. 46 25. 46
85~86 0. 331 14. 0344 14. 0344 2.02 28. 34 28. 34
86~87 0. 331 17. 4437 17. 4437 1.97 34. 39 34. 39
87~88 0. 331 19. 5952 19. 5952 1.95 38. 14 38. 14
88~89 0. 331 23. 0045 23.0045 1.91 43.99 43.99
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89~90 0. 331 26. 3145 26. 3145 1.88 49. 58 49. 58
90~14 0. 331 29. 3928 29. 3928 1. 86 54.71 54.71
14~91 0. 331 198. 61 198. 61 1.51 299. 90 45.84 345. 74
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B 5
TEARKEM T X ETEKIIHE
Wikt BN i FamE (m) .
. BB Eir | BB [ — WRRE (m)
EBRIWY () B 3 ) T by L Hh i KIH B
a(L/s) v h/D h (m)
3 G i N b G i 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

15~16 260. 32 | 42.69 350 0.0018 | 0.65 0. 65 0. 2275 0. 469 129. 500 128. 900 128. 228 127. 759 128. 000 127. 531 1. 500 1. 369
16~17 266.64 | 57.31 400 0.0017 0.7 0. 65 0. 26 0. 453 128. 900 128. 400 127. 741 127. 288 127. 481 127. 028 1.419 1. 372
17~18 342. 7 74.18 450 0.0015 0.7 0. 65 0. 2925 0.514 128. 400 127. 800 127. 271 126. 756 126. 978 126. 464 1.422 1. 336
18~19 334.58 | 90.23 450 0.0022 | 0.85 0. 65 0. 2925 0.736 127. 800 127. 200 126. 756 126. 020 126. 464 125. 727 1. 337 1. 473
19~20 359. 17 102.7 450 0. 0024 0.9 0. 65 0. 2925 0. 862 127. 200 126. 600 126. 020 125. 158 125. 728 124. 865 1.473 1.735
20~21 223.19 | 117.88 500 0.0017 0.8 0.7 0. 35 0.379 126. 600 126. 000 125. 158 124. 779 124. 808 124. 429 1.792 1.571
21~22 672.74 | 132.73 500 0. 002 0.9 0.7 0. 35 1. 345 126. 000 125. 500 124. 779 123. 434 124. 429 123. 084 1.571 2.416
22~1 503.84 | 154.52 500 0.0028 | 1.05 0.7 0. 35 1.411 125. 500 124. 800 123. 434 122. 023 123. 084 121.673 2.416 3. 127
1~2 732.89 | 181.27 600 0.0014 | 0.85 0.7 0.42 1. 026 124. 800 124. 600 121. 993 120. 967 121. 573 120. 547 3.227 4. 053
23~24 243. 74 10. 8 200 0. 0036 0.6 0. 55 0.11 0. 877 128. 500 128. 000 127. 110 126. 233 127. 000 126. 123 1. 500 1. 877
24~25 266.26 | 22.18 300 0. 0021 0.6 0. 55 0. 165 0. 559 128. 000 127. 600 126. 188 125. 629 126. 023 125. 464 1.977 2.136
25~26 306.15 | 35.156 350 0.0016 0.6 0.6 0.21 0. 490 127. 600 127. 100 125. 624 125. 134 125. 414 124. 924 2. 186 2. 176
26~27 307.35 | 43.26 350 0.0019 0.7 0. 65 0. 2275 0. 584 127. 100 126. 600 125. 134 124. 550 124. 907 124. 323 2.194 2. 277
27~28 407.28 | 53.29 400 0.0013 | 0.63 0. 65 0. 26 0.529 126. 600 126. 100 124. 533 124. 004 124. 273 123. 744 2.327 2. 356
28~29 453. 21 73. 86 450 0.0015 0.7 0. 65 0. 2925 0. 680 126. 100 125. 600 123. 987 123. 307 123. 694 123.014 2. 406 2. 586
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29~30 491.13 | 81.03 | 450 | 0.0016 | 0.74 | 0.65 | 0.2925 | 0.786 | 125.600 | 125.200 | 123.307 | 122.521 | 123.015 | 122.229 | 2.586 | 2.971
30~2 492.01 | 87.13 | 450 | 0.0018 | 0.8 | 0.65 | 0.2925 | 0.886 | 125.200 | 124.800 | 122.521 | 121.635 | 122.229 | 121.343 | 2.972 | 3.457
2~3 497.27 | 258.29 | 700 | 0.0013 | 0.9 0.7 0. 49 0.646 | 124.600 | 124.400 | 120.937 | 120.291 | 120.447 | 119.801 | 4.153 | 4.599

31~32 244.79 | 11.97 | 250 | 0.0033 | 0.6 | 0.42 0.105 | 0.808 | 127.500 | 127.200 | 126.105 | 125.297 | 126.000 | 125.192 | 1.500 | 2.008

32~33 125.91 | 40.39 | 350 | 0.0015 | 0.6 | 0.65 | 0.2275 | 0.189 | 127.200 | 126.800 | 125.297 | 125.108 | 125.070 | 124.881 | 2.131 | 1.919

33~34 436.66 | 59.87 | 400 | 0.0017 | 0.7 | 0.65 0. 26 0.742 | 126.800 | 126.400 | 125.091 | 124.349 | 124.831 | 124.089 | 1.969 | 2.311

34~35 406.87 | 89.92 | 450 | 0.0021 | 0.85 | 0.65 | 0.2925 | 0.854 | 126.400 | 126.000 | 124.332 | 123.477 | 124.039 | 123.185 | 2.361 | 2.815

35~36 584.35 | 118.37 | 500 | 0.0017 | 0.8 0.7 0.35 0.993 | 126.000 | 125.600 | 123.477 | 122.484 | 123.127 | 122.134 | 2.873 | 3.466

36~37 333.9 | 137.66 | 500 | 0.002 | 0.9 0.7 0.35 0.668 | 125.600 | 125.200 | 122.484 | 121.816 | 122.134 | 121.466 | 3.466 | 3.734

37~38 281.15 | 146.61 | 500 | 0.0026 1 0.7 0.35 0.731 | 125.200 | 124.800 | 121.816 | 121.085 | 121.466 | 120.735 | 3.734 | 4.065
38~3 493.21 | 157.36 | 600 | 0.0012 | 0.75 | 0.7 0. 42 0.592 | 124.800 | 124.400 | 121.055 | 120.463 | 120.635 | 120.043 | 4.165 | 4.357
3~4 652.72 | 405.39 | 800 | 0.0015 | 1.1 0.7 0. 56 0.979 | 124.400 | 123.900 | 120.261 | 119.282 | 119.701 | 118.722 | 4.699 | 5.178

39~40 309.03 | 9.59 200 | 0.004 | 0.6 0.5 0.1 1.236 | 128.000 | 127.500 | 126.600 | 125.364 | 126.500 | 125.264 | 1.500 | 2.236

40~41 377.23 | 22.84 | 300 | 0.0021 | 0.6 | 0.55 0.165 | 0.792 | 127.500 | 127.100 | 125.329 | 124.537 | 125.164 | 124.372 | 2.336 | 2.728

41~42 174.11 | 33.57 | 350 | 0.0016 | 0.6 0.6 0.21 0.279 | 127.100 | 126.700 | 124.532 | 124.253 | 124.322 | 124.043 | 2.778 | 2.657

42~43 341.39 | 39.23 | 350 | 0.0017 | 0.65 | 0.65 | 0.2275 | 0.580 | 126.700 | 126.300 | 124.271 | 123.690 | 124.043 | 123.463 | 2.657 | 2.837

43~44 306.44 | 49.37 | 350 | 0.0026 | 0.8 | 0.65 | 0.2275 | 0.797 | 126.300 | 125.800 | 123.674 | 122.877 | 123.446 | 122.649 | 2.854 | 3.151

44~45 402.84 | 61.32 | 400 | 0.0017 | 0.7 | 0.65 0. 26 0.685 | 125.800 | 125.400 | 122.859 | 122.174 | 122.599 | 121.914 | 3.201 | 3.486

45~46 326.92 | 72.7 400 | 0.0025 | 0.85 | 0.65 0. 26 0.817 | 125.400 | 124.900 | 122.174 | 121.357 | 121.914 | 121.097 | 3.486 | 3.803

46~47 283.35 | 82.16 | 450 | 0.0017 | 0.75 | 0.65 | 0.2925 | 0.482 | 124.900 | 124.400 | 121.340 | 120.858 | 121.047 | 120.565 | 3.853 | 3.835
47~4 494.18 | 93.45 | 450 | 0.0021 | 0.87 | 0.65 | 0.2925 | 1.038 | 124.400 | 123.900 | 120.859 | 119.821 | 120.566 | 119.528 | 3.834 | 4.372

4~5(T7 5
AVCEIRTE | 933.42 | 481.23 | 800 | 0.0025 | 1.35 | 0.7 0. 56 2.334 | 123.900 | 123.400 | 119.282 | 116.948 | 118.722 | 116.388 | 5.178 | 7.012
i)
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48~49 306.47 | 9.71 200 | 0.004 | 0.6 | 0.48 0.096 | 1.226 | 127.000 | 126.600 | 125.596 | 124.370 | 125.500 | 124.274 | 1.500 | 2.326
49~50 272.63 | 19.14 | 300 | 0.0023 | 0.6 | 0.48 0.144 | 0.627 | 127.000 | 126.200 | 124.318 | 123.691 | 124.174 | 123.547 | 2.826 | 2.653
50~51 438.47 | 26.91 | 300 | 0.0023 | 0.64 | 0.55 0.165 | 1.008 | 126.600 | 125.800 | 123.691 | 122.683 | 123.526 | 122.518 | 3.074 | 3.282
51~52 347.07 | 35.47 | 350 | 0.0017 | 0.6 0.6 0.21 0.590 | 126.200 | 125.300 | 122.678 | 122.088 | 122.468 | 121.878 | 3.732 | 3.422
52~53 305.81 | 44.29 | 350 | 0.002 | 0.7 | 0.65 | 0.2275 | 0.612 | 125.800 | 124.800 | 122.088 | 121.476 | 121.861 | 121.249 | 3.940 | 3.551
53~54 281.89 | 58.31 | 400 | 0.0014 | 0.68 | 0.65 0.26 0.395 | 125.300 | 123.400 | 121.459 | 121.064 | 121.199 | 120.804 | 4.101 | 2.596
54~55 580.73 | 71.98 | 400 | 0.0023 | 0.83 | 0.65 0.26 1.336 | 124.800 | 123.900 | 121.064 | 119.728 | 120.804 | 119.468 | 3.996 | 4.432

55~5 (i 5,

5ALEESE | 498.5 | 88.49 | 450 | 0.0018 | 0.8 | 0.65 | 0.2925 | 0.897 | 124.400 | 123.400 | 119.711 | 118.813 | 119.418 | 118.521 | 4.982 | 4.879
THEE

5~91 (F5 54

5L ER | 456.12 | 563.16 | 900 | 0.0017 | 1.2 0.7 0. 63 0.775 | 123.400 | 123.200 | 122.030 | 121.255 | 121.400 | 120.625 | 2.000 | 2.575
THEE

153




B I R X HEk TRE B

b2 6
F5RER X T KI5
o i i ()
ek | O | e | wes | ik BERE (m
R FE L (m) b d (mm) 1 HV I+L (m) LI K R
a(L/s) h/b- | )
E I T B O N T B (i B
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

6~7 323. 69 29. 17 350 0.0018 0.6 0.52 0.182 0. 583 128. 000 127. 600 126. 182 125. 599 126. 000 125.417 | 2.000 | 2.183
56~57 171.92 66. 75 400 0. 0022 0.8 0. 65 0.26 0.378 129. 500 129. 200 127.760 127. 382 127. 500 127.122 | 2.000 | 2.078
57~58 184. 38 81 450 0. 0017 0.75 0. 65 0. 2925 0.313 129. 200 128. 800 127. 365 127. 051 127.072 126.759 | 2.128 | 2.041
58~59 134.5 84.11 450 0.0018 0.78 0. 65 0. 2925 0. 242 128. 800 128. 400 127. 051 126. 809 126. 759 126.516 | 2.042 | 1.884
59~60 220. 59 86. 81 450 0. 0019 0.8 0. 65 0. 2925 0.419 128. 400 128. 000 126. 809 126. 390 126. 517 126. 097 1.884 | 1.903
60~7 365. 55 103. 25 450 0. 0024 0.9 0. 65 0. 2925 0. 877 128. 000 127. 600 126. 390 125.513 126. 098 125.220 | 1.903 | 2.380
7~8 283. 86 132.7 500 0. 002 0.9 0.7 0. 35 0. 568 127. 600 127. 300 125.617 125. 049 125. 267 124.699 | 2.333 | 2.601
8~9 162.89 | 137.47 500 0. 0021 0.92 0.7 0. 35 0. 342 127. 300 127. 000 125. 049 124.707 124. 699 124.357 | 2.601 | 2.643
9~10 166. 53 142. 55 500 0. 0022 0.95 0.7 0. 35 0. 366 127. 000 126. 600 124.707 124. 341 124. 357 123. 991 2.643 | 2.609
10~11 416. 13 154.9 500 0. 0028 1.05 0.7 0. 35 1. 165 126. 600 126. 300 124. 341 123.176 123.991 122.826 | 2.609 | 3.474
61~62 170. 55 21.81 300 0. 002 0.6 0.52 0. 156 0. 341 128. 500 128. 000 126. 656 126. 315 126. 500 126. 159 | 2.000 | 1.841
62~63 192.6 27. 86 300 0. 0028 0.7 0. 55 0. 165 0. 539 128. 000 127. 500 126. 315 125.776 126. 150 125. 611 1.850 | 1.889
63~64 186. 98 37.28 350 0. 0015 0.6 0. 65 0. 2275 0. 280 127. 500 127. 100 125.776 125. 496 125. 549 125. 268 1.952 | 1.832
64~65 190. 36 43.15 350 0. 0019 0.68 0. 65 0. 2275 0. 362 127. 100 126. 700 125. 496 125. 134 125. 269 124. 907 1.831 | 1.793
65~11 387. 66 53.07 400 0. 0013 0.62 0. 65 0.26 0. 504 126. 700 126. 300 125. 117 124.613 124. 857 124. 353 1.843 | 1.947
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11~12 753.28 | 206.54 600 0.0018 0.95 0.7 0.42 1. 356 126. 300 125. 800 123. 146 121. 790 122. 726 121.370 | 3.574 | 4.430
66~67 180. 18 13.61 250 0.0034 0.6 0.43 0. 1075 0.613 128. 500 128. 100 126. 608 125. 995 126. 500 125.887 | 2.000 | 2.213
67~68 270. 3 26. 43 300 0. 0025 0.65 0.55 0. 165 0.676 128. 100 127. 800 125. 695 125. 019 125. 530 124.854 | 2.570 | 2.946
68~69 262. 53 41.55 350 0.0018 0.65 0.65 0. 2275 0.473 127. 800 127. 300 125. 019 124. 546 124. 792 124.319 | 3.009 | 2.981
69~70 134. 37 51.96 400 0.0013 0.6 0.65 0. 26 0.175 127. 300 126. 800 124. 529 124. 354 124. 269 124.094 | 3.031 | 2.706
70~71 251. 95 58.79 400 0.0015 0. 68 0.65 0. 26 0.378 126. 800 126. 300 124. 354 123. 976 124. 094 123.716 | 2.706 | 2.584
T1~12 274.99 66. 87 400 0.0021 0.78 0.65 0. 26 0. 577 126. 300 125. 800 123. 976 123. 399 123.716 123.139 | 2.584 | 2.661
12~13 490. 2 261. 84 600 0. 0028 1.15 0.7 0.42 1.373 125. 800 125. 400 121. 790 120. 417 121. 370 119.997 | 4.430 | 5.403
12~73 136. 14 7.61 200 0. 0044 0.6 0.43 0. 086 0. 599 128. 000 127.700 126. 086 125. 487 126. 000 125.401 | 2.000 | 2.299
13~74 165. 06 20. 39 300 0.0021 0.6 0. 48 0.144 0. 347 127.700 127. 400 125. 445 125. 098 125. 301 124.954 | 2.399 | 2.446
T4~175 101. 92 30. 71 300 0.0034 0.8 0.55 0. 165 0. 347 127. 400 127.100 125. 098 124. 751 124. 933 124.586 | 2.467 | 2.514
75~176 301. 04 37.68 350 0.0015 0.6 0.65 0. 2275 0. 452 127. 100 126. 800 124. 751 124. 299 124. 524 124.072 | 2.577 | 2.728
6~T7 195. 18 43. 54 350 0.0018 0. 68 0.65 0. 2275 0. 351 126. 800 126. 400 124. 299 123. 948 124. 072 123.720 | 2.729 | 2.680
T71~178 107. 38 47.19 350 0.0023 0.75 0.65 0. 2275 0. 247 126. 400 126. 100 123. 948 123.701 123. 721 123.474 | 2.680 | 2.626
78~179 294. 05 52.9 400 0.0013 0. 63 0.65 0. 26 0. 382 126. 100 125. 800 123. 684 123. 302 123. 424 123.042 | 2.676 | 2.758
79~13 200. 15 58. 37 400 0.0015 0. 68 0.65 0. 26 0. 300 125. 800 125. 400 123. 302 123. 002 123. 042 122.742 | 2.758 | 2.658
13~14 (7%
M4 WER | 493.56 | 305.51 700 0.0018 1.05 0.7 0.49 0. 888 125. 400 125. 000 120. 387 119. 499 119. 897 119.009 | 5.503 | 5.991
THED
80~81 89.11 3.05 200 0. 004 0.6 0.15 0.03 0. 356 128. 000 127. 800 126. 030 125.674 126. 000 125.644 | 2.000 | 2.156
81~82 156. 31 8.22 200 0. 004 0.6 0. 45 0.09 0.625 127. 800 127. 500 125. 689 125. 064 125. 599 124.974 | 2.201 | 2.526
82~83 130. 37 15. 23 250 0. 0024 0.6 0. 55 0. 1375 0.313 127. 500 127. 300 125. 062 124.749 124. 924 124.611 2.576 | 2.689
83~84 151. 37 21.51 300 0. 0022 0.6 0.5 0.15 0.333 127. 300 127. 000 124. 711 124. 378 124. 561 124.228 | 2.739 | 2.772
84~85 115. 94 25. 46 300 0. 0023 0. 65 0. 55 0. 165 0. 267 127. 000 126. 700 124. 378 124. 111 124. 213 123.946 | 2.787 | 2.754
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85~86 132.68 | 28.34 | 300 | 0.0028 | 0.73 0.55 | 0.165 0.372 | 126.700 | 126.400 | 124.111 | 123.739 | 123.946 | 123.574 | 2.754 | 2.826
86~87 164.33 | 34.39 | 350 | 0.0016 0.6 0.6 0.21 0.263 | 126.400 | 126.100 | 123.734 | 123.471 | 123.524 | 123.261 | 2.876 | 2.839
87~88 275.5 | 38.14 | 350 | 0.0016 0.6 0.65 | 0.2275 | 0.441 | 126.100 | 125.800 | 123.471 | 123.030 | 123.244 | 122.803 | 2.857 | 2.997
88~89 172.66 | 43.99 | 350 | 0.002 0.7 0.65 | 0.2275 | 0.345 | 125.800 | 125.600 | 123.030 | 122.685 | 122.803 | 122.457 | 2.998 | 3.143
89~90 96.89 | 49.58 | 400 | 0.0013 0.6 0.63 | 0.252 0.126 | 125.600 | 125.300 | 122.659 | 122.533 | 122.407 | 122.281 | 3.193 | 3.019
90~14 (7§
A4 B | 275.7 | 54.71 | 400 | 0.0014 | 0.63 0. 65 0. 26 0.386 | 125.300 | 125.000 | 122.533 | 122.147 | 122.273 | 121.887 | 3.027 | 3.113
THEE 3D

14~91 (4§

A4 B | 912.7 | 345.32 | 800 | 0.0012 | 0.95 0.7 0. 56 1.095 | 125.000 | 123.200 | 123.560 | 122.465 | 123.000 | 121.905 | 2.000 | 1.295
THEE )
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by 7
ENWARATN | &KK | HAL N - o - L .
. o \ aai K77 . Bk H E bR & () B8 A AR () R (m)
BRIk &) (min) I T B W | RS
BB #Q W
L (m) A e D (mm) v(m/s) | Lm)
2 L/v (L/s) S (%o) A £ 95} A 2R A EZ =)
Hq0

1~2 260. 32 12 0 5.42 10. 00 74. 64 509. 22 880 0.8 0.8 0. 208 130. 000 129. 500 128. 5 128. 292 1. 500 1. 208
2~3 266. 64 29.7 5.42 4. 44 20. 84 53. 82 908. 74 1100 0.9 1 0. 240 129. 500 129. 000 128. 072 127. 832 1. 428 1. 168
3~4 342.7 51.6 9. 86 5.19 29.72 44. 49 1305. 09 1250 0.9 1.1 0. 308 129. 000 128. 300 127. 682 127. 374 1. 318 0. 926
4~5 334. 58 71.4 15. 05 4. 65 40. 10 37. 37 1516. 92 1250 1.3 1.2 0. 435 128. 300 127. 500 127. 374 126. 939 0. 926 0. 561
5~6 359. 17 89.1 19.7 4. 60 49. 40 32. 89 1665. 98 1250 1.4 1.3 0.503 127. 500 127. 000 126. 939 126. 436 0.561 0. 564
6~7 223.19 111 24.3 2. 66 58. 60 29.52 1863. 13 1300 1.5 1.4 0. 335 127. 000 126. 700 126. 386 126. 051 0.614 0. 649
7~8 672. 74 130. 8 26. 96 7.47 63. 92 27.92 2075.99 1350 1.7 1.5 1. 144 126. 700 126. 100 126. 001 124. 857 0. 699 1. 243
8~9 415.91 170. 7 34. 43 4. 62 78. 86 24. 32 2360. 43 1450 1.5 1.5 0. 624 126. 100 125. 500 124. 757 124. 133 1. 343 1. 367
9~116 234. 82 200. 7 39. 05 2.61 88. 10 22.59 25717. 22 1500 1.4 1.5 0. 329 125. 500 125. 000 124. 083 123. 754 1. 417 1. 246
10~11 243. 74 15.6 0 4. 06 10. 00 74. 64 661. 99 900 1.3 1 0.317 130. 000 129. 500 128. 5 128. 183 1.5 1. 317
11~12 266. 26 35.4 4. 06 4.03 18.12 57.70 1161. 21 1100 1.2 1.1 0. 320 129. 500 129. 000 127. 983 127. 663 1. 517 1. 337
12~13 306. 15 59.4 8.09 4.25 26. 18 47.73 1611. 62 1300 1.2 1.2 0. 367 129. 000 128. 300 127. 463 127. 096 1. 537 1.204
13~14 308. 49 75 12. 34 3. 96 34. 68 40. 73 1736. 43 1300 1.3 1.3 0. 401 128. 300 127. 500 127. 096 126. 695 1. 204 0. 805
14~15 407. 26 94. 8 16. 3 5.22 42. 60 36. 03 1941.79 1350 1.3 1.3 0.529 127. 500 127. 000 126. 645 126. 116 0. 855 0. 884
15~16 453. 19 136. 8 21.52 5. 04 53. 04 31. 46 2446. 33 1450 1.5 1.5 0. 680 127. 000 126. 500 126. 016 125. 336 0. 984 1. 164
16~17 491. 13 151. 8 26. 56 5. 46 63. 12 28. 15 2429. 01 1450 1.5 1.5 0. 737 126. 500 126. 000 125. 336 124. 599 1. 164 1. 401
17~18 395. 86 164. 7 32.02 4. 40 74. 04 25. 36 2374. 56 1450 1.5 1.5 0. 594 126. 000 125. 500 124. 599 124. 005 1. 401 1. 495
18~117 522. 85 179. 7 36. 42 5.81 82. 84 23. 54 2404. 71 1450 1.5 1.5 0. 784 125. 500 125. 000 124. 005 123. 221 1. 495 1.779
19~20 244.79 17.7 0 4.29 10. 00 74. 64 751. 10 1000 1 0.95 0. 245 130. 000 129. 500 128. 5 128. 255 1.5 1. 245
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20~21 125.91 29.7 4.29 2.00 18. 58 57.00 962. 39 1100 1.1 1.05 0.139 129. 500 129. 000 128. 155 128.016 1. 345 0. 984
21~22 436. 66 65. 7 6.29 5. 60 22. 98 51.64 | 1928.85 1350 1.3 1.3 0. 568 129. 000 128. 500 127. 766 127. 198 1.234 1.302
22~23 406. 87 125.7 11.89 4.84 33.78 41.35 | 2955.07 1600 1.2 1.4 0. 488 128. 500 127.700 126. 948 126. 460 1.552 1. 240
23~24 584. 35 185. 7 16.73 5.13 43. 46 35.59 | 3757.70 1600 2 1.9 1.169 127.700 127. 100 126. 46 125. 291 1. 240 1.809
24~25 333.9 227.7 21. 86 2.78 53.72 31.20 | 4039. 24 1640 1.9 2 0.634 127. 100 126. 500 125. 251 124. 617 1. 849 1.883
25~26 281. 15 247.5 24. 64 2.34 59. 28 29.31 | 4123.68 1640 2.3 2 0. 647 126. 500 126. 000 124. 617 123.970 1.883 2. 030
26~27 407. 89 271.5 26. 98 4.00 63. 96 27.91 | 4307.37 1800 1.4 1.7 0.571 126. 000 125. 500 123. 81 123. 239 2.190 2.261
27~118 449. 85 309. 3 30. 98 4.17 71.96 25.84 | 4543.79 1800 1.6 1.8 0.720 125. 500 125. 000 123. 239 122. 519 2.261 2.481
28~29 304. 82 10. 8 0 6. 77 10. 00 74. 64 458. 30 880 0.75 0.75 0.229 130. 000 129. 600 128.5 128. 271 1.5 1.329
29~30 437. 97 18.6 6. 77 9.12 23. 54 50. 53 534. 26 880 0.8 0.8 0. 350 129. 600 129. 300 128. 271 127. 921 1.329 1.379
30~31 374. 35 21.6 15.89 8.32 41.78 36. 46 447. 68 880 0.75 0.75 0.281 129. 300 128. 900 127. 921 127. 640 1.379 1. 260
31~32 371.7 31.5 24.21 8.26 58. 42 29. 58 529.77 880 0.75 0.75 0.279 128. 900 128. 500 127. 64 127. 361 1. 260 1.139
32~33 306. 44 43.5 32.47 5. 11 74.94 25. 16 622. 18 900 1.3 1 0. 398 128. 500 128. 100 127. 341 126. 943 1. 159 1. 157
33~34 402. 84 55.5 37.58 7.07 85. 16 23.11 729. 10 1000 1 0.95 0. 403 128. 100 127.700 126. 843 126. 440 1. 257 1. 260
34~35 326. 92 71.1 44. 65 4.95 99. 30 20. 83 842. 07 1000 1.3 1.1 0. 425 127.700 127. 300 126. 44 126. 015 1. 260 1. 285
35~36 283. 35 90.9 49.6 4.37 109.20 | 19.52 | 1008. 96 1100 1.1 1.08 0.312 127. 300 126. 900 125. 915 125. 603 1. 385 1.297
36~37 407. 02 114.9 53.97 5.65 117.94 | 18.52 | 1209.63 1100 1.4 1.2 0. 570 126. 900 126. 200 125. 603 125. 033 1. 297 1. 167
37~119 322. 47 130. 5 59. 62 4.13 129.24 | 17.38 | 1289.61 1100 1.6 1.3 0.516 126. 200 125. 800 125. 033 124. 517 1. 167 1. 283
38~39 348. 39 5 0 7.74 10. 00 74. 64 212.18 600 1.3 0.75 0. 453 130. 500 130. 000 129 128. 547 1.5 1. 453
39~40 311. 03 18.9 7.74 6. 91 25. 48 48. 43 520. 38 880 0.75 0.75 0.233 130. 000 129. 500 128. 267 128. 034 1.733 1. 466
40~41 483. 11 36.9 14. 65 8.05 39. 30 37.83 793. 48 1000 1.1 1 0.531 129. 500 129. 000 127.914 127. 383 1. 586 1.617
41~42 352. 39 48.7 22.7 5. 34 55. 40 30. 60 847. 22 1000 1.3 1.1 0. 458 129. 000 128. 500 127. 383 126. 925 1.617 1.575
42~43 279. 36 57.7 28. 04 4.05 66. 08 27.32 896. 24 1000 1.4 1.15 0.391 128. 500 128. 000 126. 925 126. 534 1.575 1. 466
43~44 318. 27 71.6 32.09 5.05 74.18 25.33 | 1031.01 1100 1 1.05 0.318 128. 000 127. 500 126. 434 126. 116 1. 566 1.384
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44~45 271.12 89.6 37.14 .11 84. 28 23.27 | 1185.28 1100 1.2 1.1 . 325 127. 500 127. 000 126. 116 125. 791 1.384 1. 209

45~46 283. 46 97. 4 41. 25 .78 92.50 21.86 | 1210. 33 1100 1.5 1.25 425 127. 000 126. 500 125. 791 125. 366 1. 209 1.134

46~47 394. 09 111. 3 45. 03 .97 100.06 | 20.73 | 1311.36 1250 1 1.1 . 394 126. 500 126. 000 125. 216 124. 822 1.284 1.178
47~56 411. 41 147. 3 ol 71 112.00 | 19.19 | 1606. 84 1300 1.2 1.2 494 126. 000 125. 500 124.772 124. 278 1. 228 1.222
48~49 244. 56 12 0 .43 10. 00 74. 64 509. 22 880 0.75 0.75 183 129. 500 129. 000 126 125. 817 3.5 3. 183
49~50 275.55 24 5.43 .83 20. 86 53. 80 733.98 1000 1 0.95 276 129. 000 128. 500 125. 697 125. 421 3. 303 3.079
50~51 339. 4 32 10. 26 66 30. 52 43. 83 797. 32 1000 1.1 1 373 128. 500 128. 000 125. 421 125. 048 3.079 2.952
51~52 345. 05 44 15.92 .23 41.84 36. 43 911. 15 1050 1.3 1.1 449 128. 000 127. 500 124. 998 124. 549 3.002 2.951
52~53 347. 43 52 21.15 79 52.30 31.74 938. 16 1100 0.9 1 313 127. 500 127. 000 124. 499 124. 186 3. 001 2.814
53~54 237.48 66 26. 94 60 63. 88 27.93 | 1047.94 1100 1.2 1.1 285 127. 000 126. 500 124. 186 123. 901 2. 814 2. 599
54~55 624. 52 76 30. 54 .67 71.08 26.05 | 1125.54 1100 1.4 1.2 . 874 126. 500 126. 000 123. 541 122. 667 2.959 3.333
55~56 401. 74 89 39.21 58 88. 42 22.53 | 1140.08 1100 1.4 1.2 562 126. 000 125. 500 122. 667 122. 105 3. 333 3.395
56~112 490. 09 246.9 56. 71 83 123.42 | 17.95 | 2519.03 1500 1.3 1.4 637 125. 500 125. 000 121. 705 121. 068 3. 795 3.932
120~121 | 382.21 3 0 49 10. 00 74. 64 127. 31 500 1.5 0.75 573 130. 000 129. 500 128.5 127.927 1.5 1.573
121~122 | 271.72 10. 8 8.49 04 26. 98 46. 95 288. 24 700 1 0.75 272 129. 500 129. 000 127. 727 127. 455 1.773 1.545

122~123 | 511.02 20.7 14. 53 46 39. 06 37.96 446. 76 800 1.2 0.9 613 129. 000 128. 500 127. 355 126. 742 1.645 1.758

123~124 | 351.56 32.7 23.99 51 57.98 29.73 552. 61 900 0.9 0.9 316 128. 500 128. 000 126. 642 126. 326 1. 858 1.674

S|l o ol jlo | ool |lor |0 |lw|lor|for|or ] Or | O] O | W |k
ocle|o|o|e|e|e|elo|e|o|o|o|e|o|o|e|o|e|e|o|e

124~125 273.5 40.5 30.5 06 71.00 26. 07 600. 24 900 1 0.9 . 274 128. 000 127. 400 126. 326 126. 053 1.674 1.348
125~126 | 329.01 50. 4 35. 56 09 81.12 23.87 683. 95 1000 0.9 0.9 296 127. 400 126. 500 125. 953 125. 657 1. 447 0. 843
126~127 | 565. 14 62. 4 41. 65 91 93. 30 21.73 770.91 1000 1 0.95 565 126. 500 126. 000 125. 657 125. 092 0. 843 0.908
127~128 | 441.82 70. 2 51. 56 75 113.12 | 19.06 760. 57 1000 1 0.95 442 126. 000 125. 500 125. 092 124. 650 0.908 0. 850
128~129 | 306. 26 100. 2 59. 31 . 86 128.62 | 17.44 993. 49 1100 1 1.05 . 306 125. 500 125. 000 124.55 124. 244 0. 950 0. 756

159




B I R X HEk TRE B

GE

o k| V‘]I‘?Z:i’i”ﬁ ii ; w L | e | X7 | g | EH | witmERE @ | RS @ 2R (n)

EBIS | BKLm) WeRE Se

A a0 | Q (L/s) | D(mm) v(m/s)
e | | 5 (%) Lo | A | s | e | s | EA | &

57~58 169. 13 20 0 2. 56 10.00 | 74.64 848. 70 1000 1.3 1.1 0.220 | 129.500 | 129.000 128 127. 780 1. 500 1. 220
58~59 174.6 24.5 2. 56 2.65 15.12 | 62.83 875. 07 1000 1.4 1.1 0.244 | 129.000 | 128.400 127.78 127. 536 1. 220 0. 864
59~60 131. 29 44. 5 5.21 2.19 20.42 | 54.38 | 1375.72 1250 0.8 1 0.105 | 128.400 | 128.200 | 127.386 | 127.281 1.014 0.919
60~61 239. 08 49. 3 7.4 3.98 24.80 | 49.14 | 1377.31 1250 0.9 1 0.215 | 128.200 | 127.800 | 127.281 | 127.066 0.919 0.734
61~62 348. 44 74.8 11. 38 4. 84 32.76 | 42.09 | 1789.89 1350 1.1 1.2 0.383 | 127.800 | 127.500 | 126.966 | 126.583 0. 834 0.917
62~63 245. 39 83.8 16. 22 3.41 42.44 | 36.11 | 1720.41 1350 1.1 1.2 0.270 | 127.500 | 127.000 | 126.583 | 126.313 0.917 0. 687
63~64 312. 47 108. 6 19. 63 4. 34 49.26 | 32.95 | 2034.19 1450 0.9 1.2 0.281 | 127.000 | 126.800 | 126.213 | 125.932 0.787 0. 868
64~69 293. 82 118.9 | 23.97 4.08 57.94 | 29.74 | 2010. 24 1450 0.9 1.2 0.264 | 126.800 | 126.500 | 125.932 | 125.668 0. 868 0.832
65~66 363.76 22 0 6. 06 10.00 | 74.64 933. 57 1050 1.3 1 0.473 | 128.000 | 127.700 126.5 126. 027 1. 500 1.673
66~67 345. 95 34.3 6. 06 5.24 22.12 | 52.20 | 1017.83 1100 1.2 1.1 0.415 | 127.700 | 127.300 | 125.977 | 125.562 1.723 1.738
67~68 371. 32 49.1 11.3 5.16 32.60 | 42.21 | 1178.23 1100 1.4 1.2 0.520 | 127.300 | 126.800 | 125.562 | 125.042 1.738 1.758
68~69 235. 28 58.4 16. 46 3.27 42.92 | 35.87 | 1190.78 1100 1.4 1.2 0.329 | 126.800 | 126.500 | 125.042 | 124.713 1.758 1. 787
69~113 675. 25 187.6 | 28.05 9.38 66.10 | 27.32 | 2913.38 1800 0.7 1.2 0.473 | 126.500 | 125.800 | 124.013 | 123. 540 2.487 2. 260
T0~77 423. 55 10 0 8.82 10.00 | 74.64 424. 35 800 0.9 0.8 0.381 | 126.600 | 126.400 125.1 124.719 1. 500 1. 681
T1~72 240. 45 19.3 8.82 4.01 27.64 | 46.33 508. 29 800 1.5 1 0.361 | 129.000 | 128.600 127.5 127.139 1. 500 1. 461
72~173 170. 55 29.6 12. 83 2.71 35.66 | 40.07 674. 23 900 1.3 1.05 0.222 | 128.600 | 128.200 | 127.039 | 126.817 1. 561 1. 383
73~174 192.6 39.6 15. 54 3.21 41.08 | 36.83 829. 17 1050 1 1 0.193 | 128.200 | 127.800 | 126.667 | 126.474 1. 533 1. 326
74~175 186. 98 48.9 18.75 3.12 47.50 | 33.70 936. 89 1100 0.9 1 0.168 | 127.800 | 127.300 | 126.424 | 126.256 1.376 1. 044
75~176 190. 36 59.2 21.87 3.02 53.74 | 31.20 | 1049.92 1100 1.1 1.05 0.209 | 127.300 | 126.800 | 126.256 | 126.047 1. 044 0.753
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6~T7 387. 66 66. 7 24.89 5. 87 59.78 | 29.15 | 1105.34 1100 1.1 1.1 0.426 | 126.800 | 126.400 | 126.047 | 125.621 0.753 0.779
77~91 753. 28 111.2 30.76 11.41 | 71.52 | 25.95 | 1640.19 1350 0.9 1.1 0.678 | 126.400 | 126.200 | 125.371 124. 693 1. 029 1. 507
78~179 218.5 14. 8 0 3. 64 10.00 | 74.64 628. 04 900 1.3 1 0.284 | 129.000 | 128.600 127.5 127. 216 1. 500 1.384
79~80 190. 8 19.3 3. 64 3. 18 17.28 | 59.03 647.73 900 1.3 1 0.248 | 128.600 | 128.500 | 127.216 | 126.968 1.384 1.532
80~81 269. 35 29.6 6. 82 4. 49 23.64 | 50.41 848. 31 1050 1 1 0.269 | 128.500 | 128.000 | 126.818 | 126.549 1.682 1. 451
81~82 258. 69 35.1 11.31 4.31 32.62 | 42.20 841. 98 1050 1 1 0.259 | 128.000 | 127.600 | 126.549 | 126.290 1. 451 1.310
82~83 150. 71 44.1 15.62 2.51 41.24 | 36.75 921.23 1100 0.9 1 0.136 | 127.600 | 127.300 126. 24 126. 104 1. 360 1. 196
83~89 253. 38 50.9 18.13 4. 02 46.26 | 34.26 991. 28 1100 1 1. 05 0.253 | 127.300 | 127.100 | 126.104 | 125.851 1. 196 1. 249
84~85 182. 25 19.3 0 3.04 10.00 | 74.64 819. 00 1050 1 1 0.182 | 129.000 | 128.600 127.8 127. 618 1.2 0.982
85~86 267.55 36. 4 3.04 4. 46 16.08 | 61.07 | 1263.81 1250 0.8 1 0.214 | 128.600 | 128.200 | 127.418 | 127.204 1.182 0. 996
86~87 274. 64 51.9 7.5 4. 36 25.00 | 48.93 | 1443.71 1250 1 1. 05 0.275 | 128.200 | 127.800 | 127.204 | 126.929 0. 996 0.871
87~88 243.63 56. 7 11. 86 3. 87 33.72 | 41.40 | 1334.33 1250 1 1. 05 0.244 | 127.800 | 127.400 | 126.929 | 126.685 0.871 0.715
88~89 129. 68 61.5 15.73 2.16 41.46 | 36.63 | 1280.59 1250 0.8 1 0.104 | 127.400 | 127.100 | 126.685 | 126.581 0.715 0.519
89~90 251.95 71.8 17.89 4.00 45.78 | 34.48 | 1407.33 1250 1 1. 05 0.252 | 127.100 | 126.900 | 126. 581 126. 329 0.519 0.571
90~91 274.99 81.8 21.89 4. 36 53.78 | 31.18 | 1450.05 1250 1 1. 05 0.275 | 126.900 | 126.700 | 126.329 | 126.054 0.571 0. 646
91~114 640. 67 193 42. 17 7.63 94.34 | 21.57 | 2366.59 1500 1.3 1.4 0.833 | 126.700 | 126.100 | 125.804 | 124.971 0. 896 1.129
92~93 136. 14 10 0 2.84 10.00 | 74.64 424. 35 800 0.9 0.8 0.123 | 129.000 | 128.500 127.5 127. 377 1. 500 1.123
93~94 165. 06 19.3 2. 84 2.50 15.68 | 61.79 677.96 900 1.5 1.1 0.248 | 128.500 | 128.000 | 127.277 | 127.029 1. 223 0.971
94~95 101. 92 29.6 5. 34 1.89 20.68 | 54.03 909. 24 1100 0.8 0.9 0.082 | 128.000 | 127.800 | 126.829 | 126.747 1.171 1. 053
95~96 301. 04 36. 1 7.23 4.78 24.46 | 49.51 1016. 01 1100 1.1 1. 05 0.331 | 127.800 | 127.500 | 126.747 | 126.416 1. 053 1. 084
96~97 195. 18 46. 4 12.01 2.96 34.02 | 41.18 | 1086. 34 1100 1.1 1.1 0.215 | 127.500 | 127.200 | 126.416 | 126.201 1. 084 0.999
97~98 107. 38 52.9 14.97 1.63 39.94 | 37.46 | 1126.58 1100 1.1 1.1 0.118 | 127.200 | 126.900 | 126.201 126. 083 0.999 0. 817
98~99 294. 05 63. 2 16. 6 4.90 43.20 | 35.72 | 1283.56 1250 0.8 1 0.235 | 126.900 | 126.600 | 125.933 | 125.698 0. 967 0.902
99~111 525. 66 72.5 21.5 8.76 53.00 | 31.47 | 1297.10 1250 0.8 1 0.421 | 126.600 | 126.200 | 125.698 | 125.277 0.902 0.923
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100~101 89. 11 4 0 1.65 10.00 | 74.64 169. 74 500 2 0.9 0.178 | 129.500 | 129.200 126 125. 822 3. 500 3.378
101~102 156. 31 10. 8 1.65 3.26 13.30 | 66.50 408. 29 800 0.9 0.8 0.141 | 129.200 | 128.800 | 125.522 | 125.381 3. 678 3. 419
102~103 130. 37 21.1 4.91 2.07 19.82 | 55.20 662. 17 900 1.3 1. 05 0.169 | 128.800 | 128.600 | 125.281 125. 112 3.519 3. 488
103~104 151. 37 31.1 6. 98 2.40 23.96 | 50.05 884. 97 1050 1.1 1. 05 0.167 | 128.600 | 128.300 | 124.962 | 124.795 3. 638 3. 505
104~105 115. 94 37.6 9.38 1.84 28.76 | 45.32 968. 65 1100 1 1. 05 0.116 | 128.300 | 128.000 | 124.745 | 124.629 3. 555 3.371
105~106 132. 68 42. 4 11. 22 2.11 32.44 | 42.33 | 1020. 33 1100 1.1 1. 05 0.146 | 128.000 | 127.500 | 124.629 | 124.483 3.371 3.017
106~107 164. 33 52.7 13.33 2. 38 36.66 | 39.42 | 1181.04 1100 1.3 1.15 0.214 | 127.500 | 127.300 | 124.483 | 124.269 3.017 3.031
107~108 275.5 59.2 15.71 3.83 41.42 | 36.65 | 1233.42 1100 1.4 1.2 0.386 | 127.300 | 127.100 | 124.269 | 123. 883 3.031 3. 217
108~109 171. 52 69.5 19. 54 2.72 49.08 | 33.02 | 1304.78 1250 0.8 1. 05 0.137 | 127.100 | 126.600 | 123.733 | 123.596 3. 367 3. 004
109~110 96. 89 74 22.26 1.54 54.52 | 30.91 1300. 49 1250 0.8 1. 05 0.078 | 126.600 | 126.400 | 123.596 | 123.518 3. 004 2. 882
110~111 192. 71 79.5 23.8 2.92 57.60 | 29.85 | 1349.16 1250 1 1.1 0.193 | 126.400 | 126.200 | 123.518 | 123.325 2. 882 2. 875
111~115 403. 35 166. 8 30. 26 4. 80 70.52 | 26.19 | 2483.12 1500 1.3 1.4 0.524 | 126.200 | 125.800 | 123.075 | 122.551 3. 125 3.249
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i

g s | A | XIRgeS | WA | XS | A | XKgis |
1 3 11 12 21 7.8 31 30
2 7.8 12 7.8 22 9.9 32 12
3 9.9 13 9.9 23 12 33 9.9
4 12 14 12 24 30 34 12
5 7.8 15 7.8 25 30 35 7.8
6 9.9 16 9.9 26 7.8 36 9.9
7 12 17 12 27 9.9 37 12
8 7.8 18 7.8 28 12 38 7.8
9 30 19 9.9 29 7.8 39 9.9
10 9.9 20 12 30 9.9 40 12

Xiggns | R | XS | W | XES&S | mR | XKEgS | m
41 3 51 9.9 61 12 71 12
42 3 52 12 62 7.8 72 7.8
43 3 53 7.8 63 9.9 73 9.9
44 7.8 54 9.9 64 12 74 12
45 55 12 65 30 75 7.8
46 3 56 7.8 66 3 76 3
A7 3 57 9.9 67 3 7 9.9
48 30 58 30 68 7.8 78 12
49 30 59 30 69 3 79 7.8
50 30 60 30 70 9.9 80 9.9

X s | R | XRgeS | WA | XS | R | XKigis | E
81 12 91 30 101 4 111 6
82 7.8 92 2 102 6 112 4
83 9.9 93 4 103 4 113 6
84 12 94 6 104 6 114 4
85 7.8 95 4 105 4 115 8
86 3 96 6 106 6 116 6
87 9.9 97 4 107 4 117 10
88 12 98 6 108 3 118 8
89 7.8 99 4 109 2.6
90 9.9 100 6 110 8




b2

X s | T X 5% 5 X 5% 5 X s | T
119 20 129 139 149 4.8
120 4.8 130 140 150 4.5
121 4.5 131 141 151 5.5
122 20 132 5.5 142 152 4.8
123 20 133 4.8 143 153 4.5
124 5.5 134 4.5 144 154 20
125 4.8 135 5.5 145 155 2
126 4.5 136 20 146 156 5.5
127 5.5 137 4.8 147 157 4.8
128 4.8 138 4.5 148 158 4.5

X5 | T (X 5% 5 TR X 354 = Xiggms | 1A
159 5.5 169 5.5 179 5.5 189 5.5
160 4.8 170 4.8 180 4.8 190 4.8
161 4.5 171 4.5 181 4.5 191 4.5
162 5.5 172 182 5.5 192 5.5
163 4.8 173 5.5 183 4.8 193 2
164 2 174 4.8 184 4.5 194 4.8
165 4.5 175 4.5 185 5.5 195 4.5
166 5.5 176 5.5 186 4.8 196 5.5
167 4.8 177 4.8 187 4.5 197 4.8
168 4.5 178 4.5 188 2 198 4.5

(X 154 5 TR X 5% 5 TR X 5% 5 TR
199 5.5 209 5.5 219 4.8
200 4.8 210 2 220 4.5
201 4.5 211 4.8 221 5.5
202 5.5 212 4.5 222 4.8
203 2 213 5.5 223 2
204 4.8 214 4.8 224 4.5
205 4.5 215 225 5.5
206 5.5 216 226 4.8
207 4.8 217 4.5 227
208 4.5 218 5.5










JEAE T X ARG K EQL b E
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%iﬁﬂ/)lhi JKE E'\E’HQ/% TR =N = = (L/s)
— 1 - T 2 (L/s) = Hiks R EQL = H
Bt s [ YA (ha) it a0 (L/s. ha)) - ©0=" | (L/s) (L/s) (L/s) | (L/s)

1 2 3 4 5 6 7 8 9 10 11 12
15~16 0. 301 4. 515 4.515 2. 30 10. 38 32. 307 42. 69
16~17 0. 301 12. 1905 12. 1905 2.05 25. 00 32. 307 57. 31
17~18 0. 301 21.7623 21.7623 1.92 41. 87 32. 307 74. 18
18~19 0. 301 31. 3341 31. 3341 1.85 57.92 32.307 | 90.23
19~20 0. 301 39. 0096 39. 0096 1. 80 70. 39 32.307 [ 102.70
20~21 0. 301 48. 5814 48. 5814 1.76 85. 57 32.307 | 117.88
21~22 0. 301 58. 1532 58. 1532 1.73 100. 42 32.307 | 132.73
22~1 0. 301 72.5109 72.5109 1. 69 122. 21 32.307 [ 154.52

1~2 25 30 0. 301 9.03 81. 5409 90. 5709 1. 64 148. 96 32.307 | 181.27
23~24 0. 301 4. 6956 4. 6956 2. 30 10. 80 10. 80
24~25 0. 301 10. 6554 10. 6554 2. 08 22.18 22. 18
25~26 0. 301 17.8794 17.8794 1.97 3b. 15 35. 15
26~27 0. 301 22.575 22.575 1.92 43. 26 43. 26
27~28 0. 301 28. 5348 28. 5348 1. 87 53. 29 53. 29
28~29 0. 301 41. 1768 41. 1768 1.79 73. 86 73. 86
29~30 0. 301 45. 6918 45. 6918 1.77 81.03 81.03
30~2 0. 301 49. 5747 49. 5747 1.76 87.13 87.13

2~3 43 3 0. 301 0.903 143. 7576 | 144. 6606 1. 56 225. 98 32.307 [ 258.29
31~32 0. 301 5. 3277 5. 3277 2.25 11.97 11.97
32~33 0. 301 8.9397 8. 9397 2.12 18. 97 21.421 40. 39
33~34 0. 301 19. 7757 19. 7757 1.94 38. 45 21.421 59. 87
34~35 0. 301 37. 8357 37. 8357 1.81 68. 50 21.421 89. 92
35~36 0. 301 5h. 8957 5b. 8957 1.73 96. 95 21.421 | 118.37
36~37 0. 301 68. 5377 68. 5377 1.70 116. 24 21.421 | 137.66
37~38 0. 301 74. 4975 74. 4975 1. 68 125. 19 21.421 [ 146.61




38~3 0. 301 81.7215 | 81.7215 1. 66 135.94 21.421 | 157.36
3~4 65 30 0. 301 9.03 228.7299 | 237.7599 [ 1.48 351. 66 53.728 | 405.39
39~40 0. 301 4.1538 4.1538 2.31 9.59 9.59
40~41 0. 301 11. 0166 11. 0166 2. 07 22.84 22. 84
41~42 0. 301 16. 9764 16. 9764 1.98 33. 57 33.57
42~43 0. 301 20. 2272 | 20.2272 1.94 39. 23 39. 23
43~44 0. 301 26. 187 26. 187 1.89 49. 37 49. 37
44~45 0. 301 33.411 33.411 1.84 61.32 61.32
45~46 0. 301 40.4544 | 40.4544 1. 80 72.70 72.70
46~47 0. 301 46.4142 | 46.4142 1.77 82. 16 82.16
47~4 0. 301 53.6382 | 53.6382 1.74 93. 45 93. 45
4~5 85 7.8 0. 301 2. 3478 293. 7459 | 296.0937 | 1.44 427. 50 53.728 | 481.23
48~49 0. 301 4.214 4.214 2.30 9.71 9.71
49~50 0. 301 9.03 9.03 2.12 19. 14 19. 14
50~51 0. 301 13.244 13. 244 2. 03 26. 91 26.91
51~52 0. 301 18. 06 18. 06 1. 96 35. 47 35. 47
52~53 0. 301 23. 177 23. 177 1.91 44. 29 44.29
53~54 0. 301 31.5749 | 31.5749 1.85 58. 31 58. 31
54~55 0. 301 40. 0029 | 40.0029 1. 80 71. 98 71. 98
55~5 0. 301 50.4476 | 50.4476 1.75 88. 49 88. 49
5~91 1109, 118 10. 6 0. 301 3. 1906 357. 3773 | 361.11 1.41 510.11 53.728 | 563.84




F 11 KA 515k QL by
— — e - B
B B st | TV gy 2 | ERK N g e | (o)
i w BT &=
BT (BT (ha) |EWE O (L/s. ha) | Wikkq1 (L/s) | 920790 | gy | BRe g | 8| )
1 2 3 4 5 6 7 8 9 10 11 12
6~7 124, 125, 126 14.5 0. 331 4. 7995 9. 6983 14. 4978 2.01 29. 17 29. 17
56~5H7 0. 331 0 13. 24 13. 24 2.03 26. 91 39. 84 66. 75
57~58 0. 331 0 21.3495 | 21. 3495 1.93 41. 16 39. 84 81. 00
H8~5H9 0. 331 0 23. 17 23.17 1.91 44, 27 39. 84 84.11
59~60 0. 331 0 24. 7588 | 24. 7588 1. 90 46. 97 39. 84 86. 81
60~7 0. 331 0 34. 6888 | 34. 6888 1.83 63. 41 39. 84 103. 25
7~8 [131. 132, 133 12.3 0. 331 4.0713 49. 1866 | 53. 2579 1.74 92. 86 39. 84 132. 70
8~9 137. 138 9.3 0. 331 3. 0783 53. 2579 | 56. 3362 1.73 97. 63 39. 84 137. 47
9~10 142, 143 10 0. 331 3. 31 56. 3362 | 59. 6462 1.72 102. 71 39. 84 142. 55
10~11 146, 147 24.5 0. 331 8. 1095 59. 6462 | 67. 7557 1.70 115. 06 39. 84 154. 90
61~62 0. 331 0 10. 4596 | 10. 4596 2.09 21. 81 21. 81
62~63 0. 331 0 13. 7696 | 13. 7696 2. 02 27. 86 27. 86
63~64 0. 331 0 19. 0987 | 19. 0987 1.95 37. 28 37. 28
64~65 0. 331 0 22.508 22.508 1.92 43. 15 43. 15
656~11 0. 331 0 28. 3998 | 28. 3998 1. 87 53. 07 53. 07
11~12 154 20 0. 331 6. 62 96. 1555 | 102. 7755 1.62 166. 70 39. 84 206. 54
66~67 0. 331 0 6. 1566 6. 1566 2.21 13.61 13.61
67~68 0. 331 0 12.9752 | 12.9752 2.04 26. 43 26. 43
68~69 0. 331 0 18. 1057 | 18. 1057 1. 96 35. 5H 6 41. 55
69~70 0. 331 0 24.163 24.163 1.90 45. 96 6 51.96
70~71 0. 331 0 28.2343 | 28. 2343 1. 87 52.79 6 58. 79
71~12 0. 331 0 33.1331 | 33.1331 1.84 60. 87 6 66. 87
12~13 190 4.8 0. 331 1. 5888 135. 9086 | 137. 4974 1. 57 216. 00 45, 84 261. 84
12~173 0. 331 3. 31 3. 31 2. 30 7.61 7.61
73~74 0. 331 9. 6983 9. 6983 2. 10 20. 39 20. 39
74~175 0. 331 15. 3584 | 15. 3584 2.00 30. 71 30. 71




75~76 0. 331 19. 3304 | 19. 3304 1.95 37.68 37.68
16 ~77 0.331 22. 7397 | 22.7397 1.91 43.54 43.54
T7~178 0.331 24.8912 | 24.8912 1.90 47.19 47.19
78~179 0. 331 28. 3005 | 28. 3005 1.87 52.90 52.90
79~13 0. 331 31.6105 | 31.6105 1.85 58. 37 58. 37
13~14 0.331 169. 10791 169. 1079 1.54 259. 67 45.84 305. 51
80~81 0. 331 1.324 1. 324 2. 30 3. 05 3. 05

81~82 0. 331 3. 5748 3. 5748 2. 30 8. 22 8. 22

82~83 0.331 6. 9841 6. 9841 2.18 15. 23 15. 23
83~84 0. 331 10.2941 | 10.2941 2. 09 21.51 21.51
84~85 0. 331 12. 4456 | 12.4456 2. 05 25. 46 25. 46
85~86 0.331 14.0344 | 14.0344 2.02 28. 34 28. 34
86~87 0.331 17.4437 | 17.4437 1. 97 34. 39 34. 39
87~88 0. 331 19. 5952 | 19. 5952 1.95 38. 14 38. 14
88~89 0. 331 23.0045 | 23.0045 1.91 43.99 43.99
89~90 0.331 26.3145 | 26.3145 1.88 49. 58 49. 58
90~14 0. 331 29.3928 | 29. 3928 1. 86 54.71 54.71
14~91 0. 331 198. 61 198. 61 1.51 299. 90 45. 84 345. 74




pry5

HAKREM T X ETEKIHHE

i ;E;.'— (m) LR
BB | M| e | sy [y LI P s BRI
wegs | oL | m | SRR 14 e AT IR ()
m) |q@/s) [T ] = & h/D | hm | (w
b | Fee | ks | R | b | R | b | R
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

15~16 260.32 | 42.69 | 350 | 0.0018] 0.65 0.65 | 0.2275[0.469 [129.500 |128.900 [128. 228 [127. 759 |128.000 [127.531 |1.500 [1.369
16~17 266.64 | 57.31 | 400 | 0.0017] 0.7 0. 65 0.26 ]0.453 |128.900 |128.400 [127. 741 |127.288 [127. 481 [127.028 |1.419 |1.372
17~18 342.7 | 74.18 | 450 [ 0.0015| 0.7 0.65 1 0.29250.514 [128.400 |127.800 [127.271 |126. 756 [126.978 |126. 464 [1.422 |1. 336
18~19 334.58 1 90.23 | 450 [ 0.0022| 0.85 0.65 1 0.292510. 736 [127.800 |127.200 [126. 756 |126. 020 [126. 464 |125. 727 [1.337 |1.473
19~20 359.17 | 102.7 | 450 ]0.0024] 0.9 0.65 | 0.2925 [0.862 [127.200 |126.600 [126. 020 |[125. 158 |125. 728 [124.865 |1.473 [1.735
20~21 223.191117.88] 500 [ 0.0017] 0.8 0.7 0.35 [0.379 [126.600 |126. 000 [125. 158 |124. 779 [124.808 |124.429 |1.792 |[1.571
21~22 672.741132. 73| 500 [ 0.002 0.9 0.7 0.35 [1.345 [126.000 |125.500 [124. 779 |123. 434 [124. 429 1123. 084 [1.571 |2.416
22~1 503.84 | 154. 521 500 ] 0.0028] 1.05 0.7 0.35 |1.411 |125.500 |124.800 [123. 434 |122.023 [123. 084 |121.673 |2.416 |3. 127
1~2 732.89 | 181. 27| 600 [ 0.0014 | 0.85 0.7 0.42 [1.026 [124.800 |124.600 [121.993 |120.967 [121.573 [120. 547 |3. 227 |4. 053
23~24 243.74 1 10.8 200 10.0036] 0.6 0. 55 0.11 [0.877 [128.500 |128. 000 [127. 110 |126.233 [127.000 |126. 123 [1.500 |1. 877
24~25 266.26 | 22.18 | 300 | 0.0021] 0.6 0. 55 0.165 [0.559 [128.000 |127.600 [126. 188 [125. 629 |126.023 [125. 464 |1.977 [2.136
25~26 306. 15| 35.15 | 350 |0.0016] 0.6 0.6 0.21 ]0.490 |127.600 |127.100 [125.624 |125.134 [125.414 [124.924 |2. 186 |2. 176
26~27 307.35 ] 43.26 | 350 [0.0019] 0.7 0.65 1 0.2275(0.584 [127.100 |126.600 [125. 134 |124. 550 [124.907 |124. 323 [2. 194 |2. 277
27~28 407.28 | 53.29 | 400 | 0.0013] 0.63 0. 65 0.26 [0.529 [126.600 |126. 100 [124. 533 |124. 004 [124. 273 |123. 744 [2. 327 |2. 356
28~29 453.21 | 73.86 | 450 | 0.0015] 0.7 0.65 | 0.2925 [0.680 [126.100 |125.600 [123.987 [123. 307 |123.694 [123. 014 |2. 406 [2. 586
29~30 491.13 | 81.03 | 450 | 0.0016] 0.74 0.65 1 0.292510. 786 [125.600 |125.200 [123.307 |122.521 [123.015 |122. 229 [2.586 |2.971
30~2 492.01 | 87.13 | 450 | 0.0018] 0.8 0.65 1 0.29250.886 [125.200 |124.800 [122.521 |121. 635 [122.229 |121. 343 [2. 972 |3. 457
2~3 497. 27 [258.29] 700 | 0.0013] 0.9 0.7 0.49 ]0.646 |124.600 |124.400 [120.937 |120. 291 [120. 447 |119. 801 |4. 153 |4. 599
31~32 244.79 | 11.97 | 250 ] 0.0033] 0.6 0. 42 0.105 [0.808 [127.500 |127.200 [126. 105 |125.297 [126.000 |125. 192 [1.500 |2. 008
32~33 125.91 | 40.39 | 350 | 0.0015] 0.6 0.65 |1 0.227510. 189 [127.200 |126.800 [125.297 |125. 108 [125.070 |124. 881 [2. 131 |1.919
33~34 436.66 | 59.87 | 400 | 0.0017| 0.7 0. 65 0.26 [0.742 [126.800 |126.400 [125.091 |124. 349 [124.831 [124. 089 |1.969 |2.311
34~35 406.87 | 89.92 | 450 | 0.0021| 0.85 0.65 | 0.2925 [0. 854 [126.400 |126.000 [124. 332 [123.477 |124. 039 [123. 185 |2. 361 [2.815
35~36 584.351118.37] 500 [ 0.0017] 0.8 0.7 0.35 [0.993 [126.000 |125.600 [123.477 |122. 484 [123. 127 |122. 134 [2. 873 |3. 466
36~37 333.9 1137.66| 500 [ 0.002 0.9 0.7 0.35 [0.668 [125.600 |125.200 [122.484 |121. 816 [122. 134 |121. 466 [3. 466 |3. 734
37~38 281.15 | 146.61] 500 | 0.0026 1 0.7 0.35 |0.731 [125.200 |124.800 [121.816 |121.085 [121.466 [120. 735 |3. 734 |4. 065




38~3 | 493.21]157.36| 600 ] 0.0012] 0.75 | 0.7 | 0.42 ]0.592 [124.800 [124.400 |[121.055 |120.463 |120.635 [120. 043 [4. 165 |4.357
3~4 652. 72 1 405.39] 800 | 0.0015[ 1.1 0.7 | 0.56 [0.979 [124.400 |123.900 [120.261 |119.282 [119.701 |118.722 [4.699 |5.178
39~40 | 309.03] 9.59 [ 200 | 0.004 | 0.6 0.5 0.1 [1.236 [128.000 |127.500 [126.600 |125.364 [126.500 |125.264 [1.500 |2.236
40~41 | 377.23 | 22.84 ] 300 [0.0021| 0.6 | 0.55 [ 0.165 [0.792 |127.500 |127. 100 [125.329 [124.537 |125.164 |124.372 |2.336 |2.728
41~42 | 174.11 | 33.57 | 350 [0.0016| 0.6 0.6 | 0.21 ]0.279 [127.100 [126.700 |124.532 |124.253 |124.322 [124. 043 [2. 778 |2.657
42~43 | 341.39] 39.23 | 350 ] 0.0017] 0.65 [ 0.65 | 0.2275]0.580 |126.700 [126.300 |124.271 [123.690 |124.043 [123.463 |2.657 |2.837
43~44 | 306.44 | 49.37 ] 350 [0.0026| 0.8 | 0.65 [ 0.2275[0.797 |126.300 |125.800 |123.674 [122.877 [123. 446 |122.649 |2.854 [3.151
44~45 | 402.84 | 61.32 ] 400 [0.0017| 0.7 | 0.65 [ 0.26 [0.685 |125.800 |125.400 [122.859 [122.174 |122.599 |121.914 |3.201 |3. 486
45~46 | 326.92 | 72.7 | 400 ] 0.0025]| 0.85 | 0.65 | 0.26 |0.817 |125.400 [124.900 |122.174 [121.357 |121.914 [121.097 |3. 486 |3.803
46~47 | 283.35] 82.16 | 450 ] 0.0017] 0.75 [ 0.65 | 0.29250.482 |124.900 [124.400 |121.340 [120. 858 |121.047 [120.565 |3.853 |3.835
47~4 | 494.18 ] 93.45 | 450 | 0.0021] 0.87 | 0.65 | 0.2925]1.038 [124.400 |123.900 |120.859 |119.821 [120.566 |[119. 528 |3.834 [4.372

4~5 (Fiks

AN E B | 933.42 [ 481.23| 800 | 0.0025| 1.35 | 0.7 | 0.56 [2.334 |123.900 [123.400 [119.282 |116.948 |118.722 |116.388 [5.178 |7.012
VAR EID)

48~49 | 306.47] 9.71 | 200 | 0.004 | 0.6 [ 0.48 | 0.096 |1.226 |127.000 [126.600 |125.596 [124.370 |125.500 [124.274 |1.500 |2.326
49~50 | 272.63 | 19.14 ] 300 [0.0023| 0.6 | 0.48 [ 0.144 [0.627 |127.000 |126.200 [124.318 [123.691 |124.174 |123.547 |2.826 |2.653
50~51 | 438.47 ] 26.91 | 300 [0.0023]| 0.64 | 0.55 | 0.165 |1.008 [126.600 |125.800 |123.691 [122.683 [123.526 [122.518 |3.074 [3.282
51~52 | 347.07 | 35.47 | 350 | 0.0017] 0.6 0.6 | 0.21 [0.590 [126.200 |125.300 [122.678 |122.088 [122.468 |121.878 [3.732 |3.422
52~53 | 305.81 | 44.29 | 350 | 0.002 | 0.7 | 0.65 |0.2275]0.612 |125.800 [124.800 |122.088 [121.476 |121.861 [121.249 [3.940 [3.551
53~54 | 281.89 | 58.31 | 400 [0.0014]| 0.68 | 0.65 | 0.26 |0.395 [125.300 |123.400 |121.459 [121.064 [121.199 [120.804 |4.101 [2.596
54~55 | 580.73 | 71.98 | 400 |0.0023] 0.83 | 0.65 | 0.26 |1.336 |124.800 [123.900 |121.064 [119.728 [120.804 |119.468 [3.996 [4.432

55~5 (7

ASkbiEE | 498.5 | 88.49 | 450 [0.0018| 0.8 | 0.65 | 0.29250.897 [124.400 |123.400 [119.711 [118.813 [119.418 |118.521 |4.982 [4.879
TRk

5~91 (7

ASkbikE | 456.12 | 563. 16| 900 [0.0017| 1.2 0.7 | 0.63 |0.775 [123.400 [123.200 |122.030 |121.255 [121.400 [120.625 |2.000 |2.575

SETH AR v
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HARER I X ETEKITTHHE

WE bR (m) .
BB | B | e | e | s ] B i i
GRS | L B d? I) Em Eﬁv . I Hh i JKIH B
m |qss) |[™] > h/D | h(m) | ()
i i 3 s b | R | Lo
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
6~7 323.69] 29.17 | 350 | 0.0018 0.6 0.52 | 0.182 | 0.583 128.000 |127.600 | 126.182 | 125.599 [126.000 [125.417 [2.000
H6~57 171.921 66.75 | 400 | 0.0022 0.8 0. 65 0.26 |0.378 129. 500 129.200 | 127.760 | 127.382 |127.500 [127.122 |[2.000
H7~5H8 184. 38 81 450 1 0.0017| 0.75 0.65 | 0.292510. 313 129. 200 128.800 | 127.365 | 127.051 127.072 [126.759 [2. 128
58~59 134.5 | 84.11 | 450 | 0.0018] 0.78 0.65 | 0.29251 0. 242 128.800 | 128.400 | 127.051 | 126.809 |126.759 [126.516 [2.042
59~60 220.591 86.81 | 450 | 0.0019 0.8 0.65 | 0.292510. 419 128. 400 128.000 | 126.809 | 126.390 |126.517 |126.097 |1.884
60~7 365.551] 103.25] 450 | 0.0024 0.9 0.65 | 0.29251 0. 877 128. 000 127.600 | 126.390 | 125.513 1126.098 [125.220 [1.903
7~8 283.86 ] 132.7 | 500 | 0.002 0.9 0.7 0.35 | 0.568 127.600 |127.300 | 125.617 | 125.049 |125.267 [124.699 [2.333
8~9 162.89 | 137.47| 500 [ 0.0021| 0.92 0.7 0.35 10.342 127. 300 127.000 | 125.049 | 124.707 |124.699 [124. 357 |2.601
9~10 166. 53| 142. 55| 500 | 0.0022 | 0.95 0.7 0.35 | 0.366 127. 000 126. 600 | 124.707 | 124.341 |124.357 [123.991 [2. 643
10~11 416.13] 154.9 | 500 | 0.0028 1.05 0.7 0.35 | 1.165 126.600 |126.300 | 124.341 | 123.176 [123.991 [122.826 [2.609
61~62 170.551 21.81 | 300 | 0.002 0.6 0.52 | 0.156 | 0. 341 128.500 | 128.000 | 126.656 | 126.315 |[126.500 [126.159 [2.000
62~63 192.6 | 27.86 | 300 | 0.0028 0.7 0.55 | 0.165 | 0.539 128. 000 127.500 | 126.315 | 125.776 |126.150 |125.611 |1.850
63~64 186. 98| 37.28 | 350 | 0.0015 0.6 0.65 | 0.22751 0. 280 127. 500 127.100 | 125.776 | 125.496 |125.549 [125. 268 |[1.952
64~65 190.36| 43.15 | 350 [ 0.0019| 0.68 0.65 | 0.22751 0. 362 127.100 |126.700 | 125.496 | 125.134 |125.269 [124.907 |1.831
65~11 387.66| 53.07 | 400 | 0.0013] 0.62 0. 65 0.26 | 0.504 126. 700 126.300 | 125.117 | 124.613 |124.857 [124. 353 |[1. 843
11~12 753. 281 206.54 | 600 | 0.0018] 0.95 0.7 0.42 1. 356 126. 300 125.800 | 123.146 | 121.790 |122.726 |121.370 |3.574
66~67 180. 18| 13.61 | 250 | 0.0034 0.6 0.43 [ 0.107510.613 128.500 | 128.100 | 126.608 | 125.995 [126.500 [125.887 [2.000
67~68 270.3 | 26.43 | 300 | 0.0025] 0.65 0.55 | 0.165 | 0.676 128. 100 127.800 | 125.695 | 125.019 |125.530 |124.854 |2.570
68~69 262.531 41.55 |1 350 |1 0.0018] 0.65 0.65 | 0.227510.473 127. 800 127.300 | 125.019 | 124.546 |124.792 |124.319 [3.009
69~70 134.37] 51.96 | 400 [ 0.0013 0.6 0. 65 0.26 10.175 127.300 |126.800 | 124.529 | 124.354 |124.269 [124.094 |3.031
70~71 251.95] 58.79 | 400 | 0.0015] 0.68 0. 65 0.26 |0.378 126.800 | 126.300 | 124.354 | 123.976 [124.094 [123.716 [2. 706
71~12 274.991 66.87 | 400 | 0.0021| 0.78 0. 65 0.26 | 0.577 126. 300 125.800 | 123.976 | 123.399 |123.716 [123.139 [2.584
12~13 490.2 1 261.84 | 600 | 0.0028| 1.15 0.7 0.42 1.373 125. 800 125.400 | 121.790 | 120.417 |121.370 |119.997 [4. 430
72~73 136. 14| 7.61 200 | 0.0044 0.6 0.43 | 0.086 | 0.599 128.000 |127.700 | 126.086 | 125.487 |[126.000 [125.401 [2.000




73~74 [165.06] 20.39 | 300 |0.0021] 0.6 0.48 | 0.144 |0.347 | 127.700 [127.400 ]125.445 [ 125.098 ]125.301 ]124.954 [2.399
74~75 [101.92] 30.71 [ 300 {0.0034] 0.8 0.55 ] 0.165 ]0.347 | 127.400 |127.100 [125.098 | 124. 751 [124.933 [124.586 |2. 467
75~76 [301.04] 37.68 | 350 | 0.0015] 0.6 0.65 1 0.2275]0.452 | 127.100 |126.800 [124.751 | 124.299 [124.524 [124.072 |2.577
76~77 [195.18] 43.54 | 350 ] 0.0018] 0.68 | 0.65 | 0.2275]0.351 | 126.800 [126.400 [124.299 | 123.948 |124.072 [123.720 |2. 729
77~78 [107.38] 47.19 | 350 ]0.0023] 0.75 | 0.65 | 0.2275]0.247 | 126.400 [126.100 [123.948 | 123.701 ]123.721 [123.474 2. 680
718~79 1294.05] 52.9 | 400 |0.0013] 0.63 | 0.65 | 0.26 |0.382 [ 126.100 |125.800 |123.684 [ 123.302 |123.424 ]123.042 |2. 676
79~13 [200.15] 58.37 | 400 ]0.0015] 0.68 | 0.65 | 0.26 ]0.300 | 125.800 | 125.400 [123.302 | 123.002 [123.042 [122. 742 2. 758

13~14 (75

M4V E R 493.56 | 305.51 | 700 | 0.0018 | 1.05 0.7 0.49 10.888 | 125.400 |125.000 |120.387 | 119.499 [119.897 [119.009 |5.503

TR k)

80~81 89.11 | 3.05 [ 200 | 0.004 0.6 0.15 | 0.03 |0.356 | 128.000 |127.800 ]126.030 [ 125.674 ]126.000 |125.644 [2.000
81~82 1156.31[ 8.22 | 200 | 0.004 0.6 0.45 ] 0.09 10.625 | 127.800 [127.500 [125.689 | 125.064 [125.599 [124.974 2. 201
82~83 1130.37[ 15.23 | 250 ]10.0024[ 0.6 0.55 10.1375]0.313 | 127.500 [127.300 [125.062 | 124.749 [124.924 [124.611 |2.576
83~84 | 151.37] 21.51 [ 300 ] 0.0022[ 0.6 0.5 0.15 [0.333 [ 127.300 ]127.000 |124.711 | 124.378 |124.561 |124.228 [2.739
84~85 1115.94] 25.46 [ 300 ]10.0023[ 0.65 [ 0.55 | 0.165 | 0.267 | 127.000 [126.700 |124.378 [ 124.111 124.213 ]123.946 |2. 787
85~86 132.68| 28.34 | 300 |0.0028| 0.73 [ 0.55 [ 0.165 | 0.372 ] 126.700 |126.400 | 124.111 ] 123.739 [123.946 |123.574 [2.754
86~87 1164.33] 34.39 [ 350 1 0.0016[ 0.6 0.6 0.21 [0.263 [ 126.400 ]126.100 |123.734 | 123.471 |123.524 |123. 261 [2.876
87~88 275.5 1 38.14 | 350 10.0016] 0.6 0.65 [ 0.2275] 0.441 | 126.100 [125.800 |123.471 [123.030 |123.244 |122.803 |[2.857
88~89 1172.66] 43.99 | 350 | 0.002 0.7 0.65 1 0.2275]0.345 | 125.800 |125.600 [123.030 | 122.685 [122.803 [122.457 2. 998
89~90 96.89 [ 49.58 | 400 ]0.0013| 0.6 0.63 ] 0.252 10.126 | 125.600 |125.300 [122.659 | 122.533 [122.407 [122.281 |3.193

90~14 (1%

AT ERE| 275.7 | 54.71 | 400 [0.0014| 0.63 [ 0.65 | 0.26 |0.386 | 125.300 [125.000 | 122.533 | 122.147 [122.273 [121.887 |3.027

AR
14~91 (7
MIABERE| 912.7 [ 345.32| 800 [ 0.0012| 0.95 0.7 0.56 |1.095 | 125.000 |123.200 |[123.560 | 122.465 |123.000 [121.905 |2.000

TRk
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%&%%%ﬁﬂm)mmﬁﬂ PN N ZK A T B ] %mﬁﬁﬁﬁﬁmﬁ&ﬁﬁ% Bt
A t2 L/v t ZMEq0l Q (L/s) | D (mm)

1~2 | 260.32 12 0 5. 42 10.00 | 74.64 | 509.22 880
2~3 | 266.64 | 29.7 5. 42 4. 44 20.84 | 53.82 [ 908.74 1100
3~4 342. 7 51.6 9. 86 5. 19 29.72 | 44.49 ]1305.09 1250
4~5 | 334.58 | 71.4 15.05 | 4.65 40.10 | 37.37 |1516.92 1250
5~6 | 359.17 | 89.1 19. 7 4. 60 49.40 | 32.89 |1665.98 1250
6~7 | 223.19 111 24.3 2. 66 58.60 | 29.52 |1863.13 1300
7~8 | 672.74 | 130.8 | 26.96 | 7.47 63.92 | 27.92 |2075.99 1350
8~9 | 415.91 | 170.7 | 34.43 | 4.62 78.86 | 24.32 |2360.43 1450
9~116 | 234.82 | 200.7 | 39.05 | 2.61 88.10 | 22.59 [2577.22 1500
10~11 | 243.74 | 15.6 0 4. 06 10.00 | 74.64 | 661.99 900
11~12 | 266.26 | 35.4 4. 06 4. 03 18.12 | 57.70 |1161.21 1100
12~13 | 306.15 | 59.4 8. 09 4. 25 26.18 | 47.73 [1611.62 1300
13~14 | 308.49 75 12.34 | 3.96 34.68 | 40.73 [1736.43 1300
14~15 | 407.26 | 94.8 16. 3 5. 22 42.60 | 36.03 |1941.79 1350
15~16 | 453.19 | 136.8 | 21.52 | 5.04 53.04 | 31.46 |2446.33 1450
16~17 | 491.13 | 151.8 | 26.56 | 5.46 63.12 | 28.15 [2429.01 1450
17~18 | 395.86 | 164.7 | 32.02 | 4.40 74.04 | 25.36 [2374.56 1450
18~117 | 522.85 | 179.7 | 36.42 | 5.81 82.84 | 23.54 [2404.71 1450
19~20 | 244.79 17.7 0 4. 29 10.00 | 74.64 | 751.10 1000
20~21 | 125.91 | 29.7 4.29 2. 00 18.58 | 57.00 | 962.39 1100
21~22 | 436.66 | 65.7 6. 29 5. 60 22.58 | 51.64 |1928.85 1350
22~23 | 406.87 | 125.7 11.89 | 4.84 33.78 | 41.35 [2955.07 1600
23~24 | 584.35 | 185.7 16.73 | 5.13 43.46 | 35.59 |3757.70 1600
24~25 | 333.9 | 227.7 | 21.86 | 2.78 53.72 | 31.20 [4039.24 | 1640
25~26 | 281.15 | 247.5 | 24.64 | 2.34 59.28 | 29.31 [4123.68 1640
26~27 | 407.89 | 271.5 | 26.98 | 4.00 63.96 | 27.91 [4307.37 1800
27~118| 449.85 | 309.3 | 30.98 | 4.17 71.96 | 25.84 [4543.79 1800
28~29 | 304.82 10. 8 0 6. 77 10.00 | 74.64 | 458.30 880
29~30 | 437.97 18.6 6. 77 9. 12 23.54 | 50.53 | 534.26 880
30~31 | 374.35 | 21.6 15.89 | 8.32 41.78 | 36.46 | 447.68 880
31~32 | 371.7 31.5 24.21 | 8.26 58.42 | 29.58 | 529.77 880
32~33 | 306.44 | 43.5 32.47 | 5.11 74.94 | 25.16 | 622.18 900
33~34 | 402.84 | 55.5 37.58 | 7.07 85.16 | 23.11 | 729.10 1000
34~35 | 326.92 | 71.1 44.65 | 4.95 99.30 | 20.83 | 842.07 1000
35~36 | 283.35 | 90.9 49. 6 4. 37 109.20 | 19.52 ]1008.96 1100
36~37 | 407.02 | 114.9 | 53.97 | 5.65 117.94 | 18.52 |1209. 63 1100
37~119 | 322.47 | 130.5 | 59.62 | 4.13 129.24 | 17.38 [1289.61 1100
38~39 | 348.39 5 0 7. 74 10.00 | 74.64 | 212.18 600
39~40 | 311.03 18.9 7. 74 6.91 25.48 | 48.43 | 520.38 880
40~41 | 483.11 36. 9 14.65 | 8.05 39.30 | 37.83 | 793.48 1000
41~42 | 352.39 | 48.7 22. 7 5.34 55.40 | 30.60 | 847.22 1000
42~43 | 279.36 | 57.7 28.04 | 4.05 66.08 | 27.32 [ 896.24 1000
43~44 | 318.27 | 71.6 32.09 | 5.05 74.18 | 25.33 [1031.01 1100
44~45 | 271.12 | 89.6 37.14 | 4.11 84.28 | 23.27 |1185.28 1100
45~46 | 283.46 | 97.4 41.25 | 3.78 92.50 | 21.86 [1210.33 1100
46~47 | 394.09 | 111.3 | 45.03 | 5.97 100.06 | 20.73 |1311.36 1250
47~56 | 411.41 | 147.3 51 5.71 112.00 | 19.19 [1606.84 | 1300
48~49 | 244.56 12 0 5.43 10.00 | 74.64 | 509.22 880
49~50 | 275.55 24 5.43 4.83 20.86 | 53.80 | 733.98 1000
50~51 | 339.4 32 10.26 | 5.66 30.52 | 43.83 | 797.32 1000




51~52 [ 345.05 44 15. 92 5. 23 4]1. 84 36. 43 911.15 1050
52~53 | 347.43 52 21.15 5.79 52. 30 31.74 938. 16 1100
53~54 | 237.48 66 26.94 3. 60 63. 88 27.93 [1047.94 1100
54~55 | 624.52 76 30. 54 8. 67 71. 08 26.05 |1125.54 1100
55~56 | 401.74 89 39.21 5.58 88. 42 22.53 [1140.08 1100
56~112 | 490.09 246.9 56. 71 5.83 123. 42 17.95 12519.03 1500
120~121] 382.21 3 0 8. 49 10. 00 74. 64 127. 31 500
121~122] 271.72 10. 8 8. 49 6. 04 26. 98 46. 95 288. 24 700
122~123| 511.02 20. 7 14. 53 9. 46 39. 06 37. 96 446. 76 800
123~124] 351.56 32.7 23.99 6.51 57.98 29.73 552. 61 900
124~125| 273.5 40.5 30.5 5. 06 71. 00 26. 07 600. 24 900
125~126] 329.01 50.4 35. 56 6.09 81.12 23. 87 683. 95 1000
126~127| 565.14 62. 4 41.65 9.91 93. 30 21.73 770.91 1000
127~128| 441.82 70. 2 51. 56 7.75 113.12 19. 06 760. 57 1000
128~129| 306. 26 100. 2 99. 31 4. 86 128. 62 17.44 993. 49 1100




KT ik Wk | SO bR e () | O YRR i (m) HEE (m)

So) | vim/s) | SeL(m) | GH IS Y IS Y AR
0.8 0.8 0.208 [130.000 ]129.500 128.5 1128.292 [ 1.500 1. 208
0.9 1 0.240 [129.500 ]129.000 | 128.072 [127.832 | 1.428 1.168
0.9 1.1 0.308 [129.000 1128.300 | 127.682 [127.374 | 1.318 0. 926
1.3 1.2 0.435 [128.300 |127.500 | 127.374 [126.939 | 0.926 0. 561
1.4 1.3 0.503 [127.500 |127.000 | 126.939 [126.436 | 0.561 0. 564
1.5 1.4 0.335 [127.000 |126.700 | 126.386 |126.051 | 0.614 0.649
1.7 1.5 1.144 [126.700 [126.100 | 126.001 [124.857 [ 0.699 1. 243
1.5 1.5 0.624 [126.100 |125.500 | 124.757 [124.133 [ 1.343 1. 367
1.4 1.5 0.329 [125.500 |125.000 | 124.083 [123.754 [ 1.417 1. 246
1.3 1 0.317 [130.000 ]129.500 128.5 ]128.183 1.5 1. 317
1.2 1.1 0.320 [129.500 1129.000 | 127.983 [127.663 | 1.517 1. 337
1.2 1.2 0.367 [129.000 |128.300 | 127.463 [127.096 [ 1.537 1.204
1.3 1.3 0.401 [128.300 |127.500 | 127.096 [126.695 | 1.204 0. 805
1.3 1.3 0.529 [127.500 |127.000 | 126.645 [126.116 | 0.855 0. 884
1.5 1.5 0.680 [127.000 |126.500 | 126.016 |125.336 [ 0.984 1.164
1.5 1.5 0.737 [126.500 |126.000 | 125.336 1124.599 [ 1.164 1.401
1.5 1.5 0.594 [126.000 |125.500 | 124.599 [124.005 | 1.401 1.495
1.5 1.5 0.784 [125.500 |125.000 | 124.005 [123.221 [ 1.495 1. 779
1 0.95 0.245 [130.000 |129.500 128.5 |128. 255 1.5 1. 245
1.1 1. 05 0.139 [129.500 1129.000 | 128.155 [128.016 | 1.345 0.984
1.3 1.3 0.568 [129.000 |128.500 | 127.766 [127.198 | 1.234 1. 302
1.2 1.4 0.488 [128.500 |127.700 | 126.948 [126.460 [ 1.552 1. 240
2 1.9 1.169 [127.700 [127.100 | 126.46 [125.291 [ 1.240 1.809
1.9 2 0.634 [127.100 |126.500 | 125.251 [124.617 | 1.849 1. 883
2.3 2 0.647 [126.500 |126.000 | 124.617 [123.970 [ 1.883 2. 030
1.4 1.7 0.571 [126.000 ]125.500 | 123.81 [123.239 [ 2.190 2. 261
1.6 1.8 0.720 [125.500 |125.000 | 123.239 [122.519 | 2.261 2. 481
0.75 0.75 0.229 [130.000 |129.600 128.5 1128.271 1.5 1. 329
0.8 0.8 0.350 [129.600 |129.300 | 128.271 [127.921 [ 1.329 1. 379
0.75 0.75 0.281 [129.300 1128.900 | 127.921 [127.640 | 1.379 1. 260
0.75 0.75 0.279 1128.900 1128.500 | 127.64 [127.361 | 1.260 1.139
1.3 1 0.398 [128.500 |128.100 | 127.341 [126.943 [ 1.159 1. 157
1 0.95 0.403 [128.100 |127.700 | 126.843 [126.440 | 1.257 1. 260
1.3 1.1 0.425 [127.700 |127.300 | 126.44 [126.015 | 1.260 1. 285
1.1 1. 08 0.312 [127.300 |126.900 | 125.915 [125.603 [ 1.385 1. 297
1.4 1.2 0.570 [126.900 |126.200 | 125.603 [125.033 [ 1.297 1. 167
1.6 1.3 0.516  [126.200 1125.800 | 125.033 [124.517 | 1.167 1. 283
1.3 0.75 0.453 [130.500 |130.000 129 128. 547 1.5 1.453
0.75 0.75 0.233 [130.000 |129.500 | 128.267 [128.034 [ 1.733 1. 466
1.1 1 0.531 [129.500 1129.000 | 127.914 [127.383 | 1.586 1.617
1.3 1.1 0.458 [129.000 1128.500 | 127.383 [126.925 | 1.617 1.575
1.4 1.15 0.391 [128.500 |128.000 | 126.925 [126.534 [ 1.575 1. 466
1 1. 05 0.318 [128.000 |127.500 | 126.434 [126.116 | 1.566 1. 384
1.2 1.1 0.325 [127.500 ]127.000 | 126.116 [125.791 | 1.384 1. 209
1.5 1.25 0.425 [127.000 |126.500 | 125.791 [125.366 [ 1.209 1.134
1 1.1 0.394 [126.500 |126.000 | 125.216 |124.822 | 1.284 1.178
1.2 1.2 0.494 [126.000 |125.500 | 124.772 [124. 278 1. 228 1. 222
0.75 0.75 0.183 [129.500 |129.000 126 125. 817 3.5 3. 183
1 0.95 0.276 [129.000 |128.500 | 125.697 [125.421 [ 3.303 3. 079
1.1 1 0.373 |128.500 ]128.000 | 125.421 [125.048 | 3.079 2. 952




1.3 1.1 0.449 |[128.000 |127.500 | 124.998 [124.549 | 3.002 2. 951
0.9 1 0.313 [127.500 |127.000 | 124.499 [124.186 | 3.001 2.814
1.2 1.1 0.285 [127.000 |126.500 | 124.186 1123.901 | 2.814 2. 599
1.4 1.2 0.874 1126.500 ]126.000 | 123.541 [122.667 | 2.959 3. 333
1.4 1.2 0.562 [126.000 |125.500 | 122.667 [122.105 [ 3.333 3.395
1.3 1.4 0.637 [125.500 |125.000 | 121.705[121.068 [ 3.795 3. 932
1.5 0.75 0.573 [130.000 ]129.500 128.5 127.927 1.5 1.573
0.75 0.272 1129.500 1129.000 | 127.727 [127.455 | 1.773 1. 545
1.2 0.9 0.613 [129.000 |128.500 | 127.355 [126.742 | 1.645 1. 758
0.9 0.9 0.316 [128.500 ]128.000 | 126.642 [126.326 | 1.858 1.674
0.9 0.274 [128.000 |127.400 | 126.326 [126.053 | 1.674 1. 348
0.9 0.296  [127.400 |126.500 | 125.953 [125.657 [ 1.447 0. 843
0.95 0.565 [126.500 |126.000 | 125.657 [125.092 [ 0.843 0. 908
0.95 0.442 1126.000 1125.500 | 125.092 [124.650 | 0.908 0. 850
1.05 0.306 [125.500 ]125.000 | 124.55 [124.244 [ 0.950 0.756
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57~H8 | 169.13 20 0 2. 56 10. 00 74. 64 848. 70 1000
58~5H9 174.6 24.5 2. 56 2. 65 15.12 62. 83 875. 07 1000
59~60 131.29 44.5 5.21 2.19 20. 42 54. 38 1375.72 1250
60~61 | 239.08 49. 3 7.4 3. 98 24. 80 49.14 |1377.31 1250
61~62 348. 44 74.8 11. 38 4. 84 32. 76 42. 09 1789. 89 1350
62~63 245. 39 83.8 16. 22 3.41 42. 44 36. 11 1720. 41 1350
63~64 | 312.47 108. 6 19. 63 4. 34 49. 26 32.95 12034.19 1450
64~69 | 293.82 118.9 23.97 4. 08 57.94 29.74 12010. 24 1450
65~66 363. 76 22 0 6. 06 10. 00 74. 64 933. 57 1050
66~67 345. 95 34. 3 6. 06 5.24 22.12 52. 20 1017. 83 1100
67~68 | 371.32 49. 1 11. 3 5.16 32. 60 42.21 |1178.23 1100
68~69 235. 28 58. 4 16. 46 3.27 42.92 35. 87 1190. 78 1100
69~113 | 675.25 187.6 28. 05 9. 38 66. 10 27.32 2913. 38 1800
T0~77 | 423.55 10 0 8. 82 10. 00 74. 64 424. 35 800
T1~72 240. 45 19. 3 8.82 4.01 27. 64 46. 33 508. 29 800
12~73 170. 55 29.6 12. 83 2.71 35. 66 40. 07 674. 23 900
73~74 192.6 39.6 15. 54 3.21 41. 08 36. 83 829. 17 1050
74~75 | 186.98 48.9 18. 75 3.12 47.50 33.70 936. 89 1100
75~76 190. 36 59. 2 21.87 3.02 53. 74 31. 20 1049. 92 1100
6~T77 387. 66 66. 7 24. 89 5. 87 59. 78 29. 15 1105. 34 1100
T7~91 | 753.28 111.2 30. 76 11. 41 71.52 25.95 11640.19 1350
78~179 218.5 14. 8 0 3. 64 10. 00 74. 64 628. 04 900
79~80 190. 8 19.3 3. 64 3. 18 17. 28 59. 03 647. 73 900
80~81 [ 269.35 29.6 6. 82 4. 49 23. 64 50. 41 848. 31 1050
81~82 258. 69 35. 1 11.31 4.31 32. 62 42. 20 841. 98 1050
82~83 150. 71 44. 1 15. 62 2.51 41. 24 36. 75 921. 23 1100
83~89 [ 253.38 50.9 18. 13 4.02 46. 26 34. 26 991. 28 1100
84~85 [ 182.25 19. 3 0 3. 04 10. 00 74. 64 819. 00 1050
85~86 267. 55 36. 4 3.04 4. 46 16. 08 61.07 1263. 81 1250
86~87 274. 64 51.9 7.5 4. 36 25. 00 48. 93 1443. 71 1250
87~88 [ 243.63 56.7 11. 86 3. 87 33.72 41.40 ]1334.33 1250
88~89 129. 68 61.5 15.73 2.16 41. 46 36. 63 1280. 59 1250
89~90 251. 95 71.8 17.89 4. 00 45. 78 34. 48 1407. 33 1250
90~91 [ 274.99 81.8 21.89 4. 36 53. 78 31.18 ]1450. 05 1250
91~114 | 640.67 193 42. 17 7.63 94. 34 21.57 2366. 59 1500
92~93 136. 14 10 0 2.84 10. 00 74. 64 424. 35 800
93~94 [ 165.06 19. 3 2.84 2. 50 15. 68 61.79 677.96 900
94~95 [ 101.92 29.6 5.34 1.89 20. 68 54. 03 909. 24 1100
95~96 301. 04 36. 1 .23 4. 78 24. 46 49. 51 1016. 01 1100
96~97 195. 18 46. 4 12. 01 2. 96 34. 02 41.18 1086. 34 1100
97~98 [ 107.38 52.9 14. 97 1. 63 39. 94 37.46  11126.58 1100
98~99 294. 05 63. 2 16. 6 4.90 43. 20 35.72 1283. 56 1250
99~111] 525.66 72.5 21.5 8. 76 53. 00 31. 47 1297. 10 1250
100~101] 89.11 4 0 1. 65 10. 00 74. 64 169. 74 500
101~102] 156.31 10. 8 1. 65 3. 26 13. 30 66. 50 408. 29 800
102~103] 130. 37 21.1 4.91 2.07 19. 82 55. 20 662. 17 900
103~104] 151.37 31.1 6. 98 2.40 23. 96 50. 05 884. 97 1050
104~105] 115.94 37.6 9. 38 1. 84 28. 76 45. 32 968. 65 1100
105~106] 132.68 42.4 11.22 2.11 32. 44 42. 33 1020. 33 1100
106~107] 164. 33 52.7 13. 33 2. 38 36. 66 39. 42 1181. 04 1100




107~108] 275.5 59.2 15. 71 3. 83 41.42 36.65 |1233. 42 1100
108~109| 171.52 69. 5 19. 54 2.72 49. 08 33.02 [1304. 78 1250
109~110] 96. 89 74 22.26 1. 54 54. 52 30.91 11300.49 1250
110~111] 192.71 79.5 23. 8 2. 92 57.60 29.85 [1349.16 1250
111~115] 403. 35 166. 8 30. 26 4. 80 70. 52 26.19 [2483.12 1500




IKTIRE| itk Wl | SO bR i () | WO PR i (m) HEPR (m)

SMo) | vm/s) | SeL(m) | GH A5 Y IS Y AR
1.3 1.1 0.220 [129.500 |129.000 128 127.780 | 1.500 1. 220
1.4 1.1 0.244 1129.000 1128.400 | 127.78 [127.536 | 1.220 0. 864
0.8 1 0.105 [128.400 |128.200 | 127.386 [127.281 | 1.014 0.919
0.9 1 0.215 [128.200 |127.800 | 127.281 [127.066 [ 0.919 0.734
1.1 1.2 0.383 [127.800 |127.500 | 126.966 |126.583 | 0.834 0.917
1.1 1.2 0.270 [127.500 1127.000 | 126.583 [126.313 | 0.917 0. 687
0.9 1.2 0.281 [127.000 |126.800 | 126.213 [125.932 [ 0.787 0. 868
0.9 1.2 0.264 [126.800 |126.500 | 125.932 [125.668 [ 0.868 0. 832
1.3 1 0.473 [128.000 |127.700 126.5 [126.027 [ 1.500 1.673
1.2 1.1 0.415 [127.700 1127.300 | 125.977 [125.562 | 1.723 1. 738
1.4 1.2 0.520 [127.300 |126.800 | 125.562 [125.042 [ 1.738 1. 758
1.4 1.2 0.329 1126.800 |126.500 | 125.042 [124.713 | 1.758 1. 787
0.7 1.2 0.473 [126.500 |125.800 | 124.013 [123.540 | 2.487 2. 260
0.9 0.8 0.381 [126.600 |126.400 125.1 1124.719 | 1.500 1. 681
1.5 1 0.361 [129.000 |128.600 127.5 1127.139 | 1.500 1.461
1.3 1. 05 0.222 [128.600 |128.200 | 127.039 [126.817 | 1.561 1. 383
1 1 0.193 [128.200 |127.800 | 126.667 [126.474 | 1.533 1. 326
0.9 1 0.168 [127.800 |127.300 | 126.424 [126.256 [ 1.376 1. 044
1.1 1. 05 0.209 [127.300 ]126.800 | 126.256 [126.047 | 1.044 0. 753
1.1 1.1 0.426 [126.800 1126.400 | 126.047 [125.621 | 0.753 0.779
0.9 1.1 0.678 [126.400 |126.200 | 125.371 [124.693 [ 1.029 1. 507
1.3 1 0.284 [129.000 |128.600 127.5 1127.216 [ 1.500 1. 384
1.3 1 0.248 [128.600 |128.500 | 127.216 [126.968 | 1.384 1.532
1 1 0.269 [128.500 |128.000 | 126.818 [126.549 [ 1.682 1.451
1 1 0.259 [128.000 |127.600 | 126.549 [126.290 | 1.451 1.310
0.9 1 0.136  [127.600 1127.300 | 126.24 [126.104 | 1.360 1.196
1 1.05 0.253 [127.300 |127.100 | 126.104 [125.851 [ 1.196 1. 249
1 1 0.182 [129.000 |128.600 127.8 1127.618 1.2 0. 982
0.8 1 0.214 [128.600 |128.200 | 127.418 [127.204 | 1.182 0. 996
1 1. 05 0.275 [128.200 1127.800 | 127.204 [126.929 | 0.996 0.871
1 1.05 0.244 [127.800 |127.400 | 126.929 [126.685 | 0.871 0.715
0.8 1 0.104 [127.400 1127.100 | 126.685 [126.581 | 0.715 0.519
1 1. 05 0.252 [127.100 ]126.900 | 126.581 [126.329 | 0.519 0. 571
1 1.05 0.275 [126.900 |126.700 | 126.329 [126.054 | 0.571 0. 646
1.3 1.4 0.833 [126.700 |126.100 | 125.804 [124.971 [ 0.896 1.129
0.9 0.8 0.123 [129.000 |128.500 127.5 1127.377 | 1.500 1.123
1.5 1.1 0.248 [128.500 |128.000 | 127.277 [127.029 [ 1.223 0.971
0.8 0.9 0.082 [128.000 |127.800 | 126.829 [126.747 | 1.171 1. 053
1.1 1. 05 0.331 [127.800 |127.500 | 126.747 [126.416 | 1.053 1. 084
1.1 1.1 0.215 [127.500 |127.200 | 126.416 [126.201 | 1.084 0. 999
1.1 1.1 0.118 [127.200 |126.900 | 126.201 [126.083 [ 0.999 0. 817
0.8 1 0.235 [126.900 1126.600 | 125.933 [125.698 | 0.967 0.902
0.8 1 0.421 [126.600 |126.200 | 125.698 [125.277 | 0.902 0.923
2 0.9 0.178 [129.500 |129.200 126 125. 822 | 3.500 3. 378
0.9 0.8 0.141 [129.200 |128.800 | 125.522 [125.381 [ 3.678 3.419
1.3 1. 05 0.169 [128.800 |128.600 | 125.281 [125.112 | 3.519 3. 488
1.1 1.05 0.167 [128.600 |128.300 | 124.962 [124.795 [ 3.638 3. 505
1 1.05 0.116 [128.300 |128.000 | 124.745[124.629 [ 3.555 3. 371
1.1 1. 05 0.146 [128.000 |127.500 | 124.629 [124.483 | 3.371 3. 017
1.3 1.15 0.214 [127.500 1127.300 | 124.483 [124.269 | 3.017 3. 031




1.4 0.386 [127.300 |127.100 | 124.269 [123.883 | 3.031 3. 217
0.8 0.137 [127.100 |126.600 | 123.733 [123.596 [ 3.367 3. 004
0.8 0.078 [126.600 |126.400 | 123.596 |123.518 | 3.004 2. 882
0.193 1126.400 1126.200 | 123.518 [123.325 | 2.882 2. 875
0.524 [126.200 ]125.800 | 123.075[122.551 | 3.125 3. 249
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