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Appendix C. Technical Data

- Climate
- Hydrology
- Soil Mechanics

Irrigation & Drainage

Bill of Quantities

Labour Cost and Material Cost
Unit Price

General Plan of the Agro-civil Engineering Tests
and Farm Machinery Tests Fields

Measurement Plot

“Pump Station at the Cihideung River

Wci_rkshop / Workstation



Appendix Cl Climate

1. General

Collected Data
3. Evaluation, Tabulation and Analysis
1. General

The project site is located at the outskirts of Bogor city which is about 60 km
south of Jakarta.

It is laid on the alluvial fan developed from the northern slope of the Salak
volcanic mountain (EL. 2,211 m).

Its geographical position is 6°34’S, 106°43’ E and the elevation is about 200 m
above see level.

The climate belongs to the tropical monsoonal pattern. The Salak volcanic
mountain, along with other mountains to the east, influences the rainfall distribution in

the vicinity of Bogor city.

The Darmaga rainfall observation station was established in January, 1964 by
the Meteorology and Geophysics Board of the Government (BMG) and in 1976 it is
reorganized as the lst class Climatological Station Darmaga Bogor (CSDB) with
installation of additional climate measurement instrument. Since then, the climate
observation is operating by the said BMO. The main office is located at Jalan Raya
Darmaga 6.5 km, but its observation station is placed on the cleared land between the
swamp (Rawadjaha) and the rubber forest in the north-east about 2.5 km of the project
site. It can be accessed through Jalan Sindangbarang from Jalan Raya Sindang Barang
or through village road from the Darmaga Campus IPB. Its geographic position is
announced to be 6°30’S, 106°45'E, EL. 250 m, however, it can be read as 6°33'S,
106°45°E, EL. 190 m from the topographic map with scale of 1/50,000.



The arca of the CSDB is 250 m2 with 50 m leng

observing meteorological elements are air tem
wind speed and soil temperature.

sunshine, radiation, evaporation,

2. Collected Data

th and 50 m width. The

perature, humidity, air pressure,

The valuable observation records have been collected during the field survey

period for the study as follows
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3. Evaluation, Tabulation and Analysis

All the collected data have been evaluated, tabulated and analyzed as shown in
the following tables and a figure.

Table

Cl-1
Cl1-2
Cl1-3
Cl-4
Cl1-5
Cl-6
C1-7
Cl1-8
Cl1-9
Cl1-10
Cl-11

Cl-12
Cl-13

Cl-14

Cl1-15

Cl-16

Monthly Mean temperature at the Climatological Station of
Darmaga Bogor (CSDB)

Monthly Mean Maximum Temperature at the Climatological
Station of Darmaga Bogor (CSDB)

Monthly Mean Minimum Temperature at the Climatological
Station of Darmaga Bogor (CSDB)

Monthly Maximum Temperature at the Climatological Station of
Darmaga Bogor (CSDB)

Monthly Minimum Temperature at the Climatological Station of
Darmaga Bogor (CSDB)

Monthly Mean Relative Humidity (%) at the Climatological
Station of Darmaga Bogor (CSDB)

Monthly Mean and Maximum of Pan Evaporation at the
Climatological Station of Darmaga Bogor (CSDB)

Monthly Mean of Sunshine Percentage between 8:00 and 16:00
at the Climatological Station of Darmaga Bogor (CSDB)
Monthly Mean of Radiation Intensity (Kcal/ecmZ/day) at the
Climatological Station of Darmaga Bogor (CSDB)

Monthly Total Rainfall at the Climatological Station of Darmaga
Bogor (CSDB)

Number of Rainy Days at the CSDB

The Highest 24 hours Rainfall in the Month at the CSDB
Probability Calculation on the Highest Rainfall Data at the CSDB
by Gumble Method, Data Period 26 years from 1964 to 1989

(1) January (7) Tuly (13) Annual Maximum
(2) February (8) August
(3) March (9) September

(4) Apnl (10) October
(5) May (11) November
(6) June (12) December

The Highest Rainfall (mm) for the Short Duration in the Month
and Annual at the CSDB

No.1 1985, 1986
No.2 1987, 19838
No.3 1989

Calculation of Probability of Exceedance on the Data of the
Short Duration Rainfall Intensity (mmvhr)

No.1 5 minutes, 10 minutes and 15 minutes
No. 2 30 minutes,45 .minutes and 60 minutes
No.3 2 hours, 3 hours and 6 hours

No.4 12 hours and 24 hours

The Longest Dry Consecutive Days During one year at the
CSDB



Ci-17 Calculation of Probability of Exceedance on the Data of the
Monthly Mean Pan Evaporation at the CSDB

No.1 January, February and March
No.2  April, May and June

No.3 July, August and September
No.4 October, November and Decerber

Cl1-18 Estimated Possible Working Hours of Qutdoor Works for
Construction and Farming Practice

No.1 1985
No.2 1936
No.3 1987
No.4 1988
No.5 1989
No. 6 Recapitulation of Estimated Possible Working hours

and their percentage to the Scheduled Construction
Working Hours

Fig.C1-1 Curves of Probable Rainfall Intensity in mm/hour
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Table CI1-13

Probability Calculation of the Highest Daily Rainfall Data at the CSDB
by Gumble Method (Data period 26 years 1964-1989)

(1) January
(2) February
(3) March
(4) April

(5) May

(6) June

(7)  July

(8) August
(9) September
(10) October
(11) November
(12) December
(13) Annual Maximum



(1) Probability Calculation of Maximum Daily Rainfall in January at the Climatological Station of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

GUM3LE MAX. DISTRIBUTION

§?I§=” zfég_g CALCULATION CONFIDENCE INTERVAL
D(2)=  89.9 sum X= 1794,
(3= 3.9 SUM Xe2= 136193, T=5. e )
3(4): 29.@ SUN :’(“J= 11113?63- C-L.:asli Lﬂi=+—14‘5
I¢5o= 8.6 C-L-—,E‘l:/. Lﬂl=+_12.2
Ber=  86.0 MEAM K= 69, C.L.=80% LN7=+~9.5
(7= 57.8 HEQN K"‘:f= J233.354815 C.l.=68% LrT=+-T.4
()= 9.9 NEAN K“:: 42?644.9231 T= 3.- i o
9= 35.9 Sum DEV 30U, S=12412, C.L.=83% LM7=+-20.1
DCi9Y= 113.4 VAR IANCE S/N=477.33 C-L-:9Bf hdl=+—1§.8
D(L1)= 62,0 UHBIASED WARI. =S/(H-1)= C-L.:BGf '._;"!L=+-13_1
n129=  35.8 496,48 ) C.L.=68% LNT=+-18.2
K1 348 VARIATICN COEF,=SX/NEAN =28,
D(14)= BE’:E' :’(=‘3.32 C.L.:,S:{ '_ﬂl-‘-"'—?_s_?
(iSs= 479 STANDARD DEY. SX=I(5/N)= C.L.=98% LMT=+-21.5
Dl6r= -36.8 21.85 C.L.=88% LMT=+-16.8
Nim=  41.0 gT?S)EEZ'oEST' USK={(S§( TE-;- 68% tHT=+-13.1
b il SKEMNESS COZF. £S1=0.03 C.L.=95% LNT=+-27.5
ne2ey= 749 UHBIASED S.C. CS1=9,83 E-L.:saf LMT=+-23,
2o 138 C.L.=88% LMT=+-13,
I32s= T35 PROBABLE EXTREAM YALUEC C.L.=63% LHT=+-14.
2231= 485 XT)»s RETURN PERIOD(T)» T=38. o
ot S FREGUENCY FUNCTION: C.L.=95% LMT=+-33.1
NzH)= 42.0 C.L.=98% (M7=+-27.7
gg;gi; ?5'? AT={M+K*ERs K=(YT-YM)/SY C.L.=80% LMT=+-21.6
i » XM=HEAN X» YT=-LNCLN(T Tcigé=684 LHT=+-16.9
7(T=17) =180,
§§TFI"§=113_ 50 THAT KT=Ai-(YM*SX/SY) C.L.=95% LnT=+-38.7
1=2. X=18%. +H(SX/5Y YT C.L.=9E|f LH1=+-32_§
I=3, X=190, C-L-=99:’: LMT=+-23.3
1=4, %=92. CAL. YALUE: C.L.=68% LMT=+-19.7
i=5. %=39, XM=69. 5X=22.23 YM=0.5 T=293-q ] )
126. x=53 321 SY=1.8961 C.L.=95% LNT=+-44.3
=7 \{=:;;. C.L.=9B«:’- LMT=+~37.2
=3, n=so. ESTIMATE EQUATION: C.L.=80% LNT=+-29.
129, ¥=gQ, XT=53,13+20.33Y7 TEilééSSBz: inT=+-22.6
I=16, X=78. el S -
I=11., K=753, T=2. XT=65.5 L-Lf:25f L;‘._l_:+-5'r'.:.
1=12. a=74. T=4, XT=83.5 C-L-:.?:: L.1s:+-g§.1
1=13. x=73. T=5, XT=83.7 C.L.=86% LHT=+-37.5
[=12. %=73 T=18, XT=103.3 Col.=568% LMT=+-29,3
1:15. W=&3. T=20, XT=118.%
1=16. X=85. T=23. ¥T=12%.2
[=17. X=53. T=5@., x«T=:37.3
=13, K=3%. T=1688. #T=151.7
I=19. %=32. T=208. XI=163.%
1=28. A=32. T=1060, £7=i33.9
i;gi if;iz NOTE 1. XT : Magnitude of the event reached or exceeded
1203, w=a:. on an average once in T years
1224, =23, 2. T : Return period
1=25.  2=3%. 3. C. L. : Confidence level
I=25, 4=29. 4. LMT  : Conficence limit



{2) Probability Calculation of Maximum Daily Rainfall in February at the Climatological Station of

Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

" GUMBLE MAY. DISTRIBUTION

CATA H=2s, CALCULATION CONFIDENCE INTERVAL
b(ly= 92.9 5UN ¥= 1851.
Dtir= 58,7 SUM Xn2= 176347, T=5.
WZ=  dLd SUM #n3= 23645921, C.L.=95% LMT=+-27.7
H$= 5.3 C.L.=33%  LMT=+-23.2
= 5z NEAN x= 7119230769 £.L.=3B% LhT=+-18.1
D)= 13.3 HEAN XaZ= 6885.633846 C.L.=68% LNT=+-14.1
D(Ty= 59D HEAN Xn3= 299266.1923 1=19.
nig)= 93,9 SuM 2Jey 541, S=43170.833 C.L.=95% LMT=+-38.3
D(2)= 38.9 45 C.L.=98% LMT=+-32.1
D(18)= 3.9 VARIANCE 5/N=1737.31 C L =88% LMT=+-25.
HIGRBE 4.9 UNBIGEZD YarI., =5/(N-1)= c.L,=53% LHT=+-19.3
D(12)=  54.3 1896.8 To2g,
8(132= .45.':! YARIATION LOEF.=SXs/MNEAN £.L.=95% LHT=+=-49,
D(1dr= 77.0 A=0, 99 C.L.=96% LNT=+-41.1
2= 410 iIaggaRn DEY. SR=0CS/N)=  CTTSoh MTeee3.
D(16)= " 63. : C.L.=68% LNT=+-25.
D(17)= 115.0 STA. DEV. EST. USK={(S¢C . >
2(18)= 52,9 H-1))=42.51 957 LMT=+-52.4
BID=  5%.4 SKEWHESS COEF. €81=2.45 git:=gaz LHT=4-44.
D(20)= 4.9 UNBIASED S.C. C$1=2.4@2 B anr LMTo+-34.3
Iy .L.=68% =4+-26.7
D(22)= 185.9 PROBAELE EsTREAN vALUEC  CL-=68% LAT
D(25)= 195.9 XTs RETURN PERIDD(T). 00 sn LNTet63.1
D(24)=  33.9 FREQUENCY FUNCTION: Pbotoon IS
C.L.=98% LMT=+-32.9
Diz3y= 1.0 C.L.=80% LMT=+-41.3
I(26)= 248,98 KT=pitea 38y £=(fT-YMI/5Y oL =63% . LMTs+-32.2
§ORMERZEN Ko YTE-LNCLNCT o 2e b ™S8
=49K NG AT-1)2) S e | MTea7E
=i, X=240. 50 THET KI=gH-(imsyosy)  LobeZ3% LATERTIS.S
ey SRR T £.L.=80% LMT=+-43.3
R X:i . o ben ‘o e -
. K:lgs. ':nL. .Y.HL.UE: Tgéléna-ss/- LNT-’"’ 3?-6
. ﬁfgi' KH=T1.1523076% 5X=42,5] E.L.295% LNT=+-84.5
iy Te2.3521 SY=1.9961 C.L.=89% LMT=+-78.3
P, L.=88% =+-95.3
. At ESTIMATE SRUATION: CL.m8h o
X=T WT=50,SR+35. T .L.=hd4 .
. w=63, A58, 26+ 38, TavT T=1809.
. ¥=63, e wreid s C.L.=95% LMT=+-109.4
| %6 2 TR C.L.=33% LiT=+-91.8
Doy= s wreias 7 C.L.=30% LNT=+-71.6
e . £.L.=88% LNT=+-55.9

6, KT=137.3
4. x7=163.7

6. AT=2u1.9
T=198, XT=2Z24,
T=z08, HT=25%.7

T=1889. XT=313.4

NOTE 1. XT : Magnitude of the event reached or exceeded
on an average once in T years
2. T : Return perjod
3. C. L. : Confidence level
4. LMT  : Conficence limit
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{3)

GUMBLE
DATA H=
o(l)= 49.8
D(2)= 32.4
(3= 4.8
D(4)= 39.8
D(S)=  183.%
D6)= 7.9
M7= 39.%
b¢8)= 86.u
(9= 57.8
I¢iar=  51.4
(L= 33.9
B(12)= 33.9
(13)= 58.8
D(143= (6.9
p(13= 88.9
D(16)= 79.9
#17x= 50.0
nigd= ti1t.8
D¢19y= 55.8
I(28)= 69.0
I{21)= 1B5.8
B2A2)= 64.0
D(23)= 194.0
I2do= 6.9
D(25)= 51,8
D26)= 54,8
RANKING
I=1. X=111.
I=2. k=186,
1=3. ¥X=1@d.
=4, H=183,
[=3. #=35,
I=8. X=33.
I=7. =84,
[=8. =R®=79.
I=3. #=T1.
=18, A=6%.
I=11. ZX=8n,
1=12. Z=g4,
I=13. ®=61.
I=t4, ¥=58,
I=13. »=33.
I=16. R=37.
I[=17, R®=39.
1=18. R&A=34,
I=19. ¥X=31.
1=28, X=36.
I=21. X=5&.
1=22, X=4%.
1=23. X=49,
I=24. X=39.
#=33
=32

26.4

CALCULATION

SUM X= 1714,

SUM Kn2= 1235726,
SUM ®a3= 16117234,

HEAN X= 65.92387692

MEAN X~2= 4833.613285
MERN Xn3= 389124.3846
SUM DEY SAQU. S=12733.344%
15

YARIANCE 5/H=489.76
UNBIASED YARI. =5/(H-1)=
589,35

YARIATION COEF.=5X/MEAN
%=08.34

STANDARD DEY. 5X={(S/H)=
22.13

STA. DEY. EST. USX={(5/¢(
N-1))=22.57

SKEWNESS COEF. CS!=5,333
UMBIASED S.C. C51=8.522

PROBABLE EXTREAM YALUE(
XT>» RETURN PERIOD(T),
FREQUENCY FUNCTION:

KT=XH+K*5Ky K=(YT-YM)/5Y
» XM=MErn Xy YT=-LHN{LH(T
AAT=123)

50 THAT RAT=RM-(YM*3%/3Y)
+H(EA/STI#YT

CAL. YALUE:
AM=53.92307692 S§X=22.57
TM=9.3321 5Y=1.90961

ESTIMATE EQUATION:
KT=54.97+28,52YT

. €T=62.3

. RT=89.5
XT=33.7
XT=191.3
¥T=113.1
KT=122.3
x7=13%.3
RT=135.7
HT=164.
9. AT=197.2
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Probability Calculation of Maximum Daily Rainfall in March at the Climatological Station of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

COHFIDENCE INTERYAL

-

COOaQon
S

-t

T=19.

C.L.=35%
C.L.=99%
C.L.=80%
c.L.=68%
T=28.,
C.L.=95%
£.L.=%0%
C.L.=88%
C.L.=68%

£.

c.
c.
c

O GO D
oo D LN
A e AT e

|""l'_l—l"
.

T=289.
C.L.=%
C.L.=
C.L.= 3
C.L.=63%

T=19806,
€.L.=93%
C.L.=997%
C.L.=39%
C.L.=63%

\.D
L R~ A7)
T oA A

LitT=+-14,7T
LnT=+-12.3
LHT=+-9.6
LNT=+-7.5

LMT=+-28.3
ENT=+-17.1
LMT=+~13.3
LMT=+-18.4

LHT=+-26,
LitT=+-21.8
L’ =+-17.
LAT=+~-13.3

LAT=+-27.8
LMT=+~23,3
LiT=+-18.2
LiT=+=-14.2

LMT=+-33.3
Lmi=+-28.1
LMT=+-21.9
LHT=+-17.1

LHT=+-39.2
LMT=+-32,"
LMT=+-23.
LMT=+-23,

.;n. u.-

LiT=+=-44,9
Lﬂ|-+-3?.6

LHT=+-58, 1
LHT=+-4%,3
LiT=+-33.

LiT=+-29.6

NOTE 1. XT : Magnitude of the event reached or exceeded

on an average once in T years

2. T
3. C. L.
4, LMT

e e

Return period
Confidence level
Conficence limit



(4)

Probability Calculation of Maximum Daily Rainfall in April at the Climatological Station of

Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1 989) X

GUMBLE MAX. DISTRIZuTION
c TERV
JATA 1=26. SALCULATION CONFIDENCE INTERVAL
1)z 715 SUR ¥= 1936, Te5.
D2d=  70.9 5UM Ka2= 151266. L. sasy  LHT=+-11.
3= 92.8 5UN %e3= 12286876, oL cagn LNT=4-9.2
Dedy=  39.0 . C.L.=68% LiT=+=7.2
D(5)=  59.0 HEAN %= 74.46153846 Lo Zear LHT=+-5.6
D(6I= 9.0 MEAN Ka2= 533;}32§g7; e
= 53.8 MEAM XA3= 472572.153 - -
Dead=  92.9 suM DEV Sau. S=7igd.dets  GrbesSI LEIEITS-2
Mgy=  70.8 39 C.L.=89% LNT=+-9.9
3(18)=  134.6 VARIANCE 5/N=273.4 el egn LiTe+—17.7
D)= 7i.9 UNBIASED YARI. =5/(N~1)= e
D(12)=  88.9 284.34 - e
D(13)=  36.0 VARIAT.ON COEF.=SK/MEAN L e
I(t4)= 84.9 3=9.22 o.L.=88% LMT=+-12.7
I(15)= 9.0 STANDARD DEY. SX=I(5/N)= ol ceay LiT=+-9.9
Dine 455 iy e, usercs( TR
DUIT)= 66D . DEY. EST. USX= e o
D13z 0.9 H-12)=16.36 L i g
19= 79,9 SKEMMESS COEF. CS!=-8.3 oL conn LNTei-13.6
D(20)=  B2.9 UNBIASED S.C, CS1=-8.294 o ear LNTot-10.6
N aaa PROBABLE EXTREAM YALUEC  T<50,
123y 53.8 XT>» RETURN PERIODCT?: C.L.=95% LHT=+-25.
Notre  Te.d FREQUENGCY FUNCTION: C.L.=087 LMT=+-21.
,:’(25)= 83-6 e ) B . C-L--BB«:‘. LHT—+“16-4
126r=  4L.8 AT=RMHKASRy K=CYT=YRI/SY C.L.=68% LNT=+-12.8
y XN=MEAN H» YT=2-LNCLN(T T=109.

FANKING AT-1) C.L.=95% LNT=+-29.3
=1. %=104, 30 THAT XT=¥it-(YH*3K/5Y) C.L.=9@% LHT=+-24.6
I=2. ¥=99, +(S4/5Y ) 4YT C.L.=89% LNT=+-19.1
1=3. ¥=93. C.L.=68% LNT=+-14.,9
I=4, X=93. CAaL. YRLUE: T=209.
I=5. K=93, AN=T4.56:33346 SK=16.86 C.L.=95% LMF=+-33.5
I=6. X=88. Yn=3, 5521 5Y=1.0961 C.L.=30% LMT=+-28.1
=7, X=84. C.L.=30% LMT=+-21.9
I1=3, X=8§3. Z5TIRATE EGUATION: C.L.=63% LHMT=+-17.1
=9, X=352. wT=66,28+15,38YT T=10888.
I=19. X=88. C.L.=95% LHT=+-43.4
I=11., X=76. T=2. AT=71.% C.L.=99% LMT=+-36.4
112, X=74. T=4. X7=85.4 C.L.=80% LMT=+-28.4
1=13, A=Tl. 7=5. X7=82.3 C.L.=h0% LMT=+~22.1
=14, #=T1. T=19. XT=109.9
=15, 4=71, T=29. xT=112,
=16, ¥=74. T=25. KT=115.5
=17, ¥=78. T=58. XT=126.3
=18, ¥=70. T=10d. XT=137,
=19, ®=7d. T=208, XT=147.7
[=20. X=70. T=1809. XT=172.5
[=2L.  K=6o. NOTE 1. XT : Magnitude of the event reached or exceeded
%;'2“3 i;; on an average once in T years
1224, =53 2. T : Return period
1225, #=d41. 3, C. L. & Confidence level
Tate. w36 4, IMT  : Conficence limit



(5)  Probability Calculation of Maximum Daily Rainfall in May at the Climatological Station of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

GUMBLE MAX, DISTRIBUTION

DATA N=26. CALCULATION CONFIDEHCE INTE®YoL

D(1)= 42,8 SUM K= 1982.

D(2)=  105.9 SUM XA2= 1660822, T=3.

(3)=  39.9 SUM %e3= 17153118. C.L.=95% LhT=+-21.3

D{4)= a1.9 C.L.=28% LiT=+-17.9

o(3)= 21.9 MEAH X= 73.15384615 C.L.=80% LNMT=+-14,

IICYE 92.9 HEAN ¥A2= $335,4561538 C.L.=h8% LHT=+-18,9

(7= 35.8 MEAN Xa3= 659735.3077 =18,

D(3)= 98.9 SUM DEY SQU. S=26853.384 C.L.=90% LNT=+-29.5

DER)= 59,8 62 C.L.=28% {NM7=+-24.8

p(tgy=  10.8 VARIANCE S/N=10353.98 C.L.=80% LMT=+-19.3

ity 69.9 UNBIASED YARI. =S/¢N-1)= C.L.=68% LNMT=+-15.1

(i2y= 78.8 1875.34 : T=28.

DC13)= .31.0 YARIATIOM COEF.=5%/MEAN C.L.=9%5% LMT=+-37.8

I(14)= 69.8 ®=0.44 C.L.=%8% LNAT=+-31.7

B(15)= 27.9 STANDART DEY. SE=T(5/H)= C.L.=88% LMT=+-24.7

B(162= 69.9 32.16 C.L.=h8% LNT=+-19.3

b1Ty)=  70.8 §TA. DEY. EST. USK=Y(S5/¢ T=25.

b(18)=  44.0 N-1)3=32.79 C.L.=99% LNT=+-48.4

B(19)=  89.p SKEWNESS COEF. £51=1.243 C.L.=%8% LNWT=+-33.9

D(29)= 44.D UNBIASED S.C. CSi=1.219 C.L.=88% LNT=+-26.4¢

D(21)=  T79.9 C.L.=68% LNT=+-20.6

D¢22)= &3.8 T=59.

D(23)= 72.9 CONFIDENCE INTERYAL C.L.=93% LNT=+-43.7

D(24)=  33.9 C.L.=%9% LNT=+-40.8

D(25)=  77.8 PROBABLE EXTREAM VALUE( C.L.=80% LNT=+-31.8

D(26)= 122,98 ®T)y RETURN PERIDD(T), C.L.=68% LNT=+-24.3
FREQUENCY FUNCTIOM: ' T=188,

FZAHKIMG C.L.=93% LNT=+-35.9

-=1. &=161. UT=XM+K*SHy K=(YT-YH)/SY C.L.=9@% LnT=+-47.3

T=2. &x=12z. s XM=MEAN ¥y YT=-LNCLN(T C.L.=88% LHT=+-37.2

I=3, K=149, A(T=-10 C.L.=R8% LNT=+-29,

I=4, R=99, 30 THAT XT=RM-(YH¥*SX/SY) 7=280.

I=5, X=93. +(SX/8Y)4YT C.L.=%3% LNT=+-55.2

i1=5, ¥=91. C.L.=98% LnT=+-54.7

I=7. X=389, caL. VYALUE: C.L.=88% LNT=+-42.56

1=8, d=2%2, HM=73.15334615 5X=32.79 C.L.=68% LHT=+~33.2

1=3, X=79, fM=0.5321 SY=1.9951 T=1493.

I=18. KX=73. C.L.=93% LNT=+-34.4

=11, x=7%7, ESTIMATE ERUATION: C.L.=98% LNT=+-74,3

I=12. &=72. AT=57.24+29.92YT C.L.=38% LMT=+-33.2

I=13. a=78. C.L.=68% LNT=+-43.1

I=14, X=74, T=2. XT=63. 2

I=15., H=o53, T=4, XT=94

I=15. =83, T=5. XT= 192_1

[=17. =64, T=19. XT=124.%

i=12, #=68. =20, AT=146.1

I=19. k=39, T=23. XT=152.%

i=29. x=33. T=50. XT=174.

1=21. X=44. T=188. XT=1%4.9

[=22. X=44, T=208. XT=215.7

I=23. &X=42, T=1988, #1=263.9

1=24, K=39.

1=23. K=2T7. NOTE 1. XT : Magnitude of the event reached or exceeded

I=26. HK=i1, on an average once in T years

2. T : Return period
3. C. L. : Confidence level
4, LMT : Conficence limit



(6)

GUMBLE MAX. DISTRIBUTION

DATA N=2s,
Iy= 44,9
H2)= 43.9
b¢3)= 37.9
I(4i= 33.8
D(5)= 47.9
(6= g7.8
K= 7.8
(8= 1.0
D{9)= 28.8
Nlgo= 63.9
DELy= 39,9
1= 177.9
b(13)= 72.98
D(14)= 8@.8
D(13>= 6%.8
D(16)= 11@.m
M1T=  7k.0
D¢{18)= 83,8
(19)=  T3.8
D(2e)=  37.9
D(21)= 83.6
B(22)= 36,9
9¢23)= 119.9
240= 643,90
I{23)= 64,8
D(260=  32.9
RANKING

I=t, X=177.
I=2. X=119,
1=3. X=114,
I=4. K=92,
1=3. ¥=33.
[=6., ®=387,
I=7, K=83.
I=3. X=g8,
I=9. X=73.
1=18, X=7s5.
[=11. ¥=T2.
[=12. x=43.
[=13, ¥=54,
[=14, X=53,
[=15. ¥=53,
I=15. ¥=61,
I=17. X=59,
I=18. X=57.
[=19. #=37.
[=28. Z=47,
[=21. X=44,
1=22. X=43, NOTE
[=23. =37,
[=24, X=35,
I=253. KX=33,
I=26. ¥=23,

CALCULATIDN

SUM X= 1814,

SUH Ka2= 158666.
SUM Aa35= 15813664,

MEAN X= 69.76923@77

HERN Ra2= 5794.846134
MEAN XA3= 577448.6154
SUM DEY 5QU. S=24184.615
39

YARIANCE S/N=927.1
UNBIASED YARI. =S/(N-1)=
964.18

YARIATION COEF.=S5X/MEAN
R=9.44

STANDARD BEv. SX=¥(S/H)=
38.45

STA. DEY. EST. USK={(S/(
N=1)>=31,85

SKEWNESS COEF. CS!=1.551
UNBIASEDR §.C. CS1=1.521

PROBABLE EXTREAM YALUE(
KT)r RETURN PERIOD(T),
FREGUENCY FUHCTION:

AT=XM+K+5Ry K=(YT-YN),SY
v KH=MEAN X» YT=-LHC(LN(T
/(T-13

S0 THAT KT=XH-(YM=SX/5Y)
+(8X/8Y)%YT

CAL. YaLUE:
AM=69.76923077 SX=51.45
YM=8.3321 SY=1,6961

ESTIMATE EQUATIONM:
AT=04,7+28.33YT

T=2. XT=65.1
T=4. XT=98,

T=3. X7=97.2
T=18. XT=118.5
T=28, XT=138.8
T=23. XT=145.3
T=30. KT=165.2
T=188, XT=185.
1=260. KT=204.7
T=1008. XT=258.4

1. XT : Magnitude of the event reached or exceeded

Probability Calculation of Maximum Daily Rainfall in June at the Climatological Station of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

COMFIDEMCE INTERYAL

7=3.
C.L.=95%
C.L.=%8%
C.L.=80%
C.L.=63%

i=18.
C.L.=93%
C.L.=%8x
C.L.=88%
C.L.=68%

C.L.=95%
C.L.=98%
.L.=38%
. =68%

. =957
L.=%8%
L.=88%

Oy Q) O O
o0 oo
o N N

—
.

=

I

LA v IR Y IR Y .

LHT=+-20.2
LMT=+-17.

LMT=+=13.2
LMT=+-18.3

LiT=+-28.

LT=+-23.5
LHT=+-18.3
LHT=+-14,3

LMT=+-35.8
LMT=+-38,

LMT=+-23.4
LHT=+-18.2

LMT=+-38,3
LMT=+-32.1
LiT=+-23.

LHT=+-19.5

LNT=+-46, ¢
LMT=+-38.7
LiT=+-38.1
LMT=+-23.5

LMT=+-53,9
LMT=+-43,2
LMT=+-35.2
LMT=+-27,5

LHT=+-61.7
LMT=+-51,8
LiT=+-48.4
LHT=+-31.5

LMT=+-79,9
LHT=+=a7, !
LMT=+-352,3
LMT=+~44, 3

on an average once in T years

: Return period
. C. L. : Confidence level

3
4, LMT  : Conficence limit



(7)

GUMBLE #AX, DISTRIBUTION

JATA N=26.

(o= 19, «
b{2)= 47.8
(3= 26.8
Didr= 68.8
(5= 24.13
D{R)= T3.8
)= 58.8
D(8)= 183.0
(9= 11.09
D(1R)= 54.9
D{ii)= 148.8
DC12)= 44.8
(13)= 41.9
IC(i4)=  28.8

D{13)= 149.9
DCi6)= 137,90

D(LT)=  A1.0
I(18)= 146.9
D(19i= 82,0
b(2a)= 81.9
D(21>= 97.8

D(22)= 183.9
D(23= 185.0
D(242= 69.9
D{23)= 73.9
D(26)= 5i.9

RANKIMO
I[=1. X=143,
3=1483,
%=146,
R=137.
¥=185.
%=183,
X=183.
#=82.
X=31.
X=73.
R=78,
X=69.
I=13., ¥=61.
I=14. X=60,
I=13. ¥=58,
I=16. H#=57.
[=17. X=04.
I=18. ¥=34.
I=19, =51,
[=20. X=47,
I=21. X=44,
[=22. X=41, NOTE
I=23. X=28.
[=24. ¥=25,
I=25. 3H=19.
=26, X=11,

—
nn
(40 - EY N ]
s 4 owow

i i e T T T VRN
LT LI | | S 1 I O TR T
— = gD D = Gy
—Te s .

- e

0
t
»

CALCULATION

SU ¥= 1877,

3UM Xn2= 174343,
SUM Xa3= 19296135,

HEAN X= 72.19239769

NEAN Xa2= 6724,730769
MEAN Xa3= 742159.8077
SUM DEY SQU. $=39338.838
46

YARIANCE §/N=1513,
UNBIASED YARI. =S/(N-1)=
1573.52

YARIATION COEF.=SX/MEAN
X=0,954

STANDARD DEY. SX={(S5/N)=
38.9

STA. BEV. EST. LSH={(S/¢
H=13)=39.67

SKEWNESS COEF. CS!=8.65
UNBIASED S.C. CS51=0.637

PROBABLE EXTREAM YALUE(
XTJs RETURM PERIOD(T),
FREQUENCY FUNCTION:

XT=XM+K*S5X) K=(YT-Yi1)/SY
y XN=MEAN ¥s YT=~LHC(LN(T
2{T-13))

SO THAT RT=Xn-(YH*SX/SY)
+(SKR/SYIYT

CAL. YALUE:
AN=T2,.19238762 SX=39.67
Yn=8.5321 35Y=1.9961

ESTIMATE EQUATION:
XT=52,93+36.19YT

T=2. XT=66,2
T=4. XT=98,

T=5. K7=167.2
T=18. XT=134.4
T=28. XT=168,.4
T=23. XT=168.7
T=58. XT=194.1
T=108. AT=219.4
=200, XT=244.5%
T=1088, RT7=392.9

1. XT

CONFIDEHCE

-
]

L R T
fin ] -

—
I ErEy Ryl
Ra= o »

[ xExRrNy]
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-
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—'
HCGOCO
s s » =

!
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Probability Calculation of Maximum Daily Rainfall in July at the Climatological Station of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

INTERYAL

LMT=+-25.8
LMT=+-2(,7
LMT=+~-148,9
LhT=+-13,2

LNT=+-35.7
LMT=+-38,

LNT=+-23.4
LMT=+-18.2

LNT=+-45,7
LHT=+-38.3
LHT=+-29.9
LMY=+-23.3

LMT=+~-48.9
LiT=+-41,
LMT=+-32,
LMT=+-24,9

LMT=+-58.9
LMT=+-49,4
LMT=+-38.5
LrT=+-39,

LiT=+-63.8
LMT=+-57.98
LHT=+~43,
LHT=+-33,

P

EMT=+-T3,
LHT=+-66.
LMT=+-51,
LMT=+-43.

LA A I ]

LMT=+~182.1
LMT=+-33.7
LMT=+-55.8
LHT=+~32.1

: Magnitude of the event reached or exceeded

on an average once in T years

2.7 ¢ Return period
3. C. L..: Confidence level
4, LMT : Conficence Tlimit



"GUMBLE HMAX. DISTRIBUTION

(8)  Probability Calculation of Maximum Daily Rainfall in August at the Climatological Station of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

DATA H=26. CALCULATION CONFIDENCE [NTERVAL

Di1o= 44,8 3UH ¥= 16435842 -

(2= 75.8 SUM XeZ= 129342, =J. ] Y

D(3y= 26,9 SUM Xe3= 11793748, C.L.=55% L2¥:i_f;-%

D(d)= 5.9 C.L.-,Bf } :+»1"'8

WS»=  16i.9 MEAN ¥= 63.07692388 C.L.=BBf -MT: 3.

ng)= 33,9 MEAN ¥azZ= 4993,923877 Tci;.=684 LMT=+-16.8

D(Tr= 117.5 HEAN Xa3= 4536085.3846 =l0. -

DEB)= 132.9 SUM DEY 58U. $=26395.845 C.L.=995% LMT=+-29.3

D(9)= 22.8 15 C.lL..=98% LNnT=+-24.6

I8)=  T71.9 VARIANCE S/N=1815,22 C.l.= ag LMT=+-19.1

B11y=  81.9 UNBIASED VARI. =S/(H~1)= TC§;'= 8% LNT=+-14.9
12)=  g4.9 1955.83 =20, -

g§1§)= 9.8 YARIATION COEF.=5X/MEAN C.L.=95% LH7=+-37.4

D(i4y=  36.9 %=68.51 C.L.=90% LMT=+-31,4

B(15)= 53,8 STAHDARD DEY. SH={(5/N)= C.L.=8@% LMT=+-24.5

D(ic)= 26.9 31.86 C.L.=68% LNT=+-19.1

BITI= 49,9 STA. DEY. EST. USX=(S§s¢ T=25. _

D(1gy=  72.8 H-1)3=32.49 C.L.=93% LMT=+-48,

1= 31,9 SKEWNESS COEF. CS!=8.326 C.L.=90% LAMT=+-33.6

B(22)= 34,9 UMBIASED 5.C. €51-8.319 C.L.=8@% LNT=+-26.2

D(21)= 1i4.8 C.L.=68% LHNT=+-20.4

n¢22y=  83.9 PROBABLE EXTREAM YALUE( T=50,

I{23)=  T7i.8 XT)s BRETURH PERIOD(T), C.L.=95% LMT=+-48.2

I(24)= 50.9 FREQUENCY FUNCTION: C.L.=98% LMT=+-45.5

D(25)= 683.9 C.L.=80% LHT=+-31-5

be2sy= 64,85 AT=RI+K*5%y K=(YT-YHI/SY C.L.=68% LNMT=+-24.6

s Ki=MEAN ¥y YT=-LN(LNCT T=100.

RANKING Z(T=-100 C.L.=95% EMT=+-56.4

I=1. X=132, S0 THAT HT=XM-(YM*SX/SY) £.L.=98% LAT=+-47.3

I=2. H%=11t7. +(SH/SYIRYT C.L.=80% LMT=+-36.9

1=3. &=114, C.L.=68% LHT=+-28.8

I=4. H=191. CAL. YaLUE: T=280.

I=5. #=24, AH=53,07692302% 5X=32.49 C.L.=95% LMT=+-64.6

I=6, X=33, YM=0.5321 $Yv=1.0961 C.L.=96% L =--34,2

=7, R=84, C.L.=808% LnT=--42.2

1=3, X=31, ESTIMGTE EQUATION: €.L.=68% LMT=+~32.9

I=9. X=75. AT=47.5+29,647T T=1069.

I=18. =72, C.L.=95% LNT=+-83.6

=1l ®=71. =2, X7=58.2 C.L.=99% LHT=+-70.2

=12, x=71, T=4. XT=84.2 C.L.=30% LMT=+-54.7

[=13. %=64. T=3. XT=91.3 C.L.=68% LNT=+-42.7

i=14, X=53, T=19. XT=114,

I=15. ¥=53, T=28, ¥7=135.3

I=16. X=59, T=25. KT=142.1

[=17. x=45, T=58, XT7=163,

I=19, =44, T=189, XT=133.%

I=1%, x=33, T=208. AT=204.3

I=29, x=3s. _TI=tAa0. ®T=252. ,

{;Ei- i;;?- NOTE 1. XT  : Magnitude of the event reached or exceeded

I=§§' X=26' on an average once in T years

and geon 2. T : Return perijod

1=24, ¥=25. 'n perio

1=25, ¥=22. 3. C. L..: Confidence level

1=26, X=5. ‘ 4, LMT Conficence limit



Probability Calculation of Maximum Daily Rainfali in September at the Climatological Station

(9)
of Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)
9 _ e
SUMBLE MAZ. SISTRIBUTION
DATA H=ih, CALCULATION COHFIDEHCE InTERYAL
o(ly= 27.8 SUM ¥= 1818.
(2= TH.5 SUM #ez= 152768, T=5.
(3= 15.9 SUM Xe3= 13931334, C.L.=93% Lpn7=+-20.3
(L= 74,8 C.L.=99% LNT=+~-17.5
(9= 7.0 MEAN X= £9,92387692 C.L.=88% LNT=+-13.4
d(pI= 91.8 HEAN HXa2= S5875.384613 C.L.=68% LnT=+-19,6
(7= 116.9 MEAN Xa3%= §37791.1538 T=18,
0(a)= 39.4 SUM DEY SQU,. 5=23639.846 C.L,=35% (Mi=+-23.38
(9= 28.8 15 CoL.=98% LMT=+-24,2
Dc1ad= 95.8 YARIANCE S/N=986.13 C.lL.=88% ofT=+~15.9
B(iLd= 61.8 UNBIASED VARI. =5/{N-1)= C.L.=68% LnT=+-14.,7
12)= 86.68 1825.59 T=24.
p{13)=  29.4@ VARIATION COEF.=Shs/MEnN C.L.=%5% LhMT=+-36.9
D(14)= 69,0 %=0.43 C.L.=%9% LhT=+-31.
0¢15)= 188.9 STANDARD DEY. SX={{S/M)= CoL.=88% LhT=+-24.1
D(1sd= 119.9 31.4 C.L.=6B% LNT=+-18.8
De17TI=  119.9 5TR. DEY. EST. USK=I(S5/¢( T=25.
D{1g)= 57.8 H=1))=32,02 C.L.=%3% LNT=+-39.5
D(12)= 48.0 SKEWNESS COEF. €S!=-9.39 C.l.=9u%  LNT=+-33.4
p¢28y= 35.8 ] C.L.=386% LNT=+-23.8
.I(215= 88.9 UMBIASED S.C. CS1=-0.348 C.L.=58% LHT=+-28.1
0¢22>= 99.48 T=54,
p({23)= 87.9 PROBABLE EXTREAN YALUE( C.L.=95% LNT=+=47.5
n¢24>= 1.8 ¥T)s RETURN PERIQD(T)» C.L.=9@% LNT=+-3%.4
0{235>= 17.9 FREQUENECY FUNLTION: C.L.=88% LnT=+-31.1
D(28)= 74.8 . C.L.=68% LiT=+-24.2
AT=RA+KwSH e K={YT~YHI/SY T=18%9.
RAENKIHD y XM=MEBN Xs YT==LHCLNCT C.L.=95% [MT=+~-55.5
I=t, X=119, 7ET-133) C.L.=98% LWT=+-45.5
I=2., X=119. S0 THAT XT=XR-(YN*SX/57) C.L.=30% LHT=+-36.3
[=3, X=116. +(SR/SYINRYT C.L.=68% (h7=+-28.4
I=4, X=198 T=280.
1=9. X=94 £aL, vaLuEe: C.L.=95% LHT=+-63.6
1=6. ¥=91. WM=69, 92397692 $X=32.82 C.L.=98% LNT=+-53,4
i=7. X=89. M=3.5321 5Y=1.89%61 C.L.=80% LHMT=+-41.6
i=8. ®=88. C.L.=53% LNHT=+#~32.5
i=9. X=87. ESTIMATE EQUATION: T=1808,
1=19. ¥=8Y. %T=54.53+23,21%T L.L.=%5% LNMT=+-372.4
1=11. %=86. C.L.=98% LAT=+-$9.2
[=12. ¥=77. T=2. ¥T=63.1 C.L.=39%  LHT=4-53.9
I=13. #=74. T=4, RAT=98,5 £.L.=6R% LHT=+-42.1
I=14. ¥=70, T=5, XT=93.2
1=15., HA=743. T=19. %7=128.1
I[=16. K=H%, T=28. XT=l41.1
I=17. #=58l. T=25. AT7=147.8
1=13. x=39. T=56. XT=168.4
I1=19., X=57. T=104. ¥T7=188.8
1=28. X=93. T=280, AT=292.1
I[=21, X=4%, T=1008. %X7=2948.1
=22, X=19. .
£=23. ¥=24, NOTE 1. XT : Magnitude of the event reached ar exceeded
1=24, H=1T. on an average once in T years
1225, =15 2. T ! Return period
[=26. =1t 3. C. L..: Confidence level
4. LMT : Conficence limit



(10} Probability Calculation of Maximum Daily Rainfall in October at the Climatological Statxon of
Darmaga Bogor (CSDB).by Gumble Method (Data period : 1964 - 1989)

GUMBLE MAX. Dis. «UTION

DATA N=26. CONFIDENCE INTERVAL

DC1d=  59.6 CALCULATION

0{2)= 62.0 SUN X= L7168, T=5.

HIEAE 46,9 SUM Xa2= 133394, C.L.=95% LNT=+-14.9

Idd=  65.9 SUm He3= 11813776, C.bL.=98% LMT=+-12.5

N3)=  35.9 C.L.=88% LNT=+-9.8

D(6)=  57.3 HEAN &= 63. C.L.=68% LMT=+-7.6

M7= 33.5 MEAN X02= 5130.384615 =10,

Dead= 2.0 HEAN KA3= 423683.6923 C.L,=95% LMT=+-28.7

()= 72.8 SUM DEY SQU. S=13166. C.L.=98% LNT=+-17.3

DIz 4.6 YARIANCE S/N=506.38 C.L.=88% LNT=+-15.5

D¢1t)= 808.8 UNBIASED YARI. =S/(N-1)= C.L.=68% LMT=+-19.5

a(12)= 8.8 926.64 T=29.

De13,= 35.0 YARIATION COEF.=SX/MEAN C.L.=95% LHT=+-26.4

I14)=  T4.B X=0.33 C.L.=98% LMT=+-22,2

D{15)= 189,53 STANDARD DEY. SX={(S/N)= C.L.=86% LMT=+-17.3

D(i6)=  T77.9 22.3 .L.=68% LMNT=+-13,

DITY= 129.5 STA. DEV. EST. USK={(5/( szs 15.3

DC18)= 47,9 H-1))=22.95 - cenn =

219)=  63.5 SKEWMNESS COEF. CS1=0,522 Ej:j=§g§ t3$=1_§§;;

ggg?;: .:.::-.2 UNBIASED S.C. C51=8.512 C._.=39% LMT=+-18.5
LS .L.=68% =+-14.,

B(22)= 84,3 PROBABLE EXTREANM VALUEC ~ ogor 0w LMT=+=l4.4

D(23)= 48,8 ¥T)s RETURN PERIOD(T)» o -

D24)=  31.8 FREQUENCY FUNCTION: E't‘_ggﬁ tﬂ$=:_§§'é

}(25)=  53.9 C.L.=80% LMT=+-22.3

1(26)= 33.g XT=XM+K*5%s K=C(YT-YH)/SY C.L.=68% LMT=+-17.4

S 1 KM=MEAN Ry YT=-LNCLNCT 2000 =0 )

2 AT-100 - S

1=1, %=129, S0 THAT #7=sl-(YMeSx/syy (0t Tand LNT=+-39.8

1=2. ¥=109, +(SX/SY)FT'T el =1 NT-+—33.4

I=3. ngg. C.L.—Bﬁ/ LHT=+-26¢1

I=4, ¥=83. CAL. YALUE: TEé;é=534 LHT=+-28.3

1=5, X=34, AM=68. 8X=22.95 Yn=a.5 N e

1=6. X=83. 321 Sy=1. gasi C.L.=95% LRT=+-45.5

I=7T. w=g3, ’ C-L-=992 L”T=+-38-3

I=3. &=81. ESTINATE SOUATION: c.L-=88% LNT=+-29.8

1=9. X=89. NT=56.86420. 2aYT c.L.=63% LMT=+-2%.3

I=18., X=77. Tglsﬂgés

I=11. ¥%=T74. 722, %T=64.5 «L.=93% LMT=+-59.1

[=12, X=72. T=§. ;&;;g C.L.=99% LNT=+-49.¢

I=13. %=63. T=5. X7=88§.3 C.L.=85% LMT=+-38.¢

I=14- K=65. T:lg. nT_igq CILuzﬁaz LHT=+"53-1

I=13.  X=b4. T=28, %T=113.1

I=16. X=63. T=25, xT=123.%

I=17. X=62. T=58. XT=133.6

1=13. X=37. T=10G. XT=153,2

=13, X=33. T=289. X7T=167.3

§=§?- f 3 T=1068. ¥T=201.5

= . A=43, .

1227, wea- NOTE 1. XT * Magnitude of the event reached or exceeded

1=23., H=as, On an average once in T years

[=24. ¥=35. 2. T ! Return period

1=25. ¥=33, 3. C. L..: Confidence level

1=26. x=3g. 4. LMT  : Conficence limit



GUMBLE MAK. 2ISTRIBUTION

DATA N=26.
Ni)=  41.9
D(2)=  51.9
I(3)=  27.9
)= 94,8
(S)=  53.9
IKé)=  77.8
D(T)=  38.9
HB=  39.8
D= 17.8
D1d)=  79.9
DCit)=  25.8
212)=  67.9
i3= 6359
Di4)=  49.9
D1S)=  65.9
D¢16)=  92.9
D1T)=  77.9
18)=  31.0
DC19)=  35.8
D(20)= 64,8
D(21)=  59.9
1(22)= 76.9
M23=  80.9
DC24)=  83.0
B(25)= 4.8
D(26y= S8.8
RANKING

I=1., %=9%4,
1=2, %=85,
1=3. ¥=33,
I=4, X=82.
1=5. ¥=36.
1=6. %=79.
I=7. X=77.
[=8. X=7T.
1=8, #=75.
1=10., #=67.
I=11. X=65.
I=12, X=64,
1=13, ¥=63.
I=14, ¥=59.
[=15. %=58.
{=16. X=51.
1=17. X=50.
I=18. X=49.
1=19, X=41,
[=28, =39,
I=21. X=33.
1=22. X=34, NOTE
1=23. X=31.
1=24. ¥=27.
1=25. X=25.
1226, %=17.

CALCULATION

SUM K= 1511,

UM Ha2= 39481,
3UM Xa3= 7680743,

MEAN X= 58.11538462

NEAN Xa2= 3826.1923688
MEAN ¥a3= 272336.2692
SUR DEY SQU. S$=11668,653
83

YARIANCE 3/N=448,79
UNBIASED YARI. =5/(N-1)=
466.75

YARIATION COEF.=SX/MEAN
X=8.35
STANDARD DEY.
21.18

SthA. DEV.
H-1))=21.6
SKEWNESS COEF. CS!=-8.23
UNBIASED S.C. C51=-8.226

SR={(S/H)=

EST. USX={(S5/¢(

PROBABLE EATREAR YRLUE(
XT)s RETURN PERIOD(T),
FREQUENCY FUNCTION:

AT=8N+K*SR»
y RM=MEAN X
ZET-130)

S0 THAT XT=EH-(YM*SX/SY)
+(SK/SY *YT

K=(YT-YH)/SY
YT==LNCLNCT

CAL. YALUE:
KM=53.11538462 SH=21.6
Yi=8.5321 SY=1.8961

ESTIMATE EQUATIOH:
RT=47.63+12.T1YT

AT=77.2
T=18. xT=%2.
T=28. KT=105.2
T=23, ®T=119.7
T=38. XT=124.3
T=199. XT7=138.3
T=288. XT=152.
T=180d. XT=133.9.

. AT

T=2.

T=4.

T=9.
=1

CONFIDENCE

T=35.
C.L.=
C.L.=
C.L.=
C.L.=

T=18,
C.L.=9%93%
C.L.=98%
E.L.=808%
C.L.=68%

T=28.
C.L.=95%

o QO v L

[
|
oo
[ xR RV Y]
WD @
NN

-~

£.L.=25%
C.L.=%9%
C.L.=86%
C.L.=58%

C.L.=23%
C.L.=%8%
C.L.=88%
C.L.=pB%

(11) Probability Calculation of Maximum Daily Rainfall in November at the Climatological Station
of Darmaga Bogor (CSDB).by Gumble Method (Data period ; 1964 - 1989)

INTERYAL

LT=+-14.1
LNT=+-11.3
LiT=+-9,2
LRT=+-7.2

LMT=+~1%.3
LiT=+-16.3
LiT=+-12.7
LiT=+-9.3

LMT=+-24.9
LMT=+-28.9
LMT=+-14.3
LNT=+-12.7

LNT=+-26.56
LHT=+-22_3
LHT=+-17.4
LAT=+-13.6

LAT=+-32.1
LMT=+-26.9
LMT=+-21.

LMT=+-16.4

LAT=+-37.3
LMT=+-31.3
LMT=+~-24.5
LAT=+-19.1

LMT=+-42,9
LMT=+-36.

LnT=+-23.1
LnT=+-21.9

LNT=+-35.6
LMT=+-46.T
LitT=+~-36.4
LMT=+-28.4

: Magnitude of the event reached or exceeded

on an average once in T years

: Return period
. C.o L.
. LMT

Confidence level
Conficence limit



um Daily Rainfall in December at the Climatological Station of

{12) Probability Calculation of Maxim
(Data period : 1964 - 1989)

Darmaga Bogor (CSDB).by Gumble Method

GUMBLE tA¥. DISTRIBUTION
CONF1DENCE INTERVAL

DATH h=26. . cALCULATION
pety=  49.9 SUM %= 1619. T=5.
D¢2)=  112.8 SUn He2= 128971, C.L.=95% LMT=+-21.9
3y 23.8 SUM Xa3= 12430367, C.L.=98% LMT=+-18.3
D)= 52.6 C.L.=80% LHT=+-14.3
D(Sy=  37.9 HEAN X= 62.269238717 C.L.=68% LiT=+-11.1
B(6)=  25.8 MEAN Xa2= 4968.423077 I=14.
n(7o= 9.9 HEAN X»3= 478691,0383 C.L.=95% LMT=+-30.2
ggg§= zg.g ggﬂ DEY SQU. S=28137.115 C.L.=90%7 LMT=+~25.4
= . 3 C.L.=88% LMT=+-15.8

igH= 37.9 YARIANCE 5/M=1382.97 £.1L.=68% LNT=+-15.4
DCiLy=  38.9 UNBIASED YARI. =S/(H-1)= T=24.
I(12)=  48.9 1126.28 C.L.=95% LMNT=+-58.7
D(L3)= 58.9 YARIATION COEF.=SX/MEAN C.L.=96% LMT=+-32.4
D(14ry=" 0.8 #=9.53 C.L.=8@% LNT=+~25.3
D15)= S53.8 STANDARD DEY. SX=I(S/N)= CoL.=68% LNMT=+-19.7
I{16)= 48.6 32.91 1=25.
(17)= 144.9 5TA. DEY. EST. USK={(S/( C.L.=95% LHT=+~41.4
D(18)= 128.9 H-1))=33.56 C.L.=90% LMT=+-34.7
D(120= 1}1.9 SKEWNESS COEF. C51=8.9%64 C.L.=88% LNT=+-27.1
ggz?;f ggig UNBIASEDR S.C. CS1=8.945 C.L.=68% LNT=+-21.1

21)= y T=50.
D(22)=  59.9 PROBABLE EXTREAM YALUE( C.L.=95% LNT=+~4
[(25)=  82.8 %T)» RETURN PERIOIKT). C.L. =96 tn§=+_4?;3
D24>= 3.9 FREQUENCY FUNCTION: C.L.=88% LNT=+-32.6
B23= 330 £.L.=68% LNT=+-25.4
D(26)= 194.8 AT=AMAKASRy K=(YT-YMD/SY  12iga. I
RANKING ! nTEAN K YT=-LN(LNCT o | =957 LNT=+-58.2
I=: = L.=987 =r-qYd.
f=i. amiad, S0 THAT ATSRM-CYIRSR/SY) oo oage Coioeoaor
1=2, HK=t28. £(GR/SY YT C.L.=88% LNT=+-38.1
1=3. x=112. C.L.=68% LNT=+-29,7
I=4. H=11l. =288,

AR, CAL. VALUE: £.L.=95% e
129, #=ida, XM=62.26923877 5X=33.56 L.=99% LNT=+-€6.7
l=4., X=37. SHeB.S321  SY=1.B96 C.L.=%8% LNT=+-36,
i=7. s=32. =8.33 =1.8%61 €.L.=88% LMT=+-43.6
58, =39 ESTIMATE EQUATION: E.L.=68% LNT=+-34.
I=9. X=48. KT=45.98+38. 62YT T=1698.
I1=198. ¥=5%, =43.38+38.6 C.L.=99% LNT=+-86.4
=i, X=54. o u C.L.=98% LNT=+-72.3
I=12. =55, Joa. RIoan.2 C.L.=80% LMT=+-56.5
I=13, %=53. o5 wT=a1.9 C.L.=68% LMT=+-44,1
= #=32 . .
by T=19. XT=114.9
1-16. y—4:. T=28. AT7=134.9
1217 eadl T=25. X7=143.9
1218, x=ad. 7=59. ¥T=165.5
I=1q‘ ..::=-;':::‘. T=189. ¥T7=136.4
lo3p, 4ozt T=200. XT=208.1
T=o1. =35, T=1008, _XT=257.5.
[=22, =33, NOTE 1. XT : Magnitude of the event reached or exceeded
1=§3. x=31. on an average once in T years
%fa4- #=39. 2. 7T : Return period
1;22- ﬁ;gg- 3. C. L. : Confidence level

€6, n=da. 4. LMT  : Conficence. limit



{13) Probability Calculation of Annual Maximum Daily Rainfall at the Climatologicai Station of
Darmaga Bogor (CSDB).by Gumble Method (Data pcnod 1964 - 1989)
GUMBLE MAX. DISTRIBUTION

DATA N=26. . CALCULATION .

D(1)= 1088 SUM ¥= 3174, CONFIMENCE iWTERVA.

N2= 1:2.8 SUM Xe2= 419995,

(5= 99.0 SUN XAZ= 69353328, ==

()= 94,8 C.L.=%3% LMT=+-23.5

0(5)= 193.9 NEAH = 1219239769 C.L.=282  LnT=+-19,7

D6)=  99.8 HEAN Xa2= 16119,97692 G.L.=88% LnT=+-15.4

NTy=  117.9 HEAN RA3= 2348727.692 €.L.=68% LWT=+-12,

D(8)=  132.9 SUM DEV SQU. $=32599.946 . .19

D(9)= 3.9 15 C.L.=95% {NMT=+#~32,5

D(1g)= 113.9 YARIANCE S/N=1253.84 C.L.=90%  LMT=+-27.3

D(11)= 148.8 UNBIASED YARI. =S/(N-1)= C.L.=80% LNT=+-21.3

D(i2y= 177.0 1383.99 : C.L.=68% LMT=+-16.6

D(13)= 181.8 YARIATION COEF.=SX/MEAN T=26.

IC(14)= g84.18 %=0.29 C.L.=99% LNT=+-41.6

D(15)= 149.9 STANDARD DEY. SX={(S/N)= C.L.=387  LNT=+-34.9

D¢id)= 137.8 35. 41 C.L.=80% LnT=+-27.2

D(17r= 144.9 STA. DEY. EST. USK={(S/( C.L.=68% LMT=+-21.2

DCi3)= 146.9 N-1))=36.11 T=23,

D(19)= 111.9 SKEWNESS COEF. C5!=1.57 C.L.=95% LNT=+-44.5

0(28>=  90.0 UNBIASED $.C. CS1=1,539 C.L.=98%  LMT=+-37,4

(21r= 114.9 C.L.=88% LMT=+-2%,1

1(22)= 105.9 PRO3ABLE EXTREAM YALUEC C.L.=68% LMT=+-22.7

D(23>= 119.8 XT>s RETURM PERIDD(T), T=58. o

B(2¢4>=  33.0 FREQUENCY FUNCTION: C.L.=93% LHT=+-533,3

DE25)=  39.9 C.L.=96% LnT=+-43,

D(26)=  248.8 KT=KM+K*SKs K=(YT-ymysgy  C.L.=80% LnTer-33,
s KM=MEAN X» YT=-LNCLN¢T  _C-L.=83% LM7=+-27.3

RANKING Z¢T-10)) =130,

I=1. #=249. S0 THAT XT=XrM-(YM#*SK/SY) C.Lo=23% LAT=+-52.7

I=2. . %=181. +(SR/STIRYT C.L.=98% LHT=+-32.%

I=3. X=1TT. C.L.=88% Lhi=+-41,

1=4, =149, caL. YALUE: C.L.=68% LAT=+-32,

1=5. #=143, KM=121.923876% SA=35.11  1-299.

=R, ¥=1{44., YH=6.5321 3Y=1, 3961 C.L.=95% LMT=+-T71.%

i=7. X=144, C.L.=98% L[NT=+-65.2

I=8. AX=137. ESTINATE EGUATION: C.L.=88% LMT=+-45,%

i=9. X=132. NT=1d4, 39437, 924YT C.L.=83% LHT=+-3’5.6

I=19. X=11T. 721399;5

I=11. X=114, 5 wT= _ Lo=93%  LHAT=+-92.2

I=12. #=113. %=§: §¥=iig:3 C.L.=99% LNT=+-73.

I=13, =112, T=5. ¥T=153.8 C.L.=89% LnT=+-54,%

=14, H=111, T=10. XT=173.5 C.L.=68% LNT=+-47.2

i=13. X=118, T=29, %T=202.2

I=16. X=103. T=25. XT=2089.7

I=17., =183, T=58. XT7=232.9

[=13, X=198, T=198. XT=255.%

[=13. X=97. T=269, XT=27§.3

[=20. K=9%, T=1089, #T=331,9

1=21. X=94., - ,

1=22, #=980, CNOTE 1. XT : Magnitude of the event reached or exceeded

i=23, X=39. on an average once in T years

1=24. X=83. 2. T : Return period

1=25. =88, 3. C. L. : Confidence level

1=26. X=84. 4. LMT : Conficence limit



Table C1-14

The Highest Rainfall (mm) for the Short Duration
in the Month and Annual at the CSDB

No. 1 1985, 1986
No. 2 1987, 1988
No. 3 1989



The Highest Rainfall for the Short Duration in the Month and Annual at the CSIjB.

No. 1
Month Minutes Hours
5 10 13 30 43 60 ] 3 [4 12 24
A. Records
1985
Jan. 14.7 294 392 588 620 73.1 73.1 734 134 734 734

Feb. 10.2 204 255 399 557 63.6 748 83.2 1015 1050 1050
Mar. 10.0 18.0 20.0 36.0 47.0 50.0 60.5 63.5 640 64.0 64.0

Apr. 9.9 199 29.8 49.7 624 62.8 638 639 640 640 64.0
May 9.9 19.8 29.7 446 556 604 62.1 62.5 629 629 629
Jun, 5.0 10.0 160 27.8 28.7 30.0 335 34,1 344 359 359
Jul. 20.0 30.0 450 60.0 72.0 850 90.0 940 1027 102.7 102.7

Aug. 20.2 253 354 60.6 758 843 877 877 877 877 868
Sep. 104 13.0 17.0 28.0 353 42,5 43.2 437 585 58.7 58.17
Oct. 100 16.0 20.0 400 540 60.0 789 835 3.0 84.0 84.0
Nov. 10.0 150 20.0 36.0 455 484 484 484 767 76,7 16.7
Dec. 10.0 19.0 230 340 38.0 40,0 60.5 60.5 60.5 605 605

Annual Max ‘ _
mm 20.2 30.0 450 60.6 758 850 90.0 94.0 102.7 105.0 105.0
mm/hr 242.4 180.0 180.0 121.2 101.1 85.0 450 313 17.1 8.8 4.4

1986

Jan. 7.5 13.0 20.0 34.0 380 399 399 399 399 405 41.0
Feb. 200 30.0 40.0 60.0 680 82.5 98.0 102.5 104.7 104.7 104.7
Mar. 10.0 20.0 24.0 380 540 64.0 80.0 96.0 104.2 104.2 104.2
Apr. 10.0 20.0 23.0 400 54.0 549 553 554 554 554 554
May 20.0 30.0 40.0 500 660 714 714 714 714 714 714
Jun. 10.0 20.0 30.0 60.0 650 68.8 80.0 900 1125 113.8 113.8
Jul. 10.0 20.0 300 50.0 550 70.0 104.5 104.8 104.8 104.8 104.8
Aug. 20.0 300 350 500 58.0 62.0 664 664 67.0 704 704
Sep. 20.0 30.0 37.0 49.0 52.0 700 725 72.5 80.6 888 88.8
Oct. 10.0  18.0 26.0 359 363 400 448 464 474 474 474
Nov. 15.0 20.0 300 40.0 580 625 745 78.0 784 784 784
Dec. ~ 15.0 250 350 60.0 620 760 805 80.5 80.5 80.5 80.5

Annual Max
mm . 200 30.0 40.0 60.0 68.0 825 104.5 104.8 112.5 113.8 113.8
mmv/hr  240.0 180.0 160.0 120.0 90.7 82.5 523 34.9 18.8 9.5 4.7




The Highest Rainfall for the Short Duration in the Month and Annual a

t the CSDB.

No. 2

Month Minutes Hours

3 10 15 30 43 60 2 3 6 12 24
1987
Jan, 10.0 17.0 20.0 32.0 390 37.0 40.0 42.5 434 434 434
Feb. 7.0 9.8 10.0 20.0 305 30.0 305 32,5 32.5 325 674
Mar, 10.0 18.7 189 250 330 37.0 60.0 64.5 67.4 674 674
Apr. 17.0  20.0 250 33.0 360 50.0 61.0 72.5 76.8 76.8 76.8
May 15.0 25.0 39.0 430 640 670 850 879 87.9 87.9 819
Jun. 14.0 20.0 250 340 460 520 59.0 59.0 64.0 64.0 64.0
Jul. 10.0 200 27.0 400 60.0 635 685 69.5 70.2 702 70.2
Aug. 10.0 20.0 30.0 40.0 480 500 50.3 50.3 50.3 50.3 503
Sep. 5.5 9.5 100 10.1 102 103 113 11.3 113 11.3 113
Oct. 10.0 20.0 23.0 420 540 60.0 723 723 83.0 83.0 83.0
Nov. 16.0 20.0 260 37.0 455 550 17155 770 77.0 82.5 825
Dec. 7.3 ¢.5 127 155 17.5 271 292 29.2 292 298 29.8
Annual Max
mm 17.0 250 39.0 430 640 670 850 879 879 87.9 87.9
mm/hr  204.0 150.0 156.0 86.0 853 67.0 42.5 293 14.7 7.3 3.7
1988
Jan. 100 200 260 40.0 560 71.0 740 740 740 900 90.0
Feb. 10.0 20.0 27.0 40.0 50.0 66.0 67.0 67.0 67.0 67.0 67.0
Mar. 10.0 150 20.0 31.0 335 34.0 50.0 53.0 588 59.0 59.0
Apr. 150 200 30.0 500 656 70.5 750 756 86.7 B86.7 86.7
May 96 16.8 19.8 348 39.1 40.3 524 556 80.2 80.2 80.2
Jun, 9.5 165 21.0 286 30.0 338 340 344 643 643 643
Jul, 9.8 19.6 31.5 41.3 46,1 48.7 S2.5 61.8 69.8 70.0 700
Aug, 8.5 10,2 20.1 355 36.6 369 37.0 37.0 605 63.1 63.1
Sep. 6.5 8.7 9.6 13.0 14.9 158 159 159 16.7 16.7 16.7
Oct. 8.0 10.2 12.2 204 254 265 438 473 51.3 52.1 52.1
Nov. 6.0 10.0 14,7 20.2 30.2 317 335 339 339 339 339
Dec. 10.0 200 204 33.2 380 406 40.6 406 46.5 4950 495.0
Annual Max
mm 150 20.0 315 500 56.0 71.0 740 740 867 86.7 86.7
mm/r  180.0 120.0 126.0 1000 747 710 370 24,7 14,5 7.2 3.6




The Highest Rainfall for the Short Duration in the Month and Annual at the CSDB.

No.3

Month Minutes Hours

S 10 15 30 45 60 2 3 6 12 24
1989
Jan. 8.0 102 194 314 486 589 69.0 750 752 752 752
Feb. 10.1 17.1 22.9 36.7 40.2 439 67.5 874 1274 226.3 233.1
Mar. 10.2 20.1 239 323 338 354 524 547 547 547 548
Apr. 18.6 21.8 228 29.3 32.1 339 383 40.1 40.7 40.8 4038
May 10.0 20.0 25.5 47.3 60,0 71.7 78.2 828 122.6 123.6 133.6
Jun 9.0 12.3 18.0 28.0 41.0 63.0 77.0 9I.1 92.7 92.7 927
Jul. 11.0 19.0 250 42.0 483 50.2 50.6 50.7 50.7 50.7 50.7
Aug. 10.0 15.0 24.8 41.0 497 52.1 53.7 56.3 60.0 62.7 62.7
Sep. 14.0 24.0 34.0 53.0 54.1 54.1 703 703 703 703 703
Oct. 16.0 30.0 40.0 44.5 540 57.0 59.0 61.5 615 617 617
Nov 11.2  2i.2 250 31.3 40.0 41.3 61.0 73.5 834 834 3834
Dec. 20.0 26.0 31.0 54.0 750 820 91.1 94.1 103.5 103.5 103.5
Annual Max
mm 18.6 30.0 40.0 54.0 75.0 82.0 91.1 94.1 127.4 226.3 233.1
mm/hr  223.2 180.0 160.0 108.0 100.0 82.0 456 314 21.2 18.9 9.7
B. Maximum of Records (1985 - 1988)
mim 20.2 30.0 40.0 60.0 750 82.5 1045 104.8 127.4 2263 233.1
mmv/hr  242.2 180.0 160.0 120.0 100.0 82.5 523 34.9 21.2 18.9 9.7




Table CI-15

Calculation of Probability of Exceedance on the Data
of the Short Duration Rainfall Intensity (mm/hr)

No. 1
No. 2
No. 3
No. 4

Data Period 5 years

5 minutes, 10 minutes, 15 minutes
30 minutes, 45 minutes, 60 minutes
2 hours, 3 hours, 6 hours

12 hours, 24 hours



Probability Calculation of Rainfall Intensity for the short duration

at the CSDB (unit: mm/hr )

IHAT METHOD

DATA H=S5.

D(1)=242.4

D(2)=248.

D{(3)=204.

D(4)=188,

B(5)=223.2

RANKING & PLOTTING POSIT
IOH

5 min.

P. OF EXCEEDAMCE
RANK DATA MEIBULL PLOTZ
W (X Js(H+LY F=1-P

i. 242.4 16.7 83.3

2. 248, 33.3  66.T
3. 223.2 58, 95e.

4. 284. 66.7 33.3
5. 18e. 83.3 6.7

CALCULATION

Sum H= 1889.6
HEAN ¥= 217.92
SUM OF DEYIATION SAUARE

§=2746,368 A
YARIANCE S/H=54%.27
S/(H-1)=686.592
SD/(MEAN X)=0.188
SD=I(8rN)=23.4357
USD=y(S/(H-11)=26.263
SKEWMESS CFT. CSi=-8.4°1
b
UMBIASED S5.C. C51=-8.439
7

MEAH LOG(XI)=2.335668144
AG=216.6

CAL. OF B-YALUE
1. T=242.4 S=139.

MEAN B=-304.83

USED B=8.

X9=216.6
LOG(XA+B)=2.335567
l/A=0.087643 Sx=0.84823

INAT FORMULA

LOG(Y+18.2)=2.33367
+8,987643*KSI(YR)

PROBABILITY IMAl

Y2 216.6
Y3 228.35
(4 233.6
(5 248.5
Y(18) 234.1
Y28 255.8
Y(25) 269.3
Y{58? 279.7
Y(199) 239.3

: No. 1

IMAT METHOD .
0 min.
DATA N=5,
De1y=188,
D(2)=t84,
{3)=150.
Di4)=120,
0¢5)=136,
RANKING & PLOTTING FOSIT
I0H

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTZ
(Jy (XY JsCH+1) F=t-P
1. 188. t6.7 83.3

2. 188. 33,3 86.7

5, 18e. 5e. 94,

4, 158. 4h6.7 33.3

9. 128. 83,3 16.7

CALCULATION

SuM X= 818.

MEAN %= 162.

SUM OF DEYLATION SQUARE
5=2884.

YARIRNCE S/H=375,
S/(N-1)=728.

SD/(HEAN X)=8.148
SD={(S/H)=24.
USD=I(S/(N-1))»=26.833
SKEWNESS CFT. CS!=-8.843
8

UNBIASED S.C. C5{=-9.754
T

NEAN LOG(XI)=2.284218084
KG6=169.24

CAL. OF B-YALUE
1. T=188. S=120.
B(1.)=-199.8487171

MEAN B=-199.384

USED B=8.

Xg=160.04
LOG(RG+B)=2.20422
1/A=8.1181 SX=0.963537

INAT FORMULA

LOG(Y+(A, ))=2.208422
+8.1181+KSI(YR)

PROBABILITY IWAI

Y(2) 164.
Y(3) 172.%
Y(4) 180.6
Y3 159.1
Y{1a> 281.4
Y(28) 24,9
Y(25) 219,
Y{359) 231.3
Y(19a) 242.8

IWAI METHGD

DATA N=5.

D(1)=180.

D(2)=169.

B(3)=156.

D(4)=126.

D(5)=1682,

RANKING & PLOTTING POSIT
10M

15 min.

P. OF EXCEEDANCE

RAHK DATA WEIBULL PLOTZ
(JY (X) Jrs(H+1) F=1-P
1. 1189. 16.7 83.3

2. 164. 35.3  66.7

3. 1lé.. 90, 59.

4, 156. 66.7 33.3

5. 126. 83.3 1a.7
CALCULATION

SUN B= 782.

MEAN X= 156.4

SuM OF DEVIATION SQUARE
§=13087.2

YARIANCE Ss/H=361.44

§/(H-1>=376.8

SDh/(MEAN ¥)=B.111

5D=T(5/N)=17.362

USD=7(5/(N-1))=19.411

SKEWNESS CFT. CS5!=-8.567

8
UNBIASED S.C. CSi=-@.587
8

HEAN LOG(XI)=2.121491522
X6=1955.38

CAL. OF B-YALUE
1. T=188. §=126.
B(1,)=-307.3412683

MEAN B=-387.34

USED B=9.

%9=133.38
0G{X8+B>=2.1914
1/A=8.87966 S5X=0.0836843

IMAT FORMULA

LOG{Y+(B.))=2,1%14
+8.97966+KS1 (YR

PROBABILITY IdAl

(22 135.4
Y3 ins.3
Y{4) 169.4
¥ (3> 173.3
Y19 183.5
Y429 192.3
Y0232 195.
(59 2092.8
¥(100} 218-1L



Probability Calculation of R
at the CSDB {unit: mm/hr )

IMaf METHGD 30 min.

DATA N=5.

D(iy=121.2

p(2)=129.

D(3)=86.

D{4)=184.

D(5)=168.

RANKING & PLOTTIHG POSIT
ICH

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTZ
Iy (%) J/(N+1) F=1-P
1. 121.2 16.7 83.3
2. 1286. 33.3 B6.T
3. 188. 58. 56.

4. 1@8. 66,7 33.3

5. 84. 83.3 1A.7

CALCULATION

SUM X¥= 535.2
MEAN X= 187.94
SuM OF DEYIATION SQUARE

5=861.632
VYARIANCE S/N=172,33
§/(H-1)=215.408
SD/{MEAN X)=@.123
SI=7{5/H)=13,127
USP={(S/(N-1))=14.677
SKEMHESS CFT. CS!=-0.418
8 .
UHBIRSED 5.C. C81=-8,.367
4

HEAN LOG{X1)>=2.826121214
RG6=105.2

CAL. GOF B-YALUE
1. T=121.2 §=86.
B{l.r=-164.4692389

HEAN B=-164.47

USED B=1.

#P=186.2
LOG(AD+B)=2.82612
trh=0.83729 S5X=9.85325

IMAT FORMULA
LOGCY+(.))=2.82612
+8.98729%KSI(YR)

PROBARILITY IHAL

72 186.2
Y(3) 112.9
(42 116.%9
(5 119.7
Yeia} 127.4
1L28) 134.2
L23) 136.2
1458 142.2
701895 147.8

ainfall Intens
: No. 2

-uar METROD 45 Wi

JATA N=5.

p1y=161.1

D(2)=98.7

0¢3)=85.3

D(4)=Td.7

B(31=144,

RPANKING % PLOTTING POSIT

10N

P. OF EXCEEDANCE
RAMK DATA WEIBULL PLOTZ
(1) (XY Js(N+l) F=1-P

t. i@t.1 16,7 833

2. 188, 33.3  66.7

3. 99.7 S8. 36.

4, 85.3 6HA.T 33.3

5. T4.7 83.3  16.7
CALCULATION

UM ¥= 451.8

HEAN X= 908.36

suM OF DEYIATION SQUARE
§5=479.232

YARIANCE S/H=93.83

S7(N-1)=119.888

Sp/CHEAN %)=8.188

8D={(8/N)=9.79

BSD=I(S7(H-133=18.946

SKEWHESS CFT. C5¢=-8.391

2

UHBIASED 5.C. C851=-9.349

9

MEAM LOG(XI>=1.953325613
#6=89.31

Cal. OF B-YALUE
1. T=18i.1 §=74.7
B(1.>=-134,4675634

NEAN B=-134.47

USED B=4.

X6=89.81
LOG(Xa+By=1,95333
1/A=9.87663 §X=8.24829

IMAT FORMULA

LOG(Y+(8.3)=1.95333
+8, 87663 ¥KSI{YR)

PROBABILITY IMAI

Y(2) gs.8
T(3) 94.3
Y(4) 7.7
¥¢9) 29.8
(192 185.4
Y(28) 119.3
¥Y¢25) - 1117
Y(39) 116.
¥¢199) 128.1

jty for the short durat

jon

Lwa- METHOD 60 min.

PATA N=5.

G¢1)=83,

B(2)=82.3

I¢30=67.

DLaY=Tl.

1{3)r=82.

RAMKING & PLOTTING POSIT

I0H

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTZ
Iy () J/(N+LY F=L-P
1. 85. 16.7 83.3
2. 92.5 33.3 66.7
3, 82. S8. 36.

4, Ti. B6.T 33.3

5. 67. 83.3 16.7
CALCULATION

sUM ¥= 387.3

HEAN X= 77.3

SUM OF DEVIATION SQUARE
§=254,

YARIANCE S/H=58.8
5/(N-1)=63.5

SD/{MEAN X>=0.092
SD=¥(5/N)=7.127
USD={(S/(H~-1))=7.969
SKEWNESS CFT. C£S!=-0.438
g

UNBIASED §.C. C51=-8.392
5

MEAN LOG(XI)=1.887483976
X6=17.16

CAL. OF B-YALUE
1. T7=85. §=67.
BCL.¥=-111.4937931

MEAN B=-111.49

USED B=6.

RO=77.16
LOG(XB+B)=1.8874
1/A=0.86471 SX=8.84111

IHAT FORMULA

LOG(Y+(8.))=1.8874
+8.86471+KSIC(YR)

FROBABILITY 1WAl

¥Y(2) TT.2
Y{3) 8a.7
Y{4) 32.8
Y(3> 84.3
Y182 84.3
¥(29) 91.8
Y(25> 92.8
¥{58> 95.98
Y{198) 28.6



Probability Calculation of Rainfall Intensity for the short duration

at the CSDB (unit: mm/hr )

IHal METHOD 2 hours

DATA H=35.

B(1)=45,

D(2)=52.3

D(3r=42.5

D(4)=37.

D{3>=45.5

RANKING & PLOTTING POSIT
10N

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTX
(J) (X) JsCN+1) F=1-P
1. 32.3 16.7 83.3

2. 43.6 33.3 66.7
3. 43. 58, 38.

4. 42,5 6.7 33.3

3. 37. 83.3 16.7

CALCULATION
SUM X= 222.4
MEAN X= 44,48
SUM OF DEVIATIGH SAQUARE

§=122,548

YARIANCE S/H=24.51
S/¢(N-1)=3@.837
SN/ CHEAN X)=B.111
SI={(S5sN)>=4,951
USD={{S/{N-1)>=5,535
SKEWHESS CFT. CS!=8.0831
UNBIASED S.C., €51-9,8723

HEAN LOGC(XE)=1,64545394
KG=44.2

£AL. OF B-YALUE
1. T7=32.3 s$=37.
B(i.)»=28.6

MEAN B=28.4

USED B=20.6

Xg=44,29
LOG(X3+B)=1.31219
1-A=0.83234 S§X=8,83301

el FORMULA

LOG(Y+{28.6))=1,81219
+3,85234+4KSI(YR)

PROBABILITY IWAI

: No. 3
INRI METHOD 3 hours

DATA H=5,

D(1)>=31.3

3(2)=34,%

B(3)=29.3

D(4>=24,7

D(5)=31.4

RANKING & PLOTTING POSIT
IOH

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTX
(I (XY J/«H+l) F=1-p
t. 34.9 16.7 83.3
2. 31.4 33,3 86,7
3. 31.3 5S9. s§e.

4. 29.3 66,7 33.3
3. 24.7 83.3 1s.7

CALEULATION
suUnM X= 151,68
HEAH ¥= 38.32
Sum OF DEYIATION SQUARE
§=55.728
YARIANCE S/N=11.15
5/(N-1)=15.932
SD/7<{MEAN X)=8.11
SD={(5/N>=3.339
USD={(S/(H-13)=3,733
SKEMWNESS CFT. C3!=-9,431
4
UNBIASED 5.C. CS1=-8.385
3

MEAN LOG(XI)=1.478972797
X0=38.13

CAL. 0OF B-YALUE
1. T=34.9 353=24.7
B(1.)=-62.37409891

MEAN B=-69.37

USED B=4.

X9=3@.13
LOGEXA+B)=1.47897
1/A=8,087831 S5X=0.94961

IMAl FORMULA

LOG(Y+(D,2)»=1.47397
+3.0T351+KSI(YRY

FROBABILITY IWAL

THAL METHOD

DATA N=3,

B(1)=14,7

D(2>=14.5

D(3y=17.1

D(4>=13.8

D(9o=21.6

RANKING & PLOTTING POSIT
IGN

6 hours

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTX
(JY  (K) Jr(N+1) F=1-P
l. 21.6 16,7 83.3

2. 18.8 33,3  66.7

5. 17.1  50. 54,

4. 14,7 656.7 33.3

J. 14.5 83.3 16.7

CALCULATION
SUM X= 36.7
HEAN %= 17.34
SuUM QF DEYIATION SQUARE

§=35.372

YARIANCE S/N=7.07
S/(N-1)=8.843
SD/(MEAN X)=8.153
Sh={({S/H)=2.686
USD={(Ss(H-1))=2.974
SKENNESS CFT. €51=0.4155
UNBIASED S.C. €S51=0.3716

MEAN LOGCXI)=1,234858689
XG=1T.14

CAL. OF B-vALUE
1. T=21.6 8§=14.5
B(1.)=-19.57854945

MEAN B=-19.47

USED B=8.

R8=17.14
LOG(Xa+By=1,23405
17A4=8. 18351 3X=9.06544

IHAL FORMULA
LOGCY+(R, ) )=1,2348%
+8.10351%K5I(YR)

PROBABILITY IWAI
Y(2)
Y(3)
Yid)

o=y
« .

Y(20 44.3
¥Y(3) 46.7
Y4 43.1
¥{3) 49.1
Y(i9) 51.8
Y(z@) 4.1
¥Y(25) 94.7
Y382 S6.7
Y{1a8) 38.3

Y(2) 38,1
Y(3) 31.3
Y(4) 3z.2
¥¢I) 33.3
Y(1a) 33.3
Y{(28, 37.2
T(23) 37.7
Y(39 39.1
Y(199) 48.3

{3
Yiig)
Y(24)
Y(23)
T8

Y(1a3)
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Probability Calculation of Rainfall Intensity for the ‘short duratiqn
at the CSDB (unit: mm/hr )

IHAT METHOD 12 hours

PATA N=3.

DiLy=7.53

D(2)=7.2

D(3)=8.8

D(45=9.5

bD(5)=18.9

RANKING & PLOTTING POSIT
I0N

P. OF EXCEEDAMCE

RANK DATA WELBULL PLOTX
(J) (R)Y Jr(N+1) F=1-P
1. 18.2 16.7 83.3
2. 2.3 35.3 6h.T
3. 8.8 5Se. &5a.

4. T.3 66.7 33.3
3. 7.2 83.3 16.7

CALCULATIOM

SUM X= 51.7
MEAH #= 1@.34
SUM OF DEYIATION SQUARE

§=95.452
YARIANCE S/M=19.89
§/(N-1)=23,863
SD/{MEAN R)=0.423
5D={(5sNH)=4.369
UsD={(5/(H-1))=4.885
SKEWHESS CFT. CSt=1,.3524
UNMBIRSED S5.C. CS1=1.2996

HEAN LOGCX1)=9,838646874
£-81
¥6=9.64

CaL. OF B-YALUE
1. T=18.% 5=7.2
B(1.)=-6.327838123

MEAH B=-£,33

USEL B=2.

#B=23.64

LOG(AB+BY=9, 93336
lrA=B.24263 5X=0,15349

WAL FORMULA

LOGCY+(D, ))=8. 93385
+B.242634KSI(YR)

FROEREILITY IMAI

(22 3.6
¥(32 11.4
(s 12.6
{52 15.4
T{19) 15.
1(29) 13.3
Y25 19.2
(3093 2t.7
¥e1ae) 24.2

: No. 4

IMAI METHOD
' 24 hours
DATA N=5.

D¢t)=3.7

D(2)=3.6

D(3)=4.4

D(4)=4,7

D(5)=9.7

RANKING & PLOTTING POSIT
10N

P. OF ERACEEDANCE
EANK DATA WEIBULL PLOTX
(J) (XY Js(N+1) F=1-P

l. 9.7 16.7 83.3

2. 4.7 33.3 66.7

3. 4.4 368, 38.

4. 3.7 66.T7 33.3

3. 3.6 83.3 6.7
CALCULATION

SuM X= 26.1

MEAN ¥= 5.22

SUM OF DEVIATION SBUARE
§=25.948

YARIANCE S/N=5,19

S/(N-1)=6.487

SD/CHEAN X)=8.436

SD=I(5-/H>=2.278

USD=V(5/(H-12)=2,547

SKEWNESS CFT. CS!=1.3732

UNBIASED §.E€. CS1=1.2327

NEAN LOG(X1)=6.833652986
E-81
#06=4,85

CAL. OF B-vaLUE
l. T=9.7 $§=3.6
B(1.)=-3.165972222

HMEAN B=-3.17

USED B=@.

X9=4,83
LOG(XB+B)=0.63537
17A=0.24816 SX=9.15693

INAT FORMULA

LOG{Y+(8.))=5,68537
+8,24816#KSI(YR)

PROBABILITY IMAI

¥Y(2) 4.8
Y{3) 5.8
V{4 6.4
¥(3) 6.8
¥{18) 3.1
Y(28) 9.4
¥(23) 9.8
Y5 1.1
Y198, 12.4



Table C1 - 16 The Longest DOry Consecutive Days During One Year
at The CSDB

GUHMBLE MAA. DISTRIBUTION

DATA N=13.

O¢1)= 23,0 1977 PROBABLE EXTREaM YALUE(
D(2)= 19.6 1978 AT)s RETURM PERIODDCT),
I¢3)= 19.9 1979 FREGUENCY FUMCTION:
D(4y=  15.9 1980

()= ts.g 1981 KT=3N+K*SXy  AM=MEAN X,
g = 34.9 1982 K=CYT-YN) 787> YT=-LNCLNC
DeETdI= 29.5 1983 T7(T-13))

(3= 1.9 1984 YT=REDUCED YARIATE, YN=R
D= 9.9 1985 EDUCED MEAN

D(1d=  tv.82 1986

Dity= 5.9 1087 XT=RH-CYN#GX/SY) +(SA/SY)
pC12>=  17.9 1989 T

D(i3>=  21.8 88
! 19 CAL. VALUE:

AN=18.15384615 §5X=6,9

I e Yh=8.567 SY=B.9971

§=§: §=§§: ESTIMATE EQUATION:

I=4. ¥=21. $T=14.69+6.92YT

I=3. ¥=29.

I1=6. X=19, =2, XT=17.2

1=7.  %=13. T=4. XT=23.3

1=8, X=17. T=3. KT=23.

=9, ¥=15. T=18. XT=398.2

=19, w=15. T=28. XT7=35.2

I=11. X=16. T=23. ¥T=36.8

I=12. X=14. T=39. XT7=41.7

i=13. =9, T=168. %7=46.5
T=209. AT=351.3

SuM X= 2386,

SURM ¥n2= 4836, T=11. ¥T=38,9

SUH Xa3= 111449, T=12. XT=31.5
T=13. RT=32.1

NMEAH X= 13.15334613 T=14. 37=32,7

HEAN Roa2= 373,333461%5 T=13. #A7=33.2

HEAN Xa3= 8572,3876%2 T=16. XT=33.5

SuM DEY SQU. 5=571.469239 T=17. XT=34,

17 T=18. XT=33.5

YARIANCE S/N=43.98 =19, HT=34.3

UNBIASED VARI. =5/(H-1)= =20, XT7=35.2

47.64

YARIATION COEF.=SX~HEARN

®=9.37

STANDARD DEY. SX=i{S/N)=

8.63

STA. DEY. EST. USK=7(S5-¢

H-12)=6.9

SKEWMESS COEF. C5!=9.667T
UMBIASED 5.C. ([S1=0,64]



Table C-17

Calculation of Probability of Exceedance
on the Data of Monthly Mean Pan Evaporation

at the C S D B.

No.?1 January, February and March
No.2 April, May and June

No.3 July, August and September
No.4 October, November and December



Calculation of Prabability of Exceedance
Monthly Mean Pan Evaporation : Na. 1 January,February and March

Jav

iNAl nETHOD

DATA H=13.
D<1)=2,22
D¢2y=2.34
D(3)=2.92
D(4)=1.79
MF)=1.69
Dier=i.67
D{TI=2.49
Dgr=2.72
D(9x=3.e1
Dd19)=2,32
M11)=2.28
I12)=3.45
15>=3.58

P, OF EXCEEDANCE

RAMK DATA WEIBULL PLOTX
Jy (%) JsCHey) Fel-P
1. 3.6 T.1 22.9
2, 3.45 14.3 857
3, 3.81 2.4 8.6
4. 2,92 28.6 71.4
3. 2.72 35.7 64.3
6. 2.52 42,9 3ST.t
7. 2.49 5S46. 56,

8. 2.34 S7.4 42,9
9. 2,28 684.3 35.7
1. 2.22 7l.¢ 28.6
11, 1.75 78.6 21.4
{2, - 1.649 65.7 14,3
13, t.e7  92.9 T1.{

CALCULATION

UM ¥= 32,62
MEAH %= 2.309238769
SUM OF DEVIATION SQUARE

§=4.378292309
YARIANCE S/N=8.33
S7{N-13=3.888576923E-9¢
SD/(NEAN X)=0,236
S$D={(5/K)=8.593
USD=I(S/(N-1))=0.617
SKEWHESS CFT. £51=8,213
UNBIASED S.C. CS1=@,2846

FEAN LOG(XI}=3.871178565
E-81
KG=2.494

CAL. OF B-~¥ALUE
1. T=3.36 $Ss1.67
B{1.)=8.824

NEAN B=0.82

UseD p=0.82

A0=2.44
LOG(RA+R)=8,39077
{/A4=0.15293 §K¥=4,1@838¢

14A1 FORMULA
LOG(Y+(0,82))=0.39077
+8.15293+KSICYR)

PROBABILITY fual
¥{2)
Y3

WAl METHOD vob

DATA H=13.
D{1)=1.94
0(2)=3.2
B(3)=3.12
B(4)=2.34
3(3)=2.71
D(6)=2.76
D(7I=2.94
B(8>=2.84
D(3)=3.44
0¢1g)=3.24
T11)=2,78
DCi2)=4.27
D(137=2.56
RANKING & PLOTTING POSIT
10H

P, OF EXCEEDANCE

RANK DATA KEIBULL PLOTZ
Iy () Jrinel) F=i-P
1, 4.27 7.1 92,9
2. 3.44 14.3  895.7
3. 3.24 21.4 78.6
4, 3.2 28.6 71.4
5. 3.12 35.7 64.3
6. 2.94 42.9 ST.1
7. 2.84  59. S8.

8, 2.78 57.1 42.9
9. 2.76 64.3 35.7
a8, 2.7t Tl.4 28,6
11, 2.56 78,6 21.4
12. 2.3¢ 95.7 14.3
13, 1.94 92,9 7.1

CALCULATION
sun X= 38.14
MEAN X= 2.933846154
SUM OF DEVIATION SGUARE
$=3.833707693
YARIANCE SrH=@.29
S/(H-1r=3,19475641 1E-€L
SD/(REAN X)=0.183
SD=I(5/NH>=0.543
USD=y(S/(N-1))=8.365
SKEWNESS CFT. CS!-0.6269
UNMBIASED S.C. CS1=8.6823

KEAH LDG(X1)=0.469129487
XG=2.88

CAL. OF B-YALUE
1. T=4.27 5=1.94
B(1,)=2.355359956€E-82

HEAH B=0,82

USED B=8.82

X8=2,92
LOG(X3+B)=0.46318
Lrh=8.11658 35¥=0.879¢2

iMAl FORNULA

LOG(¢Y+¢0.82))=9,46318
+0.11698*KSICYRD

PROBABILITY IMAL

Y{4)
Y¢3)
Yt
Y287
¥423)
¥(59)
y{1am

« & & LIs *
T VISV SRR, RS

£ 4 LMY E L

Y2 2.9
Y{3) 3.1
Y4 3.3
Y{3 3.4
Ye10) 3.7
Y2 3.2
Y25 4.
Y{30) 4.5
Yiiea2 4.9

IWAL METHAD e

DaTa n=13.
D{1)r1. 6%
D{2):2.76
D(3)32,97
D(4)y==2,87
BSy==2.99
M6)==2.87
BCTY=:3,12
B(8)=:2,95
D(9)=:3,72
pC1er=2,93
D¢113=3,63
BC123=3.75
D(13)23,89
RANKING & PLOTTING POSIT
104

P. OF EXCEEDANCE

RANK DATA WEIBULL PLQTX
I Ry JoQH+l) P=1-P
{. 3.89 7T.1 929
2. 3.75  14.3  93.7
3. 3.72  21.4 73,6
4, 3.63 28.6 Tl.4
5. 3.12 33.7 64.3
6. 2.99 42,9 937.1
Y. 2.9T 54. e,

8. 2.5 57.1  42.9
3. 2,93 64.3 35.7
18. 2.87 Tl.¢ 28.6
11, 2.87 78.6 21.4
12, 2.76 83.7 14.3
3. 1.6%9 92,9 7.1

CALCULATION
SUM K= 48,14
MEAN X= 3,087692308
SUM OF DEVIATION SQUARE
5=4,000823877
VARIANCE S/N=0.31
Sr{N-1)=3,333523642E-01
SDs(HERN X)=6.18
§D=y(5/N¥=8.555
USB={ {57 (N-120=0.57T
SKEWNESS CFT. £G!=-8.789

2
UNBIASED S.C. C51=-8.681
4

BEAN LOB(AI)=4.814047592
£-91
X6=3.83

CAL. OF B-VALUE
1, T=3.99 §=L.69
B(1.)=-5.438833333

NEAH B=-5.43

USED B=d.

¥9=3,83
LOG(XA+B)=A.4814
1/6=0.13@45 $§K=0,08865

AT FORMULA

LoG(Y+(R,))=0,4814
+B.13045*KSI (¥R

PROBABILITY INAI

Y¢2)
Y3
Yi4)
£ %))
Yy
Y(20)
Y25
Y(58)
Y(iom

-

" =y RO

a e A N e
« o faw 0

e



Calculation of Probability of Exceedance

Monthly Mean Pan Evaporation :

[WAT METHOD AN

DATA H=13,
DL1Y=2.75
B1(2)=3,24
1¢3)=3.08
D(4>=2.23
D¢5)=3.92
P{6)=2.63
DCTI=3.26
D¢BgI=3.1
D(9r=3,25
PC18>=3,35
DCi1)=3.47
BC12)=4.34
pC13)=4.17
RANKING & PLOTTING POSIT
Tan

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTE
I3 ()Y JrCHeL) F=L-P
1. 4.34 7.1 9.9
2. 4.17 14,3 857
3., 3.47  21.4 78.6
4. 3,35 28.6 Tl.4
5, 5.26 35.T 64.5
6. 3.26 42,9 57.1
7. 3.25 S8, §e.

8. 3.4 57.1  42.¢
9, 3.88 64.3 39.7
1. 35.82 T71.4 28.6
11, 2,75 T18.6 21.4
12. 2.63 85.7T 14.3
15. 2.2% 92.9 7.1

CALCULATION
SUM X= 41.93
MEAN ¥= 3.22938461%
Sur OF DEYIATION SQUARE
§=3,823923077
YARIANCE $/K=0,29
Sr(N-11=3, 1866A2364E~81
Sh/¢MEAN X)=8.168
§D=7(5/N)=0,542
USD=§(S/(N-1))=0.565
SKEMHESS CFT. £51=0,4755
UNBIASED $.C. C51=8.4568

HEAN LOG¢XI)=5.025160724
E-21
Xg=3.18

CAL. OF B-YALUE
1. T=4,34 5=2.19
B(1.)=1.518434783

MEAN B=1.351

USED B=1.31

X9=3,19
LOG(%A+B)=0.67235
17A=D,07238 SX=0.94211

IUAL FORMULA
LOG(Y+(1,51))=8.67256
+,07238»KSIIYR)

PROBABILITY INAL
Y2
RLEY
¥(4)
Y{3)
Yo1gr
Y26
¥{25)
Y5
¥(109)

(R
P N
- by

-h;h.&.n-
.
BNV LR v

IWAT METHOD o

Data H=13.
D€1>=3.96
1(2)=2.92
K3)=3.92
DC4)=2.62
{5)=2.79
B¢63=2.73
HT=3.
1{8)=2.83
D(9)=3.19
D{18>=3.78
I1t)=4.1
B(12)=3.77
D(13)=3.47

RAMKING & PLOTTING POSIT
10M

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTX
(J) (%) Js(Hel) F=1-P
. 4.1 7.1 92,9

2. 3.78 14,3 85.7

3. 3.7 2.4 78.6

4, 3.47 28.6 Ti.4

5. 3.1% 35.7 64.3

5. 3.6 42.% 57.1

7. 3.82 §¢. 354

8. 3, 3r.1 4.9

9. 2,92 64.3 35.7

19, 2.83 T1.4 28.6
i1, 2.93 T18.6 21.4
12. 2.73 85.7 14,3
15, 2.62 92,9 T.1

CALCULATION
SUn X= 41.24
HEAW ®= 3.172367692
SUM OF DEYIATION SQUARE
§=2.68143877
YARIANCE S/N=8.2
$/(H-1)=2.167358975E-0!
Sh/{HERN X)=8,14L
§D={(5/H)=08.447
USD={ (S, (N-1)r=0.466
SKEMNESS CFT. C8)=D.746
UHBIASED S.C. CS1=@.7167

MEAH LOGCXT)=4.9727328352
E-01
623,14

CAL. OF B-YALUE
1. T=4.1 %5=2.62
B(1.)=-2,005454343

neal B=-2.01

USED B=-2.8!

%p=3.089
LOG(X9+B)=8.83586
1/4=@.2357% 5X=8.1681%

IWAl FORMULA
LOG¢Y+(~2.012)=8.03506
+8.23379KSL{YR)

PROBABILITY IMAL
Y2
Y3
Y(4)
¥{3)
Y18
Y(z0)
¥(23)
Y(5@8)
v{108)

—{4—

[V ]
T e e mwosowomos
- B e e 00U R L

T BB

No.2 April, May and June

fun.

IWAl NETHOD

patTa N=L3.
De1r=2.24

0(2)=2.49

D{3)=2.66

B¢4)=2.91

D¢5)=2.72

DEI=2.4

I(7)=3.4

0(8y=3.16

0¢91=2.81

0¢10)=3.28

D(11)=3.69

D(12)=35.4

B¢13)=3.58

RANKING & PLOTTING POSIT
108

P. OF EXCEEDANCE
RANK DATA WEIBULL PLOTX
(1) Xy  Jr(H+#1) F=L-P

1, 3.69 7.1 92.9
2. 3.58 14,3 83.7
3. 3.4 21.4 T78.6
4, 3.4 28.6 T7l.4
5. 3,28 35.7 64.3
6. 3.16 42.9 57.1
Y. 2.9 5. 9.
8., Z.8% 957.1 42,9
9. 2.712 64,3 35.7
ie. 2.66 T1.4 28.6
11. 2,49 8.6 21.4
12, 2.4 85.7 14.3
13, 2.24 92,9 7.1
CALCULATION
SUM ¥= 38.74

MEAN W= 2,93

SuM OF BEVIATION SQUARE
§=2.6672

YARIAHCE SsN=8.21

$/(N-1)=2.22265666T7E-Q1

SD/(MERN H)=0.152

§D={(S/N)=8.433

USD=/(S/(N=-1))=8,471

SKEWHESS CFT. €S!=-8.015

4

gNBIﬂSEB §.6C. CSi=-0.914

NEAN LOG(XI)=4.698874316
E-81
86=2.95

CAL. OF B-YALUE
1. T=3.69 $=2.24
B(1.7=14,06333333

MEAN B=14.56

USED B=14.56

18=2,97
LaG(x@+B)=1.243498
1-A=8.081652 SX=9.81173

IHAL FORMULA

LOGCY+{14,96))=1.24398

+A.A16524KSI(YR)

PROBABILITY WAL
Y42} 3
¥(3) 3
Y{4) 1
¥(9) 3

Yig 3
(28 3
¥Y{23) z,
Y¢39) ¢
¥(108) P

.
LaulL N - -~ - B L



Calculation of Probability of Exceedance

Monthly Mean Pan Evaporation : No. 3 July,August and September

IKAI METHOD

DATA H=13,
D{1)=3,2
D(2)=2.76
B(3)=3.06
04)=2,99
D(5)=2,79
D46)=2.7
D(7)=3.4
D(8)=3.26
D{%r=2.7
D(18)=5.41
D(11)=4.82
D(12)=3,96
D(13)=35.89
RANKING & PLOTTING POSIT
I0H

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTZ
() (K> Js(N+L) F=1-P
1. 4.2 7T.1 929
2. 3.96 14.3 83.7

3. 3.89 2.4 T4.8
4. 3.41 28.6 Tl.4
9. 3.4 35.7 64.3
6. 3.26 42.9 97.1
7. 3.2 38, 34.
8. 3.86 57.1 42.9
9. 2.98 64,3 35.7
8. 2.79 T71.4 20.6
11. 2.76 78.6 21.4
12, 2.7 85.7 14.3
13, 2.7 92.9 7T.1
CALCULATION
SUNM X= 42.13

MEAN X= 3.240769231

SuM OF DEYIATION SGUARE
§=2.72189%2309

YARIANCE S/N=0.21

S/(N-1)=08.2268243359

Sh/(MEAN X)=0.141

SD={(5/N)=0.453

USD=i(S/{N-1))=0.476

SKEWHESS CFT. CS5!=8.4684

UHBIASED S.C. CS1=8.4501

MEAN LOGCX[)=5,864346321
E-81
X6=3.21

CAaL. OF B-YALUE
1. T=4.82 S=2.7
B(1.)=-1.833

HEAH B=-1.83

USED B=8.

ne=3.21
LOG(X9+B8)=p.50643
1/A=0.58847 SX=B.06815

INAL FORMULA

LOGCY+(D, })=0.59643
+0.88847T*KST(YR)

PROBABILITY IWAL

¥(2) 3.2
¥(3) 3.4
Yi4) 3.3
Y3 3.6
rae 3.9
(20 4.1
¥(25) 4.1
¥{359) 4.3
Y(18a) 4.9

IWAI NETHOD

DATA H=13.
D(1I=3.63
D(2)=2.36
D(5)=3.83
D(4)=2.92
D(5)=2.68
D(6I=3.09
D{7)=4.085
(8)=3.7
D(2)=3,79
D(18>=3.65
D(110=4.99
D(12)=4.12
D(13)=4.39
RANKING & PLOTTING POSIT
10N

P, OF EXCEEDANCE
RANK DATA WEIBULL PLOTZ

Jy (R) Jr{h#1) F=1-P
1. 4,99 7.1 92.9
2. 4,39 14.3  85.7
5. 4,12 21.4 78.6
4. 4,85 28.6 Tl.4
3. 3.79 35.7 4.3
6. 3.7 42,9 S5T.1
7. 3.65 59. 96.

8. 3.65 57.1 42.9
%, 3.89 64.3 39.7
19, 3.83 T71.4 28.6
1. 2.2 78.6 21.4
12. 2.86 85.7 14.3
13, 2.68 92,9 7.1

CALCULATION

SUN %= 46.9

MEAN ¥= 3.6076%2308

SUN OF DEYIATION SQUARE
$=5.51923877

YARIANCE Ss/N=8.42
S/¢(N-1)=4,599358973E-81
SD/C(MEAN X)=9.181
SD={{S/H)=B.652
USD={(5/(H-1))=0.678
SKEWNESS CFT. CS5!=8.4893
UHBIASED S.C. CS51=6,3933

MEAK LOG(XI)=5.0082494242
E-o1
X6=3.55

caL. OF B-YALUE
1. T=4.99 §=2.68
B(1.)=-1.352185263

MERN B=-1.33
USED B=-1.35
X8=3,51

LOG(X0+B)=H, 33543
t/n=0.18634 S§X=9.12609

INAT FORMULA
LOG(Y+(~1.3522=0.33343
+0, 18634=KSI (YR

PROBABILITY IWAL
(22 .
Y(3? .

Y(4) 4

Y{S) 4
Y10 4.
(29 4.

Y29 5

¥(502 3.
¥(180) 3

[

.
= e DR~ DN

INAT METHOD

DATA H=13.
D(1)=3.68
D(2)=3.3
K3)=3.24
D(4)=3.2
D(S5)=2.84
D(6)=3.85
D(TI=4.67
D(8)=3.25
D(9r=4.11
D(19)=3.3
DCi1)=5.37
D(12>=4.89
D(12)=4.29
RANKING & PLOTTING POSIT
IOH

P. OF EXCEEDAHCE

RANK DATA WEIBULL P
() (XY Js(h+L) F
1. 5.37 7.1 92
2, 4.89 14.3 8
3. 4.67 21.4 8.6
4. 4.2% 28.6 T1.4
5. 4.11 35,7 64,3
6., 3.85 42.9 S57.1
7. 3.68 50. S8.

8, 3.5 57.1  42.9
9. 3.3 4.3 35.7

19. 3.2% T7i.4 28.6

1. 3.24 78.6 21.4

12. 3.2 85.7 14.5

13, 2.84 92.9 7.t
CALCULATION

SuR X= 58.19

HEAH X= 3.868769231
SUM OF DEYIATION SQUARE
$=6.932692368
YARIANCE §/N=8.33
S7¢N-13=5,793918257&-91
SD/(HERK R)=0.189
§D={(5/N)=8.731
USD=¥(S-(H~12)=8.761
SKEMHESS CFT. CS!=8.6113
UNBIASED S.C. CS1=8.5873

MEAN LOGCRI)=9.7920866432
£-81
RG=3.79

CAL. OF B-YALUE
1. T=3.37 $=2.84
BC1.)=-1.4874608317

MEAN B=-1.41
USED B=-1.41
®e=3.7%

LOG(X9+B)>=0.37@67
17A=0.18686 S5X=9.12641

IHAI FORMULA
LOGCY+(~1,41)2=0.37067
+0,18606*KSI(YR)

FROBABILITY LWAI
Y2}
Y(3}
Y(4)
Y(5)
Yaa
(287
7(23)
¥(50)
Y180

. . w
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Calculation of Probability of Exceedance

Manthly Mean Pan Evaporation : No.4

IMAI METHOD 0x et

DATA N=13.
D(1)=4,23
D(23=3.7
D(5)»=3.57
B(43=3.13
(5)=3,16
DL6r=3.74
D(T)=3.64
D(8)=3,86
D(9)=3.6
B{18)=4.11
b(11)=5.1
D(12)=4.49
D(13)=4.36
RANKING & PLOTTING POSIT
I0H

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTX
(I (X)) Jr/(H#LY F=i-P
1. 5.1 7.1 92.9

2. 4.49 14.3 85.7
3. 4,36 21.4 8.6
4. 4,23 28.6 T1.4
5. 4.11 35.7 64.3
6. 3.86 42.% 57.%
7. 3.74 356. 8.

8. 3.7 §7.1 42.%
9, 3.64 64.3 35.7
18. 3.6 1.4 289.6
1t. 3,57 78.6 21.4
12. 3.16  85.7 14.3
13. 3,13 92.9 T.1

CALCULATION

SUM ¥= 58.69
HERH %= 2.899238769
SuUr OF DEYIATION SGUARE

$=3.626892308
YARIANCE SrH=8,28
S$/(N-1)=3.022418257€-81
SD/(MEAN X)=8.135
5D=J(5/KH)=2.528
USD=4(S/(H-13)=0.55
SKEWNESS CFT. CS!=.5984
UHBIASED S.C. C51=8,5673

MEAN LOGCXI}=5.871114883
E-81
X6=5.86

CAL. OF B-YALUE
1. T7=5.1 8§=3,13
B(!.)=-2.085998839

MEAN B=-2.09
USEDR B=-2.879
n9=3.32

LOG(KO+E>=0.23914
1/A=B8.18676 Sx=0.12688

INART FORMULA
LOG(Y+(~2.89))=0, 23914
+0,136T6+KSI(YR)

PROBABILITY [WAL
Y(2)
¥Y(3)
7¢4)
¥{3)
Y19
Y28
Y(25)
Y{38>
Ylem

[ N N N TY ]
. .
LVl WIS o g

(2. 7]
AT
O Ly e

1Al KETHOD MY

DATA N=13.
b{1)=3.33
D(2)=4,45
B(3)=2,353
D(4)=3.86
0¢5)=2,87
62=3.21
D(7)=3.89
B(8)=3,37
D¢9)=3.78
0(19)=3.51
D(113=4,63
D(12)=3.87
D{L3)=4.13
RAHKING & PLOTTING POSIT
I0H

P. OF EXCEEDANCE

RANK DATA WEIBULL PLOTZ
(J) (R) Js(N+l) F=i-P
1. 4,65 7.1 92.9
2. 4,45 14.3 8.7
3. 4,13 21.4 78.6
4. 3.87 28.6 7i.4
3. 3.79 35,7 64.3
6, 3.51 42,9 37.1
7. 3.37 5. S,

3. 3,33 57.1  42.9
9. 3.21 64,3 35.7

19, 3.09 Ti.4  28.4

it. 3.6 78.6 21.4

12, 2.7 85.7 4.3

13, 2.53 %z.9 T.
CALCULATION

sUit X= 43.85

MEAN X= 3.526923877

SUit OF DEYIATION SQUARE
§=4,63T276924

YARIANCE SrH=a.36

§/(H-1)=3.881864103E-81

SO/ (HERN X)=B.17

S0=1(5-N)=0.599

YSD=§{S,(H-1)>=08.623

SKEWMESS CFT. C51=0.3494

UNBIASED S.C. C51=8.33E7

HEAN LOG(XI)>=3,411949528
£-81
RG=3.48

CAL. OF B-YALUE
1. T=4.65 §=2.53
B(i.)=1.572272727

MEAN B=1,57

USED B=1,57

8=3.49

LOG(Ka+B)=0. 70435
17A=0.87442 $X=0,83957

IMAT FORNULA
LOG(Y+(1.57))=0, 78435
+6.07442+KSICYR)

PROBABILITY IHAL
Y(2) 3
Y3 3.
¥{4) 3.

Y{(3 4

71 4,

1429 4
Y25 4
Y(39) 4
v{iea) ]

October, November and December

Osc.

IUAT METHOD

DATA H=13.
D(1)s2.81
D{2y=5.5
0¢3)=2.32
D(4)==2,gé
D(5)==<.
DEgr=22.63
B(7)=*3.67
D¢gy=:3.82
neoy=:3.96
D¢i@y3.8
D(11):3,39
DC12):3.36
D(133:3.28
RANKING & PLOTTING POSIT
08

P. OF EXCEEDANCE

RANK IATA WEIBULL PLOTZ
(J) (%) Js(R+1)> F=1-P
1. 3.86 7.1 92.9
2. 3.9 143 83.7
3. 5.67 21.4 T78.6
4. 3,319 28,6 T1.4
. 3.36 35.7 64.3
6. 3.3 42,9 9741
7. 3.28 3@, Je.

g. 3.22 37.1 42.9
9. 2.86 64.3 35.7
19. 2.81 7i.4 28.6
1. 2.63 7.6 21.4
12, 2.32 83.7T 4.3
13, 2.531 92,9 1.1

CALCULATION
SUM X= 48.61
HWEAN X= 3.123846154
SUN OF DEVIATION SQUARE
$=3.210787693
YARIANCE S/H=8.25
§/{N~-1)=2,670589744E-81
SD/(MEAN X)=8.159
SD={(5/H)=0.497
USD={(5/{H-12)=0,517
SKEMHESS CFT. CS5!=-8.198
7

UHBIASED S.C, CS1=-D.199
9

MEAN LOG(XI)>=4,889306718
£-91
xG=3.08

CAL. OF B-YALUE
1. T7=3.86 $=2.3t
B(1.>=56,98

MEAH B=56.98

USED B=56.98

X9=3.12
LOG¢A@+B)=1.77839
1/A=0.60529 5X=9,80192

INAL FORRULA
LOG(Y+(36.98))=1,77889
+B.08329*KSI{YR)

PROBABILITY IMAl
Y(2)

Y(3) §
Y4 3.
Y3 3,
7(18) 3.
¥(20) 4
¥(25) 4
1(58) 4
v(1e0) 4



Table C1-18

Estimated Possible Working Hours of Outdoor Works for
Construction and Farming Practice

No.1 1985
No.2 1986
No.3 1987
No.4 1988
No.5 1989

No. 6  Recapitulation of Estimated Possible
Working Hours and their Percentage to the
Scheduled Construction Working Hours



No. 1 Estimated Possible Working Hours

Scheduled Daily Construction Working Hours : 10 hrs from 7:00 up to 17:00

If rainfall is equal to or in excess of 0.25 mm per hour, outdoor works will be deferred.

Year: 1985

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Date

Remarks

g8 10 10 10 10 7 10 10 10

1 10 10 9

2 10 10 8 10 9 100 8 8 10 9 10 10
3 9 10 9 9 10 9 8 10 10 10 7 10
4 10 10 8 10 10 10 10 10 10 10 8 9
5 9 10 8 10 9 9 10 10 10 10 7 7

--------------------------------------------------------------------------------------------------

6 9 9 10 10 110 10 10 10 10 10 10 8
7 7 9 9 10 10 9 10 7 10 0 9 10
8 &g & 9 10 9 ¢ 10 10 9 10 10 10
9 8 7 9 & 9 10 9 10 6 10 10 10
10 0o 9 10 7 10 9 10 10 10 8 9 10
Sub-Total 42 42 47 45 48 47 49 47 45 48 48 48
11 9 8 10 106 10 10 8 10 10 10 9 10
12 5 8 10 10 7 9 10 10 10 10 10 10
13 16010 9 10 8 10 10 10 9 10 10 10
14 10 10 10 8 & 10 7 10 10 7 10 10
15 5 10 10 10 10 10 10 10 10 10 10 10

-------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------

16 9 9 10 9 10 10 10 10 10 9 10 8

17 10 10 8 9 10 10 9 10 9 7 10 10

18 10 8 10 9 10 10 10 9 10 10 10 10

19 8 10 10 9 10 10 10 10 10 7 7 10

20 10 9 8 10 10 9 8 10 10 10 10 9
sub-Total 47 46 46 46 50 49 47 49774943 AT U4

21 8 10 10 10 10 10 7 10 10 10 {0 8§

22 8 6 10 7 10 10 10 10 10 10 10 1|0

23 10 8 10 10 9 10 10 10 10 10 10 7

24 10 10 10 10 10 10 10 9 9 10 9 10

25 10 10 8 9 10 8 9 8 10 10 10 10

-------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------

26 9 10 8 7 7 10 10 10 7 8§ 7 10
27 106 10 9 9 10 8 10 10 10 10 9
28 07 10 10 5 9 8 10 8 4 § 1
29 10 - 10 10 10 9 10 10 10 10 10 10
30 9 - 10 10 10 10 10 10 10 7 9 1p
31 10 - 7 - 10 - 10 10 - 10 - 10

--------------------------------------------------------------------------------------------
-----

-------------------------------------------------------------------------------------------
cccccc

Grand Total 280 251 287 278 289 289 289 301 284 286 279 292

oooooooooooooo

--------------

oooooooooooooo

--------------

---------------

---------------

---------------

---------------

---------------

---------------

---------------

---------------




No. 2 Estimated Possible Working Hours

Scheduled Daily Construction Working Hours : 10 hrs from 7:00 up to 17:00
If rainfall is equal to or in excess of 0.25 mm per hour, outdoor works will be deferred.

Year: 1986

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Remarks
Date

10 8 5 10 9 10 10 10 10

10 10 10 10 9 10 10

................................................................................................................

................................................................................................................

6 7 9 7 7 10 10 10 8 10 10 6 10
7 7 10 6 10 10 10 10 10 9 10 9 10
8 s 9 10 10 10 9 9 9 10 10 6 10
9 10 10 10 8 9 10 10 10 9 10 9 10
10 o 7 9 9% 10 8 10 10 10 9 8 8

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

16 0o 7 10 10 10 9 10 10 6 10 10 8
17 8§ 10 7 10 10 10 10 10 10 10 9 5
18 g 10 10 10 10 8 10 10 10 10 10 10
19 7 10 9 8 10 10 10 10 10 10 9 8
20 7 10 9 10 10 10 10 10 10 10 7 10

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

21 7 10 8 8 10 10 10 10 10 10 8 9
22 6 10 7 10 10 10 8 10 10 10 10 10
23 § 10 7 10 10 10 10 100 7 10 9 10
24 7 NA 10 10 10 10 10 9 10 10 10 10
25 9 NA 10 10 10 10 10 9 9 10 10 8
Sub-Total 37 - 42 48 50 50 48 48 46 50 47 47
26 6 NA 10 10 10 10 10 10 8 6 10 8
27 9 NA 10 10 10 10 8 10 10 4 7 10
28 10 NA 8 10 10 10 10 10 10 6 8 7
29 10 - 10 9 10 10 8 10 10 8 7 8
30 10 - 8 10 9 10 10 10 10 8 10 7
31 8 - 10 -9 - 10 10 - 10 -9

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

Grand Total 2355 - 268 274 303 286 303 300 284 283 258 274




No. 3 Estimated Possible Working Hours

Scheduled Daily Construction Working Hours : 10 hrs from 7:00 up to 17:00
If rainfall is equal to or in excess of 0.25 mm per hour, outdoor works will be deferred.

Year: 1987
Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Remarks

1 9 10 10 10 8 9 10 10 10 9 10 10
2 9 7 9 7 10 10 10 9 10 9 9 9
3 5 10 6 10 10 10 10 10 9% 10 8 8
4 7 8 10 10 10 10 10 10 10 10 9 9
5 7 9 9 10 8 8 10 10 9 10 10 9

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

6 w9 9 9 8 7 10 10 10 10 10 5
7 9 7 10 10 10 8 10 10 10 10 8 6
8 9 &8 10 8 10 S 10 10 10 10 8 7
9 $ 4 10 7 10 10 8 10 10 10 8 8
10 100 ¢ 9 9 8 10 10 10 10 10 10 8

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

11 100 7 10 10 7 10 10 10 10 10 10 6
12 10 9 10 6 10 10 10 10 10 8 {0 10
13 0 10 100 9 9 10 10 10 10 10 9 10
14 4 9 10 9 9 10 10 10 10 10 7 10
15 7 16 9 8 8 10 10 10 10 10 7 8

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

16 8§ 8 10 8 10 10 10 10 9 10 8 10
17 10 8 9 10 8 10 10 10 10 9 9 10
18 7 6 7 10 8 10 10 10 10 10 10 8
19 & 10 9 10 10 10 10 10 10 9 9 ¢
20 2 9 8 10 10 10 10 10 10 10 10 8§

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

21 10 10 8 10 10 10 10 9 10 9 10 10
22 7 7 9 10 10 10 10 10 10 10 8 10
23 07 9 10 10 10 10 10 10 10 10 9
24 7 8 8 9 10 10 10 10 10 10 10 4
25 9 10 10 10 10 9 10 10 10 10 10 10

---------------------------------------------------------------------------------------------------------
-------

------------------------------------------------------------------------------------------------------
----------

26 9 7 10 10 9 10 10 10 10 10 10 10
27 5 7 10 10 10 10 10 8 10 10 10
28 10 10 109 8 10 9 10 9 10 10

-------------------------------------------------------------------------------------------------
---------------

------------------------------------------------------------------------------------------------
--------

Grand Total 261 232 278 279 287 287 308 307 294 301 275 269

oooooooo




No. 4 Estimated Possible Working Hours

Scheduled Daily Construction Working Hours : 10 hrs from 7:00 up to 17:00
If rainfall is equal to or in excess of 0.25 mm per hour, outdoor works will be deferred.

Year: 1988

D Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Remarks
ate

1 10 10 9 8 10 0 10 10 9 10 7 9
2 10 6 10 7 10 10 10 10 10 9 8 10
3 9 10 10 & 7 9 10 10 10 10 10 7
4 0 9 8 10 8 10 8 10 10 9 8 9
5 10 6 8 10 10 10 10 8 10 10 9 10

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

16 o 7 9 10 10 10 6 10 10 10 10 9
17 g 8§ 10 10 8 10 10 10 9 8 10 4
18 8 10 9 10 10 10 10 10 10 8 10 4
19 8 & 10 10 & 8 10 10 10 8 10 4
20 9 9 10 10 10 10 10 10 10 9% 10 4

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

21 9 10 6 9 10 10 10 9 10 10 10 6
22 10 10 7 10 10 10 10 10 9 10 10 10
23 ¢ 10 7 10 10 10 9 10 10 5 9 10
24 t0 8 10 10 10 10 10 10 10 10 9 10
25 7 10 8 10 10 10 10 10 9 10 10 10
Sub-Total 4577487738 749750 50 49 49 48 45 48 46
26 8 9 6 10 9 10 10 10 9 10 6 10
27 7 10 10 10 10 10 10 10 8 10 9 8
28 10 10 8 10 10 10 10 10 9 10 9 10
29 0 10 6 7 9 10 10 10 9 6 9 10
30 9 - 4 8 10 10 10 10 10 10 10 8
31 10 - 10 - 10 - 10 10 - 10 - 10

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

Grand Total 282 255 268 283 289 293 303 305 288 287 273 253




No. 5 Estimated Possible Working Hours

Scheduled Daily Construction Working Hours : 10 hrs from 7:00 up to 17:00
If rainfall is equal to or in excess of 0.25 mm per hour, outdoor works will be deferred.

Year: 1989
Month Jan. Feb. Mar. Apr. May Jun. Jul.

Aug. Sep. Oct. Nov. Dec. Remarks

Date
1 $ 10 10 7 10 10 10 10 10 10 6 10
2 16 8 8 10 10 9 10 10 9 10 8 7
3 10 9 10 10 9 10 10 10 10 10 6 9
4 0o 3 10 9 8 8 10 10 10 8 8 10
5 10 6 10 8 9 10 8 10 10 10 10 10
A R T T T e
6 10 6 9 9 9 10 10 10 9 10 10 7
7 10 5 10 6 10 10 10 ¢ 10 10 10 10
8 9 8 10 10 8 10 10 10 10 9 6 9
9 10 10 8 7 10 10 7 10 10 9 9 7
10 8 10 5 10 8 10 10 10 10 10 8 8

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

11 8 9 7 9 10 10 10 10 10 10 10 10
12 10 8 10 8 10 10 10 10 10 10 10 5
13 9 4 10 10 8 10 10 10 10 10 10 10
14 8 10 10 9 10 10 10 10 9 10 10 ¢
15 9 10 10 9 9 10 10 10 10 10 9 8

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

16 10 5 9 10 9 10 10 10 10 5 9 9
17 8 10 10 10 10 10 10 10 9 10 10 10
18 7 10 9 9 10 10 10 10 10 10 9 9
19 8 7 10 10 10 10 10 10 10 9 10 10
20 7 5 10 10 9 10 10 10 10 8 10 10
Sub-Total 40 37 48 49 48 TS0 507US0TT4YTAT AR AR
21 8 10 8 10 8 10 10 10 9 9 10 J0
22 8§ 10 9 10 8 10 10 10 8 8 6 10
23 9 9 8 10 10 10 10 10 9 9 10 10
24 10 10 9 10 10 9 9 10 9 10 10 9
25 8 10 10 9 10 8 10 9 10 7 10 10

-----------------------------------------------------------------------------------------------------
-----------

----------------------------------------------------------------------------------------------------
------------

26 9 9 10 10 10 10 9 7 10 10 9 10
27 10 10 10 9 10 10 10 10 10 10 ¢ 8
28 7 10 10 10 10 10 9 10 10 10 10 8
29 9 =9 9 10 10 10 10 10 8 9 g
30 10 - 8 10 10 16 10 7 9 10 10 8
31 10 - 10 - 8 - 10 10 -9 -9

-----------------------------------------------------------
-------------------------------

--------------------
..




No. 6

Recapitulation of Estimated Possible Working Hours

and their Percentage to the Scheduled Construction Working Hours

Year Month  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Remarks
Decade
1985 1 Hrs 90 92 89 92 96 95 95 95 92 97 90 94
% dittos
2Hrs 8 92 95 94 93 98 92 99 98 90 96 97
% dittos
3 Hrs 104 67 103 92 100 96 102 107 94 99 93 101
% 95 84 94 92 91 96 93 97 94 90 93 92
T Hrs 280 251 287 278 289 289 289 301 284 286 279 292
% 90 90 93 93 93 96 93 97 95 92 93 94
1986 I Hrs 85 91 83 87 99 94 99 93 96 94 81 98
% dittos
2 Hrs 80 91 87 90 9 92 100 99 94 97 88 87
% dittos
3 Hs 90 NA 98 97 108 100 104 108 94 92 89 89
% 82 - 8 97 93 100 95 98 94 84 89 8l
T Hrs 255 - 268 274 303 286 303 300 284 283 258 274
% 82 86 91 98 95 98 97 95 91 86 88
1987 1 Hrs 84 78 92 90 92 91 98 99 98 98 90 8¢9
% dittos
2 Hrs 83 88 92 90 89 100 100 100 99 96 89 89
% dittos
3 Hes 94 66 94 99 106 96 110 108 97 107 96 101
% 85 83 85 99 96 96 100 98 97 97 96 92
T Hrs 261 232 278 279 287 287 308 307 294 301 275 269
% 84 83 90 90 93 96 99 99 98 97 92 87
1988 1 Hrs 95 84 91 91 95 96 98 97 98 97 99 99
% dittos
2 Hrs 88 8 95 98 86 97 96 99 97 89 93 62
% dittos
3 Hs 99 87 82 94 108 100 99 109 93 101 91 102
% 90 97 74 94 98 100 90 99 93 92 91 93
T Hrs 282 255 268 283 289 293 303 305 288 287 273 253
% 9] 88 8 94 93 98 98 98 96 93 91 82
1989 1 Hrs 96 75 90 86 91 97 95 99 98 96 81 87
% dittos
2 Hrs 84 78 95 94 95 100 100 100 98 92 97 90
% dittos
3 Hrs 98 78 101 97 104 97 107 103 94 100 93 101
% 89 98 92 97 95 97 97 94 94 91 93 92
T Hrs 278 231 286 277 290 294 302 302 290 288 271 278
% 90 83 92 92 94 98 97 97 97 93 90 90
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Appendix C2 Hydrology

1. General
2. River System of the Cihideung River
3. River Surveying Results of the Cihideung River at the Project Site
4., Recapitulation of Records for Irrigation Intake Water at the Cihideung River
5. Available River Water at the Project Site
6. Estimate of Flood Discharge of the Cihideung River
7. Design flood and Design Floor Elevation of the Pump Station under
Consideration
Fig. C2-1 Catchment Area of the Cihideung River
Fig. C2-2 River System of the Cihideung River
Fig. C2-3 River Profile in the Catchment Area
Fig. C2-4 Discharge Curve of the Cihideung R1Ver at Pump Station
Site under Consideration
Fig. C2-5 Curve of the Relationship between Rn and QN
Table C2-1 Calculated Flood QN by Der Weduwen Formula
Table C2-2 Calculated Probable Flood Discharge
Drawings C2-1 Plan, Profile, Typical Cross Section and Flood Discharge
Curve of the Cihideung River
Drawings C2-2 Cross Section of the Cihideung River (1/2)
Drawings C2-3 - do. - (272)
1. General

The water source of the Cihideung River is available at the Project site. I,
therefore, is necessary to study on availability of drought discharge in the dry season
and on recurrence of flood, river capacity of flood passing in relations to flood water
level and discharge of the Cihideung River.

During the field survey, efforts have been made for collection of hydrological
data of the Cihideung River at the water source section of Bogor Branch Office, West
Java Provincial Public Works. Irrigation intake water records at the Cihideung weir
were collected for only 1988 and 1989. Also, river surveying for plan, profile and
cross section of about 400 m distance of the Cihideung River at the Project site was



carried out by the survey team. The results were studied subsequently for flood

discharge estimate as well as location of future pump station.

2. River System of the Cihideung River

The color topographic maps with scale of 1/50,000 (old print) and the black and
white copies of topographic maps with the same scale have been used for study of the

catchment area.

The Cihideung River Originates the Salak mountains, accurately in the Peak
(EL. 2,180 m) which locates on the connected ridge between the Salak mountain (EL.
2,211 m) and the Sumbu mountain (EL. 1,916 m). It flows down toward north in
collecting drained water from its tributaries developed on the northern slope of the
Salak mountains and reaches to the Project site after run about 18 km. The catchment
area is 35 km2 showing nearly a long elliptic shape on the map.

The Project site and catchment area of the Cihideung River is attached as Fig.
C2-1 and the river system is illustrated in Fig. C2-2. As seen from Fig. C2-2, there are
nine (9) tributaries, and the catchment areas are estimated at 35 km2, 16 km2, 15 km2
and 13 km?2 at the sites of the pump station, the Cihideung weir, the Cianyar weir and

the Cisunar weir, respectively.

River profile in the Catchment area has been prepared as shown in Fig. C2-3,

3. River Surveying Results of the Cihideung River at the Project Site

During the field survey period, the river route surveying for plan, profile and
cross section was carried out for about 400 m distance of the Cihideung River.

The plan, profile and typical cross sections are given in Drawing C2-1 to -3.

The typical flow section is estimated as follows :



1. Bottom width at EL. 209.0 m : 5.8 m

2. Width at EL. 211.6 m of the crest of Cihideung Supply Weir : 22m

3. WidthatEL.213.6 m : 34 m

4, Side Slope : jtol
5. River bed slope (average) : -0.00725
6. Damming up height at the Cihideung Supply Weir : 2.6 m

(EL.211.6 m - EL. 209 m)
7. Distance between Cihideung Supply Weir and pump station  : 255m
8. Roughness coefficient of Manning Formula : 0.020

Utilizing the above survey results, river capacity on flood passing in relation to
water level and discharge has been calculated and shown in a curve as given in Fig. C2-
4.

4. Recapitulation of Records for Irrigation Intake Water at the Cihideung River

The Water Resource Division, Bogor Branch Office of the West Java Provincial
Public Works (SBDPUIJB}) is the responsible agency for water use of the Cihideung
River.

Irrigation intake water and spilled water at the Cihideung Weir site is being

record by the gate master at every morning and evening.

In order to know the status of river discharge, daily records from February,
1988 to December, 1989 have been collected with kind cooperation of the above
SPBPU.

All the data were evaluated and arranged in a form of mean flow during pentad
period as attached in Table C2-1.



Pentad Mean Irrigation Intake Flow and Spilled Flow

Table C 2-1
at the Cihideung Irrigation Weir (Catchment Area = 16 km 2)
(Unit : livsec)
1988 1989 1988 1989
Intake Spill Total Note Intake Spill Total Note Intake Spill Total NoteIntake Spill Total Note
J 1 440 528 968 J 1 139 0 189 296 384 680
2  NoData Available 428 152 580 2 195 634 829 305 393 698
3 423 472 895 3 179 0 179 300 275 575
4 432 104 536 4 176 0 176 294 90 384
5 452 546 998 5 163 0 163 305 435 740
6 485 0 485 6 198 0 198 02 0 302
M 443 300 743 M 183 106 183 300 263 563
F 1 315 378 693 322 191 513 Al 251 0 251
2 329 178 507 324 262 586 2 NoData Available 275 0 275
3 319 214 533 31 369 680 3 252 0 252
4 317 0 317 308 202 510 4 270 0 270
5 355 116 471 274 0 274 ) 252 202 4517
6 354 085 1,339 214 205 419 6 260 164 424
M 332 312 644 292 205 497 M 260 61 321
M 1 223 1,024 1,247 306 0 306 S 1 239 0 239 249 0 249
2 276 3,034 3,310 313 0 313 2 240 0 240 263 0 263
3 270 2,596 2,866 318 Q 318 3 232 0 232 247 0 247
4 255 1,402 1,657 314 0 314 4 239 0 239 251 0 251
5 264 920 1,184 319 104 423 5 243 0 243 241 0 241
6 271 1,537 1,858 319 1,434 1,753 &6 266 Q 266 264 0 264
M 260 1,761 2,021 315 25 571 M 243 0 243 253 0 253
A 1 266 325 591 313 943 1,256 O 1 265 1,165 1430 230 366 596
2 265 960 1,225 313 281 594 2 261 1,328 1,589 233 188 421
3 267 1,044 1,311 301 0 301 3 257 2,611 2,868 244 1,548 1,792
4 259 342 601 307 864 1,171 4 273 1,178 1,451 240 3,860 4,100
5 257 274 531 300 20 390 5 279 1,370 1,649 240 2,732 2,972
6 254 0 254 289 0 289 6 247 563 810 242 3,140 3,382
M 261 491 752 B4 363 667 M 264 1,369 1,633 238 1,972 2,210
M 1 263 576 839 300 779 1,079 N 1 284 435 719 375 8,080 8,455
2 241 474 715 309 868 1,177 2 245 0 245 298 388 686
3 236 461 697 295 866 1,161 3 245 0 245 361 3,336 3,697
4 269 435 704 317 967 1,284 4 287 594 881 363 6,256 6,619
5 264 S0 354 306 860 1,166 5 287 563 850 305 224 529
6 261 128 389 321 1,357 1,678 6 258 0 258 304 0 304
M 256 361 617 308 950 1,258 M 268 265 533 334 3,047 3,381
J 1 251 0 251 329 1,051 1,380 D 1 267 176 443 359 11,447 11,806
2 260 628 888 324 638 962 2 259 90 349 442 1,728 2,170
3 253 156 409 33 0 336 3 288 269 557 414 0 414
4 230 0 230 270 0 270 4 291 370 661 347 1,249 1,59
s 207 0 207 282 0 282 5 253 0 253 401 458 859
6 198 0 198 288 0 283 6 258 0 258 360 6,244 6,604
M 233 131 364 305 281 586 M 269 51 420 387 3.521 3908
Note 1. Source : Seksi BOGOR DPU, Java Barat. (SBDPUJB)

2. Flow is estimated on the basis of overflow depth read at moming and evening,.

3. M means the average in the month.



5. Available River Water at the Project Site

As seen from Table C2-1, the spilled flow at the Cihideung weir is high in the
rainy season but very small or zero in both dry season and in no rain pentad in rainy
season.

While the water shortage of the irrigation experimental farm, IPB concentrates
in the dry season, much water release from the Cihideung Weir can be unexpected.

So, run-off from the tributaries : Cimoboran, Cirandi, Cibeurem, Cikiruk,
Cipakar and Cisasah becomes to the reliable water source for the Project. Such
remaining part of the catchment area in downstream of the Cihideung Weir is 19 km2 in
total at the pump station site under consideration. '

The run-off in the drought period available for the Project is estimated as

follows :
1. The lowest run-off at the Cihideung Weir, : 163 lit/sec
Sth pentad July, 1988 (CA = 16 km?)
2. Specific run-off of the above : 10 litsec/km?2
3. Estimated lowest run-off from the remaining catchment : 133 lit/sec
(CA = 19 km?, safety factor 0.7)
4. Irrigation water requirements for the Cihideung : 115 lit/sec

irrigation system from the Cihideung Supply Weir
(IA = 64 ha, Unit W. R. = 1.8 lit/sec/ha)

5. Available water source at the Pump Station Site : 18 lit/sec
(Item 3 - Item 4)

From the above, it is concluded that river discharge available for the Project is

18 lit/sec during the drought period.

6. Estimate of Flood Discharge of the Cihideung River

The catchment area of the Chihideung River is estimated at 35 km? at pump
station site under consideration read on the Topographic Map with the scale of
1:50,000.



Also, the following features of the catchment area are found :

- the highest elevation EL. 2,000 m

- the lowest elevation LEL I?g glk

- the longest river length = .8 km

- the average river slope I=  910/16,000 = 0.0569

The Chihideung River system and profile have been illustrated as shown in Fig

and Fig

The Der Weduwen flood formula has been applied for this area as follows :
Qn=oa-+p+qn-A

in which,
4.1
o = l-—
Bequ+?
120+ (553) A
b = —pma—
- Rn  67.65
™= 220 ° 1.5
t = 0'25 . L . Q'O-]25 . I-O.ZS
and where,
QnorQ = N-Yrflood discharge in m¥/sec
Rn = N - Yr design rainfall in mm/day
aorF = run-off coefficient
PorB = areal reduction coefficient for the catchment rainfall
quorQu = heavy rainfall given in m3/sec per km?2
A = catchment area in km2 upto 100 km?2
t = duration of heavy rainfall in hours
L = riverlength in km
I = average gradient of river or terrain, for determination the

upstream 10 % of the length is excluded. Height
difference and length are taken from a point 0.1 L from
the upstream catchment boundary,

Using the above figures of the Catchment, the relationship between Rn and QN
have been calculated with the try and error method by assuming QN as follows.



Calculated Flood Qn by Der Weduwen Formula

RN =5 RN = 10 RN = 20 RN = 30 RN = 50
T = 8406 T = 7606 T = 6859 T = 6441 T = 5932
F = 0425 F = 0437 F = 0461 F = 0484 F = 0.528
B = 089% B = 081 B = 0886 B = 0883 B = 0879
QU = 0.143 QU= 0311 QU= 0678 QU= 1072 QU = 1.909
ON= 1.9 QN= 42 QN= 97 QN-= 16 QN = 31
RN = 60 RN = 70 RN = 80 RN = 90 RN = 100
T = 5755 T = 5608 T = 5483 T = 5374 T = 5278
F = 0547 F = 056 F = 058 F = 06 F = 0615
B = 0878 B = 0876 B = 0875 B = 0874 B = 03873
QU = 2347 QU= 2796 QU = 3253 QU= 3.717 QU = 4.189
ON = 39.5 QN=485 QN=582 QN=683 QN= 788
RN =200 RN =300 RN = 400

T = 4691 T = 438 T = 4.188

F = 0726 F = 079 F = 0831

B = 088 B = 0865 B = 0.863

QU = 9.18 QU= 14489 QU = 19.999

ON =202.5 QN =346.6 QN =502

Based on the above calculation, curve of the relationship between Rnand QN
for flood discharge of the Cihideung River has been shown in Fig. C2-5.

By applying the Der Weduwen flood formula with parameters of probable daily
rainfall (mm/day) for annual and every monthly maximum rainfall, flood discharges of
the Cihideung River have been estimated as shown in Table C2-2.



Table C2-2  Calculated Probable Flood Discharge

Return Items Unit Annual Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Period
2Yr Rn mmAay 116.5 65.6 64.8 62.5 719 68.2 651 66.2 58.2 65.1 64.5 54.9 57.2
OQn m¥s 97,1 44.5 48.3 41.7 50.3 469 44.0 45.0 37.9 44.0 435 35.1 37.0
4Yr Rn mm/day 1454 83.5 98.9 80.6 854 94.5 50.0 98.0 84.2 90.8 829 722 84.1
On  m¥s 131.5 61.6 77.6 58.7 63.6 73.0 68.3 76.7 62.3 69.1 61.0 50.6 62.2
5Yr Rn Wday 153.8 88.7 108.7 85.9 89.3 1021 97.2107.2 91.8 98.2 883 77.2 91.9
On_ m¥s 1419 669 833 64.1 67.5 811 758 86.7 70.1 769 66.5 554 70.2
10-Yr Rn mm/day 178.5 103.9 137.8 101.3 100.9 124.6 118.5 134.4 114.0 120.1 104.0 92.0 114.9
Qn  m¥s 173.7 83.0 1222 80.2 79.8 106.5 99.4 118.1 94.3 101.2 83.2 70.3 95.3
20-Yr Rn mm/day 202.2 118.6 165.7 116.1 112,0 146.1 138.8 160.4 135.3 141.1 119.1 106.2 136.9
Qn__m¥s 205.5 99.5 157.0 96.7 92.0 132.3 123.4 150.3 119.2 126.2 100.1 85.6 121.1
50-Yr Rn mm/day 232.9 137.5 201.9 135.3 126.3 174.0 165.2 194.1 163.0 168.4 138.6 124.5 165.5
Qn _m¥s 248.3 121.8 205.1 119.2 108.5 167.8 156.4 194.5 153.6 160.5 123.1 106.3 156.8
100-Yr Rn mm/day 255.9 151.7 229.0 149.7 137.0 194.9 185.0 219.4 183.6 188.8 153.2 138.3 186.8
On__m¥s 281.3 139.3 242.8 136.8 121.2 195.6 182.3 229.3 180.5 187.4 141.2 122.8 184.7
7. Design Flood and Design Floor Elevation of the Pump Station under

Consideration

As seen from Table C2-2, 100-Yr flood is 255.9 m3/sec and 229.0 m¥/sec for
annual data and February data, respectively. Thus, the design flood for the pump

station is decided to be 260 m¥sec. Accordingly, design high water level is found to

be EL 214.6 m so that the design floor elevation of the pump station is determined to be

EL. 215.0 m in adding 0.4 m allowance to the designed high water level.
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Appendix C3 Soil Mechanics

1'. General

2. Result
Fig. C3-1 Grain Size Accumulation Curve

Fig. C3-2 Plasticity Chart
Table C3-1 Results of Soil Physical Characteristics Determination

1. General

During the field survey, one test pit with dimensions of 1.5 m width, 1.5 m
length and 1.0 m depth was digged at the south west part of the coconut trees growing

area,

Two soil samples were taken from 0.5 m (No. 1) and 1.0 m (No. 2) depth and
tested the soil mechanic characteristics at the Soil Laboratory of Soil Physics and
Mechanics, Faculty of Agricultural Technology, IPB Darmaga Campus.

The tested items were :

(1)  mechanical analysis including measurement of soil moisture ratio,
hydrometer test and grading by sieve
(2) plastic limit and liquid limnit

The test was carried out by Messers M. Azron D., Asep. S., Erizal who are
counterparts of JICA Expert Dr. Seiji Sudo.

2. Result

The test results have been arranged in Table C3-1 and Fig. C3-1 and Fig. C3-2.

As seen from the data, the soil has been classified as volcanic cohesive soil with

“high liquid limit (VH2).



Table C3-1  Results of soil Physical Characteristics Determinations

Location : Leuwikopo, IPB Darmaga Campus Bogor
Characteristics Sample No.
1 2
1. Natural water content, Wn 59.70 62.34
(by weight, %)

2. Atterberg limit :

Air dried soil ; '

- Plastic limit, Wp (%) 60.92 63.54
- Liquid limit, WI (%) 84.10 85.80
- Plasticity index, IP (%) 23.18 22.26
Fresh soil :

- Plastic limit, Wp (%) 59.67 63.52
- Liquid limit, WI1{%) 85.70 61.00
- Plasticity index, IP (%) 26.03 27.48

Plasticity Chart : Volcanic cohesive soil (VH2)
3. Specific gravity, Gs 2.64 2.70

4. Texture (JSF Grading) :

- Plastic limit, Wp (%) 13.80 71.10
- Liquid limit, W1 (%) 10.30 15.60
- Plasticity index, IP (%) 15.90 13.30

Triangle coordinates : fine soil, F

5. Data sheets : enclosed
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Appendix C4

2.
2.1
2.2
2.3
2.4

3.

4.

Irrigation & Drainage

Determination of the basic years for planning and design of irrigation facilities

Calculation of crop water requirements

Reference crop evaporation

Cropping plan on irrigation experiment fields

Crop Coefficients (Kc)
Crop Water requirements
Calculation of Water Balance
Drainage plan
Table C4-1 Calculation of Probability of Non Exceedance on Dry Season
Rainfall at the CSDB : 4 months, July, August, September,
October
C4-2  Calculation of Probability of Non Exceedance on Annual
Rainfall at the CSDB
C4-3  Calculation of Probability of Exceedance on Annual Rainfall at
the CSDB
C4-4 Estimated Reference Evapotranspiration : ETo by applying FAQ
: Pan Evaporation Method
C4-5 Estimated Crop Water Requirements of the Experimental Farm
by applying FAO : Pan Evaporation Method (Case A)
C4-6 Estimated Crop Water Requirements of the Experimental Farm
by applying FAO : Pan Evaporation Method (Case B)
C4-7 Calculation of Water Balance in the Wet year of 1977 which is
corresponding to 5 years Return Period in the Probability of
Exceedance for Data of Annual Rainfall at the CSDB (Case A)
C4-8 Calculation of Water Balance in the Dry year of 1988 which is
corresponding to 5 years Return Period in the Probability of
N)on Exceedance for Data of Annual Rainfall at the CSDB (Case
A
C4-9  Calculation of Water Balance in the Wet year of 1977 which is
corresponding to 5 years Return Period in the Probability of
Exceedance for Data of Annual Rainfall at the CSDB (Case B)
C4-10 Calculation of Water Balance in the Dry year of 1988 which is

corresponding to 5 years return Period in the Probability of Non
Exceedance for Data of Annual Rainfall at the CSDB (Case B)



1. Determination of the basic years for planning and design of irrigation facilities

Probability analyses have been made on the dry season rainfall of 4 months :
July, August, September, October and annual rainfall obtained data at the
Climatological Station Darmaga Bogor (CSDB), by the Iwai method as shown in
Tables C4-1 to 3, respectively. As the results, the years of 1988 and 1977 have been
decided as the basic years for irrigation planning and design,

It has been found that the year of 1988 is regarded as the dry year having the
probability of non-exceedance with 5 years retum period for annual rainfall but with 10
years return period for dry season rainfall, while the year of 1977 as the wet year
having the probability of exceedance with § years return period for annual rainfall but
having the probability of non-exceedance with 6 years return period for dry season
rainfall.

Moreover, the longest dry consecutive days during one year have been
calculated with the negligence of a light rain less than 5 mm/day based on the daily
rainfall data of 13 years from 1977 through 1989 obtained at the CSDB and arranged as
follows :

The Longest Dry Consecutive Days during One Year at the CSDB

Year Days Period Remarks
1977 23 3 to 25 July Basic year
1978 10 15 to 24 July

1979 19 6 to 25 May

1980 15 19 August to 2 September

1981 15 5to 19 August

1982 34 15 August to 17 September Maximum
1983 20 23 July to 11 August

1984 I8 16 June to 3 July

1985 9 & to 20 December Minimum
1986 10 15 to 24 August

1987 25 3 to 27 August

1988 21 22 August to 11 September Basic year
1989 17 15 April to | May
Mean 18.1

o} 6.6



The probability of non-exceedance for the above data is also analyzed with the
Gamble method. It was found that the years of 1977 and 1988 correspond to the return
period of 4 years and 3 years, respectively.

From the above, it was concluded that the decided basic years are adequate to
use for irrigation planning and design of this project.

2. Calculation of crop water requirements

Crop water requirements of upland crops and paddy were estimated by applying
FAO : Pan Evaporation Method : Irrigation & Drainage paper No.24 to the evaluated
data of the observation records at the CSDB. Most of the data are shown in Appendix
C1 Climate.

2.1  Reference crop evapotranspiration

Probability of non-exceedance on the data of monthly mean pan
evaporation has been analyzed with the application of the Iwai method. The

results are as follows :

(unit : mm/day)

Retumn Period Return Period
January 3.0 3.4 July 3.6 3.9
February 3.4 3.7 August 4.1 4.5
March 3.6 4.0 September 4.4 4.9
April 3.7 4.0 October 4.3 4.7
May 3.5 3.8 November 4.0 4.3
June 3.4 3.6 December 3.6 3.8

Reference crop evapotranspiration ETo has been estimated using the
data of monthly mean temperature, wind velocity, relative humidity and the pan

evaporation with 10 years return period.



2.2

2.3

The Class A evaporation pan has been placed in the dry surface area at
the windward side distance of about 25 m at the CSDB, therefore the pan facter
(Kp) to be used in the calculation was decided to be 0.79 throughout one year.

The estimated reference crop evaporation ETo are shown on Table C4-

Cropping plan on irrigation experiment fields

With consideration to the natural climate of Bogor area, cropping plans
were studied for upland experiment fields of 5,500 m2 and paddy experiment
fields of 3,150 m?2, respectively.

Two kinds of cropping have been chosen for this study. The former
consists of 3 times upland cropping on upland fields and 3 times paddy
cropping on paddy fields in one year as Case A, and the later is comprised of 3
times upland cropping on upland fields and 2 times paddy cropping in the rainy
season and 1 time upland cropping in the dry season on paddy field as Case B,

From the tendency of rainfall distribution, it was found that the start of
paddy cropping will be at the beginning of November, so, this has been taken
into the both cases.

Paddy variety is assumed to be the improved varieties such as Ci'sadane,
Knung Aceh, of which the growing periods are 130 - 140 days,

Corn of 133 days, fruit vegetable of 133 days (such as cucumber,
eggplant, melons, tomatoes and peppers) and soybeans of 92 days are chosen
for upland cropping on upland fields.

Also, soybeans of 92 days are selected as the dry season crop on the
paddy field.

Crop coefficients (Kc)

Thc crop growing season has been divided into four stages, those are,
(1) initial stage, (2) crop development stage, (3) mid-season stage and () Jate
season stage, In referring Fig. 7, Table 21 & 22 in the said FAO : I & D Papers



No.24, the following crop coefficients have been applied to the calculation of

crop water requirements :
Fruit,
Comn (133)  Vegetable (133)  Soybeans (92) Paddy (102)
(1) Initial stage 0.5 (200 05 (@1 05 (15 1.1 (25)
(2) Cropdevelopmentstage 0.75 (41) 0.78 (41) 0.75 (16) 1.1  (26)
(3) Mid-season stage 1.05 (41) 1.05 (40) 1.0 (30) 1.05 (25
(4) Late-season stage 1.0-055(31)  093.0.6(21) 0.9-045(31) 0.95 (26)

Note : 1. Parentheses ( ) show the growing days for each stage of Crops.
2. Paddy is given the figures after transplanting.

2.4  Crop water requirements

The calculation of crop water requirements has been tabulated for the
above two Cases as shown in Table C4-5 and C4-6.

In the calculation, percolation of the paddy field is assumed to be 2
mm/day throughout one year. Also, the necessary water for land preparation
and paddling practice before transplanting of seedling is assumed to be 250 mm
during 10 days or S days. Seedling age may be 20 to 25 days olds.

3. Calculation of water balance

In order to check the status of water balance after construction of irrigation and
drainage facilities and to find the adequacy of the designed farm pond capacity (1,000
m3) and the necessity of supplemental pumping irrigation water supply from the
Cihidung river, the calculation of water balance has been made for every pentad period
throughout one year by dividing two cases : Case A & B and two basic years: 1988 &
1977, as shown in Table C4-7 to 10.

After deduction of effective rainfall, crop requirements of upland and paddy
crops : Column (5) & (6) in the Tables have been calculated for every pentad period
throughout one year of 1988 & 1977 with the following assumptions :



(1) If daily rainfall is less than 5 mm, the effective rainfall for crops is
regarded as zero.

(2)  Ifdaily rainfall is more than 5 mm and less than the estimated crop water
requirements, the difference is to be irrigated.

(3)  If daily rainfall is equal to or more than the estimated crop water
requirements, irrigation is not required.

Irrigation requirements of upland field : Column (9) in the Tables were
calculated for 5,500 m? including the tracter test field by multiplying the above crop
requirements and by dividing 60 % of irrigation efficiency and 95 % of conveyance

efficiency.

Irrigation requirements of paddy field : Column (10) in the Tables were
calculated for 3,150 m2 of paddy field including lysimeter are by multiplying the above
crop requirements and by dividing 95 % of conveyance efficiency.

The catchment area of the farmpond has been designed to be 24,100 m?2 in total
on the topographic survey drawing, which includes 5,400 m2 of the tractor test road,
5,700 m? of the tractor test field, 7,700 m2 of the irrigation experiment field (paddy),
the lysimeter area and the farm pond, and 5,300 m2 of the irrigation experiment field
(upland crops). However the effective catchment area of the farm pond has been
estimated to be 21,000 m2 nearly equal to 90 % of the designed area, with the safety
side consideration.

Rainfall on the catchment area will be drained to the designed drainage canal and
led to the farm pond.

The run-off to the pond in each pentad period is estimated from the daily rainfall
records in 1988 and 1977 with the following assumptions ;

1. Total rainfall in the pentad (5-day as normal, 6-day is the last pentad of
the month having 31 days, 3-or 4-day is the last pentad of February ) is
considered as the source of run-off to the farm pond.

2. If the pentad rainfall is less than the Product of 3 mm/day multiplying
the number of the days in the pentad, the run-off to the pond is regarded
as zero.

3. If the pentad rainfall is more than the above Product, the run-off to the
pond is calculated as 60 % to the amount over the Product.



The calculation of water balance have been made in the following manner:

1. Calculate the Water Volume : the carried over pond volume (Column 12)
from the previous pentad plus the run-off (Column 8) minus the
- irrigation requirements (Column 11) in the pentad,

2. If Water Volume is less than 1,000 m3 of the pond capacity, the Water
Volume will be stored in the farm pond,

3. If Water Volume is more than 1,000 m3, the exceed water volume will
be spilled out, and

4. If Water Volume becomes minus, the water shortage will be filled by the
Cihidung pump.

The maximum water shortage was found to be 486 m3 in the Ist pentad July,

1988 (Case B, Table C4-8). Based on this figure, the required pump capacity at the
Cihidung river may be with the assumption of 9 hr pump operation in one day:

3
Req. Capacity = 5—(;%6%?; = 10.8 m3/hr = 0.18 m¥min. = 3 liv/sec.

The following table is the recapitulation of water balance calculation.

Case A Case B
1977 1988 1977 1988
1. Rainfall mm 4,338 3,189 4,338 3,189
2. Crop Water Requirements.
upland mm 664 707 664 707
paddy mm 1,456 1,853 950 1,275
3. Run-offto Pond
mm 2,065 1,390 2,065 1,390
m3 43,365 29,190 43,365 29,190
4. Irrigation Water Requirements.
upland m3 6,412 6,831 6,412 6,831
paddy m3 4,820 6,133 3,147 4,222
Total 11,232 12,964 9,559 11,053
5. Water Shortage m? 1,421 2,395 415 1,187
6. Spillout Water m3 32,686 18,080 33,353 18,783
7. Pump Operation hr 133 224 38 112
8. Number of Full
Storage of Pond 10 10 11 9
9. Full storage of Pond
No. of pentad 36 31 39 34
Percentage in the year 50 43 54 47




Table €4 - 1 Calculation of Probability of Non Exceedance on Dry Season Rainfall
at the CS0B , for 4 months period : July,Auqust,Septarber,October

IWAT METHOD

I¢1)=977. 1964
J(zi=676, 1965
1(3)=553,
1(4y=638. 1967
T(5)=1120,
D(5)=93a. }ggg
D(7)=1852,
D¢8y=1343, 1971
2(9)=398, 13;3
L(19>=1377.
D¢11y=1749,1974
D<12)=1468.}g;2
D(13r=T18.
0(1¢)=695, 1977
3(15)=1688.}g;g
(16)=1244,
D(17)=1219,1980
D(18)=1357.1981
B(19)=643, 1982
D(ZB)=1138.:§§2
D(21)=1359,
D(22)=1333,1985
D(23)=1135,1986
D¢24)=3u1, 1987
(25y=659, 1983
3(26)=999, 1989
RANKING % PLOTTING POSIT
10M

2. OF NOH-EXCEEDANCE
RANK TATh WEIZULL PLOTX
(LY C¥) I70m+1) P=)~F

-

{
i)
¥ ()

t. 399, 3.7 S8,

2. 309, 7.4 32,5

3. 599, 1.1 &8.¢9
&, B49 te,5  33.2
. BT6, 8.5 31.5
b. 53B. 22,2 77.%
7. 833, 5.3 74,1
3. T18. i%.6  T@,4
. 981, 333 86,7
8, 334, T 63,

i, %77. 48,7 39.3
2. 999, 44,4 05,5
(3. 1852, 48.1  351.9
14, 1128, 31.9 43,1
i3. 1135, 55.6 44,4
i, 1123, 59.3  4@,7
17, 1218, &3, 37.
18, 124¢, 6.7  33.3
9. 1333, 8.4 29,5
28, 1343, 4.1 25,9
Zl. 1357. 7.5  z2z.2
22, 1359, 1.5 18.5
23. 1377,  35.2 14.3
24, 1468, 38.9 1.4
23. 1688, 52,6 7.4
26, 1748, 55,3 3.7

CALCULATION
SUM K= 27244,
MERN X= 1847.846154

" SUM OF DEVIATION SQUARE

§=32919€3,383
YARIANCE S/N=126611.67
§/(N-1)=131676.1354
SD/(MEAN R)=8.34
§0=y(S5/N)=355.825
USD=J(5/(N-1))=362.972
SKEWNESS CFT. CS!=p.6322
UNBIASED S.C. CS1=8.8316

MEAN LOG(X1)=2,991306738
XG=981.31

CAL. OF 3-YALUE

I. T=1749. $=398.
B(1.)=1698.944415

2, T=1688. $=519,
B(2.)=442.7737695

3. T=1468. 5=689.
B(3.5=p%4.H156033

MERN B=943,24

USED B=%435.24
A8=1913,358
LOG(Xa+8)=3.29239
/A=B.11255 24=8.07957

IdaT FosmuLn
LOGCY+( a5, 2240 )=T, 26235
—-2,114562K3]

FROBABILITY IWAI

YE2y 15i3.4 Y253
Y. 964, (53,
(4 783.5 {1997
V(3> 738,3 Y(299;
TEE) 598,14 Y(38a)
(T 55..4 Y(aag)y
f(37 £36.3 Y (583
124°D) 6lh,

Y(18) 593.5

Yi11) 383.1

Y(12) 36%.5

Y13} 397.¢

Y(13) 335,86

(160 527.3

YIT) Ji19.¢

Y{ig) 5it.4

Y(19) S584.1

Y{29) 497,4

Yi22) 485.1

Y(z24) 474,1

Y(26) 464, 4

Y{23) 453.4

(39 447,49

[ R T TE N ¥
B ke L O R WO

ST O =8 1 D
.
LI NI N T

e =

1977 Return period T= 6
1988 Return period T=10



Table C4 - 2 Calculation of Probability of Non-Exceedance
on Annual Rainfall at the CSDB

fhnc wEtore CALCULATION
R SUM K= 87178,
S MERN A= 3737,515389
JATe hee. SUM OF BEVIATION SQUARE
S_antoe -Tes §=9304934. 134

J¢2)=5403. YARIANCE S/N=357884, 11
3533:5;23- 5/(N-1)=372159. 3562
1e4r=3233, SD/(MEAN X)=8.15
5(5)=3243. $D=7(5/M)=598, 234
3(6>=3734, USD=J(S/(N~1))=6183,a81
5(7)=3396, SKEWNESS CFT. C§!=-3,203
¥(3)y=5803, I

2(9)=2309. s SG1=-
Kiorooman. guslnusn 5.C. CS1=-8.204
DCi1r=4219,

Jc1zy=4252, MEAN LOG(XI)=3.56662142
D(13)=32569. XG6=3686.56

D¢14)=4333,

4(15)=4671. CAL. OF B-YALUE
1(163=3916, i. 7=5648. $=2175,
D(17)=4339, B(1.)=-17394,91495
D(18)=4963. 2. T=4671. 5=2989,
0(19)=3651. B(2.)=13,454597233
I(28)=3226. 3. 7=4338. 5=3189,
3¢21)=2832. 3(3.)=-15808.175243
D¢22)=3664,

0(23)=4234, MEAN 3=-6328.34
2(24)=3417,

5(25=3133. USED 3=,

I(25)=4B75. -7 XB=3636. 55

RANKING & PLOTTING 20517 LOGEKI+B)=3,55567

LON L/8=0.1962%  SA=B.97377
“. OF NON-EXCEEDANCE I4al S0RMULS

ZANK DATA WEIBULL PLOTH LOGC(Y 443, ))=3. 555652

(1> (%s 1/(N+1) P=)-F -8, 19629%K51

1. 2175, 3.7 35.3

2. 29989, 7.4 92.5

5. 318%. 11,1 53,9 PROZAZILITY INAIL

<. 3228, 4.3 §5.2 Y2 3586.5
3. 3243, 13.3 2t1.5 'TED 3421.7
6. 326%. 2z.2 77.3 Y4y 3230.4
T. 3293, 25.5% Ta.1 T T136,.9
3. 5373, 25,6 Ta.a Ye1E) 2353.32
9, 33%. 33.3  66.7 Y(23) 2773.¢
I8, 3485, 37, 63, YIESy 722,98
il. 3417, 48,7 53.3 Y(58) 2534,
12, 36351, 44.4 55,8 YE1a8) Faga, 3
(3, 3664, 43,1 51,3

t4, 3734, 51,9 48,1

15. 3916. 55.6 44,=

i6. 4383, 59,3 4.7

17, 3868, 63, 37,

18, 237§,  B6.7 33.3

i9. 4882, Té.e4  29.5

28, 4218, 7, 25,9

2t. 4234,  77.3  22.2

22, 4252, 81,5 18.5

23, 4338, 85.2 14.8

24, 21T3. 0 88,9 1l1.1

25, sofl. 92.6  T.a

25, 5843, 95,3 3.7



Table C4 - 3 Calculation of Probability of Exceedance
on Annual Rainfall at the CSDB

Tonsonh & FLOdTT.no POSIT

e

I, OF EXCEZITANGE

RANK DATA wEldull PLOTY USED 2=4.

() LAY JALNTE) f=1-P ¥B=3536, 56

t. Fhe3. 3.7 95.3 LOG(X8+3)=3. 56662

2. 467t T.& 92,6 178=0,18629 §X=0.87377
3. 4333, tt.i  498.9

4. 2338, 4.8 83.2 IHAT FORMULA

5. 4252, 18.5  BL.3 LBG(Y+(D. ) )=3.56562

6. 4234, 222 7.8 +8.18629%K3I(YR)

7. 42i8. 25.,%  T4.1

8. 443z, 2%.8  74.4

9. 4873, 33.3  686.7 PROBABILITY IWAI

18, 4858, 37. 53. vi2) 3696.5
L1, 48083, 48,7 59.3 Y(3) 3971.9
12, 3%15. 4.4 30.8 Yi4) $143.
13, 3734, 48,1 §1.9 Y5y 4264.5
14, 3Ipé4. 51,9 48,1 Yoy 4561.9
tT. 3631. 55.6  ¢44.4 vi25) 2990, 4
i3 3317, 5%.3 40.7 Y¢25) 2991,2
17, 3485, CER 7. v¢50) 5259.6
13, 3396, 88,7  55.3 VeLEa) 54,
1%, 3373, Ta.4 2%.86

g, 3293, Te.1 23.9

21, 3269, 7.8 22.2

22, 3za%, F1.3 12.3

23, 33Zs, 33.2  14.3

22, 3igY. 48.%  11.1

5, 2395, 92.5 7.8

I8, 2ITE. 6.3 Z.7

CARLCULATINN

SUM #= 57173,
MEAN ®= 375T.513335
UM OF DEVIATIOH 3GURRE

5=9334984, 194
YRREIANCE 5/M=357884,81
S/ (H~1)=372195.36562
SD/7IMEAN X)=B,15
5D=L(5/nN)=59%,254
JED= (5 (-1 =R18. 881
JK WHESS CFT, CS5t=-8.203

(L7}

UNBIAZED 5.0, CEl=-b.2B4

vl

TZAN LOG(AL =3, 56602142
WGE=3886.58

LAL. OF 3-Yhoug

o TEIB4E,  SEZ179.
B(1,)=-17394.91455
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Table C4-5 Estimated Crop Water Requirements of the Experimental Farm by applying FAO

Pan Evaporation Method (Case A)

3 crapping, Paddy Field : 3 cropping

Upland Field
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Table C4-6  Estimated Crop Water Requirements of the Experimental Farm by applying FAO

Pan Evaporation Method {Case B)

Paddy Field

Upland Field
Growing Ke CWR Growing Ke
mm/day

mm/day day

Total
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4.1

4.2

Drainage Plan

General

Rainfall on terraced experimental fields shali be drained to the
surrounding drainage canal network connected to the farm pond. Excessed
water from the farm pond shall be drained to the existing drainage canal along
the National road : Jalan Raya Darmaga. Rainfall on the soil conservation
experiment fields, workstation and workshop and part of link road shal] be
drained through the drainage canal toward the Cihideung River.

Design modulus of drainage

The design modulus of the drainage facilities has been decided in
consideration of the importance of their functions in refering the short duration
rainfall intensity (Table C1-15) as follows :

(1) drainage canals
to drain fully 10-Yr, 15 minutes rainfail intensity : 183.5 mm/hr -

(2) lysimeter ( a precise mesurment fields) and side
drainage canal of the link road
to drain fully 100-Yr, 5 minutes rainfall intensity : 289.3 mmvhr

(3) spillway of the farm pond
to drain fully 100-Yr, 30 minutes rainfall intensity : 183.5 mmv/hr

Therefore, the design modulus of drainage are calculated as follows -

(1) drainage canals
q =100 x 183.5 x 10-3/ 3,600 = 0.0051 m3/sec /100 m2

(2) lysimeter and side drainage of link road
q = 100 x 289.3 x 10-3/ 3,600 = 0.0080 m3/ sec /100 m2

(3)  spillway of farm pond
q =100 x 98.6 x 10-3/ 3,600 = 0.0027 m3/ sec /100 m2

Measurement devices to be installed in the drainage network for future water
balance study

Measurement devices at the paddy experimental fields and lysimeter are
proposed to be a kind of rectangular weir.
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For the purpose, the dimension and discharge are calculated by the Itaya
weir formula as follows :

Q=CxBxHIS5
where C = 1.785 + 200293, 0.237 - H
D
B-B1)-H
-0'428“\’:]3 Dj + 0.034 . ‘\’
Q : Overflow discharge in m3/sec
B : Canalwidthinm
Bl : Overflow widthinm
D : Dammingup heightinm

When B1 = 0.2 m, B = 0.5m, D = 0.3 m, the overflow discharge Qis
calculated as follows :
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o
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Appendix C5

Bill of Quantities

Division

Work Item Amount (Rp.)

Division-1 Land Levelling 26,005,000
Division-IT Link Road 35,894,000
Division-II Farm Pond 32,445,000
Division-IV Irrigation Canal 6,610,000
Division-V Drainage Canal 72,195,000
Division-VI Soil Conservation Test Field 25,731,000
Division-VII Irrigation Test Field - Paddy Field 2,420,000
Division-VIII Irrigation Test Field - Upland 1,538,000
Division-IX Tractor Test Field 487,000
Division-X Tractor Test Road 13,344,000

Grand Total 216,669,000
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Division-I: Land Levelling

i Unit Price|] Amount
Bill . + .
No. Item Unit { Qty (Rp.) (Rp.) Remarks
I-1 Tractor Test Road Area and Link Road
Area (BN: No.2+23.0 - BW: No.1)
(A = 6,500 m?)
1-1 | Excavation (Top Soil) m3 | 1,950 1,381 | 2,692,950 | No.Eg-1-2
1-2 | Excavation m3 | 1,935 1,654 | 3,200490 | No.Eg-1-3
1-3 | Spreading m3 | 1,935 691 | 1,337,085 | No.Eg-3-3
I-1 Sub-Total 7,230,525
I-2 Paddy Field Area, Farm Pond Area and
Link Road Area
{A:No. 0- A: No. 2 + 35.0)
(A = 8,300 m?)
2-1 | Excavation (Top Soil) m3| 2310 1,381 | 3,190,1i0 | No.Fg-1-2
2-2 | Excavation m3 | 2,300 1,654 § 3,804,200 | No.Eg-1-3
2-3 | Spreading m3 | 2,300 691 | 1,589,300 | No.Eg-3-3
1-2 Sub Total 8,583,610
I3 | Upland Area (A = 5,300 m?)
3.1 | Excavation m3 20.0 1,654 33,080 | No.Eg-i-3
3.2 | Spreading m3 | 4,000.0 691 ] 2,764,000 | No.Eg-3-3
I-3 Sub-Total 2,797,080
I4 Tractor Test Field Area and Link Road
Area (A: No.2 + 35.0 - B: No.0)
(A = 5,700 m?)
4-1 | Excavation m? | 1,290.0 1,654 | 2,133,660 | No.Eqg-1-3
4.2 | Spreading m3 | 3,200.0 6911 2,211,200 | No.Eg-3-3
I-4 Sub-Total 4,344,860
I.5 Soil Conservation Test Field Area and
Link Road Area
(BW: No.l - BW: No.l +20.0 &
C: No.0 - C: No.1 + 20.0)
(A =3200m?)
5-1 | Excavation m? | 1,300.0 1,654 | 2,150,200 | No.Eg-1-3
5.2 | Spreading md | 1,300.0 691 898,300 | No.Eg-3-3
I-5 Sub-Total 3,048,500
Division-I Total 26,004,575 | (Say
26,005,000)
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Division-II; Link Road

113]21 Item Unit Qty Ul}i}t(ﬁsice A&]{;u)n t Remarks
 I-1 | Link Road: A (B = 5.0m, L = 180.0m)
1-1 | Spreading m3 489.6 691 338,314 | No.Eg-3-3
1-2 | Compaction m3 489.6 1,456 712,858 | No.Eq-4
1-3 | Sub Base Course (t = 150) m2 900.0 2,778 | 2,500,200 | No. 14
1-4 | Form Work m2 252.0 8,108 | 2,043,216 | No.8
1-5 | Concrete m3 23.4| 98,646 | 2,308,316 | No.7-2
1-6 | Asphalt Pavement {t = 50) m? 900.0 75311 6,777,900 | No. 11
1-7 | Wet Masonry m? 10.0 52,531 525,310 | No. 19
1I-1 Sub-Total 15,206,114
2 | Link Road: B (B = 4.0m, L = 204.0m)
ZC(B=40m,L=70.0m) .
2-1 | Spreading m3 663.1 691 458,202 | No.Eg-3-2
2.2 | Compaction m3 663.1 1,456 965,474 | No.Eq-4
2-3 | Sub Base Course (t = 150) m? | 1,096.0 2,778 | 3,044,688 { No. 14
2-4 | Form Work m? 383.6 8,108 | 3,110,229 | No. 8
2-5 | Concrete m? 356 | 98,646 | 3,511,798 | No.7-2
2-6 | Asphalt Pavement (t = 50) m? | 1,096.0 7,531 | 8,253,976 | No. 1l
II-2 Sub-Total 19,344,367
II-3 | Gate, Setting & Base
3-1 | Gate, Setting & Base L.S. 1.0 1,344,000
II-3 Sub-Total 1,344,000
Division-II Total 35,894,481 | (Say
35,894,000)
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Division-IIT: Farm Pond

ﬁgl Item Unit Q'ty Un(llt{}l:? « A('E;l-l)m Remaks
Ii-1 | Farm Pond (V = 1,000 m3)
1-1 | Excavation (by Equip.) md | 1,725.0 3,126 | 5,392,350 | No.Eg-2-3
1-2 | Excavation m3 81.0 3,025 245,025 | No. 1-1
1-3 | Hauling m3 210.0 1,326 278,460 | No. 2-1
1-4 | Compaction m3 210.0 1,606 337,260 No. 5
1-5 | Smoothing m?2 900.0 1,826 1,643,400 | No. 4
1-6 | Stone Masonry m? 194.0 16,664 | 3,232,816 | No. 10
III-1 Sub-Total 11,129,311
II-2 | Spillway
2-1 | Excavation m3 130.6 3,126 408,256 | No.Eq-2-3
2-2 | Form Work m?2 175.1 8,108 | 1,419,711 | No.8
2.3 | Reinforcement-Bar ton 2.0 | 1,727,500 3,455,000 | No. 9
24 | Concrete m3 405 | 93,710 | 3,795,255 | No. 7-1
2-5 | Backfill m3 55.6 1,606 89,294 | No, 13
11-2 Sub-Tota] 9,167,516
1.3 | Pump, Catch Basin, Stairs &
Suction Box
3-1 | Excavation m3 13.4 3,025 40,535 | No. I-1
3-2 | Form Work m?2 24.5 8,108 198,646 | No. 8
3-3 | Reinforcement-Bar ton 0.2 | 1,727,500 345,500 No. 9
34 | Concrete m3 4.1 93,710 384,211 | No. 7-1
3-5 | Backfill m3 6.4 1,606 10,278 { No. 13
3-6 | Pump No. 1 (Farm Pond),
Setting & Base L.S. 1.0 1,709,000
3-7 | Pump No. 2 (Cihideung River),
Setting & Base L.S. 1.0 5,764,000
I11-3 Sub-Total 8,452,170
114 | Inlet (3 nos.)
4-1 | Excavation m3 63.0 3,126 196,938 | No. Eq-2-3
4-2 | Form Work m?2 123.2 8,108 998,906 | No. 8
4-3 | Reinforcement-Bar ton 0.7 | 1,727,500 1,209,250 | No. 9
4-4 | Concrete m3 13.0 93,710 1,218,230 | No. 7-1
4-5 | Backfill m? 45.0 1,606 72,270 | No. 13
II-4 Sub-Total 3,695,594
Division-III Total 32,444,591 (Say
32,445,000)

—116—



Division-IV: Irrigation Canal

lﬁ::l Item Unit Q'ty Un(ilt!:-r)ice Aar;;u)n t Remarks
IV-1 | Irrigation Canal (L = 96.0 m)
1-1 | Excavation m3 35.5 3,025 107,388 | No. 1-1
1-2 | Form Work m2 144.0 8,108 | 1,167,552 | No.8
1-3 | Reinforcement-Bar ton 0.9 11,727,500 | 1,554,750 | No. 9
14 | Concrete m3 173 93,710 | 1,621,183 | No. 7-1
1-5 | Backfill m3 18.2 1,606 29,229 | No. 13
IV-1 Sub-Total 4,480,102
IV-2 |Concrete Box (I mx1x1x 1 nos &
0.5mx 0.5x 0.5 x 7 nos.)
2-1 | Excavation m3 23.1 3,025 69,878 | No. 1-1
2-2 | Form Work m? 26.6 8,108 215,673 | No. 8
2-3 | Reinforcement-Bar ton 0.2 | 1,727,500 345,500 [ No. 9
24 | Concrete m3 3.3 93,710 309,243 | No. 7-1
2-5 | Backfill m3 17.4 1,606 27,944 | No. 13
IV-2 Sub-Total 968,238
IV-3 | Crossing of Farm Road (3 nos.)
3-1 | Excavation m3 17.6 3,025 53,240 | No. 1-1
3-2 | Concrete m3 50| 93,710 468,550 | No. 7-1
3.3 | Concrete Pipe (0300) m 18.0 34,626 623,268 | No. 18
3.4 { Backfill m3 10.3 1,606 16,542 { No. 13
IV-3 Sub-Total 1,161,600
Division-1V Total 6,609,940 {Say
6,610,000)

—117—



Division-V: Drainage Canal

gﬂl Item Unit| Qty U”(’f{g’ce A(’E;l")m Remarks
V-1 | Drainage Canal: U-Gutter (L = 1,051.0)
1-1 | Excavation m3 620.5 3,126 | 1,939,683 | No.Eq-2-3
1-2 | Concrete Pipe 0500 (Half) m 1,051.0] 27,825 | 29,244,075 | No. 12
1-3 | Form Work m2 | 1,261.0 8,108 | 10,224,188 | No. 9
1-4 | Concrete m3 105.1 93,710 | 9,848,921 | No. 7-1
1-5 | Backfill m3 525.5 1,606 843,953 | No. 13
1-6 | Smoothing m? 1,220.7 1,826 | 2,228998 | No.4
V-1 Sub-Total 54,329,818
V-2 | Drainage Canal: Open Ditch
(L = 400.0 m)
2-1 | Excavation m3 200.0 3,126 625,200 | No.Eg-2-3
2-2 | Smoothing m? 764.0 1,826 | 1,395,064 | No. 4
V-2 Sub-Total 2,020,264
V-3 | Drainage Canal: Conc.-Pipe
(L = 120.0 m)
3-1 | Excavation m3 192.0 3,126 600,192 [ No.Eq-2-3
3-2 | Form Work m2 72.0 8,108 583,776 | No.9
3.3 | Concrete m3 324 93,710 | 3,036,204 | No.7-1
3-4 | Concrete Pipe (2500) m 120.0 56,175 | 6,741,000 | No, 16
3-5 | Backfill m3 84.0 1,606 134,904 | No. 13
V-3 Sub-Total 11,096,076
V-4 | Concrete Box (31 nos.)
4-1 | Excavation m?3 85.3 3,025 258,033 | No. 1-1
4.2 | Form Work m? 185.3 8,108 | 1,502,412 | No.8
4-3 | Reinforcement-Bar ton 0.8 11,727,500 1,382,000 No. ¢
4-4 | Concrete m3 162 93,710 1,518,102 | No.7-1
4-5 | Backfill m3 55.1 1,606 88,491 | No. 13
V-4 Sub-Total 4,749,038
Division-V Total 72,195,196 | (Say
72,195,000)
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Division-VI: Soil Conservation Test Field

Bill Unit Pri
It . , nit Price| Amount
No. em Unit Q'ty (Rp.) (Rp.) Remarks

VI-1 | Soil Conservation Test Field

-PlotA,B & C
{25.0 m x 20.0 m x 3 plots)
1-1 | Excavation m3 1120 3,126 350,112 | No.Eg-2-3
1-2 | Form Work m?2 216.5 8,108 | 1,755,382 | No. 8
1-3 | Reinforcement-Bar ton 3.0 1,727,500 5,182,500 No. 9
14 | Concrete m3 59.2 93,710 | 5,547,632 | No.7-1
1-5 | Backfili m3 167.1 1,606 268,363 | No. 13
IV-1 Sub-Total 13,103,989
VI-2 | Sedimentation Tank - Plot A,B & C
{L=61.2m)
2-1 | Excavation m3 123.0 3,126 384,498 | No.Fq-2-3
2-2 | Form Work m? 140.8 8,108 | 1,141,606 | No.8
2-3 | Reinforcement-Bar ton 1.1 11,727,500 1,900,250 | No. 9
24 | Concrete m3 214 93,710 ] 2,005,394 | No.7-1
2-5 | Backfill m3 6.1 1,606 9,797 | No. 13
VI-2 Sub-Total 5,441,545
VI-3 | Soil Conservation Test Field
-PlotD & E
(25.0 m x 10.0 m x 2 plots)
3.1 | Excavation m3 34.5 3,126 107,847 | No.Eq-2-3
3-2 | Form Work m? 76.2 8,108 617,830 | No. 8
3-3 | Reinforcement-Bar ton 1.2 } 1,727,500 2,073,000 No. ¢
34 | Concrete m3 249} 93,710 | 2,333,379 | No.7-1.
3-5 | Backfill m3 95.9 1,606 154,015 | No. 13
VI-3 Sub-Total 5,286,071
VI4 | Sedimentation Tank - Plot D & E
(L = 20.9 )
4.1 | Excavation m3 42,0 3,126 131,292 | No.Eq-2-3
4-2 | Form Work m2 48.1 8,108 389,995 | No.8
4-3 | Reinforcement-Bar ton 0.4 {1,727,500 691,000 | No.9
4-4 | Concrete m3 7.3 93,710 684,083 | No.7-1
4.5 | Backill m3 2.1 1,606 3,373 | No. 13
VI-4 Sub-Total 1,899,743
Division-VI Total 25,731,348 (Say
25,731,000)
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Division-VII: Irrigation Test Field - Paddy Field

o Item Unit| Quy U“('qu_’)'“ A(';{;‘_‘;“ Remarks
VII-1 { Paddy Field (25.0m x 30.0m x 4 plots)
1-1 | Excavation m?| 690.0 1,654 | 1,141,260 | No.Eq-1-3
1-2 | Spreading m3 | 690.0 691 476,790 | No. Eq-3-3
1-3 | Smoothing m2 186.0 1,826 339,636 | No.4
14 | Spreading (Top Soil) m3 | 600.0 684 410,400 | No.Eq-3-2
VII-I Sub-Total 2,368,086
VII-2 | Weir at Outlet for Irrigation Water
(4 nos.)
2-1 | Excavation m3 1.7 3,025 5,143 | No. 1-1
2-2 | Form Work m2 2.6 8,108 21,081 | No.8
2-3 | Concrete m3 0.2 93,710 18,742 | No.7-1
24 | Backfill m3 1.6 1,606 2,570 | No. 13
VII-2 Sub-Total 47,536
VII-3 | Weir at Inlet for Irrigation Water
(4 nos.)
3-1 | Concrete m3 0.02 93,710 1,874 | No. 7-1
3-2 | Form Work m? 0.3 8,108 2,432 | No.8
VII-3 Sub-Total 4,306
Division-VII Total 2,419,928 (Say
2,420,000)
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Division-VIII: Irrigation Test field - Upland

ol Ttem unit]  Qty U"(il‘zg.’)i“ A(’;‘z:‘.‘)‘“ Remarks
VIII-1 | Upland (30.0 m x 90.0 m x 1 plot)

1-1 | Spreading (Top Soil) m?3 440.0 684 300,960 | No.Eg-3-2
1-2 | Hauling (Top Sail) m3 100.0 1,326 132,600 | No. 2-1
VHI-1 Sub-Total 433,560

VIO-2 | Farm Road: E
(B = 3.0 m, L=100.0 m)
2-1 | Spreading m3 43.0 691 29,713 | No.Eg-3-3
2-2 | Compaction m3 43.0 1,456 62,608 | No.Eqg-4
2.3 | Sub Base Course (t = 150) m2 300.0 2,778 833,400 | No. 14
2-4 | Smoothing m? 98.0 1,826 178,948 | No. 4
VIII-2 Sub-Total 1,104,669
Division-VIII Total 1,538,229 | {Say
1,538,000)
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Division-IX: Tractor Test Field

Bill . , Unit Price}] Amount ‘
No. Item Unit Qty (Rp.) (Rp.) Remarks

IX-1 | Tractor Test Field
(86.0 m x 35.0 mx 1 plot)

1-1 | Spreading (Top Soil) md| 4800 6841 328,320 | No.Eq3-2
1-2 | Hauling m3 120.0 1,326 159,120 | No. 2-1
IX-1 Sub-Total 487,440
Division-IX Total 487,440 | (Say
487,000)
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* Division-X: Tractor Test Road

Bill . ) Unit Price{ Amount
No. Item Unit Qty (Rp.) (Rp) Remarks

X-1 Tractor Test Road: D: Concrete Pave,
(B=3.0m,L=150.0m)

1-1 | Spreading m? 231.0 691 159,621 | No.Eqg-3-3
1-2 | Compaction m3 231.0 - 1,456 336,336 | No.Eq4 .
1-3 | Sub Base Course (t = 200) m? 450.0 3,702 | 1,665,900 | No. 15
1-4 | Form Work m?2 36.0 8,108 291,888 | No. 8
1-5 | Wire Mesh - m? 450.0 5968 | 2,685,600 | No. 17
1-6 | Concrete m3 540 | 98,646 | 5,326,884 | No.7-2
1-7 | Smoothing m2 366.0 1,826 668,316 | No. 4
X-1 Sub-Total ' ' 11,134,545

X-2 | Tractor Test Road: Gravel Pave,
(B=3.0m,L=150.0m)

2-1 | Spreading m3 65.0 691 44,915 | No.Eg-3-3

2-2 | Compaction m3 65.0 1,456 94,640 | No.Eq-4

2-3 | Sub Base Course (t = 150) m? 450,0 2,778 | 1,250,100 | No. 14

24 | Smoothing m? 147.0 1,826 268,422 | No. 4
X-2 Sub-Total 1,658,077

X-3 | Tractor Test Road: Earth Road
{B=3.0m,L=150.0m)

3-1 | Spreading m3 132.0 691 91,212 | No.Eg-3-3
3-2 { Compaction m3 132.0 1,456 192,192 | No.Eq-4
3-3 | Smoothing m? 147.0 1,826 268,422 | No. 4
X-3 Sub-Total 551,826
Division-X Total 13,344,448 (Say
13,344,000)
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Appendix C6 Labour Cost and Material Cost

LABOUR COST
. Unit Price
Item Unit (Rp.)
Labour m.d 3,500
Foreman m.d 5,000
Carpenter m.d 4,000
Head of Carpenter m.d 5,000
Stone Worker m.d 4,000
Head of Stone Worker m.d 5,000
Steel Worker m.d 4,500
Head of Steel Worker m.d ' 5,000
Asphalt Worker m.d 4,000
Driver m.d 4,000
Operator (Heavy Equipment) m.d 5,000
Assistant Operator m.d 4,000
Mechanical “m.d 4,000
Electrical m.d 5,000

—125—



MATERIAL COST

Unit Price

Ttem Unit (Rp.) Remarks
Sand m3 12,500
Gravel m3 12,500
Gravel for Pavement m3 13,000
Stone m3 15,000
Lumber m3 150,000
Reinforced Iron Bar kg 750
Nail kg 1,500
Wire for Binding kg 1,250
Cement bag 4,650 40 kg
Asphalt Pitch ton 49,500
Tack Coat m2 1,020
Gasoline lit 385
Diesel lit 200
Concrete Pipe 2500 mm pc 50,000 L=1m
Concrete Pipe 300 mm pc 145,150 L=472m
PVC Pipe 22” stick 22,200 L=4m
PVC Pipe o4"” stick 67,000 L=4m
Wire Mesh m2 5,400
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Appendix C7

Unit Price

LIST OF UNIT PRICE

Item Unit Ulzil;;’jce
1. Unit Price by Manpower

No.1 Excavation by Manpower

No. 1-1 Normal Soil m3 3,025

No. 1-2 Hard Soil m3 4,032
No.2 Hauling by Manpower

No. 2-1 Distance (L) less than 30 m m3 1,326

No. 2-2  Distance (L) more than 30 m m?3 14L + 1,050
No.4  Smoothing of Face Excavated or Filled up m2 1,826
No. 5 Compacting by Manpower m3 1,606
No.6 Compacting by Compactor m3 1,169
No. 7  Concrete Mixed by Portable Concrete Mixer

No. 7-1 028 = 175 kg/cm? m3 93,710

No.7-2 028 = 225 kg/cm? m3 98,646
No.8 Wooden Form of Concrete m2 8,108
No. 9  Processing & Assembling of

Reinforced Iron Bar ton 1,727,500

No. 10 Stone Masonry m? 16,664
No. 11  Asphalt Pavement (t = 50 mm) m2 7,531
No. 12 Half Concrete Pile (2500) m 27,825
No. 13 Backfill by Manpower m3 1,606
No. 14 Sub Base Course (t = 150 mm) m2 2,778
No. 15 Sub Base Course (t = 200 mm) m2 3,702
No. 16 Concrete Pipe (2500) m 56,175
No. 17 Wire Mesh m?2 5,968
No. 18 Concrete Pipe (2300) m 34,626
No. 19 Wet Masonry m2 52,531
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Unit

Unit Price

Item (Rp.)
Unit Price by Using Construction Equipment
No. Eq-1  Excavation by Bulldozer (11 ton)
No. Eq-1-1 Sand ' m3 1,183
No. Eg-1-2  Normal Soil m3 1,381
No.Eg-1-3  Clayey Soil m3 1,654
No. Eq-2 Excavation by Back-hoe Shovel (0.35 m3)
No. Eq-2-1 Sand m3 2,458
No.Eq-2-2 Normal Soil m3 2,430
No. Eg-2-3  Clayey Soil m3 3,126
No. Eq-3  Spreading by Bulldozer (11 ton)
No.Eq-3-1 Sand m3 615
No. Eq-3-2  Normal Soil m3 684
No. Eg-3-3  Clayey Soil m3 691
No. Eq-4 Compaction by Vibration Roller (3 ton) m3 1,456
Operation Cost of Construction Equipment
No. OP-1 Bulidozer (11 ton) day 325,234
No. OP-2  Back-hoe Shovel (0.35 m3) day 409,850
No. OP-3  Vibration Roller (3 ton) day 181,514
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Breakdown of Unit Price

No. I-1  Excavation by Manpower
(Soil Condition: Normal Soil)

Rp. 3,025/m3
Item Q'ty Unit g:)l;tt Cost Remarks
Labour 0.75 m.d 3,500 2,625
Foreman 0.025 m.d 5,000 125
Temporary Works 10 % 275
Total 3,025
No. 1-2  Excavation by Manpower
(Soil Condition: Hard Soil) Rp. 4,032/m3
Item Q'ty Unit ICJ::t Cost  Remarks
Labour 1.0 m.d 3,500 3,500
Foreman 0.033 m.d 5,000 165
Temporary Works 10 % 367
Total 4,032
No. 2-1 Hauling by Manpower
(Distance = 30 m) Rp. 1,326/m3
Unit
Item Q'ty Unit C(I)l;t Cost Remarks
Labour 0.33 m.d 3,500 1,155
Foreman 0.01 m.d 5,000 50
Temporary Works 10 % 121
Total 11326
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No. 2-2  Hauling by Manpower
(Distance > 30 m)

Unit
Item Q'ty Unit C(I:; ¢ Cost Remarks
K=575(L+75)x 1.1
where; K = Unit Price,
a = Wages for Labour,
L = Hauling Distance {m)
K =300 (L +75) x 1.1 = 14.0L + 1,050 (Rp.)
No. 4 Smoothing of Face Excavated or Filled up
Rp. 1,826/m2
Item Q'ty Unit g::t Cost Remarks
Labour 0.46 m.d 3,500 1,610
Foreman 0.01 m.d 5,000 50
Temporary Works 10 % 166
Total 1,826
No. 5 Compacting by Manpower
Rp. 1,606/m3
it .
Item Q'ty Unit gg;t Cost Remarks
per 10 m3
Labour 4 m.d 3,500 14,000
Foreman 0.12 m.d 5,000 . 600
Temporary Works 10 % 1,460
Total 16,060/10 m3
perm3 1,606
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No. 6  Compacting by Compactor
Rp. 1,169/m3
Item Q'ty Unit gg:t Cost Remarks
per 10 m3
1. Worker
Labour 2.30 m.d 3,500 8,050
Foreman 0.07 m.d 5,000 350
Sub-total 8,400
2. Fuel & Others
Fuel 0.9 lit 200 180 6 lit'day x
0.15 day
Others 15 % 27
Sub-total 207
3. Depreciation & Others 0.15 day 13,457 2,019
4., Temporary Works &
Others 10 % 1,063
Total 11,689/10 m3
per m3 1,169
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No. 7-1 Concrete (628 = 175 kg/cm?)

(Mixed by Portable Concrete Mixer)

Rp. 93,710/m3

Item Q'ty Unit gg;tt Cost Remarks

1. Materal

Gravel 0.82 m3 12,500 10,250

Cement 8.75 bag 4,650 40,688

Sand 0.55 m3 12,500 6,875

Sub-total 57,813
2., Worker _

Labour 7.0 m.d 3,500 24,500 °

Foreman 0.23 md 5000 1,150

Sub-total 25,650
3. Fuel & Others

Mixer Fuel 0.22 lit 200 44

Others 20 % 9

Vibrator Fuel 0.22 Lit 200 44

Others 20 % 9

Sub-total 106
4. Depre. & Main.

Mixer 0.061 day 20,742 1,265

Vibrator 0.071 day 5,027 357

Sub-total 1,622
5. Temporary Works &

Others 10 % 8,519

Total 93,710
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No. 7-2  Concrete (028 = 225 kg/cm?2)

(Mixed by Portable Concrete Mixer) Rp. 98,646/m3
) Unit
Item Q'ty Unit C::ust Cost Remarks

1. Material

Gravel 0.88 m3 12,500 11,000

Cement 9.5 bag 4,650 44,175

Sand 0.57 m3 12,500 7,125

Sub-total - 62,300
2. Worker 1 Complete 25,650 No. 7-1
3. Fuel & Others 1 Complete 106 No. 7-1
4, Depre. & Main. 1 Complete 1,622 No. 7-1
5. Temporary Works &

Others 10 % 8,968

Total 98,646
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No. 8 Wooden Form of Concrete
Rp. 8,108/m?2
Item Q'ty Unit g::g Cost Remarks
per 10 m?
I. Fom
Wooden Plate 0.196 m3 150,000 29,400 (1)
Wooden Frame 0.113 m? 150,000 16,950 2
Iron Nail 3.0 kg 1,500 4,500 (3)
Sub-Total 1 50,850 (4)=(1)+(2)+(3}
Depre. Cost of 1 30 % 15,255 (5)
2. Support
Square Lumber 0.339 m3 150,000 50,850 (6)
Log 0.154 m3 150,000 23,100 (7
Sub-Total 2 73,950 (8)=(6)+(7
Depre. Cost of 2 20 % 14,790 (9)
3. Other Materials
Nail & Others 1.1 kg 1,500 1,650 (10)
Wire 0.8 kg 1,250 1,000 (11)
Oil Paint 0.15 it 1,000 150 (12)
Others 3 % 985 (13)=(5)+(9)+
(10)+(11)+(12)
Sub-Total 3,785 (14)
4. Worker
Carpenter 3.36 m.d 4,000 13,440 (15)
Labour 4.14 m.d 3,500 14,490 (16)
Foreman 0.12 m.d 5,000 600 (17)
Sub-Total 28,530 (18)
5. Trans. of Materials 15 % 18,720 (19)=(4)+(8)
Total 81,080/10m2 (20)=(5)+(9)+
(14)+(18)+(19)
per m?2 8,108
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No. 9 Processing & Assembling of Reinforced Iron Bar

Rp. 1,727,500/ton

Unit
Item Qty Unit C::;,t Cost Remarks

per 100 kg
1. Materials

Reinforced 1.B. 110 kg 750 82,500

Wire for Binding 2 kg 1,250 2,500

Sub-Total 85,000
2. Process. & Assembl.

Steel Worker 12 m.d 4,500 54,000

Labour 9 m.d 3,500 31,500

Head 0.45 m.d. 5,000 2,250

Sub-Total 87,750

Total 172,750/100 kg

per ton 1,727,500

No. 10  Stone Masonry
Rp. 16,664/m?
it
Item Q'ty Unit g:;t Cost Remarks

1. Materials

Stone 0.385 m3 15,000 5775

Gravel 0.33 m3 12,500 4,125

Sub-Total 9,900
2. Worker

Stone Worker 0.64 m.d 4,000 2,560

Labour 0.58 m.d 3,500 2,030

Sub-Total 4,590
3. Others 15 % 2,174

Total 16,664
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No. 11 Asphalt Pavement (t = 50 mm}

Rp. 7,531/m?
Item Q'ty Unit g::t Cost Remarks
per 100 m2
1. Worker
Asphalt Worker 24.07 m.d 4,000 96,280
Labour 22.52 m.d 3,500 78,820
Sub-Total 175,100
2. Matedals
Asphalt Pitch 9.38 ton 49,500 464,310
Gasoline 2.1 Lit . 385 809
Sub-Total . 465,119
3. Fuel & Others
Gasoline 5.13 Iit 385 1,975
Others 10 % 198
Sub-Total 2,173
4. Depre, & Main.
TamperRammer 1.25 day 10,000 12,500
5. Temporary Works &
Others 15 % 98,234
Total 753,126/100 m2
per m? 7,531
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No. 12 Half Concrete Pipe (2500 mm)

Rp. 27,825/m

Unit
Item Q'ty Unit Cg:'.t Cost Remarks
1. Materials
Half Concrete Pipe | m 25,000 25,000
2. Worker .
Labour 0.4 m.d 3,500 1,400
Foreman 0.02 m.d 5,000 100
Sub-total 1,500
3. Temporary Works &
Others % 1,325
Total 27,825
No. 13 Backfill by Manpower
Rp. 1,606/m3
Item Q'ty Unit gg; Cost Remarks
per 10 m3
Labour 4 m.d 3,500 14,000
Foreman 0.12 m.d 5,000 600
Temporary Works 10 % 1,460
Total 16,060/10 m3
perm3 1,606
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No. 14  Sub Base Course (t = 150 mm)
| Rp. 2,778/m?2
it
Item Q'ty Unit gz; ¢ Cost Remarks
per 100 m2
1. Material
Gravel 16.5 m3 13,000 214,500
2. Worker
Labour 11.0 m.d 3,500 38,500
Foreman 0.15 m.d 5,000 750
Sub-Total 39,250
3. Compaction 16.5 m3 1,456 24,024 No. Eq-4
Total 277,774/100 m?
perm?2 2,778
No. 15  Sub Base Course (t = 200 mm)
Rp. 3,702/m2
Item Qty Unit gg;tt Cost Remarks
per 100 m2
1. Material
Gravel 22.0 m3 13,000 286,000
2. Worker .
Labour 14.7 m.d 3,500 51,450
Foreman 0.15 m.d 5,000 750
Sub-Total 52,200
3. Compaclion 22.0 m3 1,456 32,032 No. Eq-4
Total 370,232/100 m2
per m2 3,702
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No. 16  Concrete Pipe (2500 mm)
Rp. 56,175/m
Item Q'ty Unit g:::t Cost Remarks
per 10 pieces (10 m)
1. Material
Concrete Pipe 10 nos. 50,000 500,000
2. Worker
Labour 10 m.d 3,500 35,000
3. Temporary Works & .
Others 5 % 26,750
Total 561,750/10 m
perm 56,175
No. 17  Wire Mesh
Rp. 5,968/m2
Item Q'ty Unit I(.:I:;tt Cost Remarks
per 100 m2
1. Material
Wire Mesh 110 m2 5,400 594,000
2. Worker
Labour 0.8 m/d 3,500 2,800
Total 596,800/100 m2
per m?2 5,968
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i 300
No. 18  Concrete Pipe (8300 mm) Rp. 34,626/m
it
Item Q'ty Unit g:; ¢ Cost Remarks
per 1 piece (4.72 m)
1. Material
Concrete Pipe 1 nos. 145,150 145,150
2. Worker
Labour 3 m.d 3,500 10,500
3. Temporary Works &
Others 5 % 7,783
Total 163,433/4.72 m
perm 34,626
No. 19  Wet Masonry
Rp. 52,531/m?2
Item Q'ty Unit g::t Cost Remarks
per 10 m2
1. Materials _
Stone 3.5 m3 15,000 52,500
Gravel 3.0 m3 12,500 37,500
Concrete 3.6 m3 93,710 337,356 No. 7-1
VP ($50 mm) 1.5 m 5,550 8,325
Sub-Total 435,681
2. Worker
Stone Worker 3.30 m.d 4,000 13,200
Labour 7.05 m.d 3,500 24,675
Foreman 0.80 m.d 5,000 4,000
Sub-Total 41,875
3. Others 10 % 47,756
Total 525,312/10 m2
per m2 52,531
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No. Eq-1 Excavation by Bulldozer (11 ton)

Item Qy Unit Cost (Rp.) Remarks
Operation Cost 325,234 OP-1
Temporary Works 10 % 32,523
Total 357,757
Eq-1-1  Sand 1 m3 1,183 Production 302.4 m3/d
Eq-1-2  Normal Soil | m3 1,381 Production 259.0 m3/d
Eqg-1-3 Clayey Soil i m3 1,654 Production 216.3 m3/d

No. Eq-2 Excavation by Back-hoe Shovel (0.35 m3)

Item Qty Unit Cost (Rp.) Remarks
Operation Cost 409,850 OP-2
Temporary Works 10 % 40,985
Total 450,835
Eq-2-1 Sand 1 m3 2,458  Production 183.4 m3d
Eq-2-2 Normal Soil 1 m?3 2,430 Production 185.5 m3/d
Eq-2-3  Clayey Soil 1 m3 3,126 Production 144.2 m¥/d
No. Eq-3 Spreading by Bulldozer (11 ton)
Item Q'ty Unit Cost (Rp.) Remarks
Operation Cost 325,234 OP-1i
Temporary Works 10 % 32,523
Total 357,757
Eq-3-1 Sand 1 m3 615  Production 582.1 m3/d
Eq-3-2 Normal Soil 1 m3 684 Production 523.3 m¥d
Eg-3-3  Clayey Soil 1 m3 691 Production 517.4 m3/d
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No. Eq-4 Compaction by Vibration Roller (3 ton)

Item Q'ty Unit Cost (Rp.) Remarks
Operation Cost 181,514 OP-3
Temporary Works 10 % 18,151
Total 199,665
Eq-4 1 m3 1,456 Production 137.1 m3/d

No. OP-1 Operation Cost of 11 ton Bulldozer
Rp. 325,234/day

- Unit

Item Qty Unit Cost Cost Remarks
1. Worker

Operator 1.0 m.d 5,000 5,000

Assistance 0.5 m.d 4,000 2,000

Sub-Total 7,000
2. Fuel & Others

Diesel Qil 59.5 lit 200 11,900

Others 30 % 3,570

Sub-Total 15,470
3. Depreciation 7 . hr 43,252 302,764

Total 325,234
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No. OP-2 Operation Cost of 0.35 m3 Back-hoe Shovel
Rp. 409,850/day

Item Q'ty Unit g:l;t Cost Remarks
1. Worker
0peralqr 1.0 m.d 5,000 5,000
Assistance 0.5 m.d 4,000 2,000
Sub-Total 7,000
2. Fuel & Others
Diesel Oil 35.0 lit 200 7,000
Others 30 % 2,100
Sub-Total 9,100
3. Depreciation 7 hr 56,250 393,750
Total _ 409,850
No. OP-3 Operation Cost of Vibration Roller 3 ton
Rp. 181,514/day
Item Q'ty Unit I(-}I:)l;tt Cost Remarks
1. Worker
Operator 1.0 m.d 5,000 5,000
Assistance _ 0.5 m.d 4,000 2,000
Sub-Total 7,000
2. Fuel & Others
Diesel Oil 8.9 lit 2,000 1,780
Others 30 % 534
Sub-Total 2,314
3. Depreciation 7 hr 24,600 172,200
Total , 181,514
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Appendix C8 General Plan of the Agro-civil Engineering Tests and
Farm Machinery Tests Fields

Based on the Basic Plan which was described in the Letter of Team Leader of
the Detailed Design Survey Team of JICA dated January 16, 1990, general plan of the
agro-civil engineering tests and farm machinery tests fields has been prepared at the
depth of the detailed design study, as shown in Drawing C8-1.

After deliberation on basic needs, urgency and priority for the components of
the general plan as well as their required construction cost in comparison with available
fund, the components of the Model Infrastructure Improvements Works have been
decided as follows :

land leveling and land preparation,

link road,

drainage facilities,

irrigation facilities (excluding the Cihideung pump station and its related

:hwt\)l--

pipe line except pump machine)
soil conservation test fields,
paddy irrigation tests fields,
upland irrigation tests fields,
tractor test field, and

tractor test roads.

O o0 -3 v Lh

Accordingly, the following components of the said general plan shall be left
behind in further consideration on the self-construction of the Indonesian side :

1. measurement plot (lysimeter)

2. the Cihideung pump station and its related pipe line except pump
machine,

3. workshop and workstation, and

4. others, if any.

—145—






oo

ap—
N o
A3 )
/ J- ? J".
. * |Né.3 . b
7 . ;'
”,
B s ¢ :
; :
. - o :
H \ Compin. LP.B ——ce_.v '5 D ! .‘.#
)
P e -
- ‘3‘,: .’f s
h‘::n-l .'. oty ‘ O wre :l -
f FF H o’ | [L1
— UGy [t v
c T letes ; s
* L |
W : ' ' ¥
------ . o ;" f ,; !4E R
__________________ 2 et 4 11 '.‘ Tf‘.. T i g
o [ atuuiuiot L 'y
- - - n —. - . . - . ‘I’ . L ! A | ". N :M:-d'*‘.
- 5 . [ ' 3 i
8 ‘,'l' o " i. =‘.‘, : l. g " X :s
o cmi/t et 3 ladf ol (T o
| Ousiha] ; hkh °% H | ' 4 .
= : - 10002 : BRI (i L
' : iy 4t 1 R
* v e .#" - Rl L N R % ' i lé’ |I X D ; !.\:
. ——— Phem 3 WL R !
. P . . Lo -pp T' b & - .v; = .,' =' P ‘ ":‘M;’J': :
! s - _ 9’1‘ . ,.-‘.i_. J= AR Bt RO ! { “y I: ) 4 : ::'\"
. (ol i Y ) R SR ; !
Irriguion Test Fleld {Upland) 1 e ! iy , H 1
- ' . " A*.0mx300m=2,700md - e iy e T’.H‘“k'm'f"" A ! i : H
. P . . - D X J . . LAy . Asfiomi3isOmx=- '”'3’ HEEAT X . Y
3 : Conal | o . . | | ' n:]
ol t : s 1 h s - . x N A Ry i 1R
8 o ! ! . ] » ) VJ' I d L ""i ".
2 Farm Roed : B | 3 ! — ry = T S—— % » o - Vo J ! .
L= 1000 m {Grvel . . 3 f = ﬁ ‘ . . 4 ! =‘I - i ¥ i
1 - - - coF e L] ol
N : | A | R C ) e e
- : o! ,i!mum g . e : N R
'y } ' * & [ . L “‘ 8 ¢ o ! l I o
H ] " 0
E o ) 4 & ter) ' . . l’ "ﬂ‘ !
. o} Irmigation Tos Ficd (Poddy Fleié} 4. 87 £ E: ) : y /n ) b
) A=25.0m x 30,00t x & Ploss 3,000 m \ et Hee » . : :
- ' X -
; |3 . . . . f " & M‘ b y ¢ ! ! — 'fn i
; Drsirugs Cs : : .
wirgnstamar sland . | A .P " (U'C‘I'F Lirs : t“‘fl:‘;f.
i ¥ re re o My & LN Y r 0 Lt 1 - i ]
ﬁ;‘ g & v
T ’ Ly a o - . "
Tk Rosd:A __ Aol ' _ X1 °C LA LY ) o1 e
it N — e L :
( - ) 'y " { I " L M ry A r hed bl y T T - _‘H < !
[ . HY N Y <t } d N
i (] i AR o W i il 4
! = S S ndaxigfn s * { Fmedyistii | * | bl
‘ - g o HE . - gt
! P e {C Fipe) - : PR vIh: I ‘:uL
= s bdo: !
T, I "
refe ol BN (L (]
. - E (& :
W E ~ :
1
b By AE Ye
-] & L
I jE &
, bty =
l = E

[RT1Y

Hota
1. Locations of faclliies ars subject to change by the

PR fg‘ N |Mr_vlll°n:l' 1]‘
ph T . Ae .ﬂlll?‘ﬂ‘ﬂlllr‘hll .H m

Y.
S
* ‘:a'}‘\__

Expert.

- ——————— "

5= 1/500

JAPAN INTERNATIONAL COOPERATION AGENCY

THE MODEL INFPASTALCTURE RIFACVEMENT WORKE
FOR
ACADEMSC DEVELOMAENT OF THE GRADUATT PROGAAL
THE FADRTY OF ASRCULTURAL ENOSEERING AMD TECHNOLOGY
NITIUT PERTAMAN BOOOR

LT T

Flow . Section Bax for .
e, General plan of the Agro-civll Englncering Test and Farm
o R Machlinery Test
. . ' . . _/ hd
T _ 147—  |PrerAneD BY DRAWING NO.
. CHECKED BY CE-1







Appendix C9 Measurement Plot

1. Site allocation

The site for the measurement plot has been allocated to the surrounding area by
the farm pond in the north, the tractor test field in the east, the link road in the south and
the paddy experimental field in the west. The available land is about 17 m in width and
26 m in length.

2. Structure

This is used for study on the water balance at a paddy field. It is made of
watertight reinforeced concrete with outflow measurement devices for amounts of
surface water and percolated water.

The dimensions of the structure are 10 m in width, 15 m in length and 2 m in
height. The structural framework consists of reinforeced concrete walls and a bottom
slab. Two rectangular weirs are provided at the inlet and the outlet canals respectively
in order to measure amounts of water comming into and going out from the
measurement plot. The percolated water into the soil is collected with perforated PVC
pipes installed on the bottom slab and measured it at the outlet box by bulk. While, the
inside of the measurement plot is filled with arable soil on filter with adequate thickness
of gravel and sand.

3. Design

The rates of irrigation water necessary for the experiments in the measurement
plot are the same as the paddy experiment fields. The irrigation water is supplied from

the farm pond.

For surface drainage during heavy rainfall concentration, the maximum capacity
of the measurement weir was decided with the following criteria:
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Q=R%.A

Where ; Q :  Design discharge
R;OO : 5 minutes rainfall intensity of 100 years
return period = 289.3 mm/hr
A :  Catchment area = 150 m2
Therefore; Q = 289.3 mm/hr x 150 m2
= 0.012 m¥sec

The dimension of the drainage canal of concrete flume is :

Q = 0.012 m3/sec, Canal width=0.5m, Canal slope = 0.001
n=0.015, Water depth = 0.08 m, Canal depth=0.3m

The structure is designed as shown in Drawing C9-1.

The Cost is estimated at Rp. 28,050,000.
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Appendix C10 The Cihideung Pump Station

As the result of the water balance calculation the required pump capacity is
found at 180 lit/min with 40 mm of pump bore.

The location and the design drawing of the Cihideung pump station and pipe
line are shown in Drawing C10-1 and C10-2.

The construction cost is estimated at Rp. 32,831,000 for pump station and Rp.
2,767,000 for pipe line.
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Appendix C11 Workshop / Workstation

The design conditions of the Workshop / Workstation are based on the
discussion results during the field survey.

Major elements of the building structures are as follows ;

Floor :  concrete

Wall :  concrete blocks with cement mortar finishing
Column : reinforced concrete

Roof :  cement slate roofing

The design of the Workshop / Workstation is shown in Drawing Ci1-1.

The Construction Cost is estimated at Rp. 138,000,000 in total.
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