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[bookmark: _Toc370536591]BACKGROUND OF THE PROJECT 
[bookmark: _Toc370536592][bookmark: _Toc339097849] INTRODUCTION 
This is a Detail Design report that presents Volume 1: Detail Engineering Design & Cost Estimate part for Aleletu Lugo SSIP carried out by GIRDC. The client is OWMEB and the project is financed by Agriculture Growth Program (AGP). The status of this study is detail design level. 

The project comprises two headworks: one diversion and the other pumping station from conveyance main canal. The diversion headwork consisted of two intake structures: the left side intake which is designed for the project under study and secondly, intake proposed for future expansion on the right side of Aleletu Lugo River as per agreement arrived at with the client during inception and feasibility study phases. Since the size of the right side command area is not known at the moment intake of the smaller size than the left side is designed depending on the findings of potential of 80% dependable low flow of the river.

This Detail Design works include study and design of:

Headwork structures: such as diversion weir, intake structure or head-regulator, sluice structure, wing-walls (both u/s and d/s), aprons (both u/s and d/s), energy dissipater, pumps, balancing storage reservoir and appurtenant structures;
Canals and on-farm irrigation and drainage structures: such as division boxes, culverts, lined as well as earthen canals with drops, cross drainage structures, turnouts and off-takes. 
This proposed irrigation project is intended to irrigate a gross command area of 215.5 ha out of which 87% is suitable and 13% is unsuitable due to such factors as slope, soil depth, outcrops, settlement, and the like. Out of this suitable area, the identified overall net command area (both by diversion and pump) is 182.4 ha which is designed to be irrigated by diverting about 212 l/s lean flow of Aleletu Lugo River. The command area supplied surface application from MC1 i.e. about 9 ha has stretched out along the left bank of Aleletu Lugo River for some 1.89km and then lifts-up to the top of expected target command area to be supplied by pump for about 49m elevation difference but to be irrigated fully by gravity. 

[bookmark: _Toc370536749]Figure 1‑1: Sketch of General Arrangement of AL SSIP Supply System
[image: ]
[bookmark: _Toc370536593]LOCATION 
Aleletu Lugo Small Scale Irrigation Project is located in western part of Oromia National Regional State, East Wollega Zone. Its headwork site is situated at about 5km from Lugo village on Aleletu Lugo River in Beko-Jima Kebele of Sibu Sire woreda. 

Whereas the command area supposed to be served from this headwork covers some 4% of its potential in Beko-Jima Kebele which is designed to be supplied by surface method from main canal-1 and its remaining 96% is designed to be supplied by pump from the same main canal. This pump supplied area is located in one of the AGP target projects’ Kebeles i.e. Lugo Kebele of Guto Gida woreda. 

Geographically, the grid reference of this diversion headwork is sited at 252760 E and 1036809 N Adnan UTM Zone 37 and pump station is situated at 251372.957m E, 1037008.733m N.
 
[image: D:\Oromia SSIP\4-Aleletu Lugo\AL_FSD_01_Location map.jpg]
[bookmark: _Toc370536750]Figure 1‑2: Location Map of Aleltu Lugo SSI Project and its Surrounding Area
[bookmark: _Toc370536594]ACCESSIBILITY 
This project is accessed through Addis Ababa – Ambo (70km) – Gedo (190km) – Beko (250km) – Nekemt (325 km) asphalt road. Then 42 km along Nekemt–Bure main all weather road, and then it departs to the right (East) side for another 11km all-weather road plus 16km dry weather (i.e. total of 27 km off-road) on the right direction to reach Lugo Village. Then another 5km dry weather road is required to arrive at the headwork site. Thus a total of 74 km needs to be travelled from the wereda’s capital town Nekemt to arrive at the headwork site.

[bookmark: _Toc339097850][bookmark: _Toc370536595]OBJECTIVES 
Objectives of this section are to present engineering studies carried out in the field and selected option among possible alternatives based on the most appropriate technical approach, in other words, technically sound, and appropriate structures that are matching the natural ground conditions for the intended diversion weir structure with its pertinent components that: 
The project suits to this particular conditions of the site;
The project is acceptable socially and environmentally;
The project is feasible both technically and economically and 
The project enables to efficient utilization of the available flow of this river for irrigation both in dry and rainy seasons for benefits of local community;
The project is viable financially; and
then prepare detailed design with drawings, quantities and cost estimate

[bookmark: _Toc370536596]SUMMARY OF HYDROLOGIC STUDY
[bookmark: _Toc370536597]WATER AVAILABILITY
The presented feasibility level hydrologic study report of this project has shown in Annex A: Climate and Water Resource that low flow analysis of Aleltu Lugo River for 70%, 80% and 90% of dependable lean flows are 0.430, 0.327 and 0.227m3/s respectively. Summary of such monthly dependable low flows of this river are shown here under.

[bookmark: _Toc370536699]Table 2‑1: Summary of monthly dependable Low Flow of Aleltu Lugo River (m3/s)
	 Dependability / Month 
	50%
	60%
	70%
	80%
	90%
	95%

	Jan
	0.881 
	0.881 
	0.853 
	0.654 
	0.227 
	0.270 

	Feb
	0.673 
	0.673 
	0.734 
	0.605 
	0.432 
	0.125 

	Mar
	0.597 
	0.597 
	0.636 
	0.423 
	0.171 
	0.217 

	Apr
	0.552 
	0.506 
	0.370 
	0.353 
	0.341 
	0.105 

	May
	0.654 
	0.598 
	0.555 
	0.334 
	0.265 
	0.106 

	Jun
	1.518 
	1.276 
	1.086 
	0.797 
	0.544 
	0.605 

	Jul
	3.332 
	3.377 
	2.538 
	2.380 
	1.629 
	1.419 

	Aug
	5.786 
	5.236 
	5.050 
	5.045 
	4.686 
	4.223 

	Sep
	6.553 
	6.189 
	5.005 
	4.695 
	4.672 
	3.031 

	Oct
	2.915 
	2.737 
	2.248 
	2.022 
	1.745 
	1.572 

	Nov
	1.653 
	1.678 
	1.470 
	1.407 
	1.229 
	1.191 

	Dec
	1.285 
	1.285 
	1.412 
	1.124 
	0.893 
	0.964 

	Min.
	0.552 
	0.506 
	0.370 
	0.334 
	0.171 
	0.105 


Source: Feasibility Level Study of Hydrology Report of this Project, 2012
[bookmark: _Toc370536598]DEMAND AND WATER BALANCE ANALYSIS
Surface water balance study was conducted by analyzing abstractions upstream and downstream of the anticipated diversion site on Aleltu Lugo River. This study was conducted along the river course for about 10km (about 1km on the upstream side and 9km on the downstream side). In addition to this, secondary information was also assessed in the Woreda and Kebele offices of the project area. However, there is no indication of abstraction except few areas on tributaries of the river on the downstream side of the diversion site. These areas are tried to be enclosed within in the newly proposed project boundary. This monthly water balance analysis in Mm3/Month has been indicated in table 2-2 below.

[bookmark: _Toc370536700]Table 2‑2: Monthly Water Balance Analysis at Diversion Site, Mm3/Month
	Demand & Supply
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Annual

	Nr. of Days in a Month
	31
	28
	31
	30
	31
	30
	31
	31
	30
	31
	30
	31
	 

	Mean monthly Lean flow (Mm3/Month)
	1.75
	      1.46 
	      1.13 
	      0.92 
	      0.89 
	      2.07 
	      6.37 
	    13.51 
	    12.17 
	      5.42 
	      3.65 
	      3.01 
	52.35

	Irrigated area (% of total area)
	100
	100
	82
	34
	45
	54
	0
	0
	0
	65
	100
	100
	 

	Actual Irrigation Demand (l/s/ha)
	1.06 
	0.98 
	0.52 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.02 
	0.15 
	0.61 
	 

	Actual Irrigation Demand (Mm3/Month)
	0.52 
	0.43 
	0.21 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.07 
	0.30 
	1.53

	Peak Irrigation Demand (l/s/ha)
	      1.16 
	1.16
	1.16
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	1.16
	1.16
	1.16
	 

	Peak Irrigation Demand (Mm3/Month)
	0.57 
	0.51 
	0.46 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.37 
	0.55 
	0.57 
	3.03

	Balance (Mm3/Month)
Row(2)-Row(6)
	1.19
	0.95
	0.67
	0.92
	0.89
	2.07
	6.37
	13.51
	12.17
	5.05
	3.1
	2.44
	49.32


 Source: As computed from CWR and low flow analysis of this Project, 2012
[bookmark: _Toc370536701]Table 2‑3: Total gross requirement by crop, mm/month	 
	Proposed Crops
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Annual

	pepper
	280.67
	291.11
	92
	
	
	
	
	
	
	
	
	122.44
	786.22

	Groundnut D
	245.11
	293.56
	260.67
	
	
	
	
	
	
	
	
	114.44
	913.78

	Groundnut WS
	
	
	
	
	
	
	
	
	
	22.22
	
	
	22.22

	Haricot bean DS
	300.44
	76.667
	
	
	
	
	
	
	
	
	74.44
	240.44
	692.00

	Maize 
	0
	0
	
	
	
	
	
	
	
	
	
	
	0.00

	Onion
	294.67
	288.89
	104.22
	
	
	
	
	
	
	
	69.33
	199.56
	956.67

	Sesame
	
	
	
	
	
	
	
	
	
	
	
	
	0.00

	Total gross req’t of all crops, mm/month
	1120.9
	950.22
	456.89
	0
	0
	0
	0
	0
	0
	22.22
	143.78
	676.89
	


Source: As compiled from Agronomy Report of this Project, 2012

As it can be observed from table 2-2 and table 2-3, a total annual lean flow of about 52Mm3 does exist per annum as compared to 3.03 Mm3/Month Peak Irrigation Demand of all crops. But the monthly limiting i.e. benchmark or design value should be the minimum lean flow specified during high demand period of the year i.e. January as there is no storage in the project except balancing reservoir. Consequently, the balance of available lean flow shown in the last raw of table 2-2 shows abstraction by this project has brought no negative results meaning the project can be forwarded concerning availability of water. 

In-terms of the lowest or annual minimum lean flow of 0.334m3/s, abstraction for left side command under study of 0.2119 m3/s and half of it for the latter expansion potential area on the right side sums up 0.31785 m3/s. Thus a balance of still 5% exists for the downstream users. Remember this is only for the driest month of the year otherwise, all exceeds this minimum value (which is only flow of single month). 
[bookmark: _Toc370536599]SELECTION OF DESIGN DISCHARGE
This report has also indicated that, the peak flood discharges for 10, 25, 50 and 100 years return periods of the same river at the selected diversion site are 21.77, 26.40, 29.91 and 33.41 m3/s respectively. On the other hand, from existing cross section and observed flood mark of 1.73m, 86.13m3/sec flood magnitude is estimated as indicated in this hydrologic study report.

For designing small hydraulic structures such as weirs, cross-drainage structures, etc., a 50 year return period flood is usually recommended. However design discharges of this river for the said return period has shown low values though consistently available for longer periods of the year. Hence, the design discharge selected for designing diversion weir for Aleletu Lugo irrigation project is a flood magnitude of 86.13m3/sec. 

 
[bookmark: _Toc370536600]DESIGN OF HEAD WORKS 
[bookmark: _Toc370536601][bookmark: _Toc339097854]GENERAL 
[bookmark: _Toc339097852]Since diversion weir is usually designed to raise the level of water in the river sufficiently to the desired height for diverting water in full or in part through head regulator into the main supply canal for the development of irrigated agriculture, this weir shall be designed for both hydraulic and structural requirements. The hydraulic condition under which the weir is supposed to work was analyzed first. All the forces acting on it was calculated based on the hydraulic design. The general arrangement of the proposed weir and its main dimension was determined based on the results of hydraulic analysis and then after the structural design was carried out. 
[bookmark: _Toc370536602]HEADWORK OPTIONS AND SELECTION OF APPROPRIATE SITE
The proposed headwork site by client is seen located on Aleletu Lugo River coming from Sibu Sire Woreda. The major command area however extends to the target Kebele i.e. Lugo Kebele of Guto Gida Woreda which is one of the AGP project development areas. Part of this command area which is located in Sibu Sire Woreda is a strip of land rolling at some 50 to 150m distance away from this river bank and covers some 13 ha gross (6%) in Beko Jimma PA of this Woreda and the remaining (94%) is in Lugo Kebele of Guto Gida Woreda. Other optional sites were also assessed for about 6km upstream and downstream of the proposed site as presented in Table below. Five different options of potential development scenarios are considered and analyzed here.

[bookmark: _Toc370536702]Table 3‑1: Assessed Headwork sites and command area options analyzed for AL SSIP
	Option
	Description
	Gross (ha) Command
	Advantage
	Disadvantage

	1
	Proposed LB 
Area: It is 
supplied from HW on Aleltu Lugo
 (AL) River
	120
	· Fully surface
· Located in AGP Project  area thus maintain client’s proposed area location 
	· Limited command area
· Steep slope of CA mostly up to 50%
· Long MC
· Cover 13ha out of AGP Project area in Sibu-Sire Woreda
· High investment cost, as the size of the headwork will be too large and the main canal is too long compared to a strip of command area.

	2
	Command on RB of same river alone
	230
	· Most of the potential area is flatter than RB command
· Larger area can be obtained
	· Located in non-AGP Project area (Sibu-Sire & Gudeyabila Woredas)
· Needs huge crossing structures on tributaries
· Crossing the river is challenging

	3
	Both LB & RB of same river to be supplied from
 same HW
	350 ha or 
more i.e.1+2 above 

	· Enables to use most available flow & larger potential command area
	· Most of the area is located in non-AGP Project area
· Needs huge crossing structures
· Outside of the scope of this study area

	4
	Pumping directly from the same river
	213 (more command
 is available)
	· Can address required area & community need
	· Operation cost could be high as there is no electric power
· Manageability could be above their scope till they experience it

	5
	Diversion plus Pumping from 
MC
	244 (more command is available) i.e.
1+4
	· Can address intended command area as well as more potential area & community need
	· Operation cost could be high as there is no hydropower, but less compared to option 4, since the pump head and the area to be irrigated by the pump is decreased.
· Manageability could be above their scope till they experience it, thus needs support at beginning.



Note: The consultant has studied these options thoroughly and recommended and designed infrastructures for option 5 as agreed with the client during inception presentation. Combinations of these options are preferred as it can command maximum area on the right bank of the source of supply river sometime during expansion phase.
[bookmark: _Toc339097853][bookmark: _Toc370536603]FOUNDATION CONDITION
The foundation condition of the diversion weir site is one of the decisive factors considered for determining the type of weir and arrangements of appurtenant structures. The weir site foundation composition and depth of overburden including the properties of the underlying materials is thoroughly discussed in the feasibility level study report of Geology & Geotechnical Study presented in Annex C.

This study report indicated that the overburden materials along the river course at headwork site are characterized by organic soil with fine sand, silt and clay soil material. Such materials are highly compressible and even lightly loaded foundations will be subject to considerable settlements over a long period if placed on them. Thus Lace’s silt factor of 1.25 has been selected for design purposes. Similarly the overburden materials of both the left and right banks at the diversion site consist of the same particle size distribution all being with 6.96% clay, 9.66% silt and 83.38% sand contribution (refer the above quoted report i.e. Annex C: Geology & Geotechnical Study part). 
[bookmark: _Toc339097855][bookmark: _Toc370536604]CONSTRUCTION MATERIAL AND TYPE OF WEIR
[bookmark: _Toc370536605]Construction material
Diversion weirs with pertinent structures can be constructed using deferent materials i.e. stone masonry, mass concrete, reinforced concrete, gabions and/or combinations of these. Availability of suitable materials close to the selected site enables to determine the type and shape of the weir. For selecting construction material of certain structure, among others the following factors are considered: 
Type of construction materials availability at or nearby construction site;
The type and size of bed materials transported by the river during high flood;
Other hydrological characteristics of the river (i.e. amount of flow); 
Availability of skilled and unskilled labour;
The foundation condition of the weir site (i.e. rocky, soil or any others).
Considering the above points and other factors, stone masonry weir with a key wall which is made of reinforced concrete and placed on plum concrete slab is adopted for this study. In fact, when masonry is well constructed from sound hard rock, its abrasion resistance is far higher than poorly constructed concrete works. 
[bookmark: _Toc370536606]Shape of the weir crest
Weirs differ in type and shape; however they all are designed and constructed to serve the same purposes. Thus, the following points are considered to determine the type and shape of the weir suited to this specific site:
A weir with a shape that cannot easily be constructed by local manpower should not be considered;
The availability of the skilled manpower for implementing it in the project vicinity;
The hydrological characteristics of the river under consideration (i.e. amount of flow); 
The skill of the local masons to perform it as per design and specification; 
Suitability of the local construction materials.

The depths of flow over the weir (for ogee shaped for which c=2.2 and for broad crested weir c=1.7) were checked for both weir types and difference in height is found out to be only 30.4cm i.e. the difference if weir type is broad & ogee. Thus, taking this in to condition and above the cited points in to account, and other factors, broad crested stone masonry with minimum reinforced concrete key wall weir and with sloped downstream face is adopted. The stone masonry embedded in cement mortar with concrete wall will be constructed on the mass concrete slab (plum concrete, where up to 30% of the concrete is replaced by rocks with maximum diameter of 300mm). 
[bookmark: _Toc370536607]DETERMINATION OF TAIL WATER DEPTH 
From the surveyed field topographic data of the weir site, three cross-sections (at 50m upstream and 50m downstream and across weir axis) and longitudinal profile of Aleltu Lugo River were produced. Using these cross-sections and profiles, the stage discharge curve is computed and plotted as shown in Figure 3-2. 

To know the tail water depth at downstream of diversion weir structure, the existing average river bed slope should be considered as it enables to decide the arrangement of the weir and protective structures requirement and enables for deciding the bottom elevation of the downstream floor. Accordingly, estimated longitudinal river bed slope at the weir site is found out to be 0.0048 m/m (Refer Table 3-2).

The tail water level in river corresponding to selected design flood 86.13m3/s is 1341.53 and its depth is 1.963m. The average velocity at this section is thus 1.3 m/s and the corresponding d/s velocity head is v2/2g = 0.087m.

[image: ]
[bookmark: _Toc370536751]Figure 3‑1: Aleltu Lugo River Cross section along Wier Axis








[bookmark: _Toc370536703]Table 3‑2: Determination of Longitudinal River Bed slope at Weir Site 
	Nr
	Distance (m)
	Elevation (m)
	Hpartial (m)
	Hcumm (m)
	Area, A (m2)

	0
	0.00 
	1,340.44 
	0.00 
	0.00 
	0.00 

	1
	53.19 
	1,339.56 
	0.88 
	0.88 
	23.46 

	2
	54.75 
	1,338.87 
	0.69 
	1.58 
	43.14 

	3
	52.28 
	1,338.79 
	0.07 
	1.65 
	43.08 

	4
	52.46 
	1,338.64 
	0.16 
	1.81 
	47.34 

	5
	42.05 
	1,338.46 
	0.17 
	1.98 
	41.63 

	6
	101.67 
	1,337.66 
	0.81 
	2.79 
	141.58 

	7
	93.99 
	1,337.41 
	0.25 
	3.04 
	142.63 

	Subtotal
	450.40 
	 
	 
	 
	482.87 


Average height, Havg = 2*A/L = 2.1
Slope, S = Havg/L =0.0048

[bookmark: _Toc370536704]Table 3‑3: TWD Computation at Wier Site
	Stage, H (m)
	Manning's Roughness, n
	Water Area, A (m2)
	Wetted perimeter, P(m)
	Hydraulic Radius, R (m)
	Longitudinal Slope, S (m/m)
	Velocity, V (m/s)
	Discharge, Q (m3/s)

	1339.5670
	0.04
	0.0000
	19.1030
	0.00 
	     0.0048 
	0.00 
	0.00 

	1339.7670
	0.04
	2.0670
	19.1359
	0.11 
	     0.0048 
	0.39 
	          0.81 

	1339.9670
	0.04
	5.9662
	19.8996
	0.30 
	     0.0048 
	0.77 
	          4.61 

	1340.1670
	0.04
	9.8959
	20.3936
	0.49 
	     0.0048 
	1.07 
	        10.54 

	1340.3670
	0.04
	13.8867
	20.9176
	0.66 
	     0.0048 
	1.31 
	        18.23 

	1340.5670
	0.04
	17.9386
	21.4417
	0.84 
	     0.0048 
	1.53 
	        27.47 

	1340.7670
	0.04
	22.0515
	21.9658
	1.00 
	     0.0048 
	1.73 
	        38.14 

	1340.9670
	0.04
	26.2255
	22.4899
	1.17 
	     0.0048 
	1.91 
	        50.12 

	1341.1670
	0.04
	30.4605
	23.0139
	1.32 
	     0.0048 
	2.08 
	        63.34 

	1341.3670
	0.04
	34.7566
	23.5380
	1.48 
	     0.0048 
	2.24 
	        77.74 

	1341.5670
	0.04
	39.627
	29.7303
	1.33 
	     0.0048 
	2.09 
	        82.79 

	1341.7670
	0.04
	43.6449
	34.5318
	1.26 
	     0.0048 
	2.02 
	        88.01 

	
	
	
	
	
	Vavg =
	1.43
	




[bookmark: _Toc370536752]Figure 3‑2: Stage Discharge Curve at Weir Site

Level read from above graph corresponding to selected design flood of 86.13m3/s is 1341.53 m. Thus, matching TWD i.e. h3 (m) = 1341.530 - 1339.567 = 1.963 m. 
[bookmark: _Toc339097856][bookmark: _Toc370536608]HYDRAULIC DESIGN OF WEIR SECTION
[bookmark: _Toc370536609]Fixing weir crest level
At the location of the selected weir site, the average river bed level is 1339.567 m above mean sea level. The weir crest elevation is fixed with reference to this river bed level considering the following factors.

The crest level should be set at desired height or level to be able to obtain the required driving head to safely deliver the maximum or  peak or designed discharge to both main canals,
The weir crest should be set to allow a safely passage of maximum flood discharge within designed weir crest length,
The bed level of the under sluice should be below sill level of canal head regulator to exclude sediment, 
The main canal at the head reach should not be too deep in order to avoid large excavation work, to minimize construction cost and to reduce maintenance and side slopes stability problems. 
Weir Crest Level = (Water surface level at 1st off-take down the main canal) + (L x S) + hg; 
Where, L = length of main canal from the head regulator to the 1st off-take (m); S = Bed slope of the main canal; hg = Head loss at the head regulator (m) (usually taken as 0.1-0.3 m); Water surface level at 1st off-take down the main canal = Water depth in the canal + Peak irrigable land level in the command area + Operational losses (usually 0.1m)

The soil survey map of this project has shown that the land below 1340 contour line is suitable for irrigation. Hence, the weir was designed to be able to supply water to the land that lies below this contour line for surface irrigated but more than this for the pumped irrigation part. 

Therefore the weir height above the river bed is determined based on the following data:

Average River Bed Level (m a.s.l)…………………………………..	=1339.567
Peak/Design water depth in the canal, d (m) ……………………..	=0.55 m
F.S.L in the canal at starting point (m a.s.l)………………….……	=1340.617m
Length, L of MC from head regulator to the 1st off-take (m)….	=152.18m
Bed slope of the main canal, S …………………………………	=0.001
Head loss along MC, hf (m)=S*L……………………………….	=0.1522m
Head loss at the head regulator, hg (m) ………………………..	=0.1 m
Operational head losses, ho (m) ………………………………	=0.1 m
Assumed Intake depth (ID) above RBL (m)…………………..	=0.5 m
Thus, Intake Level (INL) = RBL + ID, (m) …………………….	=1340.067m
Peak irrigable land level in the command area ………………	=1340m
Water surface level at 1st off-take down the MC …………….	=1340.55
Therefore, Weir Crest Level (WCL)……………………………..	=1340.902
Required Weir Height, h ………………………………………...	=1.34 m
Difference of WCL & Intake Level ……………………………..	=0.835m
Thus driving head for the case of full supply discharge = WCL- INL- d=0.285m which is > minimum of required 0.15 m, thus it is ok!
[bookmark: _Toc370536610]Length of the weir
Length of the designed weir crest is determined based on the physical characteristics of the selected weir site and the width of the existing waterway. A weir with a long crest gives a small discharge per unit length and hence, the required energy dissipater per meter of the crest width is smaller than what is needed for a shorter crest length. Weir crests longer than maximum wetted river width causes formation of islands at upstream side of the weir. This formation of island upstream of the weir results in reduction of effective length of the crest thus designed part of the weir will be less effective in passing the flood. 

Therefore as a general rule, the crest length of the weir including scouring sluice should be taken as the average wetted width during the flood. If possible the flow per unit width should not exceed 15m3/s/m so as to avoid a relatively costly energy dissipation arrangement. In such case, increasing the length of the weir crest to 1.2 times the river width is allowable. However, top width of existing river bank at the proposed weir site is found about 21m and its bottom width is 19m which is thus wide enough to accommodate the selected design discharge of 86.13m3/sec as the unit discharge will be about 4.79m3/s/m (i.e. 86.13/(effective length, 18m)). Thus, undertaking of river training work is not necessary. Effective length of 18m is taken by minimizing two sluices of 1m wide each and two piers of each 0.5m wide.

In this project, though the proposed command area is situated on the left bank of the river, much larger potential area has also been identified on the right bank though its study is out of the scope of this study TOR. Thus as discussed and agreed with the client during inception phase, intake shall be provided on both of this river banks so that it could be used during expansion phase of the same project.

Accordingly, the total width proposed to be provided for the two scouring sluices is 1m each on left and right corners and the length of the over flow part of the weir is 18m (i.e. excluding each 1m wide scouring sluices and 0.5m wide operation desk supporting piers). 
[bookmark: _Toc370536611]Flow depth over the weir crest
The main components of the proposed diversion weir will be: over flow section, upstream and downstream wing walls, two scoring sluices, two intake gates, stilling basin and other protection structures. Flow depth over the weir crest is computed by the following empirical formula.

Qp = CLHe3/2
Where,
Qp = Peak flood discharge in m3/s = 86.13m3/s 
L = Effective length of weir crest in m = 18m
He = Over flow depth including approaching velocity head in m 
C = Discharge coefficient equal to 1.7 for broad crested weir

From above equation, He = (Qp/CL)2/3 = 1.994m
As it can be observed from Figure 3-3, He = Hd + Hav; but Hav=Va2/2g
Where, 
Hd is design head (m); 
Hav is velocity head (m) and 
Va is approaching velocity, 
But Va =Q/A where A is cross sectional area; 

Thus equating the above equations of approaching velocity, we get:
Va = Qp / (L*(h+Hd))

Therefore combining these equations, He =Hd+(Qp/(L*(h+Hd)))2/2g
Keeping value of He and solving for Hd by goal seek yields Hd = 1.881 m. Thus adopted head corresponding to selected design discharge is 1.881m

Consequently, upstream water level = WCL + Hd = 1340.902 + 1.881 = 1342.783 m above mean sea level. 

Downstream water level for Qd = RBL + TWD = 1341.530 m above mean sea level without considering retrogression. 
Check whether the flow is modular or non-modular i.e. free or submerged respectively. For the flow to be modular, i.e. not affected by submergence, the ratio H2/H1, where H1 and H2 are the u/s and d/s head above the weir crest, is less than 0.75. 

Upstream head, H1 = 1342.783 – 1340.902 = 1.881 m
Downstream head, H2 = 1341.53 – 1340.902 = 0.628m

Since H2/H1 = 0.33 < 0.75, it indicates the flow over this weir is not affected by the tail water level and the assumed discharge coefficient (C=1.71) is thus acceptable.

Head loss, HL = (u/s TEL) - (d/s TEL) = 1342.896-1341.753 = 1.143m
Discharge per meter width, q = 4.79 m3/s/m 
Corresponding critical depth of flow, dc = (q2/g)^1/3  = 1.326m
HL/dc=0.86



A
B
C
A
B
C

He

h

=Va2/2g

Hd

d1

d2

Hv1
Hav
Hv2
Hv3
d3=TWD

[bookmark: _Toc370536753]Figure 3‑3: Schematic Cross-Section of Designed Weir Structure

[bookmark: _Toc338228284][bookmark: _Toc370536612]Bottom level of the weir body
To determine bottom level of the weir body, determination of vertical cut-offs need to be fixed at the upstream and downstream ends of the weir to safeguard against scouring and piping effects at the downstream end. Intermediate cut-offs provided at the ends of upstream and/or the downstream slopes of the impervious floor, are useful in protecting the main structure i.e. the weir against sliding. 

The depth of cut-offs should therefore be such that the structure’s bottom is lower than the level of possible flood scour at that section. In addition, the downstream cut-off should also be sufficient to reduce the exit gradient within safe limits, which is decided by the sub-surface conditions.

At the outflow from the stilling basin, there remains a certain proportion of energy in the flow that scours the downstream of the basin. The scour holes so formed may progress towards the structure and results in structural failure. Such failures can be prevented by providing piles or cut-off at u/s and d/s ends of the impervious floor, by extending below the calculated scour level. This depth below Highest Flood Level (HFL), R i.e. depth of normal scour is given by the Regime scour depth method developed by Lacey’s equation as follow:

Hydraulic mean depth(R), 
Where,
 		R = hydraulic mean depth, m
 		q = discharge per meter length = 4.79m3/s
f = Lacey’s silt factor, as stated under section 1.2.4 is taken 1.5 for fine sand, silt and clay soil material
Accordingly R = 3.35m

Bottom level of u/s cut-off = u/s HFL – 1.5R = 1337.760
Depth of cut-off below river bed level = -1.81m. Negative sign shows that upstream cutoff is required. But, according to recommendation from geology study, bed material is moderately pervious that may cause excess leakage thus applying positive cut – off is recommendable to avoid such excess leakage. Thus taking a 2.0m depth of cutoff wall produces u/s cutoff of 1337.567 m level to be provided. 

Bottom level of d/s cut-off = d/s HFL – 1.75R = 1335.670
Depth of cut-off below river bed level = - 3.897m, but take a value of 3.0m (as per geology recommendation this value ranges from 3 - 4m) and then check for subsequent conditions as shown under 3.6.9. Thus d/s cut-off depth below river bed level will also be 1336.567.
[bookmark: _Toc370536613]Basic Section of the Weir 
Masonry weir is designed to resist, with sufficient factor of safety, the three tendencies to its causes of destructive forces: overturning, sliding and overstressing. Thus to resist such conditions, proper dimensions shall be provided. The basic section of this weir can be determined using Bligh’s method as follows.

Top width of the weir (b), 

Where, 
b = Top width of the weir wall and is generally kept to be 1.0 to 1.8 m
He = overflow depth including approaching velocity head. 
ρ = specific gravity of the weir body = 2.3 for masonry

Thus top width of the weir (b), = 1.994/ ((2.25-1)) = 1.748m. Let us take b=1.5 and check for its stability.

Bottom width (B) of the weir wall is obtained by providing suitable side slopes. In this design, the upstream and downstream face slopes of 1:0 (i.e. vertical u/s face) and 1:0.97 (V: H) for d/s face is adopted respectively. But the bottom width of the weir shall not be less than:  



Where,
B = bottom width of the weir, m 
P = weir height above d/s apron level = 1.34m
He = overflow depth including approaching velocity head=1.994m
[bookmark: _Toc338228286]As a result, by Bligh’s method B= 2.92m, Take B= 2.8m and check for its stability. 
[bookmark: _Toc370536614]Bed level of the stilling basin (apron)
Building a weir elevates the total energy line upstream of the structure. Thus the difference between the upstream and downstream energy grade line becomes very high. This energy must be dissipated before it reaches the natural river course; otherwise, it causes damage to the banks and downstream of the apron. The flow over the weir here is in a supercritical state. For this reason, this energy needs to be dissipated through a hydraulic jump downstream of the weir in this basin. To control the location of the jump, the apron and stilling basin are designed to suit a range of the river discharge. 

Consider a floor level of the downstream apron/stilling basin/ to be some distance below the natural riverbed level, and then estimate pre jump depth such that difference between conjugate depth and tail water depths is within acceptable limit 0.2 to 0.4m. Refer results under section 3.6.7.
[bookmark: _Toc370536615]Determination of Other Hydraulic jump within the Basin
On the downstream horizontal apron of the weir, the following equation is used.



Where, q = Discharge per meter width = 4.53m3/sec/m,

Based on energy equation u/s and d/s of weir and neglecting loses due to friction and turbulence in between, the hydraulic jump (pre- and post-jump) occurring at the stilling basin can be calculated as follows:

Total energy level at Upstream = Total energy level at downstream  Eo = E1



Where, Zo = Upstream bed level = 1339.567m 

h = Weir height above the ground =1.34m
Hd = Over flow Depth over the weir =1.881m 
Va = Approach velocity= sqrt(2gHav)= 1.48m/s
Z1 = Downstream apron level assumed and checked for 1339.367
d1 = Pre-jump depth
V1 = Velocity at the jump entering the basin = q/d1, where q= 4.53m3/s/m 

By substituting the value of V1, the equation will be reduced to:
1339.567 + 1.34 + 1.881 + 0.11 = SBL + d1 + (4.79/d1)2 *(1/2*9.81)
1342.835 - SBL = d1+ 22.9441/19.62d12 = d1+1.1694/d12

From the above energy equation, substituting V1=q/d1 and Fr1=V1/(gd1) gives:


Assuming SBL and computing for d1 so that difference between TW depth and conjugate depth, d2 is in the range of 0.2 to 0.4 would be acceptable otherwise if found greater, then d/s basin level should be depressed by some height and trial be repeated.

As a result, a horizontal basin level of 1339.567 m a.s.l. has carried d1 = 0.63m, V1=q/d1= 7.58m/s, Fr1=V1/gd1) =3.04, Hav1 = V12/2g = 2.93m.

Consequently, d2 = 1.737m, V2=q/d2=2.75 m/s and Fr2 = V2/gd2) = 0.67. Corresponding velocity head, Hav2 = V22/2g = 0.39m. 

V3 = q / d3 =q / TWD = 2.09m/s; Hav3 = V22 / 2g = 0.22 m

Thus, the difference of d2 is 0.226m from TW depth, d3 of 1.963m. Of-course, the greater tail water depth, d3 than post jump depth d2, the jump will be forced upstream and may finally be drowned out at the course, becoming a submerged jump.
[bookmark: _Toc338228287][bookmark: _Toc370536616]Length of upstream and downstream aprons
Length of Upstream apron 

An apron may be placed upstream of the weir in conjunction with one of the various types of cut-off wall. The function of this upstream apron is to increase the length of percolation path in order to reduce piping and uplift acting over the entire base area of the structure. Accordingly, a 2m long upstream apron is proposed for this structure. 

Length of Downstream apron Stilling Basin

Downstream apron has two functions. The first is to lengthen the path of percolation and the second is to dissipate energy. With this respect, the properly designed stilling basin and energy dissipater must be provided at the downstream end of the weir.

The length of the downstream horizontal floor should be such that the entire jump is confined only to the floor. This will ensure that the stone protection provided on the downstream of the floor is not affected adversely by the jump. Hence, the length of the downstream horizontal floor is kept equal to the length of the jump, which is equal to 5 to 6 times the height of the jump i.e. 5 to 6 (d2-d1). Here d2 and d1 are pre-jump and post-jump depths of flow.
 

 = 6*(1.737-0.63) = 6.6m

Thus a downstream apron length L of 6.5m has been fixed including d/s end sill width. 
[bookmark: _Toc370536617]Thickness of downstream apron
There are two approaches to determine the apron thickness. The first assumes that the apron consists of individual unit volumes, which are structurally not linked, and the weight of each individual unit balances the uplift pressure. While this assumption leads to an increase in the size and hence structure’s cost, the computations involved are very easy and result in a structure with a high safety factor. 

The second approach to design the apron is by considering the whole structure as one unit and determining the bending moment and shear force at the critical section, which is at the toe of the weir.

To determine the thickness of the apron both dynamic and static case should be considered. The bottom parts of the apron will generally require larger thickness when static case is selected, but the top part of the apron (the toe section) will have larger thickness when dynamic case is considered. Therefore, the thickness at any point say A, B and C are calculated from:




Where, 
t = thickness of apron at any point (m)
f = factor of safety = 1.3
H max = U/S and D/S head differential (maximum) head, m 

Lc= weighted creep length total (m),  
LV =vertical creep length and 
LH = Horizontal creep length

Required condition: Lc   C*Hmax 

Lc =11.3 m (as shown in table 3-4 below).
C*Hmax = 8*1.253 =10.03 for dynamic and 8*1.54=12.28 for static case, where C = Percolation coefficient (Bligh’s creep ratio), equal to 8 for fine sand, silt and clay soil material (S.K. Garg “Irrig. Eng. & Hydraulic Structures”).

Thus, 12.30   indicated values above thus considered length of percolation is safe. 

LA = Weight creep length at point A (m)
TWL =Tail water level = TWD + d/s apron level i.e. RBL, thus TWL =1340.530
WLA = water level at point A, critical point. 

 =Specific gravity of masonry = 2.3 for masonry, to be safe)




[bookmark: _Toc370536705]Table 3‑4: Computed Thickness of Downstream Apron
	Point
	Weighted creep length
	Hmax (1-LA/LC)
	TWL-WLA
	f/(m-1)
	t (m)

	
	LH
	LV
	Lc
	
	
	
	

	Dynamic Case Hmax =
	1. 253
	 
	 
	 
	 
	Calculated
	Adopted

	A
	6.8 
	7.5
	9.77 
	(0.58)
	1.332
	1.0
	0.75 
	1.0

	B
	8.3 
	7.5
	10.27 
	(0.68)
	0
	1.0
	(0.68)
	0.7

	C
	12.3 
	7.5
	11.60 
	(0.89)
	0
	1.0
	(0.89)
	0.5

	Static Case Hmax =
	1.54
	 
	 
	 
	 
	 
	 

	A
	6.8 
	7.5
	9.77 
	(0.71)
	0
	1.0
	(0.71)
	0.5

	B
	8.3 
	7.5
	10.27 
	(0.83)
	0
	1.0
	(0.83)
	0.5

	C
	12.30 
	7.5
	11.60 
	(1.09)
	0
	1.0
	(1.09)
	0.5


Note: Though Lc < C*Hmax in both cases thickness has been increased to 1m to account for it at “A”.
[bookmark: _Toc338228288][bookmark: _Toc370536618]Exit Gradient (GE) 
If the upward thrust/pressure exceeds a certain value at the exit, piping will occur. It has been determined that for a standard form consisting of floor length b and vertical cutoff of d, the exit gradient at the downstream end is given by, (Khosla’s Method).



Where,, b is total floor length =0.5+1.5+1.5+1.30+2*3+0.5=11.3m and d is Vertical cut-off wall of the structure =2m on the u/s and 3m on the d/s.


Hmax = maximum head difference between u/s water level and tail water level = 1.253m for dynamic case and 1.54m for static case. Consequently, GE = 0.109 and 0.133 i.e. 1 in 9 and 1 in 7.5 for the two cases respectively. 

From this it can be concluded that, the structure is safe against piping, since computed GE is between safe exit gradient of the material under consideration i.e. for a bed material consisting of fine sand and course sand, safe exit gradient is in the range of 0.083 i.e. 1/12 to 0.20 i.e. 1/5 (S.K. Garg “Irrig. Eng. & Hydraulic Structures”, 19th revised edition PP-554, 2005). Thus the provided maximum cut-off wall of 2m is enough to safeguard against piping for this material. But from geologic requirements point of view a 3m deep cut-off wall is maintained on the d/s side.
[bookmark: _Toc370536619]Riprap protection
Protective work is required for the downstream end of the solid apron to prevent the channel bed from being eroded by the current that leaves solid apron by dumped riprap. The length of the downstream apron is taken as 2.5d, where d is the scouring depth below channel bed. 

Thus, length of d/s dumped riprap = 2.5d = 2.5*(3.35 -1.963) = 3.46 say 5 m.

Minimum stone size is calculated by the following formula
V = 4.915D1/2 (R.S. Varshney page 33)
Where, 
D = mean diameter of stone in m
V = average velocity of the flow in m/s = 1.43 m/s (Refer table 3-3)

 ~ 85mm Diameter stone but to be more practical, use 200-250mm size of stone for hand placed riprap. 

The thickness of the riprap is taken as twice the size of stone proposed for dumped riprap and hence, the thickness becomes 200*2 = 400-500mm say 0.50 m thick. 

Stone with almost cubical in shape with minimum size of 200-250mm are proposed for the downstream apron.
[bookmark: _Toc370536620][bookmark: _Toc339097859]WING WALLS 
According to findings’ of feasibility level study report of Geology and geotechnical part of this project, river banks are characterized by unconsolidated loose soil material. Owing to the river flood, it is susceptible for erosion and caving. To this, it is recommendable for construction of protective embankment structures along river banks as wing walls.

These walls have dual purposes: primarily to anchor the weir structure into the riverbanks i.e. as retaining wall and to prevent lateral seepage through these banks, which might occur due to the difference in water level between u/s and d/s of the structure and secondly to constrict flow within the banks so that there will not be overtopping and erosion of sides of channel. These walls will have the same length to that of diversion structure and it will be fixed with anchorage or key in the banks both at left and right and upstream and downstream ends. 
 
Wing walls of the diversion weir can be constructed from masonry, gabions, or reinforced concrete. However, concrete retaining walls are provided on aggressive rivers having steep gradients and high velocities either to contain or to train river flow where protection is subject to frontal river attack, whereas, masonry and gabion walls are often used because of their flexibility and cheapness on areas other than this. Masonry or gabion retaining walls are designed as gravity walls.

The wing walls selected for this head work is thus masonry wall. The design and analysis of these wing walls are treated same as that of retaining wall design as shown in subsequent sections. 

Freeboard of Wing Walls

Sufficient freeboard should be provided for u/s and d/s wing walls in order to protect the walls and embankments from being overtopped by surges, splash and spray, and wave action setup by the turbulence of hydraulic jump, and not to allow high flood water to sidestep the diversion weir.   

Consequently, considering freeboards of 0.5m for u/s and 0.6m for d/s of wing walls for this broad crested weir, the height of these walls are found out to be:

Top level of the upstream wing walls = Weir crest elevation + over flow depth on the weir crest + Velocity Head, Hav + freeboard = 1340.902 +1.881+0.11+0.5 = 1343.396 m

Similarly, top level of the downstream wing walls = downstream apron level (=RBL) + TWD + allowance for energy head + freeboard = 1342.242   

Upstream total energy level (u/s TEL) = U/S WL + Hav= WCL + Hd + Hav = 1342.896
Downstream tail water energy level (d/s TEL) = 1341.753 without considering 0.30m depth for retrogression. 
[bookmark: _Toc370536621]HEAD REGULATORS
[bookmark: _Toc370536622]Design data 
The studied command area lies on the left bank of the source of supply river, Aleltu Lugo River. However, due to high potential of command on the right side, two head regulators are proposed as per discussion made during inception phase of this study. The followings are data considered for designing of these head regulators. 
Left bank Canal (MC1) full supply discharge …….	= 0.2119 m3/s	
Canal bed width at head reach …………………... 	= 0.40m	
Full supply depth at the head reach ………………	= 0.55m	
Canal bed elevation at out let ……………………..	= 1340.067	
Full supply elevation ……………………………….	= 1340.617	
Side slope at head reach…………………………..	= 1:1 just after wing walls, otherwise box intake is designed for its easy management.	

Weir data:
River bed elevation …………………………………………	= 1339.567	
Weir crest elevation ………………………………………..	= 1340.902
Assumed Intake depth (ID) above RBL (m)……………….	= 0.5 m
Intake Level (INL) = RBL + ID, (m) ……….……………….	= 1340.067m

Computed driving head for FS discharge = WCL- INL- d = 0.285 m which is greater than minimum recommended head of 0.15 m, thus ok!	
[bookmark: _Toc370536623]Hydraulic Design of Head Regulators
The axis of main canals intakes are proposed to take off at an angle of 90o parallel to the diversion weir axis in the wing walls and then MC1 bends 90 from river bank in the flow direction. Rectangular box opening sizes of 1.0m wide by 0.60m height for the left and 0.6m wide by 0.50m height for the right side intakes respectively are proposed to be placed. 

The amount of flow is controlled by the gate opening height. The bed width and full supply depth (FSD) of right side canal is assumed half of the left side as its net command area is not known owing to its out of scope of this study at the moment. 

The discharge through each opening is determined by drowned or free flow orifice formula depending on gate opening height. When the gate is opened to maximum height of 0.5m excess water will pass to each side canal. 

When the two right and left gates are opened, downstream of the gates are submerged and drowned orifice formula is used to calculate the discharge. 


Where, 
Q = Discharge required for irrigation……….. = 0.2119 for left & assumed 0.10595m3/s for right side command.
C = Discharge coefficient……………	………. = 0.6
A = cross - sectional area of the orifice opening, m2	
h = head difference (varies), m

Based on the above formula, the result of the calculation for various head and opening height (d) is tabulated in Table below.

[bookmark: _Toc370536706] Table 3‑5: Flow through Rectangular Intake
	Max. Opening depth d (m)
	Bed width  (b)
	Area (A) of Opening
	Head (h)
	Q m3/s
	Remark

	Right Side Intake

	0.5
	0.6
	0.30
	0
	0.00
	For future expansion







	0.5
	0.6
	0.30
	0.05
	0.18
	

	0.5
	0.6
	0.30
	0.10
	0.25
	

	0.5
	0.6
	0.30
	0.20
	0.36
	

	0.5
	0.6
	0.30
	0.30
	0.44
	

	0.5
	0.6
	0.30
	0.40
	0.50
	

	0.5
	0.6
	0.30
	0.50
	0.56
	

	0.5
	0.6
	0.30
	0.60
	0.62
	

	Left Side Intake

	0.6
	1.0
	0.60
	0
	0.00
	Currently considered for design






	0.6
	1.0
	0.60
	0.05
	0.36
	

	0.6
	1.0
	0.60
	0.10
	0.50
	

	0.6
	1.0
	0.60
	0.20
	0.71
	

	0.6
	1.0
	0.60
	0.30
	0.87
	

	0.6
	1.0
	0.60
	0.40
	1.01
	

	0.6
	1.0
	0.60
	0.50
	1.13
	

	0.6
	1.0
	0.60
	0.60
	1.24
	





[bookmark: _Toc370536754]Figure 3‑4: Stage-Discharge for the Left and Right Intake Openings

Sliding steel gates with dimension of 1.2m wide by 0.80m height for the left and 0.80m wide by 0.7m height for the right side gates are proposed for flow regulation, i.e. 0.1m is allowed to be inserted in grooves on both sides.
[bookmark: _Toc339097860][bookmark: _Toc370536624]UNDER SLUICES 
[bookmark: _Toc370536625]General
Under sluices are proposed to be provided at the left and right end of diversion weir from where canals take off. Since two canals are proposed to take off from the left and right side of the weir, two scouring sluices are provided near head regulators to control potential sediment entrance to the main canals. The bed elevation of the under sluices is proposed to be kept at 0.30m below intake sill level at an elevation of 1339.767m. Thus its height will be 0.2m above RBL, and top level of sluices is 1340.767m. 

The width of the water ways of both under sluices is checked for different dimensions say 1m wide by 0.7m height as well as 1m by 1m using orifice formula. However it is the second option that can satisfy passage of allowable discharge through these sluices i.e. 5 to 20%. The first option can pass only a total of 4% of design discharge thus a 1m by 1m sluices gates are recommended on both left and right sides. Consequently, the under sluices are provided with effective opening sizes of 1.0m wide by 1.0m height and total length of 1.2m by 1.2m height for both sides. 

The sluice gates are designed to be hoisted above the high flood level, which usually means above the level of the abutment walls. But as this is rather expensive it is usual to provide a hoist mechanism to lift the top of the gate to the top of the abutment walls and then allow the gate to act as the top of an orifice during high floods.




[bookmark: _Toc370536626]Discharge and velocity through scouring sluices
Discharge through under-sluices for the condition when the upstream water level is at crest level and no water flow on downstream has been calculated. Under this condition the openings of under-sluices are working as free orifice.  

The deposited materials behind scouring sluice are considered gravel, sand and silt with maximum of 0.10mm diameter. Required velocity for flushing out the above materials is computed as follows. 
 
Case-1: When u/s WL is at WCL

Critical velocity for the expected deposited materials behind scouring sluice is:




The discharge through each free orifice, 



Where,   	
Q   = Discharge through under-sluice
Leff = effective length of under-sluice opening =1.0m
d = width of opening =1. 0, Assumed
Cd = coefficient of discharge = 0.60 (selected)
h = head above center of opening orifice = 1.34 - (0.2+1/2*0.7) =0.79m





The calculated velocity of 2.35 m/s is greater than required critical velocity of 1.85 m/s thus the given dimensions fulfill the requirement.

Case-2: When u/s WL is at its max. i.e. HFL

When upstream water level is at highest flood elevation i.e. about 1342.783 and downstream tail water level corresponding to highest design flood is of 1341.530m, the bottom levels of both gates are 1339.767. However, since the driving head in this case is high, the bottom of each gate is not submerged. Therefore, still the scouring sluices are working as free orifice and the same formula is used for computing the discharge and velocity through orifice.


Where,  	
Q = Discharge through under-sluices
Cd = coefficient of discharge = 0.60
Left= effective leaner water way =1.00
d   = width of under-sluice opening = 1.00, Assumed

Consequently, Q=4.16m3/s which is about 5% of design flood in each sluice gives a total capacity of 10% of design discharge. Corresponding velocities, V=4.16m/s.

Thus a 1m wide by 1m high sluices shall be provided on both sides of the weir.

It is proposed to provide vertical sliding steel gate supported by guiding systems which enables the gate to be operated vertically in its own plane. There should be a gap of at least height of intake gate (i.e. 0.50m in this case), between bottom of the operating platform and top of the gate in fully raised position.
[bookmark: _Toc339097862][bookmark: _Toc370536627]STRUCTURAL DESIGN
[bookmark: _Toc339097863][bookmark: _Toc370536628]Stability analysis of the weir
All external forces acting on the weir are the result of flowing water in the river on which the structure is constructed. A typical force system of a weir consists of the following components.
Static water pressure of the surface water: Its value can be easily calculated if the effect of changing the static pressure, upstream, to the dynamic one downstream is neglected,
Uplift water pressure,
Friction forces at the base which develop to balance the horizontal forces,
Weight of the weir and water wedges: Weight of the weir is calculated simply by multiplying unit weight of the weir by its volume. Weight of the water wedges present the weight of water that is on the weir body and act either against or in favour of the weir stability, thus it depends on the slope of the weir and the water surface at d/s.

The stability of the weir wall above foundation slab is to be checked here for two conditions i.e. for condition of high flood level and for condition when water level is at crest level, but no over flow.  For the structure to be remained stable, the following conditions must be fulfilled:
The structure must be safe against sliding, overturning and resultant force must lie within middle third of the structure,
There should not be tension under the base,
The maximum toe and heel pressures on foundations should not exceed the prescribed safe limits. 
The designed weir wall is considered to be constructed from stone masonry bedded in 1:3 cement & sand mortar ratio. It is supposed to be placed on plum concrete foundation slab on the water fall side and masonry basement on the upstream side. The impervious foundation slab and the apron were checked for uplift pressure and its thickness is determined and shown under section 3.6.9. All the forces and moments that act on weir are calculated separately for both full flow and empty conditions and tabulated in the following tables. 

In analyzing stability of weir structure only the critical section is considered i.e. part of the weir and its substructure as shown below. This is because analyzing other parts make the structure more safer. 
[image: ]  
[bookmark: _Toc370536755]Figure 3‑5: Forces Considered for Stability analysis of Critical Section of Weir

Data from Feasibility Level Geology Study Report of this project indicated that presumed allowable bearing capacity for stiff dark greyish brown cobbley gravely sandy clayey silt soil with boulder which is located below 2.6m on left bank abatement is 700 KN/m2. Whereas central river course is characterised by loose to firm greyish brown slightly clayey silty Sand of 150 KN/m2 allowable bearing capacity.

Unit Weight of masonry, m = 2.3 t/m3 (for weir body and u/s & d/s cut off walls)
Unit Weight of concrete, c = 2.4 t/m3 (for apron and weir underneath body)
Unit Weight of water, w = 1.0 t/m3
Unit Weight of bed material (fine sand submerged), s = 0.7 - 1.9 t/m3
Coefficient of uplift pressure,  = 0.67
Coefficient of silt pressure, Co = 0.57
Factor of safety against sliding = 1.25
Factor of safety against overturning =1.25


[bookmark: _Toc370536707]Table 3‑6: Case-I: Stability analysis for high flood condition
	Name of forces
	Symbol
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	1.Vertical forces   
	 
	 
	 
	 
	 

	1.1 Down ward  
	 
	 
	 
	 
	 

	Weight of weir
	W1
	4.61
	 
	2.15
	9.90
	 

	
	W2
	2.00
	 
	0.93
	1.86
	 

	
	W3
	0.86
	 
	2.63
	2.27
	 

	
	W4
	0.684
	 
	1.57
	1.07
	 

	
	W5
	0.319
	 
	0.93
	0.30
	 

	
	W6
	3.360
	 
	0.70
	2.35
	 

	Subtotal
	 
	11.83
	0.00
	 
	17.76
	0.00

	Weight of water 
	Ph2
	1.411
	 
	1.00
	1.41
	 

	
	Ph3
	0.868
	 
	0.45
	0.39
	 

	Subtotal
	ΣWw
	2.279
	0.000
	 
	1.797
	0.000

	Subtotal of (1.1)
	14.107
	 
	 
	19.557
	0.000

	1.2 Upward Forces 
	 
	 
	 
	 
	 

	Uplift
	Pu1
	
	2.10
	1.93
	 
	4.21

	
	Pu2
	 
	1.40
	1.45
	 
	2.10

	Subtotal
	ΣPu
	0.000
	3.50
	 
	0.000
	6.308

	Summation ΣFV & ΣM
	25.936
	3.50
	 
	37.317
	5.88

	2. Horizontal Force 
	 
	 
	 
	 
	 

	2.1 u/s water pressure 
	 
	 
	 
	 
	 

	 
	P1
	 
	0.891
	0.45
	 
	0.397

	2.2 u/s silt pressure
	 
	 
	 
	 
	 

	 
	Ps
	 
	0.965
	0.45
	 
	0.430

	 Summation ΣFH & ΣM
	0.000
	1.857
	
	0.000
	0.826

	Total
	25.936
	5.357
	
	37.317
	6.706



∑FV = 25.936 KN
∑FH = 5.357 KN

Shear force due to key wall (q =1.5kg/cm2 = 150KN/m2)

Σ M- = driving moment = 6.706 KN-m
Σ M+ = resisting moment = 37.317 KN-m
Σ M = Σ M+ - Σ M- = 30.6 KN-m

Factor of safety against overturning, S.Fo: 
S.F. = ∑M+/∑M- = 5.56 > 1.25 OK. This figure will increase if tension forces due the key wall with minimum reinforced bar were considered. However, the structure is safe even under this condition alone against overturning.  
Factor of safety against sliding, S.Fs:

S.Fs = (μ*∑Fv / ∑Fh = (0.65*25.936 / 5.357 = 3.15 > 1.25, OK. Thus the structure is safe against sliding also.  

Factor of safety against Tension
Location of Resultant(R) force from the toe

Resultant force R =26.48 KN. 



This resultant force acts at a distance of  from the toe i.e. arm of resultant force from toe,  i.e. centroid distance = M/Fv = 1.18m, and it lies within middle third of the base as shown below.
Vertical stress Pmax/min


Where, 
B = base width of the weir = 2.8m
e = Eccentricity of the resultant force from the center of the base. It must be less than B/6 = 2.8/6 = 0.47m in order to ensure that no tension is developed anywhere in the weir base.

 2.8/2 – 1.18 = 0.22m<B/6 (=0.47m) Ok!
The resultant force lies at a distance 1.18m from center on d/s side.

Allowable bearing capacity of submerged medium sand (From Geology Repot)=75 - 100KN/m2
Pmax=13.6 KN/m2 < allowable, thus ok
Pmin= 4.9 KN/m2 < allowable, thus ok and hence tension will not develop at the toe.

For all external forces acting on the weir, the structure is analyzed and found safe for high flood condition. 

[bookmark: _Toc370536708]Table 3‑7: Case-II: Stability analysis for no over flow condition
	Name of forces
	Symbol
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	1.Vertical forces   
	 
	 
	 
	 
	 

	1.1 Down ward  
	 
	 
	 
	 
	 

	Weight of weir
	W1
	4.61
	 
	2.15
	9.90
	 

	
	W2
	2.00
	 
	0.93
	1.86
	 

	
	W3
	0.86
	 
	2.63
	2.27
	 

	
	W4
	0.684
	 
	1.57
	1.07
	 

	
	W5
	0.319
	 
	0.93
	0.30
	 

	
	W6
	3.360
	 
	0.70
	2.35
	 

	Subtotal of (1.1)
	 
	11.83
	0.00
	 
	17.76
	0.00

	1.2 Upward Forces 
	 
	 
	 
	 
	 

	Uplift
	Pu1
	
	2.10
	1.93
	 
	4.21

	
	Pu2
	 
	1.40
	1.45
	 
	2.10

	Subtotal
	ΣPu
	0.000
	3.50
	 
	0.000
	5.88

	Summation ΣFV & ΣM
	11.828
	3.50
	 
	17.76
	5.88

	2. Horizontal Force 
	 
	 
	 
	 
	 

	2.1 u/s water pressure 
	 
	 
	 
	 
	 

	 
	P1
	 
	0.891
	0.45
	 
	0.40

	2.2 u/s silt pressure
	 
	 
	 
	 
	 

	 
	Ps
	 
	0.965
	0.45
	 
	0.23

	 Summation ΣFH & ΣM
	0.000
	1.857
	
	0.000
	0.623

	Total
	11.828
	5.357
	
	17.76
	6.706



∑V = 11.828 KN 
∑H = 5.357 KN

Shear force due to key wall (q =1.5kg/cm2 = 150KN/m2)

Σ M- = driving moment =6.706 KN-m
Σ M+ = resisting moment = 17.76 KN-m
Σ M = Σ M- - Σ M+ = 11.10KN-m

Factor of safety against overturning, S.Fo: 
S.Fo = ∑M+/∑M- = 2.65 >1.25 Thus ok I.e. the structure is safe against overturning.  

Factor of safety against sliding, S.Fs:
S.Fs = (μ*∑Fv / ∑Fh = (0.65*11.857 / 4.899 = 1.44 > 1.25, ok. Thus the structure is safe against sliding also.  

Location of Resultant(R) force from the toe:




Resultant force R =12.98 KN This resultant force acts at a distance of  from the toe i.e. arm of resultant force from toe,  i.e. centroid distance = M/Fv = 0.93m, and it lies within middle third of the base as shown below. 

0.93m and it lies within middle third of the base on the upstream side from the center.
Vertical stress Pmax/min


Where, 
B = base width of the weir
e = Eccentricity of the resultant force from the center of the base. It must be less than B/6 = 2.8/6 = 0.467m in order to ensure that no tension is developed any in the weir base.

= 2.8/2-0.93 = 0.466m<B/6(=0.467m) Ok!
The resultant force lies at a distance 0.93m from center on d/s side.

Pmax= 8.4KN/m2 < allowable, ok
Pmin= 0.01KN/m2 < allowable, ok, so tension will not develop at the toe.
[bookmark: _Toc339097864][bookmark: _Toc370536629]Structural design of gates, breast walls and gate operating deck
Structural Design of Scouring gates
The two gates are structurally designed for no over flow condition i.e. the water is at crest level.  

Upstream water level...………………….………………………………1340.902
Bottom level of scouring sluice………………………………………....1339.767
Top level of the scouring sluice ………………………………………..1340.767
Loads 
U/S water pressure Ph1 = 1.0*1.0*1000 = 1000kg
Silt pressure Ps = 1.0*1.0*700= 700 kg 
Total horizontal pressure Pt = Pw1 + Ps =1700 kg

Bending moment 

Thickness of the steel plate 

Structural Design of Spindle Gate
Weight of steel plat gate = 1.0*1.0*7850*0.009 = 73.01kg

Weight of spindle 
Total weight = 123.64 kg
Friction force between steel and silt = 0.6*700 =420kg
Shutting (buckling) force = 0.4*1000 = 400kg 

Moment of inertia 

Inside diameter (d), 
Outside diameter D = d + P/2(pitch height) = 3.30+0.635= 3.94cm take 50mm.
Tensile force Ft= 0.4*1000+123+420 = 943.64kg
Let d = 50-6.35 = 43.65mm = 4.365cm

Tensile stress 63.09kg

In a nut shell, galvanized plate of 9mm thickness and threaded spindle with 50 mm external diameter shall be provided with hand operated wheel and other frame structures on top for both sides left and right.

Structural Design of Head Regulator

Canal head regulators are located on both sides of the weir and the required water that was proposed to be diverted is about 0.092 and 0.151m3/s to the right and left banks of the river respectively. The head regulator gates were designed for the maximum outlet size and discharges amount under high flood condition.
 
Upstream water level...………………….…………………….. 	= 1342.720
Bottom level of intakes …………………………………………	= 1340.067
Top level of LB intake=1340.067+0.6 …………………………	= 1340.667 & 
Top level of RB=1340.067+0.5 ……………………..……………….. 	= 1340.567(RB)

Loads 
U/S water pressure Pw1 = (1.881*0.6*1.0 +1/2*(0.6 +2*0.05) *(1.0+2*0.05)*1000 ≈1,513.78kg

Bending moment 

Thickness of the steel plate 

Design of Spindle 
Weight of steel plat gate = (1.0+0.1)* (0.6+0.1)*7850*0.008 = 37.46kg

Weight of spindle 
Total weight = 75.15kg
Shutting (buckling) force = 0.4*1475.58 = 590.23kg 

Moment of inertia 

Inside diameter (d), 
Outside diameter D = d + P/2(pitch height) = 3.35+0.635= 3.985cm take 40mm.
Tensile force Ft= 0.4*1,513.78+75.15 = 680.66kg
Let d = 40-6.35 = 33.65mm = 3.365cm

Tensile stress 
In a nut shell, galvanized plate of 8mm thickness and threaded spindle with 40 mm external diameter shall be provided with hand operated wheel and other frame structures.



Structural design of the operating deck for scouring sluice and head regulators

Allowable stress
σc = 70 kg/cm2
σs = 1400 kg/cm2
m = 13 (modulus of elasticity)
 τ = 2.2 kg/cm2
γc = 2.4 t/m3




Load:
Dead load: -Weight of concrete = t*2.4 = 0.2*1.2*2 = 0.48 t/m2 = 480kg/m2
Live load: - assumed to be = 0.75 t/m2 = 
Total load (w) = 480 + 750 = 1230 kg/m2

Moment (M) and shear forces (S.F) 




Reinforcement:
d = t-5, where t is thickness of operating deck = 20 cm, d = 20-5 = 15 cm 
Steel bar required: 


Minimum reinforcement:

, use 3 cm2, 6Ø8, 16 c/c both sides.

Breast wall design

Breast wall is designed as simply support slab for the horizontal water pressure, and as a girder spanning between the supports for its self- weight. Its dimension is 2.56m height with 1.2m width and 0.15m thick.
 
Maximum water pressure at bottom = 2.63 *2.63*1.2*1.0*1000= 3154.45kg

Bending moment 
Self-weight = 0.15*1.4*2400*2.63=1135.6kg

Bending moment 
Allowable stress
σc = 70 kg/cm2   			
σs = 1400 kg/cm2
m = 13 (modulus of elasticity)	 τ = 2.2 kg/cm2
γc = 2.4 t/m3




Reinforcement: d = t-2.5, where t is thickness of breast wall = 15 cm, d = 15-2.5 = 12.5 cm 
Steel bar required: 


Minimum reinforcement:

, use 3 cm2, of Ø8mm, 16 c/c.
Reinforcement due to self-weight,

, since it is very small, the above reinforcement is sufficient.
[bookmark: _Toc339097865][bookmark: _Toc370536630]Stability Analysis of Retaining Walls/Flood Protection Embankment 
The top elevations of both upstream and downstream wing walls were determined in the hydraulic design sections. 

Gravity type wing walls are proposed to be constructed with stone masonry embedded in cement mortar. The main factors to be considered for designing the walls are: 
The masonry section of the retaining (wing) walls must have enough weight to resist the thrust due to earth pressure from its rear without overturning; 
The resultant force of entire weight of the wall and the external forces acting on it are required to cut the base within middle third. When these conditions are satisfied, the nature of the stress acting on the masonry wall at its base will be compression only.     

Conditions:
Retaining or wing walls are expected to be subjected to critical imbalances from side soil pressure under no flow case for the downstream wing and when water level is at WCL for the upstream walls. Otherwise, during high flood cases this condition is on safer side as soil pressure and water pressure balance each other. Thus stability is checked under these critical conditions as follows.

Case-1: When WL is at WCL for Upstream Wing Walls

The u/s wing walls are used for guiding the river water to confine it within river width, protect u/s river banks not to be over topped. Gravity type wing walls are proposed to be constructed with stone masonry embedded in to cement sand mortar and designed as gravity walls. The stability analysis of the upstream wing walls are carried out based on the following assumptions and data.

Unit weight of the masonry ………………………………………		= 2.3t/m3
Unit weight of the saturated soil ………………………………….		= 1.90t/m3
Angle of repose (Ø) in all conditions…………………………….. 		= 28o
Coefficient (ka) of earth pressure using Rankine formula:


, and lateral earth pressure, 
Allowable compressive stress in masonry ……………….			= 20 kg/cm2
Allowable tensile stress in masonry ………………………			= 1kg/cm2

Data:
Top elevation of u/s wing wall ………………………………			= 1343.396
River bed elevation ………………………………………….			= 1339.567
Bottom elevation of wall above 0.50m foundation slab...…			= 1339.067
Height of the walls above concrete foundation, h…………			= 3.83m 
Top width, b…………………………………………………			= 0.5m
Bottom width, B…………………………………………….			= 2.5m
Allowable soil bearing pressure ………………………….. 			= 30t/m2

Hav2
Hav3
TWD
Ps1
Ph
W1

[bookmark: _Toc370536756]Figure 3‑6: Forces acting on U/S Wing walls under when WL is at WCL

[bookmark: _Toc370536709]Table 3‑8: Case-1: Stability Analysis of u/s Retaining Walls when WL is at WCL 
	Name of forces
	Symbol
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	Weight of Retaining Walls
	W1
	4.41
	
	0.25
	1.10
	

	
	W2
	8.81
	
	1.17
	10.27
	

	Soil self-weight 
	W3
	7.27
	
	1.83
	13.34
	

	Active soil pressure
	Ps1
	
	0.97
	1.1
	
	1.08

	Water Pressure
	Ph1
	2.22
	
	1.1
	2.47
	

	Total
	22.71
	0.97
	
	27.18
	1.08


Factor of safety against overturning: 
S.F = ∑M+/∑M- = 25.21 >1.25 ok. Thus the structure is safe against overturning.  

Factor of safety against sliding:
S.F = μ*∑V/∑H = 0.65*22.71/0.97= 15.19 > 1.25, OK, 

Location of Resultant(R) force from the toe



Resultant force R = 22.73 KN it is located at a distance of  from the toe i.e. 

Eccentricity developed, 
This indicates the resultant force falls within the middle third of the base, i.e. the eccentricity must be less than B/6 = 2.5/6 = 0.42m in order to ensure that no tension is developed anywhere in the walls base.

The maximum compressive stress Pmax ,

, this is within safe limit of the crushing strength of the masonry. 

 Thus the structure is safe against overstress.

[bookmark: _Toc339097867]Case-2: When there is No Flow for the downstream wing walls

The stability analysis of the downstream wing walls are carried out based on the following assumptions and data. 

Unit weight of the masonry …………………………………..	= 2.3t/m3
Unit weight of the saturated soil ……………………………..	 = 1.90t/m3
Angle of repose (Ø) in all conditions…………………………	 = 28o
Coefficient (ka) of earth pressure using Rankine formula:


, and lateral earth pressure, 
Allowable compressive stress in masonry …………………….	 = 20 kg/cm2
Allowable tensile stress in masonry ………………………….. 	= 1kg/cm2

Data:
Top elevation of the wing wall …………………………….		= 1342.235
River bed elevation ………………………………………..		= 1339.567
Bottom elevation of wall above 0.50m foundation slab….		= 1339.067
Height of the walls above foundation, h………………….		= 2.68m 
Top width, b……………………………………………….		= 0.50m
Bottom width, B……………………………………………		= 2.10m
Allowable soil bearing pressure ………………………….. 		= 30t/m2

W2
W3
O
Ps1
W1

[bookmark: _Toc370536757]Figure 3‑7: Forces acting on D/S Wing Walls when WL is at WCL





[bookmark: _Toc370536710]Table 3‑9: Case-2: Stability Analysis of d/s Retaining Walls when there is No Flow 
	Name of forces
	Symbol
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	Weight of Retaining Walls
	W1
	3.08
	
	0.25
	0.77
	

	
	W2
	4.92
	
	1.03
	5.09
	

	Soil self-weight 
	W3
	4.07
	
	1.57
	6.37
	

	Active soil pressure
	Ps1
	
	3.90
	0.89
	
	3.48

	Total
	12.07
	3.90
	
	12.23
	3.48


 
Factor of safety against overturning: 
S.F = ∑Mr/∑Mo = 3.52 >1.25 OK. Thus the structure is safe against overturning.  

Factor of safety against sliding:
S.F = μ*∑V/∑H = 2.01 ≥ 1.25, OK, 

Location of Resultant(R) force from the toe



Resultant force R =, it is located at a distance of  from the toe i.e. 

Eccentricity developed, 

The Resultant force falls within the middle third of the base. 

The maximum compressive stress Pmax, 

, this is within safe limit of the crushing strength of the masonry. 


This tension is within the limits that the masonry can take. Hence, the structure is safe.

For this case, the required total top and bed widths of the wing walls for their stabilization are 0.5m and 2.1m respectively, whereas that required under condition-1 i.e. when WL is at WCL for Upstream Wing Walls, the required total top and bed widths of the wing walls for their stabilization are 0.5m and 2.5m respectively.
[bookmark: _Toc370536631]DESIGN OF PUMP SYSTEM
[bookmark: _Toc305699028][bookmark: _Toc370536632]Site Selection
This irrigation project as mentioned in the introduction part is supplied from conveyance MC1 by diversion weir from Aleltu Lugo River and then pumping from end of this canal to an elevated area where large part of the command area is situated. Thus, demands for supplying on both sides of Aleltu River and layout of MC1 in addition to location of the lower command area have lead us to fix location of this pump station just at end of MC1 at a geographical UTM coordinates of 251372.957m E, 1037008.733m N. 
[bookmark: _Toc370536633]Brief of Flow System
There will be a continuous 24 hour flow in the main canal i.e. MC1. Then this canal supplies this irrigation water in to the proposed storage reservoir situated at its end. It is from this reservoir that the pump will suck water to another balancing storage reservoir which is located at 250722.003m E, 1036118.422m N and distributes water among MC2 and MC3.  Flow to this second reservoir is delivered through a 1.2 km long PVC pipe. This is schematically shown in Figure 1‑1: Sketch of General Arrangement of AL SSIP Supply System.

[bookmark: _Toc370536634]Design of Balancing Storage Reservoir-1 
Location and Storage Capacity
The proposed pumps are expected to operate for 13 hours per day alternately starting from 6:00 am to 7:00pm after a break of hours in the middle as shown under section 3.1.2. Thus for the remaining idle hours of a day i.e. for about 11 hours per day, all water in the canal has to be stored in the reservoir.

[bookmark: _Toc370536711]Table 3‑10: Analysis of Balances in Storage Volume 
	
	Vol.(Mm3)
	Remark

	Total Net Com. Area (ha)
	
	182.39 ha

	Net Com. Area by surface (ha)
	
	8.42 ha

	Net Com. Area by pump alone (ha)
	
	173.98 ha

	QPump for 13 hours of a day by 2 pumps
	
	372.57 l/s

	
	
	

	Vol. entering BSR1, (Mm3) =
	0.0174
	 Vinflow1 =(q*Atotal*t24)-(q*Asurface*t12)

	Capacity of BSR1, VBSR1 (Mm3)=
	0.0260
	 

	Capacity of two pumps working at a time, (Mm3) =
	0.0174
	i.e. ignoring losses, Vpumps = Voutflow1

	Outflow + Storage,  Voutflow1 (Mm3) =
	0.0434
	 

	Check that, Capacity of BSR1 including dead (Vd1) storage + flow outgoing from BSR1 ≥ Vol. that enters BSR1:  
	Ok
	 VBSR1 + Voutflow1 ≥ Vinflow1

	Vol. of Flow entering BSR2, VBSR2 = Voutflow1 + Vd2 (Mm3) =
	0.0174
	Here there is no storage during night, but set equal to incoming vol. so as to cope the worst condition for one day alone i.e. if beneficiaries fail to take irrigation water in MC2 & MC3  

	Vol. of flow required in MC2 in 12 hours, VMC2  (Mm3) =
	0.0126
	 

	Vol. of flow required in MC3 in 12 hours, VMC3  (Mm3) =
	0.0049
	 

	Vol. of out flow from BSR2, (Mm3) =
	0.0174
	 Voutflow2= VMC2 + VMC3

	Check that, flow outgoing from BSR2 ≥ Vol. that enters BSR2:  
	Ok
	 Voutflow2 ≥ Vinflow2



[image: ]
[bookmark: _Toc370536758]Figure 3‑8: Schematic View of BSR-1

The main purpose of this reservoir is to store water during non-irrigation hours. There will not be any canal which goes out of this reservoir thus it is made buried under ground level so that MC1 can feed it and then pumped to BSR-2. 

Consequently, the following table depicts such design parameters of this reservoir.

[bookmark: _Toc370536712]Table 3‑11: Locations of Balancing Storage Reservoirs
	Name 
	X Co-ordinate
	Y Co-ordinate
	Remark

	BSR-1
	251,301.895
	1,037,040.234
	Same as pump location

	BSR-2
	250,704.000
	1,036,133.328
	Top of target command area



[bookmark: _Toc370536713]Table 3‑12: Design parameters of BSR-1
	Parameter
	Value
	Unit
	Description

	MC1 works for
	24:00
	hrs/day
	 

	Discharge in MC1, QMC1 =
	0.2119 
	m3/s
	 

	Discharge entering BSR from MC1 =
	0.2018 
	m3/s
	 

	Maximum daily volume of water  entering BSR
	 0.0174 
	Mm3
	From MC1

	Pump is expected to operate
	13
	hr
	Lift to BSR-2

	Thus, storage times
	11
	hr
	 

	Effective Storage Required, Ve
	0.0080 
	Mm3
	 

	Dead storage 20%
	0.0016 
	Mm3
	 

	Thus, required daily storage in BSR-1=
	0.0096 
	Mm3
	 

	Free Board, FB
	0.6
	(m)
	To account for fluctuations and/or waves

	Full Water Depth in the reservoir, d 
	2
	(m)
	Assumed

	Reservoir inner banks side slope
	2.5
	
	 

	Bed Width, b 
	85
	(m)
	 

	Water surface Width, B=
	95
	(m)
	B=b+2md

	Assume Water surface Length, L2
	114
	(m)
	L2=B+20% of B is assumed

	Bed Length, L1=L2-2md 
	104
	(m)
	 

	Thus bed area, A1 
	8840
	(m2)
	A1=b*L1

	Full water surface Area, A2 (m2)
	10830
	(m2)
	A2=B*L2

	Computed Volume of Storage, Vt (m3)
	0.0196
	Mm3
	Vc=(d/3)*(A1+A2+(A1*A2))

	Difference, Vt-Ve
	0.0100 
	Mm3
	Vt > Ve, thus ok! 

	Thus top width of 95m by 114m and bottom width of 85 by 104 is ok!
	 
	
	 

	Final total depth including FB, D 
	2.6
	(m)
	D=d+FB

	Final water surface Width, B
	98
	(m)
	 

	Final water surface Length, L2
	114
	(m)
	 

	Final bed Length, L1
	104
	(m)
	 

	Final full water surface Area, A1
	8840
	(m2)
	 

	Final full water surface Area, A2 
	11172
	(m2)
	 

	Final total volume of storage, Vt 
	0.0260
	Mm3
	 

	Final excess storage capacity, Vs
	0.0164
	Mm3
	The balance could be used for dead storage

	MC1 inlet bed Level at BSR-1
	1338.853
	(m)
	 

	MC1 inlet FSL at BSR-1
	1339.403
	(m)
	 

	Allowed top width of embankment, T (m)
	3.0
	(m)
	 

	Width of land occupied, Wo(m)
	130
	(m)
	 

	Length of land occupied, Lo(m)
	127
	(m)
	On command side, bank is not req'd as OGL is above EML

	Total area of land occupied, Ao
	1.65
	(ha)
	 

	Reservoir Bed Level, RSBL (m)
	1336.253
	(m)
	 

	Bank Top Level, BTL (m)
	1338.853
	(m)
	 

	OGL on far d/s end
	1338.0
	(m)
	 

	OGL at most u/s side
	1346.5
	(m)
	 

	Average OGL
	1342.3
	(m)
	 



(i) Inlet Design
Inlet to this reservoir needs to be designed as a chute. This structure is to be designed from concrete for critical condition i.e. when reservoir is empty. 

Chute is a structure constructed along a canal when the natural ground falls with steep slope for longer distance. This chute is designed as fallow:

Data 

Inclined Length, L= 7.0m Height, Z= 10.45m
Canal characteristics before the chute: Q= 0.2018m3/s 		n= 0.025
V= 0.47m/s			Fb= 0.3m
b=0.40m			s= 0.0008
d= 0.55m			m = 1	
D= 0.85m

[bookmark: _Toc339273907]Critical flow hydraulics
Width of the notch, bc= 0.734Q/ d 3/2 = 0.36m
Unit discharge, q= Q/bc = 0.56 m3/s/m
Critical depth, dc= (q2/ g) 1/3 = 0.32m
FBc= 0.30
Dc= FBc+dc= 0.62m
Water Area, Ac= bc x dc = 0.22m2
Critical velocity, Vc= Q/ Ac = 0.90 m/s
Velocity head, Hvc= Vc2/2g = 0.0415m
Water perimeter, Pc= bc+2*dc= 0.99m
Hydraulic radius, Rc= Ac / Pc = 0.225m
Water slope, Ic = (nVc/ Rc2/3) 2 = 0.0012

E1= d1+hv1+hf1, where d1 is assumed and computed by goal seek & found to be 0.089313m
b1= bc= 0.36m
A1= d1xb1= 0. 032m2
V1= Q / A1= 6.22m/s
Hv1= v12/2*g= 1.973m
P1 = b1+2*d1= 0.452m
R1= A1/P1 = 0.072m
I1 = (n*v1/ R1 2/3) 2 =0.2548
Im= [I1+Ic]/2 =0.127802
hf1= Im*L =0.895
E1= d1+hv1+hf1 = 2.957m
Hence, since E1  Ec, ok!

[bookmark: _Toc339273910]Conjugate depth, d2

Fr = V1 / (gd1)1/2 = 6.6473
d2= d1 /2[(1+8*Fr2)1/2-1] = 0.796m
q= Q/b = 0.36 m3/s/m 

[bookmark: _Toc339273911]Stilling basin 

Length L= 4*d2 = 3.18 use L= 3.2m
Width, B= 18.46*(Q1/2)/ (Q+9.91)= 0.82m use B= 0.90m
Sill height, a = E2- E3
E2= d2+Hv2 = d2 +v22 /2g=d2 + [(q/d2)2 ]/2g= 0.81m
Where q= Q/bc
E3= d3+Hv3= d3+v32/2g= d3+(q/d3)2/2g =0.57
d3= 0.55m assumed to be same as incoming water depth i.e. TWD
a= E2- E3= 0.03m, use a = 0.23 say 0.3m
(ii) Outlet Design
There is no separate outlet from this reservoir but suction sump for pumping station. This sump is set equal to 7.5m long to the pump center which serves as approach channel and deep enough to the bottom level plus 1m depth of the reservoir so that pumping is possible even at lower water levels.

This suction sump will be provided with trash racks at its entrance so that suspended materials will not enter in to the approach channel just on the inner side of the reservoir. Similarly this channel shall be wide enough to maximize water for pumping but shall also be economical. 

Consequently, depending on a minimum allowable clearance of 2D, a 2m wide channel of 7.5m length with 0.2m thick concrete walls on both sides and 0.3m thick on its bottom is proposed. However, since its end is a pump seat separate design has been carried out for this.

Length of channel = 0.6 inclined +1.0 Horizontal = 7.5m
Width of sump including partition and side walls = 6.0m
Width of pump seat = 6.0m
Thickness of pump seat = 0.6m
 Length of pump seat = 4m
Thus pump seat will be = 6.0 X 4.0 X 0.6 

Reinforcement requirement


(iii) Spillway Design
This reservoir is almost buried under ground so that flow from MC1 can enter and pumping is also possible. Thus FRL (Full Reservoir Level) is not higher than OGL thus in case unexpected flow comes in to this reservoir it can easily spill over the introduced small riprap on its external face.

FRL=1338.253 and OGL = 1338.0 on the d/s side and 1346.5 on the command area side as well as BTL = 1338.853. Thus, a difference of 0.853m including 0.6m free board is insignificant and only a 1m wide riprap on the downstream side has been accounted. 
[bookmark: _Toc305699031][bookmark: _Toc370536635]Pump Type and Design
In order to attain supply of irrigation water to main canals MC2 and MC3 at a time for all the intended irrigation hours of a day i.e. 12 hours per day, heavy duty pumps are required. The design discharges required to be delivered to these canals are 291.2 l/s and 112.4 l/s respectively. Thus a total of 403.6 l/s is required to be delivered by the balancing storage reservoir-2. This reservoir is thus planned to be filled by pumps from the first balancing storage reservoir-1 which again is planned to be filled by the main canal from the diversion weir. 

Following such massive discharge requirement for this project, it is found necessary to select pump of large flow capacity. On top of that, absence of electricity in the project area at the moment have led us to go for selection of centrifugal pump to be operated by diesel installed in a wet sump i.e. BSR-1. The pump head and motor are to be installed on a reinforced concrete platform, above the maximum water level in the balancing storage reservoir-1 but suction level in sump pool which is fixed by minimum water level is dependent on the demand and supply. 

For these purposes two pumps of 186.3l/s each say 190l/s are required to operate at a time. 

Accordingly, the following table (Table 3-12) shows such design parameters of those pumps.

[bookmark: _Toc370536714]Table 3‑13: Design Parameters of Pump
	Parameter
	Value
	Unit
	Remark

	DPO=Delivery Pipe Outlet
	1390.31
	m, a.s.l.
	

	Head loss in Delivery pipe,
	1.83
	m
	

	PCL=Pipe Center Line
	1339.802
	m, a.s.l.
	

	OGL
	1338.686
	m, a.s.l.
	

	Max WL
	1338.253
	m, a.s.l.
	

	Min. WL 
	1337.253
	
	Except at start of irrigation season, flow refills in the lunch & night times

	SPL=Suction Pool top Level
	1338.253
	m
	

	Vertical length of Sp 
	1.55
	m
	Sp = Suction pipe

	Mini. Clearance, 2D
	1.00
	m
	

	Mini. Submergence, 4D
	2.00
	m
	

	Mini. Length to pump side, 4D
	2.00
	m
	

	Mini. Distance from wall, 2D
	1.00
	m
	

	Assumed pump width
	1.50
	m
	

	Horizontal length of Sp (m)
	2.00
	m
	

	Suction pipe length, Ls (m) 
	5.55
	m
	Ls = Suction pipe length

	Reservoir Bed Level, RSBL (m)
	1336.253
	m, a.s.l.
	

	Approach Canal BL, ACBL
	1335.253
	m, a.s.l.
	ACBL=SPBL - Sill ht. buried below RSBL by 1m

	Delivery Head, Hd =
	52.54
	m
	These heads Include Head losses due to entry, bends, valves, exit, and others, as shown in section 3.11.5

	Suction Lift, Hs=
	7.20
	m
	

	Total dynamic head, H=
	59.74
	m
	

	Discharge of each pump
	186.3
	l/s
	

	Power of pump, P if electric
	183.4
	KW
	If two pumps operate at a time

	Power of pump, P if diesel
	194.8
	KW
	“

	Suction pipe bottom
	1336.253
	m 
	249.4Hp

	Sill Level
	1336.253
	m
	265HP

	Roof of Pump house
	3
	 m
	

	Roof Level
	1342.186
	 
	


Note: Since there is no electricity in the project area source of energy supply is selected diesel for the moment.
[image: ]

Where, P is required power (KW)
	Q is discharge of each pump, (l/s)
	Ht is total head including losses, (m)
	e1 & e2 are pump and motor/driving efficiencies respectively.

Thus in estimating power requirement of the above pumps, the following pump and motor or driving efficiencies are considered. 

[bookmark: _Toc370536715]Table 3‑14: Efficiencies of pump and motor	
	Pump by
	Proposed (%)
	Adopted (%)

	
	e1
	e2
	e1
	e2

	Electric
	0.5-0.8
	0.7-0.9
	0.70
	0.85

	Diesel
	0.5-0.8
	0.5-0.75
	0.70
	0.80


Source: FAO, Technical Handbook on Pressurized Irrigation Techniques, PP-50, 2002

MC3
BST at 1339.552
AL River





[bookmark: _Toc370536759]Figure 3‑9: Schematic Section through Pump arrangement
[bookmark: _Toc305699001][bookmark: _Toc370536636]Selection of Pipe material
Pipe materials can be steel, GRP, PVC, concrete pipe, concrete box culverts (for large diameter pipes), HDPE and Aluminium (for small pipes). However, steel pipes were selected for suction side of the pump for three main reasons:(i) A high standard of material and workmanship would be required to ensure watertight joints in concrete box culverts (with the risk of leakage through the concrete itself if not very will compacted) and, if compromised, would be difficult to replace/ maintain; and (ii) although GRP pipes are an option which are available with satisfactory pressure ratings, if these are not buried, they could be subject to a reduced design life due to UV and other external damage. They are also more vulnerable to damage during transport (iii) Steel pipes can be easily dismantled and shortened without wear to available water level during high flows (see Figure 2-1). 
 
The main uncertainty with steel pipes is the availability/cost and quality of site welding. It is assumed that the pipes would be spiral welded and supplied in the longest lengths suitable for transport (For the time being Akaki Metal Industry S.C. can supply).

For the delivery pipes (from pump to collection chamber), UPVC is preferred including the two main canals/conveyance pipes owning to limited Nominal Working Pressure, allow flow velocity of up to 1.5m/s and high cost  of other materials.

[image: C:\Users\AberaChala\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\DSCF0746.jpg]
[bookmark: _Toc370536760]Figure 3‑10: Segregated suction pipe, experience at Gnagatom Irrigation project


[bookmark: _Toc370536637]Pipe Size Determination
[bookmark: _Toc370536716]Table 3‑15: Summary of Design Parameters of Delivery and Suction Pipes
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[bookmark: _Toc370536717]Table 3‑16: Summary of Head/Pressure Determination for Delivery and Suction Pipes
[image: ]  
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Delivery Pipe sizing

This pipe is 1.2 km long and head loss (hf) in it is analyzed using Colebrook - White Pipe Head Loss Calculation Spreadsheet. This equation is stated as follow:
 
 Where, D= Pipe Diameter (mm); L= Pipeline Length (m); k= Roughness Coefficient (mm); Q= Flow Rate (l/s).
The total head loss in meter is estimated for known discharge value by optimizing pipe size and allowable velocity and the head loss per km length of pipe. This head loss shall be less than 2m if possible otherwise it can go up to 3 or 5m per km length of pipe.

Since there is no junction in between the two ends of this pipe it is hydraulically check for a unit length as a whole from BSR-1 to BSR-2. Thus, we only have single pipe section. Head loss coefficients for entry, bends, valves, exit, and others are also considered. 
Net command Area = 173.98 ha
Duty, q24 = 1.16 l/s/ha for 24 hours of a day
Pumping hours = 13 hours of a day
Thus duty for 13 hours of a day q13, = 1.16*24/13 = 2.1415 l/s/ha 
Required discharge to be pumped, Qr =q13 * A= 372.57 l/s. This discharge will be sum of that coming from MC1 and that stored in the reservoir in night times.
Selected pipe material is UPVC as it is locally available
Thus, conservative allowable velocity, Vmax, = 1-1/5 m/s, take 1.3m/s


[bookmark: _Toc370536761]Figure 3‑11: Assessed UPVC Pipe Rate (ETB/m) against Diameter (mm)

Note: Rate of pipes for those greater than 400mm diameter is extrapolated depending on flow of surveyed pipe rates/m length in September, 2012, except for 600mm diameter which is of-coarse actual cost as per the date mentioned.  Thus for 500mm diameter pipe rate is 1,950 birr/m including material, installation, rubber seal and other fittings cost.


D
Min 15 cm
Min. 100 cm at Road crossing & 50cm elsewhere
Compacted Bedding Gravel +Sand
Foundation Compacted Gravel
B
DN
Min 20 cm
Min 30 cm



[bookmark: _Toc370536762]Figure 3‑12: Proposed Pipe Bedding arrangement


The recommended trench widths, B, for various pipe diameters, D, are:
For D < 600 mm, B = D + 2 x 300 mm
For 600 < D < 1,000 mm, B = D + 2 x 400 mm
For D > 1,000 mm, B = D + 2 x 450 mm
Accordingly, trench width, B=0.5+2*0.3 = 1.1m
3.1.1 [bookmark: _Toc370536638]Operation Schedule of Pumps
	Operation &
non-operation hour
	Operation Frequency
	Operation Hours (Hrs/day)

	
	Pump1
	Pump2
	Pump1
	Pump2
	All Pumps

	Day-1

	 6:00 am to 10:00 am
	
	X
	4
	0
	4

	10:00 am - 3:00 pm
	X
	
	0
	5
	5

	3:00 pm - 7:00 pm
	
	X
	4
	0
	4

	Sub Total
	2 times/day
	Once/day
	8hrs/day
	5hrs/day
	13 hrs/day

	Day-2

	 6:00 am to 10:00 am
	X
	 
	0
	4
	4

	10:00 am - 3:00 pm
	
	X
	5
	0
	5

	3:00 pm - 7:00 pm
	X 
	 
	0
	4
	4

	Sub Total
	Once/day
	2 times/day
	5hrs/day
	8hrs/day
	13 hrs/day


Note: 
 - stands for operational and X - stands for non-operational times; the standby pump has not been accounted as cost of the project is found out higher. 
This table is designed for operation hours of only 13hrs/day (i.e. one pump works twice a day and the other once on first day and vice versa on the other day, thus total of 4*2+5*1 = 13hurs/day). But it has to conform to manufacturer’s recommendation.
3.1.2 [bookmark: _Toc370536639]Power Requirement of Pumps
[bookmark: _Toc370536718]Table 3‑17: Estimated Power and Maintenance Requirement of Pumps
	Description
	Value
	Unit
	Remark

	Power requirement      - if electric
	183.4 
	KW
	 250 HP

	                                     - if diesel
	194.8 
	KW
	 270 HP

	Cost of electricity 
	0.8
	ETB/kWh
	 

	Cost of diesel fuel 
	18
	ETB'/lit
	Rate expected on-site 

	Energy cost per hour 
	 
	 
	 

	                - electric
	146.70 
	ETB
	 

	                - diesel
	3,507.05 
	ETB
	 

	Specific energy of diesel fuel 
	11
	kWh/litre
	Adopted from Megech

	Therefore diesel fuel requirement 
	       17.7 
	litres/hour
	 

	Volume of water pumped per hour 
	1,341.3 
	m3/hr
	1l/s=3.6m3/hr

	Peak gross irrigation requirement
	       2.32 
	l/s/ha
	Overall effi.=45%

	Net area to be irrigated 
	173.98 
	ha
	by pump alone

	Gross water requirement for this area 
	3.03
	Mm3
	For peak condition 

	Annual gross irrigation required on the field =
	1739.72
	mm
	This is peak requirement

	Gross water requirement/hectare =
	       0.02 
	Mm3/ha
	 

	Total pumping hours per season/year=
	2,256.6 
	hrs
	 

	Energy cost/ha per season/year =
	
	
	 

	                - if electric
	1,902.8 
	ETB/ha
	 

	                - if diesel
	45,488.7 
	ETB/ha
	 

	Total Energy consumption (for peak per season)
	 
	 
	 

	                - if electric
	321823
	KWh
	For 135 days & 13hr/day

	                - if diesel
	341937
	KWh
	 

	Total Energy cost (for peak demand per season)
	 
	 
	 

	                - if electric
	257458
	ETB
	 

	                - if diesel
	559533
	ETB
	 

	Maintenance cost required per season
	 
	 
	 

	                - if electric
	12873
	ETB
	5% is assumed

	                - if diesel
	27977
	ETB
	 

	Total Energy cost (for peak demand per season)
	 
	 
	 

	                - if electric
	270331
	ETB
	 

	                - if diesel
	587510
	ETB
	 

	Operators (#2 per season)
	8000
	ETB
	Assumed 1000 ETB/month

	Guards (#2 per season)
	6400
	ETB
	Assumed 800 ETB/month

	G. Total Energy cost (for peak demand/season)
	 
	 
	 

	                - if electric
	284,731
	ETB
	 

	                - if diesel
	601,910
	ETB
	 

	O&M share of each household head/season
	
	
	

	                - if electric
	814
	ETB/HH
	

	                - if diesel
	1,720
	ETB/HH
	


Note: This estimation is made for pump irrigation area alone i.e. for running cost of pumps 


If there are say 300 household beneficiaries are there, then the peak seasonal operation and maintenance share of each household head will be 1,720 ETB/season for diesel operated pump but for electric operated pump 814 ETB/season without major infrastructure consideration e.g. transformer. 
[bookmark: _Toc370536640]NPSH
Net Positive Suction Head, NPSH is the net energy that is expected to be left at the eye of the impeller during pumping. Thus it determines driving of water in the suction side of the pump system and is represented as follow. 

NPSHa = Ha – Hf – Hs – es – Fs

Where, NPSHa - is Net Positive Suction Head of the pump including losses at the impeller and velocity head, (m) (It must be checked during pump purchase and installation),
Hs - is maximum practical suction lift or elevation of the pump center line minus elevation of water surface (m), Hs = 1.55 m;
Ha - is atmospheric pressure at water surface. It needs adjustment for altitude i.e. for every 300m altitude the correction factor is 0.36m (to be subtracted). Taking altitude is 1340m in this project area Ha = 10.33 – 4.47*0.36 = 8.72 m (i.e. for 1340/300=4.467);  
Hf - is friction head loss on suction side of the pump, including all accessories, Hf = 0.154 m;
es - is vapor pressure of water at operating temperature (m), es = 25.6 cm at 21.50c average temperature of the area, from;
[image: ] where es is in mbar and Ts is in degree centigrade.
Fs - is factor of safety usually taken about 0.6m, Fs = 0.6m;

Thus, NPSHa= 8.72-0.154-1.55-0.256-0.6 = 6.16m. Since it is greater than 2m it can easily be found in the market. Thus it is ok!

Note: If N.P.S.H. is insufficient, cavitation may occur. Insufficient NPSH may occur due to very high suction lifts. Thus the required NPSH in the market (i.e. that of the manufacturer) should be less than what is calculated here, otherwise water won’t be lifted up. 
3.1.3 [bookmark: _Toc370536641]Fence around Pump Station
The surrounding of the pump is designed to be fenced with a 30 m by 20 m barbed wire poles made of C-20 reinforced concrete to prevent animals and children from entering the compound. Thus, fence here is designed to be made of high and sturdy enough mass concrete poles to prevent the entrance of any animals commonly existent in and around the pump site. 

These poles will be of 1.8 m long on the surface and 0.6-0.7 m deep depending on soil nature underneath. It will also have grooves spaced at 30 cm interval to which wire mesh will be tied and spacing between poles of 1 m, giving a total of 102 poles.
[image: ]
[bookmark: _Toc370536763]Figure 3‑13: Schematic Cross Section of Concrete Fence

For this purpose provide a barbed wire meshed fence of 2m high and spaced at 1m interval and made of reinforced mass concrete with 8mm diameter bar. It should also be buried below OGL for a minimum of 0.5m depth on the road side and 1m on the downstream side.

Summary
Selected delivery pipes: two UPVC pipes of Q=190l/s and 500mm diameter is selected for a total delivery head of 53 m including losses, if two 400mm diameter pipes were used head loss is found to be 5.5m/km which is not recommended & required pressure increases by about 3m. Thus, even if the second option is economical it has been left out,
In order to maintain a minimum of clearance of suction pump from bed of the sump by 2D where D is diameter of suction pipe, use a 1m clearance. 



[bookmark: _Toc339097868]

[bookmark: _Toc370536642]DESIGN OF IRRIGATION SYSTEM
[bookmark: _Toc339097869][bookmark: _Toc370536643]GENERAL
The target of this project development is to enable the beneficiaries of the command area irrigate about 216 ha gross or 182.2 ha net irrigable area. This is intended to be developed by diverting and conveying water from Aleltu Lugo River through MC1 as well as pumping from this main canal. For this purpose, a network of canal, conveyance pipe and related infrastructures layout system and irrigation farm structures, comprising various components starting from main conveyance to field canals has been designed. 

The objectives of these canals are to supply irrigation water from the source to irrigable command area for growth and development of different types of crops both in dry season and supplementary irrigation times so that increase in production is achieved. 

It is therefore, very essential that the different components of the canal system should be able to carry adequate discharge which may be able to meet the needs of proposed crops under the command of individual components. To achieve this aim, the following considerations are basic constituents to be considered for designing of this system. 
The layout of canal system
Crop water requirement
Efficiencies of different components of canal system
The design of small scale irrigation scheme is intended to be managed by farmers after completion of its construction, thus it calls for careful consideration of the operation needs and capacitating management skills of the beneficiaries. The aim has been to provide simple, strong and sustainable irrigation and drainage systems which are easy to understand and operate at farmers level. Accordingly, the project has been provided with simple water control and regulating structures that fulfill these requirements as shown in successive sections of this chapter.
[bookmark: _Toc370536644]APPROACH
The procedures used to plan and design this project has involved the following phases:
Preparation of Layout: The components of the irrigation system should be aligned on the ridges and that of drainage in the valleys i.e. between two components of irrigation system, there should be one component of drainage system. The system should comprise from Main canals to field canals.
Fixation of F.S.L: It is required to fix the full supply level (FSL) of each component such that it facilitates reaching of irrigation water to every corner of the command area by gravity flow.
Fixation of Discharge Capacity: It is also required to fix the discharge capacities of different components such that they are able to carry adequate irrigation water to serve properly the areas under their respective commands.
Hydraulic Particulars: Once the design discharge is fixed, it is required to complete the hydraulic design of the different components basing the required discharge as a minimum, and
On-farm Structures: Such structures of different components are essential parts of the system; and are required for regulating, monitoring, and controlling the irrigation supplies. It is, therefore, required to decide about the type, location, size, and number etc. of such structures and prepare their detailed designs depending on extracted respective canal profiles.
[bookmark: _Toc370536645][bookmark: _Toc339097871]ANALYSIS OF IRRIGATION WATER AVAILABILITY 
The water availability for irrigation has been analyzed in chapter-2. In addition to this and based on the hydrological and surface water abstraction analysis i.e. water balance analysis, the estimated minimum of annual lean flows at the headwork site is 0.334m3/s for 80% dependable flow of a year. Details of these analyses can be referred in Feasibility Level Hydrology Study Report of this project. 

[bookmark: _Toc296091806]Out of this 0.334m3/s, a total of 0.2119m3/s to the left side of source of supply river is planned to be diverted. The remaining 0.1221 m3/s meaning 36.5% of this flow is retained in the river for use during the dry time for the downstream ecosystem. 
[bookmark: _Toc339097872][bookmark: _Toc370536646]CROP WATER REQUIREMENT
The actual water requirement for the proposed cropping pattern is indicated in Agronomy Report. To arrive at this actual monthly requirement and the rate of water flow at the head of main canals, a 12 hours operation time per day is fixed depending on identified/existing experience of the area. 

A 24 hours irrigation duty based on decadal requirement analysis is made and presented in Feasibility Level Crop Production and Management Study Report of this project. The result here has shown that the most peak of 24 hours monthly duty is 1.16 l/s/ha in January. 

Then maximum water requirement is obtained by multiplying this duty by the corresponding area. 

The command area has rainfall most of the year as described in hydrological report, and average values of monthly requirements have been calculated for 24hours daily operation as shown in table 4.1:
[bookmark: _Toc337056390]
[bookmark: _Toc370536719]Table 4‑1: Project Supply Requirement of Proposed Crops and Cropping Pattern, l/s/ha 
	Description
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1. Proposed Crops
	
	
	
	
	
	
	
	
	
	
	
	

	pepper
	1.08
	1.12
	0.35
	
	
	
	
	
	
	
	
	0.47

	Groundnut D
	0.95
	1.13
	1.01
	
	
	
	
	
	
	
	
	0.44

	Groundnut WS
	
	
	
	
	
	
	
	
	
	0.09
	
	

	Haricot bean DS
	1.16
	0.30
	
	
	
	
	
	
	
	
	0.29
	0.93

	Maize 
	
	
	
	
	Proposed for wet season/Rain-fed
	
	

	Onion
	1.14
	1.11
	0.40
	
	
	
	
	
	
	
	0.27
	0.77

	2. ETo
	4.51
	5.05
	5.26
	5.33
	4.72
	4.22
	3.91
	3.97
	4.27
	4.48
	4.23
	4.27

	3. Eff. rainfall, mm/month
	0
	0
	19.7
	41.9
	126
	226.1
	263
	241
	195.4
	73.8
	10.2
	4.8

	4. % of total area irrigated
	100
	100
	82
	34
	45
	54
	0
	0
	0
	65
	100
	100



The highest irrigation requirement for actual area is found in the month of January where 100% of the total area was used (refer table 2-2). Hence, the Maximum water requirement and maximum rate of flow is for this month which is 1.16 l/s/ha and 0.2119 m3/s respectively. 





[bookmark: _Toc59248654][bookmark: _Toc64461371][bookmark: _Toc64704718][bookmark: _Toc339097877]

[bookmark: _Toc370536647]IRRIGATION SYSTEM LAYOUT 
[bookmark: _Toc339097878][bookmark: _Toc370536648]General
As stated in the design criteria part of the inception report, farm unit in addition to slope/ topography and soil mapping units are taken as the basic dividing blocks for designing the system layout of irrigation and hence drainage and other related infrastructures.

The Irrigation system layout for this project command is planned and designed keeping in mind that;
It fits best into the existing topography;
It serves the requirement of proposed crop;
Irrigation water is able to reach every part of command area by gravity flow;
Cost of construction and operation is minimum;
It operates efficiently free from trouble.

Thus, plan of a general layout for subdividing the gross command area in these units and as found suitable at marginal areas are thus the priority considered in designing this irrigation and related systems. Here alternate layout is exercised again and again before arriving at the final one. Thus, plan of a general layout for subdividing the gross command area in these units and as found suitable at marginal areas is the priority considered in designing this irrigation and related systems. Here alternate layout is exercised again and again before arriving at the final one.

The proposed irrigation system comprises canal network having three main canals: MC1 running from the diversion weir to the first BSR1; MC2 and MC3 start from the second balancing storage reservoir and feed irrigation water to corresponding distribution systems which consists of a network of secondary, tertiary canal, and field canals.

This layout system consists of head works, irrigation canals, drainage canals, balancing storage reservoirs and other on-farm structures, and cross drainage structures.

In this layout, there are conveyances i.e. main canals which are designed such that they follow more or less the contour bordering the project command area. Secondary canals then branches from these canals and run down the slope perpendicularly or at an angle to the contour lines. However, if the ground slope is found steep in relation to the required canal gradient, then drop structures are incorporated into the design in order to reduce consequence of speedy water velocity i.e. erosivity of water. 

Tertiary canals, which get their water from the secondary canals or main canals (depending on their length and location) run more or less parallel to the contour lines. On the other hand, the topography of this project area allows the secondary canals (SC) to effectively irrigate the fields located on both sides of the canal which is known as the herringbone layout where possible.
 
However, furrows are designed to run along contour lines but slightly running away from them to create some gradient (0.01 to 0.06%) for enabling flow of water (Refer Drawing Number BL/FSD/05: Infrastructure Layout). Although furrows can be longer when the land slope is steeper, the maximum recommended furrow slope is about 0.5% to avoid soil erosion. A minimum grade of 0.05% is recommended so that effective drainage can occur. 

For details refer drawing album.
[bookmark: _Toc370536720]Table 4‑2: Gross and Net Command Area by Supply Methods
	Description
	Area to be supplied  
	% form Total

	
	
	

	
	by pump
	by Surface
	Total
	

	Suitable
	179.36
	8.68
	188.04
	87%

	Not Suitable
	27.48
	0.23
	27.71
	13%

	Total
	206.84
	8.91
	215.75
	1.00

	Percentage
	96%
	4%
	100%
	

	Net irrigable land
	173.98
	8.42
	182.39
	97%

	Infrastructure
	5.38
	0.26
	5.64
	3%

	Total
	179.36
	8.68
	188.04
	1.00



[bookmark: _Toc370536649][bookmark: _Toc307924852][bookmark: _Toc339097879]Tertiary Units
Tertiary Units are the smallest farm units within which irrigation water application will rotate in certain irrigation interval. There are a total of 50 such units corresponding to the tertiary canals mentioned under section 4.6. Farm units are normally based on secondary canals level thus a total of 4 farm units will exist which are accountable to WUA. Are of these TU varies from a minimum of 1.7 ha to a maximum of 10 ha.

[bookmark: _Toc370536721]Table 4‑3: Summary of Tertiary Units Data
	Nr
	MC
	SC
	Sub-SC
	Name of 
	Area, ha
	Suitability

	
	
	
	
	TU
	TC
	Gross
	Net
	

	1
	MC1
	 
	 
	STU-1
	-
	0.50 
	0.48 
	Suitable

	2
	
	 
	 
	STU-2
	TC0-1-1
	3.63 
	3.52 
	Suitable

	3
	
	 
	 
	STU-3
	TC0-1-2
	4.55 
	4.41 
	Suitable

	Subtotal of MC1
	 
	 
	3
	
	8.68 
	8.42 
	 

	4
	MC2
	SC1
	 
	PTU-1
	TC1-1
	5.85 
	5.67 
	Suitable

	5
	
	
	 
	PTU-2
	TC1-2
	3.78 
	3.67 
	Suitable

	6
	
	
	 
	PTU-3
	TC1-3
	4.68 
	4.53 
	Suitable

	7
	
	
	 
	PTU-4
	TC1-4
	4.47 
	4.34 
	Suitable

	8
	
	
	 
	PTU-5
	TC1-5
	3.04 
	2.95 
	Suitable

	9
	
	
	 
	PTU-6
	TC1-6
	4.04 
	3.92 
	Suitable

	10
	
	
	 
	PTU-7
	TC1-7
	2.28 
	2.21 
	Suitable

	11
	
	
	 
	PTU-8
	TC1-8
	3.25 
	3.15 
	Suitable

	12
	
	
	 
	PTU-9
	TC1-9
	4.97 
	4.82 
	Suitable

	13
	
	
	 
	PTU-10
	TC1-10
	3.72 
	3.61 
	Suitable

	14
	
	
	 
	PTU-11
	TC1-11
	2.85 
	2.77 
	Suitable

	15
	
	
	 
	PTU-12
	TC1-12
	3.44 
	3.33 
	Suitable

	16
	
	
	 
	PTU-13
	TC1-13
	3.14 
	3.05 
	Suitable

	17
	
	
	 
	PTU-14
	TC1-14
	2.58 
	2.51 
	Suitable

	18
	
	
	 
	PTU-15
	TC1-15
	2.63 
	2.55 
	Suitable

	 
	
	Subtotal of Sc1
	15
	
	54.72 
	53.07 
	 

	19
	
	SC2
	 
	PTU-16
	TC2-1
	2.30 
	2.24 
	Suitable

	20
	
	
	 
	PTU-17
	TC2-2
	3.35 
	3.25 
	Suitable

	21
	
	
	 
	PTU-18
	TC2-3
	2.55 
	2.47 
	Suitable

	22
	
	
	 
	PTU-19
	TC2-4
	3.96 
	3.84 
	Suitable

	23
	
	
	 
	PTU-20
	TC2-5
	6.91 
	6.70 
	Suitable

	24
	
	
	
	PTU-21
	TC2-6
	3.69 
	3.58 
	Suitable

	25
	
	
	SC2-1
	PTU-22
	TC2-1-2
	4.67 
	4.53 
	Suitable

	26
	
	
	
	PTU-23
	TC2-1-3
	5.23 
	5.07 
	Suitable

	27
	
	
	
	PTU-24
	TC2-1-4
	2.98 
	2.89 
	Suitable

	 
	
	
	Subtotal of SC2-1
	
	12.88 
	12.49 
	 

	28
	
	
	SC2-2
	PTU-25
	TC2-1-1
	3.47 
	3.37 
	Suitable

	29
	
	
	
	PTU-26
	TC2-2-1
	3.69 
	3.58 
	Suitable

	30
	
	
	
	PTU-27
	TC2-2-2
	4.19 
	4.06 
	Suitable

	31
	
	
	
	PTU-28
	TC2-2-3
	3.97 
	3.85 
	Suitable

	32
	
	
	
	PTU-29
	TC2-2-5
	4.10 
	3.98 
	Suitable

	33
	
	
	
	PTU-30
	TC2-2-4
	3.96 
	3.85 
	Suitable

	34
	
	
	
	PTU-31
	TC2-2-6
	6.43 
	6.24 
	Suitable

	35
	
	
	
	PTU-32
	TC2-2-7
	3.55 
	3.45 
	Suitable

	36
	
	
	
	PTU-33
	TC2-2-8
	5.69 
	5.52 
	Suitable

	 
	 
	 
	Subtotal of SC2-2
	
	39.06 
	37.89 
	 

	Subtotal of SC2
	 
	 
	18
	
	74.71 
	72.46 
	 

	Subtotal of MC2
	 
	 
	33
	
	129.42 
	125.54 
	 

	37
	MC3
	
	 
	PTU-34
	TC0-3-1
	2.35 
	2.28 
	Suitable

	38
	
	 
	 
	PTU-35
	TC0-3-2
	1.10 
	1.07 
	Suitable

	39
	
	 
	 
	PTU-36
	TC0-3-3
	1.49 
	1.45 
	Suitable

	40
	
	 
	 
	PTU-37
	TC0-3-4
	1.95 
	1.89 
	Suitable

	41
	
	SC3
	 
	PTU-38
	TC3-1
	3.54 
	3.44 
	Suitable

	42
	
	
	 
	PTU-39
	TC3-2
	2.20 
	2.13 
	Suitable

	 
	
	
	Subtotal of SC3
	
	5.74 
	5.57 
	 

	43
	
	SC4
	 
	PTU-40
	TC4-1
	2.82 
	2.74 
	Suitable

	44
	
	
	 
	PTU-41
	TC4-2
	6.53 
	6.33 
	Suitable

	45
	
	
	 
	PTU-42
	TC4-3
	2.31 
	2.24 
	Suitable

	46
	
	
	 
	PTU-43
	TC4-4
	5.04 
	4.89 
	Suitable

	47
	
	
	 
	PTU-44
	TC4-5
	1.65 
	1.60 
	Suitable

	48
	
	
	 
	PTU-45
	TC4-6
	2.41 
	2.33 
	Suitable

	 
	
	
	Subtotal of SC4
	
	20.76 
	20.14 
	 

	49
	
	
	 
	PTU-46
	-
	0.89 
	0.86 
	Suitable

	50
	
	SC5
	 
	PTU-47
	-
	1.41 
	1.37 
	Suitable

	51
	
	
	 
	PTU-48
	TC5-1
	2.70 
	2.62 
	Suitable

	52
	
	
	 
	PTU-49
	TC5-2
	2.86 
	2.77 
	Suitable

	 
	
	
	Subtotal of SC5
	
	6.97 
	6.76 
	 

	53
	
	SC6
	 
	PTU-50
	TC6-1
	4.57 
	4.43 
	Suitable

	54
	
	
	 
	PTU-51
	TC6-2
	4.11 
	3.98 
	Suitable

	 
	
	
	Subtotal of SC6
	
	8.67 
	8.41 
	 

	Subtotal of MC3
	 
	 
	18
	
	49.93 
	48.44 
	 

	55
	 
	 
	 
	 
	
	8.04 
	 
	Unsuitable

	56
	 
	 
	 
	 
	
	8.55 
	 
	Unsuitable

	57
	 
	 
	 
	 
	
	1.36 
	 
	Unsuitable

	58
	 
	 
	 
	 
	
	8.32 
	 
	Unsuitable

	59
	 
	 
	 
	 
	
	0.23 
	 
	Unsuitable

	60
	 
	 
	 
	 
	
	0.98 
	 
	Unsuitable

	Subtotal
	 
	 
	 
	6
	
	27.48 
	 
	 Unsuitable

	Total of MC
	 
	51
	
	188.04 
	182.39 
	 Suitable

	Total of SC
	 
	6+2
	
	171.6 
	166.4 
	 Suitable

	Total of Suitable & Not Suitable
	 
	
	215.52 
	182.39 
	 Gross

	Max=
	 
	 
	 
	 
	
	12.88 
	12.49 
	 

	Min=
	 
	 
	 
	 
	
	0.50 
	0.48 
	 

	Avg=
	 
	 
	 
	 
	
	3.66 
	3.55 
	 


[bookmark: _Toc370536650]Main Canal
The layout of main canal is the most important and decisive component of the entire planning work, that call for most careful consideration of all the factors governing the alignment: topography, natural drainage pattern etc. The main canal is aligned nearly along the contour lines to minimize loose of head. Consequently, the canal is half cut and half fill type at most except for few meters of localized depressions, which requires minor filling. The total length and area they supply are indicated as follow.

[bookmark: _Toc370536722]Table 4‑4: Summary of MC Area (ha)
	SN
	Name
	Length (km)
	Gross Area (Ha)
	Infrastructures 3%
	Net A(ha)
	Required Q, l/s

	1
	MC1
	1.89 
	8.18 
	0.25 
	7.93 
	9.20 

	1.1
	Directly from MC1
	 
	0.50 
	0.01 
	0.48 
	0.56 

	Subtotal of MC1
	1.89 
	8.68 
	0.26 
	8.42 
	9.77 

	2
	MC2
	0.38 
	129.42 
	3.88 
	125.54 
	291.25 

	2.1
	Directly from MC2
	
	0.00 
	0.00 
	0.00 
	0.00 

	Subtotal of MC2
	0.38 
	129.42 
	3.88 
	125.54 
	291.25 

	3
	MC3
	3.03 
	42.15 
	1.26 
	40.88 
	94.85 

	3.1
	Directly from MC3
	 
	7.79 
	0.23 
	7.55 
	17.53 

	Subtotal of MC3
	3.03 
	49.93 
	1.50 
	48.44 
	112.37

	Total of MCs
	5.30 
	188.04 
	5.64 
	182.39 
	413.39 


Note: Indicated flows here are if operation is at a time. But we proposed it to be rotational.					
[bookmark: _Toc339097880][bookmark: _Toc370536651]Secondary canals
Secondary canals are aligned in both directions, some across contour some parallel to contour i.e. for those extending at end of main canals. The lists and parameters are shown as under.

[bookmark: _Toc370536723]Table 4‑5: Summary of SC Length (km) and Area (ha)
	SN
	Name
	Length
(km)
	Gross Area
(Ha)
	Infrastructures 3%
	Net Area
(ha)
	Required Q, l/s

	
	
	
	
	
	
	If 24hr 
	If 12hr

	1
	SC1
	0.71 
	54.72 
	1.64 
	53.07 
	61.57 
	123.13 

	2
	SC2
	0.49 
	74.71 
	2.24 
	72.46 
	84.06 
	168.12 

	2.1
	Directly from SC2
	Varies
	22.77
	0.68
	22.08 
	25.62 
	51.23 

	2.2
	SC2-1
	0.24 
	12.88 
	0.39 
	12.49 
	14.49 
	28.98 

	2.3
	SC2-2
	0.49 
	39.06 
	1.17 
	37.89 
	43.95 
	87.90 

	3
	SC3
	0.11 
	5.74 
	0.17 
	5.57 
	6.46 
	12.93 

	4
	SC4
	0.26 
	20.76 
	0.62 
	20.14 
	23.36 
	46.72 

	5
	SC5
	0.12 
	6.97 
	0.21 
	6.76 
	7.84 
	15.68 

	6
	SC6
	0.37 
	8.67 
	0.26 
	8.41 
	9.76 
	19.52 

	Total of SC
	2.06 
	194.33
	5.83
	188.50 
	218.66 
	437.33


Note: The balance of command area is supplied by tertiary and/or field canals
[bookmark: _Toc339097881][bookmark: _Toc370536652]Tertiary and Field Canals
The command area of the project is planned to be irrigated using tertiary canals that off take either from secondary canals or directly from the main canals and supplies irrigation water to field canals. A total of 51 tertiary canals, out of which 6 TCs take-off directly from the main canals MC1 & MC3, but the others take off from their corresponding secondary canals and almost all of them are aligned as a contour canal, except TC2-2-3 & TC2-2-5 which run partly across the contour intended to minimize the field canals length. TC2-2-3 tertiary canal has also exceptional layout as run partly across unsuitable soil type so that the field canals length area be minimized and economical and downstream suitable area be reached.

The average length of these tertiary canals is 0.217 km and depending on the shape of the tertiary unit, the average tertiary canal command 10.4ha of net irrigable land. 

The command area of each tertiary canal is further sub-divided into several blocks at field canals level that can supply water to the furrows and irrigate command area of 1 to 1.4 hectares. These canals are aligned to run across the contour.
By considering the proposed crops, furrow method of irrigation has been adopted. Accordingly, irrigation water will be applied to the farm through furrows. The average length of furrows is 100 meters and width is 0.75m i.e. maize crop spacing. Irrigation water will be supplied to several furrows at a time, depending on the size of field canal that apply irrigation water.

[bookmark: _Toc370536724]Table 4‑6: List of Tertiary Canals and with their features
	Nr
	Name
	Length (km)
	Remark
	
	Nr
	Name
	Length (km)
	Remark

	1
	TC0-1-1
	0.39 
	Tapped on MC1
	 
	27
	TC2-1-4
	0.26 
	Cntd...Tapped on SC2 

	2
	TC0-1-2
	0.61 
	
	
	28
	TC2-2-1
	0.17 
	

	3
	TC1-1
	0.37 
	Tapped on SC1 of MC2
	
	29
	TC2-2-2
	0.13 
	

	4
	TC1-2
	0.12 
	
	
	30
	TC2-2-3
	0.23 
	

	5
	TC1-3
	0.24 
	
	
	31
	TC2-2-4
	0.14 
	

	6
	TC1-4
	0.14 
	
	
	32
	TC2-2-5
	0.40 
	

	7
	TC1-5
	0.24 
	
	
	33
	TC2-2-6
	0.12 
	

	8
	TC1-6
	0.17 
	
	
	34
	TC2-2-7
	0.16 
	

	9
	TC1-7
	0.21 
	
	
	35
	TC2-2-8
	0.27 
	

	10
	TC1-8
	0.18 
	“
	
	36
	TC0-3-1
	0.28 
	Tapped on MC3

	11
	TC1-9
	0.34 
	“
	
	37
	TC0-3-2
	0.22 
	

	12
	TC1-10
	0.16 
	
	 
	38
	TC0-3-3
	0.13 
	²

	13
	TC1-11
	0.14 
	
	 
	39
	TC0-3-4
	0.11 
	²

	14
	TC1-12
	0.13 
	
	 
	40
	TC3-1
	0.23 
	Tapped on SC3 of MC3

	15
	TC1-13
	0.18 
	
	 
	41
	TC3-2
	0.15 
	²

	16
	TC1-14
	0.13 
	
	 
	42
	TC4-1
	0.13 
	Tapped on SC4 of MC3

	17
	TC1-15
	0.22 
	
	 
	43
	TC4-2
	0.37 
	²

	18
	TC2-1
	0.10 
	Tapped on SC2 of MC2
	 
	44
	TC4-3
	0.14 
	²

	19
	TC2-2
	0.26 
	
	 
	45
	TC4-4
	0.25 
	²

	20
	TC2-3
	0.13 
	
	 
	46
	TC4-5
	0.13 
	²

	21
	TC2-4
	0.36 
	
	 
	47
	TC4-6
	0.20 
	²

	22
	TC2-5
	0.14 
	
	 
	48
	TC5-1
	0.12 
	Tapped on SC5 of MC3

	23
	TC2-6
	0.35 
	
	 
	49
	TC5-2
	0.12 
	²

	24
	TC2-1-1
	0.12 
	
	 
	50
	TC6-1
	0.25 
	Tapped on SC6 of MC3

	25
	TC2-1-2
	0.44 
	
	 
	51
	TC6-2
	0.25 
	²

	26
	TC2-1-3
	0.26 
	
	Total leng. (km)
	11.09 
	 

	 
	 
	 
	 
	 Avg. Len (km)=
	0.217 
	 


[bookmark: _Toc339097883][bookmark: _Toc370536653]The Command Area and Existing Irrigation Experience
The topography of the command area is characterized by moderately steep slope which mostly i.e. about 70% of gross area ranges from 3-8%. 

[bookmark: _Toc370536725]Table 4‑7: Slope classification of the Command Area
	Slope class
	Area (ha)
	Area (%)

	0-3
	35
	16.1

	3-5
	61
	28.4

	5-8
	88
	40.6

	8-12
	28
	13.1

	>12
	4
	1.8

	Total
	215
	100.0


Source: GIS Study Team of GIRDC

There are also a number of small natural drains, all of which join Aleletu Lugo River and then Anger River; as a result there are no drainage problems in the irrigation command area. The available topographical maps of 1:50,000 scale for entire catchment and command area of the project is were adequate for planning and design of irrigation system. The topographical surveys have been conducted with the help of Total Station instrument and results have been fed into computer from which topographical maps have been generated with 0.5m contour interval. 

The final size of the command area of the project is determined based on the result of the topographic survey (i.e. slope by Sokkia 350 Total Station, which has accuracy of  2mm), hydrological study i.e. availability of lean flow, and soil survey and land evaluation study results i.e. suitability maps. Accordingly, the topographical survey has been conducted for entire command area plus which measures approximately 333 Ha. After deducting non suitable area like rock exposures, gully and stream/river, area of unsuitable soil and residential areas, 216ha gross irrigable area is identified for final planning and design of the irrigation system out of which all of which are on left direction of the proposed headwork site. The above tables 4-2 to 4-5 describe the gross area, the net area under each tertiary, secondary and main canals with their corresponding length and design discharge.

Traditional irrigation experience is rare around the project are but non from the intended headwork site.
[image: D:\Oromia SSIP\4-Aleletu Lugo\Photos\DSC00849.JPG]  [image: D:\Oromia SSIP\4-Aleletu Lugo\Photos\DSC00875.JPG]
[bookmark: _Toc370536764]Figure 4‑1: Traditional Irrigation Experience in the Vicinity of the Project

[bookmark: _Toc339097884][bookmark: _Toc370536654]HYDRAULIC DESIGN OF CANALS
[bookmark: _Toc339097885][bookmark: _Toc370536655]Considered Canal Parameters
i. Roughness co-efficient-‘n’
Coefficient of rugosity largely depends on the type of surface. Different values are taken for different surface types. Based on the recommended n for ‘Criteria for design of lined canals and guidance for selection of Type of Lining’ the following values of ‘n’ have been adopted:

[bookmark: _Toc370536726]Table 4‑8: Adopted Roughness co-efficient
	Type of Surface
	Canal component
	Value of ‘n’

	Masonry/ concrete structures
	Lined Part e.g. flume
	0.014

	Earthen Canal
	Earthen Part
	0.025


ii. Canal side Slopes 
All canals are earthen and are designed as trapezoidal section. By considering the soil type 1:1 (V:H) side slope is adopted for all main, secondary and tertiary earthen canals. 
iii. Free Board
Free board of 0.3m is adopted for all earthen canals so as to avoid disappearance of small canals during non-irrigation times. 
[bookmark: _Toc339097889][bookmark: _Toc370536656]Design of Canals
All canals are made earthen as per geology and geotechnical investigations. The total length of main canals MC1, MC2 and MC3 are 1.89km, 0.38km and 3.03km respectively.MC1 starts from the diversion headwork and ends at BSR1, whereas MC2 and MC3 starts from BSR2 and supplies corresponding secondary canals as shown in table 4-3. The two balancing storage reservoirs are connected by a UPVC pipe of 1.2km long. All are designed to be earthen trapezoidal. 

All earthen canals are designed as trapezoidal section having side slope of m = 1 for main, secondary and tertiary canals and free board of 0.3m for all. For earthen/soil surface Roughness co-efficient of n = 0.025 is adopted, but the longitudinal slope vary from canal to canal based on the slope of topographic where alignments of canals fall.
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[bookmark: _Toc370536727]Table 4‑9: Hydraulic Design Parameters of Main Canal-1 
	Canal
	Chainage (m)
	Anet (ha)
	Duty (l/s/ha)
	Qreqd (m3/s)
	n
	s
	b
	m
	d
	b/d
	AX 
(m2)
	P
(m)
	R
(m)
	V
(m/s)
	Qcalcu
	Qcalc -Qreqd
	Fb
(m)
	D
(m)
	T
(m)
	Remark

	MC1
 
 
 
 
 
	0+000-0+152.18
	182.66
	1.16
	  0.2119 
	0.025
	0.0009
	0.40
	1
	0.55
	0.73 
	0.52 
	1.96 
	0.27 
	0.50 
	0.260 
	0.048
	0.3
	0.85 
	2.10 
	Earthen trapezoidal

	
	0+152.19-0+290.49
	182.16
	1.16
	  0.2113 
	0.025
	0.0009
	0.40
	1
	0.55
	0.73 
	0.52 
	1.96 
	0.27 
	0.50 
	0.260 
	0.049
	0.3
	0.85 
	2.10 
	 

	
	0+290.49-1+157
	178.52
	1.16
	  0.2071 
	0.025
	0.0008
	0.40
	1
	0.55
	0.73 
	0.52 
	1.96 
	0.27 
	0.47 
	0.245 
	0.038
	0.3
	0.85 
	2.10 
	 

	
	1+157-1+814
	173.98
	1.16
	  0.2018 
	0.025
	0.0003
	0.40
	1
	0.65
	0.62 
	0.68 
	2.24 
	0.30 
	0.31 
	0.214 
	0.012
	0.3
	0.95 
	2.30 
	 

	
	1+814-1+862.6
	173.98
	1.16
	  0.2018 
	0.014
	0.0015
	0.40
	0
	0.65
	0.62 
	0.26 
	1.70 
	0.15 
	0.79 
	0.206 
	0.004
	0.3
	0.95 
	0.80 
	Flume

	
	1+862.6-1+866
	173.98
	1.16
	  0.2018 
	0.025
	0.0008
	0.40
	1
	0.55
	0.73 
	0.52 
	1.96 
	0.27 
	0.47 
	0.245 
	0.043
	0.3
	0.85 
	2.10 
	To BSR1


Note:	- Longitudinal slopes are made flatter because it otherwise returns to the river as well as cannot cross Back River at its MFL.
· Details of profiles are attached as appendix at the end of this report


[bookmark: _Toc370536728]Table 4‑10: Hydraulic Design Parameters of Main Canal-2
	Canal
	Chainage (m)
	Anet (ha)
	Duty (l/s/ha)
	Qreqd 
(m3/s)
	n
	s
	b
	m
	d
	b/d
	AX
(m2)
	P
(m)
	R
(m)
	V
(m/s)
	Qcalcu
	Qcalc -Qreqd
	Fb
(m)
	D
(m)
	T
(m)
	Remark

	MC2
 
	0+000-0+010
	125.54
	 2.32 
	    0.2912 
	0.025
	0.001
	0.30
	1
	0.61
	0.50 
	0.55 
	2.01 
	0.27 
	0.53 
	0.291 
	0.000
	0.30 
	0.91 
	2.11 
	Earthen trapezoidal

	
	0+010-0+384.12
	53.07
	2.32
	    0.1231 
	0.025
	0.001
	0.30
	1
	0.41
	0.74 
	0.29 
	1.45 
	0.20 
	0.43 
	0.123 
	0.000
	0.30 
	0.71 
	1.71 
	 




[bookmark: _Toc370536729]Table 4‑11: Hydraulic Design Parameters of Main Canal-3
	Canal
	Chainage (m)
	Anet (ha)
	Duty (l/s/ha)
	Qreqd 
(m3/s)
	n
	s
	b
	m
	d
	b/d
	AX
(m2)
	P
(m)
	R
(m)
	V
(m/s)
	Qcalcu
	Qcalc -Qreqd
	Fb
(m)
	D
(m)
	T
(m)
	Remark

	MC3

	0+000-0+297.02
	48.44
	2.32
	   0.1124 
	0.025
	0.001
	0.30
	1
	0.39 
	0.77 
	0.27 
	1.40 
	0.19 
	0.42 
	0.112 
	0.000
	0.30 
	0.69 
	1.68 
	Earthen trapezoidal

	
	0+297.02-0+775
	46.15
	2.32
	   0.1071 
	0.025
	0.001
	0.30
	1
	0.38 
	0.79 
	0.26 
	1.38 
	0.19 
	0.42 
	0.108 
	0.001
	0.30 
	0.68 
	1.66 
	²

	
	0+775-0+820
	45.09
	2.32
	   0.1046 
	0.014
	0.005
	0.30
	0
	0.32 
	0.94 
	0.10 
	0.94 
	0.10 
	1.10 
	0.105 
	0.000
	0.30 
	0.62 
	0.30 
	Rectangular Flume

	
	0+820-0+831.64
	45.09
	2.32
	   0.1046 
	0.025
	0.001
	0.30
	1
	0.38 
	0.80 
	0.25 
	1.36 
	0.19 
	0.41 
	0.105 
	0.001
	0.30 
	0.68 
	1.65 
	Earthen trapezoidal

	
	0+831.64-1+177
	45.09
	2.32
	   0.1046 
	0.025
	0.001
	0.30
	1
	0.38 
	0.80 
	0.25 
	1.36 
	0.19 
	0.41 
	0.105 
	0.000
	0.30 
	0.68 
	1.65 
	²

	
	1+177-1+416
	43.64
	2.32
	   0.1012 
	0.025
	0.001
	0.30
	1
	0.37 
	0.81 
	0.25 
	1.35 
	0.18 
	0.41 
	0.101 
	0.000
	0.30 
	0.67 
	1.64 
	²

	
	1+416-1+578
	41.75
	2.32
	   0.0969 
	0.025
	0.001
	0.30
	1
	0.36 
	0.83 
	0.24 
	1.32 
	0.18 
	0.40 
	0.097 
	0.000
	0.30 
	0.66 
	1.62 
	²

	
	1+578-2+204
	36.17
	2.32
	   0.0839 
	0.025
	0.001
	0.30
	1
	0.34 
	0.89 
	0.21 
	1.25 
	0.17 
	0.39 
	0.084 
	0.000
	0.30 
	0.64 
	1.57 
	²

	
	2+204-2+797
	16.04
	2.32
	   0.0372 
	0.025
	0.001
	0.30
	1
	0.22 
	1.35 
	0.12 
	0.93 
	0.13 
	0.32 
	0.037 
	0.000
	0.30 
	0.52 
	1.35 
	²

	
	2+797-3+027
	15.17
	2.32
	   0.0352 
	0.025
	0.001
	0.30
	1
	0.22 
	1.38 
	0.11 
	0.92 
	0.12 
	0.31 
	0.035 
	0.000
	0.30 
	0.52 
	1.34 
	²


  







[bookmark: _Toc370536730]Table 4‑12: Hydraulic Design Parameters of Secondary Canals 
	SC
	Length (m)
	Anet
(ha)
	Duty (l/s/ha)
	Qreqd (m3/s)
	n
	s
	b
	m
	d
	b/d
	AX
(m2)
	P
(m)
	R
(m)
	V
(m/s)
	Qcalcu
	Qcalc -Qreqd
	Fb
(m)
	D(m)
	T(m)
	Remark

	SC1
 
 
 
 
 
 
	0+000-0+005
	       53.07 
	        2.32 
	  0.1231 
	0.025
	0.005
	0.40
	1
	0.250
	1.60 
	0.16 
	1.11 
	0.15 
	0.79 
	0.1279 
	0.005
	0.30 
	0.55 
	1.50 
	Earthen trapezoidal

	
	0+005+120.72
	       43.73 
	        2.32 
	  0.1015 
	0.025
	0.005
	0.30
	1
	0.250
	1.20 
	0.14 
	1.01 
	0.14 
	0.75 
	0.1031 
	0.002
	0.30 
	0.55 
	1.40 
	

	
	0+120.72-0+238.9
	       34.86 
	       2.32 
	  0.0809 
	0.025
	0.005
	0.30
	1
	0.240
	1.25 
	0.13 
	0.98 
	0.13 
	0.73 
	0.0952 
	0.014
	0.30 
	0.54 
	1.38 
	

	
	0+238.9-0+352.54
	    27.99 
	      2.32 
	    0.0649 
	0.025
	0.005
	0.30
	1
	0.220
	1.36 
	0.11 
	0.92 
	0.12 
	0.70 
	0.0805 
	0.016
	0.30 
	0.52 
	1.34 
	

	
	0+352.54-0+472.11
	    22.63 
	      2.32 
	    0.0525 
	0.025
	0.005
	0.30
	1
	0.210
	1.43 
	0.11 
	0.89 
	0.12 
	0.69 
	0.0736 
	0.021
	0.30 
	0.51 
	1.32 
	

	
	0+472.11-0+588.84
	    14.20 
	      2.32 
	    0.0329 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.034
	0.30 
	0.50 
	1.30 
	

	
	0+588.84-0+706.59
	      8.10 
	      2.32 
	    0.0188 
	0.025
	0.005
	0.30
	1
	0.150
	2.00 
	0.07 
	0.72 
	0.09 
	0.58 
	0.0392 
	0.020
	0.30 
	0.45 
	1.20 
	

	SC2
 
 
 
	0+000-0+005
	    72.46 
	      2.32 
	    0.1681 
	0.025
	0.005
	0.30
	1
	0.320
	0.94 
	0.20 
	1.21 
	0.16 
	0.85 
	0.1686 
	0.000
	0.30 
	0.62 
	1.54 
	

	
	0+005-0+147.96
	    66.98 
	      2.32 
	    0.1554 
	0.025
	0.005
	0.30
	1
	0.310
	0.97 
	0.19 
	1.18 
	0.16 
	0.84 
	0.1581 
	0.003
	0.30 
	0.61 
	1.52 
	

	
	0+147.96-0+292.03
	    60.66 
	      2.32 
	    0.1407 
	0.025
	0.005
	0.30
	1
	0.300
	1.00 
	0.18 
	1.15 
	0.16 
	0.82 
	0.1480 
	0.007
	0.30 
	0.60 
	1.50 
	

	
	0+292.03-0+490.32
	    50.38 
	      2.32 
	    0.1169 
	0.025
	0.005
	0.30
	1
	0.280
	1.07 
	0.16 
	1.09 
	0.15 
	0.79 
	0.1289 
	0.012
	0.30 
	0.58 
	1.46 
	

	SC2-1
 
 
	0+000-0+006.78
	    12.49 
	      2.32 
	    0.0290 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.038
	0.30 
	0.50 
	1.30 
	

	
	0+006.78-0+127.73
	      7.96 
	      2.32 
	    0.0185 
	0.025
	0.005
	0.30
	1
	0.150
	2.00 
	0.07 
	0.72 
	0.09 
	0.58 
	0.0392 
	0.021
	0.30 
	0.45 
	1.20 
	

	
	0+127.73-0+241.68
	      2.89 
	      2.32 
	    0.0067 
	0.025
	0.005
	0.30
	1
	0.100
	3.00 
	0.04 
	0.58 
	0.07 
	0.47 
	0.0190 
	0.012
	0.30 
	0.40 
	1.10 
	

	SC2-2
 
 
 
 
	0+000-0+005
	    37.89 
	      2.32 
	    0.0879 
	0.025
	0.005
	0.30
	1
	0.250
	1.20 
	0.14 
	1.01 
	0.14 
	0.75 
	0.1031 
	0.015
	0.30 
	0.55 
	1.40 
	

	
	0+005-0+135.58
	    34.52 
	      2.32 
	    0.0801 
	0.025
	0.005
	0.30
	1
	0.240
	1.25 
	0.13 
	0.98 
	0.13 
	0.73 
	0.0952 
	0.015
	0.30 
	0.54 
	1.38 
	

	
	0+135.58-0+243.01
	    30.94 
	      2.32 
	    0.0718 
	0.025
	0.005
	0.30
	1
	0.210
	1.43 
	0.11 
	0.89 
	0.12 
	0.69 
	0.0736 
	0.002
	0.30 
	0.51 
	1.32 
	

	
	0+243.01-0+365.78
	    23.03 
	      2.32 
	    0.0534 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.014
	0.30 
	0.50 
	1.30 
	

	
	0+365.78-0+491.69
	      8.96 
	      2.32 
	    0.0208 
	0.025
	0.005
	0.30
	1
	0.150
	2.00 
	0.07 
	0.72 
	0.09 
	0.58 
	0.0392 
	0.018
	0.30 
	0.45 
	1.20 
	

	SC3
 
	0+000-0+005
	      5.57 
	      2.32 
	    0.0129 
	0.025
	0.005
	0.30
	1
	0.20
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.054
	0.30 
	0.50 
	1.30 
	

	
	0+005-0+112.44
	      2.13 
	      2.32 
	    0.0050 
	0.025
	0.005
	0.30
	1
	0.20
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.062
	0.30 
	0.50 
	1.30 
	

	SC4
 
 
	0+000-0+005
	    20.14 
	      2.32 
	    0.0467 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.020
	0.30 
	0.50 
	1.30 
	

	
	0+005-0+137.38
	    11.07 
	      2.32 
	    0.0257 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.041
	0.30 
	0.50 
	1.30 
	

	
	0+137.38-0+260.34
	      3.93 
	      2.32 
	    0.0091 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.058
	0.30 
	0.50 
	1.30 
	

	SC5
 
	0+000-0+005
	      6.76 
	      2.32 
	    0.0157 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.051
	0.30 
	0.50 
	1.30 
	

	
	0+005-0+121.39
	      2.77 
	      2.32 
	    0.0064 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.061
	0.30 
	0.50 
	1.30 
	

	SC6
 
	0+000-0+242.56
	      8.41 
	      2.32 
	    0.0195 
	0.025
	0.001
	0.30
	1
	0.250
	1.20 
	0.14 
	1.01 
	0.14 
	0.34 
	0.0461 
	0.027
	0.30 
	0.55 
	1.40 
	

	
	0+242.56-0+366.69
	      3.98 
	      2.32 
	    0.0092 
	0.025
	0.005
	0.30
	1
	0.200
	1.50 
	0.10 
	0.87 
	0.12 
	0.67 
	0.0671 
	0.058
	0.30 
	0.50 
	1.30 
	
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[bookmark: _Toc337216436][bookmark: _Toc339097890][bookmark: _Toc370536657]Detail Design of Sample Tertiary Unit and Canal
A typical tertiary unit PTU1-1 has been selected for this physical detail design purpose as its size and land scape is estimated that it can represent an average value of all the tertiary units. This unit consists of four field canals which are supposed to operate at a time. Thus rotation will be expected at the tertiary unit level. These field canals thus will have the same discharge capacity as corresponding tertiary canals. Details are shown in table 4-12 below.

It involves detail design of tertiary canal and corresponding field canals situated within this unit as shown here under.RTC2 is designed as sample using the manning & continuity equations, and the hydraulic parameters are:

[bookmark: _Toc370536731]Table 4‑13: Hydraulic Design parameters of Considered Tertiary Canal, TC1-1
	Chain age (m)
	Anet (ha)
	Duty (l/s/ha)
	Qreqd (m3/s)
	n
	s
	b
	m
	d
	b/d
	AX
(m2)
	P
(m)
	R
(m)
	V
(m/s)
	Qcalcu
	Qcalc -Qreqd
	Fb
(m)
	D(m)
	T(m)

	0+000-0+005
	5.67
	9.28
	0.0526
	0.025
	0.002
	0.25
	1
	0.238
	1.05
	0.12
	0.92
	0.13
	0.45
	0.0522
	0.000
	0.30
	0.54
	1.33

	0+005+124.18
	4.17
	9.28
	0.0526
	0.025
	0.002
	0.25
	1
	0.238
	1.05
	0.12
	0.92
	0.13
	0.45
	0.0522
	0.000
	0.30
	0.54
	1.33

	0+124.18+250.76
	2.47
	9.28
	0.0526
	0.025
	0.002
	0.25
	1
	0.238
	1.05
	0.12
	0.92
	0.13
	0.45
	0.0522
	0.000
	0.30
	0.54
	1.33

	0+250.76+369.6
	0.70
	9.28
	0.0526
	0.025
	0.002
	0.25
	1
	0.238
	1.05
	0.12
	0.92
	0.13
	0.45
	0.0522
	0.000
	0.30
	0.54
	1.33



[bookmark: _Toc370536732]Table 4‑14: Hydraulic Design parameters of Considered Tertiary Canal, TC1-4 
	Length (m)
	Anet (ha)
	Duty (l/s/ha)
	Qreqd (m3/s)
	n
	s
	b
	m
	d
	b/d
	AX(m2)
	P(m)
	R(m)
	V(m/s)
	Qcalcu
	Qcalc -Qreqd
	fb(m)
	D(m)
	T(m)

	0+000-0+005
	4.34 
	          9.28 
	     0.0403 
	0.025
	0.002
	0.20
	1
	0.25
	0.80 
	0.11 
	0.91 
	0.12 
	0.44 
	0.0500 
	0.010
	0.30 
	0.55 
	1.30 

	0+005+138.63
	2.56 
	          9.28 
	     0.0403 
	0.025
	0.002
	0.20
	1
	0.25
	0.80 
	0.11 
	0.91 
	0.12 
	0.44 
	0.0500 
	0.010
	0.30 
	0.55 
	1.30 



[bookmark: _Toc370536733]Table 4‑15: Hydraulic Design parameters of Considered Tertiary Canal, TC4-4
	Length (m)
	Anet (ha)
	Duty (l/s/ha)
	Qreqd (m3/s)
	n
	s
	b
	m
	d
	b/d
	AX (m2)
	P (m)
	R (m)
	V (m/s)
	Qcalcu
	Qcalc -Qreqd
	Fb (m)
	D (m)
	T (m)
	Remark

	0+000-0+005
	4.89 
	          9.28 
	     0.0453 
	0.025
	0.002
	0.20
	1
	0.25
	0.80 
	0.11 
	0.91 
	0.12 
	0.44 
	0.0500 
	0.005
	0.30 
	0.55 
	1.30 
	Earthen trapezoidal

	0+005+126.4
	2.91 
	          9.28 
	     0.0453 
	0.025
	0.002
	0.20
	1
	0.25
	0.80 
	0.11 
	0.91 
	0.12 
	0.44 
	0.0500 
	0.005
	0.30 
	0.55 
	1.30 
	 

	0+126.4+250.76
	1.83 
	          9.28 
	     0.0453 
	0.025
	0.002
	0.20
	1
	0.25
	0.80 
	0.11 
	0.91 
	0.12 
	0.44 
	0.0500 
	0.005
	0.30 
	0.55 
	1.30 
	 



Design of other tertiary canals can be carried out in a similar way using irrigation duty of 9.28l/s/ha (i.e. 1.16 l/s/ha * 24/3) and referencing average of these three representative tertiary canals.

[image: ]
[bookmark: _Toc370536765]Figure 4‑2: Schematic Layout for the selected Detail TU

[bookmark: _Toc370536734]Table 4‑16: General Arrangement/Layout of Selected Tertiary Unit
	SN
	Parameter
	Unit
	Value
	Remark

	1
	Net area of RTC1-1
	ha
	5.7
	 

	2
	Duty at head of TC for 12 hr/day irrigation
	l/s/ha 
	2.32
	45% project efficiency has been accounted, for 12 hr

	3
	Furrow Length, FL
	m
	110
	 

	4
	Field Canal Length, FC1-1-1
	m
	117
	 

	5
	Field Canal Length, RFC1-1-2
	m
	132
	 

	6
	Field Canal Length, RFC1-1-3
	m
	147
	 

	7
	Field Canal Length, RFC1-1-4
	m
	138
	

	8
	Area of RFC1-1-1
	ha
	1.29
	 

	9
	Area of RFC1-1-2
	ha
	1.45
	 

	10
	Area of RFC1-1-3
	ha
	1.62
	 

	11
	Area of RFC1-1-4
	ha
	1.51
	 

	12
	Discharge, QTC = QFC1-1-1 = QFC1-1-2= QFC1-1-3= QFC1-1-4
	l/s
	13.2
	Rotation within TC is assumed 

	13
	Furrow spacing, Fs  
	m
	1.05
	Crop spacing of 0.75m plus 0.3m ridge width is assumed & same for all FC  

	14
	Average area of Furrows  
	ha
	0.012
	 

	15
	Calculated stream discharge, Qs of each Furrow 
	l/s
	0.027
	i.e. If all 12hrs/day is to be spent in this field

	16
	Assumed practical stream discharge of furrow through its single outlet
	l/s
	2.5
	If intended to speed up irrigation at a time. This will be flow through each furrow outlet.  

	17
	Thus Nr. of furrows that can be served at a time from availed discharge at offtake 
	 Nr
	5.3
	i.e. If 2.5 l/s rate is used 5.3 furrows can be served at a time with incoming flow at off-take

	18
	Nr of furrows that can be supplied in 12 hr at 2.5l/s rate
	 Nr
	63
	i.e. instead of supplying 1Furrow by 0.027l/s in 12hrs, supplying 2.5l/s per furrow can increase this Nr to 63 in 12hr

	19
	Irrigation duration per day 
	hrs/day
	12
	 

	20
	Thus, area that can be irrigated in 12hrs by applying 2.5 l/s rate to these furrows
	ha
	0.73
	 

	21
	Or total time required to finish irr. in RFC1-1-1
	 hr
	21.2
	i.e. 65.4 hours will be req'd to rotate within these field canals. If 1 l/s stream discharge is used 163.6hrs will be req'd, and so on

	22
	and total time required to finish irr. in RFC1-1-2
	 hr
	23.9
	

	23
	and total time required to finish irr. in RFC1-1-3
	 hr
	26.6
	

	24
	and total time required to finish irr. in RFC1-1-4
	 hr
	24.9
	

	25
	Thus time req'd to finish 1ha
	hr
	17.0
	At 2.5 l/s stream discharge/rate



[bookmark: _Toc339097891][bookmark: _Toc370536658]Field Canals Design
Though the layout of field canals are designed and shown on infrastructure layout system (refer drawing album) the whole of these canals are left for the beneficiaries to be arranged every irrigation season during land preparation; meaning their bill of quantities and cost are not included here. But the field canal capacity in the selected tertiary unit for detail study has been determined using the area of each farm unit and assumed stream discharge of furrow. Also the typical off take location and size at the inlet of each of these field canals is designed and included in this report.


[bookmark: _Toc339097892][bookmark: _Toc370536659]DESIGN OF IRRIGATION STRUCTURES
[bookmark: _Toc339097893][bookmark: _Toc370536660]General
There are several types of on-farm irrigation structures encountered on canal system such as flume, Balancing Storage Reservoir/BSR, chute, division box, drops, off takes, and culverts. Typical of these structures location and dimensions are described in the following successive sections and one drawing for each of these have shown and can be referred in drawing album. 
[bookmark: _Toc370536661][bookmark: _Toc325835627][bookmark: _Toc339097894]Balancing Storage Reservoir
This reservoir is designed to receive irrigation water from main canal-1 and store for some time and then a pump installed aside of it will drive water to the second similar reservoir which is located at an elevated level then the first reservoir. Its design and related structures are presented under sub section 3.11.3. 

Balancing Storage Reservoir, BSR2 Outlet 
Here the orifice formula for free outflow through concrete pipe is adopted. It is known that flow varies with gate opening level and thus it is to be controlled manually by the operator. 

For the sake of calculation, the critical /minimum/ head above centerline of 0.10m is considered to determine the pipe size.

Q=CdA(2gh) for h=0.10m, Cd=0.62 and Q= 0. 373m3/s area A=0.03454m2
then diameter=0.21m this is too small, take 0.50m concrete pipe to be more practical.
The pond outlet is to be controlled manually by spindle gate. The plate thickness shall be 50mm and shaft diameter 50mm.

[bookmark: _Toc370536662]Chute
This type of structure is also designed as inlet to the above balancing storage reservoir. Refer its details in Volume 4 Engineering Drawings.
[bookmark: _Toc339097900][bookmark: _Toc370536663]Division Boxes
Division Boxes are box structures proposed to divide water from the main canals to the secondary canals and/or secondary canals to sub-secondary canals. 

Consider here a division box at the junctions of SC2, SC2-1 and SC2-2 canals. For safe and sufficient quantity of withdrawal from the parent canal (SC2 here) to the receiving canals SC2-1 and SC2-2, provision of appropriate distribution structure is necessary. There are five of such proposed division box structures in the field: three on MC3, one on MC2 and the other on SC2.

Since the flow in all canals are open channels, these division boxes are designed using broad crest flow formula by assuming the same discharge coefficient & sill height for all distribution direction. 

Here under are detailed design parameters for the selected sample division box mentioned above on SC2:

Design of Division Box 1: Sample design at Station: 0+490.32 m On SC2 
Using broad crested formula, 
[image: ]

[bookmark: _Toc370536766]Figure 4‑3 Schematic Layout of Considered/Sample Division Box

Q= CL(h)3/2
Where Q= discharge over rectangular weir (opening), m3/s
	c= discharge coefficient, c= 1.7
	L= effective length of crest form in m
	h= over flow depth, m

Assuming equal discharge coefficient & sill height for two or three dividing canals, the proportion becomes.

Q1= CL1 (h) 3/2
L1 = Q1/(Ch3/2)
Q1/ Q2 =L1/ L2 
L2 = L1*Q2/Q1

Where: Q1= flow in parent canal, SC2
Q2 = flow toward SC2-1
Q3 = flow toward SC2-2

L1= effective crest length of weir sill across opening to SC2
L2= effective crest length of weir sill across opening to SC2-1
L2= effective crest length of opening across SC2-2

The height of the division box, d= d + Fb
The width of the division box, B= b+2*m*D
Where: b= base width of the incoming canal
       	m= side slope of the incoming canal
       	D= total canal depth of the incoming canal, = d + Fb

In Case of DB1
Q1=QSC2 = 116.9 l/s 
Q2=29.0/s 
Q3 = 87.9 l/s 
Depth of Division Box, H = depth of parent canal (i.e. SC2) + free board = 0.58m for all sides of the box 

L1= Q1 / Ch 3/2 = 0.160m.
L2= L1Q2/ Q1= 0.04m 
L3= L2Q3/ Q2 = 0.12m

However, from practical point of view take convenient dimensions of L1 = 0.3m which is equivalent to incoming canal bed width, L 2 = 0.2m and L3 = 0.2m and control required depth of flow in each subsequent canals by gates as per presented design tables for corresponding canals.

Top width of Division Box = bed width of parent canal +2*m*d = 1.46m. The division box is assumed of square dimensions (For more information, refer Drawing Album).


[image: ]OWMEB	                          GIRDC	



77
Feasibility Study& Detail Design of AL SSIP		Detail Design Report

[bookmark: _Toc370536735]Table 4‑17: Summary of Design Parameters of All Division Boxes
	Q= CL(h)3/2
	DB from SC2 to SC2-1 & SC2-2
	DB from BSR2 to MC2 & MC3
	DB from MC2 to SC2
	DB from MC3 to SC3
	DB from MC3 to SC4
	DB from MC3 to SC5 & SC6

	Q1, m3/s
	0.1169 
	0.37258
	0.2912
	0.0969
	0.0839
	0.0372

	Q2, m3/s
	0.0290 
	0.29125
	0.1681
	0.0129
	0.0467
	0.0157

	Q3, m3/s
	0.0879 
	0.11237
	0.1231
	0.0839
	0.0372
	0.0195

	Height of DB, h = d+fb, m
	0.58 
	0.52 
	0.91 
	0.66 
	0.64 
	0.52 

	Width of DB, B= b+2*m*D
	1.46
	1.50 
	2.11
	1.62
	1.57
	1.35

	Coefficient, C=
	1.70 
	1.70 
	1.70 
	1.70 
	1.70 
	1.70 

	Parent canal bed width, b1=
	0.30 
	0.52 
	0.30
	0.30
	0.30
	0.30

	Receiving canal-1, bed width, b2=
	0.30 
	0.30 
	0.30
	0.30
	0.30
	0.30

	Receiving canal-2, bed width, b3=
	0.30 
	0.30 
	0.30
	0.30
	0.30
	0.30

	 
	Calculated
	Calculated
	Calculated
	Calculated
	Calculated
	Calculated

	L1= Q1 / Ch3/2 
	0.16 
	0.58 
	0.20 
	0.11 
	0.10 
	0.06 

	L2= Q2 / Ch3/2  = L1 * Q2/ Q1
	0.04 
	0.45 
	0.11 
	0.01 
	0.05 
	0.02 

	L3= Q3 / Ch3/2 = L2 * Q3/ Q2
	0.12 
	0.17 
	0.08 
	0.09 
	0.04 
	0.03 

	 
	Adopt
	Adopt
	Adopt
	Adopt
	Adopt
	Adopt

	 L1
	0.3
	0.6
	0.3
	0.3
	0.3
	0.3

	 L2
	0.2
	0.6
	0.2
	0.2
	0.2
	0.2

	 L3
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	Location
	At CH: 0 + 490.32 of SC2
	At start of MC2+MC3
	At CH: 1 + 578 of MC3
	At CH: 1+578 of MC3
	At CH: 2 + 204 of MC3
	At CH: 3+027 of MC3




4.1.1 [bookmark: _Toc339097901][bookmark: _Toc370536664]Design of drops   
Drops are canal structures used to control velocity of flow in canals by limiting canal longitudinal slopes to one that generates an acceptable velocity by dissipating the energy of falling water. Drops are thus structures constructed across a canal to permit lowering down of its water level and dissipate the surplus energy possessed by the falling water, which may otherwise scour the bed and banks of the canal. 

There are three cases of drop structures considered in this project: those with height of 0.5m, 1.0m and 1.5m. All of them are vertical drop types as flow in all canals is small. Sample design of these drops are made for those located on SC1 @ 0+025 and 0+045 as shown in table 4-18 below.

[bookmark: _Toc370536736]Table 4‑18: Sample Design of Drops on SC1
	SN
	Description
	unit
	Results

	
	
	
	SC2-1 (ht=0.5)
	SC1 (ht=1)
	SC1 (ht=1.5)

	
	
	
	Dr1Value
	Adopt
	Dr1Value
	Adopt
	Dr1  Value
	Adopt

	A
	Given Data
	 
	 
	
	
	 
	 
	 

	1
	Discharge(Q)
	m3/s
	0.0067
	
	0.086
	
	0.086
	

	2
	u/s water depth(h1)
	m
	0.10
	
	0.25
	
	0.25
	

	3
	u/s velocity(v1)
	m/s
	0.47
	
	0.75
	
	0.75
	

	4
	D/s water depth(h2)
	m
	0.10
	
	0.25
	
	0.25
	

	5
	D/s velocity(v2)
	m/s
	0.47
	
	0.75
	
	0.75
	

	6
	Drop height(D)
	m
	0.5
	
	1.00
	
	1.5
	

	B
	Critical Flow Hydraulics
	 
	
	
	
	
	
	

	 
	Description
	Symbol
	
	
	Result
	
	
	

	1
	Drop width
	bc
	0.16
	0.20
	0.50
	0.60
	0.50
	0.60

	2
	Unit discharge
	q
	0.03
	
	0.14
	
	0.14
	

	3
	Critical depth
	hc
	0.05
	
	0.13
	
	0.13
	

	C
	Stilling Basin
	 
	
	
	
	
	
	

	 
	Description
	Symbol
	
	
	Result
	Adopt
	Result
	Adopt

	1
	Basin width
	B
	0.15
	0.20
	0.54
	0.60
	0.54
	0.60

	2
	Length
	L2
	0.41
	0.50
	0.94
	1.00
	1.13
	1.20

	3
	Lip height
	hc
	0.02
	0.10
	0.06
	0.10
	0.06
	0.10

	D
	Protection Works
	 
	
	
	
	
	
	

	1
	U/S Protection work
	l
	1.32
	1.40
	1.64
	1.70
	1.64
	1.70



Figure below shows schematic section through one of the designed drop structure.
[image: ]

[bookmark: _Toc370536767]Figure 4‑4: Schematic Section of Designed Drop Structure on SC1
For more information refer Drawing Album.
[bookmark: _Toc369687577][bookmark: _Toc370536665][bookmark: _Toc339097902]Design of Turnouts
Turnouts are on-farm structures fixed in the banks of secondary canals to divert water to tertiary canals. There are two situations for off-taking of tertiary canals: those tertiary canals which take-off directly from MC and those which take-off from SC. Those which take-off from MC are arranged on one side only thus provided with one gate but some of those which takes-off from SC are arranged such that they supply on both sides of SC thus they are provided with two side gates per each site for two TCs.
 
There are 51 of such structures in total out of which most of them supply on one side but TO to TC1-1 and TC1-2 supply on both sides. These turnouts are designed using orifice formula as shown under.

 , 

A=D2/4 


Where, D is pipe diameter, m
C- is a coefficient and = 0.81 assuming it is submerged out flow
A- is concrete pipe diameter, m2 
h- is water head in a pipe, m

Consider TC1-1:
Peak Duty, q =1.16 l/s/ha for 24 hours or 9.28 l/s/ha in 3 hours. 
Anet (ha) = 5.67 ha

Thus, Design discharge, Q (m3/s) = 0.007 if in 24 hours or 0.053 m3/s if in 3 hours
Since outlets need to be practical size, outlets to tertiary canals are designed for a 3 hour application capacity thus Q=0.053 m3/s for this time of application as shown in table below.

[bookmark: _Toc370536737]Table 4‑19: Hydraulic Design Parameter of Turnout to TC1-1
	Turn-out
	On canal
	Q(m3/s)
	Y(m)
	(4Q/Π C)2 /19.62
	Trial value of D(m)
	D4*(y - 0.5D)
	D (mm)
	Adopted Dia. (m)
	Remark

	TO-1
	SC1
	0.053
	0.30
	0.000348
	0.40
	0.0026
	400.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.38
	0.0022
	375.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.35
	0.0019
	350.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.33
	0.0015
	325.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.30
	0.0012
	300.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.28
	0.0009
	275.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.25
	0.0007
	250.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.23
	0.0005
	225.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.20
	0.0003
	200.00
	200
	2-way

	
	
	0.053
	0.30
	0.000348
	0.18
	0.0002
	175.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.15
	0.0001
	150.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.13
	0.0001
	125.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.10
	0.0000
	100.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.08
	0.0000
	75.00
	 
	2-way

	
	
	0.053
	0.30
	0.000348
	0.05
	0.0000
	50.00
	 
	2-way


 
As it can be seen from above table, we have tried to optimize size of turnout which in this case is a concrete pipe diameter. However assessment for optimization has shown that the graph is of curved nature rather than parabolic so that it enables us to select the least but optimum size of pipe. Thus select a pipe diameter of 200 mm (where change is noticeable) for each turn out corresponding to tertiary canal discharge (refer details in drawing album and graph shown below).

[bookmark: _Toc370536666]Design of Off-takes
Off-takes are also on-farm structures designed at the outset of each tertiary canals to divert water to field canals. Thus they are openings to field canals supplying on both ways of tertiary canals. A pipe off-take type is preferred for its better hydraulic advantage than box off-takes. Also pipe off-take conducts silt better because pressures in pipes are usually made to be increased. During pipe off- take design, an attempt is made to equalize the capacity of such pipe to the actual discharge allocated for each plot of land (capacity of the corresponding TC), unless the nearest pipe size is used instead.

There are 132 of such structures arranged on tertiary canals i.e. at head of each field canal. Each of them is to be controlled with simple shutters on which chain is attached to lift to the required level.

Hydraulic Design Parameters of Off-takes

Flow in off-takes is governed by the orifice formula like that of turnouts on secondary canals. Since flow in each field canal is expected to be same as that of corresponding tertiary canal for smaller areas, size of turnout designed for head regulators of tertiary canal is taken same size as that of field canal. Thus, same practical pipe diameter of 200mm is thus proposed here too.
[bookmark: _Toc370536667]Culverts 
Culverts are canal crossing structures used to facilitate easy access within the scheme. They are arranged along with other on-farm structures and provided at division boxes on main canals to secondary canals. For the rest locations since all canals are of small sizes, traditional crossings can be provided by beneficiaries as need be. 

Those culverts on MC3 have been considered as sample design. These selected culverts are of box type as they will be used as for bridging the command to the main access road. It will have similar slope & total depth equal to the parent canal (except that some free board is allowed). Thus, the canal should converge on arriving such site and diverge while crossing it. The bridge is also expected for providing bearing capacity to medium trucks that will freight products from the corresponding farm plots.

There are eight of such road-crossing culverts on main canals (Refer infrastructure layout in the drawing album).

[bookmark: _Toc370536738]Table 4‑20: Hydraulic Design Parameters of Designed Culverts
	Culvert on MC3
	Station (m)
	OGL
	CBE
	Cut
	D
	b(m)
	d(m)
	Q(m3/s)
	S
	b*d
	b+2d
	[n*Q/
b*d]3/2
	Left
	Right
	fb
	V
	Dculv (m)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CL at SC3
	1+578
	1384.508
	1384.318
	0.19 
	0.64 
	0.30 
	0.337 
	0.0839
	0.001
	0.10 
	0.97 
	0.00125
	0.10 
	0.22 
	0.18 
	0.83 
	0.52 

	CL at SC4
	2+204
	1383.909
	1383.692
	0.22 
	0.52 
	0.30 
	0.223 
	0.0372
	0.001
	0.07 
	0.75 
	0.00068
	0.09 
	0.12 
	0.18 
	0.56 
	0.40 

	CL at SC5
	3+026.8
	1380.028
	1379.869
	0.16 
	0.52 
	0.30 
	0.218 
	0.0352
	0.001
	0.07 
	0.74 
	0.00065
	0.09 
	0.12 
	0.20 
	0.54 
	0.42 


 Note: Depth of culvert indicated in the last column is inclusive of free board
[image: ]
[bookmark: _Toc370536768]Figure 4‑5: Schematic Section of Considered Box Culvert
 
4.1.2 [bookmark: _Toc339097903][bookmark: _Toc370536668][bookmark: _Toc257031864][bookmark: _Toc257377073][bookmark: _Toc257619047]Design of Cross Drainage
These structures bridge canals over natural drains on their way thus they are structures used to take irrigation water from one side to the other side of natural drains safely without being subjected to the selected 50 years return period design flood level. There are four of such structures: two across main canal MC1, and two across MC3. 

Sample Design

Location: End of MC1 at 1 + 814 on Backo River
	
Hydrological Data and physiographic data for the catchment of this river are obtained from the hydrology report of the same project.


[bookmark: _Toc370536739]Table 4‑21: Design Flood of Cross Drainages in Aletu Lugo SSIP
	PARTS
	Easting
	Northing 
	Catch. Area  
	Tc
	qd10 
	qd20 
	qd25 
	qd50 
	qd100 

	
	 (m)
	(m)
	(Km2)
	(min)
	(m3/sec)
	 3/sec)
	m3/sec)
	m3/sec)
	m3/sec)

	ALCD1
	252589
	1036917
	0.19
	0.15
	0.4
	0.58
	0.65
	0.86
	1.09

	ALCD2
	251393
	1037022
	4.36
	0.6
	3.87
	5.61
	6.22
	8.25
	10.5

	ALCD3
	250745
	1035425
	0.45
	0.16
	0.92
	1.33
	1.48
	1.96
	2.49

	ALCD4
	249315
	1036547
	0.15
	0.21
	0.26
	0.37
	0.41
	0.54
	0.69


Source: Annex A Climate & Water Resource, 2012
Gulley bed level at crossing site		1338.05m
Average gulley bed slope			1 in 150 estimated on the field

Data of incoming Canal
Full supply discharge				0.2018 m3/sec
Canal bed width				0.40m
Full supply depth				0.0.65m
Gradient of canal				0.0003
Length of canal from take up to crossing	1.814km
Velocity in canal				0.31m/sec
Side slopes of canal			            1:1
Full supply level of canal			1339.580m
Canal bed level 			            1338.93m
Top of canal bank			            1339.880

Determination for high flood level 

Wetted perimeter from Lacey is P=4.73Q1/2, P =13.58m

However the measured width is 14.80m and hence this is considered for successive design. 

Selection of type of Structure
Canal bed level at exit	= 1338.929 m 
High FL corresponding to selected design flood 	=1338.595m

Note: Clear difference of 0.334m is available between HFL and canal bed level. Therefore, box aqueduct structure across the gulley is most suitable for this crossing.

[bookmark: _Toc370536740]Table 4‑22: Determination of Flood Level Corresponding to Selected Qd
	Qd m3/s
	b
	d
	n
	m1
	m2
	A
	P
	R
	S
	Qcalc
	Qcalc-Qd

	8.25
	14.765
	0.295 
	0.04
	0.057 
	0.048 
	4.36 
	15.36 
	0.28 
	0.0308 
	8.27 
	0.017 




[image: ]
[bookmark: _Toc370536769]Figure 4‑6: Approximated Cross Section of the River at Sampled Crossing Site


[bookmark: _Toc370536741]Table 4‑23: Hydraulic Design of Cross Drain/Rectangular Flume on Backo River
	Parameter
	Value
	Description/Remark

	Channel Bed slope of channel, s =
	0.031
	

	Channel Bed width, b =
	14.77
	Channel bed as measured

	Wetted channel Top width, B =
	14.80
	

	Channel Top width, T =
	39.70
	

	50 years design Dis. Qd=
	8.25 m3/s
	Adopted for 50 years from Hyd. Report

	Corresponding Flood depth, d =
	0.30
	

	RBL =
	1338.050
	River bed level

	Thus MFL
	1338.345
	 

	FB =
	0.3
	Free board

	Total depth, D =
	0.55
	including FB

	MFL+FB=Min. trough level
	1338.595
	i.e. Min. bottom level

	CBL at entrance
	1338.929
	 

	Flume bed thickness
	0.25
	 

	Bottom level at entrance
	1338.679
	CBL at entrance-Thickness

	CBL at end
	1338.856
	i.e. on LB side

	Bottom level at exit
	1338.606
	Therefore trough levels at both ends are above MFL+FB, thus ok! 

	Existing Right BTL=OGL
	1339.147
	Bank top level at 

	Existing Left BTL=OGL
	1338.700
	 

	Existing depth, D on right bank=
	1.10
	 

	Existing depth, D on left bank=
	0.650
	 

	Depth difference b/n existing bed & bank top on RB=
	0.55
	 

	Depth difference b/n existing bed & bank top on LB=
	0.11
	Thus  RB needs protection

	Unit discharge, q=Q/b
	0.303 
	 

	f (selected for medium sand) =
	1.50 
	Channel is of bed rock

	To check for scouring and piping effects, consider Lacey’s equation
	 
	 

	Hydraulic mean depth, R=
	0.53 
	 

	Bottom level of abutment = u/s HFL – 1.25R =
	1337.547
	MFL-1.5R

	RBL - bottom of abutment
	0.503
	 

	It is shallow thus take
	1.0
	m

	Thus adjusted Str. Bot. level
	1337.050
	 

	Left & right abutments are of masonry but fluming canal part is Re. concrete
	 
	 

	Fluming section bed slope
	0.0015
	 

	Flume Shape
	Rectangular
	 

	Flume length
	14.80
	m

	S*L
	0.02219 
	 

	Velocity of incoming flow, V1 m/s
	0.31 
	 

	Velocity of flume section, V2 m/s
	0.79 
	 

	Check, Head loss, hf = 1.2 x (v22 - v12)/2g + hf < S*L
	0.016
	 

	Since  Hv+hf < S*L,  
	Thus flow is possible 





[bookmark: _Toc337216448][bookmark: _Toc339097905][bookmark: _Toc370536669]DRAINAGE SYSTEM
[bookmark: _Toc337216449][bookmark: _Toc339097906][bookmark: _Toc370536670]GENERAL
When irrigation or rainfall water cannot fully infiltrate into the soil or ground water rises over a certain period of time or cannot move freely over the soil surface to an outlet, then ponding or water logging occurs. Smoothening the land surface or establishing grids of drainage network along irrigation canals leading to natural drains so as to remove such low-lying areas in which water settles can partly solve such problem. In this project area, the main drain outlet is in the nearby location, thus excess water can be discharged through an open surface drain system to these outlets.

There are accordingly two drainage scenarios considered in this study: external drainage and internal drainage. External drains convey runoff from floods arising from areas upstream of the command area, as well as runoff from within the command area. The external drains can be associated with soil and water conservation measures for sloping land; whereas internal drains excavate within a scheme’s command area to drain excess rainfall falling onto land within the command area, excess irrigation water which may result from improper operation and possibly control groundwater levels. 

Thus, drains will be required primarily to remove excess water resulted during the rainy season from these two sources which can indirectly control maximum groundwater levels and the risk of salinization.

Poor drainage and water logging can cause several adverse effects among which the following can be mentioned: lack of aeration of roots, reduction in soil temperature, delays in timely cultivation operations, inhibited activities of soil bacteria, creation of Stalinization, and damp climate. Thus, provision of adequate surface drainage in this irrigation project is inevitable.
[bookmark: _Toc337216450][bookmark: _Toc339097907][bookmark: _Toc370536671]EXISTING NATURAL DRAINAGE SYSTEM
As it can be seen in infrastructure layout map, dense drainage network exists in and around this command area. However it is not economical to recommend the cross drainage structures over the whole gullies to passes the main canals, left and right, and secondary canals, left and right. To pass the canals on these gullies cross drainage structures are designed on gullies that have relatively large size, but the canals pass on the small gullies by filling and the flood through the small gullies reach the river through the interceptor drains.

As much as possible most of the natural drains in command area has been tried to be used as collector drains. They are of well-defined water courses which do not require channeling, stabilization measures and/or bank protection. But additional internal drains, tertiary and field drains, are introduced with irrigation canals system.

Four of such major natural drains, two of which are on MC-1 and the other two on MC-3 are proposed on which cross drainage structures will be constructed to pass canals as stated in section 4.7.8.
[bookmark: _Toc322416224][bookmark: _Toc330901088][bookmark: _Toc330928935][bookmark: _Toc337216451][bookmark: _Toc339097908][bookmark: _Toc370536672]LAYOUT OF DRAINS
Surface water can be removed safely from the irrigation area by introduction of open drains to the main outlet to meet the requirements of surface drainage. In case of Aleltu Lugo Irrigation Project, four types of drains area proposed: interceptor drains (ID) along main canals which of-course is treated with access road running parallel to this canal, Collector Drains (CD), Tertiary Drains (TD) and Field Drains (FD).

The interceptor and tertiary canals run nearly parallel to the contours, but the field and collector drains are designed to run across the contours. The interceptor drains are fully external drains while the field and tertiary drains are totally internal drains, but some collector drains collect both from external and internal, external from natural and interceptor drains and internally from the field and/or tertiary drains. 
[bookmark: _Toc339097909][bookmark: _Toc370536673]DESIGN OF DRAINS
From Hydrology Report of this project study, we found that a drainage module of 332.88mm/day characterizes the project area. Thus the corresponding module in l/s//ha has been computed and presented in table 5-1 below.

[bookmark: _Toc370536742]Table 5‑1: Drainage Module Estimation
	Parameter
	Value

	Rainfall intensity at 5 year return period, mm/hr
	56.67

	Infiltration rate of the project area, cm/hr
	4.28

	Excess rainfall, mm/hr
	13.87

	Drainage module of the site mm/day
	332.88

	Drainage module of the site l/s/ha
	38.53


Source: Annex A: Climate & Water Resource, 2012

There are a total of two collector drains in the middle of tertiary units of the project area. Other areas are served by existing natural drains situated within the command area and on its periphery. Sample design of collector drain, RCD1 has been shown as under. 

[bookmark: _Toc370536743]Table 5‑2: Collector Drain, RCD1 Design Discharges
	Nr
	Name
	Chainage, m
	External Catch. Area, km2
	Internal Catch. Area, km2
	Drainage module, l/s/ha
	Qd (m3/s)
	

	
	
	
	
	
	
	Internal
	External
	Excess Irrig.
	Total

	1
	RCD1
	0+000-0+323.59
	0.197
	19.87
	38.53
	0.8
	0.04
	0.005
	0.810

	 
	 
	0+323.59+569.22
	0.197
	35.04
	38.53
	1.3
	0.04
	0.008
	1.397

	 
	 
	0+569.22-0+732.24
	0.197
	42.72
	38.53
	1.6
	0.04
	0.010
	1.695

	 
	 
	0+732.24-0+886.07
	0.197
	52.85
	38.53
	2.0
	0.04
	0.012
	2.088

	 
	 
	0+886.07-1+031
	0.197
	61.17
	38.53
	2.4
	0.04
	0.014
	2.410


Note: Design discharge, Qd is for 24 hours for internal and 25 years for external drains
[bookmark: _Toc338040957]

[bookmark: _Toc370536744]Table 5‑3: Hydraulic Design Parameters of RCD1
	[bookmark: _Toc336424050]Chainage (m)
	Agross(ha)
	Duty (l/s/ha)
	Qreqd (m3/s)
	n
	s
	b
	m
	d
	b/d
	AX
(m2)
	P
(m)
	R
(m)
	V
(m/s)
	Qcalc
	Qcalc -Qreqd
	Fb
(m)
	D
(m)
	T
(m)

	0+000-0+323.59
	      19.87 
	  38.53 
	0.810 
	0.035
	0.001
	0.5
	1
	1.007
	0.50 
	1.52 
	3.35 
	0.45 
	0.53 
	0.8099 
	0.000
	        0.30 
	1.31 
	3.11 

	0+323.59+569.22
	      35.04 
	  38.53 
	1.397 
	0.035
	0.001
	0.5
	1
	1.284
	0.39 
	2.29 
	4.13 
	0.55 
	0.61 
	1.3978 
	0.000
	        0.30 
	1.58 
	3.67 

	0+569.22-0+732.24
	      42.72 
	  38.53 
	1.695 
	0.035
	0.001
	0.5
	1
	1.397
	0.36 
	2.65 
	4.45 
	0.60 
	0.64 
	1.6956 
	0.000
	        0.30 
	1.70 
	3.89 

	0+732.24-0+886.07
	      52.85 
	  38.53 
	2.088 
	0.035
	0.001
	0.5
	1
	1.529
	0.33 
	3.10 
	4.82 
	0.64 
	0.67 
	2.0879 
	0.000
	        0.30 
	1.83 
	4.16 

	0+886.07-1+031
	      61.17 
	  38.53 
	2.410 
	0.035
	0.001
	0.6
	1
	1.581
	0.38 
	3.45 
	5.07 
	0.68 
	0.70 
	2.4100 
	0.000
	        0.30 
	1.88 
	4.36 


[bookmark: _Toc339097910] Note: Refer its profile in drawing number AL/DD/24
[bookmark: _Toc339097904][bookmark: _Toc370536674]ACCESS ROAD 
[bookmark: _Toc337216465][bookmark: _Toc370536675]GENERAL
To carryout operation and maintenance activities effectively and efficiently, and to carry out any development activities within the project area, basic infrastructures especially access road in to the scheme and within the scheme are critically required. The size and type of access and service/farm roads which are supposed appropriate for the project are selected and designed.

Accordingly, as this project is of small scale in its nature there will not be as such dense network of farm roads along tertiary and field canals. Hence, only three main roads along main canals and six service roads along secondary canals are designed to connect to the main dry weather access road running from Uke town to Lugo village. Access road of 4m width and 5.78Km and service road of the same wide but 3.07km long are considered parallel to main and secondary canals respectively as shown in infrastructure map. The typical cross section is shown in drawing album. 
[bookmark: _Toc370536676]IDENTIFIED ROAD NETWORKS
[bookmark: _Toc370536745]Table 6‑1: List of Service and Access Road in the Project Area
	Name
	Road Type
	Distance, km

	AR-1
	Access Road
	                 0.36 

	AR-2
	
	                 3.53 

	AR-3
	
	                 1.89 

	Subtotal
	 
	                 5.78 

	SR-1
	Service Road
	                 0.92 

	SR-2
	
	                 1.08 

	SR-3
	
	                 0.42 

	SR-4
	
	                 0.17 

	SR-5
	
	                 0.12 

	SR-6
	
	                 0.36 

	Subtotal
	
	                 3.07 

	Grand Total
	 
	                 8.85 


Source: GIS Study Team

Standard cross sections for these roads are presented in Volume 4: Engineering Drawings.



[bookmark: _Toc370536677]CAMP CONSTRUCTION

This is supposed to serve as a temporary shelter for the project construction officers and masons for the construction period. It will also serve as WUA office after completion of construction of the project.

A standard drawing and lump sum cost has been accounted for this general item of work as seen in the Drawing Album and BOQ.. 

[bookmark: _Toc370536678]BILL OF QUANTITIES AND COST ESTIMATE
[bookmark: _Toc305699088][bookmark: _Toc336424051][bookmark: _Toc339097911][bookmark: _Toc370536679]UNIT RATE ANALYSIS
[bookmark: _Toc305699089]Bill of quantities for each structure was detailed from the presented corresponding technical drawings. These drawings are not only needed during the implementation stage, but they are also needed for such calculation of bill of quantities for each item of work and hence estimating investment costs and operation and maintenance of the scheme.

However, before estimating such cost of each item of project work, rate build up is necessary for all bill items of the project in consideration of cost of current construction materials and approximating future inflation of input construction items (as contingencies). Based on these rates, the estimated investment cost and annual operation and maintenance costs are derived for budgetary purposes and financial viability evaluation.

In building such unit rates, for the same item of work for example: excavation, different rates have been considered depending on its location and degree of that particular item say excavation of canals and excavation of headwork sites.

Summary of analyses of these rates are attached as appendix to this report in Appendix 1:  Summary of Unit Rate Analysis.
[bookmark: _Toc336424052][bookmark: _Toc339097912][bookmark: _Toc370536680]BILL OF QUANTITIES AND COST ESTIMATE
[bookmark: _Toc336423939]Estimated costs of the project construction, which are considered as the engineers estimate, are prepared based on three particulars: namely, the established design criteria of this project and bill of quantities and estimated current rate for construction and procurements of items as shown in table 8-1 below. In arriving at this estimate of this bill of quantities of each item, take-of-sheet was scrutinized in excel program and summarized here is only BOQ, rate and cost. 

[bookmark: _Toc370536746]Table 8‑1: Summary of BOQ and Cost Estimate by Major Activities
	SN
	Item Description 
	Total Cost
	Comm. Share

	A
	Preparatory Work
	   692,358 
	0.0 

	B
	Diversion Head works
	      910,936 
	0.0 

	C.
	Pump and Pipe Works
	   7,919,693 
	0.0 

	D
	Balancing Storage Reservoir Works
	   4,376,549 
	0.0 

	E
	Main Canal Works
	   831,963 
	85,369.1 

	F
	Secondary Canal Works
	   568,018 
	84,907 

	G
	Tertiary Canal Works
	   888,851 
	357,314 

	H
	Drainage Works
	   3,140,172 
	2,350,957 

	Grand Total
	19,328,539 
	    2,878,548 

	Net Command Area, ha
	      182.4 
	 

	Cost per hectare ETB/ha
	   105,971 
	 

	Percent of community Contribution
	 
	        14.9 

	Beneficiary by household & ETB/HH
	350
	

	Investment Cost by household in ETB/HH
	     55,224
	


Note: O&M cost for pumps is separately presented in table 3-17. But here assuming 1% of investment cost gives, annual all system O&M cost   193,285.4 ETB or 552.2 ETB/HH

[bookmark: _Toc370536747]Table 8‑2: BOQ and Estimated Cost of Headworks, Irrigation and related Works
	SN
	Description
	Unit
	Qty
	Rate
	Total Cost
	Comm. Share

	A
	Preparatory Work
	
	
	
	
	

	A.1
	Mobilization and Demobilization
	LS
	1
	50,000
	50,000
	

	A.2
	Engineering  surveys and preparation of as built drawings
	LS
	1
	50,000
	50,000
	

	A.3
	Camp (Ware house, Construction staff residence & Toilet) construction
	LS
	1
	150,000
	150,000
	

	A.4
	Access and Service Road construction
	km
	8.85
	50,000
	442,358
	

	Subtotal of - A
	
	
	
	692,358
	0.00

	B
	Diversion Head works
	
	
	
	
	

	B.1
	Earth Works
	
	
	
	25,760 
	

	B.1.1
	Site clearance
	ha
	0.06
	10,000
	1,735
	

	B.1.2
	Excavation to the bed of each structure including working space
	m3
	444.50
	45.6
	20,269
	

	B.1.3
	Extra over for above earth works items for haul for haul distance beyond 500m
	m3
	88.90
	21
	1,867
	

	B.2
	Masonry works
	m3
	251.56
	1,102
	277,217
	

	B.3
	Concrete works
	m3
	124.43
	3,773
	469,456
	

	B.4
	Hard core & compaction under HW
	m3
	59.94
	739
	44,292
	

	B.5
	Back fill with selected material & compaction on outer face of wing walls
	m3
	41.42
	45.6
	1,889
	

	B.6
	Stone pitching for u/s protection work
	
	52.50
	309
	16,223
	

	B.7
	Gate Installation
	
	
	
	76,100
	

	B7.1
	Sliding intake gate supply and Installation for left side 1.2m wide by 0.80m height including runners within both grooves
	Pcs
	1
	21,300
	21,300
	

	B7.2
	Sliding intake gate supply and Installation for right side, 0.80m wide by 0.7m height including runners within both grooves
	Pcs
	1
	12,200
	12,200
	

	B7.3
	Sliding gates supply and Installation for both left & right side sluices, 1.2m by 1.2m including runners within both grooves
	Pcs
	2
	21,300
	42,600
	

	Subtotal of - B
	
	
	
	910,936 
	0.00

	C.
	Pump and Pipe Works
	
	
	
	
	

	C.1
	Pump Area Earth Works
	
	
	
	10,578
	

	C.1.1
	Site clearance
	ha
	0.02 
	10,000
	202
	

	C.1.2
	Excavation to the bed of each structure including working space
	m3
	245.9
	38.0
	9,344
	

	C.1.3
	Extra over for above earth works items for haul for haul distance beyond 500m
	m3
	49.2
	21.0
	1,033
	

	C.2
	C25 RC (1:2:3) concrete works for pump seat & approach channel
	m3
	40
	3,773
	151,666
	

	C.3
	Centrifugal Pumps Coupled with motor
	Pcs
	3
	800,000
	2,400,000
	

	C.4
	Pipe works
	
	
	
	129,662
	

	C.4.1
	Site clearance
	ha
	0.2
	10,000
	2,464
	

	C.4.2
	Excavation to pipe bed material
	m3
	1,829.5
	38.0
	69,521
	

	C.4.3
	Bedding selected material & compaction
	m3
	474.3
	38.0
	18,024
	

	C.4.4
	Back filing selected material & compaction
	m3
	677.6
	38.0
	25,749
	

	C.4.5
	Cart away
	m3
	365.9
	38.0
	13,904
	

	C.5
	Pipe material cost
	
	
	
	5,217,559
	

	C.5.1
	Supply & install UPVC delivery pipes each DN500, PN6
	m
	2,464.0
	2,100
	5,174,350
	

	C.5.2
	Supply & install Steel Suction pipes each DN500, PN10
	m
	14.4
	3,000
	43,209
	

	C.6
	Fence
	
	
	
	10,228
	

	C.6.1
	Excavation
	m3
	5.4
	38.0
	205
	

	C.6.2
	C20 RC (1:3:6) Concrete
	m3
	2.5
	3,773
	9,372
	

	C.6.3
	Barbed wire
	m
	186.0
	3.5
	651
	

	Subtotal of - C
	
	
	
	7,919,693
	0.00

	D
	Balancing Storage Reservoir Works
	
	
	
	
	

	D.1
	Earth Works for single BSR
	
	
	
	2,160,568
	

	D.1.2
	Site clearance
	ha
	1.7
	10,000
	16,510
	

	D.1.3
	Excavation to the bed of each structure including working space
	m3
	53,735.8
	38.0
	2,041,960
	

	D.1.4
	Extra over for above earth works items for haul for haul distance beyond 500m
	m3
	2,686.8
	38.0
	102,098
	

	D.2
	C20 RC (1:2:4) Concrete works
	m3
	6.8
	3,773
	25,820
	

	D.3
	Stone pitch on spillway side & head of incoming canal
	m3
	6.1
	309
	1,886
	

	Subtotal of - D
	
	
	
	2,188,274
	

	Total of - D for two BSR
	Nr
	2
	
	4,376,549
	

	E
	Main Canal Works
	
	
	
	
	

	E.1
	Soil Excavation
	m3
	2246.56
	38
	85,369
	85,369

	E.2
	Soil Fill and Compaction
	m3
	7982.93
	38
	303,351
	

	E.3
	Division boxes
	Nr
	10
	
	
	

	E.3.1
	Site clearance
	ha
	0.0003
	10,000
	3.1
	

	E.3.2
	Soil Excavation
	m3
	1.24
	38
	47.0
	

	E.3.3
	Backfill and compaction
	m3
	0.62
	38
	23.5
	

	E.3.4
	Masonry works
	m3
	1.49
	1,102
	1,641.1
	

	E.3.5
	Stone pitch head of incoming & outgoing canals
	m3
	0.30
	309
	92.7
	

	E.3.6
	5mm thick double framed with angle iron Gate works supply & Installation
	Nr
	1
	800
	800.0
	

	Subtotal of - E.3 for ten Division boxes
	
	
	
	26,073.4
	

	E.4
	Cross Drain structures/Flume
	
	
	
	
	

	E.4.1
	Earth Works
	
	
	
	519.3
	

	E.4.1.1
	Site clearance
	ha
	0.0037
	10,000
	37
	

	E.4.1.2
	Soil Excavation
	m3
	8.45
	38
	321
	

	E.4.1.3
	Backfill and compaction
	m3
	4.23
	38
	161
	

	E.4.2
	Masonry works
	m3
	3.00
	1,102
	3,306
	

	E.4.3
	Concrete works
	m3
	10.55
	3,773
	39,818
	

	Subtotal of - E.4
	
	
	
	43,644
	

	Total of -E.4 for four Cross Drain structures
	Nr
	4
	
	174,574.7
	

	E.5
	Culverts on MC crossings
	
	
	
	
	

	E.5.1
	Site clearance
	ha
	0.0009
	10,000
	9
	

	E.5.2
	Soil Excavation
	m3
	8.24 
	38
	313
	

	E.5.3
	Backfill and compaction
	m3
	4.12
	38
	157
	

	E.5.4
	Reinforced concrete work
	m3
	7.01
	3,773
	26,449
	

	E.5.5
	Form Work
	m2
	8.34
	128
	1,067
	

	E.5.6
	Dry Stone pitching
	m3
	0.91
	309
	282
	

	Subtotal of - E.5
	
	
	
	28, 277
	

	Total of -E.5 for eight Culverts
	Nr
	8
	
	226,219.6 
	

	E.6
	Drop structures
	
	
	
	
	

	E.6.1
	Site clearance
	ha
	0.0008
	10,000
	8
	

	E.6.2
	Soil Excavation
	m3
	9.07
	38
	345
	

	E.6.3
	Backfill and compaction
	m3
	4.42
	38
	168
	

	E.6.4
	Masonry works
	m3
	2.99
	1,102
	3,295
	

	E.6.5
	Dry Stone pitching
	m3
	0.90
	309
	278
	

	Subtotal of - E.6
	
	
	
	4,094
	

	Total of -E.6 for four Drop structures
	Nr
	4
	
	16,374.7 
	

	Total of-E i.e. MC
	
	
	
	831,963.0  
	85,369

	F
	Secondary Canal Works
	
	
	
	
	

	F.1
	Soil Excavation
	m3
	2,234.4 
	38
	84,907
	         84,907 

	F.2
	Soil Fill and Compaction
	m3
	1,242.6 
	38
	47,217
	         47,217 

	F.3
	Drops
	
	
	
	
	

	F.3.1
	Site clearance
	ha
	0.0008
	10,000
	8
	

	F.3.2
	Soil Excavation
	m3
	9.07
	38
	345 
	

	F.3.3
	Backfill and compaction
	m3
	4.42
	38
	168 
	

	F.3.4
	Masonry works
	m3
	2.99
	1,102
	3,295 
	

	F.3.5
	Dry Stone pitching
	m3
	0.90
	309
	278 
	

	Subtotal of - F.3
	
	
	 
	4,094 
	

	Total of - F.3 for 81 Drop structures
	Nr
	81
	
	331,587.7 
	

	F.4
	Turnouts (Total Nr = 51)
	Nr
	
	
	
	

	F.4.1
	Site clearance
	ha
	0.00005
	10,000
	1
	

	F.4.2
	Soil Excavation
	m3
	14.69
	38
	558
	

	F.4.3
	Backfill and compaction
	m3
	7.35
	38
	279
	

	F.4.4
	Mass concrete works
	m3
	0.08
	1,102
	90
	

	F.4.5
	Dry Stone pitching
	m3
	0.15
	309
	46
	

	F.4.6
	2m long concrete pipes of 200mm dia
	Pcs
	2
	858
	1,716
	one TO deliver-ing 2 TCs

	F.4.7
	5mm thick double framed with angle iron Gate works supply & Installation
	Pcs
	2
	700
	1,400
	

	Subtotal of - F.4
	
	
	
	4,090
	

	Total of - F.4 for 51 Turnouts
	Pcs
	51
	
	104,305.7
	

	Total of F i.e. SC
	
	
	
	568,017.9 
	       132,124 

	G
	Tertiary Canal Works
	
	
	
	
	

	G.1
	Soil Excavation for TC-1-1
	m3
	184.4
	38
	7,006
	7,006

	G.2
	Soil Fill and Compaction for TC-1-1
	m3
	76.5
	38
	2,908
	2,908

	G.3
	Offtakes for TC-1-1
	
	
	
	
	

	G.3.1
	Site clearance
	ha
	0.00005
	10,000
	1
	

	G.3.2
	Soil Excavation
	m3
	14.69
	38
	558
	

	G.3.3
	Backfill and compaction
	m3
	7.35
	38
	279
	

	G.3.4
	Masonry works
	m3
	0.08
	1,102
	90
	

	G.3.5
	Dry Stone pitching
	m3
	0.15
	309
	46
	

	G.4.6
	Concrete Pipes of 200mm dia.
	Pcs
	4
	858
	3,432
	Four per one TC

	G.3.6
	5mm thick double framed with angle iron Gate works supply & Installation
	Nr
	2
	700
	1,400
	

	Subtotal of - G.3
	
	
	
	5,806 
	

	
	Total Nr. of Tertiary canals
	Nr
	51
	
	
	

	Total of - G including total of 132 FC offtakes
	xxx
	xxx
	
	888,851.3 
	   357,314.1

	H
	Drainage Works
	
	
	
	
	

	H.1
	Collector Drain
	
	
	
	
	

	H.1.1
	Soil Excavation
	m3
	4,995
	38
	189,814 
	       189,814 

	H.1.2
	Soil Fill and Compaction
	m3
	71,688
	30
	2,150,634 
	   2,150,634 

	H.2
	Drops
	
	
	
	
	

	H.2.1
	Site clearance
	ha
	0.0008
	10,000
	8
	

	H.2.2
	Soil Excavation
	m3
	8.64
	38
	328
	

	H.2.3
	Backfill and compaction
	m3
	4.32
	38
	164
	

	H.2.4
	Masonry works
	m3
	3.12
	1,102
	3,435
	

	H.2.5
	Dry Stone pitching
	m3
	0.90
	309
	278
	

	Subtotal of - H.2
	
	
	 
	4,213 
	

	Total of - H.2 for 45 drop structures
	xx
	xx
	
	189,595.7 
	

	H.3
	Tertiary Drain Works (#51)
	
	
	
	
	

	H.3.1
	Soil Excavation
	m3
	276.6
	38
	10,509
	10,509

	H.3.2
	Soil Fill and Compaction
	m3
	38.3
	38
	1,454
	1,454

	Subtotal of - H.3
	
	
	
	11,963
	

	Total of – H for #51 Tertiary Drains
	xx
	xx
	
	3,140,171.6 
	   2,350,957 

	Grand Total
	ETB
	
	
	19,328,539 
	   2,878,548 

	Cost per hectare ETB/ha
	ETB/ha
	
	
	105,971 
	14.9%


 



[bookmark: _Toc336424053][bookmark: _Toc339097913][bookmark: _Toc370536681]IMPLEMENTATION SCHEDULE BY MAJOR ACTIVITIES
Since any project is time bounded task, its implementation should have timetable so that necessary inputs be arranged accordingly. In view of that, this project is expected to be completed in one fiscal year under predicted supply conditions of material, financial availability and manpower arrangement.

The following table shows such schedule designed and presented for major activities of this project.

[bookmark: _Toc336423940][bookmark: _Toc370536748]Table 9‑1: Indicative Implementation Schedule of the Project by Major Activities
	Bill
No
	Activity
	One Fiscal Year

	
	
	Quarter-1
	Quarter-2
	Quarter-3
	Quarter-4

	
	
	July
	Aug
	Sept
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun

	1
	Mobilization,  Demobilization & Access Road Construction, 
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Engineering  Surveys And Preparation Of As Built Drawings
	
	
	

	
	
	
	
	
	
	
	
	

	3
	Camp (Warehouse, Construction Staff Residence & Toilet) Construction
	
	
	
	
	
	
	
	
	
	
	
	

	4
	Headwork/Pump & Related Works
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Main Canal (MC1, MC2 & MC3) and Pipe Works
	
	
	
	
	
	
	
	
	
	
	
	

	6
	Secondary Canals & BSR Works
	
	
	
	
	
	
	
	
	
	
	
	

	7
	Tertiary And Field Canal Works
	
	
	
	
	
	
	
	
	
	
	
	

	8
	On-Farm Structure Works Including Cross Drain Structures
	
	
	
	
	
	
	
	
	
	
	
	

	9
	Drainage Works
	
	
	
	
	
	
	
	
	
	
	
	

	10
	Service Road And Flood Protection Works
	
	
	
	
	
	
	
	
	
	
	
	

	11
	Supply And Installation Of Pipe And Gate Works
	
	
	
	
	
	
	
	
	
	
	
	


	Note: Indicated schedules do not show scope of works but timetable at which each activity should be considered be in parallel or separate. Pump and pipe works are scheduled for civil works only assuming supply is before that.





[bookmark: _Toc339097914][bookmark: _Toc370536682]CONCLUSION AND RECOMMENDATION 

The designed Aleltu Lugo small scale irrigation project is intended to irrigate about 182 hectares net irrigable area by diverting 63.5% of the least of annual 80% dependable lean flow, i.e. 0.2119m3/s. The remaining 36.5% is reserved in the river for use in the downstream and for environmental or ecosystem purposes. 

This study has also discovered that the river is not yet used for irrigation purposes except some pocket areas in the tributaries of the source river supplying water. Thus irrigation duration is fixed for 12 hours of a day and consequently night storage and balancing storage reservoir structures are found obligatory as the beneficiaries have limited experience of irrigation. 

The total peak annual irrigation water requirement for the intended hours of irrigation application in a year is 3.03 Mm3.

Analysis for source of energy for this project has been done for two options: electric as well as diesel. However there is no electric power in the vicinity of the project at the moment, thus diesel has been selected and designed further. Accordingly, the designed source of energy will have two 270 HP pumps of each Q = 190l/s with delivery head of Hd=53m, Suction head of Hs = 7.5m, pump efficiency of, ep = 70%, motor efficiency of em=85% or if coupled total efficiency of epm = 59.5%. Since this pumps are required to operate for 13hours of a day the remaining 11 hours it will be idle. Thus if in case one pump fails the other pump need to operate for more time than the intended one just not to have stand by pump so as to minimize additional cost to be incurred on the project.  

Pipes required are two sets of UPVC delivery pipes (each with 6 bars and 1232m long 500mm diameter) and two sets of steel pipes for suction side (each 500mm diameter and 7.5m long).

As the main river and its tributaries are flowing in valley bottoms there is no risk of flood hazard except at headwork and crossing sites where protection structures have been provided to avoid its impact. Even the command slope favors easy removal of excess water thus drainage is not problematic in the project area. However such drainage systems are provided in conjunction with the designed irrigation layout system just to improve its efficiency.  

The project is technically conceivable and acceptable though robust capacity building program is critically required for the beneficiaries for managing such multi-structure system.
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[bookmark: _Toc344381611][bookmark: _Toc370536685]APPENDIX I: Summary of Unit Rate Analysis

	Nr.
	Work/Item description
	Unit
	Proposed Unit Rate(ETB)

	1
	Earthworks
	 
	

	1.1
	Site clearance and removal of top soil to a max. depth of 15 cm
	m²
	1.00

	1.2
	Site clearance and removal of top soil to a max. depth of 15 cm in river
	m²
	3.00

	1.3
	Excavation in all types of soil except river, rock and disposal for haul distance within 500m
	m³
	38.0

	1.4
	Excavation in river except rock and disposal for haul distance within 500m
	m³
	45.6

	1.5
	Fill with selected material from excavation, including compaction
	m³
	132

	1.6
	Fill with selected material from borrow pits with in haul distance 20km, including compaction, including compaction
	m³
	237

	1.7
	Excavation in rock and disposal for haul distance with in 500m
	m³
	175

	1.8
	Extra over for above earth works items for haul for haul distance beyond 500m
	m³-km
	21

	2
	Masonry and Stonework including inner side plastering
	 
	

	2.1
	Provide and place stone masonry above plinth 
	m³
	1,102

	2.2
	Provide and place stone masonry below plinth 
	m³
	1,060

	2.3
	Provide and placing (1:3) 20mm thick Mortar as Plastering 
	m²
	168

	2.4
	Provide and placing (1.3) mortar for Pointing work
	m²
	94

	2.5
	Provide and place hard core
	m³
	739

	2.6
	Provide and place stone rip rap
	m³
	801

	2.7
	Provide and place stone pitching
	m³
	309

	2.8
	Provide and place graded filter material
	m³
	137

	2.9
	Provide, place and fill gabions with stone 
	m³
	921

	2.10
	Provide and place geotextile filter material
	m²
	74

	3
	Concrete
	 
	

	3.1
	Provide and place C-10 lean concrete 
	m³
	2,914

	3.2
	Provide and place C15 cyclopean concrete 
	m³
	2,145

	3.3
	Provide and place C-15  concrete 
	m³
	3,382

	3.4
	Provide and place C-20  concrete 
	m³
	3,575

	3.5
	Provide and place C-25  concrete 
	m³
	3,773

	3.6
	Provide and place C-30  concrete 
	m³
	3,971

	3.7
	Reinforcement bar, including supply, bend, fix and etc. 
	kg
	86

	3.8
	Rough face formwork, including transporting, placing etc.  
	m²
	128

	3.9
	Fair face formwork, including transporting, placing etc.  
	m²
	107

	3.10
	Expansion joint with water-stop and compressible filler
	m
	550

	3.11
	Concrete handrails
	m
	1,560

	3.12
	75mm thick concrete lining over geotextile and impermeable membrane
	m²
	387

	3.13
	100mm thick concrete lining over geotextile and impermeable membrane
	m²
	472

	4
	Roadwork
	 
	

	4.1
	Road sub - base material of selected earth fill
	m³
	169

	4.2
	Road sub - base stone aggregate
	m³
	184

	4.3
	Road Surfacing with graded crushed rock from a distance of <20km
	m³
	237

	4.4
	Road Surfacing with selected angular material from a distance of <20km
	m³
	243

	4.5
	Road capping layer of crushed dust
	m²
	454

	5
	Metalwork
	 
	

	5.1
	Supply and install steel shutter 0.25m wide including frame
	Nr
	700

	5.2
	Supply and install steel shutter 0.30m wide including frame
	Nr
	800

	5.3
	Supply and install steel shutter 0.35m wide including frame
	Nr
	700

	5.4
	Supply & install steel sluice gate 0.3m x 0.3m including lifting gear
	Nr
	5,700

	5.5
	Supply & install steel sluice gate 0.4m x 0.4m including lifting gear
	Nr
	6,800

	5.6
	Supply & install steel sluice gate 0.5m x 0.5m including lifting gear
	Nr
	8,500

	5.7
	Supply & install steel sluice gate 0.6m x 0.6m including lifting gear
	Nr
	10,100

	5.8
	Supply & install steel sluice gate 0.8m x 0.8m including lifting gear
	Nr
	12,200

	5.9
	Supply & install steel sluice gate1.0m x 1.0m including lifting gear
	Nr
	15,000

	5.10
	Supply & install steel sluice gate 1.2m x 1.2m including lifting gear
	Nr
	21,300

	5.11
	Supply and install steel handrails
	m
	300

	5.12
	Supply and install enameled steel staff gauges
	m
	4,000

	5.13
	Supply & install steel trash racks
	kg
	70

	5.14
	Supply & fix wooden 10  cm thick stop-logs 
	m2
	921

	5.15
	Supply & fix wooden 6 cm thick stop-logs 
	m2
	555

	6
	 PVC Pipe including transportation to site & placing, PN 10 (excluding special bedding material*)
	 
	

	6.1
	UPVC pipe DN100 supply & installation including transport and placing
	m
	152

	6.2
	UPVC pipe DN150 supply & installation including transport and placing
	m
	260

	6.3
	UPVC pipe DN200 supply & installation including transport and placing
	m
	471

	6.4
	UPVC pipe DN250 supply & installation including transport and placing
	m
	698

	6.5
	UPVC pipe DN300 supply & installation including transport and placing
	m
	880

	6.6
	UPVC pipe DN350 supply & installation including transport and placing
	m
	1,163

	6.7
	UPVC pipe DN400 supply & installation including transport and placing
	m
	1,444

	6.8
	UPVC pipe DN500 supply & installation including transport and placing
	m
	2,100

	6.9
	UPVC pipe DN600 supply & installation including transport and placing 
	m
	2,692

	7
	Precast concrete pipe per m including transportation to site & placing (excluding special bedding material*)
	 
	

	7.1
	Precast concrete pipe dia 300mm including transport and placing
	m
	858

	7.2
	Precast concrete pipe dia 400mm including transport and placing
	m
	1,134

	8
	Buildings
	 
	

	8.1
	Screeding  work
	m²
	138

	8.2
	CIS Roofing  work
	m²
	316

	8.3
	CIS Walling  work
	m²
	358

	8.4
	CIS Window
	m²
	393

	8.5
	CIS Door
	m²
	613

	8.6
	Ceiling  work
	m²
	198

	8.7
	Plywood Wall
	m²
	174

	8.8
	Chipwood Wall
	m²
	301

	8.9
	Painting
	m²
	46

	8.10
	Barbed wire for fencing, Assumption 1 roll =100m long
	roll
	350
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[bookmark: _Toc370536686]APPENDIX II: Main Canal-1 Profile and Design Parameters

	P.Dis (m)
	Cum.Dis (m)
	OGL (m)
	b (m)
	m
	d (m)
	S (m/m)
	FB (m)
	Drop (m)
	CBL (m)
	FSL (m)
	EML (m)
	Cut Dep.(m)
	Fill Dep.(m)
	B(m)
	D(m)
	T(m)
	Acut m2
	Afill m2
	Vcut (m3)
	Vfill (m3)
	Remark

	0
	0
	1340.541
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.067
	1340.617
	1340.917
	0.47
	0.38
	0.40
	0.85
	2.10
	1.18
	1.09
	0.00
	0.00
	

	5
	5
	1340.177
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.063
	1340.613
	1340.913
	0.11
	0.74
	0.40
	0.85
	2.10
	0.29
	2.13
	1.43
	10.66
	

	5
	10
	1340.164
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.058
	1340.608
	1340.908
	0.11
	0.74
	0.40
	0.85
	2.10
	0.26
	2.16
	1.32
	10.79
	

	5
	15
	1340.211
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.054
	1340.604
	1340.904
	0.16
	0.69
	0.40
	0.85
	2.10
	0.39
	2.01
	1.97
	10.04
	

	5
	20
	1340.281
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.049
	1340.599
	1340.899
	0.23
	0.62
	0.40
	0.85
	2.10
	0.58
	1.79
	2.90
	8.96
	

	5
	25
	1340.270
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.045
	1340.595
	1340.895
	0.23
	0.62
	0.40
	0.85
	2.10
	0.56
	1.81
	2.82
	9.06
	

	5
	30
	1340.248
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.040
	1340.590
	1340.890
	0.21
	0.64
	0.40
	0.85
	2.10
	0.52
	1.86
	2.60
	9.31
	

	5
	35
	1340.337
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.036
	1340.586
	1340.886
	0.30
	0.55
	0.40
	0.85
	2.10
	0.75
	1.59
	3.77
	7.95
	

	5
	40
	1340.185
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.031
	1340.581
	1340.881
	0.15
	0.70
	0.40
	0.85
	2.10
	0.38
	2.02
	1.92
	10.09
	

	5
	45
	1340.012
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.027
	1340.577
	1340.877
	0.00
	0.88
	0.40
	0.85
	2.10
	0.00
	2.55
	0.00
	12.75
	

	5
	50
	1340.069
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.022
	1340.572
	1340.872
	0.05
	0.80
	0.40
	0.85
	2.10
	0.12
	2.33
	0.59
	11.64
	

	5
	55
	1340.155
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.018
	1340.568
	1340.868
	0.14
	0.71
	0.40
	0.85
	2.10
	0.34
	2.07
	1.72
	10.33
	

	5
	60
	1340.235
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.013
	1340.563
	1340.863
	0.22
	0.63
	0.40
	0.85
	2.10
	0.55
	1.82
	2.77
	9.11
	

	5
	65
	1340.231
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.009
	1340.559
	1340.859
	0.22
	0.63
	0.40
	0.85
	2.10
	0.56
	1.82
	2.78
	9.10
	

	5
	70
	1340.181
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.004
	1340.554
	1340.854
	0.18
	0.67
	0.40
	0.85
	2.10
	0.44
	1.95
	2.21
	9.76
	

	5
	75
	1340.151
	0.4
	1
	0.55
	0.0009
	0.3
	
	1340.000
	1340.550
	1340.850
	0.15
	0.70
	0.40
	0.85
	2.10
	0.38
	2.03
	1.89
	10.13
	

	5
	80
	1340.068
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.995
	1340.545
	1340.845
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.25
	0.91
	11.27
	

	5
	85
	1340.002
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.991
	1340.541
	1340.841
	0.01
	0.84
	0.40
	0.85
	2.10
	0.03
	2.43
	0.14
	12.16
	

	5
	90
	1339.986
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.986
	1340.536
	1340.836
	0.00
	0.85
	0.40
	0.85
	2.10
	0.00
	2.46
	0.00
	12.32
	

	5
	95
	1339.983
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.982
	1340.532
	1340.832
	0.00
	0.85
	0.40
	0.85
	2.10
	0.00
	2.46
	0.02
	12.30
	

	5
	100
	1340.009
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.977
	1340.527
	1340.827
	0.03
	0.82
	0.40
	0.85
	2.10
	0.08
	2.37
	0.40
	11.86
	

	5
	105
	1340.054
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.973
	1340.523
	1340.823
	0.08
	0.77
	0.40
	0.85
	2.10
	0.20
	2.23
	1.02
	11.14
	

	5
	110
	1340.039
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.968
	1340.518
	1340.818
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.89
	11.30
	

	5
	115
	1339.918
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.964
	1340.514
	1340.814
	0.00
	0.94
	0.40
	0.85
	2.10
	0.00
	2.73
	0.00
	13.64
	

	5
	120
	1339.813
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.959
	1340.509
	1340.809
	0.00
	1.14
	0.40
	0.85
	2.10
	0.00
	3.31
	0.00
	16.56
	

	5
	125
	1339.796
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.955
	1340.505
	1340.805
	0.00
	1.17
	0.40
	0.85
	2.10
	0.00
	3.38
	0.00
	16.92
	

	5
	130
	1339.850
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.950
	1340.500
	1340.800
	0.00
	1.05
	0.40
	0.85
	2.10
	0.00
	3.04
	0.00
	15.22
	

	5
	135
	1339.909
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.946
	1340.496
	1340.796
	0.00
	0.92
	0.40
	0.85
	2.10
	0.00
	2.68
	0.00
	13.38
	

	5
	140
	1339.968
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.941
	1340.491
	1340.791
	0.03
	0.82
	0.40
	0.85
	2.10
	0.07
	2.39
	0.34
	11.93
	

	5
	145
	1340.008
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.937
	1340.487
	1340.787
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.89
	11.29
	

	5
	150
	1340.070
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.932
	1340.482
	1340.782
	0.14
	0.71
	0.40
	0.85
	2.10
	0.35
	2.06
	1.73
	10.32
	

	2.18
	152.18
	1340.059
	0.4
	1
	0.55
	0.0009
	0.3
	
	1339.930
	1340.480
	1340.780
	0.13
	0.72
	0.40
	0.85
	2.10
	0.32
	2.09
	0.70
	4.56
	Offtake to FC0-1-1 & FC0-1-2

	2.82
	155
	1340.076
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.928
	1340.478
	1340.778
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.03
	1.05
	5.74
	

	5
	160
	1340.012
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.924
	1340.474
	1340.774
	0.09
	0.76
	0.40
	0.85
	2.10
	0.22
	2.21
	1.11
	11.04
	

	5
	165
	1339.962
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.920
	1340.470
	1340.770
	0.04
	0.81
	0.40
	0.85
	2.10
	0.11
	2.34
	0.53
	11.71
	

	5
	170
	1339.973
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.916
	1340.466
	1340.766
	0.06
	0.79
	0.40
	0.85
	2.10
	0.14
	2.30
	0.72
	11.49
	

	5
	175
	1339.983
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.912
	1340.462
	1340.762
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.89
	11.29
	

	5
	180
	1339.990
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.908
	1340.458
	1340.758
	0.08
	0.77
	0.40
	0.85
	2.10
	0.21
	2.23
	1.03
	11.13
	

	5
	185
	1339.995
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.904
	1340.454
	1340.754
	0.09
	0.76
	0.40
	0.85
	2.10
	0.23
	2.20
	1.14
	11.00
	

	5
	190
	1339.994
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.900
	1340.450
	1340.750
	0.09
	0.76
	0.40
	0.85
	2.10
	0.24
	2.19
	1.18
	10.95
	

	5
	195
	1340.008
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.896
	1340.446
	1340.746
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.41
	10.69
	

	5
	200
	1340.048
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.892
	1340.442
	1340.742
	0.16
	0.69
	0.40
	0.85
	2.10
	0.39
	2.01
	1.96
	10.06
	

	5
	205
	1340.074
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.888
	1340.438
	1340.738
	0.19
	0.66
	0.40
	0.85
	2.10
	0.47
	1.92
	2.33
	9.62
	

	5
	210
	1340.083
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.884
	1340.434
	1340.734
	0.20
	0.65
	0.40
	0.85
	2.10
	0.50
	1.89
	2.49
	9.43
	

	5
	215
	1340.085
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.880
	1340.430
	1340.730
	0.21
	0.64
	0.40
	0.85
	2.10
	0.51
	1.87
	2.57
	9.35
	

	5
	220
	1340.071
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.876
	1340.426
	1340.726
	0.20
	0.65
	0.40
	0.85
	2.10
	0.49
	1.90
	2.44
	9.49
	

	5
	225
	1340.041
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.872
	1340.422
	1340.722
	0.17
	0.68
	0.40
	0.85
	2.10
	0.42
	1.97
	2.12
	9.87
	

	5
	230
	1340.037
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.868
	1340.418
	1340.718
	0.17
	0.68
	0.40
	0.85
	2.10
	0.42
	1.97
	2.12
	9.87
	

	5
	235
	1339.995
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.864
	1340.414
	1340.714
	0.13
	0.72
	0.40
	0.85
	2.10
	0.33
	2.08
	1.64
	10.42
	

	5
	240
	1339.956
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.860
	1340.410
	1340.710
	0.10
	0.75
	0.40
	0.85
	2.10
	0.24
	2.19
	1.21
	10.93
	

	5
	245
	1339.938
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.856
	1340.406
	1340.706
	0.08
	0.77
	0.40
	0.85
	2.10
	0.21
	2.23
	1.03
	11.13
	

	5
	250
	1339.923
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.852
	1340.402
	1340.702
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.89
	11.29
	

	5
	255
	1339.892
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.848
	1340.398
	1340.698
	0.04
	0.81
	0.40
	0.85
	2.10
	0.11
	2.34
	0.56
	11.68
	

	5
	260
	1339.933
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.844
	1340.394
	1340.694
	0.09
	0.76
	0.40
	0.85
	2.10
	0.22
	2.21
	1.12
	11.03
	

	5
	265
	1339.894
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.840
	1340.390
	1340.690
	0.05
	0.80
	0.40
	0.85
	2.10
	0.14
	2.31
	0.68
	11.53
	

	5
	270
	1339.798
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.836
	1340.386
	1340.686
	0.00
	0.93
	0.40
	0.85
	2.10
	0.00
	2.68
	0.00
	13.41
	

	5
	275
	1339.786
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.832
	1340.382
	1340.682
	0.00
	0.94
	0.40
	0.85
	2.10
	0.00
	2.73
	0.00
	13.64
	

	5
	280
	1339.815
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.828
	1340.378
	1340.678
	0.00
	0.88
	0.40
	0.85
	2.10
	0.00
	2.54
	0.00
	12.69
	

	5
	285
	1339.846
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.824
	1340.374
	1340.674
	0.02
	0.83
	0.40
	0.85
	2.10
	0.06
	2.40
	0.28
	12.00
	

	5
	290
	1339.862
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.820
	1340.370
	1340.670
	0.04
	0.81
	0.40
	0.85
	2.10
	0.11
	2.34
	0.53
	11.71
	

	0.49
	290.49
	1339.859
	0.4
	2
	0.55
	0.0008
	0.3
	
	1339.819
	1340.369
	1340.669
	0.04
	0.81
	0.40
	0.85
	3.80
	0.17
	3.73
	0.08
	1.83
	Offtake to TC0-1-1

	4.51
	295
	1339.853
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.816
	1340.366
	1340.666
	0.04
	0.81
	0.40
	0.85
	2.10
	0.09
	2.36
	0.42
	10.63
	

	5
	300
	1339.801
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.812
	1340.362
	1340.662
	0.00
	0.87
	0.40
	0.85
	2.10
	0.00
	2.53
	0.00
	12.63
	

	1
	301
	1339.865
	0.4
	2
	0.55
	0.0008
	0.3
	
	1339.811
	1340.361
	1340.661
	0.05
	0.80
	0.40
	0.85
	3.80
	0.23
	3.66
	0.23
	3.66
	

	4
	305
	1339.802
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.808
	1340.358
	1340.658
	0.00
	0.86
	0.40
	0.85
	2.10
	0.00
	2.50
	0.00
	9.99
	

	5
	310
	1339.777
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.804
	1340.354
	1340.654
	0.00
	0.90
	0.40
	0.85
	2.10
	0.00
	2.62
	0.00
	13.09
	

	5
	315
	1339.729
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.800
	1340.350
	1340.650
	0.00
	0.99
	0.40
	0.85
	2.10
	0.00
	2.87
	0.00
	14.37
	

	5
	320
	1339.728
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.796
	1340.346
	1340.646
	0.00
	0.99
	0.40
	0.85
	2.10
	0.00
	2.86
	0.00
	14.28
	

	5
	325
	1339.724
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.792
	1340.342
	1340.642
	0.00
	0.99
	0.40
	0.85
	2.10
	0.00
	2.86
	0.00
	14.28
	

	5
	330
	1339.718
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.788
	1340.338
	1340.638
	0.00
	0.99
	0.40
	0.85
	2.10
	0.00
	2.87
	0.00
	14.34
	

	5
	335
	1339.719
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.784
	1340.334
	1340.634
	0.00
	0.98
	0.40
	0.85
	2.10
	0.00
	2.84
	0.00
	14.20
	

	5
	340
	1339.707
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.780
	1340.330
	1340.630
	0.00
	1.00
	0.40
	0.85
	2.10
	0.00
	2.89
	0.00
	14.43
	

	5
	345
	1339.700
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.776
	1340.326
	1340.626
	0.00
	1.00
	0.40
	0.85
	2.10
	0.00
	2.90
	0.00
	14.51
	

	5
	350
	1339.711
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.772
	1340.322
	1340.622
	0.00
	0.97
	0.40
	0.85
	2.10
	0.00
	2.82
	0.00
	14.08
	

	5
	355
	1339.725
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.768
	1340.318
	1340.618
	0.00
	0.94
	0.40
	0.85
	2.10
	0.00
	2.71
	0.00
	13.56
	

	5
	360
	1339.732
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.764
	1340.314
	1340.614
	0.00
	0.91
	0.40
	0.85
	2.10
	0.00
	2.65
	0.00
	13.24
	

	5
	365
	1339.725
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.760
	1340.310
	1340.610
	0.00
	0.92
	0.40
	0.85
	2.10
	0.00
	2.67
	0.00
	13.33
	

	5
	370
	1339.697
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.756
	1340.306
	1340.606
	0.00
	0.97
	0.40
	0.85
	2.10
	0.00
	2.80
	0.00
	14.02
	

	5
	375
	1339.694
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.752
	1340.302
	1340.602
	0.00
	0.97
	0.40
	0.85
	2.10
	0.00
	2.80
	0.00
	13.99
	

	5
	380
	1339.727
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.748
	1340.298
	1340.598
	0.00
	0.89
	0.40
	0.85
	2.10
	0.00
	2.58
	0.00
	12.92
	

	5
	385
	1339.706
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.744
	1340.294
	1340.594
	0.00
	0.93
	0.40
	0.85
	2.10
	0.00
	2.68
	0.00
	13.41
	

	5
	390
	1339.707
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.740
	1340.290
	1340.590
	0.00
	0.92
	0.40
	0.85
	2.10
	0.00
	2.65
	0.00
	13.27
	

	5
	395
	1339.682
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.736
	1340.286
	1340.586
	0.00
	0.96
	0.40
	0.85
	2.10
	0.00
	2.78
	0.00
	13.88
	

	5
	400
	1339.686
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.732
	1340.282
	1340.582
	0.00
	0.94
	0.40
	0.85
	2.10
	0.00
	2.73
	0.00
	13.64
	

	5
	405
	1339.756
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.728
	1340.278
	1340.578
	0.03
	0.82
	0.40
	0.85
	2.10
	0.07
	2.38
	0.36
	11.91
	

	5
	410
	1339.775
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.724
	1340.274
	1340.574
	0.05
	0.80
	0.40
	0.85
	2.10
	0.13
	2.32
	0.64
	11.58
	

	5
	415
	1339.736
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.720
	1340.270
	1340.570
	0.02
	0.83
	0.40
	0.85
	2.10
	0.04
	2.42
	0.21
	12.09
	

	5
	420
	1339.712
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.716
	1340.266
	1340.566
	0.00
	0.86
	0.40
	0.85
	2.10
	0.00
	2.49
	0.00
	12.43
	

	5
	425
	1339.757
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.712
	1340.262
	1340.562
	0.05
	0.80
	0.40
	0.85
	2.10
	0.11
	2.33
	0.57
	11.67
	

	5
	430
	1339.737
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.708
	1340.258
	1340.558
	0.03
	0.82
	0.40
	0.85
	2.10
	0.07
	2.38
	0.37
	11.90
	

	5
	435
	1339.663
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.704
	1340.254
	1340.554
	0.00
	0.93
	0.40
	0.85
	2.10
	0.00
	2.70
	0.00
	13.50
	

	5
	440
	1339.635
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.700
	1340.250
	1340.550
	0.00
	0.98
	0.40
	0.85
	2.10
	0.00
	2.84
	0.00
	14.20
	

	5
	445
	1339.643
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.696
	1340.246
	1340.546
	0.00
	0.96
	0.40
	0.85
	2.10
	0.00
	2.77
	0.00
	13.85
	

	5
	450
	1339.697
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.692
	1340.242
	1340.542
	0.01
	0.84
	0.40
	0.85
	2.10
	0.01
	2.45
	0.07
	12.25
	

	5
	455
	1339.693
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.688
	1340.238
	1340.538
	0.01
	0.84
	0.40
	0.85
	2.10
	0.01
	2.45
	0.07
	12.25
	

	5
	460
	1339.637
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.684
	1340.234
	1340.534
	0.00
	0.94
	0.40
	0.85
	2.10
	0.00
	2.73
	0.00
	13.67
	

	5
	465
	1339.605
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.680
	1340.230
	1340.530
	0.00
	1.00
	0.40
	0.85
	2.10
	0.00
	2.90
	0.00
	14.49
	

	5
	470
	1339.678
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.676
	1340.226
	1340.526
	0.00
	0.85
	0.40
	0.85
	2.10
	0.01
	2.46
	0.03
	12.29
	

	5
	475
	1339.724
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.672
	1340.222
	1340.522
	0.05
	0.80
	0.40
	0.85
	2.10
	0.13
	2.31
	0.66
	11.56
	

	5
	480
	1339.644
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.668
	1340.218
	1340.518
	0.00
	0.90
	0.40
	0.85
	2.10
	0.00
	2.60
	0.00
	13.01
	

	5
	485
	1339.707
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.664
	1340.214
	1340.514
	0.04
	0.81
	0.40
	0.85
	2.10
	0.11
	2.34
	0.54
	11.69
	

	5
	490
	1339.724
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.660
	1340.210
	1340.510
	0.06
	0.79
	0.40
	0.85
	2.10
	0.16
	2.28
	0.81
	11.39
	

	5
	495
	1339.699
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.656
	1340.206
	1340.506
	0.04
	0.81
	0.40
	0.85
	2.10
	0.11
	2.34
	0.54
	11.69
	

	5
	500
	1339.844
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.652
	1340.202
	1340.502
	0.19
	0.66
	0.40
	0.85
	2.10
	0.48
	1.91
	2.41
	9.53
	

	5
	505
	1339.733
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.648
	1340.198
	1340.498
	0.09
	0.76
	0.40
	0.85
	2.10
	0.21
	2.22
	1.07
	11.09
	

	5
	510
	1339.720
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.644
	1340.194
	1340.494
	0.08
	0.77
	0.40
	0.85
	2.10
	0.19
	2.24
	0.96
	11.22
	

	5
	515
	1339.755
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.640
	1340.190
	1340.490
	0.12
	0.73
	0.40
	0.85
	2.10
	0.29
	2.13
	1.44
	10.65
	

	5
	520
	1339.749
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.636
	1340.186
	1340.486
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.42
	10.68
	

	5
	525
	1339.759
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.632
	1340.182
	1340.482
	0.13
	0.72
	0.40
	0.85
	2.10
	0.32
	2.10
	1.59
	10.48
	

	5
	530
	1339.768
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.628
	1340.178
	1340.478
	0.14
	0.71
	0.40
	0.85
	2.10
	0.35
	2.06
	1.76
	10.29
	

	5
	535
	1339.770
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.624
	1340.174
	1340.474
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.83
	10.20
	

	5
	540
	1339.764
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.620
	1340.170
	1340.470
	0.14
	0.71
	0.40
	0.85
	2.10
	0.36
	2.05
	1.81
	10.23
	

	5
	545
	1339.732
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.616
	1340.166
	1340.466
	0.12
	0.73
	0.40
	0.85
	2.10
	0.29
	2.13
	1.46
	10.64
	

	5
	550
	1339.791
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.612
	1340.162
	1340.462
	0.18
	0.67
	0.40
	0.85
	2.10
	0.45
	1.94
	2.24
	9.72
	

	5
	555
	1339.846
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.608
	1340.158
	1340.458
	0.24
	0.61
	0.40
	0.85
	2.10
	0.60
	1.77
	2.98
	8.87
	

	5
	560
	1339.861
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.604
	1340.154
	1340.454
	0.26
	0.59
	0.40
	0.85
	2.10
	0.64
	1.72
	3.22
	8.59
	

	5
	565
	1339.856
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.600
	1340.150
	1340.450
	0.26
	0.59
	0.40
	0.85
	2.10
	0.64
	1.72
	3.21
	8.61
	

	5
	570
	1339.832
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.596
	1340.146
	1340.446
	0.24
	0.61
	0.40
	0.85
	2.10
	0.59
	1.78
	2.96
	8.90
	

	5
	575
	1339.794
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.592
	1340.142
	1340.442
	0.20
	0.65
	0.40
	0.85
	2.10
	0.51
	1.88
	2.53
	9.39
	

	5
	580
	1339.741
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.588
	1340.138
	1340.438
	0.15
	0.70
	0.40
	0.85
	2.10
	0.38
	2.02
	1.92
	10.10
	

	5
	585
	1339.674
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.584
	1340.134
	1340.434
	0.09
	0.76
	0.40
	0.85
	2.10
	0.23
	2.20
	1.13
	11.01
	

	5
	590
	1339.649
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.580
	1340.130
	1340.430
	0.07
	0.78
	0.40
	0.85
	2.10
	0.17
	2.26
	0.87
	11.32
	

	5
	595
	1339.651
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.576
	1340.126
	1340.426
	0.08
	0.77
	0.40
	0.85
	2.10
	0.19
	2.25
	0.94
	11.23
	

	5
	600
	1339.682
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.572
	1340.122
	1340.422
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.38
	10.72
	

	5
	605
	1339.704
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.568
	1340.118
	1340.418
	0.14
	0.71
	0.40
	0.85
	2.10
	0.34
	2.07
	1.71
	10.35
	

	5
	610
	1339.743
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.564
	1340.114
	1340.414
	0.18
	0.67
	0.40
	0.85
	2.10
	0.45
	1.94
	2.24
	9.72
	

	5
	615
	1339.770
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.560
	1340.110
	1340.410
	0.21
	0.64
	0.40
	0.85
	2.10
	0.53
	1.85
	2.63
	9.27
	

	5
	620
	1339.762
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.556
	1340.106
	1340.406
	0.21
	0.64
	0.40
	0.85
	2.10
	0.52
	1.87
	2.58
	9.33
	

	5
	625
	1339.742
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.552
	1340.102
	1340.402
	0.19
	0.66
	0.40
	0.85
	2.10
	0.48
	1.91
	2.38
	9.56
	

	5
	630
	1339.701
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.548
	1340.098
	1340.398
	0.15
	0.70
	0.40
	0.85
	2.10
	0.38
	2.02
	1.92
	10.10
	

	5
	635
	1339.706
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.544
	1340.094
	1340.394
	0.16
	0.69
	0.40
	0.85
	2.10
	0.41
	1.99
	2.03
	9.97
	

	5
	640
	1339.726
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.540
	1340.090
	1340.390
	0.19
	0.66
	0.40
	0.85
	2.10
	0.47
	1.92
	2.33
	9.62
	

	5
	645
	1339.731
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.536
	1340.086
	1340.386
	0.20
	0.65
	0.40
	0.85
	2.10
	0.49
	1.90
	2.44
	9.49
	

	5
	650
	1339.659
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.532
	1340.082
	1340.382
	0.13
	0.72
	0.40
	0.85
	2.10
	0.32
	2.10
	1.59
	10.48
	

	5
	655
	1339.689
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.528
	1340.078
	1340.378
	0.16
	0.69
	0.40
	0.85
	2.10
	0.40
	2.00
	2.02
	9.98
	

	5
	660
	1339.862
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.524
	1340.074
	1340.374
	0.34
	0.51
	0.40
	0.85
	2.10
	0.85
	1.48
	4.23
	7.42
	

	5
	665
	1340.051
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.520
	1340.070
	1340.370
	0.53
	0.32
	0.40
	0.85
	2.10
	1.33
	0.92
	6.64
	4.62
	

	5
	670
	1340.188
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.516
	1340.066
	1340.366
	0.67
	0.18
	0.40
	0.85
	2.10
	1.68
	0.51
	8.41
	2.57
	

	5
	675
	1340.282
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.512
	1340.062
	1340.362
	0.77
	0.08
	0.40
	0.85
	2.10
	1.93
	0.23
	9.63
	1.15
	

	5
	680
	1340.269
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.508
	1340.058
	1340.358
	0.76
	0.09
	0.40
	0.85
	2.10
	1.90
	0.26
	9.52
	1.28
	

	5
	685
	1340.302
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.504
	1340.054
	1340.354
	0.80
	0.05
	0.40
	0.85
	2.10
	2.00
	0.15
	9.98
	0.75
	

	5
	690
	1340.244
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.500
	1340.050
	1340.350
	0.74
	0.11
	0.40
	0.85
	2.10
	1.86
	0.31
	9.31
	1.53
	

	5
	695
	1340.170
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.496
	1340.046
	1340.346
	0.67
	0.18
	0.40
	0.85
	2.10
	1.69
	0.51
	8.43
	2.54
	

	5
	700
	1340.051
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.492
	1340.042
	1340.342
	0.56
	0.29
	0.40
	0.85
	2.10
	1.40
	0.84
	6.99
	4.21
	

	5
	705
	1339.925
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.488
	1340.038
	1340.338
	0.44
	0.41
	0.40
	0.85
	2.10
	1.09
	1.20
	5.47
	5.98
	

	5
	710
	1339.810
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.484
	1340.034
	1340.334
	0.33
	0.52
	0.40
	0.85
	2.10
	0.82
	1.52
	4.08
	7.59
	

	5
	715
	1339.748
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.480
	1340.030
	1340.330
	0.27
	0.58
	0.40
	0.85
	2.10
	0.67
	1.69
	3.36
	8.43
	

	5
	720
	1339.706
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.476
	1340.026
	1340.326
	0.23
	0.62
	0.40
	0.85
	2.10
	0.58
	1.80
	2.88
	8.98
	

	5
	725
	1339.675
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.472
	1340.022
	1340.322
	0.20
	0.65
	0.40
	0.85
	2.10
	0.51
	1.87
	2.54
	9.37
	

	5
	730
	1339.614
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.468
	1340.018
	1340.318
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.83
	10.20
	

	5
	735
	1339.587
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.464
	1340.014
	1340.314
	0.12
	0.73
	0.40
	0.85
	2.10
	0.31
	2.11
	1.54
	10.53
	

	5
	740
	1339.623
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.460
	1340.010
	1340.310
	0.16
	0.69
	0.40
	0.85
	2.10
	0.41
	1.99
	2.04
	9.95
	

	5
	745
	1339.685
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.456
	1340.006
	1340.306
	0.23
	0.62
	0.40
	0.85
	2.10
	0.57
	1.80
	2.87
	9.00
	

	5
	750
	1339.666
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.452
	1340.002
	1340.302
	0.21
	0.64
	0.40
	0.85
	2.10
	0.54
	1.84
	2.68
	9.21
	

	5
	755
	1339.641
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.448
	1339.998
	1340.298
	0.19
	0.66
	0.40
	0.85
	2.10
	0.48
	1.90
	2.42
	9.52
	

	5
	760
	1339.684
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.444
	1339.994
	1340.294
	0.24
	0.61
	0.40
	0.85
	2.10
	0.60
	1.77
	3.01
	8.84
	

	5
	765
	1339.698
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.440
	1339.990
	1340.290
	0.26
	0.59
	0.40
	0.85
	2.10
	0.65
	1.72
	3.23
	8.58
	

	5
	770
	1339.686
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.436
	1339.986
	1340.286
	0.25
	0.60
	0.40
	0.85
	2.10
	0.63
	1.74
	3.13
	8.69
	

	5
	775
	1339.659
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.432
	1339.982
	1340.282
	0.23
	0.62
	0.40
	0.85
	2.10
	0.57
	1.81
	2.84
	9.03
	

	5
	780
	1339.631
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.428
	1339.978
	1340.278
	0.20
	0.65
	0.40
	0.85
	2.10
	0.51
	1.87
	2.54
	9.37
	

	5
	785
	1339.604
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.424
	1339.974
	1340.274
	0.18
	0.67
	0.40
	0.85
	2.10
	0.45
	1.94
	2.26
	9.71
	

	5
	790
	1339.579
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.420
	1339.970
	1340.270
	0.16
	0.69
	0.40
	0.85
	2.10
	0.40
	2.00
	1.99
	10.01
	

	5
	795
	1339.557
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.416
	1339.966
	1340.266
	0.14
	0.71
	0.40
	0.85
	2.10
	0.35
	2.05
	1.77
	10.27
	

	5
	800
	1339.535
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.412
	1339.962
	1340.262
	0.12
	0.73
	0.40
	0.85
	2.10
	0.31
	2.11
	1.54
	10.53
	

	5
	805
	1339.512
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.408
	1339.958
	1340.258
	0.10
	0.75
	0.40
	0.85
	2.10
	0.26
	2.16
	1.31
	10.81
	

	5
	810
	1339.504
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.404
	1339.954
	1340.254
	0.10
	0.75
	0.40
	0.85
	2.10
	0.25
	2.17
	1.26
	10.87
	

	5
	815
	1339.509
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.400
	1339.950
	1340.250
	0.11
	0.74
	0.40
	0.85
	2.10
	0.27
	2.15
	1.37
	10.74
	

	5
	820
	1339.502
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.396
	1339.946
	1340.246
	0.11
	0.74
	0.40
	0.85
	2.10
	0.27
	2.16
	1.33
	10.78
	

	5
	825
	1339.529
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.392
	1339.942
	1340.242
	0.14
	0.71
	0.40
	0.85
	2.10
	0.34
	2.07
	1.72
	10.33
	

	5
	830
	1339.538
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.388
	1339.938
	1340.238
	0.15
	0.70
	0.40
	0.85
	2.10
	0.38
	2.03
	1.88
	10.14
	

	5
	835
	1339.531
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.384
	1339.934
	1340.234
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.84
	10.19
	

	5
	840
	1339.518
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.380
	1339.930
	1340.230
	0.14
	0.71
	0.40
	0.85
	2.10
	0.35
	2.06
	1.73
	10.32
	

	5
	845
	1339.483
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.376
	1339.926
	1340.226
	0.11
	0.74
	0.40
	0.85
	2.10
	0.27
	2.15
	1.34
	10.77
	

	5
	850
	1339.467
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.372
	1339.922
	1340.222
	0.10
	0.75
	0.40
	0.85
	2.10
	0.24
	2.19
	1.19
	10.94
	

	5
	855
	1339.473
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.368
	1339.918
	1340.218
	0.11
	0.74
	0.40
	0.85
	2.10
	0.26
	2.16
	1.32
	10.80
	

	5
	860
	1339.475
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.364
	1339.914
	1340.214
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.39
	10.71
	

	5
	865
	1339.505
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.360
	1339.910
	1340.210
	0.15
	0.70
	0.40
	0.85
	2.10
	0.36
	2.04
	1.82
	10.22
	

	5
	870
	1339.503
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.356
	1339.906
	1340.206
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.84
	10.19
	

	5
	875
	1339.499
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.352
	1339.902
	1340.202
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.84
	10.19
	

	5
	880
	1339.500
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.348
	1339.898
	1340.198
	0.15
	0.70
	0.40
	0.85
	2.10
	0.38
	2.02
	1.91
	10.11
	

	5
	885
	1339.503
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.344
	1339.894
	1340.194
	0.16
	0.69
	0.40
	0.85
	2.10
	0.40
	2.00
	1.99
	10.01
	

	5
	890
	1339.542
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.340
	1339.890
	1340.190
	0.20
	0.65
	0.40
	0.85
	2.10
	0.51
	1.88
	2.53
	9.39
	

	5
	895
	1339.549
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.336
	1339.886
	1340.186
	0.21
	0.64
	0.40
	0.85
	2.10
	0.53
	1.85
	2.67
	9.23
	

	5
	900
	1339.525
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.332
	1339.882
	1340.182
	0.19
	0.66
	0.40
	0.85
	2.10
	0.48
	1.90
	2.42
	9.52
	

	5
	905
	1339.492
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.328
	1339.878
	1340.178
	0.16
	0.69
	0.40
	0.85
	2.10
	0.41
	1.99
	2.06
	9.94
	

	5
	910
	1339.470
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.324
	1339.874
	1340.174
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.83
	10.20
	

	5
	915
	1339.440
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.320
	1339.870
	1340.170
	0.12
	0.73
	0.40
	0.85
	2.10
	0.30
	2.12
	1.51
	10.58
	

	5
	920
	1339.407
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.316
	1339.866
	1340.166
	0.09
	0.76
	0.40
	0.85
	2.10
	0.23
	2.20
	1.14
	11.00
	

	5
	925
	1339.375
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.312
	1339.862
	1340.162
	0.06
	0.79
	0.40
	0.85
	2.10
	0.16
	2.28
	0.79
	11.40
	

	5
	930
	1339.370
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.308
	1339.858
	1340.158
	0.06
	0.79
	0.40
	0.85
	2.10
	0.16
	2.28
	0.78
	11.42
	

	5
	935
	1339.370
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.304
	1339.854
	1340.154
	0.07
	0.78
	0.40
	0.85
	2.10
	0.17
	2.27
	0.83
	11.36
	

	5
	940
	1339.368
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.300
	1339.850
	1340.150
	0.07
	0.78
	0.40
	0.85
	2.10
	0.17
	2.27
	0.86
	11.33
	

	5
	945
	1339.366
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.296
	1339.846
	1340.146
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.88
	11.30
	

	5
	950
	1339.363
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.292
	1339.842
	1340.142
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.89
	11.29
	

	5
	955
	1339.358
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.288
	1339.838
	1340.138
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.88
	11.30
	

	5
	960
	1339.353
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.284
	1339.834
	1340.134
	0.07
	0.78
	0.40
	0.85
	2.10
	0.17
	2.26
	0.87
	11.32
	

	5
	965
	1339.345
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.280
	1339.830
	1340.130
	0.07
	0.78
	0.40
	0.85
	2.10
	0.16
	2.28
	0.82
	11.38
	

	5
	970
	1339.341
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.276
	1339.826
	1340.126
	0.07
	0.78
	0.40
	0.85
	2.10
	0.16
	2.28
	0.82
	11.38
	

	5
	975
	1339.360
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.272
	1339.822
	1340.122
	0.09
	0.76
	0.40
	0.85
	2.10
	0.22
	2.21
	1.11
	11.04
	

	5
	980
	1339.359
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.268
	1339.818
	1340.118
	0.09
	0.76
	0.40
	0.85
	2.10
	0.23
	2.20
	1.14
	11.00
	

	5
	985
	1339.332
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.264
	1339.814
	1340.114
	0.07
	0.78
	0.40
	0.85
	2.10
	0.17
	2.27
	0.86
	11.33
	

	5
	990
	1339.292
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.260
	1339.810
	1340.110
	0.03
	0.82
	0.40
	0.85
	2.10
	0.08
	2.37
	0.41
	11.85
	

	5
	995
	1339.316
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.256
	1339.806
	1340.106
	0.06
	0.79
	0.40
	0.85
	2.10
	0.15
	2.29
	0.76
	11.45
	

	5
	1000
	1339.322
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.252
	1339.802
	1340.102
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.26
	0.88
	11.30
	

	5
	1005
	1339.320
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.248
	1339.798
	1340.098
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.25
	0.91
	11.27
	

	5
	1010
	1339.321
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.244
	1339.794
	1340.094
	0.08
	0.77
	0.40
	0.85
	2.10
	0.19
	2.24
	0.97
	11.20
	

	5
	1015
	1339.312
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.240
	1339.790
	1340.090
	0.07
	0.78
	0.40
	0.85
	2.10
	0.18
	2.25
	0.91
	11.27
	

	5
	1020
	1339.311
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.236
	1339.786
	1340.086
	0.08
	0.77
	0.40
	0.85
	2.10
	0.19
	2.25
	0.94
	11.23
	

	5
	1025
	1339.316
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.232
	1339.782
	1340.082
	0.08
	0.77
	0.40
	0.85
	2.10
	0.21
	2.22
	1.06
	11.10
	

	5
	1030
	1339.333
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.228
	1339.778
	1340.078
	0.11
	0.74
	0.40
	0.85
	2.10
	0.26
	2.16
	1.32
	10.80
	

	5
	1035
	1339.370
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.224
	1339.774
	1340.074
	0.15
	0.70
	0.40
	0.85
	2.10
	0.37
	2.04
	1.83
	10.20
	

	5
	1040
	1339.329
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.220
	1339.770
	1340.070
	0.11
	0.74
	0.40
	0.85
	2.10
	0.27
	2.15
	1.37
	10.74
	

	5
	1045
	1339.296
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.216
	1339.766
	1340.066
	0.08
	0.77
	0.40
	0.85
	2.10
	0.20
	2.23
	1.01
	11.16
	

	5
	1050
	1339.260
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.212
	1339.762
	1340.062
	0.05
	0.80
	0.40
	0.85
	2.10
	0.12
	2.32
	0.61
	11.62
	

	5
	1055
	1339.302
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.208
	1339.758
	1340.058
	0.09
	0.76
	0.40
	0.85
	2.10
	0.24
	2.19
	1.18
	10.95
	

	5
	1060
	1339.326
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.204
	1339.754
	1340.054
	0.12
	0.73
	0.40
	0.85
	2.10
	0.31
	2.11
	1.53
	10.55
	

	5
	1065
	1339.318
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.200
	1339.750
	1340.050
	0.12
	0.73
	0.40
	0.85
	2.10
	0.30
	2.12
	1.48
	10.61
	

	5
	1070
	1339.306
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.196
	1339.746
	1340.046
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.38
	10.72
	

	5
	1075
	1339.304
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.192
	1339.742
	1340.042
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.41
	10.69
	

	5
	1080
	1339.322
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.188
	1339.738
	1340.038
	0.13
	0.72
	0.40
	0.85
	2.10
	0.34
	2.07
	1.68
	10.37
	

	5
	1085
	1339.316
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.184
	1339.734
	1340.034
	0.13
	0.72
	0.40
	0.85
	2.10
	0.33
	2.08
	1.66
	10.40
	

	5
	1090
	1339.292
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.180
	1339.730
	1340.030
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.41
	10.69
	

	5
	1095
	1339.254
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.176
	1339.726
	1340.026
	0.08
	0.77
	0.40
	0.85
	2.10
	0.20
	2.24
	0.98
	11.19
	

	5
	1100
	1339.271
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.172
	1339.722
	1340.022
	0.10
	0.75
	0.40
	0.85
	2.10
	0.25
	2.18
	1.24
	10.88
	

	5
	1105
	1339.280
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.168
	1339.718
	1340.018
	0.11
	0.74
	0.40
	0.85
	2.10
	0.28
	2.14
	1.41
	10.69
	

	5
	1110
	1339.285
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.164
	1339.714
	1340.014
	0.12
	0.73
	0.40
	0.85
	2.10
	0.30
	2.11
	1.52
	10.56
	

	5
	1115
	1339.289
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.160
	1339.710
	1340.010
	0.13
	0.72
	0.40
	0.85
	2.10
	0.32
	2.09
	1.62
	10.45
	

	5
	1120
	1339.291
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.156
	1339.706
	1340.006
	0.14
	0.71
	0.40
	0.85
	2.10
	0.34
	2.07
	1.69
	10.36
	

	5
	1125
	1339.284
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.152
	1339.702
	1340.002
	0.13
	0.72
	0.40
	0.85
	2.10
	0.33
	2.08
	1.66
	10.40
	

	5
	1130
	1339.265
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.148
	1339.698
	1339.998
	0.12
	0.73
	0.40
	0.85
	2.10
	0.29
	2.12
	1.47
	10.62
	

	5
	1135
	1339.249
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.144
	1339.694
	1339.994
	0.11
	0.74
	0.40
	0.85
	2.10
	0.26
	2.16
	1.32
	10.80
	

	5
	1140
	1339.240
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.140
	1339.690
	1339.990
	0.10
	0.75
	0.40
	0.85
	2.10
	0.25
	2.17
	1.26
	10.87
	

	5
	1145
	1339.236
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.136
	1339.686
	1339.986
	0.10
	0.75
	0.40
	0.85
	2.10
	0.25
	2.17
	1.26
	10.87
	

	5
	1150
	1339.239
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.132
	1339.682
	1339.982
	0.11
	0.74
	0.40
	0.85
	2.10
	0.27
	2.15
	1.34
	10.77
	

	5
	1155
	1339.252
	0.4
	1
	0.55
	0.0008
	0.3
	
	1339.128
	1339.678
	1339.978
	0.12
	0.73
	0.40
	0.85
	2.10
	0.31
	2.10
	1.56
	10.52
	

	2
	1157
	1339.249
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.126
	1339.776
	1340.076
	0.12
	0.83
	0.40
	0.95
	2.30
	0.33
	2.56
	0.66
	5.13
	Offtake to TC0-1-2

	3
	1160
	1339.264
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.125
	1339.775
	1340.075
	0.14
	0.81
	0.40
	0.95
	2.30
	0.38
	2.51
	1.13
	7.54
	

	5
	1165
	1339.279
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.124
	1339.774
	1340.074
	0.16
	0.79
	0.40
	0.95
	2.30
	0.42
	2.46
	2.10
	12.31
	

	5
	1170
	1339.296
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.122
	1339.772
	1340.072
	0.17
	0.78
	0.40
	0.95
	2.30
	0.47
	2.41
	2.35
	12.03
	

	5
	1175
	1339.307
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.121
	1339.771
	1340.071
	0.19
	0.76
	0.40
	0.95
	2.30
	0.50
	2.37
	2.52
	11.83
	

	5
	1180
	1339.302
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.119
	1339.769
	1340.069
	0.18
	0.77
	0.40
	0.95
	2.30
	0.49
	2.38
	2.47
	11.89
	

	5
	1185
	1339.294
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.118
	1339.768
	1340.068
	0.18
	0.77
	0.40
	0.95
	2.30
	0.48
	2.40
	2.38
	11.99
	

	5
	1190
	1339.306
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.116
	1339.766
	1340.066
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.36
	2.56
	11.78
	

	5
	1195
	1339.308
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.115
	1339.765
	1340.065
	0.19
	0.76
	0.40
	0.95
	2.30
	0.52
	2.35
	2.61
	11.73
	

	5
	1200
	1339.305
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.113
	1339.763
	1340.063
	0.19
	0.76
	0.40
	0.95
	2.30
	0.52
	2.35
	2.59
	11.75
	

	5
	1205
	1339.293
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.112
	1339.762
	1340.062
	0.18
	0.77
	0.40
	0.95
	2.30
	0.49
	2.38
	2.45
	11.91
	

	5
	1210
	1339.290
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.110
	1339.760
	1340.060
	0.18
	0.77
	0.40
	0.95
	2.30
	0.49
	2.39
	2.43
	11.94
	

	5
	1215
	1339.285
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.109
	1339.759
	1340.059
	0.18
	0.77
	0.40
	0.95
	2.30
	0.48
	2.40
	2.38
	11.99
	

	5
	1220
	1339.278
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.107
	1339.757
	1340.057
	0.17
	0.78
	0.40
	0.95
	2.30
	0.46
	2.41
	2.31
	12.07
	

	5
	1225
	1339.274
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.106
	1339.756
	1340.056
	0.17
	0.78
	0.40
	0.95
	2.30
	0.45
	2.42
	2.27
	12.11
	

	5
	1230
	1339.287
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.104
	1339.754
	1340.054
	0.18
	0.77
	0.40
	0.95
	2.30
	0.49
	2.38
	2.47
	11.89
	

	5
	1235
	1339.294
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.103
	1339.753
	1340.053
	0.19
	0.76
	0.40
	0.95
	2.30
	0.52
	2.35
	2.59
	11.76
	

	5
	1240
	1339.307
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.101
	1339.751
	1340.051
	0.21
	0.74
	0.40
	0.95
	2.30
	0.56
	2.31
	2.78
	11.53
	

	5
	1245
	1339.307
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.100
	1339.750
	1340.050
	0.21
	0.74
	0.40
	0.95
	2.30
	0.56
	2.30
	2.80
	11.51
	

	5
	1250
	1339.293
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.098
	1339.748
	1340.048
	0.19
	0.76
	0.40
	0.95
	2.30
	0.53
	2.34
	2.63
	11.70
	

	5
	1255
	1339.286
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.097
	1339.747
	1340.047
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.36
	2.56
	11.79
	

	5
	1260
	1339.285
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.095
	1339.745
	1340.045
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.36
	2.56
	11.78
	

	5
	1265
	1339.286
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.094
	1339.744
	1340.044
	0.19
	0.76
	0.40
	0.95
	2.30
	0.52
	2.35
	2.60
	11.74
	

	5
	1270
	1339.281
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.092
	1339.742
	1340.042
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.36
	2.55
	11.80
	

	5
	1275
	1339.281
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.091
	1339.741
	1340.041
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.35
	2.57
	11.77
	

	5
	1280
	1339.287
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.089
	1339.739
	1340.039
	0.20
	0.75
	0.40
	0.95
	2.30
	0.53
	2.33
	2.67
	11.66
	

	5
	1285
	1339.287
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.088
	1339.738
	1340.038
	0.20
	0.75
	0.40
	0.95
	2.30
	0.54
	2.33
	2.69
	11.63
	

	5
	1290
	1339.286
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.086
	1339.736
	1340.036
	0.20
	0.75
	0.40
	0.95
	2.30
	0.54
	2.33
	2.70
	11.63
	

	5
	1295
	1339.284
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.085
	1339.735
	1340.035
	0.20
	0.75
	0.40
	0.95
	2.30
	0.54
	2.33
	2.69
	11.63
	

	5
	1300
	1339.282
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.083
	1339.733
	1340.033
	0.20
	0.75
	0.40
	0.95
	2.30
	0.54
	2.33
	2.69
	11.64
	

	5
	1305
	1339.276
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.082
	1339.732
	1340.032
	0.19
	0.76
	0.40
	0.95
	2.30
	0.53
	2.34
	2.63
	11.71
	

	5
	1310
	1339.263
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.080
	1339.730
	1340.030
	0.18
	0.77
	0.40
	0.95
	2.30
	0.49
	2.38
	2.47
	11.89
	

	5
	1315
	1339.238
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.079
	1339.729
	1340.029
	0.16
	0.79
	0.40
	0.95
	2.30
	0.43
	2.45
	2.15
	12.25
	

	5
	1320
	1339.215
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.077
	1339.727
	1340.027
	0.14
	0.81
	0.40
	0.95
	2.30
	0.37
	2.52
	1.86
	12.59
	

	5
	1325
	1339.190
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.076
	1339.726
	1340.026
	0.11
	0.84
	0.40
	0.95
	2.30
	0.31
	2.59
	1.55
	12.95
	

	5
	1330
	1339.167
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.074
	1339.724
	1340.024
	0.09
	0.86
	0.40
	0.95
	2.30
	0.25
	2.66
	1.26
	13.28
	

	5
	1335
	1339.143
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.073
	1339.723
	1340.023
	0.07
	0.88
	0.40
	0.95
	2.30
	0.19
	2.73
	0.95
	13.63
	

	5
	1340
	1339.154
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.071
	1339.721
	1340.021
	0.08
	0.87
	0.40
	0.95
	2.30
	0.22
	2.69
	1.12
	13.44
	

	5
	1345
	1339.172
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.070
	1339.720
	1340.020
	0.10
	0.85
	0.40
	0.95
	2.30
	0.28
	2.63
	1.38
	13.14
	

	5
	1350
	1339.189
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.068
	1339.718
	1340.018
	0.12
	0.83
	0.40
	0.95
	2.30
	0.33
	2.57
	1.63
	12.85
	

	5
	1355
	1339.207
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.067
	1339.717
	1340.017
	0.14
	0.81
	0.40
	0.95
	2.30
	0.38
	2.51
	1.90
	12.55
	

	5
	1360
	1339.224
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.065
	1339.715
	1340.015
	0.16
	0.79
	0.40
	0.95
	2.30
	0.43
	2.45
	2.15
	12.26
	

	5
	1365
	1339.255
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.064
	1339.714
	1340.014
	0.19
	0.76
	0.40
	0.95
	2.30
	0.52
	2.35
	2.59
	11.76
	

	5
	1370
	1339.293
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.062
	1339.712
	1340.012
	0.23
	0.72
	0.40
	0.95
	2.30
	0.62
	2.23
	3.12
	11.14
	

	5
	1375
	1339.324
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.061
	1339.711
	1340.011
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.56
	10.64
	

	5
	1380
	1339.344
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.059
	1339.709
	1340.009
	0.28
	0.67
	0.40
	0.95
	2.30
	0.77
	2.06
	3.85
	10.31
	

	5
	1385
	1339.357
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.058
	1339.708
	1340.008
	0.30
	0.65
	0.40
	0.95
	2.30
	0.81
	2.02
	4.04
	10.08
	

	5
	1390
	1339.363
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.056
	1339.706
	1340.006
	0.31
	0.64
	0.40
	0.95
	2.30
	0.83
	1.99
	4.14
	9.97
	

	5
	1395
	1339.362
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.055
	1339.705
	1340.005
	0.31
	0.64
	0.40
	0.95
	2.30
	0.83
	1.99
	4.15
	9.96
	

	5
	1400
	1339.357
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.053
	1339.703
	1340.003
	0.30
	0.65
	0.40
	0.95
	2.30
	0.82
	2.00
	4.10
	10.01
	

	5
	1405
	1339.345
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.052
	1339.702
	1340.002
	0.29
	0.66
	0.40
	0.95
	2.30
	0.79
	2.04
	3.96
	10.18
	

	5
	1410
	1339.329
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.050
	1339.700
	1340.000
	0.28
	0.67
	0.40
	0.95
	2.30
	0.75
	2.08
	3.77
	10.40
	

	5
	1415
	1339.311
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.049
	1339.699
	1339.999
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.54
	10.66
	

	5
	1420
	1339.292
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.047
	1339.697
	1339.997
	0.24
	0.71
	0.40
	0.95
	2.30
	0.66
	2.19
	3.31
	10.93
	

	5
	1425
	1339.275
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.046
	1339.696
	1339.996
	0.23
	0.72
	0.40
	0.95
	2.30
	0.62
	2.23
	3.10
	11.17
	

	5
	1430
	1339.261
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.044
	1339.694
	1339.994
	0.22
	0.73
	0.40
	0.95
	2.30
	0.59
	2.27
	2.93
	11.36
	

	5
	1435
	1339.250
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.043
	1339.693
	1339.993
	0.21
	0.74
	0.40
	0.95
	2.30
	0.56
	2.30
	2.80
	11.51
	

	5
	1440
	1339.244
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.041
	1339.691
	1339.991
	0.20
	0.75
	0.40
	0.95
	2.30
	0.55
	2.32
	2.74
	11.58
	

	5
	1445
	1339.242
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.040
	1339.690
	1339.990
	0.20
	0.75
	0.40
	0.95
	2.30
	0.55
	2.32
	2.73
	11.59
	

	5
	1450
	1339.244
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.038
	1339.688
	1339.988
	0.21
	0.74
	0.40
	0.95
	2.30
	0.56
	2.31
	2.78
	11.53
	

	5
	1455
	1339.255
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.037
	1339.687
	1339.987
	0.22
	0.73
	0.40
	0.95
	2.30
	0.59
	2.27
	2.95
	11.34
	

	5
	1460
	1339.257
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.035
	1339.685
	1339.985
	0.22
	0.73
	0.40
	0.95
	2.30
	0.60
	2.26
	3.00
	11.28
	

	5
	1465
	1339.253
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.034
	1339.684
	1339.984
	0.22
	0.73
	0.40
	0.95
	2.30
	0.59
	2.26
	2.96
	11.32
	

	5
	1470
	1339.248
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.032
	1339.682
	1339.982
	0.22
	0.73
	0.40
	0.95
	2.30
	0.58
	2.28
	2.92
	11.38
	

	5
	1475
	1339.243
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.031
	1339.681
	1339.981
	0.21
	0.74
	0.40
	0.95
	2.30
	0.57
	2.29
	2.87
	11.43
	

	5
	1480
	1339.234
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.029
	1339.679
	1339.979
	0.20
	0.75
	0.40
	0.95
	2.30
	0.55
	2.31
	2.77
	11.55
	

	5
	1485
	1339.259
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.028
	1339.678
	1339.978
	0.23
	0.72
	0.40
	0.95
	2.30
	0.63
	2.23
	3.13
	11.14
	

	5
	1490
	1339.290
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.026
	1339.676
	1339.976
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.56
	10.63
	

	5
	1495
	1339.312
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.025
	1339.675
	1339.975
	0.29
	0.66
	0.40
	0.95
	2.30
	0.78
	2.05
	3.88
	10.27
	

	5
	1500
	1339.327
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.023
	1339.673
	1339.973
	0.30
	0.65
	0.40
	0.95
	2.30
	0.82
	2.00
	4.10
	10.01
	

	5
	1505
	1339.333
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.022
	1339.672
	1339.972
	0.31
	0.64
	0.40
	0.95
	2.30
	0.84
	1.98
	4.21
	9.90
	

	5
	1510
	1339.316
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.020
	1339.670
	1339.970
	0.30
	0.65
	0.40
	0.95
	2.30
	0.80
	2.03
	4.00
	10.14
	

	5
	1515
	1339.278
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.019
	1339.669
	1339.969
	0.26
	0.69
	0.40
	0.95
	2.30
	0.70
	2.14
	3.50
	10.70
	

	5
	1520
	1339.276
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.017
	1339.667
	1339.967
	0.26
	0.69
	0.40
	0.95
	2.30
	0.70
	2.14
	3.50
	10.71
	

	5
	1525
	1339.277
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.016
	1339.666
	1339.966
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.53
	10.67
	

	5
	1530
	1339.255
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.014
	1339.664
	1339.964
	0.24
	0.71
	0.40
	0.95
	2.30
	0.65
	2.20
	3.25
	10.99
	

	5
	1535
	1339.200
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.013
	1339.663
	1339.963
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.36
	2.53
	11.82
	

	5
	1540
	1339.282
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.011
	1339.661
	1339.961
	0.27
	0.68
	0.40
	0.95
	2.30
	0.73
	2.10
	3.66
	10.52
	

	5
	1545
	1339.302
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.010
	1339.660
	1339.960
	0.29
	0.66
	0.40
	0.95
	2.30
	0.79
	2.04
	3.95
	10.19
	

	5
	1550
	1339.272
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.008
	1339.658
	1339.958
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.56
	10.63
	

	5
	1555
	1339.236
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.007
	1339.657
	1339.957
	0.23
	0.72
	0.40
	0.95
	2.30
	0.62
	2.23
	3.10
	11.17
	

	5
	1560
	1339.219
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.005
	1339.655
	1339.955
	0.21
	0.74
	0.40
	0.95
	2.30
	0.58
	2.28
	2.89
	11.41
	

	5
	1565
	1339.232
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.004
	1339.654
	1339.954
	0.23
	0.72
	0.40
	0.95
	2.30
	0.62
	2.24
	3.08
	11.18
	

	5
	1570
	1339.217
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.002
	1339.652
	1339.952
	0.21
	0.74
	0.40
	0.95
	2.30
	0.58
	2.28
	2.90
	11.39
	

	5
	1575
	1339.162
	0.4
	1
	0.65
	0.0003
	0.3
	
	1339.001
	1339.651
	1339.951
	0.16
	0.79
	0.40
	0.95
	2.30
	0.44
	2.44
	2.18
	12.22
	

	5
	1580
	1339.114
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.999
	1339.649
	1339.949
	0.11
	0.84
	0.40
	0.95
	2.30
	0.31
	2.59
	1.55
	12.94
	

	5
	1585
	1339.120
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.998
	1339.648
	1339.948
	0.12
	0.83
	0.40
	0.95
	2.30
	0.33
	2.57
	1.65
	12.83
	

	5
	1590
	1339.178
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.996
	1339.646
	1339.946
	0.18
	0.77
	0.40
	0.95
	2.30
	0.49
	2.38
	2.46
	11.90
	

	5
	1595
	1339.283
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.995
	1339.645
	1339.945
	0.29
	0.66
	0.40
	0.95
	2.30
	0.78
	2.05
	3.89
	10.25
	

	5
	1600
	1339.285
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.993
	1339.643
	1339.943
	0.29
	0.66
	0.40
	0.95
	2.30
	0.79
	2.04
	3.94
	10.20
	

	5
	1605
	1339.301
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.992
	1339.642
	1339.942
	0.31
	0.64
	0.40
	0.95
	2.30
	0.84
	1.99
	4.18
	9.93
	

	5
	1610
	1339.326
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.990
	1339.640
	1339.940
	0.34
	0.61
	0.40
	0.95
	2.30
	0.91
	1.90
	4.54
	9.52
	

	5
	1615
	1339.295
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.989
	1339.639
	1339.939
	0.31
	0.64
	0.40
	0.95
	2.30
	0.83
	1.99
	4.14
	9.97
	

	5
	1620
	1339.266
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.987
	1339.637
	1339.937
	0.28
	0.67
	0.40
	0.95
	2.30
	0.75
	2.08
	3.77
	10.40
	

	5
	1625
	1339.238
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.986
	1339.636
	1339.936
	0.25
	0.70
	0.40
	0.95
	2.30
	0.68
	2.16
	3.41
	10.81
	

	5
	1630
	1339.209
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.984
	1339.634
	1339.934
	0.22
	0.73
	0.40
	0.95
	2.30
	0.61
	2.25
	3.04
	11.24
	

	5
	1635
	1339.195
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.983
	1339.633
	1339.933
	0.21
	0.74
	0.40
	0.95
	2.30
	0.57
	2.29
	2.87
	11.43
	

	5
	1640
	1339.206
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.981
	1339.631
	1339.931
	0.22
	0.73
	0.40
	0.95
	2.30
	0.61
	2.25
	3.04
	11.24
	

	5
	1645
	1339.243
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.980
	1339.630
	1339.930
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.56
	10.64
	

	5
	1650
	1339.284
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.978
	1339.628
	1339.928
	0.31
	0.64
	0.40
	0.95
	2.30
	0.83
	2.00
	4.13
	9.98
	

	5
	1655
	1339.285
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.977
	1339.627
	1339.927
	0.31
	0.64
	0.40
	0.95
	2.30
	0.83
	1.99
	4.16
	9.94
	

	5
	1660
	1339.277
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.975
	1339.625
	1339.925
	0.30
	0.65
	0.40
	0.95
	2.30
	0.82
	2.01
	4.08
	10.04
	

	5
	1665
	1339.259
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.974
	1339.624
	1339.924
	0.29
	0.66
	0.40
	0.95
	2.30
	0.77
	2.06
	3.85
	10.30
	

	5
	1670
	1339.221
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.972
	1339.622
	1339.922
	0.25
	0.70
	0.40
	0.95
	2.30
	0.67
	2.17
	3.36
	10.87
	

	5
	1675
	1339.219
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.971
	1339.621
	1339.921
	0.25
	0.70
	0.40
	0.95
	2.30
	0.67
	2.17
	3.35
	10.87
	

	5
	1680
	1339.211
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.969
	1339.619
	1339.919
	0.24
	0.71
	0.40
	0.95
	2.30
	0.65
	2.19
	3.27
	10.97
	

	5
	1685
	1339.195
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.968
	1339.618
	1339.918
	0.23
	0.72
	0.40
	0.95
	2.30
	0.61
	2.24
	3.07
	11.20
	

	5
	1690
	1339.178
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.966
	1339.616
	1339.916
	0.21
	0.74
	0.40
	0.95
	2.30
	0.57
	2.29
	2.86
	11.44
	

	5
	1695
	1339.189
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.965
	1339.615
	1339.915
	0.22
	0.73
	0.40
	0.95
	2.30
	0.61
	2.25
	3.03
	11.25
	

	5
	1700
	1339.179
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.963
	1339.613
	1339.913
	0.22
	0.73
	0.40
	0.95
	2.30
	0.58
	2.28
	2.92
	11.38
	

	5
	1705
	1339.150
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.962
	1339.612
	1339.912
	0.19
	0.76
	0.40
	0.95
	2.30
	0.51
	2.36
	2.54
	11.80
	

	5
	1710
	1339.161
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.960
	1339.610
	1339.910
	0.20
	0.75
	0.40
	0.95
	2.30
	0.54
	2.32
	2.71
	11.61
	

	5
	1715
	1339.164
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.959
	1339.609
	1339.909
	0.21
	0.74
	0.40
	0.95
	2.30
	0.55
	2.31
	2.77
	11.54
	

	5
	1720
	1339.182
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.957
	1339.607
	1339.907
	0.22
	0.73
	0.40
	0.95
	2.30
	0.61
	2.25
	3.04
	11.24
	

	5
	1725
	1339.229
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.956
	1339.606
	1339.906
	0.27
	0.68
	0.40
	0.95
	2.30
	0.74
	2.10
	3.69
	10.49
	

	5
	1730
	1339.240
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.954
	1339.604
	1339.904
	0.29
	0.66
	0.40
	0.95
	2.30
	0.77
	2.06
	3.86
	10.29
	

	5
	1735
	1339.271
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.953
	1339.603
	1339.903
	0.32
	0.63
	0.40
	0.95
	2.30
	0.86
	1.96
	4.30
	9.79
	

	5
	1740
	1339.296
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.951
	1339.601
	1339.901
	0.34
	0.61
	0.40
	0.95
	2.30
	0.93
	1.88
	4.66
	9.38
	

	5
	1745
	1339.302
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.950
	1339.600
	1339.900
	0.35
	0.60
	0.40
	0.95
	2.30
	0.95
	1.85
	4.76
	9.26
	

	5
	1750
	1339.257
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.948
	1339.598
	1339.898
	0.31
	0.64
	0.40
	0.95
	2.30
	0.83
	1.99
	4.17
	9.94
	

	5
	1755
	1339.258
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.947
	1339.597
	1339.897
	0.31
	0.64
	0.40
	0.95
	2.30
	0.84
	1.98
	4.21
	9.90
	

	5
	1760
	1339.226
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.945
	1339.595
	1339.895
	0.28
	0.67
	0.40
	0.95
	2.30
	0.76
	2.07
	3.79
	10.37
	

	5
	1765
	1339.239
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.944
	1339.594
	1339.894
	0.30
	0.65
	0.40
	0.95
	2.30
	0.80
	2.03
	3.99
	10.14
	

	5
	1770
	1339.239
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.942
	1339.592
	1339.892
	0.30
	0.65
	0.40
	0.95
	2.30
	0.80
	2.02
	4.01
	10.12
	

	5
	1775
	1339.186
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.941
	1339.591
	1339.891
	0.25
	0.70
	0.40
	0.95
	2.30
	0.66
	2.18
	3.31
	10.92
	

	5
	1780
	1339.171
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.939
	1339.589
	1339.889
	0.23
	0.72
	0.40
	0.95
	2.30
	0.63
	2.23
	3.13
	11.13
	

	5
	1785
	1339.194
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.938
	1339.588
	1339.888
	0.26
	0.69
	0.40
	0.95
	2.30
	0.69
	2.15
	3.46
	10.75
	

	5
	1790
	1339.198
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.936
	1339.586
	1339.886
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.54
	10.66
	

	5
	1795
	1339.204
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.935
	1339.585
	1339.885
	0.27
	0.68
	0.40
	0.95
	2.30
	0.73
	2.11
	3.64
	10.55
	

	5
	1800
	1339.196
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.933
	1339.583
	1339.883
	0.26
	0.69
	0.40
	0.95
	2.30
	0.71
	2.13
	3.55
	10.65
	

	5
	1805
	1339.179
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.932
	1339.582
	1339.882
	0.25
	0.70
	0.40
	0.95
	2.30
	0.67
	2.18
	3.34
	10.89
	

	5
	1810
	1339.162
	0.4
	1
	0.65
	0.0003
	0.3
	
	1338.930
	1339.580
	1339.880
	0.23
	0.72
	0.40
	0.95
	2.30
	0.63
	2.23
	3.13
	11.13
	

	4
	1814
	1339.147
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.929
	1339.579
	1339.879
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	Crossing on Bako River start

	1
	1815
	1339.096
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.927
	1339.577
	1339.877
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	Fluming section

	5
	1820
	1338.844
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.920
	1339.570
	1339.870
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1825
	1338.607
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.912
	1339.562
	1339.862
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1830
	1338.418
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.905
	1339.555
	1339.855
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1835
	1338.291
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.897
	1339.547
	1339.847
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1840
	1338.232
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.890
	1339.540
	1339.840
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1845
	1338.249
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.882
	1339.532
	1339.832
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1850
	1338.321
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.875
	1339.525
	1339.825
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1855
	1338.440
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.867
	1339.517
	1339.817
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	5
	1860
	1338.607
	0.4
	0
	0.65
	0.0015
	0.3
	
	1338.860
	1339.510
	1339.810
	0.00
	0.00
	0.40
	0.95
	0.40
	0.00
	0.00
	0.00
	0.00
	

	2.61
	1862.61
	1338.705
	0.4
	0
	0.65
	0.0008
	0.3
	
	1338.856
	1339.506
	1339.806
	0.00
	1.25
	0.40
	0.95
	0.40
	0.00
	1.50
	0.00
	3.93
	Crossing on Bako River end

	3.39
	1866
	1338.686
	0.4
	1
	0.55
	0.0008
	0.3
	
	1338.853
	1339.403
	1339.703
	0.00
	1.18
	0.40
	0.85
	2.10
	0.00
	3.43
	0.00
	11.63
	To BSR

	Total
	
	
	
	
	
	
	
	
	
	
	
	59.4873
	271.912
	
	
	
	154.8
	808.3
	763.1
	3969
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[bookmark: _Toc370536687]APPENDIX III: Main Canal-2 Profile and Design Parameters

	P.Dis (m)
	Cum.Dis (m)
	OGL (m)
	b (m)
	m
	d (m)
	S (m/m)
	FB (m)
	Drop (m)
	CBL (m)
	FSL (m)
	EML (m)
	Cut Dep.(m)
	Fill Dep.(m)
	B(m)
	D(m)
	T(m)
	Acut m2
	Afill m2
	Vcut (m3)
	Vfill (m3)
	Remark

	0
	0
	1387.157 
	0.3
	1
	0.605
	0.001
	0.3
	 
	1387.057 
	1387.662 
	1387.962 
	0.10 
	0.81 
	0.40 
	0.91 
	2.11 
	0.24 
	2.34 
	0.00 
	0.00 
	 

	5
	5
	1387.175 
	0.3
	1
	0.605
	0.001
	0.3
	 
	1387.052 
	1387.657 
	1387.957 
	0.12 
	0.78 
	0.40 
	0.91 
	2.11 
	0.30 
	2.28 
	1.48 
	11.38 
	 

	5
	10
	1387.188 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.047 
	1387.453 
	1387.753 
	0.14 
	0.56 
	0.40 
	0.71 
	1.71 
	0.28 
	1.42 
	1.42 
	7.10 
	Offtake to SC2

	5
	15
	1387.187 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.042 
	1387.448 
	1387.748 
	0.15 
	0.56 
	0.40 
	0.71 
	1.71 
	0.29 
	1.41 
	1.46 
	7.05 
	 

	5
	20
	1387.182 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.037 
	1387.443 
	1387.743 
	0.15 
	0.56 
	0.40 
	0.71 
	1.71 
	0.29 
	1.41 
	1.46 
	7.05 
	 

	5
	25
	1387.175 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.032 
	1387.438 
	1387.738 
	0.14 
	0.56 
	0.40 
	0.71 
	1.71 
	0.29 
	1.41 
	1.44 
	7.07 
	 

	5
	30
	1387.169 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.027 
	1387.433 
	1387.733 
	0.14 
	0.56 
	0.40 
	0.71 
	1.71 
	0.29 
	1.42 
	1.43 
	7.08 
	 

	5
	35
	1387.162 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.022 
	1387.428 
	1387.728 
	0.14 
	0.57 
	0.40 
	0.71 
	1.71 
	0.28 
	1.42 
	1.41 
	7.11 
	 

	5
	40
	1387.154 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.017 
	1387.423 
	1387.723 
	0.14 
	0.57 
	0.40 
	0.71 
	1.71 
	0.28 
	1.43 
	1.38 
	7.15 
	 

	5
	45
	1387.148 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.012 
	1387.418 
	1387.718 
	0.14 
	0.57 
	0.40 
	0.71 
	1.71 
	0.27 
	1.43 
	1.37 
	7.16 
	 

	5
	50
	1387.141 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.007 
	1387.413 
	1387.713 
	0.13 
	0.57 
	0.40 
	0.71 
	1.71 
	0.27 
	1.44 
	1.35 
	7.18 
	 

	5
	55
	1387.135 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1387.002 
	1387.408 
	1387.708 
	0.13 
	0.57 
	0.40 
	0.71 
	1.71 
	0.27 
	1.44 
	1.34 
	7.20 
	 

	5
	60
	1387.128 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.997 
	1387.403 
	1387.703 
	0.13 
	0.57 
	0.40 
	0.71 
	1.71 
	0.26 
	1.44 
	1.32 
	7.22 
	 

	5
	65
	1387.120 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.992 
	1387.398 
	1387.698 
	0.13 
	0.58 
	0.40 
	0.71 
	1.71 
	0.26 
	1.45 
	1.29 
	7.26 
	 

	5
	70
	1387.113 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.987 
	1387.393 
	1387.693 
	0.13 
	0.58 
	0.40 
	0.71 
	1.71 
	0.25 
	1.46 
	1.27 
	7.28 
	 

	5
	75
	1387.108 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.982 
	1387.388 
	1387.688 
	0.13 
	0.58 
	0.40 
	0.71 
	1.71 
	0.25 
	1.46 
	1.27 
	7.28 
	 

	5
	80
	1387.099 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.977 
	1387.383 
	1387.683 
	0.12 
	0.58 
	0.40 
	0.71 
	1.71 
	0.25 
	1.47 
	1.23 
	7.33 
	 

	5
	85
	1387.091 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.972 
	1387.378 
	1387.678 
	0.12 
	0.59 
	0.40 
	0.71 
	1.71 
	0.24 
	1.47 
	1.20 
	7.37 
	 

	5
	90
	1387.085 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.967 
	1387.373 
	1387.673 
	0.12 
	0.59 
	0.40 
	0.71 
	1.71 
	0.24 
	1.48 
	1.19 
	7.38 
	 

	5
	95
	1387.082 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.962 
	1387.368 
	1387.668 
	0.12 
	0.59 
	0.40 
	0.71 
	1.71 
	0.24 
	1.47 
	1.21 
	7.36 
	 

	5
	100
	1387.081 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.957 
	1387.363 
	1387.663 
	0.12 
	0.58 
	0.40 
	0.71 
	1.71 
	0.25 
	1.46 
	1.25 
	7.31 
	 

	5
	105
	1387.074 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.952 
	1387.358 
	1387.658 
	0.12 
	0.58 
	0.40 
	0.71 
	1.71 
	0.25 
	1.47 
	1.23 
	7.33 
	 

	5
	110
	1387.075 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.947 
	1387.353 
	1387.653 
	0.13 
	0.58 
	0.40 
	0.71 
	1.71 
	0.26 
	1.45 
	1.29 
	7.26 
	 

	5
	115
	1387.098 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.942 
	1387.348 
	1387.648 
	0.16 
	0.55 
	0.40 
	0.71 
	1.71 
	0.31 
	1.38 
	1.57 
	6.91 
	 

	5
	120
	1387.148 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.937 
	1387.343 
	1387.643 
	0.21 
	0.49 
	0.40 
	0.71 
	1.71 
	0.42 
	1.24 
	2.12 
	6.22 
	 

	5
	125
	1387.217 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.932 
	1387.338 
	1387.638 
	0.29 
	0.42 
	0.40 
	0.71 
	1.71 
	0.57 
	1.06 
	2.87 
	5.29 
	 

	5
	130
	1387.221 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.927 
	1387.333 
	1387.633 
	0.29 
	0.41 
	0.40 
	0.71 
	1.71 
	0.59 
	1.03 
	2.96 
	5.17 
	 

	5
	135
	1387.205 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.922 
	1387.328 
	1387.628 
	0.28 
	0.42 
	0.40 
	0.71 
	1.71 
	0.57 
	1.06 
	2.85 
	5.31 
	 

	5
	140
	1387.195 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.917 
	1387.323 
	1387.623 
	0.28 
	0.43 
	0.40 
	0.71 
	1.71 
	0.56 
	1.08 
	2.80 
	5.38 
	 

	5
	145
	1387.184 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.912 
	1387.318 
	1387.618 
	0.27 
	0.43 
	0.40 
	0.71 
	1.71 
	0.55 
	1.09 
	2.74 
	5.45 
	 

	5
	150
	1387.174 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.907 
	1387.313 
	1387.613 
	0.27 
	0.44 
	0.40 
	0.71 
	1.71 
	0.54 
	1.10 
	2.69 
	5.51 
	 

	5
	155
	1387.166 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.902 
	1387.308 
	1387.608 
	0.26 
	0.44 
	0.40 
	0.71 
	1.71 
	0.53 
	1.11 
	2.66 
	5.55 
	 

	5
	160
	1387.160 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.897 
	1387.303 
	1387.603 
	0.26 
	0.44 
	0.40 
	0.71 
	1.71 
	0.53 
	1.11 
	2.65 
	5.56 
	 

	5
	165
	1387.155 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.892 
	1387.298 
	1387.598 
	0.26 
	0.44 
	0.40 
	0.71 
	1.71 
	0.53 
	1.11 
	2.65 
	5.56 
	 

	5
	170
	1387.151 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.887 
	1387.293 
	1387.593 
	0.26 
	0.44 
	0.40 
	0.71 
	1.71 
	0.53 
	1.11 
	2.66 
	5.55 
	 

	5
	175
	1387.147 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.882 
	1387.288 
	1387.588 
	0.27 
	0.44 
	0.40 
	0.71 
	1.71 
	0.53 
	1.11 
	2.67 
	5.54 
	 

	5
	180
	1387.143 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.877 
	1387.283 
	1387.583 
	0.27 
	0.44 
	0.40 
	0.71 
	1.71 
	0.54 
	1.11 
	2.68 
	5.53 
	 

	5
	185
	1387.139 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.872 
	1387.278 
	1387.578 
	0.27 
	0.44 
	0.40 
	0.71 
	1.71 
	0.54 
	1.10 
	2.69 
	5.51 
	 

	5
	190
	1387.135 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.867 
	1387.273 
	1387.573 
	0.27 
	0.44 
	0.40 
	0.71 
	1.71 
	0.54 
	1.10 
	2.70 
	5.50 
	 

	5
	195
	1387.136 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.862 
	1387.268 
	1387.568 
	0.27 
	0.43 
	0.40 
	0.71 
	1.71 
	0.55 
	1.09 
	2.76 
	5.43 
	 

	5
	200
	1387.187 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.857 
	1387.263 
	1387.563 
	0.33 
	0.38 
	0.40 
	0.71 
	1.71 
	0.66 
	0.94 
	3.32 
	4.72 
	 

	5
	205
	1387.211 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.852 
	1387.258 
	1387.558 
	0.36 
	0.35 
	0.40 
	0.71 
	1.71 
	0.72 
	0.87 
	3.61 
	4.36 
	 

	5
	210
	1387.211 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.847 
	1387.253 
	1387.553 
	0.36 
	0.34 
	0.40 
	0.71 
	1.71 
	0.73 
	0.86 
	3.66 
	4.30 
	 

	5
	215
	1387.169 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.842 
	1387.248 
	1387.548 
	0.33 
	0.38 
	0.40 
	0.71 
	1.71 
	0.66 
	0.95 
	3.29 
	4.76 
	 

	5
	220
	1387.167 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.837 
	1387.243 
	1387.543 
	0.33 
	0.38 
	0.40 
	0.71 
	1.71 
	0.66 
	0.94 
	3.32 
	4.72 
	 

	5
	225
	1387.182 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.832 
	1387.238 
	1387.538 
	0.35 
	0.36 
	0.40 
	0.71 
	1.71 
	0.70 
	0.89 
	3.52 
	4.47 
	 

	5
	230
	1387.182 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.827 
	1387.233 
	1387.533 
	0.36 
	0.35 
	0.40 
	0.71 
	1.71 
	0.71 
	0.88 
	3.57 
	4.41 
	 

	5
	235
	1387.176 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.822 
	1387.228 
	1387.528 
	0.35 
	0.35 
	0.40 
	0.71 
	1.71 
	0.71 
	0.88 
	3.56 
	4.42 
	 

	5
	240
	1387.164 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.817 
	1387.223 
	1387.523 
	0.35 
	0.36 
	0.40 
	0.71 
	1.71 
	0.70 
	0.90 
	3.49 
	4.51 
	 

	5
	245
	1387.151 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.812 
	1387.218 
	1387.518 
	0.34 
	0.37 
	0.40 
	0.71 
	1.71 
	0.68 
	0.92 
	3.41 
	4.61 
	 

	5
	250
	1387.138 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.807 
	1387.213 
	1387.513 
	0.33 
	0.37 
	0.40 
	0.71 
	1.71 
	0.67 
	0.94 
	3.33 
	4.71 
	 

	5
	255
	1387.126 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.802 
	1387.208 
	1387.508 
	0.32 
	0.38 
	0.40 
	0.71 
	1.71 
	0.65 
	0.96 
	3.26 
	4.80 
	 

	5
	260
	1387.113 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.797 
	1387.203 
	1387.503 
	0.32 
	0.39 
	0.40 
	0.71 
	1.71 
	0.64 
	0.98 
	3.18 
	4.90 
	 

	5
	265
	1387.101 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.792 
	1387.198 
	1387.498 
	0.31 
	0.40 
	0.40 
	0.71 
	1.71 
	0.62 
	1.00 
	3.11 
	4.99 
	 

	5
	270
	1387.093 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.787 
	1387.193 
	1387.493 
	0.31 
	0.40 
	0.40 
	0.71 
	1.71 
	0.62 
	1.00 
	3.08 
	5.02 
	 

	5
	275
	1387.088 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.782 
	1387.188 
	1387.488 
	0.31 
	0.40 
	0.40 
	0.71 
	1.71 
	0.62 
	1.00 
	3.08 
	5.02 
	 

	5
	280
	1387.098 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.777 
	1387.183 
	1387.483 
	0.32 
	0.38 
	0.40 
	0.71 
	1.71 
	0.65 
	0.97 
	3.23 
	4.84 
	 

	5
	285
	1387.100 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.772 
	1387.178 
	1387.478 
	0.33 
	0.38 
	0.40 
	0.71 
	1.71 
	0.66 
	0.95 
	3.30 
	4.75 
	 

	5
	290
	1387.073 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.767 
	1387.173 
	1387.473 
	0.31 
	0.40 
	0.40 
	0.71 
	1.71 
	0.62 
	1.00 
	3.08 
	5.02 
	 

	5
	295
	1387.057 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.762 
	1387.168 
	1387.468 
	0.30 
	0.41 
	0.40 
	0.71 
	1.71 
	0.59 
	1.03 
	2.97 
	5.16 
	 

	5
	300
	1387.059 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.757 
	1387.163 
	1387.463 
	0.30 
	0.40 
	0.40 
	0.71 
	1.71 
	0.61 
	1.01 
	3.04 
	5.07 
	 

	5
	305
	1387.068 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.752 
	1387.158 
	1387.458 
	0.32 
	0.39 
	0.40 
	0.71 
	1.71 
	0.64 
	0.98 
	3.18 
	4.90 
	 

	5
	310
	1387.083 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.747 
	1387.153 
	1387.453 
	0.34 
	0.37 
	0.40 
	0.71 
	1.71 
	0.68 
	0.93 
	3.38 
	4.65 
	 

	5
	315
	1387.098 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.742 
	1387.148 
	1387.448 
	0.36 
	0.35 
	0.40 
	0.71 
	1.71 
	0.72 
	0.88 
	3.58 
	4.40 
	 

	5
	320
	1387.120 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.737 
	1387.143 
	1387.443 
	0.38 
	0.32 
	0.40 
	0.71 
	1.71 
	0.77 
	0.81 
	3.85 
	4.06 
	 

	5
	325
	1387.145 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.732 
	1387.138 
	1387.438 
	0.41 
	0.29 
	0.40 
	0.71 
	1.71 
	0.83 
	0.74 
	4.15 
	3.68 
	 

	5
	330
	1387.170 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.727 
	1387.133 
	1387.433 
	0.44 
	0.26 
	0.40 
	0.71 
	1.71 
	0.89 
	0.66 
	4.46 
	3.30 
	 

	5
	335
	1387.165 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.722 
	1387.128 
	1387.428 
	0.44 
	0.26 
	0.40 
	0.71 
	1.71 
	0.89 
	0.66 
	4.46 
	3.30 
	 

	5
	340
	1387.151 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.717 
	1387.123 
	1387.423 
	0.43 
	0.27 
	0.40 
	0.71 
	1.71 
	0.87 
	0.68 
	4.37 
	3.42 
	 

	5
	345
	1387.138 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.712 
	1387.118 
	1387.418 
	0.43 
	0.28 
	0.40 
	0.71 
	1.71 
	0.86 
	0.70 
	4.29 
	3.52 
	 

	5
	350
	1387.125 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.707 
	1387.113 
	1387.413 
	0.42 
	0.29 
	0.40 
	0.71 
	1.71 
	0.84 
	0.72 
	4.20 
	3.62 
	 

	5
	355
	1387.111 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.702 
	1387.108 
	1387.408 
	0.41 
	0.30 
	0.40 
	0.71 
	1.71 
	0.82 
	0.75 
	4.11 
	3.73 
	 

	5
	360
	1387.086 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.697 
	1387.103 
	1387.403 
	0.39 
	0.32 
	0.40 
	0.71 
	1.71 
	0.78 
	0.80 
	3.91 
	3.98 
	 

	5
	365
	1387.083 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.692 
	1387.098 
	1387.398 
	0.39 
	0.31 
	0.40 
	0.71 
	1.71 
	0.79 
	0.79 
	3.93 
	3.96 
	 

	5
	370
	1387.106 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.687 
	1387.093 
	1387.393 
	0.42 
	0.29 
	0.40 
	0.71 
	1.71 
	0.84 
	0.72 
	4.22 
	3.60 
	 

	5
	375
	1387.097 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.682 
	1387.088 
	1387.388 
	0.42 
	0.29 
	0.40 
	0.71 
	1.71 
	0.83 
	0.73 
	4.17 
	3.65 
	 

	5
	380
	1387.060 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.677 
	1387.083 
	1387.383 
	0.38 
	0.32 
	0.40 
	0.71 
	1.71 
	0.77 
	0.81 
	3.85 
	4.06 
	 

	4.12
	384.12
	1387.003 
	0.3
	1
	0.406
	0.001
	0.3
	 
	1386.673 
	1387.079 
	1387.379 
	0.33 
	0.38 
	0.40 
	0.71 
	1.71 
	0.66 
	0.94 
	2.74 
	3.89 
	Offtake to SC1

	Total
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	21.03 
	34.44 
	 
	 
	 
	42.39 
	87.14 
	210.2 
	423.1 
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[bookmark: _Toc370536688]APPENDIX IV: Main Canal- 3 Profile and Design Parameters

	P.Dis (m)
	Cum.Dis (m)
	OGL (m)
	b (m)
	m
	d (m)
	S (m/m)
	FB (m)
	Drop (m)
	CBL (m)
	FSL (m)
	EML (m)
	Cut Dep.(m)
	Fill Dep.(m)
	B(m)
	D(m)
	T(m)
	Acut m2
	Afill m2
	Vcut (m3)
	Vfill (m3)
	Remark

	0
	0
	1387.156 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.056 
	1387.444 
	1387.744 
	0.10 
	0.59 
	0.40 
	0.69 
	1.68 
	0.20 
	1.46 
	0.00 
	0.00 
	Start at BSR

	5
	5
	1387.204 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.051 
	1387.439 
	1387.739 
	0.15 
	0.54 
	0.40 
	0.69 
	1.68 
	0.30 
	1.33 
	1.51 
	6.63 
	 

	5
	10
	1387.251 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.046 
	1387.434 
	1387.734 
	0.21 
	0.48 
	0.40 
	0.69 
	1.68 
	0.41 
	1.20 
	2.03 
	5.98 
	 

	5
	15
	1387.277 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.041 
	1387.429 
	1387.729 
	0.24 
	0.45 
	0.40 
	0.69 
	1.68 
	0.47 
	1.12 
	2.33 
	5.60 
	 

	5
	20
	1387.284 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.036 
	1387.424 
	1387.724 
	0.25 
	0.44 
	0.40 
	0.69 
	1.68 
	0.49 
	1.09 
	2.45 
	5.45 
	 

	5
	25
	1387.312 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.031 
	1387.419 
	1387.719 
	0.28 
	0.41 
	0.40 
	0.69 
	1.68 
	0.56 
	1.01 
	2.78 
	5.04 
	 

	5
	30
	1387.330 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.026 
	1387.414 
	1387.714 
	0.30 
	0.38 
	0.40 
	0.69 
	1.68 
	0.60 
	0.95 
	3.00 
	4.76 
	 

	5
	35
	1387.329 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.021 
	1387.409 
	1387.709 
	0.31 
	0.38 
	0.40 
	0.69 
	1.68 
	0.61 
	0.94 
	3.04 
	4.71 
	 

	5
	40
	1387.333 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.016 
	1387.404 
	1387.704 
	0.32 
	0.37 
	0.40 
	0.69 
	1.68 
	0.63 
	0.92 
	3.13 
	4.60 
	 

	5
	45
	1387.314 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.011 
	1387.399 
	1387.699 
	0.30 
	0.39 
	0.40 
	0.69 
	1.68 
	0.60 
	0.95 
	2.99 
	4.77 
	 

	5
	50
	1387.287 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.006 
	1387.394 
	1387.694 
	0.28 
	0.41 
	0.40 
	0.69 
	1.68 
	0.56 
	1.01 
	2.78 
	5.04 
	 

	5
	55
	1387.274 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1387.001 
	1387.389 
	1387.689 
	0.27 
	0.42 
	0.40 
	0.69 
	1.68 
	0.54 
	1.03 
	2.70 
	5.14 
	 

	5
	60
	1387.273 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.996 
	1387.384 
	1387.684 
	0.28 
	0.41 
	0.40 
	0.69 
	1.68 
	0.55 
	1.02 
	2.74 
	5.09 
	 

	5
	65
	1387.272 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.991 
	1387.379 
	1387.679 
	0.28 
	0.41 
	0.40 
	0.69 
	1.68 
	0.56 
	1.01 
	2.78 
	5.04 
	 

	5
	70
	1387.271 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.986 
	1387.374 
	1387.674 
	0.29 
	0.40 
	0.40 
	0.69 
	1.68 
	0.56 
	1.00 
	2.82 
	4.99 
	 

	5
	75
	1387.268 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.981 
	1387.369 
	1387.669 
	0.29 
	0.40 
	0.40 
	0.69 
	1.68 
	0.57 
	0.99 
	2.84 
	4.97 
	 

	5
	80
	1387.293 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.976 
	1387.364 
	1387.664 
	0.32 
	0.37 
	0.40 
	0.69 
	1.68 
	0.63 
	0.92 
	3.13 
	4.60 
	 

	5
	85
	1387.315 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.971 
	1387.359 
	1387.659 
	0.34 
	0.34 
	0.40 
	0.69 
	1.68 
	0.68 
	0.85 
	3.40 
	4.26 
	 

	5
	90
	1387.316 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.966 
	1387.354 
	1387.654 
	0.35 
	0.34 
	0.40 
	0.69 
	1.68 
	0.69 
	0.84 
	3.46 
	4.19 
	 

	5
	95
	1387.306 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.961 
	1387.349 
	1387.649 
	0.35 
	0.34 
	0.40 
	0.69 
	1.68 
	0.68 
	0.85 
	3.41 
	4.25 
	 

	5
	100
	1387.277 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.956 
	1387.344 
	1387.644 
	0.32 
	0.37 
	0.40 
	0.69 
	1.68 
	0.63 
	0.91 
	3.17 
	4.55 
	 

	5
	105
	1387.222 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.951 
	1387.339 
	1387.639 
	0.27 
	0.42 
	0.40 
	0.69 
	1.68 
	0.54 
	1.03 
	2.68 
	5.17 
	 

	5
	110
	1387.158 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.946 
	1387.334 
	1387.634 
	0.21 
	0.48 
	0.40 
	0.69 
	1.68 
	0.42 
	1.18 
	2.10 
	5.90 
	 

	5
	115
	1387.081 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.941 
	1387.329 
	1387.629 
	0.14 
	0.55 
	0.40 
	0.69 
	1.68 
	0.28 
	1.36 
	1.38 
	6.79 
	 

	5
	120
	1387.005 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.936 
	1387.324 
	1387.624 
	0.07 
	0.62 
	0.40 
	0.69 
	1.68 
	0.14 
	1.53 
	0.68 
	7.67 
	 

	5
	125
	1386.941 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.931 
	1387.319 
	1387.619 
	0.01 
	0.68 
	0.40 
	0.69 
	1.68 
	0.02 
	1.68 
	0.10 
	8.40 
	 

	5
	130
	1386.895 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.926 
	1387.314 
	1387.614 
	0.00 
	0.75 
	0.40 
	0.69 
	1.68 
	0.00 
	1.86 
	0.00 
	9.29 
	 

	5
	135
	1386.886 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.921 
	1387.309 
	1387.609 
	0.00 
	0.76 
	0.40 
	0.69 
	1.68 
	0.00 
	1.88 
	0.00 
	9.39 
	 

	5
	140
	1386.893 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.916 
	1387.304 
	1387.604 
	0.00 
	0.73 
	0.40 
	0.69 
	1.68 
	0.00 
	1.82 
	0.00 
	9.09 
	 

	5
	145
	1386.922 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.911 
	1387.299 
	1387.599 
	0.01 
	0.68 
	0.40 
	0.69 
	1.68 
	0.02 
	1.68 
	0.11 
	8.39 
	 

	5
	150
	1386.951 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.906 
	1387.294 
	1387.594 
	0.05 
	0.64 
	0.40 
	0.69 
	1.68 
	0.09 
	1.59 
	0.44 
	7.96 
	 

	5
	155
	1386.970 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.901 
	1387.289 
	1387.589 
	0.07 
	0.62 
	0.40 
	0.69 
	1.68 
	0.14 
	1.53 
	0.68 
	7.67 
	 

	5
	160
	1386.982 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.896 
	1387.284 
	1387.584 
	0.09 
	0.60 
	0.40 
	0.69 
	1.68 
	0.17 
	1.49 
	0.85 
	7.46 
	 

	5
	165
	1386.991 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.891 
	1387.279 
	1387.579 
	0.10 
	0.59 
	0.40 
	0.69 
	1.68 
	0.20 
	1.46 
	0.99 
	7.28 
	 

	5
	170
	1386.997 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.886 
	1387.274 
	1387.574 
	0.11 
	0.58 
	0.40 
	0.69 
	1.68 
	0.22 
	1.43 
	1.10 
	7.15 
	 

	5
	175
	1386.998 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.881 
	1387.269 
	1387.569 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.23 
	1.41 
	1.16 
	7.07 
	 

	5
	180
	1386.995 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.876 
	1387.264 
	1387.564 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.24 
	1.41 
	1.18 
	7.05 
	 

	5
	185
	1386.991 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.871 
	1387.259 
	1387.559 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.24 
	1.41 
	1.19 
	7.04 
	 

	5
	190
	1386.987 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.866 
	1387.254 
	1387.554 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.24 
	1.40 
	1.20 
	7.02 
	 

	5
	195
	1386.983 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.861 
	1387.249 
	1387.549 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.24 
	1.40 
	1.21 
	7.01 
	 

	5
	200
	1386.979 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.856 
	1387.244 
	1387.544 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.24 
	1.40 
	1.22 
	7.00 
	 

	5
	205
	1386.981 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.851 
	1387.239 
	1387.539 
	0.13 
	0.56 
	0.40 
	0.69 
	1.68 
	0.26 
	1.38 
	1.28 
	6.91 
	 

	5
	210
	1386.998 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.846 
	1387.234 
	1387.534 
	0.15 
	0.54 
	0.40 
	0.69 
	1.68 
	0.30 
	1.33 
	1.50 
	6.64 
	 

	5
	215
	1386.986 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.841 
	1387.229 
	1387.529 
	0.15 
	0.54 
	0.40 
	0.69 
	1.68 
	0.29 
	1.35 
	1.43 
	6.73 
	 

	5
	220
	1386.978 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.836 
	1387.224 
	1387.524 
	0.14 
	0.55 
	0.40 
	0.69 
	1.68 
	0.28 
	1.35 
	1.40 
	6.76 
	 

	5
	225
	1386.988 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.831 
	1387.219 
	1387.519 
	0.16 
	0.53 
	0.40 
	0.69 
	1.68 
	0.31 
	1.32 
	1.55 
	6.58 
	 

	5
	230
	1387.007 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.826 
	1387.214 
	1387.514 
	0.18 
	0.51 
	0.40 
	0.69 
	1.68 
	0.36 
	1.26 
	1.79 
	6.28 
	 

	5
	235
	1387.030 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.821 
	1387.209 
	1387.509 
	0.21 
	0.48 
	0.40 
	0.69 
	1.68 
	0.41 
	1.19 
	2.07 
	5.93 
	 

	5
	240
	1387.047 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.816 
	1387.204 
	1387.504 
	0.23 
	0.46 
	0.40 
	0.69 
	1.68 
	0.46 
	1.13 
	2.28 
	5.66 
	 

	5
	245
	1387.055 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.811 
	1387.199 
	1387.499 
	0.24 
	0.44 
	0.40 
	0.69 
	1.68 
	0.48 
	1.10 
	2.41 
	5.50 
	 

	5
	250
	1387.052 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.806 
	1387.194 
	1387.494 
	0.25 
	0.44 
	0.40 
	0.69 
	1.68 
	0.49 
	1.10 
	2.43 
	5.48 
	 

	5
	255
	1387.031 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.801 
	1387.189 
	1387.489 
	0.23 
	0.46 
	0.40 
	0.69 
	1.68 
	0.45 
	1.13 
	2.27 
	5.67 
	 

	5
	260
	1387.002 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.796 
	1387.184 
	1387.484 
	0.21 
	0.48 
	0.40 
	0.69 
	1.68 
	0.41 
	1.19 
	2.04 
	5.97 
	 

	5
	265
	1386.986 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.791 
	1387.179 
	1387.479 
	0.20 
	0.49 
	0.40 
	0.69 
	1.68 
	0.39 
	1.22 
	1.93 
	6.11 
	 

	5
	270
	1386.986 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.786 
	1387.174 
	1387.474 
	0.20 
	0.49 
	0.40 
	0.69 
	1.68 
	0.40 
	1.21 
	1.98 
	6.05 
	 

	5
	275
	1386.971 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.781 
	1387.169 
	1387.469 
	0.19 
	0.50 
	0.40 
	0.69 
	1.68 
	0.38 
	1.23 
	1.88 
	6.17 
	 

	5
	280
	1386.948 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.776 
	1387.164 
	1387.464 
	0.17 
	0.52 
	0.40 
	0.69 
	1.68 
	0.34 
	1.28 
	1.70 
	6.39 
	 

	5
	285
	1386.911 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.771 
	1387.159 
	1387.459 
	0.14 
	0.55 
	0.40 
	0.69 
	1.68 
	0.28 
	1.36 
	1.38 
	6.79 
	 

	5
	290
	1386.867 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.766 
	1387.154 
	1387.454 
	0.10 
	0.59 
	0.40 
	0.69 
	1.68 
	0.20 
	1.45 
	1.00 
	7.27 
	 

	5
	295
	1386.878 
	0.3
	1
	0.388
	0.001
	0.3
	 
	1386.761 
	1387.149 
	1387.449 
	0.12 
	0.57 
	0.40 
	0.69 
	1.68 
	0.23 
	1.41 
	1.16 
	7.07 
	 

	2.02
	297.02
	1386.877 
	0.3
	1
	0.381
	0.005
	0.3
	 
	1386.751 
	1387.132 
	1387.432 
	0.13 
	0.56 
	0.40 
	0.68 
	1.66 
	0.25 
	1.37 
	0.50 
	2.76 
	Offtake TC0-3-1

	2.98
	300
	1386.873 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.756 
	1387.137 
	1387.437 
	0.12 
	0.56 
	0.40 
	0.68 
	1.66 
	0.23 
	1.39 
	0.68 
	4.14 
	 

	5
	305
	1386.862 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.751 
	1387.132 
	1387.432 
	0.11 
	0.57 
	0.40 
	0.68 
	1.66 
	0.22 
	1.40 
	1.09 
	7.02 
	 

	5
	310
	1386.848 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.746 
	1387.127 
	1387.427 
	0.10 
	0.58 
	0.40 
	0.68 
	1.66 
	0.20 
	1.43 
	1.00 
	7.13 
	 

	5
	315
	1386.839 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.741 
	1387.122 
	1387.422 
	0.10 
	0.58 
	0.40 
	0.68 
	1.66 
	0.19 
	1.44 
	0.96 
	7.18 
	 

	5
	320
	1386.834 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.736 
	1387.117 
	1387.417 
	0.10 
	0.58 
	0.40 
	0.68 
	1.66 
	0.19 
	1.44 
	0.96 
	7.18 
	 

	5
	325
	1386.832 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.731 
	1387.112 
	1387.412 
	0.10 
	0.58 
	0.40 
	0.68 
	1.66 
	0.20 
	1.43 
	0.99 
	7.15 
	 

	5
	330
	1386.833 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.726 
	1387.107 
	1387.407 
	0.11 
	0.57 
	0.40 
	0.68 
	1.66 
	0.21 
	1.41 
	1.05 
	7.07 
	 

	5
	335
	1386.835 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.721 
	1387.102 
	1387.402 
	0.11 
	0.57 
	0.40 
	0.68 
	1.66 
	0.22 
	1.40 
	1.12 
	6.99 
	 

	5
	340
	1386.839 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.716 
	1387.097 
	1387.397 
	0.12 
	0.56 
	0.40 
	0.68 
	1.66 
	0.24 
	1.37 
	1.21 
	6.87 
	 

	5
	345
	1386.843 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.711 
	1387.092 
	1387.392 
	0.13 
	0.55 
	0.40 
	0.68 
	1.66 
	0.26 
	1.35 
	1.30 
	6.76 
	 

	5
	350
	1386.846 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.706 
	1387.087 
	1387.387 
	0.14 
	0.54 
	0.40 
	0.68 
	1.66 
	0.27 
	1.33 
	1.37 
	6.66 
	 

	5
	355
	1386.849 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.701 
	1387.082 
	1387.382 
	0.15 
	0.53 
	0.40 
	0.68 
	1.66 
	0.29 
	1.31 
	1.45 
	6.57 
	 

	5
	360
	1386.849 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.696 
	1387.077 
	1387.377 
	0.15 
	0.53 
	0.40 
	0.68 
	1.66 
	0.30 
	1.30 
	1.50 
	6.50 
	 

	5
	365
	1386.848 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.691 
	1387.072 
	1387.372 
	0.16 
	0.52 
	0.40 
	0.68 
	1.66 
	0.31 
	1.29 
	1.54 
	6.46 
	 

	5
	370
	1386.842 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.686 
	1387.067 
	1387.367 
	0.16 
	0.53 
	0.40 
	0.68 
	1.66 
	0.31 
	1.29 
	1.53 
	6.47 
	 

	5
	375
	1386.831 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.681 
	1387.062 
	1387.362 
	0.15 
	0.53 
	0.40 
	0.68 
	1.66 
	0.29 
	1.31 
	1.47 
	6.54 
	 

	5
	380
	1386.844 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.676 
	1387.057 
	1387.357 
	0.17 
	0.51 
	0.40 
	0.68 
	1.66 
	0.33 
	1.26 
	1.65 
	6.32 
	 

	5
	385
	1386.850 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.671 
	1387.052 
	1387.352 
	0.18 
	0.50 
	0.40 
	0.68 
	1.66 
	0.35 
	1.24 
	1.8 
	6.2 
	 

	5
	390
	1386.854 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.666 
	1387.047 
	1387.347 
	0.19 
	0.49 
	0.40 
	0.68 
	1.66 
	0.37 
	1.21 
	1.84 
	6.07 
	 

	5
	395
	1386.852 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.661 
	1387.042 
	1387.342 
	0.19 
	0.49 
	0.40 
	0.68 
	1.66 
	0.37 
	1.21 
	1.87 
	6.04 
	 

	5
	400
	1386.844 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.656 
	1387.037 
	1387.337 
	0.19 
	0.49 
	0.40 
	0.68 
	1.66 
	0.37 
	1.21 
	1.84 
	6.07 
	 

	5
	405
	1386.827 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.651 
	1387.032 
	1387.332 
	0.18 
	0.51 
	0.40 
	0.68 
	1.66 
	0.35 
	1.24 
	1.73 
	6.22 
	 

	5
	410
	1386.803 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.646 
	1387.027 
	1387.327 
	0.16 
	0.52 
	0.40 
	0.68 
	1.66 
	0.31 
	1.29 
	1.54 
	6.46 
	 

	5
	415
	1386.797 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.641 
	1387.022 
	1387.322 
	0.16 
	0.53 
	0.40 
	0.68 
	1.66 
	0.31 
	1.29 
	1.53 
	6.47 
	 

	5
	420
	1386.808 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.636 
	1387.017 
	1387.317 
	0.17 
	0.51 
	0.40 
	0.68 
	1.66 
	0.34 
	1.25 
	1.69 
	6.27 
	 

	5
	425
	1386.820 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.631 
	1387.012 
	1387.312 
	0.19 
	0.49 
	0.40 
	0.68 
	1.66 
	0.37 
	1.21 
	1.85 
	6.06 
	 

	5
	430
	1386.833 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.626 
	1387.007 
	1387.307 
	0.21 
	0.47 
	0.40 
	0.68 
	1.66 
	0.41 
	1.17 
	2.03 
	5.84 
	 

	5
	435
	1386.843 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.621 
	1387.002 
	1387.302 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.44 
	1.13 
	2.18 
	5.66 
	 

	5
	440
	1386.838 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.616 
	1386.997 
	1387.297 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.44 
	1.13 
	2.18 
	5.66 
	 

	5
	445
	1386.829 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.611 
	1386.992 
	1387.292 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.43 
	1.14 
	2.14 
	5.70 
	 

	5
	450
	1386.816 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.606 
	1386.987 
	1387.287 
	0.21 
	0.47 
	0.40 
	0.68 
	1.66 
	0.41 
	1.16 
	2.06 
	5.80 
	 

	5
	455
	1386.801 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.601 
	1386.982 
	1387.282 
	0.20 
	0.48 
	0.40 
	0.68 
	1.66 
	0.39 
	1.19 
	1.96 
	5.93 
	 

	5
	460
	1386.802 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.596 
	1386.977 
	1387.277 
	0.21 
	0.48 
	0.40 
	0.68 
	1.66 
	0.40 
	1.17 
	2.02 
	5.85 
	 

	5
	465
	1386.823 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.591 
	1386.972 
	1387.272 
	0.23 
	0.45 
	0.40 
	0.68 
	1.66 
	0.46 
	1.11 
	2.28 
	5.53 
	 

	5
	470
	1386.830 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.586 
	1386.967 
	1387.267 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.48 
	1.08 
	2.39 
	5.38 
	 

	5
	475
	1386.830 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.581 
	1386.962 
	1387.262 
	0.25 
	0.43 
	0.40 
	0.68 
	1.66 
	0.49 
	1.06 
	2.44 
	5.32 
	 

	5
	480
	1386.817 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.576 
	1386.957 
	1387.257 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.47 
	1.08 
	2.36 
	5.42 
	 

	5
	485
	1386.800 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.571 
	1386.952 
	1387.252 
	0.23 
	0.45 
	0.40 
	0.68 
	1.66 
	0.45 
	1.11 
	2.25 
	5.57 
	 

	5
	490
	1386.783 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.566 
	1386.947 
	1387.247 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.43 
	1.14 
	2.13 
	5.72 
	 

	5
	495
	1386.765 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.561 
	1386.942 
	1387.242 
	0.20 
	0.48 
	0.40 
	0.68 
	1.66 
	0.40 
	1.18 
	2.00 
	5.88 
	 

	5
	500
	1386.745 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.556 
	1386.937 
	1387.237 
	0.19 
	0.49 
	0.40 
	0.68 
	1.66 
	0.37 
	1.21 
	1.85 
	6.06 
	 

	5
	505
	1386.725 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.551 
	1386.932 
	1387.232 
	0.17 
	0.51 
	0.40 
	0.68 
	1.66 
	0.34 
	1.25 
	1.71 
	6.25 
	 

	5
	510
	1386.719 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.546 
	1386.927 
	1387.227 
	0.17 
	0.51 
	0.40 
	0.68 
	1.66 
	0.34 
	1.25 
	1.70 
	6.26 
	 

	5
	515
	1386.720 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.541 
	1386.922 
	1387.222 
	0.18 
	0.50 
	0.40 
	0.68 
	1.66 
	0.35 
	1.24 
	1.76 
	6.18 
	 

	5
	520
	1386.725 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.536 
	1386.917 
	1387.217 
	0.19 
	0.49 
	0.40 
	0.68 
	1.66 
	0.37 
	1.21 
	1.85 
	6.06 
	 

	5
	525
	1386.730 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.531 
	1386.912 
	1387.212 
	0.20 
	0.48 
	0.40 
	0.68 
	1.66 
	0.39 
	1.19 
	1.95 
	5.94 
	 

	5
	530
	1386.742 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.526 
	1386.907 
	1387.207 
	0.22 
	0.47 
	0.40 
	0.68 
	1.66 
	0.42 
	1.15 
	2.12 
	5.73 
	 

	5
	535
	1386.748 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.521 
	1386.902 
	1387.202 
	0.23 
	0.45 
	0.40 
	0.68 
	1.66 
	0.45 
	1.12 
	2.23 
	5.59 
	 

	5
	540
	1386.753 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.516 
	1386.897 
	1387.197 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.47 
	1.09 
	2.33 
	5.47 
	 

	5
	545
	1386.753 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.511 
	1386.892 
	1387.192 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.47 
	1.08 
	2.37 
	5.41 
	 

	5
	550
	1386.750 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.506 
	1386.887 
	1387.187 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.48 
	1.08 
	2.39 
	5.38 
	 

	5
	555
	1386.745 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.501 
	1386.882 
	1387.182 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.48 
	1.08 
	2.39 
	5.38 
	 

	5
	560
	1386.731 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.496 
	1386.877 
	1387.177 
	0.24 
	0.45 
	0.40 
	0.68 
	1.66 
	0.46 
	1.10 
	2.31 
	5.50 
	 

	5
	565
	1386.709 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.491 
	1386.872 
	1387.172 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.43 
	1.14 
	2.14 
	5.70 
	 

	5
	570
	1386.697 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.486 
	1386.867 
	1387.167 
	0.21 
	0.47 
	0.40 
	0.68 
	1.66 
	0.41 
	1.16 
	2.07 
	5.79 
	 

	5
	575
	1386.690 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.481 
	1386.862 
	1387.162 
	0.21 
	0.47 
	0.40 
	0.68 
	1.66 
	0.41 
	1.16 
	2.05 
	5.82 
	 

	5
	580
	1386.697 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.476 
	1386.857 
	1387.157 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.43 
	1.13 
	2.17 
	5.67 
	 

	5
	585
	1386.695 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.471 
	1386.852 
	1387.152 
	0.22 
	0.46 
	0.40 
	0.68 
	1.66 
	0.44 
	1.13 
	2.20 
	5.63 
	 

	5
	590
	1386.696 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.466 
	1386.847 
	1387.147 
	0.23 
	0.45 
	0.40 
	0.68 
	1.66 
	0.45 
	1.11 
	2.26 
	5.56 
	 

	5
	595
	1386.693 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.461 
	1386.842 
	1387.142 
	0.23 
	0.45 
	0.40 
	0.68 
	1.66 
	0.46 
	1.11 
	2.28 
	5.53 
	 

	5
	600
	1386.691 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.456 
	1386.837 
	1387.137 
	0.24 
	0.45 
	0.40 
	0.68 
	1.66 
	0.46 
	1.10 
	2.31 
	5.50 
	 

	5
	605
	1386.688 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.451 
	1386.832 
	1387.132 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.47 
	1.09 
	2.33 
	5.47 
	 

	5
	610
	1386.685 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.446 
	1386.827 
	1387.127 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.47 
	1.09 
	2.35 
	5.45 
	 

	5
	615
	1386.688 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.441 
	1386.822 
	1387.122 
	0.25 
	0.43 
	0.40 
	0.68 
	1.66 
	0.48 
	1.07 
	2.42 
	5.35 
	 

	5
	620
	1386.679 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.436 
	1386.817 
	1387.117 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.48 
	1.08 
	2.38 
	5.40 
	 

	5
	625
	1386.658 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.431 
	1386.812 
	1387.112 
	0.23 
	0.45 
	0.40 
	0.68 
	1.66 
	0.45 
	1.12 
	2.23 
	5.59 
	 

	5
	630
	1386.629 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.426 
	1386.807 
	1387.107 
	0.20 
	0.48 
	0.40 
	0.68 
	1.66 
	0.40 
	1.18 
	1.99 
	5.89 
	 

	5
	635
	1386.616 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.421 
	1386.802 
	1387.102 
	0.20 
	0.49 
	0.40 
	0.68 
	1.66 
	0.38 
	1.20 
	1.91 
	5.99 
	 

	5
	640
	1386.630 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.416 
	1386.797 
	1387.097 
	0.21 
	0.47 
	0.40 
	0.68 
	1.66 
	0.42 
	1.15 
	2.10 
	5.75 
	 

	5
	645
	1386.653 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.411 
	1386.792 
	1387.092 
	0.24 
	0.44 
	0.40 
	0.68 
	1.66 
	0.47 
	1.08 
	2.37 
	5.41 
	 

	5
	650
	1386.693 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.406 
	1386.787 
	1387.087 
	0.29 
	0.39 
	0.40 
	0.68 
	1.66 
	0.56 
	0.97 
	2.82 
	4.85 
	 

	5
	655
	1386.679 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.401 
	1386.782 
	1387.082 
	0.28 
	0.40 
	0.40 
	0.68 
	1.66 
	0.55 
	0.99 
	2.73 
	4.97 
	 

	5
	660
	1386.664 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.396 
	1386.777 
	1387.077 
	0.27 
	0.41 
	0.40 
	0.68 
	1.66 
	0.53 
	1.02 
	2.63 
	5.09 
	 

	5
	665
	1386.642 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.391 
	1386.772 
	1387.072 
	0.25 
	0.43 
	0.40 
	0.68 
	1.66 
	0.49 
	1.06 
	2.46 
	5.30 
	 

	5
	670
	1386.794 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.386 
	1386.767 
	1387.067 
	0.41 
	0.27 
	0.40 
	0.68 
	1.66 
	0.80 
	0.67 
	4.00 
	3.37 
	 

	5
	675
	1386.924 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.381 
	1386.762 
	1387.062 
	0.54 
	0.14 
	0.40 
	0.68 
	1.66 
	1.07 
	0.34 
	5.33 
	1.70 
	 

	5
	680
	1386.729 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.376 
	1386.757 
	1387.057 
	0.35 
	0.33 
	0.40 
	0.68 
	1.66 
	0.69 
	0.81 
	3.46 
	4.04 
	 

	5
	685
	1386.733 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.371 
	1386.752 
	1387.052 
	0.36 
	0.32 
	0.40 
	0.68 
	1.66 
	0.71 
	0.79 
	3.55 
	3.93 
	 

	5
	690
	1386.703 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.366 
	1386.747 
	1387.047 
	0.34 
	0.34 
	0.40 
	0.68 
	1.66 
	0.66 
	0.85 
	3.31 
	4.24 
	 

	5
	695
	1386.563 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.361 
	1386.742 
	1387.042 
	0.20 
	0.48 
	0.40 
	0.68 
	1.66 
	0.40 
	1.18 
	1.98 
	5.90 
	 

	5
	700
	1386.411 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.356 
	1386.737 
	1387.037 
	0.06 
	0.63 
	0.40 
	0.68 
	1.66 
	0.11 
	1.54 
	0.54 
	7.71 
	 

	5
	705
	1386.295 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.351 
	1386.732 
	1387.032 
	0.00 
	0.79 
	0.40 
	0.68 
	1.66 
	0.00 
	1.95 
	0.00 
	9.77 
	 

	5
	710
	1386.202 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.346 
	1386.727 
	1387.027 
	0.00 
	0.97 
	0.40 
	0.68 
	1.66 
	0.00 
	2.39 
	0.00 
	11.93 
	 

	5
	715
	1386.275 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.341 
	1386.722 
	1387.022 
	0.00 
	0.81 
	0.40 
	0.68 
	1.66 
	0.00 
	2.00 
	0.00 
	10.01 
	 

	5
	720
	1386.373 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.336 
	1386.717 
	1387.017 
	0.04 
	0.64 
	0.40 
	0.68 
	1.66 
	0.07 
	1.59 
	0.36 
	7.93 
	 

	5
	725
	1386.372 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.331 
	1386.712 
	1387.012 
	0.04 
	0.64 
	0.40 
	0.68 
	1.66 
	0.08 
	1.58 
	0.40 
	7.88 
	 

	5
	730
	1386.404 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.326 
	1386.707 
	1387.007 
	0.08 
	0.60 
	0.40 
	0.68 
	1.66 
	0.15 
	1.49 
	0.77 
	7.43 
	 

	5
	735
	1386.334 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.321 
	1386.702 
	1387.002 
	0.01 
	0.67 
	0.40 
	0.68 
	1.66 
	0.03 
	1.65 
	0.13 
	8.23 
	 

	5
	740
	1386.212 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.316 
	1386.697 
	1386.997 
	0.00 
	0.89 
	0.40 
	0.68 
	1.66 
	0.00 
	2.19 
	0.00 
	10.95 
	 

	5
	745
	1386.134 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.311 
	1386.692 
	1386.992 
	0.00 
	1.04 
	0.40 
	0.68 
	1.66 
	0.00 
	2.55 
	0.00 
	12.75 
	 

	5
	750
	1386.050 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.306 
	1386.687 
	1386.987 
	0.00 
	1.19 
	0.40 
	0.68 
	1.66 
	0.00 
	2.94 
	0.00 
	14.69 
	 

	5
	755
	1385.912 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.301 
	1386.682 
	1386.982 
	0.00 
	1.46 
	0.40 
	0.68 
	1.66 
	0.00 
	3.59 
	0.00 
	17.97 
	 

	5
	760
	1386.019 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.296 
	1386.677 
	1386.977 
	0.00 
	1.24 
	0.40 
	0.68 
	1.66 
	0.00 
	3.04 
	0.00 
	15.21 
	 

	5
	765
	1386.136 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.291 
	1386.672 
	1386.972 
	0.00 
	0.99 
	0.40 
	0.68 
	1.66 
	0.00 
	2.44 
	0.00 
	12.21 
	 

	5
	770
	1386.093 
	0.3
	1
	0.381
	0.001
	0.3
	 
	1386.286 
	1386.667 
	1386.967 
	0.00 
	1.07 
	0.40 
	0.68 
	1.66 
	0.00 
	2.63 
	0.00 
	13.14 
	 

	5
	775
	1385.956 
	0.3
	1
	0.318
	0.001
	0.3
	1
	1386.281 
	1386.599 
	1386.899 
	0.00 
	1.27 
	0.40 
	0.62 
	1.54 
	0.00 
	2.96 
	0.00 
	14.81 
	Flume start

	0
	775
	1385.956 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.281 
	1385.599 
	1385.899 
	0.68 
	0.00 
	0.40 
	0.62 
	1.54 
	1.24 
	0.00 
	0.00 
	0.00 
	 

	5
	780
	1385.340 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.256 
	1385.574 
	1385.874 
	0.08 
	0.53 
	0.40 
	0.62 
	1.54 
	0.15 
	1.25 
	0.77 
	6.23 
	Flume

	5
	785
	1384.200 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.231 
	1385.549 
	1385.849 
	0.00 
	2.68 
	0.40 
	0.62 
	1.54 
	0.00 
	6.26 
	0.00 
	31.30 
	 

	5
	790
	1383.160 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.206 
	1385.524 
	1385.824 
	0.00 
	4.71 
	0.40 
	0.62 
	1.54 
	0.00 
	11.00 
	0.00 
	55.00 
	 

	5
	795
	1382.562 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.181 
	1385.499 
	1385.799 
	0.00 
	5.86 
	0.40 
	0.62 
	1.54 
	0.00 
	13.68 
	0.00 
	68.39 
	 

	5
	800
	1382.367 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.156 
	1385.474 
	1385.774 
	0.00 
	6.20 
	0.40 
	0.62 
	1.54 
	0.00 
	14.47 
	0.00 
	72.36 
	 

	5
	805
	1382.423 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.131 
	1385.449 
	1385.749 
	0.00 
	6.03 
	0.40 
	0.62 
	1.54 
	0.00 
	14.09 
	0.00 
	70.46 
	 

	5
	810
	1382.767 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.106 
	1385.424 
	1385.724 
	0.00 
	5.30 
	0.40 
	0.62 
	1.54 
	0.00 
	12.37 
	0.00 
	61.85 
	 

	5
	815
	1383.593 
	0.3
	1
	0.318
	0.005
	0.3
	 
	1385.081 
	1385.399 
	1385.699 
	0.00 
	3.59 
	0.40 
	0.62 
	1.54 
	0.00 
	8.39 
	0.00 
	41.97 
	 

	5
	820
	1384.634 
	0.3
	1
	0.376
	0.001
	0.3
	 
	1385.076 
	1385.452 
	1385.752 
	0.00 
	1.56 
	0.40 
	0.68 
	1.65 
	0.00 
	3.83 
	0.00 
	19.14 
	Flume end

	5
	825
	1385.016 
	0.3
	1
	0.376
	0.001
	0.3
	 
	1385.071 
	1385.447 
	1385.747 
	0.00 
	0.79 
	0.40 
	0.68 
	1.65 
	0.00 
	1.93 
	0.00 
	9.65 
	 

	5
	830
	1385.220 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.066 
	1385.441 
	1385.741 
	0.15 
	0.52 
	0.40 
	0.68 
	1.65 
	0.30 
	1.28 
	1.50 
	6.39 
	Offtake TC0-3-2

	5
	835
	1385.059 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.061 
	1385.436 
	1385.736 
	0.00 
	0.68 
	0.40 
	0.68 
	1.65 
	0.00 
	1.66 
	0.00 
	8.32 
	 

	5
	840
	1384.993 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.056 
	1385.431 
	1385.731 
	0.00 
	0.80 
	0.40 
	0.68 
	1.65 
	0.00 
	1.96 
	0.00 
	9.82 
	 

	5
	845
	1384.964 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.051 
	1385.426 
	1385.726 
	0.00 
	0.85 
	0.40 
	0.68 
	1.65 
	0.00 
	2.08 
	0.00 
	10.41 
	 

	5
	850
	1384.857 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.046 
	1385.421 
	1385.721 
	0.00 
	1.05 
	0.40 
	0.68 
	1.65 
	0.00 
	2.58 
	0.00 
	12.91 
	 

	5
	855
	1384.874 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.041 
	1385.416 
	1385.716 
	0.00 
	1.01 
	0.40 
	0.68 
	1.65 
	0.00 
	2.47 
	0.00 
	12.37 
	 

	5
	860
	1385.019 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.036 
	1385.411 
	1385.711 
	0.00 
	0.71 
	0.40 
	0.68 
	1.65 
	0.00 
	1.74 
	0.00 
	8.69 
	 

	5
	865
	1385.197 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.031 
	1385.406 
	1385.706 
	0.17 
	0.51 
	0.40 
	0.68 
	1.65 
	0.32 
	1.25 
	1.62 
	6.24 
	 

	5
	870
	1385.239 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.026 
	1385.401 
	1385.701 
	0.21 
	0.46 
	0.40 
	0.68 
	1.65 
	0.42 
	1.13 
	2.08 
	5.67 
	 

	5
	875
	1384.978 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.021 
	1385.396 
	1385.696 
	0.00 
	0.76 
	0.40 
	0.68 
	1.65 
	0.00 
	1.87 
	0.00 
	9.33 
	 

	5
	880
	1384.854 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.016 
	1385.391 
	1385.691 
	0.00 
	1.00 
	0.40 
	0.68 
	1.65 
	0.00 
	2.45 
	0.00 
	12.25 
	 

	5
	885
	1384.836 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.011 
	1385.386 
	1385.686 
	0.00 
	1.03 
	0.40 
	0.68 
	1.65 
	0.00 
	2.51 
	0.00 
	12.56 
	 

	5
	890
	1384.619 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.006 
	1385.381 
	1385.681 
	0.00 
	1.45 
	0.40 
	0.68 
	1.65 
	0.00 
	3.55 
	0.00 
	17.76 
	 

	5
	895
	1384.586 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1385.001 
	1385.376 
	1385.676 
	0.00 
	1.51 
	0.40 
	0.68 
	1.65 
	0.00 
	3.69 
	0.00 
	18.45 
	 

	5
	900
	1384.729 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.996 
	1385.371 
	1385.671 
	0.00 
	1.21 
	0.40 
	0.68 
	1.65 
	0.00 
	2.96 
	0.00 
	14.82 
	 

	5
	905
	1384.814 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.991 
	1385.366 
	1385.666 
	0.00 
	1.03 
	0.40 
	0.68 
	1.65 
	0.00 
	2.52 
	0.00 
	12.61 
	 

	5
	910
	1384.961 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.986 
	1385.361 
	1385.661 
	0.00 
	0.73 
	0.40 
	0.68 
	1.65 
	0.00 
	1.78 
	0.00 
	8.89 
	 

	5
	915
	1385.064 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.981 
	1385.356 
	1385.656 
	0.08 
	0.59 
	0.40 
	0.68 
	1.65 
	0.16 
	1.45 
	0.81 
	7.26 
	 

	5
	920
	1384.992 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.976 
	1385.351 
	1385.651 
	0.02 
	0.66 
	0.40 
	0.68 
	1.65 
	0.03 
	1.62 
	0.16 
	8.08 
	 

	5
	925
	1384.956 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.971 
	1385.346 
	1385.646 
	0.00 
	0.71 
	0.40 
	0.68 
	1.65 
	0.00 
	1.73 
	0.00 
	8.64 
	 

	5
	930
	1384.921 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.966 
	1385.341 
	1385.641 
	0.00 
	0.77 
	0.40 
	0.68 
	1.65 
	0.00 
	1.88 
	0.00 
	9.38 
	 

	5
	935
	1384.940 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.961 
	1385.336 
	1385.636 
	0.00 
	0.72 
	0.40 
	0.68 
	1.65 
	0.00 
	1.76 
	0.00 
	8.79 
	 

	5
	940
	1385.084 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.956 
	1385.331 
	1385.631 
	0.13 
	0.55 
	0.40 
	0.68 
	1.65 
	0.25 
	1.34 
	1.25 
	6.71 
	 

	5
	945
	1385.112 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.951 
	1385.326 
	1385.626 
	0.16 
	0.51 
	0.40 
	0.68 
	1.65 
	0.31 
	1.26 
	1.57 
	6.30 
	 

	5
	950
	1385.026 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.946 
	1385.321 
	1385.621 
	0.08 
	0.60 
	0.40 
	0.68 
	1.65 
	0.16 
	1.46 
	0.78 
	7.30 
	 

	5
	955
	1384.976 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.941 
	1385.316 
	1385.616 
	0.04 
	0.64 
	0.40 
	0.68 
	1.65 
	0.07 
	1.57 
	0.34 
	7.85 
	 

	5
	960
	1384.998 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.936 
	1385.311 
	1385.611 
	0.06 
	0.61 
	0.40 
	0.68 
	1.65 
	0.12 
	1.50 
	0.60 
	7.52 
	 

	5
	965
	1385.016 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.931 
	1385.306 
	1385.606 
	0.09 
	0.59 
	0.40 
	0.68 
	1.65 
	0.17 
	1.45 
	0.83 
	7.23 
	 

	5
	970
	1385.005 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.926 
	1385.301 
	1385.601 
	0.08 
	0.60 
	0.40 
	0.68 
	1.65 
	0.15 
	1.46 
	0.77 
	7.31 
	 

	5
	975
	1385.010 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.921 
	1385.296 
	1385.596 
	0.09 
	0.59 
	0.40 
	0.68 
	1.65 
	0.17 
	1.44 
	0.87 
	7.18 
	 

	5
	980
	1385.009 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.916 
	1385.291 
	1385.591 
	0.09 
	0.58 
	0.40 
	0.68 
	1.65 
	0.18 
	1.43 
	0.91 
	7.14 
	 

	5
	985
	1385.050 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.911 
	1385.286 
	1385.586 
	0.14 
	0.54 
	0.40 
	0.68 
	1.65 
	0.27 
	1.31 
	1.36 
	6.57 
	 

	5
	990
	1385.059 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.906 
	1385.281 
	1385.581 
	0.15 
	0.52 
	0.40 
	0.68 
	1.65 
	0.30 
	1.28 
	1.49 
	6.40 
	 

	5
	995
	1385.018 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.901 
	1385.276 
	1385.576 
	0.12 
	0.56 
	0.40 
	0.68 
	1.65 
	0.23 
	1.37 
	1.14 
	6.84 
	 

	5
	1000
	1385.008 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.896 
	1385.271 
	1385.571 
	0.11 
	0.56 
	0.40 
	0.68 
	1.65 
	0.22 
	1.38 
	1.09 
	6.90 
	 

	5
	1005
	1385.019 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.891 
	1385.266 
	1385.566 
	0.13 
	0.55 
	0.40 
	0.68 
	1.65 
	0.25 
	1.34 
	1.25 
	6.71 
	 

	5
	1010
	1385.011 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.886 
	1385.261 
	1385.561 
	0.13 
	0.55 
	0.40 
	0.68 
	1.65 
	0.24 
	1.35 
	1.22 
	6.74 
	 

	5
	1015
	1384.984 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.881 
	1385.256 
	1385.556 
	0.10 
	0.57 
	0.40 
	0.68 
	1.65 
	0.20 
	1.40 
	1.00 
	7.01 
	 

	5
	1020
	1385.002 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.876 
	1385.251 
	1385.551 
	0.13 
	0.55 
	0.40 
	0.68 
	1.65 
	0.25 
	1.35 
	1.23 
	6.73 
	 

	5
	1025
	1384.998 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.871 
	1385.246 
	1385.546 
	0.13 
	0.55 
	0.40 
	0.68 
	1.65 
	0.25 
	1.34 
	1.24 
	6.72 
	 

	5
	1030
	1384.998 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.866 
	1385.241 
	1385.541 
	0.13 
	0.54 
	0.40 
	0.68 
	1.65 
	0.26 
	1.33 
	1.29 
	6.66 
	 

	5
	1035
	1384.997 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.861 
	1385.236 
	1385.536 
	0.14 
	0.54 
	0.40 
	0.68 
	1.65 
	0.27 
	1.32 
	1.33 
	6.61 
	 

	5
	1040
	1385.006 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.856 
	1385.231 
	1385.531 
	0.15 
	0.53 
	0.40 
	0.68 
	1.65 
	0.29 
	1.29 
	1.46 
	6.44 
	 

	5
	1045
	1384.961 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.851 
	1385.226 
	1385.526 
	0.11 
	0.57 
	0.40 
	0.68 
	1.65 
	0.21 
	1.39 
	1.07 
	6.93 
	 

	5
	1050
	1384.923 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.846 
	1385.221 
	1385.521 
	0.08 
	0.60 
	0.40 
	0.68 
	1.65 
	0.15 
	1.47 
	0.75 
	7.33 
	 

	5
	1055
	1384.939 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.841 
	1385.216 
	1385.516 
	0.10 
	0.58 
	0.40 
	0.68 
	1.65 
	0.19 
	1.41 
	0.96 
	7.07 
	 

	5
	1060
	1384.979 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.836 
	1385.211 
	1385.511 
	0.14 
	0.53 
	0.40 
	0.68 
	1.65 
	0.28 
	1.30 
	1.39 
	6.52 
	 

	5
	1065
	1384.966 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.831 
	1385.206 
	1385.506 
	0.14 
	0.54 
	0.40 
	0.68 
	1.65 
	0.26 
	1.32 
	1.32 
	6.62 
	 

	5
	1070
	1384.972 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.826 
	1385.201 
	1385.501 
	0.15 
	0.53 
	0.40 
	0.68 
	1.65 
	0.28 
	1.30 
	1.42 
	6.49 
	 

	5
	1075
	1384.985 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.821 
	1385.196 
	1385.496 
	0.16 
	0.51 
	0.40 
	0.68 
	1.65 
	0.32 
	1.25 
	1.60 
	6.27 
	 

	5
	1080
	1385.001 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.816 
	1385.191 
	1385.491 
	0.19 
	0.49 
	0.40 
	0.68 
	1.65 
	0.36 
	1.20 
	1.80 
	6.01 
	 

	5
	1085
	1384.995 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.811 
	1385.186 
	1385.486 
	0.18 
	0.49 
	0.40 
	0.68 
	1.65 
	0.36 
	1.20 
	1.79 
	6.02 
	 

	5
	1090
	1384.993 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.806 
	1385.181 
	1385.481 
	0.19 
	0.49 
	0.40 
	0.68 
	1.65 
	0.36 
	1.20 
	1.82 
	5.98 
	 

	5
	1095
	1384.993 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.801 
	1385.176 
	1385.476 
	0.19 
	0.48 
	0.40 
	0.68 
	1.65 
	0.37 
	1.18 
	1.87 
	5.92 
	 

	5
	1100
	1384.998 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.796 
	1385.171 
	1385.471 
	0.20 
	0.47 
	0.40 
	0.68 
	1.65 
	0.39 
	1.16 
	1.97 
	5.80 
	 

	5
	1105
	1384.987 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.791 
	1385.166 
	1385.466 
	0.20 
	0.48 
	0.40 
	0.68 
	1.65 
	0.38 
	1.17 
	1.91 
	5.87 
	 

	5
	1110
	1384.972 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.786 
	1385.161 
	1385.461 
	0.19 
	0.49 
	0.40 
	0.68 
	1.65 
	0.36 
	1.20 
	1.81 
	6.00 
	 

	5
	1115
	1384.981 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.781 
	1385.156 
	1385.456 
	0.20 
	0.48 
	0.40 
	0.68 
	1.65 
	0.39 
	1.16 
	1.95 
	5.82 
	 

	5
	1120
	1384.998 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.776 
	1385.151 
	1385.451 
	0.22 
	0.45 
	0.40 
	0.68 
	1.65 
	0.43 
	1.11 
	2.17 
	5.56 
	 

	5
	1125
	1384.990 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.771 
	1385.146 
	1385.446 
	0.22 
	0.46 
	0.40 
	0.68 
	1.65 
	0.43 
	1.12 
	2.14 
	5.59 
	 

	5
	1130
	1384.994 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.766 
	1385.141 
	1385.441 
	0.23 
	0.45 
	0.40 
	0.68 
	1.65 
	0.44 
	1.10 
	2.22 
	5.48 
	 

	5
	1135
	1384.959 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.761 
	1385.136 
	1385.436 
	0.20 
	0.48 
	0.40 
	0.68 
	1.65 
	0.39 
	1.17 
	1.93 
	5.85 
	 

	5
	1140
	1384.908 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.756 
	1385.131 
	1385.431 
	0.15 
	0.52 
	0.40 
	0.68 
	1.65 
	0.30 
	1.28 
	1.48 
	6.41 
	 

	5
	1145
	1384.854 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.751 
	1385.126 
	1385.426 
	0.10 
	0.57 
	0.40 
	0.68 
	1.65 
	0.20 
	1.40 
	1.00 
	7.01 
	 

	5
	1150
	1384.801 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.746 
	1385.121 
	1385.421 
	0.06 
	0.62 
	0.40 
	0.68 
	1.65 
	0.11 
	1.52 
	0.54 
	7.60 
	 

	5
	1155
	1384.763 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.741 
	1385.116 
	1385.416 
	0.02 
	0.65 
	0.40 
	0.68 
	1.65 
	0.04 
	1.60 
	0.21 
	8.01 
	 

	5
	1160
	1384.738 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.736 
	1385.111 
	1385.411 
	0.00 
	0.67 
	0.40 
	0.68 
	1.65 
	0.00 
	1.65 
	0.02 
	8.25 
	 

	5
	1165
	1384.714 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.731 
	1385.106 
	1385.406 
	0.00 
	0.71 
	0.40 
	0.68 
	1.65 
	0.00 
	1.74 
	0.00 
	8.69 
	 

	5
	1170
	1384.694 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.726 
	1385.101 
	1385.401 
	0.00 
	0.74 
	0.40 
	0.68 
	1.65 
	0.00 
	1.81 
	0.00 
	9.06 
	 

	5
	1175
	1384.684 
	0.3
	1
	0.375
	0.001
	0.3
	 
	1384.721 
	1385.096 
	1385.396 
	0.00 
	0.75 
	0.40 
	0.68 
	1.65 
	0.00 
	1.84 
	0.00 
	9.18 
	 

	2
	1177
	1384.685 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.719 
	1385.089 
	1385.389 
	0.00 
	0.74 
	0.40 
	0.67 
	1.64 
	0.00 
	1.80 
	0.00 
	3.60 
	Offtake TC0-3-3

	3
	1180
	1384.697 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.716 
	1385.086 
	1385.386 
	0.00 
	0.71 
	0.40 
	0.67 
	1.64 
	0.00 
	1.73 
	0.00 
	5.18 
	 

	5
	1185
	1384.729 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.711 
	1385.081 
	1385.381 
	0.02 
	0.65 
	0.40 
	0.67 
	1.64 
	0.03 
	1.59 
	0.17 
	7.95 
	 

	5
	1190
	1384.771 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.706 
	1385.076 
	1385.376 
	0.07 
	0.60 
	0.40 
	0.67 
	1.64 
	0.13 
	1.47 
	0.63 
	7.37 
	 

	5
	1195
	1384.818 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.701 
	1385.071 
	1385.371 
	0.12 
	0.55 
	0.40 
	0.67 
	1.64 
	0.23 
	1.35 
	1.13 
	6.74 
	 

	5
	1200
	1384.840 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.696 
	1385.066 
	1385.366 
	0.14 
	0.53 
	0.40 
	0.67 
	1.64 
	0.28 
	1.28 
	1.40 
	6.41 
	 

	5
	1205
	1384.836 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.691 
	1385.061 
	1385.361 
	0.15 
	0.52 
	0.40 
	0.67 
	1.64 
	0.28 
	1.28 
	1.41 
	6.40 
	 

	5
	1210
	1384.817 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.686 
	1385.056 
	1385.356 
	0.13 
	0.54 
	0.40 
	0.67 
	1.64 
	0.25 
	1.31 
	1.27 
	6.57 
	 

	5
	1215
	1384.788 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.681 
	1385.051 
	1385.351 
	0.11 
	0.56 
	0.40 
	0.67 
	1.64 
	0.21 
	1.37 
	1.04 
	6.86 
	 

	5
	1220
	1384.759 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.676 
	1385.046 
	1385.346 
	0.08 
	0.59 
	0.40 
	0.67 
	1.64 
	0.16 
	1.43 
	0.80 
	7.15 
	 

	5
	1225
	1384.736 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.671 
	1385.041 
	1385.341 
	0.07 
	0.60 
	0.40 
	0.67 
	1.64 
	0.13 
	1.47 
	0.63 
	7.37 
	 

	5
	1230
	1384.711 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.666 
	1385.036 
	1385.336 
	0.05 
	0.62 
	0.40 
	0.67 
	1.64 
	0.09 
	1.52 
	0.44 
	7.62 
	 

	5
	1235
	1384.723 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.661 
	1385.031 
	1385.331 
	0.06 
	0.61 
	0.40 
	0.67 
	1.64 
	0.12 
	1.48 
	0.60 
	7.41 
	 

	5
	1240
	1384.778 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.656 
	1385.026 
	1385.326 
	0.12 
	0.55 
	0.40 
	0.67 
	1.64 
	0.24 
	1.34 
	1.18 
	6.68 
	 

	5
	1245
	1384.825 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.651 
	1385.021 
	1385.321 
	0.17 
	0.50 
	0.40 
	0.67 
	1.64 
	0.34 
	1.21 
	1.69 
	6.04 
	 

	5
	1250
	1384.870 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.646 
	1385.016 
	1385.316 
	0.22 
	0.45 
	0.40 
	0.67 
	1.64 
	0.43 
	1.09 
	2.17 
	5.43 
	 

	5
	1255
	1384.893 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.641 
	1385.011 
	1385.311 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.49 
	1.02 
	2.44 
	5.09 
	 

	5
	1260
	1384.886 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.636 
	1385.006 
	1385.306 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.48 
	1.02 
	2.42 
	5.12 
	 

	5
	1265
	1384.870 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.631 
	1385.001 
	1385.301 
	0.24 
	0.43 
	0.40 
	0.67 
	1.64 
	0.46 
	1.05 
	2.32 
	5.25 
	 

	5
	1270
	1384.857 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.626 
	1384.996 
	1385.296 
	0.23 
	0.44 
	0.40 
	0.67 
	1.64 
	0.45 
	1.07 
	2.24 
	5.35 
	 

	5
	1275
	1384.846 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.621 
	1384.991 
	1385.291 
	0.23 
	0.44 
	0.40 
	0.67 
	1.64 
	0.44 
	1.08 
	2.18 
	5.42 
	 

	5
	1280
	1384.835 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.616 
	1384.986 
	1385.286 
	0.22 
	0.45 
	0.40 
	0.67 
	1.64 
	0.42 
	1.10 
	2.12 
	5.49 
	 

	5
	1285
	1384.826 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.611 
	1384.981 
	1385.281 
	0.22 
	0.45 
	0.40 
	0.67 
	1.64 
	0.42 
	1.11 
	2.08 
	5.54 
	 

	5
	1290
	1384.818 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.606 
	1384.976 
	1385.276 
	0.21 
	0.46 
	0.40 
	0.67 
	1.64 
	0.41 
	1.12 
	2.06 
	5.58 
	 

	5
	1295
	1384.810 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.601 
	1384.971 
	1385.271 
	0.21 
	0.46 
	0.40 
	0.67 
	1.64 
	0.41 
	1.12 
	2.03 
	5.62 
	 

	5
	1300
	1384.803 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.596 
	1384.966 
	1385.266 
	0.21 
	0.46 
	0.40 
	0.67 
	1.64 
	0.40 
	1.13 
	2.01 
	5.64 
	 

	5
	1305
	1384.805 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.591 
	1384.961 
	1385.261 
	0.21 
	0.46 
	0.40 
	0.67 
	1.64 
	0.41 
	1.11 
	2.07 
	5.56 
	 

	5
	1310
	1384.809 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.586 
	1384.956 
	1385.256 
	0.22 
	0.45 
	0.40 
	0.67 
	1.64 
	0.43 
	1.09 
	2.16 
	5.45 
	 

	5
	1315
	1384.813 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.581 
	1384.951 
	1385.251 
	0.23 
	0.44 
	0.40 
	0.67 
	1.64 
	0.45 
	1.07 
	2.25 
	5.34 
	 

	5
	1320
	1384.817 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.576 
	1384.946 
	1385.246 
	0.24 
	0.43 
	0.40 
	0.67 
	1.64 
	0.47 
	1.05 
	2.34 
	5.23 
	 

	5
	1325
	1384.820 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.571 
	1384.941 
	1385.241 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.48 
	1.03 
	2.41 
	5.13 
	 

	5
	1330
	1384.820 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.566 
	1384.936 
	1385.236 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.49 
	1.01 
	2.46 
	5.07 
	 

	5
	1335
	1384.818 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.561 
	1384.931 
	1385.231 
	0.26 
	0.41 
	0.40 
	0.67 
	1.64 
	0.50 
	1.01 
	2.49 
	5.03 
	 

	5
	1340
	1384.809 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.556 
	1384.926 
	1385.226 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.49 
	1.02 
	2.45 
	5.08 
	 

	5
	1345
	1384.798 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.551 
	1384.921 
	1385.221 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.48 
	1.03 
	2.39 
	5.15 
	 

	5
	1350
	1384.784 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.546 
	1384.916 
	1385.216 
	0.24 
	0.43 
	0.40 
	0.67 
	1.64 
	0.46 
	1.05 
	2.31 
	5.26 
	 

	5
	1355
	1384.769 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.541 
	1384.911 
	1385.211 
	0.23 
	0.44 
	0.40 
	0.67 
	1.64 
	0.44 
	1.08 
	2.21 
	5.38 
	 

	5
	1360
	1384.758 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.536 
	1384.906 
	1385.206 
	0.22 
	0.45 
	0.40 
	0.67 
	1.64 
	0.43 
	1.09 
	2.15 
	5.46 
	 

	5
	1365
	1384.752 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.531 
	1384.901 
	1385.201 
	0.22 
	0.45 
	0.40 
	0.67 
	1.64 
	0.43 
	1.09 
	2.14 
	5.47 
	 

	5
	1370
	1384.759 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.526 
	1384.896 
	1385.196 
	0.23 
	0.44 
	0.40 
	0.67 
	1.64 
	0.45 
	1.06 
	2.26 
	5.32 
	 

	5
	1375
	1384.770 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.521 
	1384.891 
	1385.191 
	0.25 
	0.42 
	0.40 
	0.67 
	1.64 
	0.48 
	1.03 
	2.41 
	5.13 
	 

	5
	1380
	1384.781 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.516 
	1384.886 
	1385.186 
	0.27 
	0.40 
	0.40 
	0.67 
	1.64 
	0.51 
	0.99 
	2.57 
	4.93 
	 

	5
	1385
	1384.792 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.511 
	1384.881 
	1385.181 
	0.28 
	0.39 
	0.40 
	0.67 
	1.64 
	0.54 
	0.95 
	2.72 
	4.74 
	 

	5
	1390
	1384.798 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.506 
	1384.876 
	1385.176 
	0.29 
	0.38 
	0.40 
	0.67 
	1.64 
	0.57 
	0.92 
	2.83 
	4.60 
	 

	5
	1395
	1384.793 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.501 
	1384.871 
	1385.171 
	0.29 
	0.38 
	0.40 
	0.67 
	1.64 
	0.57 
	0.92 
	2.83 
	4.60 
	 

	5
	1400
	1384.781 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.496 
	1384.866 
	1385.166 
	0.29 
	0.38 
	0.40 
	0.67 
	1.64 
	0.55 
	0.94 
	2.76 
	4.69 
	 

	5
	1405
	1384.762 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.491 
	1384.861 
	1385.161 
	0.27 
	0.40 
	0.40 
	0.67 
	1.64 
	0.53 
	0.97 
	2.63 
	4.86 
	 

	5
	1410
	1384.751 
	0.3
	1
	0.37
	0.001
	0.3
	 
	1384.486 
	1384.856 
	1385.156 
	0.27 
	0.40 
	0.40 
	0.67 
	1.64 
	0.51 
	0.99 
	2.57 
	4.93 
	 

	5
	1415
	1384.753 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.481 
	1384.843 
	1385.143 
	0.27 
	0.39 
	0.40 
	0.66 
	1.62 
	0.52 
	0.94 
	2.62 
	4.72 
	Offtake TC0-3-4

	5
	1420
	1384.753 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.476 
	1384.838 
	1385.138 
	0.28 
	0.38 
	0.40 
	0.66 
	1.62 
	0.53 
	0.93 
	2.66 
	4.66 
	 

	5
	1425
	1384.750 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.471 
	1384.833 
	1385.133 
	0.28 
	0.38 
	0.40 
	0.66 
	1.62 
	0.54 
	0.93 
	2.68 
	4.64 
	 

	5
	1430
	1384.747 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.466 
	1384.828 
	1385.128 
	0.28 
	0.38 
	0.40 
	0.66 
	1.62 
	0.54 
	0.92 
	2.70 
	4.61 
	 

	5
	1435
	1384.743 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.461 
	1384.823 
	1385.123 
	0.28 
	0.38 
	0.40 
	0.66 
	1.62 
	0.54 
	0.92 
	2.71 
	4.60 
	 

	5
	1440
	1384.743 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.456 
	1384.818 
	1385.118 
	0.29 
	0.37 
	0.40 
	0.66 
	1.62 
	0.55 
	0.91 
	2.76 
	4.54 
	 

	5
	1445
	1384.742 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.451 
	1384.813 
	1385.113 
	0.29 
	0.37 
	0.40 
	0.66 
	1.62 
	0.56 
	0.90 
	2.80 
	4.49 
	 

	5
	1450
	1384.741 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.446 
	1384.808 
	1385.108 
	0.30 
	0.37 
	0.40 
	0.66 
	1.62 
	0.57 
	0.89 
	2.84 
	4.44 
	 

	5
	1455
	1384.736 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.441 
	1384.803 
	1385.103 
	0.30 
	0.37 
	0.40 
	0.66 
	1.62 
	0.57 
	0.89 
	2.84 
	4.44 
	 

	5
	1460
	1384.732 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.436 
	1384.798 
	1385.098 
	0.30 
	0.37 
	0.40 
	0.66 
	1.62 
	0.57 
	0.89 
	2.85 
	4.43 
	 

	5
	1465
	1384.729 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.431 
	1384.793 
	1385.093 
	0.30 
	0.36 
	0.40 
	0.66 
	1.62 
	0.57 
	0.88 
	2.87 
	4.41 
	 

	5
	1470
	1384.726 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.426 
	1384.788 
	1385.088 
	0.30 
	0.36 
	0.40 
	0.66 
	1.62 
	0.58 
	0.88 
	2.88 
	4.38 
	 

	5
	1475
	1384.723 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.421 
	1384.783 
	1385.083 
	0.30 
	0.36 
	0.40 
	0.66 
	1.62 
	0.58 
	0.87 
	2.90 
	4.36 
	 

	5
	1480
	1384.718 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.416 
	1384.778 
	1385.078 
	0.30 
	0.36 
	0.40 
	0.66 
	1.62 
	0.58 
	0.87 
	2.90 
	4.36 
	 

	5
	1485
	1384.676 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.411 
	1384.773 
	1385.073 
	0.27 
	0.40 
	0.40 
	0.66 
	1.62 
	0.51 
	0.96 
	2.55 
	4.81 
	 

	5
	1490
	1384.624 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.406 
	1384.768 
	1385.068 
	0.22 
	0.44 
	0.40 
	0.66 
	1.62 
	0.42 
	1.08 
	2.10 
	5.38 
	 

	5
	1495
	1384.560 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.401 
	1384.763 
	1385.063 
	0.16 
	0.50 
	0.40 
	0.66 
	1.62 
	0.31 
	1.22 
	1.53 
	6.09 
	 

	5
	1500
	1384.501 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.396 
	1384.758 
	1385.058 
	0.11 
	0.56 
	0.40 
	0.66 
	1.62 
	0.20 
	1.35 
	1.01 
	6.74 
	 

	5
	1505
	1384.490 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.391 
	1384.753 
	1385.053 
	0.10 
	0.56 
	0.40 
	0.66 
	1.62 
	0.19 
	1.36 
	0.95 
	6.82 
	 

	5
	1510
	1384.494 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.386 
	1384.748 
	1385.048 
	0.11 
	0.55 
	0.40 
	0.66 
	1.62 
	0.21 
	1.34 
	1.04 
	6.71 
	 

	5
	1515
	1384.480 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.381 
	1384.743 
	1385.043 
	0.10 
	0.56 
	0.40 
	0.66 
	1.62 
	0.19 
	1.36 
	0.95 
	6.82 
	 

	5
	1520
	1384.458 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.376 
	1384.738 
	1385.038 
	0.08 
	0.58 
	0.40 
	0.66 
	1.62 
	0.16 
	1.40 
	0.79 
	7.02 
	 

	5
	1525
	1384.468 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.371 
	1384.733 
	1385.033 
	0.10 
	0.56 
	0.40 
	0.66 
	1.62 
	0.19 
	1.37 
	0.93 
	6.84 
	 

	5
	1530
	1384.485 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.366 
	1384.728 
	1385.028 
	0.12 
	0.54 
	0.40 
	0.66 
	1.62 
	0.23 
	1.31 
	1.14 
	6.57 
	 

	5
	1535
	1384.487 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.361 
	1384.723 
	1385.023 
	0.13 
	0.54 
	0.40 
	0.66 
	1.62 
	0.24 
	1.30 
	1.21 
	6.49 
	 

	5
	1540
	1384.494 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.356 
	1384.718 
	1385.018 
	0.14 
	0.52 
	0.40 
	0.66 
	1.62 
	0.27 
	1.27 
	1.33 
	6.34 
	 

	5
	1545
	1384.505 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.351 
	1384.713 
	1385.013 
	0.15 
	0.51 
	0.40 
	0.66 
	1.62 
	0.30 
	1.23 
	1.48 
	6.15 
	 

	5
	1550
	1384.511 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.346 
	1384.708 
	1385.008 
	0.17 
	0.50 
	0.40 
	0.66 
	1.62 
	0.32 
	1.20 
	1.59 
	6.02 
	 

	5
	1555
	1384.510 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.341 
	1384.703 
	1385.003 
	0.17 
	0.49 
	0.40 
	0.66 
	1.62 
	0.33 
	1.19 
	1.63 
	5.97 
	 

	5
	1560
	1384.512 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.336 
	1384.698 
	1384.998 
	0.18 
	0.49 
	0.40 
	0.66 
	1.62 
	0.34 
	1.18 
	1.69 
	5.88 
	 

	5
	1565
	1384.512 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.331 
	1384.693 
	1384.993 
	0.18 
	0.48 
	0.40 
	0.66 
	1.62 
	0.35 
	1.16 
	1.74 
	5.82 
	 

	5
	1570
	1384.525 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.326 
	1384.688 
	1384.988 
	0.20 
	0.46 
	0.40 
	0.66 
	1.62 
	0.38 
	1.12 
	1.91 
	5.61 
	 

	5
	1575
	1384.525 
	0.3
	1
	0.362
	0.001
	0.3
	 
	1384.321 
	1384.683 
	1384.983 
	0.20 
	0.46 
	0.40 
	0.66 
	1.62 
	0.39 
	1.11 
	1.96 
	5.54 
	 

	3
	1578
	1384.508 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.318 
	1384.655 
	1384.955 
	0.19 
	0.45 
	0.40 
	0.64 
	1.57 
	0.36 
	1.06 
	1.07 
	3.18 
	Offtake SC3

	2
	1580
	1384.501 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.316 
	1384.653 
	1384.953 
	0.19 
	0.45 
	0.40 
	0.64 
	1.57 
	0.35 
	1.07 
	0.69 
	2.15 
	 

	5
	1585
	1384.488 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.311 
	1384.648 
	1384.948 
	0.18 
	0.46 
	0.40 
	0.64 
	1.57 
	0.33 
	1.09 
	1.66 
	5.46 
	 

	5
	1590
	1384.459 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.306 
	1384.643 
	1384.943 
	0.15 
	0.48 
	0.40 
	0.64 
	1.57 
	0.29 
	1.15 
	1.43 
	5.75 
	 

	5
	1595
	1384.417 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.301 
	1384.638 
	1384.938 
	0.12 
	0.52 
	0.40 
	0.64 
	1.57 
	0.22 
	1.24 
	1.09 
	6.18 
	 

	5
	1600
	1384.422 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.296 
	1384.633 
	1384.933 
	0.13 
	0.51 
	0.40 
	0.64 
	1.57 
	0.24 
	1.21 
	1.18 
	6.07 
	 

	5
	1605
	1384.437 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.291 
	1384.628 
	1384.928 
	0.15 
	0.49 
	0.40 
	0.64 
	1.57 
	0.27 
	1.17 
	1.37 
	5.83 
	 

	5
	1610
	1384.450 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.286 
	1384.623 
	1384.923 
	0.16 
	0.47 
	0.40 
	0.64 
	1.57 
	0.31 
	1.12 
	1.54 
	5.62 
	 

	5
	1615
	1384.460 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.281 
	1384.618 
	1384.918 
	0.18 
	0.46 
	0.40 
	0.64 
	1.57 
	0.34 
	1.09 
	1.68 
	5.44 
	 

	5
	1620
	1384.464 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.276 
	1384.613 
	1384.913 
	0.19 
	0.45 
	0.40 
	0.64 
	1.57 
	0.35 
	1.07 
	1.76 
	5.33 
	 

	5
	1625
	1384.472 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.271 
	1384.608 
	1384.908 
	0.20 
	0.44 
	0.40 
	0.64 
	1.57 
	0.38 
	1.04 
	1.88 
	5.18 
	 

	5
	1630
	1384.483 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.266 
	1384.603 
	1384.903 
	0.22 
	0.42 
	0.40 
	0.64 
	1.57 
	0.41 
	1.00 
	2.03 
	4.99 
	 

	5
	1635
	1384.467 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.261 
	1384.598 
	1384.898 
	0.21 
	0.43 
	0.40 
	0.64 
	1.57 
	0.39 
	1.02 
	1.93 
	5.12 
	 

	5
	1640
	1384.458 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.256 
	1384.593 
	1384.893 
	0.20 
	0.44 
	0.40 
	0.64 
	1.57 
	0.38 
	1.03 
	1.89 
	5.16 
	 

	5
	1645
	1384.456 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.251 
	1384.588 
	1384.888 
	0.21 
	0.43 
	0.40 
	0.64 
	1.57 
	0.38 
	1.03 
	1.92 
	5.13 
	 

	5
	1650
	1384.465 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.246 
	1384.583 
	1384.883 
	0.22 
	0.42 
	0.40 
	0.64 
	1.57 
	0.41 
	0.99 
	2.05 
	4.96 
	 

	5
	1655
	1384.489 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.241 
	1384.578 
	1384.878 
	0.25 
	0.39 
	0.40 
	0.64 
	1.57 
	0.46 
	0.92 
	2.32 
	4.62 
	 

	5
	1660
	1384.490 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.236 
	1384.573 
	1384.873 
	0.25 
	0.38 
	0.40 
	0.64 
	1.57 
	0.48 
	0.91 
	2.38 
	4.55 
	 

	5
	1665
	1384.487 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.231 
	1384.568 
	1384.868 
	0.26 
	0.38 
	0.40 
	0.64 
	1.57 
	0.48 
	0.90 
	2.40 
	4.52 
	 

	5
	1670
	1384.492 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.226 
	1384.563 
	1384.863 
	0.27 
	0.37 
	0.40 
	0.64 
	1.57 
	0.50 
	0.88 
	2.49 
	4.40 
	 

	5
	1675
	1384.495 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.221 
	1384.558 
	1384.858 
	0.27 
	0.36 
	0.40 
	0.64 
	1.57 
	0.51 
	0.86 
	2.57 
	4.31 
	 

	5
	1680
	1384.492 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.216 
	1384.553 
	1384.853 
	0.28 
	0.36 
	0.40 
	0.64 
	1.57 
	0.52 
	0.86 
	2.59 
	4.29 
	 

	5
	1685
	1384.490 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.211 
	1384.548 
	1384.848 
	0.28 
	0.36 
	0.40 
	0.64 
	1.57 
	0.52 
	0.85 
	2.61 
	4.25 
	 

	5
	1690
	1384.487 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.206 
	1384.543 
	1384.843 
	0.28 
	0.36 
	0.40 
	0.64 
	1.57 
	0.53 
	0.85 
	2.63 
	4.23 
	 

	5
	1695
	1384.484 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.201 
	1384.538 
	1384.838 
	0.28 
	0.35 
	0.40 
	0.64 
	1.57 
	0.53 
	0.84 
	2.65 
	4.20 
	 

	5
	1700
	1384.482 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.196 
	1384.533 
	1384.833 
	0.29 
	0.35 
	0.40 
	0.64 
	1.57 
	0.54 
	0.83 
	2.68 
	4.17 
	 

	5
	1705
	1384.481 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.191 
	1384.528 
	1384.828 
	0.29 
	0.35 
	0.40 
	0.64 
	1.57 
	0.54 
	0.82 
	2.72 
	4.12 
	 

	5
	1710
	1384.484 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.186 
	1384.523 
	1384.823 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.56 
	0.80 
	2.79 
	4.02 
	 

	5
	1715
	1384.490 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.181 
	1384.518 
	1384.818 
	0.31 
	0.33 
	0.40 
	0.64 
	1.57 
	0.58 
	0.78 
	2.90 
	3.89 
	 

	5
	1720
	1384.500 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.176 
	1384.513 
	1384.813 
	0.32 
	0.31 
	0.40 
	0.64 
	1.57 
	0.61 
	0.74 
	3.04 
	3.72 
	 

	5
	1725
	1384.526 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.171 
	1384.508 
	1384.808 
	0.36 
	0.28 
	0.40 
	0.64 
	1.57 
	0.67 
	0.67 
	3.33 
	3.35 
	 

	5
	1730
	1384.541 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.166 
	1384.503 
	1384.803 
	0.38 
	0.26 
	0.40 
	0.64 
	1.57 
	0.70 
	0.62 
	3.51 
	3.11 
	 

	5
	1735
	1384.537 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.161 
	1384.498 
	1384.798 
	0.38 
	0.26 
	0.40 
	0.64 
	1.57 
	0.70 
	0.62 
	3.52 
	3.10 
	 

	5
	1740
	1384.526 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.156 
	1384.493 
	1384.793 
	0.37 
	0.27 
	0.40 
	0.64 
	1.57 
	0.69 
	0.63 
	3.47 
	3.17 
	 

	5
	1745
	1384.503 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.151 
	1384.488 
	1384.788 
	0.35 
	0.29 
	0.40 
	0.64 
	1.57 
	0.66 
	0.68 
	3.30 
	3.38 
	 

	5
	1750
	1384.484 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.146 
	1384.483 
	1384.783 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.63 
	0.71 
	3.17 
	3.55 
	 

	5
	1755
	1384.472 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.141 
	1384.478 
	1384.778 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.62 
	0.73 
	3.10 
	3.63 
	 

	5
	1760
	1384.467 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.136 
	1384.473 
	1384.773 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.62 
	0.73 
	3.10 
	3.63 
	 

	5
	1765
	1384.465 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.131 
	1384.468 
	1384.768 
	0.33 
	0.30 
	0.40 
	0.64 
	1.57 
	0.63 
	0.72 
	3.13 
	3.60 
	 

	5
	1770
	1384.471 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.126 
	1384.463 
	1384.763 
	0.35 
	0.29 
	0.40 
	0.64 
	1.57 
	0.65 
	0.69 
	3.23 
	3.47 
	 

	5
	1775
	1384.478 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.121 
	1384.458 
	1384.758 
	0.36 
	0.28 
	0.40 
	0.64 
	1.57 
	0.67 
	0.66 
	3.35 
	3.32 
	 

	5
	1780
	1384.485 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.116 
	1384.453 
	1384.753 
	0.37 
	0.27 
	0.40 
	0.64 
	1.57 
	0.69 
	0.64 
	3.46 
	3.18 
	 

	5
	1785
	1384.500 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.111 
	1384.448 
	1384.748 
	0.39 
	0.25 
	0.40 
	0.64 
	1.57 
	0.73 
	0.59 
	3.65 
	2.94 
	 

	5
	1790
	1384.506 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.106 
	1384.443 
	1384.743 
	0.40 
	0.24 
	0.40 
	0.64 
	1.57 
	0.75 
	0.56 
	3.75 
	2.81 
	 

	5
	1795
	1384.515 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.101 
	1384.438 
	1384.738 
	0.41 
	0.22 
	0.40 
	0.64 
	1.57 
	0.78 
	0.53 
	3.88 
	2.65 
	 

	5
	1800
	1384.521 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.096 
	1384.433 
	1384.733 
	0.43 
	0.21 
	0.40 
	0.64 
	1.57 
	0.80 
	0.50 
	3.98 
	2.52 
	 

	5
	1805
	1384.522 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.091 
	1384.428 
	1384.728 
	0.43 
	0.21 
	0.40 
	0.64 
	1.57 
	0.81 
	0.49 
	4.04 
	2.45 
	 

	5
	1810
	1384.517 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.086 
	1384.423 
	1384.723 
	0.43 
	0.21 
	0.40 
	0.64 
	1.57 
	0.81 
	0.49 
	4.04 
	2.45 
	 

	5
	1815
	1384.516 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.081 
	1384.418 
	1384.718 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.82 
	0.48 
	4.08 
	2.40 
	 

	5
	1820
	1384.516 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.076 
	1384.413 
	1384.713 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.82 
	0.47 
	4.12 
	2.34 
	 

	5
	1825
	1384.511 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.071 
	1384.408 
	1384.708 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.82 
	0.47 
	4.12 
	2.34 
	 

	5
	1830
	1384.507 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.066 
	1384.403 
	1384.703 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.83 
	0.47 
	4.13 
	2.33 
	 

	5
	1835
	1384.507 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.061 
	1384.398 
	1384.698 
	0.45 
	0.19 
	0.40 
	0.64 
	1.57 
	0.84 
	0.45 
	4.18 
	2.27 
	 

	5
	1840
	1384.497 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.056 
	1384.393 
	1384.693 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.83 
	0.47 
	4.13 
	2.33 
	 

	5
	1845
	1384.526 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.051 
	1384.388 
	1384.688 
	0.48 
	0.16 
	0.40 
	0.64 
	1.57 
	0.89 
	0.38 
	4.45 
	1.92 
	 

	5
	1850
	1384.540 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.046 
	1384.383 
	1384.683 
	0.49 
	0.14 
	0.40 
	0.64 
	1.57 
	0.93 
	0.34 
	4.63 
	1.70 
	 

	5
	1855
	1384.522 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.041 
	1384.378 
	1384.678 
	0.48 
	0.16 
	0.40 
	0.64 
	1.57 
	0.90 
	0.37 
	4.51 
	1.85 
	 

	5
	1860
	1384.503 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.036 
	1384.373 
	1384.673 
	0.47 
	0.17 
	0.40 
	0.64 
	1.57 
	0.88 
	0.40 
	4.38 
	2.02 
	 

	5
	1865
	1384.472 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.031 
	1384.368 
	1384.668 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.83 
	0.47 
	4.13 
	2.33 
	 

	5
	1870
	1384.423 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.026 
	1384.363 
	1384.663 
	0.40 
	0.24 
	0.40 
	0.64 
	1.57 
	0.74 
	0.57 
	3.72 
	2.85 
	 

	5
	1875
	1384.361 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.021 
	1384.358 
	1384.658 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.64 
	0.71 
	3.19 
	3.53 
	 

	5
	1880
	1384.315 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.016 
	1384.353 
	1384.653 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.56 
	0.80 
	2.80 
	4.01 
	 

	5
	1885
	1384.303 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.011 
	1384.348 
	1384.648 
	0.29 
	0.35 
	0.40 
	0.64 
	1.57 
	0.55 
	0.82 
	2.74 
	4.10 
	 

	5
	1890
	1384.299 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.006 
	1384.343 
	1384.643 
	0.29 
	0.34 
	0.40 
	0.64 
	1.57 
	0.55 
	0.82 
	2.75 
	4.08 
	 

	5
	1895
	1384.292 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1384.001 
	1384.338 
	1384.638 
	0.29 
	0.35 
	0.40 
	0.64 
	1.57 
	0.55 
	0.82 
	2.73 
	4.11 
	 

	5
	1900
	1384.292 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.996 
	1384.333 
	1384.633 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.55 
	0.81 
	2.77 
	4.05 
	 

	5
	1905
	1384.287 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.991 
	1384.328 
	1384.628 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.55 
	0.81 
	2.77 
	4.05 
	 

	5
	1910
	1384.283 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.986 
	1384.323 
	1384.623 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.56 
	0.81 
	2.78 
	4.04 
	 

	5
	1915
	1384.291 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.981 
	1384.318 
	1384.618 
	0.31 
	0.33 
	0.40 
	0.64 
	1.57 
	0.58 
	0.78 
	2.90 
	3.88 
	 

	5
	1920
	1384.296 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.976 
	1384.313 
	1384.613 
	0.32 
	0.32 
	0.40 
	0.64 
	1.57 
	0.60 
	0.75 
	3.00 
	3.76 
	 

	5
	1925
	1384.307 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.971 
	1384.308 
	1384.608 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.63 
	0.71 
	3.15 
	3.57 
	 

	5
	1930
	1384.305 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.966 
	1384.303 
	1384.603 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.64 
	0.71 
	3.18 
	3.54 
	 

	5
	1935
	1384.288 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.961 
	1384.298 
	1384.598 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.61 
	0.74 
	3.06 
	3.68 
	 

	5
	1940
	1384.281 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.956 
	1384.293 
	1384.593 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.61 
	0.74 
	3.05 
	3.70 
	 

	5
	1945
	1384.277 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.951 
	1384.288 
	1384.588 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.61 
	0.74 
	3.05 
	3.69 
	 

	5
	1950
	1384.272 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.946 
	1384.283 
	1384.583 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.61 
	0.74 
	3.05 
	3.69 
	 

	5
	1955
	1384.273 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.941 
	1384.278 
	1384.578 
	0.33 
	0.31 
	0.40 
	0.64 
	1.57 
	0.62 
	0.72 
	3.11 
	3.62 
	 

	5
	1960
	1384.275 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.936 
	1384.273 
	1384.573 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.64 
	0.71 
	3.18 
	3.54 
	 

	5
	1965
	1384.277 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.931 
	1384.268 
	1384.568 
	0.35 
	0.29 
	0.40 
	0.64 
	1.57 
	0.65 
	0.69 
	3.24 
	3.45 
	 

	5
	1970
	1384.279 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.926 
	1384.263 
	1384.563 
	0.35 
	0.28 
	0.40 
	0.64 
	1.57 
	0.66 
	0.67 
	3.31 
	3.37 
	 

	5
	1975
	1384.278 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.921 
	1384.258 
	1384.558 
	0.36 
	0.28 
	0.40 
	0.64 
	1.57 
	0.67 
	0.66 
	3.35 
	3.32 
	 

	5
	1980
	1384.276 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.916 
	1384.253 
	1384.553 
	0.36 
	0.28 
	0.40 
	0.64 
	1.57 
	0.67 
	0.66 
	3.37 
	3.29 
	 

	5
	1985
	1384.274 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.911 
	1384.248 
	1384.548 
	0.36 
	0.27 
	0.40 
	0.64 
	1.57 
	0.68 
	0.65 
	3.40 
	3.25 
	 

	5
	1990
	1384.273 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.906 
	1384.243 
	1384.543 
	0.37 
	0.27 
	0.40 
	0.64 
	1.57 
	0.69 
	0.64 
	3.44 
	3.21 
	 

	5
	1995
	1384.276 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.901 
	1384.238 
	1384.538 
	0.38 
	0.26 
	0.40 
	0.64 
	1.57 
	0.70 
	0.62 
	3.51 
	3.11 
	 

	5
	2000
	1384.285 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.896 
	1384.233 
	1384.533 
	0.39 
	0.25 
	0.40 
	0.64 
	1.57 
	0.73 
	0.59 
	3.65 
	2.94 
	 

	5
	2005
	1384.305 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.891 
	1384.228 
	1384.528 
	0.41 
	0.22 
	0.40 
	0.64 
	1.57 
	0.78 
	0.53 
	3.88 
	2.65 
	 

	5
	2010
	1384.278 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.886 
	1384.223 
	1384.523 
	0.39 
	0.25 
	0.40 
	0.64 
	1.57 
	0.73 
	0.58 
	3.67 
	2.91 
	 

	5
	2015
	1384.222 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.881 
	1384.218 
	1384.518 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.64 
	0.70 
	3.20 
	3.51 
	 

	5
	2020
	1384.223 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.876 
	1384.213 
	1384.513 
	0.35 
	0.29 
	0.40 
	0.64 
	1.57 
	0.65 
	0.69 
	3.25 
	3.44 
	 

	5
	2025
	1384.257 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.871 
	1384.208 
	1384.508 
	0.39 
	0.25 
	0.40 
	0.64 
	1.57 
	0.72 
	0.60 
	3.62 
	2.98 
	 

	5
	2030
	1384.313 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.866 
	1384.203 
	1384.503 
	0.45 
	0.19 
	0.40 
	0.64 
	1.57 
	0.84 
	0.45 
	4.19 
	2.26 
	 

	5
	2035
	1384.357 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.861 
	1384.198 
	1384.498 
	0.50 
	0.14 
	0.40 
	0.64 
	1.57 
	0.93 
	0.33 
	4.65 
	1.67 
	 

	5
	2040
	1384.372 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.856 
	1384.193 
	1384.493 
	0.52 
	0.12 
	0.40 
	0.64 
	1.57 
	0.97 
	0.29 
	4.84 
	1.44 
	 

	5
	2045
	1384.357 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.851 
	1384.188 
	1384.488 
	0.51 
	0.13 
	0.40 
	0.64 
	1.57 
	0.95 
	0.31 
	4.74 
	1.56 
	 

	5
	2050
	1384.343 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.846 
	1384.183 
	1384.483 
	0.50 
	0.14 
	0.40 
	0.64 
	1.57 
	0.93 
	0.33 
	4.66 
	1.66 
	 

	5
	2055
	1384.312 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.841 
	1384.178 
	1384.478 
	0.47 
	0.17 
	0.40 
	0.64 
	1.57 
	0.88 
	0.39 
	4.41 
	1.97 
	 

	5
	2060
	1384.273 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.836 
	1384.173 
	1384.473 
	0.44 
	0.20 
	0.40 
	0.64 
	1.57 
	0.82 
	0.47 
	4.09 
	2.37 
	 

	5
	2065
	1384.248 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.831 
	1384.168 
	1384.468 
	0.42 
	0.22 
	0.40 
	0.64 
	1.57 
	0.78 
	0.52 
	3.91 
	2.61 
	 

	5
	2070
	1384.226 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.826 
	1384.163 
	1384.463 
	0.40 
	0.24 
	0.40 
	0.64 
	1.57 
	0.75 
	0.56 
	3.75 
	2.81 
	 

	5
	2075
	1384.199 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.821 
	1384.158 
	1384.458 
	0.38 
	0.26 
	0.40 
	0.64 
	1.57 
	0.71 
	0.61 
	3.54 
	3.07 
	 

	5
	2080
	1384.168 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.816 
	1384.153 
	1384.453 
	0.35 
	0.29 
	0.40 
	0.64 
	1.57 
	0.66 
	0.68 
	3.30 
	3.38 
	 

	5
	2085
	1384.181 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.811 
	1384.148 
	1384.448 
	0.37 
	0.27 
	0.40 
	0.64 
	1.57 
	0.69 
	0.63 
	3.47 
	3.17 
	 

	5
	2090
	1384.214 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.806 
	1384.143 
	1384.443 
	0.41 
	0.23 
	0.40 
	0.64 
	1.57 
	0.76 
	0.54 
	3.82 
	2.72 
	 

	5
	2095
	1384.234 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.801 
	1384.138 
	1384.438 
	0.43 
	0.20 
	0.40 
	0.64 
	1.57 
	0.81 
	0.48 
	4.06 
	2.42 
	 

	5
	2100
	1384.227 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.796 
	1384.133 
	1384.433 
	0.43 
	0.21 
	0.40 
	0.64 
	1.57 
	0.81 
	0.49 
	4.04 
	2.45 
	 

	5
	2105
	1384.199 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.791 
	1384.128 
	1384.428 
	0.41 
	0.23 
	0.40 
	0.64 
	1.57 
	0.76 
	0.54 
	3.82 
	2.72 
	 

	5
	2110
	1384.165 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.786 
	1384.123 
	1384.423 
	0.38 
	0.26 
	0.40 
	0.64 
	1.57 
	0.71 
	0.61 
	3.55 
	3.06 
	 

	5
	2115
	1384.121 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.781 
	1384.118 
	1384.418 
	0.34 
	0.30 
	0.40 
	0.64 
	1.57 
	0.64 
	0.71 
	3.19 
	3.53 
	 

	5
	2120
	1384.075 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.776 
	1384.113 
	1384.413 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.56 
	0.80 
	2.80 
	4.01 
	 

	5
	2125
	1384.031 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.771 
	1384.108 
	1384.408 
	0.26 
	0.38 
	0.40 
	0.64 
	1.57 
	0.49 
	0.90 
	2.44 
	4.48 
	 

	5
	2130
	1383.995 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.766 
	1384.103 
	1384.403 
	0.23 
	0.41 
	0.40 
	0.64 
	1.57 
	0.43 
	0.97 
	2.15 
	4.84 
	 

	5
	2135
	1383.975 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.761 
	1384.098 
	1384.398 
	0.21 
	0.42 
	0.40 
	0.64 
	1.57 
	0.40 
	1.00 
	2.01 
	5.02 
	 

	5
	2140
	1383.973 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.756 
	1384.093 
	1384.393 
	0.22 
	0.42 
	0.40 
	0.64 
	1.57 
	0.41 
	1.00 
	2.03 
	4.99 
	 

	5
	2145
	1383.973 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.751 
	1384.088 
	1384.388 
	0.22 
	0.42 
	0.40 
	0.64 
	1.57 
	0.42 
	0.99 
	2.08 
	4.93 
	 

	5
	2150
	1383.985 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.746 
	1384.083 
	1384.383 
	0.24 
	0.40 
	0.40 
	0.64 
	1.57 
	0.45 
	0.94 
	2.24 
	4.72 
	 

	5
	2155
	1384.008 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.741 
	1384.078 
	1384.378 
	0.27 
	0.37 
	0.40 
	0.64 
	1.57 
	0.50 
	0.88 
	2.50 
	4.39 
	 

	5
	2160
	1384.022 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.736 
	1384.073 
	1384.373 
	0.29 
	0.35 
	0.40 
	0.64 
	1.57 
	0.54 
	0.83 
	2.68 
	4.17 
	 

	5
	2165
	1384.032 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.731 
	1384.068 
	1384.368 
	0.30 
	0.34 
	0.40 
	0.64 
	1.57 
	0.56 
	0.80 
	2.82 
	3.99 
	 

	5
	2170
	1384.039 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.726 
	1384.063 
	1384.363 
	0.31 
	0.32 
	0.40 
	0.64 
	1.57 
	0.59 
	0.77 
	2.93 
	3.85 
	 

	5
	2175
	1384.034 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.721 
	1384.058 
	1384.358 
	0.31 
	0.32 
	0.40 
	0.64 
	1.57 
	0.59 
	0.77 
	2.93 
	3.85 
	 

	5
	2180
	1384.026 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.716 
	1384.053 
	1384.353 
	0.31 
	0.33 
	0.40 
	0.64 
	1.57 
	0.58 
	0.78 
	2.90 
	3.88 
	 

	5
	2185
	1384.020 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.711 
	1384.048 
	1384.348 
	0.31 
	0.33 
	0.40 
	0.64 
	1.57 
	0.58 
	0.78 
	2.90 
	3.89 
	 

	5
	2190
	1383.993 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.706 
	1384.043 
	1384.343 
	0.29 
	0.35 
	0.40 
	0.64 
	1.57 
	0.54 
	0.83 
	2.69 
	4.16 
	 

	5
	2195
	1383.965 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.701 
	1384.038 
	1384.338 
	0.26 
	0.37 
	0.40 
	0.64 
	1.57 
	0.49 
	0.89 
	2.47 
	4.43 
	 

	5
	2200
	1383.935 
	0.3
	1
	0.337
	0.001
	0.3
	 
	1383.696 
	1384.033 
	1384.333 
	0.24 
	0.40 
	0.40 
	0.64 
	1.57 
	0.45 
	0.94 
	2.24 
	4.72 
	 

	4
	2204
	1383.909 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.692 
	1383.915 
	1384.215 
	0.22 
	0.31 
	0.40 
	0.52 
	1.35 
	0.36 
	0.66 
	1.43 
	2.63 
	Offtake SC4

	6
	2210
	1383.876 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.686 
	1383.909 
	1384.209 
	0.19 
	0.33 
	0.40 
	0.52 
	1.35 
	0.31 
	0.71 
	1.88 
	4.29 
	 

	5
	2215
	1383.848 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.681 
	1383.904 
	1384.204 
	0.17 
	0.36 
	0.40 
	0.52 
	1.35 
	0.27 
	0.76 
	1.37 
	3.82 
	 

	5
	2220
	1383.828 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.676 
	1383.899 
	1384.199 
	0.15 
	0.37 
	0.40 
	0.52 
	1.35 
	0.25 
	0.80 
	1.25 
	3.98 
	 

	5
	2225
	1383.813 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.671 
	1383.894 
	1384.194 
	0.14 
	0.38 
	0.40 
	0.52 
	1.35 
	0.23 
	0.82 
	1.17 
	4.09 
	 

	5
	2230
	1383.799 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.666 
	1383.889 
	1384.189 
	0.13 
	0.39 
	0.40 
	0.52 
	1.35 
	0.22 
	0.84 
	1.09 
	4.18 
	 

	5
	2235
	1383.788 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.661 
	1383.884 
	1384.184 
	0.13 
	0.40 
	0.40 
	0.52 
	1.35 
	0.21 
	0.85 
	1.05 
	4.25 
	 

	5
	2240
	1383.782 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.656 
	1383.879 
	1384.179 
	0.13 
	0.40 
	0.40 
	0.52 
	1.35 
	0.21 
	0.85 
	1.04 
	4.26 
	 

	5
	2245
	1383.776 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.651 
	1383.874 
	1384.174 
	0.13 
	0.40 
	0.40 
	0.52 
	1.35 
	0.21 
	0.85 
	1.03 
	4.27 
	 

	5
	2250
	1383.773 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.646 
	1383.869 
	1384.169 
	0.13 
	0.40 
	0.40 
	0.52 
	1.35 
	0.21 
	0.85 
	1.05 
	4.25 
	 

	5
	2255
	1383.772 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.641 
	1383.864 
	1384.164 
	0.13 
	0.39 
	0.40 
	0.52 
	1.35 
	0.22 
	0.84 
	1.08 
	4.21 
	 

	5
	2260
	1383.770 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.636 
	1383.859 
	1384.159 
	0.13 
	0.39 
	0.40 
	0.52 
	1.35 
	0.22 
	0.83 
	1.10 
	4.17 
	 

	5
	2265
	1383.768 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.631 
	1383.854 
	1384.154 
	0.14 
	0.39 
	0.40 
	0.52 
	1.35 
	0.23 
	0.83 
	1.13 
	4.14 
	 

	5
	2270
	1383.767 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.626 
	1383.849 
	1384.149 
	0.14 
	0.38 
	0.40 
	0.52 
	1.35 
	0.23 
	0.82 
	1.16 
	4.10 
	 

	5
	2275
	1383.767 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.621 
	1383.844 
	1384.144 
	0.15 
	0.38 
	0.40 
	0.52 
	1.35 
	0.24 
	0.81 
	1.20 
	4.05 
	 

	5
	2280
	1383.767 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.616 
	1383.839 
	1384.139 
	0.15 
	0.37 
	0.40 
	0.52 
	1.35 
	0.25 
	0.80 
	1.24 
	3.99 
	 

	5
	2285
	1383.770 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.611 
	1383.834 
	1384.134 
	0.16 
	0.36 
	0.40 
	0.52 
	1.35 
	0.26 
	0.78 
	1.31 
	3.91 
	 

	5
	2290
	1383.772 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.606 
	1383.829 
	1384.129 
	0.17 
	0.36 
	0.40 
	0.52 
	1.35 
	0.27 
	0.77 
	1.37 
	3.83 
	 

	5
	2295
	1383.777 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.601 
	1383.824 
	1384.124 
	0.18 
	0.35 
	0.40 
	0.52 
	1.35 
	0.29 
	0.74 
	1.45 
	3.72 
	 

	5
	2300
	1383.784 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.596 
	1383.819 
	1384.119 
	0.19 
	0.33 
	0.40 
	0.52 
	1.35 
	0.31 
	0.72 
	1.55 
	3.59 
	 

	5
	2305
	1383.768 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.591 
	1383.814 
	1384.114 
	0.18 
	0.35 
	0.40 
	0.52 
	1.35 
	0.29 
	0.74 
	1.46 
	3.71 
	 

	5
	2310
	1383.740 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.586 
	1383.809 
	1384.109 
	0.15 
	0.37 
	0.40 
	0.52 
	1.35 
	0.25 
	0.79 
	1.27 
	3.96 
	 

	5
	2315
	1383.724 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.581 
	1383.804 
	1384.104 
	0.14 
	0.38 
	0.40 
	0.52 
	1.35 
	0.24 
	0.82 
	1.18 
	4.08 
	 

	5
	2320
	1383.726 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.576 
	1383.799 
	1384.099 
	0.15 
	0.37 
	0.40 
	0.52 
	1.35 
	0.25 
	0.80 
	1.23 
	4.00 
	 

	5
	2325
	1383.748 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.571 
	1383.794 
	1384.094 
	0.18 
	0.35 
	0.40 
	0.52 
	1.35 
	0.29 
	0.74 
	1.46 
	3.71 
	 

	5
	2330
	1383.737 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.566 
	1383.789 
	1384.089 
	0.17 
	0.35 
	0.40 
	0.52 
	1.35 
	0.28 
	0.76 
	1.41 
	3.78 
	 

	5
	2335
	1383.743 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.561 
	1383.784 
	1384.084 
	0.18 
	0.34 
	0.40 
	0.52 
	1.35 
	0.30 
	0.73 
	1.50 
	3.66 
	 

	5
	2340
	1383.753 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.556 
	1383.779 
	1384.079 
	0.20 
	0.33 
	0.40 
	0.52 
	1.35 
	0.32 
	0.70 
	1.62 
	3.50 
	 

	5
	2345
	1383.762 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.551 
	1383.774 
	1384.074 
	0.21 
	0.31 
	0.40 
	0.52 
	1.35 
	0.35 
	0.67 
	1.74 
	3.35 
	 

	5
	2350
	1383.772 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.546 
	1383.769 
	1384.069 
	0.23 
	0.30 
	0.40 
	0.52 
	1.35 
	0.37 
	0.64 
	1.86 
	3.19 
	 

	5
	2355
	1383.782 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.541 
	1383.764 
	1384.064 
	0.24 
	0.28 
	0.40 
	0.52 
	1.35 
	0.40 
	0.61 
	1.98 
	3.03 
	 

	5
	2360
	1383.791 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.536 
	1383.759 
	1384.059 
	0.26 
	0.27 
	0.40 
	0.52 
	1.35 
	0.42 
	0.58 
	2.10 
	2.88 
	 

	5
	2365
	1383.798 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.531 
	1383.754 
	1384.054 
	0.27 
	0.26 
	0.40 
	0.52 
	1.35 
	0.44 
	0.55 
	2.20 
	2.75 
	 

	5
	2370
	1383.804 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.526 
	1383.749 
	1384.049 
	0.28 
	0.24 
	0.40 
	0.52 
	1.35 
	0.46 
	0.53 
	2.29 
	2.63 
	 

	5
	2375
	1383.801 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.521 
	1383.744 
	1384.044 
	0.28 
	0.24 
	0.40 
	0.52 
	1.35 
	0.46 
	0.52 
	2.30 
	2.61 
	 

	5
	2380
	1383.771 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.516 
	1383.739 
	1384.039 
	0.26 
	0.27 
	0.40 
	0.52 
	1.35 
	0.42 
	0.58 
	2.10 
	2.88 
	 

	5
	2385
	1383.753 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.511 
	1383.734 
	1384.034 
	0.24 
	0.28 
	0.40 
	0.52 
	1.35 
	0.40 
	0.60 
	1.99 
	3.02 
	 

	5
	2390
	1383.770 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.506 
	1383.729 
	1384.029 
	0.26 
	0.26 
	0.40 
	0.52 
	1.35 
	0.43 
	0.56 
	2.17 
	2.78 
	 

	5
	2395
	1383.769 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.501 
	1383.724 
	1384.024 
	0.27 
	0.25 
	0.40 
	0.52 
	1.35 
	0.44 
	0.55 
	2.21 
	2.74 
	 

	5
	2400
	1383.752 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.496 
	1383.719 
	1384.019 
	0.26 
	0.27 
	0.40 
	0.52 
	1.35 
	0.42 
	0.57 
	2.11 
	2.86 
	 

	5
	2405
	1383.729 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.491 
	1383.714 
	1384.014 
	0.24 
	0.28 
	0.40 
	0.52 
	1.35 
	0.39 
	0.61 
	1.96 
	3.06 
	 

	5
	2410
	1383.706 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.486 
	1383.709 
	1384.009 
	0.22 
	0.30 
	0.40 
	0.52 
	1.35 
	0.36 
	0.65 
	1.81 
	3.25 
	 

	5
	2415
	1383.686 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.481 
	1383.704 
	1384.004 
	0.21 
	0.32 
	0.40 
	0.52 
	1.35 
	0.34 
	0.68 
	1.69 
	3.41 
	 

	5
	2420
	1383.653 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.476 
	1383.699 
	1383.999 
	0.18 
	0.35 
	0.40 
	0.52 
	1.35 
	0.29 
	0.74 
	1.46 
	3.71 
	 

	5
	2425
	1383.612 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.471 
	1383.694 
	1383.994 
	0.14 
	0.38 
	0.40 
	0.52 
	1.35 
	0.23 
	0.82 
	1.16 
	4.10 
	 

	5
	2430
	1383.574 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.466 
	1383.689 
	1383.989 
	0.11 
	0.41 
	0.40 
	0.52 
	1.35 
	0.18 
	0.89 
	0.89 
	4.45 
	 

	5
	2435
	1383.542 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.461 
	1383.684 
	1383.984 
	0.08 
	0.44 
	0.40 
	0.52 
	1.35 
	0.13 
	0.95 
	0.67 
	4.74 
	 

	5
	2440
	1383.517 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.456 
	1383.679 
	1383.979 
	0.06 
	0.46 
	0.40 
	0.52 
	1.35 
	0.10 
	0.99 
	0.50 
	4.96 
	 

	5
	2445
	1383.505 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.451 
	1383.674 
	1383.974 
	0.05 
	0.47 
	0.40 
	0.52 
	1.35 
	0.09 
	1.01 
	0.44 
	5.03 
	 

	5
	2450
	1383.497 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.446 
	1383.669 
	1383.969 
	0.05 
	0.47 
	0.40 
	0.52 
	1.35 
	0.08 
	1.01 
	0.42 
	5.06 
	 

	5
	2455
	1383.492 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.441 
	1383.664 
	1383.964 
	0.05 
	0.47 
	0.40 
	0.52 
	1.35 
	0.08 
	1.01 
	0.42 
	5.06 
	 

	5
	2460
	1383.491 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.436 
	1383.659 
	1383.959 
	0.06 
	0.47 
	0.40 
	0.52 
	1.35 
	0.09 
	1.00 
	0.45 
	5.02 
	 

	5
	2465
	1383.490 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.431 
	1383.654 
	1383.954 
	0.06 
	0.46 
	0.40 
	0.52 
	1.35 
	0.10 
	1.00 
	0.49 
	4.98 
	 

	5
	2470
	1383.488 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.426 
	1383.649 
	1383.949 
	0.06 
	0.46 
	0.40 
	0.52 
	1.35 
	0.10 
	0.99 
	0.51 
	4.95 
	 

	5
	2475
	1383.482 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.421 
	1383.644 
	1383.944 
	0.06 
	0.46 
	0.40 
	0.52 
	1.35 
	0.10 
	0.99 
	0.50 
	4.96 
	 

	5
	2480
	1383.479 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.416 
	1383.639 
	1383.939 
	0.06 
	0.46 
	0.40 
	0.52 
	1.35 
	0.10 
	0.99 
	0.52 
	4.94 
	 

	5
	2485
	1383.482 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.411 
	1383.634 
	1383.934 
	0.07 
	0.45 
	0.40 
	0.52 
	1.35 
	0.12 
	0.97 
	0.58 
	4.85 
	 

	5
	2490
	1383.475 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.406 
	1383.629 
	1383.929 
	0.07 
	0.45 
	0.40 
	0.52 
	1.35 
	0.11 
	0.97 
	0.57 
	4.87 
	 

	5
	2495
	1383.430 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.401 
	1383.624 
	1383.924 
	0.03 
	0.49 
	0.40 
	0.52 
	1.35 
	0.05 
	1.06 
	0.24 
	5.30 
	 

	5
	2500
	1383.348 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.396 
	1383.619 
	1383.919 
	0.00 
	0.62 
	0.40 
	0.52 
	1.35 
	0.00 
	1.33 
	0.00 
	6.64 
	 

	5
	2505
	1383.336 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1383.391 
	1383.614 
	1383.914 
	0.00 
	0.63 
	0.40 
	0.52 
	1.35 
	0.00 
	1.36 
	0.00 
	6.79 
	 

	5
	2510
	1383.329 
	0.3
	1
	0.223
	0.001
	0.3
	0.5
	1383.386 
	1383.609 
	1383.909 
	0.00 
	0.64 
	0.40 
	0.52 
	1.35 
	0.00 
	1.37 
	0.00 
	6.84 
	 

	0
	2510
	1383.329 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.886 
	1383.109 
	1383.409 
	0.44 
	0.08 
	0.40 
	0.52 
	1.35 
	0.73 
	0.17 
	0.00 
	0.00 
	 

	5
	2515
	1383.320 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.881 
	1383.104 
	1383.404 
	0.44 
	0.08 
	0.40 
	0.52 
	1.35 
	0.72 
	0.18 
	3.61 
	0.90 
	 

	5
	2520
	1383.312 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.876 
	1383.099 
	1383.399 
	0.44 
	0.09 
	0.40 
	0.52 
	1.35 
	0.72 
	0.19 
	3.59 
	0.93 
	 

	5
	2525
	1383.292 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.871 
	1383.094 
	1383.394 
	0.42 
	0.10 
	0.40 
	0.52 
	1.35 
	0.69 
	0.22 
	3.46 
	1.09 
	 

	5
	2530
	1383.272 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.866 
	1383.089 
	1383.389 
	0.41 
	0.12 
	0.40 
	0.52 
	1.35 
	0.67 
	0.25 
	3.34 
	1.26 
	 

	5
	2535
	1383.250 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.861 
	1383.084 
	1383.384 
	0.39 
	0.13 
	0.40 
	0.52 
	1.35 
	0.64 
	0.29 
	3.20 
	1.44 
	 

	5
	2540
	1383.227 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.856 
	1383.079 
	1383.379 
	0.37 
	0.15 
	0.40 
	0.52 
	1.35 
	0.61 
	0.33 
	3.05 
	1.63 
	 

	5
	2545
	1383.205 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.851 
	1383.074 
	1383.374 
	0.35 
	0.17 
	0.40 
	0.52 
	1.35 
	0.58 
	0.36 
	2.91 
	1.81 
	 

	5
	2550
	1383.182 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.846 
	1383.069 
	1383.369 
	0.34 
	0.19 
	0.40 
	0.52 
	1.35 
	0.55 
	0.40 
	2.77 
	2.01 
	 

	5
	2555
	1383.159 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.841 
	1383.064 
	1383.364 
	0.32 
	0.20 
	0.40 
	0.52 
	1.35 
	0.52 
	0.44 
	2.62 
	2.20 
	 

	5
	2560
	1383.137 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.836 
	1383.059 
	1383.359 
	0.30 
	0.22 
	0.40 
	0.52 
	1.35 
	0.50 
	0.48 
	2.48 
	2.38 
	 

	5
	2565
	1383.115 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.831 
	1383.054 
	1383.354 
	0.28 
	0.24 
	0.40 
	0.52 
	1.35 
	0.47 
	0.51 
	2.34 
	2.56 
	 

	5
	2570
	1383.116 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.826 
	1383.049 
	1383.349 
	0.29 
	0.23 
	0.40 
	0.52 
	1.35 
	0.48 
	0.50 
	2.39 
	2.50 
	 

	5
	2575
	1383.120 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.821 
	1383.044 
	1383.344 
	0.30 
	0.22 
	0.40 
	0.52 
	1.35 
	0.49 
	0.48 
	2.46 
	2.40 
	 

	5
	2580
	1383.114 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.816 
	1383.039 
	1383.339 
	0.30 
	0.22 
	0.40 
	0.52 
	1.35 
	0.49 
	0.48 
	2.45 
	2.41 
	 

	5
	2585
	1383.115 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.811 
	1383.034 
	1383.334 
	0.30 
	0.22 
	0.40 
	0.52 
	1.35 
	0.50 
	0.47 
	2.50 
	2.35 
	 

	5
	2590
	1383.126 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.806 
	1383.029 
	1383.329 
	0.32 
	0.20 
	0.40 
	0.52 
	1.35 
	0.53 
	0.44 
	2.63 
	2.18 
	 

	5
	2595
	1383.137 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.801 
	1383.024 
	1383.324 
	0.34 
	0.19 
	0.40 
	0.52 
	1.35 
	0.55 
	0.40 
	2.77 
	2.01 
	 

	5
	2600
	1383.154 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.796 
	1383.019 
	1383.319 
	0.36 
	0.16 
	0.40 
	0.52 
	1.35 
	0.59 
	0.35 
	2.95 
	1.77 
	 

	5
	2605
	1383.172 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.791 
	1383.014 
	1383.314 
	0.38 
	0.14 
	0.40 
	0.52 
	1.35 
	0.63 
	0.30 
	3.14 
	1.52 
	 

	5
	2610
	1383.191 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.786 
	1383.009 
	1383.309 
	0.41 
	0.12 
	0.40 
	0.52 
	1.35 
	0.67 
	0.25 
	3.33 
	1.27 
	 

	5
	2615
	1383.209 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.781 
	1383.004 
	1383.304 
	0.43 
	0.09 
	0.40 
	0.52 
	1.35 
	0.70 
	0.20 
	3.52 
	1.02 
	 

	5
	2620
	1383.228 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.776 
	1382.999 
	1383.299 
	0.45 
	0.07 
	0.40 
	0.52 
	1.35 
	0.74 
	0.15 
	3.72 
	0.76 
	 

	5
	2625
	1383.248 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.771 
	1382.994 
	1383.294 
	0.48 
	0.05 
	0.40 
	0.52 
	1.35 
	0.79 
	0.10 
	3.93 
	0.49 
	 

	5
	2630
	1383.272 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.766 
	1382.989 
	1383.289 
	0.51 
	0.02 
	0.40 
	0.52 
	1.35 
	0.83 
	0.04 
	4.16 
	0.18 
	 

	5
	2635
	1383.302 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.761 
	1382.984 
	1383.284 
	0.54 
	0.00 
	0.40 
	0.52 
	1.35 
	0.89 
	0.00 
	4.45 
	0.00 
	 

	5
	2640
	1383.333 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.756 
	1382.979 
	1383.279 
	0.58 
	0.00 
	0.40 
	0.52 
	1.35 
	0.95 
	0.00 
	4.75 
	0.00 
	 

	5
	2645
	1383.364 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.751 
	1382.974 
	1383.274 
	0.61 
	0.00 
	0.40 
	0.52 
	1.35 
	1.01 
	0.00 
	5.04 
	0.00 
	 

	5
	2650
	1383.374 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.746 
	1382.969 
	1383.269 
	0.63 
	0.00 
	0.40 
	0.52 
	1.35 
	1.03 
	0.00 
	5.17 
	0.00 
	 

	5
	2655
	1383.379 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.741 
	1382.964 
	1383.264 
	0.64 
	0.00 
	0.40 
	0.52 
	1.35 
	1.05 
	0.00 
	5.25 
	0.00 
	 

	5
	2660
	1383.377 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.736 
	1382.959 
	1383.259 
	0.64 
	0.00 
	0.40 
	0.52 
	1.35 
	1.06 
	0.00 
	5.28 
	0.00 
	 

	5
	2665
	1383.374 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.731 
	1382.954 
	1383.254 
	0.64 
	0.00 
	0.40 
	0.52 
	1.35 
	1.06 
	0.00 
	5.29 
	0.00 
	 

	5
	2670
	1383.371 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.726 
	1382.949 
	1383.249 
	0.65 
	0.00 
	0.40 
	0.52 
	1.35 
	1.06 
	0.00 
	5.31 
	0.00 
	 

	5
	2675
	1383.369 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.721 
	1382.944 
	1383.244 
	0.65 
	0.00 
	0.40 
	0.52 
	1.35 
	1.07 
	0.00 
	5.33 
	0.00 
	 

	5
	2680
	1383.366 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.716 
	1382.939 
	1383.239 
	0.65 
	0.00 
	0.40 
	0.52 
	1.35 
	1.07 
	0.00 
	5.35 
	0.00 
	 

	5
	2685
	1383.368 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.711 
	1382.934 
	1383.234 
	0.66 
	0.00 
	0.40 
	0.52 
	1.35 
	1.08 
	0.00 
	5.41 
	0.00 
	 

	5
	2690
	1383.369 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.706 
	1382.929 
	1383.229 
	0.66 
	0.00 
	0.40 
	0.52 
	1.35 
	1.09 
	0.00 
	5.46 
	0.00 
	 

	5
	2695
	1383.330 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.701 
	1382.924 
	1383.224 
	0.63 
	0.00 
	0.40 
	0.52 
	1.35 
	1.04 
	0.00 
	5.18 
	0.00 
	 

	5
	2700
	1383.285 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.696 
	1382.919 
	1383.219 
	0.59 
	0.00 
	0.40 
	0.52 
	1.35 
	0.97 
	0.00 
	4.85 
	0.00 
	 

	5
	2705
	1383.272 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.691 
	1382.914 
	1383.214 
	0.58 
	0.00 
	0.40 
	0.52 
	1.35 
	0.96 
	0.00 
	4.78 
	0.00 
	 

	5
	2710
	1383.298 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.686 
	1382.909 
	1383.209 
	0.61 
	0.00 
	0.40 
	0.52 
	1.35 
	1.01 
	0.00 
	5.04 
	0.00 
	 

	5
	2715
	1383.324 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.681 
	1382.904 
	1383.204 
	0.64 
	0.00 
	0.40 
	0.52 
	1.35 
	1.06 
	0.00 
	5.29 
	0.00 
	 

	5
	2720
	1383.349 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.676 
	1382.899 
	1383.199 
	0.67 
	0.00 
	0.40 
	0.52 
	1.35 
	1.11 
	0.00 
	5.54 
	0.00 
	 

	5
	2725
	1383.334 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.671 
	1382.894 
	1383.194 
	0.66 
	0.00 
	0.40 
	0.52 
	1.35 
	1.09 
	0.00 
	5.46 
	0.00 
	 

	5
	2730
	1383.219 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.666 
	1382.889 
	1383.189 
	0.55 
	0.00 
	0.40 
	0.52 
	1.35 
	0.91 
	0.00 
	4.55 
	0.00 
	 

	5
	2735
	1383.146 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.661 
	1382.884 
	1383.184 
	0.49 
	0.04 
	0.40 
	0.52 
	1.35 
	0.80 
	0.08 
	3.99 
	0.41 
	 

	5
	2740
	1383.145 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.656 
	1382.879 
	1383.179 
	0.49 
	0.03 
	0.40 
	0.52 
	1.35 
	0.80 
	0.07 
	4.02 
	0.36 
	 

	5
	2745
	1383.137 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.651 
	1382.874 
	1383.174 
	0.49 
	0.04 
	0.40 
	0.52 
	1.35 
	0.80 
	0.08 
	4.00 
	0.40 
	 

	5
	2750
	1383.118 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.646 
	1382.869 
	1383.169 
	0.47 
	0.05 
	0.40 
	0.52 
	1.35 
	0.78 
	0.11 
	3.88 
	0.55 
	 

	5
	2755
	1383.094 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.641 
	1382.864 
	1383.164 
	0.45 
	0.07 
	0.40 
	0.52 
	1.35 
	0.75 
	0.15 
	3.73 
	0.75 
	 

	5
	2760
	1383.025 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.636 
	1382.859 
	1383.159 
	0.39 
	0.13 
	0.40 
	0.52 
	1.35 
	0.64 
	0.29 
	3.20 
	1.44 
	 

	5
	2765
	1382.768 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.631 
	1382.854 
	1383.154 
	0.14 
	0.39 
	0.40 
	0.52 
	1.35 
	0.23 
	0.83 
	1.13 
	4.14 
	 

	5
	2770
	1382.532 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.626 
	1382.849 
	1383.149 
	0.00 
	0.71 
	0.40 
	0.52 
	1.35 
	0.00 
	1.53 
	0.00 
	7.63 
	 

	5
	2775
	1382.452 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.621 
	1382.844 
	1383.144 
	0.00 
	0.86 
	0.40 
	0.52 
	1.35 
	0.00 
	1.85 
	0.00 
	9.24 
	 

	5
	2780
	1382.381 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.616 
	1382.839 
	1383.139 
	0.00 
	0.99 
	0.40 
	0.52 
	1.35 
	0.00 
	2.13 
	0.00 
	10.65 
	 

	5
	2785
	1382.353 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.611 
	1382.834 
	1383.134 
	0.00 
	1.04 
	0.40 
	0.52 
	1.35 
	0.00 
	2.23 
	0.00 
	11.15 
	 

	5
	2790
	1382.451 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.606 
	1382.829 
	1383.129 
	0.00 
	0.83 
	0.40 
	0.52 
	1.35 
	0.00 
	1.79 
	0.00 
	8.94 
	 

	5
	2795
	1382.582 
	0.3
	1
	0.223
	0.001
	0.3
	 
	1382.601 
	1382.824 
	1383.124 
	0.00 
	0.56 
	0.40 
	0.52 
	1.35 
	0.00 
	1.20 
	0.00 
	6.02 
	 

	2
	2797
	1382.638 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1382.599 
	1382.817 
	1383.117 
	0.04 
	0.48 
	0.40 
	0.52 
	1.34 
	0.06 
	1.02 
	0.13 
	2.05 
	Offtake FC3-1

	3
	2800
	1382.673 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1382.596 
	1382.814 
	1383.114 
	0.08 
	0.44 
	0.40 
	0.52 
	1.34 
	0.13 
	0.94 
	0.38 
	2.83 
	 

	5
	2805
	1382.728 
	0.3
	1
	0.218
	0.001
	0.3
	1.5
	1382.591 
	1382.809 
	1383.109 
	0.14 
	0.38 
	0.40 
	0.52 
	1.34 
	0.22 
	0.81 
	1.12 
	4.07 
	 

	0
	2805
	1382.728 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.091 
	1381.309 
	1381.609 
	1.64 
	0.00 
	0.40 
	0.52 
	1.34 
	2.68 
	0.00 
	0.00 
	0.00 
	 

	5
	2810
	1382.777 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.086 
	1381.304 
	1381.604 
	1.69 
	0.00 
	0.40 
	0.52 
	1.34 
	2.77 
	0.00 
	13.84 
	0.00 
	 

	5
	2815
	1382.769 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.081 
	1381.299 
	1381.599 
	1.69 
	0.00 
	0.40 
	0.52 
	1.34 
	2.76 
	0.00 
	13.81 
	0.00 
	 

	5
	2820
	1382.650 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.076 
	1381.294 
	1381.594 
	1.57 
	0.00 
	0.40 
	0.52 
	1.34 
	2.58 
	0.00 
	12.88 
	0.00 
	 

	5
	2825
	1382.328 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.071 
	1381.289 
	1381.589 
	1.26 
	0.00 
	0.40 
	0.52 
	1.34 
	2.06 
	0.00 
	10.28 
	0.00 
	 

	5
	2830
	1381.955 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.066 
	1381.284 
	1381.584 
	0.89 
	0.00 
	0.40 
	0.52 
	1.34 
	1.45 
	0.00 
	7.27 
	0.00 
	 

	5
	2835
	1381.683 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1381.061 
	1381.279 
	1381.579 
	0.62 
	0.00 
	0.40 
	0.52 
	1.34 
	1.02 
	0.00 
	5.09 
	0.00 
	 

	5
	2840
	1381.445 
	0.3
	1
	0.218
	0.001
	0.3
	1
	1381.056 
	1381.274 
	1381.574 
	0.39 
	0.13 
	0.40 
	0.52 
	1.34 
	0.64 
	0.28 
	3.18 
	1.38 
	 

	0
	2840
	1381.445 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.056 
	1380.274 
	1380.574 
	1.39 
	0.00 
	0.40 
	0.52 
	1.34 
	2.27 
	0.00 
	0.00 
	0.00 
	 

	5
	2845
	1381.241 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.051 
	1380.269 
	1380.569 
	1.19 
	0.00 
	0.40 
	0.52 
	1.34 
	1.95 
	0.00 
	9.74 
	0.00 
	 

	5
	2850
	1381.037 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.046 
	1380.264 
	1380.564 
	0.99 
	0.00 
	0.40 
	0.52 
	1.34 
	1.62 
	0.00 
	8.11 
	0.00 
	 

	5
	2855
	1380.870 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.041 
	1380.259 
	1380.559 
	0.83 
	0.00 
	0.40 
	0.52 
	1.34 
	1.36 
	0.00 
	6.78 
	0.00 
	 

	5
	2860
	1380.693 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.036 
	1380.254 
	1380.554 
	0.66 
	0.00 
	0.40 
	0.52 
	1.34 
	1.08 
	0.00 
	5.38 
	0.00 
	 

	5
	2865
	1380.502 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.031 
	1380.249 
	1380.549 
	0.47 
	0.05 
	0.40 
	0.52 
	1.34 
	0.77 
	0.10 
	3.85 
	0.50 
	 

	5
	2870
	1380.291 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.026 
	1380.244 
	1380.544 
	0.27 
	0.25 
	0.40 
	0.52 
	1.34 
	0.43 
	0.54 
	2.17 
	2.70 
	 

	5
	2875
	1380.098 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.021 
	1380.239 
	1380.539 
	0.08 
	0.44 
	0.40 
	0.52 
	1.34 
	0.13 
	0.94 
	0.63 
	4.71 
	 

	5
	2880
	1379.935 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.016 
	1380.234 
	1380.534 
	0.00 
	0.68 
	0.40 
	0.52 
	1.34 
	0.00 
	1.45 
	0.00 
	7.27 
	 

	5
	2885
	1379.808 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.011 
	1380.229 
	1380.529 
	0.00 
	0.92 
	0.40 
	0.52 
	1.34 
	0.00 
	1.97 
	0.00 
	9.87 
	 

	5
	2890
	1379.707 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.006 
	1380.224 
	1380.524 
	0.00 
	1.12 
	0.40 
	0.52 
	1.34 
	0.00 
	2.38 
	0.00 
	11.92 
	 

	5
	2895
	1379.638 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1380.001 
	1380.219 
	1380.519 
	0.00 
	1.24 
	0.40 
	0.52 
	1.34 
	0.00 
	2.66 
	0.00 
	13.29 
	 

	5
	2900
	1379.596 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.996 
	1380.214 
	1380.514 
	0.00 
	1.32 
	0.40 
	0.52 
	1.34 
	0.00 
	2.82 
	0.00 
	14.08 
	 

	5
	2905
	1379.541 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.991 
	1380.209 
	1380.509 
	0.00 
	1.42 
	0.40 
	0.52 
	1.34 
	0.00 
	3.03 
	0.00 
	15.15 
	 

	5
	2910
	1379.492 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.986 
	1380.204 
	1380.504 
	0.00 
	1.51 
	0.40 
	0.52 
	1.34 
	0.00 
	3.22 
	0.00 
	16.09 
	 

	5
	2915
	1379.490 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.981 
	1380.199 
	1380.499 
	0.00 
	1.50 
	0.40 
	0.52 
	1.34 
	0.00 
	3.20 
	0.00 
	16.02 
	 

	5
	2920
	1379.523 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.976 
	1380.194 
	1380.494 
	0.00 
	1.42 
	0.40 
	0.52 
	1.34 
	0.00 
	3.04 
	0.00 
	15.21 
	 

	5
	2925
	1379.542 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.971 
	1380.189 
	1380.489 
	0.00 
	1.38 
	0.40 
	0.52 
	1.34 
	0.00 
	2.94 
	0.00 
	14.70 
	 

	5
	2930
	1379.527 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.966 
	1380.184 
	1380.484 
	0.00 
	1.40 
	0.40 
	0.52 
	1.34 
	0.00 
	2.98 
	0.00 
	14.91 
	 

	5
	2935
	1379.518 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.961 
	1380.179 
	1380.479 
	0.00 
	1.40 
	0.40 
	0.52 
	1.34 
	0.00 
	3.00 
	0.00 
	15.00 
	 

	5
	2940
	1379.516 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.956 
	1380.174 
	1380.474 
	0.00 
	1.40 
	0.40 
	0.52 
	1.34 
	0.00 
	2.99 
	0.00 
	14.93 
	 

	5
	2945
	1379.518 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.951 
	1380.169 
	1380.469 
	0.00 
	1.38 
	0.40 
	0.52 
	1.34 
	0.00 
	2.96 
	0.00 
	14.79 
	 

	5
	2950
	1379.552 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.946 
	1380.164 
	1380.464 
	0.00 
	1.31 
	0.40 
	0.52 
	1.34 
	0.00 
	2.79 
	0.00 
	13.95 
	 

	5
	2955
	1379.605 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.941 
	1380.159 
	1380.459 
	0.00 
	1.19 
	0.40 
	0.52 
	1.34 
	0.00 
	2.54 
	0.00 
	12.71 
	 

	5
	2960
	1379.660 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.936 
	1380.154 
	1380.454 
	0.00 
	1.07 
	0.40 
	0.52 
	1.34 
	0.00 
	2.29 
	0.00 
	11.43 
	 

	5
	2965
	1379.717 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.931 
	1380.149 
	1380.449 
	0.00 
	0.95 
	0.40 
	0.52 
	1.34 
	0.00 
	2.02 
	0.00 
	10.11 
	 

	5
	2970
	1379.774 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.926 
	1380.144 
	1380.444 
	0.00 
	0.82 
	0.40 
	0.52 
	1.34 
	0.00 
	1.76 
	0.00 
	8.78 
	 

	5
	2975
	1379.829 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.921 
	1380.139 
	1380.439 
	0.00 
	0.70 
	0.40 
	0.52 
	1.34 
	0.00 
	1.50 
	0.00 
	7.50 
	 

	5
	2980
	1379.876 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.916 
	1380.134 
	1380.434 
	0.00 
	0.60 
	0.40 
	0.52 
	1.34 
	0.00 
	1.28 
	0.00 
	6.39 
	 

	5
	2985
	1379.912 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.911 
	1380.129 
	1380.429 
	0.00 
	0.52 
	0.40 
	0.52 
	1.34 
	0.00 
	1.10 
	0.01 
	5.52 
	 

	5
	2990
	1379.945 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.906 
	1380.124 
	1380.424 
	0.04 
	0.48 
	0.40 
	0.52 
	1.34 
	0.06 
	1.02 
	0.32 
	5.12 
	 

	5
	2995
	1379.968 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.901 
	1380.119 
	1380.419 
	0.07 
	0.45 
	0.40 
	0.52 
	1.34 
	0.11 
	0.96 
	0.55 
	4.82 
	 

	5
	3000
	1379.987 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.896 
	1380.114 
	1380.414 
	0.09 
	0.43 
	0.40 
	0.52 
	1.34 
	0.15 
	0.91 
	0.74 
	4.56 
	 

	5
	3005
	1379.999 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.891 
	1380.109 
	1380.409 
	0.11 
	0.41 
	0.40 
	0.52 
	1.34 
	0.18 
	0.88 
	0.88 
	4.38 
	 

	5
	3010
	1380.006 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.886 
	1380.104 
	1380.404 
	0.12 
	0.40 
	0.40 
	0.52 
	1.34 
	0.20 
	0.85 
	0.98 
	4.25 
	 

	5
	3015
	1380.013 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.881 
	1380.099 
	1380.399 
	0.13 
	0.39 
	0.40 
	0.52 
	1.34 
	0.22 
	0.82 
	1.08 
	4.12 
	 

	5
	3020
	1380.020 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.876 
	1380.094 
	1380.394 
	0.14 
	0.37 
	0.40 
	0.52 
	1.34 
	0.24 
	0.80 
	1.18 
	4.00 
	 

	5
	3025
	1380.026 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.871 
	1380.089 
	1380.389 
	0.16 
	0.36 
	0.40 
	0.52 
	1.34 
	0.25 
	0.78 
	1.27 
	3.88 
	 

	1.8
	3026.8
	1380.028 
	0.3
	1
	0.218
	0.001
	0.3
	 
	1379.869 
	1380.087 
	1380.387 
	0.16 
	0.36 
	0.40 
	0.52 
	1.34 
	0.26 
	0.77 
	0.47 
	1.38 
	Offtake SC5 & 6

	Total
	 
	 
	 
	 
	 
	 
	 
	 4
	 
	 
	 
	144.254
	306.747
	 
	 
	 
	262.6
	725.6
	1273.3
	3591
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