CHAPTER X1l RECOMMENDATIONS

The Project was studied in detail and the documents for international
tendering were prepared. The cost for the Project was newly estimated and is
reported under “Confidential” cover.

Seeing these study results, the study team recommends that the Project as the
first phase of 80 km of the Trans Island Highway be commenced as soon as
possible to achieve the National Goal. Other technical recommendations for
the Project are given below :

1.

The importance of establishing a proper maintenance system and
organization after completion of the Project with particular attention to
the construction on swamp and soft ground.

As with any road, the project road will require proper maintenance in the future, to
ensure continuing traffic safety. Sueh maintenance is required irrespective of
construction method and quality. For this reason, mainienance feams, provided with
necessary equipment, should be assigned at suitable locations. Road seclions crossing
poor ground, such as swamp land or soft material, will need particularly careful
monitoring and appropriale maintenance in the future. Potential problems can be
minimized at the construction stage, but such mainienance cannot be avoided
altogether. These points will be covered in a mainlenance manual which will be
prepared during the construction stage,

The importance of future hydrological observation on a continuous basis
to monitor flood regimes based upon much longer term records.

The hydrological and hydraulic analyses were based on the limited data and
topographical maps available io the study team; delailed large scale maps covering the
flood areas were not available. The use of limited records meant that assumptions had
to be made in the flood water level analysis. Although the study tcam took every care to
ensure the accuracy of the analyses, it is advisable that the validity of the assumptions
and the analysis be checked by continued observation of water levels on the following
rivers: (1} Miaru River (2) Kapuri River (3} Lakekamu River (4) Tauri river.
Furthermore, the perfermance of drainage pipes and culverts should be cheeked
regularly.

The necessity for countermeasure against possible scouring of bridge
pier foundations including necessary protection of river banks, after
completion of the Project.

Local scouring of riverbeds and erosion of banks always occurs in rivers flowing through
alluvial deposits. These problems are particularly likely following alterations to flow
patterns, for example duc to the construction of a bridge pier. Therefore reguiar
inspections should be made of likely areas of scouring; rock dumping arcund pier
foundations and river protection works will be necessary if these inspections discover
ineipient problems of this nature, Purther details can be included in the maintenance
manual,
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Table 4-3 SUMMARY OF PRESSIOMETER TEST RESULTS

TEST .
HOLE | ~* WL | Po Pt - o
NO. DE;;?H (m) |(kg/em?) |(kg/em?)|(kg/em?) |(kglem?) NOTES

Silt, d

B7 | 190 | 0.94 0.2 1.2 1.8 566 |oLysan
N=3

B7 | 560 | 105 | 0.4 22 | 88 | 156 |l sand
N=6
il

B7 | 690 | 100 | 06 1.8 9.8 g0 |Citysand
N=8

B10O 3.20 0.95 0.2 1.8 9.7 13.44 Peaty clay
N=2
| d

11 | 520 | ose | 025 | 125 | 20 | sep |>ArIEA
N=3-6

d

B13 | 3.00 | 0.70 | 0.4 1.0 94 | 1500 |oRdyclay
' N=4

]

pia | 350 | 070 | 04 | 1o | 17 | so0 |2V
N=1
1
B18 | 6.30 | 0.67 0.2 2.4 3.1 91.50 Clay
N=3

dy cl

B20 | 7.50 | 0.80 | 075 | 175 | 250 | 9.37 iafsffgcay

WL : Water level in borehole
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Table 4-8 TEST RESULTS OF SUBBASE MATERIALS (n

Location

Existing Borrew Pit near Bereina  poy spec,
- Type B {76mm)

Test Ilem 88/234(A) 88/234(B) 88/234(C) vP
Natural W % 5.9 7.0 6.6
Alterberg LL % 37 41 38 < 30
Limits PL % 20 18 18

PI % 16 23 20 <10
Sieve 75 mm 100 100 96 100
Analysis 37.5 mm 87 88 82 60 - 100
Percent 19 mra 72 80 69 40 - 80
by wt. 9.5 mm 57 68 55 30 - 690
passing 4.756 mm 13 51 42 20 - 45

2.36 mm 38 46 36 15 - 38

425 um 21 24 18 8 - 22

75 um 14 15 1t 3 - 15
Std. MDD - t/m® 2,090 2,085 2,045
Compaclion Opt w % 8.9 10.6 10.9
Soaked CBR % 35 30 a0 2 25
CBR np t/m* 2,100 2,000 2,061

¥ % 9.0 10.7 10.7

Table 4-9 TEST RESULTS OF SUBBASE MATERIALS (2}
Exisling Borrow Pit near Babanovga
Location _ Village DOY¥ Spec.
T B (76mm)

Test Item 88/265(A) 88/265(B) 88/265(C) ype B (7bmm
Natural W 4 5.6 5.8 6.0
Alterberg LL % 39 40 41 € 36
Limits PL . % 25 26 26

Pl 4 14 14 15 < 10
Sieve 75 mm 100 100 100
Anaiysis 37.5 nmm 91 100 97 60 - 100
Percent 19 mmn 80 82 79 40 - 80
by wt. 9.% mm 60 59 556 30 - 60
passing 4.75 mm 44 41 40 20 - 45

3.26 mm 36 34 34 15 - 35

425 um 15 17 18 8 - 22

75  um g 10 11 3- 15
Sid. MDD t/m® 2,085 2,060 2,050
Compaction Oopl w 10.3 10.¢ 10.4
Soaked CBR % ) is 16 15 2 26
CBR DD i/m? 1,978 2,024 2,015

W 4 11.4 10.2 10.7

Table

APPENDIX 1
Page 33
4-10 TEST RESULTS OF SUBBASE MATERIALS (3)

Malalawa North 2km Existing

location Borrow Pit

DOW Spec.

Test ltem 88/309 88/318 Type B (76mm)
Natlural ¥ % 8.4 10.0
Alterberg LL % 34 28 < 30
Limits PL % 24 21

Pi % 11 7 < 10
Sieve 75 mm 100
Analysis 37.5 mm 89 94 60 - 100
Percenl 19 RN 82 89 40 - 80
by wt. 9.5 mm 66 75 30 - 60
passing 4.75 mm 53 60 20 ~ 45

2.36 mm 45 51 15 - 35

425 um 18 25 8 - 22

75 um 8 13 3 - 18
Mod. MBD  i/m° 2,030 2,140
Compaciion Opt w % 11.1 8.9
Soaked CBR == 25 15 18 > 25
CBR pp ot/ 2,009 2,039 2,076

W 10.5 10.1 9.7
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Table 4-11 SUBBASE IMPROVED BY CEMENT (1)

Existing Borrow Pit

Table 4-13 BASE COURSE IMPROVED BY CEMENT

APPENDIX 1

Page 34

- Location car i
Near Bereina DOW Spec.
Test Items 88/234(A) 88/234¢B) Tyee B (75umm)
Natural W % 5.9 7.0
Alterberg LL % 37 41 £ 30
Limiis PL % 20 18
s . Table 4-12 SUBBASE IMPROVED BY CEMENT (2)
Pl % 16 29 < 10 ’
Sieve 75 mm 100 100 100 ) Existing Borrow Pit
Location Near Babanongo DOW Spec.
Analysis  37.5 mm 87 88 60 - 100 Tesl [tems 88/265 (A) Type B (75mm)
Percent 19 mm 72 80 40 - 80
Natural W 5.9
by wt. 9.5 mm 57 68 30 - 60
’ pasSing 4.75 mm 43 55 20 - 4§ Alterberg 1L 4 39 S_ 30
imit %
2.36 mm a8 & 15 - 38 Limits PL 25
Pl % 14 < 19
425 um 21 24 8 - 22
75 um 14 5 3- 1 Sieve 75 mm 100 100
Analysis 37.5% mm 31 80 - 100
Portland Cement -
4 P 9 80 40 - 80
Type A Addiiion 1.0 % 2.0 % Percent ! oo
by wt. 9.5 mm 60 3o - 60
4 passing 4.75 mm 44 20 - 45
Atterler LL %
Limits 38 37 < 30 2.36 mn 36 15 - 35
PL % 34 34 425 um 15 g - 22
Pl % 4 3 <10 75 um 9 3~ 15
Std. MDD U/m? 2,085
Compaclion Opl W X 10.3
Snaked cBt % 15 > 25
CBR [H3) /n® 1,978
¥ % 11.4
Portland Cement 1.6 % 2.0 %
Type A Addition
Atterterg LL % 40 39 < 30
Limits PL 4 34 34
Pi % 6 5 < 10
Soaked CBR % 50 110 > 25
CBR DD t/m? 1,979 2,025
W % 10.9 11.8

Malalana North 2km Existing

l.ocation Existing Borrow Pit DOW Spec.
Type B (38mm)
Test 1tem 88/309 88/318 P
Nalural ¥.C. % 8.4 10
Atterberg LL % 34 28 ¢ 256
Limits PL % 24 21
Pl % 11 17 ¢ 6
Sieve 37.5 mm 89 94 100
Analysis 19 mm 82 89 60 - 100
Percent 9.5 mm 66 75 40 - 80
by wt. 4.75 mm 53 60 30 - 60
passing 2.36 mm 45 51 20 - 45
425 um 18 26 15 - 30
75 um 8 13 3 - 15
Mad. MDD t/m® 2,036 2,140
Compaction Opt ¥ 11.1 8.9
Uncombined Cement™ 2 % 9.6 6.0 Road Nole 31
Recomended
Compressive Addition 3 X 13.6 12.6 Creiteria
Strength 4 % i4.0 16.2 25016/in?
( 18 kgfem® )
qu kg/cem? 5 % 20.4

+ Type A Portland Cement
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Table 4-14 TEST RESULTS OF CRUSHED ROCK (EBOA)
Location  Sample taken Core boring DOW Specification
at guarry sample *
: face _
Test Jtems 88/243 Surface Base Course
Specific
Gravity (8SD) t/m® 2.24 2.33 . -
Water .
Absarption 4 4.5 7.3 5.0 Max.
Los Angeles
Abrasion Loss % 24 . 30 Max. 35 Max.
Sodium Suiphate
Soundness % 9.1 1006 12 Max.
Flakiness . :
Index 4 25 o 30 Max.
* Tested in NIPPON KOEI Materials Testing Laboratory in Japan.
Table 4-15 TEST RESULTS OF CRUSHED STONE (RIVERS)
Location  Angabanga Tauri River DOW Specification
River cobble cobble
Test Items . Surface
Specific
Gravity (85D) t/m® 2.7 2.6 _
Water _
Absorption % 1.0 2.9 5.0 Max.

L.os Angeles
Abrasion Loss % 17 21 30 Max.

Sodium Sulphate
Soundness % 1.5 5.7 12  Max.
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Table §-2  PROBABLE PEAK FLOOD DISCHARGE (1/3) ~ (2/3)

_PROBABLE PEAK FLQOD DISCHARGE (1/3)

_RROBABLE PEAK FLOOD DISCHARGE (3/3)

Basin name - Angabanga
River name Angabanga river
|Station Yaifa bridge vaifa bridge
+ Yaifa bridge U/$ data
Catchment area {km?) 2142.0 2142.0
Return period (yrs) p Sp P Sp
100 1255.04 0.586 1253.91 0.585
50 1142.28  0.533 1146.66 0.535
20 988.68 0.462 999.70 0.467
5 750.90 0.351 769.85 0.359
2 561.07 0.262 583.71 0.273
Number of samples 17 ' 21
Note, P Peak discharge. (m?/sec) )
'~ Sp : Specific peak discharge ratio. {(m3/sec/km?)
_PROBABLE PEAK FLOOD DISCHARGE (2/3)
Basin name " Tauri
River name Tauri river
Station Hells gate
Catchment area (km?) - 2404.0
Return period (yrs) P Sp
100 2198.35 0.914
50 2001.27 0.832
20 1732.77 0.721
5 1316.90 0.548
2 984.66 0.410
Number of samples 29
Note, P Peak discharge. (m3/sec) :
Sp Specific peak discharge ratio. {(m3/sec/km?)

APPENDIX 2

Page 3
Table 5-3  DESIGN PEAK FLOOD DISCHARGE ONCE
IN 100 YEARS

River Miaru Kapuri Lakekamu Tauri
QL00  (m3/sec) 2180 1160 4210 3590
C.A. {km?) 1721.7 494.0 5393.2 4092.6
Length (km) 83.3 63.5 231.3 250.3
Se (m/km) /1 9.265 4,297 3.766 4,133
Tc (min) /2| 1469 1480 | 4358 4758
v {(m/sec) /3 0.945 0,715 0.885 0.877
sp (m¥/sec/km?) /4 1.27 2.35 0.78 0.88

/1 BEgqual area slope of the main stream projected to the catchment divide.
/2 Time of concentration. Estimated by the Bransby Williams formula
referring ARR,
58 * I,
a0.1 % gg0.2

Tec =

/3 Average velocity derived from Length +Tc
/4 Specific flood discharge

Basin name
River name

Lakekamu
Oreba river

Station

D/S Biaru bridge

Golden valley

Catchment area (km?) 799.3 982.1
Return period (yrs) P Sp P Sp
100 223.02 }1-0.279 556.90 0.567
50 206,35 0.258 505,31 0.515
20 183.83 0.230 438.62 0.447
5 148.83 0.186 341,30 0.348
2 120,73 0.151 269.70 0.275
Number of samples 4 21
Note, P Peak discharge. (m*/sec)

Sp : Specific peak discharge ratio. (m¥/sec/km?)

Table 5-4 ANNUAL RAINFALL STATISTICS
Station station no. Annual Maximum | Minimum Period
New 0ld average

Menyamya 30014 | 200238 1735.0 2106.3 1272.2 1953-79
Aseki 30019 | 200295 4231.0 5071.6 3255.6 1961-71
Kwaikuma 30022 | 200331 2260.8 2757.8 1926.6 1958-71
Marawaka 25023 | 200655 2233.9 2552.4 1696.6 1969-77
Kwapalem 30086 | 200366 1688.6 2124 .4 1319.6 1961-70
Bereina 55002 | 200174 1239.9 1681.4 934.5 1955-73
Tapini 55005 | 200255 2089.6 4117.4 1558.8 1951-73
Fane 55007 | 200308 2958.8 3332.4 2285.2 195785
Guari 55013 | 200465 2585.9 2967.5 2272.3 1963-70
Kosipe 55016 1 200570 3134.3 3763.0 2451 .1 1964-73
Kamulai 55053 | 200209 2759.2 2950.0 2577.4 1955-57
Kerau 55056 | 200215 2236.,7 2726.1 1682.5 1955-57
Kerema 60001 | 200051 3572.0 4762.0 1953.0 191185
Terapo 60004 | 200624 1601.1 1601.1 1601.1 1970

Malalaua 60006 { 200721 945.9 964 .4 927.3 1979-8¢
Kaintiba 60016 | 200394 3791.7 5058.7 2744.1 1962~71
PoOpo . 60018 | 200107 1362.1 1650.5 1089.9 1922-27
Kukipi 60022 | 200329 1183.3 1300.4 1098.0 1960-62

Unit of rainfall is mm,
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(QFF)

FUNCTION

FREQUENCY

DISCHARGE

10

2 - 5 0 20 59 100
RETURN  PERIOD (T) —_ years
EXAMPLE
Q - 2.
962_220
T = 50 .
aFF v ame Fig.5-4  DISCHARGE FREQUENCY

FUNCTION DIAGRAM

Source ! Flood Estimation Manual
DOW March 1973,
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CATCHMERT MOBIFLCATEOR FAUTURS

For catchments with sbriormal runoff characteristics, the flood discharge

estimates obtained using the regional flood frequency method, the simptified

method for small areas and the unitgraph methed should be modified as the estimates

obtained from these methods are for 'average' catchments.

It is not possible with data avaiiable at present to recommend objective

modiflcatlon factors to account for the various catchment characteristicsy how-
ever the modiflcation factors in Papua New Guinea ave expected to generally be in
A generalised map of arcas with abnormal runoff character-

the ranga 0.5 to 1.5,

{sties s shown on Figuvre 2,

the [lood estimate is required to determine the modification factor te be used in

a particular sitwation. The following table gives a geneval description of the

catchment characteristics which affect the modification factor:

A subjective estimate by the englneer carrying out

APPENDIX 2

Page 6

1
l .
% PARANETER CHARACTER[STIC% fRODUClNG CHARACTERISTICS PRODUCING
I HIGH RUNOFF LOW RUNOFF
]
: Soils Shaliow, Iimpurmenble Porous, well drained
Vegetation Spa;se vegetation, short Dense forest with deep
grasses gtound litter
Relief Steep slopes, titcle Flat slopes, large surface
sutface storage storage, meandeving watev-
courses
Rainfall Exceeding 100 xe/h " Less thanm 50 mm/h
Intensity
Catchment Maximum 1.5 Minimum 0.5
Modification
Factor
NOTEs: Informztion on the above parametérs may be obtained from the CSiRD's
Land Research series of reperts (Reference 5}; this should be
supplemented by site inspection where practicable.

Source ! Flood Estimation Manual
DOW March 1973.
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Rainfall intensily in mm/hour

200, Applied from Bereina to before Anina swamp
1\\
\ \ NOTE.
\ \ 100 : 100 years refurn pertod
15 50: 50years efun period
20: 0 vyears teiuin period
\ 5: Syearsrehrn period
2:  2vyearsehun peiicd
AT
N
\ 160
N—
NN 2
0 \, \\ N Ny 5
’ 'R AN .Q 2
N
h ~ \\\\
\ \“-——\, —
]
O  Tee  120 180 240 300 360 420 480 540 600 min.
1 1 1 1 1 1 1 1 | J
0 £ 2 3 4 5 6 7 8 9 10 hours

Time of concentration

Fig.5-10

RAINFALL INTENSITY CURVE (RIX=100 mm)

Ratnfalt intensity in mm/hour

2004 \ Applied from Anina swamp to Palipala hills

NOTE,
\ 100 1 100 years return padod
£0: 50 yeors return pediod
20: 20vyears rehxn peiod
5: Syears return perlod
2. 2yearsretum perlod

150

10 w \ i
RS
\\ 9 100
AN T
v
50 K \\< S
<
NN \/&/
N \d . ey
]
e N g S
00 60 t20 i80 240 300 360 420 480 540 600 min.
L 1 1 1 1 ! i 1 i ‘]
0 [ 2 3 4 5 6 7 8 9 10 hours
Time of concentration
Fig.5-11 RAINFALL INTENSITY CURVE (RIX=110 mm)

Rainfall intensity in mm/hour

APPENDIX 2
Page 7
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Source : Flood Estimation Manual
DOW March 1973.
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Table: 5-8 TAIENA AND AGORINO CREEK '
FLOOD ANALYSIS APPENDIX 2

Talena creek Agablno  creek Page 11
. Aesumed storage at upstream side.

" Assumed storage at upstreaw stde. - | . .
El. (n) Area (km2)  Vol. (a3) . . . _ El, (m) Area (kn2)  Vol. (3).
. 18.400 ©  0.000 . 0.000 . . _ o S . 10.B50° -8.000 0 C 0.000
" 20,000 - 0.850  1170000.000 S s e o _‘;7?0.0901 -2 0.850,  3888750.000 -
Cotchaent srea”  8.200 km2 - . - : o - ‘Catchuent sves §.300 kn2
) ’ : : Peak discharge - . 59.400 m3/s

Peak discharge - 47.500 m3/s . _

Time of concentration 225.300 sin. . ) _ , o Tlae of concentration 175.200 min.

ln'l-ti.aﬁl . 16.400 m toitial Y. "10.850 m

Assumed channel section data Assﬂle§ channel #ect[on'data

-7.300 100.000 7 0.000  16.400 24,100 100,000 -7  36.400 10,850
8

i
; -7.900 18.600 8 4.330  16.750 2 24.100 12,850 40.800 11,950
3 -7.300 18.600 9 5.410 18.300 3 24,750 12,850 9 42.300 12.100
P -7.300 18.300 10 7.300 18.300 4 24750 12,500 10 42,300 12.650
5 - -5.410 18.300 i1 7.300 18.600 _5 26.000 12.450 11 42.960 12.650
g -d.430 16.620 12 7.500 18.800 8 28.300 10.850 12 42.300  100.000
13 7.300 100.0600
Elevation of inlet = £0.850
Elevation of inlet =  16.400 - do.- of outlet =  10.773
- do.- of cutlet =  16.383 , _ -do.-  length=  B8.500 m
- do.- length= ~ 8.500 & " _ - do.- slope = 0.900 X Assumed roughness coefflclent n =- 0.1000
- do.- slope = 0.200 ¥ -
) Assumed chennel dia 2,100 mx 3
issumed roughness coefficlent m = 0.1000 . Elevation of {nlet = 12.140
. _ -~ do.- of outlet = 12.063
Yater ' - Changel . - do.-  length= 8.500 m
Tine depth tevel [afiow  area velocity Outflow Storage - do.- slope = 0.500 X Assumed roughness coefficlent n =  0.0240
' (n} (s} (3/5) (w2} (w/s) {(ud/s) (n3)
0:00 0.000 16.400 0.000 0.000 0.000 ©.000 0. Yater Kain channel _ Sub chanpel
12 0 0.498 16.896 12.756 3.130 0.228 0. 714 222183, Tine depth level Inflow area velocity Outflox Storage area velocity Outflow
9: 0 0.870 17.370 25.5i3 7.551 0.380 2.87 84957, (») ()} (w3/s)  (#2) (=/s) (a3/s) = (s3) (¥2)  (w/s)} (w3/s)
30 1.428 17.828 38.26% 12.099 0.487 5.834 184210, 0:00 0.000 10.850 0.000 0.000 0.000 0.000 0. _
x3:45 1.764 18.164 47.836 15.601 ©.552 8.803 280950, 1: 0 0.733 11.583 20.342 7.337 1.120 8.286 24950, 0.000 0.000 0,000
&0 1.867 18.287 44.309 16.708 0.570 8.518 314583, 2: 0 1.308 12,158 40.685 (15.356 1.508 23.213 79443, 0.030 0.642 0.058
h: 0 2.15F 18.551 31.902 -20.721 0.539 LL.176 §1T614. x2:5% 1.725 12,575 59.312 22.215 [.771 40.962 138166, 0.359 1.510 1.625
§: 0 2.276 18.876 18.782 22.642 0.542 12.264 467713, 3: 0 [.756 12.508 57.864 22.762 1.796 42.538 143204, 0,330 1.55T7 ¢.822
x6:49 2.300 18.706 12.558 23.025 0.547 i2.589 477730, %¥3:35 F.845 12.695 45.951 24.382 1.730 46.038 §58104., G.484 1.68d Z 445
T: ¢ 2.989 18.699 11.444 23.010 0.547 §12.577 477333. 4: 0 1.811 12.661 37.247 23.7501 1.783 44.080 152404, 0.448 [.B37 2.200
8: 0  2.277 18.677 8.945 22.648 0.542 12.263  4ST876. : 0 1.540 12,390 19.303 19.077 1.699 33.087  1ipil1. 0.188 1.201 0.876
9: 0  2.243 i8.843 7.670 22.126 0.535 11.829 4543786, 6: 0 1.204 12.664 F1.541 13.884 [.444 20.048 68493,
10: 0 2.203 [8.803 6.396 21.483 0.526 11.286  438045. 7: 0 0.989 11.839 8.508 10.676 1.325 [4.143 45470,
P10 . 2.150 §8.550 5.122 20.715 0.533 11.172 417478, 8: 0 0.83¢ 11.884 T.471 B.647 1.205 10.419 32311,
i2: 0 2,091 18.491 3.BdB i3.846 0,527 10.451 394683. ¢ 0.705 11.555 S5.445 T.080 1,086 7.735 23075,
13: 0 2.025 18.425 2.574 18.877 0,512 8.869 3rpole. 10: @ 0.576 1.426 3.4i14 5.584 0.978 5.427 15391,
i6: ¢ 1.95¢ 18.351 1.300 17.808 0.485 8.821 3436398. 1i1: 0 0.426 11.276 1.382 3.549 0.818 3.232 B447.
15: ¢ 1.865 18.265 0.025 15.678 0.570 9.500 313896. 12: ¢ 0.229 ll.073 - 1.393 0.581 [.122 2438,
16: 0 §.765 18.185 -  I5.612 0.552 8.8I3  28I304. 13: 0 0.088 -10.938 - 0.73( 0.305 0.223 iy
§7: 0 1.670 18.070 - 14.804 0.535 7.807 251757, 14: 0 . 0.022 10.872 - 0.176 0,822 0.02[ .. 22,
18: 0 1.579 17.979 - - 13.643 0.5i7 7.060 225014. 15: 0 8.001 10.851 - £.012 9.020 ¢.000 . ' 0. .
13: 0 ~1.492 17.892 - 12.747 0.500 6.3M4 - 200890, _ I6: ¢ 06.000 10.850 - 6.00¢ 0.000 0.608 9.
20: 0 1.408 §7.808 - 11.694 0.483 5.744  178053. R YRR 0.000 [0.850 - 6.000 0.000 0.000 0.
21: 0 1.329 17.729 - 7 §1.089 _ (¢.486 5.168 159428, 18: ¢ 0.000 19.850 - 0.060 0.000 0.000 . ¢.
22: 0 1.253 17.653 - 10.323  0.443  4.641 141785, . 19: 0 0.000 10.8%0 - 0.000 0.000 0.060 6.
23: 0 1.181 17.581 - 9,812 0,433 4.1%0 125957, _ ' 20: 0 0.060 16G.850 - 0.000 0.000 0.000 ' 0.
24: 6 1.113 17.513 - 8,938 O0.416 3,722 111782, . 21: 0 0.000 10.850 - 0.000 0,000 0.000 0.
25: 0 1.048 17.448 - 8,303 9.400 3,32 93112,
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Ungongo creek - APPENDIX
- u

Assumed storage at upsiream side, : .
El. (n) Area (kn2)  Vol. (w3) | Table 5-9 UNGONG CREEK FLOOD ANALYSIS Page 12
10.200 0.000 0.000 ' .

20.000 3.500 17150000.000

Catchment area £1.400 km2

Peak discharge 155.300 »3/s

Tiwe of concentration 461.000 min:

Initial ¥WL. 10.200 m _ :

28: 0 1.264 11,464 4,621 8,335 0.707 12.391 285186. 0.358 1.510 6,494

Assumed channe} section data _ 28: 0 1.200 11,400 2,591 7.842 0.688 1!0.405 25TI680. 0,288 1.410 5.012

1 -9,850 §00.000 8 2.440 10.300 30: ¢ 1.132 $1.332 ©¢.561 7.322 o0.686 8.505 228821, 0.233 1.296 3.83t
2 -9.950 12.809 g 4.45¢0 12.100 3: 0 1083 11.263 - €.799 0.642 6.813 201857, 0174 1.17T0  2.445
3 -9.300 $12.800 10 5.5300  12.400 32: 0 1.003 11.203 - 8.353 0.621 5.548 178521. 0.i27 1.049 1.860
4 -9.300 12.400 1t 5.400 12.400 ) _ 33: ¢ 0.950 11,150 - 5.868 0,803 4.804 161328,  0.090 6.832 1.008
5 -4.300 12.200 12 B8.400  12.800 ' 34: 0 0.904 11004 - 5.633 0,585 3.894 148081. ©0.061 0.815 0.536
§ -3.700 . 10.500 13  8.950  12.800 35:0  0.863 11,083 - 5.336 0.570 3.357 133084. 0.038 0.695 0.318
7 -3.299 16.200 14 8.950 100.000 38: 0 0.826 11,028 - 5.0687 .55 2,850 121766,  0.021 0.564 0.139
_ 37: 0 0.791 10,95} - 4.820 0.541 2.808 114768,
Elevation of inlet = 10.200 ‘ 38: 0 6.758 10,958 - 4.589 ©¢.527 2.419 102726.
~ do.- of outlet = 10,153 ' 39: ¢ 0.727 10.927 - 4.367 0,514 2.243 84338,
- do.- length = 8.500 m _ 40: 0 0.896 10.856 - 4.154 0500 2.078 86565,
~ do.- slope = 0.555 X Assumped roughness coeffictent n = §.1000
Assured channel dia 2.100 = x 12
Etevation of inlet = 11.000
- do.- of outjet = 10.953
- do.- length = 8.500 =
-~ do.- slope = 0.555 % Assumed roughness coefficient n = 0.0240
Rater * Main channel Sub channel
Time depth  level [Inflow asrea velocity Outfios Storage area velocity Outflow
{m) () (m3/s) (2} (w/s) (03/s) (n3) {s2} (w/s) (m3/s)
0:00 0.060 10.200 0.000 0.000 0.000 0.000 ¢.
f: 0 0.444 10,644 20,213 2.4%1 0.373 0.915 35276. G.0600 0.400 0.000
FASR | 0.877 1i.077 40.425 5.434 0.576 3.524 137311, 0.045  0.737 0.400
3: 6 1.278 11.478 B0.638 B.450 0.712 12.877 291861. 0.373 1.532 £.861
4: 90 1.631 11.831 80.850 11.293 Q.81 27.484 {74860, 0.763 2.000 18,328
5: 0 1.942 12,142 101.083 13.955 0.8B78 44.487 673182, 1.141 2.352 32.218
6: 0 2.227 12.427 121.275 17.411  0.684 59.45% 885755. 1,495 2.649 47.538
7: 0 2.489 12.68B9 141.488 22.047 0.787 B0.642 1108373, 1.813 2.909 £63.283
x7:41 2.852 12.852 155,300 24.998 ©.816 94.108 1266188, 2,002 3,068 73.715
g: 0 2,718 12.918 145.034 26.23{ 0.839 100.006 1318965, 2,076 3.132 77.595
§: 0 2.835 13.035 128.215 28.458 0.B8G 110.851 1435563,  2.204 3.245 85.821
x9:43 2.857 13.057 {12.826 28.858 0.BB7 112.831 1457085. 2.226 3.288 87.244
[0: 9 2.854 13.054 106,746 28.802 0.886 112.553 1454071,  2.223  3.263 87.044
1f: 0 2.802 13.002 85.815 27.831 0.B6B 107.765 1462150, 2.168 3.213 -83.599
12: 0 2.702 12.802 66.611 25,932 0.B33 98.5%4 1303403, 2.0%8 3.118 75.942
13: ¢ 2.563 12.769 50.325 23.450 0.818 87.4H7 1178182, 1.908 2.987 68.312
1§: 0 2.418 12,618 38,145 20,791 0.761 74.6%5 1044155, 1,728 2.840 58.880
15: 0 2.270 12.470 31.25% 18.173 0.702 62.730 920338. 1.548 2.833 56.027
I6: 0 2.040 12,340 28.981 15,076 0,766 54.960 818007, 1.388 2,561 42,852
17: ¢ 2.025 12,225 25.95) [(4.724 0.855 4£3.043 732055, 1.285 2. .441 36.452
18: © 1.921 12.121 24.921 13.7713 ¢.878 43.299 6530311, 1,116 2.330 31.200
19: ¢ 1.831 12.031 22.891 12.931 0.8B6§ 38.101 598795, 1.005 2.232 26.919
20: 0 F.753 11.953 20.861 12.317 0.842 33.748 548455, 0.909 2,143 23.382
21: 0 1.682 11.882 8.831 11.72¢1 0.824 30.046 505240. 0.824 2,081 20,385
22: 0 1.617 11.817 16.801 11.181 ©0.807 26.826 467130, 0.748 1.984 17.800
23: 0 1.6557 #1.757 14.771 10.878 0.78f 23,850 432652. 0.877 1.810 15,501
24: 0 1.438 11,838 12,74} 16.200 0.775 21.333 400726, 0.B10 1,835 13.425
25: 0 1.441 11.B41 10.711 §8.735 0.759 18.909 370554. 0.545 .60 11.517 949
26: ¢ 1,383 11,583 8.681 9.274 0.743 18.8628 341534, 0.482 1.682 9.738
0 |

27 324 11.524  §.65{ 8.810 0.726 14.462 313203. 0.420 1,600 8,088



Table 5-10 ~ ANINA, DIVOLA AND OPOU SWAMP APPENDIX 2

Anina creek FLOOD ANALYSIS .
Assumed storage at upstream side. Yater Chamnel Page 13
El. (m) Area (kn2) Yoi. (m3) Time depth  level {nflow  area velocity OQutflow  Storage
9.000 0.000 0.000 _ _ ' (m) (n} (=3/5} (®2) {(n/s) (w3/s) {n3)
20.600 0,717 3943500.000 0:60 0.000 1,700 ©.000 0.000 0.000 0.000 . 0.
. B ' 12 0 0.131 1.B31 6,321 0.051 0,768 0.033 11323.
Catchment area 4.100 km2 xI: 2 0.136 1.838 B.470 0.053 -0.780 0.042 12094,
Pesk discharge 33.500 w3/s 209 0.182  1.B32  1.371 0.088 0.827 0.082 24308,
Time of concentration 130,000 min. 3: 0 0.205 1.5 ©0.703 0.057 0.957 0.093 27658,

. . x3:568 6.209 3,909 0,033 0,100 0,986 0.087 28710,
Initial W.. 9.000 40 0.208 1,909 0.072 0.100 0.966 0.097 28709,
Assumed channel dia 2.100 m x 4 5: 0 0.208 - 1.908 - 0.099 0.963 0.095 28378.
Elevation of fnlet = 3.000 B 0 0.208 1,906 - 0.088  0.850 0,034 = 2803B.

‘- do.~ of outlet = 8.961 7: 0 0.205° §.805 - 0.097 0.557 0,083 27689,
- do.- length = 8.500 m 8: 0 0.204 1.904 - 0.087 ©.354 0,082 27365,
- do.~ glope = 0.455 % 3: 0 6.208  1.803 - - 8,08 90.95F 0,091 27035,
16: 0 0.201 §.901 - © 0,095 . 0.843  €.080 28709.
Assumed roughness coefficient n = 9.0240 11: 0 6.200 1.960 - 0.094 ©.846 ©0.089 26387,
12: ¢ 0.199 1.899 - 0.093 0.943 0.088 26063,
Yater Channel 13: 0 0.198 1.898 - 0.092 0.540 0.087 25754,
Time depth level Inflow - area velocity Qutflow  Storage 14: 0 0.197 1.897 - 0.092 0.937 0.088 25443,
{m) {e) (=378} (m2) (w/s) {x3/s) (x3)
6:00 0.000 9,000 0000 06.600 0.000 0.000 0.
1: ¢ 0.780 9.790 15.462 9.705 1.8340 S.4T4 20334.
2: 0 1.428 10.428 30.923 1.486 2.B41 15.897 66443 . Opou swamp
x2:10 1.526 10.525 33.500 1.865 2.739 17.582 75787,
x2:58 1.717 10.717 21.550 1.835 2.928 21.498 96068, “55”;“"“ f“”“e 8t upstreax side.
. (x) Area (ka2) Voi, (23)
210 1716 10.716 20,503 1.834  2.327 21477 95957 . 2 0,000 o000
4: 0 1.506 10.506 8.274 1,581 2.720 17.204 73894. 3.160 2.200 838000000
K 0 1.195 16.195 5.683 1,187 2.400 11.493 46536,
6: 0 0.959 9.958 4.1i18 0.908 2.140 7.758 28850, Catchment area 2.200 km2
T: 0 0,763 9.783 2.574 0.875 1.967 5.147 18438, Peak discharge 21,400 w3/
8: 0  0.575 9.575 1.030 0.465 1.859 3.083 10772. Tiae of concentration 130.100 min,
9: 0 0.359 $.359 - 0.250 1.328 1.331 4208, nitial TL.  2.400 =
16: ¢ 0,134 9.194 - 0.114 1.011 0.452 1223. ‘ Assused channel dia §.500 8 x 2
11: 0 0.087 9.087 - 0.048 0,741 0.138 244, Elevation of inlet = 2,400
12: 0 0.003 9.003 - 0.0039 0.423 0.016 0. - do.- of outlet = 2,397
13: 0 0.000 9.000 - 0.008 0.429  0.090 0. - do.- lengthz  8.500 5
14: 0 0,000 8.000 - 0.003  0.429  0.000 0. “do.- © slope = 0.038 %
15: 0 0.600 3.000 - 0.009 0.423 0.000 0. Assuwed roughness coefficient n = ¢.0240
16: 0 0.000 9.000 - 6.603 0.4235 0.000 0.
17: 0 6,000 9.000 - 6.009 0.423 0.000 9. Fater Channel
i8: ¢ 0.000 9.000 - 0.009 0.429 0.0900 0. Tine depth  level Inflow  area velocity Outfiow Storage
{m) () (03/s) (n2) (w/s) (m3/s) {%3)
0:00  0.000 2.400 ©0.000 6.006 0.000 §.000 0.
{70 611 2511 $.86% 0.033 0.707 0.047 17708,
200 0.221 2.821 19.739 0.080 0.935 0.I80 F0616.
Divols creek ¥2:10 0.233 2,839 29.38¢ G.100  1.036 0.210 82816,
300 0.304  2.704 13124 0.443  1.163  0.3%4 133953,
: 0. 2,797 &, 65 1231 .40 164176,
hssured storage at upstress side. ;: g oggg 2.350 ggg? g.:ws :gsé 0.13; R eiD
Et. (w) Ares {kn2} Voi. (u3) B: 0  0.360 2.760 2.635 0.182 1,273 0.462  IBT40B.
1.700 0.000 0.000 7: 0 0.366 2.766 1.550 0.186 [.283 0.476 1934239,
2.004 0.400 £0800.000 8:0  0.368 2.768 0,664 0.187 1.287 0.482 195886
_ 281 0.368 2.768 §.483 0.187 1.287 0.482 195826,
§:0  0.367 2.767 - 0.187 1,286 0,480 1949317,
g::ib;?sn;z:z: :';gg :;fs ‘ . 19: 0  ©.365 2,765 - 0.185 1.203 0476 193217,
. . bi: 0 0.364  2.76¢ - 0184 1.280 0,472 191542,
Time of concentration €1.700 min, _ B ' 12: ¢ 0.382 2.982 - 0.183 1277 0.468  189g2),
: : : 1300 6380 2,781 - 0.182  1.274  0.464 I8B44.
Inftial WL, 1.700 = _ 4: ¢ 6,359 2,759 - 0.181  §.271  0.460 186481,
ssured chanpel die 2100 X1 : 16: 0 0,37 2,967 - 0.180 1.268 0,458 184833,
_ : 18:0  0.356 2,756 - - 0.[7% 1.265 9.452 83199.
Elevetfon of infet = 1.700 1730 0.354 2.?124 - 0.178 1.263  0.448 :s?;?:g
- do.- of outlet = 1.697 . 18: 0 0.353 2.750 - 0.176 1.280 0.444 179972,
- do,~- length = 8500 m

- do.~ siope- = 0.038 X - _ : 250

Lssured roughness coefficfent n = 0.0240



APPENDIX 2

Alika swamp | _ Page 14

Assumed storage at upstream side.
El. {m} Area (km?) Yol. (wd)
-0.500 8,000 8,000 Table 5-11 . ALTKA SWAMP FLOOD ROUTINE (1)
5,000 124.300 341825000.000 :

Catchment area 124 306 km2
Peak discharge 151.500 mi/s
Time of concentration 1000.600 min,

Inftial ¥L. 2.200 »
Tatl WL, 3.200 x

¥o culvert was assumed, .
.33 3,334 24.420

80 3.464 1.13¢ 0.000 166136246,
: YFater , Hain chennel 47: 0 3.335  3.235 23.563 3.464 1140 (.000 1B6222615.
Tiwe depth  level Inflox area velocity Qutflox Siorage o 48: 0 3,338  3.336 22.708 3.484 1.144 0.000 166305838.
{m) (e) (3/s) (02) (w/s}" (=d/s) {n3) 49: 0 3.337 3.337 21.849 3.464 1.148 0.000 166386035,
9:00 3.200 3.200 0.000 3.464 0,000 0.000 i545387605. 50: 0 3.938  3.338 20.991 3.464 1.151 0.000 166463207
1: 0 3.200 3.200 9.030 3.484 0,043 0.000 154713367. 51t 0 3.339 3.339 20.i5¢ 3.464 1.155  0.000 166537234,
2: 0 3.200 3.201 18.180 3.464 0.087 0.000 154762453, 52: 0 3.340 3.340 18.277 3.464 1,158 0.000 166B08I75.
3: 6 3.202  3.202 27.270 3.464 0.130 0000 154844263, 53: 0 3.941 3.341 18.420 3.484 1.162 0,000 166678030,
4: 0 3.203 3.203 36.360 3.464 0.J73 0,000 154358797, - 54: 0  3.941 3.341 17.563 3.46¢ 1.185 0.000 165740800,
5: 0 3.205 3.205 45.450 3.464  0.217 0,000 15HI06055. - 55: 0 3.342 - 3.342 16.706 3.464 1.163  0.000 168302484,
B: 0 3.207 3,207 S4.540 3.484 0.2680 0,000 55288037 56: ¢ 3.343  3.343 15.843  3.464 1.170  0.000 168861083.
700 3.210 3.210 63.830 3.464 0.303 0.000 155438743, §7: 0 3.343 3.343 14.8%2 3.484 1.173  0.000 1GB916596.
80 3.213  3.213 72720 3.46¢ 0.348 0.0 IS5T441T3. 59: 0 3.344  3.34d 14135 3.484  1.175  0.000 166863024.
3: 0 3.216 3.216 81.810 3.464 6.39¢ 0.000 156022327. 59: ¢ 3.3¢5 3.345 13.278 3.464 1.178 0.000 167018366.
10: 0 3.220 3.220 §0.900 3.48¢ 0.433 0.000 156333205, 80: 0 3.345 3.345 12.420 3.484 1.180 0.000 167064822,
i1: 0 3.224 3.22¢ 99.890 3.464 0,478 0.000 156676807, ' G1: 0  3.346 3.3¢6 11.563 3.464 1.182 0.000 167107783.
12: 0 3.228 3.228 103.080 3.464 0.513 0.000 157053133, £2: 0 3.346 3.346 10.706 3.464 1.184 0.000 157147879,
13: 0 3.733 3.233 118,170 3.464 0,562 0.000 157462183, £3: §  2.346 35.346 9.843 3.464 1.185 0.000 167184878
14: ¢ 3.238 3.238 127.260 3.464 0.605 0.000 157503857. Bi: D 3347 3.347 8.932 3.484 1.18T 0.000 167218793.
15: ¢ 3.244  3.244 136.350 3.484 0.648 0.000 158378455. €5: 0  3.347 3.347 S.135 3.464 1.188 0.000 167249622,
16: ¢ 3.250 3.250 145.440 3.484 0.631 0.000 158885877. 66: 0  3.348 3.348 7.278 3.464 1.130 0,000 1B7277365.
x16:40  3.254  3.254 150.500 3.4B4  0.720 0.000 153242005. §7: 0 3.348  3.348  8.421 3.464  3.191 0,000 1B7302023.
17: 0 3.256 3.256 149.202 3.484  0.73¢  0.000 159422430, BB: 0 3.3d8 3.348 5.566 3.484 1.182  0.000 167323595,
18: 0 3,262  3.262 142,129  3.484 0.773 0,000 159346902. : £9: 0 3.348 3.348 4.707 2.484 1.133  0.000 167342081,
18: ¢ 3.268 3.268 134,833 3.464 0.808 0.000 160445481, 70 0 3.348 3.348  3.850 3.484 1,183 0.000 187357483.
202 0 3.274 3.274 127.37t 3,484 0.B4l  0.000 160917498, Cqps e 3.248 3.343  2.982  3.464  1.194 0.000 167369798,
21: 0 3.279 3.279 119.803 3.464 ©.870 0.000 1BI1362436. T2: 0 3.349 3.749 2.135 3.46¢ 1.13¢ 0.000 167373028.
22¢ 0 3.28¢ 3.284 112.188 3.464 0.837 0.000 161780025, 73: 0 3.349  3.349 1.278 3,464 1.195 0.000 [67385173. .
23: 0 3.288 3.288 104.584 3.464 0.821  0.000 162170202, 74: 0 3.349  3.349  0.421 3.464 1.135 0.000 167388232.
26: 0 3.293 3.293 97.043 3.464 0.942 0.000 162533112, 7%5: 0 3.349  2.349 - 3. 464 1.185 0,000 (67388604,
25 0 3.296 3.296 B9.643 3.464 0,982 0.000 §6286311Y. 78z 0 3.349  3.349 - 3.464 1.195 0.000 157388604,
26: 0 3.300 3.300 B2.424 3.464 0.980 0.000 )E3178766. 97: ¢ 3.349 3.348 - 3.464 1.195 0.000 157388604.
27: 0 3.303  3.303 75.450 3.484 0,995 0.000 153462857, 78: 0 3.349 3.349 - 3.454 1.195 0.000 157383504,
28: 0 3.306  3.306 ©3.781 3.484 1.010  0.000 163722374, 79: &  3.843 3.348 - 3.454 1.195 0.000 167388604.
23t 0 3.309 ' 3.309 ©2.475 3.484 1.023 0.000 163958518, 80: 0 3.343 3.348 - 3464 1.195 0.000 167388604
30: 0 3.312  3.312 58.581 3.484 1.035 0.000 164172702, 81t 0 3.043 3.348 -~ 3.464 1.195 0,000 167388604,
31: 6 3.314  3.314 SI.IB7 3.464 1.045 0.000 16436B548. 82: ¢ 3.348 3.348 - 3 464 1.135 0.000 167388604,
32: 0 3.316 3.316 46.322 3.484 1,055 0.000 164541893, 83: 0 3.349 3.349 - 3 484 1.195 0.000 157388604,
33: 0 3.318 2.318 42.054 3.484 1,063 0.000 164700781,
34: 0 3.318  3.313 38.443 3464 1.071 0.000 164845470
35: 0 3.321 3.321 35.547 3.484 1.077 0.000 164978428,
38: 0 3.322 3.322 33.424 3.484 1.08¢ 0.000 155102334,
37: 0 3.324 3.324 32.134 3.464 1.030 0.000 165220080,
38: 0 3.325 3,325 31.277 3.464 1.038 0.060 165334218,
39: 0 3.326 3.326 30.419 3.464 1.001 0.000 165445271,
4000 3.328  3.325 29.582 3.484 1,107 0.000 165553238,
45: 0 3.329 3.329 28.705 3.464 1.[12 - 0.000 165858120,
42: 0 3,330 3.330 27.848 3.464 1.117 0.000 165759817, 951
43: 0 3,331 3.331 26,981 8.464 1.122 0.000 165858627,
d: 0 3.332 3.332 26,134 3.464 1.12T 0,000 165954253,
5: 0 3.333 3.333 25.277 3.464 1,131 0.000 166046792,
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kesumed storage at upstream side,
El. (w) Ares (kn2) Yol, (m3)

-0 .500 9.000 4.000 o
5,000 124,300 341825000.000  Table 5-12 ALTKA SWAMP FLOOD ROUTINE (2)
Catchment area 124.300 k2 :
Peak discharge 151,500 m3/5

Time of concentration £000.000 min,

Initial L. 3.200 »

Tati L. 3,200 m
42: 0 3.317 9.317 27.848 3.464 1.060 11.030 (64634664,
é?:::i?oﬁh:?nfglg:n = 2:;33 "3 43: 0 3.318 -3.31B 26.891 3.464 1.083 11.042 154B93680.
- do.- of outlet =  0.000 4:0  3.318  3.318 26.134  3.484 1.066 11.072 164748499,
Tl % lengths 20350 ' ::: g g.gég g.g;s 25.277 _2.434 1.088 11.101 164802127.
- co.” _ , : . 320 24420 3.464  1.071 11.128 164851569,
do.-  slope 0.000 % Assumed roughness coefficient n = 0.0240 | 47: 0 3.320 3.320 23.563 3.46¢ 1.073 (1.152 154897833,
fater Channel 49: 0 3.323  3.321 22.708 5.464 1.076 11.178 164340825.
ftee  depth  tevel Inflor  area velocity Outfior  Storage 49: 0 3.2 3.321 ZLBY S.4BL .07 1197 164380852,
o e () (efs) (a3/s) (a3) 503 0 3.321 3,320 20891 S.48¢ 1.079 11.217 185017618,
0:00 3.000 3.200 0.000 3.454 0.000 0.000 154637005, 51 0 3.322 3.322 20.134 3.484 1.081 11.235 185051232,
S0 3200 8080 3484 0.042 0439 154712578, 6§2: 0 3.322 3.322 19.277 3.464 1.083 11.251 185081698,
Y u a0l 3201 18180 3.464 0.085 0.879 154759282, | 53: 0 3.32 3.322 18420 3464 1.084 11.265 165108024,
B 33 1202 21210 2484 0421 1317 IS4B3TI4S. B4: 0 3.323 3.323 17.563 S3.484 1,085 11.278 1§5133214.
Y 3203 W90 3484 0169 1756 15446143, 5. 0 3.323 3.323 16.706 5.464 3.086 11.290 165154276,
BN 3306 30205 5450 3484 0.211 2.15% 155086253, 56: 0 3.323 3.323 15.848 3.464 1.087 11.289 185172214,
S0 5207 3207 51540 3454 0.25 2.634 15257582, §7: 0 3.323 3.323 14.982 9.464 1.088 11.307 1E5187036.
Sy 3203 3209 §3.630 466 0.295 3.073 155480015, 58: 0  3.324 3.324 14.135 3.464 1.083 11.313 165188747.
o0 9212 5.212 10720 8464 0.338 3511 155633595, 59: 0 3.324 3.324 13.278 . 3.46¢ 1.083 11.318 165207354,
o 0 3205 3205 81810 3AEL 0380 3.843 155958318, §0: 0 3.324 3.324 12.420 3.464 1.083 11.321 165212861.
oo 3715 2.213 90800 348C 0422 4387 (5625411, §1: 0  3.824 3.324 11.563 9.464 1.030 11.322 185215275,
o a0 3272 39990 3.4BC 0464 4.825 ISES8212. 51335 9.324 3.324 11.083 D .464 1.950 11.322 185215257,
12: 0 3.227 3.227 109.080 3.4B4 O0.508 5.282 156939383, 62: 0 3.32¢ 3.324 10.706 3.464 1.030 11.321 185214602.
£3: 0 3.231 3.231 118.170 3.464 0.548 5.698 157328705, ' 63: 0 3.324 3.324 8.843 3.484 1.083 11.320 165210847.
14: 0 3.238  3.236 127.260 3.464 0.590 £.135 157749179, B4: 0  3.32¢ 3.324 8.8827 3.464 1.083 11.316 165204017.
(5: 0 3.242 3.242 136.350 3.464 0.632 6.571 158200808, 65: 0  3.323 3.323 B.I35 3.46¢ 1.083 11311 65194118,
18: 0 3.247 3.247 I45.440 3.464 0.674 7.006 158683552, B6: ¢ 3.323 3.323 7.278 3.464 1.088 11.304 165181155,
516:40  3.251  5.251 151.500 3.464 0.702 7.298 159022758, 67: 0 3.323 3.323 6.421 3.464 1.087 11.235 1BSIB5I33.
§7: 6 3.253 3.253 149.202 3.464 0.718 7.438 158134342, §8: 0 3.323 3.323 5.584 3.484 1.086 11.285 1E514C080.
0 asng 3955 1420129 3464 0754 7.835 150691308, §9: 0 3.323 3.323 4.707 3.464 1.085 11.273 165123341.
19: 0 3.265 3.265 134.833 3.464 0.788 8.192 160161038, 70: 0 3.322 3.322 3.850 3.484 1.0B4 11.260 165098782,
9p: ¢ 3.270 3.270 127.371 3.464 0.819 B.5i4 160602863. T1: 0 3.322 3.322 2.992 3.B4 1.082 I1.245 165070588.
i o 325 3275 119.803 3464 0.847 B8.805 IGI0ISTIT. 72: 0 3.322 3.322 2.135 3.464 1.081 11.228 IB5039355.
99: 6 3.279 3.279 112.188 3.464 0.873 9.086 181402131. 73: 0 3.321 3.820 1.278 3.484  1.078 11210 185005120,
951 §  3.984 3.284 104.584 3.484 0.835 9.302 161759237, 74: 0 3.320 3.821  0.421 3.464 1,077 11.130 1B4567859.
54 ¢ 5.287 3.287 97.049 3.464 0.916 8.514 152088271, 75: 0 3.320 8.520 - 3.484 1,075 11.169 36457985,
o5: 0 5.29] 3.281 B9.843 3.464 0.934 9.704 182389672. 76: 0 3.320 3.320 - 3.464 1,073 11.147 164887817,
96: 0 3.294 3.294 82.424 3.464 0.950 9.873 162664083, 700 3.319 3.318 - 3.464 1071 11.125 164847726,
97: 0 3.297 3.297 75.450 3.464 ©.965 10.024 162912355, 78: 0 3318 3.319 - 3.464  1.089 11.104 164807714
28: 0 3.300 3.300 €8.781 3.464 0.878 10.157 163135541, 79: 0 3318 8318 - 3.464 1087 11.082 164767775,
23: 0 5.302 3.302 62.475 3.464 0.989 10.275 153334902, B0:0  3.318 3.318 - 340 1064 TLOEL 164727922,
360 0 3.304 3.304 56.531 3.464 0.983 10.378 1635(1906. Bl: 0 3318 3.318 - 3.464 1,062 11.033 164688142,
3i: 0 3.308 9.306 51.187 3.464 1.007 10.463 163668224, g2: 0 8.317 8.317 - 3.464  1.060 11.017 184BABAAY.
89: 0 3.307 3.307 46.322 3.484 1.015 10.547 163805735. 83: 0 33T 33T - 3.46¢ 1.058 10.936 164808817.
33: 0 3.303 3.308 42.054 3.464 1.022 10.616 183826527.
34: 0 3.310 3.910 38.443 3.464 1.027 10.676 164032887,
35: ¢ 3.811 3.311 35.547 3.464 1.033 10,729 164127313.
36: 0 3.312 2.912 33.424 3.464  1.087 10.777 184212507,
57: 6 9.313  3.313 32.124 3.464 1.041 10.821 164291375,
38: 0 3.314 3.314 31.277 3.464 1£.045 10.863 164366483,
29: 0 3.315 3.315 30.419 3.464 1.043 10.302 154438359, :
40: 0 3.316 3.316 29.562 3.464 1.053 10.940 164507009 252
il: 0 3.316 4.316 28.705 3.464 1.056 10.976 164572442,



Alika swamp

Assumed storage at uvpstream side. Table 5-13

El. (m} Area (km2) Vol. (m3)
-0.500 0.000 0.000
5.000 124.300 341825000.000

124.300 k2
151.500 m3/s
16006.000 win,

Catcheent ares
Peak discharge
Time of concentration

Initial WL, 3.200 m 36: ¢
Tail WL, 3.200 m 37t ¢ 8.
38: ¢ 3.
Assured channel dia 2400 m % 3 38: 0 3.
Elevation of inlet = 0.000 40: 0
- do.- of outiet = 6.000 41: ¢
- do.-  length=  20.350 m 42: 0
- do.- slope = 0.000 ¥ Assumed roughness coefficient p = 0.0240 :if 3 3
Assueed channel dia 2.100 mx 6 45: 0 3.
Elevation of inlet = 2.150 i6: 0 3.
- do,- of outlet = 2.15¢ 47: 0
- do.-  lengthz  13.900 m 48: 0
- do.- slope = 0.000 % Assumed roughness coefficlent n =  0.0240 *:gfzg g
Kater Hain channel Sub channel 50: 0 3.
Tlee depth  level [nfjox area velocity Outflo¥  Storage area velociiy Outflow 51: 0 3.
(m) (m)  (=3/s) (w2} (a/s) (=3/s) (n3) (02) {w/s) (md/s) 52: ¢ 3.
0:00  3.200 3,200 0.000 3.464 0.000 0.000 154637005. 1.732 0.000 0.000 83: 0 3,
130 3.200 3.200 9.030 3.464 0.041 0.927 154711705, 1.732 0.045 0.439 s4: 0 3.
2: 0 3.200 3.201 18.180 3.464 0.0B2 1.B4B 154755796. 1.732 0.095 0.995 50 3.
310 3,200 3.202 27.270 3.484  0.123 2.774 154829284. 1.732 O.14d ] .494 56: 0 3.
4: 0 3.203 3.203 36.360 3.464 0.164 3.693 154932168. 1.732 0.182 . 1.992 57: 0 3.
5:0  3.204 3.204 45.450 3.464 0.205 4.623 I550G4449. 1.732 0.240 2.489 58: 0 3.
8: 0 3.206 3.206 54.540 3.464 0.246 5.5456 155226128, 1.732 0.287 2.887 59: ¢ 3,
7: 0 3.209 3.209 63.630 3.464 0.287 6.469 155417206, 1.732 0.335 3.484 ke: 03
8:0  3.201 3.211 72.720 3.464 0.328 7.393 155637685. 1.732 0.383  3.98 6i: 0 3
8¢ 3.214  3.214 81.810 3.464 0.363 8,315 I55887567. 1.732 0.431 4.478 g2: 0 3
10: 0 3.218 3.218 $0.300 3.464 0.410 9.236 156166853, 1.732 0.478 4.9 83: 03
11: 0 3.221 3.2201 98.990 3,464 0.451 10.158 158475545. 1.732 0.5 5.470 64: 0 3
12: 0 3.225 3.225 109.080 3.464 0.492 11.078 1588I3646. 1.732 0.574 5.968 65: 0 3
13: 0 9.230  3.230 118.170 3.484 0.533 11,998 57181158, 1.732 0.622 6.461 &6: 0 3
14: 0 3.234  3.234 127.260 3.464 0.574 12.917 157578086. 1.732 0.663 §.956 67: 0 3
15: 0 3.238 3.239 136.350 3.464 0.S14 13.835 158004430, 1.732 0.717 7.450 E8: 0 3
16: 0 3.245  3.245 145.440 3,464 0.655 14.752 158480185. 1.732 0.785 7.944 63: ¢ 3
*18:40  3.243  3.249 151.500 3.464 0.682 15.363 158780385. 1.732 0.798 8.273 70: 0 3
17: 0 3.250 3.250 149.202 3.464 0.696 15,862 158942193, 1.732 0.812 §.434 71:0 3
18: 0 3.256 3.256 142,123 3.464 0.733 16.4%4 159408755. 1.732 0.856 .8.8B? 72: 0 3
18: 0 3.261 3.261 134.833 3.464 0.766 17.238 159848601. -1.732 0.893 9.283 73: 0 3
200 0 3.266 3.266 127.371 3.464 0.795 17,903 160255332. 1.732 0.328 9.64] 74:0 3
2820 3.270  3.270 113.803 3.464 0.822 18.499 160634726. 1.732 0.959 9.9g2 15:0 3
22: 0 3.274  3.274 112,188 3.464  0.845 19.031 180984745. 1.732 0.98F 10.248 7®:¢ 3
23: 0 3.278 3.278 104.584 3.464 0.866 19.505 1B1305540. 1.732 1.011 10.504 o3
24: 0 3.282 3,282 97.049 3,464 0.885 19.927 1GI597456. 1.732 1.033 10.74] 8:0 3
251 0 3.285 3.285 89.643 3.464 0.302 20.300 1GI1861033. 1.732 1.052 10.§32 H:e 3
26: 0 3.287 3.287 82.424 3.464 0.916 20.627 [62087006. 1.732 1.062 f(1.108 80: 0 3
27: 0 3.290 3.290 75.450 3.464 0.929 20.914 16230831F. 1.732 1.084 11.962 81: 0 3
28: 0 3.292 3.292 68.781 3.464 0.840 21.162 162430080. 1.732 1.087 11.39§ 82:0 3
2900 3.294 3.284 62.475 3.464 0.843 21.375 182649548. 1.732  1.108 11.51 8:0 3
30: 0 3.296 3.296 56.591 3.464 0.957 21.556 I[B2786548. 1.732 L.1{T 11.608
31: 0 3,297 3.297 51.187 3.464 6.964 21.708 162902513. 1.732 1.125 11.690
32: 0 3.298 3.298 46.322 3.464 0.970 21.834 162999475. 1.732 1.132 1i.758
33: 0 3.299  3.299 42,054 3.464 0.974 21.938 163079568, 1.732 1.137 11.Bi4
34: 0 3.300 3.300 38.443 3464 0.978 22.022 183145125. 1.732 [.141 11.859
35: 0 3.300 3.300 35.547 3.464 0,381 22,091 163198675. 1.732 1.145 11.896

ALIKA SWAMP FLOOD ROUTINE (3)
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22,148
22.198
22.239
22.278
22.314
22.345
22.372
22,395
22.414
22 429
22,440
22 447
22.450
22.450
22.449
22 444
22.438
22.423
22.407
22.387
22.363
22336
22.304
22.269
22.230
22.187
22,140
22 .089
22,035
21.977
21.814
21.848
21.778
21.704
21,626
21545
21 .458
21.369
21,275
21.177
21.075
20.973
20.871
20.769
20.666
20.564
20.462
20.359
20.257

163242349,
163280875,
163315028,
163345947,
163373645,
163338140,
163418445,
163437574,
163452542,
163464364,
163473054,
163478626,
163481094,
163481203,
163480472,
163476775,
163470015,
163460208,
163447387,
1634315086,
163412638,
163390777.
163365937,
163338132,
163307375.
163273681 .
1863237063.
163197534,
163155108,
163109862,
163081626
183016595,
182956724 .
162800026 .
162840516,
162778207,
162713115,
162645254 .
162574639,
162501283,
162425801,
162343915,
162274536,
162193645.
162125063.
162050849,
161977003,
161803525,
161830417,
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148 11,927
JA50 11,958
53 11.976
58 11,997
156 12.018
158 12,033
59 12,048
81 12,080
A82 12,070
LIB2 12,078
63 12.084
163 12,088
162 12.088
163 12,080
.83 12.089
183 12,087
(183 12,082
162 12,075
61 12,087
60 12,058
58 12.043
158 12.028
158 12.011
.54 11,992
52 11,871
S0 11,948
AT 11,928
45 11.895
.142 11.888
139 11.835
36 11,804
132 11.768
A28 11.728
25 11,888
1210 11,648
1T 11.802
2 11.558
0T 11,507
403 11,457
097 11.404
092 11,348
087 11.294
.082 11,238
078 11,184
071 11.129
086 11.074
080 11,018
055 10.964
.050 10,909
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(1]
] u
- 3
o 8 -
— @ Yelocity in m/sec
(=] Iy
-~ < 1.0 20
0.5, 4 go 7
0.01 / / .
84T s 3
-1.0] E i3 g g
: o ) 4 o & B8~
2 SR P oo §
201 % / Velocily in m/sec 2 - ;E 2
. f o
S g% 7 20, o3 1.0 ~_20% 5% o
-3.01 W Y 2.0 D ) e ow® Velocity in m/sec
-4.01 1.0 8.0 = ‘/ 10 G
-44 00 T/ 1/
1] 500 1000 . . 3 el
. 0.0 B ] Va | 5.0 | ;
Discharge in m3/sec gl pg 0o] 8 /
1 4 ] / & 40 &/ V4
) - g-1.0{ 84 - g-10] 5 o st
River name : Kapuri river o = L~ } S = y 27
Assumplions, River bed stope 15 - 0.0030 % - 20 a R '/ g L 10 » e
Raughness coeflicient :n = 0.025 8" 3 5.0 i < ‘},‘ a0l 03 L7 1
I 55 A% 2 g 1/ S
» -30| & 4.0 yd o 3.0 5 2.0 T
1] B : /' ) _/
L~
-4,01 ] [.0
1.0 30 Wi -4.0
8 /
v - . -4.7 0.0
3 % S o 0 500 1000
£ g 4 Disch in m3s
- . a
. R Yelocity in m/sec -6.0 10 4 1seharge in m-/sec
0 o 1.0 - 2.0
.4 4.7 o i ‘7.0*
.01 o 40 // ] 72 0 500 1000 _
g 4 Discharge in m3/sec River name : Taurj river
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APPENDIX 2

Taurj river

5th October 1988
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