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FORWARD

This seventh volume of appendices presents the evaluations of investment
projects. Separate appendices cover the economic, the financial and the
social and environmental evaluations. A review is also made of the
organization of RBA.
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Appendix 7A
ECONOMIC EVALUATION

The task of the economic evaluaticn was to assess the economic value
to the Nation of each investment considered by the Study. This was done
by comparing the costs of construction and maintenarce for sach investment
with the economic benafits expected to be brought about by the investment.

The two main types of investment considered were 1) building a
cumpletely new road between Cairo and Assuit in th: desert just outside
the existing agricultural 1ands on the west bank of the Nile, and ii)
improving the existing West Bank Highway by building bvpasses and
widening. A third case was also examined namely, ar improved program of
highway pavement overlaving. These three sets of investments were defined
in the Expressway, Improved and Overlav Networks as described in Appendix
6A. In addition, various intermediate networks were evaluated for staging
and sensitivity assessments.

Approach to the Economic Evaluation

The econonmic evalu.tion was, 1in fact, a series of 1individual
evaluations. Each evaluation was always the comparison of two alternative
transport networks, quantifving the economic advantages of one transport
network over the other. Individual investments in a network were mnot
evaluated separately; rather all the investments in each network were
treated as a single and complete package.

One network in an evaluation was alwavs taken as the base case against
which the other network, the test case, was compared. Generallv, the test
case representec the network containing an investment, or an increase in
investment, which led to economic benefits when compared to the base case.
The task of the evaluation was to reveal whether the size of the benefits
justified the cost of the investment.

With more than two test networks to be evaluated, each was evaluated
against the base case in a separate evaluation. Depending on the results,
some pairs of test networks were then evaluated, designating one as the
base case for that evaluation, and the other (generally the one with the
greater investment costs) as the test case.

Thus the economic evaluation process produced a series of results,
each representing the comparison of a pair of networks. These results
were then combined with other findings of the Study to make the final
judgements on investments in the Cairo-Assuit Corridor.

Costs Considered - The principal cost associated with each investment
(as represented by each test network) was the cost of construction. These
could be staged, either by constructing sections of route at different
times, or by building a reduced highway initially, and then adding to it
later (eg  extra lanes, grade separated i1interchanges, or pavement
strengthening by overlaving in later years).

- 7A.1 -


http:maintena.ce

Other costs consicered included maintenance costs and the costs of
pavement cverlaying on the rest of the highway network in the Cairo-Assuit
corridor.

Benefits Considered ~ The three types of benefit considered in the
economic evaluation were the savings in vehicle operating costs, passenger
time, and traffic accidents. Development benefits, that is to say, the
benefits from opening up regions for new growth, were included in the
economic evaluaticn, not explicitly in terms of locations of new factories
and cities, but implicitly in the valuation of generated traffic benefits.
Other benefits fer which quantification 1in economic terms 1is more
controversial, in particular environmental and social benefits, were
considered in a qualitative manner and are discussed in Appendix 7C.

O0f the three tvpe: of benefit considered, both vehicle operating cost
savings and passenrer time savings were calculated by computer, using
results generated bt tie Traffic Model described in Appendix 6B. 1Indeed,
the Traffic Model wze designed expressly so that the computation of these
benefits could be ar zutomatic operation following forecasts of traffic
for the two networke being compared. These two sets of benefits were
generally referrc’ o ac the "model" benefits. Benefits from savings in
traffic accidents were estimated manually based on traffic forecasts.

Project Life =~ Tic evaluations had to consider a reasonable lifetime
for the projects evalusted, and 25 years was selected for this Study.
Assuming an earlicst vear of opening for a new highway project of 1990,
the first forecast vear of the Study, a project lifetime from 1990 to 2014
was assumed, Since construction costs are incurred in the years prior to
opening, the complete analvsis period considered by the Study ran from
1987 to 2014, a period of 28 years.

It was necessary tc estimate costs and benefits for each year of this
analysis period to build up a complete record over the project life.
Project costs could be estimated vear by vear with reasonable certainty,
Project benefits, on thc¢ other hand, were estimated in detail for just two
years, 1990 and 2007, the years for which traffic forecasts were made.
Benefits for other vear:c were obtained by interpolation and extrapolation.

Selection of a Basc Casc Network

As discussed ahove, the economic evaluation consisted of a series of
evaluations of pairs of networks, with one designated as the base case and
the other as the test case. For the initial evaluations, all the
different test networks were compared against a common base network for
each forecast vyear. Selection of this base network was critical since it
affected the size of economic benerits generated,

There were essentially two choices of base network, the Committed
Network and the Overlav Network. These networks were identical in
configuration of the road svstem, but the Overlay Network assumed an
improved program of pavement overlaying which would lead to better highway
surfaces and therefore to reduced vehicle operating costs. As noted 1in
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Appendix 3B, this policy 1is one of timing of investments rather than
increased quantity of investment.

Choosing the Committed Netwnrk as the base network for the evaluations

would have guaranteed high project benefits from savings 1in vehicle
operating costs. This is because all the new projects considerad by the
Study were designed with strong road pavements adequate to take the high
axle loads 1in the corridor, and consequently were assumed to have a good
surface and low vehicle operating costs. The Committed Network on the
other hand, assumed the current policy of overlaying which delays pavement
overlays until the pavement shows signs of obvious distress. Hence
although pavements are good for a few vears after overlaying, over the
life of the overlay the average pavement surface 1s at best only fair.

Thus most of the benefits observed by comparing the test networks with
the Committed Network would be due to savings in operating cost which had
little to do with the investment under consideration, and which therefore
would have led to an overestimation of the value of the investments in the
test network.

It was decided, thercfore, to use the 1990 and 2000 Overlay Networks
as the base case for economic evaluations. Effectively, this discards
real benefits which may in reality accrue to the a project since there is
no guarantee that the overlay policy recommended by the Study will be
implemented. However, these benefits cannot be used to justify major new
investments in highways when they can be obtained simply by change in
pelicy.,

Calculation of Model Benefits

This section describes the calculation of vehicle operating cost
savings and passenger time savings which were both undertaken by
computer, Computation of benefits were made separately for the years 1990
and 2000

The overall objective of the economic evaluation was to identify
changes in consumption of economic resources; that is to say, the real
cost to the Nation involved in consuming fuel, buying and wearing out
vehicles, wusing up time of drivers and passengers etc. Resource costs
were measured by economic costs from which all subsidies, taxes and
duties, wvhich do not reflect true resource consumption, were eliminated.
The derivation of economic resource costs is described in Appendix 5E.
Model benefits were simply the vehicle operating and time cost savings
obtained in the test case when compared with the the base case.

For evaluation purposes, traffic was considered as divided into two
parts; normal traffic which was the traffic associated with the base case,
and generated traffic which was the increase in traffic obtained in the
test case (test volumes less base volumes).

For normal traffic, the estimation of benefits was straightforward,
since it was known what the vehicl: would be doing both with and without
the new facility included 1in the test case (e.g.expressway, bypasses).
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Without the new facility it would be driving on a road with high economic
Operating costs, and with the facility, it would be driving on a road with
low economic operating costs. Hence normal traffic benefits could be
estimated simply by multiplying the volume of normal traffic by the change
in economic costs between the test and base networks.

The estimation of generated traffic benefits was a little more
complicated.

Treatment of Generated Traffic - For normal traffic, the situation in
both the test network and the base network was known completely. In the
case of generated traffic, however, it was known only what traffic would
be doing after the facility opens -- driving along it. It was not known
precisely what the newly generated traveller or user of transport would be
doing without the new facility, but it was possible to surmise,

In the case of a2 business man, he could be sitting in an office
reluctant to travel to Assuit more than once a month; after the road is
improved, he mav make the journey once a week. In the case of a merchant
with goods to sell, he could be selling his production in other parts of
Egvpt; after the road improvement, he sees a reduction in transport costs
in the corridor and therefore produces more and sends more into Upper
Egypt for sale at a lower cost than before. In the case of a taxi and bus
passenger, thev could be indulging in some local social or business
activity; after the road in improved it becomes more attractive to replace
or supplement this local activity by similar activities involving travel
into Upper Egvpt.

It is perhaps unwise to go too far in attributing a rationale to
individual transport decisions, but it is possible to affirm confidently
that generated traffic brought about by a new transport facility would
come about through a myriad of small decisions to be more active in Upper
Egvpt, all associated with a reduction 1in transport costs in that
corridor, and all resulting in a displacement of some previous activity or
use of materials in favor of travel and transport in Upper Egypt.

Valuation of Displaced Actaivitic. - In order to get a "without
project” cost for evaluating genera‘ed traffic, it was necessary to place
a value on those activities which would be displaced in favor of newly
generated travel in the corridor.

For evaluation purposes, it would have been impracticable to identify
and cost these displaced activities one-by-one due to their likely great
diversity. Therefore an approximation was required. The procedure
adopted in this Study, as in most others, was to value the activity at the
financial cost of transport when the decision is made to use the new road;
that is to say, when the previous activity is displaced. Generally this
meant considering tariffs for passenger and goods traffic, and the
perceived financial costs of vehicle operation for private cars.

This "without project" activity would not be of equal value for all

generated traffic. Imagine the financial transport costs associated with
the test network reducing slowly from the level associated with the base
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case to the final level associated with the test case. The initial small
reduction in costs would generate a few vehicles, as the cost difference
got bigger additional traffic would be generated, and for the last
reduction in «cost to reach the test case cost level some final vehicles
would be generated.

Clearly, the switch from the previous activity to generated travel
would take place over a range of price levels determined by users of
transport weighing the relative dimportance of the previous activity
against the new opportunites to travel in the corridor. In other words,
the valuation of displaced activities could range from relatively high (at
about the financial cost of transport associated with the base case) to
relatively low (approaching the financial cost of transport associated
with test cast). Overall, it was assumed that the value of activities
displaced by generated traffic was the average of the financial cost of
transport in the base and test cases.

Generated Travel Benefits - For each zone pair, the "without project"
costs of penerated travel were obtained by averaging the perceived
financial costs of transport on the two networks being evaluated, while
the "with project" costs were valued at the economic resource cost of the
travel generated. Generated travel benefit was simplv the difference
between the before and after cost.

It may seem that an error is made by estimating benefits from a
comparison of financial perceived costs on the one hand and economic
resource costs on the other. There is no error. The essential peint is
that the financial perceived costs of the before case are only a proxyv for
the value of the other quite unidentifiable activities which have been
displaced by generated travel. Since nething 1is known about these
activities, their detailed cost composition is also unknown. It can only
be assumed that they have the average Naticnal level of taxation/subsidv,
in which case they correspond to economic costs as defined for this Study.

An analogy can be made with a reluctant student being encouraged to
work for his exams by the promise of a hi-fi svstem if he passes. If the
size of present has been judged correctly, the student will give up his
former activities in favor of study. In this case, the value of the hi-fi
would be a good proxy for the value to the student of the activities which
he gives up. It does not matter how the cost of the hi-fi breaks down into
economic costs, local taxes and customs duties. It is the total market
value which serves as the proxy for the value of the activities displaced
by study. Similarly, it is the cost of travel as perceived by the user
which 1is used to value activities displaced by generated travel, and the
composition of the costs in this instance is of no concern,
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Formulae for Calculating Model Benefits

All of the above discussion of model benefits can be summarized in a
simple formula, based on Consumer Surplus Theory, for estimating combined
benefits of normzl and generated traffic:

(1 (2) (3)

Benefits = Q*EC + 1/2 (Q' - Q)*(PC + PC') - Q"*EC'

n

where 0 Traffic volume ]
EC = Economic vehicle operating costs } base case

PC = Perceived Financial veh op costs 3}
et o= ]

EC' = 7 as above, but for test case

pC’ ]

This equation is evaluated separately for each zone-to-zone pair and
for each vehicle tvpe, and the results summed to obtain total benefits.

The three nurhered elements making up the equation for benefits can be
identified as follows:

(1) Q*EC = Cost of normal traffic in the base case

(2) 1/2(Q' - Q)*(PC + PC') = cost of previous activities
displaced by generated travel

(3) Q'*EC’ = Cost of both normal and generated travel
in the test case

Items (1) and () represent the "without project" costs: travel on the
base case road svster for normzl traffic and the cost of other activities
later to be displaced bv generated travel,

Item (3) represente the "with project" cost for both normal and
generated travel,

No Generated Travel - If there is no generated travel, item (2) of the
above formula disappears, and the formula reduces to:

Benefits = Q*(EC - EC'")

That 1s to szv, benefits are the volume of traffic times the
difference in costs. The term involving perceived financial operating
costs disappears since there is no generated travel to evaluate,

Financial and Economic Costs Equal - In this case, the formula reduces
to the classic form of:

Benefits = 1/2(Q + Q")*(C ~ C'")
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Since the economic and financial costs of time (passengers and cargo)
are usuzlly reckoned to be equal, this formula is usually employed to
evaluate the benefits due to time savings, This 1s discussed later.

Computation of Benefits

Computation of benefits was complicated by the diversion procedure
used to obtain the traffic forecasts. Each zone-to-zone movement was split
between at least two routes, the existing highway and the new East Bank
Desert Highwavy, each route with its own distinct costs and times. In all
networks with the Expressway included, movements were split between three
paths, the Expressway itself representing the third route possibility,

In order to cope with multi-diversions in the base and test cases, the
main benefit formula was broken down into parts and each part computed
separately, as follows:

(1) (2) (3)

Benefits = Q*EC + 1/2(Q' - Q)*(PC + PC') - Q'*EC'

(1) Q*EC represents the base traffic times the base economic transport
cost. Hence the product of volume and economic cost was estimated for each
diversion path, and the results summed over all paths.

(2) 1/2(Q" - Q)*(PC + PC') was more of a problem as it was not possible
simply to sum two or three products as in (1) above. Moreover, the
generated and normel traffic have got tangled up with each other. For
example, there would be some generated traffic on the Expresswav (perhaps
most) but there would also be some on the existing roads following the
relieving of the -existing roads by the Expresswav. Realising that a
precise definition was not possible, the following choices of parameters
was made:

i) Total volume in base case (sum of all paths) -- Q

ii) Total volume in test case (sum of all paths) -- Q'

11i) Average financial cost in base case (weighted average
of all paths) — FC

iv) Minimum financial cost in test case (minimum of all

paths) — FC'

Taking the minimum costs in both 1ii) and iv) above would certainly

under-estimate benefits, but taking the weighted average in both cases
could overestimate generated traffic benefits. The selection above was a
compromise,

(3) Q'EC' represents the test traffic times the test economic transport



cost. This was computed as in (1) above.

Benefits from Time Savings

As noted earlier, the classic form of the consumer surplus benefit
equation could be used, as follows:

Benefits = 1/2(Q + Q")*(C - C") (summed for each zone
pair and vehicle type)

where Q = Traffic volume ]} base case
C = Time cost 3
Q' = 3 as above but for
c' = 3 test case

The modelling process did not give time costs as such (in contrast to
vehicle operating costs which were given directly). The output was zone to
zone travel time, but this was converted to a cost by applying a cost per
vehicle, based on occupancy (passengers or tons) and a unit value of time
per person or ton (see Appendix 5E),

Q@ and Q' were easilv identified by summing volumes along each
available diversion pat!. between the zone pair. The time element of C and
C' (to be factored by the time cost per vehicle) was found by taking an
average of the time along each available diversion path, weighted by the
traffic volume using that path.

Costs

All costs of construction, maintenance and overlaying are discussed in
Appendix Volume 3 and 4. They are summarized in this section for ease of
reference in the evaluations, breaking down costs only to the detail
necessary to separate cost components occurring in different years. In
all cases, economic costs are given, which are on average between one
quarter and one third higher than financial costs. The costs for the
Expressway and Improvec Networks are additional costs to those estimated
to implement the Committed/Overlay Network.

Committed/Overlav Network Costs - The economic evaluation was
concerned with possible investments in the Cairo-Assuit Corridor
additional to those already committed, The costs of implementing the
Committed Network, which contains all such projects identified in the
corridor, had no affect on the evaluation results and therefore these
costs are not discussed here.

As discussed above, the point of reference (or base case) for the
evaluations of each test network was not the Committed Network but rather
the Overlay Network. This had tihe same configuration as the Committed
Network (see Appendix 64) but assumed an improved pavement overlay policy
in the corridor. As with the Committed Network, the costs of implementing
the Overlay Network, which in this case were low, did not affect the
evaluation and are not discussed further here. See Appendix 38 for a
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discussion of overlaying costs.

Expresswav Network Costs - Expressway Network costs are summarized in
Table 7A-1.

The main costs are those associated with the construction of the new
Cairo-Assuit  Highway. Construction costs of the main highway were
estimated to rather more than double from LE 118.2 million to LE 240.,0
million with 4-lane construction, which additionally assumed
grade~separated interchanges at the intersections with the Fayoum Desert
Road and the Beni Suef-Fayoum Road. Costs of the access roads increased
from LE 36.9 to LE 84.7 million, due entirely to the addition of
grade-separated interchanges at all access points to the new road.

The new highwavy would intersect with the Fayoum Desert Road at its
northern terminus, but the Favoum Road would intersect with the Cairo Ring
Road just a few kilometers further to the North. The presence of the new
Cairo-Assuit Highway would put additional traffic pressure on the Ring
Road intersection. In the initial at-grade configuration of this
intersection, no additional cost would be involved, but when the
intersection is later improved to a grade-separated design, an additional
slip road would be required. The cost of this additional slip road was
estimated at LE 4.9 million.

The design and cost of the pavemenrt for the new highway and access
roads took into account the high axle loadings associated with truck
traffic in the corridor, although expecting these to be reduced to no more
than 50 percent above legal limits. Therefore, strengthening overlays in
the years after contruction should not need to be more than the 5 cms
assumed here. Never-the-less, the costs are substantial at LE 33.7 and LE
49.8 for 2-lane and 4-lane construction respectively.

The additional costs of routine road maintenance associated with the
new highway of between LE 0,36 and 0.57 million per year were more than
offset by the reduction in overlav costs elsewhere in the road system
estimated at LE 0.46 million per year in 1990 and LE 0.79 million per year
by 2000, This reduction was attributable to heavy traffic being diverted
to the new highwav.

Improved Network Costs -~ The costs of the Improved Network are shown
in Table 7A-2,

The principal costs are associated with the construction of 2-lane
bypasses round 14 towns in the corridor by 1990 (LE 31.6 million), and
widening of the both the existing West Bank Highway (LE 97.7 million) and
the bypasses (LE 29.3 million) to 4-lane standard by 2000, The widening
costs tor the bypasses assumed a 25 percent addition to the cost
difference between 2-lane and 4-lanc¢ construction.

Strengthening overlay costs were estimated at LE 4.9, 7.9 and 11.8
million respectively for 2-lane and 4-lane bypasses and the additional
carriageway added during widening. Costs included one tack coat, a Scm
surface covering both pavement and shoulders, and a seal coat.
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Table 7A-~1

EXPRESSWAY NETWORK

(Economic costs, LE millions, 1985/1986)

COSTS

ITEM 2-LANE 4~LANE
New Cairo-Assuit Highway
construction:
Main highway (1) 118,2 240,0
Access roads (1) 36.9 84.7
Additional cost for Cairo Ring
Road grade--teparated I/C (2) 4,9 4,9
Scm oveilay (3) 33,7 49.8
Additicnal annuzl maintenance 0.36 0.57
Additional annual pavement overlay
costs elsewhere in network (4)
1920 -0.46 -0.46
2000 -0.79 -0.79

(1)
(2)

(3)
(4)

Assumes at-grade interchanges for 2-lane construction and
grade-separated interchanges for 4-lane.

Cost of additional slip road at intersection of Fayoum
Desert Road with Cairo Ring Road when this is
grade-separated (assumed necessary by the year 2000),

Assumes one tack coat, surfacing to cover pavement and
shoulder, and a seal coat (new highway plus access roads),

In fact a reduction in costs of overlaying due to heavy
traffic being diverted to the new highway,
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Table 7A-2

IMPROVED NETWORK COSTS
(Economic Costs, LE millions, 1985/1986)

ITEM COST
2-lane bypass construction 31.6
Widening bypasgses 1o 4-lane (1) 29.3
Widening remainder of existing
West Bank Hipghway to 4-lane 97.7
S5em Overlay (2):
2-lane bypasses 4.9
4-lane bypasses 7.9
Additional carriageway
added during widening 11.8
Additional annual maintenance:
Bypasses 0.01
Widening (including bypasses) 0.16
Additional annual paverent overlay
costs elsewhere in network:
199C ~-0.29
2000 (3) -0.49

(1
(2)
(3

Assumes 25 pevcent added to cost difference between 2-lane
and 4-lane construction.

Assumes one tack coat, surfacing to cover pavement and
shoulder, and a seal coat.

In fact a reduction 1n costs of overlaying due to heavy
traffic being concentrated on the existing highway which by
2060 would have the strongest pavement in the corridor.
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Additional annual routine maintenance costs were negligible for the
bypasses and added only LE 0.16 million per year in the case of widening.

It was estimated that there would be a saving in annuzl overlay costs

elsewhere 1in the network since heavy traffic would concentrate on the
existing highwav which by 2000 would have the strongestv pavement in the
corridor. Savings were estimated at LE 0.29 and 0,49 million for 1990 and
2000 respectively.

Estimated Model Benef{.itcs

Model benefits, that is to say the savings in vehicle operating costs
and passenger time as computed by the Traffic Model, were estimated in two
sets, the first for the main test networks and other for the sensitivity
and staging teste completed for various versions of the Expressway
Network., Each are discussed below.

Main Test Network Renefitcs

The mwodel benefits for the main test networks are summarized in Table
78-3, Both the liproved and the Expressway Network benefits were
calculated relative to the Overlay Network, which represented the standard
base case for the Study evaluations. However an evaluation of the Overlay
Network against th¢ Committed Network 1s also included Table 7A-3 to
indicate the magnitude of the vehicle operating cost savings associated
with the improved pavement overiay policy assumed In the Overlay Network,

In all cases, daily vehicle operating cost and passenger time benefits
are displayed by wvehicle type. Most vehicle operating cost benefits are
associated with the three truck types and most time savings are
associated, not surprisingly, with the five passenge:r vehicles,

Daily benefits were converted to annual benefits making two
adjustments in the process, one for private cars and the other for trucks.

Benefit Adjustment for Private Cars - Passenger time savings and
vehicle operating cost savings are normally maintained separately for
evaluation purposes. This 1is because vehicle operating cost savings are
more tangible, representing measurable consumption of resources such as
fuel and tires. Passenger time savings, on the other hand, are more
subjective, ~nd values of time associated with passenger time savings can

be disputad,

However, in the special case of private cars (Car work and Car other
in Table 7A-3), an adjustment was made to the vehicle operating cost
savings to add an element of passenger time saving. This was because
vehicle routings in the Traffic Model were determined on the basis of
perceived financial costs, which for private cars included a valuation of
time savings for driver and passenger. It would therefore be inconsistent
to first determine routings taking =zccount of time savings, and then
disallow the time savings in the establishment of economic benefits. 1In
fact, the inclusion of time savings in route choice for private cars is

- 7A.12 -



1990

Table 7A-3

MODEL BENEFITS FOR MAIN TEST NI IWORKS

EVALUAT I ON

{LE 1985/1986)

Overley vs

VEHICLE TYPE Committsd
Voehicle Operating Cost (VOC) Benefits (LE
Car work 2,165
Car other 1,320
Tax{ car 12,636
Taxi van 8,999
Pickup 17,536
Bus 5,625
Truck singte 9,043
Truck comb 13,988
Truck artic 5,788
Total VOC bens 77,100

Car work 7
Car other 143
Taxi car 744
Tax{ van IR
Pickup 0
Bus 362
Truck single §
Truck comb 8
Truck artic 3
Total time bens 2,372
Annual Benefits (LE millions)

VOC benefits mod (4) 28 14
Remaining time benefits 0.87
Total 29.01

improve (1)
vs Overlay

(560)
{554)
(1,772)
(1,348)
(3,227)
(798)
(2,940)
(662)
(355)

(12,212)

125

-4,32
0.4
-3.91

Expressway (2)
vs Overlay

(2,693)
(1,917)
1,638
(426)
(807)
1,576
5,948
16,619
9,725

12.01
3.36
15.36

Annual benefits adjusted for truck load controls (LE miillons) (5)

Total VOC benefits 30.18
Remaining time benefits 0.87
Total 31.04

2.56

14,56
.36

17.92

(1) 2-1lane bypasses for 14 tomns on existing West Bank Highway,

(2) 4~lane,

(3) widening of existing West Bank Mighway to &-1ane, {ncluding 1990 bypasses
(A) Negative VOC benefits offset by positive time benefits (when available) for private cars, for which time was
(5) Single truck benefits*1,07 and othe: truck benefits*1,25, associated mith axle loads reduced to no more than
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2000 EVALUATION

Overlay vs
Committed

Inprove (2}

vs Overlay

Lrpregen, (30

v hverlay

54,33
0.04
54.36

3.82

56,14
0.04

58,18

{11,029)

{10,821)
6,378
4,609
9,769
8,584
22,001
45,345
21,605

115,238

35.07
77.33

48,99
35.07

84,01

(10,601)
(11,4%3)
7,278
1,170
2,772
5,214
15,906
44,600
an 2oy
M,

26,16
nr.6a7

5
‘

41,43
I3

7
LA

userd Lo seler! route,

50% overloaded,


http:benefits*l.25
http:benefits*l.07

the reason why, on a pure vehicle operating cost basis, the private car
benefits were mostly negative.

Therefore, negative private car operating cost benefits were cancelled
by adding positive time benefits (when available). Any surplus time
benefits remaining were retained as time benefits.

Benefit Adjustment for Trucks - Subsequent to the Traffic Model tests,
an analysis was made of truck axIe load policy.

Trucks 1in the Cairo-Assuit Corridor were observed in the February 1986
Truck Weighing Survey to be very heavily overloaded with axle loads in
excess of twice the legal axle load. With the planned commencemert >f a
regular program of truck weighings in the corridor, using equipment
obtained by the Roads «nd Bridges Authority, 1t was expected that the
excessively high truck loads would be eliminated. However, the Study made
a conservative assumption that only the grossly overloaded trucks would be
brought under control, and that axle loads as high as 50 percent above
legal 1limits would still persist, This was because many trucks were found
to be licensed to carry more than the legal axle loads, and it could prove
difficult for the Authorities to reduce loadings to below licensed truck
weights,

Even the elimination cf the grossly overloaded trucks would produce a
significant increase 1in trucks in the corridor, since the same load must
now be carried by two trucks in place of one. Allowing for the fact that
axle load control would inevitably lead to tariff increases which would
curtail growth 1in demand for truck traffic, an increase of 7 percent in
single trucks and 25 percent in combination and articulated trucks was

estimated.

Assuming axle controls would be implemented by 1990, model estimated
benefits for trucks were therefore increased by the percentages above (7
percent and 25 percent) to allow for the increase in trucks caused by
enforcing lower axle loads. This was a conservative estimate since it
allowed only for the benefits accruing to the additional trucks assumring
conditions in the base case to be unchanged. In fact, an increase in
trucks would also increase congestion which would have the effect of

increasing benefits for all vehicles.

Although it can be argued that the new axle load policy might be

ineffec.ive, 50 that this adjustment increased project benefits
unreasonably, 1t can also be pointed out that the project evaluations
presented here assumed two changes in policy -- an improved overlay

policy, and a reduced axle load policy. The first had the effect of
reducing project benefits (by assuming better quality road surfaces than
existing) and the other has the effect of increasing project benefits by
increasing the number of trucks to take advantage of new highways.

Both policies require planning and determination to carry them
through, and 1f one can succeed, there is no reason why the other should
not succeed as well, Conversely, both could fail. In either case, the
impact on the justification of new projects would to some extent be
cancelled. Therefore it 1s argued that the evaluation process in general
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did not overestimated benefits by this adjustment for trucks.

Discussior of the Main Test Model Benefits - The Expressway Network,
which assumes a new 4-lane highway from Cairo to Assuit, showed positive
benefits in both 1990 and 2000, Most benefits in 1990 were due to vehicle
operating cost savings (LE 14.6 comrared with LE 3.4 for time savings),
but by 2000, time benefits increased significantly reaching nearly LE 27
million cowpared with LE 41 million for vehicle operating cost savings.
This rapid increase 1in time benefits was due to the expected development
of highway congestion in the period 1990 to 2000, brought about by a
forecast doubling of traffic volumes.

The TImproved Network showed negative benefits for 1990, due to the
increase 1in route length associated with the 14 bypasses around the towns
on the existing West Bank Highway. By 2000, with widening of the entire
existing highway to 4-lane, benefits exceeded those of the Expressway
Network for both vehicle operating cost savings and time savings (LE 49.0
anc 35,0 respectively).

The wvehicle operating costs benefits of the Overlay Network compared
with the Committed Network were substantial, exceeding the benefits of
both the Expressway and Improved Networks (compared with Overlay). This
emphasises the the fact that considerable benefits can be obtained by
providing good pavement surfaces on existing roads. However, it must be
emphasised that a full evaluation of the costs and benefits of an improved
overlay policy was not possible within the confines of this Studv. Little
information was available on existing pavement condition and structure,
and the Study budget permitted only 20 borings along about 500 kilometers
of highwayv (existing east and west bank). A full evaluation would require
many more borings, as well as deflection and other measurements. The
estimates presented here are an indication, no more, of the scale of
benefit available,

Sensitivity and Staging Test Benefits

The model benefits estimated for the sensitivity and staging test
networks are summarized in Table 7A-4. They all refer to versions of the
Expressway Network. The same adjustments feor private car benefits and
truck benefits were made as for the main test networks.

This additional model testing program started with sensitivity tests
for 2000 traffic and then proceeded to the staging tests for the year 2000
and then for 1990, They are discussed below in that order.

Sensitivity Tests - Two sensitivity tests were undertaken fov the
4-lane expressway, one assuming low economic growth between 1990 and 2000
(4 percent per year) and the other assuming high growth (8 percent per
year), these compared with 6 percent per vear assumed in the main test. In
addition, the low sensitivity test assumed that the subsidies on fuel
would be removed and that transport tariffs would be raised to better
match economic operating costs., This had the effect of increasing all
vehicle operating costs, but with particular impact on truck costs which
rose between 25 percent (single truck) and 40 percent (combination truck).
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Table 7A-4

MODEL BEMNEFITS FOR SENSITIVITY AND STRGING TESTS
(LE 1985/1986)

2000 EXPRESSWAY STACING 1990 EXPRECHw MY STAULNS

2000 EXPRESSNAY  meemocmemeeooee ineeicin e eeemceiemieicnaaeannnn

SENSITIVITY (4-LANE) 4-lane 2-Yane 2-100
e s e s metecEcretcccticrcccemmmce ctccccneverenee—a Hain ==escrcccmcmm e cieinaes
Main l.ow High Main Clza~ Ciza- Ciza Ben Sf Test Ciza Fon f Minja
Test Crnth Crnth Test Minia  Ben Sf  -Ass't  -Ags't b-lane  =Ase't LIAXAN sAnn 't

Vehicle Operating Cost (VOC) Benefits

Car work {15,801) (7,469) (24,615) (15,801) (11,398) (9,040) (12,125) (2,462) {2,693} (2,329 (h:} 1124
Car other (11,483) (5,082) (17,833) (11,483)  (6,487) (4,403) (10,162) (2,63¢) (1,97) (1,771 (323} [ARRR
Tax{ cor 7,278 4,184 11,105 7,278 3,328 (642) 6,406 2,1¢8 1,638 1,428 1,00 L7h
Tox{ van 1,170 270 2,567 1,170 (363) (2,032) 1,262 778 (426) {460} (16} (15¢)
Plekup 2,732 Hal 6,279 2,737 (1,642) (5,9€¢9) 2,070 1,062 (807) teesy 7 L
Bus 5,214 4,318 6,478 5,214 2,004 (1,074) 4,428 3,362 1,576 1,314 as; (o0
Truck single 15,99 13,292 20,253 15,996 6,i28  (2,3C2) 14,314 11,003 5,440 Oyt e (BB
Truck comb 44,826 38,345 52,799 04,826 17,341 (4,822) 31,081 24,768 10,010 12 00, P fy,n21)
Truck artic 22,724 17,798 24,946 22,72% 7,855 2 (2,893) 14,988 12,956 9,724 7,208 0o (Fan)

meescate cememcce caccness ecmmcera memeeoen L -

Total VOC bens 72,656 65,677 81,979 72,656 16,776 (3%,237) 52,262 51,3%7 TUGEY 22ERC AD6R1 0 (0)313)

Passenger T!me Benefits

Car work 19,952 8,592 35,319 19,952 13,111 8,7C2  1¢,233 8as 2,270 1,700 (7 rar)
Car other 7,061 3,073 11,759 7,941 3,654 1,779 6,190 1,218 e £Le L (u5)
Tax! car 25,718 12,655 39,164 25,718 14,507 6,049 22,680 2,05 CNR I W 53, (156)
Taxi ven 27,700 12,336 a1,181 27,760 12,213 1,864 25,868 8,602 2,54F 2,0 nr (275
Pirckup 0 0 0 0 0 o] 0 0 d 0 0 0
Bus 15,1 6,173 22,028 15,171 9,507 5,170 13,404 1,444 PR R 1,628 b ¢
Truck single 151 €9 245 151 7 13 133 43 24 M ‘ U
Truck comb 322 147 547 322 134 0 260 €6 €2 4t 14 s
Truck artic 106 S0 178 106 45 ? &8 26 22 1¢ 4 1
Total time bans 96,161 43,095 150,441 96,161 53,342 23,579  BL,8% 14,342 12,4709 9,745 1,21 (22

Annual Benefits

mRcesmcenacnmnn

VOC bens mod (1) 34.86 27.82 43,20 34,86 11,62 -6.31 25.76 19.51 12.01 9.24 [N -C.84
Rem time bens 26.76 11.88 41,63 26.76 13.98 §.78 24.2 4.49 3.35 2.60 0.4 LA
Tota) 61.62 39.70 84.83 61,62 25,59 -3.53 50.05 23.99 15.3¢ 11,00 r.n0 -1

Annual benefits adfusted for truck load controls (2)

Addit trk bens 6.57 5.46 7.61 6.57 2,46 -0.76 4,57 .73 2.9¢ 1,00 (S PR Y
Tot VOC mod 41,43 33,28 50.81 A1L43 16.07 =907 30.33  23.24 .56 11,19 R
Rem time bens 26.76  11.88 1,63 26.76 13,98 4,78 24,29 440 3.36 2.0¢ e -0,27
Total 68.19  45.16 92,44 68.19  28.05  -.29 54,62  27.77 17,92 13,85 B0 -1t

NOTE: A1l benefits computed relative to Overlay Netmork for appropriate year.
(1) Negative VOC benefits offset by positive time benefits (when avallable) for private cars, for which time mas ured to telect royte.
(2) Single truck benefits*1,07 and other truck benefits*1,25, associated with axle 1oads reduced to no more thar 50% cverloaded.
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Vehicle operatin: cost benefits for the Low and High Sensitivity tests
were LE 33 and 5] million respectively, compared with LE 41 million for
the main test, Thic mirrors the change in vehicle kilometers in the two
cases with approximately a 20 percent decline fcr the Low Sensitivity and
a 20 percent rise for the¢ High Sensitivity.

The changes in tine benefits for the two tests were much greater, with
over a 50 percent dror for the Low Sensitivity and a similar rise for High
Sensitivity, This reflects the degree of congestion expected 1in the
Cairo-Assuit <corrider btv  the year 2000 with the disproportionate changes
in time costs with velume changes indicating unstable traffic conditions.

2000 Expresswav Staging Tests - In addition to the main test, two
staging tests werc uncdertaken for a 4-lane expressway, both assuming
construction startin. from Giza. The first considered the new highway

terminating at Mipl:, while the second terminated the highway at Beni
Suef,

The Miriaz alternative showed sharply reduced benefits from the main
test, with wvehicle operating cost benefits cuf to nearly one third and
time benefits redvi:id by @ half., The Beni Suef alternative indicated even
worse results wit: . net disbenefit in vehicle operating cost savings and
only a slight tirc bnermefit. It was concluded that partial networks
starting from Giza showe. little chance of feasibility.,

Observing that o traffic grounds, a 4-lane expressway appeared not to
be justified by the vear 2000, alternative 2-lane networks were devised.
These should be censidered as a steging of the full eXpressway, with
construction  anc desigrn  permitting later expansion when traffic
increased. The tect cn a full length -lane highway highwav indicated a
reduction in wvehicle operating cost benefits of about 25 percent compared
with the 4-lane alternntive, from LE 41 million to LE 30 million. However,
there was onlv & slight reduction in time benefits from LE 27 to 24
milliom,

A further 2-larc stapring test was undertaken, this time with the road
commencing in Assult &nd reaching tc Beni Suef (ie omitting the Giza-Beni
Suef section). Althouph rhis showed reductions in vehicle operating cost
benefits from the {uli length highway, the reduction was much less than
4-lane Giza to Beni Suef test discussed above. However, time benefits were
much reduced. The Aszuit to Beni Suef staging test showed benefits of LE
23 and 4.5 million respectively for vehicle operating costs and time
savings.

199C Expresswsv Staring Tests - The evaluation of the full length
2-lane highway showed & similar relationship to the 4-l.ne results as
displaved for Z00(, witi vehicle operating cost benefits down by about 25
percent to LE l] million. Time benefits, which were not so significant at
1990 were reduced slightly to LE 2,7 million. The Beni Suef to Assuit
staging network showed vehicle operating cost benefits reduced to LE 7.6
million, and time cut teo only LE 0.5 million, a similar result to 2000,
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A further test was made of a 2-lane highway for 1990, this time
considering construction from Assuit to Minia only. The results indicate
negative benefits.

Conclusions on Model Benefits

It was concluded that the two major types of projects considered by
the Study -- the new Cairo-Assuit Highway and improvements to the existing
highway -~ both showed strong benefits by the year 2000 and were both
serious candidates for consideration.

The tests on the Exnressway Network indicated that a full length
highway from Giza to Assuit had significantly more benefits than partial
highways covering onlv part of the corridor. Only the partial alternative
from Beni Suef to Assuit showed reasonable 1level of benefits. In
particular, short lengths of Expressway starting either from Giza or
Assuit had negative benefits. Finally, results showed that the reduction
in benefits for a 2-lane highwav compared with a 4-lane highway were not
great.

Traffic Accident Benefitcs

The determinatiorn of road accident rates and costs is detailed in
Appendix 2C. The rates estimated for use in the evaluation process were
considered wvalid but were not derived from a firm Egyptian data base. To
avoid an overestimation of benefits, the following assumptions were
applied:

1 Accidents involving only minor personal 1injury or
property damage were disregarded,

2. Each fatel accident was assumed to result in one
death,

Accident rates were estimated per miilion vehicle-kilometers. The
computer traffic model produced average daily traffic for each zonal
movement 1in passenger car wunits (PCU). Thus, the first step of this
evaluation converted PC!' average daily traffic per network link to average
daily vehicle traffic. Average daily vehicle traffic multiplied by length
of the link, in kilometers, vielded daily vehicle-kilometers per link, and
multiplying this by 365 produced annual link vehicle kilometers. Annual
vehicle-kilometers were then converted to millions of vehicle kilometers
and the results summed for end of the following link categories:

1. 2-lane desert roads,

2, 2-lane urban/rural roads (i.e. most sections of the
existing and existing East and West Bank Highways and of
the new highway access roads).

3. 4-lane highways.

These summations were then applied to the appropriate accident rates
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to produce fatalities and serious injury accidents per year. These
figures multiplied by the appropriate cost per accident and summed
produced the total cost of accidents for each alternative highway network,
for each of the forecast vears, 1990 and 2000, The results are depicted
in Table 7A-5 for the number of accidents, and 7A-6 for accident costs,

The Committed/Overlay Network was designated the base case. Accident
benefits were computed by subtracting the accident costs of the
alternative mnetwork from accident costs of the base case. The results are
also shown in Table 7A-6,

With the exception of the Improved Network, the potential for accident
reduction and benefits of the alternative infrastructure investments
appears trivial. This result 1s to be expected in that there is very
little wvariation between alternatives In the year 2000 traffic forecasts
for the existing West Bank Highwav. Until this road is improved, it will
continue to have a high fatality and serious injury accident rate.

Cost Benefit Evaluation

The cost/benefit eviluation brought together all the estimates of
costs and benefits for each year and arraved them in a time series,
interpolating and extrapolating cost and benefit values where necessarv,
Cost and benefit values were then discounted to a common vear, 19856, using
the Study selected discount rate of 12 percent, and a set of economic
indicators were calculated to show project feasibility. These were as
follows:

Internal Rate of Returr. (IRR) =~ an 1RR above the discount rate of 12
percent indicates project
feasiblity.

Net Present Value (NPV) - a positive NPV indicates project
feasibility,

Benefit/Cost Ratio (B/C Ratio) - a B/C ratio greatcr than 1.0
indicates project feasibility.

A fourth economic indicator was also considered, that of First Year
Rate of Return (FYRR). This is the ratio of benefits in the opening year
to the single year cost of construction of the project, and should equal
or exceed the Study discount rate for full economic feasibility. Single
year cost of construction is the year-bv-year costs of construction
breught forward to the year of project opening by applying the Study
discount rate of 12 percent,

In fact, FYRR was not calculated, but instead the level of annual
benefits required to achieve the minimum FYRR was estimated. This gave a
good guide to the optimum year of project opening.
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Table 7A-5

ESTIMATED ANNUAL TRAFFIC ACCIDENTS BY NETWORK

1990 2000

NETWORK Fatal Injury Total Fatal Injury Total
Committed/Overlay 355 1703 2058 611 2958 3569
Improved 375 1792 2167 72 1179 1251
Expressway (4-lane) 332 1614 1946 551 2730 3281
Expressway (2-lane) 337 1633 1970 570 2973 3543
Expressway (2-lane)

(Beni-Suef to Assuit only) 368 1817 2815 1106 3217 4232
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Table 7A-6

ACCIDENT COSTS AND BENEFITS
(LE Million)

EXPRESS EXPRESS EXPRESS
COMMITTED IMPROVED 4 LANE 2 LANE BS-Ass, 2-lane(l)

ROAD CLASS 1990 2000 1990 2000 1990 2000 1990 2000 1990 2000
4 dant Costs
Existing Desert 1.3 2.3 1.3 2.2 0.9 1.7 1.0 1.8 1.2 2.6
Existing non-desert 6.2 10,6 6.9 1.9 5.7 9.4 5.8 9.6 6.3 10.6
New Highway 0.3 0.6 0.7 1.3 0.3 0.6
Access Roads 0.1 0.3 0.1 0.2 0.0 0.1

Total 7.5 12,9 7.8 4.1 7.0 12,0 7.6 12.9 7.8 13.9
Accident Benefits(2)
Existing Desert 0.0 0.0 0.0 0.1 0.4 0.6 0.3 0.5 0.1 -0.3
Existing non-desert 0.0 0,0 -0.3 8.7 0.5 1.2 0.4 1.0 -0.1 0.0
New Highway 0,0 0.0 0.0 0.0 -0.3 -0.6 -0.7 -1.3 -0.3 -0.6
Access Roads 0.0 0.0 0.0 0,0 -0.1-0,3 =-0.1 -0.,2 -0.0 -0.1
Total 6.0 0.0 -0.3 8.8 0.5 0.9 -0.1 0.0 -0.3 ~1.0

Source: Consultant

(1) Construction from Beni Suef to Assuit only.
(2) Cost reduction compared with Committed.

- 7A.21 -



An inspection of the model and accident benefits led to some network
alternatives being discarded. The remaining evaluations were completed:

Base assumptions
- Low sensitiviy
. - High sensitivity

1. New Cairo-Assuit Highway (4-lane)

2

3

4. New Cairo-Assuit Highway (2-lane) - Base assumptions
5

6

7

. - Low sensitiviy
. ~ High sensitivity
. New Cairo-Assuit Highwav (2-lane)
Beni Suef to Minia only - Base assumptions
8. Improvement of the Existing Cairo Assuit Highway
(Bypasses by 1990, widening by 2000)

All of these evaluations assumed the Overlay Network as the base case
and therefore indicate project feasibililitv after completion of all
currently committed projects, and after the implementation of an improved
pavement overlaving policy. The high sensitivity evaluations assumed
benefits associated with higher growth rates in the Corridor. Low
sensitivityv assumed benefits from lower growth rates, and also that
construction costs would be 20 percent higher. 1In all cases benefits
after the last forecast vear 2000 were assumed to grow at half the
estimated rate of growth in the period 1990-2000.

One further evaluation was then undertaken (9) comparing a new 4-lane
Cairo-Assuit Highway with a 2-lane highway base case 1in the high
sensitivity case.

The results of the evaluations are summarized in Table 7a-7. Since
time benefits assume large values in many networks by the year 2000, two
main cases were evaluated, one assuming full time cost savings, and the
second assuming that only one third of the time savings were applicable.

0f the two main Expressway Networks, the 4-lane highway succeeded in
meeting the evaluation criteria in onlv one of the six cases presented --
high sensitivity and assuming the full value of passenger time savings,
although coming close for high sensitivity with just one third of the time
benefits included. On the other hand, the 2-lane highway failed only in
the two cases for low sensitivity, in this case coming close with full
time savings included.

The apparent case for the 4-lane highway under high sensitivity fails
when considering evaluaticn 9. This showed that the additional investments
required to build 4-lane instead of 2-lane would not produce sufficient
additional benefits tc justify them. These results indicated quite firmly
from the purely economic viewpoint that if a new Cairo-Assuit Highwav is
to be built, it should be initially to 2-lane standard and not 4-lane.
These conclusions were supported by the traffic evaluation which indicated
no need of a 4-lane highway in the first stage.
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Table 7A-7

SUMMARY OF THE ECONOMIC EVALUATION

NETWORY

1. 4-lane, bhasc assumption
4-lane, low sens
3. 4-lane, high sens

4, 2-lane, bese assumptions
5. 2-lane, low sercs

6. 2-lane, higl sens

7. 2-lane, BS-Assulit only

8. Improve ve Cverlav

9. New Cairo-Assuit Highway,

4~lane vs 2-lane,
high sensitivity

(1) NPV valuel in LE million

FULL TIME SAVINGS

11.9%

7.3%
14,17
16.87
11.4%
19.2%

12.5%

S.
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The single staging test for the new highway, evaluating a construction
from Beni Suef to Assuit only, irdicated feasibility only if full time
savings were counted. However, i- only just failed with one third of the
time savings included. Since this was the best performing staged
contruction alternative, it was concluded that none of the staging options
which omitted sections of the wroute were particularly satisfactcry.
Clearly, the complete highway woula produce more benefits than the sum of
1ts parts., This is almost certainly because the each section of the route
channels traffic on te the other csections, which woi.id ircrease the number
of vehicles gaining henefit and also increase the benefit for each
individual vehicle.

The network with the best economic performance was the Improved
Network. Even counting just one third of time benefits, the network
achieved an IRL of 18,57, and NPV of LE 81.7 million and a B/C ratio of

2.06.

Detailed evaluaticn results for each network are presented in Annex
7h-1  to this Appsndix. The results for the 2-lane Expressway Network (base
assumption) and the Improved Network are discussed below, In terms of the
projects thev contain,

New 2-lane Hiphwar - Teble 7A-8 presents the detailed economic
evaluation for & new 2-lane highway from Cairo to Assuit. Construction
was assumed to takc place over a three vear period from 1987 to 1989
(Government fisczl vears indicating the period from mid-1987 to mid-1990),
but with the acc

€ss roads being completed in the year of main project
opening. Sinc: access roads were forecast to carry relatively light
traffic and wevs based on existing roads, this was not an unreasonable

assumption, It was assumed that any new construction needed to iirk
access roads with the main highway would be completed in the main three
year constructicn peviod,

The pavement desipgrn assumed that an additional Scm overlay would be
required after 10 vears, and this was programmed for 1999, with a further
Scm overlay in 2009, It was assumed that the interchange with the Cairo
Ring Road would be grade-separated in the year 2000, and that this would
require an additionzl slip road to carry the traffic to the new
Cairo-Assuit dighwav,

Additicnal highwavy maintenance of LE 0.36 million a year was assumed,
but it was calculated that an increasing quantity of pavement overlaying
in other parts of the corridor would be avoided by heavy vehicles
diverting to the new highway.

Project benefits mainly came from savings in vehicle operating costs,
but passenger time savings were significant as well. As noted earlier,
these were reduced tc one third of the calculated value in one of the sets
of evaluation parameters presented to demonstrate that they were not
essential at che full rate for economic feasibility.

- 7A.24 ~

g

A



fEAR
1987
1988
1589
1950 (1)
1994
1592
1993
1994
1995
1996
1997
1998
1999 {2,3)
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009 (3)
2010
201
2012
2013
2014 {4)

Totals -
Discounted -

Table 7A-8

EVALUATION GF THE CATHC-ASSUIT HIGHWAY (2-LANT)
BASE ASSUMPTIONS

{millions of LE, 1985/8¢)

PROJECT COSTS

Construc- Addition
tion Maint

18.5 0.36

38.6 0.36

337

Discount Rate 12%

Singls year construc cost {5)

Req opening year henefits
{inc! cost savings)

Ahddition Total
Overlays Costs
45.6
45.6
55,6
~0.46 18.4
-0.4¢9 ~0.1
-0.51 ~0.2
-0.54 ~0.2
-0.57 -2,
-0.60 -0.2
-0.64 ~0.3
-0.67 -0.3
-0.71 -0.3
-0.75 38.2
-0.79 “0.4
-0.81 -C.5
-0.83 -0.5
-0.8¢ -0.5
-0.88 -0.5
-0.91 -0.5
-0.93 -0.6
-0.9¢ -0.6
-0.98 ~C.6
1.01 33.0
=1.04 -0.7
-1.07 <0.7
-1.10 -0.7
-1.13 -0.8
-1.16 -12.2
-20.80 204, 6
-3.69 130.3

CONSTRUCT ! OH PERIOD
3 years 4 years
172, 182.9
20.7 21.9

PRCJECT BENEFITS

Vehicle Passenger

Op Cost

Time

Reduced
Traftic Total

Savings Savinas Accidents Savinas

11.2 2.7
12.4 3.4
13.7 5,2
15.1 5.2
16.7 6.5
18.4 8.1
20.3 10.1
22.5 12.6
24.8 15.7
27.4 19.5
30.3 24.3
31.8 25.%
3.4 6.8
35 261
16.8 29,5
38.7 3.0
40.6 32.6
47,6 36,2
LY} 35.9
47.0 37.7
49,4 9.6
5t.8 L3N
S4.4 43.6
57.1 45.8
60.0 48,1
830.4 612.3
128.5 78.3
internal

0.0

0.0

0.0

-0.10 13.8
-0.08 15.7
~0.0¢ 17.8
~0.05 20,3
-0.04 230
-0.03 26.5
-0.03 30.4
-0.02 35.0
-0.07 40.5
-0.01 he.9
0 54,6

.0 57.3

.0 60.27

0 £3.2

. 66.4

.0 €u.7

.0 73.2

.0 76.8

.0 B0.?

0 64,7

.0 gt o

.C 93.4

.0 901

.0 103.0

.0 108.1

Rate of Return

Benefit/Cost Ratio
Net Present Value

(1) 50 perce~t of access roscs completed after main project opening.

{21 Additional costs of interchangs with Cairo Ring Road.

(3) Cosi of S cm overlay,

(4) Residual value @ 7 percent of total construction.

(5) In year of opening, excluding remaining access road costs.
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Accident savings were negligible, if not negative. This was mainly
because traffic would be diverted from the 4-lane Cairo-Aivat section of
the exi<ring highwav, where accident rates could be expected to be lower
than or the new 2-lane highway opresented here. Accident savings were
significant onlv for the new 4-lane highway presented in the Annex 7A-1 to
this appendix,

The economic indicators of IRR. NPV and B/C Ratio were discussed above
together with the results for the other metwork evaluations, and it was
noted that thev indicicate project feasibility. However, it 1is also
important to take account of the fcourth economic parameter established in
this section, that of FYRRK. This was approached by first estimating the
single year construction cost, and then estimating the opening vear
benefits required to achieve the minimum FYRR.

The single vear constructinn cost was estimated at LE 172.1 miilion
for a 3-year construction period (as displayed in the table) or LE 182.,9
for 4 4-year construction period. PFence in order to achieve a FYRR equal
to the Study discount rate of 12 percent, openiing year benefits of LE 20.7
or 21.9 millicn respectively would be required. Inspection of the net
cost/benefit s:ircar indicated that this could be achieved in the earlv to
mid-1990Cs.

This indicated & likely starting date fer construction as 1990, rather
than 1987 assumcd in the evaluation. Assuming that international funding
would be required to finance the project, with the checks and controls
that this necessarily implies, a 1990 start date for construction was

considered realistic, 1if not optimistic. Table 74-9 shows a revision of
the evaluation witl the start of construction put back three years to
1990, and assuminy a 4-vear construction period. The economic parameters

for thic more realistic option show an IRR of 16.8 percent, an NPV of LE
47.7 willion and & E/C ratic of 1.55, all including only one third of time
savings.

Improvements to the Existing Highwav - Table 7A-10 presents the
evaluation of the nmain alternative to the new Cairo-Assuit Highway;
improvement of the existing West Bank Highwav.

It was assumcd that improvements would start with the construction of
14 bypasses around the major towns and cities along the route which lack
such a byvpass (the great majority). This construction was scheduled for
the period 1967-1984 (which  financial period ends in mid-1990).
Constructiou would then commence on widening those sections of the road
which are not divided highway; essentially the entire route between Aiyat
and Assuit. This work was assumed to last until “.e Year 2000, allowing
for significant difficulties in acquiring land for right-of-way.

Maintenance costs would  build wup steadily as road widening
progressed. So alse would the savings in pavement overlaying on other
roads in the corrivor, as traffic increasingly diverted to the improved
West Bank route,
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Teble 7A-9

EVALUATION OF THE CAIRO-ASSUIT HIGHWAY (2-LANL)
FOUR YEAR CONSTRUCTION STARTING 1990

{miltions of LE, 1985/86)

PROJECT BENEFITS HEY COS /Pt cqprew

PROJECT CP5TS e s L R T T TR
--------------------------------------- Vehicle Passenger  Reduced Futt Dee ebird

Construc~ Addition Addition Total Op Cost Time Traffic 1ntal Tipoe tyre

YEAR tion Maint Overlays Costy Sevings  Savings Accidents  Savings Seving.
1990 34,2 34,2 0.0 =342 -n?
1991 34,2 34,2 0.0 ~34,7 LR
1992 34,2 34,2 0.0 =34,2 -2, 7
1993 34.2 34,2 0.0 -3u,2 -y, 2
1994 (1) 18.5 0.36 -0.57 18.2 16.7 6.5 -0,04 23.2 4.9 C.¢
1995 0,36 -0.60 -0.2 18.4 8.1 -0,03 26.5 6.8 PRI
199¢ 0.36 ~0.64 -0.3 20.4 101 -0.03 30.4 30.7 it
1997 0.3¢6 ~0.67 -0.3 22.5 12.6 -0,02 35 35.4 20
1998 0.3¢6 -0.7 -0.3 24,9 15.7 -0.02? 40.5 4eLn A0y
1999 0.36 ~0.75 -0.4 27.5 19.5 -0.01 47,0 PINK] 3u.0
2000 0.36 -0.79 ~0.4 30.3 4.3 .0 54,6 5.0 KEON
2001 0.36 -0.81 ~0.5 31.8 25.5 .0 57.3 57.8 Wt
2002 0.36 -0.83 -0.5 33.4 26.8 .0 60.2 6C.7 Wt
2003 (2,3) 38.6 0.36 -0.86 38.1 350 28.1 .0 63,2 251 6.2
2004 0.36 -C.68 -0.5 36.8 29.5 0 664 N W2
2005 0.36 -0.91 -0.5 38.7 3.0 .0 65,7 PEC 4ot
2006 0.36 -0.93 -0.6 40.6 32,6 .0 73.2 77 52.C
2007 0.36 -0.96 -0.6 82,6 34,2 .0 76.6 774 Su.r
2008 0.36 -0.98 -0.¢ 44.8 35,9 .0 80.7 b1.3 Llh
2009 0.36 -1.01 -0.7 87.0 37.7 .0 84.7 B2 Co.?
2010 0.36 =1.04 -0.7 49,4 39.6 ] 886.9 8o.¢ €27
2011 0.36 -1.07 -0.7 51.8 41.€ .0 93.4 94,1 60
2012 0.36 ~1.10 -0.7 54 .4 43.6 ] 9e . 9L.8 (S
2013 (3) 33.7 0.36 -1.13 3.9 57.1 45,8 .0 103.0 0.0 RN
2018 0.36 -1.16 -0.8 6C.0 48.1 .0 108 108,92 0
2N 0.36 -1.19 -0.8 63.0 50.5 .0 13.5 14,3 S
2016 0.36 -1.22 -0.9 66.1 53.0 0 119.7 120.0 va,7
2017 0.36 =1.26 -0.9 69.4 55.7 0 1251 12¢.0 gy.0
2018 (4) =11.4 0.36 -1.16 =12 60.0 48.1 .0 1081 e BR,2
Totals - 216.0 9.0 -23.2 201.6 1042.8 804 .1 -0.? 184€,7 165449 11040
Digcounted - 88.2 1.28 ~2.77 86.7 108.,9 76.8 0.1 185,6 4p .o ur?
Discount Rate 12% CONSTRUCTION PERIQD ASSUMPTION ON TINE SAVIN..
3 years &4 years ful /3¢
Single year construc cost {5) 1721 182.9 Internal Ratr of Return 20,84 1V, 6%
Req opening year benafits 20,7 21.9 Benefit/Cost Ratio 2,04 1.%9
(1ncl cost savings) Net Present Value 98.9 2.7 mitlinn LF

(1) S0 percent o; sccess roads completed after main project opening,
(2) Additionsal zosts of interchange with Cairo Ring Road,

{3) Cost of 5 cm overlay,

(8) Residual value @ 5 percent of total construction,

(5) In year of opening, excluding remaining access road costs.
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Table 7A-10

EVALUATION OF THE IMPROVEMINTS 10 THF EXISTING CAIRO-ASSUIT HIGHAAY
BYPASSES BY 1990, ALL 4-LANLC BY 2000
(millions of LE, 1985/86)

PROJFCT BENEFITS NET COLY/BVH gt
PROJECT COSTS  eimmceei i ciccemaans meesmsscean. B
--------------------------------------- Vehicle Passenger Reduced Full One third
Construc- Addition Addition Total Op Cost Time Traffic Tota! Tine tine
YEAR tion Maint Overlays Coste Savings  Savings Accidents Saving: Savings cavinng
1967 10.5 10.5 0.0 -10,5 “10.%
1988 10.5 10.5 0.0 -10.5 -1,y
1989 10.5 10,5 0.0 -10.4 -10.9
1990 12,7 0.01 ~0.29 12.4 .0 0.4 0.0t 0.4 -12.0 -12.3
1991 12,7 0.01 -C. 3N 12.4 .0 0.6 0.02 0.7 -11.7 -12.2
1992 12,7 0.02 -0.32 12.4 0.1 1.0 0.04 1.1 -11.3 -12.0
1993 12.7 0.02 -0.34 12.4 [ 1.5 0.08 1.7 -10.¢ -11.7
199% 12.7 0.03 -0.3¢ 12,4 0.1 2.4 0.15 2.8 -9.5 -
1995 12.7 0.04 -C.38 12.4% 0.7 3.7 0.30 4.7 -7.6 101
1986 12,7 0.0% ~0,40 12.8 1.6 5.9 0.58 8.1 -4.3 -8.7
1997 12,7 0.07 -0.42 12.4 3.8 3.2 1.15 14,1 1.8 ~4.3
1958 12,7 0.0§ =0.44 12.4 9.0 14,3 2.27 25.% 13.2 3.6
1999 (1) 17.6 0.12 -0.he 17.3 20.9 22.4 4,47 47.8 ic.s 15.¢
2000 0.1¢ ~0,4¢% -0.3 49.0 35.0 6.8 92.8 93.1 £y.0
2001 0.17 -¢.50 -0.3 51.5 3c.e 6.2 97 .4 97.2 73.2
2002 0.18 =0.87 -0.3 54,0 36.¢€ 9.7 i02.3 102.7 e
2003 0.19% -C.52 ~0.3 56.7 40,5 10,2 107.4 107,80 £t
2004 0.19 -0.5%¢4 ~0.4 59.6 42,5 10.7 112, 1131 bt
2005 0.20 -C.5¢ -0.4 2.5 44,7 1.2 118.4 1168.8 e
2006 0.21 -0.57 -0.4 65.7 46.9 11.8 1244 124,7 G
2007 0.23 -0.t¢9 -0.4 60.9 89,2 12.4 130.¢ 130.0 e
2008 0.24 -0.¢1 -0.4 72.4 51.7 13.0 137.1 137.% 103.0
2009 (2) 19,7 0.2 -0.€2 193 76.0 54.3 13.7 146, 0 1240, [T
2010 0.26 0.0 -0.4 79.8 57.0 4.3 151.2 51.% 13,
on 0.27 =C. 6 -C.4 g3.8 59.9 15.1 156.7 1539 110.0
2012 0.29 -C.e7 -0.4 88.0 62.9 15.8 166.7 167.0 1700
2013 0.3¢ ~C.6u -C.4 YZ.4 6€.0 16.6 175.0 17004 171,k
2014 (3) ~9,2 0.32 =0. 7 -9.6 97.0 69.3 17.4 183.7 1433 1hWra
Totals - 174.0 3.92 =12.€2 1€5.3 1033.9 816.6 190.95 2109.5 1944 2 LRI &
Discounted - 78.6 0.47 -2.30 76.7 108,7 88.5 20,7 217.4 40,7 Lo
Discount Rate 12% ASSUMPTION ON TIMF Srvins
Ful) 1/3cd
Internal Rate of Peturn 21,94 LAY
Benef{t/Cost Ratio 2,83 2,06
Net Present Value 140,7 81,7 millien LE
(1) Includes cost of § cm overlay on bypasses,
(2) 5cm overlay on all nem construction
{3) Residual valuc @ 5 porcent of total construction,
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Benefits were estimated to build up slewly in the opening vears,
mainly because the bypasses on their own in the early 1990s would generate
few benefits (since thev add length te a road which was expected to be no
more congested in 1990 then in the Study Base Year 1985/86). In fact,
economic Dbenefits were estimated as negative, but thev were set to zero in
this evaluation on the basis that there would be sufficient benefits
within the bypass towns to at least off-set the negative benefits for
traffic passing through. Benefits for the Improved Network werr expected
to build up over the construction period of videning, since each section
of widening would be a complete and useable while other sections were
still in construction.

Vehicle operating cost savings were nearly equalled by passenger time
savings due to the traffic congestion 1likely to prevail with no new
highway construction in the corridor. Traific accident savings were
likely to be considerable with completion of the safer 4~lane highwav.

The economic indicaters showed a good rate of return on this project
te improve the existing highwav. For this evaluation, a First Year Rate of
Return (FYRR) was not estimated since the project would reallv be a series
of connected smaller projects which would need to be evaluated separately
to establish individual FYRRs.

Further Consideration of Benef{its

Some further analyses of model benefits (vehicle operating cost and
passenger time savings) are presented here for the two main alternative
projects to emerge from the evaluation process: .onstruction of a new
2-lane highvav to Assuit, or improvement of the existing West Bank Highwav
by adding bypasses and widening. The three further aspects discussed here

arc;
i) Size of benefits
ii) Geographical Distribution of benefits
1ii) Foreign E-.change considerations

Size of Benefits

Benefits were divided into large, small and negative benefits. Small
benefits were defined as being less than the values given in Table 7A-11

below. The small operating cost benefit was defined as roughly 5 percent
of free-flow economic operating cost at 50 kph assuming Base Year average
journev lengths. The small time benefit was about 7 percent of average

base year journey times. The term 'small benefit" has no precise meaning;
it was wused simply to identify journey benefits which verge on the level
of being unnoticeable.
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Table 7A-11

IDENTIFICATION OF SMALL BENEFITS

OPERATING
COST TIME
VEHICLE TYPE SAVING SAVING
1. Car work LE 0.20 5 minutes
2. Car other 0.20 5
3. Texi car 0.30 5
L, Tavi van 0.40 5
5. Pickup 0.40 5
6. Bus 0.80 5
7. Truck single 0.80 5
&. Truck comb 3.00 10
G, Truck artic 3.00 10
Expressway Netw. i - Table 7A-12 shows the model benefits for the 2000
2-lane Expresswi.  Kotwork  classified into three groups, large, small and
negative. The ©ro.: mojority of positive benefits were classified as
large for botl veil.lc¢ ojerating cost savings and passenger time savings.
However, aegative .o fits for vehicle operating cost savings were
significant at i <., .0 per day, compared with the total of positive

benefits at abou: 1! ¢L 1" per day.

Most of this¢ nepative benefits were associated with private car
travel and, ar Cci:ccusecd previously in this Appendix, this was partly
because the Tra’ii: M ccl route choice for private cars was influenced by

travel time savincs, which attracted vehicles to the new highway despite
overall increasc¢ irn vehicle operating costs. These were mostly offset by
time savings for Ccr V.vi class, although not for Car Other.

A further causs of negative vehicle operating cost benefits for
private cars wcre tict drivers were assumed not to perceive all their
operating cost, concldering fuel, oil and tire costs only. This can lead
to negative benciits for generated travel, as well as contributing to the
negative benefit« <dirived from choice of routes which, when economic
resource costs &r¢ ture:. into account, prove to be more costly,

Finally, nesative  benefits were also a byproduct of the route
selection process ir the Traffic Model which divided traffic between
competing routes ir accordance to relative costs on the two routes. This
process inevitabiv put some traffic on the more expensive route,
especially whern costs of the two alternatives were similar. This mirrored
real life where drivers select routes based on more than just the vehicle
operating costs invelved, or with an imperfect knowledge of the
alternative route costs. However, negative benefits produced in this
manner were generzllv small and were outweighed by the much greater

positive benefits,
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Table 7A-12

2000 EXPRESSWAY NETWORK (2-LANE) MODEL BENLFITS
(LE thousanos per dey, 1985/1986)

LARCE BENEFITS

SMALL BENEFITS

NEGATIVE BENEFITS

tal

Inter

TOTAL BENEFITS

Vehicle Operating Cost Benefits

Car werk 0.0 .0 0.0 0.
Car other 0.0 0.0 ¢.0 0.
Tax! cer 0.5 &5 1,5 6.5
Tax{ van 0.2 0.3 0.1 0.7
Pickup 1.1 3.0 20 6.2
Bus 0.8 2.7 2.0 5.4
Truck single 1.6 8.f 6.5 1€.6
Truck comb 3.3 163 18 346
Truck artic 1.0 9. 7.1 171
TOTAL VEHICLES 8.6 hh.,5 3u,3 E7.3
108 518 368 107y
1678
Time Cost Benefits
Car work 5.2 10,5 0.7 1¢.3
Car other 2,3 3.5 0.5 1.2
Taxi cer 5.8 14,6 2,5 7:.0
Taxi van 15,5 9.7 0.4 28,6
Pickup 0.0 0.C 0.0 0.0
Bus 3.2 8.t 1.8 13,4
Truck single 0.0 0.1 0.0 00
Truck comb 0.0 0.7 0.! 0.3
Truck artic 0.0 0.0 0©.C 0.
TOTAL VEHICLES 32.0 46.9 6.1 85.0
388 55\ 7N 100%
100%
Total Benefits
Car work 5.2 105 0.7 6.4
Car other 2.3 3.5 0.5 6.3
Taxi car 6.3 19 4,0 2¢.%
Tax{ van 15.7 10, 0,5 2¢.?
Pickup 1A 3.0 200 6.2
Bus 3.9 11.7 3.6 16,9
Truck single 1.7 B.£ 6.5 1,7
Truck comb 36 16,5 15,0 3y,.&
Truck artic 1.0 9.1 7.0 172
TOTAL VEHICLES K05 91.4 40,4 172.3
247 538 23% 1006
268

0.0
0.0
0.4
1.7
1,2
0.2
0.8
.3
0.2

4.9
66"
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34N

~

30N

Thru Total inter [xter Thru To
0.0 0.1 -3.9 -8.0 -0.4 -1
0.0 0.v -3,7 -6.0 -0.7 -1
0.0 0.6 -0.1 -0.6 -0,0 -~
0.0 2.1 -0.5 -1.0 0,0 -
0.0 1.7 =1.v =4.° c.n -
0.0 0.4 -0.4 -1.0 0.0 -
0.0 1.3 -1.1 2.4 -0,2 -
0.0 0.8 -0.7 -2.5 -1,1 -
0.0 0.4 Q3 -1.8 -0.4 -
!
0.0 7.5 -11,7 8281 -2,7 -4
1% 1008 278 66N 6\
148
0.0 0.3 -0.2 -0.2 0.0 -
0.0 0.1 -0.1 -0 0.0 -
0.¢ 0.2 -0.0 -0.4 -0.0 -
0.0 0.9 -0.1 -9.4 0.0 -
0.0 0.0 0.0 0.0 0.0
6.c 0.1 -0.t -0.1 0.0 -
0.0 c¢.0 0.0 -0.0 0.0 -
0.0 0.0 0.0 -0.0 -0.0 -
0.0 0.0 0.0 0.0 ¢.0
0.0 1.6 -0.,4 -1, -0,0 -
0N 100N 267N 7uN [0
2\
0.0 0.4 =-4,1 -B,2 -0.4 -
0.0 0.2 -3,7 -6.1 -0.7 -1
0.0 0.7 -C.1 -1, -0.0 -
0.0 2.9 -0.7 -1.4 0.0 -
0.0 1.7 -1,0 -4,9 0.0
0.0 0.6 -0.5 -1.1 0.0 -
0.0 1.3 -1,v -2.4 -0.2 -
0.0 0.8 -0,7 -2.5 -1,1 -
0.0 0.4 -0.3 -1.8 -0.4 -
0.0 9.0 -12.1 =294 =-2,7 -4
0N 100N 27% 66N 6\
IAY
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Improved Netwecrk - Table 7A-13 shows the distribution of benefits by
size for the 2000 Improved Network, containing bypasses and widening of
the existing West Bank Highwav.

The proportion of negative benefits was much lower than for the
Expressway Network, and the proportion of benefits for non-truck traffic
was also significantly higher. Small benefits remained low compared with
other positive benefits, but made up a greater proportion than for the
Expressway Network. This 1indicates a greater range of benefits than for
the Expressway.

Geographical Distribution of Benefits

Table 7A-14 shows the geographical distribution of vehicle operating
cost benefits 1in the Cairo-Assuit Corridor for the 2000 Expressway
(2-lane) and 2000 Improved Networks.

Expressway Network - The striking feature of the Expressway results is
that few benefits (3.4 percent) accrued to internal movements in the
corridor. Such benefits as did accrue to this traffic arose from the
longer distance inter-Governorate movements, and from the slight relief in
congestion in the main corridor brought about by the new highwav. This
strikingly demonstrates that the main benefit of the new highway would be
to long distance traffic moving to, from, and through the corridor.

Benefits for movements in the northern part of the corridor between
Beni Suef and Cairo were mostlv negative, although movements between Giza
(mainly Badrashin, Aivat and Saff) and Beni Suef gained advantage from the
relief given to most congested portions of the existing highway.

Benefits to external traffic made up 43.7 percent of the total, with
the highest benefits to the southernmost towns, in particular, Assuit.

Through traffic gained the greatest benefit amounting to 60.4 percent
of the total.

Improved Network - Apart from the increased quantity of benefits (LE
$7,000 per day compared with LE 52,000 per day on the Expressway Network),
there was a major change in the distribution of benefits for the Improve?
Network,

Internal traffic benefits totalled 25.4 percent, with most occuring in
Minia and Assuit Governorates. The proportion of external benefits also
went up from the Expressway Network levels to 43.7 percent of the total,
and this represented over a doubling of the volume external benefits. This
could be explained by the more direct route provided by the improved
existing road to origins and destinations in the corridor, compared with
the Expressway Network.

Through traffic, which would appear to have most to gair from a
completely new highwav, suffered 1little diminution of benefits on the
Improved Network, reducing from LE 32,000 to 30,000 per day. As a
percentage, the overall share reduced to 30.9 percent because other

benefits increased so sharply.
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VEMICLE TYPE

Car work

Car other
Tax{ car
Tax{ van
Pickup

Bus

Truck single
Truck comb
Truck artic

TOTAL VEHICLES

Table

7A-13

2000 IMPROVED NETWORK (BYPASSES AND WIDENING) MODEL BENEFITS
(LE thousands per day, 1985/1986)

LARCE BEREFITS

Inter Exter

Vehicle Operating Cost Benefits

9.7
3.8

32.6
297

Time Cost Benefits

Car work

Car other
Taxi car
Taxi van
Pickup

Bus

Truck single
Truck comb
Truck artic

TOTAL VEHICLES

Total Benefits
Car mork
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Tax! ven
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Truck artic

TOTAL VEHICLES
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SMALL BENEFITS

Inter Exter
0.0 0.0
0.0 0.0
0.2 0.3
1.9 0.4
1.6 1.3
0.1 0.1
1.4 0.2
0.2 04
0,2 c.
5.6 2.5

70% 30%
0.2 0.4
¢.1 0.0
c.t 0.1
0.7 0.2
0.0 0.0
0.1 0.
0.0 0.0
0.¢ 0.0
0.0 0.0
.08

708 30M
0.2 0.
0.1 0.0
c.3 0.4
2.6 0.€
1.6 1.3
0.1 0.2
1.4 0.2
0.2 0.1
0.2 0.
€.8 3,0

70% 30N

0.0
O-V
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
oM

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0N

0.0
0.0
6.0
0.0
0.0
0.0
n.0
0.0
0.0

0.0
0N

Total Irter Exter
0.0 -&6.7 -3.9
0.0 -6.4 -3.,8
0.5 -0.0 -0.1
2.3 -0.3 -0
2.9 -0.2 -0.1
0.1 -0,0 -0.
1.6 =0.1 -0.2
0.3 -0.0 -0.2
0.3 -0.0¢ -0.2

!

8.1 -13,7 “#¢
100% 577 36N

8%
0.3 -0.0 -0.2
0.1 -0.0 -0.1
0.2 -0.0 -0.4
0.9 0.0 -0.4
0.0 0.0 0.0
0.2 0.0 -0.
0.0 0.0 -0.0
0.0 0.0 -0.0
0.0 0.0 0.0
1.7 -0.0 -1.3
1008 1™ 99

1\
0.3 -€8 -4
0.1 -6.4 -3.9
0.7 -0.0 -0.5
3.2 -0.3 -0.5
2.9 -0.2 -0
0.4 -0.0 -0.2
1.6 ~0.,1 -0.2
0.3 -0.0 -0.2
0.3 -0.0 -0.2
9,8 -13,7 -9.9
1008 548 39y

5%
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NEGATIVE BENEF!TS

Thru Total
-0.5 -111
-0.7 -10.9
-0.0 -0.1
0.0 -0.4
0.0 -0.2
0.0 -0.1
0.0 -0.2
-0.7 -0.9
-0.0 -0.3
1.8 24,2
8N 1007
~25%
0.0 -0.2
0.0 -0.1%
0.0 -0.4
0.0 -C.4
0.0 0.C
0.0 -0.1
0.0 -0.0
-0.0 -0.0
0.0 0.0
-0,0 -1.3
0N 1008
-1\
-0.5 -11.,4
-0.7 -11.,0
-0.6 -0.C
0.0 -0.F
0.0 -0.3
0.0 -0.2
0.0 -0.2
-0.7 -0.9
-0.0 -0.3

TOTAL BENLFITS
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COING TO:
STARTING FROM  The North Giza Fayoum Beni Suef Minia Assuit The South TOTAL
2000 Expressway Network (2-Tane)
The North (1) (1) (660) (7,639) (233) 7,251 10,223 16,023 24,964
Giza (in corr) (583) 260 (62) 250 70 15 147 7
Fayoum (7,402) (62) (564) (218) 303 933 376 (6,63n,
Beni Suef (260) 315 (241) 1,094 (279) 376 (224) PRl
Minia 6,525 28 295 (258) 25 154 300 T
Assuit (in corr) 10,649 9 753 381 51 (1,850) 35 JEUNUS
The South (2) 15,548 11 409 (191) 126 (62) ? 15,902
....................... Lece ercrcmres ccvmmeran mereceoee T
TOTAL 24,476 21 (T,Qﬂ%) 825 7,547 9,789 16,654 So,00k
Total finternal 1,778 3.4%
Total external 18,918 36.2%
Total through 31,572 60.4%
52,268 100.0%
2000 Improve Network (bypasses and widening)
The North (1) (1) (140) 140 3,689 7,766 7,980 15,667 i5,1Mm
Giza (in corr) (142) 29 133 123 216 14 245 619
Fayoum 197 137 76 143 14 529 296 1,519
Benf Suef 3,585 196 195 1,964 1,129 1,416 142 g,027
Minia 7,309 264 138 1,062 8,200 2,486 935 2039y
Assuit (in corr) 8,472 8 513 1,408 2,296 1,716 118 14,51
The South (2) 14,158 202 329 (13) 9 141 3 15,741
TOTAL 33,578 696 1,524 8,376 20,669 14,282 17,406 9,50
Total internal 24,532 . 25.4%
Total external 42,172 43,7%
Total through 29,827 30.9%
96,531 100,0%

Table 7A-14

GEOGRAPHICAL DISTRIBUTION OF VEHICLE OPERATING
COST BENEFITS IN THE CAIRO-ASSUIT CORRIDOR
(LE thousands per day, 1985/1486)

(1) Cafro, Giza outside the corridor, and Northern Egypt
(2) Upper Egypt including Assuit outside the corridor, New Valley and Red Sea
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It was concluded that the Improved Network shows a better spread of
benefits than the Expressway Network. Benefits to traffic moving entirely
within the corridor were increased greatly, external benefits were also
increased, but at the same time, through traffic benefits were scarcely
changed.

Foreign Exchange

A separate evaluation of vehicle operating cost benefits was made for
the 4-lane Expressway Network, considering just the foreign exchange
component of costs. The results showed a vehicle operating cost benefit
(unmodified for private cars of trucks) of LE 4,300 per day, 6 pcrcent of
the total of LE 72,700 per dav when measured in economic resource costs.
If the results for private cars (which were obscured by the use of time 1in
route finding and which had a large generated traffic component which was
impossible to quantify in fcreign exchange terms) are excluded, the
foreign exchange component rises to LE 14,600 per dav, 15 percent of the
economic resource valuation of LE 100,000.

The foreign exchange component of benefits was not particularly high,
mainly because fuel is produced nationally, and because there is a high
local content in the production and assembly of vehicles., As indicated in
Appendix 4D, the foreign exchange component of construction costs was
estimated at between 27 and 30 percent of economic resource costs, It was
concluded that in terms of the foreign exchange component alone, the
evaluation was not favorable, indicating tat cost in foreign exchange of
constructing the new highway would not be justified bv the savings in
foreign exchange in reduced operating costec.

Conclusions of the Economic Evaluation

It was concluded that both the two main projects evaluated --
improving the existing West Bank Highwav or building a new highway from
Cairo to Assuit —-- would both produce significant economic benefits.

For the new highway, the evaiuation supported the traffic analysis in
concluding that a 4-lane highway would not be justified for the first
stage of construction. An opening date in the mid-1990s could be
justified, and this would fit well with a possible program of foreign
funding for design and construction. Sensitivity tests indicated that
under conditions of lower traffic growth, either due to slower economic
performance or through transfer of traffic (particularly freight) to other
modes, full feasibility would be delaved, but it is considered that a good
economic case has been made for a new Cairo-Assuit Highway for
construction at some time in the 1990s,

On economic grounds, the improvements to the existing highway appeared
to give even Dbetter results than the new highway; more benefits would be
produced for lower investment., Also, the benefits would be more evenly
distributed to the different traffic elements and so would have more
immediate input on the lives of those living in the corridor. In contrast,
the new highway would mainly benefit long distance traffic, with little
advantage to local traffic.
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Table 7A-1.1
EVALUATION UF THE CAIRO-ASSUIT HIGHWAY (4-LANE)
BASE ASSUMPTIONS
{mi{11fons of LE, 1985/86)

PROJECT BENEFITS

PROJECT COSTS e e e
R --- Vehicle Passenger Reduced
Construc- Addition Additicn Total Op Cost Time Traffic Total
YEAR tion Maint Overley: Costs Savings  Savings Accidents Savings
1987 94.1 94,1 0.0
1968 94.1 94,1 0.0
1989 94.1 94 1 0.0
1990 (1) 42.4 0.57 ~0.46 42,5 14.6 3.4 0.40 18.4
1991 0.57 ~0.89 0. 16.2 4,2 0.42 20.8&
1992 0.57 -0.51 0.1 18.0 5.1 0.45 23.6
1993 0.57 ~0.54 .0 20.0 6.3 0.47 26.7
1994 0.57 -0.57 .0 22.2 7.8 0.50 30.4
1995 0.57 -0.60 .0 24,6 9.5 0.53 34,7
1996 0.57 -0.€4 -0.1 7.3 11.7 0.56 39.6
1997 0.5? =007 AR 30.3 - 14,4 0.59 45.3
1998 0.57 -0.NM -0.1 33.¢ 7.7 0.63 52.0
1999 (2,3) 54,7 0.57 -C.75 54.5 373 ‘2.8 0.66 59.8
2000 0.57 -C.7% -0.2 41,3 2¢.8 6.7 68.9
2001 0.L7 ~C.61 -0.2 43,5 8.1 0.7 72.3
2002 0.57 -0.8B2 -0.3 45.6 29.5 0.7 75.9
2003 0.57 ~C.E¢ -0.3 47.9 3.0 0.8 79,7
2004 0.57 -C.6% -0.3 50.3 32.6 0.8 83,7
2005 0.57 -0.%1 -0.3 52.8 3,2 0.8 87.8
2006 0.5?7 -0.%2 -0.4 $5.5 315.9 0.8 92.2
2007 0.57 -0, -0.4 58.3 37.7 0.9 9.8
2008 0.57 LUt 0.4 61,2 39.6 0.9 101.6
2009 (3) 49.8 0.57 =10 49,¢ 64,2 41.6 0.9 106.7
2010 0.57 -1.04 -0.5 67.4 53,7 0.9 112.0
201 0.57 -1.07 -0.5 70.8 45.8 1.0 117.6
2012 0.57 -1.10 -0.5 74,3 48,1 1.0 123.5
2013 0.57 -1.13 -0.¢ 761 50.5 1.0 129.6
2014 (4) -21.,5 0.57 -t.1é -22. 62.0 S3ia 1.0 1361
Totels - 407.7 14,25 -2C.4L [ 1137.3 €60.3 18,12 1835.8
Discounted - 268.3 . -1.69 267, 173.2 86.5 3.3 264.9
Discount Rate 12% CONSTRUCTION FERIND ‘
3 years b yeers
Single year construc cost (5) 3LL.7 377.8 Internal Rate of Return
Req opening year benefits 2.7 45,2 Benefit/Cost Ratio
(incl cost savings) Net Present Value

—_— o
(1} 50 percent of access rosds completed after main profect opening,
(2) Additional costs of interchange with Cairo Ring Road.

(3) Cost of S cm overlay,

(4) Residual
(5} In year

value @ 5 percent of total construction,
of opening, excluding remaining access road costs,
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Full
Time
Savinge

One third
time
s2.1inge

=941
-94,1
“94.1
-24.1
20.7
23.5
26.7
30.4
34.7
39,6
45.4
52.1
5.2
69.1
72.6
76.2
80.0
84.0
88,2
92.6
97,2
102.%
67.3
1z2.5
118.1
124.0
130.7
158.1
1434.,72
-2.9
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Table 7A-1.2

EVALUATION OF THE CAIRO-ASSUIT HIGHWAY (4-LANE)
LOW SENSITIVITY

(mi11jons of LE, 1985/86)

PROJECT RBENEFITS KET Cosr/ney oqeiee
PROJECT COSTS  eemeeeeccccrcecmre e cccmc s L
R et R R L R Vehicle Passenger  Reduced Full Onc thirnd
Construc- Addition Addition Total Op Cost Time Traffic Total Time i
YEAR tion Haint Overlays Costs Savings  Savings Accldents  Savinne Savinasn  sa. i
1987 112.9 112.9 0.0 =11z.9 11209
1968 112.9 12,9 0.0 -112.9 -12n
1989 112.9 112.9 0.0 1120 ER R P
1990 (1) 50.8 0.€8 -0.,35 51.2 14.6 3.4 0.40 18,4 -32.8 -35.0
199N 0.68 -0.37 0.3 15.9 3.9 0.42 20.1 19.8 7.2
1992 0.€8 -0.40 0.3 17.2 L) 0.45 22.0 21.7 16.¢
1993 0.68 -0.42 0.3 16.7 5.0 0.47 24 23,0 20
1994 0.6% ~0.45 0.2 20.3 5.6 0.50 26.4 26,0 Y
1995 0.6t -0.&E 0.2 22.0 6.4 0,53 28.9 286.7 24
1996 0.68 0.5t 0.2 23.9_ 7.2 0.56 37 3.5 o7
1997 0.68 -0.54 0.t 26.0 8.2 0.59 34,8 KL o2
1995 0.6% -C.t7 0. 28.2 ﬁ.3 0.63 36.1 3g.0 Je
1999 (2,3) 65.6 0.6k -C.e 65,7 30.7 10.5 0.66€ 41.8 -23.9 -0
2000 0.£% U .0 333 1.9 0.7 45,6 45,4 3.0
2001 0.€5 ~C.¢” 0 34,7 12,5 0.7 47,9 4o T
2002 0.65 -0.¢4 .0 36.2 13.1 0.7 50.1 50.1 41
2003 0.68 -0.71 .0 37.8 13.8 0.8 52.3 52.3 L
2004 0.68 0.7k -0.1 39,4 14,5 0.8 54,7 54.7 LR
2005 0.€¢ -0.7¢ 0.1 LRI | 15,2 0.8 57.1 57.2 L7.0
2006 0.65 -0.7 ~0.1 42.9 15.9 0.8 99.5 50.7 LR
2007 0.€¢F -0, B -0.1 44,7 16,7 0.9 6.3 . 1.3
200¢ 0.6k =00 -0.2 46,6 17.6 0.9 €651 €5,2 rar
2009 (3 59.8 0,68 -0.b€ 59.¢ 48.6 18,5 0.9 ce.0 th -
2010 C.5: ~C.Eu -0.2 50.7 19.4 0.9 7.0 7.l R
2011 0.6& -C.92 -0.? 52.9 20.4 1.0 4.2 T4k 6oL D
2012 C.65 -C.%3 -C.3 55.2 2.4 1.0 7.5 7.0 (L
2013 0.6t -C.u¢ -0.3 57.5 22.4 1.0 gr.o0 er.a (AR
2014 (4) ~25.8 D.68 -1.01 -26.1 60.0 23.6 1.0 E4.,6 o7 “n.o
Totals - 489.3 17 16,55 489.4 8729.3 320.5 168.12 12374 T4B.u SR
Discounted - iNn.g 36D -7.9¢ 322.8 146.1 47.0 33 1964 -126.4 1577
Discount Rate 12% CONSTRUZTION PERIOD ASSUMPTION ON TIME SAVINGS
3 yerrt 4 years Full Y/3ra
Single year construz cost {5) LN 453 .4 Internal Rate of Return 7.3\ S5.0%
Reg opening year berefits 1L S54.4 Benefit/Cost Ratio 0.61 (U
{tnc) cost savings) Net Present Value =126 .4 =157 million LE
——————e
(1) 50 percent of access road. cor; 'mter afrer main project opening,
(2) Agditional costs of fntercharge mitr Cairo Ring Road.
(3) Cost of 5 cm overlay,
{4) Resioual value @ 5 percent of to'al construction,
(5) In year of opening, excluding remeining access road costs,
- 7A.37 -
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Teble 7A-1,3

EVALUATION OF THE CAIRO-ASSUIT HICHWAY (4-LAKE)
HIGH SERSITIVITY

(millions of LE, 1985/85)

PRUJECT BENELFITS HET COST/RER STRESN
PROJECT COSTS e ecccrmecmieccoimcces il
--------------------------------------- Vehicle Passenger  Reduced Full One third
Construc- Addition Addition Total Op Cost Time Traffic Total Time tine
YEAR tion Mafnt Overlays Costs Savings Savings Accfdents  Savinos Savings  savirer
1987 94,1 94,1 0.0 -94 1 -94 .1
1988 94 1 94 .1 0.0 -94.1 -94 .1
1989 94,1 94,1 0.0 -94 1 KU
1990 (1) 42.4 0.57 ~0.46 42.5 14,6 3.4 0.40 16.4 =241 -26.1
1991 0.57 -0.49 0.1 16.5 4.4 0.44 21.3 21.3 18.4
1992 0.57 -0.51 0.1 18.7 5.6 0.49 24.8 24.8 21,0
1993 0.57 -0.54 .0 21.2 7.2 0.54 29.0 28.9 40
1994 0.57 -0.57 .0 24.0 9.3 0.60 33.9 33.9 277
19095 0.57 ~0.60 .0 27.2 11.9 0.66 39.8 39,8 31.9
199¢ 0.57 -0.64 ~0.1 30.9 15.3 0.73 h6.9 46.9 367
1997 0.57 -0.67 -0.1 34,9  © 19.6 o.N 55.4 5.5 42,4
1998 0.57 0.7 -0.1 39.6 © 85.2 0.99 65.7 55.8 be,0
1999 (2,3) 54,7 0.57 -0.75 54,5 44,8 ST"& 0.93 78.2 22,7 2.1
2000 0.57 ~0.79 -0.2 50.8 41.6 14 93.5 93.7 66.0
2001 0.57 -0.81 -0.2 53.3 43.7 1.2 98.2 9k, 4 €u.3
2002 0.57 -0.85 -0.3 56.0 45.9 1.2 103.1 103.3 72.8
2003 0.57 «0.86 -0.3 58.8 48.2 1.3 108.¢ 108.5 76.4
2004 0.57 -0.88 -0.3 61.7 50.6 1.3 13,6 114.0 B0.2
2005 0.57 -0.91 -0.3 64.8 53.1 1.4 119.3 19.7 84,3
2006 0.57 ~(.93 -0.4 68.1 55.7 1.5 125.3 125.7 ge.t
2007 0.57 ~0.96 -0.4 7.5 58.5 1.5 131.6 132.0 G2y
2008 0.57 -0.98 0.4 75.1 €1.5 1.6 138.1 13€6.€ 97.6
2009 (3) 49.8 0.5 =1.01 49,4 78.8 64.5 1.7 145.0 95.7 52,7
2010 0.57 -1.04 -0.5 82.7 67.8 1.8 152.3 15:.8 107.¢
20m 0.57 -1.07 -r.5 86.9 71,2 1.9 159.9 16C.4 113.0
2012 0.57 -1.10 -0.5 91.2 4.7 2.0 1€7.9 168.4 118.6
2013 0.57 -1.13 -0.5 95.8 78.4 2.1 176.3 17€.9 1240
2014 (&) -21.5 0.57 =1.1% -22.0 100.6 82.4 2.2 185.1 207.2 52
Totals . 407.7 14,28 «20.40 401.6 1366.8 1031.9 30.3 2431.0 20294 1341,5
Discounted - 268.3 3.18 -3.R9 267.8 200.9 127.7 4,6 333.2 6.4 -19.7
Discount Rate 12% CONSTRUCTION PERIOD ‘ ASSUMPTION ON TIMP SAYINGS
3 years & yesrs Full 1/3¢d
Single year construc cost (5) 355.7 377.8 Internal Rate of Retyrn 14,18 11,3%
Req opening year benefits 42,7 45.3 Benefit/Cost Ratio 1.24 0.91
(incl cost savings) Net Present Value 65.4 -19.7 million LF
—_—
(1) 50 percent of access roads completed sfter main project opening.
(2) Additiona) costs of interchange with Cairo Ring Road
(3) Cost of 5 cm overlay.
(%) Residual value @ 5 percent of total construction,
(5) In year of opening, excluding remaining access road costs,
- 7A.38 -



Table 7A-1.4

EVALUATION OF THE CAIRO-ASSUIT HiCHWAY (2-LANE)
LOW SENSITIVITY

{(mi1lions of LE, 1985/86)

PROJECT BENEFITS RET COST/BLN STRFAY
PROJLCT COSTS eecemmmcmecececeeieicismococemsseccoss eeemeceemeocaconens
B e R L Vehicle Passenger Reduceo Full One third
Construc- Addition Addition Tota’ Op Cost Time Treffic Total Time time
YEAR tien Maint Overlays Costs Savings  Savings Accidents Savings Savings  saving:
15987 54,7 S54.7 0.0 -54.7 =547
1988 54,7 54,7 0.0 -Sh.7 -54.,7
1989 54,7 54,7 0.2 -54.7 -54.7
1990 (1) 221 0.4% -0.46 221 11.2 2.7 -0.10 13.8 -8.3 ~10.1
1991 0.43 -0.49 -0.1 121 3 -0.03 15.1 15.2 130
1992 0.43 ~0.51 -0.1 13.1 3.6 -0.06 16.6 1€.7 14,3
1993 0.43 -0.54 -0.1 141 4.1 -0.05 18,2 18.3 15.6
1934 0.43 -0.57 -0.1 15.3 §,7 -0.04 19.9 20.1 17.0
1995 0.43 -0.60 -0,2 16.5 5.4 -0.03 21,9 220 18.5
1996 0.43 ~0.64 -0.2 17.9 6.2 -0,03 24,0 24,2 20,1
1997 0.43 -0.67 -0.2 19.3 7. -0.02 26.4 26.6 21.9
1990 C.43 -0.71 -0.3 20.9 ’p.2 ~0.02 29.0 29.3 23.8
1999 (2,3) 6.3 0.43 -0.7¢8 46.0 22,5 "4 -0.01 31.9 16,1 -20.3
2000 0.43 -C.:¢ -0.4 28,4 10.3 .0 35.2 35.5 26.3
2001 0.43 0.8 -0.4 25.4 11.3 .0 3€.7 37 29,5
2002 0.43 -C.E3 ~0.4 26.4 11.9 .0 36.3 18,7 ic.?
2003 0.43 -C.E¢ -0.4 27.4 12.5 .0 39.9 0.4 32.0
2004 0.43 -0.8% -0.4 28.6 13.1 .0 41,7 42,14 33,4
2005 0.43 -0.91 -0.5 29,7 13.8 .0 43,5 44,0 348
2006 0.43 ~0.93 -0.5 30.9 14,5 .0 45.4 45.9 36.2
2007 0.43 -0.9¢ -0.5 32.7 15.2 .0 87.3 7.9 7.7
2008 0.43 -C.9¢ -0.6 33.5 15.9 .0 49.4 50.0 39.3
2009 (3) A0.4 0.43 1.0 39.0 34,8 16.7 .0 51.6 1.7 0.4
2010 0.43 =1.04 -0.6 36.2 17.6 .0 53.8 S54.4 42,7
2011 C.43 -1.07 -0.6 37.7 18.5% .0 56.1 56.8 44,5
2012 0.43 =110 -0.7 39,2 19.4 .0 58.6 59.3 LEL2
2013 0.43 -1.13 -C.7 40.8 20.3 .0 61.1 €1.8 58,3
014 (&) «13.6 0.43 =1.16 14,4 42.4 21.4 .0 63.8 78,2 62.9
Totals - 259.2 19 RO -20.4C 249.6 652.5 287.3 ~0.52 9133.2 689.6 LAE, Y
Discounted ~ 158.4 2.41 -3.69 1571 107.9 41,2 -0.2 148.9 -8.2 -35.7
Discount Rate 12% CONSTRUCTION PERICD ASSUMPTION ON TIME SAVINGS
3 years 4 years Full 1/3rd
Single year construc cost (5) 20¢,6 219.4 Internal Rate of Return 11,48 9.3%
Req opening year benefits 24,8 6.3 Benefit/Cost Ratio 0.95 e.77
{inc) cost savings) Net Present Value -8.2 =35,7 milljon LF
———————
(1) 50 percent of access roads completed after main project opening.
(2) Additional costs of interchange with Coiro Ring Road.
(3) Cost of 5 cm overlay.
(%) Restdual value @ 5 percent of tota} construction,
(5) In year of opening, excluding remaining access rvad costs.
- 7A.39 -



Table 7A~1.5

EVALUATION OF THE CAIRD-ASSUIT HICHWAY (2-LANE)
HICH SENSITIVITY

(mi114ons of LE, 1985/86)

PROJECT COSTS

Addition
Maint

Addition
Overlays

Construc-
YEAR tion
1987 45,6
1988 45.6
1989 45,6
1930 (1) 18.5
1991
1992
1993
1994
1995
1996
1997
1998

1999 (2,3) 38.6

2000

2001

200z

2003

2004

2005

200¢

2007

2008

2009 (3) 33,7

2010

2011

2012

2013

2014 (&) -11.4
Totals - 216.0
Discounted - 132.0

Discount Rate 12%

Single year construc cost (5)
Req opening year benefits

{incl cost savings)

3 years
1720
20.7

-0.3
~0.3
38,2
-0.4
-C.5
-0.5
<0.5
-0.5
~0.5
~0.6
-0.6
-0.6
33.0

CONSTRUCT ION PERIOD

A years
182.9
21.9

PROJECT BENEFITS

Vehicle Passenger
Op Cost Time
Savings  Savings

Reduced
Traffic
Accidents

1.2 2.7
12.6 3.5
14,2 a6
16.1 6.0
18.1 7.8
20.4 10.1
23,0 131
25.9 17.1
29.2 f2.3
10 2hg
37.2 37.7
39.0 39.6
41.0 41.6
53,0 3.7
§5.2 §5.8
A7.5 48,1
29,8 50.5
57.3 53,1
54.9 55.7
57.7 58,5
60.6 61.4
63.6 64.5
66.8 67.7
70.1 71
73.5 4.7

1006.1 930.0
148.8 13,6

~0.10
-0.08
-0.06
-0.05
=0.04
-0.03
-0.03
~0.02
-0.02
-0.01

Internal Rate of Return
Benefit/Cost Ratio
Net Present Value

{1) S0 parcant of access roads completed after main project opentng,
{2) Additional costs of interchange mith Cairo Ring Road.

(3) Cost of 5 cm overlay,
(4) Residusl velue @8 5 percent of total construction,

(5) In year of openfng, excluding remalining sccess road costs.

- 7A.40 -

NET CO5T/BEN STREAM
Full QOne thire
Time tine

Savings  saviugs
=45.¢€ -45.60
~45.6 ~45.6
-45,6 -45.6

4.5 -6.3
16.2 13.8
18.9 15.9
221 18.2
26,0 20.9
30.7 24,0
36.4 27.6
43.3 31.9
51.8 7.0
23.7 6.4
5.2 £0.2
790 67,7
83.0 55.3
8/.2 561
91.6 61.0
96¢.1 64,0
100.9 67.2
10C.0 0.6
1.3 4.1
83 [T |
122.7 B1.7
126.8 e5.9
135.2 et
142.0 84,6
160.5 10,7
1730.9 1M110.9
131.9 5¢.2

ASSUMPTION ON
Futl
19,207

.01
131.9

TIME SAVINGS
t/3rd
15.6%
1.42
56,2 million LE
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Table 7A-1.6

EVALUATION OF THE CAIRO-ASSUIT HIGHWAY {2-LANE)
BEN]! SUEF TO ASSUIT ONLY

(millions of LE, 1985/86)

PROJECT BENEFITS NEY COST/BLI STREAM
PROJECT COSTS ~ emeesmecec e cmccmcnciceccccret etecaceccecccaceeen
--------------------------------------- Vehicle Passenger Reduced Full One thirg
Construce Addition Addition Tota! Op Cost Time Traffic Total Time time
YEAR tion Maint Overlays Costs Savings  Savings Accidents Savinge Savings  savinge
1987 387 34,7 0.0 ~34.7 -34,7
1988 36,7 34,7 0.0 -34.7 -34,7
1989 38,7 34,7 0.0 -34,7 ~34,7
1990 (1) 16.5 0.27 ~0.40 16.3 (.6 0.4 =0.30 7.7 -8.6 -8.9
1991 0.27 ~0.42 -0.2 8.5 0.5 -0.34 8.7 8.8 8.5
15992 0.27 =0.45 =0.2 9.5 0.6 -0.38 5.8 9.9 9.5
1993 0.27 -0.47 -0.2 10.6 8 -0.43 11.0 11.2 10.7
1994 0.27 -0.50 -0.2 11.9 1.1 <0.49 12,4 12,7 12.0
1995 0.27 -0.53 -0.3 13.3 1.3 -0.55 14.1 14,3 13.4
1996 0.27 -0.56 -0.3 14.8 1.7 -0.62 15.9 16,2 15.1
1997 0.27 -0.59 -0.3 16.6 (2.2 0.70 18.1 18.4 1€.9
1998 0.27 ~0.63 -0.4 18.6 a.8 -0.79 20.5 20.9 19.1
1999 (2) 26.4 0.27 -0.6€ 26,0 20.8 1.9 -0.89 23.4 ~2.6 -5.0
2000 0.7° -0.70 -0.4 23.2 4.5 1.0 6.7 27.1 4.1
2001 0.27 -C.72 -0.5 24 .4 4.7 -1 28.0 28.5 5.3
2002 0.27 -0.74 -0.5 25.6 5.0 -1.1 29.4 29.9 6.6
2003 c.27 -0.76 -0.5 26.9 5.2 -1.2 30.9 31.4 27.9
2004 0.27 -0.7 -0.5 28.2 5.5 -1.2 32.5 33.0 29.3
2005 0.27 ~3.E1 -0.5 29.6 5.7 -1.3 34,0 34,6 30.8
2006 0.27 -0.83 -0.¢6 I 6.0 1.3 35.8 36.3 32.3
2007 0.27 -0.85 -t.6 32.6 6.2 -1.4 7.6 38.2 33,9
2008 0.27 -0.88 -0.6 35,3 6.6 -1.5 39,4 40,1 35.0
2009 (2) 26,4 0.27 -0.%0 25.8 36.0 7.0 1.0 41,4 15.7 1.0
2010 0.27 -0,2%2 -0.7 37.8 7.3 =1.6 43.5 by,? 39.3
201 0.77 -0.9¢ -0.7 39.7 7.7 -1.7 45.7 40,4 41,2
2012 0.27 -0.9¢ -0.7 41,7 8.1 -1.8 47.9 6,7 43,3
2013 0.27 -1.01 -0.7 43,7 8.5 -1.9 50.3 51.1 45,4
2004 (3) -8.7 0.27 =1.04 9.4 45,9 8.9 -2.0 52.9 62.3 56,4
Totals - 164.6 6.75 -18.12 153.3 632.8 1120 -27.05 717.8 564 .5 489.8
Discounted =~ 101.4 1.5 -3.26 99.6 95,0 tL.0 -4.0 105.0 5.4 -3.9
Discount Rate 12\ CONSTRUCTION PERIOD ‘ ASSUMPTION ON TIME SAVINGS
3 years 4 vears Futl 1/31d
Single year construc cost (&) 13111 139,2 Interna) Rate of Return 12,58 11,60
Req opening year benefits 15.7 16.7 Benefit/Cost Ratio 1.05 0.9¢
(tncl cost savings) Net Present Value 5.4 =3,9 million IF

e

(1) 50 percent of access roads completed after main project opening.
(2) Cost of 5 cm overlay,

{3) Residual value @ 5 percent of total construction,

{4) In year of opening, excluding remaining access road costs,

- 7A.41 -
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Table 7A-1.7

EVALUATION OF NEW CAIRO-ASSUIT HIGHWAY (4=~LANE VS 2-LAND)
HICH SENSITIVITY

(mi11fons of LE, 1985/86)

PROJECT BENEFITS NET COST/BEN STREAM
PROJECT COS1S  eeemcececeaccmcmcnceccccmenmcessseee ccmeeeeceeeeaeee.
--------------------------------------- Yehicie Passenger Reduced Full One third
Construc- Addition Addition Total Op Cost Time Traffic Total Time time
YEAR tion Maint Overlay: Costs Savings  Savings Accidents Savings Savings  saving:
1987 48.6 48.¢ 0.0 -48.€ ~L8.6
1988 48.6 48.6 0.0 -48.0 -4E.6
1989 A8.6 45,0 0.0 48,6 -46.6
1990 (1) 23,9 0,21 0C 24 .1 3.4 0.7 0.5 4.6 <19.% -20.0
1991 0.1 ,0C 0.2 3.9 0.8 0.5 5.3 5.1 b.5
1992 0.21 .ot 0.2 A 1.0 0.6 6.1 5.8 5.2
1992 0.21 .00 0.2 5.2 1.2 0.6 7.0 6.7 6.0
1994 0.1 00 0.2 5.9 1.4 0.7 8.0 7.8 6.9
1995 0.1 .00 0.2 6.8 1.7 0.7 9.2 9.0 7.0
1996 0.2 00 0.2 7.8 2.0 0.8 10.6 10.4 9.1
1997 0. .CO 0.2 9.0 2,3 0.9 12 12.0 10.4
1998 0.21 00 0.2 10.3 2.§ 0.9 14.0 13.8 12.0
1999 (2) 16.1 0.21 [¢s 16,3 11,8 1.9 1.0 16.1 -0.2 -2.4
2000 0.21 ¢ ¢.2 13.6 3.¢ 1.1 18.6 18.4 15,4
2001 W21 Ny C.2 14.3 5.1 1.1 19.5 193 1.6
2002 0.21 98 0.2 15.0 4.3 1.2 20.5 20.3 17.4
2003 0.1 oo 0.2 15.7 4.5 1.2 21.5 21.3 1£.3
2004 0.21 o0 0.2 16.5 4.7 1.3 22.6 22.4 19.2
2005 0.21 d 0.2 17.4 5.0 1.3 23.7 23.5 20,2
2006 0. o 0.2 18.2 5.2 1.4 24.9 24.6 212
2007 0.1 [ue 0.2 19.1 5.5 1.5 26,1 25.9 2.2
2008 0.21 0 0.2 201 5.8 1.5 27.4 7.2 223
2009 (2) 16,1 0.2 QY 16.3 20 6.1 1.6 28,7 12.4 B4
2010 0.21 .00 0.2 22.2 6.4 1.6 30.1 9.9 25.7
201 0.21 0C 0.2 2333 6.7 1.7 11,6 3tk 27.0
2012 0.2 0c 6.? 244 7.0 1.8 33,2 33.0 271
2013 0.21 oo 0.7 25.6 7.4 1.9 36,9 34, ¢ Ted
2014 (A) ~10.1 0.1 .00 -9.4 26.9 7.7 1.9 30.6 46.5 41.3
Totals - 191.,7 5.25 0.02 187.0 362.1 101.2 29.5 L92.8 295.8 224.2
Discounted - 136.3 1.17 0.0 137.3 51.9 13.8 4.9 70.5 -G€.9 -6,
Discount Rate 12% CONSTRUCTION PERIOD ‘ ASSUMPTION ON TIME SAVINGS
3 years 4 years Full 1/3rd
Single year construc cost {4) 183.% 195.0 Internal Rate of Return 6.4y 5.38
Req opening year benefits 20.0 23.4 Benefit/Cost Ratio 0.51 0.45
{incl cost savings) Net Present Value -€6.9 =76, million LE
_—
(1) 50 percent of access roads completed after main project opening,
(2) Cost of 5 cm overlay,
{3) Residual value 8 5 percent of total construction.
(&) In year of opening, excluding remaining access road costs.
- 7TA.42 -
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Appendix 7B

EVALUATION OF TOLLS ON THE NEW CAIRO-ASSUIT HIGHWAY

It was estimated that the new Cairo-Assuit highway would cost over LE
150 million to construct for a single 2-lane carriageway with at-grade
intersections. Since the highway was envisaged to be a high quality road
with limited access, the possibilities for financing, or at least
offsetting, construction costs from toll revenues was considered. The
results are presented in this appendix. The location of the proposed new
highway is shown in Figure 7B-1.

Alternative Toll Systems

All toll svstems require traffic to stop at toll booths and pay a fee for
using the highway. The two main alternatives are barrier systems and
closed systems.

Barrier Toll Systems - A barrier system places toll booths across the
highway at intervals. Anyone using a section of the highway equipped with
toll booths has to pass through this barrier, and has to pay the toll.
This system has the advantage of simplicity, but does have some operating
disadvantages. If barriers are placed on all sections of the highway
between access roads, significant delays and inconvenience would be
experienced by long distance drivers, the very drivers who should be
encouraged to wuse the new highway. On the new Cairo Assuit Highway, there
would be 13 sections between Cairo and Assuit, averaging 26 kilometers
each,

If toll barriers are located only on selected links, some drivers
would dinevitably divert off the new highway to avoid these locations,
especially as the toll charged would have to be higher in order to cover
sections without toll barriers.

The only toll road in Egypt, the Cairo~Alexandria Highway, uses a toll
barrier system. However, with only one intermediate access point along
some 200 kilometers of road, all drivers have to pass through either the
northern or southern terminus of the highway. Hence toll collection
coverage can be complete with just two barrier toll stations.

Closed Toll Systems - A closed toll system effectively seals off the
tolled highway by placing barriers on all access roads. Once having
entered the highway, drivers do not pass another toll barrier until the,
exit the highway. Hence traffic is not delayed along the route, arnd the
process of paying and checking tickets is encountered at only the entry
and exit points.,

A system of ticketing 1is required if tolls are to be adjusted
according to the length of highway used. With a total length of nearly 350
kilometers, this would be necessary on the Cairo-Assuit highway. A ticket
system could be quite complex with 14 points of entry and exit along the
route. For a 2-lane highway, such a ticketing system would have to be

- 7B.1 -
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sufficiently sophisticated to prevent drivers meeting along the route and
swapping tickets.

High volume toll roads in the Western World increasingly rely on
computer controlled automatic equipment for issueing tickets and
estimating tolls based on entry and exit points. This would not be
appropriate for the first stage of the Cairo-Assuit Highway.

Layout of toll barriers on access roads would be simple in the case of
access roads terminating at the new highway in a T-junction (the majority
of cases on the Cairo-Assuit Highway). The northern and southern
entrances could also be covered without difficulty by toll barriers across
the highway. More problems would be faced at the three 4-way interchanges,
especially with the at-grade dintersections envisaged for first stage
construction,

Ioll Systems FEvclusted - Three toll systems were evaluated in detail,
as follows:

i) Complete Barrier System
11) Limited Barrier System
ii1i) Closed System
The Limited Barrier Svstem envisaged three barriers, each located on a
section of the highwav between Govenorate capitals. Exact locations would
have to be decided based on maximum inconvenience for traffic to bypass
the toll barriers; probably at some point midway between Governorate

capitals.

Toll System Costs

Construction and equipment costs were estimated at about LE 200,000
per toll booth, For the barrier system, and for the traffic volumes
forecast, only one booth would be required for each direction, with two
per direction only for the higher traffic sections between Cairo and Beni
Suef.

For the «closed system, two booths were allowed for each access road
terminating in the new highway. Two pairs of booths were allowed, one on
each side of the new highway, for the b-leg intersections at Gerza, Beni
Suef and Mallawi. Barrier toll booths were assumed for the northern and
southern termini.

- 7B.2 ~
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Toll booth construction and equipment costs are summarized in Table

7B-1 below.
Table 7B-1
COSTS OF TOLL BOOTH CONSTRUCTION AND EQUIPMENT
(LE millions, 1985/86)
NUMBER OF ESTIMATED ANNUAL
ALTERNATIVE TOLL BOOTHS COSTS MAINTENANCE
Complete Barrier 32 6.4 0.11
Limited Barrier 8 1.6 0.03
Closed System 36 7.2 0.13

Annual maintenance was estimated assuming equipment represented about

35 percent of the cost, and allowing 5 percent of initial cost for
maintenance per year.

Operating staff for the toll booths was estimated at 8 persons per
booth, allowing four shifts to cover 24-hour operations, and for relief at
weekends. Allowing a salary of LE 150 per month, staffing costs would be
LE 13,500 per year per toll booth, In addition, staff would be required
for supervision, accounting and transport for eacl!i toll station, located
in the nearest town. A staff of 10 was allowed, with a total salary cost
of LE 15,000 per year, and an annual office operating budget of LE
15,000. Finally, a central staff would be required, probably located in
Cairo, to administer the toll system. A staff of 20 were allowed with a
total salary cost of LE 50,000 per year, and an annual office operating
budget of LE 50,000, Staff and aduwinistration costs for each toll system
are summarized in Table 7B-2 below.

Table 7B-~2

ANNUAL COSTS OF TOLL STATION STAFFING AND ADMINISTRATION
(LE thousands, 1985/86)

NUMBER OF NUMBER CF TOTAL
ALTERNATIVE TOLL BOOTHS LOCATIONS COST
Complete Barrier 32 13 920
Limited Barrier 8 4 330
Closed System 36 14 1,000
- 7B.3 -
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Toll Revenues

Alternative toll rates were assumed by vehicle type as set out in
Table 7B-3.
Table 7B-3

ALTERNATIVE TOLL LEVELS TESTED
(nilliemes per veh~km, 1985/ %)

PRIVATE CAR BUS AND  SINGLE MULTI~UNIT

ALTERNATIVE AND TAXI PICKUP TRUCK TRUCK
Current (1) 5 10 15 25
Low 10 20 30 50
Medium 20 40 60 100
High 50 100 150 250
Very high 75 150 225 375

(1) Rate charged in 1986 on the Alexandria Desert Highway.

The range from Current to Very High represents approximately from 5 to
75 percent of free-flow vehicle operating costs in each case. Under these
assumptions, the charge for a private car travelling from Cairo to Assuit
would range from about LE 2 under Current tolls to LE 26 under the Very
High tolls. The charge for a multi-unit truck would range from LE 9 to LE

130.

Imposition of tolls on users of the new highway would deter some
potential vusers and thus reduce traffic volumes below those forecast
without tolls. The amount of traffic reduction would depend on the level
of tolls. The <« mputer Traffic Model (see Appendix 6B) was used to
estimate traffic using the new highway under different assumptions on tol’
rates.

The impact of tolls on traffic volumes is summarized in Table 7B-4
showing total vehicle-kilometers using the new highway.

As 1indicated in the table, not all toll cases were tested in detail so
that results for some toll levels were interpolated from other results.
In all cases, the model test assumed a complete barrier system in
operation so that all vehicles would be charged the full toll amount,
calculated for each section of highway based on the per vehicle-kilometer
rates in Table 7B-3,

With the higher toll rates, foreczsi traffic decreased, with the Very
High tolls reducing traffic to just 30 percent of the no-toll case. Some
of the traffic lost from the new highwav would transfer back to the
existing road, while other traffic would be de-generated; that is to say,
the imposition of tolls would slow traffic growth rates in the corridor.

- 7B.4 -



Table 7B-4

FORECAST TRAFFIC AT ALTERNATIVE
(thousands of veh-km per

CAR  CAR TAXI TAXI PCK
ALTERNATIVE WRK OTH CAR VAN -UP BUS

1990 Forecacsts

No tolls 72 66 195 28 203 51
Medium &5 26 140 22 134 40

2000 Forecasts

No tolls 2600 176 320 82 406 102
Current (1) 1&7 147 296 78 364 36
Low (1) 17+ 122 274 75 327 91
Medium 152 85 235 67 263 81
High 94 29 159 49 144 61
Very high 68 13 106 37 90 46

(1) Estimated from results of model tests

- 7B.5 -

TOLL LEVELS
day)

TRK TRK TRK
SIN COM ART

146 91 39
98 74 33
280 171 67
252 161 64
227 151 61

183 133 55
109 92 42
70 70 35

1,804
1,645
1,501
1,255
779
535

at other toll levels



Although traffic would decrease with progressively higher tolls, total
toll revenues were estimated to increase with each toll increase, Toll
revenues for each case are set out in Table 7B-5.

Table 7B-5

ESTIMATED ANNUAL TOLL REVENUES
(LE millions, 1985/86)

ALTERNATIVE 1990 2000
Current 7.0
Low 12.9
Medium 11.9 21.8
High 35,2
Very high 37.6

The toll revenues presented in Table 7B-5 were estimated on the
assumption that full revenues would be collected, which should be the case
with the complete barrier and closed toll systems. With the limited
barrier syster, some traffic could be expected to deliberately evade the
toll booths by selecting a different place to enter and leave the new
highwayv, while other traffic (estimated ro be a small proportion) would
not pass a toll barrier for the sections of the route they use. It could
be assumed that at least 20 percent of the potential revenues would be
lost, and perhaps up to 50 percent.

Highway Construction Costs

The toll evaluation was concerned with comparing net toll revenues
(total revenues less costs of toll operations) with the costs of building
and maintaining the highway. Costs of construction and maintenance are
presented in Tahble 7f-6. Similar assumptions on construction, maintenance
and overlaying werc¢c made to those discussed in Appendix 7A. For this
evaluation, financial costs were used, as opposed to ezonomlc resource
costs used for the economic evaluatien.

Only those costs directly associated with the construction of the new
highvay were included in the evaluation. Hence savings in pavement
overlaying elsewhere 1in the road system were excluded, and maintenance
costs were the total cocts of maintaining the new highway and the access
roads, and were not offset by any savings in maintenance costs due to the
new highway elsewhere in the road system. The additional slip road at the
planned grade-separated Cairo Ring Road interchange with the Fayoum Desey-
Road was included since this was directly attributable to the additional
traffic passing through the interchange for the new highway.

- 7B.6 -
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Table 7B-6

FINANCIAL CONSTRUCTION COSTS FOR THE
NEW CAIRO-ASSUIT HIGHWAY (2-LANE)
(LE millions, 1985/86)

ESTIMATED

ITEM COST
Construction:

Main highway 88.6

Access roads 28.6
Cairo Ring Road:

additional slip 3.7
5cm overlay 24,5
Annual maintenance 0.34

Toll Evaluation

The evaluation of tolls brought together the estimates of costs and
revenues, and arrayed them in a project lifetime table. Costs and revenues
were interpolated and extrapolated as necessary to obtain val'unes for each
year, Yarious economic parameters were calculated in a similar manner to
the economic evaluation repcrted in Appendix 7A. As in the economic
evaluation, the year of open.ng was assumed initially for the first
traffic forecast year of the Study 1990, although this was an
unrealistically early date. The evaluation results were then used to judge
a suitable opening year.

One fundamental difference between the economic and the financial
evaluations was in the discount rate selected. For the economic
evaluation, the opportunity cost of capital at 12 percent was used, a
value determined completely independently of commercial interest rates as
a minimum acceptable economic return on an investment (see Appendix 5A).

For the f{financial evaluation, a financial interest rate was required
which reflected the real cost of borrowing money to finance investments.
As noted in Appendix 5A, commercial interest rates of between 10 and 20
percent contain a major element to cover expected inflation. Since the
project evaluation disregards dinflation in calculations of future costs
and benefits, the interest rate used for a financial evaluation had also
to eliminate the inflation element. A pure rate of interest, stripped of
inflation, is normally taken as about 3-4 percent. In other words, a
return on an investment should be sufficient to cover the devaluation of
the currency due to inflation, and give a return of 3-4 percent on top of
that.
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Specificelly for a toll evaluatien, use of a pure financial interest
rate assumes that both costs and revenues rise with inflation so that the
inflationary element cancels out and can be ignored. In practice, while
costs tend to rise inexorably, revenues tend to lag since toll roads are
in the public sector, and Government, unwilling to add to inflatien, will
often delay toll increases required to restore the erosion of revenues by
inflatica. For this reason, the interest rate chosen for this evaluation
was 6 percent; above the pure inflation-free interest rate, but still well
below a commercial interest rate.

Evaluation Results - The revenues for the Closed system and the
Complete Barrier system were identical, and the cost estimates were also
very similar. Therefore of the two, only the Closed System (slightly the
more costly of the two) was evaluated in detail. The results are shown in
Table 7B-7, considering a year of opening of 1990 and a 25-year project
life.

The results appeared very promising with an Internal Rate of Return
(IRR) of 10.3 percent, a Benefit/Cost (B/C)} ratio of 1.47 and a Net
Present Value (NPV) of LE 68.7 million. Moreover, net revenues were
estimated to reach the level debt service required to pay off capital and
interest by the early 1990s. These results indicate that the road could
be completely financed from toll revenues over the 25 year life of the
project, with a substantial surplus.

Table 7B-8 shows a similzar evaluation but this time assuming that
tolls were raised from the "medium" to the "high" level over the period
from 1990 to 2000. In other words, toll rates would be increased to cover
both inflation and also a real increase in rates. As noted earlier,
traffic would decrease but toll revenues overall would increase under this
assumption. Accordingly the economic parameters for this alternative were
14.7 percent 1IRR, 2.29 B/C Ratio and LE 189 million NPV. However, this
implied toll rates ten times higher in real terms than the existing rates
charged on the Cairo-Alexandria Desert Road.

The Limited Barrier toll system would be less costly to implement and
run but, as discussed earlier, would suffer a shortfall 1in revenue
compared with the Closed System 2nd the Complete Barrier System. A slight
fall 1in revenues to, say, 80 percent would not be very serious, but a
revenue loss of 50 percent, as shown in Table 7B-9, would reduce revenues
to below the point of full financial feasibility, although still making a
substantial contribution to project costs.

Sensitivity Evaluation - Returning to the medium toll level with the
Closed Toll system, Table 7B-10 shows the results of a sensitivity test
assuming revenues reduced by 20 percent and all costs, including highway
construction and implementing and operating the toll system, increased by
20 percent, The results indicate that revenues would fall only
fractionally below those required for full financial feasibility.
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Table 7B-7
FINANCIAL EVALUATION OF THE 2-LANE CAIRO-ATCHAT HIGHH! ¢

CLOSED TOLL SYSTEM, MEDIUM TOLLS
(LE millions, 1985/86)

PROJECT COSTS

................................................. NET CD5T/
Construc-  Highway Toll Toll Total PROJECT REVERLE
YEAR tion Maint Booths{1) Opertns Costs REVENUES STREA
1987 34,3 34.3 0.0 -34.,3
1968 34.3 34.3 0.0 =342
1989 34,3 7.2 41,5 0.0 =41t
1990 14.3 0.34 0.13 1.00 15.8 11.4 -4 b
1991 0.34 0.13 1.00 1.5 12. 10.7
1992 0.34 0.13 1.00 1.5 13.0 1.5
1993 0.34 0.13 1.00 1.5 13.8 12.4
1994 0.34 0.13 1.00 1.5 14.8 13.3
1995 0.34 0.13 1.00 1.5 15.8 14,2
1996 0.34 0.13 1.00 1.5 16.8 154
1997 0.34 0.13 1.00 1.5 17.9 16.5
1998 0.34 0.13 1.00 1.5 12.1 17.7
1999 (2,3) 28.2 0.34 0.13 1700 29.7 20.4 -9.2
2000 0.34 0.13 1.00 1.5 21.8 20,7
2001 0.34 0.13 1.00 1.5 22.5 21
2002 0.34 0.13 1.00 1.5 23.3 21.8
2003 0.34 0.13 1.00 1.5 241 AN
2004 0.34 0.13 1.00 1.5 24.9 2204
2005 0.34 0.13 1.00 1.5 25.7 4.2
2006 0.34 0.13 1.00 1.5 26.6 25,0
2007 0.34 0.13 1.00 1.5 27.5 22,0
2008 0.34 0.13 1.00 1.5 28,4 VAARE
2009 (3) 24.5 0.34 7.33 2.00 34,2 29.3 =i h
2010 0.34 0.26 2.00 2.6 30.3 27.7
2011 0.34 0.26 2.00 2.6 31.3 28,7
2012 0.34 0.26 2.00 2.6 32.4 291
2013 0.34 0.26 2.00 2.6 33.5 30,0
2014 (4) -8.5 0.34 0.26 2.00 -5.9 34,6 40,5
Tatals - 1e1.4 8.50 18.30 31.00 219.2 571.3 3521
Discounted = 121.0 3.65 9.47 12.10 146,2 214.9 GH.7
6% Interest Rate
CONSTRUCTION PERIOD
3 years 4 years Internal Rate of Ret 10,27
Single year construc cost (5) 115.7 159.1 Benefit/Cost Ratio 1.47
Level debt service required 9.1 12.4 Net Present Value LE €2.7 mitlion

(1) Including construction and maintenance

(2) Additional costs of interchange with Cairo Ring Road.
(3) Cost of 5 cm overlay.

(4) Residual value & 5 percent of total construction.

(5) In year of opening
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Table 7B-8
FINANCIAL EVALUATION OF THT 2-LANE CATRO=ASSUIT B ¢

CLOSED TOLL SYSTLM, HIGH TOLLS
(LE millions, 1985/86)

PROJECT COSTS

------------------------------------------- ner cooy/
Construc-  Highway Toll Toll Totcl PROJECT REVLIUE
YEAR tion Maint Booths(1) Opertns Costs REVENUES STRCAN
1987 34.3 34,3 0.0 -34,2
1988 34,3 34.3 0.0 =343
1989 34.3 7.2 41.5 u.0 -41.,5
1990 14,3 0.34 0.13 1,00 15.8 11.4 =44
1991 0.34 0.13 1.00 1.5 12.8 11.2
1992 0.34 0.13 1.00 1.5 14.3 12.¢
1993 0.34 0.13 1.00 1.5 16.0 1h,n
1994 0.34 0.13 1.00 1.5 17.9 1C.4
1995 0.34 0.13 1.00 1.5 20.0 16.¢
1996 0.34 0.13 1.00 1.5 22, 21.0
1997 0.34 0.13 1.00 1.5 25.1 23.6
1996 0.34 0.13 .00 1.5 28.1 LG
1999 (2,3) 28,2 0.34 0.13 1%00 29,7 31.4 1.8
2000 0.34 0.13 1.00 1.5 35,2 21,7
2001 0.34 0.13 1.00 1.5 37.0 35,5
2002 0.34 0.13 1.00 1.5 38.8 37.3
2003 0.34 0.13 1.00 1.5 40,7 34,3
2004 0.34 0.13 1.00 1.5 42.8 h.3
2005 0.34 0.13 1.00 1.5 54,9 43.5
2006 0.34 0,13 1.00 1.5 47.2 45,7
2007 0.34 0.13 1.00 1.5 49.5 451
2008 0.34 0.13 1.00 1.5 52.0 50.5
2009 (3) 24,5 0.3% 7.33 2.00 34,2 54,6 20.4
2010 0.34 0.26 2.00 2.6 57.3 54,7
201 0.34 0.26 2.00 2.6 60.2 57.6
2012 0.34 0.26 2.00 2.6 63.2 £0.6
2013 0.34 0.26 2.00 2.6 GE. 4 62,8
2014 (&) -8.5 0.34 0.26 2,00 -5.9 69.7 75.6
Totals - 161.4 8.50 18.30 31.00 219.2 959.0 732.%
Discounted - 121.0 3.65 9.47 12,10 146,2 335.5 182,23
6% Interest Rate )
CONSTRUCTION PERIQD
3 years 4 years internal Rate of Ret 7%
Single year construc cost (5) 115.7 159.1 Benefit/Cost Ratio 2,20
Level debt service required 9.1 12.4 Net Present Value LE 182.3 million

{1) Including construction and maintenance

(2) Additional costs of interchange mith Cairo Ring Road.
(3) Cost of 5 cm overlay,

(4) Resfdual value @ 5 percent of total construction.

(5) In year of opening
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2009 (3)

2014 (4)

Totals -
Discounted -

Table 7B-9

FINANCIAL EVALUATION OF THEL 2-LANP CAIPO-ALLUNT HIGH ¢
LIMITED BARRIER TOLL SYSTEM, MEDIUM TOLLS, 50% REVENULS

(LE millions, 1985/86)

PROJECT COSTS

Construc-  Highway Toll Toll Total
tion Maint Booths(1) Opertns Costs
34.3 34.3
34,3 34.3
34.3 1.6 35.9
14,3 0.34 0.03 0.33 15.0
0.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

D.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.34 0.03 ! 0.33 0.7

0.34 0.03 ° 4_0;33 0.7

28.2 0.34 0.03 0.33 28.9
0.34 0.0% 0.23 0.7

0.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.3y 0.03 0.33 0.7

0.34 0.03 0.33 0.7

0.34 0.0: 0.33 0.7

0.34 0.03 0.33 0.7

24,5 0.34 1,63 0.66 271
0.34 0.06 0.66 1.1

0.34 0.06 0.66 1.1

0.34 0.06 0.66 1.1

0.34 0.06 0.66 1.1

-8.5 0.34 0.06 0.66 =1.4
161.4 8.50 4,10 10.23 184.2
121.0 3,65 2,12 3.99 130.7

6% Interest Rate

CONSTRUCTION PERIOD
3 years 4 years

Single year construc ccst (5) 115.7 159.1
Level debt service required 9.1 12.4

(1) Including construction and maintenance
(2) Additional costs of interchange with Cairo Ring Road.
(3) Cost of 5 cm overlay.

{4) Residual

value @ 5 percent of total construction.

(5) In year of opening
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Table 78-10

FINANCIAL EVALUATION OF THE 2-LANE CAIRO-ASSUIT HICHAT Y

SENSITIVITY 1151,

(LE mi11ions, 1985/86)

PROJECT COSTS

Total
Coste

- .
@ o

« s s
@™ CcCc o™

w

QO = 9 o e e e
« e s s e
xc v oo o™

o<}

L T
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DWW W W L = o o o e o
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Construc-  Highmay Told Toll
YEAR tion Maint Booths(1) Opertns
1987 41,2
1988 41,2
1989 41.2 B.6
1990 17.2 0.41 0.16 1.20
1991 0.41 0.16 1.20
1992 0.41 0.16 1.20
1993 0.41 0.16 1.20
1994 0.41 0.16 1.20
1995 0.41 0.16 1.20
1996 0.41 0.16 1.20
1997 0.41 0.16 1.20
1998 0.41 0.16 1.20
1999 (2,3) 28.9 0.41 0.16 1.20
2000 0.41 0.16 1.20
2001 0.41 0.16 1.20
2002 0.4 0.16 1.20
2003 0.41 0.16 1.20
2004 0.41 0.16 1.20
2005 0.41 0.16 1.20
2006 0.41 0.16 1,20
2007 0.41 0.16 1.20
2008 0.41 0.16 1.20
2009 (3) 29.4 0.41 8.80 2.40
2010 0.41 0.31 2.40
2011 0.41 0.31 2,40
2012 0.41 0.31 2.40
2013 0.41 0.3 2,40
2014 (4) -9.9 0.41 0.31 2.40
Totals - 189.0 10.20 21.96 37.20
Discounted - 142.9 4,38 11.36 14,52
6% Interest Rate «

Single year construc cost (5)
Level debt service required

CONSTRUCTION PERIOD
3 years 4 years
138.9 190.9
10.9 14.9

(1) Including constructfon and maintenance
(2) Additional costs of interchange with Cairo Ring Road.

(3) Cost of 5 cm overlay,

{4) Residual value @ S percent of total construction.

(5) In year of opening
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Other Considerations

This section deals with a number of other aspects associated with
implementing a toll system on the new Calro-Assuit Highway.

Impact on Economic Benefits -~ Imposition of tolls modifies driver
behaviour and deters some drivers from using the new road. They remain on
the existing roads, not only losing economic benefits themselves, but also
imposing economic dis-benefits on others by contributing to congestion. To
identify this situation more closely, the economic benefits associated
with the new Cairo-Assuit Highway were re-assessed for each toll
alternative evaluated. The results are illustrated in Figure 7B-2 for the
Year 2000 traffic forecasts.

Toll revenues were forecast to 1increase fairly uniformly with each
toll increase, but started to level off approaching the Very High toll
level. Economic benefits (counting only one third of time benefits -- see
Appendix 74) dropped slowly at first with tolls up to the Medium level,
but then dropped sharply at the High and Very High levels. Thus it was
concluded that tolls up to the Medium level (about 4 times current levels
on the Alexandria Desert Road) would result in an acceptable reduction in
economic benefit (just under 13 percent) but higher toll levels would have
a serious impact.

Driver Response -~ Traffic wusing the new highway for each toll
alternative was estimated using the Traffic Model. This took into account
the operating costs of vehicles as affected by travel speed and
congestion, and also the cost of tolls. The Model assumed rational route
choice based on a desire to minimize the total cost of transport. Full
knowledge of costs was assumed for the main benefit and revenue producing
commercial trucks. On these assumptions, the new highway was expected to
generate high toll revenues since even with the imposition of tolls,
overall transport costs for many movements were still expected to be lower
using the new highway compared with using the existing roads.

However, there 1is 1little evidence on just how drivers would react to
toll levels discussed in this Appendix. The Medium tolls represent rates
four times the toll on the Alexandria Desert Road in 1986. It is possible
that such levels would be resisted and that a higher proportion of traffic
would contiuue to use the existing roads, despite resulting oversll higher
costs of operation.

It would be possible to obtain some idea of the effect of tolls on
route choice by making a detailed survey of traffic between Cairo and
Alexandria. This has the choice of a relatively lightly trafficked, but
tolled, Desert Road or the much more congested Agricultural Road.
Comparisons of traffic counts would not be sufficient since the
Agricultural Road serves many other major cities in the Delta, but an
origin/destination interview survey should produce interesting results,
This could be an excellent University project, and should certainly be
part of any further studies of the financing of the Cairo-Assuit Highway.
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Private Financing - Given the apparently high rates of return for a
toll system, what are the possibilities for private construction and
operation of the new highway?

Apart from the lack of any previous experience with private highway
construction in Egvpt, there are likely to be a number of other obstacles
to attracting private finance. Most are associated with the sheer
uncertainty of the findings reported here. Likely driver response to what
by todays terms are high tolls is unknown, as discussed above. Most of
the revenues would be derived from truck traffic, and these could be
affected by Government investments in, or subsidies of, rail and waterway
transport. Sharp changes in inflation and interest rates could make timely
imposition of adequate toll increases impossible. Also, private financing
companies might suspect that political opposition to toll increases would
affect their freedor to run the road as a commercial operation,.

The LE 150 million required to finance the new highway is a
substantial investment, and would probably be considered high risk.
Typically, investors would want to see a revenue return in the first vear
of operation equal to the level debt service required to fully finance the
highway over a 10 to 15 year period, calculated using current commercial
interest rates.

Yable 7B-11 indicates how a financing company might view the results
of this toll evaluation, based on the Closed Toll system for medium toll
levels. Table 7B-1! assumes a realistic opening date of 1995, a 4-vear
construction period, a 15 year payback period, an interest rate of 12
percent, and an inflation rate of 8 percent.

Table 7B-11

HIGHWAY FINANCING ESTIMATES
(LE millions, 1995 values)

BASE ASSUMPTION SENSITIVITY
Single year construction
cost in 1995 275 330
Level debt service
required, 15 years 40 48
Estimated revenues 1995 29 24

The results indicate a shortfall in revenues over level debt service
required for the base assumption, and much worse results with the
sensitivity test results. The results are poor seen from the viewpoint of
the financing companv, essentially because of the uncertainty caused by
inflation. This raises the level debt service, essentially requiring
initial revenues at a sufficiently high level to offset the later erosion
in revenue values by inflation. A private financing company would
probably be unwilling to rely on promises of toll increases.
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Security - Whatever system of toll collection is envisaged, problems
of security for toll collection stations must also be considered. Toll
stations would be required to operate 24 hours per day and most would be
in 1isolated 1locations, Security problems would be most severe with a
closed toll svstem, with toll booths on lightly trafficked access roads.
Revenue take at such stations could reach as high as LE 2-3,000 per day.

Safety - Barrier toll systems have the disadvantage of reduced safety
with high speed traffic being brought to a complete halt before passing
the barrier. This would be critical at night and in times of poor
visibility durin; the winter fogs and summer sandstorms experienced in the
Cairo-Assuit Corridor.

Conclusions on the Toll Evaluation

The financia® evaluation indicated that tolls could make a substantial
contribution to he costs of constructing and maintaining a new
Cairo-Assuit Highway, and it 1s possible, with tolls at a sufficiently
high level, that the new highwavy could be completely financed from tolls,
However, the estimitese of revenues are theoretical, and more information
on driver behavicur 1in the face of high tolls would be required before a
final «conclusion wue  reached. The high risk and uncertainty appears to
make private finarcing of the highway unlikely, but this 1s a prospect
which deserves fuller investigation.

A ciosed tell svstem with toll booths on access roads appears to be
the best alternative, since toll collection could be complete without the
safety hazards ancd delavs associated with barrier tolls located on the
road itself, A mediur toll 1level at about four times the 1986 tolls
charged on the Alexandria Desert Road gave high revenues with little loss
of economic benefits and would appear to be a suitable toll level to aim
at.
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Appendix 7C

ENVIRONMENTAL AND SOCTAL ASSESSMENT

This Appendix reports the results of a preliminary assessment of
environmental and social impacts of the various route alternatives. A
full assessment was not intended at this stage. The purpose of this
analysis was to identify significant environmental effects and social
issues which wculd be examined in more detail as appropriate if a full
scale assessment were deemed necessary at a later time. 1In effect, the
findings of this analysis were to be used as one factor in determination
of overall project feasibility, in a manner consistent with the
feasibility 1level of study. Nevertheless, for purposes of clarity, the
same general approach has been followed as for a full scale assessment.

Data Collection

Information was first obtained on current environmental standards and
requirements by research of published materials and by interviews with
government and university officials who were active in either regulatory
roles or in environmental research and study. background research on
sociological factors and social issues, as d eloped for preliminary route
identification, was vreviewed and verified. Data for description of
baseline environmental conditions was accumulated from available published
sources and interviews,

Field trips were made along the major existing roads of the Study
corridor in the Nile Valley from Cairo to Assuit, the connection between
Fayoum and the Alexandria desert route, newly constructed or improved
segments on the east side of the Nile, new bridge connections at Beni Suef
and Minia, and imprcved segments on the west of the Nile near the desert
fringe. In addition, the alignment for the new Cairo-Assuit Highway was
followed in all segments that were reasonably accessible via tracks and
where the line of that route crossed existing roadways. The purpose of
these trips was to make field observations of existing conditions as well

as to determine the perception of future benefits and issues held by
persons living along the Study corridor.

Methodologv

The objective of this evaluation was to quantify, as far as was
possible, the dimpact of the different highway investments on social and
environmental conditions in the Cairo-Assuit corridor.
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Seven principal areas of interest were identified for the evaluation, as
follows:

Water Quality

Air Quality

Noise

Land Resources

Ecology

Historic, Cultural, and Aesthetic Resources
Social Impact

The principal measure used for assessing each aspect was traffic
volume, and these were established from the Study traffic forecasting
process for each investment alternative considered. This evaluation
concentrated on the Year 2000 traffic forecasts.

Alternatives Evaluated -~ Traffic forecasts were prepared for several
alternative future situations in the Cairo-Acsuit corridor. For each
situation, a computer coded description of the roads in the corridor was
prepared, containing all the existing principal routes together with the
road improvements or new roads 1included in the investment under
consideration.

The Study examined three principal alternatives which were as follows:

i) Complete the new roads and road i1mprovements in
construction at the time of the Study, or which were
firmly committed for completion before 1990. This
represented a null alternative agairst which the
alternative investments investigated by this Study could
be compared. This was identified as the Committed
Network.

ii) 1Improve the existing West Bank Highway from Cairo to
Assuit Dby building bypasses round 14 of the principal
towns along the route, and widening the entire road to
4~lane standard. This alternative was identified as the
Improved Network.

1ii) Build a completely new highway from Cairo to Assuit in the
desert on the fringe of the existing agricultural area.
This alternative was identified as the Expressway Network,
although this did not necessarily mean that an expressway
standard highway would be built in the initial stages.

Traffic Forecasts - Discussions of traffic volumes in environmental
and social assessments are generally given 1in terms of average daily
traffic (ADT) rather than passenger car units (PCU) because most

environrental threshold values are expressed in ADT. 1In order to give a
summary impression of the traffic volume impacts anticipated by the
alternate routes, Table 7C-1 gives a summary of traffic volumes for major
segments. It can be seen that current traffic volumes on the main existing
route along the west bank range from about 9,700 vehicles per day at the
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Table 7C-1

FORECASLT TRAFFIC VOLUMES
(vehicles per day)

EXISTING HIGHWAYS

NEW HIGHWAY West Bank East Bank

Cairo-Beni Suef

1985/1986 0 9,700 400

Committed 2000 0 12,700 8,200

Improved 2000 0 14,900 7,400

Expressway 2000 10,000 10,900 4,600
Beni Suef-Minia

1985/1986 0 5,500 0

Committed 2000 0 7,400 4,600

Improved 2000 0 8,400 4,000

Expressway 2000 4,600 5,900 2,100
Minia-Assuit

1985/1986 0 5,300 0

Committed 2000 0 10,700 0

Improved 2000 0 11,100 0

Expressway 2000 3,700 7,700 0

NOTE 1: A1l Traffic volumes crossing Governorate boundaries
NOTE 2: Vehicles per day estimated by dividing PCU forecasts by 2.0
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Cairo end of the corridor down to about 5,300 vehicles per day at the
Assuit end of the corridor. The data in Table 7C-1 are for sample linls
considered to be representative of traffic flows in major segments of :he
networks.

As indicated by the Committed Network, traffic on the existing West
Bank Highway 1is expected to grow by the year 2000 to about 12,700 at the
Cairo end, and 10,700 at the Assuit end, if no alternate routes are built
or major improvements made. If the new desert highway is built, it is
expected to carry about 10,000 vehicles per day at the Cairo end and about
3,700 vehicles per day at the Assuit end. With construction of the new
road, traffic volumes would be lower~d on the existing West Bank Highway
by about 1,800 vehicles per day at the Cairo end and about 3,000 vehicles
per day at the Assuit end. Total traffic carried by the new road plus the
existing West Bank route in the year 2000 would be about 20,900 at the
Cairo end as compared to about 12,700 on the existing route alone. The
large difference 1is because a substantial proportiocn of the new road

traffic is attracted from the existing East Bank Highwayv, which drops from

a forecast of 8,20C vehicles per day on the Committed Network to 4,600
vehicles per dav with the new road. At the Assuit end, approximately
11,400 vehicles per day would move on the expressway plus existing route
as compared to about 10,700 on the existing route alone.

Envivonmental And Sccial Setting

General environmental and social features are discussed here for
purposes of gencral orientation, with more specific discussions given
below in associatior with the respective environmental factors,

Environmental Setting

Across an east-west axis, the Study area can be divided into three
distinct physical provinces, the Western Desert, the Nile Valley, and the
Fastern Desert. These can be considered as only two distinct
environmental provinces for analysis purposes, since both desert areas
have quite similer characteristics within the Study corridor.

The Nile Valley is a narrow fertile plain of alluvial soil, varying
from 2 km to 25 km wide. This narrow ribbon contains almost all of the
urban development and agricultural economy of Upper Egypt, although
industrial sites and some new urban development are beginning to occur in

the desert fringe outside of the Valley. The east bank valley is
generally narrow, and the west bank valley is variable but generally wider
than the east bank. Since the west bank contains more agricultural land,

the transport network and urban develcpment have historically occured more
intensively on the west bank. A lateral branch of the Nile, converted in
encient times to a canal, the Bahr Youssef, flows parallel to the Nile on
the west from Assuit to Fayoum.

The Western Desert i1s the eastern fringe of the Great Sahara. Along
most of the study corridor, there are no high cliffs at the edge of the
Nile Valley on the west side, with the exception of short lengths of
cliffs near Assuit. The absence of clifi: makes extension of development,
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and reclamation of desert land, generally easier on the west bank than on
the east bank, Much of the Western Desert fringe is composed of the
weathered remains of unconsolidated limestone deposits, with rolling hills
of mixed rock, gravel and sand. Approximately 407 of the Western Desert
area is dunes, but these are prevalent in the Studv corridor generally
only in the Minia to Assuit segment.

The Eastern Desert begins with a series of sandstone, limestone and
granite cliffs parallel to the Nile at a distance of several hundred
meters to several kilometers from the Nile. The desert is nominally flat
and rocky beyond the cliffs and slopes eventually up to a chain of
mountains between the Nile and the Red Sea.

There 1s somewhat more variation in environmental characteristics
along the north-south axis of the study corridor. Cairo, at the north
end, 1lies at the apex of the Nile delta, though none of the delta wculd be
considered a part of the Study area. The fertile, irrigated valley of the
Fayoum Depression 1lies at the western edge of the corridor, northwest of
Beni Suef. There is a gradual gradient in rainfall amounts and
temperature from north to south, Cairo receives about 32 mm of average
annual rainfall, Minia receives about 5 mm, and Assuit less than 5 mm.
Cairo's temperature ranges from daytime highs of 23 to 33 degrees
centigrade to nighttime 1lows of 11 to 20 degrees. At Assuit, daytime
highs range from 27 to 35 degrees with nighttime lows of 10 to 21 degrees.,

Prevailing winds at Cairo are mnortherly and northwesterly, with
approximately 130 days per year when maximum daily wind velocity exceeds
25 kilometers per hour. Prevailing winds at Assuit are northwesterly to
westerly, also having maximum daily wind velocity in excess of 25
kilometers per hour for approximately 130 days per year.

For purposes of contrast, comparisons have been made generally between
the northern segment of the corridor between Cairo and Beni Suef and the
southern segment between Minia and Assuit. There is some gradient in
overall development intensity along the corridor. The Cairo-Beni Suef
area 1s intensely developed with urban settlements, towns and villages.
The southern end of the corridor betwen Minia and Assuit has a more rural
character, with smaller towns and less roadside urbanization.

Throughout the length of the corridor, the most sensitive
environmental 1mpacts include agricultural 1land, urban settlements, the
Nile River, the canals and irrigation system and archaeological, historic

and cultural features,

Impact Assessments

Preliminary impact assessments are given below for major environmental
attributes including water, air, land, noise, ecology, and cultural, plus
an assessement of social impact. For each attribute, a discussion is
given for each of the major route alternatives as described above.
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Water Quality

Consideration of water as an environmental attribute in the Study
corridor 1s related principally to maintenance of water quality in the
Nile and 1in canals, and the maintenance of hydraulic capacity in
irrigation channels.

Standards of Water Quality - The principal reference source for water
quality standards is 1law number 48 of 1982 as put into effect by
Minesterial Order number 8 of 1983 by the Ministry of Irrigation. A
summary of the parameters adopted in this Law is given in Table 7C-2.

Baseline Conditions = Surface runoff 1is the prircipal means of
transport of contaminants from the highway network to surface water. The
effectiveness of runoff in transporting contaminants to water is a product
of conditions of rainfall, soil permeability and ground surface
characteristics such as slope.

Rainfall in the corridor is very low, ranging from 32 mm per year at
Cairo down to less than 5 mm per year at Assuit. Evaporation potential is
high, ranging from about 2 or 3 mm per day at Cairo up to approximately 10
mn per day at Assuit., Soils are generally sandy, with low organic content
and high permeability, Natural streams, other than the Nile, are
virtually nonexistant. Only intermittent wadi streams are present and
these rarely flow. Therefore surface runoff is of almost no significance.
Contamination of surface water from highway related activity would have to
take place as direct spills or be transported by air.

Water quality in the Nile River south of Cairo is generally good.
Bacteriological contamination 1is marginal, generally at levels of total
Coliform bacteria of 1less than 1000/100 ml. (Even though there 1is no
Coliform standard for the Nile, by comparison, the Coliform standard for
irrigation water is 5,000/100 ml.) One reason for the good biological
quality of the Nile is the large dilution factor, which is generally more
than 1,000 to 1 for most drain and canal outlets. Of course, poliution is
higher at the drain outlets, but the high dilution and other natural
factors quickly disperse the contaminants.

Water quality in the main canals, which are used as local sources of
domestic water supply, is not nearly so good. As noted above, the standard
which should not be exceeded is total coliform bacteria of 1,000/100 ml.
Samples taken in the Ibrahimiya Canal in 1985 as a part of the USAID
sponsored Provincial Cities Development Project showed total Coliform
counts of from 7,000 to 17,000/100 ml. Counts by the same project at
Minia showed Coliform contamination in the Canal of 7,900 to 9,200/100 ml.

Little specific information is available on non-biological
contamination in the Nile and canals, although total dissolved solids
generally approximate less than 200 mg/1. (Again, for comparison, althcugh
there 1s no standard for the Nile, the standard for irrigation water is
650 mg/1,) Very 1little in the way of pesticides or nutrients from
fertilizer seems to reach the river.
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Table 7C-2

SUMMARY OF WATER QUALITY STANDARDS OF LAW 48 OF 1982

PARAMETER NILE DRAINS
mg/1l UNLESS AND REUSED IN
SPECIFIED CANALS TRRIGATION
Color (Degrees) 100 100
Temperature rise above ambient

(degrees) 5 5
pH (units) 7-8.5 7-8.5
BOD 5 6 10
COD, Dichromate 10 15
COD, permanganate 10 6
Dissolved oxygen (not less than) 5 5
Total dissolved solids - 650
Suspended solids - 500
Sulphates 200 -
Phosphate, organic - 1
Nitrate 45 45
Phenol 0.02 0.02
Fluoride 0.5 -
Mercury 0.001 6.001
Lead 0.05 -
Cadmium 0.01 0.01
Chronium 0.05 0.01
Copper 1 1
Iron 1 1
Manganese 0.5 -
Zinc 1 1
Cyanide 0.05 0.1
Detergents 0.5 0.5
Nitrogen 1 -
Ammonia 0.5 0.5
Total Alkalinity 20-15 50-200
Turbidity (units) - 50
Cyanate 0.1 -
E.coli (/100 ml) - 5,000
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Measurements of non-biologival contaminants made at Beni Suef ang
Minia by the Nile River Environmental Center in 1974 showed that none of
the Law 48 standards were violuted. Although 1large quantities of
fertilizer and some pesticide is used, concentrations of nitrates,
phosphates and chemicals derived from pesticides were very low. As noted
above this 1is probably a result of lack of rainfall and runoff to
transport the materials to the River.

The Aswan High Dam has regulated the flow of water in the Nile so that
there 1s no flooding and minimal seasonal variation. There 1is enough
water for year round irrigation. Ground water in the aquifer under the
Nile Valley 1is in hydraulic contact with the surface water in the Nile.
Hydrology of the irrigation system is, however, much more delicate. While
pumps are being used much more frequently, most irrigation still depends
on gravity flow. In 1982, it was estimated by a study of socio-economic
aspects of the North Saiid Region (containing Minia Governorate) that
about 907 of the cultivated 1land in Minia Governorate was irrigated by
gravity flow. The 1irrigation system has been refined over thousands of
years of wuse to take advantuge of very small slope gradients to transport
water to large areas of cultivated land. The hydraulics of this sytem
are, therefore, subject to disturbance by any development which interrupts
or changes the pattern of flow, as could be done by highway development.

Sensitive Areas or Receptors of Water Quality Impacts - Receptors
which are most sensitive to environmental impact are the Nile River itself
for maintenance of water qualitv and the smaller field irrigation channels
for maintenance of hydrology. Water quality in the canals 1s already
poor, and hydrology of the River and main canals would not be affected by
highway related activities.

Expected Conditions with the Committed Network - The highest
comparative risk of adverse impact on water resources from continued
reliance on the existing highway 1is the risk of direct spills of toxic
substances into the Ibrahimiva Canal, which 1is used as a source of
domestic water supply. Toxic substances most likely to be spilled would
be industrial chemicals or pesticides. Spills of fertilizer into the
canal would add nutrients, but nutrient levels in the canal are already
high, Some spills will also probably occur into irrigation waters. The
spills would generally be most likely to occur as the results of vehicle
accidents, Since the existing highway carries all traffic through the
towns along the West Bank, reliancze on this road also has the highest risk
of exposing humans directly to spills of toxic substances.

It would at first appear that the existing highway might have a lower
risk of petroleum product spills because of netroleum tanker trucks being
diverted to the new highway. However, a pipeline is now being constructed
along the corridor. When completed, most long distance movement of
petroleum products will be via the pipeline, while local distribution,
generally outwards from Governorate capitals, will still be done via the
local road network. Thus, no significant diversion of petroleum movement
to the new highway would occur, and risk of exposure to spills on the
existing road wculd be about the same with or without the new highway.
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Water Quality Impacts of the Improved Alternative - This alternative
reduce ‘“he hazard of spills. The Improved Alternative would divert
traffic around the towns, which are high accident areas,and would take
trucks away from the banks of the Ibrahimiya Canal, and also away from the
urban poptlation.

On the other hand, the Improved Alternative has a potential for
disturbing the hydrology of the smaller channels of the irrigation
system. New by-pass routes would often run diagonal to the prevailing
drainage pattern, This effect could be avoided but it would require
careful aud sensitive study of the drainage system or else would require
an 1increased investment in irrigation pumps. The widening actions of this
alternative produces an even higher risk of disturbing small irrigation
channels because these typically run parallel to the main road along much
of its length, and widening could require realignment of these channels.

Water Qualitv Tupacts of the Expresswav Alternative - This alternative
would 1likely have beneficial impacts rather than adverse impacts with
respect to water. It would reduce the risk of spills into the Canal and
the rick of human exposure to spills by diverting some of the traffic
carrying toxic or hazardous substances away from the Canal and away from
urban settlements. Much of the volume of toxic and hazardous material is
carried by heavy trucks which would be attracted over to the new highway.
The new highway would not have any effect on hydrology of the irrigation
system,

Construction Effects -~ There would probably not be much significant
difference 1in water resource impacts from construction of the Impoved
versus the Expressway alternative, Construction of the Improved

Alternative may create some sedimentation in <canals and irrigation
channels as a result of earthwork, as well as minor spillage of asphalt or
other materials into waterways.

Comparison of Alternatives, Water Quality Impacts - There would
probably be 1little differential effect on water quality among the
alternatives, but what advantages there are appear to accrue to the
Expressway Network. The new road would have a beneficial impact in
reducing the risk of toxic or hazardous material spilliage into waterways
and in areas of human contact. However, consequences seem ma.ginal,
because lack of runoff transport means that spills would have to be
directly 1into a waterway to produce any significant result. While the
Improved Alternative would enjoy some of this beneficial effect also, it
would produce a potential for disturbance of irrigation hydrology, thus
the positive and- negative aspects of the Improved Alternative cancel out
to some extent,

Air Quality

Unlike water and some other waste transport systems, air cannot be
reprocessed in any practical manner and thus air pollution must be
controlled at its source. Operation of vehicles on the highway network is

one such source.
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Standards of Air Quality - At the present time, there are no uniform
national air quality standards in effect. There is, however, an awareness
of the problem of air pollution in urban areas, especially Cairo. At the
present time, no effective measures have been instituted to control air
pollution emissions from industrial sources around Cairo. Evidence of the
perception of an acute air pollution problem 1s, however, given by the
announced intention of the Environmental Affairs Agency of the Ministry of
Cabinet Affairs to begin measuring pollutants emitted from vehicle exhaust
systems and to institute operating standards for exhaust systems as a part
of the vehicle licensing process.

In the absence of regulatory standards, there are certain generally
accepted air quality measures which can be used to aid in judging ambient
air quality. These are presented in Table 7C-3. The reasons for
attempting to limit the substances listed in the table are as follows:

1. Particulate matter: Causes respiratorv disorder and
eve irritation, Results in economic loss from
surface material damage.

2, Sulfur owxides: Associated with respiratory disease,

forms corrocsive compounds, causes plant damage.

3. Hydrocarbeone: Combine with oxygen and nitrogen oxides
to forr photochemical oxidants.

4. Nitroger oxides: Associated with respiratory disease
and forms photochemical oxidants.

5. Carbor monoxide: Reduces oxygen carrying capacity of
bloed, reducing mental acuity, and increasing burden
on pulmonarv system.

6. Lead: Retards development of mental processes of
children, affects mental acuity of adults.

Various general sources produce different proportions of pollutants in
the air, and the trensportation system does not produce significant
amounts of all air pollutants. Industrial sources (such as cement plants)
produce most of the particulates and a large share of the carbon monoxide.
Fuel combustion from non-transportation sources produces most of the
sulfur oxides and about half of the nitrogen oxides. What is produced by
the transportation svstem is most of the carbon monoxide, most of the
hydrocarbons, and about half of the nitrogen oxides.

Baseline Conditions of Air Quality ~ The discussion above glves an
outline of the pollutant factors which may affect air quality. However, a
critical element in the overall impact of these pollutants is the means by
which they are trunsported from their source to the areas which suffer the
impact. Thke transport mechanism for air pollution is the local climatic
system. If local climatic conditions give a good diffusion of pollutants
(for example, blowing away by the wind), then the effects of the
pollutants are lessened, Important factors are winds, temperature
differentials, and topographv. Stable or stagnant air masses trap
pollution, as do topographic depressions.
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Table 7C-3

JUDGEMENTAL STANDARDS FOR USE IN EVALUATING AIR QUALITY

LEVEL OF QUALITY

POLLUTANT _Good Moderate Poor

1. Particulates, ug/m3 50 150 300
24 hr ann geo mean

2, Sulfur Oxides, ppm 0.05 0.12 0.25
24 hr ann arith mean

3., Hydrocarbons, ppm 0.1 0.2 0.3
3hr av ann concentration

4, Nitrogen Oxides, ppm 0.25 0.05 0.10
av ann concentration

5. Carbon Monoxide, ppm 5 15 30
Continuous exposure

6. Lead, ug/m> 1.5 NE NE
3mo ann arth mean

Notes:

ug/m : micrograms per cubic meter

pPpm : parts per million

NE : not established

Source: Consultant
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Several conditions in Upper Egypt provide a good mixing and dispersion
quality to air. In the northern sector of the study corridor, generally
from Cairo to Beni Suef, winds are northerly and northwesterlv, with
approximately 130 davs per year when maximum dailly velocity exceeds 25

kilometers per hour. Maximum wind velocity and occurence are about the
same 1n the southern sector of the corridor, but wind directions gradually
shift to northwesterly and westerly. These are considered reasonably

strong winds for dispersion.

Another factor which can lessen air pollution is convection currents
caused by day and night temperature differentials. Air pollutants are
trapped in a blanket of ccol air at night. This is why air pollution is
usually most highly wvisible in early morning., If there 1s a significant
rise in temperature during the day, this air layer warms and rises,
carrying away the pollutants. The presence of a large day/night
temperature differential in Egyvpt provides good convection current mixing.
The differential in Cairo 1s about 12 or 13 degrees Centigrade and the
differential in Assuit is about 14 to 17 degrees,

Topography alsc plave a role. Natural depressions or "bowls" can trap
stagnant air and allew pollution to build up. Such depressions do not
exirt in the studv corridor, The depth of the Nile Vallev is
insignificant in proportion to the flat expanses of adjacent desert, and
the Valley of course is open at both ends. The Fayoum Depression likewise
is not of sufficient depth to create inversions, except to a slight
degree.These combined sources of air movement in the local climate thus
lead to a high dispersion factor, which does a reasonably good job of
"sweeping away" the air pollution.

There are, however, localized conditions in the corridor in which day
to day air pollution is rather acute., The industrial area south of Cairo
is one such locatior, During the night, the northerly but fairly low
velocity winds funnel pcllutants southward into the narrowing Nile Valley.
In that area, emissions from electric generating plants, cement plants,
steel mills, and countless small brickworks are added to create a pall
which can be seer almost every morning and lasting well into the day. The
air receives particulate matter from cement and steel mills, sulfur and
nitrogen oxides from fuel burning, carbon monoxide from vehicles and
industry, hydrocarbons, nitrogen oxides and lead .rom vehicles. Air
quality overall in this district would have to be rated as poor.
Particulates probably exceed 600 micrograms per cubic meter and
hydrocarbons probably exceed 0.4 ppm daily. Other pollutant factors are
probably no better than moderate.

Particulate concentration downwind from the cement plan* at Assuit
probably exceeds 200 micrograms per cubic meter on a dailly basis when the
plant 1is operating at present, and operational output at this plant is
expected to triple. There are other spot sources which produce heavy
smoke from petroleum burning. Throughout the Nile Valley, small
brickworks produce heavy smoke on a spot basis. However, only in the
immediate vicinity of the Cairo urban complex does there appear to be any
chronic air pollution problem of widespread significance,
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Sensitive Areas or Receptors of Air Quality Impacts - Receptors which
are most sensitive to the environmental impact of air quality are the
human population concentrations susceptible to continuous exposure, Thus,
in the study corridor, sensitive areas are the urban areas along the
various route alignments,

Expected Conditions with the Committed Network - Significant factors
which™ determine  theé "production' side of air quality impacts are the
volumes of vehicles moving on a highway and the operating characteristics
of those vehicles., On the "reception" side of the impact ecuation, in this
particular corridor, are urban population concentratiuns. These three
factors are discussed below for each route alternative. Using figures
from Table 7C-1, the expected increase in traffic volumes on the West Bank
highway are:

1985/80 2000 INCREASE
Cairo-Beni Suef 9,700 12,700 3,000
Beni Suef-Minia 5,500 7,400 1,900
Minia - Assuit 5,300 10,700 5,400

The operating characteristics of vehicles are the second factor of
consideration. Most pollution from vehicle operation occurs during
acceleration and deceleration. Emissions are lowest while idling and
slightly higher while cruising. However, emissions are roughly one and
one-half to over five times higher during acceleration and deceleration,
depending on vehicle type and what factors are measured. Thus, the
correlation between pollution emission and speed change cycles is very
high. There are therfore, similar correlations batween pollution and
congestion (or volume/capacity ratios) and comparative vehicle operating
speeds over given distances. A number of refinements could be done in a
full scale assessment, but operating speeds over the alternative routes
has been taken here as an indicator.

Average vehicle operating speed along the West Bank Highway in 1985,
for 1light wvehicles, was 61 kph, For the Committed network in 2000, the
projected journey speed 1is 44 kph. Thus, the West Bank route, without
further improvement would experience about a 28 percent reduction in
operating speed, reflecting a significantly higher level of congestion and
thus higher emission of air pollutants,

On the "receptor" side of the equation, only about 47 percent of the
length of the West Bank route was through "open country" in 1985, meaning
that 53 percent of the length was through city, town or village segments.
About 15 percent was through urban or heavy village settlements. It is
obvious that the degree of urbanization will increase along the route by
the year 2000.

Therefore, the existing West Bank Highway in 2000 is expected to carry
increased volumes of traffic of up to 5,400 wvehicles per day, at
significantly increas»d rates of congestion meaning much higher pollutant
emissions through areas of high population concentration,
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Air Quality Impacts of the Improved Alternative - Increase in traffic
volumes with the Improved Network is projected to be as follows:

1585/86 2000 INCREASE
Cairo~Beni Suef 9,700 14,900 5,200
Beni Suef-Minia 5,500 8,400 2,900
Minia-Assuit 5,300 11,100 5,800

For the Improved Alternative, the projected average speed 70 kph
compared with 61 kph in Base Year and 44 kph estiamted for the Committed
Network. Thus, the Improved Alternative would have a higher operating
speed than is currently experienced along the West Bank road, resulting
in a slight decrease in air pollution per vehicle. A benefit of the
Improved Alternative per vehicle would be the decreased direct exposure
of the human population living alongside the road. The Improved route
would pass through agricultural land around the perimeter of 14 towns as a
result of by-pass construction, instead of through the town centers. The
impact of vehicle exhaust air pollutants diminishes quickly with distance,
particularly in the case of carbon monoxide and 1lead. Diversion of
traffic to the by-passes would result in less intimate exposure of the
human population to air pollutants from vehicles.

Therefore, 1t could be concluded that the Improved Alternative would
result in a modest air quality advantage over the unimproved highwayv,
partly by allowing more efficient vehicle operation, but more by removing
the pollutant source away from the exposed population.

Air Quality Impacts of the Expressway Alternative - The Expressway
Alternative gives the following traffic volumes:

1985/86 2000  INCREASE

Existing West Bank Highway

Cairo~Beni Suef 9,700 10,900 1,200

Beni Suef-Minia 5,500 5,900 400

Minia-Assuit 5,300 7,700 2,400
New Desert Highway

Cairo-Beni Suef 0 10,000 10,000

Beni Suef-Minia 0 4,600 4,600

Minia-~-Assuit - 0 3,700 3,700

The projected operating speed on the new highway is of 89 kph. On the
West Bank route. if the Expressway is built, a journey speed of 54 kph is
projected.
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Overall, therefore, the Expressway alternative would produce higher
total volumes of traffic, running at higher (less polluting) operating
speeds. However, consideration of the receptor side of the environmental
system suggests that significant impacts would occur only on the West Bank
route rather than on the combination of both routes. The reason 1is that,
since the Expressway route 1s through the desert for almost its entire
length, there 1s almost no human population along the route to receive
impacts. Even though some settlement would occur along the Expressway
route, by the year 2000 this settlement would still be very small as
compared to the heavy urbanization along the West Bank route. Therefore,
the significant comparison is the difference in conditions along the West
Bank route with and without the expressway, rather than the combined
system from 1985 to 2000.

If the new desert highway is built, there would be less traffic on the
existing West Bank highwav than without the new road, as follows:

Without Exp. With Exp. Difference
West Bank
Cairo-Beni Suef 12,700 10,900 (1,800)
Beni Suef-Minia 7,400 5,900 (1,500)
Minia-Assuit 10,700 7,700 (5,000)

Average operating speed on the West Bank route without the new desert
highway 1s projected to be 44 kph, compared with 54 kph with., The
urbanization factor should also be noted here. Construction of the desert
highway would open additional desert 1land for development. This would
relieve some of the wurbanization pressure on the existing development
areas along che West Bank route, and probably result in less urbanization
along the West Bank route than would have occurred without the Expressway.

The net result along the West Bank route would be reduced traffic
volume, operating at higher, less polluting speeds, with less exposure of
urban population to adverse impacts. The net result along the Expressway
would be a substantial volume of new traffic (3,700 to 10,000 on major
segments), but this traffic would operate efficiently with 1little
congestion, which minimizes pollutant emissions. More importantly, there
would be very little exposure of human population.

Construction Impacts - Construction impacts on alr quality from either
of the alternatives would bte minimal, There would be some construction
equipment pollutant emissions and some dust resulting from the Improved
alternative, The Expressway Alternative would probably produce
significant quantities of blowing dust, but almost no population would be
exposed to this,

Comparison of Alternatives, Air Quality Impacts - Even though there
are comparative differences among alternatives as discussed above, the
question should be asked at this point as to whether any of the air
quality dimpacts are in fact significant in terms of overall scale. As a
general rule, a change in traffic volume on an existing highway of about
500 vehicles per hour or about 10,000 vehicles per day is taken as a
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threshold value for justifying an analysis of the impact of that change.
For a mnew highway such as the Expressway route, the volume taken as
significant to justify analysis is about 800 vehicles per hour or about
20,000 vehicles per day. The Committed Network and Improved Alternatives
result in traffic volume increases not exceeding approximately 6,000
vehicles per day, and the Expressway route gives a maximum increase of
about 10,000 vehicles per day. Thus, while there are relative differences
among the various alternztives, all of the alrernatives yiald only about
half of the traffic volumes generally considered as necessary to produce
significant air quality impacts. Therefore, all of the air quality
impacts, whether positive or negative, could be considered as marginal.

For purposes of summarization, the following comparative differences
can be identified:

1. The Committed network will produce lower operating
speeds, mwore congestion and more pollutant emissions.
Since it runs along a wmoie urbanized route than the

other two alternatives, it exposes a greater population.

2. The Improved Alternative has a slight benefit, not
because of production of less emission but because of
moving certains segments of the roadway away from

exposed pcpulation.

3. The Expresswav route has a clear advantage because it
procduces less  poliutant emission, gives very low
populatior exposure, and reduces exposure along the
exsiting West Bank Highway.

In view of the overall scale of vehicle operations, it could be
concluded that the Expresswav Network yields marginally higher beneficial
impacts than the Improved Alternative. Both alternatives give an
improvement of air quality over the Committed Network, but would produce a
marginal deterioration in air quality compared with current conditions.

Noise

While noise can be commonly agreed to be "annoying", the specific
effects of noise on incdividuals varys with conditions and is somewhat
subjective. Among effects which can be identified are physiological
effects such as reduced hearing ability, psychological effects such as
stress and anxiety, and interefence with communications. These effects
result in individual attempcs at adaptation, interference with work and
social tasks, reduced efficiency, and alterations in social behaviour,

Individuals do adapt to the ambient noise .evel around them. Even
though a person becomes accustomed to the surrounding noise level, this

process of adaption in itself is stressful. Nevertheless, when analyzing
noise impacts, the indicator of impact 1s taken tc be changes in the

ambient noise level.
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Noise Effect Standards - Regulatory measures concerning noise are
usually not directly imposed on highway users. They are put into effect
to some extent by regulations requiring noise suppression on vehicles.
Therefore, no government regulations or standards are expected. However,
good highway design practice does call fo: observance of standards which
help lessen noise effects,

In order to help evaluate design impac:s on the noise environment, it
helps to know something about how noise 1s produced and how it is

perceived. Noise is measured in decibels, (db) a measurement which takes
into account sound pressure (loudness), frequency, and other physical
characteristics. The human ear does aot perceive noise accurately, but

instead hears come parts of the ncise spectrum selectively. To give a
measure of noise which cerresponds tn human noise perception, weighting is
given to certain parts of the sound spectrum to give an "A weighted"
measure, or "dB(A)'".

Ambient ncise {1s the "background" or prevailing noise level at any given
place. The ambient noise 1leve! 1s the level that pcople adapt to, or
easily learn to ignore. Ambiler.: nolse in the desert mayv approach zero
decibels, but most environments in which humans live have ambient levels
of 30 tc¢ 80 dB(A). Noise levels exceeding about 30 dB(A) will disturb or

annoy mos: people. Impulse noise, which means a high noise level for a
short duration, such as a truck horn, is more disturbing than sustained
noise. Noise sour.es which are "line sources', such as heavy streams of

traffic, reduce in noise level by about 3dB(A) per doubling of distance.
Thus, the noise of a truck horn measured at 90 dB(A) at 20 meters distant
from the truck would reduce to 87 dB(A) at 40 meters. Automobile noise
increases with speed, while truck noise is higher at low speeds. A diesel
tractor-trailer produces approximately 30 times as much noise as a car.
Therefore, a key element in noise evaluation 1is truck traffic operating in
semi-congested conditions. The addition of truck horns as an impulse
noise source is also particularly important.

Design targets for exterior noise level control which are generally
accepted are given below:

1. Rural open spaces 60dB(A)
2. Areas with residences, schools, hotels,

mosques, institutions 70dB(A)
3. Other urban developed areas such as

commercial 75dB(A)

These are dB(A) values which should not be exceeded more than 10
percent of the time (usually expressed as L10)

Sensitive Areas and Receptors of Noise Effects - The human population
are the receptors of noise dimpact, therefore urban areas, towns and

villages are the sensitive areas.

Baseline Conditions - There are no ambient noise level measurements
available, but field observations were made in order to obtain subjective
judgements of noise,. Ambient mnoise in rural areas along the West Bank

- 7C.17 -

G

\l:



highway seems qu.te low, probably in the range of L10dB(A) 60-65 under
typical conditions. This accounts for about 47 percent of the existing
route, However, with increasing development and congestion, noilse levels
go up quickly, and this is particularly true in larger villages and urban
areas, accounting for about 157 of the route length. In these areas
ambient noise 1levels along the highway probably reach into the L10dB(A)
75-80 range, with frequent instantaneous levels of 90dB or over due to
truck  herns. This can only be considered as a "noise" polluted"
environment,

Expected Noise Concitions with the Committ:d Network - Critical
elements iIn a comparative evaluation of noise effects are, osn the
production side, changes in volumes of truck traffic and operating speed,
and on the reception side, the perceived effect of those changes. With
respect to changes in volumes of truck traffic, reductions in the average
daily volumes of heavier trucks (singles, combined and articulated) on the
West Bank Route would be as follows:

1985/86 2000 DIFFERENCE

Cairo-Beni Suef 2100 2000 (100)
Beni Suef-Minia 1500 1500 -0 -
Minia-Assuit 1600 3200 1600

The small differences on the northern and central segments are due to
trucks changing over to the East Bank Route, but Minia to Assuit truck
traffic would increase bv 1600 vehicles per day.

As noted above, operating speeds along the West Bank route, undv- the
Committed network, would decrease from an average of 61 kph in 1985/86 to
an average of 44 kph.

Daily truck volumes of 1600 vehicles in 1985 probably produced peak
hour volumes of 120 or more. That volume of truck traffic operating under
semi-congested conditions would probably produce noise of approximately 60
dB(A), which would be in addition to noise produced by other vehicle types
(cars and busses) and would not include noise from horn blowing.

Because of 1little change in volumes from Cairo to Minia, the noise
contribution from trucks on the West Bank route under the Committed
netwerk would not be significant. However, between Minia and Assuit,
truck traffic was forecast to increase to 3,200 per day, which would
probably produce -well over 200 per hour, or at least 100 per hour
additional. This increase would boost truck noise contribution to nearly
70 dB(A), or an increase of perhaps 8 tc 10 dB(A).

The question at this point is the perception of that noise increase on
the receptor side of the system. 1Ir. other words, would humans perceive
this increase as significant? 1Increases or decreases of less than 5dB(A)
in ambient noise 1level are generally perceived as only a slight changes.
Changes of from 5 to 15 dB(A) are perceived as significant changes.
Changes of more than 15 dB(A) are severe or very significant.
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Thus it appears that the Committed network implies little noise charge
from 1985 from Cairo to Minia, but a severe adverse impact (plus 8 to 10
dB(A)) from Minia to Assuit. This noise impact calculation 1s the result
of truck operation alone, and to this could be added car noise plus horn
blowing, Since congestion levels would increase, an additional increase
in noise from horn blowing would be expected.

Noise Effects of The Improved Alternative - About the same truck
traffic volumes would be carried on the Improved Alternative as on the
Committed network. On the production side, the noise levels would be the
same. However, a positive benefit would accrue from displacing the source
of mnoise away from the receptor population, as would happen when trucks
were routed around urban centers on by-passes. For exampie, if only half
the trucks chose to follow the by-passes, a reduction of probably 6 or 8
dB(A) 1in noise level would occur, with additional improvements because of
less congestion, 1less hour blowing, and 1less automobiles in the urban
centers., On this basis, the Improved Alternative could be rated as having
a significant noise effect reduction.

Noise Effects of The Expressway Alternative - Truck traffic volumes
along the new desert highway in 2000 are projected to range from around
1300 per day from Minia to Assuit up to 2300 per day from Caiio to Deni
Suef, This volume of truck traffic would probably produce 55 to 60 dB{A)
at peak hours, with total noise production from all vehicles vrobably
ylelding 1levels of 60 to 65 dB(A) at peak hours. However, because of very
small population along the route, and presumably with set-back regulations
which would keep development away from the highway, the noise jfmpact would
be insignificant.

What bears analysis is the effect of the Expressway Alternative on the
West Bank route, The effect on truck traffic volumes would be as follows:

Without New With New

Highway Highway DIFFERENCE
Cairo~Beni Suef 2000 1500 (500)
Beni Suef-Minia 1500 1000 (500)
Minia-Assuit 3200 2000 (1200)

The reduction 1n noise along the existing route by these decreases in
truck traffic would be approximately as follows:

Cairo-Beni Suef less than 5dB(A)
Beni Suef-Minia about 5dB(A)
Minia-Assuit about 8dB(A)

Reductions 1n addition to that from truck operating noise would accrue
from reductions in automobile noise and horn blowing. Therefore, it could
be concluded tnat the Expressway Alternative would have significant
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benefits by reducing noise on the West Bank route. While the noise
reduction between Calro and Beni Suef may be marginal, reduction between
Beni Suef and Minia would be significant and reduction between Minia and

Assuit would be very significant.

Construction Impacts -~ There would probably be insignificant noise
impact from Improved Alternative construction caused by construction
vehicle operation and other noises, but virtually no noise impact from
construction of the new desert highway.

Comparison of Alternatives, Noise Effects - The conclusions concerning
the environmental effects of changes in noise which are discussed above
may be summarized as follows:

IMPROVED EXPRESSWAY
Cairo = significant -
Beni Suef positive
Beni Suef - significant significant
Minia positive positive
Minia -~ significant very
Assuit positive significant

positive

Land Resources

The only land rescurce impact of any apparent significance connected
with the Study's alternatives is the conversion of agr. ultural land to
highway right-of-way. The economic dimpact of the acquisition of
agricultural land for highway wuse is taken into account in the economic
evaluation of feasibility through consideration of land cost. 1In Egvpt,
however, there are nonquantifiable social and environmental costs attached
to the takirg of agricultural land. The value of agricultural land in the
Egyptian economy is well known. A very small proportion of the total land
area 1s arable, All of the cultivated land in the study area must be
irrigated to make it productive, All the cultivated land is used very
intensively. While additionzl 1land can be brought under cultivation by
desert reclamation, this process 1s slow and difficult, so for all
practical purposes, agricultural land must be considered as a highly
produrtive, renewable, but not expandable resource.

Of course, transportation is a vital activity, and land converted from
agricultural wuse to transportation has not lost its utility, but has been
converted from a productive resource to a support resource. Nevertheless,
any conversion of agricultural land to highway use will be judged to be a
negative impact. This subsection deals primarily with the comparative

amounts of agricultural land resource conversion. The comparative impacts
in terms of lard quantity can be multiplied by the social impacts
discussed in a following subsectionm.
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Agricultural Conversion Regulations - The ccnversion of agricultural
land to non-agricultural use is controlled by 1law. Most regulatiomns
relating to conversion of agricultural land are found in Law 53 of 1966,
Law 59 of 1973, Law 59 of 1978 and Law 3 of 1982. The combined effect of
these laws 1s that conversion of agricultural land is permitted within
town and city boundaries only wupon approval of a special permit, and
conversion outside of town boundaries is prohibited. These restrictions
can be superceded by expropriation of 1land for certain public works
projects, 1including roads. These laws have only limited effectiveness as
unapproved conversions occur with some frequency.

Land Resources Requirements of The Committed Network - No conversion
of agricultural land would be required.

Land Resources Requirements of The Improved Alternative - Almost all
of the 1~~gth of the by-pass construction rouces would be through
agricultural land. It is estimated that about 3 million square meters, of
agricultural 1land would be required. Widening would require a further 3.2
million sq meters, making 6.2 million square meters for this Altvernative.

Land Resources Requirements of The Expressway Alternative - The new
desert itself only traverses agricultural land where it crosses a narrow
strip at 1ts junction with the road between Fayoum ard Beni Suef;
requiring about 50 thousand square meters of land. There are, however, 11
access roads connecting the new road with other existing roads,
principally with the West Bank route. As much as possible, these access
roads utilize existing roadway alignments., Straightening, improving and
making minor access connections along these routes to bring them up to
acceptable engineering standards would probably require about 1.3 million
square meter of agricultural land.

Comparison of Alternatives, Land Resources Requirements - The figures
above give a clear comparison. The Improved Alternative has what can be
considered as a =significant agricultural land requirement of 6.2 million
square meters. The Expressway Alternative would require only about 20
percent of this area, which would be a major advantage.

Ecology
Only minor effects of any kind are expected on ecology from any of the
alternatives. There are apparently no species of plant or animal life

that require protection and no sensitive habitats.

One consideration may be the need for conservation of roadside trees
and tree lines which extend through fields. The trees are places of
refuge from the sun for local inhabitants, farm workers and animals.Shady
places under roadside trees are the location of many social and work
activities. The Improved Alternative may reauire the removal of a number
of trees for widening of the road in rural areas and for bypasses.

Spills of toxic materials might affect fish in the Canal. On the
other hand, spills of nutrients such as fertilizers may benefit aquatic
life.
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Historic, Cultural, and Aesthetic Resources

Specific impacts of the highway on historic resources are evaluated as
a part of the archeological assessement. There are no effects from the
Committed network or the Improved Alternative. The new desert highway
passes near ancient sites at Tuna El Gebel. However, it does not appear
that the highwav will have any direct effect on the site. In fact, there
will probably bte a positive benefit gained by improving accessibility and
possibly stimulating tou:ism, thus prompting an interest in futher
improvement and refinement of the site.

Cultural resources will not be directly affected by any of the
alternatives, There will be nc taking of culturally related structures,
Some indirect effects may accrue from various alternatives such as noise

effects on mosques or entertainment sites.

No specific aesthetic effects have been identified other than that the
possibility of removal of trees under the widening alternative may have
some negative aesthetic effect.

Social Impacts

Social dimpacts which are associated with highway development in most
instances are concerned with disruption caused by relocation of families
and economic enterprises, the effect of improvements on accident rates and
changes 1n accessibility of socio-cultural facilities such as education,
health and religious institutions. Field interviews revealed additonal
considerations such as the sensitive issue of conversion of agricultural
land and furtherance of national objectives relating to rural-urban
migration.

Relocation - Fortunatelv, the potential social impacts of relocation
are avoided effectively by .:11 of the route alternatives. The by-passes
have been given preliminary alignments which avoid structures almost
entirely. It is possible that the widening of some road segments could
require removal of & few structures at critical locations, but no
extensive relocation is required. The desert route avoids all structures.

Perceived or Anticipated Social Benefits - Interviews were conducted
with various officials 1in the Governorates along the route to determine
those benefits which were anticipated from various alternatives and which
benefits seemed to have most social value,

The result which was expected or perceived as most important was the
opening of new land for development by the desert route. Thus, the
developmental benefits were generally perceived as more important than the
traffic service benefits. The second most desired benefit appeared to be
acccident reduction, a possibility which was frequently mentioned. The
most sensitive negative issue was the necessity for taking of
agricultural land, principally in connection with by-pass construction.
Problems of traffic congestion and travel time did not seem to generate
much concern.,
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These responses are considered in order to help judge whether the
implementation of various alternatives may fulfill expectations of social

value, Probably the taking of agricultural land would set off sensitive
issues as expected. Probably the widest difference between expectations
of benefit and 1likely benefits is the developmental aspect of the desert
road. The expectation is that the desert road will improve economic

opportunity and open land to settlement and agricultural reclamation. It
is true that the road would probably have this benefit to some measurable
degree, Rowever, expectatlons of this benefit seem unrealistically high.
Experience hac shown, for example, that the desert rcad to Alexandria has
stimulated only minimal developement. Also, the road would be only one
component in a required system of infrastructure, and significant
additional investment would be required in addition to the road to
stimulate economic growth, Nevertheless, 1t 1s true that outlets are
needed for expansion of settlements outside of agricultural lands and the
desert route would help provide the accessibility and transport component
necessary to open new lands.

Agricultural Lands - As discussed above under the Land Resources
topic, the conversion of agricultural land to non-agricultural uses is
agreed by public policy as well as local sentiment to i‘e an action which
must be avoided and discouraged. Even though this is based largely on
economics, there are also social factors involved which must be
recognized. There 1s a high level of social sentiment in local areas
against land conversion, and local public officials are likeiy to put up
substantial opposition to any but the most minor or highly justified
takings.

In the local agricultural society, there is a great deal of prestige

attached to ownership of 1land. Also, complex patterns of ownership
brought on by inheritance and joint ownership makes the severance of
parcels a matter of great dispute when it must occur. This 1is

particularly true if the severance is diagounal to drainage patterns or if
it results in small remainder parcels which are either difficult or
uneconomic to tend agriculturally.

The degree of impact is generally as discussed under the Land Resource
topic, but these attendant social issues multiply that impact.

Developmental Benefits -~ As discussed above, there is an expectation
that certain developmental benefits would accrue to construction of a new
desert highway route. It is also noted that the scale and immediacy of

those benefits may not be as expected. However, with that caution in
mind, it 1is appropriate to note the types of developmental impacts which
may occur,

There 1is strong demographic tend toward migration from the rural
areas of Upper Egypt into the large urban centers, particularly Cairo and
Alexandria, At the urban end, this results in a strain on the urban

centers ability to provide jobs, housing and infrastructure. At the rural
end it results in a draining away of labor force and the younger more
educated and capable components of the local population. Another factor
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ecouraging this trend 1s a lack of urban expansion land in the rural
areas.

A social aspect which comes into play is the social stress to which
rural migrants are subjected in urban areas. The rural migrants have come
from a stable and traditional society and are suddenly exposed to social
conflict with new urban groups which may have conflicting lifestyles,
habits and social values. To these conditions can often be added the
disillusionment of not finding the economic rewards which were expected to
be found in the citv,

Thus great value 1is placed, both socially and by public policy, upon
finding any available means to provide economic opportunity and urban
expansion land in the rural areas. The only locational alternative is to
provide these factors 1in the desert fringe near the agricultural lands.
The desert highwav 1is seen by many as a vital component in opening this
fringe area to productive use.

Some potentials which are expected to be realized include urban
settlement, reclamation of desert land for agricultural use, expansion of
industrial and agro-industrial sites and improving tourism by better
accessibility of historic and tourism sites.

To the extent that these developmental potentials can be realized, the
reduction of rural-urban migration and the dimprovement of economic
opportunity in Upper Egypt would be in furtherance of national policy.
This policy holds that reduction of the economic and developmental
disparity amony the various regions of the Country 1is a long term goal.
The policy also holds a similar reduction between the urban and rural
disparities of the country to be an important objective., Thus, to the
extent that a new desert route would divert migration from Upper Egypt
into the Cities, this road would contribute to national policy goals. The
danger appears to be in attributing too much potential to the highway
alone, as the highway must ultimately be viewed as only one component in
an overall strategy of economic development and iInfrastructure
improvement.,

Accessibility of Social and Cultural Facilities - An overall social
benefit which 1s expected from most highway improvement projects is the
increase 1in accessibility of social and cultural facilities. One purpose
of transportation improvements in the corridor by any of the alternatives
is the dimprovement in accessibility to the population of social and
cultural facilities. This includes schools and training facilities of all
types, hospitals, «clinics and health facilities, religious and cultural
facilities, social welfare centers and institutions of all kinds.

The Improved Alternative would facilitate travel to social and
cultural facilities to some degree. The principal advantage of eitl.er the
Improved Alternative or the new desert highway would probably be in
facilitating use of existing highways for local traffic needs by diverting
through traffic, Removing a substantial proportion of truck traffic and
through traffic from the center of the urban settlements would allow
better circulation of 1local traffic. The existing West Bank route now
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serves a dual purpose as a local traffic artery as well as a through
service facility. It mixes heavy, long distance traffic with local work
and social trips. Allowing portions of the West Bank route through urban
cenicss to serve as a better local traffic artery would facilitate access
to social and cultural facilities and make social trips more convenient
and safe.

Summary of Social Impacts -~ Fortunately, there are no reloation
impacts expected from any alternatives. Social benefits may be derived
from the desert route as a result of developmental benefits. This would
arise from the opening of non-agricultural desert fringe to better
access. However, these benefits must be recognized as only a part of what
must be a broader program of economic development.

CONCLUSIONS

Overall conclusions derived frow the analysis of impacts are outlined
as follows.

Water Qualitvy

Overall - All water quality impacts may be considered as marginal to
insignificant because 1lack of runoff transport means that almost no
pollutants will be transported to water bodies except through direct
accidental spills, The following must be seen within that context.

Committed - The Committed network produces has the highest risk of
adverse water quality impact because of highest probability of direct
spills.

Improved - This alternative has risks which balance out. Probability
of direct spills is lower than with the Committed network, but there is an
offsetting possibility of disturbance to hydrology in the irrigation
system,

Expressway ~ Risks of adverse water quality impacts are insignificant.

Air Quality

Overall - All air quality impacts may be considered as marginal
because of the relatively low traffic volumes. The following should be
considered within that context.

Committed - Because of higher congestion, the Committed network
produces higher rates of air pollution emissions than the two alternatives
and exposes a larger population.

Improved - This alternative 1s slightly better than the Committed
network, not because of lower emission rates but because of removal of
traffic away from the population.

Expressway - This alternative produces the lowest rate of pollution
and has a very low population exposure.
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Noise

Overall - There is a potential for significant levels of either
adverse or beneficial dimpact with respect to noise because of the high
existing ambient noise level along the West Bank route and the potential
for improvement,

Committed - The Committed network shows impact because of increased
noise levels resultant from increased traffic volume and congestion and
high population exposure.

Improved - This alternative would produce a significant positive
benefit because of removal of noise source away from population exposure.

Expressway - This alternative would produce a very significant
positive benefit by lowering of traffic volumes on the existing West Bank

route and removing the noise source away from population.

Land Resources

Overall - Land resource considerations are of high overall importance
because any activity, such as acquisition of highway right-of-way, which
requires conversion of agricultural 1land to non-agricultural use is a
critical issue,

Committed - No taking of agricultural land is required.

Improved - A significant adverse impact would result because taking of
1,104 feddans of agricultural land is required.

Expressway - A moderate adverse impact would be produced by this
alternative because the taking of about 269 feddans of agricultural land

is required in connection with improvement of access roads.

Ecological, Historic, Cultural and Aesthetic Resources

Overall - No apparent significant impacts, either positive or negative
were identified with respects to these resources.

Social Impacts

Overall - There is porential for significant overall impact, positive
and negative, in. relationship to accident occurance, agricultural land
conversion, developmental benefits, and accessibility of social and
cultural facilities.

Committed - Continued reliance on the Committed network would produce
adverse social impacts resulting from higher accident rates.

Improved - This alternative would produce a moderately better accident
rate experience than the Committed network, but would generate significant
social disbenefits due to taking of agricultural land. Some improvement
in accessiblity of social and cultural facilities would occur.
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Expressway - Moderate social disbenefits would result from taking of

agricultural land. Some expectation of social benefit accrues to this
alternative due to developmental advantages of opening desert fringe land
to productive use. However, the expectation may exceed actual benefit
unless additional investment in infrastructure accompanies road
construction, Some improvement 1in accessibility of social and cultural

facilities would occur as a result of improving local traffic capabilites
of the existing roadway network.

General Conclusion

The Expresswav Alternative offers a higher 1level of positive
environmental and social benefits and a lower incidence of adverse impacts
than the Improvement Alternative. Evaluation of the Committed Network
demonstrate increasingly significant adverse impacts over time compared
with Base Year 1985/86.
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Appendix 7D

ROADS AND BRIDGES AUTHORITY
POLICY AND ADMINISTRATION

This appendix assesses the capacity of the Roads and Bridges Authority
(RBA) to implement the proposed highway infrastructure project,
Administrative, management and financial policies are reviewed and the
organizational  structure of the Authority is described. Potential
implementation difficulties are identified and discussed.

Transport Policy

Transport policy guidelines appear in the Five Year Plan for Economic
and Social Development, 1982/83 - 1986/87 (December 1982). Strategies, or
policies affecting highway transport are:

1. Preserving existing  productive assets by regular
maintenance and renovation.

2, Coordination between different transportation means and
network.

3. Expanding T&C (Transport & Communications) capacities by
additional units of »1l types.

4. Improving transportucion services structure in favor of
the less-expensive rail and river transportation.

These general guidelines are further emphasized by the following
sector objectives:

1. Concentration on electrical passenger transportation
inside cities. Better utilization of existing
capacities, proper maintenance and replacement policies.

2. Increasing the share of railroad and river cargo
transportaion, from 12.67 in 1981/82 to 197 of the total
in 86/87, and from 12.6%7 to 137 respectively.

3. Expanding storage capacities especially in Alexandria
and Cairo, and construction and pavement of roads (East
Nile, and the Egyptian-Sudanese highway).

The following policy statements have been issued by RBA :

1. Maintenance policy, July 1985,
2. RBA-Maintenance Plan, 1985-1990,
3. Five Year Plan (1982/83 - 1986/87).

As set forth in the current Five Year Plan, National policy appears
directed toward expanding the rail and water share of passenger and cargo
internal transport vis a vis highways. The East Nile and the Sudanese
highways are mentioned as priority road construction projects for RBA,
However, within the highway sector, the major emphasis is on the
improvement and maintenance of the existing network. RBA internal policies
support the national objectives.
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Organizational Respons’bility

Several organizations have responsibility for the construction,
improvement and maintenance of the highway intrastructure. At the National
level, twc minist:iec are 1invclved: The Ministry for Reconstruction is
assigned the planniny and constructicn of roads in areas of economic
and/or social iwmpurtance. Within the Ministry of Transportation, the RBA
is responsible for the planning, construction and maintenance of highways.
Governorates alsc plar, construct and meintain regionel and local (urban)
roads. In practice, this division does not appear to create serinus
problems. However, there seems to be no clear division of responsibilities
between RBA and the governorates, The existing road classificaticn system
contributes to this problem as it is based on both functional anu tra®fic
volume characteristics.

finance

The currenmt rive Year Plan budget for the inter-rity read network
appears in Teble 7D-1., The amount ailocated to RBA is LE 200 mill‘on, 47.6
percent of the total. The amount originally requested by RBA for the
period was on the orcder of LE 350 million., Table 7D-2 presents the current
RBA  Five Year Plan by project tyvpe. The emphasis on road rehabilitation ic
apparent in that €@ percent of the total budget 1s allocated to this
activity. 1985/8¢ euxpenditure is estiwated at LE 46 millinn in 1985 prices
and the 1586/87 ewpenditure is planned at LE 48 milliown. Cuvrent
expectations, Thowever, anticipate an austerity tudget on the order of LE
41,4 million,

Road constructicn and rehabilitation 1= carried out under contract to
RBA by the public construction companies and hy private contractors.
Routine maintenance 1s carried cut by the direct labor organizations of
th: RBA in § district offices. The amount allccated to routine maintenance
for 1985/86 was LE 2.5 million.

The RBA has no past experience 1in the wuse of private financial
participation for financing the construction or rehabilitation of
highways., The Ministrv of Transportation ond its subdivision, the EBA, are
not legally authorized to 1issue bonds or incur obligations beyond the
amounts stipulatecd by the annual and supplementary financial budget
allocations. s the KBA contracts with public comprnies for highway
construction an<  privat> construction companies lack the financial
resources requisite for a project of the magnitude of a Cairo-Assuit
highway, wuse of supplier or contractor credits is not a probable fimancial
alternative. A combination of public and private financing does occur in
other areas of scrnial overhead investment such as housing development,
supplier credits fcr passenger and cargo transport equipment, petroleum,
private quay facilities and industrial areas. However, there 1is no
precedent for anplication of this joint financing concept to a major
intercity highwa’ project. Discussions with RBA officials indicate such a
proposal would encounter severe political resistauce.
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Table 7D-1

FIVE YEAR PLAN BUDGET 1982/83 - 1986/87
INTERCITY ROADS
(1983 LE million)
Organization LE
Roads and Rridges Authority 200
Ministry of Reconstruction 80
Ministry of Local Administration 140
Total 420
Source : Roads and Bridges Authority.
Table 7D-2
KBA FIVE YEAR PLAN, 1982/83 - 1986/87
PROJECT TYPE LE 4
{Thousand)
I- Replacement & Rerewal Projects
-~ Consolidation of embankments 120 (-)
- Investment in paving equipment 10,500 (57)
Subtotal 10,720 (57%)
ITI- Rehabilitation Projects
- Widening & strengthening of main roads 65,164 (337)
- Construction of divided highways 46,336 (237%)
- Renewal & strengthening of bridges 7,300 (47)
Subtotal 118,800 (607)
III-Completion & Extension Projects
-~ Construction & pavement of main roads 32,000 (16%)
-~ Construction of bridges 20,800 (10%)
- Other Activities (building, traffic 17,680 (97)
safety, etc.)
Subtotal 70,480 (3572)
Total 200,000 (1007%)
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Organization anc¢ Manpower

The organizationzl structure of the RBA is presented in Figure 7D-1.
The eight district offices are responsible for routine maintenance of the
10,304 km intercitv road network, The district offices execute this task
with force account labor units. RBA headquarters contracts the execution
of road construction and rehabilitation using both the public and private
construction companies. As the objective of this review and analysis is to
assess the rcapacitv of RBA to implement the proposed Cairo-Assuit
infrastructure project, district capabilities for routine maintenance are
not of direct interest and have been covered by the World Bank assisted

Egypt Highway Maintenance Project (Reference 14).

Table 7D-3 shows REA headquarters personnel.

Table 7D-3

PERSONNEL
RBA HEADQUARTERS AND TRAINING CENTER

CATEGORY NUMBER
Engineering 295
Adrministrative 452
Artisans 513
Laberers 236
Total 1496

Source: Roads and Bridges Authority.

The manpower assigned to RBA Headquarters was 1496 persons in 1985, or
about 20 percent cf the RBA total emplovment. Both ENTS (Reference 1) and
the Highway Maintenance Project define a shortage of qualified,
experienced engineers and technicians at the headquarters and district
levels as a majer manpower deficiency. The Highway Maintenance Project
recommends the addition of the following tc the RBA existing engineering
and technician staff:

Headquarters:
Central Laboratory - 6 junior civil engineers.
Geometric Design - 6 junior civil engineers.
Training - 6 experienced civil engineers.
Bridges - 25 junior civil engineers,
Technicians: - 9

District:
Engineers - 84
Technicians - 185
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The RBA current pay structure does not approach the market rate and
has been quoted as the main contributing factor for retention and
recruitment problems. Government policy is wunlikely to change in this
respect. Discussions with RBA officials disclosed that the deficiencies
are viewed as temporary in that a list of qualified applicants for about
40 percent of the identified engineering vacancies is currently awaiting
final approval for immediate employment,

RBA Implementation Capacity

The amount of road construction and rehabilitation completed annually
through the RBA appears to be a function mainly of the amount of funds
available. The 1975-79 Five Year Plan contained a target of 600 kms. per
year but analysis indicates this goal wac not attained. The 1980-84 Plan
targeted about 500 km per year. Actual production including feeder roads
for the period 1970/80 - 1982/83 was about 415 kms. per year. Production
for the period 1883/84 -1985/86 is estimated in the range of 400-500 kms
annuallvy. After discounting for inflation, road construction companies
appear to have 1increased output at 34-38 percent annually for the last
five years. Considerable flexibility exists within the RBA and the road
construction industry. For example, when a supplementary budget provided
funds, the second carriageway of the Cairo-Alexandria Toll Road (about 200
kms) was designed and¢ tendered by the RBA in about one year. Using four
companies, construction was completed in three years.

Strict construction and rehabilitation project supervision would
alleviate many of the deficiencies noted by the above mentioned studies.
As supervision {s provided from the district engineering staff, increased
district engineering staff and dimproved capabilities, as recommended by
the Egypt Highwav Maintenance Project, would be an important factor in the
successful implementation of a Cairo-Assuit highway improvement project.
Lack of access to foreign exchange necessary for acquiring construction
equipment cculd also be a constraint to the expansion capabilities of
construction companies. Adequate funding, including foreign exchange, thus
remains the primary constraint to the successful implementation of a
Cairo-Assuit highwav improvement project.

§ummarz

The organizational structure of the RBA 1s assessed as satisfactory
and poses no serious problem to project implementation. Under the World
Bank assisted Egypt Highway Maintenance Project, personnel and equipment
deficiencies at the headquarters and district 1levels of RBA have been
jdentified and are being corrected. Recent RBA performance indicates a
capacity for construction and rehabilitation i1in the neighborhood of
400-500  kms annually. Considerable flexibility exists 1in that the
Cairo-Alexandria second carriageway toll road (200kms) was designed and
constructed over a four year period when funding was made available.
Recourse to private funding sources for the financing of intercity highway
projects 1is not within the experience or legal authority of the RBA. Such
a proposal, in the opinion of RBA, would be rejected by the Ministry of
Transportation and higher political authority.
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Professional, technical and labor manpower is available to support an
annual increase in production on the order of 34-38 percent for the public
and private construction companies. Foreign exchange requisite for the
purchase of construction equipment and parts 1is 1in shorct supply and could
constrain production increases by the public and private companies, Given
adequate funding, including foreign exchange, there are no constraints to
the successful implementation of a Cairo-Assuit highway project by the
RBA.
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