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CHAPTER I
 

PROJECT OVERVIEW
 

The Master Road Plan, 1978-1982, recommended the construction-of a controlled
 
access facility from Zarqa to Irbid with a connection to'the Industrial Free
 
Zone at the Syrian border.(I-1) This expressway would be known as Route 11
 
and the Syrian connection would be known as Route 13. The purpose of this
 
facility is to divert substantial amounts of traffic from Routes 15, 30 and
 
16. From an economic point of view, it has been established that this route
 
will provide a substantially improved service for Jordanians, since a large
 
majority of trips would be internal or having at least one end in Jordan.
 

This study was undertaken by the Department of Planning and Research, Ministry 
of Public Works, for the Hashemite Kingdom of Jordan. The work was performed 
with the assistance of Wilbur Smith and Associates - Consulting Engineers 
and Planners - in cooperation with the United States Agency for International 
Development. 

STUDY RECOMMENDATIONS 

This study results in several recommendations. These are summarized below: 

* The construction of Alternative 'Cl' is recommended, as early as 
possible. This expressway alternative begins at the northern terminus
 
of the Zarqa bypass, follows northward roughly parallel to Route 11
 
to Rihab, then northwest to the junctions of Route 15 and Route 11,
 
then along Route 11 with a short bypass at Husun and ending at the
 
proposed Ring Road of Irbid. This four-lane divided section is 59
 
kilometers in length.
 

* 	It is recommended that the Syrian border connector be constructed
 
concurrently to close with the expressway just south of Rihab and.
 
continue northward intersecting Route 16 east of Mafraq and continue
to connect to the proposed Damascus-Jordan Border highway at the
 
Industrial Free Zone. This two-lane section is 31 kilometers long.
 

* 	It is recommended that the maintenance program discussed in Chapter
 
VII and An Outline For Establishing An Annual Highway Maintenance
 
Program be implemented.(I-2) This will serve to protect
 

1-1 Master Road Plan 1978-1982, prepared for Ministry of Public Works, 
Hashemite Kingdom of Jordan, Wilbur Smith and Associates, September,.
 
1978. 	 . 

1-2 An Outline For Establishing An Annual Highway Maintenance Program,
 
Robert C. Braden, P.E., June 2, 1979.
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the government's investment of economic;resources in its highway
 
system.
 

* 	The implementation of an accident reporting system containing infor-.
 
mation for planning and engineering is recommended. This data will
 
provide necessary input to the continuing planning process.
 

* 	Further research to determine vehicle operating costs in Jordan is
 
recommended. 

OBJECTIVE OF THE PROJECT 

As 	 a part of a continuing training program instituted under the Master Road 
Plan, the Department of Planning and Research of theMinistry of Public Works 
undertook this study-in order to gain further experience in conducting 
feasibility studies. The proposed Route 11 - Route 13 project was selected 
as an ideal possible project to gain the feasibility study analysis experience. 
Further, this project has several objectives: 

* 	To address the travel demands in the travel corridor from Amman-

Zarqa to Irbid and Syria.
 

* 	To develop economic growth in the study area.
 

* 	To accelerate and enhance both national and international travel
 
in the study corridor for the movement of both persons and goods.
 

* 	To develop a transportation system to contribute direct economic
 
benefits to the nation.
 

STUDY AREA
 

For purposes of evaluating socio-economic and travel characteristics in the
 
study area, traffic districts established in the Master Road Plan are utilized
 
in this study. The study area consists of traffic districts 1, 2, 3, 4, 7,
 
9 and 10 as shown on Figure I-1. Also, included is-part of traffic district
 
11. In this area the project will have a direct or indirect impact upon
 
total socio-economic base.
 

BASIS OF THE STUDY
 

The basis for this study is well-grounded. The results obtained from the road
 
network model measured the impact of the Zarqa-Irbid highway and Syrian border
 
connection. The evidence-is so overwhelming in favor of the proposed action
 
that it was obvious that construction of the facility had to be-placed high
 
on the list of priority projects.
 

This facility not only connects the three major population centers in the study 
area - Amman, Irbid, Zarqa - with a high capacity controlled access facility, 
but it also provides for direct connections to the new Damascus-Jordan Border 
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facility nearing the latter stages of planning and financing. This connection
 
provides excellent access to the proposed Industrial Free Zone (IFZ) at the
 
Jordanian-Syrian border.
 

Furthermore, and equally important, is that the new facility will divert suf
ficient traffic volume streams from existing area systems to alleviate current 
congestion on those routes and eliminate need for major upgrading of these 
facilities. 

SCOPE OF WORK 

The scope of work defining the parameters for this study is incorporated in

Addendum V, "Training for the Development of Master Road Plan". Pertinent
 
sections of 
the addendum are included in Appendix A to this report. 

The general scope of work provides that the Department of Planning and Research,
coordinating with the Department of Highways, would carry out the work with
supervision and assistance provided by the consulting firm of Wilbur Smith 
and Associates, Inc. 

Since undertaking the work, some portions of this addendum are not fulfilled,
 
as described in Section H, Subsection D3. 
The decision to eliminate that
 
portion of the work program resulted from discussions with the Ministry of Public
 
Works staff and the Team Leader. The decision is based on the following policy:
 

* 	The main objective of 
this work program is to provide training for 
the Planning and Research division of the Ministry of Public Works. 

* 	If the government decides to construct the project with its own funds,
 
a detailed feasibility study as usually defined will not be required.
 

* 
It is concluded that recent available mapping and existing subsurface
 
information for the purposes of training personnel in the development

of feasibility analysis will be used.
 

The proposed facility is located in corridors not previously served by high

type facilities, and as previously indicated, connects the three principal

cities of the nation. Therefore, it is expected that substantial amounts of 
future traffic in the study area would be diverted to it. This facility would
be 	 slightly longer than the present Routes 11 and 15 to these same cities but,
because of its superb vertical and horizontal alignment, will significantly
reduce vehicle operating costs and generate savings 
 in time. It is expected

that this facility will substantially reduce accident rates, but present data
 
is not available to measure this direct benefit.
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TECHNICAL JUSTIFICATION
 

The feasibility of the proposed project is based on two obvious alternatives 
to build or not to build. This study amply demonstrates from data obtained
 
from the road network model employed that the facility should be built as
 
expeditiously as possible. Delays in implementation of this project create
 
loss in benefits to the scale of JD. 7.0 million per year.
 

For purposes of determining benefits for this study, a cordon line to the net

work was established to encompass the routes under study. This analysis mea
sured trip time and savings on the existing network, either with or without
 
the proposed project. This analysis indicated that the internal rate of return
 
for the build option will be 28.1 percent, assuming that the opportunity cost
 
of capital is 8 percent.
 

From a technical viewpoint, three alternatives have been developed:
 

* 	 Alternative "A" is a "do not build" alternative; whereby the existing 
network is expected to handle all projected future traffic volumes. 

* 	 Alternative "B" is the proposal recommended by the consulting firms 
of DeLeuw Cather and Arab Tech.(I-3) This alternative called for a. 
four-lane divided highway to be constructed from the city of Zarqa
 
and proceed directly north, bypassing Mafraq, to tie in with the
 
Syrian section of the highway at the village of Jabir and the pro
posed IFZ on the Jordanian-Syrian border.
 

* Alternative "C" is divided into two sub-alternativesj Cl and C2.
 

- Cl (recommended) calls for a four-lane divided highway from 
Zarqa to Irbid with a two-lane spur from Rihab to the Syrian 
border at the village of Jabir. 

- C2 calls for a four-lane divided highway from Zarqa to Irbid with 

a two-lane spur starting close to the Yarmouk University site and 
crossing to the Syria border at the village of Jabir and the IFZ. 

Alternative Cl carries a financial commitment of JD. 26.1 million with a
 
60.1 percent foreign component.
 

Alternative C2 carries a financial commitment of JD. 26.2 million with a 62.1
 
percent foreign component. However, since most of the traffic will still use
 
Route 15 when travelling to Syria it will cost JD. 5.3 million to upgrade
 
Route 15 in 1992 from the junction with Route 11 north to the border. This
 
alternative will then cost JD.-31.5 million with a 60.2 percent foreign com
ponent. Therefore, Cl is considered the best alternative because it calls for
 
a lesser commitment of financial resources and is economically more acceptable.
 

T
-3 Feasibility and Engineering Study of the Transportation Corridor From
 
Amman to the Syrian Border, DeLeuw, Cather International, Inc., Arab-

Tech, Nov. 1976.
 

1-4 



The technical justification results in substantial savings to the highway user
 
with direct important economic benefits to all of northern Jordan. Techni
cally the project can be constructed with good vertical and horizontal geo
metric features.
 

The project will be one of the first divided median highways in the Kingdom.
 
The purpose of the 20 meter divided median is to allow for future expansion
 
at minimum cost, if necessary, in the event the traffic increase within the
 
area exceeds present expectations. Minimum right-of-way will be 60 meters.
 

ECONOMIC JUSTIFICATION
 

This project is economically justified due to the amount of benefits directly
 
measured in this study. As indicated in Chapter IX, the benefits accruing to
 
this project far exceed costs. If the "do nothing" option is implemented the
 
economic loss created by delaying this project is significant in monetary
 
terms to Jordan's position in the international market place.
 

While the financial commitments for Alternative Cl are considerable (JD. 26.1
 
million), it is expected that the economic costs will be less (JD. 23.4 million).
 
The foreign exchange component of this project is only expected to be 60.0
 

percent.
 

Spin-off benefits accruing because of this capital improvement program are not
 
included in the feasibility analysis. However, the economic benefits to be
 
derived from this capital outlay will substantially impact northern Jordan
 
in its overall economy.
 

ORGANIZATION OF THE REPORT
 

This study consists of two volumes: Volume I, Engineering and Economic Feasi
bility Report, and Volume II, Route Plan and Preliminary Plan and Profiles
 
for 	both alternatives.
 

Maximum use was made in preparing this report of the following documents:
 

1. 	The Master Road Plan, 1978-1982, Wilbur Smith and Associates,
 
September, 1978.
 

2.-	 Integrated Regional Development Study of the Northern Jordan,
 
Draft Final Report, Japan International Cooperative Agency, 1978.
 

3. 	Feasibility and Engineering Study of the Transportation Corridor
 
from Amman to the Syrian Border, DeLeuw, Cather International,
 
Inc., Arab-Tech, November, 1976.
 

4. 	Agricultural Statistical Yearbook and some results of the agricultural
 
census, Department of Statistics, 1975/77.
 

5. 	Statistical Yearbook, 1977, Department of Statistics.
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Chapter II of this report addresses the study region, other planned projects 
and the study project's overall description. 

Chapter III details the study area's demographic data. Included are popula
tion projections, labor force and other-socio-economic data.
 

Chapter IV discusses the economic profile of the nation. It addresses the
 
production and consumption of agricultural and manufacturing products. Also,
 
included in the discussion are imports-exports and balance of payments for
 

Jordan. Moreover, tourists and tourism impact on religious, archeological
 
and recreational aspects of the study area are discussed.
 

Chapter V discusses the traffic and transport needs of the project. This
 
chapter presents in detail the traffic analysis and transport justification
 
of this project.
 

Chapter VI discusses in detail the engineering studies undertaken on all fea
sible alternatives. It identifies the financial commitments, and the amount
 
of foreign exchange for the proposed routes.
 

Chapter VII addresses the maintenance program as it currently exists and
 
those recommended by the maintenance consultant.
 

Chapter VIII identifies project benefits and the basis for deriving those bene
fits. Included are reduced transport costs, vehicle operating costs and time
 
savings. Nonuser benefits are also identified.
 

Chapter IX includes the evaluation of the project, its feasibility, its expected
 
direct and indirect benefits, the internal rate of return, benefit cost ratio
 
and net present value. Included in Chapter TX are sensitivity tests to overall
 
construction costs and benefits, that may or may not occur.
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CHAPTER II
 

PROJECT DESCRIPTION
 

This chapter includes a discussion of the regional setting for the proposed
 
improvements, existing highway system, short range (5 year) improvements
 
recommended by the-Master Road Plan 1978-1982, and alternatives considered
 
in this study. Also included in this chapter are discussions of related
 
highway projects and other major-capital improvement projects.
 

REGIONAL SETTING
 

The study area falls within the boundaries of the two major regions of Jordan:
 
Amman and Irbid.
 

AMMAN REGION - The Amman Region, which comprises some 2828 square kilometers, 
or about 3 percent of land area of the East Bank, contains 72 percent of the 
Kingdom's population. Three of the country's four largest cities (and 6 of 
the largest 15 are located in this region). By 1980 it is expected that the 
Amman Region will contain two thirds of the Kingdom's population. Currently 
71 percent of all the nation's industrial activity is located in this region; 
it also contains 74 percent of all hospital .bedsand 69 percent of the schools. 

AMMAN - The city of Amman is the central hub of the Region. It is the King
dom's largest city, encompassing over one third of its population. In addi
tion to being the nation's capital, Amman is a focal point for regional and 
national economic, industrial, educational and social activity. 

ZARQA - The city of Zarqa located 23 kilometers to the northwest is the 
second largest city in the Region. It has a population of almost half a 
million; being so close to Amman, a continuous metropolis has developed 
in the last few years characterized by industries and encouraged through the 
construction of a four lane highway. Zarqa is the site for a large oil 
refinery, a thermal power station and the largest military base in the country. 

JERASH - The ancient Roman city of Jerash lies approximately 60 kilometers 

north of Amman. Adjacent to it, the new city of Jerash is gaining importance 
as a regional center for tourism. 

IRBID REGION - The northern section of the study area lies within the boundaries 

of the Irbid region. 

IRBID - The center of the Irbid Region is of course the city of Irbid. Located 

approximately 86 kilometers north of Amman it has a population of almost
 
500,000 people. Irbid is increasingly becoming an important service and
 
educational center. The new University of Yarmouk costing over $310 million
 
is located only 15 kilometers from the city.
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MAFRAQ - The city of Mafraq, located approximately 52'kilometers east of 
Jerash has a population of about 10,000 people. It has an important air
 
force base.
 

WEATHER - The-climate of both Amman and Irbid Regions is basically dry. 
More than 40 per cent of the land area is desert with less than 300 milli
meters of rainfall. Two seasons exist: the rainy season in winter from 
November to March, and the dry season in summer from April to October.
 
The two regions are better off than all other regions of the Kingdom in
 
terms of rainfall. Some parts have 600 millimeters of rainfall but others
 
have only 200 millimeters. The average rainfall is approximately 300 

millimeters.
 

Most parts of the study area have elevations of about 500 to 700 meters;
 
which provides cooler temperatures in the summer as compared to the southern
 
Regions.
 

LAND USE - Forestry can be found in the Irbid Region. Also a national park 
is located near Ajlun.
 

As for agricultural land, different statistics show different figures. Ac
cording to the Agricultural Census of 1975 the Irbid and Amman Regions
 
account for almost 80 per cent of the agricultural land in the East Bank.
 

EXISTING FACILITIES
 

The study area is well served with primary and secondary roads but the prin
cipal facilities - Route 11, 15, 16, 20 and 30 - are presently carrying fairly 
heavy volumes of traffic, as indicated on Figure II-1. Some of the routes 
presently have service level deficiencies, some of which are quite severe. 
Major capital costs would be required to correct these deficiencies in order 
to cope with anticipated future traffic. 

Currently traffic in the study corridor utilizes Route 15 for largely passen
ger cars ,and right trucks from Amman to Irbid to Syria. Heavy trucks predomi
nately use Route 30 via Zarqa, Mafraq and Route 16 to Irbid and Syria. The,
 
concept of this project is to relieve expected traffic congestion in .this
 
corridor.
 

Alternatives considered were designed to relieve expected traffic growth on
 
Routes 15, 30 and 16. For international travel through the Industrial Free
 
Zone (IFZ), near the village of Jabir, the project is designed to connect to
 
the proposed Damascus-Jordan border highway, currently in the latter stages
 
of planning and financing.
 

ROUTE 15 - Route 15 is presently a two-lane facility, with some isolated 
sections being widened to four lanes in urbanized areas, from Amman to 
the Syrian border. The route itself is functionally classified as a primary 
arterial, both urban and rural. 
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Nearly 98 per cent of the facility currently has shoulders less than 1.5 meters
 
wide. These shoulders are predominately stabilized. Roadway surface was
 
rated fair to good and consists of flexible type pavement. The roadway sur
face width for over 80 per cent of its length is between 6 and 7.2 meters in
 
width.
 

Route 15 predominately traverses rural undeveloped land. In urban areas
 
Route 15 has available right-of-way width to 45 meters.
 

From Suweileh north to the junction of Route 11 grades are predominately
 
steep. In some areas grades exceed 10 per cent. The terrain is very hilly

in this section. North of the Route 16 junction to the Syrian border the
 
route is generally through flat terrain with grades less than 3 per cent.
 

From Suweileh to the junction of Route 11 there are over 25 locations where
 
horizontal curves have speeds of 40 or less kilometers per hour. Passing

sight distance is available on approximately 20 per cent of the route. From
 
Route 16 north passing sight distance is available on about 60 per cent of
 
the route.
 

ROUTE 11 - Route 11 currently exists in two sections in the study area from 
Irbid to Route 15 and between Route 30 near the oil refinery in Zarqa north
ward to Route 20. The first section is functionally classed as a primary ar
terial, while the latter section is functionally classed as a rural collector.
 
During the inventory phase, the latter section was under construction and is
 
not included in the following discussion.
 

The existing section of Route 11 between Irbid and Route 15 is two lanes,
 
with 1.4 kilometers four lanes. Over 80 per cent of the route has shoulders
 
less than 1.5 meters which are stabilized.
 

The surface width for the two lanes section is less than 6.0 meters. The
 
remaining portion is a four lane divided section and is 7.3 to 14.4 meters
 
in width. The pavement surface was rated fair to good and consists of
 
flexible type pavements.
 

Approximately 98 per cent of the route has grades less than 3 per cent and
 
passes through flat to rolling terrain. Adequate passing site distance
 
is available on 55 per cent of the route. Route 11 has few curves with
 
operating speeds at less than 50 kph.
 

ROUTE 16 - Route 16 from Irbid to Mafraq has been functionally classified 
a primary arterial. Route 16 in this segment of the facility is two lanes 
with a small section in the Irbid area being four lane divided. 

Shoulders on 85 per cent of the route are less than 1.5 meters in width.
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The shoulders are stabilized with isolated sections having curbs on two sides
 
near and in Irbid.
 

The pavement width in the rural areas is less than 6.0 meters in width, with
 
smaller sections being inventoried at 6.1 to 7.4 meters in width.
 

The pavement was rated fair to good with isolated sections being rated poor.
 
The existing surface treatment is flexible type pavement.
 

Right-of-way is available in urban areas from 30 to 45 meters. No restric
tions in right-of-way were observed in rural segments.
 

The route has a few isolated spots with grades of 5 to 6 per cent but the ma
jority of the project in this segment had grades less than 3 per cent. The 
route passes through relatively rolling and flat terrain. 

Passing sight distance is available on approximately 40 per cent of the
 
section. A few curves in the rural section were observed to have design
 
speeds and operating speeds of less than 60 kph. However, west of Irbid
 
many mountainous and heavy grades were inventoried.
 

ROUTE 20 - Route 20 is functionally classed as a secondary arterial. Route 
20 is two lanes with shoulders less than 1.5 meters in width. Shoulders
 
are largely earth and stabilized.
 

The existing surface is less than 7.2 meters wide. Existing pavement con
dition is poor to fair and will require reconstruction within the initial
 
five year planning program (before 1982). The existing pavement surface
 
is a low grade flexible type pavement.
 

Grades from 3 to 5 per cent were observed on 7 per cent of the route, while 
grades from 5 to 8 per cent were observed on approximately 20 per cent of 
the route. The route itself passes through rolling and very hilly terrain 
(Jerash to Route 11). There are more than 60 locations where horizontal
 
curves were observed to have operating speeds of less than 60 kph. 

ROUTE 30 - Route 30 is administratively classified a primary facility. Func
tionally Route 30 serves as a primary arterial. In the study area Route 30
 
is a two lane highway with shoulders less than 1.5 meters in width. These
 
shoulders are earth and stabilized. The pavement surface in the study area
 
was rated poor to fair and has experienced heavy axle loads from heavy trucks
 
presently utilizing this route. It is expected when improvements to Route 11
 
are completed, travel will divert to Routes 11 and 20 since the time and
 
distance will be much shorter.
 

The existing surface width is less than 7.2 meters and is flexible type pave
ment. Grades throughout Route 30 in the study corridor are less than 3 per
 
cent and passes through rolling terrain. The vertical alignment follows more
 
or less the existing rolling terrain.
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OTHER PLANNED PROJECTS 

Other planned projects in the study area are the Maqaren Dam on the Yarmouk 
River, expansion of the Thermo-power plant at Zarqa, establishment of the 
Industrial Free Zone (IFZ) at the Syrian border and Yarmouk University located 
at the intersection of Routes 15 and 16.
 

WATER SUPPLY - The Maqaren Dam will provide additional water for the study 
area. At the present time, the five year plan calls for development of the
 
Yarmouk-Irbid water supply project. The long range plan envisioned by
 
Howard Humphreys and Sons, 1978, report Water Use Strategy of Northern Jordan
 
would use the water impounded by this project for the Zarqa-Irbid region.
 
Therefore, the Yarmouk-Irbid water supply project has not been implemented,
 
as it must be coordinated with the Maqaren Dam project and Yarmouk River 
development plans.
 

The reservoir of the King Talal Dam on the Zarqa River has not been fully
 
utilized to date. This is primarily due to successive years of sub-normal 
rainfall. The water supply will be used primarily in the Amman-Zarqa area. 
The small generating capacity of this dam will provide the necessary power
 
for pumping its own water. Because of the extremely low levels of the res
ervoir at the present time the water has not been suitable for any use, but
 
it is expected that return of normal rainfall will alter the situation quite
 
readily.
 

Adequate supplies of water are, of course, the key to the ultimate develop
ment of the area. Projects involving lifting water from the Jordan Valley
 
and transmitting water from the proposed Maqaren Reservoir on the Yarmouk
 
River would do much toward solving the study area's critical water supply
 
problems. However, both projects appear to be several years away.
 

POWER STATIONS - Expansion of the King Hussein thermo-power station of Zarqa 
now underway will raise its total capacity to 330 MW by 1983 or 1984. The
 
Irbid substation has been completed and a 132 KV double circuit transmission
 
line from the Hussein station to Irbid has also been completed. The power
 
demands of the study area will be met without too much of a problem because
 
there are no large consumers in the area, nor any anticipated except for the
 
proposed Yarmouk University.
 

INDUSTRIAL FREE ZONE - The Industrial Free Zones (IFZ) straddles the Jordan-
Syrian border at Jabir-Nasib. The 400 hectares of land lies half in Syria
 
and half in Jordan. Another 200 hectares has been reserved as a community
 
development area for the workers at the IFZ. The project management is con
trolled by the Syrian Jordan Industrial Free Zone Company, established in
 
1975. Although the company has made some progress in establishing the zone
 
there is a very substantial amount of work to be completed. The land has
 
been acquired, some water resources have been developed, access roads have
 
been constructed and connections for power and communication are currently
 
being built. A master plan has been prepared, but the plan is to be reviewed
 
before final approval is granted.
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ZARQA FREE ZONE - The propsed Zarqa Free Zone is located approximately 15 
kilometers northeast of Zarqa along Route 30 (II-1). The site of 500 hectares
 
is adjacent to the Al-Azraq junction. The site is triangular shaped and has
 
a five kilometer boundary along Route 30. The zone is divided into three
 
major activity zones:
 

1. The Free Zone Center
 
2. The Manufacturing Zone
 
3. The Storage Zone.
 

There will also be employee housing and facilities for transit personnel.
 

It is expected that the Zone will employ 6615 people by 1990. It is also
 
estimated that 1.5 million metric tons of transit and re-exported goods will
 
pass through the zone by 1990 and the 522,000 metric tons will be in
 
transit from Agaba. A total of 609,000 trucks is expected to pass through
 
the zone in 1990.
 

YARMOUK UNIVERSITY - The site of Yarmouk University is located on a long 
(7 kilometers) and narrow (1.5 kilometers) strip of land bordering its long 
axis on Route 15 with the northern boundary being Route 16. This site is
 
located in the southeastern part of the intersection. Construction of the
 
University is planned for completion by 1990 and is expected to have 21,000
 
students and 9,000 faculty members. An establishment of this size is certain
 
to create significant economic benefits during its construction and thereafter.
 
It will also create a very large housing demand, as current plans call for
 
about half of the student body, faculty and staff members and their families
 
to be provided board 'on campus'.
 

Present plans call for the establishment of factories on the University grounds 
to supply construction materials, furniture and equipment necessary for the
 
construction and operation of this important facility.
 

SYRIA HIGHWAY CONSTRUCTION - The Damascus-Jordan Border highway, in the 
latter stages of planning and financing, will be soon under construction on 
a new alignment east of the present facility. The purpose of this route is 
to tie Damascus directly to the Industrial Free Zone and Jordan. 

The new location of the Damascus-Jordan Border highway would in all probability 
replace Route 15 as a direct connection to Damascus. This would make it neces
sary for Syria to build a route from Dera'a to the new facility or for Jordan 
to provide a connection from Route 16 north to the Syrian border. Neither of 
these two alternatives offer any incentive to the two countries; Syria, because
 
of the additional funds involved and Jordan, because it would provide relief
 
to primarily only international transport.
 

IIZarga Free Zone Demand Study Report, Dar-al-Hendasah Consultants, 
January, 1979. 
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The establishment of the Industrial Free Zone makes it important for Jordan
 
to have a direct highway connection to it and furthermore, that the connection
 
be designed such that it will benefit all of Jordan and not just specific,

isolated cities or areas.
 

SUMMARY - The combined effect of the projects discussed above will alter the
 
origin and destination pattern for travel in the study area, besides adding

substantially to 
the total future traffic volumes. The models utilized in
 
making travel forecasts in the study area takes into account the overall impact

of these projects.
 

Travel forecasts for the present road network discussed later in this report

require major improvements to the existing highway system. The forecasted
 
needs, although badly needed in the first five years, would 
not improve travel
 
conditions in the Amman-Zarqa-Irbid corridor, nor will it address the need for
 
the Amman-Zarqa-IFZ corridor. 
The purpose of this study is to address the
 
improvements necessary in the aforementioned travel corridor. -


For the purposes of this study it was assumed that construction has been complete(
 
on Route 11 between Zarqa and Route 20. 
 On the basis of time savings the model
 
assumes that substantial amounts of traffic has diverted from Route 30 to Route 11
 

ALTERNATIVES CONSIDERED 

This study consisted of feasible alternatives as they relate to satisfying the

objectives of travel in the study area. 
Figure 11-2 shows the alignments con
sidered, with the exception of "do nothing". The alternatives are: 

1. 	 "Do nothing", which assumes that Route 11 has been opened to traffic 
between Zarqa and Route 20 (Alternative A). 

2. 	 Construction of the Zarqa-Mafraq International Free Trade Zone route 
previously studied by the Ministry of Public Works (Alternative B). 

3. 	 The third alternative consists of improvements to the network, as 
recommended in the Master Road Plan Study by the construction of a 
four lane expressway from Zarqa to Irbid (Alternative C). Included 
with this alternative are two sub-alternatives. These sub-alternatives 
connect the 	proposed expressway to the IFZ. Alternative Cl connects 
to the expressway just south of the Route 20-Rihab area and passes
northerly to the IFZ at the Syrian border. Alternative C2 ties to 
the expressway just south of the propsed Yarmouk University and connects 
in a northeasterly direction to the IFZ. 

Traffic assignments were made utilizing the models developed for the Master 
Road Plan Study for all alternatives. Figure 11-2 depicts the impact on 
volume, using each of the above described alternatives. 

Resulting traffic assignments to Alternative B showed some relief to the
 
Route 15 corridor. However, high volumes still remain on 
Route 15 from
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Suweileh to the Syrian border and on Route 16 from Mafraq to Irbid. These 
two conditions would require extensive construction on Route 15 and 16.
 

Traffic assignments to the facility recommended in the Master Road Plan
 
(Alternative Cl) presented considerable relief to the expected travel de
mands on Route 15 from Suweileh to the Syrian border as well as on Route 16
 
from Mafraq to Irbid and on Route 30 from Zarqa to Irbid.
 

Significant volumes are indicated on sub-alternative Cl to the Syrian border
 
connection. 
On the other hand, insignificant volumes are assigned by sub
alternative C2. As noted on Figure 11-2, Alternative C2 results in high

traffic volumes on Route 15 from the intersection of the proposed expressway

northward to the Syrian border.
 

The "do nothing" alternative indicates Routes 11, 15, 
16 and 20 will require

major, costly improvements, if an additional facility is not included in the
 
overall network. 
The facility located in the Zarqa-Irbid corridor is added
 
to the network and travel is forecasted to year 2000.
 

Alternative B as indicated provided only direct service from the Zarqa-Amman

urban area to the IFZ and the proposed Damascus-Jordan Border highway. 
Volume
 
II of this report contains preliminary engineering drawings for these facilities.
 

In summary, detailed analysis of costs and benefits indicated that Alternative
 
C should be considered for further development since larger benefits are ex
pected than from Alternatives A or B. As a result Alternative B is dropped

from further study and Alternative C is adopted as 
the "Preferred Alternative".
 

OTHER HIGHWAY PROJECTS 

Figure 11-3 shows other related highway projects in the study area currently
recommended for improvements. These projects are a result of the previous
planning performed during the development of the Master Road Plan 1978-1982. 

All of these projects are designed to enhance travel in the study area and
 
thereby contribute to the overall direct benefit to the economy of the Kingdom.

Each of these projects are outside of this study's Cordon Line. 
Table II-I
 
lists each of these improvements.
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TABLE II-1 

OTHER PLANNED HIGHWAY PROJECTS 

ROUTE 
NO. 

48 
37 
33 
45 
19 
50 
24 

Source: 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

NATIONAL MILOMETER POSTS 
PRIORITY FROM TO 

341.4 350.2 
1.1 6.9 
9.0 16.4 

40.5 42.4 
45.6 47.5 
72.7 76.8 

0.0 5.5 
8.5 28.3 

25.0 36.1 
24.7 28.9 
19.6 21.5 
17.4 19.1 
47.5 76.1 

350.2 373.8 
36.1 *58.6 
58.2 61.8 
17.2 25.5 
56.1 68.7 
18.3 22.7 

0.0 17.2 
0.0 22.5 

43.7 56.1 
0.0 18.3 
5.5 27.7 

28.9 58.2 
18.2 50.7 

0.0 17.8 
2.4 23.0 
0.0 17.4 

373.8 384.5 
0.0 6.3 

176.1 265.7 
53.2 76.3 

63 28.6 37.2 
64 22.5 40.2 
65 0.0 16.6 
70 19.1 101.1 
75 0.0 2.4 
78 70.6 114.8 
89 0.0 23.9 

Master Road Plan 1978-1982 
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CHAPTER III 

THE DEMOGRAPHIC & SOCIAL PROFILE 

This chapter includes a discussion of population, labor force, income and
 
social services in the study area. As a substantial per cent of the total
 

population lies within the limits of study it follows that most of the labor
 
force and demands for social service would also emanate from it.
 

POPULATION 

The population of Jordan is increasing at a substantial rate and, similar to
 
many other countries of the world, this growth is concentrated in the estab

lished or emerging urban areas. The magnet that draws people to urban areas
 

is hope for betterment of their life style, job opportunity and for benefits
 
flowing from more available social amenities.
 

Whatever the reasons are, population growth of urban areas creates increased
 

demands for goods and services and, because of increasingly available labor
 

force, generates development of commercial and industrial complexes. The
 

combination of such developments leads to the need for high type transporta
tion facilities in order to properly serve the areas.
 

The population of the Kingdom in 1975 is shown in Table III-1. 

It can be observed that the population of the Kingdom is heavily concentrated
 

in two districts - Number 9 (Amman) containing a third of the total and Number 
2 (Northern Highlands) containing about one fifth. Their combined population 
of 1,005,554 represents 51.5 per cent of the 1975 total for the Kingdom. 

The districts comprising the study area (Figure III-1) contain a substantial 

share of the total population, as can be seen in Table 111-2. 

The districts comprising the study area hold 84.1 per cent of the total 1975 
population. The density (persons per square kilometer) of the area is almost
 

15 times that of the Kingdom as a whole. The population statistics, by them

selves, emphasize the importance of the study area to the economic wellbeing
 

of the Kingdom.
 

The population growths for the Kingdom and for the study area are expected to
 

be substantial over the next three decades. Table 111-3 compares the growth
 

rate of the Kingdom by district for selected years.
 

All Districts are expected to gain population over the 1975-2005 period, but
 

the gains are far from uniform, varying from 25 per cent in District 14 to 297
 
per cent in District 6 (Southern Jordan Valley). Overall the gain is expected
 

to be 277 per cent which represent a very high 3.9 per cent increase per year
 
compounded.
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TABLE III-1 

1975 POPULATION BY DISTRICT - EAST BANK 
Zarqa-Rihab-Irbid ExpresswaV 
Rihab-Syrian Border Connector 

DISTRICT 1975 POPULATION 
Number Per Cent Density (2) 

1 (1) 44162 2.26 207 
2 (1) 351132 17.99 123 
3 (1) 127796 6.55 6086 
4 (1) 26779 1.37 48 
5 13591 0.70 1 

6 30446 1.56 77 

7 (1) 146315 7.50 126 
103763 5.31 40 

9 (1) 654422 33.53 5812 
10 (1) 283397 14.52 4638 

11 (1) 8447 0.43 1 
12 2118 0.11 (3) 
13 108022 5.53 19 
14 168 0.01 (3) 
15 30037 1.54 2 

16 21375 1.09 .3 

Total 1951970 100.00 22 

Source: Master Road Plan, 1978-1982 

(1) Study Area Districts (only part of 11 is included.) 
(2) Persons per square kilometer. 
(3) Less than one-half person per square kilometer. 

Districts 2 and,9 will contain 50.8 per cent of the total population of 5.7 
million. This is somewhat less than the 51.5 per cent of the total the two 
districts had in 1975. The higher rate of increase in Districts 3, 6, 7 and 
13 account for this relative decrease.
 

A review of the projected population of the study area (Table 111-4 and Fig
ure III-1) shows that in 2005 the districts are expected to contain a slightly 
larger share of the total than in 1975. The 3.2 million population gain repre
sents a 194 per cent growth dur-ing the 1975-2005:period, an annual average 
growth rate of 3.9 per cent compounded. 
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TABLE 111-2 

1975 POPULATION OF STUDY AREA 
Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

DISTRICT POPULATION 
Number Per Cent Density (1) 

1 Northern Jordan Valley 44162 2.69 207 
2- Northern Highlands 351132 21.38 123 
3 Irbid City 127796 7.78 6086 
4 Mafraq 26779 1.63 48 
7 Balkaa 146315 8.91 126 
9 Amman City 654422 39.85 5812 
10 Zarqa-Ruseifa 283397 17.26 4638 
11 Hashimiya-Dhuleil (2) 8164 0.50 18 

Total 1642167 100.00 302 

Source: Master Road Plan, 1978-1982 

(1) Persons per square kilometer. 
(2) Only three zones of 5 included. 

TABLE 111-3 

EAST BANH POPULATION BY DISTRICT, 1975, 1985, 2005
 
Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border'Connector
 

RATIO 
DISTRICT 1975 1985 2005 2005/1975 
1 (1) 44162 65921 134149 3.04 
2 (1) 351132 504945 987904 2.81 
3 '(1) 127796 203938 442381 3.46 
4 (1) 26779 37828 72484 2.71 
5 13591 16409 25239 1.86 
6 30446 52954 120819 3.97 
7 (1) 146315 223467 459190 3.14 
8 103763 136484 240734 2'.32 
9 (1) 654422 951891 1899216 2.90 

10 (1) 283397 412222 822499 2.90 
11 (1) 8447 10648 17668 2.09 
12 2118 2558 3931 1.86 
13 108022 169553 356973 3.30 
14 168 125 226 1.35 
15 30037 33040 47659 1.59 
16 21375 28174 55656 2.60 

Total 1951970 2850157 5686718 2.91 

Source: Master Road Plan, 1978-1982 and Ministry of Public Works 

(1) Study area districts, only part of District 11 included. 
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TABLE 111-4
 

POPULATION OF STUDY AREA, 1975, 1985, 2005 
Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

DISTRICT 1975 1985 2005 

1 Northern Jordan Valley 44162 62921 134149 
2 Northern Highlands 351132 504945 987904 
3 Irbid City 127796 203938 442381 
4 Mafraq 26779 37828 72484 
7 Balkaa 146315 223467 459190 
9 Amman City 654422 951891 1899216 

10 Zarqa-Ruselfa 283397 412222 822499 
11 Hashimiya-Dhulell 8164 10291 17076 

Total 1642167 2410503 4834899 

Per cent of Total 84.1 84.6 85.0 

Density-persons per sq. km. 302 443 890 

Source: Master Road Plan, 1978-1982 
Ministry of Public Works 

The forecasted population for the year 2005 shows that a substantial amount
 
of the economic activity of the Kingdom will be concentrated in the study area.
 
The districts have an average population density of 890 persons per square
 
kilometer in 2005 and contain about 85 per cent of the total. The overall
 
population density for the country is expected to be 64 persons per square
 
kilometer.
 

Irbid municipality had a population of 128,000 in 1975 and is expected to have
 
an estimated 442,380 people by the year 2005. This estimate may be somewhat
 
low if Yarmouk University develops as expected, plus the long range prospects
 
for an increased water supply.
 

Ramtha is expected to have over 80,000 people by 2005, up from 24,000 in 1975.
 
The Yarmouk University complex is expected to contain a population of 55,000
 
in 2005. The remaining municipalities of significant size (El Husn, Mafraq,
 
Sur and Jerash) are expected to have population ranging from 30,000 to 50,000
 
by the end of the century.
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LABOR FORCE
 

Jordan is endowed with abundant 'human resources, upon which it depends for
 
executing its economic and social programs. Moreover, Jordan derives an
 
appreciable amount of foreign assets from remittances repatriated by Jordan
ians working abroad.
 

During the 1950's and 1960's, Jordanians were definitely attracted to strictly
 
academic careers, because an academic education was socially favoured and
 
economically rewarding.
 

In the 1970's the Jordanian economy began to move into a completely different
 
phase. The contribution of industry and mining increased. Also, construction
 
activity has flourished tremendously after a lull in the post war period (1967).
 

Given the wage differentials between the Arab oil-producing countries and
 
Jordan, more Jordanian laborers were attracted to jobs outside Jordan. Thus
 
the need for more trained laborers in Jordan has become more evident.
 

The 1974 labor participation rate in Jordan was 20 per cent, down from the 24
 
per cent rate in 1961.(III-1) This decrease is attributed to increased fertility
 
and the out-migration of the active young male segment of the labor force.
 

On the basis of multi-purpose household surveys in 1974, the employed -popula
tion of the East Bank is estimated to have numbered approximately 374,000,
 
an average annual increase of 4.5 per cent since 1961, (Table 111-5). Agri
cultural employment recorded a sharp decline by 34 per cent, with its share
 
in total employment dropping to 13.3 per cent in 1975 from 35.9 per cent in
 
1961. Mining, manufacturing and construction recorded only a moderate com
bined growth of 54.6 per cent, with their share declining to 18.3 per cent
 
from 21.9 per cent.
 

The factory sector showed remarkable expansion in 14 years. Commerce and
 
transportation more than trebled their employment, thus increasing their
 
respective shares in total employment to 17.0 and 7.4 per cent from 8.4 and
 
3.7 per cent in 1961.(III-2) The service sector, comprising banking and
 
insurance, public utilities and community services and general administration, 
recorded equally remarkable expansion. 

INCOME
 

Gross National Income (GNI) has increased rapidly in the last few years rising
 
from a 1972 value of JD. 239.5 million to JD. 731.0 million in 1978. This is
 

tII1 First Census of Population.and Housing, 1961.
 
Multi-Purpose Household Sample Survey, 1974.
 

111 2 Ibid. 
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TABLE 111-5 

LABOR FORCE IN 1961 and 1975 
Zarqa-Rihab-Irbid Expressuay 
Rihab-Syrian Border Connector 

DESCRIPTION PERSONS LABOR PERSONS UNEMPLOV-
AND AREA EMPLOYED FORCE UNEMPLOYED MENT RATE 

hingdom: 

1961 Levels 2U2285 217841 15555 7.14 
Per Cent Male 96'.2 96.3 98.1 
1975 Levels 373810 382010 8200 2.15 
Per Cent Male 91.3 91.2 96.7 
Per Cent Change +84.8 +75.4 -232.1 

(1961 to 1975) 

Irbid Governorate: 

1961 Levels 53184 58502 5318 9.09 
Per Cent Male 96.6 96.8 91.9 
1975 Levels 106870 108770 1900 1.74 
Per Cent Male 91.8 91.6 80.5 
Per Cent Change +100.9 +85.9 -422.4 

(1961 to 1975) 

Source: 	 First Census of Population and Housing, 1961. 
Multi-Purpose Household Sample Survey of 1974. 

an increase of 305.5 per cent. In the three-year period 1976-78 the increase 
has been 	30.2 per cent, an annual rate of 14.1 per cent.
 

Income per capita has also shown a substantial increase in the same time frame 

but the increase is somewhat less than the GNI because of the rapid population 

growth. Nevertheless, the 1978 per capital increase of JD. 339 is 2.5 times 

higher than the 1972 value. Table 111-6 includes the personal income data. 

SOCIAL SERVICES
 

HEALTH - Health services provided by the Ministry of Health cover 60 per cent 
of the population of Jordan. The Ministry's hospitals receive over 50 per cent 

of admitted patients in:all the hospitals. Significantly, the Ministry's 
hospitals form 40 per cent of the total number of hospitals in Jordan. Two

thirds of the patients who attend health clinics in the country are treated in
 

the Ministry's health clinics.
 

111-6
 



TABLE 111-6 

EAST BANK GROSS NATIONAL INCOME
 
AND PER CAPITA INCOME, 1972-1978
 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

YEAR GROSS POPULATION INCOME INDEX 
NATIONAL (Thousands) PER 
INCOME CAPTIA 

(Million JD.) (JD.) 

1972 239.50 1774 135.0 100.0
 
1973 286.57 1831 156.5 115.9
 
1974 370.42 1890 189.8 140.6
 
1975 NA 1952 - 
1976 561.50 2020 278.0 205.9
 

1977 630.50 2087 302.1 223.8 
1978 731.00 2155 339.3 251.3 

Source: Department of Statistics. 

The Ministry of Health is chiefly responsible for preventive medicine services
 
in Jordan, and for developing a sound health policy. 
The Ministry provides

most of the services free-of-charge. 
It also treats patients who are not

admitted to other health centers, such as 
those which belong to UNRWA.
 

The private sector provides services in return for fees through private

hospitals and health centers. 
 Two-thirds of hospitals are concentrated in
 
Amman, Zarqa and Irbid. 
In Ajlun and Mafraq there is only one hospital. Two
thirds of the private clinics are in Amman. There are other clinics which 
belong to charitable associations (national and foreign) through which some
health services are provided. Then there are the services provided by quali
fied midwives. About 62 per cent of the deliveries are handled by unqualified

midwives, who lack proper and recognized training.
 

The number of beds available in all the health sectors in the Kingdom is

3417. 
 Of these, 2779 beds belong to the governmental sector and they con
stitute 81.3 per cent of the total number, whereas the private sector provides

638 beds which form 18.7 per cent of the total number.
 

Within the study area, the Governorate of Amman includes the highest percentage

and their average in proportion to the population is also the highest. 
The
 
Governorate of Irbid is next with regards to the distribution of beds in
 
Jordan. The District of Zarqa comes third in rank.
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EDUCATION - In Jordan, education is provided by both the public and private 
sectors. Schools at the elementary, preparatory and secondary levels, as 
well as institutes of higher education run by the Ministry of Education 

accommodate 68 per cent of the total student population.
 

The growth in the number of children attending school was far more rapid than
 
population growth. Population growth was about 3.2 per cent during the past
 
few years, whereas total school enrollment rose from 387,886 in 1970/71 to
 
612,690 in 1976/77, an increase of 58 per cent, an average rate of 6 per
 
cent annually.
 

The number of students in schools operated by the Ministry of Education
 
witnessed an increase of 63 per cent from 261,000 in 1970/71 to 425,227
 
in 1976/77. The total number of teachers has increased during the same
 
period from 11,853 to 21,128, an increase of 78 per cent.
 

In 1976/77 about 30.7 per cent of the country's population were students,
 
one of the highest proportions in the world. (111-2)
 

111 2 Educational Statistical Yearbook of 1976/77.
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CHAPTER IV
 

THE ECONOMIC PROFILE
 

The economy of Jordan is expected to expand quite rapidly and continuously
 
during the period covered by this study. Increasing population and attendant
 
demands dictate that the economy must grow rapidly and diversify in order
 
that the country can be as self-sufficient as possible. This chapter explores
 
quite briefly the present and future economic picture of Jordan.
 

AGRICULTURAL PRODUCTION
 

Agricultural production is an important element to the economy of Jordan.
 
It is also quite variable as a substantial amount of land used for agriculture
 
is marginal or sub-marginal in character and rainfall even in good years is
 
not overly plentiful. This variability makes agriculture an even more criti
cal item to overall economy and balance of trade for the country.
 

Table IV-1 shows the total agriculture production of the East Bank by district
 
for 1975.
 

TABLE IV-1 

1975 AGRICULTURE PRODUCTION 
BY DISTRICT - EAST BANK 

DISTRICT PRODUCTION
 
Metric Tons Per Cent
 
(thousand) 

1 (1) 104.2 22.96
 
2 (1) 98.3 21.66
 
3 (1) 4.1 0.90
 
4 (1) 3.8 0.84
 

3.4 	 0.755 

91.8 20.23
 

7 (1) 29.7 6.54
 

8 33.6 7.38
 

9 (1) 7.8 1.72.
 

10	 (1) 1.0 0.22 

11	 (1) 15.2 3.35 

12	 0.9 0.20 
57.5 12.6513 

14 
2.4	 0.5315 

16	 0.3 0.07 

Total	 454.0 100.0 

Source: Department of Statistics 

(1) 	 Study area districts, only part of District II is included in study 
area. 
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Four districts (1, 2, 6 and 13) accounted for more than three-quarters of
 
total East Bank production in 1975. 
Adding the share accounted for by dis
tricts 7 and 8 brings the total production of the six districts to slightly

over 91.0 per cent of the total. Seven districts individually account for

less than 1.0 per cent of the total. The study area districts' total produc
tion for 1975 of 263,900 metric tons was 58.1 per cent of the total for the

East Bank. This is in contrast to 
the 84.1 per cent of the 1975 population

residing in the study area.
 

Table IV-2 depicts 1975 agricultural production for study area districts.
 
The northern Jordan Valley (northern Ghor) accounted for over one-third of 
 -
the study area production and together with District 2 accounted for over 75
 
per cent of the total for the area. District 7 (Balkaa) produced nearly 12
 
per cent of the study area total. 
Production in the remaining five-districts
 
was low, totalling 12.02 per cent..
 

TABLE IV-2 

1975 AGRICULTURE PRODUCTION 
IN STUDY AREA DISTRICTS 

Zarqa-Rihab-Irbid Expressaisy 
Rihab-Syrian Border Connector 

DISTRICT PRODUCTION 
Metric Tons Per Cent 
(thousand)
 

1 Northern Jordan Valley 104.2 39.48
 
2 Northern Highlands 98.3 3725
 
3 Irbid City 4.1 1.55
 
4 Mafraq 3.8 1.44
 
7 Balkaa 29.7 11.25
 
9 Amman City 7.8 2.96
 
10 Zarqa-Ruseifa 1.0 0.39
 
11 Hashimiya-Dhuilell (1) 15.0 5.68
 

Total 263.9 100.00 

Source: Department of Statistics 
(1) Only part of District 11 is in study area. 

By 1985 total production in the Kingdom is expected to reach 594,700 metric 
tons, an increase of 140,700 metric tons. This represents an annual growth

rate of one per cent. 
This growth rate lags far behind the forecasted popu
lation annual growth rate of 3.9 per cent for the same period.
 

IV-2
 

xkk
 



The forecasted production for the year 2005 is 995,100 metric tons repre
senting an annual average increase of 1.9 per cent. Forecasts for study
 
area districts are shown in Table IV-3 and graphically portrayed on Figure
 
IV-1.
 

TABLE IV-3 

AGRICULTURE PRODUCTION IN STUDY 
AREA FOR SELECTED YEARS
 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

STUDY DISTRICT FORECAST PRODUCTION 
1975 1985 2005 

(thousand metric tans) 
1 Northern Jordan Valley 104.2 132.2 191.9 
2 Northern Highlands 98.3 122.2 176.5 
3 Irbid City 4.1 5.1 7.4 
4 Mafraq 3.8 2.5 3.8 
7 Balkaa 29.7 37.0 53.3 
9 Amman City 7.8 9.5 13.6 
10 Zarqa-Ruselfa 1.0 1.2 1.7
 
11 Hashimiya-Dhuleil (1) 15.0 17.3 27.3
 

Total 263.9 327.0 475.5 

Source: Department of Statistics 
(1) Only part of District Il is included. 

In 1975 the study area accounted for 58.1 per cent of the total production
 
in the Kingdom. Forecasts for the years 1985 and 2005 show that the study
 
area's share of total production in the Kingdom will exceed or nearly equal
 
50 per cent in 1985 and 2005.
 

Overall the level of production (tons per dunnum) is expected to almost 
double by the year 2005. 

INDUSTRIAL PRODUCTION 

Since the unification of the East and West Bank in 1950, and even previous 
to that time, Jordan has faced many and difficult situations in establishing 
an industrial complex. Despite these difficulties, industry has made impres
sive gains although the range of significant industries is limited. 
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The phosphate, petroleum and cement industries are the most important at
 
this time. However, development of huge potash resources of the Dead Sea
 
and potash by-products will lift the level of industrial exports substantially.
 
Also, development of a large fertilizer complex at Aqaba will be of prime
 
importance.
 

Table IV-4 shows 1974 industrial production and forecast levels for the years

1985 and 2005.
 

The production of construction material totaled 2,364,000 tons in 1974. 
 Se
ven districts contributed to this total with Districts 7 (Balkaa) and 9 (Amman)
 
accounting for 67.5 per cent. There is a cement factory located in District
 
7 and a large number of firms producing construction material in District 9.
 

By 1985, production is expected to double to 4,734,000 tons with Districts 7
 
and 9 again dominating the field, accounting for 69.4 per cent of the total.
 
Forecasts for year 2005 expect the production of construction material (10.6

million tons) to be over four times greater than for 1974 and more than
 
double the 1985 forecast. Although Districts 7 and 9 will still have a domi
nant share (60.5 per cent) of the production process, they will be relatively
 
less in 1985 due to the 1.0 million tons that will be produced in District 15.
 

The production of phosphate occurs in two Districts - 10 and 13. Production 
in District 10 is expected to increase by 6.4 per cent from 1974 to 1985 and
 
remain at the 563,000 ton level through 2005. However, production in Dis
trict 13 is forecast to increase from 1.1 million tons in 1974 to 6.5 million
 
tons in 1985 and to a very high level of 15 million tons by the year 2005.
 
The proven and indicated reserves of the phosphate ores in the sites of
 
Russeifeh (District 10) and Hasa and Shidiya (District 13) are estimated at
 
763 million tons.
 

The refinery for the production of various petrol by-products is located in
 
District 10 (Zarqa-Russeifa) and produced 688,000 tons of such products in
 
1974. At the present time, the refinery which reached its producing capacity
 
of 1,100,000 tons in 1976 is being expanded in an ultimate capacity of 3,400,000
 
tons in 1979. Production at this refinery is forecast to reach 2,920,000 tons
 
in 1985 and 5,698,000 tons by year 2005. This latter level means another
 
expansion of the refinery's capacity will be in order. In the year 2003 a
 
second refinery northwest of Mafraq in District 2 is expected to come on the
 
line and will have an annual capacity of 3,500,000 tons. This new refinery
 
will be near the proposed Jordan-Syrian Industrial Free Zone.
 

The category "Other" includes several industries most of which would be identi
fied as light industry. The national total was only 285,000 tons in 1974 with
 
63.8 per cent generated by District 9 (Amman). However, the production of
 
potash from the Dead Sea (District 13) and of fertilizer at Aqaba (District
 
16) is expected to increase "Other" production from the very low 1974 level
 
to 3,899,000 tons in 1985 and 7,443,000 in 2005. By 2005 District 2 (Northern
 
Highlands) is expected to produce 841,000 tons (10.6 per cent) of "Other"
 
goods and District 9 (Amman) 743,000 tons and 9.8 per cent.
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TABLE Il-4 

INDUSTRIAL PRODUCTION BY DISTRICTS FOR EAST BANM 
FOR SELECTED VEARS, 1974, 1985, 2005 

Zarqe-Rihab-Irbld Expressway
RIhab-Syrian Border Connector 

DISTRICT 

1 
2 
3 
4 
5 

(1) 
(1) 
(1) 
(1) 

CONSTRUCTION 
MATERIAL 

1974 1985 2005 

22 
155 

38 
299 

86 
633 

PHOSPHATE 

1974 1985 2005 1974 

PETROLEUM 
PRODUCTS 

1985 2005 

3500 

1974 

3 
17 
(2) 

OTHER 

1985 

20 
32 
1 

I

,4n 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

(1) 

(1) 
(1) 

719 
265 
877 
246 

36 
44 

1595 
494 

1692 
475 

63 
78 

2848 
1118 
3582 
1005 

144 
176 

1000 

529 

1074 

563 

6530 

563 

15052 

688 2920 5698 

(2) 

182 

81 

2 

(2) 

351 

155 

1170 

16 

Total 2364 4734 10552 1603 7093 15615 688 2920 9198 

(2) 2170 

3899 

Source: Master Road Plan, 1978-1982 
Department of Statistics 

(1) 
(2) 

Study Area Districts 
Less than 500 tons 

2005 

841 
67 

1 

(2) 

743 

325 

2287 

3175 

7443 
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Table IV-5 summarizes industrial production for the study area Districts,
 
and Figure IV-2 graphically compares the study Districts.
 

The 19.1 million tons of production forecast for the year 2005 in the study
 
area accounts for 46.4 per cent of the total production of the country. The
 
only new major development planned for the seven districts during the 1974
2005 period is the oil refinery in District 2, which is some years into the
 
future.
 

TABLE Il-5 

INDUSTRIAL PRODUCTION IN STUDY
 
AREA DISTRICTS, 1974, 1985, 2005
 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

STUDY DISTRICT 1974 1985 2005 
(thousand metric tons) 

1 Northern Jordan Valley - - -
2 Northern Highlands 25 58 4427 
3 Irbid City 172 331 700 
4 Mafraq (1) 1 1 
7 Balkas 719 1595 2848 
9 Amman City 1059 2043 4325 

10 Zarqa-Russelfa 1544 4113 7595 
11 Hashimiya-Dhuleil (1) (1) (1) 

Total 	 3519 8141 19896 

Source: 	 Department of Statistics (1) Less than 500 tons. 
Master Road Plan, 1978-1982 

11*PORTS AND EXPORTS 

The balance of trade of a country is defined as a systematic record of all
 
trade between countries. One of the purposes of this record is to inform
 
governmental authorities on the international position of the country to aid 
in reaching decisions on monetary and fiscal policy on the one hand and
 
trade and payments on the other hand.
 

IMPORTS - Total imports in Jordan have increased over the years, from JD.68.2 
million in 1966 to JD.108.2 million in 1973 and to JD.454.5 million in 1977. 
Figure IV-3 portrays the Kingdom's external trade from 1970 to 1977. 
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The commodity composition of imports is manufactured goods, machinery, food
 
and live animals, for the years 1975-1976, and mineral fuels (especially crude

oil), which altogether accounted for more than three-fourths of total imports

in the 1966-1976 period. Manufactured goods, including machinery and transport

equipment rose 
to about 37 per cent of total imports during the 1970-73 period,

and to about 55 per cent in 1975-76.
 

Imports of foodstuffs and live animals accounted for over 20 per cent of total
 
imports during the 1966-76 period, reflecting the sharp increase in world
 
market prices.
 

It is estimated that 75 per cent of Jordan's future food imports will arrive
 
by sea (Aqaba), 6 per cent by road via H-4 and 19 per cent by road via the
 
FTZ on the Syrian border. However, despite the expansion of the port at
 
Aqaba there will still be bottlenecks. There is also an increasing tendency

to ship directly from Europe to Jordan by truck.
 

These events plus the recent reactivation of cooperation between Syria and
 
Jordan indicate that a higher per cent of agricultural imports will come from
 
the north. 
Thus, it is assumed that 70 per cent of Jordan's future imports

will arrive by sea (Aqaba), 5 per cent by road via H-4 and 25 per cent by road
 
via the FTZ.
 

EXPORTS - Over the period 1954-76, gross exports averaged about 17 per cent of
 
total imports. Over the period 1954-1973, exports were almost equally divided
 
among phosphates, agricultural products and manufactured goods. 
 Tomatoes
 
contributed the largest agricultural export.
 

Manufactured goods do not exhibit similar concentration, but cigarettes and
 
cement constituted, over the same period, about 30 per cent of the total. 
Of
 
total exports, about 70 per cent is directed to neighboring Arab countries.
 
Phosphates are usually exported to 
India, Eastern Europe and Japan.
 

Agricultural exports will be split 45 per cent to Syria and Lebanon via the
 
FTZ, 37 per cent via H-4 to 
Iraq, Kuwait and other gulf states, and 18 per

cent to Saudi Arabia (10 per cent via Mudanwara and 8 per cent via Azraq). 
 It
 
is expected that this split will hold into the future.
 

SUMMARY - The above data leads to an obvious conclusion, namely, Jordan suffers
 
from a chronic trade deficit. 
 The large balance of trade deficit is generally

financed from foreign aid from a variety of sources.
 

TOURISM
 

The study area is quite richly endowed with tourist attractions, as well as
 
facilities which are attractions to both Jordanians and tourists. 
The most
 
outstanding attraction is Jerash which has one of the best preserved and
 
most important architectural sites of the Roman classical period (1-2 centuries
 
A.D.). Currently there is a large restoration project underway.
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The ruins of a typical Greco-Roman town are located northwest of Um Qeis.
 
These ruins, as yet unexcavated and restored, provide a magnificent view of
 
Lake Tiberias. It has been suggested that it would be as attractive as
 
Jerash once restoration is complete.
 

Other tourist attractions in the study area are:
 

1. Castle of Ajlun
 
2. Beit Ras
 
3. Rihab
 
4. Dibbeen National Park
 
5. Ishtafena Tourism Park
 
6. Magarin Dam and Reservoir
 

The study area especially around Irbid is endowed with favourable climate
 
and topography enhancing the area as a tourist attraction.
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CHAPTER V
 

TRAFFIC AND TRANSPORTATION
 

The transport system of the Kingdom was studied in substantial depth in the
 
Master Road Plan report and does not need to be discussed in detail here.
 
The reader is referred to the Master Road Plan 1978-1982 prepared by Wilbur
 
Smith & Associates. However, a brief description of the overall system seems
 
to be warranted.
 

TRANSPORT SYSTEM 

HIGHWAY SYSTEM - As of June, 1977, the national road system consisted of 
6,175 kilometers open to traffic and an additional 157 kilometers under con
struction. In 1977, the primary and secondary highway portion of the trans
port system consists of 2,582 kilometers of road open to traffic and the 157 
kilometers under construction. The primary and secondary system accounts 
for 43.3 per cent of the entire highway network. Village roads (5,393 kilo
meters) constitute the remainder (56.7 per cent) of the highway system.
 

RAILWAY SYSTEM - The existing railway system connects the Syrian border with 
Mafraq, Zarqa, Amman, Ma'an and Aqaba. The railway system consists of 544 
kilometers of narrow gauge track, extending from the Syrian border to Aqaba 
in the extreme southwestern corner of the country. Presently the railway
 

system carries few, if any, passengers.. Transport of extensive phosphate
 
deposits near El Husa to Aqaba constitutes the major tonnage moved over the
 
system.
 

AIRPORTS - Jordan has two commercial airports, Amman International Airport 
and Aqaba Airport. At the present time (10 July, 1979) twenty-three arrivals 
and twenty-five departures are scheduled daily at Amman. Under construction 
is the Queen Alia International Airport some thirty-three kilometers south 
from downtown Amman. Additional work is being contemplated for the existing 
airport at Aqaba and expansion of the existing Amman airport. 

WATER TRANSPORT - Aqaba is the only port available in Jordan. This deep 
water port is an excellent facility and is being rapidly expanded to accommo

date future increases in phosphate exports, anticipated exports of potash 

and imports of materials for the proposed fertilizer plant at Aqaba. In 

addition, the Aqaba port must service essential imports to meet the demand 

of a rapidly growing economy and population forecast for the Kingdom. 

TRANSPORT SUMMARY - It is, however, the highway system that carries the 

bulk of persons and goods movement both international and domestic. This
 

is especially pertinent to the study area, as the railroad from Amman to the
 

Syrian border more or less 'skirts' the eastern edge of the study area.
 

Figure V-1 shows the overall transport system in the study area.
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FACTORS AFFECTING TRAVEL
 

SOCIO-ECONOMIC - Several socio-economic parameters are used as input into 
the computer model used in this study. The model employed was developed 
for the Master Road Plan 1978-1982. The study area is a part of the overall 
network of this model. Salient elements are: 

1. Population
 
2. Vehicles per 1000 population
 
3. Agricultural production
 
4. Crop area
 
5. Crop yield
 
6. Industrial production
 
7. Other production
 
8. Travel time
 
9. Travel capacity
 

Each of the above factors was determined for base year 1976 (model calibra

tion), projected 1985 and 2005. Most of the projected factors are based on
 

projections made by the Bureau of Statistics, discussed in Chapters II and IV.
 

A detailed discussion of these items may be found in the Master Road Plan.
 
While the Master Road Plan describes projections to 1982 and 2000, linear
 

regression was employed to determine years 1985 and 2005.
 

TRAFFIC ZONES - Each of the study districts discussed in Chapters III and IV 

is further divided into traffic zones. This zone configuration is shown on 

Figure V-2 and is used for listing and forecasting population and socio

economic parameters to synthesize travel. These zones are also used to 

measure and evaluate current travel demands.
 

Each traffic zone represents an aggregation of one or more villages or 

cities. An attempt is made to delineate each zone that has similar land use, 

population, income and other trip-making characteristics. 

MOTOR VEHICLE ACCIDENTS - The frequency and severity of motor vehicle acci

dents are useful indices in describing the level of service afforded by any
 
highway improvement. When sufficient data are available by route segment,
 

these statistics can be useful in estimating economic benefits which will
 

accrue to road improvements and identify substandard design of the overall
 

highway system. 

Efforts made during the preparation of the Master Road Plan to determine
 

accident occurrence and severity were unsuccessful. A thorough review of
 

1976 accident records that are available did not produce desired engineering
 

data. This conclusion was due in large part to a lack of sufficient detail 

in accident reports. 
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This factor led to the addition to the Master Road Plan Training Project for
 
the establishment of procedures, reporting, recording, sorting and retriev
ing motor vehicle accident data as it relates to engineering functions. The
 
results of this work are reported in Procedure Manual H. (V-1)
 

At this time these accident reporting procedures have not been totally imple
mented, and as a result no detailed engineering information was available for
 
purposes of this study. 
 Because of this, this study recommends the accident
 
record system established by Procedure Manual H be implemented.
 

This recommendation is intended to provide government with information needed 
to plan and carry out a comprehensive highway safety program. Moreover,
 
numerous agencies will be involved in safety activities and, therefore, there
 
exists an urgent need for overall program coordination.
 

It is further recommended that a high level traffic safety council or committee
 
be organized. 
This committee could function under several departments. It
 
should be given the task of overall planning and coordination of activities that
 
relate to highway safety. Its membership should include Ministries of Educa
tion, Public Works, Security and appropriate police and courts. It would be
 
desirable to include other interested organizations, especially the insurance
 
industry, medical profession, mass media, auto clubs and driver training groups.
 

EXISTING TRAFFIC
 

Traffic data are continually updated by the Department of Planning and Research,
 
Ministry of Public Works. 
For purposes of this study, much information is
 
employed from the Master Road Plan study and updated through recent vehicle 
classification counts made during 1978 and 1979.
 

The investigation and analysis undertaken during the study address the current
 
traffic volumes and vehicle mix of the traffic stream. These volumes of 
traffic composition are relevant to computation of level of service and mea
surement of road user costs and benefits.
 

Annual counts conducted by the Ministry of Public Works at selected major

road junctions comprise the major portion of historical traffic volume data. 
There are extremely limited amounts of data collected addressing special stu
dies. A comprehensive, continuing traffic ounting program still does not 
exist, even though such a program was formulated and recommended during the 
preparation of the Master Road Plan. (V-2) 

V-1 
Procedure Manual H, Establishment and Maintenance of Motor Vehicle 
Accident Data, Wilbur Smith and Associates, Inc., 1978. 

V-2 
Procedure Manual E, Traffic Counting Program, Master Road Plan Training 
Project, Ministry of Public Works, Wilbur Smith and Associates, Inc., 
January, 1978. 
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DATA COLLECTION AND COMPILATION - Traffic counts and vehicle classification
 
counts were made at the stations shown on Figure V-3. These counts were

made for various hours during the day and turning movements were recorded.

Vehicles were classed as private autos, taxis, military vehicles and trucks.

Table V-1 presents the vehicle composition mix determined in 1976.
 

TABLE V-1 

VEHICLE COMPOSITION 1976 
AT SELECTED STATIONS 

Zarqa-Rlhab-Irbld Expressway 
Rihab-Syrian Border Connector 

PER CENT OF VOLUME BY VEHICLE TYPE
 
STATION 
 CARS, BUSES LIGHT HEAVY TOTAL 

TAXIS TRUCKS TRUCKS
 
Rt. 15 Syrian Border 53.0 
 3.0 11.0 33.0 100.0 
Rt. 15 Zarqa River 76.0 1.3 15.8 6.9 100.0
 
Rt. 16 East of Rt. 15 46,5 2.5 28.0 23.0 100.0

Rt. 11 Near Rakkid 40.0 Nil 50.0 10.0 100.0

Rt. 11 Near Husun 71.5 2.5 21.0 5.0 100.0
 

Source: Ministry of Public Works Survey 

These volumes were compared to volumes counted during 1978-79 to test the accuracy of the model predictions. The results compared favorably. 

Some of the highways in the study area currently carry substantial amounts oftraffic and will, in the futurecarry considerably more. Table V-2 shows the1976 average daily traffic (ADT) on principal routes in the study area. 

Route 15, the mst direct route connecting Amman and Damascus, carries a very heavy stream of traffic from Amman to Suweileh (23,820). This sectionis now a four lane facility. Between Suweileh and Ramtha the route carriedin excess of 7,000 vehicles per day and from Ramtha to the Syrian border
almost 4,000 vehicles. Heavy trucks in the traffic stream varied from six 
per cent on the Amman-Suweileh section to 33 per cent on the Ramtha-Syrian
border section. The section from Suweileh north for approximately 50 kilo
meters traverses very rough terrain, making it more profitable for medium

and heavy trucks desiring to pass through the area to utilize Route 30 and
16 to the east.
 

Route 16 carries over 3,000 vehicles per day from Route 45 east to the junction with Route 15. About 9 per cent of this volume is heavy trucks and 30 
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per cent light trucks. However, from Route 15 to the junction of Route 30
the ADT increases by 24 per cent to 4,060. 
The most significant aspect of
this increase is the tremendous increase in the number of heavy trucks,
bypassing the rough terrain on Route 15. 
 Such vehicles account for 23 per
cent of the total ADT. 
It must be stated that these are very heavy vehicles

with significant proportions of their destinations in either Iraq, Saudi Arabia
 or the gulf states.
 

TABLE V-2
 

1976 AVERAGE DAILY TRAFFIC VOLUME 
ON MAJOR ROADS IN STUDY AREA 

Zarqa-RIhab-Irbid Expressway 
Rihab-Syrian Border Connector 

ROUTE NUMBER 

15
 
Amman-Suweileh 
Suwelleh-Jerash 
Jerash-Ramtha 
Ramtha-Syrian Border 

16
 
Route 45-Route 15 

Route 15-Route 30 


11
 
Irbid-Route 15 

Route 20-Route 30 


30
 
Amman-Zarqa 
Zarqa-Mafraq 

45
 
Route 16-Route 20 

Route 20-Route 48 


20
 
Route 15-Route 30 


CARS 
BUSES & 
TAXIS 

18580 

5624 

5945 

2207 


1995 

1989 


1872 

112 


11515 

1710 


666 

423 


525 


LIGHT 

TRUCKS 


3811 

1152 

1235 

433 


981 

1137 


531 

140 


5250 

1195 


333 

524 


720 


HEAVY TOTAL 
TRUCKS 

1429 23820
 
504 7280
 
540 7720
 

1300 3940
 

294 3270
 
934 4060
 

127 2530
 
28 280
 

3435 20200
 
1075 3980
 

ill 1110
 
183 1130
 

255 1500
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A traffic station on Route 30 between H-4 and H-5 shows that 87 per cent of
 
the total traffic volume is heavy trucks, while a similar station on Route 50
 
east of Azrtq shows that similar vehicles compose three-quarters of the total.
 

The only section of Route 11 that carried significant traffic was from Irbid
 
to the junction with Route 15. From Route 15 to Route 20 there is no road
 
and the facility from Route 20 to Route 30 was unpaved in 1976.
 

Volumes on the section of Route 30 between Amman and Zarqa are quite heavy,
 
but the road is four lane divided highway. This section was carrying 10,300
 
vehicles per day in 1976 of which 17.0 per cent were trucks. From Zarqa
 
north to Mafraq, the route has an ADT of 3920. This is not a critically high
 
volume, but the fact that heavy trucks comprise 27.0 per cent of the total is
 
quite significant.
 

Routes 45 and 20 carried relatively light ADT's in 1976, with Route 45 averaging

slightly over 1,100 and 1,500 on Route 20.
 

TRUCK WEIGHTS - Trucks were classified according to their weight and size. 
These trucks were studied in detail during the Master Road Plan study. To 
ascertain truck size and weight and axle load limits, the data were used 
extensively in determing vehicle composition and vehicle operating cost in 
this study. Table V-3 reflects the composition of medium and heavy trucks. 

TABLE V-3 

COMPOSITION OF MEDIUM 
AND HEAVY TRUCKS 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connection 

TRUCK TYPE GVJW PER CENT 

Medium Truck 
Heavy Truck A 
Heavy Truck 8 
Heavy Truck C 

6.5 
16.0 
24.0 

32.0 

76.9 
17.6 
0.4 

5.1 

Total 100.0 

Source: Truck Study, Master Road Plan 
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PROJECTED TRAFFIC
 

Estimated travel demands are forecast to year 1985 and 2005 for all alterna
tives under consideration. From these assignments objective designs are made
 
for any alternative.
 

VEHICLE COMPOSITION - Considering vehicle types, private passenger cars are 
expected to increase more than twice as fast as other vehicle types. This 
is due to large increases in registered private cars experienced over the
 
past few years and forecast to continue into the future.
 

Expected traffic composition at selected stations is shown on Table V-4. This
 
tabulation reflects the vehicle mix under either condition 
- "Build" or "Not 
to Build". 

ALTERNATIVE A - The "Do Nothing" alternative assumes that there will be no 
improvements made to the existing system with the exception that Route 11 
construction between Route 30 and 20 is assumed to be completed prior to 1985. 
Figure V-4 portrays the resulting traffic projections. 

The traffic forecasts for the present road network show that Route 15 will 
have to have major improvements from Amman to the Syrian border. This will 
include widening the rural portion to a four lane facility with separation at 
all major intersections.
 

The 29.6 kilometer section of Route 16 from Route 15 to Mafraq will also have
 
to be a four lane facility. As both routes have poor alignment and Route 15
 
traverses some very rugged terrain, costs of improving them will be very high.
 

Route 16 from Irbid to Route 30 is expected to carry between 11,000 and 13,000 
ADT, which will also require substantial investments to bring the route up to 
desired standards. Route 11 from Zarqa to Route 20 is expected to carry 
11,000 ADT by the year 2005, and the section from Route 15 to Irbid almost
 
11,000. Again, major improvements will be required as both sections will
 
have to be four lane facilities.
 

Route 20 will require reconstruction from Jerash to Route 11. This require
ment is not a result of high traffic volumes but rather observed poor existing
 
pavement structure and substandard geometric features. This improvement is
 
a requirement for all alternatives studied. However, Route 20 from Route 11
 
to Mafraq will require four lanes if Alternative A is selected.
 

Figure V-5 graphically reflects the estimated traffic flow through the corri
dor. This illustration shows both estimated 1985 and 2005 volumes.
 

ALTERNATIVE B - This alternative is the same as proposed in the DeLeuw Cather 
Report. (V-3) The alternative assumes a direct connection from Zarqa to the 

V-3 
Feasibility and Engineering Study of the Transportation Corridor from
Amman to the Syrian Border, DeLeuw Cather International, Inc., Arab-
Tech, November, 1976.
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TABLE V-4
 

APPROXIMATE TRAFFIC COMPOSITION 
AT SELECTED STATIONS 

Zarqa-Rlhab-Irbid Expressway 
Rihab-Syrian Border Connector 

ROUTE 15 ROUTE 16 ROUTE 11 
Syrian Border Zarga River East of Rt. 15 Near Rakkld Near Husun 

No Build Build No Build Build No Build 'Build No Build Build No Build Build 

Private Cars 25.6 31.2 34.3 34.3 19.9 24.4 24.2 24.2 31.5 27.5 
Public Cars 40.5 49.2 60.2 60.2 32.8 40.3 46.0 56.8 50.9 43.8 
Buses 2.9 6.0 1.2 1.2 2.9 7.8 1.0 .0.8 2.3 2.3 
Light Trucks 10.4 12.6 2.6 2.6 14.9 18.3 7.2 5.6 9.2 7.2 
Medium and 

Heavy Trucks 20.6 1.0 1.7 1.7 29.5 9.2 21.6 12.6 6.1 19.2 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Source: Master Road Plan Truck Study, 1979 Vehicle Classification Counts and Ministry of Public Works estimates. 
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IFZ. Figure V-6 portrays the resulting traffic projections and needed
 
secondary improvements.
 

Route 15 will require widening to four lanes from Suweileh to the Route 16
 
junction by 1985. This section of highway is through difficult terrain, as
 
discussed in Chapter VI.
 

Route 16 will require widening to four lanes from Alternative alignment B to
 
Irbid. This section of Route 16 will carry most of the truck volume to Irbid.
 

Route 11 will require widening to four lanes from Route 15 to Irbid. Most of
 
this volume is composed of cars, buses, taxis and light trucks. Most of
 
these types have origin or destination in the Amman-Irbid corridor.
 

Route 20 will require reconstruction from Jerash to Mafraq. As noted above,
 
this improvement is required under all schemes studied.
 

In summary, the traffic assignment to this alternative did not divert enough
 
traffic from Route 15. Nor, did this alternative relieve sufficient pressure
 
on Route 16. As a result, Alternative B was dropped from further study since
 
it does not appear to be a prudent, feasible and viable alternative.
 

Alternative C - The Master Road Plan recommended the construction of Alterna
tive C. The new route in the national system appeared to reduce projected 
volumes on Route 15 up to nearly 72 per cent. Further, the study noted that 
projected volumes on Route 16 could be reduced by as much as 66 per cent. 

This study indicates that two feasible sub-alternatives be considered for the
 
Syrian border connection at the IFZ. As noted in Chapter II, these are de
fined as Sub-Alternative Cl and C2. For purposes of discussing the estimated
 
traffic volumes they are separated in this Chapter.
 

ALTERNATIVE Cl - Figure V-7 portrays the estimated traffic volumes and types 
of improvements needed with Alternative Cl. The model diverts nearly all
 
medium and heavy trucks to this new facility.
 

Route 15 will require spot improvements from Suweileh north to the Syrian
 
border. These minor types of projects are to correct substandard sight dis
tances and isolated pavement construction, guardrail, etc.
 

Route 16 from Mafraq to Route 15 will require the same types of spot improve

ments as Route 15. These are mainly needed to service traffic to and from the
 

proposed alignment of the Syrian border connection. These trips either are
 

to Irbid or to Route 30 eastbound.
 

Route 20 also will require reconstruction under this plan from Jerash to
 

Mafraq.
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Figure V-8 is a graphical representation of the traffic flow in this corridor. 
It reveals that this design appears to best satisfy the traffic demands both 
present and future. 

ALTERNATIVE C2 - The Syrian border connector alignment for Alternative C2 is 
considered and tested as it may impact the city of Irbid, Yarmouk University 
and international travel. Figure V-9 reflects this traffic assignment. 

The resulting model output indicates traffic is not successfully diverted
 
from Route 15 north of the Route 11 intersection. This is due in large part
 
to the fact that travel distance to Syria is shorter on the existing facility.
 

Spot improvements will be required on Route 15 from Suweileh north to the
 
Route 11 intersection. From Routh 11 northward Route 15 will require widen
ing to four lanes by 1992, when traffic volumes reach sufficient levels to
 
warrant same.
 

Route 16 will require spot improvements from Route 15 to Mafraq, as is the
 
case for Alternative Cl. Route 20 also requires reconstruction from Jerash
 
to Mafraq.
 

Figure V-10 shows the estimated traffic flow under this alternative as indi
cated and previously noted high volumes are expected to remain on part of Route
 
15.
 

SUMMARY 

The results of the traffic studies reveal that two alternatives warrant in-depth
 
study. These are Alternatives Cl and C2. Each of these appears to require
 
engineering and economic evaluation for this project.
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CHAPTER VI
 

ENGINEERING STUDIES
 

This chapter describes the engineering reconnaissance, study analysis and cost
 
estimating procedures utilized for training in evaluation of the feasibility
 
of new alignments. Since the primary objective of the study is to provide
 
training for MPW personnel in the development of preliminary eingineering
 
plans for these evaluations, some work activities are deferred. These in
clude:
 

1. 	Physical field survey is deferred on the studied geometric align
ments. This is deferred because of lack of persohnel to perform
 
the work and the relative degree of detail necessary to provide
 
the training exercise.
 

2. 	Soils and materials sampling and testing, normally done in prelimi
nary evaluations of the type under consideration is deferred to
 
final design. For purposes of providing training it is determined
 
that previous soil and materials sampling and testing performed in
 
the area could be relied upon to provide reasonable estimates of
 
costs and expected design considerations.
 

DESIGN STANDARDS
 

Geometric design criteria adopted for routes under study is consistent with
 
the standards specified for primary highways in the Ministry of Public Works
 
1972 edition Highway Design Manual. Table VI-1 shows the recommended design
 
standards adopted for this study.
 

The typical sections shown in Figure VI-1 for the expressway provides a 20
 
meter depressed median section to allow for the addition of any necessary
 
future lanes. The Syrian connection typical section is consistent with that
 
for primary roads and has two 3.6 meter lanes. Remaining facilities requir
ing construction are to have design standards consistent with and as adopted
 
in the Master Road Plan Study.
 

PAVEMENT DESIGN
 

Since the AASHTO Interim Guide approach for pavement design is now considered
 
to be old and quite conservative, the total asphalt pavement thickness is ob
tained by the.Asphalt Institute approach which is considered to be more rea
listic for existing conditions. A 5 centimeter overlay is programmed on all
 
sections in year 12.
 

The pavement design consists of a total asphalt thickness of 30.0 cm. The 
design is considered adequate by MPW for all sections including the express
way from Route 15 to Irbid and the Syrian border connection. 
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TABLE VI-1 

DESIGN STANDARDS 
Zarga-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

ITEM UNIT EXPRESSWAY CONNECTOR 

Design Speed KPH 120 100 
Access Control Partial Partial 
Median Width M 20 0 
Number of Lanes E 4 2 
Lane Width M 3.6 3.6 
Shoulder Width M 3.6 3.6 
Pavement Cross Slope % 2.0 2.0 
Shoulder Cross Slope % 4.0 4.0 
Shoulder Type Paved Paved 
Minimum Right-of-Lay M 60 40 
Minimum Curve Radii M 585 300 
Minimum Curve Length M 360 300 
Stopping Sight Distance M 205 155 
Maximum Rate Superelevation % 8.0 8.0 
Maximum Gradient % 5.0 5.0 
Minimum Gradient % 0.5 0.3 
H Value Crest Vertical Curves (1) 110 90 
" Value Sag Vertical Curves (1) 60 60 
Vertical Clearance Hwy. over Hwy. M 5.0 5.0 
Vertical Clearance Hwy. over RR. M 6.8 6.8 
Min. Horizontal Clearance M 10.0 8.0 

( 1 )When L = x A where L = length of vertical curve
 
A = algebraic difference in grades.
 

SOILS AND MATERIALS 

As previously indicated specific soils or materials investigation is postponed
 
until final design. A previous study provided some expected soil uses for
 
subgrade and embankment material. (VI-1) Eight samples were obtained in that
 

Feasibility and Engineering Study of the Transportation Corridor from
 
Amman to the Syrian Border, DeLeuw Cather International, Inc., Arab-

Tech, November, 1976.
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study of materials to be used for subgrade and embankment. Four samples of
 
soil were taken for alternative studies in the area of Mafraq. Two samples
 
of rock were obtained, one from a rocky ridge along the previous alignment
 
(Alternative B) close to the preferred alternative, and one from the abandoned
 
quarry north of Mafraq. One sample of gravel was obtained in a wadi bottom
 
near Hashimiya. All samples were tested at that time.
 

Examination of soil test results indicates relatively low CBR tests and soils
 
tend to be sandy silt. Therefore, a more intensive soils testing program will
 
have to be carried out prior to final design; but for purposes of cost esti
mating for this study it is assumed that the subgrade soils would display a CBR 
of 10 and any modifications could be made during design and/or construction. 

It is known that gravel obtained in wadis is suitable subgrade conditioner or 
a low grade subbase. Analysis of rock samples indicated that subbase, base
 
and concrete aggregates can be produced from parent material along the route.
 
(VI-2) 

DRAINAGE
 

The major catchment areas are determined from examination of 1:50,000 maps.
 
Hydrological study performed for this work resulted in expected discharges
 
and rainfall. Frequency duration curves are shown on Figure VI-2. The loca
tion of all major culverts are tabulated in Volume II, Plan and Profile Draw
ings.
 

ALTERNATIVES
 

As .previously indicated in Chapter II several alternatives are considered in
cluding "doing nothing" and improvements to existing facilities. It appears
 
the engineering evaluation of these existing routes warrants some comment.
 

EXISTING ROUTE 15 - With the exception of a short section from Suweileh to 
the Baga'a refugee camp, the thirty-four kilometer section from Suweilen to 
Jerash is tortuous and near mountainous alignment through undeveloped land. 
The existing facility in Jerash really separates the present city of Jerash
 
and the ancient Roman ruins on the west. Expansion of this section would be
 
curtailed by the existence of these historic ruins; and, therefore, it is
 
recommended if the "do nothing" alternative is adopted about four kilometers
 
of bypass in extremely difficult terrain be constructed.
 

The section of the road from Jerash to the intersection of Route 11, some 22
 

kilometers in length, is perhaps worse than south of Jerash. The anticipated
 
widening of this section of highway would be very difficult because of steep
 
side hill locations and the predominance of observed hard rock.
 

Ibid. 
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From Route 11 to the Irbid junction (Route 16) the topography is much more
 
rolling and curves are much more gentle. Soil conditions do change from
 
ledge rock to gravels and sand clay.
 

Beyond the Route 16 junction the topography is nearly level and the soil be
comes silty clay of low bearing capacity, but highly suitable for the exten
sive grain farming carried out in this area. The geometrical alignment, both
 
horizontal and verticalof the present two-lane road in this section is good. 

The Harris-Western Report (VI-3) carried out in 1972 indicated another ex
tremely significant factor in subgrade failures on Route 15. The report in
dicates the presence of serious active sheer failures in embankment and side 
hill fill areas. Several have been observed over recent years. The Harris-
Western Report indicated 24 definite slip failures in the section of road from 
Suweileh to the Irbid junction (Route 16) and several less serious signs of 
stress in low fills. 

The existence of this number of failures indicates serious embankment prob
lems will continue to appear in the future. Therefore, the removing of high
 
levels of traffic from this route appears to justify, within itself, the
 
feasibility of constructing a new alignment. Widening of embankments in side
 
hill fills under such conditions are inadvisable and are difficult to ac
complish. Because of this, as is nearly always the case in embankment sheer
 
failures, repairs or corrective action is an expensive undertaking.
 

If the road is expanded to four lanes, four additional bridges may have to be 
constructed - one at the Zarqa River, a major waterway crossing south of 
Jerash, possibly two on a Jerash bypass and one on a Ramtha bypass. 

For purposes of upgrading and/or the design of any improvementon this road,
 
a detailed inventory of in-place paeient, bdse and structures must be com
pleted.
 

ROUTE 30 - From the north end of the Zarqa bypass (a committed project) Route 
30 runs nearly due east through flat to rolling terrain for approximately 10
 
kilometers to the intersection of Route 50 (locally known as the Azraq inter
section). Land use in this area is predominately for military training pur
poses, and through this section the vertical alignment runs closely with the 
natural level of the ground resulting in poor sight distances. 

At the Azraq intersection the road makes a 90 degree turn and heads north
 
through rolling terrain for approximately another 3 kilometers. As the road
 
continues northeasterly through the village of Khaldeih, the route traverses
 
nearly flat ground. It was observed that extensive use of adjacent land is
 

20 Year Development Plan for the Ramtha-Amman-Jerusalem Highway, Harris-

Western, a Joint Venture and Arabtech, August 1972.
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to produce irrigated crops. Small residential and business development can be
 
observed in isolated locations. North of Khaldeih the road follows for approx
imately 17 kilometers to the city of Mafraq, even though the ground is nearly
 
flat, the road closely follows along the gentle rolling terrain, creating sub
standard vertical-alignment and poor drainage. In Mafraq Route 30 becomes a
 
four lane divided bypass,forming as a frontage to the business district and 
intersecting with Route 20 and Route-16. 

ROUTE 16 - At the intersection of Route 30 and 16 (locally known as the 'H-4 
junction), Route 16 follows in a northwesterly direction for 30 kilometers to
 
the junction of Route 15. This intersection is locally known as the Irbid
 
junction.
 

The first 5 kilometers of this route is over nearly level terrain, while the 
remaining 25 kilometers is over hilly and rolling -ground. In this 25 kilo
meters there are 23 lengths of road, 500 meters long or longer that provide 
good horizontal and vertical alignment and potential safe passing sight dis
tance. There islittle evidence of cultural build-up along the route but the 
road does traverse mainly farm and grazing land in.the area. From Route 15,' 
Route 16 follows along toward Irbid with an observed increase-in local land 
use for farming and potential grazing land. 

Inspection of soils condition along these routes reveals low strength silty 
clay. In some cases pavement conditions were observed during the development 
of the Master Road Plan that bears out this observation. If improvements are 
made, new construction of embankment material will have to be modified-in 

order to obtain consistent CBRs for good pavement design purposes. 

Along Route 16 soils are also silty in nature, but sbme rock fragments do
 
occur, The pavement in this section (Route 15 to Irbid) is in reasonably
 
good condition due in part to the fact that the grade is somewhat elevated
 
above the normal, ground thereby providing more acceptable drainage conditions. 

ALTERNATIVES CHOSEN FOR IN-DEPTH STUDY 

For the above reasons it is concluded in-depth studies should be performed on 
the preferred alternative. The new route is located to connect to the north 
end of the committed project of the Zarqa bypass and proceed generally along 

and parallel to Route 11 to just south of Rihab. At this location the inter
change will close-with the Syrian border connection Sub-Alternative Cl. 

Because of terrain conditions the expressway does climb to Route 20 on a rela
tively steep grade (6%). However, this section is isolated and it is con
cluded that because of the project's overall location this gradient would be
 
acceptable. The route then travels northwesterly across relatively flat ter
rain to the intersection of Route 11 and Route 15. Included in-this section
 
is the proposed interchange site for the Syrian border connection, Alternative
 
C2. Route 11 is then upgraded with-a bypass around Husun and continuing to
 
the proposed Irbid circumferential route.
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Two alternatives are considered in detail for the Syrian border connection.
 
They are:
 

1. 	Alternate Cl - Ties to the Expressway just south of Ribab and con

tinues in a more northeasterly direction across Route 20 past the 
east side of Rihab and continues just east of the village of Surra 
across Route 16 and then turning northerly to tie the new proposed 
Damascus-Jordan border highway at the free trade zone near the vil

lage of Jabir. 

2. 	Alternate C2 - Alternative C2 for the Syrian connection is designed 
to tie to the expressway near the village Kiber just south of the 

site of the new Yarmouk University. The route is designed to ser

vice the villages of Bureiqa, Hausha, Sowelima and tie to the 
Damascus-Jordan border highway at the Industrial Free Zone near 
Jabir. 

If Alternative C2 is selected for construction it will be necessary to widen
 

existing Route 15 from Route 11 'to the Syrian border. As noted in Chapter V
 

it is expected this alternative will reach sufficient traffic volume levels
 

in 1992 to warrant a four lane section.
 

For 	purposes of evaluating this 20.3 kilometer section, the existing roadway
 

is assumed to be widened to a 14.4 meter width and 3.0 meter shoulders. For
 

purposes-of determining overall project benefits it is assumed-that this work
 

will occur in 1992.
 

PROJECT COST
 

The cost estimate prepared for the alternatives under consideration-is more
 

than an order of magnitude cost as previously developed in the Master Road
 
Plan. An attempt is made to keep the overall capital cost of the project
 

within an accuracy of plus or minus 15 per cent. Approximate unit prices, for

eign exchange components and quantities are calculated. Careful consideration
 
is also applied to the timing of the project for project construction.
 

The various characteristics of construction, operations and maintenance costs
 

are recorded. These included recognizing the difference between economic and
 

financial costs and the level of foreign exchange. This activity is a joint
 

effort of the project economists and engineers. Construction costs are
 

divided into various elements of currency and economic costs. Work sheets
 

are developed and are in the project files. They include the analysis of
 

these components.
 

FOREIGN EXCHANGE - Foreign exchange has two particular areas of interest in 

the project appraisal application. These include: 

1. 	That in the definition of the project cost, it is essential to ob

tain the composite portion of foreign exchange for the benefit of
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any authorities in assessing the financial commitment under this
 
project; and,
 

2. 	The realization that benefits that do require purchase input from
 
overseas be identified.
 

In feasibility studies, the cost of all items must be divided into components
 
of labor, materials, equipment and taxes. The purpose of this is to determine
 
if labor intensive programs are worthwhile, to determine if use of different
 
materials may be of economic advantage and to determine the economic cost
 
without expected taxes. Appendix Table B-1 is a composite of each major item
 
of construction divided into the various financial and economic components.
 

In order to express the true economic costs to compare true ecbnomic benefits,
 
taxes are deleted from each unit price to derive the total economic cost at
 
base year. The values indicated are presented for close review to evaluate
 
foreign exchange and impact to the available labor force.
 

CAPITAL COST - Cost estimates are prepared for each segment and alternative 
under detailed study. As previously noted, these costs are evaluated :in terms
 
of economic costs and financial costs in both local and foreign currency.
 
Quantities and unit prices are derived for the items listed in Table VI-2.
 
Unit prices are based on previous experi&nce by the Highway Department,
 
Ministryrof Public Works.
 

By way of definition, each item listed conforms to Standard Specifications for
 
Construction of Roads and Bridges currently employed by the Highway Department,
 
as shown in Table VI-3.
 

To the total costs of each of the items listed, a provisional sum of approxi
mately 1 per cent is added to obtain the direct construction costs. This
 
provisional sum is included in the event the standard specifications are re
vised by special provision and/or other revisions that may be contemplated
 
prior to the construction of the project.
 

ESTIMATES - Quantities and unit prices obtained for the major items listed 
above are tabulated to derive the estimated direct construction cost. A con
tingency of approximately 10 per cent is added to the direct construction
 
cost to obtain the estimated tender sum. To the tender sum, 12 per cent is
 
added for engineering costs which are expected to be incurred during final
 
design and construction. The land acquisition costs is added to determine
 
the estimated capital costs. Appendix Table B-2 indicates by section the
 
detailed construction estimate. Table VI-4 summarizes the financial commit
ment for the project.
 

CONSTRUCTION TIME
 

Detailed study indicated that approximately three years be allocated for the
 
construction of the project. It is anticipated at least four design contracts
 

VI-7
 



TABLE VI-2 

UNIT PRICES 
Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

ITEM DESCRIPTION 

Mobilization 
Clearing and Grubbing 
Excavation 
Emgankments 
Concrete Pipe Culverts 600 mm. 
Concrete Pipe Culverts 900 mm. 
Concrete for Headwalls 
Concrete for Box Culverts 
Reinforcing Steel 
Surface Pavement 
Base Course 
Paved Shoulders 
Major Bridge Hwy. over Hwy. 
Major Bridge RR. over Hwy. 
Major Bridge over Wadi 
Roadside Improvements 
Traffic Control 
Other Items 
Provisional Sum 

Source: Ministry of Public U.Jorks 

UNIT PRICE JD. 

Various 
100. 

0.75 
0.45 

30. 
50. 
28. 
30. 

220. 
2.50 

3. 
0.90 
500. 
700. 
500. 

15000. 
6100. 
9000. 

1%of above 

UNIT 

L.S. 
Dun. 
CM 

-CM 
M
 
M
 

CM
 
CM 

T 
SM
 
CM
 
SM
 
SM
 
SM
 
SM
 
HM 
KM 
MM 
LS 
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TABLE VI-3 

SPECIFICATION OF ITEMS 
Zarqa-Rihab-Irbid Expr.essway 
Rihab-Syrian Border Connector 

ITEM CONFORMS TO STANDARD SPECIFICATIONS SECTION 

Mobilization Division 1 all items 
Clearing and grubbing Section 100 and 111 
Excavation Section 102 through 105 and 107 through 110 
Embankments Section 105 through 107 
Concrete pipe culverts Section 450 
Concrete for box culverts Section 406 
Concrete for headwalls Section 406 
Reinforcing steel Section 406 
Surface pavement Section 300 through 330 
Base courses Section 200 -
Paved shoulders Section 200 and 313 
Major bridges Section 400 through 445 
Roadside improvements Section 510 through 530 
Traffic control Section 560, and 583 through 585 
Other items Those not specifically included above. 

Source: Ministry of Public Works 

be utilized in order to obtain an earlier opening date. Since the first year
 
of economic return is so high it is concluded that construction of the project 
should be accelerated as expediently as possible. These four construction 
sections considered are those shown on Figure VI-3. 
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TABLE VI-4 

SUMMARY OF ESTIMATED CONSTRUCTION COSTS 
ALTERNATIVE 'C1' 

Zarqa-Rihab-Irbid ExpressWay 
Rihab-Syrian Border Connector 

SEGMENT FINANCIAL COSTS IN THOUSAND JO. FOREIGN EXCHANGE 

Expressway: 
Beginning of project 
to connector road. 

LOCAL CURRENCY 

3023 

FOREIGN CURRENCY 

5096 

TOTAL 

8120(1) 62.8% 

C 
I-

Connector road to Rt. 15 2730 5103 7833 65.2% 

Rt. 15 to end of project 1578 1756 3333(1) 52.7% 

Sub-Total Expressway 7331 11955 19286 62.0% 

Connector (Alternative Cl) 
Expressway to Rt. 16 1654 2136 3790 56.4% 

Rt. 16 to Syrian border 1223 1785 3008 59.3% 

Sub-Total Connector 2877 3921 6798 57.7% 

Grand Total Project 10208 15876 26084(1) 60.9% 

( 1 )Does not add due to rounding. 



TABLE VI-4 (Cont.) 

SUMMARY OF ESTIMATED CONSTRUCTION 
ALTERNATIVE 'C2' 

Zarqa-Rihab-Irbld Expressway 
RIhab-Syrlan Border Connector 

SEGMENT FINANCIAL COSTS IN THOUSAND JD. 

Expressway: 
Beginning of project 
to Km. 24 

LOCAL CURRENCY 

3023 

FOREIGN CURRENCY 

5096 

I 

-5 

Km. 24 to Route 15 

Route 15 to end or project 

2730 

1578 

5103 

1756 

Sub-Total Expressway 7331 11955 

Connector: 
Alternative C2 2612 4312 

Stub-Total 9943 16267 

Route 15 (1992 Costs) 
Route 11 to Syrian Border 2606 2712 

Grand Total Project 12549 18979 

-Li 

(1 )Does not add due to rounding. 

COSTS
 

TOTAL 

8120(1) 

7833 

3333(1) 

19286 

6924 

26210 

5318 

31528(1) 

FOREIGN EXCHANGE 

62.8% 

65.2% 

52.7% 

62.0% 

62.3% 

62.1% 

51.0% 

60.2% 
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CHAPTER VII 

MAINTENANCE PROGRAM 

The maintenance program of Jordan has historically been project oriented. 
That is, in planning and budgeting for maintenance, projects such as seal
 
coat construction or shoulder construction on specific roadway sections are
 
considered. In addition, maintenance is performed largely on an "as needed"
 
basis. Items such as cleaning and shaping ditches, cleaning culverts and
 
like maintenance operations are not performed on a routine basis. Nor is
 
there is regular patrol system for early determination of maintenance needs.
 

Records, as presently maintained, do not accurately reflect a per kilometer
 
cost for normal roadway maintenance operations in any of the three categories,
 
i.e., Primary, Secondary and Village roads. There is an urgent need for MPW
 
to expand record keeping, and develop an annual maintenance program, so the
 
investment in highways can be protected. To.this end the Ministry of Public
 
Works has contracted with a consultant to establish such a program.
 

Implementation of recommendations such as those contained in the maintenance 
consultant's report, An Outline for Establishing an Annual Maintenance Pro
gra, dated June 2, 1979, should improve the nation's highway maintenance
 
operations. (VII-1) Also, the MPW Maintenance Division has begun to develop
 
goals. For example, the goal in 1979 is to complete shoulder rehabilitation
 
on all the primary and secondary roads in the Kingdom. It appears at this
 
time that the goal will essentially be met. The goal for 1980 is to improve
 
the guardrail system on primary and secondary roads.
 

ADMINISTRATION
 

The administration of the Maintenance and Traffic Division, as established by-

Order '59/1971,Order for the Regulation and Management of the Ministry of
 
Public Works, is a functional plan. (VII-2) However, the present functioning
 
of the department does not effectively perform the charges of Order 59/1971.
 
The department chief has no assistants and must, therefore, 'become actively
 
involved in the performance of all the duties of his office. This leaves
 
him no time to develop and administrate programs. The same is basically true
 
within the five districts. District directors become actively involved in
 
management of individual work items or .projectswhich leaves them little time
 
for overall management.
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An Outline for Establishing an Annual Maintenance Program, Robert C.
 
Braden, P.E., Maintenance Consulting Engineer, June 2, 1979.
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Order 59/1971, Order for the Regulation and Management of the Ministry
 
of Public Works, 1971. (Available at MPW in Arabic.)
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In addition to establishing an annual maintenance program, the maintenance
 
consultant is developing recommendations for adjustments in administrative 
procedure which, when implemented, will allow administrators to perform ad
ministrative duties, with active project participation passed to subordinates.
 
A system of reporting, from project level, through the Districts and on to
 
the Chief of the Maintenance Division, has been developed and is included in
 
the June, 1979, report previously noted. (VII-3)
 

MAINTENANCE BUDGET 

The present maintenance program in Jordan is in a period of transition from a 
labor intensive approach, to mechanization of highway maintenance operations. 
This fact is reflected in the maintenance expenditures.
 

MPW budget data shows that total maintenance expenditures have increased
 
nearly 73 per cent in the period from 1975 to the present. The 1975 main
tenance expenditures totaled JD.340,000 and the amount budgeted for 1979 is
 
JD.587,000. During this time period, expenditures for equipment increased
 
by 41 per cent, while costs for labor and materials increased by 30 per cent
 
and 29 per cent repsectively, nearly the same as the rate of inflation.
 

As mechanization occurs, labor costs should be reduced. This has not been the
 
case, nor has there been a downward trend in labor costs. This can be partly
 
explained because of the transition period, and partly because of the govern
ment policy to provide jobs as "an employer of last resort."
 

Maintenance costs in Jordan were studied from 1975 to the present in preparing 
this report for two reasons. The Department of Statistics in Jordan has es
tablished 1975 as a base year for the purpose of economic evaluation; as the
 
crisis in Lebanon caused a major population, economic and transportation
 
change which rendered most economic indicators prior to 1975 meaningless as
 
far as present trends are concerned.
 

Table VII-1 compares 1975 maintenance costs to the 1979 budget, with cost of
 
living and cost of transport projected through 1979 at the present reported
 
inflation rate of 13 per cent. The cost of transport has increased more
 
rapidly than the cost of living, and with the cost of crude oil continually
 
rising at rates far in excess of world economic growth, it appears that trans
port costs will continue to increase at a rate in excess of overall inflation.
 
'Therefore, the transport percentage in Table VII-1 should be quite conserva
tive.
 

An Outline for Establishing an Annual Maintenance Program, Robert C.
 
Braden, P.E., Maintenance Consulting Engineer, June 2, 1979.
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TABLE VII-1 

1975 AND 1979 MAINTENANCE EXPENDITURES 
COMPARED TO COST OF LIVING INCREASE 

Zarqa-Rihab-Irbi'd Expressway
 
Rihab-Syrian Border Connector
 

ITEM 

District Labor 
District Equipment 
District Materials 
District Total 
Highway Dept. 
Total Maintenance 
Cost of Living 
Transport 

1975 1979 %INCREASE 

85000 138000 .62.4 
75000 190500 154.0 
85000 133500 57.1 

245000 462000 88.6 
95000 125000 31.6 

340000 587000 72.6 
100% 154%* 54 
100% 170%* 70 

Source: Ministry of Public WJorks 
Department of Statistics 

*Estimated at reported present inflation rate of 13% between 1978 and 1979. 

Table VII-2 shows maintenance expenditures in 1975, the base year, and in 1978 
with the per cent increase by major item; and compares this cost increase with
 

the cost of living and the cost of transport indices reported by the Depart
ment of Statistics.
 

TABLE UII-2 

1975 AND 1978 MAINTENANCE EXPENDITURES 
COMPARED TO COST OF LIVING INCREASE 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian 

ITEM 

District Labor 
District Equipment 
District Materials 
District Total-
Highway Dept. 
Total Maintenance 
Cost of Living 
Transport 

Source: 	 Ministry of Public Lorks 
Department of Statistics 

Border Connector 

1975 1978 % INCREASE 

85000 117000 37.6 
75000 156000 108.0 
85000 132000 55.3 

245000 405000 65.3 
95000 105000 10.5 

340000 510000 50.0 
100% 136.6% 36.6 
100% 150.6% 50.6 
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A superficial study of Tables VII-1 and VII-2 indicates that the maintenance
 
budget has grown apace with transport costs, and has grown faster than the
 
cost of living. This indicates that roadway maintenance activities have stayed
 
at essentially the same level over the five year period.
 

As stated earlier in this chapter, maintenance operations are project oriented
 
as opposed to routine activities over the entire roadway network. Much of the
 
project type work is necessary to bring the roadway system up to standards
 
established for each roadway category. Therefore, it is essential that a
 
program of routine maintenance activities be initiated; and the maintenance
 
budget will either have to be increased to provide for both routine work and
 
improvement projects, or the extent of improvements should be reduced.
 

FOREIGN EXCHANGE
 

The percentages of the maintenance budget made up of local and foreign cur
rencies, for the major categories of labor, equipment and materials is as
 
depicted in Table VII-3. 

TABLE VII-3 

PER CENT OF MAINTENANCE BUDGET
 
IN LOCAL AND FOREIGN CURRENCY
 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

ITEM LOCAL CURRENCY FOREIGN CURRENCY 

Labor 100% 0% 

Equipment 24% 76% 

Materials 90% 10% 

Source: Master Road Plan, 1978-1982. 

Foreign currency has had an increasing impact over the past five years due to
 
increased equipment purchases. The foreign component of the 1975 budget,
 
based on the above percentages was JD.65,500, or about 19 per cent. In 1978,
 
the foreign component had increased to JD.131,760, which represented about 26
 
per cent of the budget. This trend will continue until the maintenance equip
ment fleet has been established. Since much of the equipment has been pur
chased, it is estimated that the foreign component of the maintenance budget
 
will stabilize at about 28-30 per cent.
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RECOMMENDED PROGRAM 

Steps should be taken immediately to begin implementation of the following
 
listed recommendations made by the maintenance consultant.
 

1. 	Revise the program approach from an improvement project orientation
 
to one that'gives priority to routine maintenance and repair. The
 
improvements should certainly be continued, but within the budget
 
constraints imposed by ordinary maintenance.
 

2. 	Establish maintenance standards. (VII-4)
 

3. 	Develop procedures for management planning, evaluation and con
trol. (VII-5)
 

4. 	Develop forms for records and reports to serve the budget and man
agement system, and implement their use. (VII-6)
 

5. 	Develop a comprehensive plan for the transition from labor inten
sive to mechanized performance of maintenance duties, including a
 
long term plan for maintenance equipment purchases.
 

6. 	Permanently assign equipment required for maintenance to the indi
vidual districts. In conjunction with this recommendation, the
 
district workshops should be equipped to provide routine equipment
 
lubrication and maintenance, as well as minor repairs. (VII-7)
 

7. 	Establish patrols to inspect the highway network for needed main
tenance on a regular basis in each district.
 

SUMMARY 

The recommendations listed are primarily directed at administrative improve
ment. Observations of maintenance activities throughout the nation indicate
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Ibid.
 

VII-5
 
Ibid.
 

VII-6 
Ibid.
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Equipment Recommendations, Robert C. Braden, P.E., Maintenance Consulting
 
Engineer, October 11, 1979.
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that the basic technology required for good highway maintenance is present.
 
The problems lie in performing the work at the time it is needed, and to de
velop a preventative maintenance program, which lie in the province of ad
ministration. Implementation of these recommendations will lead to main
tenance attention when and as it is required, and should provide a level of
 
preventative measures which will ultimately reduce ordinary maintenance
 
needs and costs.
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CHAPTER VIII
 

PROJECT BENEFITS
 

Highway improvement projects can only be justified if it can be demonstrated
 
that the economic benefits accruing to the users and nonusers are greater.
 
than the economic costs involved. These benefits are realized from reduced
 
transport costs in the form of road user savings and nonuser benefits.
 

REDUCED TRANSPORT COSTS
 

The construction of a new highway has as one of the major considerations the
 
reduction of road user costs. This includes reductions in fuel and oil con
sumption, tire wear.and repair parts. From the user standpoint, the above
 
reductions would lower his vehicle operating costs and total road user costs.
 
These are real savings and can be measured in actual JDs.
 

Ordinarily a new facility will, assuming it has been properly located, reduce
 
travel time for the user and the savings of time can readily be measured. The
 
major problem is to convert timelsaved in traveling into monetary values.
 
Time does have value because it is through time that things are accomplished.
 
Therefore, although difficult to measure, the value of time saved is an im
portant input to transport economic feasibility studies.
 

Another savings accruing to a new highway facility is the reduction in the
 
number of accidents. The reduction in the number of accidents constitute a
 
real savings in scarce economic resources. The cost of property damage, in
juries, hospital and doctor fees and loss of time due to injuries can be es
timated but the determination of the value of a human life is difficult to ex
press in monetary terms. A 1974 survey of the 50 states of the USA gave values 
used for 'accident-related items. (VIII-1) The average social value for a fa
tality was JD.15,600 and for an injury JD. 810. Applying these values to the 
1977 accident data in Jordan results in a social cost of JD.12.1 million. As
 
inflation has been quite rampant in the last few years, it would seem reason
able that these 1974 values are quite applicable to the current situation in
 
Jordan. If it can be assumed that half of the reported accidents involved
 
only property damage, another JD.560,000 could be added to the cost.
 

MOTOR VEHICLE OPERATING COSTS
 

Vehicle operating costs include the summation of fuel consumption, lubricat
ing oil consumption, parts consumption, maintenance-labor hours,,tire consump
tion, depreciation, crew hours and standing costs. Other items of cost that
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Current Highway User Economic Analysis, Rodin and Anderson, Transporta
tion Research Record 550, Transportation Research Board, National Re
search Council, Washington, D. C., 1975.
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could be included in vehicle operating costs include registration fees, parking
 
and insurance, value of time to passengers, interest, value of goods and over
head of transport operators. However, this study has ignored the latter with
 
the exception of the value of time for passengers as discussed later in this
 
text.
 

Computation of the costs associated with these factors, having a major influ
ence on vehicle operating costs, is based on the Transport and Road Research
 
Laboratory (TRRL) Report No. 723. (VIII-2) The values used for estimating
 
vehicle operating costs are based on the unit prices indicated on Figure
 
VIII-1. Figure VIII-2 and VIII-3 depict the operating costs by vehicle type
 
as developed for this study.
 

TYPES OF ROADS - A detailed analysis is made of vehicle operating costs for 
each segment in the system under study for existing roads. It is assumed that 
the roughness factors based on field inventory data obtained during the devel
opment of the Master Road Plan yielded nearly the same results. During this 
inventory all existing pavement was rated fairly good. On this basis a rough
ness factor of 2500 mm. per kilometer is assumed. This data appears to be 
verified by the Harris-Western Study. (VIII-3) 

Only slight differences (by changing the type of road, rise and fall) are ob
served in studying the existing system. As a result, one vehicle operating
 
cost is adopted for this study using a composite of the existing road segments.
 

Vehicle operating costs developed for new improved roads are also studied in
 
nine different segments. Roughness factors assumed for new construction are
 
at 1750 mm. per kilometer. Since the new highway will be constructed to
 
higher design standards than that for existing systems, the reduced rise and
 
fall resulted in operating costs somewhat below those observed and studied
 
for 	the existing system.
 

TYPES OF VEHICLES 7 The origin, destination and truck surveys conducted during

the development of the Master Road Plan for the Kingdom were used to develop

the 	eight types of vehicles represented. These vehicles include:
 

1. 	Private car - This category is a composite of European, Japanese 
compact cars, European and American medium and full size cars,. 
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Table For Estimating Vehicle Operating Costs on Rural Roads in Develop
ing-Countries, Abaynayaka, Hide, Morosivk and Robinson, TRRL Laboratory
 
Report 723, Transport and Road Research Laboratory, Berkshire, England,
 
1976.
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20 Year Development Plan for the Ramtha-Amman-Jerusalem Highway, Harris-

Western, A Joint Venture and Arabtech, August, 1972.
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BASE PRICES AND. CHARACTERISTICSRELATED TO VEHICLES AND VEHICLEOPERATING COST ELEMENTS (IN JDs)BASED ON AUGUST 
 1 979 VALUES 
TYPE OF VEHICLE FUEL COST 

JHEAVY TRUCK 

- now FUEL OIL (JD. PER LITER) 00 

r	 
0. 0. 00 

DEPR I YEARS 12 12 1I I5 5 15 REGULAR GASOLINE 0.1050 0.0955 
POWER/WEIGHT RATIO (BHP/TON) 16.9 	 15 10 75 132 SUPER GASOLINE 01300 0.1205 

80% REG.+20% SUP 
0.1005GROSS VEHICLE WEIGHT (TONS)	 GAS. (COMBINATION)

6.5' 16 24 32 I I 
DIESEL	 0.1 00 

0.0240ANNUAL KILOMETERS (KA)	 ENGINE OIL21,000 75,00045,000 45i000172,000 72,000 72,000 
63,000

AGE IN YEARS 6.5 10 6.6 1 3.3 112 .3 8 7.4 
12 

AGE IN KILOMETERS ( K) .156,500 750,000 297,000 885,60C 576,000598,500	 552,800 756,000 

ECONOMIC
V EHICLE 
PR I C E 

C 0 S T 3 18O 3360 1920 4550 20430 24990 26730 24750 

JD. FIN AN CIA L 
COST 6180 6540 3000 6630 30900 37800 42450 

3390 

TIR E CO ST E COIN O MIC 
9.870 9.050 18.590 62.820 69.870 69.870 73.748 59.620 

P ER TI RE.7-

JD. COS T 15.500 98.000 109.000 109,000 115.000 95.000 

TYPE OF FUEL GAS 0 LINE D 0 I E S E L 
MAINTENANCE LABOUR 
(JD. PER HOUR) 

COST 
0.420 0420 0.445 

CREW COST (JD PER HOUR)	 WORKSOF PUBLICMINISTRYAND RESEARCH
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VEHICLE OPERATING ECONOMIC COST (INJD/IOOOKM.) ON MINISTRY OF PUBLIC WORKS 
EXISTING STRAIGHT LEVEL PAVED ROADS BASED ON DEPARTMENT OF PLANNING 

AUGUST 1979 VALUES AND RESEARCH 

VEHICLE SPEED ON ROAD 
99.2 94.2 84.9 63.9 61.8 56 2 53.4 69*6

( Km./HOUR) 
VEHICLE ECONOMIC 

JD) 
PRICE 3180 3560 1920 4530 20430 24990 26730 24750 

VEHICLE VEHICLE PICK-UP MEDIUM HEAVY TRUCK 
OPERATING 
COSTVEHICLE 
ELEMENTS 

TYPE AND 
GROSS 

WEIGHT 

PRIVATE 

CAR 

PUBLIC 

CAR 

(LIGHT 

TRUCK) 

TRUCK 

6.5 TON 

(A)=
ONE 
U IT 
UNT6T 
16__6TON 

(B)=
TRACOR 
T 

24 TON 

(C)=
TRACTOR 

SEM 
TRAIL R 
32TON 

BUS 

I___ 

I FUEL CONSUMPTION 12.537 13.791 19.828 3.725 7.080 8880 10.368 6.288 

1.5602 LUBRICATING OIL 0.468 0.515 0.702 1.560 1.560 1.560 1.560 
CONSUMPTION 

3 MAINTENANCE PARTS 10.621 13.272 7.584 25.459 114.817 140.444 150.223 17.820
CONSUMPTION 

4 MAINTENANCE LABOUR 0.900 1.065 1.129 8 234 8 234 8-234 8.234 0836 

5 TYRE CONSUMPTION 0.612 0.704 1.153 4.533 16 287 19389 26.195 7.280 

6 DEPRECIATION 10.479 2280 2.920 3.337 9.931 16.441 18.594 13.988 

7 CREW COST 0000 13.594 25.947 28.952 20.440 20.440 32.253 28.280 

RUNNING COST 35.617 45.221. 57.263 75800 178.549 215.388 247.407 76052 

8 STANDING COST 3.562 1 1.305 14.316 18.950 44-587 53847 61.852 19.013 

TOTAL VEHICLE OPERATING 39.179 56.526 71.579 94.750 222.936 269.235 309.259 95.065
COST 

VEHICLE OPERATING ECONOMIC COST (IN JD/IOOOKM.) ON 
EXISTING PAVED ROADS BASED ON 

AUGUST 1979 VALUES 
VEHICLE SPEED ON ROAD 

694 46.3 44.2 58.6 35.8 42.2 
(Km./HOUR) 82.7 78.5 

VEHICLE ECONOMIC PRICE 
4530 20430 74990 26730 24750 

(D) 3180 3360 1920 

VEHICLE VEHICLE HEAVY TRUCK 
OPERATING TYPE AND PRIVATE PUBLIC PICK-UP M( B C)

COTGROSS PRVT ULC(LIGHT MEDIUM TT F~()
COST CAR CAR TRUCK) TRUCK ONE UNI TRACTOR TRACTOR BUS 

TRUCK) a SEMI- SSEMI-RELEMENTS VEEICLE
ELMNS WEIGHT 6TNJ 16TONI TRAILER TRA f.3R6.5 TON 16TO 24TON 3 

I FUEL CONSUMPTION 12.965 14.271 21 608 4992 8.400 10.320 11 880 7200 

1.560 1.560 1.560 1.560 1560
2COSUMPIN 0.468 0.515 0.702 

5 MAINTENANCE PARTS 10.621 13.272 7.584 25,459 114817 140444 150.223 17.82C
CONSUMPTION 
MAINTENANCE LABOUR 

0900 1.065 1.129 8.234 8.234 8.234 8234 0.836COSTS 

5 TYRE CONSUMPTION 0612 0.704 1. 153 4533 16.287 19.389 26.195 7.28C 

6 DEPRECIATION 10479 2.280 2.920 3337 9931 16.441 18-594 13 988 

7 CREW COST, 0.000 13.594 23.947 28952 20440 20.440 32.233 2828 

RUNNING COST . 36045 45.701 59.043 77.067 179.669 216.828 248.919 76.964 

8 STANDING COST 3.605 11.425 14.761 19.267 44.917 54.207 62.230 19.241 

TOTAL VEHICLE OPERATING 39.650 57126 73.804 96334 224.586 271.035 311.149 9620 
COST 03 96201 
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VEHICLE OPERATING ECONOMIC COST (IN JD./IOOO KM ) ON MINISTRY OF PUBLIC WORKS
 
NEW STRAIGHT LEVEL PAVED ROADS BASED ON DEPARTMENT OF PLANNING
 

AUGUST 1979 VALUES AND RESEARCH 
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ROADS 99.2 94.2 84.9 639 618 56.2 534 69-6 

(Km. /HOUR) 

VEHICLE ECONOMIC PRICE 3180 3360 1920 4530 20430 24990 26730 24750 
JD 

VEHICLE VEHICLE HEAVY TRUCK 
OPERATING TYPE AND PRIVATE PUBLIC PICK-UP MEDIUM (A)= - (B) (C)='
COST GROSS CAR CAR (LIGHT TRUCK O N E TRtelOR TRACTOR BUS 
ELEMENTS WEIGHT TRUCK) UNI TRAILER TRAWIL 

6 5TON 16TON 24TON 52TON 

* I FUEL CONSUMPTION 12 537 13 105 19-828 3.725 7 090 8.886 10.375 6.278 

2LUBRICATING OIL 0.468 0.515 0.702 1.560 I 560 1.560 1.560 1.560
CONSUMPTION 

3MAINTENANCE PARTS 4.862 6.021 3.441 20430 92 139 112.705 120.552 8.177CONSUMPTION 

4 MAINTENANCE LABOUR 1.092 1.280 -,1.281 6.756 6.756 '6.756 6.756 0.827COSTS 

5 TYRE CONSUMPTION 0296 0317 0-558 4.209 11.459 17.188 24.189 6.737 

6 DEPRECIATION 10.479 2280 2.920 3.337 9.951 16.441 18.594 13.988 

7 CREW. COST 0 000 I 3.594 23.947 28.952 20.440 20 440 32.233 28.280 

RUNNING COST 29 734 37.112 52 677 68.969 149:375 1 83:976 214.259 65.847 
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65846 86.211 186.719 229.970 267 824 .82.309TOOTSATL VEHICLE'OPERATING 32.707 46.390 

VEHICLE OPERATING ECONOMIC COST (IN JD/OOOKM-) ON 
NEW PAVED ROADS BASED ON 
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VEHICLE SPEED ON PROPOSED 
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I FUEL CONSUMPTION 12-804 13-383 20-588 4-225 7-601 9-427 10-932 6-762 

2 LUBRICATING OIL 0468 0-515 0-702 1-560 1-560 1-560 1-560 1-560
CONSUMPTION 1 1 

3 MAINTENANCE PARTS 4.862 6.021 3.441 20.430 92.139 112705 120.552 8.177
CONSUMPTION 

L .092 1.281 6.756 6.756 6.756 0.8274 MAINTENANCE 1ABOUR 1.280 6.756
COSTS
 

5 TYRE CONSUMPTION 0.296 0.317 0558 4-209 11.459 17.188 24.189 6.737 

6 DEPRECIATION 10-479 2.280 2.920 3.337 9.931 16.441 J8.594 13.988 

7 CREW COST 0.000 13.594 23.947 28.952 20.440 20-440 32 233 28.280 
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2. 	Public cars - This category is a composite of European and American 
cars utilized by the taxi fleet in the Kingdom. 

3. 	Light trucks - This category includes pickups and vans with relative
ly low rated payloads. 

4. 	Medium trucks - This category represents those trucks having gross 
weights of approximately 6.5 tons. 

5. 	Heavy trucks - Heavy trucks were segreated into three size trucks 
consisting of a single unit weighing approximately 16 tons, tractor 
and semi-trailers weighing approximately 24 tons and tractor and 
semi-trailers weighing approximately 32 tons. 

6. 	Buses - This category is represented by all 40 to 50 passenger buses. 

VEHICLE SPEEDS - The average running speed on all roads and segments are tabu
lated using the TRRL method. On each segment of the existing and proposed
 
systems, this average running speed formed the basis for the determination of
 
the 	specific vehicle operating costs on all segments.
 

VEHICLE COSTS - Vehicle economic costs as portrayed on the vehicle operating 
cost figures are derived using the average cost of each vehicle classification
 
without taxes.
 

FUEL CONSUMPTION - Fuel consumption is tabulated utilizing the TRRL method 
and 	unit prices indicated on Figure VIII-1. It should be noted that medium
 
and 	heavy trucks, including buses, utilize diesel fuel, while the passenger
 
cars, public cars and light trucks utilize gasoline.
 

LUBRICATING OIL - Lubricating oil is estimated using the TRRL method. Average 
figures for total oil consumption are accoring to the following schedule: 

1. 	Passenger cars - 1.2 liters per thousand kilometers. 

2. 	Light goods vehciles - 1.8 liters per thousand kilometers. 

3. 	Medium and heavy goods vehicles - 4.0 liters per thousand kilometers. 

4. 	Buses - 4.0 liters per thousand kilometers. 

POWER WEIGHT RATIOS - Power weight ratios for medium trucks, heavy trucks and 
buses are tabulated based on the truck weight survey performed during the 
Master Road Plan Study. These weight ratios ranged from 7.5 bhp per ton for 
the heavy semi-tractor-trailer trucks to 16.9 for the medium trucks. 

GROSS VEHICLE WEIGHTS - Gross vehicle weights were also obtained from the truck 
survey undertaken during the development of the Master Road Plan. These weights 
varied from a low of 6.5 tons for medium trucks to a high of 32 tons for heavy 
trucks.
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AVERAGE OF KILOMETERS OF TRAVEL - The average kilometers of travel was obtained 
from survey information developed during the Master Road Plan Study. 

AGE OF VEHICLE FLEET - As indicated the age of the vehicle fleet was a result 

of studies and surveys performed during the development of the Master Road 

Plan. It should be noted that all vehicles except passenger cars and buses 

are beyond therange of ages presented in the TRRL report. 

PARTS AND LABOR COSTS - Parts and labor costs are estimated based on the TRRL 

report as previously noted. However, the total kilometers of travel used in 

this study exceeded the limit of those data tabulated in the TRRL research. 

As a result, the maximum range of vehicle kilometers traveled as shown in the 

TRRL study, was utilized for these values. This results in a more conservative 

estimate of costs than what may be actually experienced for these types of
 

vehicles.
 

TIRE CONSUMPTION - Tire wear is caused by many factors. In Jordan pavement 

surface temperatures tend to be higher than other countries from which data 

is directly available. 'It should also be noted that tire wear on rougher fa

cilities is greater than tire wear on newer, smoother facilities. 

DEPRECIATION - Depreciation of vehicles was based on the TRRL method and is 
The annual depreciationexpressed as a fraction of the cost of a new vehicle. 


was calculated on this basis.
 

CREW COST - Crew cost is utilized as an expression of the average annual kilo-

Crew cost is assumed to include operators and assistants.meters of travel. 

The average crew hours are based on surveys made during the Master Road Plan
 

Study and are as follows:
 

TABLE U0I1-1 

ESTIMATED CREW HOURS 

Zarge-Rihab-Irbid Exptesswav 
Rihab-Syrian Border Connector 

VIEHICLE TYPE AVERAGE ANNUAL
 
CREW HOURS
 

0Private Cars 
Public Cars 2880
 
Light Trucks 2400
 

Medium Trucks 2520
 
Heavy Trucks 'A' 2520
 
Heavy Trucks 'B' 2520
 

Heavy Trucks 'C' 2400
 
2520
Buses 


Source: Survey data by MPW. 
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STANDING COSTS - Standing costs are considered to be 10 per cent of the running 
costs of private vehicles and 25 per cent for all commercial vehicles. 

TIME SAVINGS
 

This category of cost savings is purposely excluded from the vehicle operating
 
costs previously discussed. This is done because of the debate in literature
 
on transport economics. Some authorities claim that no value should be given
 
to time savings of passenger occupants in vehicles in developing countries.
 
Others disagree.
 

For the purpose of this study, and to satisfy the main objective of the work,
 
the value of time for drivers of commercial vehicles (pickups or light trucks,
 
taxis, buses and medium and heavy trucks) and their assistants are included in
 
the vehicle operating costs shown on Figures VIII-2 and VIII-3. Moreover,
 
these time savings are computed for the full hourly wage rates of these ve
hicle operators and their assistants. In the case of occupants of private
 
passenger cars and passengers of taxis, buses and light trucks, the following
 
procedure and methodology is adopted.
 

PRIVATE CARS - The cost of a new private passenger car in Jordan is JD.6,180. 
Economic studies of data related to the cost of living in Jordan undertaken
 
during the Master Road Plan reveal that the minimum annual income required to
 
own and operate a car is about JD.4500. Since car ownership is highly valued
 
as a status symbol in Jordan, most people drive cars as soon as they can af
ford to do so. Therefore, it appears reasonable to assume that the average
 
annual income of car owners is about JD.4500.
 

Previous origin and destination studies carried out in Jordan showed an aver
age car occupancy of 2.83 persons as reflected in Table VIII-2. Other origin
 
and destination surveys indicated that the purpose for which drivers of pri
vate passenger cars are traveling could be broken down in accordance with
 
Table VIII-3. No questions were asked regarding the travel purpose of the
 
non-driver but it was noted that approximately 70 per cent of the non-drivers
 
were male adults and the remaining 30 per cent were women and children. For
 
lack of actual data it is assumed that 75 per cent of the male occupants are
 
economically active and that their income is about one half that of the driver
 
of the private car.
 

Previous research into the area of the value of time has shown that motorists
 
value their commuting time to work to a scale of approximately 20 to 50 per
 
cent of their wage rate. Hence, it was assumed in the study that these peo
ple will value their time at 25 per cent of the wage rate for travel to work
 
and personal business, 100 per cent of their wage rate for travel on official
 
business and zero per cent for other trip purposes. If it is considered the 
average driver works 2000 hours per year, then the average wage rate of a
 
driver of a private vehicle is JD.2.250 per hour. Similar analysis show that
 
the effective hourly wage rate of all passengers of private cars is JD.1.081.
 
Based on these wage rates and the above assumptions on how drivers of private
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AVERAGE OF KILOMETERS OF TRAVEL - The average kilometers of travel was obtained

from survey information developed during the Master Road Plan Study.
 

AGE OF VEHICLE FLEET - As indicated the age of the vehicle fleet was a result 
of studies and surveys performed during the development of the Master Road 
Plan. It should be noted that all vehicles except passenger cars and buses 
are beyond the range of ages presented in the TRRL report. 

PARTS AND LABOR COSTS - Parts and labor costs are estimated based on the TRRL 
report as previously noted. However, the total kilometers of travel used in 
this study exceeded the limit of those data tabulated in the TRRL research. 
As a result, the maximum range of vehicle kilometers traveled as shown in the 
TRRL study, was utilized for these values. This results in a more conservative 
estimate of costs than what may be actually experienced for these types of 
vehicles. 

TIRE CONSUMPTION - Tire wear is caused by many factors. In Jordan pavement 
surface temperatures tend to be higher than other countries from which data 
is directly available. It should also be noted that tire wear on rougher fa
cilities is greater than tire wear on newer, smoother facilities. 

DEPRECIATION - Depreciation of vehicles was based on the TRRL method and is 
expressed as a fraction of the cost of a new vehicle. The annual depreciation 
was calculated on this basis. 

CREW COST - Crew cost is utilized as an expression of the average annual kilo

meters of travel. Crew cost is assumed to include operators and assistants. 
The average crew hours are based on surveys made during the Master Road Plan
 
Study and are as follows:
 

TABLE UTII-1 

ESTIMATED CREW HOURS 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

VEHICLE TYPE AVERAGE ANNUAL 
CREW HOURS 

Private Cars. 0 

Public Cars 28B0 
Light Trucks 2400 
Medium Trucks 2520 
Heavy Trucks 'A' 2520 
Heavy Trucks 'B' 2520 
Heavy Trucks 'C' 2400 
Buses 2520 

Source: Survey data by MPLW. 
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STANDING COSTS - Standing costs are considered to be 10 per cent of the running 
costs of private vehicles and 25 per cent for all commercial vehicles. 

TIME SAVINGS
 

This category of cost savings is purposely excluded from the vehicle operating
 
costs previously discussed. This is done because of the debate in literature
 
on transport economics.. Some authorities claim that no value should be given
 
to time savings of passenger occupants in vehicles in developing countries.
 
Others disagree.
 

For the purpose of this study, and to satisfy the main objective of the work,
 
the value of time for drivers of commercial vehicles (pickups or light trucks,
 
taxis, buses and medium and heavy trucks) and their assistants are included in
 
the vehicle operating costs shown on Figures VIII-2 and VIII-3. Moreover,
 
these time savings are computed for the full hourly wage rates of these ve
hicle operators and their assistants. In the case of occupants of private
 
passenger cars and passengers of taxis, buses and light trucks, the following
 
procedure and methodology is adopted.
 

PRIVATE CARS - The cost of a new private passenger car in Jordan is JD.6,180. 
Economic studies of data related to the cost of living in Jordan undertaken 
during the Master Road Plan reveal that the minimum annual income required to
 
own and operate a car is about JD.4500. Since car ownership is highly valued
 
as a status symbol in Jordan, most people drive cars as soon as they can af
ford to do so. Therefore, it appears reasonable to assume that the average
 
annual .income of car owners is about JD.4500.
 

Previous origin and destination studies carried out in Jordan showed an aver
age car occupancy of 2.83 persons as reflected in Table VIII-2. Other origin
 
and destination surveys indicated that the purpose for which drivers of pri
vate passenger cars are traveling could be broken down in accordance with
 
Table VIII-3. No questions were asked regarding.the travel purpose of the
 
non-driver but it was noted that approximately 70 per cent of the non-drivers
 
were male adults and the remaining 30 per cent were women and children. For
 
lack of actual data it is assumed that 75 per cent of the male occupants are
 
economically active and that their income is about one half that of the driver
 
of the private car.
 

Previous research into the area of the value of time has shown that motorists
 
value their commuting time to work to a scale of approximately 20 to 50 per
 
cent of their wage rate. Hence, it was assumed in the study that these peo
ple will value their time at 25 per cent of the wage rate for travel to work
 
and personal business, 100 per cent of their wage rate for travel on official
 
business and zero per cent for other trip purposes. If it is considered the
 
average driver works 2000 hours per year, then the average wage rate of a
 
driver of a private vehicle is JD.2.250 per hour. Similar analysis show that
 
the effective hourly wage rate of all passengers of private cars is JD.1.081.
 
Based on these wage rates and the above assumptions on how drivers of private
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cars value their time, the value of a typical hour of a private car has been
 
set at JD.O.893.
 

TABLE VIII-2 

VEHICLE OCCUPANCY
 
Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

VEHICLE 	TYPE - AVERAGE TOTAL OCCUPANTS 

Passenger Cars 2.83
 
Taxis 5.09
 
Buses 28.73
 
Light Trucks 2.24
 
Medium- Trucks 1.54
 
Heavy Trucks 1.23
 

Source: 	 Feasibility and Engineering Study of the Transportation Corridor 
From Amman to the Syrian Border, DeLeuw, Cather International, 
Arabtech, November, 1976. 

TABLE VIII-3 

TRIP BY PURPOSE 
Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

TYPE OF 	TRIP PER CENT OF TRAVEL 

Home based Trips 27.0
 
Personal Business 28.0
 
Official Business 13.0
 
Social-Recreation 27.0
 
Shopping 5.0
 

. Total 	 100.0 

Source: 	 Ibid. 

VIII-6
 



TAXIS - Previous traffic surveys have shown taxis carry approximately 4.09 
passengers on the average, as portrayed in Table VIII-2. Taxi travel is in
expensive and within reach of all strata of the study area population. Nearly 
80 per cent of all taxi passengers were male adults.
 

The average gross domestic income (GDI) was JD.339. per capita in 1978. If
 
the dependency rate of Jordan remains at 5.33:1 (VIII-4) then each wage earner
 
earns an average rate of about JD.2,200 per year.
 

Since 80 per cent of the passengers of a taxi are male adults and assuming
 
that 75 per cent of these are economically active the total income of passen
gers in a taxi is JD.5,400 per year. It is assumed that a typical passenger
 

of a taxi probably works more than one job and is employed approximately 2,300
 
hours per year. The resulting average hourly wage of all taxi passengers
 
would be JD.2.350 per hour. If it is assumed that 10 per cent of taxi passen
gers travel for official business, utilizing 60 per cent of their wage rate,
 
and if 50 per cent travel is for personal business to work utilizing 10 per
 
cent of their hourly wage rate for that travel and the remaining 40 per cent
 
of travel is for other purposes with no value then the resultant total value
 
of travel time by taxis is JD.O.259
 

BUSES - No purpose of trip interviews have been made in Jordan for bus passen
gers. However, the similarity of fare structures for buses and taxis operat
ing in the study area suggest that the economic characteristics of bus passen
gers is similar to that of taxi passengers. As indicated on Table VIII-2 the 
average bus carries 27 passengers. By assuming 70 per cent of the passengers 
are male adults and 70 per cent of these are economically active, and the wage 
rate and distribution of trips by purpose are similar to those for taxis, then
 
time savings of bus occupants are valued at JD.1.392 per hour.
 

LIGHT TRUCKS - According to the previous surveys, the average light truck or 
pickup carries approximately 1.2 passengers, most of which are male adults. 
Following the same procedures as for taxis, it can be shown that time savings 
for light truck occupants are valued at JD.0.105 per hour. 

MEDIUM AND HEAVY TRUCKS - Medium and heavy trucks operating are normally 
staffed with a driver and sometimes an assistant. They generally do not 
carry passengers. Hence, time savings of truck passengers have been ignored 
in this study. The cost of medium and heavy truck operators has been included 
in the vehicle operating costs (Figures VIII-2 and VIII-3). 

SUMMARY - Since the foregoing computations have resulted in a direct financial 
cost of time savings and the objective of the study is to determine the eco
nomic benefits, Table VIII-4 shows the value of time savings for private cars, 
taxis, buses and light trucks. These rates are used for the economic evalua
tions.
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TABLE VIII-

VALUE OF TIME SAVINGS
 
Zarqa-Rihab-Irbid Expressiay
 
Rihab-SVrian Border Connector
 

VEHICLE TYPE HOURLY RATE IN JD. 

Private Cars - Driver only 0.603 
Private Cars - Driver and Passengers 0.893 
Taxis 0.259 
Buses 1.392 
Light Trucks 0.105 

NONUSER BENEFITS 

Benefits accruing to nonusers are quite varied and require separate analysis
 
from those used in determining user benefits. Nonuser benefits such as the
 
reduction in transport cost of consumer goods or farm inputs, and farm outputs
 
can be quite substantial. These benefits accrue not only to inhabitants im
mediately adjacent to the proposed project but those within its "area of in
fluence." It has been estimated that this so called "area of influence" varies
 
from 5 to 15 kilometers from the facility depending upon its location and
 
proximity to other routes.
 

The proposed project with its superior geometrics will raise the level of tra
vel service in the study corridor and lead to increased comfort and conven
ience during travel. These benefits are difficult to quantify in monetary
 
terms and, hence, are not included in the economic evaluation. They should
 
be considered before any final decision or decisive action is taken.
 

The continuation of the proposed Zarqa bypass with its vital length to the 
Amman-Zarqa highway forms an important link to the inter-Arab highway con
necting Amman and Damascus and the gulf states. It is also designed to en
hance the social and economic and political cooperation between Irbid and 
Amman and to provide better service to the northern Jordan valley. 

Other nonuser benefits are not readily measurable. These are the amenities 
that lead to a fuller life for the people affected - the greater accessibility 
to schools, hospitals, clinics, places of worship, tourist attractions and 
improvement of communication within the study areas are of some benefit. The 
capability of moving agricultural products to market on all weather roads re
duces the risks of losing products due to inclement weather, lack of storage
 
space and lack of transportation improvements.
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CHAPTER IX 

PROJECT EVALUATION 

All aspects of the proposed project must be evaluated so the government can 
be reasonably confident that it is or is not a sound investment. As Jordan 
has limited economic resources, it is most important that returns from the 
project will be high enough to justify its construction. If there is some 
doubt, or if'the economic analysis show a low benefit/cost ratio, it is prob
able that other projects would or should have a higher priority. In this 
chapter it is proposed to examine all aspects that will have a bearing on the 
impact of the project to the Jordanian economy. 

ECONOMIC COSTS
 

The first step in the evaluation of a project is the determination of economic
 
construction costs of the proposed project. Economic costs are the costs of
 
construction minus taxes. The payment of taxes is considered as a transfer
 
payment and does not constitute a consumption of economic resources. There
fore, they are deleted from costs in the economic evaluation.
 

Tables IX-1 and IX-2 contain the economic cost estimate for the two alterna
tives under intensive study. A detailed description of the alternatives is
 
included in Chapter II.
 

TABLE IX-1
 

ALTERNATIVE C1 
SUMMARY OF ESTIMATED ECONOMIC COSTS 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

SEGMENT 	 ESTIMATED ECONOMIC
 

COST (thousand 3D. Is)

Expressway: 


Beginning of Project to Connector Road. 7,296
 
Connector Road to Route 15. 	 7,046 
Route 15 to End of Project. 	 2,978 

Sub-Total Expressway 	 17,320 

Connector:
 
Expressway to Route 16. 3,399
 
Route 16 to Syrian Border. 2,701
 

Sub-Total Connector 	 6,100 

Grand Total Project 	 23,420 
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Alternative Cl (Table IX-1) has a total estimated cost of JD.23.4 million.
 
The four lane expressway (58.987 km.) begins at the Zarqa bypass and continues
 
northwest to Irbid. Its estimated cost is JD.17.3 million. The two lane
 
Syrian Border Connector (31.034 km.) is estimated to cost JD.6.1 million.
 
This connects with the expressway at a point near Rihab and terminates at the
 
Industrial Free Zone on the Syrian border.
 

Alternative C2 (Table IX-2) is estimated to cost JD.23.5 million. The express
way portion of Alternative C2 is identical to Alternative Cl. The Syrian Bor
der Connector, however, is expected to cost JD.6.2 million making the total
 
project cost slightly higher than Alternative Cl. This proposed connector
 
joins the expressway near the edge of the Yarmouk University property and
 
its northern terminus is also at the Industrial Free Zone.
 

The construction of Alternative C2 will require major improvements on Route
 
15 from the junction with Route 11 north to the border by 1992. The estimated
 
costs of JD.4.7 million raises the cost of Alternative C2 to JD.28.2 million.
 

TABLE IX-2 

ALTERNATIVE C2 
SUMMARY OF ESTIMATED ECONOMIC COSTS 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

ESTIMATED ECONOMICSEGMENT 
COST (thousand JD. Is) 

Expressway: 
Beginning of Project to Km. 24. 7,296 
Km. 24 to Route 15. 7,046 
Route 15 to End of Project. 2,978 

Sub-Total Expressway 17,320 

Connector: 
Expressway to Syrian Border. S,242 

Sub-Total Project 23,562 

Route 15 - Construction 1992 
Route 11 to Syrian Border. 4,663 

Grand Total Project 28,225 
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MAINTENANCE COSTS
 

Current maintenance expenditures were discussed earlier in Chapter VIII. It
 
was pointed out that the present level of maintenance is not very satisfactory.
 
In determining the annual maintenance costs for the facility the following
 
steps were taken:
 

1. 	The 1976-77 maintenance costs were projected to 1980. This pro
jected maintenance cost per kilometer of a two lane primary high
way is JD.120. No data are available for a four lane highway
 
maintenance cost. It is estimated that maintenance costs for a
 
four lane facility would be 25 per cent higher than for two lanes,
 
i.e., JD.150 per kilometer.
 

2. 	In order to estimate the maintenance costs over the twenty-five year
 
study period, the base figures of JD.120 and JD.150 per kilometer
 
were used, with a 10 per cent annual inflation factor incorporated
 
into the maintenance costs stream.
 

3. 	The factor for twenty-five years inflation at 10 per cent is 10.8346.
 
Applying these to the base values resulted in projected year 2005
 
maintenance costs per kilometer for:
 

Two-lanes = JD.120. x 10.8346 = JD.1300. per kilometer. 
Four-lanes = JD.150. x 10.8346 = JD.1625. per kilometer. 

4. 	The average annual maintenance costs for the twenty-five year
 
period were estimated as follows:
 

Two-lanes = 120 + 1300 = JD.710 per kilometer.
 
2
 

Four-lanes = 150 + 1625 = JD.888 per kilometer.
 
2
 

These costs are low when compared with U.S.A. standards and reflect labor in

tensive methods. Nevertheless, they are substantially higher than present
 
maintenance expenditures.
 

Assuming the contractor will maintain the facility, for the first year after
 
completion, average annual maintenance costs of JD.74,000. will begin in 1986.
 
This average annual cost for Alternative Cl was obtained as follows:
 

Four-lane = 58.987 km. x JD.888. = JD.52380
 
Two-lane = 31.034 km. x JD.710. = JD.22034
 

74414 or 74000
 

For Alternative C2, the average annual maintenance costs are estimated at
 
JD.72000. Further investments would be required if Alternative C2 was to be
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constructed. As noted in the discussions on construction costs, traffic growth
 
on Route 15 from the Route 11 junction north to the Syrian border would require
 
four lanes by the year 1992. The economic cost of this construction is esti
mated at JD.4.7 million.
 

Resurfacing is expected to occur once during the years under consideration.
 
The estimated cost of resealing the proposed facility is JD.2,053,000. Re
sealing is expected to occur in the twelfth year (1996) after the proposed
 
facility is opened to traffic. Resurfacing costs are assumed to be the same
 
for both alternatives.
 

BENEFITS EXCLUDED
 

The benefits to be derived from the proposed facility are, of course, the re
duction in vehicle operating costs, the reduction in the number of accidents
 
and time savings. There are other and very substantial savings that can be
 
attributed to the facility. These include the reduction of needed expendi
tures on other principal highways in the study area.
 

INVESTMENT SAVINGS - If the proposed facility was not constructed the cost of 
improving Routes 15, 16 and 20 to accommodate future traffic flows would be 
extremely large as indicated in Table IX-3. It has been estimated that with
out the proposed project, Route 15 would need to be a four lane, divided 
highway from Suweileh to the SyrianBorder. Cost of such an improvement has 
been estimated at JD.26 million. This estimate is for construction only, and 
does not take into account consideration of increased operating costs and time 
losses which would be incurred by the highway user. These increased operating 
costs and time losses can be attributed to the detours that would have to be 
constructed in order to keep the facility under traffic during construction. 
The discomfort and annoyance values are high for detours and travel delays 
caused by construction. Although such costs are rarely included in economic 
evaluations.and analysis, they are very real, and if possible, should be in
cluded and quantified. 

If Alternative C1 is constructed, the needs on Route 15 to adequately handle
 
traffic for the year 2000 would total only JD.2.6 million.
 

The construction of the proposed facility will eliminate the need to improve
 
the 43.8 kilometers on Route 16 from Irbid east to Mafraq. It is expected
 
that this construction will entail a cost of JD.2.8 million. Assuming the
 
preferred alternative was built, needed improvements on Route 16 would total
 
only JD.650,000.
 

Needed improvements on Route 20, if the project is not built, would total an
 
estimated JD.4.4 million. With the project, such costs are estimated at
 
JD.2.9 million.
 

In summary the comparison of needed improvements, with or without, the pro
posed project is as follows:
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TABLE IX-3 

COMPARISON OF NEEDED IMPROVEMENTS 
"WITH" AND "WITHOUT" THE PROPOSED FACILITY. 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

ROUTE "WITHOUT" "WITH" SAVINGS
 
(Million JD's)
 

15 26.0 2.6 23.4
 
16 2.8 0.7 2.1 
20 4.4 2.9 1.5 

33.2 5.2 27.0 

Although not entering into any of the benefit calculations it should be noted
 
that the estimated savings are greater than the construction costs of Alterna
tive Cl.
 

Alternative C2 cumulative savings will be JD.4.7 million less because of the
 
required improvements on-Route 15 in the year 1992.
 

ACCIDENT COST SAVINGS - Chapter VIII contains a brief discussion and a very 
broad estimate of the annual costs of highway accidents in Jordan. Over the 
years it has been demonstrated that highways constructed to higher geometric 
standards generally lead to reductions in the number of accidents. It is 
argued that in undeveloped or developing countries there can be no price 
placed on a human life. Whether or not Jordan can be categorized as an un
developed or developing country is conjectural. It is believed that Jordan
 
can safely be designated as a developed nation. Therefore, highway accidents
 
(fatal, personal injury, property damage) do result in the loss of economic
 
resources and should be considered in any highway feasibility study. However,
 
available data on highway accidents are not route oriented and are reported
 
by Governorates only. Such a procedure may be of value in summarizing annual
 
statistics but is of little value in an engineering study.
 

During the conduct of the Master Road Plan study procedures were developed
 
for collecting, processing and retrieving motor vehicle accident data. Fur
thermore, a report on traffic safety strongly recommended the establishment
 
of a Traffic Records System. (IX-1) The reporting process has been reduced
 
drastically from what was originally conceived as to be of little value either
 
to engineers or economists in the conduct of engineering analysis, feasibility
 
studies or highway planning. Therefore, accident cost benefits have been ex
cluded from this study.
 

IX-1 
Jordanian Traffic Safety Report, Leroy W. Dunn, Ph.D., National Highway
 
Safety Administration, U. S. Department of Transportation.
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USER BENEFITS
 

The discussions concerning calculations of vehicle operating costs and the 
value of time are included in Chapter VIII. The user benefits accruing to 
the two alternatives were computed by determining the vehicle operating costs 
and time costs on the basis of "with" and "without" them. This is accomplished 
by incorporating the highway network of the study area into the computation. 
The difference in the user costs and time costs were considered the net bene
fits accruing to the two alternatives. Table IX-4 and IX-5 show the benefits 
accruing to the two alternatives from 1985 to 2005. 

Alternative CI is expected to have annual user benefits ranging from JD.8.0
 
million in 1985 to JD.13.5 million in 2005. Time savings of all passengers,
 
including drivers, is expected to increase from JD.562,000 in 1985 to JD.
 
925,000 in 2005. It will be noted that medium and heavy trucks are the pri
mary beneficiaries of the proposed alternative. Adverse vertical and hori
zontal alignments exact a heavy operating toll on such vehicles.
 

The user benefits accruing to vehicles operating on Alternative C2 are lower
 
than those for Alternative Cl. This is primarily because of lower traffic
 
volumes and less favorable vertical and horizontal alignments due to diffi
cult terrain on the Syrian border connector. Vehicle operating cost savings
 
are estimated at JD.7.1 million in 1985 and will reach JD.12.0 million in
 
2005. Time savings on Alternative C2 are estimated at JD.503,000 in 1985,
 
increasing to JD.854,000 in 2005.
 

ECONOMIC EVALUATION
 

A number of economic evaluations of Alternatives Cl and C2 are included in
 
this chapter. These evaluations include: (1) the First Year Rate of Return,
 
(2) 	 Internal Rate of Return and (3) Benefit Cost Ratio. The Net Present 
Value approach was used to arrive at the Internal Rate of Return.
 

Also, several sensitivity tests were executed. Although the test of feasi
bility which includes construction costs and vehicle operating cost benefits
 
only can be considered as the basis for evaluation, it is included as sensi
tivity test number one in the following tabulations. The tests conducted
 
are 	as follows:
 

1. 	Vehicle operating costs only.
 

2. 	Increase construction costs 25 per cent.
 

3. 	 Reduce benefits by 25 per cent. 

4. 	 Increase construction costs by 25 per cent and reduce benefits 
by 25 per cent. 

5. 	 Include time savings. 
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TABLE IX-4 

ALTERNATIVE 'Cl' 
VEHICLE OPERATING COST BENEFITS AND 

TRAVEL TIME SAVINGS, 1985-2005 IN THOUSAND JD'S 
Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

OPERATING COSTS BENEFITS 
TRUCKS TIME SAVINGS 

PRIVATE PUBLIC MEDIUM DRIVER ALL 
YEAR CARS CARS LIGHT /HEAVY BUSES SUBTOTAL ONLY PASSENGERS 

1985 1393 1987 783 3653 198 8013 250 562 
86 1437 2056 810 3781 204 8287 258 580 
87 1481 2124 837 3908 211 8561 265 599 
88 1525 2193 864 4035 217 8835 - 273 617 
89 1569 2262 891 4163 224 9108 281 635 

1990 1613 2331 918 4290 230 9382 289 653 
91 1656 2400 946 4418 237 9656 297 671 
92 1700 2469 973 4545 243 9930 305 689 
93 1744 2538 1000 4672 250 10204 313 707 
94 1788 2607 1027 4800 256 10477 321 725 

1995 1832 2676 1054 4927 263 10751 329 743 
96 1876 2744 1081 5054 269 11025 336 762 
97 1920 2813 1108 5182 276 11299 344 780 
98 1964 2882 1135 5309 282 11572 352 798 
99 2008 2951 1162 5437 289 11846 360 816 

2000 2052 3020 1189 5564 295 12120 368 834 
01 2096 3089 1216 5691 302 12394 376 852 
02 2140 3158 1243 5819 308 12668 384 870 
03 2184 3227 1270 5946 315 12941 392 888 
04 2228 3296 1297 6074 321 13215 400 906 

2005 2272 3364 1324 6201 328 13489 407 925 

o
 



TABLE IX-5 

ALTERNATIVE 'C2'
 
VEHICLE OPERATING COST BENEFITS AND
 

TRAVEL TIME SAVINGS, 1985-2005 IN THOUSAND JD'S
 
Zarqa-Rihad-Irbid Expressway
 
Rihar-Syrian Border Connector
 

OPERATING COSTS BENEFITS 
TRUCKS . TIME SAVINGS 

PRIVATE PUBLIC MEDIUM DRIVER ALL 
YEAR CARS CARS LIGHT /HEAVY BUSES SUBTOTAL ONLY PASSENGERS 

1985 1141 2131 675 2958 182 7087 211 503
 
86 1181 2201 701 3059 189 7332 219 520
 
87 1222 2272 726 3161 197 7578 226 538
 
88 1262 2342 752 3263 204 7823 234 555
 
89 1302 2413 778 3364 211 8069 241 573
 

1990 1343 2483 803 3466 219 8314 249 590
 
91 1383 2554 829 3567 226 8560 256 608
 
92 1423 2625 855 3669 233 8805 263 626
 
93 1464 2695 880 3771 241 9051 271 643
 
94 1504 2766 906 3872 248 9296 278 661
 

1995 1544 2836 932 3974 255 9542 286 678 
96 1585 2907 957 4076 263 9787 293 696 
97 1625 2977 983 4177 270 10033 301 713 
98 1665 3048 1009 4279 277 10278 308 731 
99 1706 3118 1034 4380 285 10524 316 748 

2000 1746 3189 1060 4482 292 10769 323 766
 
01 1786 3260 1086 4584 299 11015 330 784
 
02 1827 3330 1111 4685 307 11260 338 801
 
03 1867 3401 1137 4787 314 11506 345 819
 
04 1907 3471 1163 4888 321 11751 353 836
 

2005 1948 3542 1188 4990 329 11997 360 854
 



6. 	Reduce connector benefits by 50 per cent, assuming that international
 
travel accounts for half of the traffic.
 

The 	complete computation printout of the evaluations are included in Appendix
 
C. Also, included in the Appendix are a number of other sensitivity tests
 
that, although not considered important to the analysis are intended to show
 
the range of tests that can be made if desired.
 

All economic evaluations are, of course, subject to variation caused by input
 
data. With the estimates made of a broad range of costs and benefits, it
 
stands to reason that these estimates could have a critical bearing on the
 
economic feasibility of any proposed project. However, as noted above, the
 
two primary alternatives were subjected to as rigorous a set of sensitivity
 
tests as thought practical.
 

FIRST YEAR RATE OF RETURN - The calculation of the First Year Rate of Return 
provides a first estimate of the feasibility of the project, as it is an early 
measure of benefits compared to the construction costs and the opportunity 
cost of capital. The First Year Rate of Return for the Alternatives Cl and 
C2 were tested in several ways including 8, 10, and 12 per cent opportunity 
costs of capital. 

TABLEIX-6 

FIRST YEAR RATE OF RETURN 
TLTERNATIVES Cl AND C2 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

SENSITIVITY TEST (1) Cl C2
 
(Per Cent)
 

1. 	 Vehicle operating cost savings only. 29.0 25.6 
2. 	 Increase construction costs by 25 per cent. 23.2 20.4 

3. 	 Reduce benefits by-25 per cent. 21.8 19.2 
4. 	 Increase construction costs by 25 per cent
 

and reduce benefits by 25 per cent. 17.4 15.3
 
5. 	 Include time savings. 31.1 27.4 
6. 	 Reduce connector benefits by 50 per cent. 24.5 23.9 

(1) Opportunity cost of capital - 8 per cent. 

From the above table, it can be observed that Alternative Cl has, in all tests,
 
a better rating than Alternative C2. Actually, both have very excellent rat
ings and even under the most rigorous sensitivity test (No. 4 in Table IX-6)
 
secored quite well.
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TABLE IX-7 

FIRST YEAR RATE OF RETURN 
ALTERNATIVES C1 AND C2 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

SENSIVITY TEST (1) 	 C1 C2 
(Per Cent) 

1. 	 Vehicle operating cost savings only. 27.9 24.5 
2. 	 Increase construction costs by 25 per cent. 22.3 19.6 
3. 	 Decrease benefits by 25 per cent. 20.9 18.4 
4. 	 Increase construction costs by 25 per cent
 

and decrease benefits by 25 per cent. 16.7 14.7
 
5. 	 Include time savings. 27.9 26.3 
6. 	 Decrease connector benefits by 50 per cent. 23.5 23.0 

(1) Opportunity cost of capital - 10 per cent. 

The same battery of sensitivity tests used in Table IX-6 were used again, but
 
the opportunity cost of capital was increased to 10 per cent. As anticipated,
 

Alternative Cl scored higher in all tests. It will be noted that in the test
 
reducing the connector benefits by 50 per cent, the difference between -the
 

two alternatives is quite small. This can be accounted for as the reduction
 

is much more severe for Alternative Cl as the connector carries substantially
 

more traffic than for the C2 connector.
 

TABLE IX-8
 

FIRST YEAR RATE OF RETURN
 
ALTERNATIVES Cl AND C2 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

SENSIVITY TEST (1) Cl C2 
(Per Cent) 

1. 	Vehicle operating cost savings only. 26.9 23.6
 

2. 	Increase construction costs by 25 per cent. 21.5 18.9
 
3. 	Decrease benefits by 25 per cent. 20.2 17.7
 
4. 	 Increase construction costs by 25 per cent 

and decrease benefits by 25 per cent. 16.1 14.2 
5. 	 Include time savings. 28.7 25.3 
6. 	 Decrease connector benefits by 50 per cent. 22.6 22.1 

(1) Opportunity cost of capital - 12 per cent. 
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The use of three different rates (8, 10, and 12 per cent) for the opportunity 
cost of capital shows that the relative position of Alternatives Cl and C2 
remains almost unchanged. 

INTERNAL RATE OF RETURN - The Internal Rate of Return (IRR) methodology enables 
one to evaluate the project's feasibility by utilizing the opportunity cost of 
capital, which reflects the interest that can be earned from foregone alterna
tive opportunities. Benefits and costs are discounted by the interest rate 
selected. If the rate of return is at least equal to the opportunity cost of 
capital the project is economically acceptable. Some engineering economists 
in the transport field feel that the IRR method sometimes gives erroneous 
readings when comparing mutually exclusive projects. Others feel that it is 
a satisfactory method. 

In the Net Present Value (NPV) method, benefits and costs are discounted by
 
selected per cent of worth factors to their net present values. That simply
 
means discounting them until the value in the end year is equal to zero. Then 
the benefit and costs are summed and the discount rate which results in the 
net value nearest to zero provides the IRR value.
 

Table IX-9 shows the results of the IRR calculations subject to the same sensi
tivity tests on the First Year Rate of Return comparisons included in Tables
 
IX-6 through IX-8.
 

TABLE IX-9 

INTERNAL RATE OF RETURN 
ALTERNATIVES Cl AND C2 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

SENSITIVITY TESTS C1 C2
 
(Per Cent)
 

1. 	 Vehicle operating cost savings only. 28.1 25.1 
2. 	 Increase construction costs by 25 per cent. 23.7 20.8 
3. 	 Reduce benefits by 25 per cent.' 22.5 19.7 
4. 	 Increase construction costs by 25 per cent
 

and reduce benefits by 25 per cent. 18.6 16.0
 
5. 	 Include time savings. 29.6 26.5 

6. 	 Reduce connector benefits by 50 per cent. 24.7 23.8 
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As noted in the discussions of the First Year Rate of Return, Alternative Cl
 
had a higher rating in all tests. Although the two alternatives are quite
 
close in all aspects, the consistent higher rating of Alternative Cl rules
 
heavily in its favor.
 

BENEFIT COST RATTOS - The benefit cost ratio is a comparison of the discounted 
flow of benefits and costs over a certain number of years. An opportunity 
cost of capital is arbitrarily selected and the resulting ratio of benefits 
versus costs must be one or greater. A ratio less than one means that the 
project is not economically justified. A ratio of one means that it is just 
feasible and a ratio of more than one means that the return on investment
 
will be greater than the opportunity cost of capital. In calculating the
 
return for a long term investment, it is thought prudent to select an op
portunity cost of capital higher than the current yield on investments. Cal
culations for the two alternatives are included in the following tables.
 

TABLE IX-10 

BENEFIT/COST RATIO 
ALTERNATIVES Cl AND C2 

Zarqa-Rihab-Irbid Expressway 
Rihab-Syrian Border Connector 

SENSITIVITY TESTS (1) C1 C2 
(Ratio) 

1. 	 Vehicle operating cost savings only. 3.71 3.00 

2. 	 Increase construction costs by 25 per cent. 2.97 2.40 
3. 	 Reduce benefits by 25 per cent. 2.78 2.25 
4. 	 Increase construction costs by 25 per cent 

and reduce benefits by 25 per cent. 2.23 1.80 
5. 	 Include time savings. 3.97 3.21 
6. 	 Reduce connector benefits by 50 per cent. 3.14 2.81 

(1) Opportunity cost of capital - 8 per cent. 

IX-12
 



TABLE IX-11
 

BENEFIT/COST RATIOS
 
ALTERNATIVES Cl AND C2
 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

SENSITIVITY TESTS (1) 	 Cl C2 
(Ratio)
 

1. Vehicle operating cost savings only. 	 2.12 2.55
 
2. Increase construction costs by 25 per cent. 2.50 2.04
 
3. Reduce benefits by 25 per cent. 	 2.34 1.91
 
4. 	Increase construction costs by 25 per cent
 

and reduce benefits 25 per cent. 1.87 1.53
 
5. Include time savings. 	 3.34 2.73
 
6. Reduce connector benefits by 50 per cent. 2.64 2.39
 

(1) Opportunity cost of capital - 10 per cent. 

TABLE IX-12
 

BENEFIT/COST RATIOS
 
ALTERNATIVES Cl AND C2
 

Zarqa-Rihab-Irbid Expressway
 
Rihab-Syrian Border Connector
 

SENSITIVITY TESTS (1) Cl C2 
(Ratio) 

1. Vehicle operating cost savings only. 	 2.65 2.19
 

2. Increase construction costs by 25 per cent. 2.12 1.75
 
3. Reduce benefits by 25 per cent. 	 1.99 1.65
 
4. 	Increase construction costs by 25 per cent
 

and reduce benefits 25 per cent. 1.59 1.32
 
5. Include time savings. 	 2.84 2.35
 
6. Reduce connector benefits by 50 per cent. 2.24 2.06
 

(1) Opportunity cost of capital - 12 per cent. 
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Tables IX-10, IX-11, and IX-12'illustrate the benefit/cost ratios of the two
 
alternatives under the three opportunity cost of capital rates--8, 10, and 12
 
per cent.
 

The most exacting sensitivity test (No. 4 in Table IX-12) shows that both al
ternatives are economically feasible, but Cl has a very clear margin of su
periority. 

SUMMARY - In All sensitivity tests, the two Alternatives rank quite closely, 
although Cl rates higher in all instances. As the financial costs of Cl are 
J.D.4.5 million less than Alternate C2 and it consistently scored higher on
 
all feasibility tests, it is believed that it can be granted a higher priority
 
rating.
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APPENDIX A
 

SCOPE OF WORK
 

Appendix A contains the pertinent sections of Addendum Number 5 as they apply
 
to the Zarqa-Irbid Highway Feasibility Study.
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A. 	The following section is hereby added under Article II B:
 

A. 	Provide consultation services to MPW in establishing the physical and
 
economic feasibility of constructing a four-lane divided road with
 
partial control of access from Zarqa to Irbid, and a two-lane connec
tor 	to the Syrian border. The four-lane segment would begin at a 
junction with Route 30 southwest of Zarqa. It would bypass Zarqa to 
the 	east, follow the present Route 11 corridor to its junction with 
Route 20, then extend northwesterly to connect with the continuation
 
of Route 11 at its junction with Route 15. It would then follow the
 
Route 11 corridor to Irbid. The two-lane segment would begin at a
 
junction with the proposed four-lane segment near the Route 11-20
 
junction and would extend northerly to the Syrian Border. The four
lane segment would be about 66 kilometers in length and the two-lane
 
segment approximately 23 kilometers in length.
 

This work phase envisions that the Contractor would specify and direct
 
the 	efforts of a MPW team consisting of engineers, economists and
 
technical support personnel. This team would perform all the work
 
necessary to reach conclusions regarding the feasibility of construct
ing 	the proposed project.
 

Upon completion of all studies and analyses, the Contractor would
 
assist the MPW staff in the preparation of a report of findings and
 
conclusions. The report would include the following:
 

a) 	Geometric standards including typical sections;
 

b) 	A general plan to a scale of 1:50,000;
 

c) 	A layout plan and profile to a scale of 1:10,000 Horizontal and
 
1:1,000 Vertical;
 

d) 	 A preliminary cost estimate; 

e) 	 A discussion of all field surveys, analyses, findings and recom
mendations; and 

f) 	A discussion of economic feasibility including methodology, unit
 
costs and benefit/cost indices. A description of socio-economic
 
and development impacts also will be included.
 

In conducting the study and preparing the report, the study team will
 
make use of all available data contained in the Master Road Plan (1)
 

Master Road Plan, 1978-1982, prepared for the Ministry of Public Works,
 
Government of Jordan, by Wilbur Smith and Associates, 1978.
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and 	in a 1976 report on a proposed Amman-Syrian Border Highway (2). 

This would reduce the amount of effort required for data collection
 
and 	analysis and would provide a basis for comparing the costs and
 
benefits of the proposal projects to-the facility envisioned in the
 
1976 study of the Amman-Syrian Border route.
 

B. 	The following new paragraph is hereby added at the end of Article II G: 

The 	Contractor will assist MPW staff in preparing a technical report
 
of study findings and recommendations. This report would fully docu
ment work activities undertaken under Article II B.8 herein. The 
Contractor will also submit monthly progress reports.
 

H. 	 The following new section is hereby added to the end of Contract Article
 
IX:
 

D. 	The above provisions shall also apply to the work envisioned under
 
Contract Article II B.8. In addition, MPW shall provide the follow
ing services specifically related to Contract Article II B.S.
 

1. 	Professional and technical support staff including engineers,
 
economists, surveying parties, draftsman and other required
 
disciplines to work under the direction of the Contractor.
 

2. 	Suitable mapping to be used in conducting preliminary location
 
studies including available 1:50,000 topographic maps with con
tour intervals shown at 20 meters enlarged to a scale of 1:10,000.
 

3. 	Centerline plan and profile surveys; soil borings and soils test
ing and evaluations; and, right-of-way costs estimates.
 

4. 	Administrative and technical liaison with the Government of Syria
 
as needed to accomplish the work.
 

5. 	Printing of project reports.
 

Feasibility and Engineering Study of the Transportation Corridor from Amman
 
to the Syrian Border, DeLeuw, Cather.lnternational, Inc., and Arabtech,
 
November 1976.
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APPENDIX B
 

COST TABLES
 

Included in Appendix B are the results of the economic and financial cost
 
estimates. These are:
 

Table B-1 - Unit Price Components 

Table B-2 - Cost Estimate of Construction. 
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T A B L E 8-1 
UNIT PRICE COMPONENTS 

ZARQA - RIHAB- IRBID EXPRESSWAY 
RIHAB - SYRIAN BORDER CONNECTOR 

ITEMS AND COMPONENT 

Mobilization 
Labor 
Materials 

OF UNIT PRICE 
% OF 
TOTAL 

FOR ITEM 

45 
20-

LOCAL 
% 

80 

FINIANCIAL 
CURRENCY 

COMPONENT 

36.0 
.1 

COSTS 
FOREIGN 

% 

20 

CURRENCY 

COMPONENT 

9.0 

ECONOMIC COSTS 

% TAX TAX VALUE N TO C 

ITEM TO ITEM COMPONENT 

7.0 3.15 41.85 

Equipment 35 4.6 1.6 95.4 33.4 25.0 8.75 26.25 

Totals 100.0 41.6 58.4 18.00 82.0 

bi 

H' 

Clearing and Grubbing 
Labor 

Materials. -._ 
Equipment 

30 

0 
70 

80 

2.9 

24.0 

0.0 
2.0 

20 

97.1 

6.0 

0.0 
68.0 

7.0 

8.6 

2.10 

0.00 
6.00 

27.9 

0.0 
64.0 

Totals 100 26.0 74.0 81.00 91.9 

Excavation 
Labor 

MR1aerials. 
Equipment 

_._L_ ___ 

8 

_0L__ 
92 

80 

2.2 

6.4 

Bn 
2.0 

20 

97.8 

1.6 

nn 
90.0 

5.0 

9.4 

0.40 

n-nn 
8.60 

7.6 

n.n 
83.4 

Totals 100 8.4 91.6 9.00 91.0 

Embankments 
Labor 

Materials 

Equipment 

10 

15 

'75 -

80 

90 

7 

8.0 

13.5 

20 

10 

-3-273 

2.0 

1.5 

73,n 

5.0 

3.0 

9,A 

0.50 

0.45 

7- TR 

9.50 

14.55 

7.AS 

Totals 100 23.5 76.5 8.30 91.7 



ITEMS AND COMPONENT OF UNIT PRICE 

UNIT 
ZARQA -
RIHAB -

% OF 

TOTAL
FOR ITEM 

T A B L E 8-1 (Cont.)
PRICE COMPONENTS 

RlHAB- IRBID EXPRESSWAY 
SYRIAN BORDER CONNECTOR 

FINIANCIAL COSTS ECONOMIC COSTS 

LOCAL CURRENCY FOREIGN CURRENCY 0% TAX TAX VALUE N O0% COMPONEN1 % COMPONENT ITEM TO ITEM COMPONENT 

Lbor e20 

Materials45 
Equipment l2.9 

80 

86.7 

16.0 

39.0 
1.0 

20 

13.3 
97.1 

4.0 

6.0 
340 

5.0 

21.7 
10.7 

1.00 

9.75 
3.75 

19.00 

35.25 
31.25 

'Totals 100 56.0 44.0 14.50 85.5 

H. 

-. 

Concrete for Headwllls 
Labor 

._ltr1ia- ________55 

Equipment 

20 

25 

80 

80.9 
24.0 

16.0 

44.5 
6.0 

20 

19.1 
76.0 

4.0 

10.5 
19.0 

5.0 

24.1 
13.0 

1.00 

13.25 
3.25 

19.00 

41.75 
21.75 

Totals 100 66.5 33.5 17.50 82.5 

Labor 
Materials 

EuIPment 

30 
50 

20 

80 
79.0 

22.0 

24.0 
39.5 

4.4 

20 
21.0 

78.0 

6.0 
10.5 

15.6 

5.0 
26.0 

13.5 

1.50 
13.00 

2.70 

28.50 
37.00 

17.30 

Totals 100 67.9- 32.1 17.20 82.8 

Ri-R,a nforging_ Steel 
Labor 

Materials 

Equipment 

40 

45 

15 

80 

0 

32 

32.0 

0.0 

4.8 

20 

100 

68 

8.0 

45.0 

10.2 

5.0 

20.0 

14.7 

2.00 

9.00 

2.20 

38.00 

36.00 

12.80 

100 3686.36.8 63.7 13.20 86.8 



ITEMS AND COMPONENT OF UNIT PRICE 

UNIT 
ZARQA -
RIHAB 

U OF 

TOTAL 
FOR ITEM 

T A 8 L E B-1 (Cant.) 
PRICE COMPONENTS 

RIHAB- IRBID EXPRESSWAY: 
SYRIAN BORDER CONNECTOR 

FINIANCIAL COSTS ECONOMIC COSTS 

LOCAL CURRENCY FOREIGN CURRENCY % TAX TAX VALUE NONJOMIC 
% COMPONENT % COMPONENT ITEM TO ITEM COMPONENT 

Surface Pavement 
Labor 

M aterials 
Equipment 

15 

55 
30 

BD 

74.5 
23.3 

12.0 

41.0 
7.0 

20 

25.5 
76.7 

3.0 

14.0 
23.0 

5.0 

20.2 
15.8 

0.75 

11.10 
4.75 

14.25 

43.90 
25.25 

Totals 100 60.0 40.0 16.60 83.4 

Base Course 
Labor 

Materials 
Equipment 

25 

50 
25 

80 

100 
24 

20.0 

50.0 
6.0 

20 

0 
76 

5.0 

0.0 
19.0 

5.0 

3.0 
13.0 

1.25 

1.50 
3.25 

23.75 

48.50 
21.75 

Totals IO 76D 2.024.D 5.00 94.0 

Paved_- Shoulders 

Labor 

-- lAteriala-s 
Equipment 

____ 

30 

ci_50 
20 

80 

n 
22 

________ 

24.D 

4nL-jj_fl 
4.4 

20 

78 

6.0 

in~ nf. 
15.6 

5.0 

2I.59 
13.3 

1.50 

T-29 
2.65 

28.50 

175 

17.35 

Totals . 100 68.4 31.6 12.40 87.6 

Major Bridges 
Labor 

Materials 

Equipment 

30 

50 

20 

80 

85 

22 

24.0 

42.5 

4 4 

20 

20 

78 

6.0 

7.5 

15.6 

5.0 

19.0 

13.5 

1.50 

9.50 

2-70 

28.50 

40.50 

17,310 

Totals 100 70.9 ' 29.1 13.7 86.3 



ITEMS AND COMPONENT OF UNIT 

Baaciliarprovements 
Labor 

- --

PRICE 

- i .- 
- --

1UNIT
ZARQA -
RIHAB -

%OF 
TOTAL 
FOR ITEM 

t 

-abt rla 1-- --30 
50 
20 

S T A B LE B-1 (yont)
PRICE COMPONENt.)

RIHAB- IRBID EXPRESSWAY
SYRIAN BORDER CONNECTOR 

FINIANCIAL COSTS ECONOMIC COSTS
LOCAL CURRENCY FOREIGN CURRENCY % TAX TAX VALUE 

% COMPONENT % COMPONENT ITEM E 

80 24.0 20 6.0 5.0 1.50 
92.2 46.1 7.8 3.9 11.4 5.70 
30.0 6.0 70.0 14.0 15.0 3.00 

OME 

2a.50 
44.30 

17.00 

C 

- Ials100 71 23,9 

Labor 

a r
M-era. 

- .30 
50 

80 
4.0 

24.0 
- 2.0 

20 
96.0 

6.0 
48.0 

7.0 
25.0 

2.10 
12.50 

27.90 
37.50 

H20 
10.0 2.0 90,0 18.D 25- 5-0 50 

inE 
TO-O ITE C OMOnEN 

-

Labor 

EuLor 

-l- 0 1. 80 148.0 

5.0 

25.0 

1.502 

15.00 

7.nt 10 20 

45.00 

0 27. 

--

.. N~tL--- -b--.bapOtherNaktems 

- - - ------- -- . 

iui m n 

--

o-id#E--n 

60 Totals 

a 

file, 
'll 0 2 

10020- 37012.0___80__48.0__25.0_15__00___5.00 2 



ZARQA - RIHAB - IRBID TABLE 8-2 
EXPRESSWAY COST ESTIMATE OF CONSTRUCTION 

SECTION p ALTERNTJE PreferredRIHAB --SYRIAN BORDER
CONNECTOR FROM TO 

4 

z 
COMPENENT OF COSTS
ORUNITITEM DESCRIPTION 

EST 
UNIT 

PRICE 

FINIANCIAL 
LOCAL CURRENCY 

COP EST COST 

COSTS 
FOREIGN 
COMP 

CURRENCY 
EST COST 

ECONOMIC COSTS 

COMP. ESTIMATED% COST JD 

ESTIMATED 
TOTAL
COSTSJD 

% OF 
DIRECT
COSTS
COSTS 

J %% JO JD 

1 2 3 4 5 6 7 B 9 10 1l 

I I-DIRECT CONSTRUCTION COSTS I 

2 I-MOBILIZATION 1 LS 24000 41 6 9984 584 14016 82.0 19680 .24000 0.4 

3 2-CLEARING AND GRUBBING 144 DUN 100 26.0 3744 74 0 10656 g 1.9 13234 14400 0.2 

4 3-EXCAVATION i nT3ni Cu.M. 0.75 8.4 253481 9 1.6 2764458 91.0 27460I9 62 _3D12U 

5 4-EMBANKMENTS 938800 Cu M. 0.45 23 5 99278 76 5 323182 9 1 7 387396 422460 6.8 
6 5-CONCRETE PIPE CULVERTS , ' 

7 0 600 mm , - M 30 56 0 44.0 85 5 

8 b. 900 mm, 196 M. 50 56 0 5488 44 0 4312 85.5 8379 9800 0.2 
9 6-CONCRETE FOR HEADWALLS 30 Cu m . 28 66.5 559 3 5 281 82.5 693 BfD Nil 

10 7-CONCRETE FOR BOX CULVERTS 2GG Cu.M, 30 679 53695 32.1 25385 828 65478 79080 1.3-
H. II 8-REINFORCING STEEL 176 Ton 220 36.8 14249 63.2 24471 86.8. 33609 28720 0.6 

12 9-SURFACE PAVEMENT 344160 Sq M, 2.50 600 516240 40.0 344160 834 717573 860400 13.8 

I13 10-BASE COURSE 200922 cuM 3 76.0 458102 24.0 144664 940 566600 602766 9.7 

14 ti-PAVED SHOULDERS 2 nwro SqM 0.90 684 1235aA 31.6 qipgr 87.6 158A79 1.0an04 2a9 

I5 12-MAJOR BRIDGES 

16 a. HIGHWAY 176 Sq.M. 500 70.9 62392 29.1 25608 86.3 75944 88000 1.4 
17 b RAIL ROADS OVER - Sq M - 709 29.1 86.3 

18 c. RIVERS AND STREAMS 242 Sq.M 500 709 85789 29.1 35211 86.3 104423 7121000 1.9 

19 13-ROADSIDE IMPROVEMENTS 23.9 Km. 15000 76 1 272819 239 B5682 89.8 321933 358500 5.7 
20 14-TRAFFIC CONTROL 23.9 Km 6100 38.0 55400 620 90390 799 116486 145790 2.3 
21 15-OTHER ITEMS 23.9 Km. 9000 280 60228 720 154872 so4 172940 215100 3.4 
22 16-PROVISIONAL SUM 1 LS' 1% 33.6 20750 66.4 41041 88.6 55087 51791 1.0 

23 TOTAL DIRECT CONSTRUCTION COSTS 33.6 2095786 66.4 4145172 88.6 5563773 6240958 10000 

24 I- CONTINGENCIES 40.0 249638 60.0 374458 90.0 561686 624096 

25 TENDER SUM 34.2 2345424 65.8 4159630 89.2 6125459 6865054 
26 I- ENGINEERING 30.0 247142 70.0 576664 950 782616 823806 

27 IV- LAND ACQUISITION 1000 430650 00 0 900 3 430650 

28 PROJECT COSTS 37.2 3023216 62.8 5096294 *89.9 7295660 8119510 



ZAROA -RIHAB -IRBID 
EXPRESSWAY 

RIHAB - SYRIAN BORDER 
CONNECTOR ___FROM 

TA 8 LE B-2. (Cont.) 
COST EST1MATE OF CONSTRUCTION 
SECTION ExPay. ALTERNATIVE Preferred 

24+nnnIfl TO ILs49n 

z 
COMPENENT OF COSTS
ORITMDECIPIO
OR TEM DESCRIPTION 

EST.
U UNIT
UANTJD 

w UNIT 

PRICE 

FINIANCIAL 
LOCAL CURRENCY 

COMP. EST COST 

COSTS 
FOREIGN 
COMP, 

CURRENCY 
EST. COST 

ECONOMIC COSTS ESTIMATED 
TOTAL

COMP. ESTIMATED
COST JDCOSTS 

% OF 
DIRECT 

JD JD JD 
z2 3 4 5 6 7 8 9 10 1l 

I I-DIRECT CONSTRUCTION COSTS 

2 I-MOBILIZATION 1 LS 22000 41.6 9152 584 12848 82.0. 18040 22000 0.4 
3 2-CLEARING AND GRUBBING 130 DUN too 26 0 3380 74.0 9620 $1.9 11947 13000 .2 
4 5-EXCAVATION 4 Cu.M 0,75 8.4 2524 91.6 275706 90 2732688 302954 48.9 
5 4-EMBANKMENTS 069 CuM. 0.45 23.5 135050 765 439631 91.7 
6 5-CONCRETE PIPE CULVERTS 
7 a. 600 mm 222 M 30 56 0 3730 44,0 2930 65.5 5694 6660 0.1 
8 b. 900 mm 208 M 5 o6 5824 44 0 457G 65.5 8892 10400 0.2 
9 6-CONCRETE FOP HEADWALLs 32 Cu M. 28 66.55 535 82.5 

10 7-CONCRETE FOR BOX CULVERTS Cu M. 30 67.9 32 82.8 77501 93600 1.5 
H- It 8-REINFORCING STEEL 21i Ton 220 36.8 17002 632 2919840102 46200 0.8 

12 9-SURFACE PAVEMENT 211040 sqM. 2.50 600' 466560 40.0 311040 83.4 548518 777600 12.6 
13 10-BASE COURSE 81648 Cu M 3 76.0 414157 24.0 130787 940 512247 
14 Il1--PAVED SHiOULD7ERS 81440 sq M 0906 6849 0 00Z8. 11169454as2s-8892 i_B -'''876 434Towr 1E329E_10400 Z.0-.2 
I5 12-MAJOR BRIDGES 

L a, HIGHWAY 360 sq M. 5,00 70.9 127620 29.11 52380 863 155340 180000 2.9 
17 I. RAIL ROADS OVER - Sq.M. - 70.9 8.3 1290 

18 c. RIVERS AND STREAMS - Sq.oM. 500 70.9 29,) 86.3 

19 13-ROADSIDE IMPROVEMENTS 216Km 15000 763 246564 239 774365 89.8 290952 324000 5.3 
20 14-TRAFFIC CONTROL 21.6 Km 6!00 38.0 50069 620 81691 799 105276 131760 2.1 

S OTHER ITEMS 21.6 Km. 900 720 13968 80.4 156298 400 . 
22 IS-PROVISIONAL SUM 1 LS. 1% 32.2 19616 67.6 4124u 876 19SZW b9lb3 -.. / 

23 TOTAL DIRECT CONSTRUCTION COSTS 32.2 1981248 67.8 4166006 89.3 5488606 6147254 10000 

24 TI- CONTINGENCIES 40.0 245890 60.0 368835 90.0j 553253 614725 

25 

26 

TENDER SUMK- ENGINEERING 
32.9 
30.0 

2227138 
243431 

1 67.1 
70.0 

4534841 
568006 

89.4 
95.01 

6041859 
770865 

6761%79 
811437 

27 1000 259560 00 90.0 233604 259560 

28 V LANDJ ACQUISITION 
PROJECT COSTS 34.8 2730129 65.2 5102847 [§t.0 . 7046326 7B32976 



ZAROA - RIHAB -IRBID TABLE 6-2- Mont.) 
EXPRESSWAY COST E2STIMATE OF CONSTau 

9 
RIHAB - SYRIAN BORDER SECTION x______'ALTERNATIVE reBrre

FROM 45±630TO 5CONNECTOR .QUIN. OM JSTCOST ESTMAT OFSTCCNTPUTTO ESTI MATE D OFz 0%UNIFIIACIA COTSECONOMIC COSTS 
SCOMPENENT RRENCY FOREIGN CURRENCYCOSTS 

OR ITEM DESCRIPTION QUANT. 

I 2 

JD 

3 

COMP 
% 
4 

EST COST 
JD 

5 

COMP 
%O 
6 

EST, COST
JD 
7 

% 

8 

COST JD. 

9 t 1 

I 

2 

3 

I- DIRECT CONSTRUCTION COSTS 

I-MOBILIZATION 

2-CLEARING AND GRUBBING 

1 
81 

LS 

DUN 

135000 
100 

41 6 

26.0 

5616 
2106 

58 4 

74.0 

7884 
5994 

82.0 

91.9 

11070 
7444 

-
13500 
8100 

0.5 
0.3 

3-EXCAVATION 
4-EMBANKMENTS 

2 
145276 

CuM 
Cu.M 

075 
0.45 

84 

23 5 

35977 

121113 78 5, 
3 

394261 917 472598 
. 

515374 205 

-

6 
7 

5-CONCRETE PIPE 

a. 600 mm 

900-mm 

CULVERTS 

-b. 100 M 
30 
50 

56.0 
56.o 

1680 
2800 

44.0 
44.0 

1320 
2200 

85.5 
85.5 

2565 
4275 

3000 
5000 

0.1 
0.2 

9 6-CONCRETE FOR HEADWALLS 1 Cu. M 28 66.5 2 1 33,5 M13 5 3 3- - 92 Nl 

to 
1I 

12 

13 
14 

7-COtCRETE FOR BOX CULVERTS 
B-REINFORCING STEEL 

9-SURFACE PAVEMENT 

1O-BASE COURSE 
1l-PAVED SHOULDERS 

169 
112 

192960 

12801 
1125602 

Cu M 

Ton 
Sq N. 

Cu M 

s%.m 

50 
220 
2.50 

3 

090 

67 9 
36.8 
60.0 

76.0 

68.4 

34425 
9068 

289440 

2571B9 

69291 

32 I 
63 2 
40.0 

240 

51.6 

16275 
15572 

192960 

81217 
32012 

62.8 
868. 
834 

94 0 

87,6 

41980 
21388 
402321 

318102 

RR? 

50700 
24640 

482400 

338406 

nllnk 

2.0 
1.0 

19.2 

13.5 

b.IL 
15 

is 
17 

18 

12-MAJOR BRIDGES 

o HIGHWAY 
b. RAIL ROADS 

c. RIVERS .AND 

OVER 

STREAMS 

,j 

220 Sq.M 
-qM 

-Sq. M 

500 
-

500 

709 
70.9 

70.9 

77990 29,1 
29.1 

29.1 

32010 86.3 
8, 

86 3 

94930 110000 4.4 

19 

20 

21 

22 

23 

24 

13-ROADSIDE IMPROVEMENTS 

14-TRAFFIC CONTROL 

15-0THER ITEMS 

16-PROVISIONAL SUM 

TOTAL DIRECT CONSTRUCTION 

31- CONTINGENCIES 

COSTS 

13.4 

13.4 
13.4 

Km 

Km. 
Km 

LS 

15000 761 

6100 38.0 

9000 280 
~~45,.5i1% 

45.3 
...... --

40.0 

152961 

31061 
33768 
1124 

1135993 

100372 

239 48039 
62,0 50679 
720 86832 
5 .7 1.597 

54.7 1373303 
-225837 
60.0 150558 

698 

799 

804 
8518. 

8B.5 

900 

180498 

65310 
96962 

2220241 

201000 

61740 
12060D 
284 

2509296 
250930 

8.0 

3.3 
4.8 
18 

100.00 

25 

26 

TENDER SUM 

M- ENGINEERING 

44.8 

30.0 

1236365 

99368 

55.2 
70.0 

1523861 
231859 

88.6 
950 

2446078 
314666 

2760226 
331227 

27 

28 

IV- LAND ACQUISITION 

PROJECT COSTS 

1000 

47.3 

241776 

1577509 

00 

52.7 

0 

1755720 

90.0 

089.4 

217598 

2978342 

241775 

3333229 



%LO

___ 

, ZARQA RIHAB - IR ID 
EXPRESSWAY T A B L E 8-2 (Cnt.)

EXPRSSWARIHAB - SYRIAN BORDER COST ESTIMATE OF CONSTRUCTIONSECTION Con.CONNECTOR, FROM 8+100 TO 24+800 
z COMPENENT OF COSTS EST UNIT FINIANCIAL

ORIEzECITO COSTS ECONOMIC COSTS ESTIMATED % OF
OR ITEM DESCRIPTIONDIRECT UN UNIT PRICE LOCAL CURREC FREIGN URRENCYESIAD cuREc EsATEEST UNITPRICE LdcA cuREc FOET2 I- _M_ _BILI_ _ A TIO ~ UNI FIINCA COST ECONOMI COSTSJDS. 1 00 0 S E 707I58NJCOST I-MDIET A L899 2 8 2.T0VOF CONSTP r e fe r r e d7 POL-J JO.N COSTJP. E COSTEJO 

4 32A3 54 5 6 2 8 9 T6 I-CDIRECT CONSTRUCTION COSTS 10
' M 

7 I 
T 

-- M-B----.TIO1 LS. 17000 3AOM 58 441 6 7 7 70 TO 282-0 %O TE
7 2-CLEARING AND GRUBBING 67 DUN 0 0 6 O81000. 0 10 00 . 

4 -XAVTO . 70 c.Tg1742 740 4958E C- 9 1. 9 6157 6700 0.2 
5 4-EMBANKMENTS 63400 959 

-I 

153 100 375
 

~4~ 6-CONCRETE7 600 mm FO E DW L S19 C3 2 -- - -- --6 - -- - 2 18 82 353b17 

3 0 
~~~ 


9 6-CONCRETE FO EDAL u- -----
-- R H----LL 19 CuM .5544 _10773 12600 0.528 66 5 35 33 5- 17 2 
0 -CONCRETE FOR BOX CULVERTS 1186 Cu M 30 679 24159 327 - 4T4 ' 82.8 29460 353 1.3
 

II 8-REINFORCING STEEL 335580 1.3
 
-2. To 22 56s632 157 86.8
.12 9-suRFACE PAVEMIENT 20_ . 61.53... o. 06 68 151 .. 172l 

13 9-S ACEPCOURSE 180360 4 120240 83 4 250700 300600 111 -AED SOULRS_ _(80620 Cu M 3 76.0 183814 240 58046 940 227348 24160 8.9 
I5 I-A VEJ SHO RDES 00 S M 0.90 684 61683 31.6I5 a2-MAJOR BRIDGES 28497 876 78998 90180 3.3 

I16 a HIGHWAY - ---- --0 0-1 HIHWA202 S M 500 709 71609 29.1 29391 863 63 . b. RAIL ROADS OVER - q M - 709 29.1 8, 3
 
18 c. RIVERS~ AND STREAMS - SqM. 
 i 

- q., 500 70.9 29.1 86.3IS13-ROADSIDE IMPROVEMENTS 16.7 Km. 15000 76.1 190631 239 59870 89.8 224949 , 25050 9.22 CONTROL Km0mC 38 0 62.0 799 1870 3.
2 1 5-0THER ITEMS 79_d/

21 1 -POTHV I MS 16.7 Km. 9000 280 42084 72.0 108216 804 
22 6PRVSONAL SUM --- 1026 -o 120841 150300 5.5

2 1-- 1 LS 1% 36.5 9824 63.5 17057 88.9 23890 2 681 1.0
23 TOTAL DIRECT CONSTRUCTION COSTS 
24 It- CONTINGENCIES -635 1722712. A.9 - 2412A35 2714924 00 00 

. -- - S40.025 TENDER SUM 108597 60.0 162895 900 244343 271492 
. . 36.9 1100809 83.1 1885607 89.0 2657207 298641626 I31- ENGINEERING 

26 N - 30.0 107511 70.0 250859 95.0 340452 35837027 IV- LAND ACQUISITION 000 45500 00 0 90.0 40050 50
 
28 PROJECT COSTS 1000 5
 



ZARQA - RIHAB -IRBID 
EXPRESSWAY COST 

T A B L E 
ESTIMATE OF 

8-2 (Cont.)
CONSTRUCTION 

RIHAB - SYRIANCONN ECTOR 
BORDER SECTION Conn 

FROM 24+Duu 
ALTERNATIVE.PEfSErre 

TO _ V+1 

zz 

0.1 
COMPENENT OF COSTS 
OR ITEM DESCRIPTION 

EST 
QUANT. 

UNIT 

UNIT 

PRICE
JD 

FINIANCIAL 
LOCAL CURRENCY 

COMP EST COST 

COSTS 
FOREIGN 
COMP 

CURRENCY 
EST. COST 

ECONOMIC COSTS 

CM SIAECOMP ESTIMATED 

ESTIMATED 
TOTAL 
COSTS 

% OF 
DIRECT 
COSTS 

% JD % JD JD 
1 2 3 4 5 6 7 8 9 10 II 

I I-DIRECT CONSTRUCTION COSTS 

2 1-MOBILIZATION 11 LS. 14400 4 1.6 5990 58 4 8410 82 0 118--8 14400 _..1 

3 2-CLEARING AND GRUBBING 57.3 DUN 100 26 0 1490 74.0 4240 9 1.9 4183 5730 0.2 
4 3-EXCAVATION r00500 CuM. 0.75 84 25232 91.6 275143 91.0 273341 300375_ 12.7 
5 4-EMBANKMENTS 2(34744 Cu.M. 0.45 23 5 215174 76.5 700461 91.7 839637 915635 38.6 
6 5-CONCRETE PIPE CULVERTS 

7 a 600 mm - M. 30 56 0 44 0 85.5 

8 b. 900 mm 50 56 0 44 0. 855 .1535.. n1 
9 6-CONCRETE FOR HEADWALLS 10 Cu.M. 28 66.5 186 33.5 94 825 231 _2...8. JNi 

10 7-CONCRETE FOR BOX CULVERTS 894 Cu M. 30 67 9 18211 32 1 8609 82.8 22207 26820 1.1 

I 8-REINFORCING STEEL 60 Ton 220 36 8 4858 63.2 8342 88. 11458 13200 0.6 

12 9-SURFACE PAVEMENT 02960 sqM. 2.50 600 154440 40.0 102960 834 214672 257400 10.9 

13 10-BASE COURSE 69243 cuM 5 760 157870 49855 940 195265 22729 AR 

14 I1-PAVED SHOULDERS 85800 sqM 0.90 684 52818 31.6 24402 876 67645 7_a3722 . 
IS 12-MAJOR BRIDGES I 

16 0. HIGHWAY - Sq M 500 709 29.1 86.3 

17 b. RAIL ROADS OVER qr Sq M - 709 1 29.1 86.3 qrn7 1 
18 C. RIVERS AND STREAMS - Sq.M 500 709 29.1 86.3 

19 13-ROADSIDE IMPROVEMENTS 14.3 Km. 15000 76.1 163235 239 51266 89.8 192621 214500 9.0 
20 14-TRAFFIC CONTROL 14.3 Km 6100 38.0 33147 620 54083 799 69697 87230 3.7 

2I 15-OTHER ITEMS Km 9000 280 36036 720 92664 80.4 103475 128700 5.4 

22 16-PROVISIONAL SUM 1 LS 1% 40.0 9388 60.0 14097 89.1 - 20919 23485 1.5 
23 TOTAL DIRECT CONSTRUCTION COSTS 40.0 948214 60.0 1423791 89.1 2112841 2372005 100.00 

24 1- CONTINGENCIES 40.0 94880 60.0 142320 90.0 213480 237200 

25 TENDER SUM 40.0 1043094 60.0 1566111 89.2 2326321 2609205 

26 II-ENGINEERING 30.0 93931 70.0 219174 950 297450 313105 

27 IV- LAND ACQUISITION 1000 86034 00 0 900 77431 86034 

28 PROJECT COSTS 40.7 1223059 59.3 1785285 '89.8 2701202 3008344 



-----

ZARQA - RIHAB -IRBID 
EXPRESSWAY T ABL E 18-2 (Cont.)

E SA BORD COST ESTIMATE OF CONSTRUCTIONCONNECTOR BORDER SECTIO NALTER TCr2C NRFROM-TO 
 + 
COMPENENT OF COSTS Es UNIT FINIANCIAL COSTS ECONOMIC COSTS 
OR ITEM DESCRIPTION QUANT JNIT PRICE LOCAL COMP. ESTIMATED TTATD/ECFJD. CM ET.CS COMP, EST COS OTJ COSTS COSTSJD % D% TJD 
 JD
I 2 3 4 5I -DIRECT CONSTRUCTION COSTS JD67m .10 I 

- -MOBI -ZATION 1Ls 30000 4 s 12480 58 4 17520 820 24600 30000 0.63 2-CLEARING AND GRUBBING 11 DUN 100 26.0 4.0 694 3-EXCAVATION 63500 Cu0M. 0.75 8.4 02 .016 1417625 9 1 0 1408339 15476255 4EMANKMETS3 65700 Cu M. 0.45 23.5 3592 764725528..5 
6 6 -ECO NR E T PIPE 3PI5E0 CULVER 23.5 - -355923 1158642 91 7 1388856 1514565 27.85-CON CRETE 76 5

-ULVERTS 
7--- -- 0 . _m 62 M 30 56 0 1042 44 o 

a b. 900mm NI - 50.986 
. 65 M So 6 0 44 0 8559 6-CONCRETE FOR HEADWALLS 40- 5 -.. A86.I.1 

to 7 CONCRETE FOR BOX CUVET 1 0 697540~~~~~ 45l CuN3 2 6.7 2 594112_Q NilS 0 -CRETORCING ULV T cuM. 30-1210I2 -SRFACE SEENT 67.9 24648 32 1 11652 82.8 30056 36300 0.793100032 15990 8. . 21960 25300 0.512 9-SURFACE PAVEMENT 2.50 600 302400 400 20160013 1 E S ED2 
M 834 420336 504000 9.3C7 440496 24 139104 940 544824 579600 10 714 11-PAVE SHOLDRS000o SqM 0.90 684 103421 31.6 4779 87.6 132451510_0 20.8 

I5 12-MAJOR BRIDGES 47779 132451 151200 2.8 
16 HIGHWAYI7 
17 

18 

19 
20 
21 

22 

2
24 

. 
b. RAIL ROADS OVER 
c RIVERS AND STREAMS~Sq.1 3RODSDEIMROEMNT13-ROADSIDE IMPROVEMENTS 

14-TRAFFIC CONTROL 
15-OTHER ITEMS 

16-PROVISIONAL SUM 

1[- CONTINGENCIES 

268 Sq M 
- Sq M 

M 

280 m.28.0 Km 
28.0 Km. 
28.0 

LS 

500 
-

500 

1000 
Ioo 

70.9 95006-
709 

709 

76 1 396200 
38.0 64904 

79028.0 70560 

2*/o36,-_1932 
3.0 1955544 

29.1 
29.1 

29.1 
2_239 

620 
720 

A6.0. 
64.0 

38994 

100380 

105896 
181440 

34483 
3482772 

86.3 
863 
863 
8 6.3 
_
89 B 
79.9 
8o4 

89 

89.5 

115642 

377160 

136469 
202608 

48203 
4868507 

134000 

420000 

170800 
252000 

53845 
5438316 

2.5 

7.7 

3.1 
4.6 

. 
10000 

-RSM- 40.0 __ 217533 60.0 326299 900 489449 543832 
-- TEE SUM --

26 - ENGINEERING.7 
- 6v-ELNDN30.027 IV- LAND ACQUISITION 

-- - 36.3 2173077 

215357 

63.7--

70.0 
3809071 
502501 

89.6 
950 

5357956 
681965 

5982148 

717858 
-

28 PROJECT COSTS 100.0 
237. 7 

224000 
2612434 

0 0 
T 

0 90.0 201600 224000 



--

* ----.- ~~~ 

ZAROA - RIHAB -IRBID T A 8 L E B-2 (Cunt.EXPRESSWAY COST E$TIMATE OF CONSTRUCTIONRIHAB - SYRIAN BORDER SECTION * I ALTERNATIVE CzCONNECTOR FROM TO Syrian Rnrrfpr 
UI FINIANCIAL COSTS ECONOMIC COSTS ESTIMATED OF0 

LOCAL CURRENCY FOREIGN CURRENCY ESTATEDIEOFz COMPENENT OF COSTS EST. UNIT 
OR ITEM DESCRIPTION QUANT JD COMP EST COST COMP EST COST COMP. ESTIMATED 

%. JESTJD % JD % COST JO JDO 

3 4 5 6 7 8 9 to 1
I I-DIRECT CONSTRUCTION COSTS 1 

2 I-MOBILIZATION 1 LS. 10000 4 1.6 4160 58.4 580 82.0 6 
3 2-CLEARING AND GRUBBING DUN 100 26.0 74.0 296 9 19 368
 
4 3-EXCAVATION 75000 
 CuM. 11025 960225 91 0 119438 131250 8.2 
5 4-EMBANKMENTS 40340 CuM 0.45 23 5 43188 765 140592 9 1 7 168526 183780 11.6 
6 5-CONCRETE PIPE CULVERTS 17b0. M. 12 4.7 .6 102 .5 
7 a. 600 mm. 50408401cu( 30 26 o352388m. .5- 56.08 76752 9855I -7 54 0.1b 91DO 4764 0 2660.05,5 1 23Y 2507 

50 M 20 66.0 840 5448265s
 

9 6-CONCRETEHEAWALLSFOR a Cu28 66. 279 141t I 9 -CNCETE FOR HEADWLL 83 400 Nil15 cM. 22 667.59710 7-CONCRETE FOR BOX CULVERTS 512 3.Cu M. 30 67.9 10429 32.1 4931 82 1
 
II 8-REINFORCING STEEL 38 Ton 220 36 8 
 3076 63 2 528 86,8 7256 8360 0.512 9-SURFACE PAVEMENT 19760 Sq M. 2.50 742560.0 29 00 4o.0 19600 33440 i 
13 10-BASE COURSE 
 -52&D- Cu M 3 76.0 119928 24.0 37872 940 148332 157800 9.9
14 I-PAVED SHOULDERS 12180 SqM. 0.90 68.4 74980 1 34640 76 96027 109620 6.9
15 12-MAJOR BRIDGES 

16 a. HIGHWAY - Sq.M. 500 709
 
17 b. RAIL ROADS OVER Sq M -02
 
18 c. RIVERS AND STREAMS - Sq.M 500 709 29.1
 
19 13-ROADSIDE IMPROVEMENTS Use N 10.0 Km 15000 76.1 114150 239 35850 89.8 134700 150000 9.4
20 14-TRAFFIC CONTROL 20.3 Km. 6100
 
21 15-OTHER ITEMS 20.3 
 Km 9000 28.0 51156 720 -7"V5W 8047
 
22 16-PROVISIONAL SUMLS%
22 1-RVSINLSM1 L % 4. 7803 50.5 7950 86.4 13604 15753 1.0
23 TOTAL DIRECT CONSTRUCTION COSTS 9.5 788073 50.5 802950 86.4 1373970 1591023 10.00 
24 IE-CONTINGENCIES 

J\nte..Inflate.projectcoste_ 40.0 63641 60.0 95461 900 143192 159102

25 TENDER SUM 
 by 2.594 to allow for 48.7 851714 51.3 898411 86.7 1517162
 
26 X- ENGINEERING , constrution in 1992. 
 63004 0.0 1011 950
 

27 IV- LAND ACQUISITION 1000 90000 0.0 0 900 81000 90000 
28 PROJECT COSTS 
 49.0 1004718 51.0 1045422 
 7.7 97676 2500 

L. 



APPENDIX C
 

BENEFIT COST ANALYSIS
 

Included herein are the results of all the economic analysis and sensitivity
 
tests for Alternatives Cl and C2. Chapter IX contains summary tables of the
 
most pertinent tests.
 

The three economic cost benefit groups tested for each alternate include:
 

(A) 	Operating Costs Benefits only;
 

(B) 	Time Savings included; and
 

(C) 	Border connector benefits reduced by 50 per cent.
 

For opportunity cost of capital, discount rates of 8, 10, and 12 per cent were
 
used for each of the three groups of costs/benefits.
 

Sensitivity tests for each group of costs and benefits and each discount rate
 
were applied as follows:
 

(A) 	One hundred per cent of both costs and benefits;
 

(B) 	Increase construction costs by 25 per cent;
 

(C) 	Decrease benefits by 25 per cent; and
 

(D) 	Increase costs by 25 per cent while reducing benefits by the same
 
amount.
 

CLi
 



ZARQA-IRLU FEASIIILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT CF COST = 100, PLKGENT OF BENEFITS = 100
 

CALCULATION -------------- INTERNAL RATE OF RETURN
 
NUMBER UYEARS = 2
 

Pr(ESEHT 
YEAR COSTS VALUE 

1982 8000 8000
 
1983 10000 780b
 
1984 5 20 3303
 
1)85 0 0
 

1980 74 27
 
1987 74 ,21
 
1988 74 16
 
1989 74 13
 
1990 74 10
 
1991 74 7
 
1992 74 o
 
1993 74 4
 

3
1994 74
 
2
1995 74
 

199u 2090 65
 
1997 74 1
 
1998 74 1
 
1.999 74 1
 
2000 7t 0
 
2001 74 0
 
2002 74 U
 
2003 74 0
 
2004 74 0
 
2005 74 0
 

19286
 

BENEFIT COST RATIU = 1.00 
NET PRESENT VALUE = 
INTERNAL RATE OF RcTURN = 

---------- PRESENT 

NUMBER 0- YEARS = 24 


YEAR COSTS 

1-82 8000
 
1983 10000
 
1984 5420
 
1985 0 
198t 74
 
1987 74
 
1988 74
 
1989 74
 
1990 74
 
1991 74
 
1992 74
 
1993 74
 
1994 74
 
1995 74
 
1996 2090
 
1997 74
 
1998 74
 
1999 14
 
2000 -74
 
2001 74
 
2002 74
 
2003 74
 
2004 74
 
2005 74
 

BENEFIT CJST RArIo 

NET PRESENT VALUE 


-
INTEREST RATE = 8.0 PER CENT 

VALUE CALCULATIO N------------

PRESENT PRESENT
 
VALUE BENEFITS VALUE
 

8000
 
9259
 
4646
 

0
 
54
 
50
 
46
 
43
 
39
 
37
 
34
 
31
 
29
 
27
 

711
 
23
 
21
 
20
 
18
 
17
 
15
 
14
 
13
 
12
 

23159
 

= 3.71
 
= 62800
 

0 0
 
0 0
 
0 0
 

8013 6360
 
d287 6091
 
8561 5826
 
8835 5567
 
9108 5314
 
9382 5068
 
9656 4830
 
9930 4599
 

10204 4376
 
10477 4160
 
10751 3953
 
11025 3753
 
£1299 3561
 
11572 3377
 
11846 3201
 
12120 3033
 
12394 2871
 
12688 2722
 
12941 2570
 
13214 2430
 
13487 2297
 

85959
 

BENEFITS 

0
 
0
 
0
 

8013
 
6287
 
8561
 
8835
 
9108
 
9382
 
9656
 
99jo
 

10204
 
10477
 
10751
 
11025
 
11299
 
11572
 
11846
 
12120
 
12394
 
12688
 
12941
 
13/14
 
13467
 

26
 
28.1 PER CENT
 

PRESENT
 
VALUE
 

0
 
0
 
0
 

3812
 
3078
 
2482
 
2000
 
1009
 
1294
 
1040
 

834
 
669
 
536
 
*30
 
344
 
275
 
220
 
176
 
140
 
112
 
89
 
71
 
56
 
45
 

19312
 



ZARQA-IR8I1 FEASIBILITY ALT (-I (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF CJST = 100, PERCENT OF BENEFITS = 100 

----------- PRESENT VALUE CALCULATION------------ ------ INTERNAL RATE UF RETURN CALCULATION-------
NUMoER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YTEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 

1983 10000 9090 0 0 1983 10000 7805 0 0 

1984, 
1985 

5420 
0 

4479 
0 

0 
8013 

0 
6020 

1984 
.1985 

5420 
U 

3302 
0 

0 
8013 

0 
3811 

1986 74 50 8287 5660 1986 74 27 8287 3076 
1987 74 45 8561 5315 1967 74 21 8561 2480 

1988 74 41 8835 4987 1988 74 16 -8835 1998 
1989 74 37 9108 4673 1989 74 13 9108 1608 
1990 74 34 9382 4376 1990 74 10 9382 1293 
1991 74 31 9656 4095 1991 74 7 9656 1038 
1992 74 28 9930 3828 1992 74 6 9930 833 
1993 74 25 10204 3576 1993 -74 4 10204 668 

1994 74 23 10477 3338 1994 74 3 10477 536 
1995 74 21 10751 3114 1995 74 2 10751 429 

1996 LO90 550 11025 2903 1990 2090 65 11025 343 
1997 74 17 11299 2704 1997 74 1 11299 274 

1998 74 16 11572 2518 1998 74 1 11572 219 

1999 74 14 11846 2343 1999 74 1 11846 175 

2000 74 13 12120 2179 2000 74 0 12120 140 

2J01 74 12 12394 2026 2001 74 0 12394 111 

2002 74 10 12688 1886 2002 14 0 12t88 89 

2003 74 9 12941 1748 2003 74 0 12941 71 

2d04 
2005 

74 
74 

9, 
a 

22562 

13214 
13487, 

1t23 
1506 

70418 

2004 
2005 

74 
74 

0 
0 

19284 

13214 
13487 

56 
45 

19293 

BENEFIT COST RATIO = 3.12 BENEFIT COST RATIO = 1.00 
,NET PRESENT VALUE = 4785o NET PRESENT VALUE 

INTERNAL RATE OF RETURN = 
9 

26.1 PER CENT 



ZARQA-IRBID FEASIBILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY)
 

PERGENT OF COST = 100, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION------------ PRESENT VALUE CALCULATION------------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24. 

PRESENT * PRESENT * PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 8000 8000 0 0 8000 8000 0 0 
1983 10000 8928 0 0 1)824 10000 7802 0 01983 
1984 5420 4320 0 0 1984 5420 3299 0 0 

1985 0 0 8013 5703 1985 0 0 8013 3806 
8287 30711986 74 47 8287 5266	 1989 74 27 

1987 74 41 8561 4857	 1987 74 21 8561 2476 

1988 74 37 8835 4476 1988 74 16 8835 1993 

1989 74 33 9108 4120 1989 74 13 9108 1603 
9382 12891990 74 29 9382 3789 1990 74 

1991 74 2b 9656 3482 1991 74 7 9656 1035 

1992 74 23 9930 3197 1992 74 0 9930 830 
1993 74 21 10204 2933 1993 74 4 10204 6t6 

1994 74 18 10477 2689 1994 74 3 10477 533 
1995 74 16 10751 2463	 1995 74 2 10751 427 

199t 2090 u4 110 5 3411996 2090 427 11025 2255 
1997 74 13 11299 2064 1997 74 1 11299 273 

1998 74 12 11572 1887 1998 74 1 11572 218 

1999 74 10 11846 1725	 1999 74 1 11846 174 
20100 74 L0 12120 1392000 74 9 12120 1576 

0 12394 1112001 74 8 12394 1439	 2001 74 
200a 74 0 12688 88 

2003 74 6 12941 1197 2003 74 0 12941 70 

20,04 74 6 13214 1092 2004 74 0 13214 56 

2002 74 7 1?688 1315 

2005 74 0 13487 442005 74 5 13487 995 
22042 58520 19277	 19243 

BENEFIT COST RATIO = 2.65 btNEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 36476 NET PAESENT VALUE = 

INTERNAL RATE OF RETURN = 
-34 

28.2 PER CENT 

C 



ZAPQA-IRBID FEASIBILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY]
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

PRESENT VALUE CALCULATION------------ ------ NTRNAL RATE OF rETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR CUSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11574 0 0 1983 12500 LO538 0 0 
1984 b775 5808 0 0 1984 6775 4815 0 0 
1985 0 0 6009 4770 1985 0 0 6009 3601 
1986 92 67 6215 4568 1986 92 46 6215 3139 
1987 92 62 6420 4369 1987 92 39 6420 2734 
1988 92 58 o626 4175 1988 92 33 6626 2379 
1989 92 53 6831 3985 1989 92 28 6831 2067 
1990 92 49 7036 3801 1990 92 23 7036 1795 
1991 92 46 7242 3622 1991 92 19 7242 1558 
1992 92 42 7447 3449 1992 92 Le 7447 1351 
1993 92 39 7653 3282 1993 92 14 7653 1170 
1994 92 36 7857 3120 1994 92 11 7857 1013 
1995 92 34 8063 2964 1995 92 10 8063 876 
1996 2612 889 8268 2815 1996 2012 239 d268 757 
1997 92 29 8474 2671 1997 92 7 8474 654 
1998 92 27 8679 2533 1998 92 6 8679 5o5 
1999 92 25 8884 2401 1999 92 5 8884 487 
2000 92 23 9090 2274 2000 92 4 9090 420 
2001 92 21 9295 2153 2001 92 3 9295 3o2 
2002 92 19 9516 2041 2002 92 3 9516 313 
2003 92 18 9705 1928 9705 2692003 92
 2

2
2004 92 17 9910 1822 231
99102004 92 
2005 92 15 10115 1722 20C5 92 1 10115 199 

28951 64465 25864 25940 

BENEI-IT COSt RATIO = Z.3 5ENEFIT COST RATIO = 1.00 
NET PRESENiT VALUE = 35514 AET PRESENT VALUE = 76 

INI cKNAL RATE OF RLTURN = 18.o PEk CENT 

A-,
 



ZARQA-IRBIO FEASIBILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

------- INTERNAL RATE OF 	 RETURN CALCULATION--------------- PRESENT VALUE CALCULATIUN-------------
NUMER OF YEARS = 24NUMBER OF YEARS = 24	 INTEREST RATE = 10.0 PER CENT 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE, BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE
 

1982 10000 10000 0 0 1)82 10000 10000 0 0 

1983 12500 11363 0 0 1983 12500 10537 0 0 
1984 6775 5599 0 0 1984 6775 4814 0 0 

6009 36001985 0 0 6009 4t 15	 1985 0 0 
46 6215 31391986 92 63 6215 4245	 1986 92 

27331987 92 57 6420 3986	 1987 92 39 6420 
1988 92 33 6626 23781988 92 	 52 -6626 3740 

92 27 6831 20671989 92 47 6831 3505 1989 
92 23 7036 17951990 92 43 7036 3282 1990 

7242 15571991 92 39 7242 3071 1991 92	 19 
16 7447 13501992 92 35 7447 2871 1992 92 

1993 92 32 7653 2682 1993 92 14 7653 1169 

1994 92 	 29 7857 2503 1994 92	 11 7857 1012 
10 8063 8751995 92 26 8063 2335 1995 92 

199b 2612 687 82t8 2177 1996 2612 239 8268 757 

1997 92 22 8474 2028 1997 92 7 8474 b54 
8679 5641998 92 20 8679 1888	 1998 92 6 
8884 -4871999 92 18 8884 1757 1999 92 5 

2000 92 16 9090 1654 2000 92 4 9090 420 

2J1 92 15 9295 1519 2001 92 3 9295 362 

2002 92 13 9516 1414 2o02 92 3 9516 312 
2003 92 2 9 T05 2682003 92 	 12 9705 1311 

2 9910 2312004 92 11 9910 1217 2004 92 

2005 92 10 10115 1129 2005 92 1 10115 199 
28b61 2592928209	 52809 

BENEFIT COST RATIO = 1.00 
NET PRLtSLNT VALUE = 68 

BENEFIT LOST RATlu = 1.87 
NET PRESENT VALUE = 	 24600 

INTERNAL KATE JF RLTURN 	 = 18.6 PER LENT 

'4,,
 



ZAROA-IR6i FEASIBILITY ALT C-1 (UPERATING COSTS/BENEFITS ONLY) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

---- INTERNAL RATE OF RETURN CALCULATIUN --------------- PRESENT VALUE CALCULATION-------------

NUMBER OF YEARS = 24
NUMBER OF YEARS = :4 INTEREST RATE = 1Z.0 PER CENT 

PRESENT	 PRESENTPRESENT	 PRESENT 
BENEFITS VALUE

COSTS VALUE BENEFITS VALUE YEAR	 COSTS VALUEYEAR 

1.982 10000 10000	 0 0 
1982 10000 10000	 0 0 

0 0
1983 12500 105291983 12500 11160	 0 0 
0 0
1984 o775 48071984 6775 5400	 0 0 

6009 3592 
1985 0 0 t009 4277	 1985 0 0 

46 6215 31291986 92 
1987 92 

1986 92 58 6215 3949 
39 6420 2723 

52 6420 3643 
1988 92 33

1987 92
 6626 2367b626 33571988 92 46
 
27 6831 2056 

1989 92 41 6831 3090	 1989 92 
1990 92 23 7036 1784 

1990 92 37 7036 2841 
7242 15461991 92 191991 92 33 7242 2611 
7447 1340 

1992 92 29 7447 2397	 £992 92 16 
14 7653 11591993 927653 22001993 92 26 

7857 10032016 1994 92 11
1994 92 23 7857 

9 8063 8671995 921995 92 21 8063 1847 
236 8268 7491996 26121996 2612 534 8268 1691 

8474 6461997 92 7
1997 92 16 8474 1548 

8679 5571998 92 5
1998 92 15 8679 1415 

1999 92 5 8884 481
8884 12931999 92 13 9090 414
9090 1182 2000 92 4

2000 92 1z 
3 9295 3572001 922001 92 10 9295 1079 

92 2 9516 3082002
9516 9862002 92 9 
9to 264

d 9705 898	 2003 92 2 
2U04 92 

2003 92 
2 9910 227 

2004 92 7 9910 819 
2005 92 1 10115 195

6 10115 7462005 92 257642584027556	 43885 

BENEFIT COST RATIO = 1.00BENEFIT COST RATIO = 1.59 
NET PRESENT VALUE = -76

NET PRESENT VALUE = 16329 lb. 7 PER CENTINTERNAL RATE OF RETURN = 



ZARQA-IRBID FEASIBILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT OF CUST = 125, PERCENT OF BENEFITS = 100 

-- PRESENT VALUE CALCULATION----------- ------- INTERNAL KATE OF RETURN CALLULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER Of YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11574 0 0 1983 12500 10108 0 0 
1984 6775 5808 0 0 1984 6775 4430 0 0 
1985 U 0 8013 6360 1985 0 0 8013 4238 
1986 92 67 8281 6091 1986 92 39 8287 3544 
1987 92 62 8561 5826 1987 92 31 8561 2961 
1988 92 58 8835 5567 1988 92 25 8835 2471 
1989 92 53 9108 5314 1989 92 20 9108 2060 
1990 92 49 9382 5068 1990 92 16 9382 1716 
1991 92 46 9656 4830 1991 92 13 .9656 142 8 
1992 92 42 9930 4599 1992 92 11 9930 1188 
1993 92 39 10204 4376 1993 92 8 10204 987 
1994 92 36 LO477 4160 1994 92 7 10477 819 
1995 .92 34 10751 3953 1995 92 5 10751 680 
1996 2612 889 11025 3753 1996 2612 133 11025 564 
1997 92 29 11299 3561 1997 92 3 11299 467 
1998 92 27 11572 3377 1998 92 3 11572 387 
1999 92 25 11846 3201 1999 92 2 11846 320 
2000 92 La 12120 3033 2000 92 2 12120 265 
2001 92 21 12394 2871 2001 92 12394 219 
2002 92 19 12688 2722 2002 92 12688 181 
2003 92 18 12941 2570 2)a03 92 1 12941 149 
2004 92 17 13214 2430 2004 92 0 13214 123 
2005 92 15 13487 2297 2005 92 0 13487 102 

28951 85959 24859 24869 

BENEFIT COST RATIO = 2.97 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 57008 NET PRESENT VALUE = 10 

INTERNAL RATE OF RETURN = 23.7 PER CENT 

C 



ZARQA-IRBID FEASIBILITY ALT L-1 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION--------------- PRESENT VALUE CALCULATION-------------

NUMBER OF YEARS = 24
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT 

PRESENT
PRESENTPRESENT	 PRESENT
 
YEAR COSTS VALUE BENEFITS VALUEYEAR CUSTS VALUE BENEFITS VALUE
 

0
1982 10000 10000 0 
0

1982. 10000 10000	 0 0 
0 1983 12t)00 10108	 01983 12500 11363	 0 

' 0
o775 4430 0 

1985 0 0 8013 6020 19785 0 i 8013 4237
1984 6775 5599	 0 0 1984 

35431986 92 39	 82871986 92 63	 8287 5660 
8561 29601987 92 57	 856L1 5315 1987 92 31 

25 8835 24701988 92 

1989 92 47 9108 4673 
1988 92 52	 8835 4987 

1989 92 20	 9108 2059 
9382 1715

1990 92 43	 9382 4376 1990 92 16 
13 96561991 92 39	 9656 4095 1991 92 1427 

92 11 9930 1187
1992 92 35	 9930 3828 1992 

10204 986
1993 92 32 10204 3576 1993 92 8 

7 10477 819
1994 92 29 10477 3338 1994 92 

92 5 10751 679
1995 92 26 10751 3114 1995 

1996 2612 133 11025 563
1996 2612 687 11025 2903 

11299 467
1997 92 22 L1299 2704 1997 92 

1998 92 3 11572 386
1998 92 20 11572 2518 

1999 92 2 11846 320
1999 92 18 11846 2343 

92 2 121;0 264
2000 92 16 12120 2179 2000 

92 1 12394 219
2001 92 15 12394 2026 2001 

2002 92	 12688 181
2002 92 13 12688 1886 

92 1 12941 149
2003 92 12 12941 1748 2003 

92 0 13214 123
2004 92 11 13214 1623 2004 

13487 101
2005 92 10 13487 150b 2005 92 0 

24 859	 2485528209	 70418 

BENEFIT COST RATIO = 1.00BENEFIT COST RATIO = 2.50 
NET PRESENT VALUE = -4NET PRESENT VALUE = 42209 
INTERNAL RATE OF RETURN = 23.7 	 PER CENT 



ZARUA-IR8ID FEASIBILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

----- INTERNAL RATE OF RETURN CALCULATION---------- PRESENT VALUE CALCULATION-----------
NUMBER UF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT - PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 
1983 
1984 

10000 
12500 

6775 

10000 
11160 

5400 

0 
0 
0 

0 
0 
0 

1982 
1983 
1984 

10000 
12500 

6775 

10000 
10106 

4428 

0 
0 
0 

0 
0 
0 

1985 0 0 8013 5703 1985 0 0 8013 4235 

1986 
1987 

92 
92 

)8 
52 

8287 
8561 

5266 
4857 

1)86 
187 

92 
92 

39 
31 

a287 
8561 

3t)41 
2957 

1988 92 40 8835 4476 1988 92 25 8835 2467 
1989 
1990 

92 
92 

41 
37 

9108 
9382 

4120 
3789 

1989 
1990 

92 
92 

20 
16 

9108 
9382 

2056 
1713 

1991 92 33 9656 3482 1991 92 13 9656 1425 
1992 92 29 9930 3197 1992 92 11 9930 1185 
1993 92 26 iU204 2933 1993 92 8 10204 984 

1994 92 23 10477 2689 1994 92 7 10477 817 
1995 92 21 10751 2463 1995 92 5 10751 678 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 

2612 
92 
92 
92 
92 
92 
92 
92 
92 

534 
16 
15 
13 
12 
10 

9 
a 
7 

11025 
11299 
IL572 
11846 
12120 
12394 
12688 
12941 
13214 

2255 
2064 
1887 
1725 
1576 
1439 
1315 
1197 
1092 

1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2304 

2612 
92 
92 
92 
92 
92 
92 
92 
92 

133 
3 
3 
2 
2 
1 

1 
0 

11025 
11299 
11572 
11846 
12120 
12394 
12688 
12941 
13214 

562 
465 
385 
319 
264 
218 
180 
149 
123 

2005 92 b 13487 995 2005 92 0 13487 101 
27556 58520 24855 24824 

BENEFIT CUST RATIO 
NET PRESENT VALUE 

= 
= 

2.12 
309b4 

BENEFIT C3ST RATIO = 1.00 
NET PRESENT VALUE = -31 
INTERNAL RATE OF RETURN = 23.7 PER CENT 

C

~4L 



ZARQA-IRBlD FEAS181LITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 100, PERLENT OF BENEFITS 75 

-PRESENT VALUE CALCULATION----------- ------- INTERNAL RATE OF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER .OF YEARS = Z4 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

198' 8000 8000 0 0 L982 8000 8000 0 0 

1983 10000 9259 0 0 1983 10000 8165 0 0 

1984 5420 4o46 0 0 1984 5420 3613 0 0 

1985 0 0 6009 4770 1985 0 0 t009 3271 
1986 74 54 6215 4568 [986 74 32 t215 2762 
1987 74 50 6420 4369 1987 74 2b o420 2330 
1988 74 46 6626 4175 1988 74 21 6626 1963 
1989 74 43 6831 3985 1989 74 17 6831 1653 
1990 '74 39 - 7036 3801 1990 74 14 7036 1390 
1991 74 37 7242 3622 1991 74 11 7242 1168 
1992 74 34 7447 3449 1992 74 9 7447 981 
1993 74 31 7653 3282 1993 74 7 7653 823 
1994 74 29 7857 3120 1994 74 6 7857 690 
1995 74 27 8063 2964 1995 74 5 8063 578 
1996 2090 711 8268 2815 1996 2090 122 8268 484 

1997 74 23 8474 2671 1997 74 3 8474 405 

1998 74 21 8679 2533 1998 74 2 8679 338 

1999 74 20 8884 2'401 1999 74 2 8884 283 
74 1 9090 2362000 74 18 9090 2274 2000 

9295 1972001 74 17 9295 2153 2001 74 1 

2002 74 15 9516 2041 2002 74 1 9516 165 
2003 74 14 9705 1928 2003 74 1 9705 137 
2004 74 13 9910 1822 2004 74 0 9910 114 

2005 74 12 10115 1722 2005 74 U 10115 95 
23159 64465 20059 20063 

BENEFIT COST RATIO = 2.78 BENEFIT COST RATIO = 1.00 

NET PRESENT VALUE = 41306 NET PRESENT VALUE = 4 
INTERNAL RATE OF KETURN = 22.5 PER CENT 



ZARQA-IRBIU FEASIBILITY ALT C-1 (OPEkATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

------- INTERNAL RATE OF RETURN CALCULATIUN------- ------- PRESENT VALUE CALCULATION----------
24NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT	 NUMBER JI YEARS = 

PRESENT	 PRESENTPRESENT	 PRESENT
 
COSTS VALUE BENEFITS VALUE
YEAR COSTS VALUE BENEFITS VALUE	 YEAR 

8000	 0 01982. 8000 8000 0 0	 1982 8000 
1983 10000 8162 0 01983 10000 9090	 0 0 

1984 5420 4479	 0 0 1984 5420 3611 0 0 
0 0 6009 32681985 0 0 6009 4515	 1)85 

74 32 6215 27591986 74 50 6215 4245	 1986 
74 26 6420 23271987 74 45 I 6420 3986	 1987 

74 41 6626 3740 1988	 74 21 6626 19601988 
17 6831 16491989 74 37 6831 3505	 1989 74 

1990 74 34 7036 3282 1990	 74 14 7036 1387 
74 11 7242 11651991 74 31 7242 3071	 1991 

9 7447 9781992 74 28 7447 2871 1992 74 
7653 8201993 74 25 7653 2682	 1993 74 7 
7857 6871994 74 23 7857 2503	 1994 74 6 

5 8063 5761995 74 21 8063 2335 1995 74 
121 8268 4821996 2090 550 8268 2177	 1996 2090 

8474 4031997 74 17 8474 2028	 1997 74 
2 z679 3371998 74 16 8679 1888	 1998 74 
2 8884 2811999 74 14 8684 1757	 1999 74 

9090 2352000 74 13 9090 163*4	 2000 74 1 
9295 1962001 7P 12 9295 1519	 200 1 74 L 
9516 1642002 74 10 9516 1414	 2002 74 1 
9705 1362003 74 9 9705 1311	 2003 74 1 
9910 1132004 74 9 9910 1217	 2004 74 0 

10115 942005 74 8 10115 1129	 2005 74 0 
20053	 2001722562	 52809 

BENEFIT COST RATIO = 1.00BENEFIT COST RATIO = 2.3*+ 
NET PRESENT VALUE = -36NET PRESENT VALUE = 30247 
INTERNAL SATE OF RETURN = 2z.5 PER CENT 



ZARA-IRBID FEASIBILITY ALT C-1 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

-------- PRESENT VALUE CALCULATION------------ ------ INTENAL RATE OF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24
 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 8928 0 0 1983 10000 8163 0 0 
1984 5420 4320 0 0 1984 5420 3612 0 0 
1985 0 0 6009 4277 1985 0 0 6009 3269 
1986 74 47 6215 3949 1986 74 32 6215 2760 
1987 74 41 t420 3643 1987 74 26	 6420 2328 

1985 74 37 6626 3357 1988 74 21 6626 1961 

1989 74 33 6831 3090 1989 74 17 b831 1650 
1990 74 29 7036 2841 1990 74 14 7036 1388 
1991 74 26 7242 2611 1991 74 11 1242 1166 

1992 74 23 7447 2397 1992 74 9 7447 979 
1993 74 21 7653 2200 1993 74 7	 7653 821 

1994 74 18 7857 2016 1S94 74 6 7857 688 

1995 74 16 8063 1847 1995 74 5 8063 576 
1996 i090 427 8268 1691 1996 2090 122 8268 483 

1997 74 13 8474 1548 1997 74 3 8474 404 

1998 74 12 8679 1415 1998 74 2 8679 337 
1999 74 10 8884 1293 1999 74 2	 8884 282 

9090 .2352000 74 9 9090 11S2 2000 74
 
2001 74 8 9295 1079 2001 74
 1 9295 196 
2002 74 7 9516 986 2002 74 1 9516 164 

2003 74 6 9705 898 2003 74	 9705 137 

2004 74 6 9910 819 2004 74 0 9910 114 

2005 74 5 10115 746 2005 74 0 10115 95 
22042 43885 20056 20033 

BENEFIT COST RATIO = 1.99 BENEFIT COS T RATIO = 1.00 
NET PRESENT VALUE = 21843 NET PRESENT VALUE = -23 

INTERNAL i4ATE OF RETURN = 22.5 PER CENT 

Ct 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT OF LOST = 100, PERCENT OF BENEFITS = 100 

--------- PRESENT VALUE CALCULATION----------- ------ INTERNAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 8000 8000 0 0 1982 8000 8000 0 .0 
1983 10000 9259 0 0 1983 10000 7994 0 0 
1984 5562 4768 0 0 1984 5562 3554 0 0 
1985 U 0 1087 5625 1985 0 0 1087 3621 
1986 72 52 7332 5389 1986 72 29 7332 2995 
1987 72 49 7578 515.7 1987 72 23 7578 2474 
1988 72 45 7823 4929 72 1$ 7823 2042 
1989 72 42 8069 4708 1989 72 15 8069 1684 
1990 72 38 8314 4491 1990 72 12 8314 1387 
1991 72 36 8560 4282 1991 72 9 8560 1142 
1992 4735 2193 8805 4078 1992 4 t35 505 8805 939 
i993 72 30 90) 1 3881 1993 72 6 9051 771 
1994 72 28 9296 3691 1994 72 4 9296 633 
1995 72 26 9542 3508 1995 72 3 9542 520 
1996 2090 711 9787 3332 1996 2090 91 9787 426 
1i97 72 22 10033 3162 1997 72 2 10033 349 
1998 72 21 10278 3000 1996 72 2 10278 286 
1999 72 19 10524 2844 £999 72 I 10524 234 
2000 72 18 10769 2694 2000 72 1 10769 1191 
2001 72 16 11015 2552 2001 72 1 11015' 156 
.2002 72 15 11260 2415 2002 72 0 11260 128 
2003 72 14 11506 2285 2003 72 0 11506 104 
2004 72 13 11751 2161 2004 72 0 11751 85 
2005 72 12 11997 2043 -2005 72 0 11997 69 

25427 76227 20270 20236 

BENEFIT COST RATIO = 3.00 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 50800 NET PRESENT VALUe = .4 

INTERNAL RATE OF RETURN = t5.1 PER CENT ' 



ZARUA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT OF CUST = 100, PERCENT OF BENEFITS = 100 

PRESENT VALUE CALCULATION------------- ------- INTERNAL RATE UF RETURN CALCULATION-----
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER UF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 10000 7998 0 0 
1984 55b2 4596 0 0 1984 5562 3558 0 0 
1985 0 0 7087 5324 1985 0 0 7087 3626 
1986 72 49 7332 5007 1986 72 29 7332 3001 
1987 72 44 7578 4705 1987 72 23 7578 2481 
1988 72 40 7823 4415. 1988 72 18 7823 2048 
1989 72 36 8069 4140 1989 72 15 8069 1690 
1990 72 33 8314 3878 1990 72 12 8314 1393 
1991 72 30 8560 3630 1991 72 9 85b0 1147 
1992 4735 1825 8805 3394 1992 %735 50.7 8805 943 
1993 72 25 9051 3172 1993 72 6 9051 776 
1994 72 22 9296 2962 1994 72 4 9296 637 
1995 72 20 9542 2764 1995 72 3 9542 523 
1996 2090 550 9787 2577 1996 2090 91 9787 429 
1997 72 17 10033 2401 1997 72 2 10033 352 
1998 72 15 10278 2236 1998 72 2 10278 288 
1999 72 14 10524 2082 1999 72 1 10524 236 
2000 72 12 10769 1956 2000 74 1 10769 193 
2001 72 11 11015 1801 2001 72 11015 158 
2002 72 10 11260 1673 2002 72 11260 129 
2003 72 9 11506 1554 *2003 72 0 11506 105 
2004 72 8 11751 1443 2004 72 0 11751 86 
2005 72 8 11997 1339 2005 72 0 11997 70 

244b4 62433 20280 20311 

BENEFIT COST RATIO = 2.55 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 37969 NET PRESENT VALUE = 31 

INTERNAL RATE OF RETURN = 25.0 PER CENT 

2~~
 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT uF COST = 100, PERCENT OF BENEFITS = 100 

------- INTERNAL RATt OF RETURN CALCULATION-------------- PRESENT VALUE CALCULATION------------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 

1983 LOOO 8928 0 0 
1982. 8000 8000	 0 0 

1983 10000 7998 0 0 
0 0 1984 5562 3558 0 01984 5562 4433 

0 0 1087 36261985 0 0 7087	 5044 1985 
45 7332 4659 1986	 72 29 7332 30001986 72 

1987 72 40 7578 4299 1987 72 23 7578 2480 
72 18 7823 20481988 72 36 7823 3963 1)88 

1989 72 32 8069 3650 1989 72 15 8069 1689 

1990 72 29 8314 3357 1990 72 12 $314 1392 

1991 72 25 8560 3086 1991 72 9 8560 1146 

1992 4735 1524 8805 2834 1992 4735 507 8805 943 
1993 7Z 20 9051 2601 1993 72 6 9051 775 

1994 72 18 9296	 2386 1994 72 9296 637 
2186 1995 72 3 9542 5231995 72 16 9542 

9787 2002 1990 2090	 91 9787 4291996 2090 427 
1997 72 13 10033 1833' 1997 72 2 10033 352 

1998 72 11 10278 1676 1998 72 2 10278 288 

1999 72 10 10524 1532 1999 72 1 10524 236 

2000 72 9 107(9 1400 2000 72 1 10769 193' 

2001 72 8 11015 L278 2001 72 1 11015 158 

2002 72 7 11260 1167 2002 72 0 11260 129 

2063 72 6 11506 1064 2003 12 0 11506 105 

2004 72 5 11751 971 2004 7Z 0 11751 86 

2005 72 5 11997 885 2005 72 0 11997 70 

23647 51873 202do 20305 

BENEFIT COST RATIO = 2.19 BENEHI[ COST RATIO = i.00
 
NET PRESENT VALUE = 2o226
 NET PRESENT VALUE = 25 

INTERNAL-R4TE UF RETURN = 25.0 PER CENT 

$3
 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

----------- PRESENT VALUE CALCULATION------------ ----- INTEKNAL RATE OF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

YEAR LuSTS 
PRESENT 

VALUE BENEFITS 
PRESENT 

VALUE YEAR COSTS 
PRESENT 
VALUE BENEFITS 

PRESENT 
VALUE 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

10000 
12500 
6952 

0 
90 
90 
90 
90 
90 
90 

5918 
90 
90 
90 

2612 
90 
90 
90 
90 
90 
90 
90 
90 
90 

10000 
11574 

5960 
*0 
66 
61 
56 
52 
48 
45 

2741 
38 
35 
33 

889 
28 
26 
24 
22 
20 
19 

~17 

15 
31785 

0 
0 
0 

5315 
5499 
5683 
5867 
6051 
6235 
6420 
6603 
6788 
6972 
7156 
7340 
7524 
7708 
7893 
8076 
8261 
8445 
6629 
8813 
8997 

0 
0 
0 

4219 
4041 
3868 
3697 
3531 
3368 
3211 
3058 
2911 
2768 
2631 
2499 
2372 
2250 
2133 
2021 
1914 
1811 
1714 
1621 
1532 

57170 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
U05 

10000 
12500 

6952 
0 

90 
90 
90 
90 
90 
90 

5918 
90 
90 
90 

2612 
90 
90 
90 
90 
90 
90 
90 
90 
90 

10000 
10776 

5167 
0 

49 
42 
36 
31 
27 
23 

1342 
17 
15 
13 

327 
9 
8 
7 
6 
5 
4 
3 
3 
2 

27912 

0 
0 
0 

5315 
5499 
5683 
5867 
o051 
6235 
6420 
6603 
6788 
6972 
7156 
7340 
7524 
7708 
7893 
8076 
8261 
8445 
8629 
8813 
d997 

0 
0 
0 

3406 
3038 
2707 
2409 
2142 
1903 
1689 
1498 
1327 
1175 
1040 
920 
813 
718 
634 
559 
493 
434 
383 
337 
296 

27921 

BENEFIT COST RATIO 
NET PRESENT VALUE 

= 
= 

1.80 
25385 

BENEFIT COST RATIO = 1.00 
NET PRESENT VALUL = 
INTERNAL RATE OF KETURN = 

9 
16.0 PER CENT 

j k1~
 



ZARQA-IRBID FEASIalLITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

----------- PRESENT VALUE CALCULATION----------- ------- INTERNAL RATE U- RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER UF YEARS = 24 

PRESENTPRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11363 0 0 1983 12500 10775 0 0 
1984 6952 5745 0 0 1984 6952 5166 0 0 
1985 0 0 5315 39.93 1985 a 0 5315 3404 
1986 90 61 5499 3755 1986 90 49 5499 3036 
1)8-7 90 55 5683 3529 1987 90 42 5683 2704 

1988 90 50 5867 331.1 1988 90 36 5867 2407 
1989 90 46 6051 3105 1989 90 31 6051 2140 

1990 90 41 6235 2908 1990 90 27 t235 1900 
1991 90 38 6420 2722 1991 90 Z3 6420 1687 

14951992 5918 2281 6603 2546 1992 5918 1340 6603 
1993 90 31 6788 2379 1993 17 6788 1325 
1994 90 28 6972 2221 1994 90 15 6972 1173 
1995 90 26 7156 2073 1995 90 13 7156 1038 

7340 1932 1996 26.12 32o 7340 9181996 2612 687 
90 8111997 90 21 7524 1801 1997 9 7524 

1998 90 19 7708 1677 1998 90 8 7708 716 
90 7
 7893 6321999 90 17' 7893 1561 1999 

26oo 90 16 8076 1452 2000 93) 6 8076 557 
2001 90 14 826L 1350 2001 90 5 8261 491 

8445
90 43-34
3
3
 

2002 90 13 8445 1255 2002 
90 8629 381 

8813 336 
2003 90 12 8629 1166 2003 

902004 90 11 8813 1082 2004 
2005 90 10 8997 1004 2005 90 2 8997 295 

30585 46822 27907 27879 

BENEFIT COST RATIO = 1.53 BENEFIT COST RATIO = 1.00
 
NET PRESENT VALUE = 16237
 NET PRESENT VALUE = -2d 

INTERNAL RATE U(- kETURN = 16.0 PER CENT 

LA
 
V 



ZARQA-IRBIU FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST 125, PERCENT OF BENEFITS = 75 

---------- PRESENT VALUE CALCULATION---------- ------ INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11160 0 0 1983 12500 10776 0 0 

1984 6952 5542 0 0 1984 6952 5167 0 0 

1985 0 U 5315 3783 1985 0 0 5315 3406 
1986 90 57 5499 t 3494 1986 90 49 5499 3038 
1987 90 51 5683 3224 1987 90 42 5683 2707 
1988 90 45 5867 2972 1988 9U 36 5867 2409 
1989 90 40 6051 2737 1989. 90 31 6051 2142 
1990 90 36 6235 2518 1990 90 27 6235 1903 
1991 90 32 6420 2315 1991 90 23 6420 1689 
1992 5918 1905 6603 2126 1992 5918 1342 6603 1498 
1993 90 25 6788 1951 1993 90 17 6788 1327 
1994 90 23 6972 1789 1994 90 15 6972 1175 
1995 90 20 7156 1640 1995 90 13 7 t56 1040 
1996 2612 534 7340 1501 1996 2612 327 7340 920 
1997 90 16 7524 1374 1997 90 9 7524 813 
1998 90 14 7708 1257 .1998 90 8 7708 718 
1999 90 13 7893 1149 1999 90 7 7893 633 

2000 90 11 8076 105u 2000 90 6 8076 559 
2001 90 10 8261 959 2001 90 5 8261 493 

2002 90 9 8445 875 2002 90 4 8445 434 

2003 90 8 8629 798 2JO3 90 3 8629 382 
2004 90 7 8813 728 2004 90 3 8813 337 
Zu05 90 63 8997 663 2005 90 2 8997 296 

29564 38903 27912 27919 

BENEFIT COST RATIO = 1.32 BENEFIT CUST RATIO = 1.00 
NET PRESENT VALUL = 9339 NET PRESENT VALUE = 7 

INTERNAL RATE uF RETURN = 16.0 PER CENT 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

---------- PRESENT VALUE CALCULATION----------- ------- INTERNAL RATE OF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR GuSTS VALUE BENEFITS VALUE
 

1982. L0000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11574 0 0 1983 12500 10348 0 0 

1984 6952 5960 0 0 1984 0952 4765 0 0 

1985 0 0 7087 5625 1985 0 0 7087 4021 
1986 90 66 7332 5389 1986 90 42 73.32 3444 
1987 90 61 7578 5157 1987 §0 35 7578 2947 

1988 .90 56 7823 4929 1988 90 28 7823 2519 
1989 90 52 8069 4708 1989 90 23 6069 2151 
1990 90 48 8314 4491 1990 90 19 8314 1835 
1991 90 45 8560 4282 1991 90 16 8560 1564 
1992 5918 2741 8805 4078 1992 5916 895 8805 1332 
1993 90 .38 9051 3881 1993 11 9051 1133 

1994 90 35 9296 3691 1994 9 9296 964 
90L995 90 33 9542 3508 1995 7 9542 819 

2612
1996 2612 889 9787 3332 1996 185 9787 695 
901997 90 28 10033 3162 1997 5 10033 590 
901998 90 26 10278 3000 1998 4 10278 500 
90 31999 90 24 10524 2844 1999 10524 424 
902000 90 22 10769 2694 2000 -3 10769 359 

2001 90 20 11015 2552 2001 90 2 11015 304 
90
2002 90 19 11260 2415 2002 2 11260 257 
90
2003 90 17 11506 2285 2003 1 11506 218 
90
2004 90 16 11751 2161 2004 1 11751 184 
90
2005 90 15 11997 2043 2005 11997 155 

31785 76227 26405 26415 

BENEFIT COST RATIO = 2.40 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 44442 NET PRESENT VALUE 10 

INTERNAL RATE uAP kETURN = 20.8 PER CENT 

ON 

1'
 



ZARQA-IRbID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

---------- PRESENT VALUE CALCULATION------------- ------- INTERNAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1988 10000 10000 0 0 1982 10000 10000 0 0 

1983 12500 11363 0 0 1983 12500 10346 0 0 
1984 6952 5745 0 0 1984 6952 -4763 0 0 
1985 0 0 7087 5324 1985 0 0 7087 4019 
1986 90 61 7332 5007 1986 90 42 7332 3441 
1987 90 55 7578 4705 1987	 90 34 7578 2944 

90 28 7823 25151988 90 50 7823 4415 198b 
1989 90 'to 8069 4140 1989 90 23 8069 2147 
1990 90 41 8314 3876 1990 90 19 8314 1831 
1991 90 38 8560 3630 1991 90 16 8560 1561 
1992 5918 2281 8805 3394 1992 5918 893 8805 1329 
1993 90 31 9051 3172 1993 90 11 9051 1130 
1994 90 28 9296 2962 1994 90 9 9296	 961 

8161995 90 26 9542 2764 1995 90 7 9542 
1996 2b12 687 9787 2577 199b 2612 185 9787 693 
1997 90 21 10033 2401 1997 90 5 10033 588 
1998 90 19 10278 2236 1998 90 4 10278 498 

90 3 10524 4221999 90 17 10524 2082 1999 
2000 90 16 10769 1936 2000 90 2 10769 358 

2001 90 14 11015 1801 2001 90 2 11015 303 
2002 90 13 11260 1673 2002 90 2 11260 256 
2003 90 12 11506 1554 2003 90 1 11506 217 

11751 1832004 90 11 11751 1443 2004 90 
11997 1552005 90 10 11997 1339 2005 90 

26397 263b730585	 62433 

BENEFIT COST RATIO 2.04 BENEFIT CUST RATIO = 1.00 

NET PRESENT VALUE = 31848 NET PRESENT VALUE = -30 
INTERNAL RATE OF RETURN = 20.8 PER CENT 

Ln
 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING CUSTS/BEREFITS ONLY) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION--------- -PRESENT VALUE GALCULATION--------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 29 

* PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

10000 10000 0 0 

1983 12500 11160 0 0 1983 12500 10351 0 0 
1984 6952 5542 0 0 

1982. 10000 10000 0 0 1982 

1984 6952 4767 0 0 

1985 0 0 7087 5044 1985 0 0 7087 4024 
42 7332_ 34481986 90 57 7332 4659 1986 90 

90 35 7578 29511987 90 51 7578 4299 1981 

1988 90 45 7823 3963 1988 90 29 7823 2523 
8069 21551989 90 40 8069 3650 1989 90 24 

3357 1990 90 19 8314 18381990 90 36 8314 
1991 90 32 8560 3086 1991 90 16 8560 1567 

897 8805 13351992 5918 1905 8805 2834 1992 5918 
1993 90 25 9051 2601 1993 90 11 9051 1136 

1994 90 23 9296 2386 1994 90 9 9296 967 
7 9542 8211995 90 20 9542 2186 1995 90 

1996 2612 534 9787 2002 1996 2612 186 9787 698 
1997 90 5 10033 5921997 90 16 10033 1833 

4 1u278 5021998 90 14 10278 1676 1998 90 
90 3 10524 42o1999 90 13 10524 1532 1999 

2000 90 3 10769 3612000 90 11 10769 140'
 
2001 90 10 11015 1278 2uol 90 2
 11015 306 

90 2 11260 2592002 90 9 11260 1167 2002 
1064 2003 90 1 11506 2192003 90 8 11506 

2004 90 7 11751 971 20 Ot 90 1 11751 185 

2005 90 6 11997 885 2005 90 1 11997 156 
26415 2646929564 51873 

BENEFIT COST RATIO = 1.75 BENEFIT COST RATIO 1.00
 
NET PRESENT VALUE = 22309
 NET PRESENT VALUE = 54 

INTERNAL RATE OF RETURN = 20.8 PER CENT 

(IN
 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

------------ PRESENT VALUE CALCULATION----------- ------ INTENAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRES ENT PRESENT PRESENT PRESENT 
YEAR COSTS VAL UE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982, 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9259 0 0 1983 10000 8355 0 0 
1984 5562 4768 0 0 1984 5562 3882 0 0 
1985 0 0 5315 4219 1985 0 0 5315 3100 
1986 72 52 5499 4041 1986 72 35 5499 2679 
1987 7-2 49 5683 3868 1987 72 29 5683 2314 
1988 72 45 5867 3697 1988 72 24 5867 1995 
1989 72 42 6051 3531 1989 72 20 6051 1720 
1990 72 38 6235 3368 1990 72 17 6235 1480 
1991 '72 36 6420 3211 1991 72 14 6420 1273 
1992 4735 2193 6603 3058 1992 4735 784 6603 1094 
1993 72 30 6788 2911 1993 72 9 6788 940 
1994 72 28 6972 2768 1994 72 8 6972 806 
1995 72 26 7156 2631 1995 72 6 7156 691 
1996 2090 711 7340 2499 1996 2090 168 7340 592 
1997 72 22 7524 2372 1997 72 4 7524 507 
1998 72 21 7708 2250 1998 72 4 7708 434 
1999 72 19 7893 2133 1999 72 3 7893 371 

2000 72 18 8076 2021 2000 72 2 8076 317 
2001 72 16 8261 1914 2001 72 2 8261 271 
2002 72 15 8445 1811 2002 72 1 8445 232 
2003 72 14 8629 1714 2003 72 8629 198 
2004 72 13 8813 1621 2004 72 1 8813 169 
2005 72 12 8997 1532 2005 72 8997 144 

25427 57170 21370 21127 

BENEFIT COST RATIO = 2.25 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = - 31743 NET PRESENT VALUE = -43 

INTERNAL RATE OF RETURN = 19.7 PER LENT 



ZARQA-IRtIO FEASI11LITY ALT C-2 (UPERATING COSTS/BENEFITS ONLY) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

-------- PRESENT VALUE CALCULATION------------ ------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982, 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 10000 8358 0 0 
1)84 5562 4596 0 0 1984 5562 3885 0 0 
1985 0 0 5315 3993 1985 0 0 5315 3103 
1986 72 49 5499 3755 1986 72 35 5499 2684 
1987 72 44 5683 3529 1987 72 29 5683 2318 
1988 72 40 5867 3311 1988 72 24 5867 2000 
1989 72 36 6051 3105 1989 72 20 6051 1724 
1990 72 33 6235 2908 1990 72 17 6235 1485 
1991 72 30 6420 2722 1991 72 14 6420 1278 
1992 4735 1825 6603 2546 1992 4735 788 6603 1099 
1993 72 25 6788 2379 1993 72 10 6788 944 
1994 72 22 6972 2221 1994 72 8 6972 810 
1995 72 20 7156 2073 1995 72 6 7156 695 
1996 2090 550 7340 1932 1996 2090 169 7340 596 
1997 72 17 7524 1801 1997 72 4 7524 510 
1998 72 15 7708 1677 1998 72 4 7708 437 
1999 72 14 7893 1561 1999 72 3 7893 374 
2000 72 12 8076 [452 2000 72 2 8076 320 
2001 72 11 8261 1350 2001 72 2 8261 273 
2002 72 10 8445 1255 20)02 72 1 8445 233 
2003 72 9 8629 1166 2003 72 1 8629 199 
2004 72 8 8813 1082 2004 72 1 8813 -170 
2005 72 8 8997 1004 2005 72 1 8997 145 

24464 46822 21382 

BENEFIT COST RATIO = 1.00
 
NET PRESENT VALUE = 22358
 
BENEFIT COST RATIO = 1.91 

NET PRESENT VALUE - 15 
INTERNAL RATE OF RETURN-= 19.6 PER CENT 

U>
 



ZARQA-IRBID FEASIBILITY ALT C-2 (OPERATING COSTS/BENEFITS ONLY)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 
----------- PRESENT VALUE CALCULATION-------------

PRESENT
PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 

1983 10000 8928 0 0 1983 10000 8358 0 0 
01984 5562 4433 0 0 1984 5562 3885 0 

1985 0 0 5315 31031985 0 0 5315 3783 
1986 72 45 5499 3494 1986 72 35 5499 2683 

1987 72 40 5683 3224 1987 72 29 5683 2318 

1988 72 36 5867 2972 1988 72 24 5867 2000 

1989 72 32 6051 2737 1989 72 20 6051 1724 

1990 72 29 6235 2518 1990 72 17 6235 1485 

1991 72 25 6420. 2315 1991 72 14 6420 1278 
787 6603 10981992 4735 1524 6603 2126 1992 4735 

1993 72 20 6788 1951 1993 72 10 6788 944 

1994 72 18 6972 1789 1994 72 8 6972 810 

1995 72 16 7156 1640 1995 72 6 7156 695 
169 7340 59619 9b 2090 427 7340 1501 1996 2090 

4 7524 5101997 72 13 7524 1374 1997 72 
4 7708 4371998 72 11 7708 1257 1998 72 

72 3 7893 3741999 72 10 7893 1149 1999 
2000 72 9 8076 105'0 2000 7T 2 8076 320 

72 8 8261 959 2001 72 2 8261 2732001 
8445 2332002 72 7 8445 675 2002 72 

2003 72 6 8629 798 2003 72 8629 199 

2004 72 5 8813 728 2004 72 1 8813 170 
2005 72 5 8997 663 2005 72 1 8997 145 

21381 2139523647 38903 

BENEFIT COST RATIO = 1.00
 
NET PRESENT VALUE = 15256
 
BENEFIT COST RATIO = 1.65 

NET PRESENT VALUE = 14 
INTERNAL RATE OF RETURN = 19.6 PER CFNT 



ZARQA-IR61U FEASIBILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION--------------- PRESENT VALUE CALCULATION-------------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER UF YEARS = 24 

* PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUF YEAR COSTS VALUE BENEFITS VALUE 

1982. 
1983 
1984 
1985 
1980 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
199e 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

8000 
10000 

5420 
0 

74 
74 
74 
74 
74 
74 
74 
74 
74 
74 

2090 
74 
74 
74 
74 
74 
74 
74 
74 
74 

8000 
9259 
4646 

0 
54 
50 
46 
43 
39 
37 
34 
31 
29 
27 

711 
23 
21 
20 
18 
17 
15 
14 
13 
12 

23159 

0 
0 
0 

6745 
6981 
7217 
7453 
7689 
7925 
8160 
8396 
8632 
8868 
9104 
9340 
9576 
9812 

10048 
10284 
10520 
10756 
10992 
11228 
11464 

0 
0 
0 

5354 
5131 
4911 
4696 
4486 
4281 
4082 
3888 
3702 
3521 
3347 
3179 
3018 
2864 
2715 
z573 
2437 
2307 
2183 
2065 
1952 

72692 

1)82 
1383 
1984 
1985 
1986 
1987 
1988 
19b9 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1)97 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

8000 
10000 

5420 
0 

74 
74 
74 
74 
74 
74 
74 
74 
74 
74 

2090 
74 
74 
74 
74 
74 
74 
74 
74 
74 

8000 
8018 
3484 

0 
30 
24 
19 
15 
12 
10 
8 
6 
5 
4 

94 
2 
2 
1 
1 
1 
0 
0 
0 
0 

19736 

0 
0 

o745 
6981 
7217 
7453 
7689 
7925 
8160 
8396 
8632 
8868 
9104 
9340 
9576 
9812 

1J048 
10284 
10520 
10756 
10992 
11228 
11464 

0 
0 
0 

3477 
2886 
z392 
1981 
1638 
1354 
1118 

922 
760 
626 
515 
424 
348 
286 
235 
193 
158 
129 
L06 

87 
71 

19706 

BENEFIT COST RATIO 
NET PRESENT VALUE 

= 
= 

3.14 
49533 

BENEFIT COST RATIO 
NET PRESENT VALUE 

= 
= 

1.00 
-30 

INTERNAL RATE OF RETURN = 24.7 PER CENT 

o~9
 



ZARQA-IRBID FEASIBILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

- - -PRESENT VALUE CALCULATION------------ ------- INTERNAL RATE OF RETURN CALCULATION------

NUMBER UF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24
 

PRESENT PRESENT PRESENT PRESENT 
YEAR CUSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1984 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 10000 8020 0 0 
1984 5420 4479 0 0 £984 5420 3486 0 0 
1985 0 0 6745 5067 1985 0 0 6745 3479 
1986 74 50 6981 4768 1986 74 30 6981 2888 
1987 74 45 7217 4481 19b7 74 24 7217 2394 
1988 74 41 7453 4207 1988 74 19 7453 1983 
1989 74 37 7689 3945 1989 74 15 7689 1641 
1990 74 34 7925 3697 1990 74 12 7925 1356 
1991 74 31 8160 3460 1991 74 10 8160 1120 
1992 74 28 8396 3237 / 1992 74 a 8396 924 
1993 74 25 8632 3025 1993 74 6 8632 762 
1994 74 23 8868 2825 1994 74 5 8868 628 
1995 74 21 9104 2637 1995 74 4 9104 517 
1996 2090 550 9340 2459 1996 2090 95 9340 425 
1997 74 17 9576 2292 1997 74 2 9576 349 
1998 74 16 9812 2135 1998 74 2 9812 287 
1999 74 14 10048 1987 1999 74 1 10048 23o 
2000 74 13 10284 1849 2000 74 1 10284 193 
2001 74 12 10520 1720 2001 74 1 10520 159 
2002 74 10 10756 1598 2002 74 0 10756 130 
2003 74 9 10992 1485 2003 74 0 10992 106 
2004 74 9 11228 1379 2004 74 0 11228 87 
2005 74 8 11464 1280 2005 74 0 11464 71 

22562 59533 19741 19735 

BENEFIT COST RATIU = 2.64 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 36971 NET PRESENT VALUE = 

INTERNAL RATE JF RETURN = 24.7 PER CENT 

9-

LP). 



ZARQA-IRB1O FEASIdILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

------ PRESENT VALUE CALCULATION---------- ------- INTERNAL RATE UF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENTPRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 $928 0 0 1983 10000 8017 0 0 

1984 5420 4320 0 0 1984 5420 3484 0 0 

1985 0 0 6745 4800 1985 0 0 6745 3476 

1986 74 47 6981 4436 1986 74 30 6981 2884 

1987 74 41 7217 4095, 1987 74 24 7217 Z391 

1988 74 37 7453 3775 1988 74 19 7453 1979 

1989 74 33 7689 3478 1989 74 15 7689 1637 
1990 74 29 7925 3200 1990 74 12 7925 1353 
1991 74 26 8160 2942 1991 74 10 8160 1117 

1992 74 23 8396 2703 1992 74 8 8396 921 
1993 74 21 8632 2481 1993 74 6 8632 759 

1994 74 18 8868 2276 1994 74 5 8868 625 

1995 74 16 9104 2086 1995 74 4 9104 515 
1996 2090 427 9340 1911 1996 2090 94 9340 423 

1997 74 13 9576 1749 1997 74 2 9576 348 
9812
1998 74 9812 1600 1998 74 2 286 

1999 74 10 10048 1463 1999 74 1 10048 234 

2000 74 9 10284 1337 2000 74 1 10284 192 

2001 74 8 10520 1221 2001 74 1 10520 158 

2002 74 7 10756 1115 2)02 74 0 10756 129 

2003 74 6 10992 1017 2)03 74 U 10992 106 
2004 74 0, 11228 862004 74 6 11228 927 

2005 74 5 11464 845 2005 74 0 11464 71 
22042 49457 19735 19690 

BENEFIT COST RATIO = 2.24 BENEFIT CDST RATIO = 1.00 
NET PRESENT VALUE = 27415 NET PRESENT VALUE = -45 

INTERNAL RATE OF RETURN = 24.7 PER CENT 

C 



ZARQA-IRBID FEAS1dILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 125, PERCENT LiF BENEFITS = 75 

-- -- PRESENT VALUE LALCULATION------------- ------ INTERNAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VAL LIb BENEFITS VALUE 

1982'- 10000 10000 0 0 1982 10000 10000 0 0 

1983 1200 11574 0 0 1983 12500 10769 0 0 

1984 6775 5808 0 0 1984 6775 5029 0 0 

1985 0 0 5058 4015 1985 0 0) 5058 3235 
1986 92 67 5235 3848 1986 92 50 5235 2885 
1987 92 62 5412 3683 1987 92 43 5412 2569 
1988 92 58 5589 3522 1988 92 37 5589 2286 
1989 92 53 5766 3364 1989 92 32 5766 2032 
1990 92 49 5943 3211 1990 92 28 5943 1804 
1991 92 46 6120 3061 1991 92 24 6120 1601 
1992 92 42 6297 2916 1992 92 20 6297 1419 

1993 92 39 t0474 2776 1993 92 17 6474 1257 
1994 92 36 6651 2641 1994 92 t5 6651 1113 
1995 92 34 6828 2510 1995 92 13 6828 984 
1996 2612 889 7005 2384 1996 2612 324 7005 870 

1997 92 29 7182 2264 1997 92 9 7182 768 
1998 92 27 7359 2148 1998 92 8 7359 678 
1999 92 25 7536 2036 1999 92 7 7536 598 
2000 92 23 7713 1930 2000 92 6 7713 528 
2001 92 21 7890 1828 2001 92 5 7890 465 
2002 92 19 8067 1730 2002 92 4 8067 409 

92 4 8244 .3002003 92 18 8244 1637 2003 
2004 92 17 8421 1548 2004 92 3 8421 317 
2005 92 15 8598 1464 2005 92 3 8598 279 

2645728951 54516 2b450 

BENEFIT COST RATIO = 1.88 BENEFIT CUST RATIO = 1.00 
NET PRESENT VALUE = 25565 NET PRESENT. VALUE - 7 

INTERNAL RATE OF RETURN 16.1 PER CENT 

xC
 



ZARUA-IRBID FEASIBILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75
 

------ INTERAL RATE OF RETURN CALCULATION--------------- PRESENT VALUE CALCULATION-----------

NUMBER OF YEARS = 24. INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 2t
 

'PRESENTPRESENT PRESENT I I PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR CdSTS VALUE BENEFITS VALUE 

-0'
1982 10000 10000	 01982. 10000 10000	 0 *0 
0 01983 12500 11363 0 0 1983 12500 10773
 

1984 6775 5599 0
'0 1984 6775 5032 0 0 

1985 0 0 5058 3300 1985 0 0 5058 3238 

1986 92 63 5235 3576 1986 92 51 5235 2888 

1987 92 57 5412 3360 1987 92 43 541.2 2574 

3155 1988 92 37 5589 22911988	 92 52 5589 
92 47 5766 2959 1989 92 32 5766 2037 

1.990 9? 43 5943 2772 1990 94 28 5943 1809 

1991 92 39 6120 2595 1991 92 24 6120 1605 
92 20 6297 14241992 92 35 6297	 2427 1992 

2269 1993 92 La 6474 12611993	 92 32 6474 
i5 6651 11171994 92 29 6651 2119 1994 92
 

1995 92 26 6828 1977
 1995 92 13 6828 988 

1996 2612 687 7005 1844 1996 2612 326 7005 874 
92 9 7182 7721997	 92 22 7182 1719 1997 

.81998	 92 7359 6821998	 92 20 7359 1601 
7 7536 6021999 92 .8 7536 1490 1999 92 

2000 92 lb 7713 1397 2000 92 6 7713 531 

2001 92 15 7890 1290 ,2001 92 5 7890 468 
92 4 8067 '4122(02	 92 L3 8067 1199 2002 

83244 '3632003 12 8244	 1114 2003 92 4 

92	 1034 2004 92 3 8421 3192004	 11 8421
92 92 3 8598 2812005	 10 B598 960 2005 

26461	 2653628209	 44647 

tIENEFIT COSf 	 RATIO = 1.00BENEFIT COST 	RATIO *= 1.58 
NET PRESENT VALUE 75'NET PRESENT VALUE = 1o438 
INTERNAL RATE OF RETURN = 15.0 PER CENT 

C
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ZARQA-IRB[1 FEASIBILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

------ PRESENT VALUE CALCULATIUN----------- ------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 14 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR CuSTS VALUE BENEFITS VALUE 

1982. 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11160 0 0 1983 12500 10771 0 0 
1984 6775 5400 0 0 1984 6775 5030 0 0 
1985 90 0 5058 3600 1985 0 0 5058 323& 
1986 92 58 5235 3327 *1986 92 50 5235 2886 
1987 92 52 5412 3071 1987 92 43 5412 2571 
1988 92 46 5589 2831 1988 91 37 5589 2288 
1989 92 41 5766 2608 1989 92 32 5766 2034 
1990 92 37 5943 2400 1990 92 5943 1806 
1991 92 33 6120 2206 1991 92 24 6120 1602 
1992 92 29 6297 2027 1992 92 20 6297 1421 
1993 92 26 6474 1861 1993 92 17 6474 1258 
1994 92 23 6651 1707 1994 92 15 6651 1114 
1995 92 21 6828 1564 1995 92 13 6828 985 
1996 2612 534 7005 1433 1996 2612 325 7005 871 
1997 92 L6 7182 1312 1997 92 9 7182 769 
1998 92 15 7359 1200 1198 92 8 7359 679, 
1999 92 13 7536 1097 1999 92 7 7536 599 
2000 92 12 7713. 1003 2000 92 6 7713 529 
2001 92 10" 7890 916 2001 92 7890 466 
2002 92 9 8067 836 2002 92 
2003 92 8 8244 763 2303 92 

4
4 

8067 410 
8244 361 

2004 92 7 8421 695 2004 92 3 8421 318 
2U05 92 6 8598 634 2005 92 3 8598 280 

27556 37091 26454 26483 

BENEFIT COST RATLO = 1.35 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 9535 NET PRESENT VALUE = 29 

INTERNAL RATE OF RETURN = 16.1 PER CENT 

02~
 



ZAKQA-IRBID3 FEAbIBILITY ALT C-1 (CONNECTOR BENEFITS REOUCED 50 PERCENT) 

PERCENT UF COST = 125, PERCENT OF BENEFITS = 100 

----- -PRLSENT VALUE CALCULATION------------ ------- INTERNAL RATL OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 10000 10000 0 0 L982 10060 10000 0 .0 
1983 12500 11574 0 0 1983 12500 10365 0 0 
1984 6775 5808 0 0 1984 b775 4(59 0 0 
1985 0 0 5745 5354 1985 0 0 '5745 384b 
1986 92 67 6981 5131 1986 92 43 6981 3301 
1987 92 62 7217 4911 1987 92 36 7217 2830 
1988 92 58 7453 4696 1988 92 30 7453 2423 
1989 92 53 7689 4486 1989 92 24 7-689 2073 
1990 92 49 7925 4281 1990 92 20 7925 1772 
1991 92 46 81O 4082 1991 92 17 8160 1513 
1992 92 42 8396 3888 1992 92 14 8396 1291 
1993 92 39 8632 3702 1993 92 11 8632 1101 
1994 92 36 8868 3521 1994 92 9 8868 938 
-995 92 34 9104 3347 1995 92 a3 9104 798 
1996 2612 889 9340 3179 1996 26L2 190 9340 679 
1997 92 29 9576 3018 1997 92 5 9576 '577 
1998 92 27 9812 2864 1998 92 4 9812 490 
1999 92 25 10048 2715 1999 92 3 10048 41( 
2000 92 23 10284 2573 2000 92 3 10284 -353 
2001 92 21 10520 2437 2001 92 2 10520 300 
2002 92 19 10756 2307 2002 92 2 10756 254 
2003 92 18 10992 2183 2003 92 10992 215 
2004 92 17 11228 2065 2004 92 1 11228 182 
2005 92 15 11464 1952 2005 92 1 11464 154 

28951 72692 25448 25506 

BENEFIT COTT RATIO = 2.51 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 43741 NET PRESENT VALUE = 58 

INTERNAL RkTE OF RETURN = 2u.6 PER CENT 

C



ZARQA-IRBID FEASIBILITY ALT C-L (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF CUST = 125, PERCENT OF BENEFITS = 100 

- ----- INTERNAL RATE OF RETURN CALCULTION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

------- PRESENT VALUE CALCULATION---. 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR' COSTS VALUE BENEFITS VALUE 

1982, 10000	 10000 0 0 1982 10000 1000 0 0 
0 .01983 12500 11363 0 0 1983 12500 10364 

1984 6775 5599 0 0 1984 6175 4657 0 0 

1985 0 0 6745 5067 1985 0	 0 6745 3844 
6981 32991986 92 63 6981 4768 1986	 92 43 

92 36 7217 28281987 92 57	 7217 4481 1987 
7453 24211988 92 52 7453 4207 1988	 92 30 

24 7689 20711989 92 47 7689 3945 1989	 92 
20 7925 17701990 92 43 7925 3697 1990 92 

1991 92 39 8160 34b0 1991 92 17 8160 1511 
8396 12891992 92 35 8396 3237 1992	 92 14 

10991993 92 32 8632 3025 1993	 92 11 8632 
92 9 8868 9361994 92 29	 8868 2825 1994 

9104 7971995 92 26	 9104 2637 1995 92 8 

9340 2459 1996 2o12 189 9340 6781996 2612 687 
9576 5761991 92 22 9576 2292 1997 92	 5 

4 9812 4891998 92 20 9812 2135 1998	 92 
92 3	 10048 4151999 92 18 10048 1987 1999 

3 10284 3522600 92 16 10284 18q9 2000	 92 
92	 10520 2992001 92 15 10520 1720 2001 

10756 253io6z 92 13 10756 1596 2002 92 2 

2003 92 12 10992 1485 200.3 92 1 10992 215 

2004 92 11 11228 1379 2004 92 1	 11228 182 
11464 1542005 92 10 11464 1280 2005 92 1 

28209 59)33 25444 25478 

= 2.11	 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 34 

BENEFIT COST RATIO 

NET PRESENT VALUE = 31324 

INTERNAL RATE OF RETURN = 20.6 PER CENT 

K
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ZARQA-IRBIO FEASIBILITY ALT C-1 (CONNECTOR BENEFITS REDUCEU 50 PERCENT)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------ INTERNAL RATE OF RETURN LALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 
----------- PRESENT VALUE GALCULATIUN-----------

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE
 

1982. 1000Q 10000 0 0 1982 L0000 10000 0 0 

1983 12500 11160 0 0 1983 12500 10361. 0 b 
1984 6775 5400 0 0 1984 t773 4655 0 0 
1985 0 0 6745 4800 1)85 0 0 6745 3841 

1986 92 58 6981 4436 1986 92 43 6981 3296 
1987 92 52 7217 4095 1967 92 36 7,)17 2824 

1988 92 46 7453 3775 1988 92 30 7453 2417 

1?89 92 41 7689 3478 1989 92 24 7689 2067 

1990. 92 37 7925 3200 1990 92 20 7925 1766 
1991 92 33 8160 2942 1991 92 £7 8160 1507 

1992 92 29 8396 2703 1992 92 14 8396 1286 
10961993 92 26 8632 2481 1993 92 11 8632 

1994 92 23 8868 2276 1994 92 9 8868 933 
8 9104 7941995 92 21 9104 2086 1995 92 

1996 2612 534 9340 1911 1996 2612 188 9340 o75 
5 9576 5741997 92 16 9576 1749 1997 92 

1998 92 15 9812 1600 1998 92 4 9812 487 
10048 4131999 92 13 10048 1463 1999 92 3 

1337 2000 92 3 10284 3512000 92 12 10284 
2001 92 10 10520 1221 2001 92 2 10520 297 

2002 92 9 10756 1115 2002 92 2 10756 252 
2003 92 a 10992 2003 92 10992 213.1017 
2004 92 7 11228 927 200ft 92 11228 181 

2005 92 6 11464 845 2005 92 11464 153 

27556 49457 25438 25423 

BENEFIT COST RATIO = .1.79 BENEFIT COST RATIO = 1.00 

NET PRESENT VALUE = 21901 NET PRESENT VALUE = -15 
INTERNAL RATE OF RETURN = 20.6 PER CENT 

V 



ZARQA-rRBID FEAsIBLITY ALT C-1 (CJNNECTOR BENEFITS REOUCEO 50 PERCENT)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

----- INTERNAL PATE OF RETURN 
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 
--------- PRESENT VALUE CALCULATION------------ CALCULATION-------

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

198Z 8000 8U00 0 0 198Z 8000 8000 0 0 
1983 10000 9259 0 0 1983 10000 8365 0 0 
1984 5420 4646 0 0 1984 5420 3793 0 0 
1985 0 0 5058 4015 1985 0 0 5058 2962 
1986 74 54 5235 3848 1986 74 36 5235 2564 
1987 74 50 5412 3683 1987 74 30 5412 2218 
1988 74 46 5589 3522 1988 74 25 5589 1916 

1989 74 43 5766 3364 1989 74 21 5766 1654 
1990 74 39 5943 3211 1990 74 17 5943 1426 
1991 74 37 6120 3061 1991 74 14 6120 1228 
1992 74 34 6297 2916 1992 74 12 6297 1057 
1493 74 31 6474 2776 £993 74 10 6474 909 
1994 74 29 6651 2641 1994 74 8 6651 781 

1995 74 27 6828 2510 1995 74 7 6828 671 
1996 2090 711 7005 2384 1996 2090 171 7005 576 
1997 74 23 7182 2264 1997 74 5 7182 494 

1998 74 21 7359 2148 1998 74 4 7359 423 

1999 74 20 7536 2036 1999 74 3 7536 363 
3102000 74 18 7713 1930 2000 74 2 7713 

2001 74 17 7890 1828 2001 74 2 7890 2b6 

2002 74 15 8067 1730 2002 74 2 8067 227 
2003 74 14 8244 1637 2003 74 1 5244 194 

2004 74 13 8421 1548 2004 74 1 8421 166 

2005 74 12 8598 1464 2005 74 1 8598 141 

23159 54516 20530 20546 

BENEFIT COST RATIO = 2.35 BENEFIT COST RATIO - 1.00 
NET PRESENT VALUE = 31357 NET PRESENT VALUE = 16 

INTERNAL RATE OF RETURN = 19.5 PER CENT 

~~5.
 



ZARQA-IRBIU FEASIBILITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

-- -- PRESENT VALUE CALCULATION------------- ------INTERNAL RATE UF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 10000 8362 0 0 
1984 5420 4479 0 0 1984 5420 3789 0 0 

29571985 0 0 5058 3800 1985 0 0 5058 
1986 74 50 5235 3576 1986 74 36 5235 255,9 

1987 74 45 5412 3360 1987 74 30 5412 2212 

1988 74 41 5589 3155 1988 74 25 5589 1910 

1989 74 37 5766 2959 1989 74 21 5766 1648 
17 5943 14201990 74 34 5943 2772 1990 74 

1991 74 31 6110 2595 1991 74 14 6120 1223 
10521992 74 28 6297 2427 1992 74 12 6297 

1993 74 25 6474 22t9 1993 74 10 6474 904 

1994 74 23 6651 2119 1994 74 8 6651 777 
6828 6671995 74 21 6828 1977 1995 74 7 

1996 2090 550 7005 1844 1996 2090 170 7005 572 

1997 74 17 7182 1719 1997 74 5 7182 490 

1998 74 16 7359 1601 1998 74 4 7359 420 

1999 74 14 7536 1490 1999 74 3 7536 360 

2000 74 13 7713 138'7 2000 74 2 7713 308 
26312 7890 1290 2001 74 2 78902001 74 

2 8067 2252002 74 10 8067 1199 2002 74 

2003 
2004 
2005 

74 
74 
74 

9 
9 
8 

22562 

8244 
8421 
8598 

1114 
1034 
960 

44647 

2003 
2004 
2005 

74 
74 
74 

L 
1 
1 

20522 

8244 
8421 
8598 

£92 
1o4 
140 

20463 

BENEFIT COST RATIO 
NET PRESENT VALUE 

= 
= 

1.98 
22085 

BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = -59 
INTERNAL RATE OF RETURN = 19.6 PER CENT 

C<3 



ZARQA-IRBID FEASIBIL ITY ALT C-1 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

----------- PRESENT VALUE CALCULATION------------ ------ INTERNAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

198. 8000 8000 0 0 1982 8000 8000 0 0 

1983 10000 8928 0 0 1983 10000 8361 0 0 
1984 5420 4320 0 0 1984 5420 3789 0 0 
1985 0 0 5058 3600 1985 0 0 5058 2957 
1986 74 47 5235 3327 1986 74 36 5235 2559 
1987 74 41 5412 3071 1987 74 30 5412 2212 
1988 74 37 5589 2831 1988 74 25 5589 1910 
1989 74 33 5766 2608 1989 74 21 576b 1648 
1990 74 29 5943 2400 1990 74 17 5943 1420 
1991 74 26 6120 2206 1991 74 14 6120 1222 
1992 74 23 6297 2027 1992 74 12 6297 1052 
1993 74 21 6474 1861 1993 74 10 6474 904 
1994 74 18 6651 1707 1994 74 8 6651 777 
1995 74 16 6828 1564 1995 74 7 6828 667 
1996 2090 427 7005 1433 1996 2090 170 7005 572 
1997 74 13 7182 1312 1997 74 5 7182 490 

1998 74 12 7359 1200 1996 74 4 7359 420 
7536 3591999 74 10 7536 1097 1999 74 3 

2000 74 9 7713 1003 2000 74 
2001 74 8 7890 916 2001 74 

2
2 

7713 307 
7890 263 

2002 
2003 
2004 
2005 

74 
74 
74 
74 

7 
6 
6 
5 

22042 

8067 
8244 
8421 
8598 

836 
763 
695 
634 

37091 

2002 
2003 
2004 
2005 

74 
74 
74 
74 

2 
1 
1 
1 

20521 

8067 
8244 
8421 
8598 

225 
192 
164 
1.40 

20460 

BENEFIT COST RATIO 
NET PRESENT VALUE 

= 
= 

1.68 
15049 

BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = -o1 
INTERNAL RATE OF RETURN = 19.6 PER CENT, 



ZARQA-IRBID FEASIBILITY ALT C-2 (CONNECTOR BENEFITS REUUCED 50 PERCENT) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

--- -INTERNAL RATE OF RETURN CALCULATION----- -PRESENT VALUE CALCULATION-----------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT
 
BENEFITS VALUE
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE 

198Z 8000 8000 0 U 1982 8000 8000 0 0 
1983 10000 9259 0 0 1983 10000 8079 0 0 

1984 5562 4768 0 0 1984 5562 3t30 0 0 
1985 0 0 6631 5263 1985 0 0 6631 3496 

1986 * 72 52 6863 5044 1986 72 30 6863 2924 
1987 72 49 7094 4828 1981 72 24 7094	 2441 

20371988 72 45 7325 4616 1968 72 20 7325 
1989 72 42 ,7557 4409 1989 72 16 7557 1697 

1990 72 38 7788 4207 1990 72 13 7788 1413 

1991 72 3b 8020 4012 1991 72 10 8020 1176 

1992 4735 2193 8251 3821 1992 4735 561 8251 977 
1993 72 30 8482 3637 1993 72 6 8482 812 

1994 72 28 8714 3460 1994 72 5 8714 673 

1995 72 26 8945 3289 1995 72 4 8945 558 
1996 2090 711 917o 3124 1996 2090 105 9176 463 

1997 72 22 9408 2965 1997 72 2 9408 383 
1998 72 2 9639 3171998 72 21 9639 2813 

1999 72 19 9871 2667 1999 72 9871 262 

2000 72 18 10102 2528 2000 72 10102 217 

2001 72 16 10333 2394 2001 72 1 10333 179 

2002 72 15 10bb5 2266 2002 72 10565 148 

2003 72 14 10796 2144 2003 72 0 10796 122 

2004 72 13 11028 2028 2004 72 0 11028 101 

2005 72 12 11259 1917 2005 72 0 11259 83 
20511	 2047925427	 71432 

BENEFIT COST RATIO = 2.81 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 46005 NET PRESENT VALUE = -32 

INTERNAL RATE UF RETURN = 23.8 PER LENT 

A::
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ZARQA-IRblD FEASIBILITY ALT C-2 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

RERCENT OF COST = 100, PERCENT OF BENEFITS 100 

-------- PRESENT VALUE CALCULATION----------- ----- INTERNAL RATE OF RETURN CALCULATION-----
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER UF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982. 8000 8000 0 0 1982 8000 8000 0 0 

1983 10000 9090 0 0 1983 10000 8083 0 0 
1984 5562 4596 0 0 1984 5562 3634 0 0 

1985 0 0 6631 4981 1985 0 0 6631 3502 
1986 72 49 6863 4687 1986 72 30 6863 2930 
1987 72 44 7094 4404 1987 72 24 '7094 2446 
1988 72 40 7325 4134 1988 72 20 7325 2043 

1989 72 36 7557 3877 1989 72 16 7557 1704, 
1990 72 33 7788 3633 1990 72 13 7788 1419 

1991 72 30 8020 3401 1991 72 10 8020 1181 
1992 4735 1825 8251 3181 1992 4735 563 8251 982 
1993 72 25 8482 2972 1993 72 6 8482 816 
1994 72 22 8714 2776 1994 72 5 $714 678 
1995 72 20 8945 2591 1995 72 4 8945 512 

1996 2090 550 9176 2416 1996 2090 lo 9176 466 
1997 72 17 9408 2252 1997 72 2 9408 386 
1998 72 15 9639 2097 1998 72 2 9639 320 
1999 72 14 9871 1952 1999 72 1 9871 265 
2000 72 12 10102 181'6 2000 72 1 10102 219 
2001 72 11 10333 1689 2001- 72 1 10333 181 
2002 72 10 10565 1570 2002 72 10565 149 

2003 72 9 10796 1458 2003 72 0 10796 123 
2004 72 8 11028 1354 2004 72 0 1i028 102 

2005 72 8 11259 1257 2005 72 0 11259 84 

24464 58498 20522 20560 

BENEFIT COST RATIO = 2.39 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 34034 NET PRESENT VALUE = 38 

INTERNAL RATE OF RETURN = 23.7 PER CENT 

4 



LARQA-IRBID FEASIBILITY ALT C-2 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

----------- PRESENT VALUE CALCULATION----------- -------- NTERNAL RATE OF kLTURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 8928 0 0 1983 10000 8079 0 0 
1984 5562 4433 0 0 1984 55o2 3631 0 0 
1985 0 0 6631 4719 1985 0 0 6631 3497 
1986 72 45 t863 4361 1986 72 30 6863 2925 
1987 72 40 7094 4025 1987 72 24 7094 2443 

7325 2038 
1989 72 32 7557 3418 1989 72 16 7557 1099 
1990 72 29 7788 3145 1990 72 13 7788 1414 

1991 72 25 8020 2892 1991 72 10 8020 1177 
1992 4735 1524 8251 2656 1992 4735 561t 

1988 72 36 7325 3711 1988 72 20 

8251 978 
1993 72 20 8482 2438 1993 72 84826 812 
1994 72 18 8714 2236 1994 72 5 8714 674 

1995 72 16 8945 2049 1995 72 8945 559 
1996 2090 427 9176 1877 1996 2090 105 9176 *463 

1997 72 13 9408 1718 1997 72 2 9408 384 
9639 3i81998 72 LI 9639 1572 1998 72 2 
9871 2631999 72 10 9871 1437 1999 72 1 

10102 2172000 72 9 10102 1313 2000 72 1 
2001 72 8 10333 1199 2001 72 10333 179 

2002 72 7 10565 1095 2002 72 10565 148 
2003 72 0 10796 1222003 72 6 10796 999 

2004 72 5 11028 911 2004 72 0 11028 101 
5 11259 830 2005 72 0 11259 832005 72 

23647 48601 20512 20494 

BENEFIT COST RATIO = 2.06 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 24954 NET PRESENT VALUE = -18 

INTERNAL RATE UF RETURN = 23-8 PER CENT 

V 



ZARwA-lRBID FEASIbILITY ALT C-2 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT Uf- COST = 125, PERCENT OF BENEFITS = 75 

- - PRESENT VALUE CALCULATION----------- ------- INTERNAL RATE uF RETURN CALCULATION-------
NUMBER OF YEARS =24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982' 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11574 0 0 1983 12500 10871 0 0 
1984 6952 5960 0 0 1984 6952 5258 0 0 
1985 0 0 4973 3947 1985 0 0 4973 3271 
1986 90 66 5147 3783 1986 90 51 5147 2944 
1987 90 61 5320 3621 1987 90 44 5320 2647 
1988 90 56 5493 3462 1988 90 38 5493 2377 
1<899 90 52 5667 3307 1989 90 33 5667 2132 
1990 90 48 5841 3155 1990 90 29 5841 1911 
1991 90 45 6015 3009 1991 90 25 6015 1711 
1992 5918 2741 6188 2866 1992 5918 1465 6188 1531 
1993 90 38 6361 2728 1993 90 19 6361 1369 
1994 90 35 6535 2595 1994 90 16 6535 1223 
1995 90 33 6708 2466 1995 90 14 o708 LO92 
1996 2612 889 6882 2343 1996 .2612 369 6882 974 
1997 90 28 7056 2224 1997 90 11 7056 868 
1998 90 26 7229 2110 1998 90 9 7229 774 
1999 90 24 7403 2000 1999 90 8 7403 689 
2000 90 22 7576 1896 2000 90 7 7576 613 
2001 90 20 7749 1795 2001 90 6 7749 545 
2002, 90 19 7923 1700 2002 90 5 7923 485 
2003 90 17 8097 1608 2003 90 4 8097 431 
2004 90 16 8271 1521 2004 90 4 8271 383 
2005 90 15 8444 1438 2d05 90 3 8444 340 

31785 53574 28289 28310 

BENEFIT COST RATIO = 1.69 BENEFIT COST RATIO = 1.00
 
NET PRESENT VALUE = 21789 NET PRESENT VALUE = 21
 

INTERNAL RATE OF RETURN = 15.0 PER CENT 

K?
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ZARQA-IRBIU FEASIBILITY ALT C-2 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 	 75 

------------ PRESENT VALUE CALCULATION----------- ----- INTERNAL RAT.E OF RETURN CALLULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 

1983 12500 11363 0 0 1983 12500 108o5 0 0 

1984 6952 5745 0 0 1984 6952 5253 0 0 

4973 3736 1985 0 0 4973 32661985 0 0 
1986 90 61 5147 3515 1986 90 51 5147 2938 

1987 90 55 5320 3303 1987 90 44 5320 2640 

1988 90 50 5493 3101 1988 90	 38 5493 2369 
33 5667 21241989 90 46 5667 2908 1989 90 

1990 90 41 5841 2724 1990 90 29 5841 1903 

1991 90 38 6015 2550 1991 90 25 6015 1703 

1992 5918- 2281 6188 2385 1992 5918 1457 6188 1523 

1993 90 31 6361 2229 1993 90 19 6361 1361 
2082 1994 90 16	 6535 12151994 90 28 6535 

90 14 6708 10841995 90 26 6708	 1943 1995 
1812 1996 2612 367 6882 9671996 2612 687 6882 

90 to 7056 8621997 90 21 7056	 1689 1997 
7229 7671998 90 19 7229	 1573 1998 90 9 

.6831999 90 8 74031999 90 17 7403	 1464 
90 7 7576 6072000 90 16 7576	 1362 2000 

2001 90 6 7749 5402001 90 14 7749	 1267 
5 7923 4802002 90 13 7923	 1177 2002 90 

90 4 8097 4262003 90 12 8097	 1094 2003 
90 4 8271 3782004 90 11 8271	 1016 2004 

3362005 90 3 84442005 90 10 8444	 '943 
2817230:85 43873	 28267 

BENEFIT COST RATIO = 1.00BENEFIT COST RATIO = 1.43 
NET PRESENT VALUE - -95NET PRESENT VALUE = 13288 
INTERNAL RATE OF RETURN = 15.0 PER LENT 

A
 



REDUCED 50 PERCENT) 

------- INTERNAL RATE UF RETURN CALCULATION-------
NUMBER OF YEARS = 24 

PRESENT PRESENT
 
* YEAR COSTS VALUE BENEFITS VALUE 

1)82 10000 10000 0 -0
 
1983.. 12500 10879 0 0
 
1984 0952 5266 0 0.
 
1985 0 0 4973 3278 
1)86 90 51 5147 2953
 
1987 90 44 5320 2657
 
1988 90 39 5493 2388
 
1989 90 34 5667 2144
 
1990 90 29 5841 1923
 
1991 90 2, 6015 1723
 
1992 5918 147b 6188
 1543
 
1993 90 6361
19 1381
 
1994 90 17 6535 1235
 
1995 90 6708
14 1103
 
1996 2612 373 6882 985
 
1997 90 11 7056
 879
 
1998 90 9 7229 783
 
1999 90 8 7403 698
 

6222000 90 7 7576
 
2001 90 u 7749 554
 

493
2302 90 5 7923 
2003 90 4 8097 438 

2004- 90 4 8271 389
 
2005 90 8444
3 346 

28323 z8515 

BENEFIT COST RATIO = 1.01
 
NET PRESENT VALUE = 192
 
***+ARNING*** NU SOLUTION TO IRK PROBLEM
 

=JOB TERMINATED AT MINIMUM 6/L RATIO AT INTEREST RATE 
14.89 PER CENT
 

YEAR COSTS 

1982 10000 
1983 12500 
1984 6952 
1985 0 
1986 90 
1987 90 
1988 90 
1989 90 
1990 90 
1991 90 
1992 5918 
1993 90 
1994 90 
1995 90 
19,6 612 
1997 90 
1998 90 
1999 90 
2000 90 
2001 90 
2002 90 
2003 90 
2004 90 
2005 90 

BENEFIT COST RATIO 
NET PRESENT VALUE 

ZARWA-IRblI) FEASIBILITY ALT C-2 (CONNECTOR BENEFITS 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

---------- PRESENT VALUE LALCULATION-----------
NUMBER UF YEARS =.24 INTEREST RATE = 12.0 PER CENT 

PRESENT PRESENT 
VALUE BENEFITS VALUE
 

10000 
11160 

5542 
0
 

57 
51 
45 
40
 
36 
32
 

1905 
25
 
23 
20 

534 
16 
14 
13 
ft 
10 

9 
8 
7 
6 

29564 

= 1.23 
= o886 

0 0 
0 0 
0 0 

4973 3539 
5147 3271 
5320 3018 
5493 2783 
5667 2563 
5841 2359 
6015 2169 
6188 1992 
6361 1828 
6535 1677 
6708 1537 
6882 1408 
7356 1289 
7229 1179 
7403 1078 
7576 985 
7749 899 
7923 821 
8097 749 
8271 683 
8444 623 

36450 

51 



ZARQA-lRb[D FEASIBILIrY ALT C-2 (CUNNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------- INTERNAL kATE OF RET URN CALCULATION------------------ PRESENT VALUE CALLULATION-------------
NUMBER OF YEARS = 24NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT 

PRESENTPRESENT* PRESENT	 PRESENT 
YEAR COSTS VALUE BENEFITS VALUEYEAR COSTS VALUE BENEFITS VALUE 

01982 10000 10000	 01982 10000 10000	 0 0 
1983 12500 1044+4 0 01983 12500 11574 0 0 

6952 4854 0 0

1984 6952 5960 0 0	 1984 

1985 0 0 6631 38681985 0 0 6631 5263 
43 6863 3345

1986 90 66 6863 5044	 1986 90 
90 36 1094 2889

1987 90 61 7094 4828	 1987 
'1988 90 30 7325 2492

1988 90 56 7325 4616 
25 7557 21481989 901989 90 52 7557 4409 
21 7788 1850

1990 90 48 7788 4207	 1990 90 
90 17 8020 1592 

i991 90 45 8020 4012	 1991 
8251 13681992 5918 9811992 5918 2741 8251 3821 

IL 8482 1175
1993 90 38 8482 3637	 1993 90 

90 10 8714 1009
1994 90 35 8714 3460	 1994 

8945 8651995 90 81995 90 33 8945 3289 
211 9176 7423124 1996 26121996 2612 889 9176 

90	 9408 635
1997 90 28 9408 2965	 1997 

S5 9639 5441998 901998 90 26 9639 2813 
4 9871 465

1999 90 24 9871 2667	 1999 90 
90 3 10102 398

2000 90 22 10102 2528	 2000 
2 103332001 90 20 10333 2394	 2001 90 340 

10565 29090 22002 90 19 10565 2266	 2002 
90 2 10796 248

2003 90 17 10796 2144	 2003 
1 11028 211

2004 90 16 11028 2028	 2004 90 
11259 180

2005 90 15 11259 1917	 2005 90 1 
26718	 2645431785	 71432 

BENEFIT COST RATIO = L.00BENEFIT COST RATIO = 2.25 
NET PRESENT VALUE = -64NET PRESENT VALUE = 39647 

= 19.7 PER CENTINIERNAL RATE OF RETURN 

C
-3 



ZARUA-IR810 FEASIbILITY ACT 0-2. (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------------ PRESENT VALUE CALCULATION------------- ------- INTERNAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 10 
1983, 12500 11363 0 0 1983 1250U 10449 0 0 
1984 6952 5745 0 0 1984 6952 4858 0 0; 
1985 0 0 6631 4981 1 85 0 0 6631 3873 
1986' 90 61 6863 4687 1986 90 43 6863 3351 
1987 90 55 7094 4404 1987 90 36 7094 2895 
1988 90 50 7325 4134 1988 90 30 7325 2499 
1989 90 46 7557 3877 1989 90 25 7557 2155 
1990 90 41 7788 3633 1990 90 21 7788 1857 
1991 90 38 8020 3401 1991 90 17 8020 1598. 
1992 5918* 2281 8251 3181 1992 5918 986 8251 1374 
1993 90 31 8482 2972 1993 90 12 8482 1181 
1994 90 28 8714 2776 1994 90 10 8714 1014 
1995 90 26 8945 2591 1995 90 8 8945 870 
1996, 2612 687 9176 2416 1990 2612 212 9176 746 
1997 90 21 9408 2252 1997 90 6 9408 639 
1998 90 19 9639 2097 1998 90 5 9639 548 
1999 90 17 987.1 1952 1999 90 4 9871 469 
2000 90 16 10102 1816 2000 90 3 10102 401 
2001 90 14 10333 1689 2001. 90 2 10333 343 
2002 90 13 10565 1570 2002 90 2 10565 293 
2003 90 12 10796 1458 2003 90 2 10796 250 
2004 90 11 11028 1354 2004t 90 1 11028 213 
2005 90 10 11259 1257 2005 90 1 11259 182 

30585 58498 26733 26751 

BENEFIT COST RATIO = 1.91 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 27913 NET PRESENT VALUE = 18 

INTERNAL RATE OF RETURN = L9.6 PER CENT 



ZARQA-IRBIUFEASIBILITY ALT C-? (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF CUST = 125, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE UF RETURN CALLULATION------------ PNESENT VALUE CALCULATION------------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT
PRESENT PRESENT PRESENT
 

VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

0 0 0 

YEAR COSTS 

1982 10000 10000 0 1982 10000 10000 
01983 12500 11160 0 0 1983 12500 10449 

1984 6952 5542 *0 0 1984 6952 48!)8 
0 
0 0 

6631 387301985 0 0 6631 4719 1985 
90 43 6863 33511986 90 57 6863 43,61 1986 
90 36 7094 28951987 90 51 7094 4025 1987 

1988 90 30 7325 24991'988 90 45 7325 3711 
90 25 7557 '21551989 90 40 7557 3418 1989 

90 36 7788 3145 1990 90 '21 t788 18561990 901991 17 8020 15981991 90 32 8020 2892 
986 8251 13741992 5918, 1905 8251 2656 1992 

901993 90 25 8482 2438 1993 12 8482 1181 
901994 90 23 8714 2236 1994 10 8714 1014 
90 8 8945 8701995 90 20 8945 2049 1995 

1996 2612 534 9176 1877 1996 2t12 212 9176 746 
9016 9408 1718 1997 6 9408 6391997 90 901998 90 14 9639 1572 1998 5 9639 547 
9013 9871 1437 1999 4 9871 - 4691999 90 
90

2000 90 11 10102 1313 2000 3 10102 401 
90 10333 3432

2 
2001 90 10 10333 1199 2001 

90 10565 29310565 1095 20022002 90 9 
90999 2003 2 10796 2502003 90 8 10796 
90 1

1 
11028 213 
11259 182 

2004 90 7 1028 911 2004 
2005 90 6 11259 830 2005 90 

29564 48601 26733 26749 

BENEFIT COST RATIO = 1.64 BENEFIT COST RATIO = 1.00 
19037 NET PRESENT VALUE = 10NET PRESENT VALUE
 = 

INTERNAL RATE OF RETURN - 19.b PER CENT 

c
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ZARQA-!RbID FEASIBILITY ALT L-2 (CONNECTOR BENEFITS REDUCED 50 PERCENT)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

- - PRESENT VALUE CALCULATION------------- ------- INTERNAL RATE CF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1)82 8000 8000 0 0 
1983 10000 9259 0 0 1983 10000 8434 0 0 
1984 5562 4768 0 0 1984 5562 3957 0 0 
1985 0 0 4973 3947 1985 0 0 4973 2984 
1986 72 52 5147 3783 1986 72 3o 5147 2605 
1987 72 49 5320 3621 1987 72 30 5320 2271 
1988 72 45 5493 3462 1988 72 25 5493 1978 
1989 72 42 5667 3307 1989 72 21 5667 1721 
1990 72 38 5841 3155 1990 72 18 5841. 1496 
1991 72 36 6015 3009 1991 72 15 6015 1299 
1992 4735, 2193 6188 2866 1992 4735 863 6188 1128 
1993 72 30 63,61 2728 1993 72 11 6361 978 
1994 72 28 6535 2595 1994 72 9 6535 847 
1995 72 26 6708 2466 1995 72 7 6708 733 
1996 2090 711 6882 2343 1996 2090 192 6882 635 
1997 72 22 7056 2224 1997 72 5 7056 549 
1998 72 21 7229 2110 1998 72 4 7229 474 
1999 72 19 7403 2000 -1999 72 3 7403 409 
2000 72 14 7576 1890 2000 72 3 7576 353 
2001 72 16 7749 1795 2001 72 2 7749 305 
2002 72 15 7923 1700 2002 72 2 7923 263 
2003 72 14 8097 1608 2003 72 2 8097 226 
2004 72 13 8271 1521 2004 72 i1 8271 195 
2005 72 12 8444 1438 2005 72 1 8444 168 

25427 53574 21641 2101.7 

BENEFIT COST RATIO = 2.11 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 28147 NET PRESENT VALUE = -24 

INTERNAL RATE OF RETURN = 18.b PER CENT 

A
A
 



-------

ZARQA-IRBI0 FEASIBILITY ALi U-t ILUINNLUI UK LtuNIe Li.I 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

---------- PRESENT VALUE CALCULATION-------------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT 

PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 
1983 10000 9090 0 0 
1984 5562 4596 0 0 
1985 0 0 4973 3736 
1986 72 49 5147 3515 
1987 72 44 5320 3303 
1988 72 40 5493 3101 
1989 72 36 56b7 2908 
1990 72 .33 5841 2724 
1991 72 30 6015 2550 
1992 4735 1825 6188 2385 
1993 72 25 6361 2229 
1994 72 22 6535 2082 
1995 72 20 6708 1943 
1996 2090 550 6882 1812 
1997 72 17 7056 1689 
1998 72 15 7229 1573 
1999 72 14 7403 1464 
2000 72 12 7576 1362 

NUMBER 

YEAR
 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

.. 

INiERNAL RATE 
OF YEARS = 

COSTS 


8000 
10000 
5562 

0 
72 
72 
72 
72 
72 
72 

4735 
72 
72 
72 

2090 
72 
72 
72 
72 

UF RETURN 
24 

PRESENT 
VALUE
 

8000 
84.3b 
3958 

u
 
30 
30 
25 
zl 
18 
15 

864 
11 

9 
7 

193 
5 
4 
3 
3 

CALCULATION-------

BENEFITS 


0
 
0 
0
 

4973 
5147 
5320 
5493 
5667 
5841 
b015 
6188 
6361 
6535 
6708 
6882 
7056 
7229 
7403 
7576 

PRESENT
 
VALUE
 

0
 
0
 
0
 

2986 
2607 
2273 
1980 
1723 
1498 
1302 
1130 

980 
849 
735 
636 
550 
476 
411 
355 

2001 72 11 7749 1267 2001 72 
2002 72 10 7923 1177 2002 72 
2003 72 9 8097 1094 2003 72 

2
2
2 

7749 306 
7923 264 
8097 227 

2004 
2005 

72 
72 

8 
8 

24464 

8271 
8444 

1016 
943 

43873 

2004 
200t) 

72 
72 

1 
L. 

21646 

8271 
8444 

196 
169 

21653 

BENEFIT COST RATIO 
NEI PRESENT VALUE 

= 
= 

1.79 
19409 

BENEFIT LOST RATIO = 1.00 
NET PRESENT VALUE = 
INTERNAL RATE OF RETURN -

7 
18.5 PER CENT 

nO ATL4SL 



ZARQA-IRBID FEASIBILIlY ALT C-2 (CONNECTOR BENEFITS REDUCED 50 PERCENT) 

PERCENT OF COST = 100, PERCENT OF dENEFITS = 75 

-------INTERNAL RATE OF RETURN CALCULATION------- - PRESENT VALUE CALCULATION-------------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

18000 8000 0 0 

1983 10000 8928 0 0 1983 L0000 8439 0 0 

1984 5562 4433 0 0 1984 5562 3961 0 0 

1982 8000 8000	 0 0 1982 

1985 0 0	 4973 2988"1985 0 0 4973 3539
 
5147 2610
1986 72. 45 5147 3271 1986 72	 36
 

30 5320 2277
1987 7.2 40 5320 3018 1987	 72 
1988 72 36 5493 2783 1988 72	 26 5493 1984 

21 5667 17271989 72 32 5667 2563 1989	 72 
72 18 5841 15021990 72. 29 5841 2359 1990 

1991 72' 25 6015 2169 1991 72 15 6015 1305 

1992 4735, 1524 6188 .1992 1992 4735 867 6188 1133 
11 6361 9831993 72 20	 6361 1828 1993 72 

72 9. 65356 8521994' 72 18 6535 1677 1994 
1995 72 lb 6708 1537 1995 72 7* 6708 *738 

1996 2090 427 6882 1408 1996 2090 194 6882 639 

1997 72 13 705,6 1289 1997 72 '5 705'6 553 
7229 4781998 72 11 7229 1179 1998 72 4 

1999 72 10 7403 1-078 1999 72 4 7403 413 
2000 72 3	 7576 357 

7749 308
2000 72 9-	 7576 985 
2301 72 8 7749 899 2001 72 2 

2002 72 7 7923 821 2002 72 2 7923 -265 

2003 72 6 8097 749 2003 72 2 8097 229 
2004 72 5 8271 683 2004 72 8271 197 
2005 72 5 8444 623 2u05 72 1. 8444 170 

23647	 36450 21658	 21708 

BENEFIT COST RATIO = 1.54 bENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 12803 NET PRESENT VALUE = 50 

INTERNAL RATE UF RETURN = 18.5 PER CENT 



ZARwA-IRdlD FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

--------ITERNAL RATE OF REIURN CALCULATION------------ PRESENT VALUE CALCULATION-------------

NUMBER OF YEARS = 24
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT 

PRESENT PRESENT PRESENT PRESENT 

YEAR LOSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 

1983 10O00O 9259 0 0 1983 10000 7718 0 0 

1984 5420 4646 

£982 8000 8000	 0 0 

0 0	 1984 5420 3229 0 0 

1985 u 0 8575 39431985 0 0 8575 6807 
26 8867 31471986 74 54 8867 6517	 1986 74 

74 20 9160 25091987 74 50 9160 6234	 1987 
1988 74 15 9452 19991988 74 46 9452 5956 

1989 74 43 9743 5684 1989 74 L2 9743 1590 

5421 1990 74 9 10035 12641990 74 .39 10035 
1991 74 7 10327 10041991 74 37 10327 5166 

.5 10619 7971992 74 34 10619 4918 1992	 74 
74 4 10911 6321993 74 31 10911 4679	 1993 
74 3 11202 5011994 74 29 11202 4448 1994 

1995 74 27 11494 4226 L995 74 2 11494 396 

1996 2090 711 11787 4013 1996 2090 55 11787 314 
1997 74	 12079 2481997 74 23 12079 3807 
1998 74 0 12370. 1961998 '74 21 12370 3610 
1999 74 0 12662 1551999 74 20 12662 3422 

74 0 12954 1222000 74 18 12954 3241 2000 
74 0 13246 962001 74 17 13246 3069 2001 

2002 74 15 13538 2904 2002 74 0 13538 76 

2003 74 14 13829 2747 2003 74	 0 13829 60 
0 14121 472004 74 13 14121 2597 2004	 74 

74 0 14414 372005 74 12 14414 24 54	 2005 
19107	 1913323159	 91920 

B.ENLFIT COST RATIO 	= [.00BENEFIT COST RATIO 	= 3.97 
NET PRESLNT VALUE 26
NET PRESENT VALUE 	 = 68761 
INTERNAL RATE OF RETURN = 29.o PER CENT 

&
 



ZARQA-IR8IU FEASIBILITY ALT 1-1 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

---------- PRESENT VALUE CALLULATION------ ------ INTERNAL RATL OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INT REST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR LOSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 10000 7717 0 0 
1984 
1985 

5420
6 

+479 
0 

0 
8575 

0 
6442 

1984 
1985 

5420 
0 

3228 
0 

0 
8575 

0 
3941 -

1986 74 50 8867 6056 1986 74 Z6 8867 3145 
1987 74 45 9 £60 5687 1987 74 20 9 14.0 2507 
1988 74 41 9452 5335 1988 74 15 9452 1997 
1989 74 37 9743 4999 1989 74 12 9743 1588 
1990 74 34 10035 4681 1990 74 9 10035 1262 
1991 74 31 10327 4379 1991 74 7 10327 1002 
1992 74 28 10619 4094 1992 74 5 10619 795 
1993 74 25 10911 3824 1993 74 4 10911 631 
1994 74 23 11202 3569 1994 74 3 11202 500 
1995 74 21 11494 3329 1995 74 2 11494 395 
1996, 2090 550 11787 3103 1996 2090 55 11787 313 
1997 74 17 12079 2891 1997 74 1 12079 247 
1998 74 lb 12370 2t92 1998 74 1 12370 195 
1999 74 14 12662 2505 1999 74 0 12662 154 
2000 74 13 12954 2329 2000 74 0 12954 122 
2001 74 12 13246 2165 2001 74 0 13246 96 
2002 74 10 13538 2012 2002 74 0 13538 76 
2003 74 9 13829 1868 2003 74 0 13829 59 
2004 74 9 14121 1734 2004 74 0 14121 47 
2005 74 8 14414 1609 2005 74 0 14414 37 

42562 75303 19105 19109 

BENEFIT COST RATIO = 3.34 BENEFIT uOST RATIO = 1.00 
NET PRESENT VALUE = 52741 NET PRESENT VALUE = 4 

INTERNAL RATE OF RETURN = 29.6 PER CENT 

N?
 
00 



ZARQA-IRHID FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION------PRESENT VALUE CALCULATION-----------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEAKS = 24 

YEAR COSTS 
PRESENT 
VALUE BENEFITS 

PRESENT 
VALUE YEAR COSTS 

PRESENT 
VALUE BENEFITS 

PRESENT 
VALUE 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

8000 
10000 

5420 
0 

74 
7.4 
74 
74 
74 
74 
74 
74 
74 
74 

2090 
74 
74 
74 
74 
74 
74 
74 
74 
74 

8000 
8928 
4320 

0 
47 
41 
37 
33 
29 
26 
23 
21 
18 
Lt 

427 
13 
12 
10 
9 
8 
7 
6 
6 

.5 
22042 

0 
0 
0 

8575 
8867 
9160 
9452 
9743 

10035 
10327 
10619 
10911 
11202 
11494 
11787 
12079 
12370 
12662 
12954 
13246 
13538 
13829 
14121 
14414 

0 
0 
0 

6103 
5635 
5197 
4788 
4407 
4052 
3724 
3419 
3136 
2875 
2634 
2411 
2206 
2017 
1844 
1684 
1537 
1403 
1280 
1167 
1063 

62582 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

8000 
10000 

5420 
0 

74 
74 
74 
74 
74 
74 
74 
74 
74 
74 

2090 
74 
74 
74 
74 
74 
74 
74 
74 
74 

8000 
7717 
3228 

u 
26 
20 
15 
12 

9 
7 
5 
4 
3 
2 

55 
1 
L 
0 
0 
0 
0 
0 
u 
0 

19105 

0 
0 
0 

8575 
8867 
9160 
9452 
9743 

10035 
10327 
10619 
10911 
11202 
11494 
11787 
12079 
12370 
12662 
12954 
13246 
13538 
13829 
14121 
14414 

0 
0 
0 

3942 
3145 
2508 
1997 
1589 
12b3 
1003 
796 
631 
500 
396 
313 
247 
196 
154 
122 
96 
76 
60 
47 
37 

19118 

BENEFIT COST RATIO = 2.84 BENEFIT COST RATIO = 1.00 

NET PRESENT VALUE = 40540 NET PRESENT VALUE = 13 
INTERNAL RATE OF RETURN = 29.6 PER CENT 

-F
 



ZARQA-IR810 FEASIbILITY ALT C-1 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

--- - PRESENT VALUE CALCULATION------------- ------ INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT I PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11574 0 0 1983 12500 10438 0 0 
1984 6775' 5808 0 0 1984 6775 4724 0 0 
1985 0 0 6431 5105 1985 0 0 6431 3745 
1986 92 67 6650 4888 1986 92 44 6650 3234 
1987 92 62 6870 4675 1987 92 37 6870 2789 
1988, 92 58 7089 4467 1988 92 31 7089 2404 
1989 92 53 7307 4263 1989 92 26 7307 2069 
1990 92 49 7526 4066 1990 92 21 7526 1779 
1991 92 46 7745 3874 1991 92 18 7745 1529 

L1992 92 42 7964 3689 1992 92 15 7964 1313 
1993 92 39 8183 3509 1993 92 12 8183 1126 
1994 92 36 8401 3336 1994 92 10 8401 966 
1995 92 34 8620 3169 1995 92 8 8620 827 
1996 2612 889 8840 3009 1996 2612 209 8840 708 
1997 92 29 9059 2855 1997 92 6 9059 606 
1998 92 27 9277 2708 1998 92 5 9277 518 
1999 92 25 9496 2566 1999 92 4 9496 443 
2000 92 23 9715 2431 2000 92 3 9715 378 
2001 92 21 9934 2301 2001 92 3 9934 323 
2002 92 19 10153 2178 2002 92 2 10153 276 
2003 92 18 10371 2060 2003 92 2 10371 235 
2004 92 17 10590 1948 2004 92 1 10590 200 
2005 92 15 10810 1841 2005 92 1 10810 171 

28951 68938 25620 25639 

BENEFIT COST RATIO = 2.38 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 39987 NET PRESENT VALUE = 19 

INTERNAL RATE OF RETURN = 19.7 PER CENT 

'5'
 
7 



ZARQA-IRBID FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

-PRESENT VALUE CALCULATION--------- ------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 * 10000 0 0 1982 10000 10000 0 0 
1983 12500 11363 0 0 1983 12500 10440 0 0 
1984 6775 5599 0 0 1984 o775 4726 0 0 
1985 0 0 6431 4831 1985 0 0 6431 3747 
1986 92 63 6650 4542 1986 92 45 6650 3237 
1987 92 57 6870 4265 1987 92 37 6870 2793 
1988 92 52 7089 4001 1988 92 31 7089 2407 
1989 92 47 7307 3749 1989 92 26 7307 2072 
1990 92 43 7526 3511 1990 92 21 7526 1783 
1991 92 39 7745 3284 1991 92 18- 7745 1532 
1992 92 35 7964 3070 1992 92 15 7964 1316 
199.4 92 32 8183 2868 1993 92 12 8183 1129 
1994 92 29 8401 2677 1994 92 10 8401 969 
1995 92 26 8620 2497 1995 92 8 8620 830 
1996 2612 687 8840 2327 1996 2612 210 8840 711 
1997 92 22 9059 2168 1997 92 6 9059 608 
1998 92 20 9277 2019 1998 92 5 9277 520 
1999 92 18 9496 1878 1999 92 4 9496 445 
2000 92 16 9715 1747 2000 92 3 9715 380 
2001 92 15 9934 1624 2001 92 3 9934 325 
2002 92 13 10153 1509 2002 92 2 10153 277 

2362003 92 12 10371 1401 2003 92 2 10371 
2004 92 11 10590 1301 2004 92 1 10590 201 
2005 92 10 10810 1207 2005 92 10810 172 

28209 56476 25626 25690 

BENEFIT COST RATIO = 2.00 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 28267 NET PRESENT VALUE = 64 

INTERNAL RATE OF RETURN = 19.7 PER CENT 

C



ZARQA-IRBIU FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

------- INTERNAL RATE OF RETURN CALCULATION----------- - PRESENT VALUE CALCULATION-------------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENTPRESENT PRESENT PRESENT 
VALUE BENEFITS VALUEYEAR COSTS VALUE BENEFITS VALUE	 YEAR COSTS 

1982 10000 10000 0 0 1982 10000 10000 0 0 

1983 12500 11160 0 0 1983 12:00 10439 0 0 

1984 6775 5400 0 0 1984 0775 4725 0 0 
0 o431 37461985 0 0 6431 4577	 1985 0 

44 6650 32351986 92 58 6650 4226	 1986 92 
37 6870 27911987 92 52 6870 3898	 1987 92 

7089 24051988 92 46 7089 3591	 1988 92 31 
26 7307 20701989 92 41 7307 3305 1989 92 

7526 17811990 92 :37 7526 3039	 1990 9,- 21 
18 7745 15301991 92 33 7745 2793	 1991 92 
L5 7964 13141992 92 29 7964 2564	 1992 92 
12 8183 11281993 92 26 8183 2352	 1993 92 

9671994 92 23 8401 2156 1994 92 10 8401 
1995 92 21 8620 1975 1995 92 8 8620 828 

1996. 2612 534 8840 1808 1996 2612 209 8840 709 
1997 92 16 9059 1655 1997 92 6 9059 607 

9277 5191998 92 15 9277 1513 1998 92 
1999 92 13 9496 1383 1999 92 4 9496 444 

2000 92 12 9715 1263 2000 92 3 9715 379 
2001 92 10 9934 1153 2001 92 3 9934 324 

2002 92 9 10153 1052 2002 92 2 10153 276 

2003 92 8 10371 960 2003 92 2 10371 235 

2004 92 7' 10590 875 2004 92 1 10590 201 

2005 92 o 10810 797 2305 9z 1 10810 171 
2566027556 46935	 25622 

BENEFIT LOST RATIO = 1.00 
38 

BENEFIT COST RATIO = 1.70 
NET PRESENT VALUE = 19379	 NET PRESENT VALUE = 

INTERNAL RATE OF RETURN = 19.7 PER CENT 



ZAkUA-IRBID FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

- -PRESENT VALUE CALCULATION------------ ------- INTERNAL RATE OF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE -BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 

1983 12500 11574 0 0 1983 12500 10008 0 0 

1984 
1985 

6775 
0 

5808 
0 

0 
8575 

0 
6807 

1984 
1985 

6775 
0 

4342 
0 

0 
6575 

0 
4400 

1986 92 67 8867 6517 1980 92 38 8867 3643 

1987 92 62 9160 6234 1987 92 30 9160 3013 

1988 
1989 

92 
92 

58 
53 

9452 
9743 

5956 
5t84 

1988 
1989 

92 
92 

24 
19 

9452 
9743 

2489 
2054 

1990 92 49 10035 5421 1990 92 15 10035 1694 

1991 92 46 10327 5166 1991 92 12 10327 1396 

1992 92 42 10619 4918 1992 92 L0 10619 1149 

1993 
1994 

92 
92 

39 
36 

10911 
11202 

4679 
4448 

1993 
1994 

92 
92 

8 
6 

10911 
11202 

945 
777 

1995 92 34 11494 4226 1995 92 5 11494 638 

1996 2612 889 11787 4013 1996 2612 116 11787 524 

1997 92 29 12079 3807 1997 92 3 12079 430 

1998 92 27 12370 3610 1998 92 2 12370 352 

1999 92 25 12662 3422 1999 92 2 12662 289 
2000 92 23 12954 3241 2000 92 1 12954 236 

2001 92 21 13246 3069 2001 92 1 13246 193 

2002 92 19 13538 2904 2002 92 1 13538 158 

2003 92 18 13829 2747 2003 92 0 13829 129 

2004 92 17 14121 2597 2004 92 0 14121 106 
2005 92 15 14414 2454 2005 92 0 14414 86 

28951 91920 24o43 24701 

BENEFIT COST RATIO = 3.18 BENEFIT LOST RATIO = 1.00' 
NET PRESENT VALUE = 62969 NET PRESENT VALUE = 58 

INTERNAL RATE OF RETURN = 24.9 PER CENT 

Ic 



ZARQA-IRBID FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

- -------- PRESENT VALUE CALCULATION------------- ------- INIERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11363 0 0 1983 12500 10000 0 0 
1984 6775 5599 0 0 1984 6775 4336 0 0 
1985 0 0 8575 6442 1985 u 0 8575 4390 
1986 92 63 8867 6056 1980 92 37 8867 3632 
1987 92 57 9160 5687 1987 92 30 9160 3002 
1988 92 52 9452 5335 1988 92 24 9452 2478 
1989 92 47 9743 4999 1989 92 19 9743 2043 
1990 92 43 10035 4681 1990 92 15 10035 1684 
1991 92 39 10327 4379 1991 92 12 10327 1386 
1992 92 35 10619 4094 1992 92 9 10619 1140 
1993 92 32 10911 3824 1993 92 7 10911 937 
1994 92 29 11202 3569 1994 92 6 11202 770 
1995 92 26 11494 3329 1995 92 5 11494 632 
1996 2612 687 11787 3103 1996 2612 114 11787 518 
1997 92 22 12079 2891 1997 92 3 12079 425 
1998 92 20 12370 2692 1998 92 2 12370 348 
1999 92 18 12662 2505 1999 92 2 12662 285 
2000 92 16 12954 2329 2000 92 .1 12954 233 
2001 92 15 13246 2165 2001 92 13246 191 
2002 92 13 13538 2012 2002 92 13538 156 
2003 92 12 13829 1868 2003 92 0 13829 127 
2i04 92 11 14121 1734 2004 92 14121 104 

0
2005 92 10 14414 1609 2005 92 14414 85 
28209 75303 24624 24566 

BENEFIT COST RATIO = 2.67 BENEFIT COST RATIO 1.00
 
NET PRESENT VALUE = 47094 NET PRESENT VALUE = -58
 

INTERNAL RATE OF RETURN = 25.0 PER CENT 



ZARQA-IRB1D FEASIBILITY ALT C-1 (TIME SAVINGS INCLUOEDJ
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION----------------- PRESENT VALUE CALCULATION------------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE 
PRESENT	 PRESENT
 

YEAR COSTS VALUE BENEFITS VALUE
 

1982 10000 , 10000 0 0 1982 10000	 10000 0 0 
10003 0 01983 12500 11160 0 0	 1983 12500 

0 0
1984 6775 5400 0 0	 1984 6775 4339 
0 8575 43951985 0 0 8575 6103	 1985 0 

92 37 8867 36371986 92 58 8867 5635	 1986 
9160 30071987 92 52 9160 5197	 1987 92 30 

24 9452 24831988 92 46 9452 4788,	 1988 92 
92 19 9743 20481989 92 41 9743 4407	 1989 
92 15 10035 16881990 92 37 10035 4052	 1990 

1991 92 12 10327 13901991 92 33 10327 3724
 
92 9 10619 1144
1992 92 29 10619 3419	 1992 
92 7 10911 9411993 92 26 10911 3136	 1993 

1994 6 11202 7731994 92 23 11202 2875 .92 
1995 92 21 11494 2634 1995 92 5 11494 635 

1996 2612 534 11787 2411	 1996 2612 115 11787 521 
3 12079 4271997 92 16 12079 2206 1997 92 

1998 92 15 12370 2017 1998 92 2 12370 350 

1999 92 13 12662 1844 1999 92 2 12662 286 

2000 92 12 12954 1684	 2000 92 1 12954 234 
92 1 13246 1922001. 92 1) 13246 1537 2001 

2002 92 9 13538 1403 2002 92 1 13538 157 

2003 9? 8 13829 1280 2003 92 0 13829 128 

2004 92 7 14121 1167 2004 92 0 14121 105 
14414 852005 92 6 14414 1063 2u05 92 0 

27556 62582 24631 24626 

BENEFIT COST RATIO = 1.00BENEFIT COST RATIO = 2.27 
NET PRESENT VALUE = 35026 NET PRESENT VALUE = -5 

INTERNAL RATE OF KETURN = 25.0 PER CENT 

0 



ZARQA-IR81D FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS '= 75 

---------PRESENT VALUE CALCULATION----------- ------- INTERNAL RATE OF RETURN CALCULATION-----
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

1. PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9259 0 0 1983 10000 8083 0 0 

1984 5420 4646 0 0 1984 5420 3541 0 0 

1985 0 0 6431 5105 1985 0 0 6431 3396 
1986 74 54 6650 4888 1986 74 31 6650 2839 
1987 
1988 

74 
74 

50 
46 

6870 
7089 

4675 
4467 

1987 
1988 

74 
74 

25 
20 

6870 
7089. 

2370 
1977 

1989 74 43 7307 4263 1989 74 16 7307 1647 

1990 74 39 7526 4066 1990 74 13 7526 1371 
1991 74 37 7745 3874 1991 74 10 7745 1140 

1992 74 34 7964 3689 1992 74 8 7964 948 

1993 74 31 8183 3509 1993 74 7 8183 787 
1994 74 29 8401 3336 1994 74 5 8401 653 
1995 74 27 8620 3169 1995 74 4 8620 542 

1996, 
1997 

2090 
74 

711 
23 

8840 
9059 

3009 
2855 

1996 
1997 

2090 
74 

106 
3 

8840 
9059 

449 
372 

1998 74 21 9277 2708 1998 74 2 9277 308 
1999 74 20 9496 2566 1999 74 1 9496 254 

2000 74 18 9715 2431 2000 74 1 9715 210 

2001 74 17 9934 2301 - 2001 74 1 9934 174 

2002 74 15 10153 2178 2002 74 1 10153 143 

2003 74 14 10371 2060 2003 74 0 10371 118 

2004 74 13 10590 1948 2004 74 0 10590 98 

2305 74 12 
23159 

10810 1841 
68938 

2005 74 0 
19878 

10810 80 
19876 

BENEFIT COST RATIO = 2.98 BENEFIT COST RATIO = 1.00 

NET PRESENT VALUE = 45779 NET PRESENT VALUE = -2 
INTERNAL RATE OF RETURN = 23.7 PER CENT 



ZARQA-IRBIO FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

----- -PRESENT VALUE CALCULATION------------ ------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT
PRESENT PRESENT	 PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR LUSfS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 10000 8082 0 0 

1984 5420 4479 0 0 1984 5420 3540 0 0 

1985 0 0 6431 4831 1985 0 0 6431	 3395 
28371986 74 50 6650 4542 1986 74 31 6650 

1987 74 45 6870 4265 1987 74 25 6870 2368 

1988 74 41 7089 4001 1988 74 20 7089 1975 
74 1.6 7307 16451989 74 37 7307 3749 1989 

1990 74 34 7526 3511 1990 74 13 7526 1370 

1991 74 31 7745 3284 1991 74 10 7745 1139 

1992 74 28 7964 3070 1992 74 8 7964 946 

1993 74 Z5 8183 28j68 1993 74 7 8183 786 

1994 74 23 8401 2677 1994 74 5 8401 652 

1995 74 21 8620 2497 1995 74 4 8620 541 

1996 2090 550 8840 2327 1996 2090 106 8840 448 

1997 74 17 9059 2168 1997 74 3 9059 371 

1998 74 16 9277 2019 1998 74 2 9277 307 
1999 74 1 -9496 2541999 74 14 9496 1878 

2102000 74 13 9715 1747 2000 74 1 9715 

2001 74 12 9934 1624 2001 74 1 9934	 173 
1432002 74 10 10153 1509 2002 74 1 10153 

2003 74 9 10371 1401 2003 74 0 10371 118 

2004 74 9 10590 1301 2004 74 0 10590 97 

2005 74 8 [0810 1207 2005 74 0 10810 80 
1985522562 5647o	 19876 

BENEFIT COST RATIO = 2.50 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 33914 NET PRESENT VALUE = -21 

INTERNAL RATE 01- RETURN = 23.7 PER CENT 



ZARQA-IRBID FEASIBILITY ALT C-1 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS =7 

- - PRESENT VALUE CALCULATION----------- ------ INTERtAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

. PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 .0 1982 8000 8000 0 0 
1983 10000 8928 0 0 1983 10000 8080 0 0 
1984 5420 4320 0 0 1984 5420 3539 0 0 

1985 0 0 6431 4577 .1985 0 0 6431 3393 

1986 74 47 6650 4226 1986 74 31 6650 2835 
1987 74 41 6870 3898 1987 74 25 6870 2366 
1988 74 37 7089 3591 1988 74 20 7089 1973 
1989 74 33 7307 3305 1489 74 16 7307 1643 

1990 74 29 7526 3039 1990 74 13 7526 1368 
1991 74 26 7745 2793 1991 74 10 7745 1137 
1992 74. 23 7964 2564 1992 74 8 7964 945 
1993 74 21 8183 *2352 1993 74 7 8183 784 
1994 74 18 8401 2156 1994 74 5 8401 651 
1995 74 16 8620 1975 1995 74 4 8620 539 

4471996 2090 427 8840 1808 1996 2090 105 8840 
1997 74 13 9059 1655 1997 74 3 9059 37-0 

9277 3061998 74 12 9277 1513 1998 74 2 
1999 74 10 9496 1383 1999 74 9496 253 

9715 * 2092000 74 9 9715 1263 2000 74 
2001 74 8 9934 1153 2001 74 9934 173 
2002 74 7 10153 1052 2002 74 10153 143 

960 2003 74 0 10371 1182003 74 6 10371 
2004 74 6 10590 875 2004 74 a 10590 97 
2005 74 5 L0810 797 2005 74 0 10810 . 80 

22042 46935 19872 19830 

BENEFIT COST RATIO = 2.13 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 24893 NET PRESENT VALUE = -42 

INTERNAL RATE OF RETURN = 23.8 PER CENT 

7;C
 



ZARQA-IRBIU FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

-- -- PRESENT VALUE CALCULATION------------ ------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9259 0 0 1983 luO0 7906 0 0 
1984 5562 4768 0 0 1984 5562 3476 0 0 
1985 0 0 7590 6025 - 1985 0 0 7590 3751 
1986 72 52 7820 5747 198o 72 28 7820 3055 
1987 72 49 8116 5523 1987 72 22 8116 2507 
1988 72 45 8378 5279 1988 72 17 8378 2046 
1989 72 42 8642 5042 1989 72 13 8642 1669 
1990 72 38 8904 4810 1990 72 10 8904 1359 
1991 72 36 9168 4586 1991 72 8 9168 1106 
1992 4735, 2193 9431 4368 1992 4735 451 9431 900 
1993 72 30 9694 4157 1993 72 5 9694 731 
1994 72 28 9957 3954 1994 72 4 9957 594 
1995 72 26 10220 3757 1995 72 3 10220 482 
1996 2090 711 10483 3569 1996 2090 77 10483 391 
1997 72 22 10746 3387 1997 12 2 10746 316 
1998 72 21 11009 3213 1998 72 1 11009 256 
1999 72 19 11272 3046 1999 72 1 11272 207 
2000 72 18 11535 2886 2000 72 1 11535 188 
2001 72 16 11799 2734 2001 72 0 11799 135 
2002 72 15 12061 2587 2002 72 0 12061 109 
2003 72 14 12325 2448 2003 72 0 12325 88 
2004 72 13 12587 2315 2004 72 0 12587 71 
2005 72 12 12851 2188 2005 72 0 12851 57 

25427 81621 20025 19998 

BENEFIT COST RATIO = 3.21 8ENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 56194 NET PRESENT VALUE = -27 

INTERNAL RATE OF RETURN = 26.5 PER CENT 

C-Z 



ZARQA-IRBIU FEASl6ILITY ALT C-2 (TIME SAVINuS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

- - PRESENT VALUE CALCULATION------------- ------- INTERNAL RATE OF RETURN CALCULATION-------

NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE bENEFITS VALUE 

19.82 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9090 0 0 1983 1000u 7909 0 0 
1984 5562 4596 0 0 1984 5562 3479 0 0 
1985 0 0 7590 5702 1985 0 0 7590 3756 

7820 30611986 72 .49 7820 5341	 1986 72 28 
22 8116 25121987 72 44 8116 5039	 1987 72 

1988 72 40 8378 4729 1988 72 17	 8378 2051 
8642 16741989 72 36 8642 4434 1989 72 13 

1990 72 33 8904 4153 1990 72 11 8904 1364 
11111991 72 30 9168 3888 1991 72 8 9168 

1992 4735 1825 9431 3636 1992 4735 453 9431 904 

1993 72 25 9694 3397 1993 72 5 9694 735 
1994 72 22 9957 3172 1994 72 4 9957 597 

10220 4841995 72 20 10220 2960 1995 72 3 
2090 78 10483 3931996 2090 550 10483 2760 1996 

1997 72 17 10746 2572 1997 72	 2 10746 318 
1 11009 2581998 72 .15 11009 2395 1998 72 

1999 72 14 11272 2230 1999 72 1 11272 209 
2000 72 1 11535 1692000 72 12 11535 2074 

72 0 11799 1372001 72 11 11799 1929	 2001 
2002 72	 0 12061 1102002 72 10 12061 1792 

2003 72 9 12325 1665 2003 72 0 12325 89 

2004 72 8 12587 1546 2004 72 0 12587 72 
2005 72 b 12851 1435 2005 72 0 12851 58 

24464 66849 20035 20062 

BENEFIT COST RATIO = 2.73	 BENEFIT COST RATIO = 1.00
 
NET PRESENT VALUE = - 27
NET PRESENT VALUE = 42385 
INTERNAL RATE OF RErURN = 26.4 PER CENT 



ZARQA-IRBID FEAS111LITY ALT C-2 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN CALCULATION------

NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 
- ------ PRESENT VALUE CALCULATION------------

PRESENT
PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE
 

0 0 1982 8000	 8000 0 0 
7906 0 0

1982 8000 8000 
1983 10000 8928	 0 0 1983 IO00 
1984 5562 4433 0 0 1984 55o2 3476 0 0 

1985 0 0 7590 5402 1985 0 0 7590 3150 
72 28 7820 30551986 72 45 7820 4969 1986 

1987 72 40 8116 4605 1987 72 -22 8116 2506 
8378 20464244 1988 72 17 

1989 72 32 
1988 72 36 8378 

8642 3909 1989 72 13 8642 1668 

1990 72 29 8904 3596 1990 72 10 8904 1359 
9168 11061991 72 25 9168 3306 1991 72 8 

1992 4735 1524 9431 3036 1992 4735 451 9431 899 

1993 72 20 9694 2786 1993 72 5 9694 731 

1994 72 18 9957 2555 1994 72 4 9957 593 

1995 72 16 10220 2342 1995 72 3 10220 481 

1996 2090 427 10483 2145 1996 2090 77 1U483 390 

1997 72 13 10746 1963 1997 72 2 10746 316 

1998 72 11 11009 1795 1998 72 1 11009 256 

1999 72 10 11272 1641 1999 72 1 11272 207 

2000 72 9 11535 1500 2000 72 L- 11535 168 

2001 72 8 11799 1369 2001 72 0 11799 135 

2002 72 7 12061 1250 2002 72 0 12061 109 

12325 1140 2003 72 0 12325 882003 72 6 
2004 72 5 12587 1040 2004 72 0 12587 71 

2005 72 5 12851 948 2005 72 0 12851, 57 
1999123t47 55541	 20025 

BENEFIT COST RATIO = 2.35 BENEFIT COST RATIO = 1.00
 
NET PRESENT VALUE = 31894 NET PRESENF VALUE = -34
 

INTERNAL RATE UF RETURN = , 26.5 PER CENT 

C



LARQA-IRBIO FEASIdlLITY ALT 0-2 (TIME SAVINGS INCLUDED$
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = .75 

- - PRESENT VALUE CALCULATION------------ ------- INTERNAL RATE OF RETURN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 .0 0 
1983 12500 11574 0 0 1983 12500 10674 0 0 
1984 6952 5960 0 0 1984 6952 5069 0 0 
1985 0 0 5692 4518 1985 0 0 5092 3544 
1986 90 66 5865 4310 1986 90 47 5865 3118 
1987 90 61 6087 4142 1987 90 40 6087 2763 
1988 90 56 6283 3959 1988 90 34 6283 2436 
1989 90 52 6481 3781 1989 90 29 6481 2145 
1990 90 48 6678 3607 1990 90 22D 6678 1888 
1991 90 45 6876 3439 1991 90 21 6876 1660 
1992 5918 2741 7073 3276 1992 5918 1220 7073 145 8 
1993 90 38 7270 3118 1993 90 15 7270 1279 
1994 90 35 7'467 2965 1994 90 13 7467 1122 
1995 90 33 7665 2818 1995 90 11 7665 983 
1996 
1997 

2612, 
90 

889 
28 

7862 
8059 

2676 
2540 

1996 
1997 

2612 
90 

286 
8 

7862 
8059 

861 
754 

1998 90 26 8256 2410 1998 90 7 8256 660 
1999 90 24 8454 2284 1999 90 6 8454 577 
2000 90 22 8651 2164 2000 90 5 8651 504 
2001 90 20 8849 2050 2001 90 4 8849 440 
2002 90 19 9045 1940 2002 90 3 9045 384 
2003 90 17 9243 1836 2003i 90 3 9243 335 
2004 90 16 9440 1736 2004 90 2 9440 292 
2005 90 15 9638 1641 2005 90 2 9638 255 

31785 61210 27524 27458 

BENEFIT COST RATIO 1.93 BENEFIT COST RATIU = 1.00 
NET PRESENT VALUE = 29425 NET PRESENT VALUE = -66 

INTERNAL RATE OF RETURN = 17.1 PER CENT 



LARQA-IRBIO FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

------- INTERNAL RATE OF RETURN CALCULATION-----

NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 
----- PRESENT VALUE CALCULATION-------------

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 *10000 0 0 

1983 12500 11363 0 0 1983 12500 10675 0 0 

1984 6952 5745 0 0 1984 t952 5070 0 0 

1985 0 0 5692 4276 1985 0 0 5692 3545 
1986 90 61 5865 4005 1986 90 47 5865 3120 
1987 90 55 6087 3779 1987 90 40 6087 2765 
1988 90 50 6283 3546 1988 90 34 6283 2438 
1989 90 46 6481 3326 1989 90 29 6481 2147 
1990 90 41 6678 3115 1990 90 25 6678 1889 
1991 90 38 6876 2916 1991 90 21 6876 1661 
1992 5918' 2281 7073 2727 1992 5918 1221 7073 1460 
1993 90 31 7270 2548 1993 90 15 7270 1281 
1994 90 28 7467 2379 1994 90 13 7467 1124 
1995 90 26 7665 2220 1995 90 11 7665 985 
1996 2612 687 7862 20.70 1996 2612 286 7862 863 
1997 90 21 8059 1929 1997 90 8 8059 755 
1998 90 19 8256 1796 1998 90 7 8256 661 
1999 90 17 8454 1672 1999 90 6 8454 578 
2000 90 16 8651 1556 2000 90 5 8651 505 
2001 90 14 8849 1446 2001 90 4 8849 44L 
2002 90 13 9045 1344 2002 90 3 9045 385 
2003 90 12 9243 1249 2003 90 3 9243 336 
2004 90 11 9440 1159 2004 90 2 9440 293 
2005 90 10 9638 1076 2005 90 2 9638 255 

30585 50134 27527 27487 

BENEFIT COST RATIO = 1.64 6ENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 19549 NET PRESENT VALUE = -40 

INTERNAL RATE OF RETURN = 17.1 PER CENT 

C



ZARQA-IRBIU FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 75 

------- PRESENT VALUE LALCULATION---- ------- INTERNAL RATE UF RETURNCALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRLSENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000 10000 0 0 
1983 12500 11160 0 0 1983 12500 10674 0 0 
1984 6952 5542 0 0 1984 6952 5069 0 0 
1985 0 0 5692 4051 1985 0 0 5692 3544 
1986 90 57 5865 3727 1986 90 47 5865 3118 
1987 90 51 6087 3453 1987 90 40 6087 2763 
1988 90 45 6283 3183 1988 90 34 6283 2436 
1989 90 40 6481 2931 1989 90 29 6481 2145 
1990 90 36 6678 2697 1990 90 25 6678 1887 
1991 90 32 6876 2479 1991 90 21 6876 1660 
1992 5918 1905 7073 2277 1992 5918 1220 7073 1458 
1993 90 25 7270 2090 1993 90 15 7270 1279 
1994 90 23 *7467 1916 1994 90 13 7467 1122 
1995 90 20 7665 1756 1995 90 11 7665 983 
1996 2o12 534 7862 1608 1996 2612 286 7862 861 
1997 90 16 8059 1472 1997 90 8 8059 754 
1998 90 14 8256 1346 1998 90 7 8256 659 
1999 90 13 8454 1231 1999 90 6 8454 577 
2000 90 11 8651 1125 2000 90 5 8651 504 
2001 90 10 8849 1027 2001 90 4 8849 440 
2002 90 9 9045 937 2002 90 3 9045 384 
2003 90 8 9243 855 2003 90 3 9243 335 
2004 90 7 9440 780 2004 90 2 9440 292 
2005 90 6 9638 711 2005 90 2 9638 255 

29564 41652 27524 27456 

BENEFIT COST RATIO = 1.41 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 12088 NET PRESENT VALUE = -68 

INTERNAL RATE OF RLTURN = 17.1 PER CENT 



ZARQA-IABID FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------- INTERNAL RATE OF RETURN LALCULATION-------PRESENT VALUE CALCULATION----------
NUMBER JF YEARS = 24NUMBER OF YEARS = 24 INTEREST RATE = 8.0 PER CENT 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 -10000 10000 0 0 1982 10000 10000 0 0 

1983 12500 11574 0 0 1983 12500 10242 0 ,0 

1984 6952 5960 0 0 1484 6952 4667 0 0 

1985 0 0 7590 6025 1985 0 0 7590 4175 

1986 
1987 

90 
90 

66 
61 

7820 
8116 

5747 
5523 

1986 
1987 

90 
90 

40 
33 

7820 
8116 

3524 
2997 

1988 90 56 8378 5279 1988 90 27 8378 2535 

1989 90 52 8642 5042 1989 90 22 8642 2142 

1990 90 48 8904 4810 1990 90 18 8904 1809 

1991 90 45 9168 4586 1991 90 14 9168 1526 

1992 5918' 2741 9431 4368 1992 5918 807 9431 1286 

1993 90 38 9694 4157 1993 90 10 9694 1083 

1994 90 35 9957 3954 1994 90 8' 9957 911 

1995 90 33 10220 3757 1995 90 6 10220 766 

1996 2612 889 10483 3569 1996 2612 160 10483 644 

1997 90 28 10746 3387 1997 90 4 10746 541 

1998 90 26 11009 3213 1998 90 3 11009 454 

1999 90 24 11272 3046 1999 90 3 11272 381 

2000 90 22 11535 2886 2000 90 2 1L535 319 

2001 90 20 11799 2734 2001 90 2 11799 267 

2002 90 19 12061 2587 2002 90 1 12061 224 

2003 
2004 

90 
90 

17 
16 

12325 
12587 

2448 
2315 

2003 
2004 

90 
90 

1 
1 

12325 
12587 

187 
157 

2005 * 90 15 12851 2188 2005 90 0 12851 131 

31785 81621 26071 26059 

BENEFIT COST RATIO 
NET PRESENT VALUE 

= 
= 

2.57 
49836 

BENEFIT COST RATIO = 1.00 
NET PRESENT VALU& = -12 
INTERNAL RATE OF RETURN = 22.0 PER CENT 

sz3 



ZARQA-IRBID FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 125, PERCENT OF BENEFITS = 100 

------------ PRESENT VALUE CALCULAT-ION----------- ------- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 10000 10000 0 0 1982 10000	 10000 0 0 
10241 0 01983 12500 11363 0 0 1983 12500 

1984 6952 5745 0 0 1984 6952 4666 0 0 
0 7590 41741985 0 0 7590. 5702 1985 0 

40 7820	 35231986 90 61 7820 5341 1986 90 
90 33	 8116 29951987 90 55 8116 5039 19 6 
90 27	 8378 25331988 90 50 8378 4729 1988 

86q2 21411989 90 46 8642 4434 1989 90 22 
90 18	 8904 18071990 90 41 8904 4153 1990 

9168 15241991 90 38 9168 3888 1991 90 14 

1992 5918 2-281 9431 3636 1992 5918 806 9431 1285 

1993 90 31 9694 3397 1993 90 10	 9694 1082 
9957 9101994 90 28 9957 3172 1994 90 8 

90 6 10220 7651995 90 26 10220 2960 1995 
2760 1996	 2612 160 10483 643L996 2612 687 10483 

4 10746	 5401997 90 21 10746 2572 1997 90 
90 3 11009 4531998 90 19 11009 2395 1998 

11272 3801999 90 17 11272 2230 1999 90 3 
90 2 11535 3192000 90 16 11535 2074 2000 

11799 2672001 90 14 11799 1929 2001 90 2 
90 1 12061 2232002 90 13 12061 1792 2002 

2003 90 I 12325 1872003 90 12 12325 1665 
1 12587	 1562004 90 11 12587 1546 2004 90 

2005 90 0 12851 1312005 90 10 12851 1435 
2603830585 66849	 26068 

BENEFIT COST RATIO 	 = 1.00 
= -30 

BENEFIT COST RATIO = 	 2.19 
NET PRESENT VALUE	 = 36 64 NET PRESENT VALUE 

INTERNAL RATE OF RETURN = 22.1 PER CENT 

C



ZARQA-IRBID FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED)
 

PERCENT Cf COST = 125, PERCENT OF BENEFITS = 100 

------- INT ERNAL RATE OF RETURN CALCULATION------
------- -PRESENT VALUE CALCULATION------------

24
NUMBER OF YEARS = 24 INTEREST RATE =-12.0 PER CENT NUMBER OF YEARS = 

PRESENT
PRESENTPRESENT
PRESENT
 
BENEFITS 	 VALUE


COSTS VALUE BENEFITS VALUE YEAR COSTS VALUEYEAR 

0 1982 10000 10000	 0 0 
1982 10000 10000	 0 

0
1983 12500 10242	 01983 12500 11160	 0 0 
0
0 0 1984 6952 4667	 0

1984 6952	 5542 
0 7590 41757590 5402 1985 01985 0 0 

40 7820	 35247820 4969 1986 901986	 90 57 
90 33	 8116 2997

1987	 90 51 8116 4605 1987 
8378 2535

45 8378 4244 1988 90 271988	 90 
90 22	 8642 2142

1989 -90 40 8642 3909 1989 
8904 18091990	 90 181990	 90 36 8904 3596 

14 9168	 15269168 3306	 1991 90 
1992 5918 807

1991	 90 32 
9431 1286

1992 5918'	 1905 9431 3036 
10 9694	 1083

1993	 90 25 9694 2786 1993 90 
90 8	 9957 911

1994 90 23 9957 2555 1994 
1995 90 20 10220 2342 1995 90 6 10220 766 

160 10483 644
.1996 2612 534 10483 2145 1996 2612 

4 10746	 54116 10746	 1963 1997 901997	 90 
3 11009 45411009 1795 1998 901998	 90 14 

90 3 11272 381
1999	 90 13 11272 1641 1999 

11535	 31911535 1500 2000 90 2 

11799 1369 2001 90 2 11799 2672000	 90 11 
2001	 90 10 

12061	 2249 12061 1250 2002 90 12002	 90 
8 12325 1140 2003 90 1 12325 187

2003	 90 
2004	 90 7 12587 1040 2004 90 1 12587 157 

90 6 12851 948 2005 90 0 12851 131 
2005
 

26071	 2605929564	 55541 

BENEFIT COST RATIO = 	 1.00BENEFIT COST RATIO =	 1.88 
25977	 NET PRESENT VALUE = -12NET PRESENT VALUE = 

22.0 PER CENT
INTERNAL RATE OF RETURN = 



* ZARQA-IRBID FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED) 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 , 

----------- PRESENT VALUE CALCULATION------------ ----- INTLRNAL RATe OF RETURN CALCULATION -----
NUMBER OF YEARS =,24 INTEREST RATE = 8.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESE NT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 
1983 10000 9259 0 0 1983 13000 8274 0 0 
1984 5562 4768 0 0 1984 5562 3807 0 0 
1985 0 0 5692 4518 1985 0 0 5692 3224 
1986 72 52 5865 4310 1986 72 33 5865 2748 
1987 72 49 6087 4142 1487 72 27 6087 2360 
1988 72 45 6283 3959 1)88 72 23 6283 2016 
1989 72 42 6481 3781 1989 72 19 648.1 1720 
1990 72 38 6678 3607 1990 72 15 6678 1467 
1991 72 36 6876 3439 1991 72 13 6876 1249 
1992 4735' 2193 7073 3276 1992 4735 712 7073 1063 
1993 72 30 7270 3118 1993 72 8 7270 904 
1994 72 28 7467 2965 1994 72 7 7467 768 
1995 72 26 7665 2818 1995 72 6 7665 653 
1996 2090 711 7862 2676 1996 2090 147 7862 554 
1997 72 22 8059 2540 1997 72 4 8059 470 
1998 72 21 8256 2410 1998 72 3 8256 398 
1999 72 19 8454 2284 1999 72 2 8454 337 
2000 72 18 8651 2164 2000 72 2 8651 285 
2001 72 16 8849 2050 2001 72 I 8849 241 
2002 72 15 9045 1940 2002 72 9045 204 

2003 72 14 9243 1836 2003 72 9243 173 
2004 72 13 9440 1736 2004 72 9440 146 
2005 72 12 9638 1641 2005 72 0 9638 123 

25427 61210 21106 21103 

BENEFIT COST RATIO = 2.41 BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = 35783 NET PRESENT VALUE = 3 

INTERNAL RATE OF RETURN = 20.9 PER CENT 



ZARQA-IRBIO FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDED)
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

------------ PRESENT VALUE GALCULATION------------- --- INTERNAL RATE OF RETURN CALCULATION------
NUMBER OF YEARS = 24 INTEREST RATE = 10.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 

YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982 8000 8000 0 0 

1983 10000 9090 0 0 1983 10000 827£ 0 0 

1984 5562 4596 0 0 1984 5562 3805 0 0 

1985 0 0 5692 4276 1985 0 0 5692 3221 
1986 *72 49 5865 4005 1986 72 33 5865 2745 
1987 72 44 6087 3779 1987 72 27 6087 2357 

1988 72 40 6283 3546 1988 72 23 6283 2012 

1989 72 36 6481 3326 1989 72 19 6481 1717 
1990 72 33 6678 3115 1990 72 15 6678 1463 

1991 72 30 6876 2916 1991 72 13 6676 1246 
1992 4735 1825 7073 2727 1992 4735 710 7073 1060 
1993 72 25 7270 2548 1993 72 8 7270 991 

1994 72 22 7467 2379 1994 72 7 7467 766 
1995 72 20 7665 2220 1995 72 6 7665 650 
1996 2090 550 7862 2070 1996 2090 146 7862 551 
1997 72 17 8059 L929 1997 72 4 8059 468 
1998 72 15 8256 1796 1998 72 3 8256 396 
1999 72 14 8454 1672 1999 72 2 8454 335 
2000 72 12 8651 1556 2000 72 2 8651 284 

2001 72 11 8849 1446 2001 72 1 8849 240 

2002 72 10 9045 1344 2002 72 1 9045 203 
2003 72 9 9243 1249 2003 72 9243 171 
2004 72 8 9440 1159 2004 72 9440 145 
2005 72 8 9638 1076 2005 72 0 9638 122 

24464 50134 21098 21053 

BENEFIT COST RATIO = 
NET PRESENT VALUE = 

2.05 
25670 

BENEFIT COST RATIO = 1.00 
NET PRESENT VALUE = -45 
INTERNAL RATE OF RETURN = 20.9 PER CENT 

v 
Q7 



ZARQA-IRBID FEASIBILITY ALT C-2 (TIME SAVINGS INCLUDEDJ
 

PERCENT OF COST = 100, PERCENT OF BENEFITS = 75 

------------ PRESENT VALUE CALCULATION----------- ------- INTERNAL RATE OF RETU RN CALCULATION-------
NUMBER OF YEARS = 24 INTEREST RATE = 12.0 PER CENT NUMBER OF YEARS = 24 

PRESENT PRESENT PRESENT PRESENT 
YEAR COSTS VALUE BENEFITS VALUE YEAR COSTS VALUE BENEFITS VALUE 

1982 8000 8000 0 0 1982. 8000 8000 0 0 
1983 10000 8928 0 0 1983 10000 8275 0 0, 
1984 5562 4433 0 0 1984 5562 3809 0 0 

1985 0 0 5Cb92 4051 1985 0 0 5692 3226 
1986 72 45 5865 3727 1986 72 33 5865 2750' 
1987 72 40 6087 3453 1987 72 27 6087 2362 
1988 72 36 6283 3183 1988 72 23 6283 2018 
1989 72 32 6481 2931 1989 72 19 6481 1722 
1990 72 29 678 2697 1990 72 15 6678 1469 
1991 72 25 6876 2479 1991 72 13 6876 1251 
1992 4735 1524 7073 2277 1992 4735 713 7073 1065 
1993 72 20 7270 2090 1993 72 8 7270 906 
1994 72 18 7467 1916 1994 72 7 7467 770 
1995 72 16 7665 1756 1995 72 6 7665 654 
1996 2090 427 7862 1608 1996 2090 147 7862 555 
1997 72 13 8059 1472 1997 72 4 8059 471 
1998 72 11 8256 1346 1998 72 3 8256 399 
1999 72 10 8454 1231 1999 72 2 8454 338 
2000 72 '9 8651 1125 2000 72 2 8651 286 
2001 72 8 8849 1027 2001 72 1 8849 242 
2002 
2003 
2004 

72 
72 
72 

7 
6 
5 

9045 
9243 
9440 

937 
855 
780 

2002 
2003 
2004 

72 
72 
72 

L
1 
1 

9045 
9243 
9440 

205 
173 
146 

2005 72 5 9638 711 2U005 72 0 9638 123 
23647 41652 21110 21131 

BENEFIT COST RATIO = 1.76 BENEFIT COST RAT10 = 1.00 
NET PRESENT VALUE = 18005 NET PRESENT VALUE = 21 

INTERNAL RATE OF RETURN'= 20.8 PER CENT 

11 



APPENDIX D 

SYSTEM TRAINING PROGRAM 

Contained within this appendix are the following items: 

" Documentation concerning the training session 

* Program Flow Diagrams
 

* A table detailing the data files used in the study
 

* Additions to Program Documentation for QNEEDUPD 

* Program Documentation for QCOSTBEN. 

D-i 



INTRODUCTION
 

The 	objective of this brief is to provide a review of the activities that
 
transpired during the month long training session conducted for MPW counter
part personnel concerning the battery of computer programs used in the Master
 
Road Plan study.
 

The 	Ministry of Public Works assigned an engineer in training, recently
 
graduated from the University of Washington, Seattle, Washington, to be
 
their primary representative.
 

R.S.S., the Royal Scientific Society and administrator of the NCR 251 computer,
 
provided a technical person familiar with computer hardware. Emphasis was
 
placed on the fact that R.S.S. could not be responsible for the interworkings
 
of the programs, and it was agreed this was not expected of their organization.
 
Rather, their technician would only be asked to provide the Job Control Lan
guage necessary to execute the programs at the request of MPW. Program
 
control would be the sole responsibility of the MPW engineer.
 

The 	scope of training to be accomplibhed was divided into three basic parts:
 

1. 	An overview of the Master Road Planning computer program battery;
 

2. 	A definition of the system and the relationship of each of the pro

grams to the system and to each other; and,
 

3. 	An in-depth guided tour through each of the eighteen programs within
 
the battery, what they do in general, and more specifically what
 
options were exercised in the Master Road Plan study.
 

THE 	 OVERVIEW 

During the course of the Master Road Plan study a number of technical reports 
were prepared to aid in the continuing planning process. Procedure Manual G, 
Computer Program Users Manual, was the primary document used in the training 
program. At the same time, it was strongly recommended that the MPW trainee 
read through the other Procedure Manuals, as well as the Master Road Plan 
report, particularly Chapter 8, Forecasts of Travel and Transport Demands, 
and Appendix B-1 listing a Description of Computer Programs, to familiarize 
himself with the overall project and where in the total planning process the 
computer applications should fit. 

Chapter 8 of the Master Road Plan was to provide the trainee with a good
 
description of the various components of the forecasting models which he would
 
ultimately be charged with applying as required.
 

Appendix B-I of the Master Road Plan report provided a description of each
 
of the computer programs to be used in the continuing planning process.
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SYSTEM DEFINITION
 

Procedure Manual G was designed to be the textbook for the training program.
 
The 	components of the manual include:
 

1. 	A brief introduction outlining the purpose of the manual as it pertains
 
to.the overall study;
 

2. 	A flowchart (very difficult to decipher due to the amount of reduction)
 
showing the application-flow;
 

3. 	A detailed definition of the three basic categories of computer pro
grams; and,
 

4. 	Individual program write-ups including a brief description of program
 
purpose, a detailed description of the various program controls and
 
options, and the input and output files necessary for each program to
 
perform in a proper and useful fashion.
 

Because of .the legibility problems with the flowchart, the trainee was provided
 
with a copy of the original document, as it had been prepared during the course
 
of the study., , 

A dictionary of applicable terminology was provided the trainee, as the course
 
of training progressed, and is included in this document.
 

To provide the trainee with a basic background of the programs and their capa
bilities, it was suggested that he read through the entire manual of write-ups.
 
During this initial exposure, he was to find many terms and expressions, which
 
might be familiar to him via contact from other means, would now take on some
what different meanings more specifically related to network and needs analysis.
 
It was felt that having seen these technical terms, even though only briefly,
 
the trainee would be at least familiar with what terms he could expect to hear 
in the detailed discussion of each program and its capabilities. At the same 
time, he was asked to follow closely the flowchart to see where each program
 
fitted into the overall process, as well as the various input and output files
 
that were used and produced by the programs.
 

As expected, there were several areas that were not clearly defined by the
 
documentation. These areas were.covered during question and answer sessions.
 
However, the greatest number of questions were concerned more with specifics
 
than generalities, and the type of questions that were better covered with
 
detailed discussions of each member program of the battery.
 

INDIVIDUAL PROGRAM DEFINITION
 

Because of parallel work on the Zarqa-Irbid expressway study, the detailed
 
definition phase of training began with Network Analysis and Traffic Assignment.
 
Progression-of the-feasibi-lity-study-necessitated testing two alternative plans, 
including network update coding and assignments.
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The coding of the first alternate was accomplikhed during an over-the-shoulder
 
session with the trainee observing what was being done throughout the coding
 
phase and continued right through the actual traffic loadings. This work was
 
accomplished on a Thursday at R.S.S. to allow maximum exposure to keypunching,
 
cardhandling, etc., without the distractions of a full R.S.S. staff. Two members
 
of the consultant's team, three people from the Ministry and the technician from
 
R.S.S. were in attendance.
 

The work program consisted of updating the consultant's recommended alternative
 
to reflect the alternative studied in another feasibility project; formatting
 
select paths to check movement through the system; modifications to the speeds
 
to correct what was considered illogical routing; and finally, the updating of
 
the network and building of minimum time trees for input loading.
 

Due to the "two path" system used in the Master Road Plan study, a dummy update
 
of the new alternative was necessary that would not modify the network but
 
would allow the minimum distance paths to be built.
 

The program QLOADNEW was modified for use in the needs study to allow loading
 
of either of two sets of paths for each vehicle type. In particular, the pri
vate cars and bus/taxi vehicles wdre loaded to the minimum distance paths while
 
the light and heavy trucks were assigned to the minimum time paths.
 

For the purpose of training, as each loading was completed the two-way volume
 
tabs were printed to show the observers the individual vehicle loadings. The
 
resulting loaded network files were added using QADDLNET to get ADT, which
 
in turn was formatted using the loaded net input option of QLOADNEW.
 

The trainee was then charged to code thenew network with all questions, etc.,
 
to be held until he had completed the work. At completion, his work was checked
 
against the previously coded updates. The few inconsistencies found were pointed
 
out to the trainee and explained.
 

Coding of the second alternative was accomplished entirely by the trainee.
 
The network was updated and select paths formatted for checking. All program
 
control cards for the two executions ,of QNETBLD and QLOADNEW plus the use of
 
QADDLNET were coded by the trainee with some prompting on the definitions of
 
terms. The entire assignment procedure was executed to provide ADT for the 
second alternative, 

During the course of processing these two alternatives, the trainee was asked
 
to read over in detail each of the programs to be used, and to make marginal
 
notes where things were unclear. Each day time was spent going over these
 
programs and answering any questions that came up.
 

These sessions were not limited to the programs related to Network and Assign
ment entirely. Each program description interacts with some other program
 
description in terms of output files created either standard or optionally chosen.
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Thus, the link was provided to move from one program to another. The same
 
"read and discuss" procedure was used on each of the eighteen programs with 
the practical experience of using the programs applied where possible.
 

The trainee was given a group of programs to read that were closely related
 
such as QNETBLD, QPLOTNET. While some of the output/input files may be used
 
in other processing within the system, certain programs logically follow closely
 
behind one another and thus the groupings were designed to maximize the exposure
 
to the terminology before introducing new items of concern.
 

For some of the programs, it was not financially feasible to run the program
 
merely to provide a fresh tab for discussion. Many of the tabulations were in
 
existence at MPW and would not have changed. The actual "running" of the 
program itself takes place within the computer and would provide no benefits
 
to the trainee.
 

The input streams were listed to be used in discussing these programs, which
 
were not executed in relation to the other work. It was then possible to go
 
through the respective program writeup and point out the options used and why,
 
and displaying the existing tabulations and what they contain without incurring
 
computer time and expense. Likewise; it was not felt that single pass through
 
the entire system would provide a substantial amount of useable information
 
that would benefit the trainee.
 

SUMMARY
 

Approximately five weeks were devoted to training an engineer of the MPW 
staff on the application of a battery of eighteen computer programs, as they
 
related to the Master Road Plan. The objective was to provide MPW with the
 
capability of carrying forward with this work in the coming years.
 

As in any other "short study" course, much can be learned in regards to theory 
and general knowledge. But, a practical working background is only obtainable 
through continuous use of the information presented. The daily work require
ments of MPW staff engineers are such that opportunities for continuous involve
ment in task assignments of this nature are limited to occasions such as this
 
study.
 

it is felt that the MPW engineer assigned to this training course has indeed
 
absorbed quite well the generalities of the overall applications and in par
ticular in the area relating to Network Analysis. However, more continuous
 
practical work for him may be in order. Thus, the consultant has proposed that
 
a MPW designee spend about -three months in the consultant's home office working
 
under the supervision of the Director of Operations Research in order to
 
strengthen the applications aspect of this type of work.
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TECHNICAL DEFINITIONS
 

This glossary is designed to explain briefly some of the technical terms used
 
in the computer analysis portion of the overall planning process. Obviously,
 
many of these terms are used throughout the various documents that resulted 
from the Master Road Plan study and in many instances are defined quite suf
ficiently. To redefine them within this particular document was an effort to 
put them in a single location so that they would be readily available. 

The order of presentation should not in any way dictate the order in which they
 
are or should be used. It was felt that they should be grouped according to
 
their interrelation with each other. Additionally, the definitions may at
 
times appear job specific, as they relate to this study. At other times, these
 
terms may be descriptive information not pertinent to the Master Road Plan
 
study alone; this is because these terms apply in other studies as well.
 

NETWORK - A mathematical representation of a system of travelways by which 
vehicles, or in some cases vessels, commodities, and people, can move from 
place to place. 

ZONE - A delineated sub-area of a larger area for analysis purposes. In an area 
under study for traffic/transportation purposes the internal study area is 
divided into areas of geographical proximity as in the case of this study. At 

times, political boundaries are used, such as census facts, city limits, etc. 

DISTRICT - A group of zones with a certain degree of homogeneity. 

EXTERNAL STATION - A point where a road or transport link crosses the study 
area boundary.. 

CENTROID - The center of activity of a zone. An external station is represented 
by a centroid at the point where the road on which the station lies intersects 
the study area line. It should be noted, that throughout Manual -G, the words 
zone and centroid are used interchangeably. As a general rule, zones refer to 

internal as well as external. In cases where this is not true, careful atten
tion to the manual will indicate the exception. 

LINK - A segment of roadway either real, representative or fictitious (some
times referred to as "dummy" links). Each link has the characteristics of dis

tance, time to traverse, traversing speed and in some instances capacity.
 

A Real Link represents a piece of actual roadway either existing or programmed.
 

A Representative Link - simulates one or more actual roadways that may not be 

under study, but required to complete the study network. A centroid connector
 

is an example of a representative link. The centroid connector is used to
 

connect the zonal centroids to the real links, or roadway system.
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A Fictitious Link (dummy link) is used to complete the mathematical network such
 
that it can be processed by the computer analysis programs. A typical use of
 
this type of link is the connection of an external station to its respective
 
point on the study boundary/roadway intersection. In such a case, the physical
 
properties of the link (i.e., distance, speed, time, etc.) are non-existent
 
and usually coded with the value of zero. Another use of the fictitious link
 
is to split a very long link into two or more shorter links such that individuall3
 
they do not exceed the capacity of the program in single link processing. As an
 
example, the maximum allowable time on a link is 33.3 minutes. If the network
 

program finds a link time exceeding this, it will indicate the condition exists,
 
substitute the maximum, and continue processing. Subsequently, a correction is m
 

NODE - An intersection of two or more links. Each link has a node at each end. 
In the case of Centroid connectors or external station connectors, the represen
tative centroid is considered a node. Every node has its own unique number thus 
allowing the network program to differentiate between nodes and pairs of nodes 
or links. 

A Dummy Node can be used in several ways to simulate certain out-of-norm condi
tions (i.e., prohibited movements, or in conjunction with fictitious links). In
 
this study, the 54 interview stations (where roadside origin-destination inter
views were conducted) are represented in the network by the numbers 501 through
 
554. It should be noted that in cases where the interview station fell at the
 
location of a legitimate node, the dummy node is connected with a dummy link of
 
zero parameters, while the time values to the next node are coded with the link
 
on the opposite side of the dummy node.
 

TREE - A path between all centroids for a particular centroid. Usually, as 
in this study the path is determined by the minimum accumulation of some value 
such as time or distance. Some versions of the network program allow multiple
 
paths to be built.
 

SKIM TREE - The summation of a selected value along a tree. Skim trees are in 
matrix format with one entry for each centroid to all centroids for every cen
troid (i.e., a square matrix). In the Master Road Plan study, the two skim
 
trees used were both summations of time. One skim was the sumof times along
 
the minimum time paths and was built at the same time as the time paths using 
QNETBLD. The other skim tree contained the summation of times along the minimum 
distance paths and was created using the program QTRESKIM. In both cases the
 
values contained within the skim tree were whole minutes.
 

DELETES, CHANGES, ADDS - These are the types of links which may be included in 
the network program. They are self-explanatory. 

BUILD - Building a network to reflect all centroids, nodes, links and their 
characteristics; it must include only ADD links,
 

UPDATE - After "building", it is sometimes desirous to make changes to the net
work. An UPDATE run can include DELETES to eliminate undesirable links alto
gether; CHANGES to alter certain characteristics of a link such as speed; and,
 
ADDS to allow entirely new links to be included in the updated network. It
 
is possible to have a "dummy update" to leave the network itself unchanged
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but to allow the trees to be altered, as in the case of this study. The network
 
and minimum time trees were built. Then a "dummy update" was performed to allow 
minimum distance paths to be built using the original network unaltered. 

TRIP MATRIX - Sometimes referred to as a MEMJ in Manual G. The matrix is square 
with one entry for each zone (or centroid) to all zones. Unlike the SKIM TREE
 

file, the values contained in a TRIP MATRIX are vehicle trips. In the Master
 
Road Plan study, vehicle trips were divided into four groups for modelling:
 

private cars, bus/taxi, light trucks and heavy trucks.
 

LOADED NETWORK - A file in the same physical order as the network, but containing 
volumes for links as opposed to time, distance, capacity, etc., contained in 

the Network file. 

NEEDS INVENTORY - A file of data describing the Primary and Secondary roads in 

the Kingdom of Jordan. Each road segment consists of 150 items of information
 

of which 75 are gathered in field surveys while the other half are computed
 

by the Needs Programs.
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TAPE FILES
 

There were nine basic data files used during the Master Road Plan study. Eight 
of these were recurring in use throughout the application. The ninth (FINAL OD 
DATA FACTORED AND ADJUSTED on tape WS-14) was used in the model calibration 
stage to provide origin and destination trip patterns by vehicle type. Once 
the model was developed this data file became an historical document. It may 
be used to retrieve tabulations relating to the 1976 OD survey. The format of 
the file is in Appendix B of Procedure MANUAL G. 

The interaction between the eight major data files is displayed in the table at
 
the end of this brief. Each file is tabulated against the programs in the
 
battery as to its function (i.e., input, output, etc.)
 

PROGRAM FLOW DIAGRAMS
 

Following the table of data files on tape are individual flow diagrams showing
 
the basic setup for each of the programs. The intent of these diagrams was
 
to provide a sample flow for each.program. In some instances, a program may
 
contain options that if selected would change somewhat the input and/or output.
 

PROGRAM DOCUMENTATION
 

A major modification was made to the program QNEEDUPD to allow the addition of
 
new road segments to the inventory file. The documentation for these modifica
tions is included in this brief.
 

Additionally, a new economic analysis program QCOSTBEN was developed for use on
 
the Zarqa-Irbid feasibility study. The program writeup and flow diagram are
 
included herein.
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QLINKINV
 

LINK DATA CARDS I 
INVENTORIED ROADS (PUNCH DECK) 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

This setup will read the Network/Needs conversion deck
 
and prepare and punch a deck of link data cards suitable for
 
input to QNETBLD.
 

It must be remembered that all centroid connectors must
 
be coded manually and combined with the link data deck
 
generated by this program.
 



ONETBLD
 

OLD
 
NETWORK
 
TO BE
 

UPDATED
 
M05
 

(UPDATE OPTION ONLY)
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

The sample setup above indicates the program QNETBLD will
 
read the input data, build the network and all trees, and build 
a skim 	tree file.
 

If an UPDATE is run, the Link Data would consist of Deletes,
 
Changes, and Adds as needed to make required updates. The old
 
network to be updated would be on MOS.
 

The Skim Trees are an optional output as is the Network
 
listing. The user may select as desired.
 



OPLOTNET
 

SELECTED
 
ROUTES CARD
 

BLANK CARD TO
 
SIGNAL LAST ROUTE
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

The setup described above will read the input stream, the
 
Network, and assuming a picture of Volumes, the Combined Loaded
 
Nets. Also assuming the selected routes option (i.e., not print

all routes) the Selected Routes Card must be present.
 

It is possible to make an initial run with all desired 
routes, keep the two Work Files on disk, and on succeeding runs
 
leave out the Route Description Cards. However, the blank card
 
must be there to indicate this.
 



QTRESKIM
 

NOTE: -APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

Program reads the input stream, sets up internal values 
based on Parameters and Control information, reads the network 
and stores necessary data, and alternately reads a tree and 
writes a'skim tree record until the file has been completed. 



OLOADNEW
 

NOTE: APPROPRIATE JOB CONTROL
 
2nd MATRIX CARDS MUST BE INCLUDED
 

IN INPUT STREAM.
 

1st MATRIX
 

This setup indicates the first two matrices on M08 will be 
loaded to MO6 or M07 depending on option selected, a Loaded 
Network will be written on M09 and print tabulations based on 
options. To format a loaded network, the Loaded Network input 
should be on MO5 and the Network and Trees on M06. 



QADDLNET
 

NOTE: APPROPRIATE JOB CONTROl 
CARDS MUST BE INCLUDED 
IN INPUT 'STREAM. 

2nd LOADED NET 
OUT 

-1st LOADED NET 
OUT 

The above example indicates two output loaded nets will be
 
written on M05 followed by the Node Table from the network. The
 
"Controls" cards'are for showing the combination of input Loaded
 
Nets to be included with each output net. 



QEQUATE
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

I OUTPUT 
TRIP MATRICES 

WITH 
FILE INDICATORS 

M07 I 

The flow diagram above represents the ins and outs of QEQUATE.
 
This program was developed just for the Master Road Plan Study.
 
While it is possible to input different Planning Data, External
 
Growth Factors, and additions to the External Trip Records, the
 
program is designed to.solve the equations for cars, bus/taxi,
 
light trucks, and heavy trucks as described in Chapter 8 of the
 
Master Road Plan report.
 



QCOMPFAC
 

NOTE: 	 APPROPRIATE JOB CONTRO
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

INFORMATION &
 
COMPARISON TABS
 

Using the above flow, the program reads the input stream,
 
factors input matrices giving new matrices, and prints district 
summary tabs.
 

When using compare option only, M04 would be the base and
 
M05 would be the compared file. Of course the factors would not
 
be required.
 



QMATXMAN
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

The above flow would apply for the present version of QMATXMAN.
 
It is possible to code in FORTRAN statements within a marked place
 
within the source code to perform other operations in whatever
 
combination. The only ,operation required on this study was the
 
addition of two matrices.
 



QMPRINT
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

Above flow would apply for one input tape and one matrix to
 
be printed. The program optionally prints rows of a matrix (from
 
a zone to all zones) with no limit on selections; or up to 10 zones
 
may be selected to have the columns (to a zone from all zones)
 
printed.
 



QNEED"SA
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

W, WU1, WU2, WD1, WD2,
 
T, T2, SXK, PI, PJ
 

Above flow represents a full analysis run on all route
 
segments. Data Card Type 8 allows the user to select route
 
segments for analysis in which case there would be only printed
 
output but no new tape file.
 

The Design Tables are preset values and should -not be 
changed. Data Cards 1 and 2 represent ranges of inventoried 
data and should not be changed unless the field inventory 
procedures are modified. 

Data Cards 3-7 are the Tolerable Standards for the Jordan
 
study and they should not be modified.
 



OPICTURE
 

NOTE: 	 APPROPRIATE JOB CONTROL 
CARDS MUST BE INCLUDED 
IN INPUT STREAM. 

Program reads input stream and Needs file and prints 
selected pictures. The Pictures Description may consist of two
 
cards if the user has selected from 6-10 pictures.
 



ODSPLYND
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

TWO SUMMARY
 
TABLES
 

Above flow shows input stream including 2 summary table 
headers meaning user opted for only 2 summaries. Program reads 
input stream, prepares formats for output, and prints Display 
followed by Summary Tables. 



ONEEDUPD
 

'9999' IN COL. 1-4
 
LAST CARD
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

Program reads input stream, old needs, and writes new needs
 
with updates included.
 

It is possible to insert an entire segment or group of 
segments using this program. The program writeup in Manual G 
does not show this, thus a detailed explanation follows this 
flow diagram. 



QVOLTOIN -


NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

Program reads input stream and two loaded network tapes.
 
Input Needs file is read and option year volume is computed and
 
inserted into Output Needs file.
 



QNEEDSC 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

Program reads input stream and input Needs and produces

Cost Report Tabulations along with an output Needs file con
taining cost data.
 



QECANAL
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

OUTPUT
 

FOR 
T A 
M05 

Program reads input stream and segment by segment calculates
 
costs, 	 benefits, time savings, net present values, benefit cost 
ratio, internal rate of return, etc. This flow diagram indicates 
option to output a file of costs, benefits, and time savings by 
segment to be used in Project Analysis - QRTANAL. 

CAUTION should be used when running this program. One
 
discount rate requires about 70 minutes and 36,000 lines if the
 
option is selected to bypass printing of yearly figures. Printing
 
yearly figures more than doubles the lines of print. A second
 
discount rate will increase the CPU time approximately one-third
 
and double the lines of output.
 I 



ORTANAL
 

NOTE: APPROPRIATE JOB CONTROL 
CARDS MUST BE INCLUDED 
IN INPUT STREAM. 

DISCOUNT RATES 
COSTS, 

BENEFITS, 
TIME SAVINGS 
(FROM QECANAL) 

OPTION MO.4 

HEADER 

ECONOMIC 
QRTANAL :ANALYSIS 

BY PROJECT 

Program reads input stream and Costs, Benefits, Time Savings

and provides Economic Analysis by project as defined in Project

Deck.
 



QCOSTBEN
 

NOTE: 	 APPROPRIATE JOB CONTROL
 
CARDS MUST BE INCLUDED
 
IN INPUT STREAM.
 

The program reads the input stream and depending upon user
 

values calculates Net Present Value, Benefit Cost Ratio, and
 

Internal' Rate of Return. Appropriate messages will be displayed 
should 	the IRR calculation not be possible.
 



TAPE FILES USED 

MASTER ROAD PLAN STUDY 

PROGRAM 
NAME 

QLINHINV 
QNETBLD (BLD OPTION) 
QNETBLD (UPD OPTION) 
QPLOTNET 
QTRESHIM 
QLOADNE.U (LOAD OPTION) 
QLOADNE. (FORMAT ONLY) 
QADDLNET 

EQUATE 
QCOMPFAC 
QMATXMAN 
QMPRINT 

Network 
Trees 

0 
1/0 

I 
I 

/I/OI 
I 
I 

Skim 
Trees 

00 
OO 

0 

1/I 
DI 

Trip 
Matrices 

I 

0. 
I/O 

01 

Individual 
Loaded 
Nets 

O 

Combined 
Loaded 
Nets 

01 

O 

Skim 
Trees 

Combined 

1 

0 
01 

Needs 
Inventory 

I 

Economic 
Analysis 
Segment Addition Input/Output 

Input Output 
Net/Inv. conv. Link data for road 
1 Input - Complete link data 

Input of dates 

In0 
Input 
Planning parameters, etc. 

lInput-Zone to District conversion 

QNEEDSA 
QPICTURE 
QDSPLYND 
QNEEDUPD 
QVOLTOIN 
QNEEDSC 
QECANAL 
QRTANAL 

_01/00 

I/I 

I/O 
OI
01 

I/O 
I 
I 0O 

I 

Input 
Design Standards (See writeup) 

Input - Needs Changes 
Input-Net/Inventory Conversion 

_Input-Design Std & Cost Tables 
Input-Design Stds., etc. 
Input-Section to project Conversion 

I = INPUT 
O = OUTPUT 
OI = OPTIONAL INPUT 
00 = OPTIONAL OUTPUT 



QNEEDUPD
 

PROCEDURE TO ADD NEW SEGMENTS TO INVENTORY FILE 

Inventory Items 1 through 75 are field collected and must be supplied for each 
segment to be added. Below are changes and/or additions to the program writeup 
for QNEEDUPD in Manual G necessary to add segments properly. 

CONTROL CARD
 

Cols 1-4: Same
 
5-8: Same
 
9-12: '0' or Blank if no new segment to be added.
 

'1' will look for new segments following '999' Card after
 
last update.
 

INPUT CARDS (for Updates)
 

Same as described in Manual G. Last card to have '999' in tols. 1-4.
 

NEW SEGMENTS
 

Inventory Items 1-15 on first card; 16-30 on second card; etc., with 61-75 on
 
fifth card. Each item has 6 columns. Therefore, the first card would begin
 
as follows:
 

Cols 1-6 = Item 1 - Urban/Rural Record
 
7-12 = Item 2 - Governorate
 

13-18 = Item 3 - Route Number, etc.
 

Cols 1-6 (on second card) = Item 16 - Median type, etc. 

The program will read 5 cards, expand the record to 150 items with 76-150
 

filled with zeros, and add the new record (3 to a block) at the end of the
 

previous inventory.
 

IMPORTANT
 

Once the new segment(s) have been added to the end of the file, the file must 
be sorted to place the new segments into proper sequence.
 

The sort would be on Route and Beginning Kilometer which are inventory Items
 

3 and 4. As each inventory occupies a full 4-byte word, the sort would be on
 
Position 9-16, ascending.
 

The number of Items = 150 = 600 bytes per record. 

The number of records per block = 3 = 1800 bytes. 

NOTE
 

The appropriate cards must be added to the Net/Needs Conversion Deck to reflect
 
the new segments in the network.
 



QCOSTBEN 

PROGRAM: Cost/Benefit Analysis 

LIBRARY ENTRY: QCOSTBEN (Size,= 64) 

PURPOSE: To read a card deck containing costs and benefits-for each year 
and calculate Net Present Value, Benefit Cost Ratio, and Internal 
Rate of Return. User options control the number of years, dis
count rates and adjustments to input data for sensitivity tests. 

OPERATING- INSTRUCTIONS 

INPUT 	 CARDS 

Card 1: Header or Project Title Card
 
Cols. 1-80: All alphanumeric characters to be printed at the top of each page.
 

Card 2: Parameters
 
Cols. 	1-4: Number of Years (Maximum 50).
 

5-8: Number of Discount Rates (Maximum 10).
 
9-12: First Discount Rate in Per Cent (Whole Percentages only).
 
13-16: 	 Second Discount Rate.
 

Etc.
 

Card 3: Sensitivity Options
 

Cols. 1-4: Value to be applied to cost data - First Test (r4.2) 
5-8: Value to be applied to benefit data - First Test (F4.2) 
9-12: Value to be applied to cost data.- Second Test (F4.2), 
13-16: Value to be applied to benefit data - Second Test (F4.2) 

Etc. 
(Maximum of 5 tests) 

Note: 	 The Sensitivity Option Card is mandatory. If the user desires analysis
 
only for the input data with no adjustments, he must code 100 in columns
 
1-4 and 5-8. The program will accept any value greater than zero, with
 
100 representing 100%. If a zero value is encountered in either the cost
 
or benefit field for a test, the program will terminate at that point.
 

Card 4: Data Cards (Repeat for each year in Cols. 1-4 or Parameter Card)
 
Cols.1-4: Year
 

5-10: Cost (F6.0)
 
11-16: Benefits (F6.0)
 

No tape 	files are required by this program.
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SECTION I SECTION II
 
LIST OF CULVERTS LIST OF CULVERTS 

TATION LENGTH 1WE ECT ULY BOX CULVERT (m.) STATION LTH NE DC PAC L BOX CULVERT (In) 
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6407 
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42 
35 

75 
48 

L 
L 

L 
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-
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-

1-150 x 100 

10+340 
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71 

30 
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R 
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S E C--TI 0 N I	 TI O N II - .SEC 

SUMMA RY -0F E ARTHWORK S _ SUMMARY OF EARTHWORKS 

ISTA TO STA CUT FILL IWASTE IBORROWIIFROM STAITO STA.J CUT FILL WASTE BORROW FROM STA TO STA. CUT FiLL WASTE BORROW 
SUB TOTAL 6,984,374 4,326,672 4.131,540 1,475,83 823491773

5,00 8+853.30 169,540 - 169,540 -	 F 8+91043 9+635 00 - 703,383 - i03,38334+69000 35+20000 66,500 67,706 - 1,206	 SSF 8+10453 

5330 9+70000 78,335 78,200 15 - - 35+200.00 36+19000 18,000 520,893 - 502,893 9+63500 10+50000 162,250 162,710 - 46C -Ii- 6&. 
36+19000 37+045.00 73,112 73,657 - 545 10+50000 11+21500 166,750 163,040 3,710 

0000 520,250 2,300 517,950 00+07500	 37+04500 37+60000 10 2,388 104,075 - £,687 11+21500 11+91000 350,675 354,459 - 3,784
 

37+60000 38+54000 - 231,762 - 231,782 11+91000 13+11000 99,325 99,274 51  4;75.00 2+83090 35,027 35,027 - 
)75 00 38+54000 39+200.00 25,000 23,605 1,195 - 13+11000 13+56000 - 49,420 - 49,42C 

3090 3+BO2 28 34,223 34,223 - - 39+20000 40+00000 48,000 46,862 1,138 - 13+56000 14+50000 18,500 22,080 - 3,580 
14+-50000 15+62500 43,688 44,850 - 1,162902-28 4+42167 - 131,430 - 131,430 40*00000 40+76500 70,500 74,462 - 3,962 

2167 5+0000( 56,000 56,00C - - 40+76500 4t+96500 333,300 127,953 5,3S2 - 15+625-00 16+44000 )11,612 - 111,612 

17,950 17,825 125 0000 6+90000 432,250 - 432,250 - 41+965,00 42+28000 97,150 - 97,150 -	 16+44000 16+80000 

90000 7+371 48 113,250 113,250 - - 42+280,00 43+100 00 54,050 51,750 2,30 - 16+80000 16+90000 40,750 - 40,750 

37148 7+80091 58,096 58,098 2 43+100,00 44+34000 2357,950 5,175 232,77 - 16+90000 18+07500 58,00 57,428 572 
2 5  16+07500 19+80000 69,750 69,072 676 30091 0+122500 510,216 - 510,216 - 44+34000 45+00000 18,800 17,8 975 

12500 9+70000 7,188 7,18B - - 45+00000 45+825 00 346,188 - 346,188 - 19+80000 21+48500 91,525 9 1,425 too 

70000 10+60000 408,000 3,738 404,262 - 45+855 00 46480000 5%,562 52,325 - 763 21+48500 22+08000 40,225 40,538 - 313 

000{ 11+34000 49,000 49,450 - 450 46+80000 47+94000 79,500 77,395 2,105 - 22+08000 23+26000 57,650 57,212 438 

34000 11+90000 9,250 307,35C - 298,100 47+94000 48+28000 - 50.542 - 5 23+26000 23+70000 28,350 29,612 - 2 

'00.00 12+35000 40,250 37,950 2,300 - 48+26000 49+000,00 12,000 10,637 1,3 - 23+70000 2553500 1,50C 151,585 - 150,085 

S5000 13+24000 75,500 75,90 - 400 49+00000 50+00000 10,500 12,650 - 2,150 25+535*00 25+20000 23,750 23,820 - 70 

'4000 14+02500 406,812 - 406,812 - 50+00000 50+635 00 12,788 12,075 713 - - 26i20000 26+825 00 ill ,812 - 111,812 

'2500 15+10000 239,187 238,625 56T 50+62500 51420000 53,21Z 53,475 - 26 26+82500 27+70000 20,938 21.275 - 337 

0,00 16+25000 - 306,475 - 306,475 51+20000 51+57000 - 99,705 - 99,705 27+700 00 29+60000 48,000 48,588 - 588 

'5000 17+19000 56,775 55,775 1,000 - 51V+57000 52+40000 74,000 73,370 630 29+60000 31+50000 - 247,825 - 247,825 

000 18+30000 116,225 116,725 - 500 52+40000 53402000 52,000 47,668 4,332 - 31+500*00 331-60000 21,000 21,662 662 

00.00 18+72500 - 199,956 - 199,956 53+02000 53+36000 - 256,105 - 256,105 33+60000 34f210 00 - 79350 - 79,550 

5.00 19+70000 34,000 34,644 -	 644 53+36000 53+800-00 68,750 65 952 2,798 - 34t-21000 3502500 71,250 73,025 - 1,775 

0 00 20+3000 212,250 - 222,25 - 53480000 54+47500 74,750 73,888 862 - 35+02500 35+20000 78,750 77,625 1,125 

000 20+BOO OC 21 250 22,23 - 887 54+47500 55+33500 12,50C 148 580 - 136,080
 36+20000 37+53000 23,500 22,770 73C 

000 21+125.00 28,625 27,888 73t 55+33500 56+20000 37,750 35 707 2,043 - 37+53000 39+24500 - 1,554,052 - 1:54,052
 

500 22+10000 228,125 t,725 226,400 - 564+20000 57+27000 3I ,750 29 ,392 2,368 - TOTAL 1,757,500 4,283,905 271,703 2798,108
 

0.00 	22+89000 256,875 - 256,875 - 57+27000 61+00000 - 599 668 - 599 668
 

oo 23+81000 74,875 72,840 2,035 - TOTAL 8,846,374 7,371,726 4,835,837 5.61,189
 
000 24+8400C IS I,000 190,785 215 

4000 25+50000 131,500 129,08E 2,412 

00026+0500E 311,625 28E 311,337 

000 26+49000 90,375 86,221 4,154 

9000 27+000 154,250 157,579 - 3,329 
0000 28+03500 664,725 - 664,725 

3500 28+69000 108,025 107,381 644 

000 29+70000 89,500 87,544 ,956- 
000 30+70000 18,000 226,55 - 208,550 

000 32+16000 280,000 279 ,737 263 -
ZARQA - RIHAB - IRBIDSOO 33+52500 365,188 368 '862 - 3,674 

50D 34+4800 308,812 306,302 2,510 - RIHAB - SYRIAN BORDERSI 
O 34+690 - 319 ,441 - 319,441 SUMMAY OF EARTHWORKS 
UB TOTAL 6,984,37414,326,67214,131,540 1,473, 838 
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LIST OF CULVERTSSUMMARY. OF EARTHWORKS 

FROM STA j CUT [F ILL (WASTE BSORROW 

'A
 
~O. 52$
at-do /W70 7 sa900 3

flIO 7' 2 6/nA 2/0Cv fly" 5, 
[ST ATION IBOX C LJLV IPIPE CU LV 

200 9/6IA /64 3+927 

2cc/to 'S
 

65636 -( 0 /175
 

31/21 

76500 Cx #1t 71 00 


71/00 /9/MS
 74

fO9
f700 2(20 

90X
 

36.7.-s. SI,,,,
 

'2/tsr 

//636r7 a210"0 
;v 710 29
 

s.d-S-S-A-f/1000v ,ft 300 .907750 

79Wl
 

$5/sc
 

1StJOO /JSAW 

21 700 - ,fl/0, 
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SECTSECTION I 1 N II 
L IS T O F CU LV ER T S LIST OF CULVERTS 

STATION LENGTH E DIRC1 BOX CULVERT (Mi.) STATION L NE-RE DIGICLNTHANGLE DIRCT.2'2' BOX CULVERTBXCLVR (m.) 

9+370 

2+560 
88-17 

953 
42 

35 

L 

L 

- I-200. 150 

I-2 00x200 
10+340 42.23 71 R 690 -

4+15 
4+400 

64-07 
81 98 

75 
48 

L 
R 

1090 
- 1-150x 100 11+200 98030 R - I- 1.50x.150 

7+500 65-87 68 L - 1-200 100 
9+700 62-56 69 L 1090 11+340 78 32 70 L 190 -

11+250 61-98 48 L - 1-2-00 200 
12+400 7879 52 L 1$90 - 12+880 35.91 71 L $90 -
14+750 83-II 62 R 2-1-50x 150 
6+550 

18+450 

6560 
10077 

90 
36 R -

3-200x1-50 

1-1-50x 1-50 
14+000 43.40 40 R - I- 1.50x1.50 

20+800 10961 28 R I -200xI 00 
23+400 92-39 34 R I200x lOO 14+620 55.40 90 - 3-3.00 300 

23 +750 120.90 26 - 2- 1.50x 150 
31+450 
32+350 

8483 
92.11 

45 
62 

R 

L 

1090 

-
-

1-150x I 50 

19+200 35 72 78 R - 3-3.00 x3.00 SECTION I SECTION II 
33+950 
34+600 

6276 

129.53 

85 
35 

R 
R 

1090 
-

-
2-L50 x I.50 

19+940 435B 55 R 60 - LIST OF SUPERELEVATION LIST OF SUPERELEVATION 
35+500 

36+200 

117.50 

10672 

32 

40 

R 

R 

- 1-200x 

2-1.50X 

1.50 

I.50 
20+620 40.08 49 R 1 -3.00 x1.50 P. . No RADIUS 

MAXSE P 
P No RADIUS 

MAXSE 
% 

36+750 
37+500 

38+300 

59.60 
160.62 

6904 

90 

'IS 

60 

R 

R 

I060 

- -
2-

-

aooO100 
1.50x 1.50 

22+100 42.02 64 - - I - 1.50 100 
0 

15,4, a 14 

1300 

1600 

5 

4.5 

9 

10 

600 

250 

5 

8 

39+350 79.53 51 R 190 - 23+050 35.40 90 190 - 2 a Is 1000 6.5 II 1000 6.5 
40+200 78.01 82 R - 2- .50x .50 

40+725 69.07 75 L - 21.50.150 25+400 35-40 90 $90 - 5,7,8, a 19 1200 5.5 12 500 8 

41+225 81.12 49 L 1060 6 a 11 3000 6 13 a 21 100 4 
42+950 

43+950 

65,60 

5960 

90 

90 

L - 2-

2-

1.50x1.50 

I 50 1-5o 
27+570 39.03 53 R 2-1.50 1.50 9 250 8 14 2600 3 

44+950 

45+920 
47+550 

59-60 

8088 
71-19 

90 

47 
67 

R 

R 

1090 

-
-

2-
1-

150x1-50 
200x2-00 

30+640 42.63 60 R 2-1.50 x1.00 
10 

12, 13,82 

1780 

2800 

4.5 

2.5 16 

15 

& 17 

1500 

1200 

5 

5.5 

4-150 6260 90 2- 1-0. I-50 34+200 41.72 66 L 2-1I50 .3.00 I5 2000 3.5 18 a 19 2800 25 
50+450 59-60 90 - I - 1-50x 50 
51+600 74,60 90 - 2- 1,50. I50 35+600 43.69 47 1- I.50 x1L50 16,IT820 100 4 20 2500 5 

55+200 62.60 90 - 2-1.50 1.50 22 5000 2 
55+650 
58+770 

5960 
80-30 

90 
50 R -

1I-150 O1.50 
1-2-00x 1-00 

38+000 74.40 90 2-1.50x1.50 
23 5000 2 

ZARQA - RIHAB - IRBID 
RIHAB - SYRIAN BORDERS 

LISTS OF CULVERTS AND SUPERELEHTION 
SCALE. IDR. 8of 21 1 
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SUPERELEVATON RUNOFF 
FOR R IOOOm (WITH SPIRAL) 

30m Lngi, ofSPrIal Fully Supereeated curve 

o 

NoI 

'o--

I I-

01 

004 

Ts. 

LX 

SOC 

Outaide ShoulderProfile 

-ni ShalderPrafil 

F' 
1 
1, i 4 1 1-907 8 3 101II 17 25m CHRD 

9 F tPP l [p 1 B 4IS i 161 If IBIp 
2 0 

921 32 omi~hoRD 

DESIGN SUPERELEVATION RATES. 0n.-0 OS 

FOR25atCHORDaV-120M/IHR 

ELEMENTS OF TRANSITION 
o CanterPoint 

I Ridas 

SPIRAL PAVMENT REVOLVED ABOUT B_ 

00079V2 

OEB(rxecommndndmlax) 
f. 0i(fora speedof 120Ka/hr) 

Vi 120 Km/hr 

000015 

Maximum D - 27-I1 
584 

For 25a chrd 

TS Tagat in Nsil pont (origrs or spial) 

SC-Spiral la cirv point(sharp and of spoll 

CS- Sove spiralpOint 

ST. Spiral Io tr9aend poin, 

LS=Length of spiral 

LC Lengthof curne 
PLAN OF CURVE 

,Ri Shift (aft-s,) 

FOR 0V 10m/hr 

p-OB(PRecomded Mae -

f.0128 
0s 007 001 37.SI 
004323,a 

Mat 
0 

D' 1432 a-4-17 FOR 2hm IIORD37981 

Xr- Abeissa of the ertier point 

T= AngI Of Spira 

X- A.eas atsas E 

Y- Ordinre of0 saCS 

TK=Short tangent 

T.. Long tangent 

S, LangciardTS-SC 

= OrdldeflcanoA 

SUPERELEVATION RUNOFF 

FOR R IOOO(NO SPIRAL) 

L CO0mnS 4 - Fain Supsereoted 
2/3L LLI-

PC. Curve 

Outelde 9houder Prifile 

Pl -Pinn of interseionff 

T - Tangent dista'. Ti-PL 

PC- Point of Nurve if no spira as inralied 

14 TheangleberIwenthe maint.anIn a th Dird ofthe pira l 3 0 

lPrfil o i 

aideShouaderPrie ---

E 

P.\ 
[.Cj 

-- a n 
U 

/kRT 
(ECl 

PAVEMENT REVOLVED ABOUT 

- Ar 

lat' ~-4/~, 

L t-a~ aa~a-a-aaat ~aa~a, 

a-

ELEMENTS OF HORIZONTAL CURVES(for 25mionord) PLAN OF CURVE 

360f S 

TaR ian /2 
Eaa 2-Raa(sroA/2-l) Reosei/2 

Mat-R coe NIlRf(I-ess/2) 

LC a25/D 
D= Derie f crveas(Thesinaral an which nubstnds A25me tr 
T=Taqset dastanex 
A= Edntrnlane 
Ea E til distnrt 

Ma=Middleordirate 
LC=Lenath of horizontal A v 

R- Radius of curis 

third 

TiNS~ ~00 __ 
I a tiltla 

UTERELEVATION tfSvRIaiJOp ALONGTRANSIoN 

FiflRE A -0 llile31Cr ossinUl 

,j 

ItiL 

-Ti 
T DGrISTANCE ALONGRNII 'e s 

91.FEREILEVATIONDI5-RBUOTIONALONGTRANSITION 
IGl.JE A-7,OFRAPI1WYESIGMAora 

ZAR A- RIHAB- IRBID 
AB -SYRIAN BORDERS 

M A RA - D ITADNARDSIMISCELLANEOUSDETAILSS DESIGNSTADNARDS 
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14 D0 4 

.3nds0sHLD Rd 240 

0 

P G. 

4% a% 

SEE DETAILS A 

2%T4 

TYPICAL SECTION-NORMAL 
TWO LANES 

SCALE 1/1004/ 

SALGEBRAIC3 

0'A 

14 40 

So~T EXCEE 

DIFRNC 

7 %D 
O 

. 

ZARA RIAB- IBI 

RIHS3-SYANBORER 

SUPER ELEVATED TYPICAL 
TWO LANES 

SCALE /o 

SECTION 

- .PRIME 

I 

5 cm.HO MIX ASPH. CONC.PAVE JWEARINGCOURSE) 

5c..HOT MIXASPH. CONC.PAVE (BINDER COATI 
W' TACK COATS. 

15cm HIGHQUALITY BASE COURSE CBR=100 % 
20cm.HIGHOQUALI1TY BASE COURSE CBR=>90% 

ZRA R 
RHBSINBRDR 

B IEI 

*-15 cm. COMPACTED__ SELECTED TOPPING CBRm>15%IO 
TYPICAL SECTION 

DETAILS "A"RELATING TO PAVED LAYERS( 4 8 2 LANES)EoSTO SCAE , H A. DRG 5 of 21 



1000 I 720 I 360 1940 1 
MEDIAN 180J ROADWAY 300 II 

SHLD 'Rdg. 

0
0 

4N. 

TYPICAL SECTION-NORMAL 
FOUR LANES 

SCALE 1/100 

0 
0 
05 

-ALGEBRAIC DIFFERENCE 
NOT TO EXCEED 7% 

SUPER ELEVATED TYPICAL SECTION 
FOUR LANES 

FILL SLOPE VARIATIONS SCALE 17160 

FOR BOTH 482 LANES 
CASE 
N. 

HEIGHT/. RANGE 

I 0.00 -200 USE 4.1 

2 200 -2 67 = 08.001FIXED 
3 
4 

2.67-3.50 
3-50-5 25 

= 

= 

5I 

1050m FIXED ZARQA - RIHAB - IRBID 
5 5.25-6.50 2:1 RIHAB - SYRIAN - BORDERS 
6 6-50- 8.07 1.0Dm. FIXED TYPICAL SECTION 
7 >607 = 3-2 II

SCALE 5-
Us
As SkEin I DRG. 4of 21 
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I N D E X LEGEND ABBREVIATIONS 

COVER SHEET I 0 PIPE CULVERT 
STATION 
DISTANCEEOUATION 

STA 
DISt Eq 

BACK B 

BOX CULVERT AHEAD A 
INDEX - LEGEND - ABBREVIATION 2 RIGHT R 

PIPE AND BOX CULVERT 
LEFT L 

SITE PLAN 3 NUMBER No 
PRIMARY ROAD METER m-

CENTIMETER Cm 
SITE PLAN OVER LAP 3 A 

SECONDARY ROAD 
CUBICMETER 
ELEVATION 

Cu M Or m6 
ELEV 

VERTICAL CURVE V*C 
TYPICAL CROSS SECTION AND DETAILS 4-5 VILLAGE ROAD TANGENT DISTANCE T 

EXTERNAL ANGLE a 

MISCELLANEOUS DETAILS AND ------ TRACK 
EXTERNAL DISTANCE E 

DESIGN STANDARDS 6 LENGHTOF HORIZONTAL CURVE L 

RADIUS R. 
RAIL WAY . DIAMETER 0 

PROPOSE SITE OF STUDY 7 POINT OF INTERSECTION P I 
POINT OF CURVATURE PC 

LIST OF CULVERTS AND 
WADI NON PERENIAL POINT OF TANGENCY PT 

LIST OF SUPER ELEVATION SUPER ELEVATION SE 
WADI PERENIAL SHOULDER SHLD 

CUT C 
SUMMARY OF EARTHWORKS 9 FILL F 

INTERNATIONAL BOUNDARY SECTION Sect 
NORTI-1 N 

PLAN AND PROFILE (SECTION 1] 10-17 Nt TOWN AND LARGE VILLAGES EAST E 

ROUNDING Rdg 

PLAN AND PROFILE (SECTION II) 18-21 VILLAGE 
MAXIMUM 

HORIZONTAL 

Max. 

+ 

VERTICAL V 

OIL PIPE LINE DRAWING DRG. 
PLAN AND PROFILE ALTERNATIVE02 I 4 

SUMMARYOF EARTHWORKS AND LIST 
OF CULVERTS 

ZARQA - RIHAB - IRBID 
RIHAB - SYRIAN BORDERS 

INDEX -LEGEND 8 ABBREVIATIONS 
SCALE IDRG. 2of 21 
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SECTI ON I SECTION II
 

SUMMAR Y OF EART HWORKS SUMMARY OF EARTHWORKS
 

FROM CUT FILL WASTE BORROW FROM STA.TO STA CUT FILL WASTE BORROW FROM STA. TO STA. CUT FILL WASTE BORROW
STA I TO STA. 
SUB TOTAL 6,984,374 4,326,672 4,131,540 147-3838 B23+91773B6+70000 8+853.30 169,540 169,540

F8+-951 00 - 6,4 34+69000 35+200+00 66,500 67,706 1,206 F 8+10453 9+63500 - 703,383 - 703,383
 

8+853.30 9+70000 78,335 78,200 135 - 35+200.00 36+190-00 18,000 520,893 - 502,893 9+635-00 10+50000 162,250 162,710 - 46Z
 

36+190.00 37+045.00 73,112 73,657 - 545 10+50000 11+215-00 166, 163,040 3,710 9+700.00 10+07500 520,250 2,300 517,95000+075.00 37+045.00 37+60000 102,388 104,075 - 1,687 11+215-00 1+91000 350,675 354,459 - 3,76q 
10+075.00 2+83090 35,027 35,027 - 37+600.0038+54000 - 231,782 - 231,782 1191000 13+110-00 99,325 99,274 51 _

00+07500 38+54000 39+200.00 25,000 23,805 lJ95 - 13+11000 3+56000 - 49,420 - 49,42C 
2+830-90 3+80228 34,223 34,23 - - 39+20100 4000000 48,000 46,862 1,136 - 13+56000 14+50000 18,500 22,080 - 3,580
 
3802-28 4+421-67 - 13 1,40 - 131,430 40+00000 40+765 00 70,500 74,462 - 5,962 14500-00 15+625 00 45,688 44,850 - 1,162
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