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1. Introduction and Background
This report presents the analysis of the economic viability of the project included in the operation BL-L1019 "George Price Highway Rehabilitation”.
This analysis has been executed based upon the information and criteria submitted to the Bank by the Ministry of Works and Transport (MOWT). 
The economic evaluation, financial and economical profitability analysis was performed to verify the project’s eligibility towards potential financing by the Bank. Similarly, inputs have been provided to establish indicators that have been included in the result matrix, as well as, in the monitoring and evaluation plan for this operation.
2. Type of Analysis Performed
The following economic feasibility assessment includes a cost benefit analysis that identifies and quantifies the net benefits of the project. A measurable pattern resulted from the quantifiable net benefits obtained from this analysis.
Cost benefits for transportation along the segments of study have been identified and analyzed for both project options, "Without Project" and "With Project". 

The term "Without project" is defined as the conditions under which the transportation system would operate without any additional investment. The assumption under these conditions is that, the maintenance monies provided on an annual basis will be affected. 

The "With Project" option is defined as conditions under which the transportation system would operate after the implementation of the investment required for improvement. 

Total transportation costs for each of the options were obtained from the quantification of the costs associated with the initial intervention, track maintenance, and user costs.

As such, for the evaluation of options "Without Project" and "With Project", the annual condition of the transportation system is established based on the impacts from interventions, maintenance, traffic, and weather. Subsequently, the user costs resulting from each condition are established. 

Profitable indicators have been obtained from annualized profits.
3. General Project Description
The GPH, formerly known as the Western Highway, connects: (i) Belize City, the economic center; (ii) Belmopan, the national capital; (iii) San Ignacio and Santa Elena, the second largest urban area in the country; and (iv) Benque Viejo on the Guatemalan Border. See Figure 1 below for visual representation.
The GPH is a two-lane, 79.4 mile highway originally built in the 1930s and last rehabilitated in the mid-1980s. Since then, the roadway pavement has deteriorated significantly, particularly between Belmopan (mile 47.9) and the Guatemalan Border at Benque Viejo (mile 79.4), due to: (i) insufficient drainage; (ii) the steep increase in truck traffic from the expansion of, primarily, the petroleum sector and, to a lesser extent, the agriculture and tourism sectors; as well as, (iii) limited maintenance. The poor conditions of the pavement structure along with the absence of paved shoulders, unsafe road alignments, lack of pedestrian facilities in urban areas, and limited marking and signing lead to Belize´s high incidence of road fatalities.
Flooding greatly restricts traffic flow along the road, increases the rate of pavement deterioration, and makes evident, the infrastructure vulnerabilities during extreme weather events. This is a significant issue as the highway is a primary evacuation route for coastal areas including Belize City. A particular concern is the Roaring Creek Bridge (mile 48), located near Belmopan, which was submerged at least twice over the course of the last ten years. These types of flooding events allow for water straining on its superstructure, possibly undermining its structural integrity. Loss of access to the bridge cuts off a critical evacuation route during severe storm events. It also causes long-term negative impacts by severely damaging commercial trade and tourism activity between Belize sites and Guatemala.
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Figure 1: George Price Highway
Currently the pavement structure of the road shows areas of significant deterioration, in particular, the segment between Belmopan (Mile 47.9) and the border with Guatemala (mile 79.4). It is important to note that the Bridge Roaring Creek Bridge (mile 48), located near Belmopan, shows signs of structural and loading capacity problems.
To address these problems the Government of Belize (GoBL) has requested support from the IADB to finance the George Price Highway Rehabilitation Project (the Project) comprised of two priority elements of intervention: i) the rehabilitation of the GPH between Belmopan and the Guatemalan Border at Benque Viejo (31.5 miles); ii) and the Roaring Creek Bridge. Despite the lack of information available, the IADB´s support has begun with funding provided through a Technical Cooperation to perform two preliminary studies: i) the feasibility study of both the technical and economic
 aspects, and ii) the environmental and social impact assessment.

4. Assumptions and Methodology

Road Segments and Financing Scenarios
The GPH section of the road system under consideration has been divided in three segments, as illustrated in Figure 2. 

· Segment 1: From the intersection of GPH with Hummingbird Highway to the intersection of the GPH and the Iguana Creek Road. 

· Segment 2: From the intersection of the GPH and Iguana Creek Road to Red Creek Bridge in Santa Elena on the GPH. 

· Segment 3: From the intersection of the GPH and Buena Vista Street in San Ignacio to the Belize-Guatemala Border.
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Figure 2: Segments on the GPH from Belmopan to Guatemala Border.

In order to ensure that the scope of the project adequately considers the availability of funding resources, a decision was made to reduce the scope of the original project to two possible scenarios. The aforementioned scenarios include, namely: (i) Scenario I which includes the rehabilitation of the section between Belmopan (mile 47.9) and George Ville (mile 62.8); and (ii) Scenario II which includes the rehabilitation of the section between Belmopan (mile 47.9) and San Elena (mile 67.3). Accordingly, this report presents the economic evaluation of both scenarios.

Scenario I includes two segments: (i) from the intersection of GPH with Hummingbird Highway to the intersection of the GPH and the Iguana Creek Road with a total length of 9.8 miles (15.8 km), (ii) and from the intersection of the GPH and Iguana Creek Road to the intersection of the George Price Highway with George Ville Road which spans a total length of 5.1 miles (8 km) with a combined length of 14.9 miles (23.8 km). See Figure 3 below for visual representation.
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Figure 3: Scenario I - Section between Belmopan and George Ville.
Scenario II also includes two road segments: (i) from the intersection of GPH with Hummingbird Highway to the intersection of the GPH and the Iguana Creek Road with a total length 9.8 miles (15.8 km) and from the intersection of the GPH and Iguana Creek Road to Red Creek Bridge in Santa Elena which extends a length of 9.5 miles (15.4 km) with a combined length of 19.3 miles (31.2 km). See Figure 4 for further illustration.
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Figure 4: Scenario II - Belmopan and San Elena

Assumptions
The economic feasibility analysis was conducted based on the following assumptions:
a) The Project consists of reconstructing and expanding the road’s platform, upgrading its drainage facilities, as well as, other scope of work. Also, there is the possibility of adjustments for localized horizontal alignments and vertical profiles to the existing configuration to overcome singularities that generate road safety problems. Conservatively, it is assumed that project activities will take place over the course of a 24 month period. It is anticipated that the work will be implemented from Notice to Proceed (NTP) in 2015 to project completion in 2016.
b) The traffic has been calculated from analyzing the origin and destination data surveys conducted in 2014. Current traffic volume values have been proportionally adjusted for quantification of passengers and cargo vehicles.
c) In order to stablish the associated costs for transportation along the segments of study, a HDM-4 v2.08 model, was utilized. The use of this model allowed costs to be determined by existing conditions, functional characteristics, the impact of planned conservation strategies, transit, and climate. In turn, the operating costs for each type of vehicle are related to their physical, mechanical, and operating characteristics; as well as their operational costs.
Evaluation Parameters
Analysis Period
A twenty (20) year timeframe was adopted as the evaluation period which begins after the 2 year period considered for the construction phase.  The period of analysis is for the years 2015-2037 with both periods included.
Investment Rescue Value
The investment recovery value has been established as 10% of the total amount for alternative construction for asphalt pavement; and 30% of relevant alternatives for hydraulic concrete. These values have been applied in the last year of the analysis period.

Social Discount Rate
The social discount rate used in the economic evaluation of a project should reflect the opportunity cost of resources for the society. A 12% real discount rate has been adopted, in line with the IDB’s guidelines.

Shadow Price Factor

To establish the economic costs, we calculated a standard conversion factor (SPF) price paid or consideration financial or economic prices.
5. Alternatives for Evaluation

The alternatives to be considered in this study are three reflected in the following table.

Table 1: Alternatives to Consider in the Economic Feasibility Study

	WITHOUT Project
	“Base Alternative” assumes that the existing road conditions can be maintained under a slightly improved maintenance program.
	· Patching

· Condition Responsive Resealing

· Routine Maintenance

	ALT1. Alternative WITH Project DST


	Assumes road rehabilitation improvement by applying a double surface treatment. Additional maintenance activities would also be implemented.
	· Patching

· Condition Responsive Resealing

· Condition Responsive Overlay

· Routine Maintenance

	ALT2. Alternative WITH  Project AC
	Assumes road rehabilitation with concrete asphalt surfacing plus additional maintenance activities.
	· Patching

· Condition Responsive Resealing

· Condition Responsive Overlay

· Routine Maintenance

	ALT3. Alternative WITH Project RIG
	Assumes Road Rehabilitation with rigid concrete surfacing plus maintenance activities
	· Joint Sealing

· Diamond Grinding

· Slab Partial Repair

· Slab Replacement

· Routine Maintenance


Alternatives “With Project” assumes in each segment, that road improvement and/or construction of the bridges is necessary to ensure a smooth flow along the road during all seasons.
6. Traffic Data Collection and Analysis
Link Evaluation
Based on the field observed configuration and traffic characteristics of the route, it has been deemed appropriate to divide the project into two links. Consequently, it was determined that the new Roaring Creek bridge would be considered part of the first link. 

The first link comprises the road sector of 'Iguana Creek Belmopan Road Junction (9.8 miles or 15.8 km) as the road that proceeds west of the Belmopan junction. It was observed that along this section there are several access roads to production areas that belong to Mennonite colonies. The second link road sector considers the Iguana Creek Road Junction to the east entrance of Santa Elena (9.6 miles or 15.4 km). It is at this point that the urban area of Santa Elena begins. Tabulated below are the codes associated with the aforementioned links and their relation to distance and location.
Table 2 - Links for evaluation


[image: image5.emf]Miles Kilometers

BLING 9.8 15.8

Belmopan – Iguana Creek Junction

ICSE 9.6 15.4

Iguana Creek Junction – Santa Elena

19.4 31.2

Distance

Code Link


The road surface structure along the links described in Table 2 constitutes a double surface treatment of pavement material. Areas of deterioration have been observed throughout the length of both links. In addition, chipping and complete loss of the pavement surface have been spotted along both edges of the road. Considering the aforementioned existing conditions of the road, it has been assumed that the surface roughness of this pavement structure is 4 IRI
 (m / Km) for evaluation purposes. This roughness value corresponds to a paved road that is in a reasonably smooth condition. Although a considerable portion of both edges of the road has been lost, it is safe to assume that the width of the road is approximately 6 meters or 19.7 feet. The original berms along the sides of the road of approximately 3 feet or 1 meter wide are practically non-existent.  Related to drainage, it has been observed that the existing systems along the length of both links are in poor condition and should be assumed that these no longer serve their designed purpose.
The pavement structure sits on terrain that is practically flat with vertical alignments typical of topography of this type. The horizontal alignment corresponds to the design of a paved road with straight segments and horizontal curves.
Traffic Volumes
ATA is currently performing a feasibility study on the rehabilitation of the GPH. ATA has conducted a traffic count and classification study, as well as, an origin and destination survey between July 3rd and July 9th, 2014.  The Consultant has been given access to the raw data collected by ATA during their study. The Consultant understands that the raw data received was not previously analyzed or processed by ATA. See Figure 5 below for visual representation.
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Figure 5:  Traffic Survey Stations
Upon review and processing of the information contained in the electronic files the assumption is that the volumetric counts were collected during periods of 12 hours a day between 6:00 am to 6:00 pm over the course of 7 consecutive days. 
Below are sample tables from the information provided by ATA. 
Table 3 – Examples of the Traffic survey

	STATION 2 - IGUANA CREEK ROAD JUNCTION
	[image: image74.png]Station No.

Location

Belmopan Junction

Iuans Creek Road Junction

Georgaville Villge

Sants Elena Toun

San Ignacie Town

ofaafoln

Benaue Visjo del Carmen
Entrance




 

	 
	 
	Date of Survey: July 3,2014

	Hour 
	Vehicle Type
	Westbound
	Eastbound

	1
	C
	36
	120

	 
	LGV
	2
	6

	 
	M
	8
	8

	 
	B
	7
	9

	 
	HV
	4
	10

	 
	NMV
	2
	4

	 
	P
	30
	15

	2
	C
	58
	145

	 
	LGV
	5
	1

	 
	M
	0
	5

	 
	B
	2
	2

	 
	HV
	6
	17

	 
	NMV
	2
	2

	 
	P
	13
	0

	3
	C
	94
	90

	
	LGV
	3
	0

	 
	M
	3
	2

	 
	B
	4
	4

	 
	HV
	3
	8

	 
	NMV
	4
	2

	 
	P
	16
	4

	4
	C
	87
	118

	 
	LGV
	1
	0

	 
	M
	7
	3

	 
	B
	3
	3

	 
	HV
	4
	7

	 
	NMV
	4
	2

	 
	P
	10
	2


The table below shown detailed information of the traffic survey activities conducted by ATA Consultant.
Table 4 - Vehicle Classification and Counting Hours



[image: image7.emf]C Cars

1 - 6:00 a.m. to 7:00 a.m. 8 - 1:00 p.m. to 2:00 p.m.

LGV Light Goods Vehicles

2 - 7:00 a.m. to 8:00 a.m. 9 - 2:00 p.m. to 3:00 p.m

M Buses

3 - 8:00 a.m. to 9:00 a.m. 10 - 3:00 p.m. to 4:00 p.m

B Motorcycles

4 - 9:00 a.m. to 10:00 a.m 11 - 4:00 p.m. to 5:00 p.m.

HV Heavy Vehicule

5 - 10:00 a.m. to 11:00 a.m.

12 - 5:00 p.m. to 6:00 p.m.

NMV Non Motorized Vehicle

6 - 11:00 a.m. to 12:00 noon

P Pedestrian

7 - 12:00 noon to 1:00 p.m.

Counting Hours Vehicle Classification


As the above table describes, five types of motorized vehicles are listed under vehicle classification. The classification also includes one item for non-motorized vehicles and one for pedestrians. Unfortunately, this survey classification does not fully cover the entire spectrum of vehicles types on the road; in particular, trailer trucks and their axle configurations. It is essential to consider heavy vehicles into a survey of this nature as it is apparent that these cause the most damage to the pavement structure and thus accelerating the deterioration of the road surface. The limitation of the data collected from the survey has been considered when analyzing the economic feasibility presented in this document.
The survey data collected by ATA associated with motor vehicle count (MV) has been the basis for the evaluation. Although the non-motorized vehicles (NMV) and pedestrian (P) counts serve for statistical purposes, they appear to represent vehicular and pedestrian movement around the urban local roads rather than a true representation of the movements experienced in the road section.
Based upon completion of ATA’s raw data, the following table and figure results represent the vehicular traffic density in July 2014 and their respective histograms showing vehicular composition.
The results show an overwhelming proportion of light weight vehicles representing an average of 84% (including all stations), the remaining 16% is distributed among the buses that represent 3%, light/medium and heavy trucks are 4% each, and motorcycles account for 5% of the total. The directional distribution of traffic flows indicates that on average, 53% corresponds to the vehicular traffic flow along the Eastbound.
Table 5 - Results of the vehicular traffic density in July 2014 (veh/12 hours)

[image: image8.emf]AVERAGE TRAFFIC VOLUMES BY STATION  6:00 - 18:00  (12 HOURS)  -  v/12h

Westbound Eastbound BOTH DIRECTIONS

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

STATION

C B LGV HV M

TOTAL 

C B LGV HV M

TOTAL 

C B LGV HV M

TOTAL 

S1 2,186 66 76 82 128 2,538 S1 2,480 78 103 87 116 2,864 S1 4,666 144 179 169 244 5,402

S2 1,040 46 50 71 62 1,268 S2 1,100 44 53 73 51 1,321 S2 2,139 90 102 144 113 2,589

S3 1,130 51 105 142 113 1,541 S3 1,193 74 148 139 110 1,663 S3 2,323 125 252 281 222 3,204

S4 2,422 53 123 41 204 2,844 S4 3,071 65 89 63 212 3,500 S4 5,493 118 212 104 417 6,344

S5 1,286 36 37 36 93 1,487 S5 1,842 40 56 47 106 2,092 S5 3,128 76 93 83 199 3,579

S6 1,125 35 24 20 66 1,270 S6 1,174 39 32 28 52 1,325 S6 2,299 73 56 49 118 2,595

VEHICLE COMPOSITION  %

Westbound Eastbound BOTH DIRECTIONS

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

STATION

C B LGV HV M

TOTAL 

C B LGV HV M

TOTAL 

C B LGV HV M

TOTAL 

S1 86% 3% 3% 3% 5% 100% 87% 3% 4% 3% 4% 100% S1 86% 3% 3% 3% 5% 100%

S2 82% 4% 4% 6% 5% 100% 83% 3% 4% 6% 4% 100% S2 83% 3% 4% 6% 4% 100%

S3 73% 3% 7% 9% 7% 100% 72% 4% 9% 8% 7% 100% S3 72% 4% 8% 9% 7% 100%

S4 85% 2% 4% 1% 7% 100% 88% 2% 3% 2% 6% 100% S4 87% 2% 3% 2% 7% 100%

S5 86% 2% 2% 2% 6% 100% 88% 2% 3% 2% 5% 100% S5 87% 2% 3% 2% 6% 100%

S6 89% 3% 2% 2% 5% 100% 89% 3% 2% 2% 4% 100% S6 88.6% 2.8% 2.2% 1.9% 4.6% 100%
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Figure 4:  Histograms showing the vehicular composition - July 2014
Annual Average Daily Traffic (AADT)
As previously indicated, the volumetric counts represent daily 12 hour traffic flu from 6:00 am to 6:00 pm. This time period of the day constitutes daylight traffic; however the remaining 12 hours that constitute night time traffic is not reflected. The absence of vehicular count data for the night time does not allow a proper calculation of the average annual daily traffic (AADT). A successful calculation of an AADT for this study must include a vehicular count that is performed over the 24 hours in order to capture the heavy vehicles that predominately travel during night hours.

In this regard, to reduce the negative effect of the unavailability of vehicular count information during night hours, a factor of 1.30
 (30% increment) was assumed to represent traffic during that time. This assumption is based upon historical data for 24 hour vehicular count survey in which night traffic volume fluctuates between 20% and 40% depending on site characteristics.
It is also necessary to take into account the seasonal variation during the year in order to apply a seasonal factor and expand (or contract if required) the results of partial appraisals made at a specific time of year (in this case during a week in July 2014). Thus, it was assumed that a seasonal factor that would represent the average seasonal variations during the year will be 1.0
. Under these conditions the Average Annual Daily Traffic – AADT, would be given by the following equation;




AADT = fe x fn x ADT


Where: 

ADDT = Annual Average Daily Traffic




ADT = Average Daily Traffic




Fe = 1.0 Seasonal Factor




Fn =1.3 Nocturnal Factor
With these considerations the average volumes at each station are:
Table 6 - Annual Average Daily Traffic by Station (veh./day)
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NIGHT VOLUME PROPORTION = 30%

EXP.FACT=

1.30 1.30 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

Westbound Eastbound

1 2 3 4 5 1 2 3 4 5

STATION

C B LGV HV M

TOTAL 

C B LGV HV M

TOTAL 

S1

2,842 85 99 107 166 3,299 S1 3,224 102 134 113 151 3,723

S2

1,352 60 64 92 81 1,649 S2 1,429 58 69 95 66 1,717

S3

1,469 67 136 185 147 2,004 S3 1,551 96 192 181 143 2,162

S4

3,149 69 160 54 266 3,698 S4 3,992 85 115 82 276 4,550

S5

1,671 47 48 47 121 1,933 S5 2,395 52 73 61 138 2,720

S6

1,462 45 31 26 86 1,651 S6 1,526 50 41 37 67 1,722




       [image: image11.emf]BOTH DIRECTIONS

1 2 3 4 5

C B LGV HV M

TOTAL 

S1 6,065 187 233 220 317 7,022

S2

2,781.1 117.4 133.0 187.4 147.3

3,366

S3 3,020 163 328 365 289 4,165

S4 7,140 154 276 136 542 8,248

S5 4,066 99 121 108 259 4,653

S6 2,988 95 73 63 154 3,373


Average Annual Daily Traffic
Stations 2 and 3 (Iguana Creek Junction and George Ville respectively) were selected for the links on this assessment based on the volumes determined in the above table. Volumes of Station 1 (Belmopan junction) and Station 4 (Santa Elena Town) were not considered because they reflect local movements with highly urban characteristics with a range of short trips. Therefore, intercity travel is not accurately represented. Under these considerations, the AADT and the allocation to bonds for evaluation in this study is as follows:

Table 7 – AADT for this evaluation

	
	YEAR = 2014
	AADT - BOTH DIRECTIONS - vpd

	STATION
	LINK
	C
	B
	LGV
	HV
	M
	TOTAL

	S2
	Belmopan – Iguana Creek Junction
	2,781
	117
	133
	187
	147
	3,366

	S3
	Iguana Creek Junction – Santa Elena
	3,020
	163
	328
	365
	289
	4,165


	C
	Cars
	
	S2 – Station: Igiuana Creek Road Junction

	B
	Buses
	
	S3 – Station: George Ville

	LGV
	Light Goods Vehicles
	
	

	HV
	Heavy Vehicle
	
	

	M
	Motorcycles
	
	


Growth Rates and Projected AADT
Neither official estimates of project traffic growth nor historical data on traffic flow evolution over the past years were made available for review. In that sense, traffic growth rates were assumed based on projected growth in the Gross Domestic Product (GDP).According to the institutional leaders of Belize, the GDP is expected to grow at an annual rate of 2.5 %
. As an additional source of information, the document from the Macal River Crossing project, Traffic and Economics Report, prepared by Halcrow Group Limited in May 2010 was considered. Annex B of this report estimates an AADT growth between 2010 and 2040. An annual growth of 3.3% was obtained by adjusting Halcrow’s original projected figures.
The analysis by the Consultant utilizes the following growth rates: 

· Loading Vehicle: Growth according GDP: 
2.5% per year 

· Passenger cars: Demand Growth:

3.3% per year
Once the above growth rates are assumed, projections until 2036 become straightforward. Tabulated below is the correlation between vehicle type, annual traffic volumes, and years from 2014 to 2036 per link in terms of AADT (vpd).
AADT in the Belmopan to Iguana Creek Junction link increases from 3366 vpd in the year 2014 to 6773 vpd in 2036. As for the Iguana Creek junction to Santa Elena link an increment from 4165 vpd to 8286 vpd can be observed for the years 2014 and 2036 respectively. Consequently, when a demand ratio of 8% of volume exists in a 24 hour time period, a two-lane road will provide adequate capacity to satisfy this demand. This applies to vehicle volumes on the road and not overall areas.
It is important to note that by knowing the growth rate the vehicle volumes required for any additional period can be projected.
Table 8 - Projected AADT per link
	BLIG
	:  BELMOPAN – IGUANA CREEK JUNCTION
	
	IGSE
	IGUANA CREEK JNC – SANTA ELENA

	
	3.3%
	3.3%
	2.5%
	2.5%
	3.3%
	
	
	
	3.3%
	3.3%
	2.5%
	2.5%
	3.3%
	

	
	1
	2
	3
	4
	5
	
	
	
	1
	2
	3
	4
	5
	

	YEAR
	C
	B
	LGV
	HV
	M
	TOTAL 
	
	YEAR
	C
	B
	LGV
	HV
	M
	TOTAL 

	2014
	2,781
	117
	133
	187
	147
	3,366
	
	2014
	3,020
	163
	328
	365
	289
	4,165

	2015
	2,873
	121
	136
	192
	152
	3,475
	
	2015
	3,119
	168
	336
	374
	299
	4,297

	2016
	2,968
	125
	140
	197
	157
	3,587
	
	2016
	3,222
	174
	345
	384
	309
	4,433

	2017
	3,066
	129
	143
	202
	162
	3,702
	
	2017
	3,329
	180
	353
	393
	319
	4,574

	2018
	3,167
	134
	147
	207
	168
	3,822
	
	2018
	3,438
	186
	362
	403
	329
	4,719

	2019
	3,271
	138
	150
	212
	173
	3,945
	
	2019
	3,552
	192
	371
	413
	340
	4,868

	2020
	3,379
	143
	154
	217
	179
	4,072
	
	2020
	3,669
	198
	381
	424
	351
	5,023

	2021
	3,491
	147
	158
	223
	185
	4,204
	
	2021
	3,790
	205
	390
	434
	363
	5,182

	2022
	3,606
	152
	162
	228
	191
	4,339
	
	2022
	3,915
	211
	400
	445
	375
	5,347

	2023
	3,725
	157
	166
	234
	197
	4,479
	
	2023
	4,045
	218
	410
	456
	387
	5,516

	2024
	3,848
	162
	170
	240
	204
	4,624
	
	2024
	4,178
	226
	420
	468
	400
	5,691

	2025
	3,975
	168
	174
	246
	210
	4,773
	
	2025
	4,316
	233
	431
	479
	413
	5,872

	2026
	4,106
	173
	179
	252
	217
	4,928
	
	2026
	4,458
	241
	441
	491
	427
	6,059

	2027
	4,241
	179
	183
	258
	225
	5,087
	
	2027
	4,605
	249
	452
	504
	441
	6,251

	2028
	4,381
	185
	188
	265
	232
	5,251
	
	2028
	4,757
	257
	464
	516
	456
	6,450

	2029
	4,526
	191
	193
	271
	240
	5,421
	
	2029
	4,914
	265
	475
	529
	471
	6,655

	2030
	4,675
	197
	197
	278
	248
	5,596
	
	2030
	5,077
	274
	487
	542
	486
	6,866

	2031
	4,830
	204
	202
	285
	256
	5,777
	
	2031
	5,244
	283
	499
	556
	502
	7,085

	2032
	4,989
	211
	207
	292
	264
	5,963
	
	2032
	5,417
	293
	512
	570
	519
	7,310

	2033
	5,154
	218
	213
	300
	273
	6,156
	
	2033
	5,596
	302
	525
	584
	536
	7,543

	2034
	5,324
	225
	218
	307
	282
	6,355
	
	2034
	5,781
	312
	538
	599
	554
	7,783

	2035
	5,499
	232
	223
	315
	291
	6,561
	
	2035
	5,971
	322
	551
	614
	572
	8,030

	2036
	5,681
	240
	229
	323
	301
	6,773
	
	2036
	6,168
	333
	565
	629
	591
	8,286


Actually, knowing 
7. System Cost for the Evaluation
The three types of costs considered in the evaluation are investment or capital costs (costs of rehabilitation), maintenance costs corresponding to the required maintenance standards, vehicle parameters, and vehicle costs. The latter are used to determine the user costs (Road User Costs - RUC).  Elaborated below are the three types of costs.
Rehabilitation Costs
Rehabilitation costs were estimated based on the level of improvement required for every link. The estimated costs are associated with road surface milling, base course stabilization - when necessary, and drainage improvement along the road. Additionally, the estimated costs also include flexible pavement placement (overlay following milling, or full-depth construction), rigid pavement construction (if alternative is elected), and other miscellaneous work which includes a 15% contingency. A breakdown of the estimated project costs can be found in the corresponding section of this report.
Adjustment Factor for the Economic Costs
The estimated amounts from the budget analysis refer to market prices or 'finance costs'. It is required to convert these terms into ‘economic costs’, meaning that the figures are to be adjusted by the ‘shadow prices’ factors. It is important to note that the Government of Belize did not provide “shadow prices” needed to affect different components of the budget (skilled labor, unskilled labor, imported machinery, home equipment, etc.) to determine an average adjustment factor for the total cost.
In that sense, a 12.5% adjustment has been assumed to include the general taxes levied on market prices that are equivalent to the average tax levied in Belize. This results in an adjustment factor to the financial costs of 0.875. This value falls within the average spectrum of such factors. Historically, depending on the proportion of domestic and imported resources, these factors vary between 0.82 and 1.0, but as previously mentioned, this mainly depends on those shadow factors price that each country applies to its resources. 

Based on this background, the following table presents the financial and economic costs for the alternatives considered in this assessment.

Table 9 – Scenario I Budget Summary
	

	a) 
	FINANCIAL COSTS  (US$)
	
	
	
	

	
	 
	 
	Length
	Alternatives
	 
	 

	
	CODE
	LINK  NAME
	Km
	A   (ST)
	B    (AC)
	C   (RIG)

	1
	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	11,583,185
	13,210,309
	16,712,576

	2A
	IGGV
	Iguana Creek Junction – GeorgeVille
	8.0
	4,570,600
	5,394,460
	7,167,760

	
	 
	TOTAL
	23.8
	16,153,785
	18,604,769
	23,880,336

	
	
	
	
	
	
	

	
	b) 
	UNIT  FINANCIAL COSTS  (US$/Km)
	
	
	

	
	 
	 
	Length
	Alternatives
	 
	 

	
	CODE
	LINK  NAME
	Km
	A   (ST)
	B    (AC)
	C   (RIG)

	1
	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	733,112.97
	836,095.51
	1,057,757.97

	2A
	IGGV
	Iguana Creek Junction – GeorgeVille
	8.0
	571,325.00
	674,307.50
	895,970.00

	
	 
	Per kilometer
	23.8
	678,730.46
	781,712.98
	1,003,375.46

	
	
	
	
	
	
	

	
	
	Adopted Gross Sale Tax =
	
	12.5%
	
	

	
	
	Shadow Price Factor =
	
	0.875
	0.875
	0.875

	
	c) 
	UNIT  ECONOMIC COSTS  (US$/Km)
	
	
	

	
	 
	 
	Length
	Alternatives
	 
	 

	
	CODE
	LINK  NAME
	Km
	A   (ST)
	B    (AC)
	C   (RIG)

	1
	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	641,473.9
	731,583.6
	925,538.2

	2A
	IGGV
	Iguana Creek Junction – GeorgeVille
	8.0
	499,909.4
	590,019.1
	783,973.8

	
	 
	 Per kilometer 
	23.8
	593,889.2
	683,998.9
	877,953.5


Table 10 – Scenario II Budget Summary
	
	a) 
	FINANCIAL COSTS  (US$)
	
	
	
	

	
	 
	 
	Length
	Alternatives
	 
	 

	
	CODE
	LINK  NAME
	Km
	A   (ST)
	B    (AC)
	C   (RIG)

	1
	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	11,583,185
	13,210,309
	16,712,576

	2
	IGSE
	Iguana Creek Junction - Santa Elena
	15.4
	7,883,405
	9,469,336
	12,882,938

	
	 
	TOTAL
	31.2
	19,466,590
	22,679,645
	29,595,514

	
	
	
	
	
	
	

	
	b) 
	UNIT  FINANCIAL COSTS  (US$/Km)
	
	
	

	
	 
	 
	Length
	Alternatives
	 
	 

	
	CODE
	LINK  NAME
	Km
	A   (ST)
	B    (AC)
	C   (RIG)

	1
	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	733,112.97
	836,095.51
	1,057,757.97

	2
	IGSE
	Iguana Creek Junction - Santa Elena
	15.4
	511,909.42
	614,891.95
	836,554.42

	
	 
	Per kilometer
	31.2
	623,929.17
	726,911.70
	948,574.17

	
	
	
	
	
	
	

	
	
	Adopted Gross Sale Tax =
	
	12.5%
	
	

	
	
	Shadow Price Factor =
	
	0.875
	0.875
	0.875

	
	c) 
	UNIT  ECONOMIC COSTS  (US$/Km)
	
	
	

	
	 
	 
	Length
	Alternatives
	 
	 

	
	CODE
	LINK  NAME
	Km
	A   (ST)
	B    (AC)
	C   (RIG)

	1
	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	641,473.9
	731,583.6
	925,538.2

	2
	IGSE
	Iguana Creek Junction - Santa Elena
	15.4
	447,920.7
	538,030.5
	731,985.1

	
	 
	 Per kilometer 
	31.2
	545,938.0
	636,047.7
	830,002.4


	ALTERNATIVE   A

(ST):
	ALT1
	DOUBLE SURFACE TREATMENT

(ROAD PAVEMENT USING A FLEXIBLE CHIP SEAL SURFAFING)



	ALTERNATIVE   B:

(AC)
	ALT2
	ASPHALT CONCRETE

(ROAD PAVEMENT USING A SEMI-STRUCTURAL FLEXIBLE HOTMIX ASPHALT ROAD SURFACING)


	ALTERNATIVE   C

(RIG)
	ALT3
	RIGID CONCRETE PAVEMENT

(ROAD PAVEMENT USING A RIGID CONCRETE)


Considering that the alternative Surface Treatment (ALT1) represents the most economical option, Table-9 tabulates asphalt binder (ALT2) rehabilitation costs to be 20% higher, whereas, the rigid pavement (ALT3) alternative costs are 50 % higher.


Activities and Maintenance Costs
Key maintenance activities and their associated execution costs are dictated by the existing state of the wearing course, as per the required format by HDM-4. The following activities are usually considered for bituminous pavement maintenance: asphalt patching (U.S. $ / m2), resealing (U.S. $ / m2), strengthening (U.S. $ / m2) and routine maintenance (U.S. $ / km / year). Whereas for rigid pavement placement some of the key maintenance activities include joint sealing, brushing and slab replacement.
All alternatives consider the routine maintenance activities such as sewer and gutter cleaning, weed removal along the sides of the road, maintaining horizontal and vertical signage, and drainage repair, among others.
Unfortunately, the maintenance costs according to specific requirements of HDM-4 have not been possible to obtain. However, based on the limited background information provided by the MOWT, the following maintenance costs have been determined utilizing the HDM-4 model. Note that an adjustment factor (f) of 0.875 was considered to obtain the economic costs.
Table 11 - Maintenance Costs
	ACTIVITY
	UNIT
	FINANCING
	ECONOMIC

	Overlay 
	US$/m2
	17.14
	15.00

	Resealing 
	US$/m2
	5.08
	4.45

	Patching  (S/m2) 
	US$/m2
	17.59
	15.39

	Joint Sealing
	US$/m
	83.00
	72.63

	Diamond Grinding
	US$/m2/mm
	4.67
	4.09

	Slab Partial Repair
	US$/m2
	22.56
	19.74

	Slab Replacement
	US$/m2
	33.40
	29.23

	Before Routine Maintenance 
	US$/Km/yr.
	2,904.44
	2,541.38

	After Routine Maintenance 
	US$/Km/yr.
	3,090.05
	2,703.79


In this regard, the maintenance costs associated with the ‘With Project’ option are higher than the “Without Project” option since it assumes that improved maintenance strategies would be implemented mainly in the areas of signage improvement and replacement, and ongoing maintenance efforts across the segments of study.
Costs of Vehicles and Vehicle Parameters
This section presents the costs of vehicles and vehicle parameters required by the HDM-4, with which the user costs (RUC) for both alternatives: ‘Without Project’ and ‘With Project’ (Vehicle Operating Costs – VOC - and time) can be determined. User costs in this study are determined utilizing the HDM-4 model.
The HDM-4 model requires the following information to calculate the user costs:
· Vehicle characteristics (weight, power, capacity, utilization rates, etc.) 

· Costs of vehicle parameters (vehicle price, fuel, crew, etc.) 

· Road characteristics (horizontal alignment, vertical alignment, roadway width, roughness, etc.) 

· Geography and climate conditions of the place where the road under evaluation is located (altitude, soil type, rainfall, etc.)
· Vehicular volume (by vehicle type) flowing down the road.
The five vehicle type classification from the traffic surveys in July 2014 performed by ATA was adopted as the vehicle fleet for the evaluation. Table 11 below lists the five types of vehicles that constitute the selected vehicle fleet.
Table 12 - Fleet Vehicle for Assessment

	
	
	VEHICLE TYPE

	1
	C
	C – Cars, 4x4 utilities

	2
	B
	B – Buses

	3
	LGV
	LGV – Light Goods Vehicles

	4
	HV
	HV - Heavy Vehicle

	5
	M
	M – Motorcycles


Similarly to other aspects of this analysis, information on the characteristics and costs parameters required for the user cost calculation utilizing the HDM-4 model was not made available by the Government of Belize. Consequently, the required information containing the desired parameters was obtained other sources through independent research. For example, information on vehicular characteristics was sought for in the corresponding vehicle catalogs; while vehicle costs information was captured from the Traffic and Economics Report Macal River Crossing prepared in May 2010 by Halcrow Group Limited (Halcrow) for the Government of Belize. In the absence of more recent information, Halcrow’s values were inserted into the model. The remaining parameters were derived from HDM-4 model default values.
The parameters and vehicle costs prepared for evaluation are presented below.
Table 13 - Fleet Vehicle Parameters and Costs Assessment

[image: image12.jpg]BELIZE:

a) VEHICLE PARAMETERS & COSTS SUMMARY

(GPH: BELMOPAN - SANTA ELENA HIGHWAY REHABILITATION

1 2 3 4 5
UTILITES MEDIUM MOTORCY]
ITEM [ D BUS Truck |HEavY TRuck |MOTE
Fuel Type Petrol Diesel | Diesel Diesel | Petrol
No_Axles o 2 3 2 3 2
Axle Configuration 11 121 12 122 11
Equivalent Axles (ESAL) EE 101 070 433 000
Empty Weight Ton 191 11 3 7 01
Capacit Ton 100 60 78 20 02
Gross Vehicle Weight Ton 291 170 108 27 03
No_Wheels Unit 4 5 6 10 2
No_Passengers persons 3 50 3 3 1
Senice Life Years 10 10 5 ] 10
Average Annual Km Kmlyear | 52000 55000 | 50000 64000 10000
Freontal Area m2 295 55 45 724 [
Engine Power (HPRATED) KW 60 100 100 280 15
Driving Power (HPDRIVE) KW 5 65 67 227 12
FINANCING COSTS
Vehicle Cost USS 20408 37204 | 126488 | 156250 | 13606
Tyre Cost USS/unit | 1722 3989 1722 3989 504
Maintenance Labour USS/hr 301 301 321 321 301
Crew Wages USS/hr 347 180 299 0
Fuel Cost USSit 0640 0520 0520 0520 064
Lubricating oil Cost USS/it 331 337 337 337 337
Value of Time USS/hr 363 1657 569 623 912
ECONOMIC COSTS
Vehicle Cost USs 17857 | 372004 | 126488 | 156250 | 11905
Tyre Cost USS/unit 161 349 161 349 70
Maintenance Labour USS/hr 281 261 281 261 281
Crew Wages USS/hr 304 157 262 0
Fuel Cost USSit 048 052 052 052 048
Lubricating oil Cost USS/it 295 295 295 295 295
Value of Time. USS/hr 3.09 13.62 515 545 7.98





8. Benefits

The Cost Savings Benefits for Users (RUC – Road User Costs)
The economical evaluation consists of identifying costs and benefits with respect to a baseline by analyzing the alternatives of the project. Benefits represent the economic returns that are recognized throughout the life of the project. Whereas, costs represent increases in capital costs and other expenses (relative to the baseline) also throughout the life of the project.
Quantification of benefits is achieved by considering the reduction in transportation costs or road user costs (vehicle operation costs and time). The quantified benefits are obtained by applying the reduction or cost savings values to the projected traffic (AADT) along the over the lifetime of the project. Once this step is accomplished, the resulting values can be compared with the investment and maintenance costs which are also applied along the lifetime of the project. This conceptualization is used in the HDM-4 model and is known as the “Consumer Surplus Method”.
Benefits of Normal Traffic
Normal Traffic
 Volumes represents the existing traffic loads exerted along the road. It has been established that the existing traffic volumes will be directly benefited with a new pavement surface that results from the road rehabilitation project. Thus, the following rationale is utilized by the HDM-4 model to obtain the Benefits of Normal Traffic.
Ben.Traf.Norm. = Q x (C1-C2)

Where: 

Q = Normal Traffic (AADT) 

C1 = RUC before the project 

C2 = RUC after the project

This process applies to each vehicle category and link considered in this evaluation.
Generated
, Induced
, and Diverted
 Traffic Benefits
For simplicity, no generated traffic has been considered in the analysis given that: 
· The analysis corresponds to the rehabilitation of an existing road. 

· The existing road surface is paved and is in moderate condition.

· The existing road experiences a consolidated traffic flow.

· Normal traffic corresponds to a demand that results from the production activities and services established and consolidated over the service period of the current paved road.

· Existing traffic conditions will improve significantly upon completion of the rehabilitation activities on this road.
· It is possible that the road rehabilitation project may not generate new economic activities beyond the existing economical activities and the normal projected growth in the area.
Under the circumstances, a significant impact to change the current economic situation and current projected growth is not considered. Thus, both Traffic Development and its inherited benefits are not-accounted for in this analysis. Should Traffic Development result from the road rehabilitation project, it is assumed that it would be of minimal impact. However, should the Traffic Development generated be of considerable impact, its inclusion into the analysis should be considered.
Another aspect that is generally reviewed is the possibility of Diverted and Induced Traffic. Unlike Traffic Development, this type of traffic refers to motorists traveling between two geographical points utilizing routes other than the segments of study. One or more alternate routes must exist to consider the use of Diverted and Induced Traffic into this analysis. 

Alternative routes have not been identified that may provide the option to generate Diverted and Induced Traffic as a result from the road rehabilitation. Consequently, benefits from Diverted and Induced Traffic in this project are not possible and is not considered for this analysis.
Accident Reduction Benefits
Previous studies have indicated the existence of traffic related accidents in Belize. Particularly, the summary report by 'International Road Assessment Program - iRAP', dated March, 2012 provides statistical values on fatalities due to traffic related accidents.  The report indicated a total of 71 fatalities in 2009, and 710 serious injuries per year. Also, the report lists 61 fatalities and 610 serious injuries in the iRAP Network, which spans over 374 miles (601.8 km). On the other hand, the report also provides insight on achieving a lesser count of traffic related accident events by improving road conditions such as surface, berm and ditches improvements on one side, and signage upgrades on the other. According to the report, if road improvements are executed a 17% reduction in fatalities and injury accidents could be achieved. If these values ​​are applied in proportion to the road Price George Highway, specifically the stretch between Belmopan Santa Elena and 19.4 miles (31.2 Km) the following results would be expected:

Table 14 - Fees and Costs of Accidents
	
	
	
	
	ACCIDENTS per year:

	
	Miles
	Km
	
	FATALITIES
	
	INJURIES

	 iRAP NETWORK =
	374.0
	601.8
	
	61.0
	
	610.0

	Belmopan – Santa Elena =
	19.4
	31.2
	5.2%
	3.2
	
	31.7

	Accident Reduction when rehabilitated =
	
	
	
	17%
	
	17%

	Accident After Rehabilitation per year  =
	
	
	
	4.26
	
	42.64

	Cost per Accident (US$) =  
	
	
	
	304,000
	
	76,100

	Accidents Rate Before (No./100 mill veh-Km) =
	 
	 
	 
	8.25
	 
	82.51

	Accidents Rate After (No./100 mill veh-Km) =
	 
	 
	 
	6.85
	 
	68.48


Source: Elaboration based in the International Road Assessment Program Report (iRAP) 2012
The total number of traffic related crashes in the Belize road network between 2009 and 2012 is shown the following table
:
Table 15 – Number of casualties in traffic crashes

	Number of Casualties in Traffic Crashes:2009-2012

	 
	2009
	2010
	2011
	2012

	Total
	860
	801
	874
	718

	           Fatal
	78
	75
	57
	69

	           Injured
	782
	726
	817
	649

	Pedestrian
	139
	121
	115
	104

	           Fatal
	17
	13
	6
	19

	           Injured
	122
	108
	109
	85

	Passengers
	338
	307
	368
	237

	           Fatal
	24
	23
	21
	12

	           Injured
	314
	284
	347
	225

	Cyclist
	161
	132
	126
	146

	           Fatal
	14
	16
	7
	22

	           Injured
	127
	116
	119
	124

	Drivers
	222
	241
	265
	231

	           Fatal
	23
	23
	23
	16

	           Injured
	199
	218
	242
	215


A total number of 13 fatal traffic crashes, for the period of 2011-2012, occurred in the GPH segment between Roaring Creek to Benque Viejo del Carmen. The table below shows the fatalities by year.

	Number of Fatalities in Traffic Crashes:2009-2012
Roaring Creek to Benque Viejo del Carmen

	 
	2009
	2010
	2011
	2012

	Total
	
	
	7
	6


In fact, almost all fatal accidents reported in 2011-2012, occurred between Belmopan and Santa Elena. Therefore, comparing both analyses, we decided to assume an average annual number of fatalities of 5.2%, which is a conservative value.
The iRAP report also states that costs of accidents are U.S. $ 304,000 for fatalities and U.S. $ 76.100 for the seriously injured. In light of the lack of further information on total cost of fatalities and the seriously injured, the iRAP reported values were adopted into the HDM-4 model. The benefits for this item will be directly calculated by this model considering the incremental costs or annual difference of accidents per case.

ACC Δ (m-n) n = AC - AC m 

Where: 

Δ ACC (m-n) = annual cost of accidents Difference (Benefits) 

AC j = Annual cost of accidents to the investment option 'j'
It is important to note that the same accident rates and cost values have been adopted for the evaluation of each alternative. The only variable considered in the evaluation is the type of surface pavement in each segment.
Other Exogenous Benefits
This analysis does not consider other exogenous benefits due to the lack of readably available information. It is also underscored that the level of derivate and induced transit should be considered minimal or very low, as long as the project involved the rehabilitation of an existing paved road with no alternative connection among the main urban centers within the area.
That said, it worth highlighting that the project will improve the access to Spanish Lookout through the GPH, productive center that plays a central economic role in the Belizean economy. Spanish Lookout, a vibrant Mennonite community, is the major food producer of Belize (dairy, cheese, poultry, vegetables, corn, beans, watermelon, cattle, etc.), which are distributed along the country for internal consumption. Belize has made significant progress toward food self- sufficiency in the last decade, reducing food imports. Within the project area is located the only commercial producer of milk in the country (Western Diary), as well as the most popular chicken brand (Dis Da Fi Wi).
Similarly, Spanish Lookout specializes in hardware and auto parts (i.e. tools, machinery, appliances, etc.), being the country’s leader in tire hardware and steel imports. In tandem, the town is the access to Belize’s oil production fields, consisting of thirteen wells with an estimated capacity of 2,600 to 3,000 barrels a day. Belize oil exports through the Big Creek Port are one of the most important sources of foreign currency of the country
.
Last but not least, the project will improve the access to key tourist attraction in the Cayo District. Indeed, the rehabilitation of the GPH until Georgeville will enhance the connection to Chiquibul Road, which is the access to the Mayan Ruins of Caracol, as well as the Tapir Mountain nature Reserve and Chiquibul National Park. In its National Sustainable Tourism Master Plan, the authorities had identified the lack of or poor access to key tourism attraction as a key constraint for the growth of the sector and the uneven distribution of tourism flows in the country, causing overcrowding in some sites and underutilization of others
.

Overall, the economic feasibility analysis solely measures the vehicular operating cost savings and the reduction of accidents (fatalities and injuries). Nevertheless, there are other exogenous benefits that are not factored-in in the analysis (therefore providing a conservative evaluation scenario). In a recent study
, the International Monetary Fund (IMF) concluded that the fiscal multiplier effect of public investment in developing countries could be, in average, up to 1.6, meaning that public investment brings about incremental demand in different sectors (i.e. construction, services, etc) with positive long-term spillover effects on the economy and level of employment (60 percent more that the original investment). Equally important, from a macroeconomic point of view, the expected reduction in freight and operating costs could have reduced the final price of key staples in the economy. However, given the segmentation, lack of competition and informality prevailed in Belize’s transport sector, it is not possible to assume that the resulted producer surplus could actually translate into lower final prices for consumers. In any case, the project will bring about positive macroeconomic impacts (multiplier effects; reduction in transport costs) while enhancing the conditions of the most important evacuation route of the country in the event of major natural disasters
9. Evaluation with HDM-4
Discount Rate and Evaluation Period
The year of 2014 was selected to be the base year for this assessment. The evaluation utilizes a discount rate or discount future cash flows (costs and benefits) of 12 % as recommended by the IADB and World Bank. This value is recommended to evaluate infrastructural transportation projects.
The evaluation period of the project is established by taking into account that funding review and approval will take place in 2014. Based on the assumption that once the project is approved by 2014, Notice to Proceed will be provided in 2015, thus starting construction activities that are estimated to be complete by 2016. Assuming the road opens to traffic in 2017, the evaluation considers a 20 year lifespan for the rehabilitated road. It is important to note that the assumed 20 year lifespan is less than a typical lifespan for a bridge structure. However, since the costs associated with bridge construction for this project are found within the total rehabilitation costs, the 20 year lifespan period was adopted as the only period in the evaluation.

The Economic Indicators
The principal economic indicators obtained by the HDM-4 are:



NPV


Net Present Value

IRR


Internal Rate of Return
The economic indicator NPV represents the difference between the updated benefits for the base year, generated by an improvement project under the incremental capital costs arising from its construction also updated for the base year.

The economic indicator of the IRR is that 'discount rate' for which the benefits equal the costs (NPV equal to zero), this “Discount rate (i) – IRR” should be compared to the opportunity cost used in the assessment (i = 12.0%).

The feasibility 'of a project based on these indicators requires the NPV for discount rate' i ' be positive, and that the IRR be greater than the opportunity cost (i = 12.0%).

Comparison of Alternatives
Alternative pairs should be compared against each other to determine the economic indicators. In each pair one represents the investment and the other is the base case (current situation) which is to be common in all of them. This comparison is carried out internally by the HDM-4 for each link.
Figure 6: HDM-4 Windows for the Assessment
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	Links
	Pairs for Evaluation

	L1  Belmopan (Roaring Creek)  – Iguana Creek Junction
	ALT1   Vs   ALT_Base

	
	ALT2   Vs   ALT_Base

	
	ALT3   Vs   ALT_Base

	L2  – Iguana Creek Junction – George Ville
	ALT1   Vs   ALT_Base

	
	ALT2   Vs   ALT_Base

	
	ALT3   Vs   ALT_Base


	                             Links
	Pairs for Evaluation

	L1  Belmopan – Iguana Creek Junction
	ALT1   Vs   ALT_Base

	
	ALT2   Vs   ALT_Base

	
	ALT3   Vs   ALT_Base

	L2  – Iguana Creek Junction – Santa Helena
	ALT1   Vs   ALT_Base

	
	ALT2   Vs   ALT_Base

	
	ALT3   Vs   ALT_Base


	ALT1
	REHABILITACION WITH DOUBLE SURFACE TREATMENT

	ALT2
	REHABILITATION WITH ASPHALT CONCRETE

	ALT3
	REHABILLITATION WITH RIGID CONCRETE PAVEMENT


Evaluation Results with HDM-4
The following results for the assessment were determined based on all consideration presented in the preceding sections.
Table 16 – Scenario I Assessment Results with HDM-4
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HIGHWAY  DEVELOPMENT  &  MANAGEMENT 

Study Name:00 BEL_GPH Rehabilitation

HDM-4 Version 2.1 Run Date:31-08-2014

Currency:US Dollar (millions)

Discount Rate:12.00%

Section:  01 ROIG RoaringCreek - Iguana Creek Junction

Alternative

Present Value 

of Total 

Agency Costs 

(RAC) 

Present Value of 

Agency Capital 

Costs (CAP )

Increase in 

Agency Costs 

(C)

Decrease in 

User Costs (B)

Net Exogenous 

Benefits (E)

Net Present 

Value (NPV = 

B + E - C)

NPV/Cost 

Ratio 

(NPV/RAC)

NPV/Cost 

Ratio 

(NPV/CAP)

Internal Rate of 

Return (IRR)

Base Alternative

0.894 0.489 0.000 0.000 0.000 0.000 0.000 0.000 0.0

ALT1 ST  ROIG RoaringCreek - IguanaCreek

9.220 8.858 8.327 21.583 0.000 13.256 1.438 1.497 27.4

ALT2 AC  ROIG RoaringCreek - Iguana Creek

10.289 9.927 9.396 21.733 0.000 12.338 1.199 1.243 24.8

ALT3 RIG  ROIG RoaringCreek - IguanaCreek

12.613 12.250 11.719 22.231 0.000 10.512 0.833 0.858 21.0

Section:  02 IGGV IguanaCreek - GeorgeVille

Alternative

Present Value 

of Total 

Agency Costs 

(RAC) 

Present Value of 

Agency Capital 

Costs (CAP )

Increase in 

Agency Costs 

(C)

Decrease in 

User Costs (B)

Net Exogenous 

Benefits (E)

Net Present 

Value (NPV = 

B + E - C)

NPV/Cost 

Ratio 

(NPV/RAC)

NPV/Cost 

Ratio 

(NPV/CAP)

Internal Rate of 

Return (IRR)

Base Alternative

0.477 0.272 0.000 0.000 0.000 0.000 0.000 0.000 0.0

ALT1 ST  IGGV IguanaCreek - GeorgeVille

3.779 3.596 3.302 16.115 0.000 12.813 3.39 3.563 44.5

ALT2 AC  IGGV IguanaCreek - GeorgeVille

4.278 4.094 3.800 16.071 0.000 12.271 2.869 2.997 39.3

ALT3 RIG  IGGV IguanaCreek - GeorgeVille

5.684 5.500 5.207 16.367 0.000 11.160 1.963 2.029 31.8

Section: TOTAL PROJECT SUMMARY  (Roaring Creek - Iguana Creek - GeorgeVille)

Alternative

Present Value 

of Total 

Agency Costs 

(RAC) 

Present Value of 

Agency Capital 

Costs (CAP )

Increase in 

Agency Costs 

(C)

Decrease in 

User Costs (B)

Net Exogenous 

Benefits (E)

Net Present 

Value (NPV = 

B + E - C)

NPV/Cost 

Ratio 

(NPV/RAC)

NPV/Cost 

Ratio 

(NPV/CAP)

Internal Rate of 

Return (IRR)

Base Alternative

1.37 0.76 0.00 0.00 0.00 0.00 0.000 0.0 0.0

ALT1 ST  Surface Treatment

13.00 12.45 11.63 37.70 0.00 26.07 2.005 2.093 32.4

ALT2 AC  Asphalt Concrete

14.57 14.02 13.20 37.80 0.00 24.61 1.689 1.755 29.1

ALT3 RIG  Concrete Paviment

18.30 17.75 16.93 38.60 0.00 21.67 1.184 1.221 24.4


Table 17 – Scenario II Assessment Results with HDM-4
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INCLUDE Accident  Benefits

HDM-4 Version 2.1 Study Name:00 BEL_GPH Rehabilitation

Run Date:31-08-2014

Currency:US Dollar (millions)

Discount Rate:12.00%

Section:  01 BLIG Belmopan - Iguana Creek Junction

Alternative

Present Value of 

Total Agency 

Costs (RAC) 

Present Value of 

Agency Capital 

Costs (CAP )

Increase in 

Agency Costs 

(C)

Decrease in 

User Costs (B)

Net Exogenous 

Benefits (E)

Net Present 

Value (NPV = 

B + E - C)

NPV/Cost 

Ratio 

(NPV/RAC)

NPV/Cost 

Ratio 

(NPV/CAP)

Internal Rate of 

Return (IRR)

Base Alternative

0.894 0.489 0.000 0.000 0.000 0.000 0.00 0.00 0.0

ALT1 ST  BLIG Belmopan - IguanaCreek

9.220 8.858 8.327 21.583 0.000 13.256 1.438 1.497 27.4

ALT2 AC  BLIG Belmopan - Iguana Creek

10.289 9.927 9.396 21.733 0.000 12.338 1.199 1.243 24.8

ALT3 RIG  BLIG Belmopan - IguanaCreek

12.613 12.250 11.719 22.231 0.000 10.512 0.833 0.858 21.0

Section:  02 IGSE IguanaCreek - StaElena(RedCreek)

Alternative

Present Value of 

Total Agency 

Costs (RAC)

Present Value of 

Agency Capital 

Costs (CAP )

Increase in 

Agency Costs 

(C)

Decrease in 

User Costs (B)

Net Exogenous 

Benefits (E)

Net Present 

Value (NPV = 

B + E - C)

NPV/Cost 

Ratio 

(NPV/RAC)

NPV/Cost 

Ratio 

(NPV/CAP)

Internal Rate of 

Return (IRR)

Base Alternative

0.918 0.523 0.000 0.000 0.000 0.000 0.00 0.00 0.0

ALT1 ST  IGSE IguanaCreek - Santa Elena

6.605 6.252 5.687 31.021 0.000 25.334 3.835 4.052 48.5

ALT2 AC  IGSE IguanaCreek - Santa Elena

7.564 7.211 6.646 30.937 0.000 24.291 3.211 3.369 42.3

ALT3 RIG  IGSE IguanaCreek - SantaElena

10.285 9.932 9.366 31.506 0.000 22.140 2.153 2.229 33.6

Section: TOTAL PROJECT SUMMARY  (Roaring Creek - Iguana Creek - Santa Elena)

Alternative

Present Value of 

Total Agency 

Costs (RAC) 

Present Value of 

Agency Capital 

Costs (CAP )

Increase in 

Agency Costs 

(C)

Decrease in 

User Costs (B)

Net Exogenous 

Benefits (E)

Net Present 

Value (NPV = 

B + E - C)

NPV/Cost 

Ratio 

(NPV/RAC)

NPV/Cost 

Ratio 

(NPV/CAP)

Internal Rate of 

Return (IRR)

Base Alternative

1.81 1.01 0.00 0.00 0.00 0.00 0.000 0.0 0.0

ALT1 ST  Surface Treatment

15.83 15.11 14.01 52.60 0.00 38.59 2.438 2.554 36.2

ALT2 AC  Asphalt Concrete

17.85 17.14 16.04 52.67 0.00 36.63 2.052 2.137 32.2

ALT3 RIG  Concrete Paviment

22.90 22.18 21.09 53.74 0.00 32.65 1.426 1.472 26.7


The economic analysis shows:

· The rigid pavement alternative (Alt.3) cannot be justified from an economic point of view given that a negative NPV is obtained.

· The other two alternatives result in positive economic indicators, being the double surface treatment solution the one that maximizes the net benefits for the society as a whole
.

10. Sensitivity Analysis
In this case, sensitivity analysis was performed only for the selected alternative. A sensitivity analysis is performed to test the consistency of the results against their variations in parameters for costs and benefits. In the first case, the costs are increased to verify if the new results remain positive against the underestimated cost contingency. In the second case, the benefits are reduced to measure the overestimated profit contingency. This two-case procedure is individually, as well as, jointly performed for both parameters. Thus, the structure of this analysis is as follows:
	
	INCREASED COSTS
	
	BENEFITS

REDUCTION

	1)
	10 %
	
	-

	2)
	20 %
	
	-

	3)
	30 %
	
	-

	4)
	-
	
	10 %

	5)
	-
	
	20 %

	6)
	-
	
	30 %

	7)
	10 %
	
	10 %

	8)
	20 %
	
	20 %

	9)
	30 %
	
	30 %


This analysis is processed by the HDM-4 model considering the costs for capital items, recurring (Recurrent) and Special costs (Special). As for benefits, the model takes into account the items of vehicle operating costs (VOC MT), time (MT time) and Accidents.
Figure 7:  HDM-4 Sensitivity Analysis Window
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The results of this analysis are presented in the following table:
Table 18 – Results of Sensitivity Analysis
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In both Scenarios I and II, sensitivity analysis shows that the profitability of the project, varying in costs and benefits individually, is solid to changes to beyond 30%. If changes occur to both parameters jointly, the project remains in its profitable state.

For instance, in the critical case of a cost increase of 30% and 30% of profit reduction simultaneously, the project per link remains solid. Under these conditions for the Scenario I the project would result in a Net Present Value (NPV) of U.S. $ 11.27M and an Internal Rate of Return (IRR) of over 22%. The IRR values per link would yield 16.5% for the first link and 27.6% for the second link.  For the Scenario II the project would result in a Net Present Value (NPV) of U.S. $ 18.60M and an Internal Rate of Return (IRR) of over 16.5%. The IRR values per link would yield 16.5% for the first link and 30.2% for the second link.
These results demonstrate that the feasibility for this project is strong against variations of considerable ranges for both cost and benefits. It is noted that profitability is more sensitive to changes in benefits than in costs.
Additional Sensitivity Analysis

A sensitivity analysis was run without considering the values used for the “accident reduction benefits” due to the uncertainty that these values may or may be correct. This project wide sensitivity analysis (considers all links), provides indicators that remain positive, and that at no point is observed a risk situation for the project.
Table 19 - Additional Sensitivity Analysis
	Project :
	GPH in BELIZE;  BELMOPAN - STA ELENA

	
	BENEFITS WITHOUT  ACCIDENTS

	

	PROJECT WIDE SENSITIVITY ANALYSIS SUMMARY

	
	ALT1: DST 20y 


	 
	% INCR
	% RED
	VAN
	TIR
	 

	 
	COSTS
	BENEF
	Mill. US$
	%
	B / C

	Base=
	0
	0
	33.89
	33.6%
	3.42

	1)
	10
	0
	32.47
	31.23%
	3.10

	1)
	20
	0
	31.06
	29.21%
	0.29

	3)
	30
	0
	29.64
	27.46%
	2.62

	4)
	0
	10
	29.10
	30.99%
	3.08

	5)
	0
	20
	24.31
	28.31%
	2.73

	6)
	0
	30
	19.52
	25.52%
	2.39

	7)
	10
	10
	27.68
	28.80%
	2.79

	8)
	20
	20
	21.48
	24.56%
	2.28

	9)
	30
	30
	15.27
	20.70%
	1.84


11. Technical Evaluation of the Wearing Course
As part of the technical evaluation of the wearing course, variations in the existing condition of the road in terms of annual average roughness throughout the evaluation period are analyzed. The results of this analysis are shown in Table 16, as well as, graphically represented in the charts below.
In the table, it is seen that the three alternatives (ALT1 - ST; ALT2 - AC, ALT3 - RIG) have a good condition in terms of roughness at the end the evaluation period (year 2036). These alternatives do not exceed an IRI of 4.4 which in technical terms is a reasonably smooth rolling surface (adequate drivable condition). On the other hand, the base alternative (existing road) would begin with an adequate IRI qualification (reasonable smooth) in 2014; however if the road continues with its current system of interventions, a roughness of IRI 9 m / km would be achieved on the most damaged link (between rugged and very rough conditions) by the year of 2036. It should be noted that all alternative projects would start with an IRI range of 2.2 to 2.7 m / km, corresponding to roughness good condition with a new tread surface. However, it must be emphasized that the difference between these IRI values and the existing conditions of the road is not a significant one since the existing pavement structure currently shows signs of deterioration.
Table 20 – Scenario I – Pavement Condition by Link
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Table 21 – Scenario II – Pavement Condition by Link
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The charts below show this variation visually where in each graph the upper curve represents the current condition (Base) and lower curves represent the alternatives. Note that the alternatives all fall approximately within the same range indicating that they all behave similarly in terms of the pavement deterioration.
Figure 8:  Scenario I Wearing Course Condition
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Figure 9:  Scenario II Wearing Course Condition
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12. Conclusions and Recommandations
The performed economic evaluation of the proposed road rehabilitation of George Price Highway (GPH) for the two Scenarios is divided into two links:
	Scenario I – Belmopan to George Ville

	Miles 
	Km
	
	LINK

	9.8
	15.8
	L1
	BELMOPAN - IGUANA CREEK JUNCTION

	5.1
	  8.0
	L2
	IGUANA CREEK – GERGE VILLE

	14.9
	23.8
	
	

	Scenario II – Belmopan to Santa Elena

	Miles
	Km
	
	LINK

	9.8
	15.8
	L1
	BELMOPAN - IGUANA CREEK JUNCTION

	9.6
	15.4
	L2
	IGUANA CREEK - STA ELENA

	19.4
	31.2
	
	


Three intervention alternatives have been evaluated in addition to the Base Alternative, which corresponds to the existing condition of the road. Therefore a total of 4 alternatives were evaluated in this study. 

The estimated budgets for each analyzed alternative were elaborated. The estimated budgets cover bridge construction including the required efforts to construct the Roaring Creek Bridge located on the GPH near Belmopan.
· No Project Alternative (Base) 

· ALT1. Alternative WITH DST project 

· ALT2. Alternative WITH AC project 

· ALT3. Alternative WITH RIG project
Under conservative assumptions, the results of the economical analysis presented in this report suggest that road rehabilitation efforts along both Scenarios and its Links for the alternatives 1 and 2 are feasible, resulting in positive NPV. Based on these results, the rehabilitation alternative with double surface treatment (DST) has been recommended as its results in the higher NPV. This alternative also requires that resealing and milling/overlay activities be executed in order to maintain the designed capabilities of the road over the course of its lifetime period of 20 years (Refer to Appendix B).  The rehabilitation costs and the profitability indicators for the selected alternative are tabulated below:
Table 22 – Scenario I Summary Selected Alternative Budget and Economic Indicators

Alternative: ST - Surface Treatment

	
 
	 
	Length
	Alternatives

	CODE
	LINK  NAME
	Km
	A   (ST)

	a) 
	FINANCIAL COSTS  (US$)
	
	

	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	11,583,185

	IGSE
	Iguana Creek Junction – GeorgeVille
	8.0
	4,570,600

	 
	TOTAL
	23.8
	16,153,785

	b) 
	UNIT FINANCIAL COSTS  (US$/Km)
	

	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	733,112.97

	IGSE
	Iguana Creek Junction – GeorgeVille
	8.0
	571,325.00

	 
	Per kilometer
	23.8
	678,730.46


	c)  ECONOMIC INDICATORS
	I = 12%
	

	LINK / Alternative
	Net Present Value (NPV = B + E - C)

Millons US$
	Internal Rate of Return (IRR)

%

	Base Alternative
	0.000
	0

	01 ROIG Roaring Creek - Iguana Creek Junction

	        ALT1 ST  ROIG Roaring Creek – Iguana Creek
	13.25
	27.4

	Section: 02 IGGV Iguana Creek – George Ville

	        ALT1 ST  IGGV IguanaCreek – GeorgeVille
	12.81
	44.5

	: TOTAL PROJECT ECONOMIC INDICATORS

	        ALT1 ST  Surface Treatment
	26.07
	32.4


Table 23 – Scenario II Summary Selected Alternative Budget and Economic Indicators

Alternative: ST - Surface Treatment

	 
	 
	Length
	Alternatives

	CODE
	LINK  NAME
	Km
	A   (ST)

	a) 
	FINANCIAL COSTS  (US$)
	
	

	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	11,583,185

	IGSE
	Iguana Creek Junction – Santa Elena
	15.4
	7,883,405

	 
	TOTAL
	31.2
	19,466,590

	b) 
	UNIT FINANCIAL COSTS  (US$/Km)
	

	ROIG
	RoaringCreek Bridge - Iguana Creek Junction
	15.8
	733,112.97

	IGSE
	Iguana Creek Junction – Santa Elena
	15.4
	511,909.42

	 
	Per kilometer
	31.2
	623,929.17


	c)  ECONOMIC INDICATORS
	I = 12%
	

	LINK / Alternative
	Net Present Value (NPV = B + E - C)

Millons US$
	Internal Rate of Return (IRR)

%

	Base Alternative
	0.000
	0

	01 ROIG RoaringCreek - Iguana Creek Junction

	        ALT1 ST  ROIG RoaringCreek - IguanaCreek
	13.25
	27.4

	Section: 02 IGGV IguanaCreek – Santa Elena

	        ALT1 ST  IGSE IguanaCreek – Santa Elena
	25.33
	48.5

	: TOTAL PROJECT ECONOMIC INDICATORS

	        ALT1 ST  Surface Treatment
	38.59
	36.2


It has been demonstrated through profitability indicators that the rehabilitation of the George Price Highway in both scenarios “Belmopan – George Ville” and “Belmopan - Santa Elena” is feasible.
The positive indicators in this evaluation demonstrate that suitable conditions for this investment do exist. Their logical values arise from the fact that the selected alternative comprises the work associated with road rehabilitation, rather than new construction.  It is not uncommon to find these types of indicators when evaluating a project of similar characteristics such as a high-maintenance scoped project. 

It should be noted that the feasibility analysis conducted in this paper does not consider exogenous benefits. The analysis is based on consumer savings which emphasize the benefits from the user cost savings (RUC). However, if any other exogenous benefits do arise and are considered for analysis purposes, they will increase the feasibility of the project which makes the selected decision even more economically attractive.

The selection of alternative ALT1 with Double Surface Treatment (DST) is logical considering that the vehicular volume consists mostly (over 80%) of light vehicles whose impact or damage to the structural package is minimal in relation to trucks. As previously indicated, large size vehicles such as trucks do not exceed 17% of the existing vehicular volume.

Nevertheless, axle loads control of heavy vehicles should not be neglected. Proper monitoring is required to avoid trucks with overloaded axles from permanently damaging the pavement structure. Annex 'A' shows the analysis of axle loads for a small sample provided by the Government of Belize where a tendency to exceed the axle load limits is predominant.
13. Annex A. Axle Loads
The Government of Belize provided an example of a study conducted by Hub Freight in January of 2013 through the Ministry of Works and Transport. The following table presents the example for vehicle type 1.2.
Table A.1. AXLE LOADS STUDY 2013 VEHICLE TYPE: 1.2

	AXLE-LOAD SURVEY
	
	
	
	
	
	
	
	
	
	
	

	SURVEY LOCATION
	Spanish Look - Out Road, Cayo District
	 
	 
	 
	DATE: 15th January, 2013
	 

	
	
	
	
	
	
	
	
	
	
	
	
	

	TIME
	REGIS-
	AXLE
	AXLE LOADS (TONNES)
	 
	 
	 
	 
	 
	 
	COMMENTS

	 
	TRATION
	CONFIG.
	1
	2
	3
	4
	5
	6
	7
	8
	Total weight
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	09:16 a.m.
	A -0320
	1.2
	3.45
	5.50
	 
	 
	 
	 
	 
	 
	8.95
	Empty

	09:54 a.m.
	A -00224
	1.2
	3.09
	4.48
	 
	 
	 
	 
	 
	 
	7.57
	Empty

	09:57 a.m.
	A -1894
	1.2
	1.84
	2.26
	 
	 
	 
	 
	 
	 
	4.10
	Empty

	10:00 a.m.
	A -3084
	1.2
	4.12
	8.18
	 
	 
	 
	 
	 
	 
	12.30
	Empty

	10:27 a.m.
	A -00145
	1.2
	2.20
	3.08
	 
	 
	 
	 
	 
	 
	5.28
	Empty

	11:57 a.m.
	A -00149
	1.2
	2.05
	2.87
	 
	 
	 
	 
	 
	 
	4.92
	Empty

	12:17 p.m.
	A -04141
	1.2
	2.15
	3.41
	 
	 
	 
	 
	 
	 
	5.56
	Empty

	 
	PROM EMPTY =
	1.2
	2.70
	4.25
	 
	 
	 
	 
	 
	 
	6.95
	Empty

	 
	 
	 
	39%
	61%
	 
	 
	 
	 
	 
	 
	100%
	 

	09:04 a.m.
	A -3660
	1.2
	5.05
	10.69
	 
	 
	 
	 
	 
	 
	15.74
	Loaded

	09:49 a.m.
	A -1306
	1.2
	3.57
	7.24
	 
	 
	 
	 
	 
	 
	10.81
	Loaded

	10:05 a.m.
	A -2974
	1.2
	4.42
	5.95
	 
	 
	 
	 
	 
	 
	10.37
	Loaded

	10:15 a.m.
	A – 4104
	1.2
	5.84
	8.88
	 
	 
	 
	 
	 
	 
	14.72
	Loaded

	11:10 a.m.
	A -2548
	1.2
	4.22
	8.61
	 
	 
	 
	 
	 
	 
	12.83
	Loaded

	11:55 a.m.
	A -00082
	1.2
	4.15
	5.55
	 
	 
	 
	 
	 
	 
	9.70
	Loaded

	11:59 a.m.
	A -1739
	1.2
	1.79
	2.30
	 
	 
	 
	 
	 
	 
	4.09
	Loaded

	02:55 p.m.
	NO PLATES
	1.2
	4.84
	5.77
	 
	 
	 
	 
	 
	 
	10.61
	Loaded

	03:30 p.m.
	A -455
	1.2
	4.72
	5.33
	 
	 
	 
	 
	 
	 
	10.05
	Loaded

	03:35 p.m.
	A -3796
	1.2
	4.56
	11.43
	 
	 
	 
	 
	 
	 
	15.99
	Loaded

	 
	AVERAGE LOADED =
	1.2
	4.32
	7.18
	 
	 
	 
	 
	 
	 
	11.49
	Loaded

	 
	 
	 
	38%
	62%
	 
	 
	 
	 
	 
	 
	100%
	 

	 
	T. EMPTY+LOADED =
	1.2
	3.65
	5.97
	 
	 
	 
	 
	 
	 
	9.62
	 

	 
	 
	 
	38%
	62%
	 
	 
	 
	 
	 
	 
	100%
	 

	
	
	MAX =
	5.84
	11.43
	
	
	
	
	
	
	15.99
	


Average Axle Loads and Load Distribution
After processing the information provided by the MOWT, the following average values ​​were obtained by axis for "loaded vehicles". The graphs that follow allow the observation of the average distribution of the axle loads for those most representative vehicles.
Table A.2. AVERAGE AXLE LOADS FOR LOADED CARS
	REGIS-
	AXLE
	AXLE LOADS (TONNES)
	 
	 
	 
	 Total

	TRATION
	CONFIG.
	1
	2
	3
	4
	5
	6
	Average weight

	PROM.LOADED =
	1.2
	4.32
	7.18
	 
	 
	 
	 
	11.49

	 
	 
	38%
	62%
	 
	 
	 
	 
	100%

	PROM.LOADED =
	1.22
	5.91
	8.66
	8.81
	 
	 
	 
	23.38

	 
	 
	25%
	37%
	38%
	 
	 
	 
	100%

	PROM.LOADED =
	1.2 + 11
	1.95
	3.80
	0.80
	1.02
	 
	 
	7.57

	 
	 
	26%
	50%
	11%
	13%
	 
	 
	100%

	PROM.LOADED =
	1.2 + 22
	2.45
	4.81
	5.60
	5.20
	 
	 
	18.06

	 
	 
	14%
	27%
	31%
	29%
	 
	 
	100%

	PROM.LOADED =
	1.22-111
	4.60
	9.61
	9.46
	6.77
	6.61
	6.60
	43.65

	 
	 
	11%
	22%
	22%
	16%
	15%
	15%
	100%

	PROM.LOADED =
	1.22-22
	4.99
	9.26
	9.18
	10.06
	9.69
	 
	43.18

	 
	 
	12%
	21%
	21%
	23%
	22%
	 
	100%

	PROM.LOADED =
	1.22-222
	4.71
	9.10
	9.98
	10.09
	9.51
	9.28
	52.68

	 
	 
	9%
	17%
	19%
	19%
	18%
	18%
	100%
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Axle loads above the limit
The average values shown above include loaded axles below and overloaded beyond the required limit by axle, which is 8.5 tons. Further information processing reveals that there are axles that exceed the allowable limits. The summary table below shows the percentage of axles that exceed the limits. The histograms illustrate the proportion of loaded axles above the allowable limit by axis (8.5 ton / axle). Note that the allowable limit is illustrated by the horizontal line in each histogram.
Table A.3. PERCENTAGE OF TRUCKS OVER LIMIT (8.5 TON/AXIS)
	


	% ABOVE LIMIT
	(8.5 t)
	
	
	

	VEH.TYPE
	AXLE 1
	AXLE 2
	AXLE 3
	AXLE 4
	AXLE 5
	AXLE 6

	1.2
	0%
	40%
	
	
	
	

	1.22
	13%
	50%
	63%
	
	
	

	1.22-22
	0%
	71%
	65%
	71%
	82%
	0%

	1.22-222
	0%
	50%
	100%
	50%
	50%
	50%


Figure A.2 HISTOGRAMS AXLE LOADS OVER LIMIT
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These results show that virtually all sampled vehicles would be circulating with axle loads above the limit of 8.5 ton per axle and the numbers of vehicles exceeding the limit are above 40%. 

This This ratio corresponds to a single sample, but the trend shows that users (drivers) tend to operate vehicles with axle loads beyond the allowable limits, thus causing, over the years, significant damage to the structural package of the road. 

Given these results the following are recommended:
· An extensive study on axle loads to improve the current degrees of certainty on this issue. Future conclusion on this issue should not be given without proper analysis of the proposed study.

· Based on these results the need to control axle loads is also recommended to prevent traffic movement of overloaded vehicles with axles and therefore prevent rapid deterioration of the structural package.
14. Annex B.  Scenario I - HDM-4 Forms
B.1 Costs and Benefits Cash Flows by Alternative
[image: image34.jpg]HDM-4 Comparison of Cost Streams (Undiscounted)
HIGHWAY DEVELOPMENT & MANAGENENT  Study Name: 00 BEL_GPH Rehabilitati
HOM4 Version 2.1 Run Date: 01-08.2014
Currency: US Dollar (millions)
Discount rate:"12.00 %

Section: 01 ROIG RoaringCreek - lguana Creek Junction
ALT1 ST ROIG RoaringCreek - IquanaCreek
: No Sensitiity Analysis Conducted

SectD:  01ROIG Road Class: Primary or Trunk
Length 1580 km _ 6.00m Rise+Fall: 37.50 mkm Cunvature: 50.00 deg/km
[increase in Road Agency Costs| Saving in Road User Costs.
Normal (+ Diverted) Traffic Generated Traffic et
Accident |  Social
Capital | Recurrent | Special NIT Time & NIT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o oS | Fpocie | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 5.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.068
2016 5.068 0.000 0.000 0.169 0.031 0.000 0.000 0.000 0.000 0.000 0.000 4.867
2017 0.000 -0.004 0.000 0.538 1552 0.000 0.000 0.000 0.000 0.292 0.000 2387
2018 0.422 -0.080 0.000 0.637 1636 0.000 0.000 0.000 0.000 0.302 0.000 3.077
2019 0.000 0.003 0.000 0.698 1705 0.000 0.000 0.000 0.000 0312 0.000 2712
2020 0.000 0.003 0.000 0777 1785 0.000 0.000 0.000 0.000 0322 0.000 23881
2021 0.000 0.003 0.000 0.865 1876 0.000 0.000 0.000 0.000 0332 0.000 3.070
2022 0.000 0.003 0.000 0.968 1.984 0.000 0.000 0.000 0.000 0343 0.000 3.292
2023 0422 0.003 0.000 1.095 2120 0.000 0.000 0.000 0.000 0.354 0.000 3.988
2024 0.000 0.003 0.000 1.034 2.140 0.000 0.000 0.000 0.000 0.365 0.000 3536
2025 0.000 0.003 0.000 1.107 2259 0.000 0.000 0.000 0.000 0377 0.000 3741
2026 0.000 0.003 0.000 1180 2393 0.000 0.000 0.000 0.000 0.389 0.000 3.960
2027 0.000 0.003 0.000 1252 2542 0.000 0.000 0.000 0.000 0402 0.000 4193
2028 0.633 0.003 0.000 1320 2713 0.000 0.000 0.000 0.000 0415 0.000 3812
2029 0.000 0.003 0.000 1409 2913 0.000 0.000 0.000 0.000 0428 0.000 4748
2030 0422 0.003 0.000 1553 3192 0.000 0.000 0.000 0.000 0442 0.000 5.606
2031 0.000 0.003 0.000 1.430 3140 0.000 0.000 0.000 0.000 0.456 0.000 5.023
2032 0.000 0.003 0.000 1525 3372 0.000 0.000 0.000 0.000 0471 0.000 5.365
2033 2133 0.003 0.000 1.627 3.633 0.000 0.000 0.000 0.000 0.486 0.000 361
2014 0.000 0.003 0.000 2524 4437 0.000 0.000 0.000 0.000 0.502 0.000 7.161
2036 0.000 0.003 0.000 2744 4521 0.000 0.000 0.000 0.000 0518 0.000 7.780
2036 1.014 0.003 0.000 2995 4.985 0.000 0.000 0.000 0.000 0.535 0.000 9.526

Total: 10622 0038 0.000 27 447 54631 0.000 0.000 0.000 0.000 8.041 0.000 79535





[image: image35.jpg]Section: 01 ROIG RoaringCreek - Iguana Creek Junction
ALT2 AC ROIG RoaringCreek - Iguana Creek
: No Sensitiity Analysis Conducted

SectD:  01ROIG Road Class: Primary or Trunk
Length 15.80 km Width: 6.00 m Rise+Fall: 37.60 mkm __Cunvature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs
Normal (+ Diverted) Traffic Generated Traffic et
. Accident |  Social
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o oS | Fpeine | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 5.780 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 £.780
2016 5.780 0.000 0.000 0.169 0.031 0.000 0.000 0.000 0.000 0.000 0.000 5579
2017 0.000 -0.004 0.000 0.546 1561 0.000 0.000 0.000 0.000 0.292 0.000 2404
2018 0422 0.080 0.000 0.642 1639 0.000 0.000 0.000 0.000 0.302 0.000 3.084
2019 0.000 0.003 0.000 0.704 1707 0.000 0.000 0.000 0.000 0312 0.000 2720
2020 0.000 0.003 0.000 0.785 1.787 0.000 0.000 0.000 0.000 0322 0.000 23891
2021 0.000 0.003 0.000 0.877 1878 0.000 0.000 0.000 0.000 0332 0.000 3.085
2022 0.000 0.003 0.000 0.987 1.986 0.000 0.000 0.000 0.000 0343 0.000 3314
2023 0422 0.003 0.000 1125 2123 0.000 0.000 0.000 0.000 0.354 0.000 4.022
2024 0.000 0.003 0.000 1.081 2144 0.000 0.000 0.000 0.000 0.365 0.000 3.588
2025 0.000 0.003 0.000 1.180 2264 0.000 0.000 0.000 0.000 0377 0.000 3818
2026 0.633 0.003 0.000 1275 2399 0.000 0.000 0.000 0.000 0.389 0.000 3427
2027 0.000 0.003 0.000 1.367 2563 0.000 0.000 0.000 0.000 0402 0.000 4319
2028 0.000 0.003 0.000 1473 2734 0.000 0.000 0.000 0.000 0415 0.000 45620
2029 0.000 0.003 0.000 1599 2954 0.000 0.000 0.000 0.000 0428 0.000 4978
2030 0422 0.003 0.000 1751 3.238 0.000 0.000 0.000 0.000 0442 0.000 5.850
2031 0.633 0.003 0.000 1624 3191 0.000 0.000 0.000 0.000 0.456 0.000 4635
2032 0.000 0.003 0.000 1717 3423 0.000 0.000 0.000 0.000 0471 0.000 5.608
2033 0.000 0.003 0.000 1841 3701 0.000 0.000 0.000 0.000 0486 0.000 6.026
2014 0.000 0.003 0.000 1971 4014 0.000 0.000 0.000 0.000 0.502 0.000 6.485
2036 0.000 0.003 0.000 2115 4377 0.000 0.000 0.000 0.000 0518 0.000 7.008
2036 1166 0.003 0.000 2283 4817 0.000 0.000 0.000 0.000 0535 0.000 8.788

Total: 10403 0038 0.000 27112 54522 0.000 0.000 0.000 0.000 8.041 0.000 79310




[image: image36.png]Section:  01ROIG RoaringCreek - Iguana Creek Junction
Alternative: ALT3 RIG ROIG RoaringCreek - IguanaCreek
: No Sensitity Analysis Conducted

01ROIG Road Class: Primary or Trunk
15.80 km Width: 6.00 m Rise+Fall: 37.60 mkm __ Curvature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs.
[Normal (+ Diverted) Traffic Generated Traffic Net
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime i MTVOC | MTTime ) Cost | Exogenous
Works Works Works Operation Operation | o i | Bonefits | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 7312 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7312
2016 7312 0.000 0.000 0.169 0.031 0.000 0.000 0.000 0.000 0.000 0.000 EALT
2017 0.000 0.004. 0.000 0597 1679 0.000 0.000 0.000 0.000 0292 0.000 2573
2018 0422 0.080 0.000 0.669. 1737 0.000 0.000 0.000 0.000 0302 0.000 3210
2019 0.000 0.003 0.000 0711 1799 0.000 0.000 0.000 0.000 0312 0.000 23819
2020 0.000 0.003 0.000 0.783 1881 0.000 0.000 0.000 0.000 0322 0.000 2983
2021 0.000 0.003 0.000 0863 1974 0.000 0.000 0.000 0.000 0332 0.000 3167
2022 0.000 0.003 0.000 0955 2084 0.000 0.000 0.000 0.000 0343 0.000 3379
2023 0422 0.003 0.000 1.064 2222 0.000 0.000 0.000 0.000 0354 0.000 4.060
2024 0.000 0.003 0.000 0988 2244 0.000 0.000 0.000 0.000 0365 0.000 3594
2025 0.000 0.003 0.000 1.054 2365 0.000 0.000 0.000 0.000 0377 0.000 3793
2026 0.000 0.003 0.000 1123 2500 0.000 0.000 0.000 0.000 0389 0.000 4010
2027 0.000 0.003 0.000 1196 2651 0.000 0.000 0.000 0.000 0402 0.000 4246
2028 0.000 0.003 0.000 1276 2825 0.000 0.000 0.000 0.000 0415 0.000 4514
2029 0.000 0.003 0.000 1376 3.037 0.000 0.000 0.000 0.000 0428 0.000 4838
2030 0422 0.003 0.000 1507 331 0.000 0.000 0.000 0.000 0442 0.000 5679
2031 1754 0.003 0.000 1375 3255 0.000 0.000 0.000 0.000 0456 0.000 3329
2032 0.000 0.003 0.000 2127 3644 0.000 0.000 0.000 0.000 0471 0.000 6239
2033 0.000 0.003 0.000 2112 3907 0.000 0.000 0.000 0.000 0486 0.000 6502
2034 0.000 0.003 0.000 2199 4222 0.000 0.000 0.000 0.000 0502 0.000 6.920
203 0.000 0.003 0.000 2316 4588 0.000 0.000 0.000 0.000 0518 0.000 7.420
2036 4.387 0.003 0.000 2467 5.037 0.000 0.000 0.000 0.000 0535 0.000 12423

Total: 10725 0038 0.000 26.928 56.994 0.000 0.000 0.000 0.000 8.041 0.000 81276




[image: image37.jpg]Section:  02IGGV IguanaCreek - GeorgeVille
ALT1 ST IGGV lguanaCreek - GeorgeVile
: No Sensitity Analysis Conducted

SectlD:  021GGV Road Class: Primary or Trunk
Length 8.00 km Width: 6.00 m Rise+Fall: 37.60 mkm __Cunvature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs
Normal (+ Diverted) Traffic Generated Traffic et
. Accident |  Social
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o oS | Fpeine | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 2.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -2.000
2016 2.000 0.000 0.000 0473 0.030 0.000 0.000 0.000 0.000 0.000 0.000 4797
2017 0.000 -0.003 0.000 0.563 0.977 0.000 0.000 0.000 0.000 0183 0.000 1726
2018 0.214 0.041 0.000 0.661 1.043 0.000 0.000 0.000 0.000 0.189 0.000 2147
2019 0.000 0.001 0.000 0.690 1.081 0.000 0.000 0.000 0.000 0195 0.000 1.964
2020 0.000 0.001 0.000 0.760 1138 0.000 0.000 0.000 0.000 0.201 0.000 2.098
2021 0.000 0.001 0.000 0.838 1.206 0.000 0.000 0.000 0.000 0.207 0.000 2249
2022 0.000 0.001 0.000 0.926 1.287 0.000 0.000 0.000 0.000 0214 0.000 2426
2023 0.214 0.001 0.000 1.027 1394 0.000 0.000 0.000 0.000 0.221 0.000 23854
2024 0.000 0.001 0.000 0.945 1384 0.000 0.000 0.000 0.000 0.228 0.000 2556
2025 0320 0.001 0.000 0.994 1473 0.000 0.000 0.000 0.000 0.235 0.000 2380
2026 0.000 0.001 0.000 1.047 1.569 0.000 0.000 0.000 0.000 0.242 0.000 23857
2027 0.000 0.001 0.000 1421 1692 0.000 0.000 0.000 0.000 0.250 0.000 3.061
2028 0.000 0.001 0.000 1.208 1.840 0.000 0.000 0.000 0.000 0.258 0.000 3.304
2029 0.214 0.001 0.000 1317 2031 0.000 0.000 0.000 0.000 0.266 0.000 3.826
2030 0.000 0.001 0.000 1226 1.994 0.000 0.000 0.000 0.000 0275 0.000 3493
2031 1.080 0.001 0.000 1294 216 0.000 0.000 0.000 0.000 0.283 0.000 2652
2032 0.000 0.001 0.000 1.965 2476 0.000 0.000 0.000 0.000 0.292 0.000 4732
2033 0.000 0.001 0.000 2139 2724 0.000 0.000 0.000 0.000 0.302 0.000 5.164
2014 0.000 0.001 0.000 2337 3.028 0.000 0.000 0.000 0.000 0311 0.000 5.675
2036 0214 0.001 0.000 2571 3414 0.000 0.000 0.000 0.000 0321 0.000 6.519
2036 0.400 0.001 0.000 2577 3.398 0.000 0.000 0.000 0.000 0331 0.000 6.705

Total: 4145 20,020 0.000 26.381 37334 0.000 0.000 0.000 0.000 5.002 0.000 64592




[image: image38.jpg]Section:  02IGGV IguanaCreek - GeorgeVille
ALT2 AC 1GGV lguanaCreek - GeorgeVille
: No Sensitity Analysis Conducted

SectlD:  021GGV Road Class: Primary or Trunk
Length 8.00 km Width: 6.00 m Rise+Fall: 37.60 mkm __Cunvature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs
Normal (+ Diverted) Traffic Generated Traffic et
. Accident |  Social
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o oS | Fpeine | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 2360 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -2.360
2016 2360 0.000 0.000 0473 0.030 0.000 0.000 0.000 0.000 0.000 0.000 2167
2017 0.000 -0.003 0.000 0.568 0.983 0.000 0.000 0.000 0.000 0183 0.000 1738
2018 0.214 0.041 0.000 0.665 1.044 0.000 0.000 0.000 0.000 0.189 0.000 2151
2019 0.000 0.001 0.000 0.695 1.082 0.000 0.000 0.000 0.000 0195 0.000 1970
2020 0.000 0.001 0.000 0.768 1140 0.000 0.000 0.000 0.000 0.201 0.000 2407
2021 0.000 0.001 0.000 0.851 1.207 0.000 0.000 0.000 0.000 0.207 0.000 2264
2022 0.000 0.001 0.000 0.948 1.290 0.000 0.000 0.000 0.000 0214 0.000 2450
2023 0.214 0.001 0.000 1.067 1396 0.000 0.000 0.000 0.000 0.221 0.000 2589
2024 0.000 0.001 0.000 1014 1.389 0.000 0.000 0.000 0.000 0.228 0.000 2629
2025 0320 0.001 0.000 1.093 1479 0.000 0.000 0.000 0.000 0.235 0.000 2485
2026 0.000 0.001 0.000 1168 1.586 0.000 0.000 0.000 0.000 0.242 0.000 2995
2027 0.000 0.001 0.000 1.256 1712 0.000 0.000 0.000 0.000 0.250 0.000 3217
2028 0.000 0.001 0.000 1.355 1.865 0.000 0.000 0.000 0.000 0.258 0.000 3477
2029 0.214 0.001 0.000 1470 2.061 0.000 0.000 0.000 0.000 0.266 0.000 4.010
2030 0.320 0.001 0.000 1372 2.028 0.000 0.000 0.000 0.000 0275 0.000 3383
2031 0.000 0.001 0.000 1447 2194 0.000 0.000 0.000 0.000 0.283 0.000 3.922
2032 0.000 0.001 0.000 1551 239 0.000 0.000 0.000 0.000 0.292 0.000 4238
2033 0.000 0.001 0.000 1.665 2631 0.000 0.000 0.000 0.000 0.302 0.000 459
2014 0.000 0.001 0.000 1794 2917 0.000 0.000 0.000 0.000 0311 0.000 5.020
2036 0.214 0.001 0.000 1941 3.276 0.000 0.000 0.000 0.000 0321 0.000 5.751
2036 0472 0.001 0.000 1.835 3216 0.000 0.000 0.000 0.000 0331 0.000 5.853

Total: 4035 20,020 0.000 24 696 36.920 0.000 0.000 0.000 0.000 5.002 0.000 62604




[image: image39.png]Section: 02 IGGV IguanaCreek - GeorgeVille
Alternative: ALT3 RIG IGGV IguanaCreek - GeorgeVille
: No Sensitity Analysis Conducted

021GGV Road Class: Primary or Trunk
8.00 km Width: 6.00 m Rise+Fall: 37.60 mkm __ Curvature: 50.00 deg/km
[Increase in Road Agency Costs| [Saving in Road User Costs.
[Normal (+ Diverted) Traffic Generated Traffic Net
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime i MTVOC | MTTime ) Cost | Exogenous
Works Works Works Operation Operation | o i | Bonefits | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 313 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3136
2016 313 0.000 0.000 0473 0.030 0.000 0.000 0.000 0.000 0.000 0.000 2933
2017 0.000 0.003 0.000 0.608. 1.067 0.000 0.000 0.000 0.000 0.183 0.000 1861
2018 0214 0.041 0.000 0.687 1114 0.000 0.000 0.000 0.000 0.189 0.000 2245
2019 0.000 0.001 0.000 0.690 1146 0.000 0.000 0.000 0.000 0195 0.000 2028
2020 0.000 0.001 0.000 0738 1203 0.000 0.000 0.000 0.000 0201 0.000 2141
2021 0.000 0.001 0.000 0.780 1270 0.000 0.000 0.000 0.000 0207 0.000 2256
2022 0.000 0.001 0.000 0828 1349 0.000 0.000 0.000 0.000 0214 0.000 2390
2023 0214 0.001 0.000 0893 1451 0.000 0.000 0.000 0.000 0221 0.000 2777
2024 0.000 0.001 0.000 0.784 1436 0.000 0.000 0.000 0.000 0228 0.000 2447
2025 0.000 0.001 0.000 0814 1517 0.000 0.000 0.000 0.000 023 0.000 2565
2026 0.886. 0.001 0.000 0.850 1.609 0.000 0.000 0.000 0.000 0242 0.000 1814
2027 0.000 0.001 0.000 1370 1817 0.000 0.000 0.000 0.000 0.250 0.000 3436
2028 0.000 0.001 0.000 1335 1953 0.000 0.000 0.000 0.000 0258 0.000 3544
2029 0214 0.001 0.000 141 2145 0.000 0.000 0.000 0.000 0.266. 0.000 4.034
2030 0.000 0.001 0.000 1301 2118 0.000 0.000 0.000 0.000 0275 0.000 3693
2031 0884 0.001 0.000 1370 229 0.000 0.000 0.000 0.000 0283 0.000 3.063
2032 0.000 0.001 0.000 1.957 2603 0.000 0.000 0.000 0.000 0292 0.000 4850
2033 0.000 0.001 0.000 1952 2844 0.000 0.000 0.000 0.000 0302 0.000 5.09
2034 0.000 0.001 0.000 2.069 3153 0.000 0.000 0.000 0.000 0311 0.000 5531
203 0214 0.001 0.000 2233 3546 0.000 0.000 0.000 0.000 0321 0.000 6312
2036 1882 0.001 0.000 2473 3538 0.000 0.000 0.000 0.000 0331 0.000 7.922

Total: 5306 0.020 0.000 25017 39.203 0.000 0.000 0.000 0.000 5002 0.000 63.937




B.2 Timing Works by Link for the Selected Alternative:

ALT1:   SURFACE TREATMENT


[image: image40.jpg]ROARING CREEK BRIDGE - IG.CREEK Jnc - GEORGEVILLE

HDM-4 Road Works Summary (by Section)
HIGHWAY DEVELOPMENT & MANAGEMENT Study Name: 00 BEL_GPH Rehal
HDM-4 Version 2.1 Run Date: 01-08-2014

Curtency” US Dollar
Nate: ony sectons that have works triggered are displayed.

Section” 01 ROIG RoaringCreek - Iguana Creek Junction
Altemative: ALT1 ST ROIG RoaringCreek - IguanaCreek
Sensitivity: No Sensitiity Analysis Conducted

urface Class: Bituminous Road Class:
Length: 15 80km Width:

Year Description Code. Economic Financial Work
Cost Cost Quantity

2014 RM Routine Maintenance RM_bef 40,1538 45,8902 15.80 km
2015 RM Routine Maintenance RM_bef 40,1538 45,8902 15.80 km
01BLIG ST Belmopan - Ig Creek Improve  BLIGst 50676445 57915930 15.80 km

2016 RM Routine Maintenance RM_bef 40,1538 45,8902 15.80 km
01BLIG ST Belmopan - Ig Creek Improve  BLIGst 50676445 57915930 1580 km

2017 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2018 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2019 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2020 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2021 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2022 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2023 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2024 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2025 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2026 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2027 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2028 Routine Maintenance RM_aft 427232 48,8220 15.80 km
Reseal at 15% Cracking RSL15 6327900 7223760 14220000 sq. m

2029 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2030 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2031 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2032 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2033 Routine Maintenance RM_aft 427232 48,8220 15.80 km
Overlay 50mm at 5 IRI oviso 21330000 24373080 142.200.00 sq.m

2034 Routine Maintenance RM_aft 427232 48,8220 1580 km
2035 Routine Maintenance RM_aft 427232 48,8220 15.80 km
2036 Routine Maintenance RM_aft 427232 48,8220 15.80 km

Total cost for the section: 13,876.0044 15856980 5




[image: image41.jpg]Section.
Alternative
Sensitiity:
urface Class

Length
Year

2014
2015

2016

2017
2018
2019
2020
2021
2022
2023
2024
2025

2026
2027
2028
2029
2030
2031

2032
2033
2034
203
2036

02 IGGV IguanaCreek - GeorgeVille
ALT1 ST IGGV lguanaCreek - GeorgeVile
No Sensitivity Analysis Conducted
Bituminous

8.00km
Description

RM Routine Maintenance
RM Routine Maintenance

02 IGGV ST Ig Creek - GeorgeVille Improve
RM Routine Maintenance

02IGGV ST Ig Creek - GeorgeVille Improve
Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Reseal at 15% Cracking

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Overlay 50mm at 5 IRI

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Routine Maintenance

Total cost for the section:

Code

RM_bef
RM_bef
1GGVst
RM_bef
1GGVst
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
RSL15
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft
oviso
RM_aft
RM_aft
RM_aft
RM_aft
RM_aft

Road Class:

Width:

Economic
Cost
203310
203310
1,999,636.0
20331.0
1,999,636.0
216320
216320
216320
216320
216320
216320
216320
216320
216320
3204000
216320
216320
216320
216320
216320
216320
1,080,000.0
216320
216320
216320
216320
216320

5.893,305.1

Financial
Cost
232355
232365
2,286,300.0
232365
2,286,300.0
247200
247200
247200
247200
247200
247200
247200
247200
247200
365,760.0
247200
247200
247200
247200
247200
247200
1,234,080.0
247200
247200
247200
247200
247200

6,734,546 6

Work
Quantity
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
72,000.00 sq. m
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km
72,000.00 sq. m
8.00 km
8.00 km
8.00 km
8.00 km
8.00 km




15. Annex B.  Scenario II - HDM-4 Forms
B.1 Costs and Benefits Cash Flows by Alternative
[image: image42.jpg]HDM-4 Comparison of Cost Streams (Undiscounted)
HIGHWAY DEVELOPAENT & MANAGENENT Study Name: 00 BEL_GPH Rehabilitati
HOM4 Version 2.1 Run Date: 02.08.2014
Currency: US Dollar (millions)
Discount rate:"12.00 %

Section 01 BLIG Belmopan - lguana Creek Junction
Alternative: | ALT1 ST BLIG Belmopan - IquanaCreek
Sensitivty:  No Sensitiity Analysis Conducted

INCLUDE ACCIDENT BENEFITS

SectlD:  01BLIG Road Class: Primary or Trunk
Length 1580 km _ 6.00m Rise+Fall: 37.50 m/km Cunature: 50.00 deg/km
[increase in Road Agency Costs| Saving in Road User Costs.
Normal (+ Diverted) Traffic Generated Traffic et
> Accident |  Social
Capital | Recurrent | Special NIT Time & NIT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o oS | Foacte. | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 5.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.068
2016 5.068 0.000 0.000 0.169 0.031 0.000 0.000 0.000 0.000 0.000 0.000 4,867
2017 0.000 0.004 0.000 0.538 1562 0.000 0.000 0.000 0.000 0.292 0.000 2387
2018 0422 0.080 0.000 0.637 1636 0.000 0.000 0.000 0.000 0.302 0.000 3.077
2019 0.000 0.003 0.000 0.698 1705 0.000 0.000 0.000 0.000 0312 0.000 2712
2020 0.000 0.003 0.000 0177 1785 0.000 0.000 0.000 0.000 0322 0.000 23881
2021 0.000 0.003 0.000 0.865 1876 0.000 0.000 0.000 0.000 0332 0.000 3.070
2022 0.000 0.003 0.000 0.968 1.984 0.000 0.000 0.000 0.000 0343 0.000 3.292
2023 0.422 0.003 0.000 1.095 2120 0.000 0.000 0.000 0.000 0.354 0.000 3.988
2024 0.000 0.003 0.000 1034 2.140 0.000 0.000 0.000 0.000 0.365 0.000 3536
2025 0.000 0.003 0.000 1407 2259 0.000 0.000 0.000 0.000 0377 0.000 3741
2026 0.000 0.003 0.000 1180 2393 0.000 0.000 0.000 0.000 0.389 0.000 3.960
2027 0.000 0.003 0.000 1252 2542 0.000 0.000 0.000 0.000 0402 0.000 4193
2028 0.633 0.003 0.000 1320 2713 0.000 0.000 0.000 0.000 0415 0.000 3812
2029 0.000 0.003 0.000 1409 2913 0.000 0.000 0.000 0.000 0428 0.000 4748
2030 0422 0.003 0.000 1553 3192 0.000 0.000 0.000 0.000 0442 0.000 5.606
2031 0.000 0.003 0.000 1.430 3140 0.000 0.000 0.000 0.000 0.456 0.000 5.023
2032 0.000 0.003 0.000 1525 3372 0.000 0.000 0.000 0.000 0471 0.000 5.365
2033 2133 0.003 0.000 1.627 3.633 0.000 0.000 0.000 0.000 0.486 0.000 361
2014 0.000 0.003 0.000 2524 4437 0.000 0.000 0.000 0.000 0.502 0.000 7.161
2036 0.000 0.003 0.000 2744 4521 0.000 0.000 0.000 0.000 0518 0.000 7.780
2036 1.014 0.003 0.000 2995 4.985 0.000 0.000 0.000 0.000 0.535 0.000 9.526
Total- 10622 20,038 0.000 27 447 54631 0.000 0.000 0.000 0.000 8.041 0.000 79535





[image: image43.jpg]Section: 01 BLIG Belmopan - Iguana Creek Junction
Alternative: | ALT2 AC BLIG Belmopan - Iquana Creek
Sensitivty:  No Sensitity Analysis Conducted

SectlD:  01BLIG Road Class: Primary or Trunk
Length 15.80 km Width: 6.00 m Rise+Fall: 37.60 mkm | Cunature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs.
Normal (+ Diverted) Traffic Generated Traffic et
. y Accident |  Social
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o 0% | Fpoeie | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2016 5.780 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5780
2016 5.780 0.000 0.000 0.169 0.031 0.000 0.000 0.000 0.000 0.000 0.000 5579
2017 0.000 -0.004) 0.000 0.546 1561 0.000 0.000 0.000 0.000 0.292 0.000 2404
2018 0422 0.080 0.000 0.642 1639 0.000 0.000 0.000 0.000 0.302 0.000 3.084
2019 0.000 0.003 0.000 0.704 1707 0.000 0.000 0.000 0.000 0312 0.000 2720
2020 0.000 0.003 0.000 0.785 1.787 0.000 0.000 0.000 0.000 0322 0.000 23891
2021 0.000 0.003 0.000 0.877 1878 0.000 0.000 0.000 0.000 0332 0.000 3.085
2022 0.000 0.003 0.000 0.987 1.986 0.000 0.000 0.000 0.000 0343 0.000 3314
2023 0.422 0.003 0.000 1125 2123 0.000 0.000 0.000 0.000 0.354 0.000 4.022
2024 0.000 0.003 0.000 1.081 2144 0.000 0.000 0.000 0.000 0.365 0.000 3.588
2025 0.000 0.003 0.000 1.180 2264 0.000 0.000 0.000 0.000 0377 0.000 3818
2026 0.633 0.003 0.000 1275 2399 0.000 0.000 0.000 0.000 0.389 0.000 3427
2027 0.000 0.003 0.000 1.367 2563 0.000 0.000 0.000 0.000 0402 0.000 4319
2028 0.000 0.003 0.000 1473 2734 0.000 0.000 0.000 0.000 0415 0.000 4620
2029 0.000 0.003 0.000 1599 2954 0.000 0.000 0.000 0.000 0428 0.000 4.978
2030 0422 0.003 0.000 1751 3.238 0.000 0.000 0.000 0.000 0442 0.000 5.850
2031 0.633 0.003 0.000 1624 3491 0.000 0.000 0.000 0.000 0.456 0.000 4635
2032 0.000 0.003 0.000 1717 3423 0.000 0.000 0.000 0.000 0471 0.000 5.608
2033 0.000 0.003 0.000 1841 3701 0.000 0.000 0.000 0.000 0.486 0.000 6.026
2014 0.000 0.003 0.000 1971 4014 0.000 0.000 0.000 0.000 0.502 0.000 6.485
2036 0.000 0.003 0.000 2115 4377 0.000 0.000 0.000 0.000 0518 0.000 7.008
2036 116 0.003 0.000 2283 4817 0.000 0.000 0.000 0.000 0.535 0.000 8.788

Total- 10403 20,038 0.000 27112 54522 0.000 0.000 0.000 0.000 8.041 0.000 79310




[image: image44.png]Section: 01 BLIG Belmopan - Iguana Creek Junction
Alternative: ALT3 RIG BLIG Belmopan - IguanaCreek
: No Sensitiity Analysis Conducted

01BLG Road Class: Primary or Trunk
15.80 km Width: 6.00 m Rise+Fall: 37.60 mkm | Curvature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs.
[Normal (+ Diverted) Traffic Generated Traffic Net
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime i MTVOC | MTTime ) Cost | Exogenous
Works Works Works Operation Operation | o i | Bonefits | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 7312 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7312
2016 7312 0.000 0.000 0.169 0.031 0.000 0.000 0.000 0.000 0.000 0.000 741
2017 0.000 0.004. 0.000 0597 1679 0.000 0.000 0.000 0.000 0292 0.000 2573
2018 0422 0,080 0.000 0.669. 1737 0.000 0.000 0.000 0.000 0302 0.000 3210
2019 0.000 0.003 0.000 0711 1799 0.000 0.000 0.000 0.000 0312 0.000 23819
2020 0.000 0.003 0.000 0.783 1881 0.000 0.000 0.000 0.000 0322 0.000 2983
2021 0.000 0.003 0.000 0.863 1974 0.000 0.000 0.000 0.000 0332 0.000 3167
2022 0.000 0.003 0.000 0955 2.084 0.000 0.000 0.000 0.000 0343 0.000 3379
2023 0422 0.003 0.000 1.064 2222 0.000 0.000 0.000 0.000 0354 0.000 4.060
2024 0.000 0.003 0.000 0988 2244 0.000 0.000 0.000 0.000 0365 0.000 3594
2025 0.000 0.003 0.000 1.054 2365 0.000 0.000 0.000 0.000 0377 0.000 3793
2026 0.000 0.003 0.000 1123 2500 0.000 0.000 0.000 0.000 0389 0.000 4010
2027 0.000 0.003 0.000 1196 2651 0.000 0.000 0.000 0.000 0402 0.000 4246
2028 0.000 0.003 0.000 1.276 2825 0.000 0.000 0.000 0.000 0415 0.000 4514
2029 0.000 0.003 0.000 1376 3.037 0.000 0.000 0.000 0.000 0428 0.000 4838
2030 0422 0.003 0.000 1507 331 0.000 0.000 0.000 0.000 0442 0.000 5679
2031 1754 0.003 0.000 1375 3255 0.000 0.000 0.000 0.000 0.456 0.000 3329
2032 0.000 0.003 0.000 2127 3644 0.000 0.000 0.000 0.000 0471 0.000 6239
2033 0.000 0.003 0.000 2112 3907 0.000 0.000 0.000 0.000 0486 0.000 6502
2034 0.000 0.003 0.000 2199 4222 0.000 0.000 0.000 0.000 0502 0.000 6.920
203 0.000 0.003 0.000 2316 4588 0.000 0.000 0.000 0.000 0518 0.000 7.420
2036 4.387 0.003 0.000 2467 5.037 0.000 0.000 0.000 0.000 0535 0.000 12423

Total: 10725 0038 0.000 26.928 56.994 0.000 0.000 0.000 0.000 8.041 0.000 81276




[image: image45.jpg]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)
Alternative: | ALT1 ST IGSE IquanaCreek - Santa Elena
Sensitivty:  No Sensitiity Analysis Conducted

SectlD:  021GSE Road Class: Primary or Trunk
Length 15.40 km Width: 6.00 m Rise+Fall: 37.60 mkm | Cunature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs.
Normal (+ Diverted) Traffic Generated Traffic et
. y Accident |  Social
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o 0% | Fpoeie | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2016 3449 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.449
2016 3449 0.000 0.000 0334 0.057 0.000 0.000 0.000 0.000 0.000 0.000 -3.068
2017 0.000 -0.006; 0.000 1.084 1.881 0.000 0.000 0.000 0.000 0.352 0.000 3323
2018 0411 0.078 0.000 1273 2.008 0.000 0.000 0.000 0.000 0.363 0.000 4433
2019 0.000 0.003 0.000 1328 2.080 0.000 0.000 0.000 0.000 0375 0.000 3.780
2020 0.000 0.003 0.000 1464 2192 0.000 0.000 0.000 0.000 0.387 0.000 4.039
2021 0.000 0.003 0.000 1613 2321 0.000 0.000 0.000 0.000 0.399 0.000 4330
2022 0.000 0.003 0.000 1782 2478 0.000 0.000 0.000 0.000 0412 0.000 4669
2023 0.411 0.003 0.000 1978 2682 0.000 0.000 0.000 0.000 0425 0.000 5493
2024 0.000 0.003 0.000 1819 2665 0.000 0.000 0.000 0.000 0438 0.000 4919
2025 0.617 0.003 0.000 1.913 2836 0.000 0.000 0.000 0.000 0452 0.000 4581
2026 0.000 0.003 0.000 2015 3.021 0.000 0.000 0.000 0.000 0.466 0.000 5.500
2027 0.000 0.003 0.000 2158 3.257 0.000 0.000 0.000 0.000 0.481 0.000 5.893
2028 0.000 0.003 0.000 2325 3541 0.000 0.000 0.000 0.000 0496 0.000 6.360
2029 0.411 0.003 0.000 2536 3.909 0.000 0.000 0.000 0.000 0512 0.000 7.366
2030 0.000 0.003 0.000 2360 3.838 0.000 0.000 0.000 0.000 0528 0.000 6.724
2031 2.079 0.003 0.000 2492 4.150 0.000 0.000 0.000 0.000 0.545 0.000 5.105
2032 0.000 0.003 0.000 3783 4.765 0.000 0.000 0.000 0.000 0.563 0.000 9.109
2033 0.000 0.003 0.000 4118 5.244 0.000 0.000 0.000 0.000 0.581 0.000 9.940
2014 0.000 0.003 0.000 4499 5.828 0.000 0.000 0.000 0.000 0.599 0.000 10.924
2036 0.411 0.003 0.000 4.950 6.573 0.000 0.000 0.000 0.000 0.618 0.000 12.549
2036 0.690 0.003 0.000 4961 6.542 0.000 0.000 0.000 0.000 0.638 0.000 12.828

Total- 7.259 20,039, 0.000 50783 71868 0.000 0.000 0.000 0.000 9629 0000 125059




[image: image46.jpg]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)
Alternative: | ALT2 AC IGSE IguanaCreek - Santa Elena
Sensitivty:  No Sensitiity Analysis Conducted

SectlD:  021GSE Road Class: Primary or Trunk
Length 15.40 km Width: 6.00 m Rise+Fall: 37.60 mkm | Cunature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs.
Normal (+ Diverted) Traffic Generated Traffic et
. y Accident |  Social
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime MTVOC | MTTime Cost | Exogenous
Works Works Works Operation Operation | o 0% | Fpoeie | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2016 4143 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.143
2016 4143 0.000 0.000 0334 0.057 0.000 0.000 0.000 0.000 0.000 0.000 3752
2017 0.000 -0.006; 0.000 1.094 1893 0.000 0.000 0.000 0.000 0.352 0.000 3345
2018 0411 0.078 0.000 1279 2,010 0.000 0.000 0.000 0.000 0.363 0.000 442
2019 0.000 0.003 0.000 1337 2.082 0.000 0.000 0.000 0.000 0375 0.000 3792
2020 0.000 0.003 0.000 1479 219 0.000 0.000 0.000 0.000 0.387 0.000 4.067
2021 0.000 0.003 0.000 1638 2324 0.000 0.000 0.000 0.000 0.399 0.000 4388
2022 0.000 0.003 0.000 1825 2482 0.000 0.000 0.000 0.000 0412 0.000 4716
2023 0.411 0.003 0.000 2.054 2688 0.000 0.000 0.000 0.000 0425 0.000 5575
2024 0.000 0.003 0.000 1952 2673 0.000 0.000 0.000 0.000 0438 0.000 5.060
2025 0.617 0.003 0.000 2103 23848 0.000 0.000 0.000 0.000 0452 0.000 4784
2026 0.000 0.003 0.000 2248 3.083 0.000 0.000 0.000 0.000 0.466 0.000 5.765
2027 0.000 0.003 0.000 2417 3.296 0.000 0.000 0.000 0.000 0.481 0.000 6192
2028 0.000 0.003 0.000 2609 3.590 0.000 0.000 0.000 0.000 0496 0.000 6.693
2029 0.411 0.003 0.000 25830 3.967 0.000 0.000 0.000 0.000 0512 0.000 7.719
2030 0.617 0.003 0.000 2642 3.904 0.000 0.000 0.000 0.000 0528 0.000 6.455
2031 0.000 0.003 0.000 2785 4223 0.000 0.000 0.000 0.000 0.545 0.000 7.861
2032 0.000 0.003 0.000 2985 4612 0.000 0.000 0.000 0.000 0.563 0.000 8158
2033 0.000 0.003 0.000 3.205 5.065 0.000 0.000 0.000 0.000 0.581 0.000 8.848
2014 0.000 0.003 0.000 3453 5.614 0.000 0.000 0.000 0.000 0.599 0.000 9.664
2036 0.411 0.003 0.000 3737 6.307 0.000 0.000 0.000 0.000 0.618 0.000 11.070
2036 0.829 0.003 0.000 3532 6191 0.000 0.000 0.000 0.000 0.638 0.000 11186

Total- 7.046 20,039, 0.000 47 540 71072 0.000 0.000 0.000 0.000 9629 0000 121234




[image: image47.png]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)
Alternative: ALT3 RIG IGSE lguanaCreek - Santalena
: No Sensitity Analysis Conducted

021GSE Road Class: Primary or Trunk
15.40 km Width: 6.00 m Rise+Fall: 37.60 mkm | Curvature: 50.00 deg/km
[increase in Road Agency Costs| [Saving in Road User Costs.
[Normal (+ Diverted) Traffic Generated Traffic Net
Capital | Recurrent | Special NMT Time & NMT Time & Total Net
Year MTVOC | MTTime i MTVOC | MTTime ) Cost | Exogenous
Works Works Works Operation Operation | o i | Bonefits | Benefits

2014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2015 5636 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.636
2016 5636 0.000 0.000 0334 0.057 0.000 0.000 0.000 0.000 0.000 0.000 5.245
2017 0.000 -0.006. 0.000 1470 2.085 0.000 0.000 0.000 0.000 0362 0.000 3583
2018 0411 0,078 0.000 1323 2145 0.000 0.000 0.000 0.000 0363 0.000 4321
2019 0.000 0.003 0.000 1327 2205 0.000 0.000 0.000 0.000 0375 0.000 3.905
2020 0.000 0.003 0.000 1421 2316 0.000 0.000 0.000 0.000 0387 0.000 4122
2021 0.000 0.003 0.000 1501 2444 0.000 0.000 0.000 0.000 0399 0.000 4342
2022 0.000 0.003 0.000 1595 2597 0.000 0.000 0.000 0.000 0412 0.000 45601
2023 0411 0.003 0.000 1718 2794 0.000 0.000 0.000 0.000 0425 0.000 5345
2024 0.000 0.003 0.000 1509 2765 0.000 0.000 0.000 0.000 0438 0.000 4710
2025 0.000 0.003 0.000 1.568 2921 0.000 0.000 0.000 0.000 0452 0.000 4938
2026 1705 0.003 0.000 1636 3.007 0.000 0.000 0.000 0.000 0.466. 0.000 3492
2027 0.000 0.003 0.000 2638 3497 0.000 0.000 0.000 0.000 0.481 0.000 6614
2028 0.000 0.003 0.000 2569 3759 0.000 0.000 0.000 0.000 049 0.000 6822
2029 0411 0.003 0.000 2716 4129 0.000 0.000 0.000 0.000 0512 0.000 7.765
2030 0.000 0.003 0.000 2505 4077 0.000 0.000 0.000 0.000 0528 0.000 7409
2031 1702 0.003 0.000 2637 4419 0.000 0.000 0.000 0.000 0545 0.000 5.897
2032 0.000 0.003 0.000 3766 5.010 0.000 0.000 0.000 0.000 0563 0.000 933
2033 0.000 0.003 0.000 3758 5474 0.000 0.000 0.000 0.000 0581 0.000 9810
2034 0.000 0.003 0.000 3983 6.069 0.000 0.000 0.000 0.000 0599 0.000 10.648
203 0411 0.003 0.000 4298 6826 0.000 0.000 0.000 0.000 0618 0.000 12151
2036 3382 0.003 0.000 4183 6810 0.000 0.000 0.000 0.000 0638 0.000 15.010

Total: 9653 0,039 0.000 48158 75.466 0.000 0.000 0.000 0.000 9629 0000 123640




B.2 Timing Works by Link for the Selected Alternative:

ALT1:   SURFACE TREATMENT

[image: image48.jpg]ROARING CREEK BRIDGE (Belmopan) - SANTA ELENA

HDM-4 Road Works Summary (by Section)
HIGHWAY DEVELOPMENT & MANAGEMENT Study Name: 00 BEL_GPH Rehal
HDM-4 Version 2.1 Run Date: 02-08-2014

Currency: US Dollar
Note: only sections that have works triggered are displayed

Section: 01 BLIG Belmopan - Iguana Creek Junction

Alternative: ALT1 ST BLIG Belmopan - IquanaCreek

Sensi No Sensitivity Analysis Conducted

Surface ClatBituminous Road Class:

Length:  15.80km Width:

Year Description Code. Economic Financial Work
Cost Cost Quantity

RM Routine Maintenance

RM Routi

40,163.8 15.80 km

01 BLIG ST Belmopan - Ig Creek Imp 067,644 5 ): 5.80 km
2017 Routine Maintenance 427232 15.80 km
2018 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2019 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2020 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2021 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2022 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2023 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2024 Routine Maintenance RM_aft 4271232 48,822.0 15.80 km
2025 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2026 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2027 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2028 Routine Maintenance RM_aft 427232 48,822.0 15.80 km

Reseal at 16% Cracking RSL15 632.790.0 722.376.0 | 142.200.00 sq. m
2029 Routine Maintenance RM_aft 427232 48,822.0 16.80 km
2030 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2031 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2032 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2033 Routine Maintenance RM_aft 427232 48,822.0 15.80 km

Overlay 50mm at 5 IRI OVL50 21330000 2437.308.0 142.200.00 sq. m
2034 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
203 Routine Maintenance RM_aft 427232 48,822.0 15.80 km
2036 Routine Maintenance RM_aft 427232 48,822.0 15.80 km

Total cost for the section: 138760044  15.856.980 5




[image: image49.jpg]Section:
Alternative
Sensi

02 IGSE IguanaCreek - StaElena(RedCreek)
ALT1 ST IGSE IguanaCreek - Santa Elena
No Sensitivity Analysis Conducted

Surface ClasBituminous Road Class:
Length: 15 40km Width:
Year Description Code. Economic

Cost
391373

RM Routine Maintenance

2017 Routine Maintenancs

2018 Routine Maintenance
2019 Routine Maintenance
2020 Routine Maintenance
2021 Routine Maintenance
2022 Routine Maintenance
2023 Routine Maintenance
2024 Routine Maintenance
2025 Routine Maintenance
Reseal at 16% Cracking 616.770.0
2026 Routine Maintenance 416416
2027 Routine Maintenance 416416
2028 Routine Maintenance 416416
2029 Routine Maintenance 416416
2030 Routine Maintenance 416416
2031 Routine Maintenance 416416
Overlay 50mm at 5 IRI 2,079.000.0

2032 Routine Maintenance 416416

2033 Routine Maintenance 416416
2034 Routine Maintenance RM_aft 416416
203 Routine Maintenance RM_aft 416416
2036 Routine Maintenance RM_aft 416416
Total cost for the section: 10,543,996 8

Financial Work
Cost Quantity
44,7284 15.40 km

47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
704,088.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0
2,375.604.0
47,586.0
47,586.0
47,586.0
47,586.0
47,586.0

15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
138.600.00 sq. m
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km
138.600.00 sq. m
15.40 km
15.40 km
15.40 km
15.40 km
15.40 km

12.048.995 6




16. Annex C.  Scenario I – HDM-4 Forms ALT1 Surface Treatment
C.1 MT RUC Summary per veh.-km by vehicle

[image: image50.emf]Section: 01 ROIG RoaringCreek - Iguana Creek Junction US$/vek-Km

Alternative: ALT1 ST  ROIG RoaringCreek - IguanaCreek

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 ROIG Road Class:Primary or Trunk

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.67

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.73 1.01 1.33 0.24 12.71

2016 0.14 1.43 0.81 1.13 0.17 3.67

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.73 1.01 1.33 0.24 12.71

2017 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.83 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2018 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.12 0.92 1.23 0.23 11.84

2019 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.84

2020 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2021 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2022 0.15 1.31 0.75 1.05 0.16 3.43

0.20 7.83 0.17 0.18 0.07 8.43

0.34 9.14 0.92 1.23 0.23 11.86

2023 0.15 1.31 0.75 1.06 0.16 3.43

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.14 0.92 1.23 0.23 11.87

2024 0.15 1.32 0.76 1.06 0.17 3.45

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.15 0.93 1.24 0.23 11.89

2025 0.15 1.33 0.76 1.07 0.17 3.47

0.20 7.83 0.17 0.18 0.07 8.44

0.35 9.16 0.93 1.24 0.23 11.91


[image: image51.emf]2026 0.15 1.34 0.77 1.07 0.17 3.49

0.20 7.84 0.17 0.18 0.07 8.45

0.35 9.18 0.93 1.25 0.23 11.94

2027 0.15 1.35 0.77 1.08 0.17 3.52

0.20 7.84 0.17 0.18 0.07 8.45

0.35 9.19 0.94 1.26 0.23 11.97

2028 0.15 1.37 0.78 1.09 0.17 3.55

0.20 7.85 0.17 0.18 0.07 8.46

0.35 9.22 0.95 1.27 0.23 12.01

2029 0.15 1.38 0.79 1.10 0.17 3.59

0.20 7.86 0.17 0.18 0.07 8.47

0.35 9.25 0.96 1.28 0.23 12.06

2030 0.15 1.40 0.79 1.11 0.17 3.62

0.20 7.86 0.17 0.18 0.07 8.48

0.35 9.26 0.96 1.28 0.23 12.09

2031 0.15 1.41 0.80 1.12 0.17 3.64

0.20 7.87 0.17 0.18 0.07 8.48

0.35 9.28 0.97 1.29 0.24 12.13

2032 0.15 1.42 0.80 1.12 0.17 3.67

0.20 7.88 0.17 0.18 0.07 8.49

0.35 9.30 0.97 1.30 0.24 12.16

2033 0.16 1.44 0.81 1.13 0.17 3.70

0.20 7.89 0.17 0.18 0.07 8.50

0.36 9.32 0.98 1.31 0.24 12.20

2034 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.81 0.17 0.18 0.07 8.42

0.34 9.12 0.92 1.22 0.23 11.83

2035 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.81 0.17 0.18 0.07 8.42

0.34 9.12 0.92 1.22 0.23 11.83

2036 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.12 0.92 1.22 0.23 11.84

Total 3.39 31.07 17.75 24.82 3.82 80.85

4.73 181.68 3.97 4.13 1.54 196.05

8.12 212.75 21.72 28.95 5.36 276.90


[image: image52.emf]Section: 01 ROIG RoaringCreek - Iguana Creek Junction

Alternative: Base Alternative

No Sensitivity Analysis Conducted

Sect ID: 01 ROIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.67

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.73 1.01 1.33 0.24 12.71

2016 0.15 1.48 0.84 1.16 0.17 3.80

0.26 8.34 0.20 0.20 0.07 9.06

0.40 9.82 1.03 1.36 0.25 12.86

2017 0.15 1.54 0.86 1.19 0.18 3.92

0.26 8.38 0.20 0.20 0.07 9.10

0.41 9.91 1.06 1.39 0.25 13.03

2018 0.15 1.57 0.88 1.21 0.18 3.98

0.26 8.40 0.20 0.20 0.08 9.13

0.41 9.96 1.07 1.41 0.25 13.11

2019 0.15 1.58 0.88 1.22 0.18 4.01

0.26 8.41 0.20 0.20 0.08 9.14

0.41 9.99 1.08 1.42 0.26 13.15

2020 0.15 1.60 0.89 1.23 0.18 4.05

0.26 8.42 0.20 0.20 0.08 9.16

0.41 10.02 1.09 1.43 0.26 13.21

2021 0.16 1.62 0.90 1.24 0.18 4.10

0.26 8.45 0.20 0.20 0.08 9.18

0.42 10.07 1.10 1.44 0.26 13.28

2022 0.16 1.65 0.91 1.25 0.19 4.15

0.26 8.47 0.20 0.20 0.08 9.21

0.42 10.12 1.11 1.45 0.26 13.37

2023 0.16 1.68 0.93 1.27 0.19 4.22

0.26 8.52 0.20 0.20 0.08 9.26

0.42 10.20 1.12 1.47 0.27 13.48

2024 0.16 1.66 0.92 1.26 0.19 4.18

0.26 8.49 0.20 0.20 0.08 9.23

0.42 10.15 1.12 1.46 0.26 13.41

2025 0.16 1.68 0.93 1.27 0.19 4.23

0.26 8.52 0.20 0.20 0.08 9.26

0.42 10.20 1.13 1.47 0.27 13.49


[image: image53.emf]2026 0.16 1.70 0.94 1.28 0.19 4.28

0.27 8.55 0.20 0.20 0.08 9.30

0.43 10.26 1.14 1.48 0.27 13.57

2027 0.16 1.73 0.95 1.29 0.19 4.33

0.27 8.59 0.20 0.20 0.08 9.34

0.43 10.32 1.15 1.50 0.27 13.67

2028 0.16 1.75 0.96 1.31 0.20 4.38

0.27 8.64 0.20 0.20 0.08 9.39

0.43 10.39 1.16 1.51 0.28 13.77

2029 0.17 1.78 0.97 1.32 0.20 4.45

0.27 8.69 0.20 0.20 0.08 9.45

0.44 10.47 1.18 1.53 0.28 13.90

2030 0.17 1.82 0.99 1.34 0.20 4.53

0.28 8.77 0.20 0.21 0.08 9.54

0.44 10.59 1.19 1.55 0.29 14.06

2031 0.17 1.79 0.98 1.33 0.20 4.47

0.27 8.72 0.20 0.21 0.08 9.48

0.44 10.51 1.18 1.53 0.28 13.95

2032 0.17 1.82 0.99 1.34 0.20 4.53

0.28 8.77 0.20 0.21 0.08 9.54

0.44 10.59 1.19 1.55 0.29 14.07

2033 0.17 1.85 1.00 1.36 0.21 4.58

0.28 8.84 0.20 0.21 0.08 9.61

0.45 10.68 1.21 1.57 0.29 14.19

2034 0.17 1.87 1.02 1.37 0.21 4.64

0.28 8.91 0.20 0.21 0.09 9.69

0.45 10.78 1.22 1.58 0.30 14.33

2035 0.17 1.90 1.03 1.39 0.21 4.71

0.29 8.99 0.21 0.21 0.09 9.78

0.46 10.89 1.24 1.60 0.30 14.49

2036 0.17 1.94 1.05 1.41 0.22 4.78

0.29 9.09 0.21 0.22 0.09 9.90

0.47 11.03 1.25 1.62 0.31 14.68

Total 3.68 38.84 21.44 29.28 4.40 97.63

6.16 197.56 4.57 4.68 1.82 214.80

9.83 236.40 26.01 33.96 6.22 312.42


[image: image54.emf]Section: 02 IGGV IguanaCreek - GeorgeVille

Alternative: ALT1 ST  IGGV IguanaCreek - GeorgeVille

No Sensitivity Analysis Conducted

Sect ID: 02 IGGV Road Class:Primary or Trunk

Length: 8.00 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.68

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.74 1.01 1.33 0.24 12.71

2016 0.14 1.43 0.81 1.13 0.17 3.68

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.74 1.01 1.33 0.24 12.71

2017 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.83 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2018 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.12 0.92 1.23 0.23 11.84

2019 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.84

2020 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2021 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.86

2022 0.15 1.31 0.75 1.06 0.16 3.43

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.14 0.92 1.23 0.23 11.87

2023 0.15 1.32 0.76 1.06 0.17 3.45

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.15 0.93 1.24 0.23 11.89

2024 0.15 1.33 0.76 1.07 0.17 3.48

0.20 7.83 0.17 0.18 0.07 8.44

0.35 9.17 0.93 1.24 0.23 11.92

2025 0.15 1.35 0.77 1.08 0.17 3.51

0.20 7.84 0.17 0.18 0.07 8.45

0.35 9.19 0.94 1.25 0.23 11.96


[image: image55.emf]2026 0.15 1.36 0.78 1.09 0.17 3.55

0.20 7.85 0.17 0.18 0.07 8.46

0.35 9.22 0.95 1.26 0.23 12.01

2027 0.15 1.38 0.78 1.10 0.17 3.57

0.20 7.86 0.17 0.18 0.07 8.47

0.35 9.23 0.95 1.27 0.23 12.04

2028 0.15 1.39 0.79 1.10 0.17 3.60

0.20 7.86 0.17 0.18 0.07 8.47

0.35 9.25 0.96 1.28 0.23 12.08

2029 0.15 1.41 0.80 1.11 0.17 3.64

0.20 7.87 0.17 0.18 0.07 8.48

0.35 9.27 0.97 1.29 0.24 12.12

2030 0.15 1.42 0.80 1.12 0.17 3.67

0.20 7.88 0.17 0.18 0.07 8.50

0.35 9.30 0.97 1.30 0.24 12.17

2031 0.16 1.44 0.81 1.13 0.17 3.71

0.20 7.90 0.17 0.18 0.07 8.51

0.36 9.34 0.98 1.31 0.24 12.23

2032 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.13 0.92 1.23 0.23 11.85

2033 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.84 0.17 0.18 0.07 8.45

0.34 9.14 0.92 1.23 0.23 11.86

2034 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.85 0.17 0.18 0.07 8.46

0.34 9.15 0.92 1.23 0.23 11.87

2035 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.85 0.17 0.18 0.07 8.47

0.34 9.16 0.92 1.23 0.23 11.88

2036 0.14 1.31 0.75 1.05 0.16 3.41

0.20 7.86 0.17 0.18 0.07 8.48

0.34 9.17 0.92 1.23 0.23 11.89

Total 3.38 31.03 17.73 24.79 3.82 80.75

4.74 181.80 3.97 4.13 1.55 196.20

8.13 212.83 21.70 28.93 5.36 276.95


[image: image56.emf]Section: 02 IGGV IguanaCreek - GeorgeVille

Alternative: Base Alternative

No Sensitivity Analysis Conducted

Sect ID: 02 IGGV Road Class:Primary or Trunk

Length: 8.00 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.68

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.74 1.01 1.33 0.24 12.71

2016 0.15 1.50 0.85 1.17 0.17 3.84

0.26 8.35 0.20 0.20 0.07 9.08

0.41 9.85 1.04 1.37 0.25 12.92

2017 0.15 1.58 0.88 1.22 0.18 4.01

0.26 8.41 0.20 0.20 0.08 9.14

0.41 9.99 1.08 1.42 0.26 13.15

2018 0.16 1.61 0.90 1.23 0.18 4.09

0.26 8.44 0.20 0.20 0.08 9.18

0.42 10.06 1.09 1.43 0.26 13.26

2019 0.16 1.62 0.90 1.24 0.18 4.10

0.26 8.45 0.20 0.20 0.08 9.18

0.42 10.07 1.10 1.44 0.26 13.28

2020 0.16 1.64 0.91 1.25 0.19 4.14

0.26 8.47 0.20 0.20 0.08 9.21

0.42 10.11 1.11 1.45 0.26 13.35

2021 0.16 1.67 0.92 1.26 0.19 4.20

0.26 8.50 0.20 0.20 0.08 9.24

0.42 10.17 1.12 1.46 0.27 13.44

2022 0.16 1.69 0.93 1.28 0.19 4.26

0.26 8.54 0.20 0.20 0.08 9.28

0.43 10.23 1.13 1.48 0.27 13.54

2023 0.16 1.73 0.95 1.30 0.20 4.34

0.27 8.60 0.20 0.20 0.08 9.34

0.43 10.33 1.15 1.50 0.27 13.68

2024 0.16 1.70 0.94 1.28 0.19 4.28

0.27 8.56 0.20 0.20 0.08 9.30

0.43 10.26 1.14 1.48 0.27 13.58

2025 0.16 1.73 0.95 1.30 0.19 4.33

0.27 8.59 0.20 0.20 0.08 9.34

0.43 10.32 1.15 1.50 0.27 13.67


[image: image57.emf]2026 0.16 1.75 0.96 1.31 0.20 4.39

0.27 8.64 0.20 0.20 0.08 9.39

0.43 10.39 1.16 1.51 0.28 13.78

2027 0.17 1.78 0.98 1.32 0.20 4.45

0.27 8.69 0.20 0.20 0.08 9.45

0.44 10.48 1.18 1.53 0.28 13.90

2028 0.17 1.81 0.99 1.34 0.20 4.52

0.27 8.76 0.20 0.21 0.08 9.53

0.44 10.58 1.19 1.55 0.29 14.04

2029 0.17 1.85 1.01 1.36 0.21 4.60

0.28 8.85 0.20 0.21 0.08 9.63

0.45 10.71 1.21 1.57 0.29 14.23

2030 0.17 1.83 1.00 1.35 0.21 4.55

0.28 8.81 0.20 0.21 0.08 9.58

0.45 10.63 1.20 1.56 0.29 14.12

2031 0.17 1.86 1.01 1.36 0.21 4.61

0.28 8.88 0.20 0.21 0.08 9.66

0.45 10.74 1.21 1.57 0.29 14.27

2032 0.17 1.89 1.02 1.38 0.21 4.68

0.28 8.97 0.21 0.21 0.09 9.76

0.46 10.85 1.23 1.59 0.30 14.43

2033 0.17 1.92 1.04 1.40 0.22 4.75

0.29 9.07 0.21 0.22 0.09 9.87

0.46 10.99 1.25 1.61 0.30 14.61

2034 0.18 1.96 1.06 1.42 0.22 4.83

0.30 9.19 0.21 0.22 0.09 10.00

0.47 11.14 1.27 1.64 0.31 14.83

2035 0.18 2.00 1.08 1.44 0.22 4.92

0.30 9.35 0.21 0.22 0.09 10.18

0.48 11.34 1.29 1.67 0.32 15.10

2036 0.18 1.98 1.07 1.43 0.22 4.88

0.30 9.29 0.21 0.22 0.09 10.12

0.48 11.27 1.28 1.66 0.31 15.00

Total 3.74 39.95 21.95 29.88 4.51 100.05

6.27 200.00 4.62 4.75 1.87 217.51

10.01 239.96 26.57 34.63 6.38 317.55


C.2 MT Vehicle Operation Speed Averages

[image: image58.emf]Section: 01 ROIG RoaringCreek - Iguana Creek Junction

Alternative:

ALT1 ST  ROIG RoaringCreek - IguanaCreek

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 ROIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.04 61.48 61.03 62.93 80.89 67.67

2016 72.04 61.48 61.03 62.93 80.89 67.67

2017 93.88 65.27 70.32 71.18 90.77 78.28

2018 93.89 65.31 70.36 71.21 90.81 78.32

2019 93.88 65.31 70.36 71.21 90.80 78.31

2020 93.87 65.30 70.35 71.20 90.79 78.30

2021 93.85 65.28 70.34 71.20 90.77 78.29

2022 93.83 65.27 70.33 71.19 90.75 78.27

2023 93.81 65.25 70.32 71.18 90.72 78.26

2024 93.78 65.23 70.30 71.17 90.69 78.23

2025 93.74 65.20 70.28 71.16 90.66 78.21

2026 93.69 65.17 70.26 71.15 90.61 78.18

2027 93.62 65.13 70.23 71.14 90.54 78.13

2028 93.51 65.08 70.19 71.12 90.45 78.07

2029 93.36 64.97 70.10 71.07 90.29 77.96

2030 93.24 64.94 70.08 71.06 90.21 77.91

2031 93.09 64.89 70.05 71.05 90.09 77.83

2032 92.90 64.84 70.00 71.03 89.95 77.74

2033 92.68 64.77 69.95 71.00 89.77 77.63

2034 93.93 65.37 70.40 71.23 90.86 78.36

2035 93.92 65.36 70.40 71.23 90.85 78.35

2036 93.89 65.34 70.38 71.21 90.82 78.33

Average 90.80 64.69 69.05 70.08 89.30 76.78


[image: image59.emf]Section: 01 ROIG RoaringCreek - Iguana Creek Junction

Alternative: Base Alternative

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 ROIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.04 61.48 61.03 62.93 80.89 67.67

2016 71.88 61.27 60.94 62.89 80.53 67.50

2017 71.62 60.98 60.80 62.82 79.94 67.23

2018 71.44 60.83 60.72 62.77 79.57 67.07

2019 71.34 60.75 60.67 62.74 79.35 66.97

2020 71.18 60.63 60.60 62.69 79.00 66.82

2021 70.97 60.47 60.52 62.63 78.60 66.64

2022 70.68 60.27 60.39 62.52 78.03 66.38

2023 70.25 59.97 60.21 62.36 77.19 66.00

2024 70.53 60.13 60.31 62.46 77.70 66.23

2025 70.22 59.94 60.19 62.34 77.13 65.96

2026 69.87 59.71 60.04 62.19 76.47 65.66

2027 69.45 59.45 59.87 61.99 75.72 65.30

2028 68.95 59.15 59.66 61.74 74.85 64.87

2029 68.29 58.76 59.38 61.37 73.75 64.31

2030 67.38 58.23 58.98 60.82 72.29 63.54

2031 68.04 58.58 59.25 61.22 73.33 64.08

2032 67.38 58.22 58.97 60.81 72.29 63.53

2033 66.64 57.80 58.64 60.32 71.16 62.91

2034 65.82 57.34 58.26 59.73 69.94 62.22

2035 64.88 56.81 57.82 59.02 68.61 61.43

2036 63.74 56.17 57.25 58.10 67.05 60.46

Average 69.33 59.50 59.81 61.71 75.84 65.24


[image: image60.emf]Section: 02 IGGV IguanaCreek - GeorgeVille

Alternative: ALT1 ST  IGGV IguanaCreek - GeorgeVille

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 02 IGGV Road Class:Primary or Trunk

Length: 8.00 km Width: 6.00 m Rise+Fall:37.50 m/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.03 61.48 61.03 62.93 80.88 67.67

2016 72.03 61.48 61.03 62.93 80.88 67.67

2017 93.88 65.27 70.33 71.18 90.77 78.29

2018 93.89 65.32 70.37 71.21 90.81 78.32

2019 93.88 65.31 70.36 71.21 90.80 78.31

2020 93.86 65.29 70.35 71.20 90.78 78.30

2021 93.84 65.28 70.34 71.19 90.76 78.28

2022 93.81 65.25 70.32 71.19 90.73 78.26

2023 93.77 65.23 70.30 71.18 90.69 78.23

2024 93.72 65.19 70.28 71.16 90.64 78.20

2025 93.64 65.15 70.24 71.15 90.57 78.15

2026 93.52 65.04 70.16 71.10 90.43 78.05

2027 93.42 65.02 70.14 71.09 90.36 78.01

2028 93.30 64.98 70.11 71.08 90.26 77.95

2029 93.09 64.91 70.05 71.05 90.10 77.84

2030 92.73 64.80 69.94 70.96 89.79 77.64

2031 92.27 64.66 69.80 70.86 89.41 77.40

2032 93.41 65.22 70.20 71.02 90.39 78.05

2033 93.24 65.17 70.12 70.94 90.22 77.94

2034 93.06 65.10 70.04 70.87 90.05 77.82

2035 92.87 65.04 69.96 70.78 89.87 77.70

2036 92.68 64.97 69.87 70.70 89.68 77.58

Average 90.61 64.64 68.97 70.00 89.12 76.67


[image: image61.emf]Section: 02 IGGV IguanaCreek - GeorgeVille

Alternative: Base Alternative

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 02 IGGV Road Class:Primary or Trunk

Length: 8.00 km Width: 6.00 m Rise+Fall:37.50 m/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.03 61.48 61.03 62.93 80.88 67.67

2016 71.80 61.18 60.89 62.87 80.35 67.42

2017 71.34 60.74 60.67 62.74 79.32 66.96

2018 71.04 60.49 60.53 62.64 78.70 66.68

2019 70.98 60.46 60.51 62.62 78.62 66.64

2020 70.74 60.30 60.41 62.54 78.12 66.42

2021 70.43 60.09 60.28 62.43 77.52 66.15

2022 70.01 59.81 60.11 62.25 76.73 65.78

2023 69.39 59.42 59.85 61.96 75.61 65.25

2024 69.86 59.69 60.03 62.18 76.45 65.64

2025 69.42 59.43 59.85 61.98 75.66 65.27

2026 68.90 59.12 59.64 61.71 74.77 64.83

2027 68.28 58.75 59.37 61.37 73.73 64.30

2028 67.50 58.30 59.03 60.89 72.47 63.64

2029 66.42 57.69 58.55 60.17 70.84 62.73

2030 67.02 58.00 58.79 60.57 71.75 63.23

2031 66.12 57.51 58.38 59.96 70.42 62.48

2032 65.14 56.96 57.92 59.24 69.02 61.66

2033 64.02 56.34 57.37 58.38 67.48 60.72

2034 62.71 55.59 56.69 57.30 65.74 59.61

2035 61.10 54.65 55.81 55.91 63.69 58.23

2036 61.68 54.97 56.11 56.43 64.43 58.72

Average 68.17 58.80 59.26 60.96 74.06 64.25


17. Annex D.  Scenario II – HDM-4 Forms ALT1 Surface Treatment
D.1 MT RUC Summary per veh.-km by vehicle

[image: image62.emf]Section: 01 BLIG Belmopan - Iguana Creek Junction

Alternative: ALT1 ST  BLIG Belmopan - IguanaCreek

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 BLIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.67

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.73 1.01 1.33 0.24 12.71

2016 0.14 1.43 0.81 1.13 0.17 3.67

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.73 1.01 1.33 0.24 12.71

2017 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.83 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2018 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.12 0.92 1.23 0.23 11.84

2019 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.84

2020 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2021 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2022 0.15 1.31 0.75 1.05 0.16 3.43

0.20 7.83 0.17 0.18 0.07 8.43

0.34 9.14 0.92 1.23 0.23 11.86

2023 0.15 1.31 0.75 1.06 0.16 3.43

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.14 0.92 1.23 0.23 11.87

2024 0.15 1.32 0.76 1.06 0.17 3.45

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.15 0.93 1.24 0.23 11.89

2025 0.15 1.33 0.76 1.07 0.17 3.47

0.20 7.83 0.17 0.18 0.07 8.44

0.35 9.16 0.93 1.24 0.23 11.91


[image: image63.emf]2026 0.15 1.34 0.77 1.07 0.17 3.49

0.20 7.84 0.17 0.18 0.07 8.45

0.35 9.18 0.93 1.25 0.23 11.94

2027 0.15 1.35 0.77 1.08 0.17 3.52

0.20 7.84 0.17 0.18 0.07 8.45

0.35 9.19 0.94 1.26 0.23 11.97

2028 0.15 1.37 0.78 1.09 0.17 3.55

0.20 7.85 0.17 0.18 0.07 8.46

0.35 9.22 0.95 1.27 0.23 12.01

2029 0.15 1.38 0.79 1.10 0.17 3.59

0.20 7.86 0.17 0.18 0.07 8.47

0.35 9.25 0.96 1.28 0.23 12.06

2030 0.15 1.40 0.79 1.11 0.17 3.62

0.20 7.86 0.17 0.18 0.07 8.48

0.35 9.26 0.96 1.28 0.23 12.09

2031 0.15 1.41 0.80 1.12 0.17 3.64

0.20 7.87 0.17 0.18 0.07 8.48

0.35 9.28 0.97 1.29 0.24 12.13

2032 0.15 1.42 0.80 1.12 0.17 3.67

0.20 7.88 0.17 0.18 0.07 8.49

0.35 9.30 0.97 1.30 0.24 12.16

2033 0.16 1.44 0.81 1.13 0.17 3.70

0.20 7.89 0.17 0.18 0.07 8.50

0.36 9.32 0.98 1.31 0.24 12.20

2034 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.81 0.17 0.18 0.07 8.42

0.34 9.12 0.92 1.22 0.23 11.83

2035 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.81 0.17 0.18 0.07 8.42

0.34 9.12 0.92 1.22 0.23 11.83

2036 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.12 0.92 1.22 0.23 11.84

Total 3.39 31.07 17.75 24.82 3.82 80.85

4.73 181.68 3.97 4.13 1.54 196.05

8.12 21.72 28.95 5.36 276.90


[image: image64.emf]Section: 01 BLIG Belmopan - Iguana Creek Junction

Alternative: Base Alternative

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 BLIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.67

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.73 1.01 1.33 0.24 12.71

2016 0.15 1.48 0.84 1.16 0.17 3.80

0.26 8.34 0.20 0.20 0.07 9.06

0.40 9.82 1.03 1.36 0.25 12.86

2017 0.15 1.54 0.86 1.19 0.18 3.92

0.26 8.38 0.20 0.20 0.07 9.10

0.41 9.91 1.06 1.39 0.25 13.03

2018 0.15 1.57 0.88 1.21 0.18 3.98

0.26 8.40 0.20 0.20 0.08 9.13

0.41 9.96 1.07 1.41 0.25 13.11

2019 0.15 1.58 0.88 1.22 0.18 4.01

0.26 8.41 0.20 0.20 0.08 9.14

0.41 9.99 1.08 1.42 0.26 13.15

2020 0.15 1.60 0.89 1.23 0.18 4.05

0.26 8.42 0.20 0.20 0.08 9.16

0.41 10.02 1.09 1.43 0.26 13.21

2021 0.16 1.62 0.90 1.24 0.18 4.10

0.26 8.45 0.20 0.20 0.08 9.18

0.42 10.07 1.10 1.44 0.26 13.28

2022 0.16 1.65 0.91 1.25 0.19 4.15

0.26 8.47 0.20 0.20 0.08 9.21

0.42 10.12 1.11 1.45 0.26 13.37

2023 0.16 1.68 0.93 1.27 0.19 4.22

0.26 8.52 0.20 0.20 0.08 9.26

0.42 10.20 1.12 1.47 0.27 13.48

2024 0.16 1.66 0.92 1.26 0.19 4.18

0.26 8.49 0.20 0.20 0.08 9.23

0.42 10.15 1.12 1.46 0.26 13.41

2025 0.16 1.68 0.93 1.27 0.19 4.23

0.26 8.52 0.20 0.20 0.08 9.26

0.42 10.20 1.13 1.47 0.27 13.49


[image: image65.emf]2026 0.16 1.70 0.94 1.28 0.19 4.28

0.27 8.55 0.20 0.20 0.08 9.30

0.43 10.26 1.14 1.48 0.27 13.57

2027 0.16 1.73 0.95 1.29 0.19 4.33

0.27 8.59 0.20 0.20 0.08 9.34

0.43 10.32 1.15 1.50 0.27 13.67

2028 0.16 1.75 0.96 1.31 0.20 4.38

0.27 8.64 0.20 0.20 0.08 9.39

0.43 10.39 1.16 1.51 0.28 13.77

2029 0.17 1.78 0.97 1.32 0.20 4.45

0.27 8.69 0.20 0.20 0.08 9.45

0.44 10.47 1.18 1.53 0.28 13.90

2030 0.17 1.82 0.99 1.34 0.20 4.53

0.28 8.77 0.20 0.21 0.08 9.54

0.44 10.59 1.19 1.55 0.29 14.06

2031 0.17 1.79 0.98 1.33 0.20 4.47

0.27 8.72 0.20 0.21 0.08 9.48

0.44 10.51 1.18 1.53 0.28 13.95

2032 0.17 1.82 0.99 1.34 0.20 4.53

0.28 8.77 0.20 0.21 0.08 9.54

0.44 10.59 1.19 1.55 0.29 14.07

2033 0.17 1.85 1.00 1.36 0.21 4.58

0.28 8.84 0.20 0.21 0.08 9.61

0.45 10.68 1.21 1.57 0.29 14.19

2034 0.17 1.87 1.02 1.37 0.21 4.64

0.28 8.91 0.20 0.21 0.09 9.69

0.45 10.78 1.22 1.58 0.30 14.33

2035 0.17 1.90 1.03 1.39 0.21 4.71

0.29 8.99 0.21 0.21 0.09 9.78

0.46 10.89 1.24 1.60 0.30 14.49

2036 0.17 1.94 1.05 1.41 0.22 4.78

0.29 9.09 0.21 0.22 0.09 9.90

0.47 11.03 1.25 1.62 0.31 14.68

Total 3.68 38.84 21.44 29.28 4.40 97.63

6.16 197.56 4.57 4.68 1.82 214.80

9.83 26.01 33.96 6.22 312.42


[image: image66.emf]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)

Alternative: ALT1 ST  IGSE IguanaCreek - Santa Elena

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 02 IGSE Road Class:Primary or Trunk

Length: 15.40 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.68

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.74 1.01 1.33 0.24 12.71

2016 0.14 1.43 0.81 1.13 0.17 3.68

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.74 1.01 1.33 0.24 12.71

2017 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.83 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2018 0.15 1.30 0.75 1.05 0.16 3.41

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.12 0.92 1.23 0.23 11.84

2019 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.84

2020 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.85

2021 0.15 1.31 0.75 1.05 0.16 3.42

0.20 7.82 0.17 0.18 0.07 8.43

0.34 9.13 0.92 1.23 0.23 11.86

2022 0.15 1.31 0.75 1.06 0.16 3.43

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.14 0.92 1.23 0.23 11.87

2023 0.15 1.32 0.76 1.06 0.17 3.45

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.15 0.93 1.24 0.23 11.89

2024 0.15 1.33 0.76 1.07 0.17 3.48

0.20 7.83 0.17 0.18 0.07 8.44

0.35 9.17 0.93 1.24 0.23 11.92

2025 0.15 1.35 0.77 1.08 0.17 3.51

0.20 7.84 0.17 0.18 0.07 8.45

0.35 9.19 0.94 1.25 0.23 11.96


[image: image67.emf]2026 0.15 1.36 0.78 1.09 0.17 3.55

0.20 7.85 0.17 0.18 0.07 8.46

0.35 9.22 0.95 1.26 0.23 12.01

2027 0.15 1.38 0.78 1.10 0.17 3.57

0.20 7.86 0.17 0.18 0.07 8.47

0.35 9.23 0.95 1.27 0.23 12.04

2028 0.15 1.39 0.79 1.10 0.17 3.60

0.20 7.86 0.17 0.18 0.07 8.47

0.35 9.25 0.96 1.28 0.23 12.08

2029 0.15 1.41 0.80 1.11 0.17 3.64

0.20 7.87 0.17 0.18 0.07 8.48

0.35 9.27 0.97 1.29 0.24 12.12

2030 0.15 1.42 0.80 1.12 0.17 3.67

0.20 7.88 0.17 0.18 0.07 8.50

0.35 9.30 0.97 1.30 0.24 12.17

2031 0.16 1.44 0.81 1.13 0.17 3.71

0.20 7.90 0.17 0.18 0.07 8.51

0.36 9.34 0.98 1.31 0.24 12.23

2032 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.83 0.17 0.18 0.07 8.44

0.34 9.13 0.92 1.23 0.23 11.85

2033 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.84 0.17 0.18 0.07 8.45

0.34 9.14 0.92 1.23 0.23 11.86

2034 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.85 0.17 0.18 0.07 8.46

0.34 9.15 0.92 1.23 0.23 11.87

2035 0.14 1.30 0.75 1.05 0.16 3.41

0.20 7.85 0.17 0.18 0.07 8.47

0.34 9.16 0.92 1.23 0.23 11.88

2036 0.14 1.31 0.75 1.05 0.16 3.41

0.20 7.86 0.17 0.18 0.07 8.48

0.34 9.17 0.92 1.23 0.23 11.89

Total 3.38 31.03 17.73 24.79 3.82 80.75

4.74 181.80 3.97 4.13 1.55 196.20

8.13 21.70 28.93 5.36 276.95


[image: image68.emf]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)

Alternative: Base Alternative

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 02 IGSE Road Class:Primary or Trunk

Length: 15.40 km Width: 6.00 m Rise+Fall:37.50 m/km

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Total

2014 0.14 1.41 0.80 1.12 0.17 3.63

0.26 8.30 0.19 0.20 0.07 9.02

0.40 9.71 1.00 1.32 0.24 12.66

2015 0.14 1.43 0.81 1.13 0.17 3.68

0.26 8.31 0.19 0.20 0.07 9.03

0.40 9.74 1.01 1.33 0.24 12.71

2016 0.15 1.50 0.85 1.17 0.17 3.84

0.26 8.35 0.20 0.20 0.07 9.08

0.41 9.85 1.04 1.37 0.25 12.92

2017 0.15 1.58 0.88 1.22 0.18 4.01

0.26 8.41 0.20 0.20 0.08 9.14

0.41 9.99 1.08 1.42 0.26 13.15

2018 0.16 1.61 0.90 1.23 0.18 4.09

0.26 8.44 0.20 0.20 0.08 9.18

0.42 10.06 1.09 1.43 0.26 13.26

2019 0.16 1.62 0.90 1.24 0.18 4.10

0.26 8.45 0.20 0.20 0.08 9.18

0.42 10.07 1.10 1.44 0.26 13.28

2020 0.16 1.64 0.91 1.25 0.19 4.14

0.26 8.47 0.20 0.20 0.08 9.21

0.42 10.11 1.11 1.45 0.26 13.35

2021 0.16 1.67 0.92 1.26 0.19 4.20

0.26 8.50 0.20 0.20 0.08 9.24

0.42 10.17 1.12 1.46 0.27 13.44

2022 0.16 1.69 0.93 1.28 0.19 4.26

0.26 8.54 0.20 0.20 0.08 9.28

0.43 10.23 1.13 1.48 0.27 13.54

2023 0.16 1.73 0.95 1.30 0.20 4.34

0.27 8.60 0.20 0.20 0.08 9.34

0.43 10.33 1.15 1.50 0.27 13.68

2024 0.16 1.70 0.94 1.28 0.19 4.28

0.27 8.56 0.20 0.20 0.08 9.30

0.43 10.26 1.14 1.48 0.27 13.58

2025 0.16 1.73 0.95 1.30 0.19 4.33

0.27 8.59 0.20 0.20 0.08 9.34

0.43 10.32 1.15 1.50 0.27 13.67


[image: image69.emf]2026 0.16 1.75 0.96 1.31 0.20 4.39

0.27 8.64 0.20 0.20 0.08 9.39

0.43 10.39 1.16 1.51 0.28 13.78

2027 0.17 1.78 0.98 1.32 0.20 4.45

0.27 8.69 0.20 0.20 0.08 9.45

0.44 10.48 1.18 1.53 0.28 13.90

2028 0.17 1.81 0.99 1.34 0.20 4.52

0.27 8.76 0.20 0.21 0.08 9.53

0.44 10.58 1.19 1.55 0.29 14.04

2029 0.17 1.85 1.01 1.36 0.21 4.60

0.28 8.85 0.20 0.21 0.08 9.63

0.45 10.71 1.21 1.57 0.29 14.23

2030 0.17 1.83 1.00 1.35 0.21 4.55

0.28 8.81 0.20 0.21 0.08 9.58

0.45 10.63 1.20 1.56 0.29 14.12

2031 0.17 1.86 1.01 1.36 0.21 4.61

0.28 8.88 0.20 0.21 0.08 9.66

0.45 10.74 1.21 1.57 0.29 14.27

2032 0.17 1.89 1.02 1.38 0.21 4.68

0.28 8.97 0.21 0.21 0.09 9.76

0.46 10.85 1.23 1.59 0.30 14.43

2033 0.17 1.92 1.04 1.40 0.22 4.75

0.29 9.07 0.21 0.22 0.09 9.87

0.46 10.99 1.25 1.61 0.30 14.61

2034 0.18 1.96 1.06 1.42 0.22 4.83

0.30 9.19 0.21 0.22 0.09 10.00

0.47 11.14 1.27 1.64 0.31 14.83

2035 0.18 2.00 1.08 1.44 0.22 4.92

0.30 9.35 0.21 0.22 0.09 10.18

0.48 11.34 1.29 1.67 0.32 15.10

2036 0.18 1.98 1.07 1.43 0.22 4.88

0.30 9.29 0.21 0.22 0.09 10.12

0.48 11.27 1.28 1.66 0.31 15.00

Total 3.74 39.95 21.95 29.88 4.51 100.05

6.27 200.00 4.62 4.75 1.87 217.51

10.01 26.57 34.63 6.38 317.55


D.2 MT Vehicle Operation Speed Averages

[image: image70.emf]Section: 01 BLIG Belmopan - Iguana Creek Junction

Alternative: ALT1 ST  BLIG Belmopan - IguanaCreek

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 BLIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

Curvature:50.00 deg/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.04 61.48 61.03 62.93 80.89 67.67

2016 72.04 61.48 61.03 62.93 80.89 67.67

2017 93.88 65.27 70.32 71.18 90.77 78.28

2018 93.89 65.31 70.36 71.21 90.81 78.32

2019 93.88 65.31 70.36 71.21 90.80 78.31

2020 93.87 65.30 70.35 71.20 90.79 78.30

2021 93.85 65.28 70.34 71.20 90.77 78.29

2022 93.83 65.27 70.33 71.19 90.75 78.27

2023 93.81 65.25 70.32 71.18 90.72 78.26

2024 93.78 65.23 70.30 71.17 90.69 78.23

2025 93.74 65.20 70.28 71.16 90.66 78.21

2026 93.69 65.17 70.26 71.15 90.61 78.18

2027 93.62 65.13 70.23 71.14 90.54 78.13

2028 93.51 65.08 70.19 71.12 90.45 78.07

2029 93.36 64.97 70.10 71.07 90.29 77.96

2030 93.24 64.94 70.08 71.06 90.21 77.91

2031 93.09 64.89 70.05 71.05 90.09 77.83

2032 92.90 64.84 70.00 71.03 89.95 77.74

2033 92.68 64.77 69.95 71.00 89.77 77.63

2034 93.93 65.37 70.40 71.23 90.86 78.36

2035 93.92 65.36 70.40 71.23 90.85 78.35

2036 93.89 65.34 70.38 71.21 90.82 78.33

Average 90.80 64.69 69.05 70.08 89.30 76.78


[image: image71.emf]Section: 01 BLIG Belmopan - Iguana Creek Junction

Alternative: Base Alternative

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 01 BLIG Road Class:Primary or Trunk

Length: 15.80 km Width: 6.00 m Rise+Fall:37.50 m/km

Curvature:50.00 deg/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.04 61.48 61.03 62.93 80.89 67.67

2016 71.88 61.27 60.94 62.89 80.53 67.50

2017 71.62 60.98 60.80 62.82 79.94 67.23

2018 71.44 60.83 60.72 62.77 79.57 67.07

2019 71.34 60.75 60.67 62.74 79.35 66.97

2020 71.18 60.63 60.60 62.69 79.00 66.82

2021 70.97 60.47 60.52 62.63 78.60 66.64

2022 70.68 60.27 60.39 62.52 78.03 66.38

2023 70.25 59.97 60.21 62.36 77.19 66.00

2024 70.53 60.13 60.31 62.46 77.70 66.23

2025 70.22 59.94 60.19 62.34 77.13 65.96

2026 69.87 59.71 60.04 62.19 76.47 65.66

2027 69.45 59.45 59.87 61.99 75.72 65.30

2028 68.95 59.15 59.66 61.74 74.85 64.87

2029 68.29 58.76 59.38 61.37 73.75 64.31

2030 67.38 58.23 58.98 60.82 72.29 63.54

2031 68.04 58.58 59.25 61.22 73.33 64.08

2032 67.38 58.22 58.97 60.81 72.29 63.53

2033 66.64 57.80 58.64 60.32 71.16 62.91

2034 65.82 57.34 58.26 59.73 69.94 62.22

2035 64.88 56.81 57.82 59.02 68.61 61.43

2036 63.74 56.17 57.25 58.10 67.05 60.46

Average 69.33 59.50 59.81 61.71 75.84 65.24


[image: image72.emf]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)

Alternative: ALT1 ST  IGSE IguanaCreek - Santa Elena

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 02 IGSE Road Class:Primary or Trunk

Length: 15.40 km Width: 6.00 m Rise+Fall:37.50 m/km

Curvature:50.00 deg/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.03 61.48 61.03 62.93 80.88 67.67

2016 72.03 61.48 61.03 62.93 80.88 67.67

2017 93.88 65.27 70.33 71.18 90.77 78.29

2018 93.89 65.32 70.37 71.21 90.81 78.32

2019 93.88 65.31 70.36 71.21 90.80 78.31

2020 93.86 65.29 70.35 71.20 90.78 78.30

2021 93.84 65.28 70.34 71.19 90.76 78.28

2022 93.81 65.25 70.32 71.19 90.73 78.26

2023 93.77 65.23 70.30 71.18 90.69 78.23

2024 93.72 65.19 70.28 71.16 90.64 78.20

2025 93.64 65.15 70.24 71.15 90.57 78.15

2026 93.52 65.04 70.16 71.10 90.43 78.05

2027 93.42 65.02 70.14 71.09 90.36 78.01

2028 93.30 64.98 70.11 71.08 90.26 77.95

2029 93.09 64.91 70.05 71.05 90.10 77.84

2030 92.73 64.80 69.94 70.96 89.79 77.64

2031 92.27 64.66 69.80 70.86 89.41 77.40

2032 93.41 65.22 70.20 71.02 90.39 78.05

2033 93.24 65.17 70.12 70.94 90.22 77.94

2034 93.06 65.10 70.04 70.87 90.05 77.82

2035 92.87 65.04 69.96 70.78 89.87 77.70

2036 92.68 64.97 69.87 70.70 89.68 77.58

Average 90.61 64.64 68.97 70.00 89.12 76.67


[image: image73.emf]Section: 02 IGSE IguanaCreek - StaElena(RedCreek)

Alternative: Base Alternative

Sensitivity: No Sensitivity Analysis Conducted

Sect ID: 02 IGSE Road Class:Primary or Trunk

Length: 15.40 km Width: 6.00 m Rise+Fall:37.50 m/km

Curvature:50.00 deg/km

YEAR

01 Car, 

Utilities 

4WD (BEL)

02 Bus 35+ 

pas (BEL)

03 Truck 

Med (BEL)

04 Truck 

Heavy 

(BEL)

05 

Motorcycle 

(BEL)

Average

2014 72.07 61.54 61.06 62.94 80.98 67.72

2015 72.03 61.48 61.03 62.93 80.88 67.67

2016 71.80 61.18 60.89 62.87 80.35 67.42

2017 71.34 60.74 60.67 62.74 79.32 66.96

2018 71.04 60.49 60.53 62.64 78.70 66.68

2019 70.98 60.46 60.51 62.62 78.62 66.64

2020 70.74 60.30 60.41 62.54 78.12 66.42

2021 70.43 60.09 60.28 62.43 77.52 66.15

2022 70.01 59.81 60.11 62.25 76.73 65.78

2023 69.39 59.42 59.85 61.96 75.61 65.25

2024 69.86 59.69 60.03 62.18 76.45 65.64

2025 69.42 59.43 59.85 61.98 75.66 65.27

2026 68.90 59.12 59.64 61.71 74.77 64.83

2027 68.28 58.75 59.37 61.37 73.73 64.30

2028 67.50 58.30 59.03 60.89 72.47 63.64

2029 66.42 57.69 58.55 60.17 70.84 62.73

2030 67.02 58.00 58.79 60.57 71.75 63.23

2031 66.12 57.51 58.38 59.96 70.42 62.48

2032 65.14 56.96 57.92 59.24 69.02 61.66

2033 64.02 56.34 57.37 58.38 67.48 60.72

2034 62.71 55.59 56.69 57.30 65.74 59.61

2035 61.10 54.65 55.81 55.91 63.69 58.23

2036 61.68 54.97 56.11 56.43 64.43 58.72

Average 68.17 58.80 59.26 60.96 74.06 64.25


� The Anthony Thurton Associated Ltd. is the Consultant that is in charge to conduct the technical and economic feasibility study.


� Shadow price is any price that is not a market price.


� The International Roughness Index (IRI) scale for older pavements varies from 2.5 to 6.  To utilize a factor of 4.0 represents a conservative value.


� Source: Project preparation for George Price Highway Rehabilitation Project – Traffic Survey Activities July 2014 


� This factor, for similar roads in Latin America, ranges from 1.32 to 1.75


� This factor, in roads with same functionality, range between 0,849 to 1,089.


� Source: Trade Forex and CFDs: he Belize Annual Growth Rate for the Gross Domestic Product in July 2012 was 4.96% and in Jan 2014 was 1.49%.  So, 2.5% was calculated and use an average value.


� Normal Traffic is traffic without any new road investment.


� Generated Traffic is traffic associated with existing users of the road driving more frequently or driving further away than before road rehabilitation.


� Induced Traffic is traffic attracted to the project road adjacent road system, changing its origin or destination, due to increased economic activity in the road zone of influence resulting from the project. 


� Diverted Traffic is traffic that diverts to the project road alternative routes to travel between two points that can also driven using the segments of study.


� Source: Number of Casualties in Traffic Crashes: 2009-2012.  The Road Safety Project.  MOFED - Belize


� Note that Belize carried an overall balance of payment deficit of -2% of GDP in 2013.


� IDB Belize’s Tourism Sector Note (2013).


� See “Growth forecast errors and fiscal multipliers” by Olivier Blanchard and Daniel Leigh- IMF Working Paper /13/1 (January 2013); see also “How big (small) are fiscal multipliers? By Ethan Ilzetzki, Enrique Mendoza and Carlos Vegh – National Bureau of Economic Research – NBR- Working Paper Number 16479 (October 2010).


� NPV: The sum of the discounted cash flows, minus the original investment, and used to compare two alternative investments. Provides which alternative is most cost-effective.


� IRR: Shows the amount of money the investment returns. Determined by funding discount rate at which NPVs of two alternatives are equal.


� The alternative selection seems logical considering that the vehicular volume, as evaluated in the section on traffic of this report, consists mostly (over 80%) of light vehicles whose impact or structural damage is minimal. However, trucks and other heavy vehicles which are causing the most damage to the road represent 17%of the vehicular volume in the second link (heavy trucks alone do not exceed 9%). It is recommended to monitor the conditions that a relatively low percentage of heavy vehicles do not utilize that rehabilitated road with axle loads that exceed the regulated limits.  Heavy vehicles driving with overloaded axles will certainly cause permanent structural damage to the pavement structure. It is also recommended that resealing be performed at year 9 of serviceability for Alt 1-ST. Milling and Overlay operations should be performed at year 15 of serviceability. Whereas the Alternative with Full - depth asphalt pavement, (ALT2) requires only to be resealed twice during its lifetime.


� Key in each cell:	1st row	= annual average Vehicle Operating Cost per veh-km			


			2nd row	= annual average Travel Time Cost per veh-km			


			3rd row	= annual average Road User Cost per veh-km


� Key in each cell:	1st row	= annual average Vehicle Operating Cost per veh-km			


			2nd row	= annual average Travel Time Cost per veh-km			


			3rd row	= annual average Road User Cost per veh-km
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