Government of the People’s Republic of Bangladesh

Ministry of Irrigation, Water Development and Flood Control
Flood Plan Coordination Organization

BANGLADESH ACTION PLAN FOR FLOOD CONTROL

COMPARTMENTALIZATION
PILOT PROJECT (FAP 20

Qs
'

( \
( LIBRARY. }
¥\ )

/_OJ

TANGAIL CPP INTERIM REPO

ANNEX 1.2 : TOPOGRAPHICAL AND
HYDROLOGICAL SURVEYS

/

September 1992
Euroconsult/Lahmeyer International/Bangladesh Engineering & Technological
Services/House of Consultants

under assignment to

DIRECTORAAT GENERAAL INTERNATIONALE SAMENWERKING
Government of the Netherlands

and

KREDITANSTALT FUR WIEDERAUFBAU
Federal Republic of Germany



Government of the People’s Republic of Bangladesh

Ministry of Irrigation, Water Development and Flood Control
Flood Plan Coordination Organization

BANGLADESH ACTION PLAN FOR FLOOD CONTROL

COMPARTMENTALIZATION
PILOT PROJECT (FAP 20)

TANGAIL CPP INTERIM REPORT

ANNEX 1.2 : TOPOGRAPHICAL AND 7" ~.5\
HYDROLOGICAL SURVEYS e

N

September 1992 )
Euroconsult/Lahmeyer International/Bangladesh Engineering & Technological
Services/House of Consultants

under assignment to

DIRECTORAAT GENERAAL INTERNATIONALE SAMENWERKING
Government of the Netherlands

and

KREDITANSTALT FUR WIEDERAUFBAU
Federal Republic of Germany



(&

FAP 20 TANGAIL CPP INTERIM REPORT; ANNEX 1.2 : TOPOGRAPHICAL AND HYDROLOGICAL SURVEYS Page 2 of 13

TANGAIL CPP INTERIM REPORT

ANNEX 1.2 : TOPOGRAPHICAL AND HYDROLOGICAL SURVEYS

TABLE OF CONTENTS

BHGURES! o 6 5 5 6 0505 5 5 5 5 5 s 0 n 0 0 o9 sosoms = s 0 19 coiies o0 6 5 3 38 ool & 5 3 & 5 03 5 o 3
Figure 1 : Surveyed embankiments’ . . i cn b 56 6 B TE 55 e e e . B
Figure 2 : Surveyed walerways . . ... ... ... 5
Figure 3 : Gauging stations of the 1991 flood season. . ............. 6
Figure 4 : Gauging stations of the 1992 flood season. . ............. 7
TABLES . . . 8
Table 1 ; Rainfall data Tangail Atia . .. ...................... 9
Table 2.1 - 3-day mean peak values at Jugini . .................. 11
Table 2.2 : 3-day rise peak values at Juginl . . .o vvvvin v e s g me s 12
Table 2.3 : I-day mean peak values at Jugini . .. ................ 13
Table 3 : Return periods at Jugini station . . . .. .. ............. 14
Table 4 : Waterlevels between Juginiand SC. ... .............. 15
Table 5 : Waterlevels and flood extend. ... ... ............... 18

Table 6 : Silt factors in Tangail compartment. . . ............... 19



ANNEX 1.2

FIGURES



Scale in km

0 1 2

Compartment boundary
Sub—compartment boundary
Waterway

Embankment/raad surveyed

Note: Source for geo—dato: FAP19.

MINISTRY OF 'RRIGATION, WATER DEVELOPMENT
AND FLOOD CONTROL
BANGLADESH WATER DEVELDPMENT BOARD
FLOOD PLAN COORDINATION ORGANISATION

COMPARTMENTALIZATION PILOT PROJECT
FAP 20

EMBANKMENTS SURVEYED

Consulant: Euraconsult, Lohmeysr 'lntl, Bets Ltd, HCL

Drown by Checked ky: Figure/Drawing Na

Cate: Cate:

1 (Annex 1.2)




Scale

N km

0 1 2

Compartment boundary
Sub-~compartment boundary
Woterway

Waterway surveyed

Note: Source for geo—data: FAP1SQ.

MINISTRY OF IRRIGATION, WATER DEVELOPMENT
AND FLDOD CONTROL
BANGLADESH WATER DEVELDPMENT BCARD
FLDDD PLAN COORDINATIDN ORGANISATION

COMPARTMENTALIZATION PILOT PROJECT
FAP 20

WATERWAY SURVEYED

Consultant; Eurocensult, Lahmeyer Inll, Bets Ltd, HCL

Drawn by Checked by: Figure/Drowing No

Date: Date: 2 (Annex 1 .2)




Dhaleswari river

Dhaleswari river

Lohajang river

Elanjoni river

Scale in km @

Delduar

0 1 2 3 4

LEGEND

MINISTRY OF IRRIGATION, WATER DEVELOPMENT
AND FLOOD CONTROL
BANGLADESH WATER DEVELOPMENT BOARD

T Compartment boundary FLOOD PLAN COORDINATION ORGANISATION
—————— Sub—compartment boundary
Waterway COMPARTMENTALIZATION PILOT PROJECT

FAP 20
Gauge location in 1991

GAUGE LOCATION 1991

Consultant: Euroconsult, Lahmeyer Intl, Bets Ltd, HCL

Drawn by Checkad by: Figure/Drawing Na
Naote: Source for geo—dato: FAP19, . - 3 (Annex 1.2)




Dhaleswari river

Dholeswari Fiver

Lohajong river

(3]

Elanjani river

Scale in km

5 = |

T 2 3 4 5

Delduar

LEGEND

MINISTRY OF IRRIGATION, WATER DEVELOPMENT
ANO FLOOD CONTROL
Comportment boundory BANGLADESH WATER OEVELOPMENT BOARD

FLOOD PLAN COORDINATION ORGANISATION
Sub—compartment boundary

Waterway COMPARTMENTALIZATION PILOT PROJECT

FAP 20
Gauge location in 1992

GAUGE LOCATION 1992

—— Discharge measurement
lOCOtiOﬂ Consultont: Euroconsult, Lahmeyer Intl, Bats Ltd, HCL
Drawn by Chacked by: Figure/Drawing No
Note: Source for geo—data: FAP19. Dote: Dote: 4 (Annex 1_2.)




ANNEX 1.2

TABLES



TABLE 1 (Annex 1.2.) pg 1

RAINFALL DATA PER DECADE FOR TANGAIL ATIA (mm/10day)

1962 1663 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

TOTAL PER DECADE FOR
1961

MONTH DECADE

DC"“-DDO QH’\DG‘.ID--JQFNU\D"OG'GMD‘I“-M\DONBJOD‘P\-DU\QD"
N l'.D D mOthﬂF‘IElOFMNDMmD-m'—‘DM Oﬂ "' 'O

e L] SO~ D -.t\O VOoOMT 0@ -t - m~
— —_— - —

ODGCIDP‘ICFDODﬂhﬂmﬂ'Om'—h-ﬂD-—QNQNMODOOOMDOO
. 3 .

-*D- O\Dm\o lnu'\-:m(omul\.l
w0~ m VifuM oo O ~F =y
— —

.

. .
-— —-— «F 0 N O
- -3 — (=5 Sl

—

DGDDDDDDONQ-—-— LR ]

-J"‘ QM “0 @ -y — D =]
ol N Y e Al o ]
— - o~

FMU\R}NH\NFMDDODOOD

dgpssrye”

O-ODDGJ'—IJ\DC}DI\--"MNE!N&MNFI!OV\OHMONP\RMQ!OQQQDO

0 ~F PN thED-h-Q 0 @ -7 @ M~ o0 O L) ~
oy o— Lap N =] N!DNNFP‘IV‘IN oo ~0
— - ~No— mo—

-—QDCICICI-.l'DGMDDQC’#"-QQHﬂhgﬂmhﬂNmDDDDOOOQ

Y ~0 — “F O PP =y O —
[ Ta k") L Bl [-=]
L] ~

COMODDOOOCO0OOOMNMMD@DM
. - —— ~
— «F ¢+ @

COMOoOWOoOMOTMNMOITNCCO~ITMI O YO0OVYDO—~T0000
. . . . . . " o+ o8 o8 s 8 —

. L - . .

[an) " - 00— o —un O M MU e~ O~ ~~ ~F 0
M r~ NN OO Jrn 0
- - ~ -

DI.I"‘DDDOO"QthNDNﬂqNNN&NmM&F@hNDD'OQQQQ

N DEJ [P h- P‘ID*P‘-Oh-h-D-G 0-!6\:' OD Q
@ M M ~

DODDDDQH—NGU’\O‘OQQM'ﬂNgrﬁ\'hﬂqomﬁl-GOOhﬂoﬂﬂ
"o . ) . ..
«F O — V2D M r—— D oM ﬂ'a ~
— = Maan o AT W w - mN ~ —
— ~N— —

hﬂﬂ@""lom |“‘-COU‘\!DMN'OD'—"“-‘D'OWV\'OHS”WNMODDDDC}Q
~ — - u"\ ocmmqmuh-—c-hm -‘fﬂh-m
- w -~z MmN NOnn e O O @~

- — — -

L R Y - B e e e i .

[ howmme—o‘- NSO~ OO0 =R =N

~ N — 0O (Ta) oCNOMNDO O~ v =
p=t = s racc)

DDQMHDQDV\H}MDFQquhﬁwmﬁNgNmFOmwooooﬂm
. 5 . . .-y o bR
- el =] 2 mCNCYNTONMMOoOn oM e ]
— M =0 NDMDNN OWnd
N N - -

a" s s _n n & ¢ 8.8 & sPa e e 8 = e s s enND =
~0 = DT F—Fr—NP~M M el =2 ~oCxOm ~
M —Oo N~ 00 0-2 S5 U N ~F

— — —

ooc:u:ooaomh-wwmo--gmqcomhmhonccoaooonn
. PR Y-—wr e i i P .
0 ~0 0 ~ OO NNNND
—— K:qph- Ng P O~
- —

ClD'Onl'QOOODK}GMM@Q‘hmﬂth'—QDD\!\-OQO\OOOODOG

@0 M= N -T~0-730 ""ﬂ mQN-— (=]
—r- DO MmN~ un NN NN ~
-

Voo o Lt} a<—l:.n-—rnrh-o-orﬁv-ruun—-rucbuﬁh-na—vq>n1hnc:c:c:c:c:

o Ll =] Nﬂwo‘d‘ QhonqDDMN N-—cnmmcmru
(4] ~ o N — O~
—

NN NN e NN e ENM NN M NN -

"
12

650 1349 1612 1819 1330 1457 1604 1466 1749 1589 1117 © 2056 1847 1276 1389 1848

987

TOTAL [mm/year]




TABLE 1 (Annex 1.2.) pg 2

RAINFALL DATA PER DECADE FOR TANGAIL ATIA [mm/10day]

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

1978

MONTH DECADE

71

OO0 OoOONr NI~ NONOMONOYTOOMO— IO NoOo a0
S BT T I N = =
[V« Sl S - [=] — P O o ey o— ———
—ry - o wn ~0 oM w

~N -

CoOoOoO@WOOoO@Mn mmthowqocmmmN-qomoaoco—
i . » e B (sl e i T e .
n oo ONMNG  — i O MNP aT e s P —
v L AL B S R VI R R AR

— o —— — -— —

MM NN N O CrMmem00 e @M
- ~ NSO O - M0 0—@MM @ 0 ~3

OO OoO0COYTONNT"T N~ R NOICCININOMNOOMOOoONTOONS

= Pl S e
(= o L B et vl s Bl DO =0T NOD~r0 (=N =] (=]
~ —— My 5 O WMOMNn 00 M~

- C My o— — ~

CTWOoOOMODMOONOr0 ‘QD‘ﬂﬁN"O‘EFHHQQ\DU’\OﬂOOUDD
. s s s s e & s s s R N T e

7ol M [=] oo wo T OO0~ WO M (Ta)
M @O MM NDnOe M O

oooot:uano-—mommohmosmqhguqhmommcooaaoo
s s w w m w a m AP 5 s sP\ %5 B .88 ' & .
(=8 N Rl ~Ow@ o-Mmn VO~ OoO@nN ~0
Lol Va W g -« -« I S PRV oo — NP PN
- -y ——

w O N DO OVMMNNT TP O~ o~
~0 0w

MOOOOOWOW OO0 MME-T NN ~—N©
. . s s s i s & mm % e
N VWO~ wvownm -&
—3— OmMmmMmMObkm
- -

CO00OoOMOUVYN—ITMMINMOCMIVYIOINCOYDOTODOODOONDOODO
B 8 8 8 B s ® B B W 8 4 8 4 #_a& _p 8= 8 4 & R
MOOV—0 DM OD0 OmMmh-NN~—O0Y0 ("l o
F~ ~—omMmuno—m RD"D’\"M” v N ~ ~

- -

[ . B ey .
~NOo N D P — N~y ~ 0 P Os I~ 00 P~y M
- — o~ - N Oy 0O —un 0
— — e —

vy ~F -3

nommoomm-—oqommngmmmmoqnmh—mmaaommoo
.o . s . . .o s o oa . .

-
[Fallat] (=N = 3 o ~N— ~ g VoMo reOownm™N P~rm
- o} mm LaRa-Ratls B0 -7 P~ ~r g ]
- — —

COoODONOOoOC—~OMINANMNONMCOOMROXVOCOOoOOCOOoOD
. s s s s # s @) oD 3 + s a2 & LA 4 4 @

~ 0 o M -3 -2 O 0 — —MaTM00 Lol noll s E 4
- - thoa 3 FDOQN% ~
- -

TAME NN NN NN NN NN - NN M=M= M~ = UM

12

n

1321 1822 1677 1546 2286 2355 1644 2483 173 2133 1519 1955 2652

1745

TOTAL [mm/year]



Y2 gl
B6°2l
0l°2l
g2zl

65721
£6°1LL
09°LL
L7 gL
56721
L2
0%7°2L
0g°zl
394}

9L L

S
0zl
65° L1
18711
79" 21
9272l
20"zl
8021
8y°¢l
T4}
292l
9721
9.2l
£5°21
98721

8721
4721
L£°2L
00°El
68721
£2°2l
gLzl

XVH

333 'IHES

n
—

~~
Ih=R
H .
~ MANNON MNANO O ONN©

g

La = ")
s ]

e 8w ..
MO 9Y9909999O9OnNO0O09

Ntvn1—~0u1q<:u11>3rnun1)3

m-—o-—o-u‘.:mm-—-—

2L

D@
Oy —

383

N O NNNON MM o O~

NN~
wF aF P —

L]
i
.

NN AN N 000 01N 0000

.

MrMMNOOMMNNOoeM
.

2Ll

I3I8L

— P~ -5

Oy ~o0
.

cmnm
M OM M@ MAe~oD

(=]
(]

(T
=
~

REIARRSREYRBLERS
PP~~~ 090909000900

~
-]

4%}

09°8

s8°9

—— OO h-o-g!h
-

. . .
Qoo @MMooo P~ 00 @ o

Ll
COoOOoOMM@—MNO o~

(=]
™~

~r
~
r~

BL'8
oz2'g
gl'6
££°6
ve'g
3
0L°8®

LLITD LLI]

3RS

omop:cuma-a

—un O~
P~ CCOUWOM OO D QOO

2l
Laa ]
.

B e e

e ow

.

OVFFr— IOV aoM

FQDU'ID\ONI-Q'-@P"IMP-“Q

CCVDVOOOOWM )@@~

1976
16°8
£7°6
£2°01
£7°6
Bl'g

LI

70" L
£9°01
12°0l
BS'6

WO

LLTLL
196

65701
2701
08°0l
99°6

211

oLILI

2Bl
27 Ll
66701
SE°0L

l6°6
27 1L
Sy°0lL
75°01
oL°ol
99 01
80°01
L9°6
25°01

9576

9076
6801
1876
01°01
B6°6
LS'01L
92°6
66701
2oLl
67°6
28’ Ll
70° L1
4701
sLot
79701

L7711
6801
76701
25701
£5°11L
15711
<7 Ll

oLl

oLzl £5°2l
42711 2etel
£9°00 06711
06701 1%71LL

0B 0L 1711
Ly LL 2e° Ll
ZLTLL 977 LL
9%°01 18701
Ly LL 99711
L7701 L27LL
26701 L2701
Lt 922l
79711 61721

68°6 0L°LL

6£°0L 88701
L8701 96701
LL oL 29701
92701 2L 4L
66°01 B2 LI
BLOL 02711
9£°01 29701
96°01 %L°01
6L7LL LL7LL
9701 L2741
eerel e Ll
67°LL 647 L1
S9°0L 28°LL
ELOLL 671
B7 LI BO"2L

87711 60721
SLULL LLTLL
%7701 £1°21
16701 06711
99°LL 97°LL
95711 66711
£6°L1 EL721L

oLl 6111

8921
82l
s0°el
95711

66711
88 01
6l L1
272l
S6° 1L
95711
8L L1
0821
157 el

221

68701
So'LL
S9°01
BE LI
95°LL
el
T4l
L6701
L1
7L
SETLL
49y
(S r4l
S6°LL
9Lzl

el el
L0° 1L
022l
£0°21
9L 11
s0°2l
gL el

611

66721
09721
6L°21
9S71L

19711
£271L
Lt
BE £l
[4-m%"
£E°LL
0L° L1
£5711L
02711

S9°LL

S6°6
16711
geoil
Se'il
2e 2l
7101
0Z° Ll
68° 1L
BO°LL
96" 1L
98 L1
L7
9L 2L
4
s0°2L

4 rd |
87711
£2°21
08" L1
792l
0E"LL
9121

61

90°¢l
B892l
622l
69711

S9°LL
72711
r4 Sl 8
L7 el
£9°2L
£L0LL
9L
82701
28"kl

797 Ll

60°LL
oz-el
AN
§£6°01
07741
6E° LI
57°01
B0 21
L2
L6711
78 1L
(TN
§.°21
se°el
0021

28721
Bl 2l
Le'zt
6521
6921
LE Ll
267 L1

glll

v0'gl
49721
geel
697 L1

B9 11
SETLL
89°01
78 L1
56721
L0711
04701
9911
66701

2271

SELL
BO"21
20711
8011
ve el
kIard
87l
%0°21
121
L9711
1611
el
s2 el
£5°21
v9°2l

19721
el
BE LL
562l
%92l
4.
86701

gl

£0°
¥
L8
18’

oy
99"
£
£
4
iy
21
2l
Y

0g’
69’
06"
6l
9
£
20"
28°
£
69°
1§
99"
i
b’
P

0f"
e
9%
00°
68"
£2°
2"

g1

£l
4
2l
I

L
9
Ll
L

il
il
1]}
!
4
2l
4
L
4}
L
2l
Ll
i
i
2l

cl
2l
Ll
£l
el
cl
]}

V82l
45721
62 2l
98711

2101
£67 L1
87711
ey
07°2l
ezl
o%°el
0s°2l
96°LL

09711

Zz il
S57L
94701
g it
50" 2l
05711
98711
87711
87°2l
g2-el
29 2l
62l
96" L1
29l
el

SEULlL
BE° 21
9L L1
69°21
B. 21
a2'el
96711

2111

12721
617 ¢l
so0°2i
75711

6L 21
077 L1
AT
£l
S6° 01
75701
787 L1
7y 2l
8e°LL

ee Ll

76" 01
L7711
62" L1
£0°LL
SS°LL
68701
6%7°01
29711
00" ¢l
S0°21
gL el
7% 21
007 ¢l
97" L1
9L el

£7°1LL
56711
AR
el
LLeet
48711
gL 2l

11

eLrel
g0°21
08° L1
07" L1

g |
S2°0L
097 L1
oL 2l
S6°01L
£4°01
FATE Y
4811
27 Ll

SS7LL

B Ll
05°01
65711
45701
L1
79711
276°01
22 1l
68711
2771l
90°21
Ll
867 L1
85 L1
06°LL

477 L
og°LlL
0z 2i
L1
ge-ecl
6E° L1
62711

L1

g2l
g6°1LL
7S
56701

SELL
701
£5°01
i6°6
886
07701
94701
BZ L1
49°01

1476

L7711
06701
05701
61701
r4 5y
£6°11
9011
Sttt
65711
9771l
oL-2i
%L
66701
2o
9L

SZ271L
el Ll
gt
LE Ll
022l
¢7°0l
770l

L1

80°21
25711
£0°1LL
22 ol

06°01
28701
L5701
£5°6
BZ'6
59°8
77°01
9L Ll
116

1672

60°0L
78701
9°01
02°6

5.6

Ay
566

gL
45701
SLTLL
£9°01
SE°01
F0°21
1oLt
SZ°01

59°6

2101
10°21
7¢°01
95711
81701
69°6

911

£E°LL
£8°01
LE°0lL
£6°6

S8°6
9£°01L
§2°6
1701
£8°4
0674
oLttt
26°6
20°6

05'8

f£°8
19701
69°8
92°8
4]
55°6
19°6
8.8
L1701
686
270l
£2°6
L7 01
08°0L
09°6

9L°01

220l
676
L7°01
62°01
0z ol

91

10°LL
£7°01
8’6
68°8

92°6
LL'6
086
B6'6
05°¢
89°L
B6°L
60°01
L6

68°9

65°8
9276
¢e"L
98°2
8v'e
L0°6
6276
1874
22°01
99°6
w6
078
6L°8
SE°6
68°8

55701
9£°01
62°11L
£E°6
92701
BY°6
LE°6

St

*uo1e1s 1uIbnp 1e apedap Jad

2701
98°6
12°6
s2'e

9576
27’8
s9° L
19°8
99
68°L
S 9°]
778
00°®

6L°9

@mNO
R

PO nd

oo OMMDOCD O~

— O

§2°01
08°6
6%7°01
658
996
FANY
804

GIl

12A31Ja1em ueaw Aep § whwixey

¥ - QO

SNNOON Q9o
2> OO IMm ANunon
O M~r~OM~MOOM~DOE OO0

3

94’9

084

1°9
02°6
BO'8
82'8
[3: '
£9°4
62°8
6276

S1

12'8
0E'e
4874
£27L

9574
gL'e
5L
8°9
69°9
1972
2L
05°2

69°9

979
6l°d
529
067§
99
S9°4
92°'9
19°9
0672
S8°4
£0°8
6679
oLk
80’8
6%°8

7111

.

Wi = PO \no»K:Q
W= O w0 80 M N @M -
O

o -
0 o
~0

]

WO QM 0000w 0®a

oAk

—
-—

ROSRAYLERAR

71l

28°L AD2/1
67°L AOL/L
SL°2 AS/L
£9°9 A2/1
e9°L 16
S7°L 06
BE'L 68
78’9 89
07°9 (8
£6°'9 98
o0L°Z S8
12’2 7
86°9 9
28
85’9 18
og
6L
8L°9 BL
19 U
L ¢
79°§ S
B6°S %L
18°6 £
065 22
009 1L
79°L 0L
85°9 69
SL°L 89
28’9 L9
79 99
16°9 59
s9°L 79
£9
9
19
09
65
92°9 B8S
B0°L IS
95
5§
75
£5
25
1 HY3A

(271 xauuy) |°2 318Vl



12

08'L 9070
£9°L ¥0°0
g9%"L L0"0
61°L 20°0-
gL'l 2170
28°0 10°0-
£9°1L L1070
791
06°0 LD0-
£8°0 L0°0-
L6°1 10°0-
et Lo'0-
0Z'L 10°0
09°L L0°0-
Si'L 00°0
S0'L €00
oL*t Lo‘o-
90°L 00°0
27°L 00°0
¢7°L 00°0
£7°L 10°0-
L'r Loto-
L€°1 £0°0-
2£°1 £0°0-
LL"L 90°0-
48°0 £0°0-
88°L %0°0-
gL"L S0°0-
00"\ 00°0
77" 20°0-
20°L 80°0-
70°1
06°0
2071
941
80°1

X¥W 2L111

00°0

L0°0-
S0°0-
10°0-
L0°0-
00°'0

10°0-
£0°0-
90°0-
%0°0-
20°0-
S0°0-
90°0-
90°0-
70°0-

80°0-

¢0°0-

2Lt

S0'0
£0°0
10°0
£0°0-

00°'0
10°0-
10°0-

L0°0-
1070~
10°0-
10°0-
10°0-

L0"0

00°0

£0°0-
80°0

Lo°0-
L0"0-
£0°0

£0°0-
¢0°0-
1170~
£0°0-
20°0-
20°0-
L0°0

80°0-
S0°0-

90°0-

S0°0-

4%

90°0
£0°0
10°0-
50°0-

00°0

1070~
10°0-
oL'0

20°0-
80°0-
%0°0-
20°0-
200~

100

00°0
oL'0-
10°0-
70°0-
90°0-
90°0-
oL 0-
£1°0-
60°0-
£0°0-
01°0-
40°0-
90°0
LL°0-
LL°o-

90°0-
40°0-
21'0-

LLin

B0°0
£0°0
¢0°0-
oL'0-

00°0
£0°0-

60°0
£0°0
£0°0-
2lo-

20°0-
£L°0-

97°0
2’0
170
s0°0-

o
22'0-

90°0- 91°0- BO'O
¢0°0- 80°0- 6870

oL'0-
40°0-
1L°o-
S0°0-
FE5D-

L0°0-

00°0

S0°0

S0°0-
80°0-
gl°0-
B80°0-
SL°0-
40°0

71°0-
90°0-
£1°0-
80°0-
%0'0-
00°0

BL°0-

21°0-
L0
oL°0-
Lo'o

92°0-
oL'0-
7£°0-

Lil

ZL'o-
1L°0-
21'0-
62°0-
£2°0-

L0°0-

%0°0-
80°0-
80°0-
LL°0-
80°0
81°0-
71°0-
£170-
7L°0
LL°0-
¢l 0+
910~
SL°D-
Lo
22’0

S1°0-
90°0-
¢0°'0

1o°0-
4270~
90°0-
61°0-

L1

92°0
92°0-
oL"o
69°0
4770

20°0-

%2°0-
8L°0-
10°0
7£°0-
%0°0-
¢e 0-
¢2'0
SL°0-
%2°0
kLC0-
£2°0-
22'0-
20°0-
BL'0
BO'0

£2°0-
0L°0-
61°0

1z°0

430
8lL°0-
82°0-

oLl

£2°0-

90°0
80°0
90°0-
92°0
£2°0-
80" 1
£0°0
92°0
79°0-
o 2
77°0-
LL°o-
82°0-
52°0-
9L 0-

170

oL11

— M0

O = P

c oococoocococooc ocooo

—MomNg
.

.

u:-q:nm-—o-t\l-o
(=R aNavl

2]
”

78°0-

4

61°0-

Gl

20°0-

80"

%2°0-

SE°
90°

S2°0-

€
52’
6l°

SL'0-

£0°

oLl

0
0
0

0
0

0
0
0

0

.

o —wvm
— P ar N

oooo

Drﬂ‘\lclﬂnlﬂq
et R B | ™~
cooocooocoo

~
o
(=]

92°0-

gl'0
02°0
SL°0
¢0°0
SL°0
90°0-
62°0
Lo
07°0
200
05°0
™0
62°0-
LL°o-
00°0

6111

06"
[

0
0

£5°0

T4

19"
3%
6%

92°'0-

115
0v°

L0

68"

98°0

7L°0

19"
LE”
Lo°
%2
20’
5k
70"
20’
59"

60°0-

£0°
5¢°

£0°0-

0%°
60"

611

0

0
0
0

0
0

0

0
0
0
0
0
1
0
0
0

0
0

0
0

—v= - 0
— M N

&

4870
S0°0
80°0-
LE°0
£8°0
70°0-
9570
20°0-
oL'0
s0°0
%0°0
90°0
S0'0
oL"0-
S2°0

90°'0-
%0°0-
70°0
2170
60°0-
800
£2°0

61

00
— 10k

~F U —
MM

N s mo@ =

~r -1
ONOOMMMNG~—

.

Vi@ Mo

.

(=] ooooocoooco ogoo

Laa ] Vi 0 —

(=]

8L°0-
L2°0
B2'0
0L 0
79°0
%2°0-
oL°o
60°0
40°0-
82’0
§£2°0
S0°0-
8L°0
¢0°0-
Lo

LL'o
90°0-
S9°0
8L"0-
v2°0
62°0
BE°0

gl

(= L R N T,

. . E o el

ooooO0CQoOO0Oo0 cooco
"

MM
—
(=]

60°0
7¢°0
7L°0
LL°0-
72'0-
£0°0
SL'0-
0870
00°0
BE°0
0L°0-
L1°0
810
67°0
£L°0-

7170
%0°0
£9°0
20'0-
70°0
£L°0-
£2°0

8l

ol ol R o
— 30

] f s .
[=R=R=R=fel=N=f=]-] oooo

o Tl R«
NOMNMWNOOMOQ

£L°0

270
oL'o
45°0
200
22’0
2e’0
vE°0
SL°0
70°0-
L0°0
£L°0-
gL'0
120
55°0
0Z°0

9570
£2°0
§52°0-
LL°0
£1°0
90°0
£L°0

gl

AN QN MO 0
I E) Ay
(=R=R=RajeleRag=R=

P~
~
(=]

780
910
LL0-
£2°0
BL'O
27l
5’0
20’0
0L'0
gL'0
62°0
20°0
£0°0
120
6170

22’0
62°0
4570
SE°0
42°0
LL°0
92°0-

FARY

oooo

S PP O @ NN NN M 0@
(=] ooooo0oOoooo

Or—@m— OO o —

~7
0

MO~ 0O M—NM
N-O@DNNOMMO oM~ 0
o000 0000000Q0O

70°0-
9¢°0
¢0'0
62°0
0°0
£2°0
9770

211

== b
~mom
==

30?‘-5"\
w0 Mg~ M~

coooco~—00

Oy — 0

o
0
s

SL°0
6L°0
oL"l
020
75°0
82°0-
¢0°0-
2°0
90°0
££°0
2170
£°0
8670
7€°0
52°0

7270
6L°0
40°0-
L7°0
g£L'o
§£2°0
%570

L1

N @ o
5

ANy @~ 00
—D0O0O0CCO0O0

O F g ) =3 00O N M

o
~F
—

¢80
170
SS°0
290
Syl
85°0
A
90°0
06°0
c9'0
ot
1970
22°0
£5°0
99°0

6271
4L°0
£2°0
65°0
£E°0
S6°0
B8°0
9111

5 33107

@O b
N0~ 0@
[=N=N== === =] O

2]
P~

T ORN—
AR .
cCoO—00~—0—0O

gnmiq——#z

L7°0
2570
70° L
25°0
2071
60°0-
Z1°0

a1l

33%3

~ Mu @
. R .
o—oo0oo0oo0ooo (=R =N 8 o

oM -00on
P~

P~ —
(Ta s

££°0

S0°1

gL'o
6L°0
BS'0
770
7°L
BL°0
47°0
960
14°0
150
B0
0%°0
6.°0
B6°0
76°0

55°0

55°0
9L°0
S7°0
B0
£9°0

91

‘uotiels (uilbnp e ape-

951 9171
62°1 1670
00"l 8L°0
50 870
L8°0 9071
470 290
£9°L £2°0
gL'l 8470
06°0 9L°0
eL’o 1g'o
45°0 L2°0
12t SL°0
£9°0 1670
70°0 Z22°0
7171 BE'O
050 22°0
£2°0 61°0
90°L BL°O
00’0 %'l
¢2'0 S0°1
89°0 6170
SL'0 45°0
60°0- LE°1
2E'L %E°0
S0°L BY'0
12°0 £8°0
9%'0 %9°0
60°0 6%£°0
1070- £2°0
§8°0 B%°0
95°0 92°0
08°0
06°0 BL°O
L0 %20
9Ll LS°0
B0l £1°0
Sirr sl

' jeasaaul

S71

-1

£6°0
25'0

gl
SL°0
S0°0
oL°0
£2°0
££°0
96°0
08°0

£0°0

92°0
s0°L
8v°0
7670
4570
62°0
€771
£L°0
L2\
78°0
7£°0
0L°0
90°0
9Ll
00"l

Sl

Aep §

046°0 69°0 85°0 AD2/1
9.°0 95°0 S%°0 AOL/|

09°0 27°0 I£°0
2£°0 02°0 OL°0

oL’0 10°0- 1070
65°0 %1°0 £0°0
LL°0 00°0 00°0
90°0 §0°0 10°0-
L8£°0 LY'0 1070
9L°0 00°0 SO°O
4870 L1°0 £0°0
65°0 0v'0 2070
%0°0 %0°0 Z0°0

9L°0 L0°0 10°0

S2°0 S0°0 0070
BE'D S6°0 BS'O
?L°0 00°0 000
BE'0 00 00°0
06°0 22°0 E0°0
28°0 25°0 6170
22°0 65°0 LLO
§£°0 SL°0 BO'O
67°0 270 L'}
¥9'0 91°0 8O0
970 %5°0 1070
£€2°0 10°0 60°0
09'0 6%°0 1270
25°0 L0 61°0
21°0 S§5°0 9£°0

211 %11 91

2 UL 35Sl WWixey

AS/1
A2/L

1]
06
68
88
18
98
S8
78
£8
28
L8
08
7
8l
L
9L
L7
7L
£2
2l
1L
0l

("2°1 ¥auue) 2°2 378Vl



13

L7 el
SLElL
16721
59°¢2L
yrard

072l
967 LL
297 1L

56°21
SLLL
2rel
18°2t
7572l

4271

S7°LL
22°21
09711
£8°LL
L2l
92°21
70°2L
FA 4l
67°21
y2° 21
29°21
9921
L2l
75721
18721

B8 21
B8L21
el
L0"glL
162t
£z el
0Z°2L

(g8-)xew

65°EL
52 Kkl
6621
1221
gzl

0%°el
96°LL
9Ll
£7°EL
s6°21
SL'LL
Z7°2l
834
782l

L0

S7LL
frara
09°LL
£§8°LL
L7l
9221
70°21
21"zl
67721
2 el
29°21
97°21
a2
75721
8Zl

8821
8L'21
2Ll
L0°gl
162l
£2°21
1FArA

xew

[l and P -
RN 28T BRRSG
r~ L ol e PP Of~Mowo

P~

o
o ~F M —

W =T W D
el b B e S s bl el
T b R 5
0000000000

— PN O

2Ll

15°8

0 &N
[l
P ot
G~

38T

N~ MNMNON~ M@

[N N R-+N
TN —

~r
el
.

9€'9

VisrmMmIiNG
M=~ M~0

"Nﬂxfl{\lﬂs

ZLll

i’

~0 0
MAMNGN MNN© NN~ ©

. .

— g oM

— P ~F U —

QOoO@~rm
[Pa RV Mo ot}

1

[N A N )

Moo~
DN NG

r4%!

L0°6 L9°6
09°8 BL'6
62°8 %8°8
96°'L 6%°8
L1 A67L

S9'8 19°8
S0'8 s2'8
18°2 SL°B
£8°L 6874
8L 6L°L
1972 10'8
55°L l0°®
66°L £0°8
§9°L 02°8

6l°L S2°L

96°9
9e°L
Z2LL
L9
ve°9
55°9
S8’9
gL
87°4
L
76°L
26°L
L2
72°8
ve'g

. w8 4 @

o e L o S S A

D-—mmmmmh-ﬂ-—oh—mps

MM O

2L'8 6L°8
95°L 8L'8
27'8 6176
£L°6
gL'
184
0L°8

LLILD bRLL

97°0L

s . e
(o e - s - B e B e e Lo O

Wik~ o~

w M o— @D
QEIIRRTIRE IRGE

SE°L

27l
6178
02°8
ve'8
07°8
08°L
918
£0°6
BL'6
0Z2°8
768
"6°8
95°89
£6°89
LA

09°6
16°8
£7°6
72°01
276
gL°e
6L°6

1%

19°LL 68721
g0°LL 98711
29701 77741
92°01 L0°LL
09°6 9£°01

l6°6 00°0L
20°0L £9° L1
6476 L9701
076 L9701
oL'6 80°0L
76°6 69701
9L'6 L0°0L
B6'6 5976
LE°0L 85701

g2'8 £576

90°6
26" 0L
1£°6
ZL70l
L6576
04701
%26
66701
2071t
876
g Lt
207 1L
8%°0L
oL"olL
£9°0L

~m0

gemaagmanReny
g9

=N

O‘OOQQQDD.NOGJOQD'HS
-

BLOLL LS LL
29°6 27701
79°0L 65701
LE0L £5°01
96701 L5711
5976 LSTLL
g2 L 77l

oLIrn okt

5521
2iel
64711
S7°LL
26701

64701
g7 1L
9Ll
25°01
S7°LL
94701
96701
02t
£9°LL

76" 6

61701
98701
Lol
82701
46701
02°0L
72701
66°01
gLoLL
£7°0L
Vil grd s
0s° L1
0701
2L° 1
67711

LS 1L
927 LL
£7°01
06701
29711
95 LL
S67 11

oLt

S6'2lL
55721
722l
L6711
<7l

£L0LL
gLl
877 1L
8.0l
9711
SLTLL
BL'0L
BL"21
172l

LL7LL

£6°01
26701
87701
b2 g 1
gt
Wit
£9°01
74701
28°LL
£2°11
871l
[§: 31
£6°11L
67t
oL-a

o121
£LLL
si i
68°LL
L7 1L
o0o°ziL
sLeel

6111

LLUgl
04721
68721
90°2L
45711

£0°2L
880l
6L°LL
£rel
967 LL
957 L1
08°LL
18°21
75721

v 4]

16701
0711
Y9 01
07°LL
45741
SLTLL
72" 1L
86°01L
2L
2711
A
2Lt
tg2L
Ba"LL
PS4

g2l
1oLt
22zl
70" 21
sS4
L0721
Ll

611

25t
00°€l
1921
6l 2L
45711

45711
S
oLt
68" €l
€67 L1
9e° 1L
877 L1
95711
L2 it

A

L6°6
86711
92711
£2°11
9t°21
£L°0L
L2 it
68°LL
oL Lt
66711
98711
SLULL
L2l
L8 it
s0° 2L

282l
g7 L
b FA - |
1871t
79°21
0E"LL
FAREAt

61

95 £l
L0°§)
69721
0g° 21
0L L

L9711
S27LL
sLotl
£7° €l
972\
SLUil
69711
BL0L
e LL

S7°11

80" L1
ez el
87711
96°01
2e Ll
68711
97°01
2121
BL°LL
L6711
98" 11
2L\
§2°21
7e°¢l
2021

88°21
6l°21
12zl
09°21
0l'21
£E°11
687 L1

gl

£5°€1
90°gl
L9721
B2zl
0L° 1L

0L Ll
BEL Ll
1ol
S8 Ll
56721
B0 LL
6901
99711
66701

92711

el
8021
20711
20711
92 el
92 2l
FLoLL
s0°eL
el
2L Ll
671t
2711
s2'gl
%52l
£9°21

19°21
82l
6t Lt
S6°¢L
7921
26711
86701

L7781
S0°fl
&2l
68721
887 L1

Ly Lt
28711
FASY"
SL'LL
972l
95711
9£°21
25721
£2711

2711

62711
F9°LL
16704
1871t
L1721
%221
70721
767 L1
syrel
69711
£5°21
7911
(g
16711
48721

0t 2lL
72l
S7°LL
Lo°glL
16" 21
g2°2
220l

81

02l
s8'¢el
852l
og-2l
FA:

FL7LL
96" L1
67" 1L
£L°1L
g7 2l
S2°LL
272l
es'el
BS7LL

29711

G2 Ll
95711
86701
£l
90°¢21
157t
68711
L7 L
érel
72 2l
29° 2l
2721
S&°LL
7911
2572l

1L
07721
1871t
89721
6721
g2 2l
%L1

FARE

SLEl
2721
0772l
90°21
58°LL

0721
BELL
677 1L
772l
96701
55701
S8 Ll
77°¢l
071l

SELl

L6701
87° 11
92 L1
80711
S5°1LL
17701
8701
7971
0o'elL
v0°21
gL el
97 2l
10°2t
19741
912t

S77LL
ELY
7ELL
(At
1] gt
8711
02 2L

L1

69721
sgel
60°21
28711
L7o Ll

£
s.°01
29711
22’'el
96701
7L°01
SETLL
L8711
£7°LL

1971t

27 Ll
05701
09711
45701
BE 1L
AN
96701
2ot
0771
27 Ll
oL el
0Lk
667 L1
85711
1671t

67711
£8° L1
1221
4L\
5e° 21
0771
62711

L1

3: 04
g el
S6° 1L
95711
16°0L

6L 1L
SO°LL
45701
20701
18°6
28701
82701l
7E°LL
0L°0L

2L'6

Syl
16°0L
2570t
02°0L
027 LL
6711
40711
L7l
2971l
8771l
3 Rt
SELL
00"t
L2 it
9Ll

271
0Ll
2g
LE"LL
0Z°2\
£7°0L
£7°01

9l

L2l
et
09711
g0°1LL
72701

26°0L
76°0L
15701
L5876
07'6
£9°8
27701
ASY
£8°6

4674

71701
48701
£2°01
02’6
1876
1571
47°6
SLTLL
85°0L
FLLL
£7°01
oL 0oL
gLzt
50°0L
29701

£9°6

£1701L
00°21
48701
96711
L1701
69°6

911

70721 28711 62711
BE"LL 90°LL 6%°0L
88°0L LY°0L 886

S5L°0L
9576

BR°6
78701
s¢°6
gLol
£8°2
9874
SLULL
9676
S0°é

85'gd

L8°8
69701
9°8
FA
5676
6576
89°6
S48
71°0L
6L 6
77701
SL°6
L9701
28701
576

0B 0L

72701
66
67°0L
LE° ot
2ol

91

‘uoi1els (uLbne ae

586
26’8

986
oL'6
L7°6
2070l
9674
69°L
16°L
60701
L6

S6°9

79°'8
82’6
92 L
£6°L
87’8
70°6
1876
8E'L
92°01
67°6
BL6
0L'8
18°8
BL6
06°8

£9°01
17701
7€ LL
776
g2 ot
FAN-]
076

Silil

apedap Jad jaAajJalem A)iep wwixeW

92’6
12°8

1576
178
L9°L
e
&9
v6° L
7¢°8
87’8
108

=]
o
0

—

WU M) Qwn M~ o o -0
COVRVO~F O~V OO0

2801
L6
47°0L
29'8
0L°6
SL'L
90°L

Sl

35
e

0 @ ™y
Py o—
.

ﬂ\#1315—-h-ﬂlu-o
-~ O @~O0 M
O MNNOMNOONDO ADOOO

(=]
[

i el
— i~

RRRYS

O @M~ @@ Q@M= 3~ 00

=7 WY O C0 MW
MO @ N

S1

9276
9.8

M~ oM
NOom
Pl e i s S
M~

gumomn
QNN MN@ T~
Q@ M~~~ OgM~@r~

B

253

PO L e

NN WY
wi—M~Ooag

7011

oF P =
0 P~ M~ 0@

30'\0"0

— O N @ M ST
M~~~ O009f~M~~

3lﬂ—ﬂ)lﬂﬂmm

Laa)
(=]

[=]
~
2

— 0o @
——m

TR

O OGO~ a000n0®a

~F -8 - QO M
N O~ Qun ey

il

@ M~ oo ~ o
BRI IRGRERREICRG
OO~ A~NN O 099

71

05x
02x
oLx

2%
L.}
06
68
L8
S8

£9
28

0%
-7
9L

7L

1L
0L
69

L9
59

£9
29
19
09
65
B8S
L5

55
75
£5
2s

¥v3A

(*27| xauuy) £°2 378Vl



TABLE 3 (Annex 1.2.)

Return period and expected peak water
level at Jugini based on the Gumbel
distribution (88 value not included).

RETURN PEAK LEVEL
PERIOD MPWD AT JUGINI
%x1.01 11.63
x1.05 1Y 77
¥1.1 1185
o e 11:85
%15 12 .21
X2 1227
x3 12.45
x4 12.57
x5 12.65
X6 1272
x7 12.78
x8 12.83
%9 12.87
x10 12,91
¥12 12.97
x14 13 .03
X16 13 .07
x18 13.11
x20 13:15
X25 13.23
x30 13 .29
X35 13 .34
x40 13 .39
x45 13.43
%50 13.47
x60 13553
x70 13.58
X80 13.63
X990 1367
x100 13.3Q
x125 13.78
x150 13.84
x200 13.94
X250 14'.02

x300 14.08
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