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[bookmark: _Toc307319860]1. Background 
The topographic survey was commenced on 22nd August 2011 and planimetric survey for thruway has been carried out on the basis of the F/S alignment. Following to the planimetric survey, appropriateness of the F/S alignment has been verified with reference to design controls identified by site investigation.  
As a result of verification of the F/S alignment, some sections are needed to modify its alignments to avoid the design control points. 
This technical report is prepared to verify necessity of the alignment modification through alternative studies. Additional topographic survey arose from the alignment modification is summarized in Appendix-13. 

[bookmark: _Toc307319861]2. Overview of Major Alignment Modifications
[bookmark: _Toc307319862]2.1 Relation of Stationing between F/S and D/D
Subjected major alignment modifications to alternative study are titled using stations at start and end points of the modified sections on the F/S center line and updated design center line, namely D/D centerline.
The F/S center line is stationing with four brake points as shown in table 2.1.1.      
Table 2.1.1 Brake Points on F/S Center Line
	No.
	station
	Adjusted Length
	Accumulated Adjusted Length

	1
	back
	KM019+260
	-60m
	-60m

	
	ahead
	KM019+200
	
	

	2
	back
	KM073+057
	-57m
	-117m

	
	ahead
	KM073+000
	
	

	3
	back
	KM096+700
	300m
	183m

	
	ahead
	KM097+000
	
	

	4
	back
	KM102+295
	-173m
	10m

	
	ahead
	KM102+122
	
	



Therefore, apparent section length calculated from the F/S station is possibly not same with actual section length.

[bookmark: _Toc307319863]2.2 Summary of Alignment Modifications
As of 20 October 2011, alignments of following sections were modified from the F/S as shown in table 2.2.1:



		


Table 2.2.1 Summary of Alignment Modifications
	No.
	Station
	1)Length in
FS alignment (m)
	Length in
modified alignment 
(m)
	Contents of Modification
	Reason for Modification

	
	F/S alignment
	Modified alignment 
(D/D alignment)
	
	
	
	

	
	BP
	EP
	BP
	EP
	
	
	
	

	1
	KM020+424
	KM030+681
	KM020+484
	KM030+796
	10,257 
	10,313 
	Substitute R1200 for R1000 and shift align southward
	Remediation of tunnel plan
Avoid school and temple

	2
	KM033+531
	KM036+630
	KM033+647
	KM036+756
	3,098 
	3,109 
	Shift align eastward by R5000 curves
	Avoid rocky mountain

	3
	KM042+295
	KM047+246
	KM042+422
	KM047+369
	4,951 
	4,947 
	Shift align westward by R80000
	Avoid bending river

	4
	KM047+246
	KM052+126
	KM047+369
	KM052+252
	4,880 
	4,883 
	Insert R5000 in tangent
	Avoid shrine

	5
	KM071+313
	KM081+569
	KM071+443
	KM081+384
	10,313 
	9,942 
	Substitute spirals and curves for R5000
	Passing shooting area

	6
	KM084+466
	KM091+701
	KM084+281
	KM091+537
	7,235 
	7,256 
	Shift align westward by R34000
	Avoid war memorial

	7
	KM091+701
	KM095+949
	KM091+537
	KM095+753
	4,248 
	4,216 
	Change a series of curves
	Avoid dam and HVL tower

	8
	KM095+949
	KM106+827
	KM095+746
	KM106+509
	10,751 
	10,763 
	Change a series of curves
	Avoid HVL tower

	Total
	55,733 
	55,428 
	　
	　

	Note: 1) Length is adjusted to actual length with brake length
	
	
	
	





[bookmark: _Toc307319864]3. Alignment Alternative Studies for Major Modifications
[bookmark: _Toc307319865]3.1 F/S: KM20+424 – KM30+681 (D/D: KM20+484 – KM30+796)
(1) General Conditions
This section starts from the end of the Chiem Son Bridge and bending to the left with radius of 1,000m. After the curve section, alignment is running through the mountain from km22+200 to km23+200 and passing through flat paddy field from km23+200 to km27+200. Then, mountain skirt section starts from km27+200 to km30+796 except flat section from km28+800 to km30+200.
[image: ]
Figure 3.1.1 Location Map of KM20+424 – KM30+681 (F/S)

(2) Design Controls and Alignment Modification Policy
Design controls were identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.1.1 shows design controls and alignment modification policy.
Table 3.1.1 Design Controls and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	km20+600 – km21+800
	Small Radius (R=1,000)
	
	Radius shall not be smaller than the F/S. Application of larger radius is desirable.

	2
	km22+600 – km23+200
	Portals of the Danang Tunnel
	Terrain condition at portals of the Danang Tunnel was carefully investigated on the topographic map and at site. As a result of the investigation, the consultant concluded that location of the tunnel portal by the F/S is not appropriate due to possible imbalanced earth pressure.
	Location of the portals shall be relocated to appropriate terrain. 

	3
	km24+180
	Temple
	
	Alignment needs to avoid the temple because that the temple is important for local residents.

	4
	km24+450
	School
	
	Alignment needs to avoid the school.





(3) Alignment Alternatives and Design Control Points
Since no space to examine additional alternative alignment between the F/S and a proposed alignment, one alternative alignment was proposed.
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Figure 3.1.2 Alignment Alternative and Design Controls at KM20+424 – KM30+681 (F/S)
(4) Comparison of Alignment Alternatives
Table 3.1.2 Comparison of Alignment Alternatives of KM20+424 – KM30+681 (F/S)
	Items
	Alternative-1
	Alternative-2

	
	F/S Alignment
	D/D Alignment

	Length
	Value
	10.257 km (1.00)
	10.313 km (1.005)

	
	Evaluation
	Good
	Fair

	Land Use
(Passing length)
	Value
	Residential: 1.0km
Farmland : 5.9km
Hilly area: 3.3km
	Residential: 0.8km
Farmland : 6.2km
Hilly area: 3.3km

	
	Evaluation
	Fair
	Good

	Horizontal Alignment
(Minimum)
	Value
	R=1,000m
	R=1,200m

	
	Evaluation
	Fair
	Good

	Constructability
	Value
	Skew at tunnel portal
	Rectangle at tunnel portal

	
	Evaluation
	Poor
	Good

	Required Structures
	Bridge
	Value
	Middle 3 bridges
	Middle 3 bridges

	
	
	Evaluation
	Fair
	Fair

	
	Tunnel Length
	Value
	540m
	2)540m

	
	
	Evaluation
	Fair
	Fair

	Natural Environment Impact
	Value
	Hilly area: 3.3km
	Hilly area: 3.3km

	
	Evaluation
	Fair
	Fair

	1)Construction Cost Ratio
	Value
	1.00, Residential: 1.0km
	1.007, Residential: 0.8km

	
	Evaluation
	Fair
	Fair

	Ranking
	2
	1


Note: 1) Fraction of cost per length (Residential / Farmland: 1.0, Hilly area: 1.5, Tunnel / Bridge: 5.0)
2) Tunnel length will be determined after profile survey. 

(5) Conclusion and Remarks
Alternative-2 is recommended because:
· Large horizontal curve is applied to ensure driving safety (Design control No. 1)
· Skew at tunnel portals is avoided (Design control No. 2)
· Temple at km24+180 and school at 24+450 are not relocated (Design control No. 3 & No. 4)
Remarks:
· Maximum offset distance is 350m from the F/S alignment. Revision of EIA for the section more than 200m offset from the F/S which is 3,100m between km 22+802 and km 25+902 is required.


[bookmark: _Toc307319866]3.2 F/S: KM33+531 – KM36+630 (D/D: KM33+647 – KM36+756) 
(1) General Conditions
This section is running parallel with the railway. The F/S alignment is passing through steep mountain section between km34+200 and km35+000. After crossing provincial road 611, terrain changes to flat paddy field. 
[image: ]
Figure 3.2.1 Location Map of KM33+531 – KM36+630 (F/S)

(2) Design Controls and Alignment Modification Policy
Design controls were identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.2.1 shows design controls and alignment modification policy.
Table 3.2.1 Design Controls and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	Km33+800 – km35+000
	Railway
	According to “Laws of Railway, National Assembly, 27 June 2005 (No. 9/2005/L/CTN)”, necessary clearance from the foot of the embanked roadbed is 5m and 3m from the outer edge of the longitudinal drainage ditches respectively. 
	Alignment shall maintain at least 5m clearance from the foot of the embanked roadbed and 3m from the outer edge of the longitudinal drainage ditches respectively.

	2
	Km34+200 – km35+000
	Rocky mountain
	
	Alignment shall be set to reduce rock excavation volume as much as possible with consideration of maintaining safety clearance of the railway and construction safety. 




(3) Alignment Alternatives and Design Control Points
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Figure 3.2.2 Alignment Alternative and Design Controls at KM33+531 – KM36+630 (F/S)
(4) Comparison of Alignment Alternatives
Table 3.2.2 Comparison of Alignment Alternatives of KM33+531 – KM36+630 (F/S)
	Items
	Alternative-1
	Alternative-2

	
	F/S Alignment
	D/D Alignment

	Length
	Value
	3.098 km (1.00)
	3.109 km (1.004)

	
	Evaluation
	Good
	Fair

	Land Use
(Passing length)
	Value
	Residential: 0.0km
Farmland : 1.7km
Hilly area: 1.4km
	Residential: 0.0km
Farmland : 1.9km
Hilly area: 1.2km

	
	Evaluation
	Fair
	Fair

	Horizontal Alignment
(Minimum)
	Value
	R≧5,000
	R≧5,000

	
	Evaluation
	Good
	Good

	Constructability
	Value
	Large Rock Excavation
	Smaller Rock Excavation than Alt-1

	
	Evaluation
	Poor
	Fair

	Required Structures
	Bridge
	Value
	Middle 1 bridge
	Middle 1 bridge

	
	
	Evaluation
	Fair
	Fair

	
	Slope Protection
	Value
	860m (rocky section)
	630m (rocky section)

	
	
	Evaluation
	Poor
	Fair

	Natural Environment Impact
	Value
	 Hilly area: 1.4km
	Hilly area: 1.2km 

	
	Evaluation
	Poor
	Fair

	1)Construction Cost
	Value
	1.00
	0.97

	
	Evaluation
	Fair
	Good

	Ranking
	2
	1


Note: 1) Fraction of cost per length (Residential / Farmland: 1.0, Hilly area: 1.5, Tunnel / Bridge: 5.0)

(5) Conclusion and Remarks
Alternative-2 is recommended because:
· Less rock excavation volume (Design control No. 2)
Remarks:
· Alternative-2 alignment secures more than 5m clearance from the foot of the embanked roadbed and 3m from the outer edge of the longitudinal drainage ditches (Design control No. 1)



[bookmark: _Toc307319867]3.3 F/S: KM42+295 – KM47+246 (D/D: KM42+422 – KM47+369)
(1) General Conditions
This section is running on flat paddy field. Ngoc Kho River and Binh Chanh River are flowing on the section at km44+500 and km46+000 respectively. 
[image: ]
Figure 3.3.1 Location Map of KM42+295 – KM47+246 (F/S)

(2) Design Controls and Alignment Modification Policy
Design controls were identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.3.1 shows design controls and alignment modification policy.
Table 3.3.1 Design Controls and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	Km44+500
	Ngoc Kho River
	
	Alignment should maintain adequate safety distance from the edge of the river.

	2
	Km46+000
	Binh Chanh River
	
	Alignment should maintain adequate safety distance from the edge of the river.




(3) Alignment Alternatives and Design Control Points
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Figure 3.3.2 Alignment Alternative and Design Controls at KM42+295 – KM47+246 (F/S)

(4) Comparison of Alignment Alternatives
Table 3.3.2 Comparison of Alignment Alternatives of KM42+295 – KM47+246 (F/S)
	Items
	Alternative-1
	Alternative-2

	
	F/S Alignment
	D/D Alignment

	Length
	Value
	4.951 km (1.00)
	4.947 km (0.999)

	
	Evaluation
	Good
	Good

	Land Use
(Passing length)
	Value
	Residential: 0.5km
Farmland : 4.4km
Hilly area: 0.0km
	Residential: 0.5km
Farmland : 4.4km
Hilly area: 0.0km

	
	Evaluation
	Fair
	Fair

	Horizontal Alignment
(Minimum)
	Value
	R≧5,000m
	R≧5,000m

	
	Evaluation
	Good
	Good

	Constructability
	Value
	River protection required
	Not required

	
	Evaluation
	Fair
	Good

	Required Structures
	Bridge
	Value
	Middle 3 bridges
	Middle 2 bridges

	
	
	Evaluation
	Fair
	Excellent

	
	River Protection
	Value
	River protection required
	Not required

	
	
	Evaluation
	Poor
	Good

	Natural Environment Impact
	Value
	Hilly area: 0.0km
	Hilly area: 0.0km

	
	Evaluation
	Good
	Good

	1)Construction Cost
	Value
	1.00, Residential: 0.5km
	0.972, Residential: 0.5km

	
	Evaluation
	Fair
	Excellent

	Ranking
	2
	1


Note: 1) Fraction of cost per length (Residential / Farmland: 1.0, Hilly area: 1.5, Tunnel / Bridge: 5.0)

(5) Conclusion and Remarks
Alternative-2 is recommended because:
· Reduce cost of one river protection at Ngoc Kho River and one bridge at Binh Chanh River (Design control No. 1 & No. 2)
Remarks:
· Nil



[bookmark: _Toc307319868]3.4 F/S: KM47+246 – KM52+126 (D/D: KM47+369 – KM52+252)
(1) General Conditions
This section is running on flat paddy field except hilly section between km49+600 and km51+000. 
[image: ]
Figure 3.4.1 Location Map of KM47+246 – KM52+126 (F/S)

(2) Design Control and Alignment Modification Policy
Design control was identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.4.1 shows design control and alignment modification policy.
Table 3.4.1 Design Control and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	Km51+100
	Shrine
	
	Alignment needs to avoid the shrine because that the shrine is important for local residents.





(3) Alignment Alternatives and Design Control Points
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Figure 3.4.2 Alignment Alternative and Design Control at KM42+295 – KM47+246 (F/S)

(4) Comparison of Alignment Alternatives
After modifications, there is no change in the alignment.

(5) Conclusion and Remarks
Alternative-2 is recommended because:
· Shrine at km51+100 is not relocated (Design control No. 1)
Remarks:
· Nil.



[bookmark: _Toc307319869]3.5 F/S: KM71+313 – KM81+569 (D/D: KM71+443 – KM81+384)
Alternative alignment study for this section was carried out and the study report was submitted to PMU85 by our letter No. DQEDD-PMU85-15-11 dated 6th September 2011 enclosed the TECHNICAL REPORT (Revision-1), Alignment Alternative Study for Section between KM 70 and KM 80. The proposed modified alignment in technical report was approved by PMU85 at the meeting held on Quang Nam People’s Committee on 07 September 2011. 



[bookmark: _Toc307319870]3.6 F/S: KM84+466 – KM91+701 (D/D: KM84+281 – KM91+537)
(1) General Conditions
This is section with its many uphills and downhills. The alignment starts from continuous mountain skirt of Bung Bang Dinh Mountain by Chau Lake at km85+400. The alignment is running hilly and flat terrain alternately from the Chau Lake to km91+537. The alignment is intersecting with 500kv electric line at km91+340. 
[image: ]
Figure 3.6.1 Location Map of KM84+281 – KM91+537 (F/S)

(2) Design Controls and Alignment Modification Policy
Design controls were identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.6.1 shows design controls and alignment modification policy.
Table 3.6.1 Design Controls and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	Km87+280
	War memorial
	
	Alignment needs to avoid the war memorial because that the war memorial is very important monument.

	2
	Km91+340
	HVL 500kv
	
	Alignment shall maintain 1)18m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	3
	Km91+400
	HVL 500kv tower
	Tower is located at 25m east of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.


Note: 1) Since vertical clearance for 500kv is not stipulated in Decree No. 81/2009/ND-CP, value for 220kv is temporarily applied. Further consideration for the vertical clearance is necessary because that the value is excessive in comparison with the value in Japan.

(3) Comparison of Relative Position with High Voltage Line on Alignment Alternatives
The alignment should be secured necessary clearance from tower and cable of high voltage lines (HVL). Table 3.6.2 shows relative position between HVL and alternative alignments and necessary measures.  


Table 3.6.2 Comparison of Relative Position with HVL on Alignment Alternatives
	No
	Classification
	Alternative-1 (F/S)
	Alternative-2 (D/D Alignment)

	
	
	Station
	Relative Position
	Counter-
measures
	Station
	Relative Position
	Counter-
measures

	2
	HVL 500kv 
	Km91+340
	-
	-
	Km91+69
	Clearance height of the lowest point from ground is 18.48m-
	Maintain more than 18 m clearance

	3
	HVL 500kv tower 
	Km91+400
	Locating at 25m east of the alignment.
	Relocation (Realign)
	Km91+230
	Locating at 50m east of the alignment.
	Not required

	1)Quantity of Required Relocation
	-
	-

	2)Cost of required Relocation (USD)
	-
	-


Note: 1) Tower of 500kv line is not included because that interruption of power transmission by 500kv is impossible.
    2) Installation of 110kv tower ((Construction & Material: 150,000USD + Design: 3,500USD) per a tower), Removal of 110kv tower (50,000USD per a tower)


(4) Alignment Alternatives and Design Control Points
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Figure 3.6.2 Alignment Alternative and Design Controls at KM84+281 – KM91+537 (F/S)

(5) Comparison of Alignment Alternatives
Table 3.6.3 Comparison of Alignment Alternatives of KM84+466 – KM91+701 (F/S)
	Items
	Alternative-1
	Alternative-2

	
	F/S Alignment
	D/D Alignment

	Length
	Value
	7.235 km (1.00)
	7.256 km (1.003)

	
	Evaluation
	Good
	Good

	Land Use
(Passing length)
	Value
	Residential: 1.8km
Farmland : 3.5km
Hilly area: 1.9km
	Residential: 1.4km
Farmland : 3.6km
Hilly area: 2.2km

	
	Evaluation
	Fair
	FairGood

	Horizontal Alignment
(Minimum)
	Value
	R≧5,000m
	R≧5,000m

	
	Evaluation
	Good
	Good

	Constructability
	Value
	Difficult construction work is not required
	Difficult construction work is not required

	
	Evaluation
	Good
	Good

	Natural Environment Impact
	Value
	Hilly area: 1.9km
	Hilly area: 2.2km

	
	Evaluation
	Good
	Fair

	1)Construction Cost
	Value
	1.00, Residential: 1.8km
	1.018, Residential: 1.4km

	
	Evaluation
	Good
	Fair

	Ranking
	
	2
	1


Note: 1) Fraction of cost per length (Residential / Farmland: 1.0, Hilly area: 1.5, Tunnel / Bridge: 5.0)

(6) Conclusion and Remarks
Alternative-2 is recommended because:
· War memorial at km87+280 is not affected (Design control No. 1)
· Alternative-2 alignment secures adequate safety clearance from tower of 500kv HVL (Design control No. 3)
Remarks:
· Nil



[bookmark: _Toc307319871]3.7 F/S: KM91+701 – KM95+949 (D/D: KM91+537 – KM95+753)
(1) General Conditions
This section is running on mountain foot of Hang Ba Mountain entirely. The alignment was set to run over base of Ho May dam at km94+300. The alignment is intersecting with high voltage lines at km92+740 (500kv), km94+240 (220kv), and 94+300 (110kv), respectively.
[image: ]
Figure 3.7.1 Location Map of KM91+701 – KM95+949 (F/S)

(2) Design Controls and Alignment Modification Policy
Design controls were identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.7.1 shows design controls and alignment modification policy.
Table 3.7.1 Design Controls and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	Km94+000 – 
Km94+600
	Ho May Dam
	Ho May dam is classified as Grade III in TCXDVN 285-2002 according to DARD, Quang Nam province. 
	In accordance with Decree 27-2007 ND-CP, necessary clearance for protection of the Grade III dam is minimum 100m from the base of dam.

	2
	Km92+650
	HVL 500kv tower
	Tower is located at 35m east of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	3
	Km92+740
	HVL 500kv 
	
	Alignment shall maintain 1)18m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	4
	Km94+240
	HVL 220kv
	
	Alignment shall maintain 18m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	5
	Km94+300
	HVL 110kv
	
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.


Note: 1) Since vertical clearance for 500kv is not stipulated in Decree No. 81/2009/ND-CP, value for 220kv is temporarily applied. Further consideration for the vertical clearance is necessary because that the value is excessive in comparison with the value in Japan.

(3) Comparison of Relative Position with High Voltage Line on Alignment Alternatives
The alignment should be secured necessary clearance from tower and cable of high voltage lines (HVL). Table 3.7.2 shows relative position between HVL and alternative alignments and necessary measures.  

Table 3.7.2 Comparison of Relative Position with HVL on Alignment Alternatives
	No
	Classification
	Alternative-1 (F/S)
	Alternative-2 (D/D Alignment)

	
	
	Station
	Relative Position
	Counter-
measures
	Station
	Relative Position
	Counter-
measures

	2
	HVL 500kv tower
	Km92+650
	Tower is located at 35m east of the alignment.
	Not required
	Km92+480
	Locating at 90m west of the alignment.
	Not required 

	3
	HVL 500kv 
	Km92+740
	-
	-
	Km91+314
	Clearance height of the lowest point from ground is 17.19m-
	Maintain more than 18 m clearance

	4
	HVL 220kv
	Km94+240
	-
	-
	Km93+868
	Clearance height of the lowest point from ground is 29.62m-
	Maintain more than 18 m clearance

	5
	HVL 110kv
	Km94+300
	-
	-
	Km93+929
	Clearance height of the lowest point from ground is 35.30m-
	Maintain more than 15 m clearance

	1)Quantity of Required Relocation
	110kv: 0
220kv: 0
	110kv: 0
220kv: 0

	2)Cost of required Relocation (USD)
	110kv: 0
220kv: 0
	110kv: 0
220kv: 0


Note: 1) Tower of 500kv line is not included because that interruption of power transmission by 500kv is impossible.
    2) Installation of 110kv tower ((Construction & Material: 150,000USD + Design: 3,500USD) per a tower), Removal of 110kv tower (50,000USD per a tower)

(4) Alignment Alternatives and Design Control Points
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Figure 3.7.2 Alignment Alternative and Design Controls at KM91+701 – KM95+949 (F/S)

(5) Comparison of Alignment Alternatives
Table 3.7.3 Comparison of Alignment Alternatives of KM91+701 – KM95+949 (F/S)
	Items
	Alternative-1
	Alternative-2

	
	F/S Alignment
	D/D Alignment

	Length
	Value
	4.248 km (1.00)
	4.216 km (0.992)

	
	Evaluation
	Fair
	Good

	Land Use
(Passing length)
	Value
	Residential: 0.2km
Farmland :1.8km
Hilly area: 2.2km
	Residential: 0.0km
Farmland : 1.4km
Hilly area: 2.8km

	
	Evaluation
	GoodFair
	FairGood

	Horizontal Alignment
(Minimum)
	Value
	R≧5,000m
	R≧5,000m

	
	Evaluation
	Good
	Good

	Constructability
	Value
	Difficult construction work is not required
	Longer hilly section than alternative-1

	
	Evaluation
	Good
	Fair

	Natural Environment Impact
	Value
	Hilly area: 2.2km
	Hilly area: 2.8km 

	
	Evaluation
	Good
	Fair

	1)Construction Cost
	Value
	1.00, Residential: 0.2km
	1.057, Residential: 0.0km

	
	Evaluation
	Good
	Fair

	Ranking
	2
	1


Note: 1) Fraction of cost per length (Residential / Farmland: 1.0, Hilly area: 1.5, Tunnel / Bridge: 5.0)

(6) Conclusion and Remarks
Alternative-2 is recommended because:
· Alternative-2 alignment secures more than 100m clearance from the base of Ho May dam. (Design control No. 1)
· Alternative-2 alignment secures adequate clearance from tower of 500kv HVL (Design control No. 2)
Remarks:
· Maximum offset length is 230m from the F/S alignment. Revision of EIA for the section more than 200m offset from the F/S which is 810 m between km 93+030 and km 93+840 is required.



[bookmark: _Toc307319872]3.8 F/S: KM95+949 – KM106+827 (D/D: KM95+746 – KM106+509)
(1) General Conditions
This section is running mountain skirt of Ga Cao and Son Tra Mountains from km96+400 to km101+000 and passing beside of Ham Rong dam at km100+200. Railway is running parallel with the alignment from km98+000 to km103+000. Flat terrain is start from km101+000 to end point except hilly section from km103+200 to km104+400. Several high voltage lines are intersecting with the alignment.
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Figure 3.8.1 Location Map of KM95+949 – KM106+827 (F/S)

(2) Design Controls and Alignment Modification Policy
Design controls were identified by the site investigation with topographic map of 1:1000 scale produced by the planimetric survey. Table 3.8.1 shows design controls and alignment modification policy.
Table 3.8.1 Design Controls and Alignment Modification Policy
	No
	Section
	Design Control
	Alignment Modification Policy

	1
	Km100+000 – 
Km100+400
	Ham Rong Dam
	Ham Rong dam is classified as Grade IV in TCXDVN 285-2002 according to DARD, Quang Ngai province. 
	In accordance with Decree 27-2007 ND-CP, necessary clearance for protection of the Grade IV dam is minimum 50m from the base of dam.

	2
	Km99+230
	HVL 110kv tower
	Towers are located at 20m east of the alignment respectively.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	3
	Km99+340
	HVL 110kv
	
	Alignment shall maintain 15m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	4
	Km99+350
	HVL 110kv tower
	Towers are located at 3m west of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	5
	Km99+520
	HVL 110kv tower
	Towers are located at 25m west of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	6
	Km100+370
	HVL 110kv tower
	Towers are located at 27m west of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	7
	Km100+565
	HVL 110kv tower
	Towers are located at 1m west of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	8
	Km100+580
	HVL 110kv
	
	Alignment shall maintain 15m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	9
	Km100+720
	HVL 110kv tower
	Towers are located at 25m east of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	10
	Km101+380
	HVL 110kv tower
	Tower is located at 20m east of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	11
	Km101+520
	HVL 110kv tower
	Tower is located at 15m west of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	12
	Km101+530
	HVL 110kv
	
	Alignment shall maintain 15m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	13
	Km103+440
	HVL 110kv
	
	Alignment shall maintain 15m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	14
	Km103+595
	HVL 500kv tower
	Tower is located at 30m west of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	15
	Km103+600
	HVL 500kv
	
	Alignment shall maintain 1)18m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	16
	Km103+635
	HVL 500kv tower
	Tower is located at 5m east of the alignment.
	Alignment shall maintain adequate clearance from tower of HVL to protect foundation of the tower.

	17
	Km103+640
	HVL 500kv
	
	Alignment shall maintain 1)18m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.

	18
	Km104+815
	HVL 110kv
	
	Alignment shall maintain 15m clearance from the lowest point of HVL in accordance with Decree No. 81/2009/ND-CP.


Note: 1) Since vertical clearance for 500kv is not stipulated in Decree No. 81/2009/ND-CP, value for 220kv is temporarily applied. Further consideration for the vertical clearance is necessary because that the value is excessive in comparison with the value in Japan.

(3) Comparison of Relative Position with High Voltage Line on Alignment Alternatives
The alignment should be secured necessary clearance from tower and cable of high voltage lines (HVL). Table 3.8.2 shows relative position between HVL and alternative alignments and necessary measures.  
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Figure 3.8.2 Comparison of Relative Position with HVL on Alignment Alternatives

Table 3.8.2 Comparison of Relative Position with HVL on Alignment Alternatives
	No
	Classification
	Alternative-1 (F/S)
	Alternative-2 (D/D Alignment)

	
	
	Station
	Relative Position
	Counter-
measures
	Station
	Relative Position
	Counter-
measures

	2
	HVL 110kv tower
	Km99+230
	Towers are located at 20m east of the alignment respectively.
	Relocation
	Km98+730
	Towers are located at 20m east of the alignment respectively.
	Relocation

	3
	HVL 110kv
	Km99+340
	-
	-
	Km98+835
	1)Clearance height of the lowest point from ground is **m-
	Maintain more than 15 m clearance

	4
	HVL 110kv tower
	Km99+350
	Towers are located at 3m west of the alignment.
	Relocation
	Km98+845
	Towers are located at 3m west of the alignment.
	Relocation

	5
	HVL 110kv tower
	Km99+520
	Towers are located at 25m west of the alignment.
	Relocation
	Km99+010
	Towers are located at 25m west of the alignment.
	Relocation

	6
	HVL 110kv tower
	Km100+370
	Towers are located at 27m west of the alignment.
	Relocation
	Km99+865
	Towers are located at 27m west of the alignment.
	Relocation

	7
	HVL 110kv tower
	Km100+565
	Towers are located at 1m west of the alignment.
	Relocation
	Km100+060
	Towers are located at 1m west of the alignment.
	Relocation

	8
	HVL 110kv
	Km100+580
	-
	-
	Km100+062
	1)Clearance height of the lowest point from ground is **m-
	Maintain more than 15 m clearance

	9
	HVL 110kv tower
	Km100+720
	Towers are located at 25m east of the alignment.
	Relocation
	Km100+220
	Towers are located at 30m east of the alignment.
	Not required

	10
	HVL 110kv tower
	Km101+380
	Tower is located at 20m east of the alignment.
	Relocation
	Km100+880
	Tower is located at 60m east of the alignment.
	Not required

	11
	HVL 110kv tower
	Km101+520
	Tower is located at 15m west of the alignment.
	Relocation
	Km101+025
	Tower is located at 35m east of the alignment.
	Not required

	12
	HVL 110kv
	Km101+530
	-
	-
	Km101+005
	1)Clearance height of the lowest point from ground is **m-
	Maintain more than 15 m clearance

	13
	HVL 110kv
	Km103+440
	-
	-
	Km103+095
	Clearance height of the lowest point from ground is 19.15m-
	Maintain more than 15 m clearance

	14
	HVL 500kv tower
	Km103+595
	Tower is located at 30m west of the alignment.
	Relocation (Realign)Realign
	Km103+245
	Tower is located at 120m east of the alignment.
	Not required

	15
	HVL 500kv
	Km103+600
	-
	-
	Km103+250
	Clearance height of the lowest point from ground is 27.5m-
	Maintain more than 18 m clearance

	16
	HVL 500kv tower
	Km103+635
	Tower is located at 5m east of the alignment.
	Relocation (Realign)Realign
	Km103+295
	Tower is located at 170m east of the alignment.
	Not required

	17
	HVL 500kv
	Km103+640
	-
	-
	Km103+300
	Clearance height of the lowest point from ground is 29.75m-
	Maintain more than 18 m clearance

	18
	HVL 110kv
	Km104+815
	-
	-
	Km104+720
	Clearance height of the lowest point from ground is 15.33m-
	Maintain more than 15 m clearance

	2)Quantity of Required Relocation
	110kv: 8

	110kv: 5

	3)Cost of required Relocation (USD)
	110kv: 1,628,000USD
	110kv: 1,017,500USD


Note: 1) Clearance height is under measuring.

2) Tower of 500kv line is not included because that interruption of power transmission by 500kv is impossible.
    3) Installation of 110kv tower ((Construction & Material: 150,000USD + Design: 3,500USD) per a tower), Removal of 110kv tower (50,000USD per a tower)

(4) Alignment Alternatives and Design Control Points
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Figure 3.8.2 Alignment Alternative and Design Controls at KM95+949 – KM106+827 (F/S)
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Figure 3.8.3 2 Alignment Alternative and Design Controls at KM95+949 – KM106+827 (F/S)

(5) Comparison of Alignment Alternatives
Table 3.8.3 Comparison of Alignment Alternatives of KM95+949 – KM106+827 (F/S)
	Items
	Alternative-1
	Alternative-2

	
	F/S Alignment
	D/D Alignment

	Length
	Value
	10.751 km (1.00)
	10.76399 km (1.0014)

	
	Evaluation
	Good
	FairGood

	Land Use
(Passing length)
	Value
	Residential: 1.1km
Farmland : 4.1km
Hilly area: 5.5km
	Residential: 1.1km
Farmland : 4.34km
Hilly area: 5.3km

	
	Evaluation
	Fair
	Fair

	Horizontal Alignment
(Minimum)
	Value
	R≧5,000m
	R≧5,000m

	
	Evaluation
	Good
	Good

	Constructability
	Value
	Longer hilly section than alternative-2
	Difficult construction work is not required

	
	Evaluation
	Fair
	GoodFair

	Required Structures
	Relocation/
Elevation of HVL pole
	Value
	110kv×86 nos.
	110kv×57 nos.

	
	
	Evaluation
	Fair
	PoorGood

	Natural Environment Impact
	Value
	Hilly area: 5.5km
	Hilly area: 5.3km

	
	Evaluation
	Fair
	Fair

	1)Construction Cost
	Value
	1.00, Residential: 1.1km
	0.981.00, Residential: 1.1km

	
	Evaluation
	Fair
	FairGood

	Ranking
	
	2
	1


Note: 1) Fraction of cost per length (Residential / Farmland: 1.0, Hilly area: 1.5, Tunnel / Bridge: 5.0)

(6) Conclusion and Remarks
Alternative-2 is recommended because that:
· Alternative-2 alignment secures more than 50m clearance from the base of Ham Rong dam. (Design control point No. 1)
· Alternative-2 alignment reduces relocation of tower of 110kv HVL at km100+720, km101+380 and km101+520, respectively. (Design control No. 9 & No.10 & No.11)
· 
· Alternative-2 alignment secures adequate clearance from tower of 550kv HVL at km103+595300 and km103+63550, respectively. (Design control point No.14 7 & No.16 8)
Remarks:
· Nil
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4. Summary of the Alignment Modifications 
Eight major alignment modifications were verified through alternative alignment studies in foregoing chapter and conclusion of the alignment modifications are summarized in Table 4.1.
 
Table 4.1 Conclusion of Alignment Modifications
	No.
	Station
	1)Length in
FS alignment (m)
	Length in
modified alignment 
(m)
	Conclusion of Alternative Study

	
	F/S alignment
	Modified alignment
(D/D alignment)
	
	
	

	
	BP
	EP
	BP
	EP
	
	
	

	1
	KM020+424
	KM030+681
	KM020+484
	KM030+796
	10,257 
	10,313 
	· Alternative-2 (D/D alignment) is recommended
· Revision of EIA is necessary 

	2
	KM033+531
	KM036+630
	KM033+647
	KM036+756
	3,098 
	3,109 
	· Alternative-2 (D/D alignment) is recommended

	3
	KM042+295
	KM047+246
	KM042+422
	KM047+369
	4,951 
	4,947 
	· Alternative-2 (D/D alignment) is recommended

	4
	KM047+246
	KM052+126
	KM047+369
	KM052+252
	4,880 
	4,883 
	· Alternative-2 (D/D alignment) is recommended

	5
	KM071+313
	KM081+569
	KM071+443
	KM081+384
	10,313 
	9,942 
	· Alternative-2 (D/D alignment) is recommended

	6
	KM084+466
	KM091+701
	KM084+281
	KM091+537
	7,235 
	7,256 
	· Alternative-2 (D/D alignment) is recommended

	7
	KM091+701
	KM095+949
	KM091+537
	KM095+753
	4,248 
	4,216 
	· Alternative-2 (D/D alignment) is recommended
· Revision of EIA is necessary

	8
	KM095+949
	KM106+827
	KM095+746
	KM106+509
	10,751 
	10,763 
	· Alternative-2 (D/D alignment) is recommended

	Total
	55,733 
	55,428 
	　

	Balance (F/S – D/D) 
	305
	

	Note: 1) Length is adjusted to actual length with brake length
	
	
	



The Consultant will proceed the basic design, as well as the detailed design on the basis of the modified alignment (D/D alignment).


[bookmark: _Toc307319874]Appendix-1: Summary of Additional Topographic Survey (Draft)

As a result of the alignment modification, additional topographic survey was carried out and area of the additional topographic survey is summarized in Table A.1.1.

Table A.1.1 Summary of Additional Topographic Survey (Draft)
	Date
	Section
	Additional Area

	2011/10/11
	KM22
	4.86ha

	2011/10/6
	KM23-27
	63.72ha

	2011/8/15
	KM34-35
	8.00ha

	2011/9/12
	KM35-36
	6.96ha

	2011/9/29
	KM40-47
	13.50ha

	2011/10/4
	KM47-53
	5.35ha

	2011/9/8
	KM71-82
	-5.20ha

	2011/9/26
	KM84-95
	73.48ha

	2011/10/12
	KM95-107
	57.17ha

	
	
	

	Total Additional Area
	
	227.84ha
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