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ABSTRACT

Recently, due to the concentrated rainstorms induced by global
climate change, floods and the debris-related disasters were easily
triggered on mountainous hillslopes. In order to effectively reduce the
impact of slope development on ecological environment, reasonable
planning and design of soil and water conservation becomes necessary.
Sustainable Farm in Nanhua University was used as studied area. Based
on regulations of soil and water conservation, digital elevation models,
geology, soil and climate data coupled with studied area investigation
were applied for the calculation of facilities safety, including contour
analysis, watershed delineation, rainfall frequency analysis and peak flow
calculation. The cross-section of the drainage facilities was calculated to
have a peak flow rate of 0.672 cms during the 25-year recurrence period
of the catchment area, while the demand capacity of the permanent
sedimentation detention pond was 216.27 m?, and the estimated peak
flow rate during the 50-year recurrence period was 0.736 cms, and the
capacity of the detention pond after installation was 261 m® greater than

the demand. The evaluated results show the safety of the planned
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facilities 1s reasonable and can be used for the reference of sustainable

environmental planning and design.

KeyWords: Environmental sustainability, Soil and water conservation,

Peak flow calculation
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L =(G+HlogT)———— ......... 1
5 ( g )(t+B)C (1)
P
13 = SR 2
%0 (25.29+0.094P) (2)
P )
A=(————— N 3
(—189.96+0.31P) )
B =55 o, (4)
P >
C=(——— N, 5
(—381.71+1.45P) )
P
G = o Y 6
(42.89+1.33P) (6)
P
H =( g et | (7)

—65.33+1.836P
P=# I }5"% & & (mm)
te=f R P & ' R 2E PR (min)

T=+% ¥ FE(yr)

IT# YT E > St A2 %an k(D R/,

I3 " EMMEE- LT & > R phs L o2 "Ea i R (D8
| ),
P:iETiiad(2g)

A~B~C~G-H: ix#

17



TR R BER KR E T A g B oo N KA E I EE 25

E2ERBRE L ER SN B R RS F 2RI E o

328 R G E

ok 3 AR PR S 4 BIRPER(t) g iR p Bk R
Bif- BEDdE - T BT EI MR - LA BRI T ER 2 oo

Hibd o5 4eT

t=t+t

t1=1/v

¥ ot BUnpER

i ER(RkER AGd BkRER NI PEMTEER),
2l TR (ROKIERED P AFL TSR R,

1D it £ &,

viIE B IR (- R 033 0.6 2 /F)) e

/4

TR B AL BT 2 BR B B L P E

BE ki BRI R A0 o RE BONTE D X RFEER

* Ko (Rziha) gk 258 s B

18



H ¢

7~

b

tzZL/ \%
W=20(H/L)"¢

W :

CERER(2T)

IRESTR 2

TR R (S R /))

g

)

Z(2

O« ~0

BEFAaPERZGE S AR BFH G 2 @A - F 0% ARk
RAEANZE 2R o
NI Sk 24 Iy 20
3.3 3‘%:-‘/11"-'_3_ LA &#ﬂ: I
ok EIFRENRE S S N LR ECEF ST T A BB
Fe2Cier- « O F -
% 31L& CE
% 2 T 3 W
Bk L ) B A # R F
\.L)A;!Et\?\: i
s dy g ¥ ko g
gmsgrne O 71 ~| 00~ 010~ Orxi ~ O3 ~
¥ O-=1 |0+20 |O-t1

RS eI

Jh s s ek 2
82 iZn ta ik

%

19




i * &1 2 ;% (Rational Formula)3t & o £ 32 2 ;840 !

A,

ORECE SIS f B EARE /)
C:iZin (s 5 ),

[:% &% B(8/] ),
A ERERF(D D)

RERES: SMEh s

Val
M

e

% }\4 xﬁlsfﬁ;}i,{{ﬁ‘lﬂ,‘%;L E_ Ed ﬁ%’iviifiiii‘}i% ‘;E"_—Lf'éﬁt-'r/fg%;
i % 434 2 3% (Universal Soil Loss Equation  USLE) » H 2 3¢

4o T
Am = RmxXKmxLxSxCxP
Am: I A (/0 F/E ) HEF md L 1.4 gt o
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1
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4.3 "5 * B B AT

AP PN EAR AR R E R EEE > AP A

N

b

*
FRbERSF A FR G T E2a BT LT #

(2005 £~2019 £)2_ & T35% & £ %% 5 1898mm/yr» 4r% 4.2 o

242 LKA HRF RR EFAA

F o E £ § (mm/yr) | & -TE=% % % (mm/yr)
2005 2832.3

2006 2125.6

2007 2514.5

2008 1904.5

2009 1260

2010 1203

2011 1352

2012 2192 1898
2013 2581

2014 1342

2015 1513

2016 1868

2017 1963

2018 1882.5

2019 1937

TR KR P L f kb Rshi § e
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MEFEEAGRE NS RNERPIE2S £2 AR > £ 4
BN REFAB-C G -H fadcE £ &t 2N REFR

}"l”\ ?r—'\/—-‘lé‘gi—/;ﬁ °

’s 1898
Ig3=( > =86.82(mm/hr)

25.29+0.094*1898

1898
A=( )?=22.69395
-189.96+0.31*1898

C=(————— P=0.64114

-381.71+1 451898

1898
G=(———— )™=0.54659
42 89+1.33%1808

1898
H=( )*=0.3081
-65.33+1.836% 1898

LR LA E kY A RE R > dod 43
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343 k2 A AEA

F £ 2b P A B C G H

1898 22.69395| 55 |0.64114|0.54659| 0.3081

4.4 BKA T

FRRADLES F R L RABRI AP FEn REAA
¥ ooom it §b(7 T hp L ETR . & L,pa#)\%ﬁ*w\%k Z i
Bl kN o o H e F IR 0 RN o R RN A o
AR A G SRR R AR R B RS R 2 A
SR YT ok R BB PRI ()R T 2R
X)a R 228 5 ADe %353 kA % E B 58K A 5 Bl(4-B 4.5)

Bl 4.5 Bk A T 5 B 28K A T
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AEAMBRE 3 RABRF AP By RSB TRREE
EBEATE o MAK AL ASBCoD Ere BEKTR o AR EE

i Rk BERAERE R L4 S REAK S M R K

# 3k 0.6m/sec iz & B RpERY o

45.1 %7 B & ¥ (X7 Rziha 2 %)

AR ABBEKRGERTRT H 5 B0 ®F 2 REGRTE
T R Wob (Rziha) 2 2 B o

(DA $-K % (5% 124m) 1 W=20(—)° = 1.415(m/sec)

124

2Q)B & k% (¥ A& 593m): W=20 (E}%: 0.286(m/sec))
593

452 jn T pERE

(DA $-k% (X% 124m) : (——) = 1.46(min)
1.415*60

2)B #-k % (3% 593 m) : (—— = 3.45(min)
0.286%60
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4.5.3 B ¥ iin ~ pERF

(DA BkE = —
0.6%60
Q)B & kE = —
B)CEkE — 190
0.6%60
@D B kF = —

(3-8 2% dcd 4.4

(min)

= 0.42 (min)

= 5.28 (min)

= 3.06 (min)

%44 B inpERE 4

% fi P SR e~ PR = B
FokE H(m) |¥# L(m)
(=) 1(m) t1(min) to(min) tc(min)
A 0.4 36 1.5 124 1 1.46 2.46
B 0.09 15 0.7 59.3 0.42 3.45 3.87
C 0.99 190 0 0 5.28 0 5.28
D 0.51 110 0 0 3.06 0 3.06
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454 % % p R E

B bRk o R BRI L A4 B RN AR RS Ao
(G+HlogT)*A/(t+B)) * I

(DA &k %

7 69395

- #86.82=143.4(mm/hr)

13.4276

1355 =(0.9773) *=

2269395
3%, =(1.07004)* *86.82=157.01(mm/hr)
13.4276

(2)B gﬁ K %

) 22 69395
153:= (0. *
337=(0.9773) ).

*86.82 = 141.19(mm/hr)

" 22 69395
=(1. 4) *
135,=(1.07004) R

*86.82 = 154.59(mm/hr)

(3)C &k %

125.=(0.9773) % ——= * 86.82=139.06mm/hr)

13,8465

150 .=(1.07004) * —— * 86.82=152.26(mm/hr)
13 8465

@D # -k

22.69395

125 =(0.9773) * 2% x 86.82=142.45(mm/hr)
3.06 13.5174
22.69395

1396 =(1.07004)* * 86.82=155.97(mm/hr)

13.5174
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455 % J\?p/“‘éﬁi-/#ﬁ%“‘}:

A B CEAB®H CEP~0.7°C-D % C &2 0.75>

FH AL N R B R R Bt X E S Qprak=0.652cms o

&K% & it &ﬁfﬁ“ﬁ'}* ﬁ’»‘]‘-'ltié (i e C ER D (?soi#iéﬁi
) | te(min) | FF R t(min) I°* (mm/hr) | i £ (cms)
A 0.4 3 3 0.7 146 0.114
B 0.09 4 2 0.7 158 0.028
C 0.99 5 1 0.75 172 0.355
D 0.51 3 3 0.75 146 0.155

AEFIEREABWHERRRETE  wCER 075 BKT
C-DWHFEITF P FXW > THAIFL 2 CEE 090 £+ &

Ji AN E 50 E £ 2 EE LA E S 0.736 cms ¢ (dok 4.5)

£k T woAE | R s R P ik e C QusiEin® | iR [Qsoilin &
()| (mm/hr) (cms) [ IP° (mm/hr) | (cms)
A 0.4 143.40 0.75 0.120 157.01 0.131
B 0.09 141.19 0.75 0.026 154.59 0.029
C 0.99 139.06 0.90 0.344 152.26 0.377
D 0.51 142.45 0.90 0.182 155.97 0.199
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i F 43 23N (USLE) S C Am=RmxKmxLxSxCxP
L m
22.13]

W £ F5 L=(

BokE AHEQR08%)%* 5% m @B 05
Bk%EB-C-DHAE%27%~2.6% 2% FIHLE /3 1~3% >
m EB 0.3 -
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% 4.6 HE F)3 4

% ’}4 e 1 m L
A 36 0.5 1.275
B 15 0.3 0.89
C 190 0.3 1.906
D 110 0.3 1.618
% 4THRE? T EINL E 2
Am Am
A T SR
£k%|BR% | Rm Km L S C P (ton/ (m’/
35 (m3)
ha/y) haly)
A A B | 16407 | 0.0356 | 1.275 3.706 0.01 0.8 22.08 15.77 |>15,2~ 15.77
B A B | 16407 [ 0.0356 | 0.89 0.236 0.01 0.8 0.98 0.7 |<155 15
C 3 | 16407 | 0.0356 | 1.906 0.228 1 1 253.83 | 181.31 [<250,2 250
D 3 | 16407 | 0.0356 | 1.618 0.182 1 1 172 122.86 |<250,2~ 250
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248 B F s I MLt £ 4
Am |
Am AR A /ﬁplfg 75“
£k%|#F% | Rm Km L S C P (m/ha/
(ton/haly) £ 38 (m3)
y)
A A B | 16407 | 0.0356 | 1.275 3.706 0.01 0.8 22.08 15.77 <30, 30
B A B | 16407 | 0.0356 0.89 0.236 0.01 0.8 0.98 0.7 <30, 30
C | 16407 | 0.0356 | 1.906 0.228 0.01 0.6 1.52 1.09 <30, 30
D 3 | 16407 | 0.0356 | 1.618 0.182 0.01 0.6 1.03 0.74 <30, 30
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4.6.1

k3K %6 A 41

L ol N e S f e U
A E A WL E W2 A
ok

v B R 0 TG R
ek A B K®RE B EKR2ZN > WI-W2
Bl FRIEK

& W4 £k 5

= A~D =
gV

SH oK
s 2L

Y =
W3 #oRimF 2% B
il S E N TR R P > TR
TEFRE

4.6.2 i

3oyt

Eigh s ¥
W —:\_L B"
-

-t

RO SRR R AL

APEREE IR F S L BRER 25 F RS
T (% 4.9):

W % El
A=/t B

A
% 49 2 %k

S

25-& ‘/‘“ﬁ“‘éﬁ—‘(‘nh B %ﬁ
o 58 R Dos
g?’](?v W fﬁ(/‘} yE)

B
(mm/r) |

# v Qs
C P i
0.4

B e

B2 18 Qos
iEintadke C L
(cms)
143.40 0.6
B 0.09

(cms)
0.096
141.19
C

0.75
0.6
0.99

0.120
0.021
139.06
D

0.75
0.6
0.51

0.026
0.229
142.45

0.90
0.6

0.344
0.121

0.90

0.182
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4.6.3 LKL EH K

) #okEF 2L S~ AR R

KK EMNE BONZRBEZ Y ek ilon BiE7 FRK
AN RS 0.014 FF 005~ 55 F 0.013(F /LA 0.6m 2 n

e Ard 410 -
5410k BT 4
BT | ok f55 < o
S E B ax| ki | g |wen Mok | Pk
KR DI B R (B*%
K% (m) | (m) |[(m/sec)| & (cms) m A 5%
(cms) | (%) m)
Wi A | 0120 | 12 | 1 | 035 |0698]| 016 | 1%0.5 | 0.15 i 2
w2 B 0026 | 08 | 1 | 035 |0.180 | 0.04 | 1%0.5 | 0.15 iy 2
W3 | A~B | 0.146 | 3.0 040 | 4555 | 1.14 0.80 | 0.40 i
i
W4 | C~D | 0526 | 1.7 | 0.8 | 059 | 3597 | 1.69 | 0.8*0.8 | 0.21
2%
1.5%1.5*
D1 -
1.8
4.6.4 3K 851 B
(1)idag W335 2 1.14cms > 0.20cms(W1+W2 KK 30 8 )2 <
30146 cms (A~B -k R i E) &y &1 o
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-

Q)£ kP E W4 %3 irE 1.69cms > 1.666cms(C~D % 4# 55 §

0.526+1.14 i #-k k35 8) o B & o

4.6.5 P-RK e ¥

PR K P AEZES 4 I EE Im*0S5Sm- & E §0.8m -
PEO0EM*0.8m- H-k¥ 1.5m*1.5m*1.8m> 35K T 5 fie ¥ Bl(4e
&l 4.6)

WEE  EuRDicniE

[/ N
‘ig 9B 0cT 4 » BB A+ LA,

HAKHt o H2H ;
%47 £ 353 % 30cn =S

w2 bk L=50.3M

B 4.6 kT 5 fe §
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4.7 R R K

471 A ¥

APz rE2 ZMEEFRE=Z A CFREKSNGE

t, = t. %->+0.6t,

t,=2.67 tp

AEAR AW G E SR L BRI R 1)
PEiR 4ok 411 o

2411 L Bk RAP2 P EREZ

Bk % L ﬁﬂéﬂm il to to A8 hr
te(min) te(hr)
A 2.46 0.041 0.2271 0.6064 1
B 3.87 0.0645 0.2927 0.7815 21
C 5.28 0.088 0.3494 0.9329 1
D 3.06 0.051 0.2564 0.6846 1
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4.7.2 i ik

E 2L

T A
e N L ) R
P B g
5L +
,f:g.‘a“ii‘—"?\'

B2 TR 4V RSk SN
4.12 2 % 413 -

wiEE
2412 FRRFELZ
A TE ok AR Qos 3% % 1
%’J\'?F
I?° (mm/hr)

" 5% R |Qso i T
s & (cms)
143.4
B

58P hr

I’° (mm/hr) | i £ (cms)
0.75 0.120 157.01

0.09 141.19 0.75 0.026 154.59
C 0.99 139.06 1.0 0.382 152.26 0.419 1
D 0.51 1.0 0.202 155.97 0.221

Tl s &

Vsi,m>
0.131

142.45

19.8
0.029

54

66.6

34.2

% ff
ﬁ"]‘?\f 15‘

243 RFLFLTFEE
o5k R [REUE i
2+8) | 1 (mm/hr)

Qos ik M5 3T
C

% A sh B |Qso it U 3T
i % (cms) |1 (mm/hr)
0.4 143.4 0.75
0.09 | 141.19 0.75 0.026 154.59
099 | 139.06 0.90 0.344 152.26
0.90 0.182

N AR
253 hr
7w & (cms)
0.120

L g
V52,m3
157.01 0.131

0.51

142.45

0.029

19.8

0.377 1
155.97

0.199

54

59.4

30.6
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4.7.3 R FE K
(D) FefF i r) i s

ARER

1:2.0(= 1.5)

)
—=

YT P
I 3%G fF 950m” 0 # T %G FF T58m” 0 ¥ R R IFA

+t 573.99+163.80=737.79m° (4r % 4.14) ~
I 2
0.9M » FRpF TRy % 8 s % £(950+758)*0.9/2=768.6 >737.79m> » { &

= *FL*FL%’

A4ldTpEmp s FEVE A
TRpF LRy
tE | afk (FRAZE R R
TR W E PE I
E-k% | (2F) | (m¥/halyr) (X *1.5) (X *1.3)
2
A 0.4 15.77 6.31 19.80
B 0.09 15 1.35 5.40
573.99 163.80 737.79
C 0.99 250 247.5 66.60
D 0.51 250 127.5 34.20
(2) % % TR 4 2% 3

FHAET

)
—

¥ 89.55+126.72=216.27m? (4r % 4.15) »
1:2.0(=1.5) > # + 285 ## 350m? > 3

FEAL F
T IR 7]% 230m? > @ F R IER
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0.9M » A 4 J#) i i # % £ (350+230)%0.9/2=261 m*>216.27m’ » #
AR o

IS
b4
2415 R A mpFEES FEE A
N A VK
tE | afk (FRAZE R R
R wEE S
Bok% | (2F) | (m¥halyr) (Z*1.5) | (Z*L1)
FE m’
A 0.4 30 12 19.80
B 0.09 30 2.7 5.40
89.55 126.72 216.27
C 0.99 30 29.7 59.40
D 0.51 30 15.3 30.60
474 Dine (F)R
Byl PR E AL ST G BR A B
SRRl SRR AL AL E R B AR 2
WL E o P A RARE T R K A2 R EER o

(DBt~ ims % md Qs0*80% » (4r 4 4.13)

(0.131+0.029+0.377+0.199)*80%=0.588 (cms)
(2)7

2R Qs 0 (404 4.9)
0.096+0.021+0.229+0.121=0.467(cms)
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(3) g
B ()~(2)3% ¥ B-) & 0467 cms (¥ 5 325 I § 2 ki o
Q=C*A*[2*g*(h-y/2)]*°< 0.467 (cms)
R §0.6m B MR kiR 0. 36m

Q=0.6*[ (0.6%)/8*(0*3.1416/180-sin0]*[2*9.8*(0.9-0.36/2)]*°
% <0.467(cms)

Ao £ Q=0.6%0.18*3.76=0.406< 0.467(cms) > * & *R% o
475 % im(E)T ® P

b o Ny Bk, 3 1:! gL 2o EH &
/.W../" % F;P / /'J: JL‘@»‘F—L&"/#‘ H E—»«‘Pk 41/'— }"/.W—/“Lll_rﬁ)

<R fs 2. 50 # B E i E (Qso) o

AT BT R F, Q=1.767*b*h*? > Qs °

(1) B3 18 %% & Qs
(0.131+0.029+0.377+0.199) =0.736(cms)

()42 3% %% e ¢ <1 0.5m*1.25m

W 1 % % Q=1.767%1.25%0.5%2=0, 781 > 0.736 (cms) # & 45+
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ERT ORELRR2 LRI T EEENE S 0.672cms Ko @
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SRR E BB 50 £ £ M2 E TR R L 0.736cms 0 T4 X A
SRR 2. F R E G 21627Tm1 AR 2 K AT 2 PRk Sz
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TRLH D R EAFARRG K AFAL R
W TR ES o RE

F2R, 428

IR ItEH A i E & # 3 B
(m) [mmEkri L=5.5M
1 M d 2.15%5.5 12.00f A
2 e H 0.8%5.5 400 A\
3 [s#:7&C0. 5%1, %5m) WEE AR L MLz 0 3H5.5M 550 M
HEmRRL - M 140kgfom’ -
ale i ERIET 1.85%0.1%1 0.19)
AR T 210kgfom’ »
b4k ERIHT (1.65%0.7-1.25%0.5)*1 053] A
climis RS %amar » i T 2.75%1.56+1%14%0.994 1821 KG
oligiEebid s P B R 0 de ik (0.7+0.5)%2%1 2.40| M
(B) [[REWI{TH
1 |#edids 3.9%412.26%15 so0.00[ NP
2 e 2.4%4+1,3%15 29.00] M
3 [§80cmini kg BA WA  [EEESATE 0 Mit2 » iHAM 400 M
S AR FiH - 140kghom® »
al &k ERIGE 0.65 0.65 M
b| & 80cmi#% & > Bl = 28 & 1.00 100] ™M
cliFiE R L AR - 2d 1.2%2%1 240 N
4 | §60cmid i Rigis o B = HEF A A MM 0 #15M 15.00] M
S ARt L M+ 140kefiom’ »
als ik FRET 048 0.48] W
b| § 60cmi& ¥ - BRI =@ F 1.00 1.00] M
clsd SR B L H AR 0 JE 0.97%2%1 1.94] M
(X) |t r
L (426+143)/2%2.2 626.00[
2 R EERG 2.2%1 414%(78+50.4)/2 200,00, M
3 | EaBRMn (78+50.4)/2/0.4%12+143/(0.470.6) 2,522.00 18
4 |+ sEeR 8.443.6 1200 M
() [peaff) ML 894-(2522+180)%0.047-327 440.00[ P
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2 FHEE
TAELH D hE AL KA RSk LSRR

RTZs D hE RS SRl
% GE e
: FE AR B 34 3
e (m) f:]‘f; G| (n) i’?) HE g ()
(m~) {m™)
0K+ 000 0.25 0.00
0K+ 012 12.00 0.25 0.25 3.00 1.00 0.50 6.00
0K+ 020 8.00 0.27 0.26 2.08 0.95 0.98 7.84
0K+ 040 20.00 0.25 0.26 5.20 1.00 0.98 19.60
0K+ 060 20.00 0.25 0.25 5.00 1.01 1.01 20.20
0K+ 080 20.00 0.14 0.20 4.00 175 1.38 27.60
0K+ 100 20.00 0.15 0.15 3.00 1.60 1.68 33.60
0K+ 120 20.00 0.25 0.20 4.00 1.02 131 26.20
0K+ 140 20.00 0.23 0.24 4.80 1.18 1.10  22.00
0K+ 160 20.00 0.33 0.28 5.60 0.76 0.97 19.40
0K+ 1853 2530 0.25 0.29 7.34 1.02 089 2252
KA 44.00 205.00
BAT B hE 44.00 205.00
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