CHAPTER S CASE STUDY OF FLOOD MITIGATION BY AFFORESTATION /
REFORESTATION

8.1 Case Study Arca

The Sigatoka watershed was selected for the case study of flood mitigation by
afforestation/reforestation, with the folowing reasons;

- The most part of the Sigatoka watcrshed is located in "dry zonc”, and the forest cover

is less than 50 % of the watershed arca (Supporting Report Part H, "Forest and Soit
Erosion").

—  The difference between the design flood discharge (1/2G probability) and the current
flow capacity in the Rewa, Nadi and Ba watershed is so large that non-structural
mcasures can not deal with it.  However, the difference in the Sigatoka watershed is
as low as 300 m’/see that could be solved by non-structural measures,

—  As the native villages are distributed along Sigatoka river and Sigatoka town extends
up to the river bank, land acquisition for structural measures would be difficult and
only river bed excavation (dredging) could be considered as a structural measure,
which is not a permanent countermeasure. Therefore, the non-structural measure
(afYorestation) should be examined as a possible countermeasure,

The afforestation area in the Sigatoka watershed is planned to be 233 km®. Priority shall be
placed on the area around the divide of the Sigatoka-Ba watersheds where urgent
countermeasures for soil erosion are required as the decrease of forest has been temarkable
recently and the annual rainfall is large.

The discharge to be reduced by aftorestation is 300 m*/sec which is the difference between
the design Nlood discharge (1/20 probability) and the current flow capacity.

8.2 Flood Mitigation Effect of Afforestation

The runoft model to asscss the effect of afforestation quantitatively was made based on the

storage function methed used for the runoff analysis in this Study. Effects of forest on
Nood mitigation are;

a) To reduce a part of flood discharge temporarily and drain it as normal runoff alter
flood

b) To increase the water retention capacity of watershed

The storage function method was formulated considering retention phenomenon during the
runoff and its dynamic equation is as follows.

Si=kQ/
where
S, . storage of water in watershed or river channel
Q, : runoff
k.p : constant
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In the runoff model for afforestation, the effect of a) is accounted as the runofY cocflicient, f.
As the runofT cocfficient is reduced, the flood discharge decreases accordingly.  According
to Kadoya {1988), the difference of the average peak runoff coellicient between woodland
(0.4) and grazing area (0.5) is 0.1 as shown in Table-E8.1, Therefore, the effect of
afTorestation en flood discharge was considered by reducing fby 0.1, Since f for the runoffl
analysis is assamed 0.5 aver the whole watershed, f for afforestation was assumed 0.4.

Table-F8.1  Peak Runoff Coefiicient by Land Use

Land Use Peak Runoff Coeflicient (/) Aveorage
Woodland 0.35~0.45 0.40
Grazing Arca 04~00 0.50
Golf Links 0.45~0.6 0.53
Playground 08~09 0.85
Urban 08~10 0.90

Source: Kadoya (1988)

Meanwhile in order to evaluate the effect of b), the kinematic wave method was employed
which is another method explaining the runofT’ phenomenon of rain.  This method was
formulated on condition that the runoff phenomenon of rain was assumed as the flow on
slope and river course, and its dynamic equation is as follows.

h=k'g"

where
i : depth of water
q : runoff

Y 06
k',p : constan, k':(ﬁ:)

s

N : equivalent to roughness cocellicient
S . slope

Table-E8.2 Standard Valueof N

Land Use N Average
Woodland 0.6~1.2 0.9
Grazing Area, Golf Links,
(Cultivation Area
Source: Hathaway (1944), Palmer (1946)

03-0.5 0.4

The equation of the storage function method resembles that of the kinematic wave method
and there is similarity in the constants of both mcthods.  In the kinematic wave method, the
influence of land use to the runofT is accounted the equivalent coefTicient of roughness N.
According to Hathway (1994) and Palmer (1946), the average equivalent cocfficient of
roughness N for woodland is approximately twice as big as one for grazing area, golf links
and cultivation area.  Applying this difference, it was assumed that the equivalent
coefficient of roughness N for grassland and grazing area would be twice as big as the
current valuc after the implementation of afforestation.  When N is double, & will be 206
times larger.  Sinee the constant & in the storage function method is assumed to change in
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proporlion to the constant k" in the kinematic wave method, & also will be 2% times larger to
take account of the water retention capacily of waltershed,

The result of the runofT model application for afforestation is shown in Table-ES.3.  If the
total forest arca of 952 km® was achicved by afforestation of 233 km? in the Sigatoka
watershed, the flood discharge of 270 m*/sce would be reduced by the effect of the forest.
Since 270 m'/sec is almost same as the difference (300 m*/sec) between the design flood
discharge and present flow capacity, afforestation in the Sigatoka is possible to replace the
struclural measures.

Table-1:8.3 [Lffect of Afforestation in Sigatoka Watershed

. — Flood Discharge | Total Discharge
Sigatoka Watershed (m¥fsec) (1,000 )
Present Condition 2,900 80,049
After Afforestation 2,630 73,948
Effect by Aflorestation 21 -

Wote: Design tlood is 20 year return period floed in accordance
with the runoff analysis (Chapter 6).

8.3 Evaluation

Relation between flood damage and discharge in the Sigatoka watershed was determined as
shown in Figure-E8.1. DBased on that relation, annual average damage reduction by
afforestation was estimated and the result is shown in Table-E8.4. The benefit of the
afforestation is equivalent to the annual average damage reduction, ¥$ 186,000/year.

liconomic evaluation was conducted to assess feasibility of aftorestation in the Sigatoka
watershed assuming that the project life is 100 years.  As a result, EIRR is negative and
B/C is equal to 0.1 as discussed in Chapter 4. The benelfit here was estimated only n terms
of Mood damage reduction. However, the benefit from forests should include various
aspects, such as prevention of soil erosion, mitigation of sedimentation, conservation of
water resources, protection of river turbidity, conservation of diversified animals, plants and
coral reef or eco-system, contribution to tourism etc. whose quantitative estimate is difficult.
Taking into account the total bencfit of afforestation, it would be safely said that the
afforestation should be feasible.

Table-E8.4  Estimate of Annual Average Dantage Reduction (Sigatoka)

Annual Discharge Floed Damage Flood Average  fAnnual
Average Afler After Damage  [tlood Average
Retura Period  [Return Imple- o Imple- Reduction [Damage  |Flood
) Penods Cunreat mentation Effect - |[Corcent mentation Reduction {Damage
River Reduction
-2 - SOt | &g,
@ @ @ @=2-3 ] ® =0 T 12D @-0Ox@
ofisec | m¥sec | misec | 103 | 10°rs | 10°FS | 10'F8 | 107
Sigatoka 1720 0.050r - 2,900 2,630 270 9304 7,733 1,582 - -
10l 0.100 0.050 2,200 2,600 200 5214 4,042 L1172 1,377 69
el 0.167 06.067 1,650 1,500 150 1,992 L1113 879 1,025 68
15| 0.200 0.033 1,460 1,320 140 Bi% 59 820 849 28
14] 0.250 0.030 1,310 £,190 120 0 0 G 410 21
Total b 186
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Damage by Cyclone KINA

Walershed Sigatoha Remark
()General Assets .. 4710000 IEMective Ratio of Measures 0718
(éﬁ};gn:\'-'&lrurai Crops 6,160,000 1
(DBusiness Activities. BN
(4)Public Structure 1,384,000 (1) x 40%
Totsl 12,829,000 |
L e s ]
Sigatoka River S
Who'e Catchment Area{km®) 1,450
' o point(em) T
lCa!chmeniArea(krﬁ’) T 1439
Ground Height (ELm) | 240
Harrless Discharge l(‘l;a:éné_em(ﬁ;)'_' | oo
[Weter Level(ELm) | 240
Q@ (m's) 1,300 Damage(t0' F$) |
.. iQetRwerMowh(mys)  a3t0fie [ 000 0
Discharge of Cyclone KINA (1/30) 3,500 12,829

* - Return Peeiod of Harmtess Discharge

(3. Discharge

Q=alxb a= 0.171 b= 1,3t0

Point. Distance from River Mouth D=cQHd : ¢= 5858 &= -1674
I _ _ _ ol I ,
4,000 !
. ' . . ' . H
: y . . . . i
3,500 e, e ieaaaas T e e e

2000 }----

1500 Jrrreg et r e e s e e e ecneenens qreem e e
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0 2,000 4,000 6,600 £,000 10,000 12,000 14,000
Flood Damage {10° F$)

Figure-E8.1 Relation between Flood Damage and ischarge {Sigatoka)
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CHAPTERY9 POTENTIAL FLOOD CONTROL MEASURES AND PRIORITY
PROJECT FOR FEASIBHITY STUDY

9.1 Petential Fload Control Measures

The flood control plans were examined and formulated for 20 year retun period flood.
Considering the current flow capacity and assets located in the flood prone areas, the flood
damage would be reduced enormously by implementation of structural measures and non
structural measures proposed.

However, the characteristics of the target 4 watersheds require a flood control plan for 50
year return period flood.  As the development expands and population increases in future,
the potential of flood damage will be high resulting in the necessity to formulate the {lood
control plan for 5D year return period flood.  As shown in Figure-Ed.1, there are still
applicable structural measures. Based on those measures and mcthodologics adopted by
the Study Team, the flood control plan for 50 year retum period should be examined and
formulated when required,

9.2 Project for Feasibility Study

A priority project for the Fcasibiiity Study was selected from flood control master plans
proposed because of their drastic effects on flood damage mitigation. For the selection, the
following factors were considered (see Chapter 10 in Main Report).

1) Present Capacity of River Channel

2) Population in Beneficial Areas

3} Total Project Cost

4) Average Annual Damage Reduction

5) Economic Eftect

6) Land Acquisition and Compensation

7) Impact on Social and Natural Environment

As a result, the flood control measures in the Nadi watershed, which consist of diversion
channel and short cut channel, were found suitable for the priority project.

At the beginning of the Feasibility Study, November 14th 1997, the selection of the priority
project was discussed in the Steering Commiltee, and the Nadi diversion channel and short
cut channel were finally determined as the priority project by mutual consent of MAFF, the
Steering Committee and the Study Team. The Feasibility Study on the priorily project was
commenced from November, 1997.

The results of the Feasibility Study are discussed in the following chapters.
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CHAPTER 10 EXAMINATION OF SCALE OF BPIVERSION CIIANNEL
19.1 Design Flood

During the Master Plan Study of flood control on 4 major Viti Levu rivers, the design flood
of cach watershed has been determined considering the arca of watershed, social and
cconomic importance of objective area, flood damage expected and so on.  The result of
design flood determination is discussed briefly below.

As a result of examination of watershed indices, such as arca of watershed, arca of
inundation, population and propertics in inundated arca ete., the flood of 50 year return
period is considercd appropriate as the design flood of 4 watersheds, Rewa, Sigatoka, Nadi
and Ba. Tlowever, to achieve the safety degree against 1/50 probability flood, the flow
capacity of Rewa, Sigatoka and Ba rivers has to be improved approximately twice as much
as the current capacity, while that of Nadi has to be improved 10 times more.

When the difference between the current flow capacity and design flood discharge is very
large, the flood control plans often encounter the dilficulty of implementation duc to the
large investment and works to be required.  Under this kind of circumstances, the stepwise
plans arc practical and effective to flood control. Therefore, two step plan has been
proposed.  The first step is to improve the flow capacity by 50 % of insufficient capacity
(= 1/50 probability flood - current flow capacity) and at the second step, the river is
improved to drain 1/50 probabitity flood.  Since the flood probability of first step target is
almost 1/20 throughout the four watersheds, the flood of 20 year return period was set as a
goal of the first step and the Master Plan on flood control was formulated for the first step,
1720 probability flood.

For the Feasibility Study, the same design flood as the Master Plan is applied to examing the
project specifications of Nadi diversion channel and short cut channel.  The distribution of
design flood discharge, 1/20 probabitity flood, in Nadi river is shown in Figure-E10.1.

Nadi River
3,100 2,700
2,100 1,800
“— —
Malakua [ Nawaka River

River

Legend

50 year return period flood
20 year return period Rood
<

(unit: m*sec)

Figure-E10.1  Distribution of Flood Discharge
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10.2 Scale of Diversion Channel

The distribution of design Nood discharge, 20 year return period flood, with implementation
of the diversion channel is shown in Figure-E10.2,

: ;}0 Nadi Diversion
B _ Nadi River ’
600 300 1,800
<= <= -
Matakua Nawaka River
River|

Legend
20 yeat return period flood
<

{Unit: m*/sec)

Figure-E10.2  Distribution of Design Flood Discharge (1/20 Probability Flood) with Diversion Chanacl

As shown in Figure-1110.2, the flow capacity of the diversion channel is 5 times as much as
the current flow capacity of Nadi river as long as the design flood is 1/20 probability flood.
Even 1/20 probability flood may be too large to realize flood control measures for Nadi river
in terms of finance. Therefore, the stepwise implementation of the Nadi diversion channel
was examined. To assess the possibility of stepwise implementation of the diversion
channel, the scale of diversion channel with smaller probability floods, 1/15, 1/10 and 1/5,

was examined. The distribution of different flood discharges with implementation of the
diversion channel is shown in Figure-E10.3.

i
| 1,500
1,200
900 L. .
510 (Nadi Diversion
Nadi River
6090 300 1,800
550 300 1,500
500 300 1,200
450 300 310
P Pty -
Malakua Wawaka River
River

Legend

20 year retumn period flood
}5 year return period flood
10 year return period flood
5 year return period flood

<
(Unit: m*/sec)

Figure-L10.3  Distribution of Different Flood Discharges with Diversion Channel
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A diversion channel for a smaller flood than 1/20 probability flood was desigined to have the
same tongitudinal profile as the diversion channel for 1/20 probability flood but smaller
channel width depending on flood discharge, in order to implement the stepwise
construction smoothly. The standard cross section of diversion channel for cach flood
probability is shown in Figure-£10.4.  The hydraulic design of those diversion channels is
discussed in Chapter 11.
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Figure-E10.4  Standard Cross Section of Nadi Diversion Channel for Different Flood Probability
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CHAPTER 11 HYDRAULIC DESIGN
11.1 Site for Diversien Channel and Short Cut Channel

(1) Site for Diversion Channel

4 possible alignments which are located upstream Nadi river from the Nadi town (9.5 km ~
12.0 km upstrcam from river mouth) were examined for the Nadi diversion channel in terms
of topographical features, land acquisition and length (Chapter 4).  As a result, an
alignment which passes along the Enamanu road and whosc total length is the shortest
among 4 alignmeats was selected.

Bascd on results of topographical survey, geological survey and social-environmental survey
conducted during the 3rd work period in Fiji from November 1997 1o Match 1998, the
alignment of the diversion channel was finally determined. [Itemis considered for the
determination of alignment are topographical features, geological features, land acquisition
and compensation and preservation areas, such as cemetery, archacological site cte., in the
project sitc.  As a result, the diverting point is the right bank of Nadi river located at 14.6
km from river mouth and the total length is approximately 3.3 km. These figures are
slightly different from the Master Plan (diverting point: 14.0 km from river mouth, total
length: 3.0 km).

(2) Site for Short Cut Channel

Based on results of topographical survey and social-environmental survey conducted during
the 3rd work period in Fiji, the site for the short cut channel was finally determined. In fact,
the site is not different from that proposed in the Master Plan because there is no land use

practiced in the site.

The short cut channel will connect between 7.5 km and 9.0 km points of Nadi river from
river mouth., Its total length is approximately 250 m.

(3) Location

Location of the Nadi diversion channel and short cut channel are shown in Figure-E11.1
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Disposal Area

Rock Jelty

Figure-E11.1

Location of Nadi Diverston Channel and Short Cut Channel
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1.2 Diverting Ratio

According to daily rainfall data at Nadi airport in the last 53 years (1942 ~ 1995, data gaps
in 1946), annual rainy days arc 130 days in average, 84 days in the least and 178 days in the
greatest.  Therefore, rainfall contributes to discharge for 23 % ~ 49 % of ycar. As shown
in Figure-I11.3 (flow regime), discharge is almost constant for 50 % of year (50 % from the
lowest discharge) and it implies that there is no runoff to affect discharge by rainfall.
Discharge at 25 % of year from the maximum is approximately 3 times bigger than
discharge when there is no rainfall and it is apparent that this increase is due to rainfall.

Diverting ratio was determined as drainage through the diversion chamnel starts when
discharge of Nadi river increases by rainfall.  Considering the rainfall distribution in ycar
and flow regime, the diversion channel was designed to start drainage when discharge of
Nadi river is approximately 15 m’/sec which is discharge at 25 % of year from the
maximum, altowing Nadi river to drain water for 75 % of year without the diversion channel.
IFor the rest of year, 25 % of ycar, waler is draincd by both Nadi river and diversion channel
varying the diverting ratio. Diverting ratios with different discharge were determined by
non-uniform fMlow caleulation and the result is shown in Figure-E11.2.

Based on the flow regimie at Votualevu station (catchment arca = 164 ki’ , the flow regime
g g

at the diverting point (catchment arca = 327 km?) was estimated by ratio of catchment area.
The result is shown in Figure-1511.3.

vae | | ——NadiRiver 1

———Diversion | : : ' : t Diversion S
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1,290 - e \_» B B (‘_ s B : .....
1000 bbb

Nadi River

200 | e

'

0 200 400 600 800 1,000 1,200 1,400 1,606 1,800
Diverting Curve before Divert [m"r’s]‘.

Figure-E11.2  Diverling Ratio of Nadi River and Diversion Channel
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Figure-E11.3  Flow Regime at Diverting Peint in Nadi River
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11.3

11.3.1

Hydraulic Design of Diversion Channel and Short Cut Channel

Design Conditions

(1) Funections of Diversion Channel

The Nadi diversion channel has the following functions.

20 year return period flood at diverting point (1,800 m’f-:ec) is drained through the
diversion channel (1,500 m*/sec) and Nadi river (300 m sec).

Drainage through the diversion channel starts, when discharge of Nadi river is
increased by rainfall and is 15 m'/sce.

(2) Consideration of Design

For the design, following 2 items were considered.

to minimize widih of the diversion channel in order to reduce work quantity and cost

to design bed elevation of the diversion channel as high as possible in order to reduce
work quantity in the sea resulting cheaper cost

(3) Design Method

Method to examine the hydraulic design of the Nadi diversion channel is as follows.

1) to determine widths of the diversion chaunel inlet and Nadi river at diverting point so
as to allocate floods in accordance with the design
Table-E11.1  Widths of Inlet and Nadi River at Diverting Point
 widh Case | {m) Case 2 (m) Case 3f(.m} Cased (m}
Nadi River 9 10 1 12
Dversion Channel 54 60 65 71

Width of the diversion channel is cequired at least 50 ~ 70 m based on topographic condition and d:scharge
Width of Nadi river was determined based on width of the diversion channel.

2)

3)

4)

5)

to calculate water level and energy head of Nadi river form river mouth {o diverting
point by non-uniform flow computation with the above conditions (Table-E11.1)

to calculate water leve!l and energy head of the diversion channel from downstream
end to diverting point by non-uniform flow computation

to conduct 3) calculation varying hydraulic specifications (cross section and
longitudinal profile) of the diversion channel until water levels and energy heads of
the diversion channel and Nadi river are cqual to each other at diverting point

to select the hydraulic specification whose width is equal to inlet widlh of the
diversion channel among scveral specifications determined in 4)
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{4} Design Conditions

The followings are design conditions of the diversion channel,

D

2)

3

4)

)

Sea water level: Since the mean high water of tide is approximately EIL. 0.6 m (above
mean sea level), EL. 1.0 m was adopted as a boundary condition of non-uniform flow
computation considering the safety factor.

Calculation in the sca around the downstream end: Assuming that flow from the
diversion channel spreads with an angle of 5°, a staring point of non-uniform flow
computation where velocity of the flow is dissipated is 1.5 km away from the
downstream end.  The angle of 5° is the popular empirical figure.

Sea

SD

Piversion
Channel

Figure-E11.4  Spreading Angle of Flow into Sea

Slope gradient of diversion channel: Considering slope stability of the diversion
channel and vegelation cover on slope, slope gradient is assumed to be 12,

Manning roughness coeflicient: Manning roughness coefficient in Nadi river and
the diversion channel is assumed to be 0.03.

Bed elevation at diverting point:  Bed clevation of Nadi river is equal to the present
bed elevation (EL. -1.0 m), while bed elevation of the diversion channel is EL. 6.0 m
which water starts to flow into the diversion channel when discharge of Nadi river is
15 m*/sec.

11.3.2 Results

(1) Diversion Channel

Based on the conditions above, non-uniform flow computation was employed to determine
the hydraulic design of the diversion channel varying widths of inlet and Nadi river at
diverting point.  The results are shown in Table-E11.2.
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Table-B11.2 (1/2) Hydraulic Design of Diversion Channel with Target Water Level and Encrgy Head

Target {case 1)

| H(EL. )

398

-1 Width of Biverting Point

Nadi River - Nadi River: 9m
:((;}}:c')m) e 22; Inlct of Diversion Channel: Mm
Efevation of ltem Section of Diversion Channed where Bed Slope is tlat
| Outtet (EL. m) No Flat Scction | 0~1,300m | 0~ 1,800m | 0~2300m |
Bm) S 1000
- a0 HELm 499
g | V() Csse 4
&l £ (Fl.. ) i 657 )
2 By _ 1000 | 695
¢ a5 |MELm | sl A
: ' Vinss) 3. o827 358
1 1 EELm) ) 6.69 6.57
| Bm) & 00 [ 1000 SES b L
3.0 HELm) of o s48 4 0t 498 %
' RAGIONN oy ooos07 L 554} SS58
E(EL. m) 6.7 6.58 6.57
H (EL. ;;rgel (casc;%z Width of Diverting Point
Nadi River T [ S Nadi River: 10 m
:((F:!S)m) - gif s Inlet of Diversion Channel: 60 m
Elevation of fem Scction of Diversion Channel where Bed Slope is Flat
| Outlet (EL. m) | NoTlatSection | 6~1,300m | 0~1,800m | 0~2300m | 0~2,500m
Bmy [ 1000 U X T
- s (HELmy [T | TTTsss T T T s L
£ ' Viwsy | T ase | T | 482
&1 E {(EL. m} 6.80 641
= Bem__ | 1000 | 805 | 630 | 600
2 PR T T A B s22 | s T s
2 | Vv | T asi T as 18 478
2l £ (EL. m} ) 6.59 6.41 641 6.40
Bm 1 . 100.0 (600 R
3.0 ,]il!f,‘f;'l‘)_._ e e = o s i e 527 _ _§_22. - - -
’ Vimws) v 4.78 8 | S
E (EL.m) 6.43 6.41
_ L :;;’g”t (m“'; ga Width of Diverfing Point
MNadi River _‘Tf_(m.’;) D LT S 'i\k'ldiR;;';r: o Ch ] :3; m
E{LL ;ljlj—_ - _6_3_1 T nlet o INCISION Annglt m
Elevation of ltem Section of Diversion Channel where Bed Slope is Flat
Outlet (EL. m) NoFlatSection | 0~1,300m ] 0~1,800m | 0~2300m | B
B@__ | | moo | ss | me I
i 2.0 U(E,LJ“], _______2_6_(',,,, ,,.-.-.‘?:.3_?_.,7 - ._.5_'3_8.__._ R
g ' Viws) | B 2 R T N T N
&b _ |E(EL.m}) 6.50 6.31 6.31 - _
= B | I o
7 PO % N - Y S NS A NS A
- E{EL.m)_ 6.31 6.31
B(m) | ez -
o lHECY | I L
' DZCT2 N I I %7 I I D
E(EL.m) 6,30
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Table-1511.2 (272)

Hydraulic Design of Diversion Channel with Target Water Leve! and Encrgy 1lcad

Target {case 4 -
1 (_lflmrﬁ; e !*@gi-g--—" Width of Diverting Point
Nadi River v m/ : - 386 e Nadi River: 1Zm
£ ((I“"!kS)'n“l) : - 6._2"1" inlet of Diversion Channel: Tim
Elevation of ltem Section of Diversion Channel where 3ed Slope is Flat
Outlet (L. m) No Flat Scetion | 0~ 1,300m | 0~ 1,800m | 0~2300m |
B{m)
5 (DL )
2120
5 . T E(EL m) -
z B(m) - 1006 1965 | 664 |
7 a2 : 585 sas [ sas
k1 ' . 61 ass 385
a i 6.52 624 6.24 -
E (EL. m) 6.75

B:  Bed Width of Diversion Chaone!
Water Level at Diverting Point

V:  Velocity
E:  Energy Head

Distance is counted from the downstream end.

Note:

b

2)

3

4)

In the case that energy head exceeds the target despite the fact that bed width of the diversion channel is
100 m, calculation was ceased because the bed width greater than 100 m is too large scale to be
implemented.

In the case that inlet width is 54 m, the hydraulic design to satisfy diversion
conditions is that bed clevation of the diversion channel at downstream end is
EL. -3.0 m and section from downstream end to 2,300 m is flat.  In casc that the bed
clevation at downstream end is higher than EL. -3.0 m, the diversion channel cannot

drain the expected discharge even if all section of the diversion channel is designed
flat.

In the casc that inlet width is 60 m, there arc two designs to satisfy diversion
condiitions.  One is that bed elevation of the diversion channel at downstream end is
EL. -2.5 m and scction from downstream end to 2,500 m is flat, and another is that

bed elevation at downstream end is Ef.. -3.0 m and section from downstream cand to
1,800 m is flat.

In the case that inlet width is 65 m, there are two designs to satisfy diversion
conditions. One is that bed elevation of the diversion channel at downstream end is
EL. -2.5 m and section from downstream end to 1,800 m is flat, and another is that

bed clevation at downstream end is EL.. -3.0 m and section from downstrean: end to
1,300 m is flat.

In the casc that inltet width is 71 m', the hydraulic design to salisly diversion
conditions is that bed elevation of the diversion channel at downsiream end is
EL. -2.5 m and section from downstream end to 1,800 ~ 2,300 m is flat.

Bed clevation of the diversion channel should be as high as possible in terms of construction
of outlet in the sea, while bed width should be narrow in terms of work quantity or

construction cost.

The case 1 has the smallest bed widith; however, bed elevation at
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downstream end {EL.. -3.0 m) has a disadvantage. If bed elevation is EL, -2.5 m, the
smallest bed width is 60 m (case 2).  Therefore, considering the construction of outlet and
cost of the diversion chamel, the case 2 (the following specifications) was adopted as the
hydraulic design of the diversion channel,

—  bed width of diversion channel: 60m
—  bed clevation at downstream end: El.-2.5m
—  {lat section of bed: from downstream end to 2,500 m

Details of the hydrautic design are summarized in Table-111.3 for not only the design flood
(1720 probability floed) but also 1/15, 1/10 and 1/5 probability floods. The hydraulic
analysis was conducted for the target flood (1/20 probability flood) only. Since diversion
channels for other smaller floods have same bed slope as the diversion channel for 1/20
probability flood but smaller bed width depending on flood discharge and the hydraulic
phenomena for other smaller floods are almost similar to that for 1/20 probability fload, it is

not necessary at present to conduct the hydrautic analysis for 1/15, 1/10 and 1/5 probability
floods.

(6) Short Cut Channe!

The short cut channe! has 250 m length connecting 7.5 km point and 9.0 km point of Nadi
river from river mouth.  Longitudinal profile was designed to be equivalent to the current
one of Nadi river {1/2,000) and bed elevation was also designed to be same as bed elevation
of Nadi river (7.5 km point: EL. -1.0 m and 9.0 km point: EL. -0.9 m). Bed width of the
short cul channel was determined as 30 m which is same as bed width of Nadi river at
9.0 km point, while bed width of Nadi river at 7.5 km was designed to be enlarged to 40 m
considering confluence with Nawaka river.

Details of the hydraulic design arc shown in Table-E11.3.
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Table-E11.3  Summary of Hydraulic Design {Diversion Channel and Short Cut Channel)

Probability of Design Flood

ftem
1120 115 10 | TAS
NR upstream DC 1,800 m'/see 1,500 m*/sec 1,200 m'/sec 810 m'/sec
&
g NR downstream DC 300 m/sec 300 1n'fsec 300 m'/sec 300 mYsee
-g Diversion 1,500 m'fsec 1,200 m*fsec 900 m*/sec 510 msee
Start of diverting 15 m’fsec 15 nv’fsec 15 m’fsec 15 m¥/scee
Location of diverting Nadi river 14.6 ki upstrem from river mouth
Bed stope 1/5,000
B¥ed elevation EL.-1.00m
E [Widih of NR (bed) 100 m 10.0m 15.0m 10.0m
o :
%‘Q Width of intet (DC) 60.0m 480 m 3I60m 21.0m
g
'é WL at intet EL. S 145m EL. 5019m EL. 4399 m L. 4787 m
A |WL atinkt without DC (EL. 13.041 m) (EL. 11971 m) | (EL. 10.799 m) (EL. 10313 m)
Tolal head EL. 6361 m EL.6.286 m FL.6219m EL.6.158m
Velocity 488 m/sec 4.98 mfsec 5.09 mfsec 5.18 nv'sec
Froude number 0.63 0.65 0.67 0.69
Total length approximately 3,300 m
£ downstrem from 2.5 km point : Levet
g |Bed stope
G upstream from 2.5 km point : 1/320
g -
‘7 [Efevation at
2 [downsiream end EL.-2.500 m
o
Elevation of inlet EL. ¢.000m
Bed width 60.0m 480 m 360m 2t0m
Location between 7.5 km and 9.0 km of Nadi river from river mouth {fengih : 250 m)
Bed slope 1/2,500
Bed 7.5 km EL.-1L.000m
_ felevation [9.0%km EL.-0500m
[¥3
g 7.5 km 400 m
S |Bed width
5 Short cut 300m
O
g WI. at 9.0 km point FL. 4810m EL. 4.607 m EL.4395m EL. 4.174m
@ [WLat 9.0 km poit
with DC {EL. 5.147 m) {EL. 4957 m) {EL. 4764 m) (EL.. 4.547 m)
without short cut
Yelocity 1.27 nvsec 1.33 m/sec 1.40 m/sec 1.47 nysec
Froude number 0.19 020 022 023

NR: Nadi River

DC: Diversion Channel

WI,: Water Level
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(3) Water Level

Non-uniform flow computation was applicd to estimate water level of Nadi river for 20 year
return period flood with implementation of the diversion and short cut channels.  Results
are summarized in Table-1311.4 and expected water level is shown in Figure-ELLS, Water
level of the diversion channel for the design discharge (1,500 m¥/sec) was also estimated by
non-uniform flow computation and results are shown in Table-E11.5 and Figure-E11.6.

Since width of Nadi river is narrowed to 10 m at diverting point, velocity of flow increases
resulting in lower water level {velocity head + water level = energy head: approximately
constant). However, the flow does not become turbulent because it is net supereritical
ltow.

Nadi river upstrcam from diverting point is improved to flow 2,100 m’/see; however, Nadi
river is very narrow in further upstream.  Therefore, as shown in Figure-E11.5, water level
around 15 km point is much higher than downstream due to backwater resulting from the
NAITOW areas.

e

Bed stope of the diversion channel is flat from downstream end to 2,500 m point as shown
in Figure-£11.6; however, there is no stagnation during drainage even if discharge is small
because flow is governed by not bed slope but energy gradient.

(4) Recommendation

Hydraulic design of the diversion channel and short cut channel in this study was conducted
by one dimensional analysis. Since Nadi river is a natural channel which does not have
uniform cross section and objective of hydraulic calculation is fload whose velocity is very
fast, il is not possible to get expected accuracy of hydraulic examination by two or three
dimensional analysis.  Thercfore, hydraulic model experiment would be strongly
recommended to reexamine the design of the diversion and short cut channels, (o understand
flow conditions {arca of water collision etc.) and to study sediment transportation if the
diversion and short cut channel project were determined to be implemented.

fott,
5
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TaMe-£11.4  Water Level of Nadi River with Diversion & Short Cut Channels

(1720 Probability Flood)
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Table-C11.5  Water Level of Diversion Channet (1720 Probability Flood)
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114 Other Factoys Considered
(1) Bank Erosion

When the design flood or 3 smaller floods (1/20, 1/15, 1710 and 1/5 probability floods)
flows in the diversion channel, the maximum velocity of flow would be approximately

5 m/sec, regardless of flood size.  Therefore, bank protection works, such as vegetation, are
required.

According to the analysis conducied in this study, there is no critical arcas of water collision,
except diverting point.  Therefore, revetment works are considered not necessary at this
stage of study.  Tlowever, results of hydraulic model experiment recomimended for the next
stage (detail design stage) may require revetinent works and bed protection works.  In the
structural design (Chapter 12), water collision prone arca which is left bank of the diversion
chamiel at a bend is designed to have more strength than other arcas of bank by widening
bank width.  Therefore, if bank protection for critical areas of water collision was required
in the further study, it would be recommended to consider not only revetment works but also
mnerease in bank stability by widening bank width and applying more gentle bank slope.

(2} Sedimentation in Diversion Channel and Nadi River

Since bed elevation of the diversion channe! is 1.0 i higher than that of Nadi river at
diverting point, bed load flows only in Nadi river but not in the diversion channcl.
Therelore, only suspended load flows and some may be deposited in the diversion channel.
Since the suspended load mostly consists of particles smaller than 0.03 cm, its deposit is
easily drained by a flush of flood (see Supporting Report Part 1).

Bed load deposit in a particular place of Nadi river is not expected, because weir struclures
arc not planmed. LEven if there is some change in river profile, dynamic equitibrinm
gradient will be achicved soon, and scouring and sediment deposit in a particular place is not
expected.

(3) Sedimentation at Outlet

Since there is no flow, except periodical tidal flow, in the diversion channel for 75 % of year,
sca sand is expected to be deposited at the outlet of the diversion channel.  However,
particle size of sand in the Nadi bay is finc enough to be flushed by drainage of floods.
Therefore, the cross section of the diversion channel! is maintained.

In Supporting Report Part 1, Coastal Investigation, sediment transportation through the
diversion channel was studicd based on the hydrograph of flood and particle size
distribution in the upper reach of Nadi river. The study results show that sediment load
through the diversion channel mostly consists of particles smaller than fine sand (< 0.03 cm),
such as suspended load and wash load.  Those particles are easily drained into the sea and
diffused by ordinal tide. ‘Therefore, serious problems of sedimentation at outlet are not
expected 1o occur,

Present conditions at oultlet of the Sabeto drainage canal located near the diversion channel

sitc prove the abave.  Although there are flood gates at outlet resulting in rapid decline of
Now velocily, sedimentation at outlet is hardly observed.
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Scdiment load through the diversion channel is considered not to cause scrious problems at
outlet. [Fowever, it is rccommended to conduct sediment transportation experiment to
review the sediment (ransportation and study sedimentation in the Nadi bay in details if the
project proceeds the next stage, detailed design stage.

(4) Storm Surge

The study on extension of the Nadi airport assumed that storm surge of 20 year return period
is EL. 3.0 m. Since the historical records has not confirmed that figure, it may be
overestimate; however, it is considered as a safety factor for the airport extension.

Assuming that sea level is EL. 3.0 m and discharge of the diversion channel is 1,500 m®/scc
{drainage for 20 ycar rcturn period flood), water level of the diversion channel was
calculated and results are shown in Table-E11.6 and Figure-E11.7,  As shown in
Figure-E11.7, water level when sea level is EL. 3.0 m is within freeboard at any section of
the diversion channel.  Therefore, even if storin surge was EL. 3.0 m, the diversion channel
would drain the deign discharge safely.

() Flood Gate

Sugarcane is currently cullivated along the proposed alignment of the diversion channel;
however, its area is expected to be reduced considerably due to the future Jand use, such as
the extension project of Nadi airport, tourism development and earth works of the diversion
channet.  Since the diversion channel project proposes land development of soil disposal
area, it would stipulate the development in the vicinity of the diversion channe! resulting in
the further reduction of sugarcane field if the proposal was implemented.  Therefore, flood
gates at outlet of the diversion channe! are considered not necessary because there will be no
crops to be protected from saline problems.

Flood gates at outlet induce water stagnation resulting in water pollution. The direct
results may be mosquito breeding, emitting of unpleasant smell or odor, and unwanted
growth of vegetation in the channel. This problem has been pointed out by many
specialists and thought to be hazardous to public health in the surrounding area. Therefore,
flocd gates are not recommendable from an environmental point of view.

Sea water intrusion through the diversion channel is discussed in the next section.
Conclusion is that the sea water hardly reach to Nadi river through the channel. Since sea
water intrusion improves water quality in the channel by periodical flow of tide and hardly
affect water quatity of Nadi river through the channel, flood gates should not be instalted.

Flood gates are considered not necessary at this stage of the study. Necessity of flood gates

to mitigate saline problems should be examined by groundwater monitering along the site of
the diverstion channel after completion of the diversion channel construction.
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Table-EX1.6  Estimate of Storm Surge Effect
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{6) Sea Water Intrusion

When the brine intrudes into river, saltwater wedge is formed due to the difference of
speetfic gravity between the fresh water and brine as shown in Figure-E11.8,

Fresh Water

Sca Water
H {constant)

—
—

Figure-11.8  Saliwater Wedge

Since the diversion channel bed is designed to be flat from downstream end to 2,500 m point
and is raised from 2,500 m point to inlet, saltwater wedge is difficult to move on further
upstream as shown in Figure-E11.9,

V El.1.0m

Fresh Water EL.0Om

Sea Water

Figure-LL11.9  Saltwater Wedge {Diversion Channel)

Based on the following equation {Schijf ¢t al., 1953, and Harleman, 1961), eftective length
of saltwater wedge was estimated.

H | Ly 6

2/,
E, = :;%«1: =0.04 ~ 0.05
£, =00
where, Up : velocity of fresh water

Il water depth
g : acceleration of gravity

I. : effective length of saltwater wedge
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As a result, the effective length of saltwater wedge {1.) is approximately 2,000 m ~ 3,130 m.
Since total length of the diversion channel is 3,300 i, sca water intrusion is not expected to
reach Nadi river through the channcel.
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CHAPTER 12 STRUCTURALDESIGN
12.1 Design Standards in Fiji

Since there is no design standards in Fiji, all civil works are designed by adopting other
countrics' standards. For example, roads arc designed based on the Australian standards,
while large scale bridges, such as Ba and Sigatoka bridges constructed recently, are designed
based on the New Zealand standards. structural

Tiji does not have any experience to design a large scale channel such as the diversion
channel proposed in the Study, while irrigation and drainage channels with small scale are
designed based on the Australian standards as a rule. In most of cases, however, they are
designed based on previous works. For example, slopc of embankment is determined in
accordance with existing banks.

12.2  Objective Structures for Feasibility Study

Feasibility Study of the Nadi diversion channel and short cut channel includes the following
structures based on the hydraulic design and current landuse in the vicinity of site.
Structural design was examined for the design ftood (20 year return period flood).  Based
on the results of examination, structural designs for smaller floods (1/15, 1/10 and 1/5
probability floods) were determined by changing bed width.

1) Diversion channel
2} Short cut channel
3) Bridges for vehicles, sugarcane tramline and pedestrians
4) Road
5) Others (replacement)
sugarcane tramline, water and sewage pipe lines, electric cable and telephone line
12.3 Design of Diversion Channcl

12.3.1 Alignment

As a result of the Master Plan Study, the alignment No.2 has been selected as the most
feasible route of the Nadi diversion channel among the 4 alignments. Based on the
alignment No.2, the specific route of the channel was determined considering the following
conditions and the result is shown in Figure-E12.1.

1) Since there are residential and tourism development plans in the area on the north of
site for the airport extension and on the east of Enamanu road, this area should be
avoided for the diversion channel.

2) A cemetery and transmitter station of the Nadi airport are located along the western
side of Enamanu road between Queens road and site for the airport exlension.
Therefore, those area should be avoided for the diversion channel.

3) To locate the diversion channel in the airport extension site has been agreed by the
Civil Aviation Authority of Fiji, as long as the diversion channel does not cross the
arca within 300 m from the end of planned runway.
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4) There is a private cemetery in Waqadra garden on the cast of Queens road and there
is a traditional sacred site in the north of McDonald’s and on the west of Queens road.
Those arcas should be avoided for the diversion channel.

5) Since compensation for McDonald’s is expected very high, it should be avoided for
the diversion channel,

12.3.2  Longitudinal Profile

No. 0 point of the topographical survey is located on a road along the seashore, while the
starting point of hydraulic design is located 150 m offshore from the road where sea bed is
almost same elcvation as the diversion channel bed (EL. -2.5 m). Therefore, the total
length of the diversion channel in the hydraulic design is counted from a point of 150 m
affshore and is 3,300 m. In the structural design, distances are always referred to No. 0
point where outlet is to be located.  As a result, the distance from outlet to intetis 3,150 m.

Based on the hydraulic design, bed slope of the diversion channel was determined as flat
from outlet to 2,350 m (EL. -2.5 m) and 1/320 from 2,350 m to inlct. As shown in
Figure-1112.2, the longitudinal profile of the diversion channel has two sections,
embankment and cutting sections.  The former is located from outlet to 1,500 m and the
latter is located from 1,508 m to inlet (3,150 m from outlet).

In the section of embankment, freeboard was designed to have at least 1.0 m from water

level of the design discharge (1,500 m*/sec, drainage for 1/20 probability fleod), as shown in
Figure-1:12.2. Longitudinal slope of bank crest is 1/800.

12.3.3  Cross Section

Standard cross sections of the diversion channel based on the following conditions are
shown in Figure-[£12.3.

(1) Coutting Section

Slope gradient in the cutting section was determined as 1:2 based on the results of soil test
conducted by the Study Team and design of existing structures.  Since the deepest depth of

culting is 13 m, berm with 3 m width was designed at 5.0 m high from channel bed for
maintenance of the channel.

Vegetation is applied on the bank slope to prevent bank erosion.

{2) Embankment Section

Slope gradient in the embankment section was determined as 1:3 based on the bank stability
analysis discussed in the following section. Berm with 3 m width was also designed for
maintenance and increase in bank stability (see the seciion 12.3.4).

The cross sections adopted in the structural design are slightly different from that assumed
in the hydraulic design.  As the area of the former cross section is almost same to or

slightly larger than the latter, the difference does nol cause any significant change in the
hydraulic analysis.
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Vegetation is applied on the bank slope to prevent bank erosion.

Since crest of bank is used for road whose size is same as Nasoso road, the crest width of
bank was designed 8.0 m; however, it ¢can be reduced to 4.0 m as long as only the bank
stability is considered (Japancse Standards).

The left bank at a bend is considered as water collision prone area but not critical based on
the hydravlic examination. There are two bends; however, one in the upper reach does not
require any measure because it is located in the cutlling section whaose slope is stable.
Another in the lower rcach is located in the cmbarkment section. Therefore, some
measures should be considercd in case of bank collapse.  Since the disposal area for surplus
soil is planned next to the bend, bank width inclusive of soil disposal arca at the bend is
much bigger than the other sections.  As a result, bank stability is maintained by widening
bank width and any revetment works are not required.
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Figure-E12.2  Longitudinal Profile of Diversion Channel for 20 Year Return Period Flood
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12.3.4 Stability Analysis of Embankment

According to the geological survey and soil test conducted by the Study Team (Supporting
Report Part B), loose and weak sand and clay deposits, especially Cwe (weak clay layer) and
Cws (weak silt layer), are underlain around the designed bottom of the diversion channel in
the tower reach, from outlet to 1,200 m.  Effect of the loose and weak deposits on bank
stability was analyzed and the most suitable design of bank was determined.

(1) Conditions of Analysis

Based on the geological profile atong the diversion channel (Supporiing Report Part B),
cross section for the bank stabitity analysis was assumed as shown in Figure-1512.4.

¥ 50m

N

4m Embankment in

o B e S
e 4220 ¥Yosm

Figure-E12.4  Cross Section for Bank Stability Analysis

Soil constants were determined based on results of the soil test conducted by the Study
Team as a part of the geological survey.  The constants are shown in Table-E12.1.

Table-E12.1  Soil Constants for Stability Analysis

. Unit Weight | Angle of Intemal Friction Cohesion
Geological Profile 1t U’m3) o) C (im?)
Embankment 1.8 0 o
¢=15+ JISx N
Cls (Loose Sand Layer) 1.8 =15+J15x5 0
+23
C=12%qu
Cwe (Weak Clay Layer) 1.8 0 =1/2 % (2.8~5.6)
=1.4-2.8 — 1.5 (ifm") |
C=12xqu
Hces (Sandy Clay Layer) 1.8 )] =12 % (11.2~16.3)
o = 5.6-8.3 — 6.0 (t/m?)

qu: unconfined compression strength obtainable from soil test
N: N value obtainable from the standard penetration test

(2) Method of Analysis

Circular arc method was employed to analyze the bank stability and its formula is as
follows.
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. E{c_ 4 (W_ ~u-b)cosa -tan g}

o= 2 -sina
where,
s Safcty Iactor > 1.2
C Cohesion (tf/m’)
l: Arc tength of divided portion (m)
W Weight of divided portion (tf/m)
u o Pore water pressure (tm?)
b Width of divided portion (m)
a Angle formed by a line connecting a center on sliding surface of divided

portion and center of sliding arc, and vertical axis (%)

o Angle of shearing resistance (°)

center of sliding arc

vertical axis

ceater of gravily |

‘\

sliding surface

Figure-1:12.5  Model of Circular Arc Mcthod ! _
{3) Results ’

Assuming that height of embankment for the diversion channel is 4 m, the stability analysis
of bank by the circular arc method was conducted varying slope gradient of bank, 1:2, 1:3,
1:4 and 1:5. As shown in Figure-1:12.6, even 1:5 stope gradient does not satisly the target
safety factor (> 1.2) due to too small strength of Cwe layer.

Although the circular arc method was applied varying are, Figure-E12.6 shows the case of
the smallest safety factor calculated of cach slope gradient as a critical case.
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Figure-E12.6 (1/2) Bank Stability Analysis
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Figure-E12.6 (2/2) Bank Stability Analysis
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(4) Countermeasures for L.oose Layers

As a result of the bank stability analysis, countermeasures to increase the strength of loose
layers are necessary.-to stabilize the bank.  Considering the followings, pre-toading method
was adopted to improve the loose layers.  The pre-loading method is to make embankment
on the present land surface before actual construction staris, to accelerate consolidation in
loosc layers by load of the embankment.  After the strength of loose layers is improved by
consolidation, cutting and actual embankment for the diversion channel is conducted.

- Critical layer of bank stability is Cwe, which is the weak clay layer and its depth in
the site is not thick, approximately 3 m at maximum.

~  Since Cls {loose sand layer) overlays on Cwe, drainage distance by consolidation is
short, approximately 3 m at maximum. Therefore, the strength of Cwe is expected
to increase by consolidation.

—  Cost of pre-loading is relatively cheap compared to other measures and it does not
require any special construction machinery or plant.

Considering an advantage of gentle slope in bank stability, stope gradient was determined as
1:3.  Since to locate a bank away from top of cutting slope reduces load on are resulting in
increase of stability, embankment was designed 3 m away from top of cutting slope as
shown in Figure-E12.7.

1:30
H Embankment
¥Yi0m

Cls A

Figure-E12.7 Cross Section for Bank Stability Analysis with Counterincasures

Applying the cross scction above (Figure-E12.7), stability analysis by the circular arc
method was conducted varying height of embankment and strength of loose layer and the
results are shown in Table-E12.2 and Figure-E12.8.
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Table-£:12.2  Results of Bank Stability Analysis with Countermeasures

Case | Slope | Width Strengthof | Height of Safety Factor [’I;S,::Ecgr'z;:‘;;g"
No. | Gradient | of Berm | Loose Layer | Embankment Sail Disposal Site
B (m) C (i/m?) (m) {n)
1 1:3.0 3.0 L.5 (present) 4.0 0.907
2 1:30 t 3.0 2.0 40 1.129 o ]
_____ 3 1 1:30 30 | 2.5 4.0 1 1.348
4 | 1:30 30 3.0 4.0 1.563
5 1:3.0 30 2.5 i 5.0 1199 ]
6 1:3.0 | 3.0 30 5.0 1.387 -
7 1:30 3.0 25 160 1078
8 1:30 | 30 ] 3.0 6.0 1242
9 1:30 | 30 | 25 60 1.177 5.0
10 1:30 3.0 2.5 6.0 1.295 10.0

As a result of the bank stability analysis, necessary height of embankment for the diversion
channel, 4 m, is possible to be implemented if the strength of loose layer is improved from
1.5 thim? to 2.5 tfm’ by pre-loading.

1eft bank side in the lower reach of the channel is designed for soil disposal area. To
minimize the arca of the disposal site, embankment of surplus soil higher than bank of the
diversion channel is preferable.  As shown in Figure-E12.8 (Case 10), stability of bank can
be maintained even if embankment of surplus soil is 2 m higher than bank crest of the

diversion channel; however, the soil disposal arca has to be 10 m away from top of slope of
the diverston channel.
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Figure-E12.3 (1/5) Bank Stability Analysis with Countermeasures
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Figure-E12.8 (2/5) Bank Stability Analysis with Countermeasures
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Figure-E12.8 (3/5) Bank Stability Analysis with Countermeasures
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Figure-E12.8 {(4/5) Bank Stability Analysis with Countermeasures
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Figure-£12.8 (5/5) Bank Stability Analysis with Countermeasures
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(5) Bank Height for Pre-loading
Necessary bank height of pre-loading was determined with the following conditions.

~  Target is to increase the strength of Cwe layer from 1.5 tifm?” to 2.5 (f/m’.

- Period required for consolidation is assumed to be within 3 months.

~  Coefiicient of consolidation is 38 m%/ycar assuming that bank height is 2.5 m
(Table-12.3).

Table-E12.3  Coeflicient of Consolidation based on Consolidation Test

Bank Heights Coeflicient of Consolidation (m*/year)

0 ~ 14dm i5 ~ 103 Average 64

i4 ~ 28m 22 ~ 6 Average 33

28 ~ S57m 14 -~ 35 Average 22

57 ~ 113m 4 ~ 15 Average 9

Coeflicient of consolidation was obtained from the
consolidation test conducted by the Study Team. c‘i

Formuta to determine period required for consolidation is as follows.

Time coefficient in the formula is read from Figure-E12.9, assuming that degree of
consolidation is 90 %.

DZ
t=—.7v.12months
“‘l
where,
B Period required for consolidation
Cv: CoefTicient of consolidation = 38 (see Table-E12.3)
D : Drainage distance = 3 m
Tv : Time coefficient determined by degree of consolidation (U)
with Figure-E12.9 3
2
~ i8]
g ol
> 5
g ‘{‘Z;’::;
I RS
,g “u:wl: e b
g “lokonkd s
O “IIHetex ET‘ ¥
[= it S - ___ﬁs ;
E: " - U= X 1,3..; — Ji" -
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t % *‘F’“ﬁ"T 1
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Time CoefTicient Fv

Figure-E12.9 Relation between U and Tv

E12-:20



When bank height is 2.5 m and degree of consolidation is 90 %, period required for
consolidation is;

1=13%/38 x 0.848 x 12 = 2.4 months < 3 months

Since degree of consolidation is expected to be 90 % for the case that bank is left for 2.4
months, 3 months was adopted as period for consolidation so that degree of consolidation
will be more than 90 %.

Improvement of the strength of Cwe layer was examined by the following formula.
Cu = Cuy + maApU

where,
Cu : cohesion after pre-loading (tfim?)
Cug : cohesion of present soil before pre-loading == 1.5 ti/m?
m : rate to increase steength = 0.3 (empirical figure)
Ap : increase stress by bank loading (f/m?) = unit weight x bank height

U : degree of consohidation = 0.9

As mentioned before, bank height is assumed to be 2.5 m.  Therefore, cohesion after pre-
loading for 3 months is;

Cu=15+03x(1.8x2.5)x 0.9 =272 tf/m? > 2.5 thm’

Therefore, the strength of Cwe layer can be improved to the necessary strength, 2.5 tf/m?, by
pre-toading of 2.5 m bank. Total volume of soil required for pre-loading is approximately
260,000 m’. As shown in Figure-112.10, the bank for pre-loading consists of two paris.
One is to be used as a bank of the diversion channel and another is to be removed after
pre-loading.  Since works of the former is included in embankment works of the diversion
channel, only the latter is considered as works for pre-loading.  Therefore, actual volume of
soil required for pre-tfoading itself is 120,000 m’,

Excavated soil in the cutting section is used for the pre-loading.  Since the total volume of

excavation in the cutting section is approximately 1,590,000 m’, volume of soil is sufficient
for the pre-loading.
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Figure-E12.10  Cross Section of Pre-loading

12.3.5 Disposal Site of Surplus Solil

Some of surplus soi! (excavated soils) is used for embankment of the diversion channcl,
while the rest of soil is dumped in the disposal area located on the left bank side in the lower
reach of the channel. The maximum height of the disposal area is 6 m based on the bank
stability analysis, and the disposal area is 10 m away from top of slope of the diversion
channel (Figure-E12.8, Case-10).  Necessary area of the disposal site is 49 ha.

12.3.6 Material for Embankment

Material for embankment is necessary to satisfy the following conditions.

Fine particles (less than 0.075 mm) are contained more than 15 % in soils whose
particle sizes arc less than 75 mm to have impermeable property.

The maximum particle size is less than 10 ~ 15 em to enable compaction effectively.
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—  Soil material has enough strength for trafTicability of construction machinery and its
moisture content is not too high.

According to the soil test conducted by the Study Team as a part of the geological survey,
most of soils to be excavated satisfy the above conditions, cxcept Rgs (gravelly sand layer),
Cws (weak silt layer) and Cwe (weak clay layer). Rgs, Cws and Cwe are distributed
partially in the geological profit along the diversion channcl. Therefore, surplus soils
(excavated soils) can be used for embankment of the diversion channel in terms of quality
and quantity.

12.3.7 Structures of Diverting Point

According to the hydraulic design, 20 year return period fleod is drained through the
diversion channel with discharge of 1,500 mscc and Nadi river with discharge of
300 m*sec. Diverting point is 14.6 km point of Nadi river from river mouth.

The following structurcs are required for the diverting point and their design is discussed
below.

-~ scparation structure

~  bank and bed protection

~  dike on the left bank of Nadi river in the upstream from diverting point
(1) Separation Sfructure

Separation structure was designed considering the following items and the results are shown
in Figure-E12.11 and Figure-E12.12.

1) Bed widths of Nadi river and the diversion channel are 10 m and 60 m, respectively,
based on the hydraulic design.

2) Bed elevations of Nadi river and the diversion channel at inlet are EL. -1.0 m and
EL. 0.0 m respectively so that drainage through the channel starts when discharge of
Nadi river is 15 m/sec.

3) Cross section at diverting point needs to be lixed to allocate discharge to Nadi river
and the diversion channel in accordance with the hydraulic design.  Therefore, bank
and bed protection works at diverting point are required for prevention of erosion and
stability of bank. The section betwecen 50 m upstream and downstream from
diverting point was designed to apply bank and bed protection works.

4) Partition wall between Nadi river and the diversion channel is required.  Partition
wall whose length is 90 m was designed by cast-1n-place conctete.

5) The diversion channel is close to Nadi river in the downstream from diverling point,
which is the left bank of the channel between 2,900 m and 3,100 m: from outlet.
This section requires bank protection work.
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{2) Bank and Bed Protection Works

Block masonry with concrete sccondary products are applied to the bank protection work,
while bloecks (concrete secondary products) with 1 tow/block weight are laid on bed for bed
protection work. Dimension and arrangement of those blocks are shown in Fgure-E12.11
and Figure-E12.12.

(3) Dike

After construction of the diversion channel, the design flood (20 year return period flood) is
drained through the channel and Nadi river withowt inundation in the downstream lrom
diverting point; however, flow capacily of Nadi river is not sufficient for the design flood in
the upstream from diverting point.  Therefore, dike on the left bank of Nadi river in the
upstream from diverting point is proposed to prevent overflow on the lefl bank side of Nadi
river from flowing into the river in the downstream.

Alignment of dike starts near the survey point No. 35 and runs perpendicularly to Nadi river
until Nadi backroad as shown in Figure-E12.1 (3/3). The dike also connects the banks at
diverting point and near No. 35 (starting poiat) along Nadi river.  Elevation of bank crest is
EL. 9.0 m and bank height is 3 m in average. Since the crest is used as unpaved road, crest
width is 4 m.

12.4 Design of Bridge
(}) Objectives

The following three bridges are planned to provide the access crossing the diversion
channel.

1) Queens Road Bridge

A bridge whose scale is same as Sigatoka and Ba bridges construcled recently was

planned at the crossing of Queens road and the diversion channel. Roadway consists of
2 lanes and foot way is located at both sides.

2) Sugarcane Tramline Bridge

As shown in Figure-E12.11, sugarcane tramlines currently expand east and west direction
crossing the proposed site of the diversion channel. Considering the Nadi airport
extension plan, a sugarcane {ramiine bridge was planned to cross the diversion channel at
200 m in the east-south of the current position. The tramline bridge is for the use of
sugarcane tram and pedestrians but not for vehicles. In addition, sewage pipe line,
electric cable and telephone line are attached to the bridge.

3) Bridge for Pedestrians

Seashore around outlet of the diversion channel is recreation area for the public.
Therefore, a pedestrian bridge at the outlet was planned to provide the access along the
seashore.  The bridge is just for pedestrians.
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(2) Design Standards

Since there are no design standards in Fiji, bridges in Fiji have been constructed by several
countries® standards, such as Australian and New Zealand standards. In this study,
Japanese standards (Japanese Specifications of Highway Bridges) was applicd.

(3) Structure

In general, superstructure of bridge is classified into reinforced concrete structure, pre-
stressed concrete structure and steel structure.  Reinforced concrete structure is used for
short spans, while pre-stressed concrete and stee! structures are used for short, medium and
long spans. In Fiji, concrete structures (reinforced and pre-stressed) are common.

In Tabte-E12.4, type of superstructures is presented according to required span length.

Table-E12.4  Bridge Type and Span Length

Type of Span Length (m)
Superstructure 10 20 30 40 50
RC T-Beam R —
RC Hollow Slab “
PC Holtow Stab ———

.
3
:
i
TR ——
:
H
)
;

[ 1
T T
» [
. 1 I

PC T-Girder

Steel I-Girder ;

RC: reinforced concrete
PC: pre-stressed concrete

(4) Conditions of Foundation

According to the results of geological survey conducted by the Study Team, loose and weak
sand and clay layer is distributed at depth from 5 m to 10 m from the ground surface. Hard
sand layer underlies the loose and weak sand and clay layer at depth from 8 m to 16 m.
Therefore, piles to reach to the hard sand layer are necessary for foundation works.

Pre-stressed concrete pile and deep caisson foundation were adopted for abutments and piers,
respectively, considering the popular structures in Fiji and cost.

(5) Bridge Structure

Structures of three bridges were determined as shown in Table-E12.5 considering the above
and followings,

—~  Bridge structures should be economically and structurally sound with an aesthetically

pleasing appearance. For economical structures, not only construction cost but also
maintenance cost are considered.

— In addition to structural stability of bridge, safety during the construction period
should be considered,
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Table-E12.5  Selection of Bridge Type

) Length Span Type of Type of Foundation Grade of |
Name of Bridge (m) (m) | Superstructure | Abuiment Pier Bridge

Queens Road 120 3x40m | PC T-Girder C Pike ECEP Ca-usson National Road
o . N - ‘oundation -

Sugaccane Tramline | 111 | 3x37m | PCT-Girder | PC Pile Decp Caisson § Tram wilh
] ) o Foundation | Foolway

. PC Hollow . Deep Caisson | .

| R - I

Pedestrian 93 3x3lm Shab PC Pite Foundation Footway

PC: pre-stressed concrete
Length, Span:  Figures in the table arc for 20 year return period flood.
Type of superstructure and foundation does not vary with scale of target Nood.

{6) Bridge Width
Queens road bridge was designed to have same scale as Sigatoka and Ba bridges constructed
recently. Therefore, it has roadway of 7.3 m width and foot way of 1.4 m width at both

sides. The total width is 10.9 m.

Sugarcane tramline bridge consists of tramline (1.2 m width) and foot way (2.3 m width}.
The total widthis 4.5 m.

The total width of pedestrian bridge is 2.8 m because the bridge is only for pedestrians.

‘the design of three brides based on the above examination is shown in Figure-E12.13 ~
Figure-E12.15.
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2.5  Design of Road

At present, Enamanu road runs atong the site of the diversion channel.  Therefore, crests of
both banks were designed for roads from crossing with Queens Road to outlet.
Specifications of roads (paved roads) were determined in accordance with those of Enamanu
road upgrading project (Third Road Upgrading Project).  Cross section of roads is shown in
Figure-E£12.16.

L0, 30 30 l.:l_,

0.8 7
CRUSHED BASE COURSE
SUB-BASE COURSE

Figure-E12.16  Proposed Cross Section of Road

126 Others (Shift Works)

The following works are required as shift works with implementation of the diversion
channel.  Existing facilities concerned for shift works are shown in Figure-E12.17.

(1) Pipe Lines for Water Supply

There are currently two main pipe lines with diameters of 250 mm and 150 mm along
Queens road.  In addition, there is a branch line with a diameter of 80 mm along Enamanu
road,

Main pipe lines along Queens road were designed to be allached to the proposed Queens
road bridge and two branch lines on both banks of the diversion channel were designed to
replace the existing branch line.

(2) Sewage Pipe Line

A sewage pipe line with a diameter of 675 mm is located along the sugarcane tramline and
the Enamanu pomp station is located in the south-west of the crossing of Enamanu and
Tramline roads.

The sewage pipe line was designed to be attached to the sugarcane tramline bridge. Since
the present line is under the ground, head of flow may not be sufficient when the pipe line is

uplificd to the bridge. In this case, a new pump station is necessary on the right bank of the
diversion channel.
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Figure-E12.17 Location of Existing Facilities
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(3) Electric Cable

A main eleetric line (11 kV) runs under the ground along the sugarcane tramling, white a
branch line runs above the ground along Enamanu road.

The main clectric cable was designed to be attached to the sugarcane tramline bridge and
some part of the branch line alignment needs to be changed.

(4) Telephone Line

A main telephone line is located under the ground along Queens road and there is a branch
line along Enamanu road.

The main telephone line was designed to be attached to the Queens road bridge and some
part of the branch ling alignment nceds to be changed.

(5) Extension of Nadi Airport

According to Civil Aviation Authority of Fiji {CAAF), the extension of runway is 800 m
from the end of the present runway., Guide lights are required at approximately 150 m
tmterval from the end of extended runway and its alignment crosses the diversion channel.
Since each location of guide lights can be shifted longitudinally to 6 m ~ 22.5 m depending
on position, the diversion channel can be located between two positions of guide lights as
shown in Figure-1312.18.

In addition to guide lights, support lights are required at 30 m interval. Necessity of
support lights should be discussed with CAAF when the proposed plan (Nadi diversion
channel and short cut channel) is realized. If required, 4 piers for support lights arc
necessary 1o be located in the cross section of the channel.

There is a cable under the ground along the runway connecting the airport and the
transmitter station located in the south of Enamanu road. This cable is designed to be
attached to the sugarcane tramline bridge.

{6) Sugarcane Tramline

Alignment of sugarcanc tramline has te be changed partially due to the location of the
sugarcane tramline bridge. New alignment was determined based on the landuse and
design standards of sugarcane tramling, and has been agreed by Fiji Sugar Corporation.
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Figure-E12.18  Guide and Support Lights for Nadi Airport Extension
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