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PREFACE

This study addresses the problem of identifying incremental operation, maintenance, and
rehabilitation (OM&R) expenditures needed to raise the performance of the water delivery system
in Egypt to DO adequate level. Emphasis is placed on developing a procedure for allocating the
costs of the system to its various users. Allocation can be the basis of a program to let the
government recover all or part of the system costs.

Much effort was focused on defining methodologies and obtaining OM&R costs for two basic
scenarios. Scenario I is the present system under existing levels of OM&R inputs. Scenario 2 is
an improved system with an increased level of OM&R inputs to provide adequate maintenance.
Two other scenarios (Scenarios ~ and 4) were identified. These scenarios examine the potential
effects of new land reclamation projects (termed new new lands) on the shares of existing system
costs borne by present users. Because the new new lands share in the costs of the existing system,
costs to present users are reduced. Scenario 3 is Scenario I with the new new lands factored into
the original scenario, and ScenariCJ 4 is Scenario 2 with the new new lands factored into the
original scenario.

The annual costs for Scenario I were estimated on the basis of actual costs incurred by various
government agencies during the lasi: five years. The Pl'Oposed Five-Year Water Development Plan
was used to estimate the annual OM&R costs for Scenario 2. The report describes the procedures
for estimating the annual costs of each scenario and assessing system benefits in the various use
sectors. The report also expl~ins the development and application of a cost allocation model to
the scenarios, and discusses the results of allocation and sensitivity analyses.

The team owes a large debt of gratitude to officials of the Ministry of Public Works and Water
Resources. Help was received from many officials-from district engineers to the chairman of
the High Coordicating Committee and all staff in between. Special thanks also are extended to
the undersecretaries of the Irrigation and Drainage Directorates who responded in such a timely
manner to our questionnaires. Gratitude is also owed to the staff of USAID/Cairo, particularly
the Irrigation and Land Development project officers, who generously donated time to assist the
team•

This work is a collective effort of the Egyptian team and the American consUltants. The team
gained greatly by sharing perspectives and insights during its investigations, and believes that the
joint effort benefitted the outcome.
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ENGLISH SUMMARY

Background

Two considerations provided the motivation for this study of operation, maintenance, and
rehabilitation (OM&R) costs of Egypt'S Nile River irrigation system. The first consideration
relates to th, deterioratin~operating condition of the numerous structures which make up the
system. Most existing structures have been in place for many years. It is thought that improved
water deliveryperformanee-and therefore improved agricultural produetivity-mightbe achbved
by a general program of enhanced repair, replacement, and rehabilitation of the system's
structural components. However, for years government budget allocations have been restricted,
both for regular irrigation system maintenance and for rehabilitation and improvements to
structural components. Both the responsible Ministry staff and international cionor agencies think
the irrigation system performance falls short of acceptable levels.

The second consideration derives from the major changes in financial policies being institute:! by
the Government of the Arab Republic of Egypt (GOARE)~ particularly toward the agricultural
sector. New policies will allow farm~rs to sell more freely in open markets and permit most farm
commodity prices to move toward international free market levels. These new policies are
replacing a program requiring mandatory sales of major farm products to t.'le government at low
prices. Most of the farm sector's contributions to government revenues previously came from the
government's resale of commodities on domestic or world markets at higher prices. The new
pricing policies leave the GOARE seeking new revenue sources to replace the old mechanisms.

These two considerations have brought forth proposals for a program of enhanced spending on
irrigation OM&R to improve system performance, together with suggestions that part or all of
these expenditures be directly recovered from the agricultural sector. However, before such
programs can be brought forth for serious public discussion and debate, further information is
required. The first level need is for impl'oved information on the costs of operating and
maintaining the existing irrigation system as well as the agricultural sector's proper share ofthese
costs. The second need is for estimating the costs of an "adequate" OM&R program as well as,
again, the farm sector's appropriate portion of the costs. This study attempts to provide this
required information.

· \

Objectives and Scope of the Study

The overall objective of this study is to determine the net OM&R costs of the main irrigation and
water supply system in Egypt, as it is currently supported, and what those costs might be under
an enhanced or "~table" budget allocation. The analysis is limited to OM&R costs of the
"main system," defmed as th~\ NUe River struetllres and the main and secondary canals, and

-_.. .... .... ·excliides-il'ie '''owfii'iii"-poaiOiii (tnelqas and beiow). 'iiJestudy was conduetedi'or each'of tOUr
policy scenarios. The first scenario reflects the recent and current budget allocations for OMU
in Egypt. Scenario 2 considers the costs of the system if improved to an "adequate" degree.· The

xix



third and fourth scenarios incorporate planned reclamation of not yet developed "new new lands"
into each of the first two scenarios.

Four Scenarios

For each scenario, the general approach of the study involved two stages. The first stage was to
estimate systemwide OM&R costs for all water use sectors, or purposes. The second stage was
to divide U? or allocate the costs among the various purposes in order to isolate the specific
portion due to the irrigation sector.

A more precise explanation of the ioua' scenarios follows:

--

Scenario 1:

Scenario 2:

Scenario 3:

Scenario 4:

This scenario represents the present water supply system, which delivers water
to the old lands and the recently developed new lands (designated in this study
as the "old new lands"). Scenario 1 is designed to reflect currenl~ or recent
budget policy for expenditures on OM&R.

This l;./.;enario incorporates the same geographic coverage as Scenario 1, but
involves an OM&R policy upgraded to an "adeqU&te" level for long-term
sustainability. The improvements include: a) additional regulating and control
structures; b) improved maintenance of existing canals, drains, and water
regulating and control structures; and c) a program for more rapidly replacing
deteriorating water control structures and pumping stations.

This scenario represents the same budget poncy as Scenario 1, but incorporates
potential new lands. (potential new lands ["new new lands"] refer to
developments currently proposed, but not yet reclaimed.)

This scenario modifies the "adequate" OM&R budget policy of Scenario 2 to
include the new new lands referred to in Scenari.J 3.

...

Cost Estimation Procedures

Cost estimates are expressed in annual terms, so that they can later be presented in per feddan
and per thousand cubic meters. Basic data for the cost estimates for Scenario 1were derived from
official government records of actual expenditures in the latest five-year period. Cost estimates
for Scenario 2 were taken from the Irrigation Improvement. (UP), Structural Replecement. (SR),
and Preventive Maintenance (PM) programs. Information also was taken from the Five Year
GOARE Plan, 1992/1993-1996/1997. No additional costs were required for Scenario 3 and
Scenario 4.

.Costestim~ were developed for three r.Jrtl'!goriesp nAml'!ly perenn,,,.l,. rec-.!rr'..m.m:inte:::n=
costs, and durab~e capital investments. Expenditure data for t.ach. of the last five yem was
inflated to the base (current) year and averaged to derive an annual average cost at the current
price level. Recurrent or variable costs (such as for expendables or labor) were treated in ~ual
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terms. Investments in durable capital were annualized according to their expected useful lifetimes
within a 30-year planning period. Supplementary data sources included responses from a
questionnaire mailed, to each of the 22 irrigation directorates in the system. ,\

Irrigation sector costs were broken down into regional detail. Separate irrigation cost estimates
were derived for each of the following five regions: Upper Egypt, Middle Egypt, East Delta,
Central Delta, and West Delta.

Cost Allocation among Water Service Sector~

The objective of the cost-allocation exercise was to provide the basis for an eventual irrigation
cost recover:} program. Considerable effort was devoted to carefully allocating costs to the
appropriate water-use sectors (purposes) to assign irrigated agriculture its fair share. The
following sectors were considered in the cost allocation: irrigation, rural water supply,
navigation, hydropower, ground transportation, recreatioD and tourism, fishery, and flood
control.

It is important to recognize that water supply to the major urban centers and major industries was
not considered. The analysis assumes that the Nile water supply system provides no significant
improvements to the water supply situation of the major metropolitan centers, i.e., Cairo and
Alexandria, or inductries drawing water directly from the Nile. This conclusion rests on the
evidence that these municipal and industrial demands are met even in low-flow years.

The criteria for choosing a cost allocation procedure are econo.mic efficiency t~etting the most
value of output for the value of inputs) and equity (fairnclSs). Although some degree of
arbitrariness is involved in any joint cost allocation procedure, one of two basic approaches is
adopted in most cases. One approach, termed the "proportionate use of capacity" method),
allocates costs according to physical measures such as water diversions, consumption, or required
storage capacity. However, the capacity measure is ambiguous for non-eonsumptive uses s\'lch
as hydropower or navigation. Furthermore, the method does not assure achievement of either
economic efficiency or equity in the sharing of costs. For these reasons, the approach was
rejected for this study.

The second approach, which was chosen for this study, allocates costs according to economic
criteria. It is aversion of what is called the "Separable Cost-Remaining Benefit" (SeRB) method.
It is the procedure generally required for U.S. agencies by the U.S. Water Resour~ Council;
World Bank authorities also recommended it. In the SCRB approach, costs are classified into two
groups. Those costs which are incurred for a specific, identifiabJe, and separate purpose are
allOcated 'to that purpose. The other category, called joint costs' (those which cannot be separated
by specific service), are allocated in proportion to the lesser ofremaining net benefits or the cost
of the alternative single purpOse project.

~X-c'-c' ... -.... ·,·T-ueu·,eraJ~ evneeptuallipprOacD and me specific ~efinitioDSof cost~'!egories imply that the costs
, ,deJivedJnthis study I!'~ heavily weighted toward the irrigation sectoiJr. This i~ because the costs
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of improving Egypt's irrigation system are mostly specific to and of benefit for the irrigation
sector.

Benefit Estimation for Cost Allocation

To allocate joint cost" according to the SCRB approach, monetary measures of incremental
economic benefits (w~mngness to pay) for each wate,!' use sector or purpose are required. The cost
allocation method specifies that benefits are increme:ntal rather than total. The economic literature
recommends several approaches to incremental benefit measurement. One approach measures
benefits according to the incremental net income with as compared to without the proposed
project. This approach is applied mainly to crop irrigation bl this study, but is also applicable to
other producers' goods. Another approach measures benefits as the cost of the most likely,
economically feasible, alternative single-purpose project. This latur approach, caJled the
alternative cost method, is applied in this study for most other sectors, including hydropower,
water supply, and navigation.

Significant Assumptions

The following assumptions are described becau$e they were of particular importance in
determining the study results.

Interest rate: An interest rate of 12 percent in real (constant dollar) terms was selected. This is
the World Bank's rate for appraising investments in Egypt. It is considered a reasonable estimate
of the real social opportunity cost of capital in Egypt.

Price level: All prices date from December 1991, the time the study began.

Sunk capital investments not included: The costs of previous investments which are not
incremental to a future OM&R program were treated as sunk costs and therefore not relevant to
a future cost recovery policy.. Costs which might be attributed to depreciation or replacement of
long-lived main system investments, s.uch as the High Aswan Dam (HAD) and the main canals,
were assumed "sunk" and were ignored. TIlls ass~mption was wade because these structures are
paid off; cba,.~ing the present genel'ation for investments which might not be replaced for several
centuries would be inequitable.·1n general, prior costs of in-place durable capital structures were
not considered for future cost recovery. In a similar way, budget allocations to service repayment
of loans on previous irrigation investments were not considered estimated costs; they are financial
transfers reflecting the sunk costs ofprior investments. Therefore,onIy incremental OM&R costs,
in addition to some sys~improvement 'uivestments, were considered.

Planning period: The sunk cost question is related to the issue ofhow long investment-type costs
...«(o!JI.~r~.I~.3.~~~~~4_.~uipment) ..a.r~mc:Q~r~ into. the.. anaJysiso_Cost .estimation for.. !!

cost recovery policy was assumed a continuing process, envisioning a rolling fiv~year pllDDing
procedure. Thus, the· only costs for durable investments included were those which would be
included for the next five-year planning period. However, to derive cos~ of durable capital· in
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annual terms for the cost estimation and allocation exercises, the estimated initial costs of these
durables were annualized according to their expected service lifetimes over & 3O-Yelf planning
period.

Secondary economicbeMfits not included: only direct benefits (those experienced by water users)
were incorporated into the analysis. Secondary economic benefits, sucb as profits or value-added
to the agribusiness sector, were not measured nor included in the benefit estimates for the cost
allocation study. This follows current international agency procedures which recognize that
purported secondary benefits (value added) are actually, from the total society's perspective, costs
whicb must be paid to suppliers ofcapital and i,1bor. They are not therefore excess profits whicb
can pay for water system improvements.

Economic dJsbentjits ignored: "external" or "spillover" costs, which are actually damages or
disbenefits to third parties (e.g., water pollution damages), .often arise in coDDection with
municipal· water use, industries, and agriculture. They play an important role in environmental
management theory. However, they usually arise from diffuse sources, and assessing individual
or even sector respoD.'iibility through a water pollution tax is difficult on both technical and policy
grounds. Moreover, the study team encountered no instance of external costs assessed as specific
costs in any developing country. Hence, disbenefits were not considered. (One minor qualification
is warranted regarding drainage of irrigated lands. Drainage programs arise in response to
irrigation-induced externalities-waterlogging and salinization. In this study, they are charged to
irrigation.)

Constraints to Cost Recovery Mechanisms

The .main report contains a preliminary analysis of issues which could arise in connection with
selecting and implementing a cost reCovery program. Constraints to development of cost-sharing
programs are identified,.potential alternative mechanisms are listtd and evaluat~, and additional
steps required for implementation are suggested.

Constraints may include technical, economic, administrative, political, and social issues, among
others. A major tecbnical obstacle is the difficulty in measuring water deliveries; the irrigation
authority would encounter pi'oblerils in linking water charges to actual water receipts. (Because
the technology for water measurement is well-known, this obstacle might be identified as an
economic one, with the cost ofm~urementthe primary question.)

The farmers' attitude toward paying for water is a primary social constraint. Religious and
cultural considerations, to say nothing ofindividual self-interest, bring forth significant objections

, to cosHbaring by farmers. Another social obstacle is the problem of achieving sustained group
action among farmers along tertiary watercourses, brought about by conflicting interests among
-heact-enden and taiI-endersand by differenctl in social and economic status.

-The~or- economic-constraint is abllitYof~ to pay fo~wa.ter. F~r ~I holders or teDIUlt
famiersof limited wealth, any new charge will be challenged as a threat to their economic well-
being. .
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Potential Charging Mechanisms

Aconcern which must be addressed before selecting a charging mechanism is to identiry the goals
of a cost rec:overy policy. If the policy goal is merely to find a different way to collect more
revenues, then policymakers should select the simplest and most effective method which is
palatable to farmers and the Ministry. If cost recovery is only part of a broader program to
encourage economic efficiency, equity, and improved people management where the water
delivery system and the farmers interact, then policymakers should consider more oomplex
programs in which cost recovery is only one of many public purposes. This section assumes a
broad program, and views the definition of water rights for farmers and methods oferiforcement
of those rights as key questions in improved water management along mesqas and in farmers'
fields.

Two broad categories ofcharging instruments may be considered. The first focuses on land area
served, and may be based onjeddans of land irrigated annually or seasonally. Charging rates
might be varied according to farm size. A further refmement would be to vary charges by crops,
according to their water use. Flat land charges are relatively easy and inexpensive to adminisrer,
but fail to penalize those who do not make the best economic use of the water in irrigation
practices or choice of crops.

The other category would be some sort of volumetric charge. This approach requires both the
resources and the political will to measure the water used and to charge accordingly. While it
encourages economically efficient water use, and is fair in the :;ense that each user pays according
to what he draws from the system, the cost of measurement and revenue collection and the
adverse social attitudes toward water pricing represent significant drawbacks.

A combination of the two approaches might provide a suitable compromise. This could consist
of a flat area charge together with a watP.r rights or quota system emphasizing that farmers' water
rights are limited to their proportionate share of the country's scarce water entitlement. A special
additional land tax would recover the costs for this alternative. Each farmer's linlited water quota
would force careful, economical water use; From a broader policy perspective, policymakers
might consider a drastic program revision in which the Ministry of Public Works Water
Resources (MPWWR) is required to collect its own irrigation water revenues and only spend
those revenues needed for OM&R..This approach would encourage the authority to obtain high
levels of fanner contributions and streamline its own operational efficiency.

Implementation

Several steps are required for successful implementation. Legal and political actions are needed
to draw up specific legal provisions authorizing .cost recovery and to obtain parliamentary
approval. Management initiatives might be necessary to assure that water supply officials fulfill
th",.il' nhlicrlltinn "n. ftl'ovMincr Nott~. 'llllIt~. de!iu....' In tIli .. "ell.::..tI ....._W'!!!-__ '!!Ium• v.........lv "_",nDC....-au.....'.~"-_.-C--- · ···r· -0 --...- -..... . ¥ _p , - - ..•• . _ ~~-

upgraded maintenance program ifthey perceive that system performance will improve u a result.
Other steps include setting the exact rate to be recovered and the terms upon which it can be paid
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(cash or crops). A gradual phase-in would probably gain more acceptance than imposition of the
.entire cost recovery program in one year. Implementation of a long-term cost recovery program
should anticipate price inflation, and include arrangements to have cost recovery mechanisms
track changes in crop prices. Linking payment to a specified qumtity of a major crop (or the
equivalent cash value) has been the preferred solution in some countries.

Summary 01 Results

It should be reemphasized tha~ the Separable Cost-Remaining Benefit (SeRB) method, which
assigns separable or specific costs to the sector receiving the corresponding incremental benefits,
largely dictates the proportio~ of costs assigned to the various service sectors. Because most of
the beliefits derived from the incremental cost to systems' OM&R accrue to the irrigated
agriculture sector, the costs are mainly a1~,ocated to irrigation. This is particularly true under
Scenario 2.

The results of the cost estimation and cost allocation efforts are summarized in Tables ES-I and
ES-2..

The bottom line of Table ES-I shows the estimated joint costs for each of the four scenarios. For
Scenarios 1 and ~, which represent multipurpose system expenditures under recent GOARE
budget policies, the annual OM&R costs are estimated at Pounds Egyptian LESSS.O million.

In Scenario I, 83.1 percent of annual system OM&R joint costs are allocated to the irrigated
agriculture sector, while the next most siguificant costs, 7.6 percel~t are assigned to the River
Tourism and Recreation stctor. The remaining 9.3 percent of costs are charged to the other six
sectors. Scenario 3, which represents the addition of new new lands to Scenario I assumptions,
shows a decrease in the share to old agriculture, and a resultant increase in the other sectors.

Scenarios 2 and 4 reflect th(:~ estimated costs for providing an "adequate" level of OM&R
expenditures. The sum of the joint sy5tem COSts increase about 43 percent to LE791.7 million.
The charges allocated to agriculture in Scenarios 2 and ~ increase significantly. The charges
allocated to power·also increase due to the installation of generating facilities at Esna. The
percentage shares of the other sectors differ little from Scenarios I and 3.

Table ES-2 summarizes the average costs allocated to irrigated agriculture, first on a per feddan
basis and then per 1,000 cubic meters (m'). These are total costs including drainage.

Under current policies, the average cost to irrigated agriculture is about LE7S per feddan under
Scenario land LE73 per feddan under Scenario 3. The correspondini estimate under Scenario
2 is LEI09 per feddanper year, and under Scenuio 4 LEIOS per feddan per year.

The cost per unit ofwater under Scenario I is estimated at aboutl.EIO.7per 1,000~ and about
.....LEI0.3..under.ScenArio3•.This .oo!t.would rise to .a..hout LE1S.Sper 1,000.~.. under Sc=:ric&

2, and about LE14.8 under Scenario 4.

:.
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Table ES-l. Allocation of Annual OM&R Joint Costs to Beneficiary Sectors by Scenario (mil LFJYr).

BENEFICIARY Seen 1 Seen 1 Seen 2 Scen2 Seen 3 Seen 3 Seen 4 Seen 4
(milLE) (%) (milLE) (%) (mil LE) (%) (milLE) (%)

~.
Old Agriculture 461.3 83.1 624.0 18.8 444.8 80.1 595.2 75.2
NeW Agriculture 0.0 0.0 0.0 0.0 37.88 6.8 68.6 8.7
Rur:aI Water Supply 1.2 0.2 1.3 0.2 1.1 0.2 1.2 0.2
Navigation 27.0 4.9 36.6 4.6 21.3 3.8 28.8 3.6
Hydlro-Power 9.9 1.8 28.8 3.6 7.8 1.4 22.5 2.8
~und Transport 8.7 1.6 11.3 1.4 6.5 1.2 8.3 1.1
Rivt.1f Tourism & Rec. 41.9 7.6 81.4 10.3 31.7 5.7 60.6 7.7
FIShery 1.2 0.2 2.0 0.2 0.9 0.2 1.5 0.2
F!o<Jd Control 3.8 0.7 6.4 0.8 3.0 0.5 5.0 0.6

T01rAL 555.0 100.0 791.7 100.0 555.0 100.0 791.7 100.0

~
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Table ES-2 Average AMUal OM&R Costs Allocated to Existing Agriculture

SCENARIO COSTIFED COST/lOOO M' \'

1 75.22 10.66

2 109.17 15.47

3 72.72 10.30

4 104.81 14.85

This summary section has briefly described the motivation, objectives, procedures, and findings
of a major study to determine the appropriate share for the irrigation sector of the costs of
OM&R on Egypt'S Nile River water supply system. Costs were determined under recent and
current budget policy, and under a hypothetical "adequate" budgetary allocation. The study
required the combined effons of a large team ofengineers, economists. and computer specialists,
in addition to extensive cooperation from the MPWWR and USAID staffs over several months.

The findings suggest that the nationwide average annual OM&R expenditure, in December 1991
prices. allocatable for irrigation is about LE75 per feddan per year. This figure would rise to
about LEI09 per feddan under the "adequate" scenario (Scenario 2). The equivalent costs per
1,000 m3 are about LEU and LEI6, respectively. These main system costs to farmers seem
reasonable.

On a rough comparative basis, the costs under either scenario do not diverge much from
international standards for large, multipurpose water supply systems. Moreover, it appears from
our direct agricultural benefit studies that Egyptian farmers could pay most if not all of the
estimated costs once prices for their crops reach international market levels. In fact, the added
costs to farmers from full irrigation OM&R cost recovery would appear to be less than the added
income from the policy change permitting farmers to receive market prices.

Conclusions

The major conclusions and recommendations of the study team Me stated as follows:

I. The Nile River water delivery system in Egypt was divided into two major level& of
hierarchy: five regions and the main stem of the river, including the HAD complex
and the eight barrages below the dam. For the cost allocation process, joint works
within eacb ,level of hierarchy are associated with a'panlcular set of services. For
Sceilariosl and 3, all barrages on the main stem were treated as a single entity in the
cost allocation process. However, for Scenarios 2 and 4, it was necessary to treat the
Esna barrage as a separatellDitJ)eca~ofthe,addition ofhyd.roe1ec!!'ic g~~:ting

flCU"ld; at,tbe-newbalTlge. In a similar way, it was aecessary within the regions to

identify and 'treat separaitelythe navigable and non-navigable canals. For Scenarios 3
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and 4, the new new agricultural lands were treated as additional geographical units in
the cost allocation model. Although the system hierarchy outlined, met the
requirements of this study, with increased data additional spatial resolution could be
added if necessary.

2. In terms ofconstant prices, the annual expenditures for OM&R on tbe existing system
increased during the three water-short years of 1986-87 through 1988·89. However,
during the last two years of the period, actual expenditures decreased by about five

.percent per year. If this trend continues it will inevitably result in deterioration of the
system and loss of benefits.

3. In the present level ofO&M (Scenario I), personnel costs represent about 17 percent
of total costs. The study team ,consid-:rs these costs reasonable; they do not indicate
an excessively expensive bureaucratic structure. Although kabor efficiency could
doubtless be improved by some reductions or reallocation of the workforce, major
cost savings could not be achieved.

4. Average replacement costs in Scenario I are low. They should be increased to
adequately maintain the system.

5. Present maintenance costs are unusually high, indicating that parts of the system need
replacement. An increase in replacement costs will·produce a corresponding decrease
in maintenance costs.

6. The findings suggest that the nationwide average annual OM&R costs of the main
system allocatable to irrigation are about LE7S per feddan per year (in December
1991 prices). This figure would increase to about LEI09 per feddan under Scenario
2. The main system costs to fanners seem reasonable and are not overly expensive by
international standards. The equivalent costs per 1,000 m' are about LEI I and LEI6,
respectively.

7. The sensitivity studies indicated the relative sensitivities of the cost allocation results
to variations in the benefits, costs, and discount rate. Sensitivities to joint cost
estimates at various levels within. the system hierarchy also were examined. From
these results it is possible to identify points where emphasis should be placed in
refining cost and benefit estimates.

8. On a rough comparative basis, the costs under either Scenario 1 and 2 are not out of
line for large, multipurpose water supply systems. Moreover, it appears from our
direct agricultural benefit studies that Egyptian farmers could pay. most if not all of
the estimated costs once, prices for their crops reach international market levels. In
fact, the added costs to farmers of a policy requiring full irrigation OM&R cost
recovery would appear to be less than the added income from the policy change

.... permittinB.farmers .to .r~ive.!!!!!'ketprices.

=

=
9. The application of a cost allocation model to the Nile River system is more of a

continuing process than a definite conclusion. As insights are .ained from use of the
-
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modej, it will be possible to evaluate data and specifications in terms of continually
changing policies and social needs.

Recommendations

The findings of this report, which has required extensive research effort, could form the basis
of an economically sound cost recovery program for Egypt'S Nile River water supply system.
The report and the value of the cost allocation model applied in it should be understood by
GOARE officials and others influential in implementing a cost recovery program. In this regard,
it is recommended that a workshop be held :0 discuss "where do we go from here." The
workshop should not emphasize the technical details of cost allocation, but how the study results
might be used to structure and implement a successful cost recovery program.

A task which must be performed before selecting a charging mechanism is the identification of
goals that a cost recovery policy will satisfy. If the goal is merely to find a different way to
collect more revenues, dlen policymakers should select the simplest, most effective method
palatable to farmers and the Ministry. However, the cost recovery policy may be considered only
a part of a broader program to encourage economic efficiency, equity, and improved people
management at the point where the water delivery system and farmers interact. If this is the case,
policymakers should consider more complex policies in which cost recovery is one of many
public goals. This section takes the latter perspective, and assumes that the definition and methods
of enforcement of water rights for farmers are the key questaons in improved water management
along mesqas and in farmers' fields.

Two broad categories of charging instruments may be considered. The first focuses on land area
served, and may be based on feddans of land irrigated annually or seasonally. Charging rates
might be varied according to farm size. A variation would be to determine charges by crops,
according to their water use. Flat land charges are relatively easy and inexpensive to administer,
but fail to penalize those who do not make best economic use of the water in irrigation practices
or choice of crops.

The second category would be some sort of volumetric charge. This approach requires both the
resources and the political will to measure the water used and to charge accordingly. While it
encourages economically efficient water use, and is fair in the sense that each user pays according
to what he draws from the system, the cost of measurement and revenue collection and the
adverse social attitudes toward water pricing represent significant drawbacks.

A combination of the two approaches might provide a suitable compromise. This could ~nsist
ofa flat area charge together with a water rights or quota system emphasizing that fanners' water
rights are limited totlleir proportionate share of the country's scarce water entidement. A special
additional land tax would recover the costs for this alternative. Each farmer's limited water quota

.__ ._p_wouldJorceCl!'efu1~.~nomil'.AlwJrtI'!l'!!!e.F!'O!!!_abroll"-.po!icy.perap-t;ve, pc!!q.'m:kers
might .coDSider a drastic program revision in which the MPWWR is required to collect its own
.irrigationwater revenues and only spend those revenues needed for OM&R. This approach would
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encourage the authority to obmin high levels of farmer contributions and streamline its own
operational efficiency.

Several steps are required for successful implementation. Legal and political actions are needed
to draw up specific legal provisions authorizing cost recovery and to obtain Parliamentary
approval. Management initiatives might be necessary to assure that water supply officials fulfill
their obligation for providing better water delivery. Other steps include setting the exact rate to
be recovere<J and the terms upon which it can be paid (cash or crops}. A gradual phase-in would
probably be more acceptable than would imposition of the entire cost recovery· program in one
year. Implementation of a long-term cost recovery program should anticipate price inflation, and
include arrangements to have cost recovery mechanisms track changes in crop prices. Linking
payment to a specified quantity of a major crop (or the equivalent cash value) has been the
preferred solution in some countries.



Chapter 1

INTRODUCTION ,
\

1.1 Background

In spite of a harsh and unforgiving climate. human settlements have thrived in the lower reaches
of the Nile River basin. in what is now Egypt, for thousands of years. The area is recognized by
anthropologists as being one of the important "cradles of civilization". Yet. without the life
giving waters of the Nile. man could not long survive the dry. hot climate. The ancient Egyptians
worshipped the Nile and gave thanks to their gods when the summer floods came. They also
suffered much during the recurring periods of drought. The fact that the people of the Nile basin
have survived so long and that civilization has been so successful attests to their ingenuity in
managing the available land and water resources. Through this ingenuity they have met needs
ranging from irrigation to household 'Aater supplies and even transportation.

As the population in the basin increased and as the demands of society became ever more
complex and diverse. the requirements placed upon available water supplies continued to rise.
Water was needed to irrigate vast areas ofagricultural land. to generate electrical energy. to meet
the growing demands of expanding villages and cities. and to providr~ a reliable and inexpensive
means'of transportation. Huge canals were constructed to convey water to thirsty crops. pipelines
wereinstaJled to carry water for people and industry. and dams were built to regulate flows.
divert water, and generate electricity. Thus, the waters of the Nile which once flowed relatively
free to the sea are now captured. stored. and released in controlled quantities for a wide variety
of human uses. A huge complex of dams. canals. pipelines and other means of conveyance,
including the natural channels of the Nile River, now comprises one of the major river basin
development systems in the world.

The heart of the water resources development system of the Nile River in Egypt is the High
Aswan Dam (HAD). Built in the late 1960s, this dam annually traps and stores millions ofcubic
meters of runoff water in Lake Nasser. This water is then released in times of need to meet the
requirements of hydroelectric power generation, navigation, water supply. irrigation. recreation.
and water quality control. Barrages and pumps downstream from the HAD divert water to a
complex system of canals which carry it to farms and villages in an irrigated area with an extent
approaching seven million feddans. Many of the large canals also provide a means oftransporting
goods. supplies. and farm produce to and from various parts of the area. Lake Nasser and the

. Nile River channels below the HAD also support both pr,vate and commercial fishing.

As with all maD-:-made ~ystems. there b a cOntinuing need fur mamtenance and modernization.
Egypt now draws its full share of watt; from the generous Nile; it can continue to enlarge the
area irrigated only by using available· supplies with increasing efficiency. Continuous and

·c'_!deqnsat", nu,;"".,,on-is required f~r ~multipurpose HADr.self,. the·ihe·iiiVigiiiion iocks and
control gates of several barrages downstream of the HAD, pumping stations, canal outlet and
control works, can81 embankments, open drains, and the many outfall structures in the system.

I
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Weed control alone in the canals and drainage ditches is a major undertaking. For the system to
meet the many purposes which it serves, efficient operation and bigh levels of maintenance are,.
required.

As always, the waters of the Nile are available to anyone at no charge" However, the buge
system which coJlects, stores, and delivers these waters to users in the right quantities, to the
right locations, and at the right times is expensive. to maintain, manage, and operate. For
example, each year great quantities of weeds are removed from the canal banks and many worn
structures are replaced.

How are these costs of operation, maintenance, and rehabilitation (OM&R) met? (To date they
have been financed largely by the Government of the Arab Republic of Egypt (GOARE).) Are
they being recovered in whole or in part from the systeru beneficiarr "'::? To what extent are other
sectors of the economy helping to meet these costs? Sbould an explicit ~st recovery program be
established? What proportions of the total OM&R costs should be borne by the various
beneficiaries? This study was initiatl.'d to help answer some of these questions.

1.2 Concepts and Previous ResearclJ

Cost recovery can be defined as the process of directly or indirectly capturing some or all of the
revenue supplied by Government to provide the services of a project. In the past, GOARE bas
recovered some system costs through taxation of irrigators and by crop management and artificial
price controls for fann products. These practices, however, can seriously reduce farm production
incentives. Carr4Jthers and Clark (1981) stale that a cost recovery program for irrigation water
development projects has three important functions, namely, economic~ financial, and social. The
economic funetionis to ensure th,at resources (in this case water, land, and other related
production inputs) are efficiently used by charging beneficiaries a price equivalent to the value
that society places on the resources employed. The financial function is to cove. the costs of the
service provided. Finally, the social function is to foster the development ofone economic sector
(for example, the agricultural or farm sector) or region of the country by providing financial
resources from elsewhere in the economy. Policies which promote this third function tend to
mitigate dle economic principles of the fir.st two functions. Therefore the Government normally
abandons this function when it is deemed that sufficient development has occurred.

Svendsen (1991) states that the purpose of a charging system for cost recovery is not an end in
itself, but a way of achieving economic efficiency and equity within the national economy. He
cites Small et aI. (1986), who summarize the' usefulness of a charging system for direct cost
recovery from an irrigQtion development project as follows:

J. Irrigation efficiency is improved through:

a. more efficient operation and maintenance of the irrigation facilities; and

2. Other Government objectives are promoted by:

2
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a. improving irrigation investment decisions;

b. easing of the Gov~mment's direct financial burden; and

c. promoting increased equity in income distribution.

This study was undertaken to provide estimates of the OM&R costs for the Nile River system and
to investigate the implications of allocating these costs among the various beneficiaries of the
system. The analysis is limited to costs of the main system, defined as the Nile River structures
and the main and secondary canals, and excludes the "on-farm" portions (mesqas and below).
The study was conducted for eacb of four policy scenarios. Scenario 1 reflects the recent amd
current budget allocations for OM&R in Egypt. Scenario 2 reflects the costs of the system when
improved to an "adequate" level. Scenarios 3 and 4 incorporate planned reclamation of
undeveloped "new new lands" into each of the first two scenarios.

1.3 Objective

The broad objective of the study is to establish current and future cost requirements for operation,
maintenance, and rebabilitation of the main system irrigation and drainage facilities in Egypt, and
to explore various mechanisms to recover such costs from system beneficiaries. In the study, the
costs of some major in-place facilities, such as the High Aswan Dam and existing canals, are
treated as sunk costs. The justification is that through adequate maintenance these structures will
continue to function for very long periods of time. Therefore, the capital costs for these structures
are not included in the analysis.

1.4 Scope of Work

The following is the scope of work as originally designated:

1. Description of the Nile system in terms of function, operation, capacity, users, and
indirect beneficiaries of the various components.

2. Classification of the irrigation system into levels of hierarchy· that lend themself to
pbased development of cost-sbaring programs from HAD to the field.

3. Collection of cost data for the major irrigation and drainage structures on '(he Nile
River and main canals and drains.

4. Evaluation of the irrigation system's recurrent operation, maintenance, and
rehabilitation (OM&R) cost budgets. Examination of the adequacy of OM&R
procedures and budgets to sustain the system, per level ofhierarcby. Determination
of the gap between recurrent OM&R budgets and the funds required to operate,
m.mtain, and rehabilitate the system at an·adequate preventive maintenance level.

... .5~ Allocation ofthe-costofmultipllrpOseSttuetUres amOng various water use sectors, per
level of hierarchy.
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6. J\U\>Cation of the irrigation and drainage costs among direct (farmers) and secondary
bt.:;·Aiciaries (agri-business) of irrigation water, per level of hierarchy.

7. Identification of constraints to development of cost-sharing programs at the various
hierarchicalleveb ~fthe irrigation system. Suggest appropriate charging mechanisms
and additional ste .,s required for implementation.

1.5 Study 'ream Composition

The study was funded by USAID through the Irrigation Support Project for Asia and the Near
East (lSPAN). Peter Reiss, Technical Director of ISPAN, served as Project Coordinator.

In Egypt, the study team was led by the Egyptian consulting engineering firm of Elassiouti and
Associates, with the principal being Ibrahim Elassiouti, Hydraulic Engineer. 'Ibis firm acquired
the services "i fo·". senior engineers, six staff engineers, a water resources economist to
undertake the project, five ISP \N consultants, and a support team.

Senior Engineers:

• Mohamed Mohamedein, formerly First Undersecretary and Chairman of the Nile
River Joint Commission-Senior Water Resources Planner.

• Yehia Sobhi, formerly with the Water Resources PJanning Group,
MPWWR-Financial Analyst.

• Sarwat Fahmy, formerly First Undersecrettay and O1airman of EPADP-Senior
Irrigation Engineer.

• Ahmed Mazen, formerly First Undersecretary and Head \if Irrigation
Department - Senior Irrigation Advisor.

Staff Engineers (CaitO University):

• Abdalla Bazaraa

• Ahmed Samy

• Mohamed Morsi

• Magdy Sale.h

II Mohamed Elsherbini

• Ahmed Abul-Azm

I



Water. Resources Economist:

• Raouf Khouzam. American University in Cairo,

Five Foreign Consultants (engaged by ISPAN):

• William GreMey-Engineer (water resources and environmental systems
modeling)

• Parviz Hekmat-Engineer (cost estimation)

• Fletcher Riggs-Water Resources Economist (economics and instimtions)

• Paul R,iley-Engineer (water systems plBMing and management, cost allocation)

• Robert Young-Water Resource Economist (cost allocation and instimtions)

Support Team:

• May Waly

• Ayman EI-Degwey
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Chapter 2

OVERVIEW OF THE NILE SYSTEM IN EGYPT ~

2.1 Introduction

The Nile River basin in Egypt receives essentially no rainfall. Thus, the basin depends almost
entirely upon the river to provide water for diverse requirements, including irrigation,
hydroelectric energy generation, inland navigation, rural and municipal water supplies, industrial
supplies, recreation and tourism, and aquaculture for fish production. The river provides surface
supplies and recharges groundwater aquifers which are pumped for many waes. From its $ource
at Lake Plateau on the equator, the Nile River flows northward for a total distance of about 6,700
kIn. It flows· across Egypt for more than 1,000 kIn before entering the Mediterranean Sea.
Additional information on the Nile River system in Egypt is found in Appendix A.

2.2 System Description

The Nile River s3'stem is classified in this study according to the following hierarchy:

1. The High Aswan Dam (HAD) and the Old Aswan Dam;

2. The Nile River main channels, including barrages and pumps located on the main
stem;

3. The main canals, open drains, pump stations, and associated structures within each
directorate; and

4. Other canals and associated structures within each directorate.

2.2.1 High Aswan Dam (HAD)

..:

The completion of the High Aswan Dam (HAD) in 1968 is the most recent major component of
the system. The enormous storage in the reservoir formed by HAD (total storage 162 billion ni,
operational storage 90 billion m')is sufficient to make Egypt virtually independent of variations
in the annual Nile flood. After nearly 7,000 years during which EgyptiBd farmers regularly
suffered from the effects of annual.droughts or floods, the impact of the dam on Egyptian
agriculture was nothing less than revolutionary. It brought immense benefits from increased
irrigation areas, greater crop intensities, and higher yields.
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2.2.2 Main Channel and Barrages

Water delivery to the irrigated lands is based mainly on an extensive canal network. Water is
supplied to the canals by several pumping stations and eight diversion barrages situated on the
Nile River below the HAD Complex. The barrages are as follows:

• The Esna, Nag Hammadi, and Assuit barrages in the Nile valley :-

• The two Delta barrages at the bifurcation of the Damietta and Rosetta branches of the
Nile;

• The Zifta and Faraskour barrages on the lower reaches of the Damietta branch, and
the Edfina barrage near the outlet of the Rosetta branch.

These eight barrages provide water fol' about 80 percent of the irrigated area. The Faraskour and
the Edlina barrag~ serve primarily as salinity intrusion barriers. The remaining 20 percent of
the water is pumped directly from the Nile. There are at present approximately 670 irrigation
pumping stations, of which about 400 are considered main pumping stations.

The pumping stations and barrages also serve navigation and rural water supply demands. Rural
water supply includes water deliveries, both directly from the canals and from shallow
groundwater aquifers recharged by the system, to individual residences, small villages, and towns
within the irrigated regions, and specific industries not supplied directly from the river.

Hydropower is generated at the HAD and at the Old Aswan Dam. In the Io-year period 1980-81
to 1989-90, the average annual total quantity ofelectrical energy generated at these locations was
9.S x 109 Kwh, with approximately one-third of this total from the Old Aswan Dam and the
remainder from the HAD. The new Esna barrage which is currently under construction is being
equipped With hydroelectric generators.

As shown in Table 2.1·, the irrigation system is divided geographically into five regions: Upper
Egypt, Middle Egypt, East Delta, Middle Delta, and West Delta. The Delta regions are situated
in what is known·as Lower Egypt. Except for the Fayoum area, the irrigated lands in Upper and
Middle Egypt extend along both banks of the river. East Delta lands extend between the Damietta
branch and the Suez Canal. Middle Delta lands extend between the two Nile branches. West
Delta lands extend from the Rosetta branch to the western desert, where most newly reclaimed
lands exist.

The basic administrative unit of the irrigation system is the directorate. Each directorate is
responsible for th~ operation, maintenance, and rehabilitation of the irrigati04 system within its
boundaries. At present there are 22 directorates within the existing irrigation system. The DalDes
of the directorates within each region &rent"Table 2~1.· ... .

2.2.3 Irrigation System
=-

• Tables and figures appear at the end of the chapter.
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2.2.3.1 Irrigation Canals

Between the HAD and the Mediterranean, barrages divide the Nile River channel 'lnto seven
reaches (see Figure 2.1). All irrigation water diverted in the first reach of the river between the
Old Aswan Dam and the Esna barrage is pumped. Pumping also occurs in some other reaches
of the river. From the main canals (see Figure 2.2), the water flows consecutively through lower
order canals until it reaches the mesqas (distributionditches to individual farmers), and eventually
the on-farm ditches, or marwas. All canals upstream of the mesqas are part.of the main system.
The mesqas and marwas are owned, operated, and maintained by the farmers.

Table 2.2 shows the length of irrigation canals within each region clas:;.ified in terms of channel
bed width. The canals are equipped with many types of structures, including control, outlet, and
transition works, flow regulators, tail-water escapes, weirs, and crossing structures (culverts,
bridges, siphons, and aqueducts). The canal system within each directorate serves several
purposes, including irrigation, navigation, and rural water supply.

2.2.3.2 Pump Stations

=1

Pumps serve both irrigation and drainage needs. At present the system has about 400 main
irrigation pump stations and about 100 drainage pump stations. The area served by a single
station ranges between less than 100 feddans for irrigation to more than 100,000 feddans for
drainage. Average discharge rates are about 6.5 cubic meters per second (m'/sec) for irrigation
and 20 m'/sec for drainage. The range of pumping rates for drainage stations is less than 0.5
m'/sec to a maximum of 75 m'/sec.

2.2.4 Drainage System

The drainage works consists primarily of open drains, although the· use of buried tile drains is
increasing. The system is managed by a total of 5 central administrations, which are divided into
27 drainage directorates. It is noted that the drainage directorates are separate from the irrigation
directorates. For this study, the entire drainage system is treated as a single component of the
irrigation system. The rationale is that the drainage system can be regarded as responding to a
collect~ve problem, rather than serving the needs of specific directorates or individual farmers.
In· addition, detailed data on the drainage works is unavailable.· However, ageneral description
of the network of open drains, in terms of drain length as a function of bed width, is in Table
2.2. Drain terminal points are at the fonowing locations:

• ·lrrigatioD canals (through mixing pumping stations)

• Nile River, including the two Delta branches

.• Closed lakes (Lake KarouD and Wadi Rayan)

• Coastal lakes (Mariout, Manzala, and others)

9
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• Mediterranean Sea

• Suez Canal

2.3 Administering the NUe System

The Ministry of Public Works and Water Resources (MPWWR) administers the Nile system and
its irrigation and drainage sbUctures. The Ministry schedules water releases from HAD, approves
diversions from the system, and has the authority to implement national water quality legislation.

The MPWWR is directly responsible for the operation and maintenance of all public irrigation
canals through its Irrigation Department (ID), and open drains through the Egyptian Public
Authority for Drainage Projects (EPADP). The Weed Research Institute, which operates under
the Water Research Center (WRC), provides technical support to both these agencies in weed
control. Mesqa maintenance is the responsibility of farmers, who may undertake the work
themselves, employ private contractors, or request the MPWWR to maintain the mesqas at their

. own expense. Where mesqa maintenance is unsatisfactory, the MPWWR has legal authority to
perform the work at farmer expense. A brief description of the organizational structure of the
Ministry and of the fum:tion of each of its units is in Appendix A. Appendix A also briefly
discusses other ministries whose work relates to the Nile River system and their roles in fostering
effective, multipurpose use of this resource.

2.4 Potential for Improving Performance in the Existing Irrigation System

The structural and administrative management system for water delivery from the Nile River is
performing in a reasonably satisfactory fashion. There are only occasional reports that irrigated
areas fail to receive expected water supplies due to problems with either structures or
management.

However, most structural components in the system have been in place for many years, and some
are beginning to deteriorate significantly. Many structures could well use improved technologies
or designs. Moreover, budget limits in recent years have resulted in inadequate structure
maintenance and replacement schedules.

Because this situation provides the justification for an enhanced OM&R program, the remainder
of this section treats these issues in greater detail.

10
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2.4.1 Operation

Although the HAD fully controls the flow of the Nile River, there is limited control over water
distribution in the system. In many instances, main and secondary canal components which are
required to serve areas of 10,000 feddans or larger operate without any effective control below
the outlet. As a consequence, the taiJ-end of the command· areas and some mesqas experience
shortages of irrigation water. Waste and direct losses from canals in other parts of the system are
substantial.

The principal canais.operate continuously, while rotation is practiced at the command area level.
Regulators are operated in accordance with the rotation schedule. In most cases, regulation is
based on maintaining constant water levels downstream of regulators, with no specific control or
flow measurement. Determination of levels is primarily based on experience. The flow· is
continuous during the rotation periods. In the three regions of lower Egypt, the system is ruo 00

an "on demand" basis, with farmers able to withdraw water at will, although there is some
informal scheduling among the fanners during water shortages. Most farmers irrigate during the
daylight hours only, even though the canals flow throughout the night.

The present irrigation system operates wen when water supply is plentiful. However, it is
vulnerable to major water shortages. The possibility that water shortages will occur in the future
underscores the need to modernize the irrigation and drainage systems to ensure equitable and
efficient water use.

2.4.2 Maintenance

Aquatic weeds are the most serious problem in irrigation and drainage channels, causing
significant capacity losses. The types of aquatic weeds that grow in the channels are submersed,
emersed, and mixed weeds. Floating weeds (mostly water hyacinth) are a major problem in the
NUe River. They enter the irrigation system and major.drains through the canal intakes at
barrages.

The construction of HAD has greatly reduced the sediment load in the water below the dam and
thus has reduced sediment deposits in the canals. However, the resultingincreasedpeoetration
of water by sunlight has caused weeds to grow significantly in both canals and drains.
Accordingly, maintenance requirements have shifted froin sUt removal to control ofdownstream
weed propagation. .

However, a traditional maintenance program oriented toward largHCaJe excavation ..,f silt
continued for sometime after the construction of HAD and before iDtroduetion of an integrated
chemical/mechanical cbaJinel maintenance program. Through the prolonged practice oftraditional
maintenance, the backlo; of pre-Aswan sUt deposits in the canals was removed. A continuation

- . nf fhi""-.crt'tII"'. 1ft· h...", ...:...••, :-··v-.:;:;;'~iWiry·~i."-D·· OinA .. _IJlrlFf!lnent···or" ·canai·'.,---, _ ~ _ -==~·-r.:.U'o--"·_" -SW"""'~"'O awoulauu au..... ....v y wau--o-

sections. Over-eXcavation of channels reduces water flow ve!ocitylmdcreates conditions for
increased aquatic weied growth,. .
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Channel maintenance is generally carried out by the Irrigation Sector (IS) and the EPADP
through contracts with four Public Excavation Companies (PECs). Until recently, m(lictenance
of irrigation canals and drains was performed by a combination of mechanical weeCI mowing,
chemical treatment, and desilting activities. However, the use of chemicals was banned by the
Government in December 1990. At present, a new strategy based on the use of mechanical
mowing is being formulated for future maintenance.

Weed control based exclusively on mechanical removal ofbiomass would be expensive and would
require a large amount of specialized equipment with mowing attachments. In addition,
implementation of such a program would require ;. ',lprovement and/or construction of a service
road network that would allow transport and operation of the mowing equipment.

The majority of pump stations in Egypt are more than 20 years old and therefore require frequent
repairs and overhauls. Shortage ofspare parts is a major constrainton maintenance. The shortage
is partly due to the limited foreign exchange allocation for imports, and partly to the diverse mix
of makes and standards of equipment. The need for spare parts is progressively increasing as the
age of the pumps and engines rise. The unavailability of standby units in most pumping stations
creates, two further difficulties. First, the dependability of the water supply from the pumps has
been reduced. Second, the old existing pumps have to run more hours, causing more breakdowns
and further increasing the need for repairs and spare parts.

2.4.3 Replacement

The present system includes a wide range of structures from HAD to small irrigation intakes. In
the past, budgetary and other constraints have prevented adequate maintenance of many of these
structure::'p dthough the HAD, major barrages, and large structures have received a relatively
high degree of maintenance and are in good to fair condition. However, inadequate mailitenance
has resulted in the deterioration of many other structures to the degree that they must be replaced.
Under the Structural Replacement Component of the Irrigation Management Sy~~ms Project,
more than 16,000 small and medium structures for irrigation canals of up to 30 rtl/sec capacity
have been replaced. Work is currently underway to replace the backlog of many deteriorated
small and medium structures. Very few large structures have been replaced.

2.4.4 Implications

This situation presents Egypt with a pressing need to improve the operating effectiveness of its
irrigation system. In the absence ofenhanced OM&R programs,the country's important farm
sector· cannot achieve its full potential for productivity. A worst-case scenario might be the
possible failure of significant system components, with associated losses to crop production. In

...J).~!~J~._~~~~~i~~~.~~~r.~~.m~t..UIIlb.er: o.f.-egulatorsandtumoumonthe lower b!'!n,.h,.s
of the system will pay dividends .in 'increased water to taiI-end farmers and, ICCOrdingly,
increased production. Repairs and rehabilitation of larger structures wlll reduce the risk offailure
of components throughout the system.
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- Table 2.1 lnigation Directorates within the Five Regions of the Nile System-

Region Directorates II

Upper Egypt Aswan

Kena

Souhag

Middle Egypt Assuit

El Minnia
-

Beni Suef-=
=
-

El Fayoum

Giza

East Delta El Kalubia

- El Ismailia
--

Bl Sharkia and Bl Salhia
-

E. Bl Dakahlia-
-::

.... Middle Delta Bl Menurm

Bl Gharbia

Kafr E1 Sheikh

W. El Dakahlia

~--- West Delta El Behera and W. El Behera-

Behera

El Nobaria and El Nasr
~..

IS
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Table 2.2 Approximate Canal and Open Drain Lengths (KIn) by Region

Region Function. Bed Width (m) Total

<2 2-5 5-10 >IONonNav > 10Nav

U'pper Egypt Canals 1992 3281 550 350 - 6173
Open Drains 709 676 252 - - 1637

Middle Egypt C8.nals 3802 2638 727 214 57 7438

- Open Drains 2908 535 288 159 - 38900\ .
Bast Delta Canals 2499 3161 930 372 291 7253

Open Drains 1301 1995 338 290 115 4039

Middle Delta Canals 1766 2226 863 197 457 5509
Open Drains 2656 1130 313 139 54 4283

West Delta Canals 1348 1312 308 173 249 3390
Open Drains 1063 1415 266 93 - 2837

Tota~ Canals 11407 12618 3378 1306 1054 29763

Open Drains 8637 5751 1457 672 169 16686
..
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Chapter 3

STUDY APPROACH

3.1 Introduction

The study plan involved three concurrent activities which are described in this section of the
report. The activities are: 1) development of a cost allocation methodology; 2) estimation of
project costs; and 3) ~timation of project benefits. Application of the methodology t9 the Nile
River system and the results of the study are described in subsequent sections of this report.

The first step was to clearly define the questions that need to be answered in developing a cost
allocation methodology. Four scenarios were formulated. Scenario 1provides the base conditions
against which others are compared. It includes current levels of costs and benefits. Scenario 2
presents a situation where OM&R costs are increased from the present level to an "adequate"
level. Benefits are increased by the incremental amount that would be expected from the operation
of an improved system. Scenario 3 is an extension of Scenario 1. It includes the expansion of
irrigation into currently undeveloped (new new) lands. Costs and benefits for Scenario 3 are
based on current levels of expenditures. Scenario 4 modifies Scenario 2 to include the new new
lands.

The second step was to evaluate, select, and implement a cost allocation procedure. The purpose
of the procedure is to allocate the project costs equitably lliZ'ong the project USf',s. These uses
include: irrigated agriculture, rural water supply, navigation, flood control, commercial fishing,
hydropower, river tourism, and river crossings for ground tr&'Sportation. In addition, the costs
to irrigated agriculture, rural water supply, and navigation are distributed among five
geographical regions. The Adjusted Separable Cost Remaining Benefit (ASCRB) was selected for
the cost allocation. To apply the ASCRB, costs must be estimated for the system services and
benefits must be estimated for each· system use.

An extensive effort was devoted to collecting cost data and estimating the incremental costs
associated with enhancement of the current OM&R programs. Costs were summarized in three
separate categories: capital costs for replacement and rehabilitation, non-personnel costs for
OM&R, and personnel costs. These costs were further classified as specific costs (costs associated
solely for a single use, such as power transmission lines) and joint costs (costs associated with
more than a single use, such as the HAD). For reasons described later in this section, historical
capital costs for the existing physical infrastructure were considered to be sunk costs; these costs
were not included in the costs allocated to the various users.

The third step was to estimate benefits derived from both the existing level of OM&R and for
the incremental increase that could be expected to accompany an elevated level of OM&R.
~.e.~e.fi~!,e~~Jlttril:luted to each user (beneficiary) of the system. Se'....er:!.:pproacllcs for
calculating benefits are available. The best approach to use in a particular instance depends upon
the type of benefit involved. Methods used to estimate benefits for each use are described in this
section.
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3.2 Description of Study Scenarios

3.%.1 Scenario 1

This scenario is defined as the present system, which supplies water to the old lands and the
recently developed new lands (designated as the old new lands). Existing levels of OM&R inputs
are assumed. This scenario raises the problem of identifying the incremental benefits associated
with the present project. In other words, what benefits would be expected in the absence of the
system? The issue is complicated by the fact that water resource development along the Nile
River has occurred over a very long period of time (see Annex II). The study team decided to
assume as sunk costs the capital costs for the construction ofHAD and all the canals. The capitBl
costs for these facilities were, in effect, excluded frail) the costs of the present system. It was
further assumed that without a regular operating and maintenance program for these facilities,
the entire system would eventually fail and cease to provide benefits. However, there are
associated benefits under a program which provides a certain level of operation and maintenance
inputs. Thus, it is assumed that, under Scenario 1, the current estimated annual OM&R costs
correspond with the current annual benefits provided by the system.

The basis for the sunk cost Wlsumption is that with appropriate maintenance, HAD and the canals
will perform satisfactorily for a very long time. For example, the "dead" storage at HAD was
designed to provide for silt accumulation over a period of 500 years. Obviously, at a certain time
in the past, society paid a price for these structures. It is difficult to justify assessing the present
generation for replacement costs of structures which likely will not need replacement until an
indefmite time far in the future. Indeed, it is impossible to predict whether eventual replacement
will be needed or will even be feasible. Thus, the study only assumed OM&R costs for these
structures. The costs of the main stem diversion barrages also are assumed to be sunk. However,
as these structures are replaced, as in the case of the Esna barrage, capital charges (R) are
assumed from the time of replacement over a project life of 30 years and at a 12 percent discount
rate. A capital (or replacement) charge is levied against all other physical works in the system,
including pumps, flow control structures, and tumouts.

3.%.2 Scenario %

This scenario involves a preventive maintenance program under which OM&R inputs are
increased from the present level to an adequate level. Total joint costs and benefits are used, i.e.,
present· levels plus the estimated incremental values of an adequate maintenance program.
Agriculture is the primary. beneficiary from the incremental inputs, although. there is a slight
increase in hydropower benefits resulting from the construction of the new Esna barrage. There
is also some increase in navigation benefits because of the improved lock facilities at the Esna
barrage. These increased benefits for agriculture, hydropower, and navigation are included in the
cost allocation analysis for Scenario 2.

Because this study involves only the main water delivery system (the mesqa distribution ditches
and the on-farm ditches are excluded), increased agricultural benefits result from increases in
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mSlin system OM&R inputs. Thus, improved or replaced mesqas are not assume<1. Increases in
crop yields are assumed because of improved water delivery to the mesqas.

Crop yields for this.sce,nario are taken from the results of the Irrigation Improvement Program
(lIP) studies. In these studies, attainable yields under improved water management were estimated
from observed yields in areas where water management was known to be good. For this: study,
it was assumed that good water management is now being achieved on about one-third of the total
irrigated area. Thus, increased yield estimates from the liP studies were applied uniformly to the
remaining two-thirds of the irrigated area. To identify the increased benefits which might result
from the adequate maintenance program of Scenario 2, no change in current agriculture cropping
patterns was assumed.

The lIP studies assume significant improvements in the water delivery system at hoth the level
of the mesqas and in the main system upstream from the mesqas. System improvements upstream
involve the installation of additional flow control structures, channel improvements, and some
night ~torage. These costs Ute included in Scenario 2 because increased water control within the
main delivery system is directly linked to increased crop yields. For this reason, a schedule for
implementing the system improvements was assumed, with the investments occurring over a 30
year period. However, because these costs represent only a small fraction (less than 10 percent)
of the other incremental· costs input to the system, agricultural benefits were not assumed to be
linked to this investment schedule.

It might be argued that lIP main system costs, such as existing turnouts and other control
structures in the canals, are actually specific to agriculture. It also might be argued that without
the agricultural use the canals would not even exist. In any case, to be consistent with our
treatment of existing in-eanal works, the liP costs are spread over other canal system facilities.
They are allocated among system uses which, for the part of the system within regions, includes
agriculture, rural water supply, and some navigation.

The costs of mesqa changes are borne by the individual farmers served and thus would enter the
calculations of on-farm net benefits. However, as· previously mentioned, for this study mesqa
improvements are not included. It might be argued that some of the increased yields claimed for
the preventive maintenance program ofthis study should be attributed to the mesqa improvements
of the lIP studies. However, on a systemwide basis, some or all of these lIP changes. are not
needed. In addition, individual farmers are increasingly using diesel-powered pumps to draw
waterfroni subsurface and/or surface sources (mesqas or drains) on or adjacent to their farms.
Pumped weUswillldraw from the shallow aquifer which is, of course, recharged by the main
distribution syster,n. Through these practices, farmers can increase crop yields in the. absence of
mesqa improveme:nts, providing there is adequate water delivery by the main system.

.. ' Current on-farm iJrigation costs, including pumping, are included in the estimation ofagricultural
•. ..• benefits..Other costs for this scenario bivalve mechanical weed control, a coordinated program

ofcanal dredging, and regular replacem~lntof turnouts and adler water ~ntrol structures•.These ,
costS'-aie'disCUis~nii sections '3.4 and Appmdixes Cand-D or"this report, and benefits are
furtherdiscnssed ira Section 3.5 and Appendixes Band F.

19

--



..

3.2.3 Scenario 3

This scenario modifies the Scenario 1system to enable delivery of water to new lands which are
proposed for irrigation development. Because these new lands are not yet reclaimed, they are
referred to as new new lands to distinguish them from the new lands which have been brought
under. irrigation since the 1950s (old new lands). Modifications include enlarged pumping and
conveyance works, as needed. The'se costs are assigned as specific costs. Agriculture is assumed
to be the only beneficiary of the c!evelopment. Existing system joint costs involve canals, pumps,
barrages, &lid HAD. Because the new new lands share in the costs of the existing system, costs
for current users (Scenario 1 costs) are reduced. The portion of the costs of the existing system
(Scenario 1) which should be borne by the new new lands as water delivery charges also are
identified.

3.2.4 Scenario 4

This scenario modifies the Scenario 2 system to deliver water to new new lands which are
currently proposed for irrigation development. In effect, this scenario is Scenario 3 under an
adequate maintenance program. Like Scenario 3, it does not address the costs of the system
modification or new land reclamation (both of which are specific to the new agriculture), but does
identify the share of existing system costs which should be borne by the new new lands.

3.3 Cost AllOOItion Methodology

3.3.1 Alternative Proc:edures for Cost Allocation

A description of standard cost allocation criteria and procedures as applied to water resources
projects is discussed at some length in Appendix B. This section summarizes these procedures.
The problem of cost allocation arises in multipurpose projects because some costs cannot be
easily identified with specific project purposes. Some costs are joint, i.e., a single element serves
more than one purpose. An example is a dam which serves all project activities. Some way·must
be found, therefore, to allocate these costs among project purposes. A certain arbitrariness
accompanies. all cost allocation procedures, but several methods have been developed which for
the most part address the problem.

The allocation of costs in a multipurpose project is important because it provides the basis for
setting the prices or charges for project services. Price is significant for two reasons. First, it
provides signals to beneficiaries on the scarcity of'the service, and influences the economic
efficiency on the use of project output. Second, the price controls how financing is raised and,
.consequently, how costs are distributed among beneficiaries, thereby affecting the distribution of
income.

A- distinction· is made between cost allocation and costsbaring. Cost aiiocation refers to the
largely technical process of dividing the total.cost of a project among beneficiaries. Cost-sharing
refers to the mainly political division oCcosts among beneficiaries (including the government),
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thus administratively establishing the relative amounts paid by the beneficiaries. The amount'
raised from beneficiaries is usually called the cost recovery. It is noted that cost ,allocation
technicians normally prefer to concentrate on their technical task and to let the political process
determine the eventual cost sharing and cost recovery procedures. This report is concerned with
cost allocation.

As indicated in Appendix B, there are numerous possible methods for a1locQting the joint costs
of water resources projects. These methods differ primarily on two considerations or dimensions.
One dimension is the measurable unit on which costs are allocated, which can be either.physical
or economic. This measure is sometimes termed the allocation vehicle. The second dimension is
the amount ofcost to be allocated, which can consist ofeither total or only non-separable or joint
costs.

Two broad approaches to cost allocation have received the most attention. The first is the Use
of Facilities (UoF) or Proportionate Use of Capacity method. The UoF method adopts as its
allocation vehicle a physical measure, such as reservoir capacity designated to a purpose, or the
average annual amount of water diverted for the purpose. The UoF approach has most often been
applied to total costs, although it has sometimes been used to allocate joint costs.

The second approach employs as its allocation vehicle some monetary measure of economic
benefit. This measure may either be net benefit, least cost alternative, or the smaller of the two,
which is often termed the justifiable cost. On the amount to be allocated, this approach usually
selects joint costs. The most frequently used version of this approach is the Separable Cost
Remaining Benefits (SCRB) method. In its recommended version, SCRB allocates joint costs
proportionately to the smaller of net benefit or alternative cost. An important modification of this
approach is the Adjusted Separable Costs-Remaining Benefits (ASCRB) procedure (see Appendix
B).

There are also several highly sophisticated, theoretical approaches to cost allocation, based on
the theory of games. The results of these studies have refined understanding of relevant issues,
and have further specified the strengths and limitations of the various approaches. However, data
and resource limitations prevented any applications of this nature in the present project.

3.3.2 Seledion of Cost Alloaadon Procedure for Nile System

Gittinger (1982) recommends several guidelines for the cost allocation process to achieve
'economic efficiency and ~aity. Economic efficiency refers to the ratio of the :value of outputs
and the value of inputs, while equity refers to fairness in the distribution of total project' costs
among all 'users served by a multiple-purpose development. These criteria are' summarized as
follows:

1. lbealloeation to any purpose.sbould.l1o.~~Ies.stIJ~ ~~ i,ncrelD~lltal cost of including
. diat purpose' iii 'the plan. This incremental cost is usually called the separable cost.

1bis criterion assures that no purpose' is subsidized by another purpose.
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2. No project purpose should be assigned .a cost greater than the value of its justifiable
cost. The justifiable cost can be measured either as the measure of its bene(its, or the
least-eost single-purpose alternative project for supplying the purpose, whichever is
less. The least-eost alternative is incorporated: it would be inequitable to allocate to
specific beneficiaries a cost greater than what they would incur without cooperating
in a multipurpose scheme.

3. It is evident that the sum of cost allocations to purposes should equal total project
costs.

4. The simplicity and workability of the procedure, although not critical factors, are also
important. The chosen procedure must be accomplished within available resources.
It should be simple enough to explain readily to representatives of beneficiary groups.

The UoF procedure has been criticized because it can violate either or both the first or second
criteria. It may allocate costs to a purpose in excess of its net benefits andlor different from its
separable or direct costs, thereby inadequately serving the cost-sharing goals of equity and
economic efficiency. The UoF method also exhibits a certain arbitrariness in selecting a unit of
measure. This shortcoming arises particularly when applied to non-eonsumptive purposes such
as hydropower, navigation, or recreation. This procedure's advantage of simplicity and ease of
application is outweighed by the possibility of inequitable, inefficient, or arbitrary results.

The SCRB approach, in contrast, was designed to avoid the problems of the UoF. It emphasizes
the assignment of separable costs to their respective purposes (criterion 1), and assures that total
assigned costs (separable plus allocated non-separable) do not exceed economic benefits (criterion
2). In the current study, the only system structure for which there are clearly identifiable
separable costs is the HAD. Without separable costs, both the SCRB and the adjusted SCRB
procedures simplify to the use of the justifiable cost proportions of the total project costs for each
use sector. However, the procedure does not penalize sectors which earn benefits in excess of
single-purpose alternative costs, as is the case for allocation on the basis of net benefits. Users
are in no case penalized for participating in a multiple-purpose project.

The SCRB and ASCRB procedures may not be as simple to apply as the UoF method, but they
adhere to the two principal objectives of cost allocation: economic efficiency and equity.

An equitable cost allocation fairly distributes among all project users the savings from multiple
purpose as compared to single-purpose development. It is noted that for nearly 40 years the U.S.
Government has required use of the SCRB .procedure for its water resources development
projects. J.P. Gittinger of the World Bank recommends the SCRB method (including ASCRB)
for cost allocation for water projects in his text, Economic AppraisalofAgriculturalProjects. For
these reasons, the decision was made to apply the ASCRB procedure in this study.
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3.3.3 Definition or Project Costs and Benefits

Figure 3.1 depicts the cost allocation process for a project with three service sectors: irrigated
agriculture, hydropower, and navigation. The project cost at the top of the figure is distributed
among the service sectors at the bottom of the figure. The project cost is the cost of well-defined
infrastructure. It includes the investment costs of physical works, operation and maintenance,
rehabilitation, and management. A large water storage and delivery system may be composed of
many projects, and the overall system may be disaggregated into a set of well-defined
subsystems. To allocate costs among service sectors for the entire system, the cost allocation
process may be applied to each project in the system, with the costs accumulated.

The project cost is divided into common works costs and specific costs. The term common works
refers to the project infrastructure needed to create and operate two or more service sectors. It
normally is a complex combination of structural and equipment components that are
interdependent (that is, they depend upon each other to provide full functionality of the project
infrastructure for all its service sectors). HAD is an obvious example of common works.

Specific cost refers to the cost for a facility that has the following characteristics:

• Its costs are identifiable and are included in the project cost.

• It functions e.,~clusively for a single service sector.

• Other service sectors in the project would function as intended if this facility were
absent.

An example of a specific cost is the electrical transmission line carrying power from a dam to
the distribution system. Specific costs are assigned directly to the appropriate service sector, as
indicated by the dashed lines in Figure 3.1.

The common works are divided into separable costs and joint costs. Aseparable cost is something
which is "part" of the common works, but can be associated with a single service sector. There
are two types of separable costs: separable cost of the common works and imputed costs.
Separable cost of the common works refers to an identifiable facility which exists in conjunction
with the common works, but functions for a single service sector. The penstock for hydropower
is an example of a separable cost of the common works; it cannot exist without the presence of
the common. works. Imputed cost is the incremental cost to the common works of adding a
particular service to a project containing all other services. It is calculated for each service by
determining the added cost of providing that service over and above the cost of providing the
remaining services. To calculate the imputed cost for a particular service,.the cost of a structure
which provides all of the remaining services is subtracted from the total cost of a structure at the
same site which provid~ all services planned for the project.

The joint cost is the common works cost less the separable costs as indicated in Figure 3.1.
__.',,0>'_. •.

"Benefits" are the benefits attributed to each service sector as a result of the common works.
Various·altemative procedures are available for calculating the values ofbenefits (see Appendixes
B and F). The selection of a particular benefit calculation method is limited by the availability
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ofdata necessary to make the calculations. The data requirements increase as the method becomes
more sophisticated. Benefits are further discussed in Section 3.5.

"Single purpose alternative cost" is the cost of providing the same service with a single-purpose
project in place of a multipurpose project. For example, the single-purpose cost for agriculture
is the cost of a dam constructed solely for agriculture.

All costs and benefits are represented as present values in the cost allocation methodology. The
benefits are compared to single-purpose alternative costs, and the lesser value is termed the
justifiable cost. A service sector should not be assigned more than its justifiable cost. In other
words, a particular service sector should not pay more for its share of the common works than
either the benefits it receives or the costs of being separate. If no separable costs are identified
for the common works, then the common works costs are allocated among the service sectors in
direct proportion to their justifiable costs.

As might be expected, the classification of items into the mutually exclusive categories defined
above requires a considerable amount of professional judgement. Consequently, a great deal of
care must be taken to provide a consistent set of benefits, alternative costs, and separable costs
to meet the criteria of economic efficiency and equity. As indicated at the bottom of Figure 3.1,
the allocated costs (including separable costs) for each service sector are added to the specific
costs for that sector to provide an estimate of the total sector costs.

3.3.4 Project Data Requirements for Cost Allocation

Data requirements for a study of this nature vary by the r.haraeteristics of the particular multiple
purpose project under investigation. At a minimum, sufficient data are required to obtain
reasonable estimates of the following:

• all costs (operating, maintenance, and capital) associated with the physical features of
the system;

• single-purpose alternative costs for each project use (.'r purpose;

• benefits of the system for each project purpose.

It is noted that for cost allocation purposes, specific costs for a particular use (such as channel
dredging costs for navigation) may not be required. However, it is important to identify all costs
for the following reasons:

• to insure that they are properly categorized and are not overlooked in the analysis;

• to reach an appropriate estimate of total system costs for each use. For each use,
specific, -separable, and allocated joint costs are summed to reach an estimate of total
costs.

This study collected a large mnount of data. A wide variety of sources were used, including
various government reports, the results ofpast studies, personal interviews, and information from
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questioMaires submitted to the irrigation and drainage directorates. Even so, in some cases the
team members had to exercise considerable engineeringjudgment in reaching particular estimates.
It should be emphasized, however, that this report describes the initial step in a Continuing
process rather than a final product. As data improves, the results of the cost allocation process
will increase in accuracy.

Cost and benefit figures are expressed in December 1991 Egyptian pounds (LE). Future capital
investments are discounted to the then-current rate of 12 percent. Capital investments in the past
are increased on the basis of appropriate cost indices. All values are expressed in financial rather
than economic terms. The general types of data collected for this stud,v are indicated by Tables
3.1 and 3.2

3.4 Cost Estimation Methodology

Costs were estimated under Scenarios 1, 2, 3, and 4, the definitions of which are given in Section
3.2.

For each scenario, costs included the following cost categories:

• Capital Costs-The costs of development, improvements, rehabilitations, and
replacements of system facilities

• Operation and Maintenance Costs-The costs of personnel and recurrent costs of
facilities maintenance -

The analyses did not include the costs of irrigation and drainage systems related to the mesqas
and tile drains. The cost recovery for mesqas is the subject of another study and the costs of tile
drains are currently being recovered under separate arrangements.

The annual costs of each scenario were estimated on the basis of constant prices in December
1992, the time of the study. The procedures for estimating costs under each scenario are
described in the following sections.

3.4.1 Scenario 1

The costs of this scenario were estimated from governmental budgets detailing the actual annual
costs incurred by the MPWWR.The input data were the official Ministry budget performance
records, using the following budget classifications:

• Chapter 1 Salaries and wages of permarient staff

• Chapter 2 Recurrent costs of operation and maintenance

.•. -Chspter.3 C:pital eo;ts·of rehabilitation, replacement, development, and- expansion
as well as maintenance
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Other input data were the annual costs incurred from nonbudgetary sources. These included
foreign grants and the unpaid annual commitments, generally for channel maintenance and
electricity, of various Ministry departments to private and public agencies. "

The annual expenditures of the following Ministry departments and agencies were considered the
annual costs of operation, maintenance, and rehabilitation of the system:

• Irrigation Department

• Mechanical and Electrical Department

• Egyptian Public Authority for Drainage Projects

• Aswan Dam Authority

• Water Research Center

To obtain more representative figures, estimates were based on the agencies' average annual costs
over the past five years. Because Fiscal Year (FY) 1990-91 was the latest year with a complete
record of actual costs, a five-year period from 1986-87 through 1990-91 was selected. This
period corresponds to three years of low Nile flow, and the lowest levels at Lake Nasser in the
recent past. Table Cl.l shows a summary of actual annual costs, in current prices, incurred by
various MPWWR agencies. However, because a high rate of inflation and a devaluation of the
Egyptian pound have had a major effect on costs, adjustments were necessary to determine a
meaningful average annual cost. The following sections describe these conditions and the cost
adjustments they required.

Cost Increases Due to Inflation

Construction costs in Egypt increased significantly from FY 1986-87 to December 1991. The
indices for the wholesale prices ofconstruction material, machinery and implements, and fuel
(petroleum) are shown in Table 3.3. These indices indicate a rise of 247 percent in the cost of
construction material, 233 percent in machinery and implements, and 366 percent in fuel. During
the. same period, the consumer price index increased by 245 percent and the. rate of inflation
(international inflation) in industrialized countries, major trading partners with Egypt, rose by
n..ore than 121 percent.

The price of fuel and electricity was heavily subsidized at the beginning of the five-year study
period. However, government policy later shifted towards a gradual lifting of the subsidies.
Consequently, the electricity rate increased by more than 660 percent during this period (Table
Cl.3). The sharp rise of the fuel index was also the direct result of this government policy.

Cost Adjustments

Annual costs-These were adjusted to December 1991 prices. Separate adjustments were made
for each of the foreign and local currency portions of the expenditures. The foreign currency
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expenditures were for the import ofgoods and services from industrialized countries-prices were
subject to inflation in those countries. The local currency expenditures were for the procurement

\

of goods and services in Egypt, and were subject to local prices. Procedures that were used for
adjustment of each foreign and local currency expense are described in the following sections.

Foreign currency-During the past few years the Egyptian pound has been devalued several
times. At present, more Egyptian pounds are needed to pay for the import of a given set of
foreign goods and services than were needed in FY 1986-87 (fable CIA). To account for these
changes, the foreign currency expenditures were adjusted by the rate of inflation in the
industrialized countries and by the rate of exchange of the Egyptian pound. Two separate ratios
were calculated of the rates in December 1991 corresponding to those prevailing during the fiscal
year in which the foreign currency expenditures were incurred. The prol~uct of these two ratios
was used to adjust the foreign currency expenditures.

Local currency-These costs were adjusted to December 1991 prices through a cost adjustment
factor calculated with respect to the nature, composition, and proportion of inputs of plant and
materials to the water works. The proportions of inputs were estimated and applied to the
respective ratios of indices or prices of inputs in December 1991 to indices or prices prevailing
in the fiscal year in which the respective costs were incurred. The resulting factors were used to
adjust the local currency expenditures.

Cost adjustmentfaetors-The factors derived for adjustment of foreign and local currencies were
combined in proportion to actual expenditures in foreign and local currencies to arrive at
composite CO,ijt adjustment factors for each fiscal year. Separate composite cost adjustment factors
were calculated for construction and maintenance of civiJ and mechanical works. A summary of
the cost adjustment factors is presented in Table 3.4.

Capital Costs

As mentioned in Section 3.2.1, the capital costs of the present system are regarded as sunk costs
and are not included in this study. The annual costs incurred for rehabilitation and replacement
of the existing facilities and structures were compiled and adjusted to constant December 1991
prices by applying the appropriate cost adjustment factors. The five-year average annual cost of
these investments, including a ten percent contingency, are summarized in Table CI.S.

The capital costs incurred for horizontal expansion and modernization of the present system
(channel maintenance) are not included in the cost analyses. These costs are not thought required
to sustain the present· level of service. However, they are presented in Table C3.S to show the
changes in total investment on the Nile system down to the mesqas.

_.. OpeffJs1un and Maintenance Costs

The annual operation and maintenance (O&M) costs incurred by various departments and
agencies were compiled in two categories: persoDllel and non-personnel costs. The personnel costs
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include all salaries and salary-related costs of employees defined in Chapter 1 of the government
budget. The annual cost ofpersonnel for Scenario 1was estimated by applying the ave~age annual
growth rate of personnel costs incurred during the study period up to FY 1990-91. This amount
was then increased by five percent to allow for contingencies.

The non-personnel costs include recurrent costs of O&M defined in Chapter 2 of the government
budget plus the respective capital costs incurred. The unpaid commitments of O&M, generally
for channel maintenance and electricity, are also included in the non-personnel costs. The O&M
costs of the mesqas are paid by the farmers and are not included. The annual non-personnel costs
for the study period were inflated by applying the respective cost adjustment factors to produce
the annual costs at constant prices. The average of the annual costs at constant prices was
increased by 10 percent to account for contingencies.

A summary of estimated costs under Scenario 1 is given in Tahte Cl.5. Detailed cost estimares
are presented in Appendix D.

3.4.2 Scenario 2

This scenario analyzed the annual costs of upgrading the OM&R program for the present water
supply system (which supplies the old lands and the old new lands) to an "adequate" level. The
cost estimation is based on a 30-year planning horizon, envisioning rolling five-year planning
periods beginning with the 1992-93 to 1997-98 Five Year Development Plan. As illustrated in
Table C2.1, the costs of the proposed water resources development program for the 1992-97 plan
were the basis of investments for these five years. The estimated cost of adequate replacements
and rehabilitations of various system components with respect to the life expectancy of individual
components were the basis of the investments in the subsequent 25 years. A compreheDSi"~

program for adequate operation and maintenance of the system was designed and an investmel:'
schedule for achieving its objectives was assumed. The present worth of all investments were
calculated at an annual discount rate of 12 percent and annualized over a 30-year period.

The cost estimates required extensive systemwide data and information on physical conditions of
various system components. The available information was limited, and in most instances the
costs had to be approximated. Different contingency factors ranging from 10 to 2S percent were
used, depending on the firmness of the available cost data for individual system components.

CapltalOJsts

This section outlines procedures for estimating the costs of· proposed. improvemeuts of the
irrigation system: replacement and rehabilitation of structures, pumping stations, buildings, and
other investments in studies, research, and planning. These include activities under the Five Year
Development Pian and tile subsequent 2S years. . --.

The costs of adequate replacement of the Nile system structures were estimated based OD present
conditions and the life expectancy of the structures. However, lack Of information on the
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condition of some structures prevented uniform treatment. The life expeaancy of a structure is
very much dependent on workmanship during construction and subsequent maintenance.

.The ml\ior structures on the Nile River are better maintained than other system structures and
their condition is better known. At present, Esna Barrage is being replaced, Nag Hammadi
Barrage is due for replacement under the 1992·97 Development Plan. It is estimated that
re'?lacement of Assuit and Zifta Barrages would be necessary in subsequent plans. The cost of
replacing these barrages was estimated on the basis of the contracted construction cost of Esna
Barrage adjusted to December 1991 prices, as illustrated by Table C2.2. The new Esna Barrage
will have power plants; Nag Hammadi may also have them. Although power production may be
feasible for the new barrages, as in the case of Esna Barrage, this study only estimated
replacement of existing barrages.

At present, the smaller irrigation structures (up to about 30 m'/sf:l:, discharge capacity) are being
repl&ced under the Structural Replacement Project. A comprehensive inventory of these
structures, together with replacement condition and costs, is available for each directorate. The
actual cost of each structure that was built during the last five years was inflated to December
1991 prices. The average cost of each type of structure was then applied to the number of the
corresponding structures in each directorate. The timing of the replacement ofeach structure was
based on the recommendations of a condition inventory survey.

There is no record of recent replacement of structures with a discharge greater than 30 m'/sec,
nor is there information on their condition. Although these structures have generally received
more care and attention than the smaller ones described above, their replacement during the next
30 years will inevitably be required. Eighty percent of these structures are bridges that need
upgrading to 70 tons to match the newly adopted national bridge standard. Costs for this category
of structures were estimated on the basis of larger structures recently replaced under the
Structural Replacement Project. Figures used were average unit cost per discharge capacity or,
in the case of bridges, cost per meter of span. Because the canal structures of the new old land
are newer, it was assumed that they will not need replacement (see Table C2.3). Obviously, the
estimated costs of these structures are approximate and will need revision when additional data
become available.

The replacement costs of open drain structures were estimated by using the average cost of
stll1ctures per feddan. A sample area of 87,700 feddans in East Dakahlia was selected and the
actual average cost of its open drain structures was adjusted to constant December 1991 prices.
Selection of this sample area was due merely to the availability of data. The annual.replacement
costs of drain structures were t"en calculated by applying the unit cost of structures per feddan
to the open drain areas requiring replacements. These areas were determined from the
construction year of the open drain and an assumed 3O-year life expectancy of drain structures
(see Tables C2.4 and C2.5).

. .",,<'.'" _.. '" _. • .,

The rehabilitation works proposed for the HAD, barrages, and intakes on the main stem of the
Nile under the next five years of the development plan were assumed to continue at the same rate
beyond the plan.
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At present, the MPWWR Mechanical and Electrical Department (MED) is undertaking a
condition inventory survey of pump houses, pumps, and engines. Data that are representative of
the entire system will not become available during the span of this study. Instead of this data, the
rep!acement plan for mechanical and electrical equipment and buildings proposed under the
National Development Plan for the next five years is extended to the succeeding 25 years.
According to MED, the proposed five-year plan corresponds wen to the average replacement
needs of the system.

Improvement of the main irllgation system is necessary to allow rational distributionof water and
effective management and monitoring of the system. Additional control structures are needed,
particularly in the old lands, for regulation and measurement of canal discharges. This program
has particular significance for overall reduction of water demand, and has already begun as part
of the IMS Project. Given the importance of water to Egypt and the savings that such a control
system will bring, this program is expected to continue beyond the five-year plan. During the
five-year plan, it is expec.:ted that improvement of the main irrigation network of 350,000 feddans
will be completed. It was assumed that this program will continue at a faster pace as the need for
additional water grows. A coverage of 5,500,000 feddans (old lands) by the end of the 30-year
period was assumed. Based on the lIP experience, the average cost per feddan of such
improvements was estimated and applied to the assumed annual implementation plan to arrive at
the annual investments required for this program.

The five-year water resources development plan includes investments for studies, research, and
planning. It was assumed that similar types of recurrent programs will continue at the same rate
during the 30-year planning period. Research in water resources has traditionally received
substantial foreign grants in addition to government funds. Hence, an amount equivalent to the
average annual grants received in the past five-years was added to the annual cost of research
derived from the five-year plan.

A summary of estimated capital costs is presented in Table C2.6.

Operation and Maintenance Costs

Several factors influence the O&M costs of the Nile River system and the procedures for their
estimation. One factor is the future role of government versus the private sector both in terms
of the level of control of the system hierarchy and the performance of support services. Another
factor is the adoption of appropriate technology and its long-term cost effectiveness in delivering
water services. A third factor is the management of the adequately rehabilitated physical system,
as assumed under this scenario, and the efficiency of its administration. Hypothetical assumptions
aboutthe impact of'these factors on O&M costs could be made. However, it was assumed that
present policy decisions will hold throughout the planning period and that the net effect of
appropriat~ technology' will not translate intO Q&M' Cost savlDgs:' .. , . .,

Tbe present organization, management, and control ofOM&R face a number ofproblems. There
are both deficiencies and excesses that make the system less efficient than possible. It was
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assumed the annual cost of perSOMeI for an improved organization wiH remain the same, and that
the savings from reducing excesses will cover the increased costs lof improving deficiencies.
Therefore, the annual cost of personnel for Scenario 1 was adopted. However, addition'aI training
programs were assumed to improve persoMel qualifications to the standards required for adequate
system O&M.

The present government policy is to replace the use of chemicals for channel weed control with
new methods. Weed removal by mechanical means is now regarded as thr. logical replacement.
This shift in policy requires new investments in mechanized equipment, service roads, and
support facilities. It was assumed that weed removal and channel maintenance will be carried out
by mechanical means, although biological weed control is an alternative. Biological weed control
is less expensive, but is limited in coverage and implementation. This asst!mption, which results
in a more conservative estimate of maintenance costs, is more suitable for long-range planning.

In estimating costs, it was assumed that service road maintenance will be a concurrent part of
ch!'..nnel maintenance. Accordingly, the maintenance costs for 1 kilometer of channels with
different bed widths, ranging from less than 2 meters to over 10 meters, were estimated using
cost data compiled by the Channel Maintenance Project. The total (:Ost was estimated by applying
the unit rates to the length of each channel category to be maintained each year (see Tables C2.7
through C2.12). In this catculation, a more efficient use of equipment was assumed than is
currently practiced. The unit rates were calculated based on the assumption that the works will
be carried out by directorates (see Tl1ble 3.5). The costs of supervision of channel maintenance
activities and maintenance of irrigation and drainage structures were estimated separately on an
annual basis. The costs of removal of floating weeds from the Nile River were similarly estimated
for six reaches of the river on an annual basis.

The annual costs of'the following maintenance activities were calculated:

• One to three cycles of channel maintenance depending on the size of the channel bed
width, and maintenance of service roads nfler each cycle (see Tables C2.13 and
C2.14);

• Continuous, annual support services for maintenance of structures, and supervision
of maintenance operations of irrigation and drainage systems (see Tables C2.7 and
C2.15 through C2.18);

• Continuous removal of weeds in the Nile River in six reaches of the river (see Tables
C2.7, C2.8, C2.1!1 and C2.20); and

• Erection of workshops and procurement of diagnostic and maintenance tools for the
direct.orates, together with their replacement and maintenance r~uirements.

The total cost of the above activities was considered to be the cost of adequate maintenance.
However, to r~h this level of activities and operational efficiency, a lO-year transition period
was assumed in calculating the annual cost.
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To conform with the current government strategy, the estimated total cost of maintenance was
increased to include overhead for the Public Excavation Companies (PECs) and private sector to
annually carry 80 percent of the works. The annual cost of maintenance for each r~gion was
estimated in direct proportion to the total command area served by the region.

Because it is assumed that pump stations will be replaced during the planning horizon of Scenario
2, the annual O&M cost of pump stations is less for Scenario 1. The savings occur through a
reduction in the annual costs of electricity and pump station maintenance. At present, these costs
are high because of inefficient operation of the pumping equipmc.nt and the need of frequent
repairs and replacement of parts. The study conducted by the World Bank for the Pumping
Stations Rehabilitation Project n suggests that the increased pumping efficiency due to
replacements will cause a reduction in the annual cost of power consumption and maintenance
of 30 and 80 percent, respectively. It is estimated that the complete replacement of pumping
equipment will take 15 years,

Cost estimates for this scenario are summarized in Table C2, 1. Comparison of estimated annual
costs indicate that OM&R in Scenario 2 are more than 60 percent higher than in Scenario 1 (see
Table C2,22), Annual costs of O&M show an increase of 40 percent mainly because of a high
rate of growth in non-personnel costs. As explained above, the annual cost of personnel in
Scenario 2 was kept at the level of Scenario 1, except for minor increases for training. Given the
magnitude of annual costs and the adopted rate of interest, the increase of the annual cost of
personnel will have a minor impact on the total cost. As an example, a hypothetical increase of

.personnel costs of 100 percent over 10 years would result in an increase of 6.9 percent of total
costs. Detailed costs are presented in Appendix D.

3.5 Benefits Estimation Methodology

As indicated by Section 3.3, cost allocation requires that direct and indirect project benefits be
estimated for each user or beneficiary. Direct benefits are those which accrue to project users
such as farmers. Secondary henefits are the increased value or profits added to the businesses
linked to one or more of the direct beneficiaries of the system. Profits earned by businesses which
sell fertilizers to farmers might be considered an example ofsecondary benefits from an irrigation
project. The approaches for calculating the economic benefits of a water resources project are
discussed in detail in Appendix B.

•
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Estimating direct project benefits is an essential part of the cost. allocation process. Several
approaches for calculating direct benefits are available. Because the best approach for aparticular
instance depends on the type of benefit, different methods are employed in the various use
sectors.

Benefit is defined as the amount of a publicly supplied go01!)r service that a rational, informed
user is willing to pay for it (Gittinger, 1982). WillivlgnesS to pay reflects the user's desire to
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·avoid alternative cons~,mption or not buy the good or service in question. Costs, in this context,
represent the foregone value (the opportunity cost) of a project good or service.

Prices normally are used as a measure of benefit because they reflect the amount the user is
willing to pay for the good or service. However, water is seldom priced, and on the rare occasion
when it is priced, the 'charge might not accurately reflect the cost of supply. In the absence of
market prices, some syn~f!~tic approach is necessary to approximate the market prices. The
synthetic prices derivec~ ill tbis manner for benefit-cost analyses are termed shadow or accounting
prices.

Benefit estimation requires that two rules be kept in mind. ('I1tese are further discussed in Section
B.7.1.) The first rule stipulates that benefits and costs are measured as increments which would
occur with as compared to without the project. This rule assures that the estimated benefits are
due solely to the project. For example, the incremental benefits between Scenario 1and Scenario
2 should be attributed to the incremental costs between the two scenarios. The second rule relates
to which of two alternative accounting stances, financial or economic, are applied to the analysis.
The financial stance measures gains and losses perceived by the individuals receiving them.
However, the gains or losses might be influenced by government market interventions such as
subsidies and price controls. The economic stance ideally includes social opportunity costs and
social willingness to pay as measures of costs and benefits. In this way, financial prices
theoretically are corrected for market interventions. Because the financial stance normally reflects
the ability of farmers to pay, it is usually is applied in cost allocation studies involving
agricultural projects. The study uses the financial price stances.

Methods for evaluating the direct benefits from a water resources development project are briefly
described in the following paragraphs (see Appendix B.7.2 for more detail).

:.
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Method 1:

Method 2:

Residual Valuation Approaches. These approaches achieve shadow-pricing by
allocating the total value of output among each resource used in a productive
process. For example, if labor, land,water, and capital are employed in
production, and if labor, 1and, and capital are assigned shares according to
their marginal values of productivity, water is as,ligned the remaining share of
the total value of the output. This remaining share .epresents the shadow price
of water. In this study, benefits from river tourism and commercial fishing are
evaluated by variations of this method.

Net Incremental Return. This approach is a variation on Method 1. Benefits are
calculated as the· increment in net income or profit from the project based on
a "with" and "without" comparison. The calculations are identical to Method
1 with irrigation projects, because the "without case09 net income is the pre
project net return or the rent to the land resource. In this study, it was decided
to view land and water resources as a single (inseparable) production unit, and
thus Ilvoid assigning a certain share ofproject output to land. This assumption
has ti'.ee1!= of :=ig"'..ing the residual-value ofou\,.,Ui (aflttdeduetingiabor
and capital costs) to water. In the context of irrigatoo agriculture, the net
incremental return method yields an estimate which is often called "net primary
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Method 3:

Method 4:

3.5.2

returns. " The study uses this method and its terminology to evaluate benefits
for irrigated agriculture.

Cost of Next-Best Alternative. In this approach (sometimes called the
"alternative cost" method), the wilJingness to pay is limited by the cost of the
most likely (least cost), economically feasible alterr.ative. The benefits are the
cost incurred if the next-best economically feasible alternative were used. For
example, a bridge crossing the Nile River at the site of a barrage might be the
next-best, economically feasible alternative for a channel crossing at the same
location. This study uses Method 3 to estimate benefits for hydropower,
navigation, rural water supply, and road crossings of the Nile River channel.

Avoided Damages. When a project avoids potential economic damages from
either natural or man-made hazards, certain project benefits are the expected
value of monetary damages or costs that the project prevented. For example,
a flood control project reduces the probability of damages to infrastructure in
the flood plain. This reduced damage is treated as a benefit. This study uses
Method 4 to assess the flood control benefits resulting from the HAD.

Secondary Economic Benefits

3.5.2.1 Introduction

.,:]---,

Indirect benefits take the form of incrensed value added, or increased profits to businesses linked
by market transactions to the economic sector receiving direct benefits from a water resources
project. It is sometimes argued that these businesses can reasonably be required to share part of
their profits to help pay for OM&R of the water system.

Secondary economic benefits are defined as benefits induced by and stemming from vario!Js
economic activities. "Induced by" benefits are the incr'~ments to economic· activity that resuit
from the increased or changed demand for inputs by the primary industry. For example, growth
in thefertiJizer industry may be induced by increases in agriculture activity. "Stemming from"
activities are those which process and distribute the primary output. For example, processing
plants are stemming from industrie:i associated with agriculture. Benefits from food processing
plants are often called secondary benefits because they are only one step removed from direct or
primary benefits. Secondary benefits also are called backward linkages (imiuced by benefits) and
forward linkages a (steruming from benefits). Tertiary benefits are ~~rements to output which
are further removed from, but stiIJ are related to, the primary benefits. They are the increments
to the vallie of output in industries which are directly or indirectly linked to the secondary
industries, either as· providers of inputs or processors of outputs. They also mclude the effects
on profits and wages generated by induced increases in consumer demand. Direct calculation of
tertiary benefits associated with a particular project is difficult because it is bard to determine the

.degreerowhich growth in OUtput in a .given industryJ! due to changes in theprima.."J industr';.
The further removed the tertiary industry is from the primary activity, the smaller the impact of
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the primary industry on the output of the tertiary industry and the more difficult the detection of
these impacts.

Secondary benefits often -are directly estimated. For example, development roles for processing
plants often are projected on the basis of primary industry requirements. Value of output and
expected employment are the'l projected for the secondary industries, and on this basis secondary
benefits are estimated.

Tertiary benefits are not often directly estimated. Instead, multiplier values are used to estimate
the combined secondary and tertiary benefits from changes in the primary industry. These
multipliers are generally of two types:

• The Leontief-based coefficient deduced from an input-output table which is a matrix
of the proportions of sales of each industry to all other industries, including exports.
Multipliers in this caregory are used to estimate additional production resulting from
changes in output from the primary sector;

• An employment-based multiplier. This coefficient relates the changes in employment
in basic industries (primary industries) to changes of employment in non-basic
(secondary and tertiary) industries. Output changes can be estimated by using values
of the productivity of labor.

Multipliers in both categories are derived from statistical studies of long-term trends for a
particular country or region. The input-output approach provides relatively precise estimates of
multiplier values, but data requirements and modeling development are expensive and time
consuming.

3.5.2.2 Secondary Economic Benefits in Project Evaluation

=i

-,

From the perspective of project evaluation, secondary economic benefits have not been given full
planning status in the United States or in major international lending agencies (such as the World
BaIik) for some time. For example, the United State.-; Water Resources Council (1973) limits the
use of secondary benefits to special cases. Gittinger (1982) takes a similar position and probably
reflects World Bank practice.

The general argument against including secondary benefits in project appraisal is that, in focusing
only on the positive economic linkages to project beneficiaries, the approach fails to consider the
likely existence of offsetting secondary costs. While the effect of localized secondary effects in
the project region are acknowledged, the offsetting costs are spread throughout the economy.

Water resource projects ~e_not unique in throwing off secondary effects in related sectors of the
econ_omy. Fertilizers or pesticides, for example, have similar output-increasing effects as water.
More generally, any alternative output-increasing public investment will generate secondary
market impaets;these~~e sC~~()D4ary oppo~nity .costs(foregonebenefits) of Any pa..ticu!ar

.'public-inveStment hi water resources. Even more generally, an alternative to public investment
in-water-is private investment (made possible by lowering taxes, for example). This alternative
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use of funds would also generate secondary impacts. The offsetting secondary costs are likely to
be diffused throughout the economy, so they are much less visible or tangible than the localized
beneficial effects of water resource projects. However, the offsetting costs are not any'less real.
There is no reason to believe that water resource investments create special secondary net benefits
any more than alternative public or private expenditures.

A final criticism of the secondary benefits argument is that it assumes public investment in
productive capacity (such as irrigation) yields special benefits not generated by private sector
investments. This proposition has been substantially tested in Eastern Europe and the Soviet
Union in the past several decades, and it has been found wanting. The collapse of the economies
of those nations has been accompanied by a coliapse of intellectual support for central planning,
for public ownership of the means of production, and for the expectation of unique benefits to
public expenditures.

3.5.2.3 Charging Secondary Beneficiaries

_..

The specific argument against charging secondary beneficiaries runs along similar lines. From
the point of view of a business, the secondary value-added elements are actually costs. These
costs must be paid out to capital and resource suppliers, and are not available to be paid as a tax
to reduce farmer input costs. The secondary beneficiaries are presumed to be businesses which
must payout sales revenues to labor, management, materials supplies, and capital. (Capital
owners provide both equity and debt used by businesses). Increased sales revenues due to
increased crop production from irrigation must be paid out to labor, material suppliers, and
capital owners. In addition, if crop prices paid by a business fall as a result of increased crop
output, business profits will not increase over the long run, because the prices for its products
will fall, and the benefits will accrue to the final consumer. Only in unusual cases, such as with
short-run excess crop production capacity, will a processing business have excess profits to
devote to paying for its suppliers' inputs. This situation will occur only in the short run.

The argument can be restated by asking the following question: "Is equivalent treatment
warranted for fertilizer producers?" Secondary benefits similar to those created by irrigation
could be attributed to fertilizer. However, no one suggests that processors of agricultural crops
should contribute to fertilizer producers so that prices to farmers can be lowered.

This is not to argue that increased agricultural output has no indir~'t beneficiaries. The reduced
commodity prices brought·about by increased agricultural output will flow furough to the final
consumer, creating an increased consumer surplus to the economy as a whole. The general tax
collection system should be used to create these public benefits.
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3.5.%.4 Condusion and Recommendation Regarding Secondary
Economic Benefidarles and Cost-Sharing

In conclusion, the study team decided to exclude secondary economic benefits in cost recovery
considerations for the Nile River system. Historically, except in special cases, water resources
development costs have not been allocated to agri-businesses or any other segment of the
economy. Secondary benefits have been used where acase can be made relating to regional rather
than national benefits. For example, secondary benefits might be appropriate for specific activities
involving the new new lands (Scenarios 3 and 4) where regional development is the prime
objective of the Government. Another exception could be cases where there are underemployed
resources for which the water resources development under consideration could provide
employment.

3.6 Economic Parameters Adopted for Cost Allocation

This section discusses some conceptual and empirical issues which arose in implementing the cost
estimation and cost allocation procedures.

3.6.1 Interest Rates and Price Innation

..:

The interest rate used to annualize rehabilitation investments is important because total costs are
very sensitive to this parameter. We can use either a financial or an economic rate of interest.
The financial rate would reflect current market interest rates. The economic rate cannot be
directly observed, but it is usually chosen to represent a real (inflation-adjusted) opportunity cost
of capital.

A financial rate of interest has an advantage in that cost allocation is considered a financing issue
rather than an economic evaluation issue. However, the reported market rate of interest reflects
both the opportunity cost of capital plus the expectations of lenders regarding price inflation for
the time period of contemplated loan transactions. Due to the unsettled state of financial markets
in Egypt during this period of transition to a more decentralized economic system, present
inflationary expectations might not be representative of those which might actually occur over the
longer term:

In addition, it is questionable whether a financial rate is appropriate for setting cost recovery
policy. A financial rate overstates, by the amount of the implied inflationary expectations, the rea.)
cost of capital to the economy. The team judged that the real cost of capital is the preferable
measure for annualizing investment costs.

However, price inflation should not be ignored in a cost recovery policy. Otherwise, in a context
of 10 or 20 percent annual inflation, the real value of repayments. by beneficiaries would be
"Arln "" in onh, a t"nI " ..al'«! tna nAftHft;hl.. 1_,Al n~ hny;ng !'_~..,- ~.dng ..6.."' y th'u'=:'- ._. --.7 _··...--'3....• ........·~··e·"·.... '.....,.,...v.·"'_ ... -1"'"111'&'••-UV-."""'Y_a __ a vuv ---

will have provided a probably unintended windfall subsidy to beneficiaries.

37

-=-



The suggested solution to this issue is comprised of two parts. The first part concerns the
procedure for annualizing capital costs in the cost estimation study. A real interest rate,
specifically the World Bank's suggested rate of 12 percent, was employed. The seCond part
concerns aproposal that an annual inflationary factor be incorporated into whatever cost recovery
policy is adopted. The inflationary factor can be chosen to reflect current ~d recent experience
rather than the hazy expectations embodied in the market interest rates. Changing the factor
annually seems sensible to avoid the shock of perindic large changes. Longer periods between
revisions can be chosen if desired.

3.6.2 Planning Periods and Price Datum

To develop an.d cost out an OM&R plan, some initial decisions were made on the price level at
which to present the costs and the planning period to be assumed. These assumptions will ensure
consistency among the data.

Price level-A price level datum is selected so that all costs and benefits are expressed in
equivalent units. A price level was adopted based on December 1991, when the project data
collection began.

Planning periods-Two separate planning period concepts apply and must be distinguished. One
relates to the period during which replacement investments might be undertaken and included in
the replacement plan costs. This could range from 1 year to 50 years or longer. The longer the
period, the more structural replacement must be included in the OM&R plan and costed out. It
was assumed that whatever OM&R cost recovery policy is adopted will be periodically updated
and that a long period is too demanding of resources. Moreover, recovering costs for
expenditures planned for the distant future would be inequitable, imposing on present users costs
for which they would receive only limited benefits, if any. A five year period was chosen,
corresponding to the Egyptian Government planning cycle. The 1992-97 period was specifically
selected.

The second concept relates to the length of the planning period over which structural investm:nts
are amortized. The conventional approach of amortizing over the useful life ofeach structure-or
where numerous similar structures were costed as a group, the average expected life of the
group-was used.

3.6.3 Drainage Costs

An issue with respect to allocating costs ofdrainage is whether drainage costs should be averaged
systemwide or treated partly on an individual farmer and partly on a regional basis.

One viewpoint is that the farmer directly benefits from the drainage program in his region, and
.. 8tleA.1Itthe.on~farm portion.of the oosts.should .be AlIOCA..tOO entire1yto the fa.rmp,rs as a group.

However, a case can be made for treating all drainage costs, even on-farm or field drains, as a
system cost. The cause of the drainage problem is not necessarily the individual farmer
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experiencing· a high water table. The cause is more likely the cumulative actions over time of
innumerable farmers, particularly those up-slope, who are using inefficient irrigation practices.
While the individual who participates in a field drainage program clearly is better off than without
the program, he is not fully responsible for the problem he faces. According to this point of
view, therefore, drainage costs should be a collective burden.

3.6.4 Sunk Costs

We chose to treat the costs of previous investments as sunk and therefore not incremental to a
future OM&R program nor relevant to a future cost recovery policy. Costs which might be
attributed to depreciation or replacement of long-lived main system investments, such as the HAD
and the main canals, were assumed sunk and were ignored in this analysis. This approach was
taken on the grounds that such structures are paid for, and that charging the present generation
for an investment which might not be replaced for several centuries is not equitable. More
generally, any prior costs of durable capital structures already in place are not considered for
future cost recovery. On the same grounds, budget allocations to service repayment of loans on
previous irrigation system investments are also not included as part of the estimated costs. Such
allocations are financial transfers reflecting sunk costs of previous investments. Therefore, only
incremental OM&R costs, plus some system improvement investments, are considered.

3.6.5 Economic Disbenefits

External or spillover costs, which are actually damages or disbenefits to third parties (e.g., water
pollution damages) often arise in connection with withdrawals from municipalities, industries, and
agriculture. They have an important role in the theory of envir~mmental management. However,
they usually arise from diffuse sources, and assessing individual or even sector responsibility
through a water pollution tax is difficult on both technical and policy grounds. Ideally, external
costs should be internalized into the costs facing economic agents. However, littie data exists on
water pollution damages in Egypt and resources available to this study were not sufficient to
develop such estimates. Hence, disbenefits were not considered. (One minor qualification is
warranted here regarding drainage of irrigated lands. Drainage programs arise in response to
irrigation-induced externalities-such as waterlogging and salinization-and are charged to
irrigation.)
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Table 3.1 System Infrastructure Cost Data Needs

System Level Structure Data Needed

Nile Main Stem HAD and Old
Aswan Dam

Nile River Barrages

-~

-=

Regions Pump Stations (both
irrigation and
drainage)

Open drains

Navigable canals

Non-navigable canals

Rural water supply
systems (including
industrial)

41

Storage allocations, cost, year
of construction, O&M costs

OM&R costs, year of
construction, pUlpOses served

System capacity, purpose,
OM&Rcosts

Size, length, O&M costs

Size, length, O&M costs,
structuml replacement costs

Size, length, O&M costs,
sturctural replacement costs

Source of supply, capacities



Service Sector

Table 3.'; Data Needs for Cost and Benefit Estimates

Data Needed

-=

.iii

....;

1. Irrigated Agriculture

2. Rural Water Supply
(Domestic & M & I)

3. Hydropower

4. Navigation

S. River Tourism

6. Road River Crossings

7. Commercial Fishing

8. Flood Control

Costs:
Land cultivation, seed, fertilizer, on-farm (mesqa and below) irrigation
system costa, weed control, harvesting, product Itorage, labor, animal and
mechanical power, other costa (if any)
For Stneflt Estimatts:
Farm-gate prices of crops, crop yields, crop area

I. Village popuJatioDJ (number of dwellings supplied)
2. OM&R for an a1~mative single-purpose supply by village (or group of
villages)
3. Water requirements for each m~or industry supplied directly from canals
or by shalJow groundwater pumping

1. Unit costa of thermal energy
2. Annual production of electrical energy as a function of time by the
hydroelectric component of the p~iect

1. River channel dredging costs
2. The results of a study on the use of the river for transportation-traffic
flows in tons per unit time between ports of origin and destination, and
associated costa
3. The results of a land transportation (rail and road) study and associated
cost estimates

1. Estimate of costa (OM&R) associated with recreational uses of the major
system components; for example, costs lI880Ciuted with Nile River cruises
2. Estimates of revenues produced by this form of recreation

Costa of bridges crossing the river at the barrage sites and at the High
ABwan Dam site

1. Estimates of fish and other aqUAtic food production in the river before
the existence of the current system
2. Estimates of fish and other aquatic food production in the reservoin,
river, and canals of the prelent system
3. Unit pricos for fish and other aquatic food harvelts
4. Costs of fish harvesting, and marketing

1. Estim.ted value offload damage prevented by HAD

2. Flood frequency data
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Service Sector

Table 3.2 Data Needs for Cost and Benefit Estimates

Data Needed

=

=

- '

9. Improved Maintenance
(Scenario 2)

10. New New Lands
(Scenarios 3 & 4)

1. Colts usociated with uPiradin, the system main~nance (capital and
iDcreued maintenance com) to an adequate level
2. Blltimated benefita usociated with I)'stem uppding (for elUUllple,
reduced agricultural IiIk benefita and iDcreued crop yieldo)

1. The laDle data as listed above for irrigated agriculture
2. WlJ.er requirements
3. Pumping Iifta
4. Land prepantion costa
5. WlJ.er distribution I)'stem costa in the new Dew lands
6. Components of the existing system required to deliver wlJ.er to the
distribution 1)'1)lem& of the new Dew lands projects
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Table 3.3 Changes in Local and International Price Indices
Egyptian Fiscal Year (FY) (1)

Dc~tion FY FY FY FY FY December

1986/87 1987/88 1988/89 1989/90 1990/91 1991 (2)

Construction Material (3) 100.0 117.7 141.1 171.7 221.3 247.7

Petroleum (3) 100.0 134.4 166.8 201.8 296.6 366.1

Milchinery & Implements (3) 100.0 121.2 160.0 191.3 217.8 233.9

C()lnsumer Price (3) 100.0 114.6 138.8 170.9 190.8 245.3

Intemationallnflation (4) 100.0 103.2 107.2 112.3 117.9 121.2

Notes:
(0 luly 1 through lune 30th
(2j, Estimate
(3) Source: Central Agency for Public Mobilization & Statistics, Egypt
(4) Inflation in Industrial Countri~, International Financial Statistics, IMF February 1990
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Table 3.4 Cost Adjustment Factors

Description FY FY FY FY FY December
1986/87 1987/8& 1988/89 1989/90 1990/91 1991

Capital Costs
Irrigation Works 2.65 2.04 1.72 1.43 1.17 1.00

Mechan~cal Works 2.69 1.88 1.68 1.37 1.1~ 1.00

Mair!!enance Cost
IrriF~ion Works 2.47 2.05 1.61

I
1.33 LIS 1.00

Mechnical Works 4.~13 3.49 3.00 2.00 1.23 1.00
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Table 3.5 Channel Maintenance
Annual Costs

(L.B. I Kilometer)
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4.1

Chapter 4

APPLICATION OF COST ALLOCATION MODEL \
TO NILE SYSTEM

Introduction

In the application of cost allocation procedures, no system of use priorities is assumed.
Fortunately, some uses, such as navigation, flood control, irrigation, and to some degree
hydropower generation, tend to be complementary. For example, the need to regulate a river to
provide more uniform flow for irrigation and navigation leads to the construction of reservoirs
that also provide flood and flow control. Uses also can conflict. For example, reservoir releases
to meet irrigation demands can exceed power needs and thus reduce the energy capability of the
reservoir. In this :.~ase, a tradeoff exists between power and irrigation.

Table 4.1 depicts thz approach taken in developing a costalloclltion model for the Nile River
system. The table indicates the two legulate a river to provide more uniform flow for irrigation
and navigation leads to the construction of reservoirs that also provide flood and flow control.
Uses also can conflict. For example, reservoir releases to meet irrigation demands can exceed
powere Old Aswan Dams). As the table indicates, each structure for which costs were allocated
is assigned to the spatial unit in which it is used. For example, pumps which divert water from
the river to the irrigation canals serve the uses within the region and so are assigned to that
hierarchy. Table 4.1 also illustrates the basis on which single-purpose alternative costs were
determined and benefits estimated. The notes which accompany the table explain various
a&.1umptions which were made in the application of the cost allocation model to the Nile system.

·4.2 Categorizing Costs

4.2.1 Specific Costs

The various structures listed under the "structure" column in Table 4.1 are treated as "common
works" in this analysis. In fact, HAD is the only structure in the system for which separable costs
are identified; the remaining structures (pumps, canals, and barrages) are termed joint works.
However, some specific costs have been identified. Main channel dredging COSt.Ci are assumed
specific to· navigation (fable 4.1, note 6). Costs· of modifying particular canals and pumps to
deliver.water to the new new lands are specific to the agriculture of those lands (fable 4.1, note
3). OM&R costs for drainage canals are spr.cific to agriculture, except for the pumps (Table 4.1,
note S). There is limited use of the drainage canal network for navigation (Table 2.2). However,
because the total length 'of drainage canal used for this purpose is only one percent of the total
length, this use was not considered in the cost allocation process.
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4.2.2 Separable Coots :::
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As indicated above, sep8i'able costs SIe only included for HAD in the analysis. If flood control
were eliminated from the project, the volume of storage presumably could be reduced by 41
billion m'. The separable costs to flood control are those of adding this storage increment to the
reservoir. However, because the live storage jointlyserves all remaining services, eliminating one
of the services would not reduce the live storage requirements. Thus, with HAD there are no
separable costs to any other services. An exception to this would be structures designed to serve
a particular purpose but which depend on the common works for support. Examples for HAD
are the penstocks which pass through it to supply water to turbines and a road crossing its top.
If these costs could be identified (they were not in this study), they would be separable to the
energy and transportation sectors, respectively.

If they could be identified, separable costs could be considered at other locations in the system.
For example, O&Mcosts for flow control and other in-eanal structures could be separable to
irrigation because these works generally are not required for either rural water supply or
navigation. However, these costs couid not be identified, and therefore are allocated as joint
O&M costs for the canals (fable 4.1, note 1). The lIP main system improvement costs have been
identified and could be treated as separable costs to agriculture. However, as explained in Section
3.2.2, these costs also are included as joint irrigation canal costs, and thus are allocated to the
three primary users of the canals, i.e., irrigation, rural water supply, and navigation.

4.2.3 Joint Costs

As indicated by Table 4.1, the cost allocation analysis is first applied by region. The joint costs
to be allocated are those associated with navigable and non-navigable canals and pumps for both
irrigation and drainage. For canals, only O&M costs are considered because the capital costs for
canal construction are assumed to be sUnk. However, replacement costs are included in the
maintenance category for control gates, turnouts, and other structures within the canals that
support the irrigation function.

OM&R costs for pumps were available only as a lump sum and could not be disaggregated by
location or function such as irrigation or drainage. However, many drainage pumps lift water that
is recycled in the ~rrigation canals and thus actually serve several purposes. For this reason, the
lump sum.pumping costs (OM&R) are.assigned in proportion to·the total irrigated area in each
region. The costs then are allocated to the agricultural and rural water supply uses witltin each
region.

Costestimates are described in Section 3.3. Benefit data for each region are based on information
collected for a directorate located within the region. These directorates are called representative
directorates (see Section 4.3). Because there are no identifiable separable costs, joint djrectorate
costs are allocated on the basis of the justifiable cost for each use sector. The procedure is
"repeated" (or eacb"ofthe five regions withitltbe pi'ojecfservice area.
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On the Nile Rivet channel, costs are associated with barrages and HAD. For Scenarios 1 and 3,
barrage O&M costs, like pump costs, are summed across all units and thus are allocated as a
combined figure. Scenarios 2 and 4 include the new Esna Barrage which will be equipped with
hydroelectric generators. Because of the additional use, costs for this structure are allocated
separately from the other seven barrages on the river. For those structures, costs are treated as
a combined figure. The justifiable costs for each use are the basis for the cost allocation. For
Scenarios 1 and 3, the bel1eficiaries of the barrages are considered to be agriculture, navigation,
and water supply. For Scenarios 2 and 4, the hydropower used at Esna is added. HAD benefits
a broad range of users (see Table 4.1). As with canals, the capital cost of HAD is regarded as
a sunk cost, and thus only the joint O&M costs of the structure are allocated to the eight uses
shown in Table 4.1. Benefits derived from fishing in the canals and the aquaculture pond,
although small, are included in the estimate of benefits derived from the fish harvest at Lake
Nasser (Table 4.1, note 10).

4.3 The Region

Ideally, the study would be conducted with the directorate as the basic spatial unit of the project.
Costs and benefits would be evaluated and joint costs aI!ocated by directorate and then summed
at the main points of diversion from the Nile River. However, this was not possible mainly
because of the time required to obtain and process the necessary cost and benefit data.

The problem was handled, as Table 4.2 shows, by dividing the project service area into five
major regions and selecting a representative directorate in each of five regions.

As indicated by the last column ofTable 4.2, each representative directorate contains an lIP study
area. Figure 4.1 shows the geographic locations of the study areas listed.

To the representative directorates, the team mailed a questionnaire to each of the 22 directorates
in the system. Responses were then analyzed. A sample of this que.~tionnaire is in Annex I. Only
directorates in which an lIP study has been conducted were considered for selection. It was
assumed that data from the UP reports on soil type, crop yields, and other information could be
applied to the entire directorate. Representative directorates were selected to represent average
regional conditions on the basis of various factors, including soil type, main cropping patterns,
crop yields, farm cultural practices, .canal characteristics (size, length, bed width), system
maintenance requirements, canal uses (navigable, non·navigable)~ The data for the representative
directorates was then extrapolated to the regional level, as shown in Appendix E. The
extrapolated information on canal characteristics was·checked against actual data from the Middle
Egypt and West Delta regions. Close agreement between the two was found.
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4.4 Main Stem of the NUe River

4.4.1 lJ~ts

For Scenarios 1 and 3, the OM&R costs for the eight barrag\~ on the main stem of the Nile
River below Aswan (see Figure 2.2) are combined into a sing~e number. As indicated by Table
4.1, the economic sectors which benefit from the barrag~s hlclude agriculture, navigation, river
tourism, rural water supply, and road crossings. (The tops of the barrages are used as road
bridges acrossthe Nile.) At present no hydropower is generated at any of the barrages. However,
a new structure which includes hydroelectric turbines is being built at Esna. Hydropower at Esna
thus is in.:luded in the analysis for Scenarios 2 and 4.

4.4.2 Hi$~ Aswan Dam

-=
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As indicated by note 12 of Table 4.1, the High and the Old Aswan dams are operated and
maintained like a single unit, with O&M costs for each combined. HAD provides about 70
percent of the total electrical generation of the two structures. The reservoir behind HAD contains
a potential storage of 162 billion m'. Of this total, 31 billion m' is allocated to dead storage for
sediment accumulation at the bottom of the reservoir. 90 billion m' of live storage is provided
on top of the dead storage to meet the needs of irrigation, hydropower, and all other purposes
except flood control. This purpose is met through 41 billion m' of storage on top of the live
storage. The dam is a rock-fill structure which is equipped with adequate spillway. In addition
to the spillway at the dam itself, a second structure was built upstream to permit high flows to
spill into the Toshka Depression. With adequate maintenance it is expected that the dam will
perform as designed until sediment accumulation inhibits its operation.

4.5 Estimated System Costs

The annual OM&R costs of the system were estimated for Scenarios 1 and 2 using procedures
described in Section 3.4. These cost estimates were also used for Scenarios 3 and 4. The costs
for allocation are presented in Appendix D and are summarized in Tables 4.3 and 4.4. The costs
exclude the capital costs of all structures presently in service but, except for HAD and the canals,
include estimated replacement ~sts (see Section 3.2.1). Scenario 1 costs include an absence of
system modernization because the costs of modernization were not deemed necessary to sustain
the present level of service.

4.6 Single Purpose Altemative Costs

As indicated in Section 3.3.3, the single-purpose alternative cost is the cost ofproviding the same
s~!yi~_~!~a_~~gle.-p~r.Po~~ P~oJect ~t~ .of a~~ltipu.rpos~project. Fo.r ex~pll',tIie. single
purpose alternative cost for flood control is the total cost, including capital and OM&R costs, of
a storage structure at the HAD·site built solely for flood control purposes. Presumably, the new
reservoir would contain 30 billion m' of dead storage for sediment accumulation plus 41 billion
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m3 for flood storage (see Section 4.4.2). The estimate for such a structure sbould be made on the
basis of a preliminary design for a new structure. Such an approach obviously was nQt feasible
for this study. Thus an estimate was made on the basis of the proportion of the total storage in
the existing reservoir required for flood contl'ol alone. This estimate amounted to (30+41)/162,
or 44 percent, of the estimated cost (in December 1991 prices) of HAD. A project life of 30
years and a discount rate of 12 percent were assumed. This procedure for identifying the single
purpose alternative cost for flood control is actually an application of the use-of-facilities method
of cost allocation. In a similar fashion, the single-purpose alternative cost for agriculture is the
total cost (capital plus O&M) of the existing canal system required for irrigation water alone (see
Table 4.1, note 2).

For each system user, the structures on which the single-purpose alternative cost is based are
shown by Table 4.1. The actual cost estimates used in the application of the model were derived
from cost data contained in Section 4.5 and from calculations shown in Appendix F.

4.7 System Benefits

The methods used to estimate user benefits at all system levels are indicated in the last two
columns of Table 4.1. The actual benefit figures for each use as applied in the cost allocation
analysis are in Appendix F.

4.7.1 The Region

The joint costs to be allocated at this level involve O&M costs for the irrigation canals (see Table
4.1, note 1) and OM&R costs for all pumps in the system (see Table 4.1, note 5). As previously
indicated, O&M costs for open drains are assumed t.o be specific to agriculture and therefore are
not included in the allocated costs (see Table 4.2). Like costs, benefits from the representative
directorates within each region are extrapolated to the region level. The basis of this procedure
is explained in Appendix E.

4.7.1.1 Agriculture

-= ..,:"

Agricultural benefits are estimated as net primary return to agriculture, taking land and water as
a single, non-separable production unit (see Table 4.1, note 1). The basis for estimating these
benefits is contained in Appendix F. Treatment of the proposed lIP main system improv"ment
is briefly outlined under the heading of Scenario 2 (see Section 3.2.2). Costs for these
improvements are given in Section 3.4 and Section 4.5. Because it is assumed that the
improvements will be made over 30 years, the associated cost stream is discounted. However,
as indicated by Appendix F, benefits from the implementation of the adequate maintenance
p.~Qgr~of Scenario. 2 are 8.SSlImed.to reJlt'h. their estimatAtf .i.o:creased lavals over a five-year
period. This assumption is consistent with the crop yield response changes which are used for the
other main system improvements of Scenario 2. It. is noted that the costs of the proposed lIP
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improvements to the main system represent less than 10 percent of the total incremental cost
proposed for Scenario 2.

Agricultural benefits greatly exceed the single-purpose alternative costs for the irrigated lands.
Therefore the single-purpose alternative cost governs thb canal costs allocated to agriculture in
the existing system. (Scenarios 1 and 2). For Scenarios 3 and 4, it was not possible to estimate
the agricultural benefits required by the analysis (see Table 4.1, note 3). For this reason, the
single-purpose alternative cost was assumed with new new land.

4.7.1.2 Rural ~;Vater Supply

Individual residences, villages, and industries which are not near the Nile River channel draw
water supplies either directly from the canals or pump water from the shallow groundwater
aquifer beneath the agricultural lands (see Table 4.1, note 4). The groundwater aquifers are
largely recharged by both canal seepage losses and by deep percolation from the irrigated fields.
Therefore all sources of water supply (except the Nile River as a direct stiurce), whether surface
or subsurface, are considered the product of the canal system, and .hus users are deemed
beneficiaries. Benefits are derived from estimates of the incremental costs of the next-most
feasible water supply system above the cost of the present system. The next-most feasible source
of supply is a~sumed to be pumping the deep aquifer that underlies the irrigated lands.
Apparently, tb~s aquifer is recharged from the Nile River and is separated from the shallow
aquifer by a clay layer of low permeability. The calculations to support the incremental cost
estimates required by the study are contained in Appendix F.

4.7.1.3 Navigation

The benefits of the canals to navigation are based on a study of the type of freight carried,
distances travelled, weight of the freight, and frequency of travel (for example, ton-kmImonth).
The benefits are the savings compared to the next-most feasible alternative for carrying the freight
(in this case, rail). The results of the study are detailed in Appendix F.

4.7.2 The Main Stem

4.7.2.1 Bamlges

All OM&R costs for the barrages on the main stem of the Nile River are combined into a single
figure. The economic sectors which benefit from these barrages include agriculture (the presently
irrigated lands for. Scenarios 1 and 2 and the now new lands for Scenarios 3 and 4), hydropower
(Esna Barrage for Scenarios 2 and 4), navigation, river tourism, road transportation, and rural
water supply (Table 4.1).

',_.-., .....

The tops of the barrages are used as road bridges across the Nile River. The annual benefits to
the transpo~tion sector are based on the estimated costs (OM&R) of a regular bridge crossing,
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and thus the savings the barrages provide the road transportation sector. At present, OM&R costs
for the n!!"~gation locks which are specific costs for navigation cannot be separately identified.
For this reason, all costs associated with these structures are regarded as joint costs. They are
allocated on the basis oftotal systemwide benefits identified for agriculture, navigation, and water
supply, and on the benefits identified for road transportation. At present no hydropower is
generated at any of these structures, and this condition is reflected in Scenarios 1 and 3.
However, a new structure which includes hydroelectric turbines is being built at Esna. The new
structure will be included in -the analysis for Scenario 2 and 4.

Under normal operating conditions, the barrages benefit river traffic by increasing the channel
depth between Aswan and Luxor. No navigation benefits are assumed during the four summer
months of high Nile River discharge in the absence of the HAD. (Navigation refers to river
freight tru.IJport.) In a similar fashion, no navigation benefits are assumed during the
approximately two months of annual closure for general maintenance (see Table 4.1, note 6).
However, even during this period sufficient flows are normally released to provide the draft
required by river tourist boats (see Table 4.1, note 7). Both navigation and tourism benefits are
based on the estimated average increase in river traffic made possible by the barrages.

4.7.2.2 High Aswan Dam Complex

~,'i .

J;'.:.

The High Aswan Dam and the Old Aswan Dam are treated as a single unit or complex (see Table
4.1, note 12). The term HAD re~ers to both structures. O&M costs at HAD are allocated on the
basis of all benefits summed to this point in the system. Each of the benefit categories used in
this analyllis is briefly discussed in the following paragraphs:

1. Irrigated agriculture-Agriculture benefits as estimated for the irrigated lands are
summed by region at HAD. For Scenarios 3 and 4, benefits from the existing irrigated
lands and from the new new lands are -treated separately.

2. Commercialjishing-An attempt was made to estimate incremental benefits to fishing
resulting from the Nile River system. Yields from Lake Nasser and canals and fish
ponds _which depend upon system water provide modest project benefits. However,
it is assumed there are no incremental benefits to commercial fishing on the main stem
of the Nile River. As indicated earlier, estimated benefits from fishing in the canals
and-aquaculture ponds are small.. Therefore to simplify the cost allocation procedure
these benefits are lumped with those provided by Lake Nasser. The total benefits from
commercial fishing are used in allocating the O&M costs for HAD (see Table 4.1,
note 10).

3. Flood control-It is understood that HAD has eliminated virtually all the potential for
system flooding. Estimates of agricultural benefits from the system implicitly include

_~_..!l.Q9~L prQ~i(tn- benefits.. for.JrrigntPd .. IAntls•. Qt.herf!ood--contrcl·benefitsare
represented by prevented damame to dwellings, cities, transportation facilities, and the
like. Average annual estimates of these benefits are normally developed through a
flood frequency/damage stuay on. the basis of current and estimated future
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development and property values. However, because of time and data limitations, this
analysis was not possible. Abdul·Atta (1978) estimated flood control a~ about 4
percent of the total annual benefits that HAD generates in increases of national
income. This figure is used to estimate non·agricultural·related flood control benefits
at approximately 4 percent of the sum of all other HAD benefits. (see Table 4.1, note
II).

4. Hydropower-The benefits from the electrical energy generated at HAD plus those
from energy generated at downstream barrages (Esna) are the basis for allocating the
HAD's joint O&M costs. The allocation involves the sum of all benefits to the dam.
Available O&M cost data do not include specific costs associated with the generation
of electrical energy at HAD.

5. Navigation-The HAD regulates water flow and thus benefits river navigation. An
estimate was made of the incremental benefits (those resulting from HAD
construction) to navigation provided by the dam (see Appendix F). The benefits
include those resulting from increased draft due to regulated river flows and reduced
dredging costs to maintenance of navigable river channels. These benefits are added
to those estimated for the navigable canals within the irrigated area (see Table 4.1,
note 7).

6. River tourism-The benefits of tourism result from tour boats that use the Nile River.
The traffic is particularly heavy between Aswan and Luxor. The river barrages and
the control'ed release of water from HAD benefit this industry. Even during annual
system maintenance, sufficient water is released from HAD to maintain the channel
depth required by the relatively shallow draft tour boats. Benefits are based on load
factor figures (by month) and net primary revenues obtained from the Ministry of
Tourism. No benefits are assumed for the four months of:-'igh summer flows normally
experienced on the Nile in the absence of HAD (see Table 4.1, note 7).

7. Road transportadon-Becauseoftheir close proximity to each other, the HAD and the
Low Aswan Dam are operated and maintained like a single unit, and the O&M costs
for each are combined. The.Low Aswan Dam provides the main crossing of the Nile
at Aswan. This crossing is treated as a part of HAD. The single·purpose alternative
is a bridge, and the benefits are the savings in OM&R costs required for an equivalent
bridge crossing.

8.. Rural wattr supply-It is assumed that water supplies to metropolitan centers have not
been significantly improved by the Nile River system. Even during low-flow years
there is apparently sufficient water in the Nile River to meet existing M&I demands.
Thus, no.benefits are assumed for M&I uses derived directly from the Nile River by
major cities. Walt}r supply benefits from within the irrigated area are summed at
'U' An I"A;,,;1I1I ...1 ..ACt;,1a..",alt' .,:11"...... .."...,..... ..._.,1 :_~.......:_.... _.L:~L ....-e .-..__.~ ;:'''I·~WL_.-- ...._.~-...._ ...__ a-.o , "u.Cl6~,,",""UO,CUN·UJ'UUlnll~·WUu.;u III ilIUppl._... c.

directly from. the canals or from the shallow groundwater aquifers beneath the
irrigated lands are assumed to be system beneficiaries (see Table 4.1, note 4).

S4



-

-;

~,

-.-

4.8 Model Application

Computer implementation of the cost allocation process for the Nile River system is 'described
in detail by Orenney (1992) (see Annex 11). Figure 4.2 depicts the stages in the modeling
procedure. The common works costs within each spatial category are represented by the boxes
in the center column of the figure. The costs in each of these categories are allocated among the
various system users (or service sectors) represented in the boxes on the right side of the figure.
The model uses input data for both the common works and the separable costs of the
bfrastructures. Separable costs were identified only at HAD. Thus for all other structures (canals,
pumps, and barrages), the separable costs are zero and the joint costs are equal to the common
works costs. Cost allocation is performed using the Adjusted Separable Costs-Remaining Benefits
(ASCRB) procedure, a variant of the SeRB method. The joint costs are then OM&R costs for
particular structures. Because the costs of constructing the canals and HAD are considered sunk
costs, replacement costs for those structures involve only appurtenances (such as flow control
works), and these costs are included in the maintenance category.

The computer model begins the cost allocation process with the existing or old lands (see the
bottom of Figure 4.2), including new lands. The model works up through the new new land
development projects (shown in the figure as "new agriculture"), addressing only the effect of
these projects on the costs allocated to existing system users. The model ends at HAD where
benefits and allocated costs are accumulated for all system users.

It is emphasized that all cost allocation proportions are based entirely on projected economic
benefits from the Nile River basin development (taking into account both separable and joint
costs). They are not intended to constitute cost sharing and pricing policy recommendations.
Except as they are incorporated into input data and/or model operating criteria, political and
institutional considerations are not reflected in the model results. As project configurations,
production costs, and other input quantities become more clearly defined, cost allocations
suggested by the model will become more accurate and realistic. However, it is stressed that the
relative benefits from the development program to each beneficiary will continuously change due
to constantly shifting world and local prices and the extent to which each beneficiary uses the
project.

The model is stored on the software possessed by the Egyptian team. The team members
understand the model and are fully capable of changing the software (reprogramming the model)
and operating the model as needed. As previously stated, all cost allocation procedures require
extensive data, particularly those which involve benefit estimations. Much of the data used for
this study is tentative in nature, and other information represents the best judgment of the authors
based on examination of available reports and technical discussions with experts. The current
emphasis is on the techniques proposed for estimating project costs and net benefits, and the basis
for allocating total project costs among participating users. Cost allocation is a dynamic process
which changes with shifting social needs and values. The use of the model and the application

. of- i~·resultsshvuldreflect thisdynamie situatiun.
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Fig 4.1 liP Pilot Study Areas Within
Representative Directorates .
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Table 4.1 Estimation of Single Purpose'Aftemative Costs, and User Benefits for the Cost Allocation Procedure.

S~tem Structure Service Single Purpose Alternative Benefit Estimation
level Sector Cost Determination

Method Explanation
(Sec. B.7)

Region Navigable Canals1 Agriculture OM&R costs of the existing navigation canals2 2 Net primary rv1UmsIaru S*Wd by navigal:lle canals.

Navigmion OM&R .costs of the existing navigation canals2 3 Cost savings over rail transport
Rural Water Suppry4 OM&R costs of a pump and water distribution 3 Wen and incremental pumping costs of a deep

Non-nav. CanaJs1 Agricufture:
system drawing water from a deep aquifer. aquifer supply

• Old lands and old OM&R costs of the existing canals2 2 ~et prtnary l8Mn!IarN served by nan-navlgal:lle canaJs.
newlalQ
• New new lands OM&R~ 01 the existing canals carrying water 2 Net primary returns for the new new landPf~

Rural Water suppry4
to~ irrigated lands and new n_lands2
OM&R costs of a pump &net water distribution 3 Well and incremental pumping costs of a deep

PumpsS AgricuJlure:
system drawing water !7o!'ll11 deep aquifer. aquifer supply

• Old Ianda and old OM&R costs of the existing pumps 2 Net primary returns for the region
new lands
• New new lands OM&R costs of the existing pumps jointly used to 2 Net primary returns for Uta new new land Pf0iect3

Rural Water suppJy4
au~ new new lands. OM costs of a pump and water distriblf.ion 3 Wen and increll16fltal pumping costs of a deep

I system drawing water from a deep aquifer. aquifer supDIY
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Table 4.1 .(continued)
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System. Structllre Service Single Purpose Alternative Benefit Estimation
Levei Sector Cost Detonnination

Method ~ Explanation
(Sec. B.7)

Main Stem Barrages Agriculture
• Old lands and old OM&R costs of the existing barrages or substitute 2 Net primary returns summed for the five regions I

ntl\":1ands pumps
• New new Janda OM&R costs oi the existing barrages or substitute 2 Net Prim~ returns summed fQ!."the new new

pumps jointly used to Io'JPPIy new new lands land are
Hydrcpower OM&R plus capital costs of the new Esnll 3 Cost savings over thermal energy 6ltematr.'e.

NavigationS
Barr:Re (Sc. 2)

Cost savings OVflr shipping by railOM costs~ the ri'/er barr&ges 3
River Tourlsm7 OM&R costs of the river banllQes 1 Net primary revenues from the Nile River to·-

industry
Road River Bridgos crossing the river at the barrage sites 3 <;lM&R cost savings over bridge crossings of the
Crossings nver
Rural Water Suppty4 OM&R costs of~aidng barrages O~ ::;'ostitute 3 Wen and incremental pumping costs of a deep

IDUmps aquifer supply summed for the five regions

Main Stem High Aswan Dam AgriculWre:
(HAO)8

OM&R Costs of HAD9 leu costs separated for flood• Old lands and old 2 Su~n of the net primary returns for
new Ja."1da controJ regIOnS
" New new Ianoa OM&R Costs of HAD9 leu costs separated for flood 2 summltion~e net primary returns for u.

control new land

OM&R c:a.ta of HAD9 Jeaa costs separated for flood
!

~
1 Vah:-j of direct output-

I control market value of the fish harvest

Flood Control OM&R costs of HAD9 for dead and flocxf contrcl '! Estirned value of flood damages prevent
storages HAD.

BEST AVAILABLE DOCUM~NT
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Table 4.1 (continued)
,

System Structure Servica Single PulpOS8 A1temative Benefit Estimation
Level Sector Cost Determination

Methnd Explanation
(See. 8.7)

( Hyoropower OM&R costs of HAD9 less costs separated for flood 3 Cost savings over thermal energy a1temative.
control

Cost saYIngs CMIf shWln9 bt ral.ISNavigation OM&R costs of HAD9 less costs separat6d for flood 3
control

River Tourism OM&R costs of HAD9 less costs separated for flood 1 Net prirt18lY revenues frOm the Nile River fn.t-
control industry 7

Road River Crossing Bridge crc:;saing of the Nile at the High Aswan Dam 3 OM&R costs savings over a bridge crossing
site rMr.. 12

R.'.!8I Water SUpp1y4 OM&R costs of pump and wat&r distribution 3 Well and incremental pumping costs of the
ayatems drawing water from deep aqUifers summed &q\Iifer supply summed for the five regions.
for the five regions=Definitions

0- Operating COWl
M- MainIenance COlIts
R-R~ cOats (capital costs). This item shovJd not be confused with rehablrltation, which is a maintenance cost.

s
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Notes for Table 4.1:

I. Replacement (R) costs on canals are associated with control and turnout structures which
generilly would not be required for navigation orwater supply purposes. ]fthese costs could
be identified, they could be made separable to agriculture, leaving primarily the canal O&M
costs as joint. An important assumption of this study is that net primary returns for
agriculture are estimated on the basis that water and land resources are a single, non-
separable production unit. .

2. ]n this study, excavation costs for canal construction are viewed as being sunk so that capital
or replacement costs (R) for canal construction are not considered as costs to be allocated.
However, the single-purpose alternative cost for a service such as navigation should include
all costs, including capital costs, of providing that service. The reason for this statement is
that in the cost allocation procedure being used, the justifiable cost is taken as being the
lesser of benefits or the single-purpose alternative cost. The benefits accrue because of both
capital 8IaJ O&M investments. Thus, even though the capital costs of the canal construction
are sunk, the benefits reflect these sunk costs. The corresponding single-purpose alternative
costs, therefore, neoo to include the capital costs. For this reason, estimates of the ct-.pital
or replacement (R) costs for the canals are included in this item. Costs for the two categories
of canals, navigable and non-navigable, are calculated by multiplying the costs for all canals
by a coefficient. The coefficient is the ratio of the wetted area of the canals in the category
to the total wetted area of all canals.

3. The purpose of the analysis is to identify the share of the existing system costs which should
be allocated to lands which are not yet reclaimed (designated as new new lands to
differentiate them from lands that have been brought under irrigation since the 1950s old
new lands). Thus, benefits for the new new lands need to be expressed at the point where
the new new lands cease to shfi:'~ in the existing system. A similar procedure is used in
evaluating the agricultural benefits for the old lands and the old new lands (the existing
system), where net primary retu~ are based only on farm costs and benefit estimates (the
mesqas and. below). Therefore, net primary returns for the new new land9 should include,
in addition to on-farm figures, land recl8lDation. costs, system capital,· operating and
maintenance costs, and any costs incurred by increasing carrying capacities as needed of
specific components of the existing system to deliver water to the system of the new new
lands (ex8IDples include enlarged canals and puraps).Because cost data are not available for
specific.new new land projects, benefits as expressed above could not be determined for this
study. The benefits used in the analysis are only on-farm figures, and thus are larger·than
would be the case if costs for land recl8lDation and the new water delivery system were
netted out. In the application of the cost allocation model, the justifiable COSt turned out to
be the· single purpose alternative cost in each case. (the canals,. pumps, barrages, and the
HAD). As additional cost data become available for the new new land developments, the
benefit numbers can be adjusted appropriately. If net benefits fall below the single purpose
alternative cost estimates, the justifiable costs should become the revised benefit figures and
soinecbanges"jn mecostaliocattonptopottions (pottioDsof existiDg "system costs borne by
the new new lands) would be expected. "
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4. Rural water supply includes deliveries to individual residences, village, towns, and industries
not served directly from the Nile River. It is assumed th8t water supplies. to ml\Jor
metropolitan centers situated near the Nile River (such as Luxor, Cairo, and Alexendria) do
not depend upon the NlIe River system. Even during low flow years there is apparently
sufficient water in the Nile River to meet existing M&I demands in these centers. Costs and
benefits for rural water supply are proportional for the region's population served by the two
categories of canals, navigable and non-navigable. The proportion is calculated by the ratio
of the population in each category to tl!e total population in the region.

S. Pumps on the water supply and irrigation canals and drain pumps which recycle drainage
wliter to the supply side can be considered as serving both &griculture and rural water
supply. However, pumps which serve only a drainage function (that is, they do not recycle
drainage water) benefit only agriculture, and thus should represent a specific cost to that
sector. In the present anaiysis this separation could not be made.

6. Navigation refers to river freight transport. No system benefits are assumed during the four
summer months of hib!! Nile River discharge in the absence of the HAD. Similarly, no
navigation benefits are astlumed during the period of approximately two months of annual
system closure for general maintenance. Unr!er normal operating conditillns, the barrages
increase the channel deptij between Aswan and Luxor. Benefits are based on the estimated
averc"e increment of river freight made possible by channel depth increases created by the
barrages and by regulated flows from the HAD. Dredging costs are specific to navigation
and are not included in the analysis.

7. Regulated releases from the HAD~ coupled with the channel barrages, enable tourist boat:!
to operate between Aswan and Luxor for most of the year. No benefits from the HAD are
8~sumed during the four month period ofhigh sumlner flow in the Nile River in the absence
of the HAD. However, benefits are assumed for the period of approximately two months
of annual system closure for general maintenance. Sufficient water is normally released from
HAD storage even during this period to provide adequate channel depth for the relatively
shallow draft tourist boats. Benefits reflect changes in the average state-room occupancy
rates during different months of the year. Benefits also are based on the estimated average
increase in tourist river traffic made possible by regulated releases from the HAD.

8. The cost allocation mala",. is applied for several of the service sectors at more than one level
within the system. To avoid the possibility of allocating costs which exceed the oonefits for
a particular service sector, total allocated costs and total benefits for each sector.e summed
at the HAD. .

9. As in the casl: of canals (note 2), the capital or construction costs of the HAD are viewed
as being sunk so that the5~ costs are not considered as C03ts to be allocated. However, as
er,plained· in note 1.~ the. single-purpose alternative costs for the HAD include all costs,
including estimated capital (R) costs, of the dam to serve a particular purpose.

·10.· Commerclai-iisD DarvW"iromLake Nasserandaquaeulture"ponds sbouldbe valued on the
basis ofnet income (method 1). However, no costs offishing were available to ,bduct from
revenues. All benefits are assumed to apply to the HAD. No incremental fish harvest as a
result of the dam was assumed for the main stem of the river.
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11. Agricultural benefits implicitly contain flood control benefits for agricultural land. These
flood control benefits thus are estimated by method 2. Other ilood control benefits are
represented by damages prevented to dwellings, cities, transportation facilities, and so forth.
Average annual estimates of these benefits normally are developed through a flood
frequency/damage study on the basis of current and estimated future development and
property values (method 4). Because of time and data limitations, th~s kind of an analysis
is not possible at this time. In his report A. Azim Abdul-Alta (1978) estimates flood control
benefits as being about 4 percent of the total annual· benefits of the HAD in terms of
increases in national income (chapter VI, page 92). This figure is used in this study to
estimate non-agricultural related flood control benefits as being approximately 4 percent of
the summation of all other benefits at tha HAD.

12. Because of their close proximity to each other, the High and the old Aswan Dams are
operated and maintained as though they are a single unit, so the O&M costs for each are
~umped together for this study. The Low Dam provides the main crossing of the Nile at
Aswan. In the study, this crossing is treated as though it were apart of the HAD. U·" single
purpose alternative is a bridge, and the benefits are the savings in OM&R COS~ required for
an equivalent bridge crossing.
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Table 4.2 Representative Directorates
-

No. Region Representative liP Pilot Study Areas
,

Directorate(s) Within Representative Directorate--
-= 1 Upper Egypt Kena Khor Shel (12,000 F)

2 Middle Egypt Assuit Iqal Shamia (16,000 F)
-

3 East Delta EI Sharkla and EI Salhia Saidiya (8,500 F)

4 Middle Delta EI Gharbia Bahr EI Saidi (42,000 F)- .
5 West Delta Behira and West Behira Balaqtar (12,000 F)

-=

-=
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Table 4.3 Scenario 1: Cost Summary (OOO)LE

ANNUAL COST_. ..
DESCRIPTION NILE STEM REGIONS PUMPS OPEN DRAINS TOTAL

A. JOINT COSTS

UPPER EGYPT · 33,718 21,047 · 64,785

MIDDLe EGYPT · 73,220 42,104 · 115,323

EAST DELTA · 54,624 43,876 · DS,1DD

MIDDLE DELTA · 45,883 3g,786 · 85,448

WEST DELTA · 36,416 36,736 · 71,160

SUBTOTAL · 242,560 182,325 · 424,885

HIGH ASWAN DAM 38,145 · · · 38,145

BARRAGES,. STEM 93,944 · · · ~,944

TOTAL JOINT COSTS 130,088 242,560 182,325 · 564,973

B. SPECIFIC COSTS

NAVIGATION ~,801 · · · 2,801

AGRICULTURE · · · 36,088 35,088

C.SEPARABLECOSTS

FLOOD CONTROL 12,242 12,242

TOTAL 145,131 242,680 182,325 36,088 805,104

NOTE: ALL COSTS ARE CONSTANT DECEMBER 1D1l1 PRICES
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Table 4.4 scenario 2: Cost Summary (OOO) LE

NNJALCOSTS
DESCRIPTION Nile STEM REGIONS PUMPS OPENDRAHl TOTAL

A.. JONT COSTS

UPPER EGYPT - 42.134 26.136 - 68.270
IIflDDLE EGYPT - 75.413 52.285 . 1Xl,f!S1

I:ASTDB.TA - 78~7 54,236 - 132.532

iAIDDLE DaTA . 71,023 49,380 - 120.403

WEST DaTA - 57,271 44,375 - 101.646

SUBTOTAL - 324,137 226.412 - 550,549

IUGH ASNAH DAM 62.439 - · - 62.439
EIARRAGES & STEM 138,654 - - - 138,654

ESNA BARRAGE 40,058 - · - 410,058

TOTALJONr COSTS 241.151 324,137 226,412 - 791,701

B~ SPECIFIC COSTS
r\1A~.nON 29.312 - · - 29,312

AGRICUlTURE . - - 96,422 96,,422

ElECTRlCrTY (1) 3'J,462 30,462

C~SEPARABlE COSTS

FLOOD CONTROl 21.148 . - - 21,148

GRAND TOTAL 322.073 324.137 226,412 96,-422 969,044
--..

~-tOTE :1): ESNA BARRAGE POWER PlANT
NOTE (2;: ALL COSTS ARk: COHSTANT DECEMBER 1991 PRICES
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Chapter 5

CHARGING MECHANISMS AND IMPLEMENTATION

5.1 Introduction

,The Government has begun changing longstanding agricultural policies. New policies will allow
farmers to sell more freely to open markets and to permit commodity prices received by farmers
to move toward free-market levels. The policies will reduce or eliminate an important mechanism

, by which the government has collected "tax" revenues from the farm sector. Among other
implications, dtese major policy shifts raise questions about the appropriate means of financing
the operation and maintenance of the main irrigation system. Cost-sharing mechanisDU for
directly charging farmers have been proposed as a revenue source to help pay for system
maintenance.

The purpose of this chapter is to provide, as called for in Task 7 of the Scope of Work, a
preliminary discussion which will a) identify constraints to development ofcost-sharin6 programs
at the various hierarchical levels of the irrigation system; b) suggest appropriate mechanisms; and
c) llUggest additional steps required for implementation. Therefore, the scope of this chapter is
limited'primarily to the problem of recovering the farmers' share of main system OM&R costs,
although some broader cost recovery' issues arise in the course of the discussion-.

Public policy on a complex and controversial issue such as irrigation cost recovery mechanisms
requires balancing of multiple, competing goals. Several social goals have been suggested for
appraising public policy on water resource systems (Maass and Anderson, 1978; Bohm and
Russell, 1985; Stone, 1988). These major criteria include economic efficiency, fairness, i.e.,
treating like individuals in a similar manner, correcting imbalances in the distribution of income
and wealth, and individual choice. Long-ierm sustainability of the system is an explicit goal of
Egyptian water policy, although economists might argue that this can be appropriately subsumed
under economic efficiency. Lesser-order goals include minimal administrative costs, orderly
conflict resolution,and local autonomy and control.

Considerations of t:COnomic efficiency and equity focus attention on recovery of i....igation costs.
Pricing can ration scarce resources such as water and minimize economic wastage. Economic
efficit'Ocyisattained when the incremental charge (price) equals marginal or incremental cost.
The ,water user will only apply units of the resource as long as the incremental gain exceeds
incremental costs. Economic waste 'occurs when ,water userr. apply more water than is
economically efficient. (precise marginal cost pricing requires volumetric measurement of water

.. 'l'be m~terialin this chapter was prepared by R. A. Young frl)m the literature cited; from
-;i ' discussions with Project staff members A. Mazen, I. Elassiouti; hom meetings with MPWWR
L,.; ," officials G. Elsayed, M.A~~.~i4;.witbDP~nsultm2t M. Lowde...rmiJlr; antf with the USAID .
,;""-"'''-'-' siafriiiembers-:D.·-CI8iI:~C.Weber,R.Erich, M. Allam, and D. Wendell. None of the above

:~c.' , is respoD.llible for the ~"1a1 Cllntents of the chapter.
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which, as discussed below, is difficult to achieve under most canal irrigation systems.)
Furthermore, equitable cost distribution is sometimes defined as one in which no ~roup lin society
subsidizes any other. Full cost recovery from water users can be termed equitable in that sense.

Focusing attention on capturing benefits-rather than recovering costs-seems appropriate to some
analysts. However, this approach would likely force irrigators to pa)' more than their fair share.
Such a policy would be inequitable and would also provide a disincentive to farmers to maximize
productivity and profitability. Specific estimates of economic benefits do have an important role
in assessing cost recovery mechanisms. Net returns (profits) to water for farmers cmmot be less
than charges without creating B negative net income situation and removing incentives to produce
at all.

5.2 Constraint Identification

The term constraints is interpreted broadly in this section. It will refer to general obstacles or
problems, rather than absolutely binding limitations or prohibitions.

Development of cost-sharing programs may include: technical, social, administrative, political
and legal, and economic constraints. Placing an issue in a certain category is somewhat arbitrary;
some issues fall into more than one specific category. The different kinds of constraints are
outlined in the paragraph.s that follow.

Technical constraints-Technical issues are often important obstacles to adopting cost recovery
mechanisms. Aprimary technical problem is the accurate measurement of water received by each
of the many farmers served by the system. Devices and personnel for pr,:eise measurement of
water deliveries ar~ often lacking, particularly if the situation calls for vulumetric measurement
to each plot. Anollier obstacle is ident;"::cation of specific parcels of land r~iving water and
therefore obligated to share in the repayment program. In many localities throughout the world,
maps purporting to show lands receiving water are inaccurate, and frequently show planned
irrigated area instf.ad of actual irrigated area. Another complication is how to treat lands which
receive canal water only part of the year (while perhaps otherwise receiving only self-supplied
groundwater or no water at all) or only at times when water supplies are in relatively generous
supply.

Technical constraints of this sort cau usually be overcome and are rarely absolutely binding. The
technology to measure water or identify lands receiving water is well-known. However, technical
constraints can usually be overcome only througb considerable expenditure of resources.
Technical constraints of the kind described above, therefore, can often be more fruitfully
understood as cost constraints.

Sodal constraints-As the term is used here, social constraints refer mainly to farmer attitudes
on paying fer wlier·and on group ;:etion in managing the water supply.

"Th~~.are. r~ligiQlls "&I;ld.politi~ r()nsid~I'AtiQns on paying for.water. The relisious issue, in Egyr!
and in Dic:Jly other arid countries, stems from tbe Islamic prescription against paying for watel,
"a substance provided by God for all to shab Many are concerned that any proposal for
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collecting fees related to irrigation water supply would violate Islamic teachings. However, it is
important to emphasize that this attitude does not necessarily include an official objection to
paying an Irrigation Service Fee (lSF) for the resources and services required to capture, store,
and deliver water. Policies which implement' a cost recovery program are more likely to be
successful if they make a careful, precise distinction between the water resource itself and the
extensive services of capital, management, and labor necess9I"'1 to supply irrigation water. It
should be emphasized that payment is only for the services aud not for the water resource itself.

Political attitude which has received little or no previous discullsion is that many farmers perceive
themselves as a mere instrument, as opposed to is provider of public resources. In this view, the
farmer, by employing water resources, provides a public benefit in the form ofhelping to provide
a plentiful, inexpensive, and secure food· supply to the nation. The farmer contributes the hard
work necessary to produce food ard fiber and takes the risks associated with fluctuations in
climate, levels ofdisease, and crop pr I, ':eS. From this perspective, it is not the farmer but the food
and fiber consumers who should P&., the costs of water supply and assume the risks of cost
overruns and unanticipated external costs associated with public irrigation systems. (Examples
of external costs or side effects are water quality degradation andlor waterlogging.) In this view,
the farmers, the public, and the government are in a partnership, and the government's part of
the bargain is to provide the water.

In sharp contrast, the growing worldwide impetus for cost recovery programs arises from the
increasing emphasis on decentralized ec')nomic and political institutions-even in the agricultural
sector-and from the corresponding principle that water should be treated as an economic
commodity. In this view, the irrigation water supply sector should be organized under
decentralized market principles, and society is best ~erved when water price reflects the full costs
of its supply. Thus the direct beneficiaries-the water users- should bear not only the full costs
of delivering the water, but should also be responsible for the risks of cost overruns and
unanticipated external costs.

Another attitude providing an obstacle or constraint to cost recovery is the belief that payment
need be made only if full value is received. Many farmers believe they are only obligated to pay
only if the other party to the arrangement (i.e., the government) delivers as much water a.~ needed
at the time· required. This attitude has the practical effect of giving water users leverage in
negotiations with authorities.

Water users associations (WUAs) have been suggested for playing a potentially important role
in cost recovery. WUAs could serve as a collection organization and encourage farmers to
participate in mesqa management. There is a literature on the possibility of self-sustaining
WUAS. Sociologists (e.g., Freeman, 1989) and analysts of public administration (e.g., Ostrom,
1992; Gerards, 1992) have fonnulated principles for designing sustainable water users
organizations. However, there are.skeptics (e.g., Young, 1992) who call attention to problems
with organizing WAs and the grea~ difficulty in practice of achieving and sustaining effective
_.CQ.U~ive.or!anizations ..of farmers•. While..not disputing .thll'possibility of !ustninAh!e .wuAs~

skeptics emphasize conflicting interests ·between head-enders and tail-enders, and inadequate
information and varying social ~~':~r and status on tertiary watercourses (mesqas). Tnese
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conditions make successful coJlective action much more difficult and costly in time and effort than
is generally recognized. The long-run sustainabllity of WUAs for mesqa maintenance, water
allocation, and revenue collection must be considered to be, at best, improbable. Young
hypothesizes that, from society's overall perspective, mesqa management tasks would be most
effectively and least expensively performed by the irrigation authority. Still, WUAs who
successfully demonstrated management capacity could be offered a rebate on water charges to
encourage self-management.

A final social constraint is the regressive (adverse) implication of water charges for the
distribution of income and wealth in Egypt and similar countries. (A regressive policy favors the
wealthy at the expense of the poor.) A large proportion of farm6is are small landholders who fall
on tho lower end of the income scale. Setting aside the fact that many farmers are not necessarily
poor, paying for water from the general treasury i'ather than from cost recovery is a simple
mechanism for redistributing income to an important sector of the population.

Administrative constraints-Administrative constraints involve the concern that the charging
mechanism be both simple and transparent. When there are a variety of mechanisms-e.g., if
charges vary by region or according to whether specific programs (such as closed drainage or on
farm delivery system improvements) have been locally implemented-the simplicity constraint
may be violated. On the other hand, betterment levies to capture drainage or on-farm
improvements have been applied to date only to limited areas.. Therefore, spreading these costs
to the nation's farmers as a 'whole would be seen as unfair to those not yet receiving these special
services.

Administrative mechanisms for imposing fOld collecting charges should be transparent. Farmers
should easily understand the reasons for the charge, how it may vary between sectors or areas
of the country, and hWJ¥ its level is initially set and changed over time.

It is important that fees collected stay within the water supply system. If OM&R costs are
successfully recov~red from water users, the revenues might go to the Finance Ministry, which
may judge that the funds have more value elsewhere in the government budget than the
MPWWR. If this happens, th'!)n the program will have failed in its goal to improve the system,
and subsequent irrigation service fee collections will likely dwindle.

Political and legal constraints-Political and legal consu9ints derive from the social attitudes
describEd above. Rural and farm-based members make up a significant proportion of the national
Parliament. From considerations of principle (to say nothing of its financial self-interest), this
bloc is likely to strong~y resist any .movement toward. shifting any of the cost of the irrigation
system away from the public treasury and toward the farmers.

The most significant legal problem is how to identify exactly who is responsible for payment
from each parcel ofland (i.e., owners or tenants). Parliament is considering a change in the laws
on this subject. If adopted, the legislation would have a maj",!, effect on how costs are distributed
between owners and t('1Dants (and from the analyst's perspective, how ability to pay is

-determlned);-Another iegai concern- reiatesto· maidng the cbargevoiumetrk wration's scarce

70



-=

]

water resource. With such 8 mechanism, the charge must be levied upon the decision maker who
chooses how much water to apply.

Economic constraints-Economic constraints take several slgnificmt forms. Themajor economic
constraint Is farmers' ability to pay. Ability to pay sets an upper bOlAnd on the costs which can
be recovered from farmers. It Is usually defined by net profit from crop production. Profits, in
turn, .depend on a· number of considerations, including the productivity of soils on the specific
plots, the managerial capability of farmers, the types of crops produced, the size (in feddans) of
the farm, the quantity of inputs and resources employed in crop production, Md market (01'

government-mandated) prices of crops and productive inputs. Productivity and profitability can
vary widely among farms and farmers in the same region, and between the regions of the nation.
An important consideration in establishing a cost recovery scheme in ddermining which, if any,
of these factors should be taken into account.

Technical economic issues in determining ability to pay include such factors as the following:
What interest rate and planning period should be used to amortize capital? How much, if any,
amount should be charged for family labor in the profit calculations? Should wage rates be
differentiated by age and/or sex of workers?

An economic consideration which will be important for gaining political acceptance of newly
instituted cost recovery mechanisms on presentlylrrigated lands is the possible perception of an
adverse impat.1 on the wealth ofowners of irrigated lands. Other factors being equal, a new water
charge would reduce annual income. Market values for land tend to be based on the capitalized
(i.e., present-discounted) value of the annual incom, stream. Increased costs from an irrigation
service fee w('~:.1d not only have an immediate, adverse effect on net income, but an even more
significant effect on the market value of lands. This partly explains the strong objections
landowners have to new government taxes or charges. Of course, if those in the land market
expect to gain more benefits from system maintenance than they stand to lose from the increase
in costs, then their income and wealth will increase, and they will much less likely object to new
fees.

Other considerations which might be claSsified as economic constraints are costs which derive
from the technical constraints dis(:ussed above. Among these are the costs of identifying
beneficiaries and measuring the water actually received. Another important economic
consideration, sometimes· classified as administrative, is the cost of actually collecting from
beneficiaries, including but not li~ted to clerical services, record keeping, and th~ extra expense
ofcollecting from those who miss payment deadlines. Mechanisms for resolving conflicts among
water users and between water users and the Irrigation Department, such as informal trihunals
or formal water courts, also require costly resources.
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5.3 &uggested Charging Mechanisms

5.3.1 Preliminary Remarks

Costs may be recovered directly from those who receive the water, or indirectly from increases
in government revenue associated with an irrigation project (such as by increased tax revenues
from agribuslne.ss, export wees, etc.). The discussion here will focus on direct cost recovery
mechanisms.

It is useful to consider two dimensions of revenue collection structure when reviewing charging
mechanisms. Orte dimension is the overall administrative and organizational structure employed
in water delivery and revenue collection. The second dimension refers to the specific mechanism
by which irrigation costs are recovered from f,nners.

5.3.2 Options for AdmlnlstradvelOrganizationai Structure

-

-'

.::-
-~

• Probably the most frequently adopted approach to administering cost recovery is to pass the job
to an official taxtollection agency, such as the revenue section of the national ministry of
finance. These organizations have the experience, personnel, and procedures for revenue
collection. Tax collection agencies are sometimes recommended as the low-cost method, because
no new bureaucratic structure and associated personnel and operating budget is needed.

Policies which rely on central tax collection agencies to recover irrigation system costs have been
criticized bet:ause they may return only a part of the revenues collected andlor an inadequate
amount of funds to the irrigation agency for long-term system maintenance. The MPWWR has,
according to thi.; pef~pective, little incentive to assure maximum collection rates because its
bUdget has little relation to the amount collected from farmers. Conversely, the finance ministry,
receiving little income from irrigation service fees, tends to give little funding back to the
Irrigation Department. Some critics of the typical administrative structure blamo a significant
portion of the problem of inadequate irrigation system management and declining infrastructure
on this point (Easter, 1990; Small and Carruthers, 1991). These analysts hypothesiz!' instead that
an autonomous irrigation authority, which would neither r~..eive funds from nor pay revenues to
the central government, would have a better understandin~ oftbe financial needs for· maintaining
and upgrading the irrigation system. Moreover, such an authority could have the incentive to
raise sufficient revenue and spend them effectively.

5.3.3 Options for Specific Charging Medumlsrns

Two broad categories of charging mechanisms may be considered. One approach focuses on land
area served, while the other measures volume of wate.r. (It wo\~ld be conceivable to institute a
flat charge for each farm or family, but this would so favor larger farms that its adoption is

...u.~!kely.)

72



=

-=

Area-based charges-One broad category of water charges are based on the land area served by
the system. Three distinct types of charges can be distinguished. Each would collect revenue for
irrigation cost recoverj by an addition to the ex.illting land tax. \

One method cbarges according to the amount of lands that are actually both cultivable and served .
by the irrigation system. TI!as approach is usually called a flat land ch&rge. A flat land tax
probably is the easiest type of system to administer, since tile collection agency needs only to
know the irrigable, cultivable area belongir~g to each own,r, regardless of annual or seasonal
variations in cropping practices.

A second type of area-based charge would impose a fIXed charge on the actual areas cropped in
each of two or three seasons of the water year. In this case, a flat charge would be imposed on
e.ach individual crop that receives irrigation water during the year. This approach, which might
be called a partial crop-based land charge, requires more administrative and regulatory effort
from the revenue collection authority, i.e., periodic visits to each landholding.

The third t}'De of charge varies for each of the creps J;rown according to typical or required water
use levels ~ar each crop. Long-season crops such as rice or sugar cnne that require large amounts
of water would be charged much more than beans or wheat. Two drawbacks have been reported
from this approach. One (Bowen and Young, 1986) is that because of the high fixed cost
structure of farming, there is little response to crop charges. (See also Sreall and Carruthers,
1991, for similar findings in Asia.) The second problem has to do with incorrect reporting of
actual crops by employees responsible for collecting the charge. For example, in return for
gratuities, employees might underreport rice are3S planted with rice anl1 overreport bean-growing
areas.

Volumetric charges-Ch~ging by volume of water requi!es an ability to measure water deliveries
with reasonable accuracy. The more precision in water measurement, the greater the resulting
administrative costs.

One issue is the location at which th~ measurement is taken. The measurement can be made an
outlet to the tertiary conveyance channei for a group of '~armers, or at the outlet and the
individual turnout. In the former case, the farmers must somehow divide up charges among
themselves; in the latter case, the charging mechanism does it for them (see the discussion
below).

A rather exact approach is to charge each "delivery'" t9 a specific plot. The charge would depend
on the area of the plot and assume that each delivery represents a similar volume of water. This
might be called the dr,livery charge approach. The char~e would likely be set according to the
typical head and flow rates at the farmer's receiving point.

A second variation on ilie volumetric theme .would be a charge based on the time during which
water is received for each deiivery. This might be caJleci the delivery time method.

An exact approach to volumetric measures woald actually attempt to measure water delivered to
each farm, and charge accordingly. Some sort of measuring flume or similar device would be
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necessary, and an observer or automated instrument would have to record the time and rate of
flow for each delivery.

Full volumetric pricing presents both political and economic obstacles in the Egyptian context
(Bowen and Young, 1986). The political constraints, discussed above, stem from the religious
and political objections to charging farmers for water. Bowen and Young found that, as with crop
charges noted above, a large charge would be required to elicit significant changes in farmers'
water use patterns. The level ofcharge necessary to ration water would likely be even larger than
needed to recover system improvement costs.

Flat area charges combined with water delivery quotas-A type of middle ground approach has
been suggested for Egypt, which draws on the simplicity of the flat rate approach, while avoiding
at least some of the political and economic disadvantages of volumetric pricing (Bowen and
Young). This approach, already practiced in parts cfthe western United States, would collect the
desired level of revenues for cost recovery by means of a flat land charge. The allocative
efficiency problem would be dealt with by creating annual or seasonal water delivery quotas (or
"entitlements"), which would encourage farmers to make the most economical use of the water
by selecting crops appropriate to their soils, climate, markets and water supply situation.

A more sophisticated version, long practiced in parts of the western United States, makes the
entitlements marketable, so that those expecting high profitability from growing high water-using
crops could buy entitlements from those who preferred less water-intensive crops. The quotas
might be exchangeable on a temporary basis (rental) or by permanent sale. The advantage would
be that water could move to its highest and best uses. The disadvantages would be the religious
issue noted above, and the necessary administrative structure and recordkeeping to protect
interests of both those a part of the transaction (assuring only the exacts entitlements are
transferred) and parties not in the transaction (from some of their water being inadvertently sold.)

5.4 Steps Required for Implementation

If the charging mechanism is to serve only the single goal of recovering from direct beneficiaries
the costs of an econumically justified main system improvement program, the solution appears
to be simple: a flat lane: tax can be designed to collect the appropriate amount of revenue and the
collection task assigned to the Finance Ministry. This will be equitable, in the sense that each
feddan in each region will bear an equivalent finanr.ial burden. Further, this is a low-cost method
of recovering costs, even if, as is likely, the revenue agency imposes some collection fees.

However, if the charging policy is to satisfy further goals, particularly that of economic
efficiency, some form of delivery quota approach or even a form of volumetric charge must be
given serious consideration.
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5.4.1 General Steps

A specific plan must be chosen to implement acost recovery system. This will require completion
of the study outlined under Scope of Work No.3. Although tht:' first steps have been taken in
Study No.2, it will be necessary before choosing a plan to estimate with more exactitude the
ability of farmers to pay throughout the various regions of the country.

Once a plan is selected, a number of administrative and political tasks must be completed. These
include: obtaining general Parliamentary approval and enacting the specific legal provisions
necessary for implementation.

If the Finance Ministry is to collect the revenues, a formal agreement with that Ministry will be
needed to remit an appropriate share of the proceeds.

5.4.2 Specific Steps for Implementation

This section discusses several topics that should be incorporated into any plan for implementing
a cost recovery system.

lWtat role might water users associationsplay in implementing a cost recoveryprogram?-WUAs
can serve at least four functions in improving water management in a large scale canal irrigation
system. One function is to pmvide a collective organization to maintain the mesqas. A second
role might be to provide a collective mechanism to divide or allocate the water along a mesqa
among individual water users and their fields. A third is to aid in collecting revenues from
farmers to pay for the system. A fourth purpose is to represent the farmers' needs and interests
to the irrigation authority. For ta'!js last purpose, a hierarchy ofcouncils of representatives should
be formed. The mesqa WUA would form the first level of councils. The next or secondary canal
level would be mll~~ up of elected representatives from individual mesqas. For the next level,
representatives would be elected from the lower level, and so on.

Some advantages and disadvantages of relying upon WUhs io&' revenue collection, mesqa
maintenance, and water allocation were mentioned above. If the government policy becomes one
of re~ying on WUAs for assistance in cost recovery, a policy which establishes WUAs on each
and every mesqa must be implemented.

Making payment contingent on actually receiving full water entitlements-As water supplies
become more and more constrained because of drought, growing upstrl.'A1IIl diversions, or
increased demands from municipal and industrial sectors and new land reclamation, some water
users might not always receive their full entitlement. In addition, local farmers may not receive
water due to general or partial system failure. In such cases, payment could be redu~~

accordingly. Such an approach is being tested in a pilot project in Indonesia (Gerards, 1992). In
such a ease, some mechanil)m must be adopted to avoid periodic serious shortfalls in OM&R
operations due to ~asional reductions of revenue collections. This could take the form of a
special fund set aside from revenues and drawn on as necessary, or agreement with the Finance
Ministry to make up such shortfalls.
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Should interest on capital costs be included in the irrigadon servicefee?-This study has assumed
that interest on durable capital items is an includable cost. The Irrigation Improvemept Project
(lIP) report on cost recovery (lIP, October, 1991) hliS followed a different approach, sugge3ting
interest on capital improvements is not an element of the costs which are to be recovered.
However, it should be noted that that report's recommendation to ignore interest costs is at odds
with the fact that GOARE must pay interest on loans to improve the system or forego return on
capital which might be productively invested elsewhere.

Gradual phase-in of water charges-Implementation of a water charging system will be
controversial and unpopular. A gradual phasing in of the fun charge might soften the negative
impact. The Indonesian pBot project mentioned abov~ is using a five-year phasing in program,
starting at 20 percent oi'the desired level, and increasing an additional 20 percent each subsequent
year. The UP pilot studies recommended a full moratorium or waiver on payments for five years
after the project is completed. (Waiving irrigation service fees for five years was the practice in
the United States for newly constructed projects in which farmers were obligated to pay for land
development costs and on-farm delivery systems.) A potential drawback to a five-year waiver in
the case of on-farm rehabilitation and upgrading expenditures is the possibility that on-farm
improvements would visibly depreciate by the end of five years, and farmers might lose the
incentive to make full payment.

Keeping up with injlation-The common tendency of economies to experience inflation in general
price levels poses a problem for implementing irrigation service fees. While a fixed level of
charges can initially raise a satisfactory level of revenue, inflation can evolve the real purchasing
power of fee coilections. Some mechanism must be considered to assure that revenues rise at a
parallel rate. An obvious choice is pegging the charges to increase each year at the same rate as
a suitable index of prices received for agricultural commodities by Egyptian farmers.

Another approach, in U1W for some time in the Philippines (Svendsen, 1991), is to permit the
charge to be paid in ki.nd. The unit of payment would be in kilograms of the most important crop
or its monetary equivalent. The service fee, in money or in kind over a period of time, would
reflect the purchasing power of the crops produced. (This approach would be more difficult to
implement in Egypt, which has a wide variety ofcrops. However, the method has promise. Given
the importance of retaining purchasing power, it warrants additional study.)
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Chapter 6

SUMMARY, CONCLUSIONS, AND RECO:MMENDATIONS

6.1 Summary

6.1.1 Sy&tem Description

This document describes the Nile River system according to two basic levels of hierarchy, i.e.,
the main stem of the Nile and the existing irrigated lands. An additional level is added for lands
which are proposed to be reclaimed, and which are termed the new new lands. Within the Nile
main stem, joint costs occur for two types ofstructures: the HAD complex and the eight barrages
on the river below the HAD. Within the irrigated lands, the only joint costs involve the irrigation
canals, with the uses being navigation, rural water supply, and agriculmre. To provide for spatial
differences in the system, the irrigated area was divided into five regions, i.e, Upper Egypt,
Middle Egypt, East Delta, Middle Delt ~ and West Delta. Within each region a representative
directorate was identified, with each directorate containing an Irrigation Improvement Program
(lIP) study area. The data obtained from the results of the UP studies were applied to the
representative directorates. In tum, data from the representative directorates were extrapolated
to the regions.

6.1.2 Study Sceruoios

Four scenarios were identified for the study.

Scenario I:

Scenario 2:

Scenario 3:

Scenario 4:

This scenario represents the present water supply system, which delivers water
to the old lands and the recently developed new lands (the old new lands).
Scenario 1 is designed to reflect the budget policy in effect now and in the
recent past for expenditures on OM&R.

This scenario has the same geographic coverage as Scenario I, but upgrades
the OM&R policy to a level adequate for long-term sustainability. The
improvements include: a) additional regulating and control structures; b)
improved maintena..~=e of existing canals, drains and water regulating and
control structures; and c) a program for more rapidly replacing deteriorating
water control structures and pumping stations.

This scenario represents the same budget policy as Scenario 1, but incorpOrates
potential new lands. Potential new Is.mds refer to those developments currently
proposed but not yet reclaimed (new new lands).

Tnis scenario modifies the adequate OM&R budget policy of Scenario 2 to
include the new new lands referred to in Scenario 3.
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6.1.3 Cost Data

OM&R cost data for the existing system were obtained from various sources, and were
summarized for input to the cost allocation model (Scenario 1). Cost data also were assembled
for upgrading the system to an adequate level of maintenance (Scenario 2). The capital costs of
all in-place facilities such as the HAD complex, the eight Nile barrages on the Nile main 5:tem,
and the channels are treated as being sunk costs, i.e., not relevant to a future cost recovery
policy. Capital costs are considered as structures are replaced and new improvements are made
to the system. Costs are discounted st un interest rate of 12 percent over an assumed project life
of 30 years. Structures for which costs are allocated are the HAD complex, the eight channel
barrages, and the irrigation canals within the regions. All costs and benefits throughout this report
are expressed in December 1991 prices.

6.1.4 Cost Allocation Results

In reviewing the study results, it is important to remember that the cost allocation procedure used
(the Adjusted Separable-Costs Remaining Benefits [ASCRB] method) satisfies the two lasic
economic criteria ofefficiency and equity. The efficiency criterion requires that each user's share
of the system costs should not exceed the benefits which the user derives from the project. An
additional part of this requirement is that the total costs allocated to each user should not exceed
the cost of a single-purpose alternative project which could provide equivalent benefits. Equity
refers to fairness in the distribution of total project costs among all the users of a multipurpose
development. Thus, costs should be allocated as a function of the benefits which each user
receives from the project. In this way, each user can be assured of having to pay only a fair share
of project costs. The application of these two criteria introduces the notion of justifiable cost.
This cost for a particular user is the lesser of the single-purpose alternative project cost or the
project benefits. A cost allocation procedure which uses justifiable cost will not require a user
to pay more than either the benefits received or the cost of a project constructed only to meet the
needs of the particular user.

Table 6.1 shows the total OM&R costs for the present system in 1991 LE's for the five-year
period 1986-87 through 1990-91. Several observations about the table follow.

1. In constant prices, the annual expenditures for OM&R on the existing system
increased during the three w2ter-short years of 1986-87 through 1988-89. However,
during the last two years of the period real expenditures dropped by about 5 percent
per year. This trend if continued will inevitably result in aloss of benefits from t1le
system.

2. P"rsonnel costs represent about 17 percent of the total current costs under Scenario
1. The st1.~dy team considers these costs reasonable and not indicative ofan excessively
expensive bureaucratic structure. Although labor efficiency could doubtless be
improved by some reduction or reallocation of the wor~ force, major cost savings
cannot be achieved.
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3. Average replacement costs under Scenario 1 are low and should be increased for
adequate system maintenance.

4. Present maintenance costs are unusually high, indicating that parts of the system need
replacement. An increase in replacement costs will produce a corresponding decrease
in maintenance costs.

Figure 6.1 shows the joint cost allocation results under the four scenario"s. The following are brief
observations on the figure.

1. For all scenarios, existing agriculture carries a major share of the project joint costs,
ranging from about 75 percent under Scenario 4 to approximately 83 percent under
Scenario 1.

2. Next to agriculture, river tourism has the largest share of joint costs, with shares
ranging from 5.7 to 10.3 percent of the total. Tourism shares in the cost of the river
barrages and the HAD.

3. The joint cost shares for both flood control and fishery are relatively small (the
aUocated proportions for all scenarios do not exceed 1 percent for either use). This
condition results not because the benefits to these two sectors are small, but because
the justifiable costs are the single-purpose structures at the HAD site. Furthermore,
shares for users which involve only the HAD are low because the dam represents only
a relatively small proportion (Jess than 10 percent) of the total joint costs for the
system.

4. Navigation proportions are small (Jess than 5 percent) for all scenarios. Navigation
shares in the costs of the barrages and the HAD. However, its relatively small benefits
govern the allocation of joint costs for this use.

S. Scenario 2 represents the costs and benefits of the existing system under an adequate
maintenance program. OM&R inputs are increased by nearly 50 percent to adequately
maintain the system, with replacements made as appropriate. Allocated oo£t
proportions actually drop in this scenario for agriculture and rural water supply
primarily because shares allocated to power and tourism increase. The reason for the
increase is that this scenario represents significant improvements in the main stem
barrages and in HAD maintenance, particularly with the construction of the new Esna
Barrage and its associated hydroelectric facilities.

6. Scenario.3 represents the existing system (Scenario 1) coupled with the new new land
reclamation. The new lands assume about 6.8 percent of the total joint cost of the
existing system, bringing the total share for agriculture (existing lands plus new new
lands) to about 87 percent. Shares decline for other system users. A similar trend is
observed under Scenario 4, in which the upgraded system (Scenario 2) is coupled with
new land development.
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7. Total system costs for the various system users are shown by Table 6.2a for Scenario
I and Table 6.2b for Scenario 2. Costs for new land development were notestimated
and are not included. Costs for Nile channel dredging specific to navigation are also
not included. However, for existing agriculture and other uses total system costs are
shown. For agriculture, costs do not include current on-farm (mesqas and below)
costs. These costs are included in the estimation of agricultural benefits (see Appendix
F.5). However, UP mesqa improvement costs are not included. They would have to
be included in the estimates of agricultural benefits if this program is implemented.
Mesqa improvements are not included to identify agricultural benefits associated only
with improvements in the main system above the mesqas. For the same reason,
cropping patterns were assumed not to change under Scenario 2 from Scenario 1. This
seemingly unrealistic assumption was made to enable identification of benefits
attributable to improved main system deliveries. In fact, benefits are likely to rise as
farmers change cropping patterns under an open market policy to maximize their
agricultural returns.

8. Table 6.3 indicates under each of the four scenarios the costs to existing agriculture
on a per feddan basis and by water delivery volume (in thousands of m3

). The cost
increases by about 45 percent with improved maintenance from LE7S.2 per feddan
under Scenario I to LEI09.2 per feddan under Scenario 2. Under Scenarios 3 and 4
there are cost reductions because a portion of the system costs is carried by the new
lands. These estimates are made on the basis of the area of irrigated land in the
existing system of 6.60 million feddans. As indicated by Table 6.2, the total costs to
agriculture include the allocated joint costs plus the specific costs for open drains.

Turning to cost per unit of water, a cost of about LElO.7 and 10.3 per thousand m3

are estimated under current policies for Scenarios 1 and 3 respectively. These costs
would rise to about LEIS.5 and LE14.9 per thousand m3 under Scenarios 2 and 4.

9. Tables 6.4 and 6.5 show the distribution across the basin hierarchy of costs allocated
to existing agriculture. Table 6.4 shows the annual cost per feddan. For example, it
indicates that existing agriculture is charged LEI.SI and 2.62 per feddan per year for
the services of the High Aswan Dam complex (HAD) in Scenarios 1 and 2,
respectively. Costs allocated for the main stem barrages, including Esna, are LE4.84
and 9.71 in Scenarios 1 and 2, respectively. In Scenario 1 the costs allocated within
each region vary from LE53.9 in the West Delta to LE7S.3 in Middle Egypt. In
Scenario 2 there is much less variation among regions, with the Middle Delta lowest
at LE81.2 and Upper Egypt highest at LE83.3.

Drainage costs are shown in the middle of the Table 6.4, and the total cost per feddan
is shown for each region at the bottom of the table. These costs are obtained for each
region by snmming the costs for the HAD, main stem batT2ges within t.'le region, :rod
drainage. The total regional costs vary from LE65.6 in the West Delta to 87.0 in
Middle Egypt for Scenario 1. The last row in Table 6.4 shows the flat rate which is
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obtained by dividing the total costs by the total area. The flat rate varies from LE72.7
in Scenario 3 to LEI09.2 in Scenario 2.

Table 6.S is the same as Table 6.4 except that the units are expressed in terms of
LE/l,OOO m' of water. The total annual costs for the regions vary from LE9.44 to LE
11.8 in Scenario 1. The flat rate varies from LEI0.3 in Scenario 3 to LEIS.S in
Scenario 2.

In Scenario 1 the regional costs per feddan vary by more than 30 percent with Upper
and Middle Egypt on the high side and the West Delta on the low side. The higher
cost for Upper Egypt is caused by relatively high personnel costs: about 63 percent
higher than the average for an five regions on a per area basis. The higher cost for
Middle Egypt is caused by relatively high non-personnel and capital costs; about 34
percent and 26 percent above the average~ respectively. The relatively low cost for the
West Delta is caused by relatively low personnel costs, about S9 percent below the
average on a per area basis.

In Scenario 2 the allocated costs per feddan among regions vary by only 2 percent,
much less than in Scenario 1. This result may be attributed to the way in which costs
for input to the model wem estimated for "adequate OM&R": total basin costs were
estimated and then proportioned out to the regions on the basis of area.

For all regions in both scenarios the justifiable costs for rural water supply are much
lower than for irrigated agriculture, thus causing almost all of the cost within each
region to be allocated to agriculture. Because there is no significant competing service
for water within each region, the final Nlocation of costs to agriculture among a!1
regions will be very similar to the distribution of the cost data input to the model.
This accounts for the large variations in Scenario 1 and the small variations in
Scenario·2; they both foHow the trends of the input cost data.

6.1.5 Economic Disbenefits

External or spilJover costs, which are actually damages or disbenefits to third parties (for
example, water pollution damages), often arise with use of water by municipalities, industries,
and agriculture. They have an important role in the theory of environmental management.
However, they usually arise from diffuse sources, and assessing individual or even sector
responsibility by means of a water pollution tax is difficult on both technical and policy grounds.
Ideally, external costs should be internalized into the costs facing economic agents. However,
little data exists on water pollution damages in Egypt and resources to this study were not
sufficient to develop such estimates. Hence, disbenefits were not considered in this study (except
that costs in mitigation of overirrigation practices are charged as a specific cost to the irrigation

. sector)..

, 81



-

~~

6.1.6 Sensitivity Studies

The sensitivity of a particular cost allocation result to input values for benefits or single-purpose
alternative cost depends entirely upon two points:

Ii whether the justifiable cost for a particular service is derived from the benefits or the
single-purpose alternative and

• the relative magnitude in terms of total system joint co:;ts to the joint costs of the
structures being allocated

For example, except at low levels where they become less than the single-purpose alternative
cost, changes in flood control benefits have no effect on the costs allocated to flood control.
However, even if flood control benefits represented the justifiable cost, the costs allocated to
flood control would be low because flood control involves only the HAD, and the C'lst of this
structure represents the less than 10 percent of the total system joint costs (Fig. 6.2a). There is
little sensitivity associated with allocations involving the HAD because the costs for this structure
are small in proportion to the total system joint costs. By the same token, the system is not very
sensitive to the canal replacement costs (alternative costs) even though these costs govern the
allocation of joint canal costs to users in the irrigated regions. These costs represent a large
portion of the total justifiable costs which are used to allocate the joint canal costs. In other
words, the justifiable cost for agriculture is much greater than the justifiable cost for rural water
supply in each region, and dominates the allocation between agriculture and water supply. For
this reason, the portion of costs allocated agriculture is rather insensitive to changes in the
estimated single-purpose cost of the canals as indicated by Fjgure 6.2b.

For rural water supply the justifiable costs are the system benefits, which are the incremental
c(';'sts of drawing from a deep aquifer supply. Thus, if the benefits to rural water supply are
significantly increased, for example, the costs allocated to water supply also are significantly
increased, although not in the same proportions because agriculture has much greater total
justifiable costs. The sensitivity of rural water supply and agricultural allocated costs to changes
in rural water supply benefits are shown by Figure 6.2c.

In addition to conducting sensitivity studies by changing the user benefits and/or single- purpose
alternative costs, one can examine the effects for changes in the cost of the works at various
system levels. If joint cost changes are applied uniformly throughout the system, no change in
the cost allocation proportions would be expected. However, if joint costs change significantly
ae only one system I~vel, a change in the overall allocation proportions will result. For example,
a significant increase in OM&R CO!i:ts for ihe irrigation canals will be reflected as an increase in
the proportion of the total system costs allocated to agriculture. Similarly, for reasons already
stated, a change in OM&R costs at the HAD will not have much effect on the overall allocation
proportions.

The sensitivity of model results to the discount rate was also studied. Four additional runs were
conducted for each scenario using discount rates of 6 percent, 9 percent, 15 percent, and 18
percent. Figure 6.3 shows the results for the existing agricultural sector. The present values (solid
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lines) and annual costs (dashed lines) are shown for Scenarios 1 and 2. The present values
d~rease significantly with increasing discount rates and the annual costs decrease sli~htly. The
present values are discoUklted cost streams and will always decrease with increasing discount rate.
The annual costs are calculated from the present values by the following fonnula:

A=P(1 +r)D[r/(l +r)D-I]

where A is the annual cost, P is the present value, T is the discount rate, and n is the number of
years. When T increases, P decreases and the tendency is to offset each other so that A changes
less than either r or P. The amount that P changes will also depend upon the distribution of the
values in the cost stream.

Figure 6.4 shows the relative changes in the annual cost allocations for four sectors: fishery,
existing agriculture, rural water supply, and ground transportation. These sectors were selected
to demonstrate a range of sensitivities. These results are from the sensitivity analysis on Scenario
2. The values in the figure are obtained by dividing the allocated annual cost for the specified
discount rate by the allocated annual cost for the discount rate at 12 percent. Agriculture
dominates the system and is insensitive to discount rate. The fishery sector decreases by about
SO percent over the range of discount rates. Water supply and transportation increase by about
SO percent and 118 percent, respectively, over the range of discount rates.

6.2 Conclusions

The following is a list of the study team's main final conclusions:

1. The Nile River water delivery system in Egypt was divided into two major levels of
hierarchy, i.e., the main stem of the river, including the HAD complex and the eight
barrages below the dam, and five regions. For the cost allocation process, joint works
within each level of hierarchy are associated with a particular set of services. In this
regard, under Scenarios 1 and 3, all barrages on the main stem were treated as a
single entity in the cost allocation process. However, under Scenarios 2 and 4, it was
necessary to treat the Esna Barrage as a separate unit because of the addition of
hydroelectric generating facilities. Similarly, within the regions it was necessary to
identify and treat separately the navigable and non-navigable canals. Under Scenarios
3 and 4, the new new agricultural lands (those not yet reclaimed) were added as an
additional spatial unit in the cost allocation model. This degree of system hierarchy
met the requirements of this study. With increased data, additional spatial resolution
could be added if needed. .

2. In terms ofconstant prices, the annual expenditures for OM&R on the existing system
increased during the three water-short years of 1986-87 through 1988-89. However,
during the lS1cttwoyears of the Fl'icd, actual cmpanditure5 druppEd by about 5
percent per year. This trend if continued will inevitably result in deterioration of the
system md loss of benefits.
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3. In the present level ofO&M (Scenario I), personnel costs represent about 17 percent
of total costs. The study team considers these costs reasonable and not indicative of
an excessively e~pensive bureaucratic structure. '

4. Average replacement costs in Scenario I are low and should ~e increased if the system
is to be adequately maintained.

S. Present maintenance costs are unusually high, indicating that parts of the system need
replacement. An increase in replacement costs will produce a corresponding decrease
in maintenance costs.

6. The findings suggest that the nationwide average annual OM&R costs of thp. main
system allocatable to irrigation are about LE7S per feddan per year (in December
1991 prices). This figure would rise to about LEI09 per feddan under Scenario 2.
These mair.. system costs to farmers seP.m reasonable. The equivalelJt costs per
thousand mS are about LEI I and LEI6, r&~\ectiveJy.

7. Sensitivity studies indicated the relative sensitivities of particular cost and benefit
estimates to the cost allocation results. Sensitivities to joint cost estimates at various
levels within the system hierarchy also were examined. From these results it is
possible to identify points where emphasis should be placed in refining cost and
benefit estimates.

8. On a rough comparative basis, the costs under either Scenario I and 2 are not out-of
line with international standards for large, multipurpose water supply systems.
Moreover, it appears from our direct agricultural benefit studies that Egyptian farmers
could pay most if not all of the estimated costs once prices for their crops reach
international market level~. In fact, the added costs to farmers of a policy requiring
full OM&R cost recovery would appear to be less than the added income provided by
the policy change permitting farmers to receive market prices.

9. The application of a cost allocation model to the Nile River system is more of a
continuing process than it is a point ofclosure. As insights are gained from use of the
model, new perspectives will be developed from which it is possible to evaiuate data
and specifications in terms of continually changing policies and social needs.

6.3 Recommendations

6.3.1 Dissemination of Study Results

This report has required extensive research effort. Its results have the potential of forming the
basis for an economically sound cost recovery program for Egypt's Nile River water supply
~ystem. The report and the potential of the cost allocation model.applied_in the study should be
understood by GOARE officials and by others who might be influential in implementing a cost
recovery program. In this regard, It is recommended that a workshop be held to discuss "where
do we go from here. " The workshop should not emphasize the technical details ofcost allocation
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but how the study results might be used to structure and implement a successful cost recov~ry

program.

Cost Recovery

6.3.2.1 Potential Charging Mechanisms

A concern which must be addressed before selecting a charging mechanism is the identification
of goals that a cost recovery policy is to satisfy. If the policy goal is solely to find a different way
to collect more revenues, then the simplest effective methc..d palatable to farmers and Ministry
should be selected. If the cost recovery policy is considered as a part of a broader program to
encourage economic effiCiency, equity, and improved people management where the water
delivery system and the farmers interact, consideration should be given to more complex policies
in which cost recovery is only one public purpose. The latter perspective is taken: it assumes that
definition of water rights for farmers and methods of enforcement of those rights are the key
questions in improved water management along mesqas and in farmers' fields.

Two broad categories of charging instruments are considered. Toe first focuses on land area
served, and may be based on feddans of land irrigated annually or seasonally. Charging rates
might be varied according to farm size. A further refmement is to vary charges by crops
according to their water use. Flat land charges are relatively easy and inexpensive to administer,
but fail to penalize those who do not make best economic Jse of water in their irrigation practices
or choice of crops.

The second category is some sort ofvolumetric charge. This approach requires both the resources
and the political will to measure the water used an~ to charge accordingly. While it encourages
economically efficient water use, and is fair in the sense that each user pays according to what
he draws from the system, the cost of measurement and revenue collection and adverse sodal
attitudes toward water pricing represent significant drawbacks.

A combination approach, consisting of a .flat area charge and a water rights or quota system
emphasizing that farmers' rights to water are Hmited to their proportionate share of the country's
&carce entitlement, might provide a compromise. Costs would be recovered by a special,
additional land tax. The farmer's limited water ~uota would force careful, economical water use.
On a broader perspective, consideration might be given to a drastic policy revision to require the
MPWWR to collect its own irrigation water rev~nues and permit those revenues to be spent only
as needed for OM&R. This approach would encourage the Ministry to obtain high levels of
farmer contributions and to streamline its operational effi·.+,....ncy. .
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6.3.2.2 Implementation

=

Several steps are required for implementation. Legal and political actions are needed to draw up
specific legal provisionll authorizing cost recovery and toO obtain Parliamentary approval.
Management initiatives ml6ht be necwsary to assure that wa~\r supply officials fulfill obligations
to provide better water delivery. Other steps include setting the exact rate to be recovered and
the terms upon which it can be paid (cash or crops). A gradual phase-in would probably find
more acceptance than imposition in one year of the e~.tire cost recovery program. A long-term
cost recovery program t. anticipate price inflation and arrangements to have cost recovery
mechanisms track changes in crop prices should be put into eftect. Linking payment to a specified
quantity ofa major crop (or the equivalent cash value) is the preferred solution in some countries.
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FY FY FY FV FV AVERAGEM.."Al. COSTS (1)

1986 1987 1988 1989 1990 BASE INCLCONTG PERCENT

oaMCosts
Persot.18I 69.4 79.9 91.3 103.3 114.5 114.5 120.2 20.6
NOII·p81'901.... (2) 186.2 217.3 256.2 233.9 204.5 219.9 241.9 39.6

SuIJtofaI 255.6 297.2 347.5 337.1 319.0 334.4 362.1 60.2

Capitaf Costs
StructwaI Replacement 72.6 90.6 87.6 90.0 98.6 87.91 96.7 15.8
Ptftp Station Rehab & Replacement 55.7 62.7 60.4 29.2 30.6 47.7 52.5 8.6
GeneralImPfCMH1lents 94.3 93.2 82.9 83.9 72.3 85.3 93.9 15.4

SubtomJ 222.6 246.4 230.9 203.1 201.5 220.9 243.0 39.8

TOTAl. COSTS 418.2 543.6 578.4 540.2 520.5 555,3 605.1 100.0

(1) Except Peraoiitel Costs (See SectIon 3.4)
(2) Indudes CapitaJ Costs of Maintenance
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Table 6.2a: SCenario 1
Summation of the Total Costs for the Various Users (Million LE)

Joint Costs

Main Stem Totaf ABocated Separable Specific

SllStem User Regions Barrages HAD Joint Costs Costs ~ TotaJ

Existing Agricuftttre 419.4 32.0 9.9 461.3 35.1 496.4

Rural Water Supply 1.0 0.2 0.0 1.2 1.2

Navigation 4.6 21.2 1.2 27.0 2.8 (1) 29.8

Hyd'opowoBf 0.0 0.0 9.9 9.9 9.9

Ground Transpa1ation 0.0 8.6 0.1 8.7 8.7

New Lands (2) 0.0 0.0 0.0 0.0 New Systems (3) 0.0

Commercial Fistling 0.0 0.0 1.2 1.2 1.2

River Tourism &'Recreation 0.0 32.0 9.9 41.9 41.9

Rood Control 0.0 0.0 3.8 3.8 12.2 16.0

Totaf 425.0 94.0 36.0 555.0 12.2 37.9 605.1

(1) A1thoiJgh thella are specific costs for new agriculbJre and navigation, they were not estimated.

(2) Allocated co9!s of the present system to new lands.

(3) The costs of rnadifying 1he present system plus the cost of developing the new land.

~I -



Il, I I , II I, I I I ~ I I 1 I I I ,I , ,1,1 II 1,1, II •• 11.,11 ,11111 I, " II . I. I, I I ... "11,1,, II II J,

~
~

Table 6.2b: Scenario 2
Summation of the Total Costs for the Va?iou~ Users (Million LE)

Joint Costs

Main Stem TotaJ Alocated Separable Specific

Slrstem User Regions ~s HAD Joint Costs Costs Costs Total

Existing Agricu1ll.1f8 542.6 64.1 17.3 624.0 96.4 720.4

Rural Water SUpply 1.0 0.3 0.0 1.3 1.3

Navigation 6.9 27.6 2.0 36.5 29.3 (1) 65.8

Hyci"opower 0.0 11.5 17.3 28.8 28.8

Ground Transpottation 0.0 11.2 0.1 11.3 11.3

New lands (2) 0.0 0.0 0.0 0.0 NEIl!' Systems (3) 0.0

Commercia fishing 0.0 0.0 2.0 2.0 2.0

River Tourism & Recreation 0.0 64.1 17.3 81.4 81.4

Flood ContraI 0.0 0.0 6.4 6.4 21.1 27.5

Total 550.5 178.8 62.4 791.7 21.1 125.7 938.5

(1) Although tham are SjJ8CIfic costs for new agriculture and navigation, they were not estimated.
(2) Allowed costs of the present system to new lands.

(3) The costs of nlOCifying the present system plus the cost of developing the new land.
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Table 6.3 Average Annual OM&R Costs Allocated to Existing Agriculture

SCENARIO COST/FED COST/l000 l\tf

1 75.22 10.66

2 109.17 15.47

3 72.72 10.30

4 104.81 14.85
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Table 6.4 Annual OM&R Costs per Feddan Allocated to
Existing Agiiculture per Hierarchy (mil LPJYr)

--=

-
SCENARIO I 2 3 4
lllERARCHY milFD

-~ HAD 6.599 1.51 2.62 1.18 2.05

= MAIN STEM
-
~ BARRAGES 6.599 4.84 9.7] 3.61 7.13

-

.....
REGIONS

-
UPPER EGYPT- 0.762 71.71 83.27 71.71 83.27-
:MIDDLE EGYPT 1.524 75.30 83.06 73.04 80.56~

-'.!!1 EAST DELTA 1.581 61.29 82.31 61.29 82.31
:MIDDLE DELTA 1.439 57.92 81.23 57.92 81.23

....:

WEST DELTA 1.293 53.92 81.64 51.76 78.38-

-

DRAINAGE 6.599 5.32 14.61 5.32 14.61

TOTAL REGIONAL
--= UPPER EGYPT 0.762 83.38 110.21 81.82 107.06

MIDDLE EGYPT 1.524 86.97 110.00 83.16 104.36
EAST DELTA 1.581 72.96 109.25 71.41 106.10
:MIDDLE DELTA 1.439 69.58 108.17 68.03 105.03

:=ii WEST DELTA 1.293 65.58 108.59 61.87 102.17

FLAT RATE 75.22 109.17 72.72 104.81

9S
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- Table 6.5 Annual OM&R Costs per 1000 M3 Water Allocated to ,-
Existing Agriculture per Hierarchy

-

~

~

SCENARIO 1 2 3 4
• HIERARCHY mil M3

HAD 46570 0.21 0.37 0.17 0.29

MAIN STEM
- BARRAGES 46570 0.69 1.38 0.51 1.01-

-
-

-
- REGIONS

UPPER EGYPT 6340 8.62 10.00 8.62 10.00
MIDDLE EGYPT 11263 10.19 11.24 9.88 10.90

- EAST DELTA 10154 9.54 12.82 9.54 12.82-
MIDDLE DELTA 10609 7.86 11.02 7.86 11.02
WEST DELTA 8204 8.50 12.87 8.16 12.36

DRAINAGE 46570 0.75 2.07 0.75 2.07

TOTAL REGIONAL (1)
UPPER EGYPT 6340 10.02 13.24 9.83 12.86
MIDDLE EGYPT 11263 11.77 14.88 11.25 14.12
EAST DELTA 10154 11.36 17.01 11.12 16.52
MIDDLE DELTA 10609 9.44 14.67 9.23 14.25

-~ WEST DELTA 8204 10.34 17.12 9.75 16.11

FLAT RATE 10.66 15.47 10.30 14.85
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Appendix A

TIlE NILE SYSTEM IN EGYPT

A.I Overview

The Nile River basin in Egypt receives e:;sentiaJly no rainfall. Thus, the country depends almost
entirely upon the river to provide water for many diverse requirements, including irrigation,
hydro-electric energy generation, inland navigation, rural and municipal water supplies, industrial
supplies, recreation and tourism and aquaculture for fish production. The river provides surface
supplies and recharges groundwater aquifers which are pumped for many uses. From its source
in Lake Plateau at the equator the Nile River flows northward for a total distance of about 6700
KIn. It flows across E~t for more than 1000 Km before entering the Mediterranean Sea.

A.2 Nile System Development in Egypt

A.Z.l Early Times

For thousands of years the Nile River overflowed its banks during flood periods and inundated
large areas of land in Egypt adjacent to the river. When the floods abated the river returned to
its main channel leaving behind a layer of silt on the land. The first agricultural activity in Egypt
was the sowing of seeds on this land which had been watered and fertilized by the natural floods.
Archaeological evidence suggests that this first agriculture started in about S200BC.

Arevolution in agriculture occurred with the beginning ofartificial irrigation, including deliberate
flooding of areas contained by longitudinal and transverse dikes and subsequent draining through
sluice gates. Basin irrigation was established by the First Dynasty (3050BC). The first recorded
evidence of this type of irrigation is found on the mace head of the so-called Scorpion King which
has been dated at about 31ooBC. The mace head shows the Scorpion King cutting an irrigation
channel which then bifurcates and appears to feed an irrigated field which is surrounded by
unmistakable palm trees.

Although control of the flood water~. in this way was an improvement on total dependence on the
vagaries of the annual Nile flood, the variations ill flood level from year to year were critical and
no irrigation was possible except at times of flood (winter crops only). The second agricultural
revolution came with the introduction of lift irrigation. Mechanized irrigation came with the
introduction of the shadoof during th' 18th Dynasty (1550- 1307BC). The more sophisticated
Persian water wheel or saqia, was introduced in early Ptolemaic times (323-30BC). This device
was able to lift subst'mtial quantities ofwater. These lifting devices permitted increased reliability
in years of low floods and also provided sufficient water for limited summer cropping to be
intro~uce4. Summer crops were, however, mlltnly limited ro horticultural varieties because of the
absence of the natural fertilizer provided by the Nile flood. This system of irrigation continued
largely uDchanged until the middle of the Nineteenth century.
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The cultivatable area in ancient Egypt has been estimated at between 4 million and 5 million
feddans. However, the area cultivated each year varied greatly, depending on flood le"els, fo:>d
demands and labour availatbility. It is thought that on the average about one feddan of area was
cultivated per capita of population.

A.2.Z First Modem Development

The impetus for modern development was provided in 1805 by Mohamed Ali, the then ruler of
Egypt. He recognized agriculture as being the prima'}' revenue producer in the country.
Accordingly, he instructed that cultivatable land be distributed among the people and h~

introduced high valued crops, such as sugar cane, vegetables, fruits and especially cotton. The
production of cotton necessitated a rRdical change in t..he irrigation system since it needed to be
planted b~fore the natural rise of the flood, required regular watering and needed to be protected
from inundation during the flood. For the first time controlled irrigation was required but the
natural variation of water levels in the river system caused great problems.

Mohamed Ali called u!'on his engineers to take measures to solve this problem and the outcome
was the construction of the first man-made structures on the Nile, the Delta Barrages. Two
barrages w~re constructed at the head of the Delta, across the main Damietta and Rosetta
branches, to raise the low summer water levels in the channel sufficiently to enable flows to enter
the higher flood level canals. The construction of the Delta Barrages was started in 1843 but
various engineering difficulties hindered the progress of the works, and it was no~ until 1861 that
the barrages were completed. Fortunately the engineers were able to dissuade Mohamed Ali from
his suggestion that stone from the pyramids be used for the construction. Mohamed Ali c1itd in
1848 before completion of the barrages, but they served well until replaced by new structures in
1939. The original Delta barrages are still used as road bridges and stand as an elegant monument
to the founder of modern irrigation in Egypt. Following c:ompletion of the first barrages,
remodelling of canals was undertaken, resulting in the canal system largely as it is today.

In addition to benefiting from the improvement in irrigation supplies, cotton cultivation was given
a great impetus by the American Civil War which resulted in high prices for Egyptian cotton.
Production increased from 600,000 to 2,000,000 Kantar (45 KglKantar) between 1860 and 1864,
and by 1900 reached 6,440,000 Kantars.

By the end of the Nineteenth century, however, agricultural production was constrained by
another factor. The natural flow in the river was sufficient to irrigate only 1.5 million feddans
in a low year. This shortage of water for summer crops led to the first storage works on the Nile,
the Aswan Dam.
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A.Z.3 First Half of 20th Century

The first half of the 20th century saw tremendous improvements in the Egyptian 'irrigation
systems. The first Aswan Dam was completed in 1902 with a storage capacity of one billion
(109) cubic meters, and it proved so successful that it was raised in 1912 and further raised in
1934 to increase the storage capacity to 5.1 billion cubic meters. Associated with th~ development
of the Aswan Dam was the extensil)n of the perennially irrigated areas with the construction of
further barrages at Assuit (1902, rf~modeled 1938), Zifta (1902 and remodeled in 1954) on the
Damietta branch, Esna (1908, remodeled 1947 and now being replaced), Nag Hammadi (1930)
and Edfina (1951) on the Rosetta Branch to limit discharge of excess water to the sea.

A.Z.4 Second Half of 20th Century

The completion of the High Aswan Dam (HAD) in 1968 is the most recent revolution in Egyptian
agriculture. The enormous storage in the reservoir formed by the High Aswan Dam (total storage
162 billion cubic meters, live storage 90 b!lIion cubic meters) is sufficient to mEJce Egypt virtually
independent of the vagaries of the year to year variations in the annual Nile flood. After nearly
'7000 years during which Egyptian farmers regularly suffered from the effects of annual droughts
ur flood/s, the impact of the dam on Egyptian agriculture was nothing less than revolutionary and
brought: immense benefits from increased irrigated areas, increased cropping intensities and
increasf~ yields.

A.3 Description of the Nn~ System

The Nile River System is classified for purposes of this study in terms of the following hierarchy:

a. The High Aswan Dam (HAD) and the Old Aswan Dam;

b. The Nile River main channels, including barrages and pumps 10catOO on the main
stem;

c. The main canals, open drains, pump stations and associated structures within each
directora~e; and

d. Other canals and associated structures within each directorate.

A.3.1 The Nile River Main Channel and Barrages

The l:nain channel of the Nile downstream (north) of the HAD is divided into seven reaches by
eight major multipurpose ~arrages, namely, Esna, Nag-Hammadi, Assuit, the two Delta barrages,
Zifta

"
Faraskour, and Edfina, Fig. A.l. The barrage locations with respect to the HAD and the

.. Dlain (canll1s) served by each barrage are given by Table

A.l. The area irrigated within each river reach and the average total annu!!! Ci'Op w~ter

requirements for each are given by Table A.2. The seven barrages also serve navigat;l)n,
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'.'unicipal and industrial demands. Table A.3 indir.ates the mmlmum navigation draft
(...:,)O'esponding to specific minimum flows in each of the seVfm reaches of the river.

Hydropower j!j ~,,~nerated at the HAD and at the Old Aswan Dam power stations 1and 2. Annual
water releases md energy generated al these two locations are shown by Table A.4 for the 10
year period 1980/81 through 1989/90. For this period, the average annual total quantity of
electrical energy generated was 9.S x 109 KWH, with approximately one-third of this total being
generated at the Old Aswan Dam, and the remainder at the HAD. A new Esna barrage is
currently under construction which is being equipped with hydropower

generators.

A.3.2 The Irrigation System

The irrigation s,vstem is divided geographically into five regions, namely, Upper Egypt, Middle
Egypt, East Dt<:ta, Middle Delta and West Delta as shown in Fig. A.2. The Delta regions are
sit1I<l~ed in whac is known as Lower Egypt. Except for the Fayoum area, the irrigated land in
Upper and Middle Egypt extends along both banks of the river. East Delta lands extend between
the Damietta branch and the Suez Canal. Midlllle Delta lands extend between the two Nile
branches. West Delta lands extend from '~;he Rosetta branch to the western desert, where most
newly reclaimed lands exist.

Two different spatial units are applied to the irrigation system within Egypt, namely, canal
command areas and directorates. A command area in Egypt represents a unit which is served by
a particular major canal. This spatial unit is ot -.., applied in model studies of the area. There are
50 command areas within the existing irrigation system. The directorate is an administrative unit,
with each directorate being responsible for the operation, maintenance, and rehabilitation of the
irrigation system within ~ts boundaries. At present, tl1ere are 22 directorates within the existing
irrigation system (Fig. A.3).

From the Nile River water enters the main canals and the rayshs very large canals). Intake rates
are controlled by regulating structures for gravity intakes and by pumping rates for pump
diversions. For both types of diversion works intake levels in the Nile are regulated by the eight
barrages named in Section A.3.1.

All irrigation water diverted in the first reach of the river between the Old Aswan Dam and the
Esna barrage is pumped. Pumping also occurs in some other reaches of the river. From the main
canals (Fig. A.2), the water flows consecutively through lower order canals until it reaches the
mesqas

(distribution ditches to individual farmers), and eventually the on-farm ditches, or marwas. All
canals upstream of the mesqas are part of the main system. The mesqas and marwas are owned,
operated and maintained by the farmers. The system contains several types of water contrrl
5uuctures;· including outlet and transition works, flow regulatun, tail-water escapes, weirs and
crossing structures (culverts, bridges, syphons, and aquaduets)

A4



...::

A.3.3 Drainage System

The drainage works consists primarily of open drains although the use of buried tile drains is
increasing. The system is managed by a total of five central administrations, which are
disaggregated into 27 drainage directorates, as shown in Fig. A.4. Table A.S gives the location
of each directorate and the area served by each. It is noted that the drainage directorates are not
coincident with the irrigation directorates. For this study, the entire drainage system is treated
as a single component of the irrigation system. The rationale for this approach is that the drainage
system can be regarded as responding to a collective problem, rather than serving the needs of
specific directorates. In addition, detailed data on the drainage works are

unavailable. However, a general description of the network of open drains in terms of drain
length as a function of bed width is given in Table A.6. Characteristics of the drainage structures
according to the hydraulic area and structure type are given in Table A.7. Drain terminal points
are situated at the following locations:

• Irrigation canals (through mixing pumping stations);

• River Nile, including the two Delta branches;

• Closed lakes (Lake Karoun and Wadi Rayan);

• Coastal lakes (Mariout, Manzala and others);

• The Mediterranean Sea; and

• The Suez Canal.

A.3.4 Pump Stations

The spatial distribution of the main irrigation and drainage pumping stations operated by the
Mechanical lUld Electrical Department (MED) is given ill Table A.B. Areas served by a single
station range between less than 100 feddans for irrigation to more ilian 100,000 feddans for
drainage. Average discharge rates arc about 6.5 m3/sec for irrigation and 20 m3/sec for drainage.
Pumping discharge rates for drainage pumps range from less than 0.5 m3/sec to 75 m3/sec. Table
A.9 gives the characteristics of the main pump stations on the Nile System.

A.4 System Description in Terms of Irrigation Directorates

The Nile system hierarchy is classified according to the order of canals starting with the HAD
and the main stem (order 0) and descending through the system to principal canals, main canals,
branch canals and sub-branch canals to the lowest order (order 7). As men.tioned previously, the
system is divided into 22 directorates as shown in Fig. A.3. Within each directorate the
hierarchical order is defined in the same way as ~dicated. above, starting from the Nile stl'!m

'ilirougbwhiclltl1e water passes to reach the canal assigned. It is noted that the ordering system
is not a consistent representation of canal size over the entire system. For example, a canal of
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order 3 at a particular location might be larger in capacity than a canal oforder 1 at different part
of the system. This deviation is attributed to differences in the cropped area served. T.able A.IO
presents the distribution of main canals up to the third order by directorate, area served and
irrigation water requirements.

Classification of the irrigation canals in each directorate according to order, length and bed width
is given in Table A.II.

The irrigation system contains structures which serve various functions. The numbers of these
structures throughout the system as a function of size (hydraulic area) are shown by Table A.I2.
The irrigation system within each directorate serves several purposes, including irrigation,
navigation, municipal 9.nd industrial water supplie:. Table A.I3 gives the main canals on each
directorate up to the third order and the beneficiaries served by each. Municipal and industrial
water demands from the irrigation network for each directorate are given in Table A.I4.
Minimum navigation water requirements and drafts are shown for the navigable canals in Table
A.IS.

A.S Organization Aspect Of The Nile System

A.S.I Role of the Ministry of Public Works and Waier Resources (MPWWR)

The MPWWR administers the Nile system and its irrigation and drainage structures. The Ministry
schedules water releases from HAD, approves diversions from the system and has the authority
to implement the national water quality legislation. The organizational &tructure of the Ministry
is represented by the general chart as shown in Fig. A.S.

The MPWWR is directly responsibl~ for the operation and maintenance of all public irrigation
canals through its Irrigation Department (ID), and open drains through the Egyptian Public
Authority for Drainage Projects (EPADP). The Weed Research Institute, which operates under
the Water Research Center (WRC), provides technical support to both of these agencies in weed
control. Mesqa maintenance is the responsibility of the farmers, who may undertake the work
themselves, employ private contractors, or request the MPWWR to maintain the mesqas at their
own expense. Where mesqas maintenance is unsatisfactory, the MPWWR has legal authority to
perform the work at the expense of the farmers.

A.5.1.1 Irrigation Department (ID)

The ID is responsible for providing technical guidance to and supervision ofthe field organization
which operates and maintains the canal system and, at present, maintains some 8,200 KID ofopen
drains. Under the direction of a First Undersecretary, the headquarters organization has three
main departments, each headed by an undersecretary concerned respectively with budget and
accounts, system maintenance and water distribution. The field units comprise the 22 Irrigation
DirectorateS which are sUbdivided into 41 InSpectorates and 167 Districts. The ID has awork
force of 9,500 staff (excluding helpers), of whom some 600 engineers and more than 1,000
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technicians are directly concerned with O&M activities. Directorates range in size from 170,000
to 600,000 feddans of land under irrigation and are appropriately staffed to carry out all O&M
functions. The directorate staff, in tum, provide supervision of the district engineers ~ho, with
technicians, are directly responsible for system O&M for areas up to 50,000 feddans.

A.S.I.2 Egyptian Public Authorilf lor Drainage Projects (EPADP)

The EPADP, a semi-autonomous authority, was established in 1973 to implement drainage
projects. In 1979, the Authority also was given responsibility for the maintenance of open drains
associated with subsurface drains. At present, it is responsible for some 10,000 Km of open
drains and will assume increasing responsibility for open drains from the ID with the expansion
of subsurface drains. The Undersecretary for Maintenance in EPADP administers nine field
Directorates which, in tum, are divided into 50 Centers and 214 Subcenters. Directorak(; range
in size from 150,000 to 300,000 feddans of drained land and Centers from 40,000 to 50,000
feddans. The staffing structure and management functions ofDrain Maintenance Directorates and
Centers are similar to those of Irrigation Directorates and Districts, respectively.

A.S.I.3 MeclJanica~ aDd Electrical Department (MED)

..:

The MED is part of MPWWR with an overall responsibility for the operation and maintenance
of pumping stations throughout the country. The MED is structured along regional lines. It has
two Central Directorates for O&M, one for Lower Egypt in Tanta and the second in Nag
Hammadi for Upper Egypt.

There are seven Regional Directorates, four in Lower Egypt and three in Upper Egypt. A
Directorate has three to four Inspectorates, each consisting of throo or four Districts. In all, there
are 26 inspectorates and 81 Districts. In addition there are General Directorates for workshops
and electrical

laboratories as shown in the organizational chart in Fig. A.6.

A.S.I.4 High Aswan Dam Authority (BADA)

The HADA was established in 1972 after the HAD was constructed. It is responsible for
operating and maintaining the HAD as well as the Old Aswan Dam. In coordination with the ID,
releases from both dams are identified on a daily basis and regulations are managed by the
HADA personnel. Studies on sedimentation and water quality of the High Aswan Dam reservoir
as well as evaporation losses are conducted by this authority in cooperation with the HAD Side
Effects Research Institute of the Water Research Center. There is close connection between the
HADA ofthe MPWWR and the Hydro-power Authority of the Ministry ofElectricity and Energy
with regard to hydro-power generation from theAswan Cascade. The HADAalsoisinvo!ved
with both tJu~ Nile Water Sector and the Planning Sector in Nile River yield forecasting.
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A.S.I.S The Water Research Center (WRC)

--Iii!!

The WRC was established in 1975 with eleven r~earch institutes, including the 'Drainage
Research Institute (DRI), the Groundwater Research Institute (GRI), The Water Distribution and
Irrigation Methods Research Institute (WDIMI), The High Aswan Dam Side Effects Research
Institute (HADSERI) and The Weed Control and Channel Maintenance Research Institute
(WCCMRI).

The DRI undertakes monitoring and evaluation of drainage projects in

cooperation with EPADP, and also develops and prepares criteria and plans for reuse of drainage
water for irrigation purposes. The strategic water management objectives of ORI are the
conjunctive use of surface and groundwater and the monitoring of groundwater data, including
water quality. The major activities of WDIMI are studying different alternat;,ves for improving
the irrigation water distribution system, improving on-farm irrigation management and defining
irrigation water requirements for different crops. Among the activities of HADSERI are to plan
and undertake pilot projects for a series of integrated projects designed to protect the resources
of the Nile from degradation, erosion, pollution, and to utilize its full potential for economic
development. WCCMRI is concerned with the optimum design ofcanals and with developing and
testing various methods for maintaining irrigation and drainage canals, including mechanical weed
control procedures.

A.5.2 Other Ministries Benefiting from the Nile River System

Key ministries which manage and carry out functions concerning the Nile River water are listed
below. These ministdes have many internal organizations which manage specialized functions.

A.5.2.1 Ministry of Agriculture and Land Reclamation (MALR)

-=

The MALR initiates and implements most of the policies related to the agriCUltural sector. It is
responsible for technical and economic studies of new technologies and for information
dissemination through agricultural extension. Since virtually all agriculture in Egypt is irrigated
agriculture, this ministry is involved in water issues, such as crop consumptive use and proper
irrigati\>n schedules.

There are semi-autonomous authorities linked to the Ministry. One of these, the Executive
Authority for Land Improvement Project (EALIP) is also involved in the amelioration of
deteriorated soils through drainage. Fishery Authority is one of MALR organizations.

Another important institutions is the Agricultural Research Center (ARC). Among its fifteen
research institutes is the Soil and Water Research Institute (SWI). The activities of SWI are on
farm water management and monitoring the effects of drainage on crop yields and soil.

The Public Authority for Land Reclamation (PALR) has overall responsibility for drawing up,
planning and implementing aU works for new lands, including irrigation and drainage systems.
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The PALR is directly responsible for irrigation projects in the New VaUey and desert areas
outside the Nile Basin. Development plans are prepared and supervised by the quasi-autonomous
General Authority for Rehabilitation Projects and Agricultural Development (GARPAD), and
work is entrusted mainly to public land reclamation companies directly responsible to the PALR.
Five of the public companies involved in tile drainage installation belong to this Authority.

This Ministry is responsible for all projects which produces electrical energy, including fossil fuel
plants which require cooling water. This ministry is involved in hydro-power facilities and
operates the hydro-power plants at HAD and Aswan (1) and (2) power stations.

-.....

=-
=

A.5.2.Z

A.5.Z.3

The Ministry or Electricity and Energy

Ministry or Housing and Public Utilities

The Ministry is responsible for potable water and sewage treatment for the entire country through
the following authorities:

• Greater Cairo Potable Water Organization

II Alexandria Potable Water Organization

• Greater Cairo Sewage Authority

• The executive organization for greater Cairo Sewage Systems

• Alexandria Sewage Authority

• The National Organization for Potable Water and Sanitary Drainage (NOPWASD)
deals with potable water supply and sewage systems for all the governorates of Egypt
except Cairo and Alexandria.

A.5.Z.4 Ministry or Industry

This agency is responsible for industrial projects which use water and discharge effluent into
water channels.

A.S.%.5 Ministry or Transportation

This ministry is responsible for inland water transport. It is therefore concerned with locks,
dredging, proper navigation flows and navigational effects on river and canal banks.

A9
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A.5.2.6 Ministry or Health

The MinistrJ of Health is responsible for pollution control in all Egypt's governorates. The
Environment Department identifies, samples, analyzes sources of pollution and submits reports
to the responsible authorities to eliminate pollution from the various sources.

A.5.2.7 Ministry or Planning and International Cooperation

This Ministry is involved in the approval of projects, their budgets and in mobilization of
international financing.

A.5.2.8 Ministry or Tourism and Civil Aviation

The Tourism Organization, established within the Ministry of Tourism and Civil Aviation is
responsible for the Nile River Cruises and h,otel-boats. The main lines of these cruises provide
round tours between Luxor and Aswan. Public and Private travelling agencies share the
management, operation and maintenance costs of the cruisers.

A.5.3 Donor Support to Irrigation and Drainage

A brief summary follows of externally supported programs and projects in the sector of irrigation
and drainage:

A.5.3.1 USAID Program

-!

Three projects funded by USAID relate to improving irrigation facilities and to strengthening
manpower development. One of these, the Agricultural Canal Reconstruction and Maintenance
Project (now completed) provided channel maintenance equipment amounting to about US $30
M between 1978 and 1982.

Egypt Water Use and Management Project (EWUP), 1975-1984, was an integrated research
project which tested improvements at the farm level and in the delivery system in three areas,
namely, Kafr EI Sheikh, Giza and Menia.

The project identified major constraints to improving on-farm water

management. In addition, the project also determined optimal irrigation and improved water
control practices for farm water delivery and drainage systems in representative pilot areas.

The ongoing Lrr;gSltion MlmSlgemp.nt Systems IMSProj~ covers 10 sub-projects with USAID
input totaling US$ 340 M. Bengining in 1981, this project is currently scheduled for completion
in September 1995. The IMS goal to establish effective control of Nile waters for all uses, but
particularly for their optimal allocation to and within agriculture as a means of helping increase
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= productivity. A subgoal is to improve the operating efficiency of the water distribution system
for agricultural irrigation and for other water users.

The purpose of IMS is to strengthen MPWWR's capability and capacity to plan, design, operate
and maintain the water distribution system. Sub-projects include: the Irrigation Improvement
Project (lIP), Structural Replacement (SR), Preventive Maintenance/Channel maintenan~

(pM/eM), Main System Management (MSM), Planning Studies and Models. (pSM), Professional
Development (PD), Water Research Center (WRC), Proj~':t Preparation Department (PPD),
Survey and Mapping (S&M) and Miscellaneous Component (MISC).

A.5.3.2 World Bank (lBRD)

In the past the Bank has sought to address major "Iements in the development strategy. The Bank
served as the executing agency for Water Master Plan, a UNDP-financed project for planning
water development and use. A technical assistance project was designed to help GOE to develop
au institutional capacity to undertake planning and feasibility studies for agricultural projects. As
a result, suitably equipped project preparation departments were established in the MPWWR and
in Land Reclamation. The major component of Bank lending, in terms of number of projects and
resources committed, was a series of six drainage projects covering about 3.2 million feddans of
irrigated area. The ongoing Irrigation Pumping Stations rehabilitation project is the second phase
of a national program to prevent crop losses due to irrigation/drainage pump failures and to
strengthen the institution responsible for pumping stations.

A.5.3.3 Dutch-Egyptian Bilateral Prognum

Dutch technical assistance for drainage and channel maintenance started in December 1975. A
report on aquatic weed control was issued in 1978. The Dutch Government supported research
by the Weed Research Institute (WRI). In addition, a four year (1983/87) program was supported
which aimed at training the staff of EPADP in construction management and maintenance of
drainage facilities.

A program of technical cooperation between Egypt and The Netherlands in 1976 included the
establishment of the Egyptian-Dutch Advisory Panel on Laud Drainage. Its objective is to provide
the Government with integrated advice in its efforts to control water logging and salinity. Under
the Panel, five separate projects were formulated:

• The Drainage Advisory Panel Project;

• The Pilot Areas and Drainage Technology Pr~ject;

• The Re~use of Drainage Water Project;

• The Fayoum Water and Salt Balance Model Project; and

• The Vertical Drainage Project.
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These projects continue to the present day. The experience gained from them has led to a better
understanding of Egypt's drainage problems and of the remedial measures that can be undertaken.

A.5.3.4 The Canadian International Development Agency (CIDA)

CIDA is currently funding two projects. The Inregrated Soil And Water Improvement Project
(lSAWIP) is an irrigation and drainage improvement program in some 50,000 feddans in the
Dakahlia Governorate, East Delta. The other project is the River Nile Protection and
Development Project (RNPD). This project began in January 1989 with the objective of
identifying, defining and preparing for implementation projects to protect and to achieve optimum
use of the Nile River downstream from the High Aswan Dam. The project is scheduled to end
April 1992.
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-= Table A.1 Location of barrages and canals on the Nile in Egypt
-

"""i Barrage Name Location D.S HAD (Km) Main Canal from U.S

Esna 170.0 Kallabiya Canallo the East
Asfoun Canal to the West

- -
Nag-Hammadi 354.0... East and West

Nag-Hanunadi Canal
-

Assuit 547.0 Ibrahimia Canal to the West
then To Bahr Youssef Canal

Delta 965.0 Ismailia Canal
Rayah AI-Tawflki

.;;
Rayah AI-Behery
Rayah AI-Naseri

Edfina (Rosetta Br.) 1176.0 EI-Mahmodia Canal
-:

EI Rashidia Canal

- Zefta (Damietta Br.) 1052.0 EI-Mansouria Canal-
Bustan P.S

-
: Faraskour (Damietta Br.) 1208.0 EI-Salam Canal to the East
-

Sv!.!rce : "Land Drainage in Egypt" Amer and Ridder, 1989.
--

Table A.2 Area irrigated and irrigation water requirements by reach for the Nile
River

Source: "Water Demands Present & Future" MPWWR, 1990.
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Table A.3 Navigation water demands for Nile reaches

--
Reach No. Length Minimum Minimum

(Km) Discharge Draft(m)
(M. m3/day)

~ Reach (ll
- HAD to Esna Barrage 170.0 80.0 1.50

-..iii Reach (2)
- D.S Esna Barrage 184.0 80.0 1.50
To U.S Nag-Hammacli Barrage

-

Reach (3)

- D.S Nag-Hammacli Barrage 193.0 80.0 1.30
-- To U.S Assuit Barrage-

-- Reach (4)
- - D.S Assiout Barrage 418.0 70.0 1.90

To U.S Delta Barrage
Reach (5)

- - Damietta Branch Small Boats Only- (EI-Mansouria to Zefta Barrage) 87.0 Accoring to level

Reach (6)

- Damietta Branch Small Boats Only
(Zefta To Faraskour) 156.0 According to level

-
-- Reach (7)-- - Rosetta Branch 147.0 70.0 1.50

Delta Barrage To Km 147) (During Winter Closure Only)
- From Km 147 to Edfina Barrage 64.0 Edrma Pool 1.50

Source: "Water Demands Present & Future" MPWWR, 1990.
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Table AA Annual water releases and energy generated from the HAD and old
Aswan plants

---
--

HAD Plant Aswan Dam Plant No. 1 & 2 Total
Energy

Year Water Release x 109 m3 Energy Waler Release x 109 m3 Energy Million
Million Million K.W.H

Turbines Gates& Total K.WlI Turbines Gates& Total K.W.H
leak Leak

80-81 52.345 4.341 56.686 8120.6 42.231 14.429 56.66 1794.4 9915.0

- 81-82 55.401 3.739 59.140 8567.6 45.244 13.896 59.14 1906.7 10474.3
-

82-83 56.430 2.310 58.740 8425.8 46.172 12.568 58.74 1840.7 10266.5

-- 83-84 ::;4.968 1.787 56.755 7747.9 45.844 10.911 56.76 1889.2 9637.1

84-85 54.969 1.264 56.233 6964.1 46.515 9.718 56.23 2039.6 9003.7
::::

85-86 53.925 1.773 55.698 6602.3 47.102 8.596 55.70 2443.8 9046.1
-

86-87 53.691 1.484 55.175 6343.9 52.635 2.540 55.18 2760.8 9104.7

-~

87-88 50.872 2.184 53.056 5598.5 50.388 2.668 53.06 2660.1 8258.6
-

88-89 50.540 2.470 53.010 6643.5 49.991 3.019 53.01 2678.7 9322.2:::

89-90 51.054 3.030 54.084 7211.8 51.530 2.554 54.08 2762.5 9974.3

Source: Annual Report of Electric Statistics, 1990.

-.
-
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Table A.5 Drainage directorates and their area served

-
,; No. Directorate Name Location Total Area Served
-: (1000 Fed)

=- East Delta Region
1 EI Kalubia Benha 336

- 2 South Sharkia Zagazig 271-
3 North Sharkia Hussania 208

~ 4 South EI Dakahlia MeetGhamr 300--

5 North El Dakah)ia Mansoura 235
-- 6 El Salhia Salhia 200

..: 7 EIIsmailia Ismailia 171

Middle Delta Region
8 East Menofia Shebin El Koum .200
9 West Menofia Menouf 210

= 10 Gharbia Tanta 370-
11 Dameitta Dameitta 365_. 12 East Kafr El Sheikh Kafr El Sheikh 237.....
13 West Kafr El Sheikh Dessouk 170

_J West Delta Region
- 14 North Behera Kafr El Dowaar 359- 15 South Behera Damanhour 424

16 El Nobaria Nobaria 153
17 El Nasr EIAmeria 430

-
--=-- Middle Egypt-
-

18 Giza Giza 245
19 El Fayoum Fayoum 345
20 Beni Suef Beni Suef 313
21 East El Minia Maghagha 240
22 West El Minia ElMinia 241

-~

-

JlP-per Egypt
23 Assuit Assiout 312

= 24 Souhag Sohag 309- 25 North Kena Kena 192
26 South Kena Esna 191
27 Aswan KomOmbo 167

Source: EPADP.
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TOTAL 169 672 841' 1,457 5,751 8,637 16,686

Source: The World Bank Report, 1986.

A25



Total 403 272 98 773 247

Source: The World Bank Report. 1990.
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---
Table A.9 Characteristics of some of the main pump stations

Name Type Suction Delivery No or Q/unit H Power/unit
- of P.S Canal , Canal Units (m3/sec) (m) (KW)""':

- UPPER EGYPT
-

= Aakab Kibli Nile Abu El Reach 2 0.25 8.77 100
-- Aakab Ballri Nile ElAakab 2 0.35 8.90 100

,,: AbuEIReach Nile Abu El Reach 2 0.75 10.17 110
Aswan isl Nile Aswan lsI. I 0.15 10.85 40
AswanWest Nile WestAswan 2 0.50 8.95 100
Bahreaf1st Nile Bahreaf 2 0.75 10.17 110
Balloula lsI. Nile Balloula I 0.35 8.18 75
Belli Hemail NagHammdi Beni Hemail 6 8.00 2.00 261

- Bousilia Nile Bousailia 4 0.90 8.50 143...,
DeIb Nile El Ranan 3 7.50 4.50 470

-
Eklit Nile Eklit 3 0.50 7.70 83
Fares lsI. Nile Fares lsI. 2 0.75 7.64 110

- Hagz· Nile El Hagz 3 0.35 8.50 64-=

East EI Kclh Nile EI Kelh 5 2.14 7.98 220
Kelh lsI. Nile E1 Hagz 2 0.75 7.28 150
Khattara Nile FlHadara 2 1.60 9.70 450
Malkia 151. Nile EI Gezircl Meska 2 1.00 7.12 112

~

Marnshda Nile Ranan EI Marashda 5 8.00 4.40 SI5--
~

Nile E1 Namasa 6 8.00 2.05 330- Namasa-
~

~
NewBiara Nile Kamel 6 2.94 24.50 850

- OldBiara Nile Kamel 4 1.50 23.95 587-

"'" Owainia Nile EIOwai.lia 2 (\.50 10.00 90
Ramadi Nile El Ramadi 6 1.37 8.50 180
Sahel Hamam Nile EI Hamam I 0.50 10.00 100

-- Sallel Meniha Nile El Meniha I 0.50 9.15 66~

Salwa Kibli Nile Salwa Delivery 3 0.51 7.70 88
Salwa Bahri I Nile Salwa Delivery 3 0.51 10.70 88
Sebaaia 1 Nile Sebaaia 4 1.04 8.50 166
Sbarawan 1 Nile Shamwan 2 0.50 10.00 90
S. Kobania 151. I Nile El Kobania I 0.25 7.77 40 .
Darwa 0 Darwa Nile 2 1.00 3.40 53

- Eklit O.P.S 0 Eklit Nile 2 0.80 3.3 125
--"

MIDDLE EGYPT
=
."

Beni Soliman Nile BeniSoliman 2 0.42 7.00 75
...: Oir Abu Heness Nile Dir Abu Heness 3 0.80 6.00 95

Dir EIMaymoun Nile Priv. Meska 2 0.50 7.20 100
Gabal EI lair Nile GabalEllair 4 0.95 6.00 202
Kadahi Nile EI Kordahi 2 0.70 6.00 140
Korlmat Nile EIKhnnan&Borombol 4 4.00 5.00 450
Lilhi Nile Tarkhan &. EI Hagz 4 3.50 5.00 530
Sanour Nile Sanour 3 0.41 5.73 50
SaWCkla Nile SawOOa 4 2.27 6.00 300
Shllro!!!Y! lsi Nile E &. WGezira lsi 4 0.50 5.80 181
Sharouna Nile £ &. W Sharouna 2 0.70 6.50 lOS ISheikh Fadal Nile E1Maasara 4 1.85 6.80 343
Bardaman D Abu EIGabaJ El Ballr £1 Youssefy 4 2.50 2.40 137
Beni Saleh lsI. 0 Beni Saleh Nile 2 3.50 3.00 171
Oir EI Sankoria D Oir E1Sankoria Emahr EIYouesseli 4 3.50 2.90 ISO.:
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Table A.9 (Cont.)

/

Name Type Suclion Delivery No of Q/unit H Power/unil
of P.S Canal CapaJ Units (m'/sec) (m) (KW)

MIDDLE DELTA

BaJamoun Nile Balamoun & EL Sahil 4 4.00 3.20 185
Fowa RasheedBr. Fowa 4 1.75 2.50 248
Hamoui EI Gharbia BahrTira 3 7.50 0.90 450
KafrSaad I Nile Balamoun & EL Sahil 4 8.00 2.30 260
MahletRoh D Mahlet Roh BahrMit Yazid 4 2.50 3.45 135
East Menofia D EI Karneen R. AI Abbasy 5 4.60 3.60 450

EAST DELTA

Bousat I Damiella Br. EI Sharkawi 4 3.50 2.20 120
Bahr El Bakar D Bahr El Bakar EI Manzala lsi 4 7.50 1.90 243
UpperSerw D UpperSerw Nile (Damiella Sr.) 3 8.00 6.90 86
Hanout M Haous Hanout 3 5.00 3.95 346

WEST DELTA

Etay EI Baroud M Etay EI Baroud East EI Khandak 3 2.50 4.75 170

Source: Water Master Plan, 1981.

I : Irrigation
D: Drainage
M: Mixing
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TablEI A. Jescription of the irrigation network by directorate-

~

- Directqrate Canal Intake from Nile Area Served Irri Req
NO. Name Name Re3Ch Number (1000 fed) (M. m3rt('.ar)

Casil Canal I 21.550 171.486
Hdfo & HI Kalh 1 8.815 72.767
HI Bousilia Canal 1 4.137 38.036

~.
EI Sebaaia Canal 1 4.375 45.177
HI SUsiia (".anal 1 13.505 149.008

1 Aswan HI Sirag Canal 1 3.100 27.251
--;;; EI Toisia Canal 1 24.810 168.020
- Oanabiat Casil 1 14.572 96.030--"

Mehatat El Aaimaat 1 18.710 89.612
Mehatal El l4iilc Canal 1 9.769 50.857
SaId HI Ramadi Canal 1 8.285 45.285

-

AsfonCanal 1 69.390 606.022
. 2 Kena Kalabia Canal 1 172.100 1620.382
'" Direct P.S 2 128.495 1054.472-.

-
Dar El Salam P.S 2 33.139 199.438

3 Sou hag E. Nag Hammadi Canal 2 26.821 161.789
W. Nag Hammadi Canal 2 267.768 1744.371

-- E. Nag Hammadi Canal 2 91.513 557.014
4 Assuit W. Nag Hammadi Canal 2 140.325 830.104

Ibrahimia Canal 3 78.760 506.919
"-

5 West EI Minia Ibrahimia Canal 3 284.118 2588.557

-
6 East EI Minia Ibrahimia Canal 3- 198.882 1801.429

-
-

Giza Canal 3 11.700 60.129
~. 7 Deni Suer BahrYousef 3 35.000 175.194
:II Ibrahimia Canal 3 232.400 1295.263

l1li
-=

Giza Canal 3 141.700 1011.554-

~! 8 Giza Ibrahimia Canal 3 16.800 141.735
-ii EI Korimat & EI Lithi P.S 4 47.100 331.389
~

9 EI Fayoum 3BahrYousef 342.750 1963.888--
-
~

Abou EI Minaga Canal 4 54.737 397.429
- EI Basousia Canal 4 46.316 289.961

10 EI K:alubia El Sharkawia Canal 4 159.427 808.678
Rayah El Tawfaky 4 48.070 212.901

- lsmailia Canal 4 28.000 1'12.499
--

II EI Ismailia lsmailia Canal 4 171.409 763.525

BahrMoiese 4 487.404 2537.195
12 EI Sharkia Ea.c;lcm EI Wadi Qulal 4 9.825 51.716• F.I Sinili Cllmtl 4 2.165 11.140

-=-~-.~-
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Table A.1 0 (Cant.)

Directorate Canal Intake from Nile Area Served Ini Req
NO. Name Name Reach Number (1000 fed) (M. m3/Year)

Eastern El Wadi Canal 4 28.335 33.851- 13 EI Salhia El Saidia Canal 4 105.263 488.253-

..1
Ismailia Canal 4 83.330 365.220--

-' East Rayah El Tawfaky 4 166.349 988.390w

15 .'EI El Sharkawia Canal 4 49.991 306.137
- uakahlia El Mansouria Canal 5 308.333 2427.159-

BahrSbebin 4 251.207 1847.981
~ West El Sahel Canal 4 23.926 188.789
- 16 EI Balamoom P.S 5 22.650 164.477

Dakahlia Kafr Saad P.S 6 62.000 489.231

Bahr Nashrat 4 21.640 160.903- Kafr Bahr Tim from R. Abbasi 4 139.227 851.658-...
--==- 17 EI D.S Beltag I.R on R. Abbasi 4 140.890 1100.480- Sheikh EI Kadaba Canal 4 132.624 1118.172- EI Kasid Canal 4 27.000 215.739--

Rashidia Canal 7 22.755 174.529

Bahr EI Malah Canal 4 57.384 428.566
BahrShebin 4 57.055 282.524
Directlrr. from R.Abbasi 4 33.000 137.624
EI Bagouria Canal 4 40.818 263.44~

- 18 Gharbia El Kasid Canal 4 69.133 378.776
EI Sahel Canal 4 11.098 74.221
Mil Yazeed Canal 4 33.069 243.832

- . Tanta Navigable Channel 4 46.895 223.136
Omer Bey Canal 4 23.771 112.634

El Bagouria Canal 4 14.236 80.185
-~ Branch U.S El Kaman 4 215.838 1215.701- DerwaCanal 4 9.060 52.189-.'!

- 19 EI Menofia Direct Irr. Tanta Canal 4 5.116 28.815
El Nagail Canal 4 29.690 179.423
Br.U.S Melig (R.Menofi) 4 91.403 514.824
D.S Melig (R.Menofi) 4 14.405 81.139

20 EI El Rashidia Canal 4 58.863 364.343
Behera El Mahmoudia Canal 7 279.347 1659.908

West R.Beheri, Eastern Khandak 4 289.293 16~0.218

21 E. EI Tahadi Canal 4 18.067 96.460
Behera R~yah21 Nasri 4 67.823 428.540

22 EI Nubaria Noubaria Canal 4 298.199 1825.963
- EI Nasr El Nasr Canal 4 429.950 2198.167-
"
- Source: "Water Demands Present & Future" MPWWR, i990.
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Table A.ll (Cant.)

---
10'. Direct. Order B.W< 2m 2 t05m 5 to 10m > 10m >lOm Nav.

--

1 64.10
2 21.25 23.10 119.00

EI Nobaria 3 65.33 162.00 41.77 120.30
and 4 284.90 318.39 60.12

- EI Nasr 5 57.50 50.12 76.90-

6 2.00:
7

Source: Water Master Plan, 1981.
:--

-- -

.:

~

-=

Table A.12 Number of irrigation structures by function and hydraulic area
=

--

= Type Hydraulic Area (square meters)
=

<3 3 t06 6 to 12 12 to 24 >24
--

~-
Intake 3986 1003 415 130 89
Regulator

Head 1355 460 231 131 110
Regulator

- Weirs 65 32 25 18 22
=
-= Tail Escape 1737 16 4 2 2

'-

Spillway 131 4 4 3 11
-

-""
Bridges 3050 2446 269 1212 978

Crossing 500 53 5 8 1
Works

--~

Source: Water Master Plan, 1981.
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Purposes served by the main canals

Directorate Canal Canal Beneficiaries
NO. Name Name Order (I) (2) (3) (4) (5)

I Aswan Casil Canal' 1 * ,* *
I Aswan Edfo & EI Kalh 1 * *
1 Aswan EI Bousilia Canal I * *
I Aswan EI Sebaaia Canal 1 * *
1 Aswan EI Silsila Canal I * *
1 Aswan EI Sirag Canal 1 * *
1 Aswan EI Toisia Canal 1 * *
1 Aswan Ganabiat Casil 1 * *
I Aswan Mehatat EI Aaimaat 1 * *
1 Aswan MehatarEl Nile Canal 1 * *
I Aswan SahJ EI Ramadi Canal 1 * *

~- 2 Kena Asfon Canal 1 * *=
2 Kena Kalabia Canal 1 * *~

2 Kena Direct P.S 1 * *
3 Souhag Dar EI Salam P.S 1 * *
3 Souhag E. Nag Hanunadi Canal 1 * * *
3 Souhag W. Nag Hammadi Canal 1 * * *
4 Assuit E. Nag Hammadi Canal 1 * *
4 Assuit W. Nag Hammadi Canal 1 * *
4 Assuit Ibrahimia Canal 1 * * *--

5 West EI Minia Ibrahimia Canal * lie * * *
6 East EI Minia Ibrahimia Canal * * * * *
7 Beni Suer Ibrahimia Canal I * * * * *- 7 Beni Suer *- BahrYousef 2 * *-

-- 7 Beni Suer Giza Canal 3 * *
8 Giza Ibrahimia Canal 1 * * lie * *- 8- Giza El Korimat & El Lithi P.S 1 * *-- 8 Giza Giza Canal 3 * *-=

~

9 EI Fayoum BahrYousef 2 * * * *
10 EJ Kalubia Abou EI Minaga Canal 1 * *
10 EI Kalubia EI Basousia Canal 1 * *
10 EI Kalubia EI Sharkawia Canal I * * .'
10 EI Kalubia Rayah EI Tawflky 1 * * * * lie

-:

10 EI Kalubia Ismailia Canal 1 * * * * *
-
~
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Table A.13 (Cont.)

Directorate Canal Canal Beneficiaries
NO. Name Name Order (I) (2) (3) (4) (5)

- 20 EI Behera EI Rashidia Canal I lie lie
-

20 EI Behera EI Mahmoudia Canal 1 lie lie lie lie lie

21 West EI Behera Rayah EI Nasri 1 lie lie

21 West EI Behera R.Beheri, Eastern Khandak 2 lie * *
21 West EI Behera Ell'ahadi Canal 2 lie *

~

~ 22 EI Nubaria Noubaria Canal 2 lie lie * lie

- 22 EI Nasr EI Nasr Canal 3 lie lie--

- Source: "Water Demands Present & Future", MPWWR, 1990.

(I) : IRRIGATION

(2) : NAVIGATJON

(3) : MUNICIPAL

(4): INDUSTRIAL

(5) : TRANSPORT

.:::

A 37



Table A.14 Industrial dnd municipal water demand from the irrigation network,
for each directorate

.
-=
...,

Directorate Industrial Demand Municipal Demand--
- (Million m3/year j (Million m3/year)
-

-= Aswan 117.96 16.06--
Kena 32.12
Souhag 34.80 2S.SS

- Assuit 127.08 26.28
-

West E1 Minia 3.6S
East El Minia 13.08 16.06
Beni Suef 617.52 24.09
Giza 511.20 1260.00
EIFayoum 3S.77
ElKalubia 729.60 -
El IsmaiJia 1611.36 300.03

..;;

El Sharkia & Bl Salhia 50.74
--

East El Dakahlia 27.36 155.13

West El Dakahlia 4.92
---

Kafr El Sheikh - 67.89

- Gharbia IS.60 23.00
ElMenofia 3~.9S

El Behera & West El Behera 854.52 426.32
~

El Nobaria & El Nasr -- 31.54

- Source: "Wa~r Demands Present & Future", MPWWR, 1990.~
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Appendix B

COST ALLOCATION PROCEDURES AND BENEFITS

D.l Basic Principles

A major difficulty associated with the integrated 1Uld joint development and management of an
important stream such as the Nile River is the formulation and implementation ofan effective cost
recovery program for the system. A procedure designed to distribute the costs required to build,
maintain, and operate the joint aspects of a modem resources system among those who benefit
from its use should be based on sound e--..onomic principles of efficiency and equity.

The procedure for dividing total financial costs among the responsible parties in a development
program is called cost allocation. Once it is determined that a multipurpose or multiservice
project is economically justified, the costs of the project should be allocated equitably among the
economic sectors benefiting from the project. Each purpose will provide a service to one or more
user sectors or beneficiaries. In this appendix "project service" is used as a synonym for "project
purpose".

In discussing the need to allocate costs, a distinction should be made between the terms project
evaluation, cost allocation, and cost sharing. Project evaluation deals with the estimation of
benefits 3I1d costs in order to determinate project justification. Cost allocation is cl;,cemed with
the distribution of total project costs among the various users served by the project. The rules of
cost allocation have been developed based on a combination of economic and equity principles
that are fairly straightforward and generally accepted. Cost sharing is the manner in which costs
actually are shared by the users of the project, with costs not necessary being allocated in
accordance with benefits. Differences between cost-allocation and cost-sharing plans result from
administrative policies based on social considerations. This appendix deals with allocating project
costs between the various users of the Nile River in Egypt.

Complications with cost allocation arise because joint costs (those whEch cannot be directly
assigned to any purpose) in a multipurpose project must still be allocated. S~lection of the method
to be used for cost allocation in any particular instance depends on a numher of considerations,
among them being simplicity in terms of known conditions, flexibility to changing situations, and
equitability of application to all participants. In a general sense, a successful cost allocation (and
for that matter, cost sharing) policy and procedure should meet the four following basic
principles:

1. The method adopted should ensure that adequate performance incentives are provided
for all project participants.

2. The procedure should facilitate the obtainingofloans. Potential lenders need assurance
ofthe stabiJit)'and good intentions of parties to whom they loan.

3. The cost allocation method should provide an equitable distributionofcosts among the
various project beneficiaries. A guiding principle is that no country, economic sector,
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business, or person should be made worse off by having the project developed and
being assessed a portion for repayment. The development of the project and the

~

repayment mechanism should lower the economic status of no one; that is, everybody
should be at least lIS well off as before.

4. The cost allocation method and repayment scheme should provide for efficient use of
the capital and other resources required by the project. For example, care must be
taken to avoid any penalties for full and efficient utilization of resources made
available by the project; the additional benefits from full and efficient resource
utilization should exceed the resulting additional costs, including repayment costs.

Gittinger (1982) proposes several guidelines for implementing these four criteria, including the
following:

1. In general, no project service should be assigned costs in excess of the value of its
benefits, or be supported by the benefits of another purpose. Thus, the costs allocated
for irrigation water should not be greater than the contribution of that water to the
irrigation benefits of the project. Similarly, as a general rule, no service should be
subsidized by another purpose. That is, power users should not be charged high rates
to make irrigation water available at low cost to farmers.

2. All cost incurred for a single service generally should be allocated to that service. The
cost of irrigation canals, for example, should be wholly allocated to the irrigation
service, and the costs of transmission lines entirely allocated to the power service.

3. The lesser of benefits or single service alternative cost establishes the maximum
amount which can be charged to anyone service. No service should be assigned costs
which are any greater than those which would be incurred if that service were to be
supplied by the most economic alternative single-service project. Thus, the lesser of
project benefits to a particular service or the cost of an alternative single-service
project establishes the maximum amount which can be charged fl"7 anyone service.
For example, it is not equitable to allocate to the hydropower component a cost more
than either the hydropower benefits or the cost of the alternative thermal plant which
could provide the same electrical service.

4. The sum of the allocations to all cost centers (each user group assigned a cost) should
equal the total cost of the project.

S. The allocation process should be straightforward and simple enough to be easily
understood.

6. The charges resulting from the cost allocation should be established sufficiently in
advance to provide stability to the market for project goods and services.

7. The dire-cr finRnci~i riP-c:ponsihility a!!Qt'lItM to. each user dpt""!!!ifl.e! t.'le price charged
within the user group or economic sector for project services.
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Anyone or more of the above guidelines as outlined by Gittinger may reasonably be violated to
achieve other brl"',d policy goals. For example, prices for some project inputs and outputs may
be established a. nigher or lower levels than would result from the above guidelines in order to
encourage production, regulate use of resources, or for other policy reasons. The repayment
responsibility thus might be based on all or part of the projects costs allocated to a particular user
on the basis of benefits. However, the guidelines by Gittinger are consistent with the four general
criteria given earlier.

It is emphasized again that in a particular case, country interests and political agreements might
dictate use of a cost-sharing formula which differs from that of a traditional cost allocation
approach which follows the above guidelines. To propose cost sharing recommendations which
deviate from the results ofa cost-allocation procedure requires extensive study and a considerable
input of planning and administrative policies. For example, a country might choose to subsidize
certain services either internally cr through foreign assistance because of long-term economic
development or income redistribution objectives, public goods characteristics of certain services,
or high costs ofcollecting revenues from certain users of project services. A cost-sharing scheme
which deviates from cost-allocation principles might result in a loss in economic efficiency in
order to achieve other objectives.

This section of the appendix briefly summarizes traditional cost allocation methods which follow
the Gittinger (1982) guidelines referred to above. In cost allocation those costs which are incurred
for a specific service and which are identifiable and separable for that service are allocated to that
service. The joint costs (those that cannot be separated by economic sector, or seIVices) are
allocated according to an appropriate procedure. The total cost allocated to a seIVice (specific plus
separable plus allocated joint costs) can be used as a basis for calculating user fees or service
charges. In this way, each use sector is allocated a share of project costs based on assumed and/or
expected benefits. The resulting cost allocation represents a good starting point in subsequent cost
sharing negotiations, with deviations resulting from planing and administration policies and
decisions. These considerations must be addressed by the users involved and, therefore, are
beyond the scope of this appendix.

B.2 Dermition of Costs

For the purpose of this report, project costs are taken to include: 1) the cost of planning and
installation; 2) the costs ofproject operation, maintenance, and replacement; and 3) interest costs.

The above costs are all readily identifiable and can be estimated for inclusion in a benefit-oriented
analysis. Other categories which might be regarded as project costs, but which because of
insufficient data might not be included are: 1) cost of external project diseconomies, such as
increased incidence of water-borne diseases; 2) the associatOO costs which private parties must
spend in orde~ to realize project benefits,. such as travel to and from the place of work; ·3) social
costs arising-from. differer.ce! benveel1 the tr.= :eel:! v:!u= of project inpUt8 :md outputs (th0&8
values would be indicated by prices in a truly competitive economy) and values of project inputs
and outputs 'indicated by aetual prices. The actual prices might be influenced by price controls,
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monopolies, or other administrative or market constraints. These differences can be either positive
or negative.

Installation costs may be allocated separately from annual operation, maintElnance, E'nd
replacement costs. The installation costs normally are incorporated into cost sharing agreements
prior to project construction according to predicted. project output. Cost allocations may be
adjusted from time to time during the life of the project as required by changing conditions.

B.3 Categorizing Costs

Once a formula for allocating costs is established, it needs to be incorporated into a legally
binding cost-sharing agreement. The very need to allocate costs implies that it is impc)ssible to
attribute them precisely to the sectors where benefits are expected. Thus, as far as possible,
specific and separable costs are assigned to those sectors using a project service, and the
remaining joint costs then are allocated. Specific costs are those which are clearly linked with a
particular user or beneficiary of the project. For example, costs associated with canals which
supply only irrigation water are specific costs to agriculture. Similarly an electrical switch-yard
is clearly a specific cost to energy. The use sector which receives the entire benefit stream from
agiven investment should be assessed the entire cost of that investment. Separable costs normally
are defined as being those incremental investments in a multiple use facility which result from
the inclusion of a particular use. Separable costs for a particular service include changes in
project design to include that service as a purpose. For example, assume that a 110 meter high
dam is constructed to serve both irrigation and hydro-power generation purposes. If the height
could be lowered to 100 mto serve only irrigation, but would need to remain at 110 m to provide
the designated energy output, the cost of the additional 10 meters in dam height is separable to
electric power. Similarly, a power house which is built as part ofa dam and penstocks which pass
through the dam both depend to some extent upon the common works, and thus are separable,
rather than specific, costs to energy.

B.4 Relationship between Cost Allocation and User Fees

The two major purposes of cost allocation are: 1) to obtain revenue to provide for repayment of
the investment, and 2) to promote economic efficiency in resource use. The optimum use of
project services is provided when prices charged equal the marginal cost of the goods and
services produced by the project. If the fees for services fail to .provide sufficient revenue, then
the participants involved must assure that OM&R costs are met. Thus, in a multipurpose project,
such as the Nile River basin development, an equitable assignment of the costs to all users
(including the Government) is important for adequate system maintenance and operation. It is
assumed that fees collected in the operation of an identifiable component of the Nile River basin
project will be sufficient to repay both the costs of replacement and the operating and
maintenance costS. To aSsume otherwise implies external subsidization. However, as a matter of
public policy the Government might elect to support particular uses, such as agriculture and flood
control, either in whole or in part. If a benefit-cost analysis of the proposed development program
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indicates that the benefits exceed costs, then the task of cost allocation (or the assessment of fees
to support the project) is one of assigning costs in proportion to benefits received. On this
premise, an equitable fee structure can be designed which would be sufficient to support the
project, and yet would not result in the inefficient use of project services by destroying
incentives. To ensure that the project resources are used efficiently, the basic prinCiple upon
which the cost allocation model is based is that costs are allocated to the economic sectors
according to the benefits received. In practice, the usual procedure is to formulate rates or fees
which will distribute costs among all users as nearly as possible in proportion to the benefits. This
premise implies that all costs, including joint costs, are covered, and that sunk costs have been
amortized.

The type of services provided in a river basin development usually are managed by a public
organization because a perfectly competitive market does not exist. A number of options are
available for establishing a fee structure, the most economically efficient of which is marginal
cost pricing.

D.S Cost Allocation Methods

Six principal methods are used for allocating joint costs of public works projects:

I. Equally among the use sectors.

2. Proportionally to the quantity of use made by the user of the services usually
expressed in physical units such as volumes or flow rates.

3. Entirely to the highest priority user within the limit of the benefit received by that
sector.

4. Proportionally to the benefits in excess of assigned separable costs (net benefits)
derived by the given use sector.

5. Proportionally to the excess ~st required to provide the service by some alternate
means.

6. Proportionally to the smaller of the excess benefit or the excess cost of the alternative
project (termed justifiable cost).

Of the six methods, various forms of methods 2 and 6 are most commonly applied, with method
2 being applied only occasionally. On March 12, 1954, an agreement was signed by the U.S.
Department of the Interior, the Department of the Army, and Federal Power Commission ("Cost
Allocation", memo 59981-2, Washington, D.C, March 1954) stating that the separable cost
remaining benefit (SCRB) method (a form ofm~od 6) ofcost allocation was the most acceptable
method ofapportioning costs among multiple purpose developments. Under certain circumstances
the ag!~,.nt provided that t.~e alte."!!2tivejustifisb!eeJtpendimre method (:1:0 a form ofm:thod
6) and the uso-of-facilities method (method 2) could be employed.
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The two principal objectives of cost allocation are to achieve economic efficiency and equity
(Section B.6). Economic efficiency refers to the ratio of the value of outputs and th~ value of

. inputs, while equity refe"4J to fairness in the distribution of total project costs among all the users
served by a ltlultiple purpose development. Methods 1, 2, and 3 are not guaranteed to achieve
these two basic objectives. Methods 4 and Seach partly achieve this goal, while method 6 (which
combines methods 4 and S) adheres to both objectives. It was, therefore, decided that for the cost
ilocation model applied in this study a version of method 6 would be used.

Four different cost allocation procedures are discussed in detail in the following paragraphs. One
of these procedures is based on the net benefit approach (method 4), while the remaining three
are variants of method 6.

Benefits in excess of IIs:ligned separable costs (net benefits) method. This procedure for cost
allocation involves ~ ',Hrect and strl\ightfoA'ard application of estimated benefits. Benefits by
sector and/or user are computed and from these are subtracted the separable costs to derive what
is termed net benefits for each sector. Cost allocation by sector then is made in direct proportion
to its calculated net benefits.

The alternative justifiable expenditure method. As previously indicated, this method, like the
separ~ble-eosts·remaining-benefits (SeRB) procedure, is a variant of the sixth principal cost
allocation method. For this reason, the alternative expenditure and the SeRB methods are closely
related, the main difference being that the alternative justifiable expenditure method substitutes
the specific costs of the various functions for the separable costs. Joint costs are derived by
subtracHng all specific costs from total project costs, and they are distributed among the various
purposes in pro.,ortion to remaining benefits. However, with this formela, remaining benefits are
calculated by subtracting specific costs and justifiable costs on a 1:1 basis. Total allocated costs
are the sum of specific costs and allo;:ated joint costs. An example of this procedure is illustrated
in Table B.l. The alternative justifiable expenditure method is recommended in those instances
where the dab\ are not available fo~ c:Jtimating separable costs or when the cost ofobtaining such
data would be prohibitive.

The separable cost remaining benefit., (seRB) method of cost allocation sssigns to each function
the sep1irable costs (if any) of including each function in the multipurpose development plus a
share of tlle joint or common costs of the project. Joint costs are allocated on the basis of the
remaining benefits accruing to each functioIi. Because the remaining benefim are limited by the
alternative single purpose costs, Oittinger (1982) uses the perhaps more correct term "remaining
justifiable expenditure" rather than "remaining benefits". The method is illustrated by the
following simple example.

A multipurpose project involviftg h-JOd control~ power, irrigation, and navigation is proposed
with a total estimated cost of 176~ units. ~oject benefits associated with each use are estimated;

.,' theseare:shown in,row 1 of TableB.2.The,Alte..mAtive.oosts (row 2) are those fur a single
purpose project designed to provide services only for a particular lJSe. For example, another way
of providing for flood control, other than through the proposed project, would cost an estimated
400. The justifiable costs (row 3) then are either those benefits provided by the proposed project
(row 1) or the alternate cost (row 2), whichever is smaller. The separable '-'Osts for a particular
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purpose (row 4) are found by subtracting the cost of the project without that purpose from the
total project cost. For instancc, in this example the cost of project without providing for flood
control is 1385, thus'ylelding a separable cost of 1765 minus 1385, or 380. \

The remaining benefits (row S) ara found by subtracting separab!~ cost$ from limited benefits
(row 3 minus row 4). The total of the separable costs is 1180, or 585 !e~;s than the total project
cost. These allocated costs are distributed to 9ch use (row 6) ill ~he same proportion as the
remaining benefits (row S) which are associated with each service. For example, the proportion
of the unallocated costs which are apportioned to flood control is given by: 20/650 x S8S = 18.

The total cost assigned to each use (row 7) is the sum i)f the separable costs (row 4) and the
allocated joint costs (row 6). The total of the costs assignf.ld to each service is equal to the cost
of the entice project.

The adjusted separable costs remaining benefits method was developed to adjust for the potential
inequity in the SCRB formula by applying a credit to the separable costs so that separable costs
are subtracted from the justifiable costs on a greater than a I: 1 basis. The rationale for applying
a credit to the separable costs in allocating joint costs is that the separable costs share in the
benefit provided by the joint costs. For example, flood control storage provided near the top of
a reservoir benefits from the joint costs incurred for other beneficiaries. Similarly, penstocks
which pass through a dam are separable to energy, but also benefit from the joint costs of the
structure which supports the penstocks. In the procedure the credit given to separable costs is in
the same ratio as that of the justifiable costs for a purpose plus justifiable costs for all other
purposes to the total project costs. This procedure provides better results \:han the SCRB method
for meeting the equity criterion. The meth,')d is illustrated by Table B.3.

The rationale for this method is that it adjusts separable costs to reflect the assignment of a
portion ofproject savings from multiple-purpose projects (as compared to single-purpm:t: prqjects)
to the separable costs. This adjustment decreases remaining benefits, joint costs, rmd total costs
for those services with higher separable costs. Since allocated savings would incroose to those
purposes with higher separable costs, a more appropriate relationship emerges between the
savings allocation to each purpose and the savings from purpose inclusion. As a result of this
change in the SCRB method, each purpose is assigned a more reasonable proportional share of
the savings resulting from multiple-purpose development.

In addition to the allocation of costs an:ong services, Table (D.3) provides infom1:,ttf:ion about the
advantages or disadvantages of the multipurpose project compared to single-purpose projects.

1. Comparison of the alternative cost (row 2) to total service sector cost (row 12) reveals
the cost savings due to the multipurpose dam versus single-purpose dams.

2. Comparison of project benefits for energy and navigation (row 1) with total service
sector costs (row 12) reveals the 'cost savings due to the multipurpose dam versus
thermal power and rail/road transportation respectively.

3. "''ben benefits (row 1) 'are' iess than 'aitemative' costs (row 2),' a singie-purpose darn
is not economically feasible for the service.
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D.6 The Efficiency And Equity Of CostAUocation Methods.

The two principle objectives by which cost allocation procedures are evaluated are 'economic
efficiency and equity. The conditions for efficiency in cost allocation can be stated as: 1) the
separable cost of adding each last increment of-services should not exceed the benefits derived
therefrom; 2) the sum of the total costs allocated to each service should not exceed the sum of
the total benefits accruing from the use of each service; and 3) the total costs allocated to each
service should not exceed the cost of a single-purpose alternative providing equivalent benefits.
All three efficiency criteria are satisfied by the SCRB method. However, the alternative
justifiable-expenditure method and the use-of-facilities method employing specific costs do not
necessarily satisfy efficiency condition (1) in those instances where separable costs exceOO specific
costs. In these cases, it is possible that the benefits from including a service may be equal to
specific costs but less than separable costs. The service would be justified on the basis of specific
cost but infeasible on the basis of separable costs. Since these methods cannot assure that the
separable costs of adding a purpose will not exceed the benefits derived from its use they fail one
of the efficiency tests.

With regard to equity of allocation, equity refers to fairness in the distribution of total project
costs among all the users served by a multiple-purpose development. In this study equity is
interpreted to mean that costs are allocated according to the increased benefits which result from
the project. Thus, equity is based on the premise that the increased benefits provide each user
with a means for paying his fair share of project costs. Specifically, an equitable cost allocation
is one which permits all project users to share fairly in the savings multiple-purpose as compared
to single-purpose construction. Once costs are allocated, equity in cost sharing is then concerned
with the distribution of benefits and local costs among users. The "fairness" concept of equity in
cost allocation must be emphasized. The objective of cost allocation is to distribute project costs
equitably among the users served by providing for proportional sharing of the savings resulting
from multipurpose development. This criterion, however, is not satisfied by any of the four cost
allocation methods previously discussed in this section, because at least two procedural problems
exist which do not provide for proportional shr.aing of project savings among user5. A problem
of equity arises with both the separable cost!i remaining benefits and the alternative-justifiable
expenditure methods of cost allocation because the separable costs are not credited with a part
of project savings. Thus, all project savings accrue entirely to the joint cost. A more realistic and
equitable basis may be to attribute a part of project savings to the separable costs. Equity in cost
allocation dictates that the savings allocated to each function be proportional to the savings from
the inclusion of each function in the project.

The justifiable r.osts in Table (B.2) total 1830 (project benefits by purpose limited by cost of
single purpose alternatives). Total costs (line 7) are 1765. Thus, project savings are 6S units. For
the procedure illustrated, all 65 units ofthe savings from the multiple-purpose project are credited
to joint costs (line 5 minus line 6, where 65 units of remaining benefits are allocated to joint
costs, or 650 - 585 = 65). A solution to the problem of equity, then, is to attribute a portion of

.t!tes~vingstotIr.'3 separllble costs, as is done by tbeAJCRB procOOm'e. For the use-of-fedlities
method of cost allocation, a further equity problem arises because of the difficulty in fairly
defining the relative capacity required for each system use.
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B.7 Calculating Economic Benefits of a System Improvement Project

B.7.1 Preliminaries

Estimating project benefits is an essential part of the cost allocation analysis. Several approaches
are available for calculating benefits. The best approach to use depends on the type of benefit,
so different methods are employed in the various sectors. In this section, we first briefly discuss
the broad principles underlying conventional economic benefit estimation procedures. Then, we
describe the basis for the several approaches used in the study.

Benefit-cost analysis is the public sector counterpart to the private-sector analysis of investment
returns. It is applied in cases, as in water resource planning, where market prices for inputs and
outputs cannot be used for investment appraisal. Market prices may be absent, or if available,
may not reflect social valuation ofbeneficial and/or adverse effects. Both considerations are found
in water resource planning. Water is seldom priced, and on the rare occasions when it is, the
charge might not accurately reflect costs of supply. In the absence of appropriate market prices,
some synthetic approach is nooessary to approximate the market prices. The synthetic prices
derived in this manner for benefit-cost analysis are usually called "shadow" or "accounting"
prices.

The basic concept of "benefit" is defined as the amount a rational and informed user of a publicly
supplied good would be willing to pay for it (Gittingr,;r, 1982.) Willingness to pay reflects the
user's willingness to forego alternative consumption opportunities, rather than do without the
good or service in question. Costs, in this context, represent the foregone value (the opportunity
cost) of goods and services displaced by a project.

Two rules should be kept in mind in the process of benefit estimation. One, the "with or without"
principle, requires that benefits and costs are to be measured as increments which would occur
with as compared to without the project. This rule assures that estimated benefits are solely due
to the program or project, rather than measures of changes between before the project as
compared to after, some of which would have occurred autonomously even in the absence of the
project.

The second rule relates to which of two alternative "accounting stances" or viewpoints are taken
for the analysis. The private accounting stance m~ures gains and losses as perceived by the
individuals receiving them, which are likely to be influenced by government interventions into
the market (such as minimum wage regulations or farm commodity price controls.) Benefits and
cost from the private accounting stance are usually termed "financial" measures. The alternative
accounting stance is from the public or social point of view. Ideally, the social accounting stance
includes social opportunity costs and social wiJIingness to pay as measures of costs and benefiL;,
meaning that financial prices are corrected for market interventions or for external costs and/or
benefits. The benefit and cost measures for the public accounting stance are usually called
"economic" p~ices.

The c~~i~ ()(accollnting stance for an irrigation cost allocation exercise in Egypt" where
government agricultural policies are rapidly changing presents some difficulti~. Cost allocation
studies more often than not employ the financial prius, because that is the stmlce from which
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farmers ability to pay for irrigation must be calculated. On the other hand, in an economy with
a policy objective of moving prices in the agricultural sector toward world market I"vels, the
financial prices may have only a short-lived accuracy in reflecting conditions faced by farmers.
Be that as it may, the financial price approach hss been taken in this study.

B.7.Z Alternative Methods or Calculating Project Benefits

Each of the methods described and evaluated below are ways of approximating willingness to pay
for water project benefits (Young and Haveman, 1985.)

Method No.1. Res!dual Valuation Approaches.-Residual valuation achieves the task of shadow
pricing by allocating the total value of output among each of the resources used in a productive
process. It applies to cases where water is an intermediate good; that is, it is used by producers
in the production of other goods and services, and is not used for final consumption by
households. The method assumes first, that the total value of production can be divided into
shares, such that uch resource is paid according to its marginal value productivity, and that the
share allocation exactly exhausts the total value of output, and second, that market prices of each
resource (excepting the one to be shadow-priced) are equal to returns to the resource at the
margin.

Consider a simple example where four productive factors, capital (K), labor (L), land (S) and
water (W) are used to produce a crop (Q). By the first of the above assumptions, we can write:

TVPq = (MVPk x K) + (MVPI x L) + (MVPs x S) + (MVPw x W)

where TVPq is the total value of output Q; MVPi represents the marginal value product of the
i-th resource, and L, K, S, and W refer respectively to the quantities of labor, capital, land and
water employed in production. By the second assumption, market prices for K, L, and S are
substituted for the respective marginal value products. Then the expression can be solved for the
remaining unknown, MVPw; which is the estimated shadow price of water.

The limitations of the residual approach should be acknowledged. First, if an input variable and
its costs are omitted, its value will be assigned to the residual input, water, thereby
overestimating the latter variable's shadow price. In agricultural contexts, land rents and family
labor and management costs may be omitted or are at least, difficult to quantify. Second,
distortions in either prices of non-water inputs or of outputs will bring about a distorted water
shadow price.

Method No.2. Net Incremental Retum.-This approach is a variation on method 1. It is the
method recommended by the U.S. Water Resources Council for calculating irrigation project
benefits. In that agency's publications, it is called the "change in net income" method. Benefits
are calculated as the increment in net income or profit from the project based on a with/without
comparison. The calculations are identical to method 1 in the case of irrigation investments,
b=ause.the "without" ·c=e-net it'.corr.e.is t.'le .
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pre-project net return or rent to the land resource. The same limitations or potential biases (due
to omittea variables or to distorted prices) apply here, and should be carefully avoided.

\

In agricultural contexts, the net incremental return method yields an estimate often cp1led the
"net primary returns. " It is this approach and terminology which is used in the present study for
irrigation benefits.

Method No.3: Cost of Next-Best Alternative.-In this approach, (sometimes called the
"alternative cost" method), the willingness to pay is limited by the cost of the most-likely (i.e.
least- cost) economically feasible alternative. The method is useful in cases where direct
willingness to pay cannot be readily estimated, but where a substantially different economically
feasible

alternative exists. The alternative must be economically feasible in its own right, or any project
purpose becomes justifiable by applying the alternative cost approach.

The benefits are taken to be the cost which would be incurred if the next-best alternative were
to be used. For example, a fossil-fuel fired steam generating plant might be the next best
alternative to hydroelectric power production. The incremental cost of energy produced by a
thermal plant of equal capacity is the benefit ascribed to the hydropower facility. In this study,
the

alternative cost approach is heavily relied upon. It is found to be the method most appropriate
for hydropower, navigation, urban water supply and river crossings.

Method No.4. Avoided Damages.-In certain cases, where a project permits avoidance of
potential economic damages from either natural or man-made hazards, benefits are taken to be
the expected value (i.e. the probability-weighted value) of monetary damages or costs prevented
by the project. For example, a flood control project permits floodplain dwellers to avoid or

.reduce the probability of damagfl,S to homes or businesses. A pollution control investment might
reduce adverse health impacts from factory emissions. The benefit of avoiding these damages is
infrequent, so the monetized damage-avoided measure of benefits must reflect the probability of
damaging events.

B.7.3 Selection or Methodologies for EstilTJating Benefits

The selection of the particular benefit calculations method for allocating costs depends on three
important considerations: 1) the nature of the project purpose and the type of benefits provided,
2) the needs and preferences of those performing the cost allocation, and 3) the availabil'ity of
data. For this study, method 3 was chosen for estimating system benefits from the use of dams
for river crossings (road transportation), navigation, water supply, and hydro-electric power
generation. This method is b~ed on the cost ofproviding the service compared with the next best
available alternative. Because of its extensive use in evaluating navigation benefits, the procedure

....issQrn.l'tim~bownas"savingsto shippers". The methndre.qnires data which!U'e !!Crms!!y f:tir!y
easy· to obtain. For evaluating agricultural benefits method 2 was selected because net primary
returns can be calculated from available data. For flood control method 4 was selected because
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damage estimates are a measure of the value of the project to the users. Commercial fish harvests
from Lake Nasser and aquaculture ponds are valued on the basis ofmarket prices. This procedure
is an application of method 1, but due to a lack of cost data, the gross value of fishery revenues
was used. This procedure introduces a minor bias by overstating benefits to the fisheries sector.
No incremental fish harvest as a result or'the system was assumed for the Dlain stem of the river.
Tourism and recreation enjoyement result from boat trips on the Nile River. This sector benefits
from water releases from the HAD and from :m increased draft resulting from the downstream
barrages. The benefits to this sector are estimated as net primary revenue (method 2). Dredging
for navigation (river freight) also benefits the river tourism sector. Because the freight barges
normally require more draft than the tourist boats, all channel dredging costs are assigned to the
river navigation sector as specific costs. Table 4.1 indicates procedures applied in this study for
estimating single purpose costs used in the cost allocation procedure. Also shown are the methods
used for estimating the benefits for each service sector at three levels within the system.
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Table B.1: Altemate justifiable expenditure method of cost allocation

Row No. Item Flood Control Power Irrigation Navigation Totals.
1 Project benefits 500 1500 350 100
2 A1temative costs (single purpose project) 400 1000 600 80
3 Justifiable costa (Lesser of 1 or 2) 400 1000 350 80
4 Specific costs 120 300 100 30
5 Remaining be"eflts (3 - 4) 280 700 250 50
6 Allocated joint costsa 265 665 238 47
7 Total allocated costs (4 + 6) 3eS 965 330 n

a Total joint CO'..ItI of 1215 units are apportioned to each purpose in the same ratio as that of the remaining benefits of each purpose to the total remaining benefits.

= Table B.2: The separable coats-remaining benefits method of cost allocation-w
Row No. Item FJood Control Power Irrigation Navigation Totals

1 Project benefits 500 1500 350 100
2 A1t8i11atlve costs (1IIn;le purpolle project ) 400 1000 600 80
3 Justifiable costs 400 1000 350 80
4 Separable costa, 380 600 150 50
5 . Remaining benefits (3 • 4) 20 400 200 30
6 Allocated Joint coats 18 360 180 27
7 .Total allocated costs (4 + 6) 398 960 330 77
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Tabfe B.3. The adjusted leparable COstl-r'emalnlng benefits method of cost allocation.

Row No. Item Flood Control Power Irrigation Navigation Totals

1 Project BeneIita SOO 1SOO 350 100 2450
2 ~ Costs (M1gIe purpoM project) 400 1000 SOD 80 2080

3 Justifi8bIe coetI 400 1000 350 80 1830
4 Separ8b1e coetI 380 600 150 50 1180
5 Coet fell .. ether pwposetl 1385 1165 1615 1715

(total oost Sea row 4)

6 Juetifi8bIe cotta for all other purpooea (lesser of 5 or 1:of raN ~ less 1385 830 1480 1715

f.;st. eelet for purpoee)
7 AdjUlllnlnt fIlClOr 1.01 1.04 1.04 1.02

(3 + e I total coli)
8 Adjustld ....... c:c.Ia (row 4 x row 7) 384 624 156 51
9 Remalrling benefits (row 3 • row 8) 16 378 194 29 615

10 Joint 0)11 propoc1IollS (row 911: row 9) 0.026 0.811 0.315 0.048 1.000

11 AIIocIrJJd )oint coet 15 358 184 28 585
nNt 10 x .. pcoJect~. ~row 4)

= 12 ToW dxaled co8tB (row 4 + 11) 395 958 334 18 1765-•

~
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Appendix C

Tables of Cost Estimates
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Table C1.1
Scenario 1: Actual Annual Expenditures

Current Prices (000 LE)

!
AGENCY I FY FY FY FY FY

198&187 1987188 ! 1988189 1~ 19901'91

I i
IRRIGAT10N OEl?ARTMENT 151,086,906 197,292,791 ! 264,405,582 282,575,918 304,942213 ~

I
MECHANICAL & B.ECTRICAl DEPARTMENT 60,208,629 83,466,579 1 tIl,388,206 82,122,642 103,036,879

PUBLIC AUTHOI:UTY FOR DRAJNA<:lE PROJECTS 9,563.000 13,085,000 i 23,018,800 33,413,000 37,891,000

I
HIGH ISNAN o.W~RI1Y 15,808,S16 16,817,929 1 15,428,976 11,762,4(g 12,527,398

WATER RESEAI\CH CENTER 10,981,881 17,781,497 1 18,433,799 25,185,377 27,941,432

TOTAL 247,649.032 328.443,7961 408.675,363 435,059.404 486,338.922

NOTES:
(1) -INClUDES GRANTS

(2) -INCLUDES EXPENDmJRES ON m:va.OPMENT OF NEW LMDS

(3) - EXCLUDES EXPENDITURES ON MODERNIZATION OF THE Na..E SYSTEM

(4} - EXClUDES; EXPENOITURES ON MESQAS AND TILE DRAINAGE SYSTEM

(5) - EXCLUDES; EXPe~DrruRES FOR ACTIVmES OUTSIDE NILE BASIN
(6) - EXClUDES; PAYMEMTS OF INTERESTS AND INSTALLMENTS OF FOREIGN LOANS



Table C1.2
Wholesale Be Consumer Price Indices

FY FY FY FY FY December
DescrlDtlon 1986/87 1987/88 1988/89 1989190 .• 1990/91 1991(1)

Construction Material (2) 767.9 892.4 1,069.7 1,301.4 1,6n.2 1,8n.3
Petroleum (2) 469.4 631.1 783.0 947.3 1,392.2 1,718.4
Machinery & Implements (2) 323.9 392.7 518.4 619.7 705.3 767.5
~f1!~umQr Price (3) 1.00.0 114.6 138.8 170.9 190.8 245.3
(1) Estimate (2) 1965/66.100 (3) 1986/87.100
(4) Egyptian Fiscal Year: JUly 1 through June 30th
Source: Central Agency for Public Mobilization &Statistics, Egypt

-I

Table C1.3
Changes In the Electrical Rate Schedules between

July 1, 1985 and May 1, 1991

Unit July May March June May
CateaQrv Cost 1985 1987 1989 1990 1991

High Tension mlll./Kwh 11.7 17.1 28.4 45.6 80.7
Fixed Annual Tariff L.E./Kw 12.4 17.4 28.9 46.4 82.1
1-1000 Kwh mlll./Kwh 22.3 31.2 61.8 83.1 147.1
1000·1500 Kwh mlll./Kwh 21.0 29.4 48.8 78.3 138.6
1500-2500 Kwh mlll./Kwh 18.3 25.6 42.5 68.2 120.7
2500-3500 Kwh mlll./Kwh 15.7 22.0 36.5 58.6 103.7
3500-5000 Kwh mlll./Kwh 11.9 16.7 27.7 44.5 78.8
5000 and over mlll./Kwh 10.2 1,4.3 23.7 38.0 ~?~~
c.!~jn~_ue·oVfn prevlou~_ rate 40.6% 66.0% 60.50/0 n.O%

Table C1.4
Exchange Rate of Egyptian Pound (LE)

",,',

FY FY FY FY FY December
Currencv 1986/87 1987/88 1988/89 1989190 1990/91 1991(1)

US Dollar 1.35 2.23 2.38 2.60 2.83 3.32
ECU 1.15 1.85 2.15 1.89 N/A 2.51
Dutch Guilders 0.68 0.96 1.02 1.13 US6 1.19
Canadian Dollar 1.81 2.82 2.86 3.04 3.29 3.81
~-,._---- .._..._.
Source: International Financial Statistics-February 1991
(1) Commercial Bank Rates
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Table C1.5
Scenario 1: Summary Costs of the Nile System

'-
1986-1987 1987-1988 1988 -1989 1989 - 1990 _._----~_ 1990 - ~~!__._.__ AVEAAGE ANNUAl. (1)

COSlS INOJRRED
DESCRIPTIONS CURRENT DEC 91 CURRENT OEC91 CURRENT DEC 91 CURRENT DEC 91 ~ DEC 91 DEC 91 INCUJOlNG

PRICES PRICES PRICES PRICES PRICES PRICES PRICES PRICES PRICES PRICES PRICES CONmG.

OPERATIOO & MAlNTENANCECOSlS

PERSONNEL 50.843,100 E9.39S.:?'lI7 70,025.884 79.B6il,392 BO.057.llE2 91,311 ,5EiO 90.561.924 103,292.174 100.356,288 114.474.733 114.474.733 120.198.459

NON-PERaONNEL (2l 51.560,058 186,235,099 &:;,537.012 217.327.352 131,SEll,344 256.231.887 147.817.471 233.855.474 151.9'Z1.E97 204,519.515 219.933.019 241.!l26.321

SUBTOTAL 118,403,158 255,630,886 155,562.896 297.100.744 211,626.2ll6 347.543.447 238.379,395 337.147.648 258.293.985 318.994.347 334.407.752 362.124.7S0

CAPITAL COSTS

STRUCTURAL REPlACEMENT 27.409,134 72,587.504 44.419,463 9O.55li,EOE 51.059.442 '37.504.547 62.934.522 90.026.155 ll3,9E2,389 98.571.531 87.e69.271 9E.ese.l98

PUMP STATION RS-IAB & REPlACEMENT 20,884.630 55.672.906 33.172,643 62.878.450 36.858,775 50.367.972 21218.820 29,200.384 25.992,149 :iO.575.E74 47.599.077 52,46ll.98S

GENERAL IMPROVEMENTS ~619.818 94.331.826 45.713.337 93.194,387 48.310.897 82.888.768 58.527.027 83.864275 61,609,203
72.328.97.... ' 85,321.646 93.853.811

SUBTOTAL 83,713.~ 222,592.236 123,305,443 246,429,443 136.229.114 230.861288 142.780.459 203.090,824 171.563.741 201.476.179 220.889.994 242.978.993

TOTAL COSTS (3j 202'116.740 478,223,122 278,ll6ll,339 543,626.186 347.855.320 578.404.735 381.159.864 540.238.472 429.857.726 520.470.527 _555.297.746 E05,IC3.784

DEVELOPMENT OF NEW LANDS 45,532,292 120,859,442 49,575.451 99.136,383 50.820,043 103.985.373 46.854.495 66,964,630 48.519.578 56,962.872 89.581.740 98,539,914

SUBTOTAL 247.1349.032 599.002,563 S2ll.443.79E 642,762.570 408.675,363 682.390,108 4<ll.O14.359 607,203.102 478.377.304 577.433.398 644.879.486 703.643.898

MODERNIZATION OF OLD lANDS (41 5,019.525 17.993,835 14.EOE.798 25.174,226 26,727.190 41.104,846 61.358.900 82.268.125 59.551,940 81.711.817 49.E50.570 54.515.527

GRAND TOTAl 253.6E8.5S1 617,076.398 343.050,694 667.936.796 435.402.553 723.494.954 489.373259 589.471.227 548.029.244 559.145.215 694.530.055 758.259.324
11) - EXCEPT ANNUAL COST OF PERSONNa lSee5ection 3.4)

(2l-INCWDES CAP1TALCOSTSOF MAINTENANCE

(3) - SEE SECTION 4.5

_('I) - ESTIMATE .._-_. -

-CJ'\
C!""\

BEST AVAILABLE DOCUMENT
C3
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Tobie C 2.1
Propo8ed Water R~8ources Development Plan (000 LE)

(1992..1997) .

Flv.V..r FY FY FV FV FY--
Dtto~n Plan

-,-~
oz· 07 02lD3 D31D4 CWDS O!lDe 0&'07__

1·Mlnl!try Htadquarttl'

Mlnletry BUHding 0,700 a,740 3,740 740 740 740

Water Muter Plan 7,080 9,830 1,480 1,400 240 240

Nile Water Technical Commlealon 14,600 2,000 2,S100 2,DOO 2,DOO 2,DOO

Sub-Total 91280 10,270 8120 5130 :U80 aeeo

~atlon~.rtmtnt

Irrigation Improvm.nt 580,000 141,850 141,850 118,SOO 82,SOO 71',SOO

Elna Barrage and Pow.r Station 800,000 1DO,OOO 280,250 52,200 87,860 .

N.; Hammadl Lock 9,000 3,000 . . . .

Groundwater Wells for Irrigation Purpoe. 10,200 8,000 7,000 1,SOO 1,SOO 1,200

Improvement of Irrigation Method, 100,000 20,000 20,000 20,000 20,000 20,000

F1a,h Flood Protection 15,000 9,000 3,000 a ,000 3,000 9,000

Water Weed Control 15,SOO 1,100 3,800 3,800 3,800 9,800

Strenghtonlng Nile Ba"age8 22,000 7,500 3,SOO 3,SOO 3,SOO 4,000

Roust of Drainage Water 10,000 2,380 2,980 2,380 2,380 =~

Benefiting from Winter Closure 101,500 13,000 13,500 25,000 25,000 25,000

Jongltl Canal 500 100 100 100 100 100

Rthallitation and Replacement of Structur.. 100,000 14,000 10,000 20,000 23,000 24,000

Niga Hammedl Barrag. 460,000 00,000 80,000 00,000 00,000 00,000

SUb-Total 1008700 404810 S72G60 337780 342,210 248,080

cs
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Table C 2.1
Proposed Water Resources Development Plan (000 LE)

(1992-1997) "

..-

r' F1v~Y..r FY FY FY FY FY
Deeo~tIon Plan

Q~·01 02lD3 D31D4 SWOS 05/D6 DelD1

a·Mechanlcaland Electrfcal Dlptartmenl

~ab. and Replaaoment Pump Statlon.· 1 34,255 18,830 8,885 ',000 3,St05 2,885

R~tIb. lind Replaoement Pump Station.· 2 345,580 1,085 88,540 130,015 105,180 33,240

Chang. Eleotrlcal Network, North Delta 40,!OO 1,250 22,280 18,230 1,7'80 ·
HlImoiand Manlour Pump Statlonl 838 340 108 . . ·
Mahala Pump Sbltlon 2,018 1,418 278 168 104 ·
EI Khay.m Sublldr.ry St.&n. 65 55 . . . -

-

1:1 Ate' Pump Station 4,205 1,080 320 1,8!0 SSM) U5 .

0

Upper Oadla PUIJIP Station. 8,Ci18 7';1 2,305 2,020 101 101

IEn"'a EI dalma, PUll:? Station.
~

802 261 281 281 51 5:l

Drain 2 EI Khatla, Pump Station 1,434 600 620 210 104 ·
Protection and Emergency Workl 18,316 3,293 3,283 3,283 3,283 a'263/
Labor.tory and Worklhop Installation 18,310 3,214 ',214 3,214 3,214 3,274 -

Sub-Total 411690 42101, 101.014 183 881 110828 43 tAlO

•

..J
,

BEST AVAILABLE DOCUMENT
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Table C 2.1
Proposed Water Resources Development Plan (000 LE)

(1992-1997) .

RveVNr FY FY FY FY Ff
o.c~n Plan

02·07 02103 D31D4 04/05 0&'08 08107

~.H!gh Aewan p.!Im Auth!!!!tx..

RehllbRitatlon of River equipment 2,875 676 5715 575 576 675
I

Machinery and Equlpmtnt for the Protection of S15,100 7,140 7,140 7,140 7,140 7,140

the D.m Body and R...rvolr

R....Ib. of the Dam Body .nd R...rvolr 20,185 4,037 4,037 4,037 4,037 4,037

R....rch Sludl.. or Re..rvlor, Splllw.ys, 8,876 1,376 1,376 1,376 1,376 1,376

Totthkll, and Slit.

R....Ib. lind RepI.c.me~ of the R.;lonal 13,076 2,705 2,705 2,706 2,705 2,705

earthquake Cent., In Aawan

Rehab. and RepI.cement of Water Pipes 2,300 530 1530 530 530 180
Instaned on the D.m Body

Rehab••nd Replacement central Conditioning 825 150 160 175 150 -
R....lIb••nd ReplacelMi'lt of Tra.,.port 1,476 206 205 205 205 2O!
Facilities and TranspoJ1atlon

Sub-Total 84010 18,897 18897 180ZZ 18897 18,907

~lan PlbHc Authorly for Dralneg.

Open Drain In 8Ooon. fd. D.9Ita 24,000 12,000 ~2,OOO - . -
Open Drain In 80000 fd, Upper Egypt 24,000 12,000 12,000 . . -

Sub-Total 48000 24000 24,000 0 0 0

BEST AVAILABLE DOCUMENT

C7
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Table C 2.1
Proposed Water Resources Development Plan (000 LE)

(1992-1997)

FIY.V..r FY FY FY FY FY
Delc~tIon Plan

D2·G7 D2ID3 O3IlM G41DS G!1D8 GMl1

8-Water R...rch Center

Water R••arch Cent.r 4,172 1,282 1,485 1,325 928 95:!

Wat.r DIIlrIbutIon and Irrigation Methods InatIt\J 5,850 1,130 1,130 1,130 1,190 1,130

R..larch Inatltu1. for Channel Maintenance 2,820 584 584 584 584 ...~
and Weod R.a1atance -II
Drainage R....rch Institute 2,846 558 558 510 510 510 I ~

Groundwater R....roh InaUM. 10,105 3,eso 3,esO 3,830 3,esO 3,eso

W.t.r R..ourCM Development Inlltltut. 1,853 2,100 2,500 1,423 1,160 880

I
6,280 1,150 1,050 1,250 1,1560 1,280High Aswin Dam Side Effects lnatltut.

Hydr. and Sediment R....roh lnatltut. 5,521 1,2047 2,128 1,238 455 485

Structurea, son Mech. anet Found. R....rch 1m 1,412 354 S153 275 220 210

Mechanical_net EIec\..~a1 R....roh lnatlute 2,390 563 465 H2 815 185

Staff Housing Project 300 160 150 - - .

Sub-Total 58es~ 1~,D37 14.222 1211..\ 10,361 G,205

--
~.!~tal 2,653,040 511,427 113204 506,171 465,718 296,820.. ---
Note: Exclud..pr~Ad Investments for development of the new Iandl.
Source: MPWWR, Document No 223, D:ttecl Nov.mber 12, 1OG1 •

BEST AVAILABLE DOCUMENT
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Table C 2.2
Estimated Cost of Replacement of Nile Barrages (000 LE)

ESHA BARRAGE OTHER BNlRAGES

CONSTRUCT1ON COHmACT EsnMATED I DECEMBER 91 PRICES NAG

DESCRFT1ClH FOREIGN FOREIGN I LOCAL TOTAL TOTAL I FOREIGN LorA. TOTAL (1) ASStIT 2!FTA HAMNAD
(OOO$) (000 LB i (000 LB lOOOLB (oooLB I (OOOLB (OOOlE) COOOlE) COOOlE} COOOlE} (OOOlE)

1.CMLWORKS

2441
i
I

MOBUJZAliOH 74 1.124 1.368 1,505 1 336 3,214 3,610 3,610 ~1tI0

GE01'ECJNCAL INVEsnCllAnON 105 348! 490 838 922 478 1.428 1,906 1.906 1,906

COFFER DAMa DIVERSION 3,702 12,290 !
3,

371
1

15,661 17.'22.7 16,902 9,81!J 26,7'od 26,721 20,041 -
I

EAImIWORK 5,»45
19':1

19,500 39.236 43,160 Zl.142 56406 83,948 9Q.245 67.683 -

ROADS ZT1 553 1.339

~I
1.G!1 1.612 2,E93 2,693 2,020 2,

NAVIGAnoNL~ 5,644 18,740 I 6,901 25,640 25,772 20,:02 E.874 45,874 45,874

POWER PlNfT STRUCnJtE 8,932 29.653 8,932 38,5B4 42,443 40.780 26,020 66,800 0 0

SPILLWAY a RELATED smuc 5,300 17.595 7,6(;1 25,262 Z7.7U9 24.198 22,335 46,533 46,533 30'.900 .-
ClOUSURE DAMS 1,252 4,190 4,045 8,235 9,0!i9 5,783 11.782 17.5olS 18,861 14.146

DW'HRAGMWALL 2,499 8,295 2,961 11,256 12,381 ii.~ 8,625 200m3 20,m3 15,024

Fot.tmAllON TREATMENli 3,714 12,330 I 1,904 14.234 15,&s7 16,957 5,546 22,503 22,503 16,877

BUIlDINGS 59 195 370 565 622 269 l,m 1.346 1.346 1.010

MISC. WORK I1BotS 731 2,425 4.516 6,941 7,635 3,336 13,151 18,0487 16,0487 12,365 1

SUBTOTAL 38,201 126,828 62,332 189,160 208.076 174,422 181.578 356,000 ~s.s~2 235,457 ---..---
2.1oECHNICALWORKS

GATES, STOPLOGS HI)TRASH RACKS 7,'Z14 24.151 9.432 33,582 36,940 30.194 Zl.956 58,150 38,961 29.221 19,1-~

MOHITClRINGEQUP 'Z11 900 234 1.133 1,246 1.125 692 1.817 1,817 1,363 - -
AlJXIIJARY IECH EQUIP 2,874 9,542 628 10,170 11.187 11.mo 1.868 13,198 6,899 5.174 -

HNO.JHQ ECItIPIEM' 3,829 12,711 957 13,667 15,a:u 1$,892 2,835 18,727 9,~ 7.023 4,__

LOCK a POWER PlANT EQUIP 4,580 1S,205 576 15,781 17,359 19,010 1.706 20,716 10,358 7.769

, POWER GENERATING UHlrs 35,S:~ 151.115 4,813 155,_ 171.520 1B8,929 14,259 2IX!,1118 0 0
, 132 KVlRAHSMSSIOH UfiE .7 2,W1 <4f)2 3,379 3,717 3,722 1.193 4,915 0 0

1RNISFORIlERSa SWlTCHGEARS 3,714 12,329 8B6 1~5 14.537 15,415 2,625 18,040 0 0

SUBTOTAL 58,W1 228,930 17.926 248,855 'Z11,541 288.216 53,134 339,350 67.398 50,548 2!U-
,

3. EHGINEERINCJ a COSNST. MCMNT 0 22.S90 36.420 31.600
_vvv

4. OVEIIEAD a PRa:rr 18,557 61.610 i 0 81.610 61.771 1 84.730 0 84,730 38,STJ 211.930 29.600
S'IJBTOTAL 115,7'J6 417,368 80,257 497.626 547.388 . 545.368 234.712 803,070 439.2DO 343.535 , 337.675

5. COHTIHGBICY 17.930 49,800i 40.4651 39,825

TOTAL COST I 821.000 489.0001 384'00:1 377.soo
SPECFlC COST OF POWER I :i.:! ...00:1

0
1

I

JOINT COSTS I 384.000 i :rnJ!il)OI

r<l' 1 !~·"I"I"I"":"I·~"~ .. ~ , , ' • ' ,••• ,.. '. .. ..
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Table C 2.3
Estimatw Cost of Replacement of Large Canal Structures

n-<:>

Discharge Cost! Span Cost! Total
Desailrtlons Number m3lsec m3lsec Meter Meter Cost

(OOO)LE. (OOO)LE. (000) LE

Intake Regulator 39 85 50 - - 165.750
50 60 40 - - 120.000

Head Regulator 110 45 30 - - 148.500

Other Structures 36 45 25 - - 40.500

Bridges 978 - - 40 13 489.000

Subtotal 963.750
oov 192,750

Total 1.156.500
CostIFeddan 149

BEST AVAILABLE DOCUMENT
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TableC 2.4
Estimated Unit Cost of Drain Structures (LE)

Sample Area

I CClNTAACT I IUF'lBIBfTA11CW 1

EXECUTION DATE I AUOUN1'
FY F'f F'f , F'f FY I F'f F'f F'f DEC DEC

He NM.E 1ll331M 198UBS 1ll85nl8' 198&'87 1987J88I'~ 1Il8919O 1l1llG'V1 11191 1~

I
1 STRUCTURES ON UPPER UllOM ElBERA 1lliW83 02121185 420.000 210,000 210.000

(1(1118 TO 0UTFAlJ.)

2 STRUCTURES ON ABDEL iwtMNf DRAft 0W15/85 0lIt'1W7 820.coo 217,000 «13.000
AND rrs BRANCHES

:II PLEBRIDGES ON ABDB.'RARWt 0W1111S5 07114187 850.000 297,500 562.soo I
IDRAIN arrs aRAHCHES

I

• I S1'RUCTURESON BIWICliES 0&I1.ws 0&114188 350.000 115.000 175.000
OFBASR!OURDRAM

• auTFAlLSOFlIGHT BAN< BRANCHES O1f1:lJ18 07130188 m.ooo 15,750 509.250
OFlOWER SERO DRAIN

• smucTUfESON tEDOQ\NtD 1W01J111 03131190 <112,000 18UOO 200,200

KAfR.KN&SH DRAIIS

7 srRUC:UIES ON fIQHf 'W« BRANCHES 01101181 08I30o'I1 e53.OOO 1I7.950 213,!60 281.200
OFlOWER SERO DRAIN

3S1,goo1I STRi.'CT1JRES ON IYRAO A:«) Ur.zs,og1 11124/92 «l2,OOO 20,100
I

TL-8ELAH DRAICS I
TOT.... "'388.000 210.000 210.000 51"'500 1.300,250 tllU.2SO 212,750 Sl1.0li0 281.200 20.100 3IUoo

I

...-.000
ADJUSTIEHr FACTORS 3.52 3.14 2.78 2.52 2.13 1.15 1M 1.17 1.00 0.85

oem 11.'PRCES 738,511 1180.011 1.421.008 i 3.27'0.452 1,458,273 j .ceo.1. 777,1i83 306,73t 20,100 328,0311 1,4:15.;mi

MEAN 87.7'00 I

COSfI FB'XWI1IClUDIIG canJtOEHQ~
,-

1301

---~
<::)l..J

I

BEST AV{,-~ABLE DOCUMENT
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Table C 2.5
Estimated Cost and Schedule of Replacement of

Open Drain Structures

EXECUTED STRUCTURE ESTIMATED
YEAR AREA REPLACEMENT COST

(FD) YEAR (000) L.e.

1972 150,000 2002 19,500
1973 150,000 2003 19,500
1974 150,000 2004 19,500
1975 150,000 2005 19,500
1976 200,000 2006 26,000
1977 200,000 2007 26,000
1978 220,000 2008 28,600
197~ 230,000 2009 29,900
1980 230,000 2010 29,900
1981 240,000 2011 31,200
1982 250,000 2012 32,500
1983 250,000 2013 32,500
1984 250,000 2014 32,500
1985 250,000 2015 32,500
1986 250,000 2016 32,500
1987 240,000 2017 31,200
1988 230,000 2018 29,900
1989 220,000 2019 28,600
1990 200,000 2020 26,000
1991 170,000 2021 22,100
1992 150,000 2022 19,500
1993 150,000 2023 19,500

TOTAL 4530000 588.900

C 12
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Table C2.6
Scenario 2: capital Costs Summary

I ANNUAL
DESCRIPTIONS I COSTS

I (OOO)LE

1 - STRUCnJRAL REPlACEMENTS
REPlACEMENT OF NAG HAMMACI BARRAGE 33,373
REPlACEMENTOF ASSUIT BARRAGE 21.109
REPlACEMENT OF ZJFTA BARRAGE 11,741
STRENGlHENING OF NILE INTAKES &. BARRAGES 4,616
ESNA BARRAGE (COMMa! WORKS) 37.633
ESNA BARRAGE (B.ECTRICAl. WORKS) 30.462
OPEN DRAIN IMPROVEMENTS &. REPlACEMENTS 15.096
REPlACEMENT OF SMAll. STRUCTURES 28,304
REPlACEMENT OF lARGE STRUClURES 15.918

!1JBTOTAL 198,250

2 - REHABLITATION OF PUMP STA1 •..>NS
REHABlUTATlONS &. REPlACEMENTS 106.597

SUBTOTAL 106.597

3 - GENERAL IMPROVEMENTS
HIGH MiWNf DAM COMPLEX 18,224
NLE WINTER ClOSURE 10.867
WATER MASTER PLAN 2/l67
NLE WATER T'EafNlCAl COMMISSION 2.900
t.I'WNR HEADQUARTERS BUILDING 1,356
MAlt SYSTEM MANAGEMerT rr8.B.ITRY} 4JMfl
WATER RESEARCH CENTER (1) 34,868
R.USH ROOD PROTEC11ON 3.693
PROFESSIONAL DEVElOPMENT PROJECT 1,248
PROJECT PREPARATION 1.402
RIVER BAN< PROTECTION ZT.733
F\.~'ER TRAINIIG 1,579
REUSE OF DRAINAGE WATER 2,736
GROUNDWATER waLS 2,348
IMPROBtENTS OF~ IRRIGATlOH SYSTEM 37,553
NPROVIIG IRRIGATION METHODS 2,710

SUBTOTAL 157.070

TOTAL CAPITAL COSTS 461.918

~
.---J;.,

, ,

NOTE: (1) INClUDES ANNUAL COST OF EXPECTED GRANTS

BEST J - 1- - "',
:'1
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Table C2.7
Delivery Cost of Channel
Maintenance Equipment

ESTIMATED I ESTIMATED ClEARING & DB.JVERY ECONOMIC ~
DESCRIPTION UNIT PRICE UNIT PRICE TRANSPORT COST UFE COSTJHOUR

CIFUS$ CIFLE. COSTLE. LE. HOURS LE.
HYD.EXC~VATOR1 CY,153 HP 110,000 364,100 i 18,205 382,305 10,450 37
TRACTOA90 HP.WIHYDATTACH. 28,000 92,680 4,634 97,314 10,000 10
CRAWlER'TRACTOR 120 HP 56,000 185,360 9,268 194.628 9,370 21
FRONT END LOADER 115 HP 60,000 198,600 9,930 208,530 9,600 22
MOTOR GF~DER 12'MB,135 HP 110,000 364,100 18.205 382,.305 13,850 28
BAC1<HOE lOADER 65 HP 32,000 105,920 5,296 111,216 7,100 16
PICKUP,31~. T,D1ESEL 75 HP 17,000 56,270 2,814 59,084 7,000 8

: 1'RUCK,DUIAP 7.s MC.275 HP 65,000 215,150 10,758 225,908 9,800 23
TRUCK,FMf.DOOt". 8 T.25O HP 83,000 274,730 13,737 288,467 10,350 28
TRUCK,FUIT~2...T.175 HP 21,500 71,165 3,558 74,723 9,750 8
TRUCK,FUITBED 8 T.195 HP 41,000 135,710 6,786 1<42,496 9,750 15
TRUCK,LUURICAT1ON 210 HP 75,000 248,250 12,413 260,663 10,000 26
TRUCK,MB:HANIC 175 HP 55,000 182,050 1,103 191,153 9,750 20
TRUCKTRJ\CTOR 110,000 364,100 18,205 382,305 9,300 41
TRALER3CIT. 30,000 99,300 4,965 104,265 8,800 12
CRANE,HYl>R. 25T.250 HP 180,000 595,800 29,790 625,590 13,515 46
AIR COMPFIESSORS 185 CFM 15,000 49,650 2,483 52.133 10,250 5
GENERATCIRS 60 KW 25,000 82,750 ",138 86,888 10,500 8
WATER PUtIF, ... 26,000 86,060 4,303 90,363 ",500 20
WELDERS U50 ~P,28 HP 7,500 24,825 1,241 26,066 6,200 ..
CONCRETE EaJIPMENT 1,100 3,641 182 3,823 3,500 1
R.OAnNG IEXCAVATOR 350,000 1,158,500 57,925 1,216,425 13,200 92
WEE HARVESTERS 20 Me. 250,000 827,500 41,375 868,875 12,000 72
WEED HARVESTERS 10-15 Me. 145,000 479,950 23,998 503,948 13,200 38
BARGE,SaF PROP.& UN..OAD. 350,000 1,158,500 57,925 1,216,425 13,200 92
MOWING BOAT 45,000 148,950 7,448 156,398 11,31.. ,..
• 1991 PRJCES.

BEST AVAILABLE DOCUMENT
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Table C2.8
Norms For Calculation of

Equipment Net Operating Hours/Year
(Full Time Unit)

.IQ!~L HQURS / DAY 10~QQ..

EQUIPMENT HOURSIOAY 9.00
-EC-UIPMENT EFFiCIANCY Q~~~
o'PERArOFfEFfICiANCV o.@~
iGNORANCE'FAcToR o.:~~
WORK EFFi"CIANCY 0.651-'--_•.. - •.•....••. -.----.

18:00OFFICIAL HOLIDAYS / YEAR
FRib"AVs"i"vEAi:l 5?~Q.Q.
ANNUAL LEAVE

._~.

37.00
EQuipMENT NET OPERATING HRS/DAY 5.8~
NETWORKiN('fDAYSIYEAR' 260.QQ.
'EQDiPMENTNET OPERATING HRSIYEAR 1.521.69

Rates

..Q~r;~F:R~G.&TB.ANSPORT 10f0\ O.Q~
DELIVERY COST FACTOR 1.0~_-_. _ ....... _. 00_____--._-

J;~QH~J~~J;..Bt'TE OF US $1.00 TO L.E. 3.31
INTEREST RATE (0/0) Q&)l

jN.iiJ.iiANO·E RAT-:: 0.00
TAX RATE 0.00

CIS
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Table C2.9
Estimated O&M Costs of Equipment Used for

Maint~nanceof Channels With Bed Width> 2 Meters

-
OPER. RJaJ LUBf PARTSI OPRW MECHI RJaAUBTIRE! PARTS & lABOR TOTAL
HOURI h.."')lJR HOUR HOUR HOUR HOUR HOUR COST llRE COST O&MCOST

OO:~~RI~TION KM. L.E. LE. LE. LE. LE. LE. LEniR l.Et'HR LEJHR LEMA

ONER.~MtX:

HYD.EXCAVATOR 1 CY.153 HP 20.00 4.35 3.69 20.06 0.00 2.1~ 1.07 8.04 20.06 3.21 2S.i!)
CRAWLER TRACTOF1120 HP 2.00 5.86 3.66 19.86 0.00 2.14 1.07 9.52 19.86 6.41 29.38
FRONT END LOADElt 115 HP 0.75 4.29 2.64 6.69 4.14 2.1~ 1.07 6.93 10.83 4.01 17.76
MOTOR GRADER 12iMB.135 HP 1.25 5.96 3.89 15.52 4.47 2.14 1.07 9.85 19.99 4.01 29..84
PICKUP.314 T.D1ESS.15 HP 2.00 1.05 0.49 2.45 0.86 2.14 1.07 1.54 3.31 6.41 4.85
TRUCI<.OUMP 7.5 M(:.275 HP 2.25 8.98 3.22 10.82 5.63 2.14 1.07 12.20 16.45 7.21 28.65

TFdJCK.L~Tla~210 HP 5.00 8.07 2.55 21.02 9.20 2.14 1.07 10.62 30.22 16.03 40.84
TRUCK.MECHANIC 175 HP 5.00 4.00 1.57 4.80 2.52 2.14 1.07 5.57 7.32 16.03 12.89
TRUCK TRACTOR 1.00 9.35 2.67 20.82 8.77 2.14 1.07 12.02 29.59 3.21 41.61
TRA£LER 30 T. 1.00 0.00 0.35 1.80 0.80 0.00 1.07 0.35 2.60 1.07 2.95

BEST AVAILABLE DOCUMENT
Table C2.10

Estimated O&M Costs of EqUipment Used ,or
Mainte~anceof Channels With Bed Width < 2 Meters

I OPER. RJaJ LUBI PARTSf TiRE! OPRW MECHf RJElJLUB PARTS & lABOR TOTAl
DESCRIPTION HOURI HOUR HOUR HOUR HOUR HOUR HOUR COST TIRE COST O&MCOST

KM. LE. LE. LE. LE. LE. LE. LEJHR LEIHR LEIHR LEIHR

, ONE FlEET MIX:

, FlAC1rOR 90 HP.WAoIYD.ATTACH. 14.71 1.80 0.27 9.66 0.001 2.14 1.1)7 2.07 9.66 3.21 # 11.73
( FlAWlER TRACTOF170 HP 2.00 3.41 1.92 9...3 0.00 2.1~ 1.07 5.33 9.43 3.21 14.76

tOl :» 0.75 4.29 2.64 6.69 ~.1~ 2.14 1.07 6.93 10.83 3.21 17.76
ffP 1.25 5.96 3.89 15.52 ~.47 2.1~ 1.07 9.85 19.99 3.21 29.84

1.50 1.05 0.49 2.45 0.86 2.14 1.07, 1.54 3.31 3.21 ~.85

2.25 . 8.98 3.22 1G.82 5.63 2.14 1.07 1 12.20 16.~ 3.21 28.65
» 2.001 8.07 2.55 21.02 9.20 2.14 1.07 1 10.62 30.22 3.21 40.84

3.00 I 4.at· 1.~/ 4.80 2.52 2.14 1.07 1 5.57 7.32 3.21 12.89

0.501 9.35 1 2.67 20.82 8.77 2.14 . 1.07, 12.02 29.591 3.21 41.61
1\1:1\ 1\ IVI 1\ 'II:. ~~ 1\ aft . nnn 1 n7. n~1I; ~m 1_02 2.95
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Table C2.11
Estimated Cost of Owning and Operating

Channel Maintenance Equipment
(ro« Channels With Bed Width> 2 Meters)

I DELiVERY AVAL 'ECON. N+1 NTEREST D8JVERY pwNlNG O&M LASOR TOTAL
DESCRIPTION I~ HRSIYR. UFE - C.osTJHR COSTJHR COSTJHR COSTJHR COSTJHR

HOURS YEARS 2N LEo LE. LE. LE. LE. LE.
(N) (A) (8) T1 T2 1'3 T

ONE FlEET IAIX :
HYD.EXCAVATOA 1 ~,153 HP 382.305 1,521 7 0.57 12.96 36.58 4954 28.10 3.21
CRAWLER Tlw:TOR 120 HP 194,628 1,521 6 0.58 6.60 20.77 '037 29.38 3.21
FRONT ENDLomER 115 HP 208,530 1,521 6 0.58 7.07 21.72 28.79 17.76 3.21

MOTOR GRADER 121.4B,135 H.-'" 382,305 1,521 9 0.55 12.96 27.60 40.56 29.84 3.21

PICKUPoW4 ".DIES9. 75 HP 59,084 1,521 5 0.61 2.00 8.44 10.44 4.85 3.21
TRUCK,DUMP 7.5 NC.275 HP 225,908 1,521 6 0.58 7.66 23.05 30.71 28.65 3.21
7RUa<,LlIBIllCATK)N 21C HP 260,663 1,521 7 0.58 8.83 26.07 34.90 40.84 3.21
TRUa<,MEaofANC #~ H~ 191,153 1,521 6 0.58 6.48 19.61 26.08 12.89 3.21
TRUCKTRACrrOR 382.305 1,521 6 0.58 12.96 41.11 54.07 41.61 3.21
TRAI.ER 30 'r. 104,265 1,521 6 0.59 3.53 11.85 ':5.38 2.95 1.07
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I)ESCRIPT1ON

ONE REEf M11( :

TRACTOR N) HP.WIHYD.ATTACH.
CRAWlER 1 j,>ACTOR 70 HP
FRONT END L(IADER 115 HP
MOT<)R GRADI:R 12'MB,135 HP
PlCKUP;JI4 T.DGSEL 75 HP
TRUCK,DUMP 1'.s MC.275 HP
TRU~UBR~~noN210HP

TRUCK,MECHA.NIC 175 HP
TRUCK'TRAC'roR

._-;:qALER30 T.

Table C2.12
Estimated Cost of Owning and Operating

Channel Maintenance Equipment
(For Channels With Bed Width < 2 Meters)

DELIVERY i AVAIL I'ECON. [' N+1 INTEREST i DELIVERY bwNlNG 0& M LABOR 'I TOTAl. I
COST IHRSlYR. UFE - I COSTMR i COSTMR [CsrMR COSTMR COSTJHR. COSTJHR
LE. ,HOURS YEARS 2N LE. I LE. E. LE. LE.! LE. !

I A~ I B T1 T2 1'3 IT.
, I I I I

97,314 1 1,521 7 0.58 \ 3.32 9.13 13.05 i 11.73 3.21 27.98 1

194,628! 1,521 I 6 0.58 [ 6.69 20.77 27..c6

1

14.76 3.=1 45.43
208,530 I 1,521 6 0.58 7.15 21.72 28.87 11.76 3.21 49.83

382.305. 1,521 9 0.551 12.55 27.60 40.,61 29.84 3.21 73.20
59,0841 1,521 5 0.61 2.13 a44 10.57 4.85 3.21 1a621

225,908 i, 1,521 6 0.58 i 7.721 23.05 30.771 28.65 3.21 62.63 1
260,663 i 1,521 7 0.581 8.88 26.07 34.95 40.84 3.21 I 79.00
191,153: 1,521 6 0.581 6.504 19.61 26.14 12.89 3.21 42.241
382,3051 1,521 6 0.581 13.16 41.11 54.27 41.61 3.21 99.06I
104,265! 1,521 6 0.59. 3.62 11.85 15.41 z,;s I 1.07! 19.4tl i
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Table C2.13
Annual Cost of

Channel Maintenance
(Sed Width> 2 Meters)

OPER. OPER. OPER. UNrTSI lTOTAL TOTAL UNIT UNIT OWNING lHT TOTAL
DESl::R1PTlON HRSIKM HRSlDAY HRSIYR 1 M1XI UNITS HRSIYEiJi 0& ... LABOR CSTIHR TOTAL EQUIPMENT

KM. LEt'HR. LSHR. LE. L.E.MR. LE./YEARIONe REET MIX :IHYO.EXCAVATOR 1 C'f.153 HP 20.00 5.85 1,521 1.00 sgr 1,364,337 28.09 3.21 <&9.54 80.83 110,282.195

CRAWLER TRACTOR 120 HP 2.00 0.59 152 0.10 90 13.643 29.38 3.21 'Zl.37 140.78 1,s20,751

FRONT END LOAiliER 115 HP 0.75 0.22 57 0.04 34 1,919 17.76 3.21 28.79 109.70 210,476

NOTOR GRADER12"MB,135 HP 1.25 0.37 95 0.06 56 5.329 29.84 3.21 -40.56 123.35 651.404
PlCkUP,3I4 T.DlE~lEl.75 H:' 2.00 0.59 152 0.10 90 13,60C3 34.69 3.21 10."" 121.94 1,663,653

TRtJc=<,DlNP 7.sUC215 HP 2.25 0.66 171 0.11 101 17~ 28.65 3.21 30.71 110.90 1,914,923

TRUCK,LUBRlCAllON 210 HP 5.00 1.46 380 0.25 224 85,271 40.84 3.21 U,90 141.50 12.066.162
TRUCK,MECHNlIO 175 HP 5.00 1.~ 380 0.25 224 85,271 12.89 3.21 26.08 121.12 10,328..003

TRUCK TRACTOR 1.00 0.29 76 O.OS <C5 3.411 41.61 3.21 54.06 141.05 481.109

TRALER 30 T. 1.00 0.29 76 0.05 <C5 3.411 2.95 1.07 15.J8 118.28 ~.418

~~O+AL 139.928.093
: -!-il:INGENCY 13.~

l"OTAL :53.920,903
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Table C2.14
Annual Cost of Channel Maintenance

(Bed Width < 2 Meters)

OPER. OPER. OPER. UNrTSI TOTAL TOTAL UNIT UNIT ~ING UNIT TOTAL
DESCRiFTlOfI HRSIKM HRSlDAY HRSIYR 1 MOO ~NITS HRSIYEAR O&M lABOR l I'HR TOTAL EQUIPMENT

KM lEIHR. LElHR. E. LE./HR. LE.JVEAR
ONE: REET MIX:
TRA.CTOR 20 HP.WJHYDAnACH. 14.71 5.85 1,5~ 1.00 582 885,222 11.37 3.21 13.38 21.96 24.7..e,495
CRA~ERTRACTOR 70 HIP 2.00 0.80 207 0.14 ; 79 16,364 29.38 3.21 27.37 87.91 1,438,481
FRONT END LOADER 115HP 0.75 0.30 781 0.05/ 30 2,301 17.76 3.21 28.79 109.70 252,445

MOTOR GRADER 12'MB,135 HP 1.25 0.50 129 O.O-$) I ·49 6,392 29.84 3.21 40.56 123.35 788,492
PICKUP/Y4 T.DIESEL 75 1-1P 1.50 0.60 155 0.10 59 9,205 34.69 3.21 10..... 1::1.94 1,122,407
TRUCK,DUMP 7.5 MC.275 HP 2.50 0.99 258 ().17 99 25,569 28.65 3.21 3Ci.7'i 110.90 2,835,512

TRUCK,LUBRICATION 210' HP 2.00 0.80 207 o.1~ I i9 16,364 40.84 3.21 34.90 141.50 2,315,55'
TRUCK,MECHANIC 175 HI' 2.:0 0.80 207 0.14 79 16,364 12.89 3.21 26.08 121.12 1,981,990

TRU~TRACTOR 0.50 0.20 52 0.03 20 1,023 41.61 3.21 54.06 141.05 , ....,261

TRALER30T. 0.50 0.20 52 0.03 20 1,023 2.95 1.07 15.38 118.28 120,965
SUBTOTAl. 35.,7~,599

CONTINGENCY 3,574,660

TOTAL 39,321,259

BEST AVAILABLE DOCUMENT
• ..~-~~.•:.. t':.:·· ~'.
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·~~ble C2.16
Estimated O&M Cost of

Support Maintenance Equipment

OPER. RJElJ LUBI PARTSI TIRE! iOPR'AI ME<.W RJBJLUB PARTSfTlRE! LABOR O&M TOTAL

DESCRFT10H HRSNR HOUR HOUR HOUR HOUR I HOUR HOUR COSTIYR COSTIYR COSTIYR COSTlYR COSTIYR
HOURS LE. LE. LE. LE. LE. LE. LE. LE. LE. LE. LE.

BACKHOE LOADER 65 H? 1,170 2.94 1.63 5.96 1.661 2.14 1.07 5,347 8,915 3,750 14,262 18,012

PICKUP,314 T.DIESEL 75 HP 520 1.05 0.49 2.45 0.86 2.14 1.07 801 1,721 1,667 2,522 4,189

TRUCK,DUMP 7.5 MC.275 HP 600 &98 3.22 10.82 5.63 2.'14 1.07 7,320 9,870 1,923 17,190 19,113

TRUCK,FIW.BOOM 8 T.2!iO HP 600 5.71 2.09 7.08 3.49 2.14 1.07 4,680 6,342 1,923 11,022 12,945

TRUCK,FlATBED 2-4 T.175 HP 480 4.00 1.42 4.57 2.52 2.14 1.07 2,602 3,403 1,538 6,005 7,543
TRUCK,FlATBED 8 T.195 HP 480 4.45 1.86 4.93 2.71 2.14 1.07 3,029 3,667 1,538 6,696 8,234

TRUCK,LUBRICATION 210 HP 1,300 8.07 2.55 21.02 9.20 2.14 1.07 13,806 39,286 4,167 53,092 57,259

TRUCK,MECHANIC 175 HP 1,300 4.00 1.57 4.80 2.52 2.14 1.07 7,241 9,516 4,167 16,757 20,924

CRANE,HYnR. 25 T.250 ..IP 480 11.03 4.09 W.59 7.48 2.14 1.07 7,258 13,4i'4 1,538 20,731 22,,270
AIR COMPRESSOR.3 185 CFM 450 1.70 1.31 4.81 0.17 2.14 1.07 1,355 2,241 1,442 3,596 5,038

GENERATORS 60 KW 360 5.38 1.42 3.11 0.17 2.14 1.07 2,448 1,181 1,154 3,629 4,783
WATER PtR.tP, 4- 360 3.12 0.51 2.78 0.00 2.14 1.07 1,307 • 1,001 1,154 2,308 3,<161

WELDERS 250 MAP,28 HP .«.'SO 3.16 1.02 2.22 0.17 2.14 1.07 1,881 1,076 1,442 2,957 4,399

CONCRETE EClUIPMt:NT 360 0.20 0.02 0.50 0.00 2.14 1.07 79 180 1,154 259 1,413

BEST AVAILABLE DOCUMENT
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Table C2.17
Estimated Cost of Owning & Operating

Maintenance Support Equipment
Per Fleet

I DBJVERY I~'I N+1
INTEREST DBJVERY OWNING O&M lABOR ONE FlEET

DESCI:tIPTlON

~
UFE I - COSTNR COSTNR COSTNR COSTNR COSTNR COSTNR

LE. __ IYEA~ 2N LE. LE. Le. LE. LE. LE.
i N (A) (8) Y1 12 T3 T

BACKHOE LOADElI65 HP 111,216 1 4 0.62 6,207 26,721 32,928 14,262 3,750 50,940

PICKUP;JI4 T.DIESa. 75 HP 59,084 4 1l.62 3,307 14,398 17,70:) 2,522 1,667 21,894

TRUa<,DUMP 7.5IAC.275 HP 225,908 6 1>'59 11,935 39,323 ! 51,258 17,190 1,923 70m
TRUa<,F/W.BOOM 8 T.250 HP 288,467 6 0.$ 15,120 47,544 62,665 11,022 1,923 75,61G

TRUa<,FlATBED a... T.l75 HP 74.723 . 6 0.59 3,951 13,074 17,024 6,005 1,538 24,5138

TRUa<,FlATBED 8 T.195 HP 142,496 6 0.59 7,534 24,931 32,465 6,696 1,538 40,700

TmJa<,LUBRlCAnON 210 HP 260,663 6 0.59 13,731 44,465 58,196 53,092 4,167 115,455

TRUa<,MECHANIC 175 HP 191,153 6 0.59 10,107 33,444 43,551 16,757 4,167 64,475
t';RANE,HYDR. 25 , ..2S0 HP 625,590 8 0.56 31,705 78,962 110,667 20,731 1,538 132,936

I-~R COMPRESSOPlS 185 CFM 52,133 6 0.58 2,736 8,676 11,413 3,596 1,442 16,450

GEi'4EnATORS 60 ttw 86,888 6 0.58 4,545 14,116 18,661 3,629 1,154 23,444
WATER PUMP, 4- 90,363 3 0.69 5,608 34,255 39,863 2,308 1,154 43,324

wa.oERS 250 AMI',28 HP 26,066 4 0.64 1,496 1,172 8,668 2,957 1,442 13,066

CONCRSTE EQUIPMENT 3,823 2 0.74 256 1,863 2.119 259 1,154 3,532

TO'TAL 696,765

BEST AVAILABLE DOCUMENT
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Table C2.18
Estimated Cost of Owning & Operating

Maintenance Support Equipment
Per Year

NO. NO OF EOUIP UNIT TOTAL
DESCRIP'11ON OF PER TOTAL i COST COST

DJREC. DIREC. PER YEAR PEl fEAR

BACKHOE LOA()ER 65 HP 24 2 48 1 50,940 2,445.141!
PlCKUP,3I4 T.DIEsa 7S HP 24 2 48 21,894 1.050.896
TRUCK,DUMP 1.5 MC.275 HP 24 1 24 70,372 1,688,918
TRUC~FlWBOCJM 8T.2S0 HP 24 2 48 75.610 3.629,273
TRUCK,RATBED 2-4 T.175 HP 24 2 48 24,568 1,179,250
TRUCK,RATBED 8 T.195 HP 24 2 48 40,700 1,953,584
TRUCK,LUBR~TION 210 HP 24 1 24 115,455 2.770.915
TRUCK,M~IC 175 HP 24 1 24 64,475 1,547,389
CRANE,HYDR.~ T.2S0 HP 24 1 24 132,936 3.190,471
AIR COMPRESSORS 185CFM 24 2 48 16,450 789,618
GENERATORS GO KW 24 2 48 23,444 1.125,302
WATER PUMP. ;,- 24 2 48 43,324 2,079,555
waDERS 250 AMP,28 HP 24 1 24 13,066 313.593
CONCRETE EaJIPMENT 24 2 48 3,532 169.548

SUBTOTAL 23.933,452
CONTINGENCY 2,393.345

TOTAL 26,326.797

BEST AVAILABLE DOCUMENT

~
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Table C2.19
Estimated O&M Cost of

Equipment for Nile River Weed Control

0PeR. FUEU LU8I PARTSI llRE1 OPR'RI MEeHl RJElJ1..UB I PARTSITlRE lABOR OIM l TOTAL
DESCRPnOH HOURf HOUR HOUR HOUR HOUR HOUR HOUR COSTIYEAR COSTIYEAR COSTIYEAR COSTIYEAR COSTIYEAR

YEAR LE. LE. LE. LE. LE. LE. LE LE LE LE LE
CRAWLER TRACTOR 1~D HP 351 5.86 3.66 19.86 0.00 2.14 1.01

3.
342

1
6,911 1,125 10,312 11,431

FRONT END LOADER 1tS HP 300 4.29 2.64 6.69 4.14 2.14 1.01 2,07'1 3,249 962 5,328 6,290 I
PtCKUP,314T.D1ESa 7!i HP 300 1.05 0.49 2.45 0.86 2.14 1.07 462' 993 962 1,455 2,417

TRUCK,DUMP 7.5 MCZI5 HP G 8.98 3.22 10.82 5.63 2.14 1.07 5,124 6,909 1,346 12,033 13,379

TRUCK,LUBRICATlON 210 HP 260 8.07 2.55 21.02 9.20 2.14 1.07 2,761 7,857 ~ 10,618 11,452

)'RUCK,MECHANIC 175 HP 520 4.00 1.51 4.80 2.52 2.14 1.07 2,896 3,806 1,667 6,703 8,369

1R.OAT1NG EXCAVATOFI 960 10.02 4.79 15.42 0.00 2.14 1.07 14,218 14,803 3,077 29,021 32,098

WEED HARVESTERS 1,200 11.88 6.93 44.29 0.00 2.14 1.07 22,572 53,148 3,846 75,720 79,566\
TUGBOAT 960 11.86 4.61 11.82 0.00 2.14 1.07 15,869 11,347 3,077 '0,216 30,293

BEst A'iMLABLE DOCUMENt
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Table C2.20
estimated Cost of Owning & Operating

Nile River Weed Control Equipment
Per Year

IJI.I ,1,,1, I ... 1 II. I, ",I •. , ,I I I ~IIIII!

n
~

D8.lVERY EXPECTED AVAIL ECON. N+1 INTEREST D8.IVERY OWNING O&M LABOR I TOTAL I
DESCRIPTION COST HRSrfEAR HRSlYR LIFE - COSTNEAR COSiIYEAR COSTIYEAR 'COSTNEAR ~STNEAR~NEAR

LE. HOURS HOURS VEARS a.I LE. LE. LE. LE. LE. LE.
IN) IA) IBl T1 T2 1'3 T

CRAWlER TRACTOR 12(1 HP 194,628 351.00 1521 6 0.58 10,180 31,500 41,773 10,312 1,125 53,211

FRONT END LOADER 116 HP 208,530 300.00 1521 6 0.58 10,871 33,039 43,910 5,328 962 50,199

PICKUP,3/4 T.DIESEL 75 HP 59,084 300.00 1521 5 0.61 3,236 12,838 16,074 1,455 962 18,491

TRUCK,DUMP 7.5 MC.27S HP 225,908 420.00 1521 6 0.58 11,744 35,062 46,805 12,033 1,346 60,185

TRUCK,LUBRICATION 210 HP 260,663 260.00 1521 7 0.58 13,514 39,647 53,161 10,618 833 64,612

TRUCK,MECHANIC 175 HP 191,153 520.00 1521 6 0.58 9,944 29,820 39,764 6,703 1,667 -48,133

R.OAl1NG EXCAVATOR 1,216,425 960.00 1521 9 0.56 61,047 140,165 201,212 29,021 3,077 233,310

WEED HARVESTERS 868,875 1,200.00 1521 8 0.56 44,055 110,130 154,185 75,720 3,846 233,751

1\JGBOAT 1,216,425 960.00 1521 10 0.55 60,290 123,345 183,635 'Zl,216 3,077 213,928

COST' YEAR! BARRAGE 975,620

COST' YEAR - SIX BARRAGE~ 5,654.916

CONTINGENCY 585,492

TOTAL COST ,YEAR - SIX (6) BARRAGES 6,440,410

BEST AVAILABLE DOCUMENT
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Table C 2.21
Scenario 2: Annual Costs Summary (lE)

By Agency

OPERATION & MAiNTENANCE COSTS CAPITAL TOTAL
AGENCY PERSONNEL NON-PERSONNB. TOTAL COSTS COSTS PERCENT

IR~IGATION DEPARTIICENT 61,532.403 207,186,652 268,719,055 304,398,140 573,117,196 59.,\
MEafAHlCAL & ELECTRICAL DEPARTMENT 37,326,553 82,488,580 119,815,134 106,597,086 226,412,220 ZU\
PUBlJC AUTHORITY F:cR DRAINAGE PROJECTS 78,590,976 17,831,096 96,422,0126,272.030 72,318,!M5 10.0 i

HIGH ASWAH DAM AUTHORITY 14,703,641 18.223,734 32,9Z1,375 18.223,734 51,151,109 5.3

WATER RESEARCH CENTER 6,434,724 638,752 7,073,477 14,868,009 21,941,4a6 2.3

TOTAL 126,269,352 380,856,684 507,126,017 461,918,065 969,044,082 100.0 I

. \

",J

DECEMBER 1991 PRICES

BEST AVArlABLE DOCUMENT



Table C2.22
Scenarios 1 & 2 • Comparison of Annual Costs (LE)

By Activity

SCENARIO
DESCRIPTIONS 1 2 2/1

%

~PE!:'lATJ<.?N & MAINTENANCE COST~

PERSONNEL 120,198,469 128,269,352 105

NON·PERSONNEL 241,926,321 380,858,664 157

---- SUBTOTAL 362124790 .. 507,126l 917 1~0

CAPITAL COSTS

STRUCTURAL REPLACEMENTS 96,858,198 198,2150,538 205

PUMP STATION REHAB. & REPLACEMENT 52,468,985 108,597,086 :M3

GENERAL IMPROVEMENTS 93,853,810 157,070,441 167

!--- SUBTO~~L ?~?,~?~,99~ 4~~,~~~,~~ 190
TOTAL COSTS 605103,783 969044 082 160

C28
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Table 01.1
Scenario 1: Annual Costs Summary (LE)

0PERA11ON & MAINTENANCE COSTS \ CAPITAL TOTAL
GAOtP PERSONEL ~SONNEl. TOTAL COSTS COSTS ~,

A-MA,.STEM
I
I

tIGH ASW".IWI 14,003,468 14,343,419 28,346.887 2O,CX39,451 48,386,337 8.00

BARRAGES & STBtJ 10,768,609 3,212,485 13,981,094 79,962,499 G3,943,593 15.53

OM:RSlBI COSl'S 0 0 0 2,900,865 2,900,865 0.46

TOTAL· MAIN STEM 24,772,077 17,555,90-4 42,327,981 ! 102,902,815 145,130,795 23.98

•
B - PUMP STA110HS 35,549,098 94,307,265 129,856,363 52,468,985 182,325,348 30.13

c- OPEN~C!IESYSTEM 5,973,362 7,875,715 13,849,078 21,238,658 35,087.735 5.80

D - MAIN IRRIOA11(JN SYSlCM 53.903,932 122,187,437 176,091,368 ts,468,536 242,559,905 «).09

TOTAL 120,198,469 . 241,926,320 362,124,790 242,978,993 605.103,783 100.00

DE<:EIEER1.1 PRICES
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Table D1.2
Scenario 1: Annual Costs Summary (lE)

Main Stem

OPERAnON &MAINTENANCE COSTS CAPITAL TOTAL
GROUP PERSONNa NON-PERSONNa TOTAL COSTS COSTS

HIGH ASWNI DAM 14,003,_ 14.~.419 28.346,887 20,039,451 48,386,337

BARRAGES & STEM 10,768,609 3,212,485 13.981.094 79,962,499 93,943,sm

OlHElt STEM COSTS 0 0 '"", 2,800,865 2,800.865

TOTAL 24,772,077 17,555,904 42,327.981 102,802,815 145.130.795
DECEMBER 1991 PRICES
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Table 01.3
Scenario 1: Summary Main Stem Capital Costs (LE)

BaseCosas A.....Annual Costs

DESCfUPTlONS FY FY FY FY FY Base INCLUDING

1986f87 1987/88 198&'89 1985J90 1990w'91 Costs COH'TH3ENCY

1 - HIGH NN1AH DAM GROUP 3O.215~ 25.m,611 18,362.826 8,442.324 8,290,357 18,217,682 20,039,<451

2 - BARRAGES a SVEM GROUP 48,921,069 73,«3,455 48,sn,781 91,£6,063 100,927,536 72,693,181 79,962.499 !

3- OTHER S'MM COSTS 3,725,544 3,092,170 2,537,663 1,788,289 , 115fr1,S39 2,546,241 2,800,865

I
101,826,6161 102,802,8151TOTAL 82,861.847 I 102,313,297 69,478,270 110,805,431 93,457,104

DECEMlER 1991 PRICES
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Table D 1.4
Scenario 1: Main Stem Capital Costs (LE) • FY 1986/87

oecB.eER 1991 PRICES

PROJECT NAt.E ~T.COSTS COSTSINCl.

INCURRED BASE COSTS CONTlNGENCY

1 - HIGH ASWAN DAM GROUP

RBfABIJTAT10N OF HIGHASW~ DAM COMPlEX 11,083,2331 29,351.683 32.286.851
NILE WATER C(>MMISSION 326.078 ~.551 949.906

SUBTOTAL 11,409,311 30,215,234 33,236.758

2 - BARRAGES & STEM GROUP

STRENGlHENltlG AND REPlACEM9lT OF BARRAGF'S 9.401,937 24,899.113 Zl,389,02S

WRC - MISC. GFlANTS 2,682,000 7,102,730 7.813.003

WATER RESEAi~H PROJECTS 5.489,000 14,536.498 15.990.147

WEED CONTROL 899.721 2,382,728 2,621.000

SUBTOTAL 18.472,658 48,921,069 53,813.17&

3 - OTHER STEW COSTS

IMPROVEMENT OFlHE NLE COURSE 1.406.770 3.72!i.544 4,098,098

SUBTOTAL 1,406.770 3.725,544 4.098.098

TOTAL 31,288,739 82.861,847 91,148.031
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Table D 1.5
Scenario 1: Main Stem capital Costs (LE) • FY 1987/88

"u.

oece.eER 199'l PRICES
PFlOJECT NAME N:;T.COSTS COSlSINCL

INCURRED BASE COSTS COHTlNGENCY

1 • HIGH Mwm DAM GROUP

RSfABLITAiION OF HIGH MmAH DAM COMPlEX 11,446,407 23,335,441 25,668,985

SlUDlEST6 UTILIZE NILE a.OSURE PERIOD DISCH. 20,000 40,773 44,851

Nl.EWATER COMMISSION 1,177,251 2,400,026 2,640,028

JONGU CANAl. PROJECT· PHASE 1 702 1,431 1,574

\

SUBTOTAl 12,644,360 '2S,m,671 28,355,439

2· BA~RAGl=S& STEM GROUP

STRENGHTENING OF THE NIlE BARRAGES 935,326 1,906,821 2,097,503

NAG~DlLOCK 650.746 1,326,656 1,459,322

ESSNA BARIIAGE 11,277,150 22,990,382 25,289.420

DEMMlATTAREGllATOR & LOCK 8,691,567 17,719,233 19,491,156

WATER RESIEARCH PROJECTS 3,604,000 7,347,365 8,082,101

WAC • MISC~ GRANTS 3,820,000 7,787,718 8,566,0489
WRC - CNfotJDIAN GRANT 7,046,400 14,365,281 15,801,809

SUBTOTAL 36,025,189 73,443,455 80,787,801

3· OTHER STEM COSTS

RIVER TAAIKHi 1,117,347 2.277,901 2,505.691

SlUDIES FOB J.iPROVH] THE NLE COURSE 399,412 814~ 895,696

SUBTOTAL 1,516.759 ~.~170 3,401,387

TOTAL 50.186,308 102,313,297 i 112,544,626

~

(.J"
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Table D 1.6
SCenario 1 : Main Stem Capital Costs (LE) - FY 1988/89

i ~BeER 1991 PACES

PAOJECTIWE ~T.COSTS I I COSTSINCL
INClmRED ! BASE COSTS eotrnNGENCY

I

1 - HIGH ASNIW DAM GROUP I,
RetABLlTATlCIN OF HIGH ASWNf DAM COMPLEX 9,402,554 i 16,132,305 17,745,535

NILE WATER COMMISSION
1.3

00
,
037

1
2,230,521 2,453,573

SUBTOTAl 10,702,591 ! 18,362,826 20,199,108

2 - BARRAGES &STEM GROUP

5TRENGHTENING OF THE NILE BARRAGES 108,736 186,562
1

205,219

NAG HAMMADI LOCK 6,057,249 i 10,392,643 11,431,907

DEMMIATTARI~TOR &LOCK 6,305,710 I 10,818,937 1 11,900,830

ESSNA BARRAGE 1,596,483 2,739,144 3,013,059

WAC - MISC. GRANTS 3,492,000 5,991,352 5,590,487

WAC - CANAEiL~GRANT 7,140,900 12,251,903 13,4n,093

WATER RI:SARCH PROJECTS 3,612,000 6,197,240 6,816,964

SUBTOTAL 28,313,078 48,577,781 53,435,559

3 - OTHER STBot COSTS

RIVER T'RAHNG 739,956 1.2G9,570 1,396,sa

S1\JOIES FOR IMPROVING THE NI.E COURSE 739,096 1,268,094 1,394,903

SUBTOTAL 1,479,052 2,537,663 2,791,<430

I
TOTAl I 69,478,270 I 76,426,09740,494,721 :

I I 'I II' '! I I IIII '1'1 ' I 'I ' , III
'

Ii I' ~ I I I rl I." III • 'I'll I' I'
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Table D1.7
SCenario 1 : Main Stem Capital Costs (tE) - FY 1989/90

~

t:I
-..I

I I I'

DECEMBER 1991 PRICES

PROJECT NAME ACT. COSTS COSTSINCL.

INCURRED BASE COSTS (.oNT1NGENCV

1 • HIGH ASwm DAM GROUP

IRetASlUTATION OF HIGH Aswm DAM COMPLEX 4,500,226 6,437,444 7,081,188

NIlE WAltER COMMISSION 1,401,552 2.004,880 2,205,368

SUBTOTAL 5,901,ns 8,442.324 9,286,556

2 - BARRAGES & STEM GROUP

STRENGHTENING OFTHE NILE BARRAGES 682,419 976,181 1,r'73,'"!':,;J
NAG HAHNADI LOCK 5,972.961 8,544,149 9,398,564

DEMMlAiTA REGULATOR & LOCK 5,037,428 7,205,896 7,926,485

ESSNA B'RRAGE 32,174,233 46,024,314 50,626,746

WAC - MISC. GRmTS 7,813,400 11,176,844 12,294,528

WAC - e.tHADIAH GRANT 7,592,650 10,861,067 11,947,174

WATER RESEARCH PROJECTS 4,759.000 6,807,613 7,488,374

SUBTOTAl. 64.032.091 91,596,063 100,755,669

3 - OTHER STEM COSTS

RIVER'T'MJ(I<IG 1,003.396 1,435,329 1,578,862

sru;:~ESFOR IMPROVING THE Nl.E COURSE 246,744 352,960 388,256

SUBTOTAl. 1,250,140 1,798,289 1,967,118

TOT.... 71,184,009 101,826,676 112,009,343

.1 _
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Table 01.8
Scenario 1 : Main Stem Capital Costs (lE) • FY 1990/91

DECEMBER 1991 PRICES

PROJECT NAME ACT. COSTS COSTSINCL
INCURRED BASE COSTS CONTINGENCY

1 - HIGH ASWNf DAM GROUP

RetABUTATION OF HIGH ASWAo1 DAM COMPlEX 4,607,059 5,408.670 5.949.537
NLE \'lATER COfAMISSlON 2,454,596 2,881,W1 3,169.855

SUBTOTAL 7,061.655 8,290,357 9,119,392

2 - BARRAGES &STEM GROUP

~ENGH'I'ENING OFTHE NILE BARRAGES 1.1.....075 1,343.10C0 1,477.454
NAG HAMUADI LOCK 7.477.4?:l 8.778,471 9,656,318

DEMMIA1"A REGULATOR &LOCI<' 41.608 48,848 53.732
ESSNA BARRAGE 54,843.354 64,385.893 70,824.482

WAC - MISC. GRANTS 9,950,000 11,681,263 12,849,389

WRC - CNIADIAN GRANT 8.226,750 9.658,174 10.623,991

WATER RE:SEARCH PROJECTS 4.286.000 5,031,748 5,534,923

SUBTOTAL 85.969,214 100,9?:l,536 111,020,293

3 - OTHEFI STEM COSTS

RIVER T'RM41NG 600.052 704.459 774,905
STUDIES FOR IIFROVIfG THE NIlE COURSE 752,200 883.080 971,388

SUBTOTAL 1,352,252 1,5fI1,539 1,746~

TOT.... - tANH STEM 94,383,121 110,805,431 121,885,975

•
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Table D1.9 Scenario 1: Main Stem O&M Costs (LE)
Non Personnel Costs

BASE COSTS AVERAGE ANNUAL COSTS
DESC:RIPnONS FV FV FV FV FV BASE INCLUDING

1986/87 1987/88 196&'89 1985r'90 199W91 COSTS CONTINGENCY

1 - HIGH ASWAH I)AM GROUP 8,237,032 9,490,577 18,196,993 U»,049,668 10,223,090 13,039,472 14,343,419

2 - BARRAGEt & irn:M GROUP 1,022,859 5,033,464 3,037,102 2,818,023 2,690,755 2,920,"1 3,212,485

3 - alliER STEM COSTS 0 0 0 0 0 0 0

TOTAL 9,259,891 14,524,041 21,234,095 21,867,691 12,913,845 15,959,913 17,555,904

DECEMBER 1991 PRICES
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Table D1.10 Scenario 1 : Main Stem O&M Costs (LE) - FY 1986/87
Non Personnel Costs

DECEMBER 1991 PRICES
DESCRIFTIONS ACT. COSTS COSTSINCL

INCURRED BASE COSTS CONTINGENCY

1 - HIGH MWAH DAM GROUP

MPWWR: HEADQUARTERS 2,633,759 6,504,959 7,155,455
NLE cONTROL DEPARTMENT 6,1~ 15,296 16,82)

DESIGN DEPARTMENT 6,536 16,143 17,7S1

GOE IRFllGAnON DEPT. - SUDAN 13,653 33,721 37,093

MPWWR-HAD 674,908 :.666.914 1.833,605
SUBTOTAL 3.~35,O"9 8,237.032 9.060,735

2 - BARRAC]iES & STEM GROUP

DaTA ElARRAGE 229,586 567,040 623.744
DAMS & LARGE BARRAGES 3.604 8,901 9.791
MPWWRi-WRC 180,950 446,S17 491,609

SUBTOTAL 414,140 1,022,859 1,125,145

TOTAL 3,749,189 9,259,890 10,185,880
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Table 01.11
SCenario 1 : Main Stom O&M Costs (LE) • FY 1987/88

Non Personnel Costs

OC:CEMBER 1991 PRICES
DESCRIPTIONS ACT. COSTS COSTS INCL.

INCURRED BASE COSTS CONTINGENCY
1 - HIGH MWNf DAM GROUP

MP\WVR HEADQUARTERS 3,902,490 8,013,203 8,814,524
NLEC:oNTROL DEPARTMENT 6,531 13,410 14,752
DESIGN DEPAfnMENT 5,602 11,503 12,653

GOE II=tRIGAT1ON DEPT.· SUDNf 61,257 125,782 138,361

MP\tVtR· HAD 6oC6,102 1,326,678 1,459,346
SUBTOTAL 4,621,982 9,490,577 10,439,635

2 - BARRAGES & STEM GROUP

DaT,f1 BARRAGE 286,673 588,642 647,506
DAMS & LARGE BARRAGES 10,274 21,096 23,206

MPVNIR-WRC 226,188 464,445 510,889
WATER WEF.D co,\ITROL. 2,102,629 3,959,282 4,355,210

SUBTOTAl. 2,625,764 5,033,464 5,536,811

TOTAl. 7,247,746 14,524,041 15,976,445

" '
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Table 01.12
SCenario 1 : Main Stem O&M Costs (LE) • FY 1988/89

Non Personne! Costs

DECEMBER 1991 PRICES

DESCRIPTIONS ACT. COSTS COSTSINCl..

INCURRED BASE COSTS CONT1NGENCY

1 - HIGH ASWNf DAM GROUP

MP'IMR HEADQUARTERS 10,456,121 16,869,608 18,556,568

NILE CONTROL DEPARTMENT 19,873 32,063 35,269

DESIGIf DEPARlMENT 9,815 15,835 17,419

GOE IFIRIGATION DEPT. - SU::>AN 104,363 1sa,376 185,214

MPYM1R-HAD 688,689 1,111,111 1222222

SUBTOTAL 11,278.861 18,196.900 20.016.692

2 - BARFVGES & STEM GROUP

D8.TA BARRAGE 391,280 631,2S0 694,408

DAMS & lARGE BARRAGES 5,038 8.128 8,941

MPWWR-WRC 381.076 614,817 676,299

WATEJ~WEED CONTROL 1,105,063 1,782.877 1,961,165

SUBTOTAL 1,882,457 3,037.102 3,3J'.O.813

TOTAL 13,161,318 21,234,095 23.357,505

, • II IIII " 'I II 11,1 I 'I "! I' ' ' 'I I 'I 'II 'I "'"I' I II 'I 'I II . II I , ill I" 'I' ,.
II ' I' Ir""II•• 1'1' I I I 11 11"1
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Table D1.13
SCenario 1 : Main Stem O&M Costs (LE) • FY 1989/90

Non Personnel Costs

DECEMBER 1991 PRICES
DESCRIPTlONS ACT. COSTS COSTSINCL

INCURRED BASE COSTS CONTINGCNCY
1 - HIGH ASWIH DAM GROUP

MPtWffi HEADQUARTERS 13,210,855 17,628,792 19.391.671
NLE OONTROL DEPARTMENT 16,273 21,715 23,886

DESfGh' DEPARTMmT 7.164 9,560 10,516

GOE IRRIGATION DEPT. - SUDAN 100.504 134.114 147,526

MPYMR-HAD ~,850 1,255.486 1,381,035

SUSfOTAL 14,275,646 19,049.638 20,954,634

2 - BARRAGES & STEM GROUP

DB.TA BARRAGE 261.S10 349,044 383.948

DAMS 11 LARGE BARRAGES 18,032 24,0d2 26.468

MPWNR-WRC 506,161 675,430 7<42,973

WATEFI WEED CONJ'ROL 1,236,996 1,769,~ 1,9<46,436

SUBTOTAL 2,022,759 2,818.023 3,099,825

TOTAL 16,298,405 21.867.691 24,054.4S0
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Table 01.14
Scenario 1 : Main Stem O&M Costs (tE) • FY 1990/91

Non Personnel Costs

DECEMBER 1991 PRICES
DESCRIPTIONS ACT. COSTS COSTSINCL

INCURRED BASE COSTS CONTINGENCY

1 - HIGH ASWNf DAM GROUP

MPWWR HEADQUARTERS 7,713,285 8,871,294 9.758,424
NLE CONTROL DEPARTMENT <43.094 49,5&4 54.520
DESIGN DEPARTMENT 16,966 19.513 21.<464
GOE IRRIGATION DEPT. - SUDAN <43,696 50,256 55,282

MPWWR-HAD 1.071,584 1.232.463 1,355,709

SUBTOTAL 8,888,625 10,223.090 11,245,399

2 - BARRAGES & STEM GROUP

DaTA B:ARRAGE 317,926 365,657 402,222

DAMS &LARGE BARRAGES 3,712 4,269 4,696
MPWWR-WRC 505.6«0 581.553 639.708
WATER WEED CONTROL 1.481,501 1.739:oT 1.913,200&

SUBTOTAL 2,308,779 2,690.755 2,959.831

TOTAL 11.197,404 12,913.846 14,205,230
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Table D1.15
Scenario 1: Main Stem O&M Costs (LE)

Personnel Costs

AC1\JAL COSTS PROJECTED ANNUAL COSTS

oeSCRIPTtC!NS FY FY FY FY FY BASE INClUDING

1986'87 1987/88 1988/89 1989'90 1990i91 COSTS CONTINGENCY

1 - HIGH I-SWAH DAM GltouP

MPWWR HEADQUARTERS 744,614 1,049,008 1,821,002 1,945,821 2,110,525 2,795,343 2,935,111

NLE CONTROL OEPARrMENT 554,790 641,683 707,638 848,5.-9 881,090 990,540 1,040,067

DESIGN DEPARTMENT 151,007 208,770 231,669 258,308 260,881 301,132 316,188

GOE IRRIG DEPT - SUDAN 1,631,268 2,002,564 2,547,368 2,384,134 1,423,676 1,.435,326 1,507,092

MPWt'VR - HAD 4,050,475 4,725,420 5,337,733 6,321,391 6,848,755 7,814,295 8,205,009

SUBTOTAL 7,132,154 8,627,445 :0,645,410 11,758,203 11,524,927 13,336,636 14,003,468

2 - BARRAGES & STEM (-!ROUp

DB.TABARRAGE 1,977,280 2,285,285 2,592,568 2,893,060 3,073,349 3,433,282 3,604,946

DN.tS & LARGE BARRAGES 775,162 642,468 722,349 861,200 932,771 986,052 1,035,35.-

MPWWR-WRC 2,629,931 3,084,909 a,&07,823 4,514,687 4,973,042 5,836,485 6,128,309

SlBTOTAL 5,382,372 6,012,662 7,122.,7~ 8,268,947 8,979,162 10,255,818 10,768,609

TOTAl. 12,514,526 14,~,107 17,768,150 20,027,150 20,504,089 23,592,454 24,772,077
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Table D1.16
Scenario 1: Pump Stations Summary Costs (LE)

BASE COSTS AVERAGE ANMJAL COSTS

DESCRIPTtON:3 FY I FY . FY FY
I

FY BASE INClUDING
198&'87 j 1987/88 1988/89 1985t'90 1990191 COSTS CONTINGENCY

I

NON PERSONNEL COb"TS 84,899,131 I 98,301,611 82,905,337 81,767,579 ao,795,7Z1 85,733,877 94,307,265

PERSONNEL COSTS 20,756,963 24,192,922 27,582,295 30,324,425

1

33,856,284 33,856,284 35,549,098

TOTALO&M 105,656,094 122,494,532 110,487,633 112,092,004

1

114,652,011 119,590,161 129,856,363

CAPITAL COST 55,672,906 62,678,450 60,367,972 30,575.674 47,699,077 52,468,98529,200,384 .

TOTAL I 185,172,982 170,855,605 141,292,388 145.227,686 167,289,238 182,325,348161,329,000 .

DECEMBER 1991 PRICES
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Table D1.17
Scenario 1: Pump Stations Capital Costs (LE) - FV 1986/87

DECEMBER 1991 PRICES
F'ROJECT NAME CT. COSTS COSTSINCl.

INCURRED BASE COSTS CONTINGENCY

B. BAYAD a.YA F'UMP STi\TION 1,039,729 2,801,~ 3,081,735

GROUND WATER USE 1,349,299 3,573,343 3,mO,578

R.OATING PS IN~ISWM 141,669 381,731 419,9004

EAST MANOURA IPS 917 2,471 2,718

DlESB.PS 330,547 800,668 979,734

REHABUTATION OF PS BULDlNGS & STAFF HOUSES 128,120 345,223 379,745
SHOUHOURPS 114,081 307,394 338.134
SANJAPS 768 2,069 2,276

WADI ASBADI PS 133,317 359,226 395.149

TELECOMUNICATION - MED 13,316 35.880 39.468

MAAIlJTEPS 194,075 522,940 575,234

TOOlS FOR 2ND ItEPlACEMENT PROJECT - MED 17,268 46.529 51.182
B. t.W.l.AHA PUPdPN) STATION 796.109 2,145.137 ~Jj9.651

2ND REPlACEMBU PROJECT - MED 67,!t37 181.980 200.178
HAMOUL & MNfSOUR PUMP STAl10NS 1,473,422 3,970.175 4,367.192

REPlACEMENT OF SUPPORT UNITS - MED 4,m 12,872 14.159
PUMP STAT10N OH LOWER DRAIN 1 39,109 105,380 115,918

REPlACEMENT OFOLD CASTLE PS 23.513 63,356 69.692

NEW EQUFMENT - MED 2,856.160 7.695.999 8,465.599

REPlACEMENT OF MACHINES & PUMPS
I

5.982,067 16.118.838 17.730,722 I

REPlACEMENT OF 30 PUMPING STATIONS 5,978,830 16,110.116 17,721,128

TOTAL 20,684.630 55,672.906 61,240.196



1Ii,I"I, . I J .1', I .I i!.l I, ,Iii I . " 1 ",II •. II ll. ,1101 Un.1 II, I;, ~ II : III "I, I. II I I I !, I I
.. ,1111

, I I
, II I I I I I, ~ I I, I I I

o-OQ

~
~

Table 01.18
SCenario 1 : Pump Stations Capital Costs (lE)· FY 1987/88

DECEMBER 1991 PRICES
P'ROJECT NAME CT. COSTS COSTSINCL

INCURRED BASE COSTS CON'I1NGENCY

DRLUNG 120 BOHefOl.ES FOR IRRIGAnoN 367,402 7,(.9,011 823,912
GROUND WATER USE -140 BOREHOlES 1,006,613 2,052,151 2,'2S1,366

IMPROVEMENT & REHAB OF PS 2,268,870 4,272,316 4,699,547
REPlACEMENT OF PS 29,529,758 55,604,971 61,165,469

TOTAL 33,172,643 62,678,450 68,946,295
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Table D1.19
Scenario 1: Pump Stations capital Costs (LE) - FY 1988/89

DECEMBER 1991 PRICES
PROJECT NAME ACT. COSTS COSTSINCl.

INCURRED BASE COSTS CONTlNGENCY

DRI.UNG 120 BORefOlES FOR IRRIGATlON 1.603,106 :!,750,507 3.025,558

G~lNDWATER USE -140 BOREHOLES 794,649 1,363.408 1.499.749
CONSTRUCmoH OF 70 NEW PUMP STATIONS 2,910,69Z 4.751.404 5.226,545
EMERGEN(~PUMPING UNITS 3,223,241 5,261,608 5,7rrT.769
s.EVEN PUMP STATIONS 560,200 914,469 1.005,916
HAMOlL & MANSOUR PUMP STATtONS 2,394,829 3,909,311 4,300,242

EJNABA PU. STATION 314,204 512,906 564,196

PUMP STAll0H ON LOWER DRAIN 1 3,014,000 4.920,044 5,412,048

B. ATEF PUlMP STATION 718.307 1,172,562 1,289,818

B. BAYAD ()lVA PUMP STATION 130 212 233

B.~PUMPtNG STATION 2,013,378 3,286,632 3,615,295

REPlACBtENT FOR 40 STATIONS 15,825,185 25.832,980 28.416,278
REPlACEMENT OF 30 PUMPINGSTAn~ 3,486,854 5,691,m 6,261,122

TOTAL - PUl\tP STATIONS 36.858.175 60,367.972 66.404.770

III , I! 'I 'I I I II "\ ' 1\. - 'Ia I I I I
I .,
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Table 01.20
SCenario 1 : Pump Stations Capital Costs (LE) • FY 1989/90

DECEMBER 1991 PRICES
PROJECT NAME ACT. COSTS COSTSINCL

INCURRED SASE COSTS CONTINGENCY

DRUING 1l!OBOR~S FOR IRRIGATION 317,835 454,654 500,119

GROUND WATER USE ·140 BORefOlES 585,012 836,843 920,~

CONSTRUCTION OF 70 NEW PUMP STAT10NS 947,3n 1,301,451 1,431,596

EMERGENCY PUMPING UNITS 7,646,092 10,503,751 11,554,126
BoEYEN PUMP STAnoNS 182,780 251,092 276,202

MAMOUL & I'ttANSOUR PUMP STAT10NS 1,660,620 2,281,262 2,509,368
EINABA PUUP STATION 210,062 288,571 317.428
PUMP STATION ON LOWER DRAIN 1 22,173 30,460 33,506
a ATEF PUMP STATION 2,738,778 3.762,372 4,138,609

aBAYADC~YAPUMPSTATION 700 962 1,058

a MAUAHJ\ PUMPING STATION 1.184,385 1.627.038 1.789.7"'2
REPLACEMI:NT FOR 40 STATIONS 3,452,012 4,742,171 5,216,388

REPLACEM!M OF 30 PUMPING STAT10NS 2,270.994 3.119.758 3,431.734

TOT/At. 21,218,820 29P.OO,384 32,120.422

'" I 'I I' , 'I I! 1'1 I II I" ,.", ~ I I I II I I I' • I I I . I Ii I' 'I II I~ ''.I I' ,
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Table 01.21
SCenario 1 : Pump Stations Capital Costs (LE)· FY 1990191

ACT. COSTS DECEMBER 1991 PRICES

PROJECT NAME INCURRED BASE COSTS COSTSINCl.

DiI~G120 BORefOlES FOR IRRIGATION 3,651,295 4,286,607 4,715,267

GI\OUND WAi1:R USE -140 BOREHOlES 30,818 36,180 39,798
CONSTRUCTION OF 70 NEW PUMP STATIONS 750,608 883,263 971,589

EltERGENCy PUMPING UNITS 1,536,403 1,807,931 1,988,725

""IMP STATION ON LOWER DRAIN 1 I
23,916 28.143 30,957

HI\MOUL & MANSOUR PUMP STATIONS 583,562 686,695 755,364

a.EVEN PUMP STATIONS 163,223 192,069 211,276

a. ATEF PUMP STATION 3.971.421 4,673,290 5,140,619

~ PUMPSTATlON 106.700 125,557 138.113

a. MALl.AHA PUMPING STATIOti 1,873.569 2,20<4,685 2,425,153

RI:PlACEMENT FOR.4Q STATIONS 11.86S.151 13.959,725 15,355,698

RI:PLACEMENT OF 30 PUMPING STATIONS 1.437,,1,83 1,691.529 1,860.682

l'OTAL 25,992,149 30,575.674 33.633,242

I II' 'I 1'1 'IIi' I' II r I I I" I I,. I III ' . 'I 'I ., I II I;'



I. 11.1 II IIIII1 li:1 II I II. III! .1 II I II l I II I: II .1 II .1
I
I

II, I' I I, , 111111 ,II ,liiI I I II I, .. 1I I I. III I ,,,,,I I II, II, II1I "I. i III

~

~

')

Table D1.22
SCenario 1 : Pump Station O&M Costs (LE) • FY 1986/87

Non Personnel Costs

ACT. COSTS DECEMBER 1991 PRICES
DESCRIPTIONS INCURRED BASE COSTS COSTSINCL

CONTINGENCY
1-PUMPST~nONSGROUP

MECHANICAL &8.ECTRICAL DEPT. 14,288,734 79,361,926 87,298,119
REPlACI:MENT OF OFRCE EOUIPJRJRN 259,933 641,992 706,192
EQUIPMI:NT FOR LAB &WORKSHOPS 36,156 89,299 98,229

ROAD MJUNT'e4ANCE 90,000 222,285 244,514
IMPROVE:MENT OF ADMIN. OFRCES 1,855,841 4,583,627 5,041,990

TOTAL 16,530,6&4 84,899,131 llJ,389,044

Table D1.23
'SCenario 1 : Pump Station O&M Costs (LE)· FY 1987/88

Non Personnel Costs

ACT. COSTS DECEMBER 1991 PRICES

DESCRIPTIONS INCURRED BASE COSTS COSTSN:L
GENCY

1 - PUMP STA1lONS GROUP

MECHANICAL & 8.ECTR1CAL DEPT. 20,466,506 84,163,646 92,580,011
MAlHTENANCE OF PUMP STATIONS 6,201,249 12,642,297 13,906,527
STAFF HClUStiG 728,<401 1,495,667 1,645,234

TOTAL 27,396,156 98,301,611 108,131,772

-.......
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Table 01.24
Scenario 1 : Pump Station O&M Costs (LE) - FY 1988/89

Non Personnel Costs

ACT. COSTS DECEMBER 1991 PRICES

DESCRIPTIONS INCURRED BASE COSTS COSTSINCL
-..un "II'IGENCY

1 • PUMP STATIONS GROUP

MECHANICAL & B.ECTRICAL DEPT. 23,197,755 81,299,493 89,429,443
EQUIPMENT FOR LAB & WORKSHOPS 69,352 113,210 124,531
STAFf: HOUSING - 100 UNITS 869,967 1,4~634 1,641,898

TOTAL 24,137,074 82.905,337 91,195,871

Table D1.25
scenario 1 : Pump Station O&M Costs (LE) - FY 1989/90

Non Personnel Costs

ACT. COSTS DECEMBER 1991 PRICES

DESCRIPTIONS INCURRED BASE COSTS COSTSINCL

1 • PUMI) STATIONS GROUP

MEeHANlCAL & B.ECTRICAL DEPT. 33,381,817 80,981,415 89,079,551
EQUIPMefT FOR lAB & WORKSHOPS 46,404 63,747 70,122
STAFF HOUSI4G. 100 UNITS 505,020 I 722,417 794,658

TOTAL 33,933,241 ! 81,101,579 89,944,337

I 11'1 1'1 'I' II" "!II !"II' II II .. II 'Iifl II' , '1 I I ' '~I r ~ , II' 1 'I ~ I I I II I' III 'I 'I II l II



I I I, I, I I, ~ I I , I .1 II j II, ,
I

I, I, I •. ,II,.
I ,

II II II I ,I, . I J IIIII I II 1" II , ,j .• I

'='
~

Table D1.26
Scenario 1 : Pump Station O&M Costs (LE) • FY 1990/91

Non Personnel Costs

ACT. COSTS DECEMBER 1991 PRICES

DESCRIPTIONS INCURRED BASE COSTS tCOSTSINCL
CONTINGENCY

1 • fUMI' STATIONS GROUP

MECHANICAL & 8.ECTRICAL DEPT. 50,244,508 80,630,901 88,693,991
EQUIPMENT FOR LAB & WORKSHOPS 54,838 64,530 70,982

STAFF HOUSING ·100 UNITS 85,432 100,297 110,327

TOTAL 50,384,778 80,795,727 88,875,300
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Table 01.27
Scenario 1 : Summary Annual Costs

Open Drains

BASE COSTS AVERAGE ANNUAL COSTS
FY F'i F'i F'i F'i BASE IHCWDIHG

198&'87 1987/88 1988/89 1989190 199()'91 COSTS COHTlHGEHCY

8,397,450 7,186,7.ce 6,292,149 5,871,436 1),050,923 7,159,741 7.875,715

3,615,831 3,871,468 4,316,580 4,705,633 5,688,917 5,_,917 5,973,362

12,013,287 11,058,216 10,608,729 10,577,069 13,739.839 12,848.658 13,849,078

7,780,694 10,201,502 21,205,436 30,350,538 27,001,183 19,307,871 21,238,658

19,793,981 21259.718 31814.165 40.927.607 i 40,741022 32.156 528 35,087.735
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Table 01.28
Scenario 1 : Summary Average Annual Costs (LE)

Regions

REGIONS 0PERA11OH & MAINTENANCE COSTS CAPITAl TOTAl
PERSONNa NON-PERSONNEL TOTAL COSTS COSTS

UPPER EGYf'T' 10,714,382 13,579,343 24,293,725 9,424,118 33,717,843

MIDDLE EGVPT 12,981,796 40,127,923 53,109,718 20,109,821 73,219,540

EAST DaTA 13,532,521 27,215.593 40,748,114 13,775,624 54,523,738

MIDDlED8.YA 12,070,368 18,843.020 30,913,388 14,no,032 45,683,420

WESTDB.TA 4,604,866 22,421,558 27,026,424 8,3S8,~ 35,415,364

TOTAL 53,903,932 122,181.437 176.091,368 66,468,536 242,559,905

NOTE: ALl COSlI'S ARE CONSTANT DECBIER 1991 PRICES AND IHCtUDE CONTINGENCY

1111·11 I I 'III ·1',1 i I , I II' :- I I 'I I I! II
I I

'1"~III!i11 I' II' " I" 'I' II IIII1 ' 'I II "II" 'r ., 11 11' 'I' ., I' II I"~ 1'111'1 ' , II
• I ~'I



I I I. I, I I Ii II I I I ill II II I ill I 1I.IIi I I!, . II I. , , I ., I II II I I II I ,II,. I, .,,1 III "I II II I ",I I I I 11,1

Table 01.29
Scenario 1 : Capital Costs (lE)

Regions

FY1987J88 FY1988/89 FY1989190 FY1990J91 AVERAGE ANNUAL COSTS
DEC 91 ACTUAL DEC 91 ACTUAL DEC 91 ACTUAL DEC 91 ACTUAL DEC 91 DECEMEF-R91 PRICES

PRICES COSTS PRICES COSTS PRICES COSTS PRICES COSTS PRICES ACTUAL BASE COST INCLCONTG

3,104,012 1,964,2i8 4,004,555 2,961,005 5,080,459 1,575,529 2,253,749 1,607,:rT3 1,887,mc 1,8SS,075 3,255,965 3,592,582

4,628,824 3,558,915 7,255,~1 2,422,679 4,156,679 1,227,183 1,755,451 837,107 982,761 1,958,747 3,755,833 4,131,416

2,346,640 793,3"")9 1,617,396 1,175,485 2,016,823 636,788 910,907 712,221 836,145 840,789 1,545,582 1,700,140

10,079,476 6,318,571 12,917,402 6,559,2160 11,253,962 3,439,501 4,920,107 3,156,701 3.705,966 4,655.611 8,567,380 9,424,118

3,924,294 1,919,$1 3,913,330 2,658,030 4,560,480 1,403,502 2,007.869 1.510,418 1,773:z;.6 1,794,684 3,235,799 3,559,379

9,375,105 4,292,001 8,750,094 5,189,347 8,903,551 4,414,074 6,314,206 2,571,041 3,018,393 4,001,315 7:zT2,'Z/O 7,999,4!l7
2,915,878 1,568,1'17 3,192,855 2,241,127 3,845,183 1,215,:rT1 1,738,553 1,258,m3 1,477,5195 1,476,457 2,634,013 2,897,414

4,118,951 2,551,71)9 5,202,092 3,197,007 5,485,222 1,699,613 2,431,248 1,858,818 2,182,245 2,172,343 3,883.551 4,271,807

1,395,184 770,481 1,570,756 1,03S,f1!S7 1,783,795 566,901 810,935 612,813 719,441 703.337 1,256,<22 1,381,624

21,727,412 11,099,948 22,629,127 14,325,178 24,578,231 9,299.481 13,302,611 7,811.693 9.170,E!l9 10,148,116 18,281,656 20,109,821

2,837,563 1,634,7.!7 3,332,668 2,558,3)0 4,389,368 1,356.S49 1.940,&)4 1,483,618 1,741,752 1,605,826 2,808,:rT3 3,089,210

1,585,305 358,249 730,352 558,448 958,149 297,287 425,260 325,134 381,706 427,546 816,154 897,770

8,094,420 2JMR,6i7 6,050,114 3,532,354 6,060,605 1,942,360 2,778,490 1,899,558 2,230,074 2,679,684 5,042,740 5,547.014

2.259,396 1,693,901 3,453,468 3,467,069 5,948,576 3,121,358 4,465,013 2,686,279 3,153,681 2,364,368 3,856,027 4,241.630
,

14,578,684 8854,6!15 13,568,601 10,116,180 17,356,699 8,717,554 9.609,267 6.394.588 7,507,Zi!2. 7,077,8 12,523,295 13,775,624
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Table 01.29
Scenario 1 : Capital Costs (LE)

Regions

II. I I I. I I, ~l" • I II I III I .1 I

FY1987188 FY1988189 FY1989J90 FY1990J91 AVERP""~ ANNUAL COSTS

DEe 91 ACTUAL DEe 91 ACTUAL DEe 91 ACTUAL DEe 91 ACTUAL DEe 91 DECEMBER91 PRICES

PRICES COSTS PRICES COSTS PRICES COSTS PRICES COSTS PRICES ACTUAl BASE COST INClCONTG

1,636,115 1,226,67U 2,500,787 2.510.636 4,307.5K) 2,260.294 3.233,285 1,945,236 2,283,7'DO 1,712,128 2,792,295 3.071,525

4,789,930 2,390,33() 4,873,C94 3,773,783 6,474,817 2.008.996 2.873,812 2,063,643 2,422,709 2,409.(87 4,286,872 4,715,560

4.418,739 2,058,001~ 4,195,586 2,t!39,3l1 4,528,174 1,960,563 2.804.515 2,157,716 2,533,150 2,096,799 3,696,003 4.065,636

2,493.858 1,545,861 3,151,091 2,409,412 4,133,916 1,282,639 1,834,m 1,402,784 1,646.864 1,516,~ 2,652,101 2.917,311

13.338,642 7,220,fl6t) 14,720,558 11.333,Q32 19,444,497 7,512.482 10,746,389 7,569,3"9 8,886,423 7,734,450 13,427,302 14,770,Q32

2,486,047 2,181,200 4,446,753 2,188,339 3,754,614 951,863 1,361,612 1,715,235 2,013,702 1,595,079 2,812,546 3,093,800

14,068,529 1,469,464l 2,995,752 1,994.251 3,421,ma 1,239,620 1,773,241 1,541,478 1.809,689 2,311,421 4,813,764 5.295,140

16,554,576 3,eso.~1 7,442.506 4,182,590 7,176,222 2,191,483 3.134.853 3,256,732 3.823,391 3.906.500 7.626,310 8,388,940

76,276,789 34,942,~! 71,236,194 46,516,240 79,809,610 29,160,479 41,713,226 28,189,094 33,1J93,891 33,522,104 60,425,942 66,468,536
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Table 01.30
Scenario 1 : Distribution System O&M Costs (LE)

Non Personnel Costs

FY 1Ge6187 FY1987J88 FY 198&'89 FY 19890'90 FY 1990191 AVERAGE ANNUAL COSTS
DIRECTORATE ACTIUAL DEC 91 AClUAL DEC 91 AClUAL DEC 91 AClUAL DEC 91 AClUAL DEC 91 AVERAGED DECEMBER 91 PRICES

COUTS COSTS PRICES COSTS PRICES COSTS PRICES COSTS PRICES AClUAL !BASE COST JNa.CONTG

A. UPPER EGYPT
1 ASWAH 1.2tJ5.S50 3.199.799 1.585.276 3,255,137 2,058.791 3,321.595 2,532,530 3.379.452 1.634,518 1.879.911 1.821.333 3,007.179 3,:!fJ7.897

21<ENA 2,91)1.m 7.167.305 3,649._ 7.494,523 2,497.995 4.030.194 5,105.634 6.813,046 6,152,899 7.076,645 4.061.670 6,516,343 7.167,977

3 saiAG 1.21)9.083 3.134.430 1,054.104 2,164.451 1,058.717 1.708,104 1.704,207 2,274.123 2,338,177 2,689.212 1.484.858 2,394.064 2,633,470

PREVEH. MAM. 0 0 0 0 0 0 808,827 1.079.313 919.065 1.057.046 345.578 4Z/:zn. ~.ggg

SUBTOTAL S.~;a,566 13,501.534 6,289.269 12,914.112 5,615.503 9.059.893 10.151.198 13.545.934 11.044.659 12,702.814 7.713,439 12,344,857 13,579,343

B. MI)DlE EGYPT
1 ASSUIT 9',18.784 2,412,49lJ 1.840.999 3,780.227 2,040.749 3.292,486 3,166,778 4.22S,Bm 2,830.396 3,255,328 2,171.141 3,393.269 3.732.596

2a·MENIA 2,482,817 6,132,156 4.326.194 8,883,219 10.825.218 17.465,098 11.552,856 15.416,330 7.457.321 8.576.902 7.328,881 11,294,741 12,424,215

3 BENI-SUEF 1,5:11.437 3,782,4012 3,164.816 8.498,498 5,213,630 8,411.522 3,478,270 4.641,463 3,805,267 4.376,559 3,438,684 5,S42,088 6.096,297

4FAYOUM 2,7/2,534 8,847.711 4,~.219 9.053,69lJ 10.339,271 18.681,085 7,280.954 9.715,830 3,975,724 4.572.607 5,7SS,540 9,374.186 10,311.605

5 GIlA 1,3118.713 3,326,163 1.602,622 3,290,754 6,522,120 10.S22,6CXJ 4.668.811 8,227.473 5,858.058 8,737.~ 3,990,265 6,Q2o,g06 6,622,997

PREVEN. MAINT. 0 0 0 0 0 0 1.618,024 2,159,120 1,838,550 2,114.575 691.315 854.739 940,213

SUBTOTAL '-1'10,285 22,SOO.g:J1 15,343,850 31.506,395 34.940.988 56,372,794 31.763,693 42,386,019 25,765.316 29,633,510 23,384.827 36.479.,930 40.127,923

C. EAST DELTA

1 a-KALUBIA 1,31l6,79i 3.227,582 2,330.487 4.785.321 2,594.965 4.186,643 2,001.812 2,671,252 1,270.269 1,460.977 1,gQQ,868 3.2S6,3S5 3,592,990

2a·ISMALIA 1,6151,706 4.079,447 1.921,079 3,944.660 2,838,961 4,580~ 1,472,316 1,964.684 3.299.594 3,794.968 2,238,731 3,872,811 4.040,W3

3 a-sHARGHIA 2,0.12,472 5,044.578 3,377,076 8,934,341 10.118,707 16,325,234 6,742,639 8,997.494 8,035,601 9,242.000 6,063,299 9,:!fJ8,';.29 10,239,602

4 E. DAKAH.IA 2,~J4,262 5,oC68,870 3,733,285 7,665,765 7.160,904 11.553,199 8,859,298 9.153,166 3,&i6,168 4.193,574 4,722,784 7.606,915 8,367.806

PREVEN. MAINT. 0
,

0 0 0 0 0 1.678,410 2.239,699\ 1.907.166 2,193,4g:J 717.115 886,638 975,302

SUBTOTAL 7,2'15,239 17,820,474 i 11.361,927 23,330,087 i 22,713,537 36,645.374 18,754,475 25.026,295; 18,158,798 20,885.012 15,640.796: 24.741,443 27,215,S93

PAGE 1 OF2
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Table 01.30
Scenario 1 : Distribution System O&M Costs (LE)

Non Personnel Costs

FV198&'87 FY 1987/88 FY 1988189 FY1989J90 FY199CW1 AVERAGE ANNUAL COSTS
DIRECTORATE ACTlW.. DEC 91 AClUAL DEC 91 ACTUAL DEC 91 ACTUAL DEC 91 ACllJAL DEC 91 AVERAGED DECBtBER 91 PRICES

COSTS; COSTS PRICES COSTS PRICES COSTS PRICES COSTS PRICES ACTUAL BASE COST I INa. CONTG
O. MIDDLE DELTA

1 W.DAKAHUA 1,210,654 2.V9O,143 2.041~ 4,191,311 3,915,275 6,316,700 3,750,370 5,004,558 '1,993.568 2,292,866 2.582,215 4,159,13.- 4,575,048

2 J<HAFA B.-sHEII<H 1,577,1171 3,897,086 2,859,367 5,871,300 5,058,172 8,160,711 3;950,156 5,271,156 5,564,207 6,399,571 3,801,955 5,919,9tSS 6,511,961

3 B.-GHARBIA 1,633,003 4,03S,229 1,660,510 3,409,619 2,274,888 3,670,239 2.223,024 2,966,441 2,666,4!XJ 3,066,818 2,091,7" 3,<429.670 3,772,636

4B.-MENOFIA 1,6S3,i'96 4,084.809 1,379,666 2,832,946 2,095,788 3,381,285 1,266,842 1,690,496 1,809,052 2,080,648 1,641,029 2,813,997 3,09S.396

PREVEN. MAINT. 0 0 0 0 0 0 1,528,133 2,009,167 1,736,408 1,997,098 652,908 807,253 887,978

SUBTOTAL 8,078,134 15,007,067 7940,743 16,3OS,178 13,344,123 21,529,027 12,718,525 16,971,818 13,769,728 15,837,002 10.789.850 17,130.018 18,843,020

E. WEST DELTA
1B.-BEHERA 4,536,414S 11,204,285 3,765,191 7,731,280 8,064,962 13,011,780 7,693,499 10,266.337 7,728,295 8,888.SSB 6,357,678 10,220,448 11,242,493

2NOBARIA 1,47S,fi36 3,644,335 3,420,531 7,023,570 5,690,839 9,181,437 10.731,172 14,319,861 11,318,290 13,017,525 6,527,274 9,437,346 10.381,oeo

PREVEN. MAftT. 0 0 0 0 0 0 1,373,262 1,832.505 1,560,<429 1,794,699 586,738 725,441 797,98S

SUBTOTAL 8,011,1181 14,848,621 7,185,722 14754,849 13,755,801 22,193,217 19,797.003 26,418,700 20.607,014 Zl.700.782 13,471,690 20,383.234 22,421.558

TOTAL 33,880J!OS 83,878,627 48,121,511 98,810.620 go,369,952 145,800,305 93,185,825 124,348,769 89,345,515 ' 102,759.119 70.080.002 111,079,488 122,187,437

PAGE 2 CIF 2
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Scenario 1: Distribu' •. :em O&M Costs (LE)
Personnel Costs

ACTUAL COSTS PROJECTED ANNUAL COST

DlRECTORAlC FY FY FY FY FV BASE INClUDING

1986J87 1987/88 1988189 1989r'90 1990/91 COST CONTINGENCY

A. UPPER EGYPt'

1 ASWAH 1,"96,483 1,724,751 1,883,7SO 2,080,893 2,409,029 2,714,414 2,850,135

21<ENA 2,030,624 2,533,138 2,792,675 3,063,874 3,531,858 4,061.454 4,264,527

3SOHAG 1,674,366 2,112,838 2,301,190 2,547,318 2,966,581 3,428,305 3.599,720

SUBrOTAL 5.2OM74 6,370,727 6,977,658 7,692,085 8.907,478 10,204,173 10,714,382

B. MIDDLE EGYPT

1 ASSUiT 1.161.997 1,309,089 1,553,702 1.739,129 2,053,260 2,368,135 2,486,542

2 B.-NENIA 1,548,358 1,651,516 2,141,812 2,735,083 3,172,969 3,808,034 3,998,436

3 ElENI-SUEF 1,522,310 1.629,940 2,000,109 2,246.517 2:466.003 2,785.785 2,925,075

4FAYOUM 1,111,758 1,137,489 1,256,7044 1.410,874 1,592,249 1,743,187 1,830.347

5 GIZA 1.603,598 1,008,601 1,124,138 1,325,517 1,604,929 1.658,473 1,741,396

SUBTOTAL 6,948.021 6,736,635 9,076,505 9,457,100 10.m,"tO 12,363.615 12,981,796

C. EASTDB.TA

1 B.-KALUBIA 1,554,429 1.950.196 2,153.5SO 2,382,257 2,710,935 3.119.642 3,275,624

2 a-lSMALIA 891,282 918,633 1,036,120 932,871 1,093.141 1,156,197 1,214,007

3 a-sHARGHIA 2,167,598 2,944,409 2,900,475 3.646,429 3,691,956 4,257,861 4,470,754

4E.DAKAHUA 2,131,077 2.490,432 2,769,774 3,301,555 3,773,534 4,354,416 4,572,136

SUBTOTAL 6.744,386 8,303.670 8.859,962 1 10,263,112 11.269.566 12,888,115 13.532,521

D.~DELTA.

1 W. DAKAHlJA 1,165.181 1,361.661 1,514,394 1,805.149 2,063,206 2,380.807 2,499.848

2 I<HAFA B.-slEI<I" 1,054,443 1,098,709 1.199,285 1.564.533 1,754,624 2,000.085 2,100.~

3B.-GHAJBA 1,874,216 2,171.739 2,371.194 2,890.843 3,309,261 3,817.627 4,000.508

4B.-MENClF1A 1,689,124 2,085,163 2,261,319 2,629.494 2,881.135 3,297.069 3,461.922

SUBTOTAL 5,782,964 6.717,272 7,346,192 8.890,019 10,008,226 ".495,S88 12,070,368

E. EAST DELTA

16a-BEHERA 1,463.050 1,700.151 1.887,855 2,222,376 2,812,324 3.315,110 I 3.480.866
, 17NOBARIA 600,844 701,835 890,612 986,306 1 949,926 1,070.476

1
1.124.000

SUBTOTAL 2,063.894
I

2,778.W 3.762,250 4,385.587 !2,401.986 i 3,208.682 4,604,866

lOTAL 26.740,738 30.530.290 ! 34,038.785 ' 39.510.997 I 44,836.S01 51.337.078 : 53.903.~
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Table D2.1
Scenario 2: Annual Costs Summary (LE)

OPERATlON & MAllTENANCE COSTS CAPITAL TOTAL

~I~IOU' P£RS<HEl Nat-PERSOtN:L TOTAL COSTS COSTS

A-MAIN STEM

flGHASWNf DAM 14.703,&41 27,682.811 042,386,452 41.200,536 83.586.988 8.63

BARRAGES & S1BI 10,987,200 15.617,623 26,604,823 112,049,207 138,654.030 14.31

ESHo\ BARAAGE 380,800 2,043,811 2,424,612 68,094,925 70.519.536 7.28

OllER STEM COSTS 0 0 0 29,312,067 29.312,067 3.02

TOTAL - MAIN STEM 26,071,&41 45,344,245 71,415,886 250,656.73S 322.072,621 33.24

B - PUMP STA110NS 37.326.553 82,488.580 119,815,134 106,597.086 226.412,220 23.36

c· CPa. DRAINAGE SYSTEM 6,272,030 72,319.945 78,590,976 17,831,096 96.422,072 9.95

D - MAIN mRlGAllON $YSTEM 56,599,128 180,704,893 237,304,021 86.833,148 324,137,169 33.45

TCiTAL 126,269,352 380,856,6&4 507.128,l)17 461.918,C6S 969.044.082 100.00

DECEMBER 1.1 PIICES
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Table D2.2
Scenario 2: Annual Costs Summary (tE)

Main Stem

OPERATlOH a MAINTENANCE COSTS CAPITAL TOTAL

GROUP P£R5OHNEl NOH-PERSONHB. TOTAL COSTS COSTS PERCENT
I

fIGH ASWAH DAM 14,703,641 27,68':,811 ~,386,~ 41,200,536 83,586,988 25.95

B.f.RRAGES a stEM 10,987,200 15,617,623 26,604,823 112,049,207 138,654,030 "3.05

ESHA BARRAGE 380,800 2,0"3,811 2,424,612 68,094.925 70,519,536 21.90

<mER STEM CCISTS 0 0 0 29,312,067 29,312,067 9.10

TOTAL 26,071,641 45,344,245 71,415,886 250,656,735 322,072,621 100.00

DECaIER19111~
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Table D2.3
Scenario 2: Annual Costs Summary (LE)

Main Irrigation System by Regions

OPERATION &MA1~NCECOSTS CAPITAl TOTAL
REGIONS PERSONNa NON-PERSONNa TOTAL COSTS COSTS

UPPEREGVPT 11,250,101 20,860,026 32,110,127 10,023,756 <42.133,883

MIDDLE EGypt' 13,630,885 41,729,589 55,360,475 20,052.095 75,412.,569

EASTDB.TA 14,209,147 43,286,967 57,496.114 20,800,453 78.296,567.
MIDDLE DB.TA 12.,673,886 39,411,253 52,085,139 18,938,077 71,023,216

WEST DaTA 4,835,109 35,417,058 40,252,166 17,018,768 57,270,934

TOTAL - REGIONS 56,599,128 180,704,893 237,304,021 86,833,148 324,137,169

NOTE: ALLC0ST8 ARE 'XlHSTAHr DECaIllEA 1N' PRICES

Table D2.4
scenario 2: Annual Costs Summary (LE)

Open Drainage System

OPERATION & MAlN'TBfANCE COSTS CAPITAL TOTAL
REGIOI\JS PERSONNB. NON-PERSONNB. TOTAL COSTS COSTS

AU. REGIONS 6,272,030 72.318,945 78,590,976 17,831,096 96,422,072

TOTH. 6,272,030 72.,318,945 78,590,976 17,831,096 96,422.072

NOTE: AU.C0ST8 AlE COICSTAHrDEa:M8ER '"' PRICES

~......-
~
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Table D2.5
Scenario 2: Annual Costs Summary (LE)

pump Stations by Regions
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OPERATION & MAINTENANCE COSTS CAPITAL TOTAL

R~IONS PERSONNel NON-PERSONNB. TOTAl. COSTS COSTS

UPPEREGVPT 4,308.864 9,522,232 13.831.0fIT 12,305,245 26.136.3"2

MIDDlE EGYPT 8,619.699 19.048,818 27,668.517 24,616.116 52,284,633

EASTDB.TA· 8.941.392 19.759,733 28.701.125 25.534,807 54,235,932

MIDDLE DB.TA 8.140,821 17;990,538 26,131.359 Z3,248.539 49,379,898

WESTDB-T.\ 7,315.777 16.167,259 Z3.483,036 20.892,379 44,375,415

TOTAL - REGIONS 37,326.553 82,488,580 119,815.134 106.5fI1.086 226.412,220

NOTE: ALL COSTS ARE CONSTANT DECEMBER 1991 PRICES
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Table 02.6
Scenario 2: Annual Costs

(OOO)LE

ANNUAL
DESCRIPTIONS COSTS

A·MAINSTEM

1 • HIGH ASWAN DAM GROUP

_QN~IT.~LJ:'9~
HIGH ASWAN DAM COJ.IPLEX 18,224

WINTER CLOSURE 10,m
WATER tMSTER PLAN 2,087
NILE WATER TECHNICAL COMPJISSION 2,000
MPWWR HEADQUARTERS BUILDING 1,358
MAIN SYSTEM MANAGEMENT (TELEMTRY) 4,887

SUBTOTAL 41,201

_~.MCQ8T8':

HAD (NON PERSONNEL) 27,883
PERSONNEL 14,704

SUBTOTAL 42,_

TOTAL HIGH MWAN DAM 13,8&7
2· BARRAGES & STEM GROUP
~!ALC08T8:

WATER RESEARCH CENTER (1) "',888
REPLACEMCt<IT OF NAG HAt.'MADI BARRAGE SS,373

REPLACEMl:NT OF MSUIT BARRAGE 21,109
REPLACEMENT OF Z1FTA BARRAGE 11,741
STRENGTHENING OF NILE INTAKES' BARRAGES 4,818
FLUSH FLOOD PROTECTION S,803
PROFESSIONAL DEVELOPMENT 1,248
PROJECT PREPARATION 1,402

SUBTOTAL 112,040

_~a~_9Q~:

RIVER WEED CONTROL 1I,l!l&4
BARRAGES (NON PERSONNEL) 0,053
PERSONNEL 10,1187'

SUBTOTAL 28,805
TOTAL BARRAGES aSTEM GROUP 138,854

S- ESNA BARRAGE
--..Q.~1:~L~

ESNA BARRAGE (COMMON WORKS) 97,139
ESNA BARRAGE (ELECTRICAL WORKS) 90,482

SUBTOTAL 118,085

_O~~.~:
ESNA BARRAGE (NON PERSONNEL) 2,044

PERSONNEL sa1
SUBTOTAL 2,425
TOTAL E8NA BARRAGE 70,1120

4 - OnmA ~MCOSTS
~AL_C08T!:

RIVER BANK PROTECTION lU,TSlI
RIVER TRAINING 1,m

SUBTOTAL l!SI,S1~

TOTAL· MAIN STEM 322.072

D 36
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Table 02.6
Scenario 2: Annual Costs

(OOO)LE

ANNUAL
DESCRIPTIONS COSTS

B· PUMP STATIONS
~~ALCO~:

IMPROVEMENT aRE~CEMENTOfl PUt.'P STATIONS 108,57

SU&lOTAL 108,57

_~.~~COSTB:

PUMP STATIONS (NON PERSONNEL) 82,480

PERSONNEL :J7,3~

SUBTOTAL 110,815

TOTAL· PUMP STATIONS 228412

C· OPEN DRAINAGE SYSTEM

_C!~IAL. c;.<?STS;
OPEN DRAIN IMPROVEMENT a REPLACEMENT 15,008
REUSE OF DRAINAGE WATER 2,738

SUBTOTAL 17,831
__oa~C9STB;

OPEN DRAINAGE SYSTEM 72,3111
PERSONNEL 8.272

SUBTOTAL 78,!l81

Tor~ .• OPEN DRAINAGE SYSTEM ge,4~

D· MAIN IRRIGATION SYSTEM (REGIONS)

_C~IAL~~:

REPLACEMENT OF SMALL STRUCTURES 28.304

It.f'ROEMENTS OF MAIN SYSTEM S7,S!S:J

It.f'ROVING IRRIGATION METHODS 2,710

GROUNDWATER WELLS 2,34B

REPLACEMENT OF LARGE STRUCTURES 15,1118

SUBTOTAL 88,833

._oaM~STSl

MAIN IRRIGATION SYSTEM 178,842

WORKSHOPS AND TOOLS 1,88:)

PERSONNEL l!I8,lISI9

SUBTOTAL 237,904

TOTAL· IRRIGATION SYSTEM· ALL REGIONS 324,137

GRAND TOTAL 08D,044

NOTE: (1) INCLUDES E~IMATED ANNUAL COST OF EXPECTED WATER RESEAECH GRANTS

D 37
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Table D2.7
Scenario 2: Annual Cost of Rehabilitation of High Aswan Dam (000 LE)

CAPITAL COSTS INCREMENTAl O&M COSTS

=lYEAR CIVIL MACHINERY & EQUIP CIVft. MACHINERY & EQUIP TOTAL PRESENT
BLDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORTH

1992 3,270 4,664 8,742 1 0 16,676 14,889 1,848 1

1993 3,270 4,664 8,742 1 221 16,897 13,470 1,012
1994 3;zl5 4,671 8,754 222 16.922 12,045 1,495
1995 3,270 4,664 8,742 221 I 16,897 10.738 1,333
1996 3,173 4,526 8,483 215 16,397 9,304 1,155
1997 3,270 4,664 8,742 0 16,676 8,448 1.049
1998 3,270 4.664 8,742 221 16,897 7,643 949
1999 3;zl5 4,671 8,754 222 16,922 6,835 848
2000 3,zlO 4,664 8,742 442 17,118 6,173 766
2001 3,173 4,526 8,483 436 16.619 5,351 664
2002 3,270 4,664 8,742 221 16,897 4,857 603
2003 3,270 4,664 8,742 436 17,112 4,392 &45
2004 3;zl5 4,671 8,754 222 16,922 3,878 481
2005 3,270 4,664 8.742 442 17,118 3,503 435
2006 3,173 4,526 8,483 436 16,619 3,036 377
2007 3~ 4,6&t 17,483 442 25,860 4,218 524
2008 3,270 4,664 17,483 658 26,075 3,798 471
2009 3;zl5 4,671 17,509 443 25,896 3,368 418
2010 3,270 4,664 17,483 657 26.074 3,027 376
2011 3,173 4,526 16,966 436 25.101 2,602 323
2012 3,270 4,664 17,483 442 25,860 2,394 2m
2013 3,270 4,664 17,483 658 26,075 2,155 268
2014 3;zl5 4,671 17,509 664 26.119 1,9Z1 239
2015 3,270 4,664 17.483 879 26,296 1.732 215
2016 3,173 4,526 16,966 658 25,323 1,490 185
2017 3,270 4,664 17.483 657 26,074 1,369 170
2018 3,270 4,664 17.483 658 26,075 1,223 , 152
2019 3;zl5 4,671 17,509 664 26,119 1,094 136
2020 3,270 4,664 17,483 879 26,29& 983 122
2021 3,173 4,526 16,966 879 25,544 853 106

TOTAL 97,542 139,146 391,158 : 13,631 0 0 0, OJ Oi 641,477 146,796 18,224
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Table D2.8
scenario 2: Annual Cost of the WInter Closure ProJect· Main Stem (000) LE

CN'fTALCOS1S INCRBtEHTAL 0&1.1 COS1S
YEAR CIVI. MAaltERy & EQUIP CNL MAaBt£R'f & EOUI' TOTAL PRESEHl' AHNUAL

11.£10 'MlRKS MEa4 TRANSP IISC. BLDG WORKS IECH 1RAHSP COST WORTH COSIS
1S192 102 1209 3,228 1:18 333 13,000 11,607 1,441
1183 108 9563 3,3S2 133 346 13,500 10,762 1,336
181M 197 17709 6,2f11 246 640 24,999 17,794 2,2iB
1. 197 17709 6,2f11 248 640 24,999 15,887 1,972
11188 197 17709 6,2f11 246 640 24,999 14,185 1,781
1t97 12 1,582 1260 200 3,054 1,547 1S2
1_ 12 1,582 1260 200 3,054 1,381 171,. 1:18 12 1,582 1260 200 3,182 1,2BS 160
2000 133 12 1,582 1260 200 3,187 1,149 143
2001 246 12 1,582 1260 200 3,300 1,082 132
2002 246 12 1,582 1260 200 3,300 llG 118
2003 246 12 1,582 1260 200 3,300 847 1115
2004 12 1,582 1260 200 3,054 700 87
2005 12 1,582 1260 200 3,054 625 78
2006 1:18 12 1,582 1260 200 3,182 581 72
2007 3,228 133 12 1,582 1260 200 6,415 1,046 130
2008 3,3S2 246 12 1,582 1260 200 6,652 969 120
2OQ9 6,2f11 246 12 1,582 1260 200 9.507 1,236 153
2010 6,2f11 246 12 1,582 1260 200 9,507 1,104 137
2011 6,2f11 12 1,582 1260 200 9,261 960 119
2012 12 1,582 1260 200 3,054 2B3 35
2013 1:18 12 1,582 1260 200 3,182 263 33
2014 133 12 1,582 1260 200 3,187 235 29
2015 246 12 1,582 1260 200 3,300 217 %1
2018 246 12 1,582 1260 200 3,300 194 24
2017 248 12 1,582 1260 200 3,300 173 22
2018 12 1,582 1260 200 3,1154 143 18
20111 12 1,582 1260 200 3,054 128 16
2020 1:18 12 1,582 1260 200 3,182 1111 15
2Q21 133 12 1,582 1260 200 3,187 106 13

TOTAL 799 71.&99 50,402 4,2S1 '2,599 300 39,545 31,500 5,000 206,301 87,540 , 1G,861
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Table D2.9
SCenario 2 : Annual Cost of Preparation of Water Master Plan (000 LE)

CAPITAL COSTS INCREMENTAL O&M COSTS
YEAR CIVIL MACHINERY & EQUIP CIVIl MACHINERY & EQUIP TOTAL PRESENT ANMJAL

BLDG WORKS MECH TRANSP MISC. BLDG WORKS MECH TRANSP COST WORTH COSTS
1992 0 290 3250 0 100 0 0 0 0 3.630 3,241 402
1993 0 100 1290 0 100 0 0 0 0 1.480 1.180 146
1994 0 0 1290 0 100 0 0 0 0 1,390 gag 123
1995 0 0 240 0 100 0 0 582 G 922 586 73
1996 0 0 140 0 100 0 0 606 0 846 4tlO 60
1997 0 290 3684 0 100 0 6 620 0 4,690 2,376 295
1998 0 100 1714 0 100 0 6 620 0 2,540 1,149 143
1999 0 0 1724 0 100 0 6 620 0 2,450 gag 123
2000 0 0 674 0 100 0 6 1202 0 1,982 715 89
2001 0 0 574 0 100 0 6 1226 0 1,906 614 76
2002 0 2SO 4118 0 100 0 11 1240 0 5,749 1,653 205
2003 0 100 2148 0 100 0 11 1240 0 3,599 m 115
2004 0 0 2158 0 100 0 11 1240 0 3,51~ 804 100
2005 0 0 1108 0 100 0 11 1822 0 3,041 622 77
2006 0 0 1008 0 100 0 11 1846 0 2,965 542 Q1

2007 0 2SO 4552 0 100 0 17 1860 0 6,809 1,111 138
2008 0 100 2S82 0 100 0 17 1860 0 4,659 679 84
2009 0 0 2S92 0 100 0 17 1860 0 4,5&3 594 74
2010 0 0 1542 0 100 ! C 17 2442 0 4,~01 476 59
2011 0 0 1~- O' 100 0 11 2466 0 4,025 411 52
2012 0 290 4986 0 100 0 23 2480 0 1,869 128 90
2013 0 100 3016 0 100 0 23 2480 0 5,719 473 59
~14 0 0 3026 0 100 0 23 2480 0 5,629 415 52
2015 0 0 1976 0 100 0 23 3062 0 5,161 340 42
2016 0 0 1876 0 100 0 23 3086 0 5,085 299 31
2017 0 2SO 5420 0 100 0 29 3100 0 8,929 4S9 58
2018 0 100 3450 0 100 0 29 3100 0 6,179 318 39-
2019 0 0 3460 0 100 0 29 3100 0 6.689 2SO 35
2020 0 0 2410 0 100 0 29 3682 0 6,221 233 29
2021 0 0 2310 0 100 0 29 3106 0 6,145 205 25

TOTAL 0 2,2SO 69.7S0 I 0 3.000 0 428 53,628 : 0 129,086 23.900 2,9Q1

Ill' I ' • .'1' ... III I 1"1 II I 1'1 '. ,
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Table 02.10
SCenario':: Annual Cost of MPWWR Headquarters Building (000 LE)

CAPlTH.COSTS INCREMENTAlOlM COSTS
CIVL MACHINERY & EQUIP CIVR. MACHINERY & EQUIP TOTH. PRESENT NNJAL

YEAR BLDG WORKS MECH TRANSP MISC. BLf.IG WORKS MECH TRANSP COST WORTH COSTS
1992 3,000 eoo 140 3.740 3,339 415
1993 3,000 600 140 3,740 2,982 370
1994 600 140 740 5Z1 6S
1995 600 140 7<CO 470 59
1996 600 140 7<CO ' 420 52
1997 315 400 715 362 45
1998 315 400 715 323 40
1999 315 400 715 289 36
2000 315 400 715 258 32
2001 315 400 715 230 29
2002 315 400 715 206 26
2003 315 400 715 184 23
2004 315 400 715 164 20
2005 315 400 715 146 18
2006 315 400 715 131 16
2007 315 400 715 117 14
2008 315 400 715 104 13
2009 315 400 715 !JJ 12
2010 315 400 715 83 10
2011 315 400 715 74 9
2012 315 400 715 66 8
2013 315 400 715 59 7
2014 315 400 715 53 7
2015 315 400 715 47 6
2018 315 400 715 42 5
2017 315 400 715 38 5
2018 315 400 715 34 , ..
2019 315 400 715 30 ..
2020 315 400 715 %1 3
2021 315 400 715 24 3

TOTH. 8,000 0 3.000 0 700 7,875 0 10,000 i 0, %1,575 10,920 1,356_.
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Table 02.11
Scenario 2: Annual Cost of Main System Management (Telemetry) (000) LE

CAPITAL COSTS INCREMENTAL O&M COSTS
YEAR CIVL MACHINERY &EQUIP CIV1l MACHINERY &EQUIP TOTAL PRESENT ANNUAL

BlDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORlH COSTS
1992 814 0 2,035 814 4,477 8,140 7,268 902
1993 66S1.5 0 1,674 670 3,682 6,695 5~ 663
1994 1231.5 0 3,079 1,232 6,773 12,315 8,766 1,088
1995 7541.5 0 1,896 759 4,172 7,585 4.820 598
1996 608 52 0 868 695 2,223 1,261 157
1997 608 52 0 868 695 2,223 1,126

140 I1998 608 52 0 868 695 2,223 1,006 125
1999 608 814 52 0 868 695 3,037 1,227 152 .
2000 608 670 52 0 e68 695 2,m I,Ooi3 130 I
2001 608 1,232 52 0 868 695 3,455 1,112 138
2002 608 759 52 0 868 695 2,982 857 106
2003 608 52 0 868 695 2,223 571 71
~A 608 52 0 868 695 2,223 509 63-.,.,.
2005 608 52 0 868 695 2,223 455 56
2006 608 814 52 0 868 695 3,fXfl 555 69
2007 608 670 52 0 868 695 2,m 472 59
2008 608 1,232 52 0 868 695 3,455 503 62
2009 6GB 759 52 0 868 695 2,982 388 .cs
2010 608 52 0 868 695 2,223 2S8 32
2011 608 52 0 868 695 2,223 230 29
2012 608 52 0 868 695 2,223 206 26
2013 608 814 52 0 868 695 3,fXfl 251 31
2014 608 670 52 0 868 695 2,m 213 Z1
2015 608 1,232 52 0 868 695 3.455 228 28
2016 608 759 52 0 868 695 2,982 175 22
2017 608 52 0 868, 695 2,223 117 14
2018 608 52 0 868 j 695 2,223 104 - 13
2019 608 52 0 868 1 695 2,223 93 12
2020 608 814 52 0 868 1 695 3,fXfl 114 14

12021 608 670 52 0 868J 695 2,1m W 121
I

TOTAL 3,-4)74 0 24,488 15,3831 19,104 1,355 oi 22,578 ; 18,062 104,443 39,363 4,8871
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Table D2.12
SCenario 2: Annual Cost of Water Research Projects (000 LE)

CAPITAL COSTS INCREMENTAL O&M COSTS
YEAR CIVL MAaRfERY & EQUIP CIVL fotACHlNERY & EQUIP TOTAL PRESENT RHJH.

BlDG WORKS MECH TRANSP MISC. BLDG WORKS MECH T'MHSP COST WORTH COSTS
1992 1,301' .8,859 3,550 362 859 0 0 0 0 12,937 11,551 1,«34
1993 1,43i' 7,540 3,903 398 ~ 0 0 0 0 1-4,222 11,338 1,408
1994 1,224 8,.e23 3,324 339 805 0 0 0 0 12,114 8,6Zi 1,070
1995 1,0-4"1 5,493 2,843 290 688 0 0 0 0 10,361 6,585 817
1996 930 4,880 2,526 2S7 611 0 0 0 0 9,205 5,223 648
1997 1,30i' 6,859 3,550 362 859 89 686 8lJ7 329 14,849 7,523 934
1998 1,431' 7,s.co 3,903 398 ~ 89 686 8IJ7 329 16,134 7~ 906
1999 1,224 6,.e23 3,324 700 005 89 686 807 329 14,387 5,811 721
2000 1,041' 5,493 2,843 687 688 89 686 807 329 12,670 4,569 501
2001 93C1 4,880 2,526 596 611 89 686 807 329 11,455 3,688 458
2002 1,3Oi' 6,859 3,550 651 859 178 1,373 1,615 658 17,050 4,902 608
2003 1,431' 7,540 3,903 655 ~ 178 1,373 1,615 658 18,303 4,698 583
2004 1,22~ 8,423 3,324 700 805 178 1,373 1,615 658 16,299 3,735 -i64
2005 1,041' 5,493 2,843 687 688 178 1,373 1,615 658 14,582 2,984 370
2006 93111 4,880 2,526 958 611 178 1,373 1,615 658 13,729 2,508 311
2007 1,301' 6,859 7,100 1,049 859 2f{1 2,059 2,422 9fI7 22,910 3,737 <C64
2008 1,431' 7,540 7,805 994 ~ 2f{1 2,059 2,422 987 24,456 3,562 4oi2
2009 1,22~ 8,423 6,648 990 805 261 2,059 2,422 987 21,825 2,838 3S2
2010 1,041' 5,493 5,686 ~ 688 261 2,059 2,422 91I1 19,594 2,27S 282
2011 9301 4,880 5,05Z 958 611 261 2,059 2,422 987 18,167 1,883 234
2012 1$11' 6,859 7,100 1,049 859 357 2,7<45 3,229 1,316 24,821 2$1 285
2013 1,431' 7,!WO 7,805 1,355 ~ 357 2,7<45 3,229 1,316 26,729 2,209 274
2014 1,224. 8,.e23 6,648 1,388 805 357 2,745 3,229 1,316 24,134 1,781 221
2015 1,041' 5,493 5,686 1,283 688 357 2,745 3,229 1,316 21,845 1,439 119
2018 930- 4,sao 5,052 1,247 611 357 2,745 3,229 1,316 20,368 1,198 i.
2017 1,307 6,859 7,100 1,306 859 446 3,432 4,037 1,6<45 26,991 1,418 176
2018 1,«J1 7,~ 7,805 1,355 945 446 3,432 4,037 1,6<45 28,641 1,3<C3 - 167
20UI 1,22ot 6,423 6,648 1,388 805 446 3,432 4,037 1,6<45 26,M; 1,091 135
2020 1,041 5,493 5,686 1,6<45 688 446 3,432 4,037 1,6<45 24,118 902 112
2021 930 4,sao 5,052 1,6<45 611 446 3,432 4,037 1,6<45 220m 'niT 94

TOTAL 35,664 187,176 145,314 26,637 23,448 6,687 51,473 60,548 24,675 561,622 119,765 14,868

'\..J- NOTE: THIS TABLE EXClUDES 1HE COST OF GRANTS, WHICH IS ESTIMATED AT LE 20 fAlON ANNUALLY.

,~

~
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Table D2.13
Scenario 2: Annual Cost of Structures (000 LE) - Main Stem

Nag Hammadi Barrage

CAPITAL COSTS INCREMENTAl. O&M COSTS
YEAR eMl MAcHINERY & EQUIP CIVI. MAcHINERY & EQUIP TOTAl. PRESENT ANNUAL

BlDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORnI COSTS
1992 .a,587 413,587 38,917 4,831
1993 67,645 3,921 71,573 57,O'S1 7,083
1994 94,704 7,855 102,558 72,999 9,062
1995 74,410 15,709 90,119 57Zl2 7.110
1996 47,352 9,818 57.170 32,4«) 4,OZ1
1997 13,529 1,964 15,493 7,849 974
1998 0 0 0
1999 0 0 0
2000 0 0 0
2001 0 0 0
2002 0 0 0
2003 0 0 0
2004 0 0 0
~ 0 0 0
2006 0 0 0'
1007 0 0 0
2008 0 0 0
2009 0 0 0
2010 0 0 0
2011 0 0 0
2012 0 0 0
2013 2,909 2,909 240 30
2014 3,325 3,325 245 30
2015 2,078 2,078 137 17
2Ot8 0 0 0
2017 3,921 3.921 206

~

26
2018 7,855 7,855 368 ~

2019 15,709 15.709 6SB 82
2020 9,818 9.818 367 ~

2021 1.964 1.964 66 8

TOTAl. 0 341,227 86,858 0 0 0 0 0 0 .c28.08S 268.822 33,373 i

NOTE : CAPITAL COSl'S INCLUDES PROVISIONS FOR COMPlETION OFlliE NAG HAMMDI LOCK

III I I
.. I ~ 1 'I '1'. III 'I 1'1 "
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Table D2.14
Scenario 2 : Annua~ Cost of Structures (000 LE) • Main Stem

Assuit Barrage

CAPITAL COSTS INCREMENTAL O&M COSTS
YEAR CIVIL MACHINERY & EQUIP CIVIL MACHINERY & EQUIP TOTAl PRESENT ANNUAl

BLDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORlH COSTS
1992 0 0 0
1993 0 0 0
1994 0 o' 0
1995 0 0 0
1996 0 0 o.
1997 0 0 o'
1998 47,821 47,821 21,632 2,685
1999 63,761 63,761 25,752 3,197
2000 115,5S8 19,003 134,571 48,528 6,024
2001 103,512 36,196 139,809 45,015 5,588
2002 55,791 30.767 86,558 24,883 3,089
2003 11.955 4,525 16,480 4,230 52S
2004 0 0 0
2005 0 0 0
2006 0 0 0
2007 0 0 0
2008 0 0 0
2009 0 0 0
2010 0 0 0
2011 0 0 0
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015 0 0 0
2016 0 0 0
2017 0 0 , 0
2018 0 0 0
2019 0 0 0
2020 0 0 0
2021 0 0 0

TOTAL 0 398,509 90,491 0 01 .0 ! 0 0 0 489,000 I 170,040 21,109
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Table D2.15
Scenario 2: Annual Cost of Structures (000 LE) • Main Stem

Zifta Barrage

I ,
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CAPITAL COSTS I INCREMENTAL O&M COSTS
YEAR CIVL ~CHINERY& EQUIP I CIVD.. ERY&EOU1P TOTAL PRESENT ANNlJ.IL

BLDG WORKS MECH TRANSP MISC. BlDG ; WORKS MECH TRANSP COST WORTH COSTS
1992

I
01 0 0

1993 0 0 0
191M 0 0 0
1995 I 0 0 0
1996 0 0 :,1997 0 0
1998 0 0 0
1999 0 0 0
2000 0 0 0
2001 31,613 31,613 10,t79 1,264
2002 47,420 47,420 13,632 1,692
2003 94,840 23,754 118,593 30,4-40 3,779
2004 79,033 27,147 106,180 24,334 3,021
2005 47,43> 13,574 60,993 12,480 1,549
2006 15,807 3,393 19,200 3,508 .c35
2007 0 0 0
2008 0 0 0
2009 0 0 0
2010 I 0 0 0

I
2011

I

0 0 0
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015 0 0 0
2018 0 0 0
2017 0 0 , 0
2018 0 0 0
~19

I
0 0 0

2020 0 0 0
2021 I 0 0 0

I i
TOTAL Q' 316,132 61,868l O. 0 1 0: 0 o. 0 384,000 1 94,573 11,741
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Table D2.16
Scenario 2: Annual Cost of Structures (000 LE) - Main Stem

Strengtheningj of Nile Intakes &Barrages

CAPfTJI. COSTS INCREMENTAl. O&M COSTS
YEAR CIVI. MACHINERY & EQUIP CIVL MAcHINERY & EQUIP TOTAL PRESENT NHJAL

IUlG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORTH COSTS
1_ 0 7.091 ~1 34 34 7.500 6.696 831
1993 0 3.309 159 16 16 3.500 2,790 346
1994 0 3,309 159 16 16 3.500 2,<C91 309
1995 0 3,309 159 16 16 3.500 2,224 276
1996 0 3.782 182 18 18 4,000 2,27'0 2S2
1997 7.091 341 34 34 7.soo 3,800 472
1998 3,309 159 16 16 3,500 1,583 197
1999 3,309 159 so 16 3.534 1.m 177
2000 3,309 159 32 16 3,516 1,268 157
2001 3.782 182 34 18 4,O~6 1,299 161
2002 7,091 341 so 34 7.516 2,161 268
2003 3,309 159 34 16 3,518 903 112
2004 3,309 159 so 16 3.534 810 101
2005 3,309 159 32 16 3,516 719 89
2006 3.782 182 68 18 4,OSO 7"0 92
2007 7.091 682 66 34 7,873 1,284 159
2008 3,309 318 50 1S 3.6!n 538 01
2009 3,309 318 66 16 3.709 482 60
2010 3,309 318 so 16 3.693 429 53
2011 3.782 364 68 18 4,z32 0439 54
2012 7,091 682 C6 34 7,m 7:!9 90
2013 3,309 318 84 16 3.m 308 38
2014 3,309 315 82' 16 3.725 275 34
2015 3,309 318 66 16 3.709 244 39
2016 3.782 364 84 18 4,2.ca 2SO 31
2017 7,091 682 84 34 7,891 414

,
51

2018 3,309 318 84 18 3.m 175 22
2019 3.309 318 82 16 3.725 156 19
2020 3.309 318 100 16 3.743 1«) 17
2021 3.782 364 100 18 4,264 1042 18

I
TOTAL (l 124,800 I 9.000 1.632 600 0: 0 o~ 0 136.032 31,181 4,616

, ~ I' 'I 'II
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Table D2.17
Scenario 2: Annual Cost of flash Flood Protectiort (000 LE)

CAPtTAL COSTS INCREMENTAL O&M COSTS
YEAR CIVIl. MACHINERY & EOUIP CIVn. MACHINERY & EQUIP TOTAL PRESENT NNJAI.

BlDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORm COSTS
1992 0 1<COO 1300 100 200 0 0 Oi 0 3.000 2,67'9 333
1993 0 1400 1300 100 200 0 0 01 0 3,000 2.392 2!11
~994 0 1<COO 1300 100 200 0 0

~I
0 3.000 2,13.'5 265

1995 0 1<COO 1300 100 200 0 0 0 3,000 1.907 ZJ1
1996 0 1<COO 1300 100 200 0 0 0 0 3.000 1.702 211
1997 0 1400 1300 100 200 0 154 130 100 3,384 1.714 213
1998 0 1400 1300 100 200 0 154 130 100 3,384 1.531 190
1999 0 1<COO 1300 200 . 200 0 154 130 100 3.484 1.407 175
2000 0 1400 1300 ~ 200 0 154 130 100 3.484 1,256 156
2001 0 1<COO 1300 200 200 0 154 130 10G 3,484 1,12:: 139
2002 0 1<COO 1300 200 200 0 308 260 200 3,868 1,112 138
2003 0 1400 1300 200 200 0 308 260 200 3.868 993 123
2004 0 1400 1300 200 200 0 308 260 200 3.868 886 110
200S 0 1400 1300 200 200 0 308 260 200 3,868 791 98
2006 0 1400 1300 300 200 0 308 260 200 3,968 725 90
2007 0 1<COO 2600 300 200 0 462 390 300 5,652 922 114
2008 0 1<COO 2600 '300 200 0 462 390 300 5.652 823 102
2009 0 1400 2600 300 200 0 Mi2 390 300 5,652 735 91
2010 0 1400 2600 300 200 0 462 390 300 5.E52 656 81
2011 0 1<COO 2600 300 200 0 462 390 300 5,652 586" 73
2012 0 1<COO . 2600 300 200 0 616 520 400 6,036 559 69
2013 0 1<CCO 2600 <COO 200 0 616 520 <COO 6,136 5(J7 63
2014 0 1400 2600 <COO 200 0 816 520 400 6,136 453 56
2015 9 1<COO 2600 400 200 0 816 520 <COO 6,136 404 50
2018 Q 1.coo 2600 .coo 200 0 616 520 400 6,136 361 45
2017 l) 1<COO 2600 .coo 200 0 770 f!SO 500 6,520 342 43
2018 (J ,. 2600 .coo 200 0 770 650 500 6.520 306 ' 38
2019 () 1.coo 2600 .coo 200 0 770 :1 500 6.520 273 34
2020 0 1400 2600 500 200 0 770 500 6.620 247 31
2021 0 1400 2600 500 200 0 770 500 6,620 221 Zl

TarAL 0 ~ooo 5&.500 8,000 I 6.000 0 11.550 9,750 ' 7.500 143,300 29.748 3.693



riiH,lJ,
I"

I., t.IJ.
I

",I.,).... [J" .

!
"'.' , .1. I I t.

! !
1.1 L .. !ll,lllilitl til, . I ,I I I '\1 I~ i .I.I~ .jll ., I Iii II I I J"

~

-~

t:7
\t

Table 02.18
SCenario 2: Annual Cost of Professional Development (000 LE)

CAPITAl. COSTS !
INCREMENTAL O&M COSTS i i

YEAR CIVI. MACHINERY & EQU!~ I CIVIl I MACHINERY & EQUIP TOTAl. PRESENT I AHHUAl.
IBt.DG WORKS MECH TRANSP MISC. BLDG ' WORKS MECH TRANSP COST WORTH COSTS

1992 500 0 750 500 325lJ j 5.000 ..·4"1 554I
1993 500 0 750 500 32SO I 5,000 3,986 495
1994 ,5 0 75j 20 110 78 10
1995 15 0 75 i 20 110 70 9I
1996 15 0 75! 20 110 62 8.
1997 15 0 75 1 20 110 5& 7

I

1998 15 0 75' 20 110 so 6I,_
500 15 0 75j 20 610 246 31

2000 500 15 0 751 20 610 220 Z1
2001 15 0 75

1
20 110 3S 4

2002 15 0 :1 20 110 32 4
2003 15 0 20 110 28 4
2004 15 0 20 110 25 3
2005 15

~I
75' 20 110 23 3

2006 500 15 75 20 610 111 14
2007 750 500 15 0 75 20 1,360 222 28
2008 750 15 0 75 20 860 125 16
2009 15 0 75 20 110 14 2
2010 15 0

~I
20 110 13 2

2011 15 0 20 110 11 1
2012 15 0 751 20 110 10 1
2013 500 15 0 75' 20 610 so 6
201.. 500 15 0 751 20 610 45 6
2015 15 0 75

1
20 110 7 1

2016 15 0 75' 20 110 6 1
2017 15 0 75 1 20 110 6 1
2018 15, 0 75; 20 110 5 - 1
2019 15

1

0 75\ 20 110

~I
1

2020 500 15 0 751 20 610 3
I

2021 . 500 15 0 75, 20 610 20 1 3,, I

TOTAl. 1,000 O~ 3,000 5,OOOj 6,5OO! 421)' 0 1 2,100 : 560 1 18,580 j 10,0511 1,248 •I

II' • n I • I
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Table 02.19
Scenario 2: Annual Cos1 of Project Preparation Project (000 LE)

CAPITAL COSTS INCREMENTAL O&M COSTS
YEAR CIVL M.~INERY& EQUIP CIVIL MAcHINERY & EQUIP TOTAL PRESENT ANNUAL

BUIG WORKS MECH TRANSP MI$C. BLDG WORKS MECH TRANSP COST WOR1H COSTS
1992 650 0 1.625 650 3575 6,500 5,804 720
1993 228 20 0 325 130 703 560 70
1994 228 20 0 325 130 703 500 62
1995 Z'~ 20 0 325 130 703 446 55
1996 228 20 0 325 130 703 399 49
1997 228 20 0 325 130 703 356 44
1998 228 20 0 325 130 703 318 39
1999 ~ 650 20 0 325 130 1,353 ~ 68
2000 228 20 0 325 130 703 253 31
2001 228 20 0 325 130 703 226 28
2002 228 20 0 325 130 703 202 25
2003 228 20 0 325 130 703 180 22
2004 Z28 20 0 325 130 703 161 20 1

2005 228 20 0 325 130 703 144 18
2006 228 650 20 0 325 130 1,353 247 31
2007 228 20 0 325 130 703 115 '"2008 228 20 0 3?5 130 703 102 13
2009 228 20 0 325 130 703 91 11
2010 228 20 0 325 130 703 S2 10
2011 228 20 0 325 130 703 73 9
2012 228 20 0 32S 130 703 65 8
2013 228 650 20 0 325 130 1,353 112 '"2014 228 20 0 325 130 703 52 6
2015 228 20 0 325 130 703 .t6 6
2016 228 20 0 325 130 703 41 5
2017 228 20 0 325 1 130 703 37 5
2018 228 20 0 32S 130 703 33 - "2019 228 20 0 32S 130 703 29 "2020 228 650 20 0 325 130 1,353 51 61
2021 228 20 0 325 130 703 23 3

I

TOTAL 6501 0 8,237 3,250 3,5751 566 0 9.425 I 3.770 29.473 11,294 I 1.402
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Table D2.20A
Scenario 2: Annual Cost of Esna Barrage Structure (000 LE) - Main Stem

CAPITAL COSTS INCREMENTAL O&M COSTS I
YEAR CIVL MACHINERY & EQUIP CIVIL MACHINERY & EQUIP TOTAL PRESENT ANMJAL I

BllOG WORKS MECH TRANSP MISC. BLDG WORKS MECH TRANSP COST WORTH COSTS I
1992 800 105,000 40,600 600 1<17,000 131,250 16,2941
1993 1,000 105,625 48,000 400 155,025 123,585 15~1
1994 850 8,250 4,000 0 13,100 9,324 1,1581
1995 0 21,269 16,000 0 ~,269 23,685 2,9401
1996 0 9,864 6,442 0 16,306 9,252 1,1491
1997 Il 0 01
1998 0 0 :11999 600 600 242
2000 400 400 144
2001 0 0 0

:12002 0 0 0
2003 0 0 0
2004 0 0 01
2005 0 0 01

I

2006 600 600 110 14 1
2007 400 400 65 81
2008 0 0 0 01
2009 0 0 0 0
2010 0 0 0 0
2011 0 0 0
2012 0 0 0
2013 600 600 so 6
2014 400 400 30 4
2015 0 0 0 0
2018 0 0 0 C
2017 40,600 0 .-0,600 2,132 265

12018 48,000 48,000 2,251 - ~I2019 4,000 600 4,600 193
2020 16,000 400 16,400 613 76'
2021 6,442 0 e,442 215 27

1

TOT.... 2,650 250,008 230,084 5,000 0 0 0: 0 0 ",742 303,141 ~ 37,633 !
ftO'TE (1): THIS TABlE IClUDES 11iE ESTIMATED COSTS FOR COMPlETION OF CML & MECHANICAL WORKS ONlY.
MOTE (2): THE ANOUNT SPENT ON CIVL & MECHANICAL WORKS UP TO THE END OF FY 1991J92., ESTIMATED AT 149,000,000 LE,IS NOT INClUDED.

'I I I "I I" I I" 'I I ' , ,
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Table D2.208
SCenario 2: Annual Cost of Esna Barrage Power Plant (000 LE) - Main Stem

CAPITAL COSTS INCREMENTAL O&M COSTS

I
YEAR POWER POWER MACHINERY & EQUIP POWER POWER MACHINERY & EQUIP TOTAL PRESENT ANMJAL

HOUSlE PlANT MECH TRANSP MISC. HOUSE PLANT MECH TRANSP COST WORTH COSTS
1~ 23,600 20,000 600 44,200 39,464 ".899
1993 8,600 105,225 400 120 11",345 91,155 11,316
1994 36,900 0 200 200 37,300 26,550 3,296
1995 52,381 0 300 200 52,881 33,607 ",172'
1996 20,9901 0 400 200 21,594 12,253 1,521
1997 600 2,015 200 2,815 1,426 177
1998 750 2,820 200 3,770 1,705 212
1999 600 800 ",029 200 5,629 2,273 282
2000 400 900 5,238 200 6,738 2,430 302
2001 0 950 6,044 200 7,193 2,316 288
2002 0 1,000 6,849 200 8,049 2,314 287
2003 0 1,000 7,252 200 8,452 2,169 :120CU 1,000 8,060 200 9,260 2,122
2005 1,000 8,060 200 9,260 1,895 :12006 600 1,000 8,060 200 9,860 1,801
2007 400 1,000 8,060 200 9,660 1,576 196

1

2008 0 1,000 8,060 200 9,260 1,349 167
2009 0 1,000 8,060 200 9,260 1,204 149
2010 0 1,000 8,060 200 9,260 1,075 133
2011 1,000 8,060 200 9,260 960 119
2012 1,000 8,060 200 9,260 857 106
2013 600 1,000 8,060 200 9,860 815 101
2014 400 1,000 8,060 200 9,660 713 88
2015 0 1,000 8,060 200 9,260 610 76
2016 0 1,000 8,060 200 9,260 545 68
2017 20,000 0 1,000 8,060 200 29,260 1,537 191
2018 105,225 1,000 8,060 200 114,<185 5,369 ,

666
2019 36,900 , 600 1,000 8,060 200 -46,760 1,958 243
2020 52,381 400 1,000 8,060 200 62,041 2,319 288
2021 20,9901 0 1,000 8,060 I 200 30,254 1,010 125

i

TOTAL 32,200 471,000 0 5,000 0 24,8S9 179,327 • 01 5,720 718,145 245,376 30,~!

NOTE (1): nfls TAstE ffa.UDES THE ESTIMATED COSTS FOR COMPlETION OF B.ECTRICAL WORl.<S otI.Y.

NOTE (2): THE AMOUNT SPENT ON CONSTRUCT1ON OF POWER PLANT STRUCTURE UP TO THE END OF FY 1991/92, ESTIMATED AT 34,.coo,OOO LE.. IS NOT INClUDED.
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Table D2.21
Scenario 2: Annual Cost of River Bank Protection (000 lE) - Main Stem

CAPITAL COSTS INCREMENTAlO&M COSTS
YEAR CIVIL MACHINERY & EOUIP CIVIL MACHINERY & EQUIP TOTAl. PRESENT ANNUAL

BLDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORm COSTS
1992 74rz 20,239 3.627 802 200 0 0 0 0 25.650 22,902 2,843
1993 74rz 20,239 3,627 802 200 0

~I
0 0 25.650 2O.<W8 2,538

1994 74rz 20,239 3.627 802 200 0 0 0 25,650 18,257 2,201
1995 7.rz 20,239 3,627 802 200 0 0 0 25,65) 16,301

2,024 1J

1996 71'4 20,042 3.592 794 198 0 0: 0 0 25,400 14.413 ',789

1

1997 782 20,239 3,627 802 200 59 :1 272 80 26.565 13.459 1.671
1998 7112 20,239 3,627 802 200 59 272 160 26,645 12,053 1.496
1999 782 20,239 3.627 802 200 59 505 272 240 26,725 10.794 1,340 !
2000 182 20,239 3,627 802 200 59 505 272 321 26,806 9.666 1,200
2001 71'4 20,0.42 3,592 794 198 59 505 272 400 26,635 8,576 1.065
2002 782 20,239 3,627 1,603 200 117 1,010 543 480 28,602 8,222 1,021
2003 782 20,239 3,627 1,603 200 117 1,010 543 560 28,682 7,382 91.-
2004 782 20,239 3,627 1,603 200 117 1,010 543 640 28.762 6,592 818
2005 782 20,239 3.627 1.603 200 117 1,010 543 721 28,842 5,902 733
2006 714 2O,Q.42 3,592 1,588 198 117 1,010 543 800 28.664 5Z37 650
2007 782 20,239 7,254 1,603 200 176 1,515 815 880 33,464 5.459 678
2008 702 20,239 7,254 ~,603 200 176 1,515 815 960 33,544 ".885 607
2009 782 20,239 7,254 1,603 200 176 1.515 815 1,040 33,624 4,372 543
2010 782 20,239 7,219 1.603 200 176 1,515 815 1,121 33,669 3.909 48S
2011 m 20,042 7,219 1,588 198 176 1,515 815 1,200 33,526 3.476 431
2012 782 20,239 7,254 2,405 200 234 2,020 1,086 1,280 35,500 3,286 408
2013 782 20,239 7,254 2,405 200 234 2,020 1,086 1,360 35,581 2,940 365
2014 7az 20,239 7,254 2,405 200 234 2,020 1,086 1,~ 35,661 2,631 3Z1
2015 782 20,239 7,219 2,405 200 234 2,020 1.086 1,521 35,705 2,352 292
2018 77•• 2O,Q.C2 7,219 2,381 198 234 2,020 1.086 1,600 35,555 2,091 260
2017 782 20,239 7,254 2,405 200 ~ 2,525 I 1,358 1.680 36,735 1,929 240
2018 781:2 20,239 7,254 2,405 200 ~ 2,525 1,358 1,760 36.816 1,726 ' 214
2019 7ll;2 20,239 7,254 2,405 200 ~ 2,525/ 1,358 1,840 36.896 1,545 192
2020 7&:2 20,239 • 7,219 2,405 200 ~ 1,358 1,921 36,940 1,381 171

2m1
2,525

1
2021 1741 2O.M2 7,219 2,381 198 2,525 i 1,358 2,000 36,790 1,228 152

TOTAL 23,<co<1 606,000 162,900 48,000 6,000 4,388 37,875 : 20.363 26.008 934.933 223,395 '0,733 !
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Table 02.22
Scenario 2: Annual Cost of Structural Replacement (000 lE)

Small and Medium Size Irrigation Structures

CAPITAL COSTS INCREMENTAL o&M COSTS ~
i

YeAR CML MACH/NARY & EOUIP

I
CML I MACHINARY & EOUIP TOTAL PRESENT AtNJ.q 1

8U)G WORKS MECH TRANSP MISC. BlDG WORKS MECH ; TRANSP COST WORTH ! COSTS i
! I 12.500 i I1992 14.000 14.000 1,5521

I

1
1.880 !1993 19,000

I
19.000 15.147 1

19M 20.000 20.000 14,2361 1,761'
I

1.815I1995 23,000 I 23.000 14.617 i
1996 24,000 I 24.000

13.
618

1 1,691 1

1997 40,670 636 I 41,306 20.927 =11998 4O.~ 1,060

!
41.503 18.774

1

1~ 40.142 707 40,849 16.498 2,048 1
I

2000 39,901 969 I 40,690 14.748

1

1,831 I
2001 39.777 1,342 I 41.120 13,239 1,644 1

2002 37.602 1.625 I 39,227 11.277, 1.4001
2003 31,694 2,332 I 34.026 8.734

1
1.084 i

2004 30,380 3.815 I 34,178 7,832\ gni
2005 27.025 2,755 I 29.780 8.094 7S6

2006 25,972 2,261 I 28.233 5.158 640

2007 25,153 2,751 I 27.904 4.552 565 1

2008 24.983 2,751 I 27.734 4,039 501 1

I
27.488 3,574 44412009 24.788 2,698

2010 24.794 2,645 27,439 3.186 396

2011 24.473 2,579 27,052 2,804 348

2012 25.126 2,568 27.692 2,563 318
2013 24.743 4.060 28,803 2,380 296
2014 24.626 4.047 28.672 2,118 263

2015 24.472 3.988 28.440 1.874 233

2018 24,398 3.M1 i 28,337 1.687
,

207
!

2017 24.423 3.M1
I

28,364 1.490 185
2018 24.415 3.134, I 27.549 1,292 160

2019 24,245 3.108 ! ! 27,352 1.145 142

2020 24,126 3055 ! I
;

~:I
1.018 126• I

I 900 1122021 23.954 3,0021
I

TOTAL 0 822,3081 65.787~ 0 0 0 0 0; 01 888.0731 227,9M 28,3041

II I I , ,
1 '
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Table D2.23
senario 2: Annual Cost of Improvements (OOO LE)

Main Irrigation System

CAPITAL COSTS INCREMENTALOMA COSTS I
YEAR CIVR. MACHINERY & EQUIP I CIVIL MACHINERY & EQUIP TOTAL PRESENT ANNUAL

BlDG WORKS MECH TRANSP MISC. BLDG WORKS MECH TRANSP COST WORTH COSTS
1992 875 17:500 3,063 219 219

31 I 21.875 19.531 2,425
1993 875 17.500 3.063 219 219 9 175 2 22,092 17.611 2,186
1994 7'.35 14.700 2,573 184 184 18 350 61 4 18.808 13.381 1.662
1995 $25 10.500 1.838 131 1'a' 25 497 87 6 13.740 8.732 1.084
1996 4l~ 9.800 1.715 123 123 30 602 105 8 12,995 7;J74 915
1997 1,938 38.750 6,781 484 484 35 700 123 9 49,304 24,979 3.101
1998 1.91. 38,750 6,781 484 484 54 1.088 190 14 49.783 22,519 2,796
1999 1,61m 32,550 5.696 407 407 74 1.475 258 18 -42,513 17.170 2,132
2000 1,1133 23,250 4,069 291 291 90 1,801 315 23 31,291 11,284 . 1.401
2001 1.011S 21,700 3,796 271 271 102 2,033 356 25 29.641 9,544 1.185
2002 2,61J8 53.750 9.406 672 672 113 2,250 394 28 69.972 20.115 2,497
2003 2,61J8 53.750 9.406 e>'7" 672 139 2,788 488 35 70.637 18.131 2,251v.,
2004 2,268 45.150 7.901 564 564 166 3,325 582 .c2 SO,S52 13.877 1.723
2005 I.SQ3 32,250 5,644 403 403 189 3.m 661 41 44.986 9,205 1.143
2006 1.50S 30.100 5,268 376 376 205 4.099 717 51 "2,698 7,801 968
2007 2,760 55,000 9.625 688 688 220 ....400 no 55 7....195 12,103 1.502
2008 2,71iO 55.000 9.625 688 688 248 4.950 866 62 74.876 10.905 1,354
2009 2:JtiO 46,200 8.085 578 578 27S 5.500 963 69 64.556 8,395 1.Q.42
2010 1,600 33.000 5.77S 413 413 298 5,962 1.0-43 7S 48,628 5.646 701
2011 1.5410 3O.at: 5,390 385 385 315 6,292 1.101 79 46,286 4.798 596
2012 2,700 55.000 9.625 688 688 330 6,600 1.155 83 76.918 7.119 884
2013 2,700 55.000 9.625 688 688 358 7.150 1,251 89 77,598 6.413 796
2014 2,310 46,200 8.085 578 578 385 7.700 1,348 96 67.279 ....964 616
2015 1,~~ 33.000 5.175 413 413 408 8.162 1.428 102 51,350 3,383 -420
2018 1,5(0 00,800 5,390 385 385 425 8.492 1,486 lOG 49.009 2,883 358
2017 2,7!O 55,000 9.625 688 68S 4..a 8.800 1.540 110 79,640 4.183 • 519
2018 2,7!O 55.000 9.625 688 688 468 9.350 1.636 117 80,321 3,767 4S8
2019 2:Jl0 .c6,200 8.085 578 578 ...95 9.900 1.733 124 70.001 2,931 364
2020 1.690 33,000 5.175 413 413 518 10,362 1.813 130 54.073 2.021 251
2021 1,540 30.800 5,390 385 385 535 10.692 1.871 134 51.731 l.m 214

TOTAL 55,000 1.100.000 192,500 13.750 13.750 6.964 139,270 24,372 1.741 I 1.547,341 302....98 37.5531
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Table 02.24
Scenario 2: Annual Cost of Improving Irrigation Methods

CAPiTAL COSTS INCREMENTAL O&M COSTS i
YeAR CIVR. MACHINERY & EQUIP CML MACHINERY & EQUIP TOTAL PRESENT" ANNUAL IBUX-i WORKS MECH TRANSP MISC. BLDG WORKS MECH ! TRANSP COST WORlH COSTS
1992 275 3050 1,050 50 575 I 5'0001 ",4&1 :!1993 275 3050 1,050 50 575 5,000 3,986 I
1994 275 3050 1,050 50 575 5.000

1

3,559 ~i1995 275 3050 1,050 50 515 5,000 3,178 394
1996 275 3050 1,050 50 575 5,000 2,837 3S21
1997 21 336 263

1
50 669 339 <421

1996 21 336 263 . 50 669 302 =\1999 50 21 336 263 50 719 290
2000 50 21 336 263 50 719 259 32'
2001 50 21 336 263 50 719 231 29'
2002 50 21 336 263 50 719 207 261
2003 50 21 336 263 50 719 184 231
2004 21 336 263 so 669 153 19 !

I
2005 21 336 263 50 669 137 17
2006 50 21 336 263 50 719 131 16
2001 1,050 50 21 336 263 50 1,769 289 36
2008 1,050 :.;0 21 336 263 50 1,169 258 32

I
2009 1,050 50 21 336 263 50 1,769 230 29 1
2010 1,050 50 21 336 263 50 1,769 205 25

12011 1,050 21 336 263 50 1,719 178 22
2012 21 336 263 50 669 ~ 8
2013 50 21 336 :1 50 119 59 7
~14 50 21 336 50 719 53 7
2015 50 21 336 50 719 47 :,2016 50 21 336 263 50 719 42
2011 50 21 336 263 50 719 38

=1
2018

EI
336 263 50 G69 3t

,

2019 336 263 50 669 28
2020 50 :\ 263 50 119 '0 3j
2021 50 21j 263 50 719 24 3:

!
I TOTAL 1,375 15,250 10,500 . 0 2,875 516 8,388 6,563 : 1,2S0 41,816 21,830 2,110 ;

) NOTE: THIS TABlE INClUDES THE ESTIMATED COST OF IMPROVEMe4TS TO THE MAIN IRRIGATION SYSTEM, ONLY.

\
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Table D2.25
Scenario 2: Annual Cost of Ground Water Wells for Irrigation (000 LEl

CAPITAL COSTS INCREMENTAl 0&'" COSTS I
YEAR CIVIl. MACHINERY & EQUIP I CIVIL MACHINERY & EQUIP TOTAL PRESENT I NRJAL

BlDG WORKS MECH I TRANSP MISC. BLDG I WORKS MECH TRANSP COST WORTH i COSTS
1992 208 5,292 2,500 0 0 8,000 7'1<431 887 1
1993 182 4,630 2,188 0 0 7,000 5,580 693 1

1994 39 992 469 0 0 1,500 1,068 . 133'
1995 39 992 469 0 0 1,500 9S3 118 1

1996 32 794 374 0 0
279

1
1,200 681 85

1997 8 300 0 587 297 37
1998 8 279 300 I 0 587 265 33;
1999 8 279 300 0 587 237 29 1

2000 8 279 300 0 587 211 , 261
2001 8 279 300 0 587 189 1

23'I
2002 8 279 300 0 587 169 .

~I2003 8 279 300 0 587 151 I
2004 8 279 300 0 587 134 17 1

2005 8 279 300 0 587 120 15
2006 8 279 300 0 587 107 13
2007 2,500 8 279 300 0 3,087 503 63
2008 2,188 8 279 300 0 2,775 404 50
2009 469 8 279 300 0 1,056 137 17
2010 469 8 279 300 0 1,056 123 15
2011 374 8 279 300 0 961 100 12
2012 8 279 300 0 587 54 7
2013 8 279 300 0 587 -48 6
2014 8 279 300 0 587 043 5
2015 8 279 300 0 587 39 5
2016 8 279 300 0 587 34 4
2017 8 279 300 0 587 31 4
2018 8 219 300 0 587 28 - :12019 8 279 300 0 587 2S
2020 8 279 300 0 587 22 3'
2021 8 279 300 01 587 20 21

TOTAL 500 12,700 12,000 I 0 0 188 . 6,975. 7,500 o! 39,863 18,916 2.348
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Table D2.26
Scenario 2: Annual Cost of Structural Replacement (000 LE)

Large Structures of the Main Irrigation System

CAPITAl COSTS INCREMENTAL OlM COSTS I--
YEAR CML ,,"CHINERY & EQUIP CIVIL MACHINERY & EQUIP TOTAL PRESENT ANNUAl.

BLDG WORKS MECH TRANSP MISC. BLDG WORKS MECH TRANSP COST WORTH COSTS
1992 0 0 0
1993 0 0 0,
1994 0 0

~I1995 0 0
1996 0 0

',4,~11997 19125 3375 22,500 11,399
1998 19125 3375 22,500 10,178 1,264
1999 19125 3375 22,500 9,087 1,128
2000 19125 3375 22,500 8,114 1,007
2001 19125 3375 22,500 7,244 899!
2002 25500 4500 30,000 8,624 i

1,071 1
2003 25500 EGO 30,000 7,700 95S1

I
2004 2S5OO 4500 30,000 6,875 854:
2005 25500 4500 30,000 6,139 :12006 25500 4500

I
30,000 5,481

2007 31875 5625 37,500 6,117 759
12008 31875 5625 37,500 5,462 678

2009 31875 5625 37,500 4,876 605
2010 31875 5625 37,500 4,354 541
2011 31875 562S 37,500 3,888 483
2012 31875 562S 37,500 3,471 431 '
2013 31875 562S 37,500 3,099 =12014 31875 5625 37,500 2.,701
2015 31875 562S 37,500 2.,471 :12016 31875 5S2S 37,500 2,206

267'2017 31875 9000 40,875 2.,147 ,
I

2018 31875 9000 <40,875 t,917 ::12019 31875 9000 «1,875 1,711
2020 31875 9000 .-0,875 1,528 190 i
2021 31875 9000 40,875 1,364 169 i

!

TOTAL 0 701,250 140,625 I 0 0 0 0 01 o· 841,875 128,219 ! 15,918 i
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Table D2.27
SCenario 2: Annual Cost of Rehabilitation & Replacement (000) LE.

Pump StatichlS

CAPITAl. COSTS INCREMENTAl O&M COSTS

IYEAR CIVft. J,tACHINERY & EQUIP CM. MACHINERY & EQUIP TOTAl. PRESENT ANNUAl.
BLOO WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORTH COSTS

I

j

1992 ~4 6,034 33,463 193 83 "2,197 37,QT6 4,677\
1993 8,'202 15,441 85,626 493 212 107,974 86,076 10,686!
1994 9,.413 2J,436 129,962 748 323 163,881 116,647 14,481li. 8,=871 17,107 94,870 546 235 119,630 76,OZ1 9,4381
1998 2,526 6,289 34,876 201 ~ 43,978 24,954 3,098:
1997 ~4 6,034 33,463 193 83 "2,197 21,378 2,654 1
1998 8,'202 15,441 85,626 493 212 107,974 48,842 6,063 1
1999 9,,413 23,436 129,962 941 323 164,074 662fi1 8ZZ11
2000 8,,171 17,107 94,870 1,039 235 120,123 .e3,317 5,378 1

2001 2,526 6,289 34,876 949 ~ 44,726 14,401 1,7881
2002 ~4 6,034 33,463 739 83 42,743 12,288 J

1,525 I
2003 8.'202 15,441 85,626 693 212 108,175 Zl,766 3,447

23,436 129,962 323 164,074
;

4,6682004 9,.413 941 37,601
2005 6..171 17,107 94,870 1,039 235 120,123 24,580 3,051
2006 2,526 6,289 34,876 1,141 ~ 44,919 8,206 1,019
2007 ~4 6,034 66,9%1 1,231 83 76,699 12,511 1 5S'3 !
2008 6,,'202 15,441 171,252 1,441 212 194,549 28,335 3:518 1
2009 9,,413 23,436 259,924 1,487 323 294,582 38.307 4,756,
2010 8P1 17,107 189,740 1,239 235 215,193 24,985 3,102
2011 2.52S 8,289 69,751 1,141 ~ 79,794 8,272 1,027
2012 2,.424 8,034 66,927 1,231 83 76,699 7,099 881
2013 8.'202 15,441 171,252 1,634 212 194,741 16,094 1,998
2014 9,413 23,436 259,924 1,979 323 295,074 21,773 2,703j
2015 8Jf11 17,107 189,740 1,987 235 215,941 14ZZ1 1,766 i
2018 2J526 6,289 69,751 1,~ ~ I 80,3.40 4,726 587

12017 2,.424 6,034 66,9%1 1,432 83 76,900 4,039 .. SOIl
2018 8..'202 15,441 . 171,252 1,634 212 '194,741 9,132 1,134 1
2019 0...,3 23,436 259,924 1,979 323 295,074 12,355 1,5341
2020 8)171 17,107 189,740 2,180 235 216,1:W 8,080 1,0031
2021 2,f)28 6,289 69,751 2,180 ~ I 8O,s:n 2,698 335 1I

TOTAl. 164,1318 409,842 3,409,173 ! 34,811 5,640 0 0 0; 0 4,024,082 858,659 106,597 :
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Table 02.28
Scenario 2: Annual Cost of Structural Replacement (000 LE)

Open Drainage System

CAPITAL COSTS INCREMENTAL O&M COSTS !
YEAR CMl MAcHINERY &EOUIP I CIVI. MACHINERY &EOUIP TOTAL PRESENT ANNUAL I

BlDG WORKS MECH TFWISP MISC. BLDG . WORKS MECH ITRANSP COST WORlH COSTS I
1992 17000 7000 , ! 24,000 21,429 2,660:
1993 17000 7000 24,000 19.133 2,375

1

1994 510 510 363 451
1995 510 510 324 ~I
1900 510 510 289 36!
1997 510 510 258 32 1
19S8 510 510 231 29'
1999 510 510 206 26 1

2000 19500 510 20.010 7,216 896 1

2001 19500 ;;10 20.010 6.443 800 1
2002 19500 510 20,010 5,752 714 i
2003 19500 510 20.010 5.136 638'
2004 26000 510 26.510 6.075 754
2005 26000 510 26.510 5.424 673
2006 28600 510 29.110 5,318 660
2007 29900 510 30.410 4.961 616l
2008 29900 510 30,410 4,429 550 1

2009 31200 510 31,710 4,124 512
12010 32SOO 510 33,010 3.333 476.

2011 32SOlJ 510 33.010 3.422 ::12012 32500 510 33,010 3,055
~13 32500 510 33.010 2,728 339'I
2014 32500 510 33,010 2,-436 :12015 31200 510

I
31.710 2,089

2016 29900

I
510

I
30.410 1.789 222!

2017 28600 510 29,110 1.529 190 ~

2018 26000 510 I 26.510 1,243 154 1

2019 22100 510 I 22,610 947 118
12020 19500 510

I
20.010 748 93

1
2021 19500 510 1 20.010 668 83:

I I

TOTH. 0 622,900 0 0 14,000 i 0 14,280 0: 0 651.180 121.597: 15,091) i
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Table D2.29
Scenario 2: Annual Cost of R~}useof Drainage Water (000 lE)

I CAPITAL COST$ INCREMENTAL O&M COSTS IYEAR CIVL MACHINERY & EQUIP CIVIL I MACHINERY & ";l)IJIP TOTAl. PRESENT NNJN.. IBLlOG WORKS MECH TRANSP MISC. BlDG WORKS MECH TP.Ai~'3P COSf WORTH COSTS
1992 0 '1,005 1,307 47 0 0 I) 01 0 2,359 2,106 :11993 0 ~.005 1.307 47 0 0 0 01 0 2,359 1,881
'994 0 1,005 1,307 47

~l
0 0 0' 0 2,359 1,619 208'

1995 0 1,005 1,307 :':'7 0 0 0 0 2,359 1,499 iSS 1
1996 0 ~ 310 1-: 0 0 0 0 0 560 318 ' 39 1
1997 0 1,~ 1,307 ~7 0 0 94 'ZT7 .co 2,nD

".cosl
174

1
1998 0 1,005 1,307 47 0 0 94 zn .co 2,nD 1,253 156
1999 0 1,005 1,307 94 0 0 94 znl .co 2,817 1,1~ 141.
2000 0 1,005 1~'47 94 0 0' 94 zn .co 2,817 1,016 126

1
2001 0 239 310 58 0 0 94 zn ~ 1,018 328 41
2002 0 1,005 1.307 94 C 0 187 554 80 3ZO 9a 115'I2003 0 1,005 1,307 58 0 0 187 554 80 3,191 819 102;
2004 0 1,005 1,307 94 0 0 187 554 80 32Z1 740 92 i
2005 0 1,005 1,307 94 0 0 ~87 554 8C 3ZO G60 82
2006 0 z,g 310 105 0 0 187 554 80 1,475 270 33
2007 0 1,005 2,614 141 0 0 281 831 120 4,992 814 101
2008 0 1,005 2,614 105 0 0 281 831 120 4,95a 722 90
2009 0 1,005 2,614 141 0 0 281 831 120 4,992 649 81
2010 0 1,005 2,614 105 0 0 281 831 120 4.956 S7S 71
2011 0 239 620 105 0 0 281 831 120 2,196 228 2S
2012 fJ 1,005 2,614 141 0 0 375 1,108 160 5,403 500 62
2013 0 1,005 2,614 152 0 0 375 1,108 160 5,414 447 55
2014 0 1,005 2.614 188 0 0 3iS 1,108 160 5.~ .co:! 50
2015 0 1,005 2,614 152 0 0 375 1,108 160 5.414 357 44
2016 0 239 620 152 0 0 375 1,t08 160 2,654 156 19
2017 0 1,005 2,614 152 0 0 .c69 1,385 200 5,825 306 38
2018 0 1,005 2,614 152 0 0 469 1,385 200 5,825 273

,
34·

2019 0 1,005 2,614 188 0 0 469 1,385 200 5,861 245 30
2020 0 1,005 2,614 199 0 0 469 1,385 200 5,872 219 Z7
2021 0 239 620 199 0 0 4S9 1,385 200 3,112 104 13 !

TOTAl. 0 25.554 49.842 3,256 oj 0 7.029 2JJ.ns i 3.000 109,~.:m 22,035 2,736!

, ,. I! I I III . I I I' ,'. I r "II Illr I 11 r I I'
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Table D2.3O
Scenario 2: Annual Cost of River Weed Control (000 LE)

, " I. I JI I II '" ~

~
.J:;-

~

a
~

CAPITAL COSTS O&MCOSTS i
YEAR CIVIL MACHINERY & EQUIP WEED MACHINERY & EQUIP TOTAL PJ.~~ENT ANNUAL

BLDG WORKS MECH TRANSP MISC. BLDG CONTROL MECH i TRANSP I COST WORTH COSTS
1992 3.323 I 3,323 2,907 36Cl
1993 4.103 I

".103 3,271 <C06I1904 4,882 I 4.882 3.475 431 :
1005 5.661 i 5,661 3.593 447'I
1996 6,440 6.440 3.654 ~:

1997 6,440 i 8.440 3,263 ~!
1999 6.440 I 6.440 2,913 3621
1999 6.440 I 6.Wl 2,60~ 323!
2000 6.440 6,440 2,322 288!
2001 6.440 , 6,440 2,074 2571
2002 t 6.440 8.440 1.851 230

1
2003 6.440 6.«0 1.653 2051
2004 0.440 6.440 i,.~7S 183 !I
2005 6,4CO 6,440 !,318 , 1641
2006 6.440 6,440 1.1771 1.c6 :
2007 6.440 6.440 1.051 1 130 I
2008 6,440 6.440 93$, 116

1
2009 6.440 6.440 83$1 104
2010 ! 6,440 6.440 7~ 93 1
2011 6.440 6.440 668 :12012 6,440 6.440 596
2013 6,440 6.440 532 661
2014 6.440 6,4<40 475 59!

I
2015 6.440 6,.c.40 424 :j2018 6,440 6.440 379
2011 6.440 I 6.440 338 42,
2O~Q 6.440

I e.4<CO 302 'Sr'
i

,

33'2019 6.440
I 6.~ 270

~I2l)2O 6.440

I
8,440 241

27 1~1 6,.c.40 6,440 ~15
I

TOTAL 0 0 0 0 0 0 185,419 o· 0 195.419 45.627 5,664 !

l" "II " .,
• I I" .', r I I I • II' II
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Table 02.31
Scenario 2: Annual Cost of O&M (000 LE)

Main Irrigation System· All Regions

CAPITAL COSTS O&MCOSTS

IYEAR CIVL MAcHfoJERY & EQUIP AU. MACHrNERY & EQUIP TOTAL PRESENT ANNUAL
BlDG WORKS MECH TRANSP MISC. BLDG WORKS MECH- TRANSP COST WORTH COSTS i

1992 134.406 134.406 120.006 14.8981
1003 140,158 UO,158 111,733 I

13.871 I
1994 152,344 152.344 108,435 13.462
1995 _ 177.404 177,404 112,743 13,996
1996 190.689 190.689 108.202 13.433
1991 195,330 195,330 98.960 12,285
1998 196.952 196,952 89,091 11.060
1999 197.580 197,580 79,799

9,
907

12000 197.849 197.849 71,3.c6 8.857
2001 198,130 198.130 63,793 7.919
2002 198,130 198.130 56,958 7.071
2003 198.130 198,130 50,855 6,313
2004 198,130 198,130 45.406 5.637
2005 198,130 198,130 40.541 5.033
2006 198,130 198,130 36,198 4,494

12007 198,130 198,130 32,319 4.012
2008 198,130 198.130 28,857 3,582
2009 198,130 198,130 25,765 3,199
2010 198,130 198,130 23,004 2,856
2011 198,130 198,130 2i),~ 2,550
2012 198,130 198,130 18,339 2ZT7
2013 198,130 198,130 16,374 2,033
2014 198,130 198,130 14,620 1.815
2015 198,130 198,130 1:!,053 1.620
2018 198,130 198.130 11,655 1,447
2017 198,130 198,130 10,406 1,292
2018 198,130 198,130 9,291 1,153
2019 198,130 198,130 8,296 1,030
2020

I
198,130 I 198,130 7,407 920

2021 198,130 i 198,130 6.613 821

TOTAL 0 01 0 o! o! 0 5.743.444 0 0; 5.143....... , 1,440.604 1 178,a.c2
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Table 02.32
Scenario 2: Annual Cost of O&M (000 LE)

Open Drainage System· All Regions

O&MCOSTS

I TOTAL I c I 0 I o! 0 I 0 I ...!-I 3,036,1591 o! 0 I 3.036.1591 582,542

o
.~

~

:i:-

YEAR

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

. 2002

2C03
2004
2005

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2018
2020
2021

BlCG
CIVIL

WORKS

CAPITAL COSTS

MACHINERY & EQUIP

MECH I TRANSP MISC. BlDG
AU. I MACHINERY & EQUIP

WORKS MECH I TRANSP
8,663

13,737
21,855
37,463
56,:19
78,469
93,999

107,281
117,058
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,12.C
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120

TOTAL

COST

8,663
13,737
21,855
37,463
56,119
78,469
93,999

107,281
117,058
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119,120
119.120
119,120
119,120
119,120

PRESENT

WORTH

7,735 1
10,951.

15,556 'I
23,809

31,843 1

39,7551

42,520 I
43,329
42,212.

38,353 1

34.2"130,575
Zl,299
24,374
21,7f;3
19,431 I
17,349 1

15,490 I
13,831
12,3491

I
11,026 1

9,844 1
8,790

17,848;

7,007 1

6,2561
5.586 1
4987!, I

4,453)
3,976.

!

I

ANNUAL !
COSTS i

9601
1,360 I
1,931,
2,956 1

3,953
4,935
5,279
5,379 ;

5,240 I
4,761 i
:~I
3,3891
3,026
2,702
2,412

2,
154

11,923

1,717 1

1.5331
1,369

1,222
1,091

974
870 '

- 777
693
619

:1
72,319 !
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Table 02.33
Scenario 2: Annual Cost of O&M (000) L.E.

Directorate's Workshops & Tools

I CAPfTAL COSTS INCREMENTAL O&M COSTS
YEAR CIVL MACHINERY & EQUIP CIVI. MACHINERY & EQUIP TOTAL PRESENT ANNUAL

11.1)(3 WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORTH COSTS
1992 1200 1,770 2,970 2,652 329
1993 1200 1,770 18 35 3,024 2,410 299
1994 1200 1,770 36 71 3,077 2,190 m
1995 1200 1,770 54 106 3,130 1,989 247
1996 1200 1,770 72 142 3,184 1,81J7 224
1997 62) 90 180 890 451 56
1998 62) 90 180 890 ~ 50
1999 62) 90 180 890 359 45
2000 62) - 90 180 890 321

=,2001 62) 90 180 890 286
2002 62) 90 180 890 2S6 32,
2003 620 90 180 890 228 28
20CM 62) 90 180 890 204 25
200S 62) 90 180 890 182 23
2006 62) 90 180 890 163 20
2007 62) 90 180 890 145

18\2008 620 90 180 890 130 16
2009 62) 90 180 890 116 14
2010 62) 90 180 890 103 13
2011 62) 90 180 890 92 11
2012 620 90 180 89IJ 82 10
2013 62G 90 180 890 74 9
2014 620 90 180 890 66 8
2Q15 620 90 180 890 59 7
2018 620 90 180 I 890 52 6
2017 620 90 180 I 890 47 .. 61
2018 62) 90 180 I 890 oi2 5
2019 620 90 180 I 890 37 5
2020 620 90 180 I 89: . 33 4
2021 620 90 180 ! 890 30 4

I

TOTAL B,OOO 0 24,340 0 0 2,430 0 4,855 0 37,625 15.008 1.863

1'-
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Table D2.34
Scenario 2: Annual Cost of O&M (000 LE)

High Aswan Dam Group - Non-Personnel Costs

CAPITAL COSTS NON PERSONNa COSTS
YEAR CIVL MAcHINERY & EQUIP ~IGH "'SWAN DAM COMPlEX OTHER TOTAl. PRESENT MNUAL

BlJ)(4 WORKS MECH TRANSP MISC. BlDG eM. MECH WORKS COST WORTH COSTS

I 1992 1,594 532 13,540 15,665 13,987 1.736 1
1993 1,600 534 13,540 15,674 12,495

1.
551

1!~A 1,664 555 13,540 15,759 11,217 1,393
1995 1.962 655 13.540 16.157 10,268 1,275
1996 2,883 962 13,540 17,384 9,864 1,225
1997 4.944 1,649 13.540 20.132 10,199 1,266
1998 8,329 2,777 13,540 24,646 11.149 1,384
1999 12,405 4.136 13.540 30.081 12,149 1,508
2000 16.128 5,377 13,540 35.044 12,637 1.569
2001 18.909 6,30.4 13.540 38,752 12,477 1,549
2002 20,758 6,920 13.540 41,217 11.849 1.471
2003 21,923 7,308 13.540 <42.771 10,978 1,363
2004 22,647 7,550 13,540 .013.736 10.023 1,244
2005 23.100 7,701 13.540 ....~ 9.073 1.126
2006 23.388 7.797 13.540 .....725 8.171 1,014
2007 23.575 7.859 13,540 44.974 7,336 911
2008 23.699 7.900 13.540 45.1:39 6,574 816
~1Il9 23,782 7,928 13.540 45,250 5.884 730
2010 23.840 7.950 13.540 45,330 5,263 653
2011 24,000 8.000 13.540 45.540 4,721 586
2012 24.000 8.000 13.540 45.5<40 4,215 523
2013 24.000 8,000 13.540 ~.540 3.764 ~

2014 24,000 8.000 13.540 45.540 3,360 417
2015 24.000 8.000 13.540 45.5010 3.000 372
2016 24.000 8.000 13.540 45.5040 2,679 333
2017 I 24.000 8.000 13,540 45.5040 2,392

,
297

2018 I 24,000 8.000 13.540 45.5040 2,136 265
2019

I
24.000 8,000 13,540 45.540 1.907 237

2020 24.000 8.000 13.540 45.540 1.702 211
12021 24.000 8.000 13.540 45,5«> 1.52D 199 '

i I
TOTAL 0 0 o~ 0 0: 0 541.130 180.392i .co6,191 1.121.713 222.990 , 21.683
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Table D2.35
Scenario 2: Annual Cost of Maintenance (000 LEl

Barrages & Main Stem Group (Non-Personnel Costs)

CAPITAL COSTS NON PERSONNa COSTS I
YEAR ClYIi. MACHINERY A. EQUIP CIV1L MACHINERY & EQUIP TOTAL PRESENT NftJAl. IBlDGI WORKS MECH TRANSP MISC. BLDG WORKS MECH TRANSP COST WORlH COSTS
1992 581 939 1,s;ao 1;357 168

1
1993 668 1,080 1.748 1;393 173

11994 769 1,242 2,010 1.431 178
1995 884 1,428 2,312 1.469 182
1996 1.043 1.685 2,728 1,548 192
1997 1,656 2,676 4,332 2,195 272
1998 2,637 4,259 6.896 3.119 387

11999 2,900 4,685 7.585 3.064 S80.
2000 3,190 5.154 8,344 3.009 374
2001 3,509 5.669 9.178 2,955 367
2002 4,247 6,861 11.108 3.193 396
2003 5,877 9.493 15,370 3.945 490
2004 7.718 12,467 20.185 4.626 574
2005 9,279 14,990 24,259 4.966 616
2006 10.159 16.410 26,569 4,854 603
2007 10.713 17,305 28,018 4.570 501
2008 11.057 17.862 28.919 4,212 523
2009 11,273 18,210 29.483 3.834 476
2010 11.410 18,431 29,841 3.465 430
2011 11.499 18.575 30.074 a.118 387
2012 11,558 18,670 30,228 2,798 347
2013 11,597 18.734 30,332 2,S07 311
2014 11.625 18.779 30,403 2,243 279
2015 11.700 18.900 30.600 2,016 250
2016 11.700 18,900 30,600 1.800 223,
2017 11.700 18.900 30.600 1.607 '200 I
2018 11.700 18,900 30,600 1,435 178 ,
2019 11.700 18,900 30.600 1,281 159 !
2020 11.700 18,900 30.600 1.144 1~

2021 11.700 18.900 ! 30,600 1.021 127
1

TOTAL 0 0 0 01 0 0 '2Zl,749 367,903 . 0: 595.652 80.176 . 9.953 ~

, II' II II 'I I I 'I" II I
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Table D2.36
Scenario 2: Annual Cost of Maintenance (000 LE)

Esna Barrage Non Personnel Costs

CAPITAL COSTS INCREMENTAL O&M COSTS I

MACHINERY & EQUIP MACHINERY & EQUIP
IYEAR CIVL CIVIl. TOTAL PRESENT ANNUAL !

BlDG WORKS MECH TRANSP MISC. BlDG WORKS MECH TRANSP COST WORTH COSTS
1992 260 340 600 536 671
1993 260 340 600 478 59
1994 260 340 600 4Z1 53
1995 290 363 653 41JI 52
1996 291 549/ 840 4Tl :,1997 318 1,016 1,334 676
1998 547 1,422 1,969 891 111 I
1999 40 1,120 1,610 2,770 1,119 139

12000 40 1,620 1,684 3,343 1,206 150
2001 40 1,851 1,714 3,604 1,160 144 !
2002 4(J 1,941 1,7Zl 3,708 1,066 132 1
2003 40 1,919 1,740 3,758 964 120
2004 40 1,994 1,740 3,773 865 107
2005 40 2,010 1,740 3,790 776 96
2006 40 2,010 1,740 3,790 692 96
2007 40 2,010 1,740 3,790 618 77
2008 40 2,010 1,740 3,790 552 :12009 40 2,010 1,740 3,790 49:3
2010 40 2,010 1,740 3,790 440 55'
2011 40 2,010 1,740 3.790 3!n 49
2012 ~ 2,010 1,740 3,790 351 44
2013 40 2,010 1,740 3,790 313 39
2014 40 2,010 1,740 3,790 2SO 35
2015 40 2,010 1,740 3,790 2SO :12016 40 2,010 1,740 3,79/J 223
2017 40 2,010 1,740 3,790 199 ~ 25,
2018 40 2,010 1,7<40 3,790 178 22 1

2019 40 2,010 1,740 3,790 159 20 1
2020 40 2,010 1,7<40 I 3.790 1<12 18 I
2021 40 2,010 1,740j 3,790 127 1s1

TOTAL 0 0 0 0 0: 914' 46,905 44,164 : 01 91,983 . 16.463 2,0441
NOTE: nfIS TABlE exa.UDES THE COST OF POWER PlANT O&M.
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Table 02.37
Scenario 2: Annual Cost of O&h'I (000 LE)

Pump Stations' Non Personnel Costs

CAPITAL COSTS NON PERSONNa COSTS

IYEAR CIVIL MACHINERY & EQUIP
i

MISC. MECH TOTAL PRESENT ANNUALi
BLDG WORKS !'.tECH TRANSP MISC. aEC WORKS WORKS OTHER COST WORTH COSTS

1992 66,705 7,404 15,308
5,

136
1 94'

552
1

84,421 10,480I
1993 66,705 7,404 15,308 5,136 9i,552 75,376 9,357,
1994 66,705 7,404 15,308 5,136 94,552 01,300 8,355
1995 66,705 7,404 15,308 5,136 94,552 60,089 7,460
1996 66,705 7,404 15,306 5,136 94,552 53,651 6,660
1997 59,234 7,404 10,513 5,136 82,286 41,688 5,175
1998 59,234 7,404 10,513 5,136 82,286 ~,222 4,621
1999 59,234 7.404 10,513 5,136 82,286 33~ 4,126 l
2000 59,234 7,404 10,513 5,136 82,286 29,673 3,684
2001 59,234 7,404 10,513 5,136 82,286 26,494 3,289
2002 ~1,763 7,404 5,718 5,136 70,020 20,129 2,,499
2003 51,763 7,404 5,718 5,136 70,020 17:412 2,,231
2Oo.t 51,763 7,404 5,718 5,136 70,020 16,047 1,992
2005 51,763 7,404 5,718 5,136 70,020 14,327 1,779
2006 51,763 7,404 5,718 5,136 70,020 12,,792 1,588
2007 45,359 7,~ 1,607 5,136 59,506 9,707 1,205
2008 45,359 7,404 1,607 5,136 59,506 8,601 1,076
2009 45,359 7,404 1,607 5,136 59,506 7,738 961
2010 45,359 7,404 1,607 5,136 59,506 6,909 8S8
2011 45,359 7,404 1,607 5,136 59,506 6,169 766
2012 45,359 7,404 1,607 5,136 59,506 5,508 684
2013 45,359 7,404 1,607 5,136 59,506 4,918 611
2014 45,359 7,404 1,607 5,135 59,506 4,391 545
2015 45,359 7,404 1,607 5,136 59,506 3,920 ~

2016 45,359 7,404 1,607 5,136 59,506 3,500 435
2017 45,359 7,404 1,607 5,136 59,506 3,125 - 388
2018 45,359 7,404 1,607 5,136 59,506 2,,790 346
2019 45,359 7,404 1,607 5,136 59,506 2,,491 309
2020 45,359 7,404 1,607 5,136 59,506 1 2,22S 276
2021 45,359 7,404 1,607 5,136 59,506 i 1,986 247

I
TOTAL 0 o· 01 0, 0; 1,568,890 222,110 181,802 154,068 ! 2,,126,870 ; 664.461 ! 82,489
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APPENDIX E

-
PROCEDURES FOR ESTIMATING REGIONAL COSTS AND

BENEFITS

~enefjls

Bd

The following is a brief description of the procedures followed In developing costs and benellts at
the regional level

E.1 Representative Dlrectoratel, 0

!JIDn
Total for directorate

Navigable canals in directorate

*Total
* Agriculture
* Navigation
* Water Supply

All other canals In directorate
*Total
* Agriculture
* Water Supply

Co
Coa
Cos

Bda + Bds = Bd - Bin
Bda
Bds

Bds 
Cia·
C'n
Cis
Co -

Estimates and calculations
Cd - total 0 & M costs for thfJ director~rte estimated from field data = C, + Co
C, - total 0 & M for the navigable canals within the directorate estimated from available

field data1. .

Bda - estimated net benefits from all agriculture within the directorate. As Indicated by
Table (4.1), benefits from agriculture are estimated as net primary returns, to the
land and water as a single production unit2• A detailed description of the manner
in which these benefits are estimated in thl~ study Is given by Appendix F.
estimated navigation benlt.lts from available data and comparison with the neXt
most feasible transportation alternative (e.g. raiQ.
estimated water supply blmaflts to village and Industries within the dlrectorate3.
allocated Joint O&M costs for the navigable canals within the directorate obtained
by partitioning C,

total Joint O&M costs for all other (non-navigable) canals within the directorate =
Cd - C,.

Coa - allocated joint O&M costs for all non·navigable canals within the directorate obtained
COs bY partitioning Co
Cda, Cdn. Cds • total directorate O&M costs far agriculture, navigation, and water

supply. respectively. .
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Cda == Cia + Coa
Cdn == Cln
Cds == Cis + COs

II II II
Cd = CI + Co

Cost ratios for navigable canals case:
CdalCd, CdnlCd, Cds/Cd
cost ratios for non-navigable canals case, Co == Cd
CoalCo, COs/Co
Notes .

1. ( L, )
C,· P'(PoLo+P,L,) Cd

in which,

CI and Cd are as defined $OVe.
PI == average wetted perimeter for the navigable canals within the directorate.

• f.Pul,
'_I L,

In which,

Pn = wetted perimeter '!)f navigable canal section of order i and length I.
II = total length of navigable canals within the directorate.

n = highest order of navigable canals within the directorate.

•

Po =

poe

average wetted perimeter for all non-navigable canals within the directorate

=

2.

3.

in which,

Pol = wetted perimeter of non-navigable canal section of order j

4 = length of the canal section of order j.
La = total length of all non-navigable canals within the directorate

n = highest .order of navigable canals within the directorate
m = highest order can~1 section within thg directorate

Agricultural benefits are taken as net primary returns taking land and water as a single,
non-separable production unit, AppendiX F. OM&R costs for canalis are allocated between
the users of the canals. However, the R portion refers mainly to replacement costs for control
and turn-out structures which are needed for Irrigation. 'thUS, Increased equitY would be
achieved if these costs could be identified and assigned as specific costs to agrlculture. At
the present stage of the analysis this separation Is not possible

Individual residences, villages, and Industries which are not nsar thl2 Nile River channel draw
water supplies either directly from the canals or pump from the shailow groundwater aquifer
beneath the agricultural lands (see Table 4.1,note 4). Since the grounCiwater aquifsrs are
largely recharged by both canal seepage losses and from deep percolation from the Irrigated
fielCis, It is considered that all sources of water supply (excert the Nile River as a direct
source), whether surface or subsurface, results !rom the cana system, and thus the users
are beneficiaries. Benefits are derived from estimates of the incremental costs of the next
mostfeas!ble w8tersupply systems above the costs.of the present systems.. f" the case of
this study, the next most feasible source of supply Is assumed to be pumping from the deep
aqUifer underlying the Irrigated lands. Apparently, this aqUifer Is recharged from the Nile River
and Is separatecffrom the shallow aquifer by a clay layer of low permeability.
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E.2 Region, R
E.2.1 Clnlls

1!mn
Total for directorate

Navigable canals within the region:
* Total
* Agriculture
* Navigation
* WaterSupply

All other canals within the region
*Total
It Agriculture
* Water Supply

Crl
Crla
Crln
Crls

Cro
Croa
Cros

Benefits \
Br

Brl
Bra
Brlo.
Brs

Bra + Brs I:': Br - Brln
Bra
ers

Bra 
Brln -

Brg 
Crla 
Crln
Crls

---tI

=

E.2.2 Pumps
1. Pumps- All OM&R C05ts for the pumps, Including those within the Irrigated areas, are lumped

together Into a single figure. If costs could be associated with particular facilities, costs could
be allocated on tlie basis of benefits provided to agrlcultlJre, water supply, and navigation
by each Installation. However, until these data are available, these costs YIIII be allocated
on the basis of the system wide banefits to water supply and irrigation as estimated above.
As previously stated, It is assumed that the pumps provld9 no benefits to navigation.
For the purpose of this analysis the system·wlde pumping costs (OM&R) will be divided
among the five selected regions on the basis of Irrigated area in each region. Thus,

( Arc)
C prl" ATe f'T

In which.
Cpri = OM&R pumping costs for region I.
Arj = area of Irrigated agriculture In region I
AT = area of Irrigated agrlculturo within the total system.
CPT = total system-wide OM&R costs for pumping.
Carl will be allocated to agriculture and water supply in each region on the basis of the
regional agricUlture benefits, Bra. and water supplY benefits, Bra.

Estimates and calculations
Cr • total O&M costs for the region estimated from field data1

Crl - total O&M for the navigable canals within the region estimated from available
field data2. -
estimated net benefits from all agriculture within the reglon3.
estimated navigation benellts from available data on navigable canals within the
region4.
estimated water supply benefits to village and industries within the regionS.
allocated joint O&M costs for the navigable canals within the region obtained by
partitioning 0rl using Bra. Brln• and Brs.
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total Joint O&M costs for all non-navigable canals within the region • Or • Orl.
allocated Joint O&M costs for all non-navigable canals within the region obtained
by partitioning ero using Bra and Brs.
• total O&M r.osts for the region for agriculture, navigation, and water supply,
respectively.

2.

3.

5.

Cro •

Croa •
Oros
Ora.
°Rn.
Ors

era =Olra + Oroa
CRn == Crln
Ors = Crls + Cros

II /I II
Cr = 0rl + Oro

~

1. The total O&M costs for the region are estimated from field data. The OM&R costs for all
pumps within a region, Including those for pumps on the Nile River (if any), enter Into these
costs. OM&R costs for pumps, together with O&M costs for non-navigable canals, are
allocated between agriculture and water supply. Apparently, there Is only one canal In the
entire system which 1s supplied by pumps and which Is used for navigation.

The total O&M costs for nalflgable canals within the region are assumed to be proportional
to those of the representative directorate. Thus.

Cr ,'" (~~)c.
In which 01 and Cd are the O&M costs for the navigable canals within the directorate and
the total directorate costs. respectively, and Or represents the to!al O&M costs for the region.

ara Is taken as being proportional to the Irrigated area within the region. Thus,

Bra - ( ~ : ) B do

in Which Ar and Ad are the irrigated areas in the region and representative directorate,
respectively, and ada is the estimated net benefit to agriculture In the directorate.

Bri Is taken as being directly proportional to the length of navigable canal In the directorate,
ldl. and the region, trl. Thus. '

(L.,)
Brln ... L

dl
B'n

B,s Is taken as being proportional to the human population of the region, Pr, and of the
directorate. Pd. Thus,

8,.. (::)B d •

All costs and benefits for specific uses as defined above are summed across the five regions of
the Nile River system identified for this stUdy.

4.
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=
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APPENDIX F

ESTIMATION OF USER BENEFrrS
AND SINGLE PURPOSE ALTERNATIVE: COSTS

F.1 Input for the High Aswan Dam
This Appendix includes examples of user benefits and single purposie alternative cost estimation.
The procedure for these estimations are identified in chapter 3 Table,s 3.1 and 3.2.

Tabla F.1 The High Aswan Dam

HAD BENEFITS
HYDROPOWER (An. mil LE): (1) 5625
GROUND TRANSP (Cap and O&M (mil LE»: (2) 35 0.18
FISHERY (An. mil LE): (3) 60
FLOOD CONTROL (% of total benefits): (4) 4

SINGLE PURPOSE ALTERNATIVES
AG, NAV, POWER, FISH (% of OM&R): (5) 74
RURAL WATER SUPPLY (Cap and O&M mil LE): (6) - -
GROUND TRANSP (Cap and O&M (mil LE»: (7) 35 0.18
FLOOD CONTROL (% of OM&R): (8) 44
COMMON WORKS REPLACEMENT (mil LE): (9) 5600

SEPARABLE COSTS
AGRICULTURE (% of O&M): 0
POWER (% of O&M): 0
FLOOD (% of O&M): 26

ANNUAL COMMON WORKS O&M (mil LE): 48.4

Notes for Table F.1

(1) Hydropower benefit =Cost savings over thermal energy =
generated power (thermal·hydro) cost
tllermal power cost = 0.568 LElKwh (1991)
hydropwer cost =0.004 LE/Kwh
Total energy generated at the HAD and old Aswan Plants - 9974 million Kwh
Source: Egyptian Electricity Authority (1990).

(2) Benefit =cost of bridge at dam site. 35 million LE
O&M =0.5% of capital cost
Source: Ministry ofTransport ('1991)

(3) ~:~':'~ jrcir;7::~1.i=Q~~~~~;~~ i~~!sh tt.a."!est
harvest from Nile Rlvsr Main Stem =12.5)( 103 tons
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(4)

(5)

total harvest =30 x 103 tons
net market value = 2000 LE/lon
Total value == 60 million lE

I

Source: Academy of Science &Technology,Report on Fishery (1991 )

Benefit::: 4% of tolal benefit of HAD
Source: Abul Ana (1978), updated.

% OM&A for Ag., NAv., Power, Fish. = Litle! Storage" De!ad Storage! x 100 _ (90 ... 30~ _ 74
Tota I storage! 162

(6)

(3)

(7}

(9)

(10)

Cost is assumed to exceed the summation of the regional benefits
Cost of. a bridge at Aswan .... 35 million LE
~M =Q~

% OM&A for Flood Control = VIOOd·:;:I:~:;O~::~;'Oral1.). (4~;:O) xl 00 • 44

Cost of HAD (main body only) In 1970 = 120 million LE
Assume a 12% inflation rate over 22 years.
Cost = 1450 million LE
Assume 1/2 the cost In LE. The exchange rate has changed from U: = $2 to LE = $0.30
in December 1991. '
MUltiply 1;2 the cost by (::~~) = 4840 x million LE
Total estimated cost in December 1991 prices
= (726 + 4840) 106 = 5566 million LE
Use cost = 5600 million LE

% of O&M = 42/162 x 100 = 26

F.2lnput for the Mal" Stem Barrages

~. Table F.2 Main Stem of the Nile

1

1.1

36
300
220
920

BENEFITS
NAVIGATION (An. millE): (1)
HYDROPOWER· ESNA (An.mil LE): (2)
GROUND TRANSP (Cap and OScM (mil LE»: (3)
RECREATION &TOURISM (An. mil LE): (4)

SINGLE PURPOSE ALTERNATIVES

L G. TAANSP (Cap and O&M (mil LE»: 220
Common Work Replacement (mil LE): (5) 3ena

1!==========================:=>.Il====.=,..,=============!I

-
-~

Notes for Table F.2 :

(1) Navigation Benefit = Cost saving over shipping by rail
Traffic flow = 2391 million ton KmlYear
Cost by rail = 0.04 LE/ton·Km
Cost by river = 0.025 LE!ton·Km
Sources:
• EayPtf\J~tional Transpor:t f"'lb1n Rep.0lt (1981)
• ~etual SituatiOn 'oj fmandV,atar Tr::ns,.nort (1988!. updaterl through Personal
communication
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(2)

(3)

(4)

(5)

Energy generated Al ESIl& :::: 530 million Kwh
Benefit (soe note 1 sec. F. 1)
Beno.it =Total Cost o' bridges at the existing barrages

=' 105 million LE (Esna, Nag-Hammadi, and Assult)
+ 75 million LE (Delta barrages, Faraskour barrage)
... 40 )( million L1: (Zifta and Ed.ina barrages) :::: 220 million LE

O&M = .5%
Source:Minlstry of Transport (Personal Communication)

No. of Floating Hotels :::: 157
Average number of cabins (double room) = 55
95% occupancy (Nov.-Feb.)
75% occupancy March,Aprll- Sept.,Oct.
rate per cabin :::: 400 LE/day
operation, maintenance and service costs = 35% of total Revenue
Source: Tourism Autority and River Transport (Personal Communication)

The estimated replacement ceSst for main stem barrages except Esna barrage (Scenario 2)
Is 3600 mllllonion LE.

Cource: MPWWRn Dams 2nd Main Barrages Sector (personal communication)

j

F.3 Input for Old Land Region

Table F.3 Input for Old Region

WETIED PERIMETER OF CANALS (meters): (1) --
PERCENT OF CANALS NAVIGABLE (%): (2) .-

BENEFITS
AGRICULTURE (An. mit LE): (see sec F.5)
RURAL WATER SUPPLY (Cap and O&M (mit LE»: (3) 0.58 0.029
NAVIGATION (An. mit LE): (4) 1.43

SINGLE PURf'OSE ALTERNATIVES
CANAL REPLACEMENT (mil LE): (5) 571
RURAL WATER SUPPLY (An. OM&R mil LE): (6) --

COSTS
CANAL O&M (An. mit LE): 33.7
SYSTEM PUMPS OM&R (An. 0111 LE): 2U.!

I

Notes to Table F.3

(1) Wetted Perimeter :::: average wetted perimeter of the canals In the represfmtatlve
directorate.

(2)

(3)

Percent of canel navigable =
(

Nalll(1abl.eanaIUJ.u.d p.rlna.ttr) :J(Nalll(1abllCanall.n(1th~»)IOO.(~J(2!.-)IOO.3.9(For MlclclltE ypt)
(Totalllleltldptr/mltlr) (Totaleanatlon(1th.) 11.8 113'i.2 (1

Kana (Uprer EgyptLhas been taken as representatlvQ dlrectorat6
Ruml water supply requirement from the Irrigation system c 1.5 0111. rn3/year
The Kena Directorate benefit Is the cosi of pumping estimated at 0.174 0111 LE/year + 5%
O&M
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(4)

(5)

(6)

Population of Kena Directorate Is 2.30 million
population of Upper Egypt Is 7.70 million
Therefore, the region benefit = 0.174 x 7.7/2.31= 0.56 million LE
Navigation benefit estimation Is obtained as In section F.2 note 1
Traftfc flow In canals within directorate r:: 56 million ton km/year
Directorate navigation canal length = 35 Km
Regional navigation canal length = 57 Km
Regional navigation benefit = 56 x 106 (.04 -.025) x 57/35 = 1.42 million LE

Canal Re~'acement
For EL-Sa am canal serving 400,000 fod, the estimated cost of the Irrigation system Is 270
million LE. Based on this value the Upper Egypt canal rep!acement to serve 846508 feddans
Is = 270 x 106 x 864506/400 000 = 571.4 million LE
Source: Preliminary Feaslblity Study to Provide the Fundmental Structures for Reclaiming
400,000 Feddans In Sinai, MPWWR 1990.
It is assumed that the single purpose alternative cost Is higher than the benefit.

;
F.4 New Lands
Because costs for new new land development were not available, it was not possible to derive an
estimate of net primary returns (benefits) to these as yet not reclaimed areas at the points where
the new new land systems leave the common works of the existing system. In the cost allocation
model it Is assumed that those new new lands projects which share canals and pumps to deliver
water to the distribution system of the new new fands share also in the OM&R cost of these
particular works. For those new new lands which are not served by an e)(!~ting regional system.
the cost allocation process begins at the main stem. In any case, the single-purpose s!ternative
cost is assumed to be the cost of the structure for which costs are beinQ allocated (a canal for the
region, a barrage or pump for the main stem). In the case of the region, the same canals also
serve as the single purpose alternative structure for some of the presently irrigated lands whlthin
the region. Thus, the same canals provide the alternative cost estimate for a portion of the existing
lands and the new new lands. II' the single purpose governs in both cases (an assumption for the
new new lands) the same justifiable cost applies to both users, with the result that they share
equally in the canal O&M costs. This allocation proportion (equal sharing) was applied in those
cases where new new land projects share canals which currently are serving existing lands. Costs
for enlarging these works to provide the new new lands are specific costs to the new new lands,
and thus, are not included in this study.

F.5 Est:;natlon of Agrlcultura Net Benefits

This section is a part of the team's effort to reach a suitable formula for the allocation of OM&R
(Operatien, Maintenance and Replacement) of the irrigation system above the mesqa hierarchy.
This Section is concerned with benefit aspects; cost aspects arf) dealt elsewhere in the report.
Specifically, three issues are addressed:

1. The combined share of water and land in the output value of the largest water consumer
sub-sector; namely, plant production given the current level of OM&R (Scenario 1). 2. The expectnd
Increment in net benefit to be accrued by the plant sub·sector if the current level of OM&R Is
raised ~o an adequate level (Scenario 2). 3. The net benefits expected to be gained by the new
lands as a consequ()nce of enhancing OM&R.

A crude estimate of tfiC first item is reached using the residual imputation method. The second
, question Is addressed using liP estimates of yield Increment on the ground that improving OM&R
is a prereqUisite achieving the liP increment in yield; other liP benefits are excluded. New land net
benefits are estimated by extrapolating the net present value (NPV> for EI-5allam canal (the most
recent land reclamation feasibility study) to the 1.6 millionIon feddans 'priority' area of the Land
Master Plan (LMP).

Due to time and resource .imitations, results are reached by applying short-cut methods to available
data. As SUCh, results are only tentative: Inferences should be maete from this report only for the
present study. .
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5.1 billion. The Increment In net benefit In the old land according to Scenario 2 Is estimated at lE
1.1 billion, and thEi ne~ benefit from the new land Is lE 1.3 billion. In that, the total net benefit
corresponding to enhancii~g the OM&R of the Irrlpatlon system estimated at lE 2.4 billion.

F.5.1 MethodD of and Assumptions for Agricultural Benefits Eatlmatlon

For the purpo!.:e of this study, Egypt was divided Into flvo regions: East, Middle and West Delta,
Middle and Upper Egypt; they are represented by five Irrlgatfon command units (ICU): EI·Saldla,
Bahr EI·Saedl, Balaqtar, Iqal Shamla, and Khor Sahel; In order. Estimates were first made for ICUs
then extrapolated In proportion to the areas 0' the corresponding regions. The selected ICV's are
considered representative 0' Egyptian agrlcullure on the grounds tflat they geographically cover
the five main Egyptian regions listed above and encompass the main crops as shown In table F.5.

Table F.4 Summary 0' Estimated Agricultural Net Benefits1 Million Constant 1988/89 LE

Scenario Net Benefit

:.

1 ,
2

Newland

5103

1081

1302

-...

::

...

Table F.5 Cropping Pattern

E. DELTA M. DELTA W. DELTA M. EGYPT U. EGYPT

Crop

WHEAT 40% 21% 30% 40% 48%

L BERSEEM 30% 47% 23% 13% 17%

S BE~SEEM 19% 36%

B BEANS 13%

COTTON 22% 36% 18% 13%

MAIZE 57% 12% 18% 25% 31%

RICE 12% 60% 35%

SORGHUM 10% 34%

SOYBEANS 15%

CITRUS 14% 25% 18%

The rationale behincj accruing benefits from ralalng th6 current Insufficient level of OM&R Is that
enhancing the system's efficiency will result In water savings. Saved Willer wid be used to ameliorate
Inad~uacy, Inequity, and IrregUlarity of water availability to famlers, and to meet the water
requirements 0' the new lands.

T" 1"9SeSS the farm benefits, the team concelveo two scenarios. Scenario 1 corresponds to the
status guo with MPWWR maintaining the current less·than·adaquate level of OM&R. In Scenario
2 OM&R Inputs ~re raised to an adequate I9'/el.

..1FI9lJr,sJC)r$cr:tnarIQ 2 are Increments !n net benefft.e O'Jer Scenario 1.
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,en~Q 1: In the short run, plant production Is considered to be the output of four major factors
pr uctlon: specifically, WOI~!ng capital, management, water and .Iand. If a homogeneous

production funt110n of degree one is assumed, then by applying Euler's theorem, factors of
production exhaust output 1n proportloo to their productlvltles. '
In the absence of representative values for factors cA production, and given time limitations and
available data, the residual Imputation methoo Is the most suitable procedure for estimating the
share of productlcn to attribute to each factor. According to this method, all factors except natural
resources (water and land) are paid ~helr shares. Th9 residual Is attributed to water and land
combined since they are perfect complements In plant production.
The share of the working capital Is known; It Is the cost of Inputs and services IncludIng labor. but
excluding land rent and management. The share of =ement Is i~i(ally sssu,ned to be
10 percent of the gross margin (gross revenue less va e cost). Thus, a reslduaJ of 90 percent
of the gross margin Is attributed to water and land together. Mathematically,

Combined Water-land Share. 0.9 x Gross Margin
The calculation of the water-land share In SooMrio 1 Is deOOUmfe. One perspective recommends
attaching zero opportunity oost to l!ind. Subsequently, the Imputed residual Is attributed to water
alone. The tustiflcation of this hypothesis I~ that: a) wl1hout water, agriculture land In the Nile Valley
and Deha will not be productive, b) the opportunItY value of agrlcuhural land outside of flgrlcultural
production is zero.
This hypothesis may hold in countries where fertile s~11s abundant but where water Is the constraint.
This Is not the case In Egypt which depends heavily on food Imports as Its population Is fed by 4
percent of its area. Further, as a result of ~estlon, an estimated area of 40,000 feddans or
more of fertile old land Is annually encroached upon by urbanization. Moreover, the fertile top soil
In many areas has been skimmud to be used to manufacture b~~.o:. As such, It is difficult to accept
that land has no viable altemcr.dve. In Egypt fenlla land is as scarce as water.
In contrast, one may mak~ the uncI'nventional argument, to consider tile 'replacement cost of fertile
landO: how much would it cost to bring Into production a feddan of land of a comparable fertility?
If this line Is followed, Imputed return to water might be negative. To avoid both of these arguments
land and water were taken as a single, insepara61e production unit with the residual being·credited
to ~hese combined resources.
liP data were used in this scenario. Data were based on field surveys supported by other previous
reports. Only the main crops are Included In this report: those which occupy at reast 10 percent
of the net Irrigated area ~r provide at least 10 percent of the net returns In that area. Estimates
of Scenario 1 are shown In table F.6.

Table F.6 Estimated Share of Benefits by Region2

Region Area Net Irrlgated3 Area Benefit
'000' Feddan MiIIlonLE

West Delta 1437 1293 570
Middle Delta 1599 1439 929
East Delta 1757 1581 1549
Middle Egypt 1693 1524 1656
Upper Egypt 847 762 399

National 7333 6599 5103
Source of area figures: Nader (1990)

_. 2 Ths_9sUmaled share Is that .of water and land combined
3 Net Irrigated area Is taken to be 90% of the gross area.
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It Is worth noting that not all liP benefits have been Includp~. One of the main liP benefits Is saving
the cost of the irrigation pump at the farm level. This Item should be ;lttrlbuted to liP Investment
only. Consequently, It Is not Included among the benefits generated by Improving OM&R of the
mainsystem., .

Scenario 2: In the preceding section, the share of Irrigation water In the value of plant production
Is calculated for the current level of OM&R. This section estimates the net Increment In the value
of plant production (net of corresponding Increment In yield dependent cost) If OM&R Is raised to
an -appropriate- level.

In this scenario, only OM&R will be raised; all other factors are held constant. The Impact of
Increasing OM&R can be visualized graphically as a parallel upward shift In the growth curve of
plant production. In that Instance, estimating a one·year shift or, equivalently, the increment In net
benefit will sumce to know It for other years as well.
The same set of liP studies which WflS used in Scenario 1 also was utilized in this scenario.
Increment In net benefit is calculated according to the following formula:
Increment in Net Benefit = (GRw • Gfow/o) • (Yew • YCw/o)

where GRw: gross revenue with project, GRw/o: gross revenue without the project, YCw:
yleld·dependent cost with the project, and yew/o: yield-dependent cost without the project.
On the basis of experience, i\ Is generally accepted that one third of the farms, those at the head
of water courses, do not suffer water·related problems. As such, the calculations made here were
confined to only two thirds of the net Irrigated area. However, as the total area of major crops did
not count for 100% of the net Irrigated area, the difference was considered as part of the area of
the top one third. Table F.7 provides the net benefits expected to be obU;,lned in the five agriculture
reg,Jns.

Table F.7: Increment in Net Benefits

~

Region Million LE-
-

West Delta '99
- Middle Delta 271-

East Delta 261
- Middle Egypt 328- Upper Egypt 122=
..::II

National Totalili 1081

oii

-"" .

Another benefit component to Scenario 2 Is land reclamation. A distinction between two main types
of new 0 Jnds need to be made: those already reclaimed and lands now under reclamation or which
will be reclaimed. The first category Is Included In the old land areas used above.
The NPV of the -priority- areas of the Land Master Plan (LMP) was estimated using the data of the
EI·Sallam canal study. The study area is assumed to be a representation of the LMP -priority- areas
at large.

A net benefit stream of the net irrigated area served by EI·Sall:lm canal project (330 thousand
o ~ddans) is obJ.~ined by deducting the cost of land development (farm development) from the net
benefit estimated for farm agricultural production (total gross marglns). The generated stream has
been discounted at 12 percent. Then, values are extrapolated proportional to the regional -priority
areas. Estimated 'let present value is lE 2.9 billion (Table F.8)

F.6 LImitations and Reservations

A few reservations on the above results are stated. This study concentrated on the main traditional
~!d- creps cu!trJated in t!".e· !CUs under study. Moreprofitab!e plant.activities such as fruits and
vegetables are left out as they were occupying relatively small areas.
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Furthermore, the malor components of that cropping pattern was, at that time, mandated by the
government or by farse attractiveness under dlstorteCJ market system. I,\s Egypt Is now moving to
a more liberal economy, the cropping pattern Is expected to change to a more profitable one. If
that happens, return to water and land might Increase above the values estimated In this report.
Equally, return to water and land might not be realized because of unaccounted determinant factors
or bad weather circumstances.

Before concluding, It Is again emphasized that this section of Appendix reports the results of a
preliminary and exploratory stUdy. Further thorough research on two topics Is Imperative. First,
the water share In plant production, and may be other uses as well, need to be estimated using
more reliable methods. Also, charges for water are expected to bring about malor structural
changes: crops with high water requirements might be abandoned, technologlcar changes In
irrigation techniques will be Induced by the change In relative prices of production factors, and
costs of production are expected to rise and to be shifted, at least partly, to both consumers and
demanders of agricultural intermediate products. The Implications of these potential structural
changes need to be further investigated.

Table F.8: NPVof land Reclamation

lMP Priority Areas Area NPV
000 Fed Million LE

East Delta ! 612 1178

Middle Delta 59 114

West Delta 264 508

Middl'J Egypt 184 354

Upper Egypt 195 375

Sinai 212 408

Total 1526 2937
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COST INFORMATION SYSTEM

1. Introduction

Several data have been essential to define the irrigation system in Egypt and its
hierarchy, to determine the OM&R cost and then to allocate such cost among its
beneficiaries. The required data were globally defin~d along with their appropriate
sources. Initially a layout of the cost information system data base scheme was
prepared in a flexible way to accept future modifications, expansions and
Impn.. 'ements. Fine tuning the operation of the cost information system Is an
integl Ited process which lasts till a satisfactory limit is approached.

2. Sources of Data

Data have been collected from several sources to build the proj~ct's information
sy~tem: The basic sources of data are a prepared questionnaire for irrigation and
drainage directorates, the existing governmental statistics and data reports, and the
ongoin'~ projects for improving the irrigation system.

2.1 Questionnaire Tables

A set of questionnaire tables were prepared and distributed to the 22 irrigation
directorates and the corresponding drainage directorates of the Nile System. The
two main objectives of the questionnaire tables were: (1) to obtain a general physical
description of the Egyptian Nile River irrigation system on a directorate-by
directorate basis, and (2) to collect information at a similar level of detail on actual
OM&R expenditures for years (1986-1990).

Tables A.1 through A.10 represent the Irrigatiop questionnaire tables entitled:

- Global directorate information (cover sheet), Table A.1.
- Description..of canal network till rank 3 canals from the Nile (ranks) within

the directorate, Table A.2.
- Annual maintenance cost (L.E.) Till rank 3 canals within diractorate, TE:bI')

A.3.
.. Costs of partial rehabilitation and replacements for canals till rank canals

within directorate, Table A.4.
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• Cost of construction of irrigation structures on canal till rank 3 canals within
directorate. Table A.5.

• Cost of maintenance of Irrigation structure on canal till rank 3 within
directorate. Table A.6. .

• Cost of partial rehabilitation of Irrigation structure on canal till Ranl( 3 within
directorate, Table A.7.

• Cost of total rehabilitation or replacement for pumping stations on the net
work within directorate, Table A.a. _

• Cost of operation. maintenance, rehabilitation and partial replacement of
pumping stations within directorate. Table A.9.

• Water supply station within the Irrigation directorate, Table A.10.
The drainage questionnaire tables sample are shown in tables A.11 through A.17
with the following titles:

• Global directorate information (cover sheet), Table A.11.
• Drain network description until 2nd order inside the drainage directorate,

Table A.12.
- Annue-.1 maintenance cost for drains till 2nd order inside the drainage

directorate, Table A.13.
- Rehabilitation & partial replacement cost up to the second order inside the

drainage directorate, Table A.14.
• Construction costs of hydraulic structures, Table A.15.
- Maintenance cost for structure on the drains up to the 2nd order, Table

A.16.
• Rehabilitation cost for structures on drains up to 2nd Order, Table A.17.

The questionnaire tables are long and complex and some difficulties have been
experienced in obtaining complete and accurate responses from the directorates
within the available time frame. Several irrigation directorates completed the
qlJestionnaire tables: Kena, EI Sharkia, Damietta, East Dakahlia, West Dakahlia and
West EI Behira; whereas the Fayoum and Benisuef drainage directorates responded
to the drainage questionnaire tables.

2.2 Existing Governmental Statistics and Data

Data available from the Egyptian governmental statistical reports and analyses are
collected. For example, the national level bUdget allocations are .used to
cross-check th~ questionnaire responses. Government statistical reports provide
price index numbers to convert data expressed in monetary terms into equivalent
forms. Another governmental source of data was the MPWWR information system
developed in the e:ghties. Unfortunately. MPWWR data base was defined according
to canal commands "ce" and drain commands "DC" for water balance calculations,
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whereas the cost computation was determined on Irrigation directorates basis.
Mapping the "CC" and "DC" Into Irrigation and drainage directorates for the current
cost determination activities was complicated and Inaccurate procedur~.

2.3 Ongoing Projects For Improving The Irrigation System

Several ongoing projects help provide the basis for the OM&R computation. For
example, the Irrigation Improvement Project (liP experts assist In est.imatlng costs
of Improving several types and sizes of structure. The Egyptial1-Canadlan Project
ISAWIP in Dakahlia Governorate focusfJS more on drainage, but its program has
necessarily Included Irrigation system rehabilitation as well. This experience can
provide some Indication of needs for Improvement elsewhere In the system.

3. Cost Information System

Data collected from the above mentioned sources have been computerized to
represent the "Cost Information System" CIS data base. CIS has been implemented
in a modular form. Each module is responsible of carrying out a single or group
of activities to serve the major CIS objectives: 1 Data manipulation; and 2 OM&R
cost computation and allocation.

The first objective includes the CIS ability to retrieve available and report data in
the data base through its "Retrieving Modules" and "reporting modules". The CIS
data base are categorized as main stem data, directorate data and auxiliary data.
The main stem data provide global information on the Irrigation and drainage system
in Egypt. On the other hand, the directorate data give information similar to those
of the main stem, but on a directorate level. The auxiliary data show th6 end-user,
the budget data within the last five years and other data which are not directly
related to either the main stem or the directorate data. Detailed information of the
CIS data base is presented in the following 5 jctions.

The second objective of the CIS implementation is to design a tool which assists
in determining the OM&R cost in different regions of the Nile System in Egypt and
then allocating such a cost among system's beneficiaries. The CIS "Cost
Computation" and "Cost Allocation" are responsible for both cost determination and
allocation, respectively. Figure 1 shows the CIS main structure where the end-user
requests an option through an input process from the "control unit". This unit routes
the user selection to appropriate CIS moduleo. Results obtained from such modules
are returned back to the Control Unit to be displayed as an output for the user
who can request· additional information or exit the sy.stam. This analysis cycle
continues till the end-user approaches reasonable results for his task.
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Figure 1 Cost Information System (CIS) Main Components
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3.1 Main Stem Data

Currently, the main stem data files of the CIS are represented by four sets: the
"Nile Reachesll

, "Main Barrages", "Pump Stations" and "Drainage Network". The main
fields of each file are summarized in Figure 2:

IINile Reaches" data describe each of the Nile reaches of the main stem
by: the area served (Area ,Served), length (Length) and the average width
(Average Width) as shown in Table A.18.

"Main Barrages" data file provides information about the main barrages that
control the flow along the Nile reaches. At each barrage, this data set
defines the area served (Area Served), the annual flow (Flow), the number
of vents (# of vents), width of each vent (Vent Width), how far the barrage
from the High Aswan Dam (Km from HAD) and the main canal from
upstream (Main Canal from US) as shown in Table A.19.

"Pump Stations" data show the main characteristics of several pump stations
distributed on the Nile System. These characteristics include the type of
the station whether irrigation, drainage, or mixing pump (Type), name of
suction canal (Suction Canal), name of delivery canal (Delivery Canal),
number of pump units (# units), flow for each unit (0), static head lifted
by each unit (Head) and the power supplied from each unit (Power). Table
A.20 shows a sample of the 87 pump stations distributed along the irrigation
system in Egypt.

In each Drainage D;rectorAte, the drainage network is defined by: the main
drain (Main Drain), the directorate's region (Region), the area served (Area
Served) and the total lengths of drains in each directorate (Total lengths).
Table A.21 shews the drainage network data file.

3.2 Directorate Data

The information collected from the directorate questionnaires are the basis of the
CIS directorate data files. The main fields of directorate' data files are summa~ized

in Figure 3. The data obtained from "EI Sharkia" irrigation directorate and transferred
to the CIS data base will be used in this section to illustrate the structure of such
data.
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Nile Reaches
I Reach Number Area Served Length Average Width I

Main Barrages

I Name Area Served Flow # of Vents Vent Width Km from HAD Main Canal from US

PLJmp Stations

; Station Type Suction Canal Delivery Canal # Units Q Head Power/UnitL..-__----=-=--- -=-- .:..--_

Drainage Network

I Drainage Directorate Main Drain Region Area Served Total Lengths
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In general, the directorate data are classified as i1Definition Data" and "Cost Data"
files. In each directorate, "Definition Data" describe the irrigation network, its
structures and its beneficiaries, as shown in Figure 3. Each canal in a directorate
is defined by a unique serial number (Number), canal's name (Canal Name), canal's
order (Order) which represents the number of branches from the Nile stem (order
0) till the current canal, the area served in faddan by the canal (Area Served),
canal's length (Length), and its width (Width). Table A.22 illustrates the canal's
network in EI Sharkia irrigation directorate as sample of irrigation networ~ definition.

A hydraulic structure in a directorate is defined by canal's number (Number), name
(Canal Name) on which the hydraulic structure exists, and the structure's type
(Structure Type). Table A.23 shows the structure of EI Sharkia sample.

In addition to the physical description of the canal network, the beneficiary group
for each canal is recorded by its name and a numerical representation code, as
shown in Table A.24.

On the other hand, "Cost Data" in each directorate give the existing maintenance
and rehabilitation cost of both the irrigation canal network and the controlling
l1yr.:rClul;c structures. Such data are available on an annual basis for the years 1986
through 1991. Can&i's maintenance is defined by canal number (Number), name
(Can::31 Name), dredging cost (DAD COST) for a certain canal length (LEN), weed
removal cost (WEED COST) for a certain canal length (LEN), lining cost (LIN COST)
for a certain canal length (LEN), and rehabilitation year (Year).

Table A.25 is a sample of maintenance cost of the canals in EI Sharkia directorate.
The expenses of maintaining directorate's structures are defined in terms of
associate canal's number (Number) and name (Canal Name), the amount of
Egyptian pounds spent on either the "Mechanical & Electrical Cost" or the "Civil
Cost" and maintenance year (Year). Table A.26 is an example of the cost data of
the maintenance cos~ ~! !he Hydraulic structures.

The rehabilitation cost of the directorate canal's network is represented in the CIS
by tile rehabilitated canal's number (Number), canal's name (Canal Name), cost of
rehabilitation (Cost), the rehabilitated length (Length), and rehabilitation year (Year).
A sample of EI Sharkia canal network is shown in Table A.27.

Finally, the expenses of structuras rehabilitation are described in terms of the
associated canal's number (Number) and name (Canal Name), the amount spent
on either the "Mechanical & Electrical Cost" or Civil Cost" a'1~ rehabilitation year
(Year). No rehabilitation cost data of the Hydraulic structures were available in EI
Sharkia directorate.
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Definition Data
Irrigation Network

Number Canal Name Order Area Served Length Width

Hydraulic Structures

INumber Canal Name Structure Type I
Beneficiaries

Number Canal Name Order Beneficiary Group Beneficiary Code

Cost Data

Ma;"tellalle,e Cost
Irrigation Network

Number Canal Name DRD Cost Len WEED Cost Len LIN Co,st Len Year

Hydraulic Structures

Number Canal Name Mechanical & Electerical Cost Civil Cost Year

Rehabilitation Cost
Irrigation Network

INumber Canal Name Cost Length Year I
Hydraulic Structures

INumber Canal Name Mechanical & Electerical Cost Civil Cost Year I

Figure 3 Structure of Irrigatiofl Directorates' Data Files
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3.3 Auxiliary Data

This set of data files contain information which are needed by the CIS modules.
Currently, the CIS auxiliary data include the following tables is summarized on a
field basis in Figure 4: .

- Beneficiary groups table;
- Structure types table;
- Directorates table; and
- Annual MPWWR budget tables.

The "Beneficiar/ Group" table classifies the main Nile System users categories. Each
category is defined by its name (Beneficiary Group) and a numerical code (Code).
These groups have been modified several times to cope with the cost determination
model. These groups are as shown in Table 28.

The "Structure types" has two fields, the structure type (Structure Type) and its
numerical code (Code). Table A.29 defines the hydraulic structures available on
the ;·:gation system as dam, barrage, intake regulator, head regulator, weir, lock,
tail escape, syphon and aqueduct.

Global information of the current 22 irrigation directorates are shown in Table A.30
in terms of directorate name (Name), a three character representative code (Code),
directorate's region (Region), area served in feddan (Area Served) and the water
requirements (Water Requirements) in each directorate.

The MPWWR annual budget and loans for years 1986 through 1990 is shown in
Table A.31. The annual budget has four main components as following:

(A) "Operation" named as "Chapter 1" represents the annual cost spent on
operating the nile system.

(B) "Maintenance" named as "Chapter 2" gives figures for the amount spent on
maintaining the Nile System. Chapter 2 has the following eight maintenance
sub-components:

1. Irrigation Structures (M1);
2. HydraUlic Structures (M2);
3. Roads (M3);
4. Bridges (M4);
5. Equipments (M5);
6. Transportation (M6);
7. Furniture (M7); and
8. Others (M8).
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Beneficiary Group

IBeneficiary Group Code I

Structure Types

IStructure Type Code I

Directorates

Number Directorate Name Region Area Served Water Requirements

Budget

Operation
Chapter (1)

Maintenance
Chapter (2)

Rehabilitation
Chapter (3)

Loans
Chapter (4)

•

Figure 4 Structure of Auxiliary Data Files
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(C) "Rehabilitation"; named as "Chapter 3" defines the annual cost spant on the
rehabilitation of the Nile System.

(0) "External Loans"; named as "Chapter IV" represents the amount of external
loans extracted from other public companies for job activities done by those
companies for the sake of MPWWR.

The annual budget figures for years 1986-1990 are shown in Table A.31 for MPWWR
headquarter and the irrigation directorates.

3.4 Cost Computation Modules

Refer to:

A. Cost estimation methodology, Sec. 3.3 (Main Report);
B. Estimated system costs, Sec 4.5 (Main Report);
C. Tables of cost estimates, Appendix C (Main Report); and
O. Cost tables for cost allocation model input, Appendix 0 (Main Report).

3.5 Cost Allocation Modules

Refer to:

A. Cost allocation computer program description; Annex II;
B. Input-output files, Annex II, Appendices A through 0; and
C. Model source code (Standard "C" Language), Appendices E&F.
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3.6 Control Unit

The control unit represents the "Shell" program that manipulates the CIS data base,
edits the cost data, generates the cost allocation input data files, execl,Jte the cost
allocation model and finally display the obtained results. The shell can handle up
to input and output data sets of four runs (scenarios). Options available for the
end-user are:

IFile I
Load:

load input data (1-4 runs)
Rename:

rename a data file
Update:

update existing data
Information:

display the available data files with short description of each
one.

IEdit Run I
Global Data

to define the global data for each run.

FILE NAME Input the name of the file which will hold cost allocation input
and output data.

RUN NUMBER Input the number of the run you will define its global data. To
exit the global data entry, type "0" in the run number field.

RUN TITLE Short description for the current run to be displayed in the
generated cost allocation input file.

DESCRIPTION Detailed description for the current run to be displayed in the
generated cost allocation input file.
Discount Rate.
Basin Horizon.
Number of Old Regions.
Number of New Regions.

ANNEX I 12
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High Aswan Dam
to define l'l-fAD Benefits", "Single Purpose Alternatives",
"Separable Costs", and the "Annual Common Works O&M" for
each run. Select the required run by moving the right and left
arrows keys and press the Enter key to start editing.
The data entry for HAD are:

HAD BENEFITS

Hydropower (Annual mil LE).
Ground Trans. (Cap.).
Ground Trans. (O&M % of Capital).
Fishery (Annual mil LE).
Flood Control (% of total benefits).

SINGLE PURPOSE ALTERNATIVES

AG, NAV, POWER, FISH (% of OM&R).
Rural Water Supply (Capital).
Rural Water Supply (O&M % of Capital).
Ground Trans. (Capital).
Ground Trans. (OM&R % of Capital).
Flood Control (% of OM&R).
Common Works Replacement (mil LE).

SEPARABLE COSTS

Agriculture (% of O&M).
Power (% of O&M).
Flood (% of O&M).

ANNUAL COMMON WORKS O&M (mil LE)

Main Stem of the Nile
To define the Nile main Stem "Benefits", "Single Purpose
Alternatives", and "costs" for each run by moving the right and
left arrow keys and press the "Enter" key to begin editing. The
data entry for Nile Main Stem are:

BENEFITS

Navigation (Annual mil LE).
Hydropower· Esna (Annual mil LE).
Ground Trans. (Capital mil LE).
Ground Trans. (O&M % of Capital).
RepreCition ,c\ TourismJArmual mil LE).
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SINGLE PURPOSE ALTERNATIVES

Ground Trans. (Capital mil LE).
Ground Trans. (O&M % of Capital).

COSTS

Stem Except New Esna & HAD (Annual OM&R, mil LE).
Old Region

to define the old region "General" data, "Benefits", "Single Purpose
Alternative" and "CostS" for each run. Select the required run to
edit by moving the right and left arrow keys. The user can
navigate through old regions by using "PgUp" and "PgDn" keys.
The maximum number of old regions is controlled by the value
entered in the global data screen. Press "Enter" key to begin
editing the data. The d~"a entry for an "01d Region" are:

GENERAL

Agricultural Area (mil Feddan).
Population (millions).
Wetted Perimeter of Canals (meters).
Percent of Canals Navigable (%).

BENEFITS

Agriculture (Annual mil LE).
Rural Water Supply (Capital mil LE).
Rural Water Supply (O&M % of Capital).
Navigation (Annual mil LE).

SINGLE PURPOSE,ALTERNATIVES

Canal Replacement (mil LE).
Rural Water Supply (An. OM&R mil LE).

COSTS

CANAL O&M (An. mil LE). .
System Pumps OM&R (An. mil LE).

New Region
to define the "New Region parameters. Select the required run
to edit by moving the right and left arrow keys. The user can
navigate the new region by using "PgUp" and "PgDn" keys. The
maximum number of new region is controlled by the value
entered in the global data screen. The data entry for a "New
Region" are:
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[Execute I

View
Output

Number of Upstream Old Region.
Factor of Old Canals Delivery Water.
Potential Agricultural Area (mil Feddans).
Cost of New Delivery Systems (mil LE).

This command generates the Allocation model input files for the
current set of data. The file naming convention is a~ follows:

<RUN_NUMBER.EXT>

RUN NUMBER:
the number of the run (1 • 4); and

EXT [INPUT FILES):
"HAD" for High Aswan Dam Data.
"STM" main stem data.
"Rxx" for old regions data.
"Nxx" for new regions data.

Then this command executes the model to produce the results
for each run according to the following extensions:

EXT [OUTPUT FILES]:
"ECH" echo of input files.
"CAD" detailed cost allocation tables.
"RSU" summary of cost allocation results.

to disp~ay a summary of the results of the cost allocation model.
Figure 6 shows a sample of such results.

to present the cost allocation results in a graphical form for
comparison reasons.
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Input Tables
Short Output
Detailed Output

Data Base

Quit

This option used the "print" DOS command which requires that
the DOS sub-directory to be on the path.
to get a hard copy of the cost allocation model input files
to get a hard copy of the cost allocation model output summary.
to get a hard copy of the cost allocation model detailed output
files.

to retrieve and display one of the CIS data base files:
main stem files.
directorate files.
auxiliary files.

tc exit the shell program

ANNEX I 16



.j

--... '

APPENDIX A



Table ' •.,1 : Global Directorate Information

...

I,rrlgallon Dlreclorale Name :

1.

2.

3.

4.

5.
--'" 6.

7.

8.

9.

The r'll!me of govemorate(s) In which the directorate I, localed

Agriculture ar•• s"rved (feddan)

Map ,howlng Ihe Irrigation network within the directorate and the boundary of the directorate.

Total annual discharge for the area eerved In the directorate (m3/year)

Total canal lengths wllhin the directorate (Km)

Total wages and Incentives fOI ,...lrectorate personnel (budget·Part I) In the last 5 years (L.E./year)

Total annual m..lntenance cost for canals and Irrigation I'Iructur.s (Budge·Part II) in the last 5 yeDrs

(L.E./year)

Total annual pArtial replacement and rehabilitation costs for canals and irrigation structures (Budget·Part

III) in the last five years. (L,E./year)

Total annual full replacement and rehabilitation costs for Irrigation structures (Budget·Part III) in the last five

years. (L.E./year)
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Table A.2 : Description of canal network till rank 3 canals from the Nile (rank 0) within the directorate
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Table A.3 (cont.): Annual maintenance cost till rank 3 canals within directorate

No "- Cost of ....mtenance for c:anaIa
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1988 tll90
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Table A.4 : Costs of partial rehabm~ation and replacements for canals 'dll rank 3 canals within directorate
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Table A.5: Cost of construction of irrigation structures on canals till rank 3 canals within directorate

No ............ 1oaItlon of Dimensions 01 slnJdUle Ale. set'ied at 1'"lIaIion TolaI~~ EslimaIa ,..
IlruclIn slluc.lure Iocabon of of

(leddansl c:onslruc:lion cOIl
con_

(LE.I
110 of openings dimensions lenglhof~

~~
(m)
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Tablel A.6 : Cost of maintenance of Irrigation structure on canals till rank 3 within directorate

No N_ d 1IruduIe...cllcallon Annual cost of ma/nleNnce d ....1lNdIn
ll.E/tea.t

1986 1981
I_ I_

UISlll

MecIL & EIecl CMI Iofe(;;,.& Civil MecIL& CIvI MeclLA Civil MedI a Civil
WOIks Elect WOIks Elecl Worb EJec:l WCllb EJec:l Worb
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Table A.7: Cost of partial rehabilitation of Irrigation structure on canals tm rank 3 within directorate

No ...cISWcture &l.lation Cost cI P8IlieIrellabllilallon end rep'1 wneul c1I1J\lCt1n
ILEJye-.)

1!l86 1987 11188 lila 11l9O

Cec:h.&EIed. Civil Mech.& Civil Mech.& Civil Mech.& CMI UeclI. & Civil
Works EIed. Works EJect. WClfk!; EJect. Works EJect. Works
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Table A.9 : Cost of operation, maintenance, rehabilitation, and partial replacement of pumping stations within
directorate

No NMleIlld AnnuaJ operation cost ,..ost cIlMintenance Cost oIpeI;b! relllibilllallan IIId repl8c1 ,..It RalMII<s
Ioc8IIon 01 P.s.

'"'IJIS and Inlensiwt Power. medlanIca/& civil wotIcs medt.& clvI
IueI. and oil elactrlc "'Orb eIec. worb

worb

-

.
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Table A.1 0 : Water supply station within the irrigatiC'ln directorate

No Name and location of water Total annualdischarge year of operation Total annual discharge after Increase the Year~ Increase the capacity 01
supply alation for station C4paCity of station (m3/year) station

(m3/year)
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Table A.11 : Global directorate Information

,. Governorate J'olame

2· Area SelVed (Feddan)
3- Drain Network map + physical boundaries

4- Total Annual Discharge (m3/year)

5- Length of Drain Network (Km)
6- SaiarlealVe.r for the lut five years (chapter Q (L.E./year)
7· Annual Maintenance colt for dralna and Hydraulics Structurea for lut S yeam (chapler m (L.E./ye.r)

8- Total cost 01 Rehabilitation and Partial Replacament for dralna and structurfJa for 'fASt 5 yeara (chapter III)
(LE./year)

9- Replacement cost of Hydraulic Structures for last 5 years (chapter IIQ
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Table A.12 : Drain network description till 2nd order Inside the drainage dlredorate

No Drain Namt. order Outlet Kilometer on next AreaselVed Length (Km) Bed width ~alflow
order (Fed.) (m) ( fyear)

1966 198~ 1988 1989 1990
-



II I.', II I, , '" I,,' .I II . i II I 1" I!I, I I II, II, I I 1,111 II ,II I I III I ,,' I" I I

>
-0
'"'D
mz
o
5<
>
~

~

J

\

Table Jt13 : Annual maintenance cost for drains till 2nd order inside the drainage directorate

No Drain Name Maintenance cost of Drains
(LE./year)

1988 1989 1990

Annual Dredging Weed Control Annual Dredging Weed Control Annual Dredging Weed Control

LE L LE L LE L LE L LE L LE L

~
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Table A.14 : Rehabilitation Ie partial replacement cost up to the 2nd order Inside the drainage directorate

No DrafnNamo Cost of modification of cross section
(LE./yeal)

1987 1988

Modified cross section Total Cost Modified cross section Total Coat
(L.E.) (l.E.)

Area Bed width (m) Modified length Area I;ed width (m) Mocflfled length
soNed (fed.) (Km) seNed (fed.) (Km)
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Table A.14 (cant.) : Rehabilitation Be Partial replacement cost up to the second order Inside the drainage
directorate

No DralnNtune Cost of modification of cross section
(LE./year)

1989 1990

Mod!fied cross section Total Cost Modified cross section Total Cost
(LE.) (LE.)

Area Bed width (m) Modified length Area Bed wfdth (m) Modified length
HIVed (fed.) (Km) selVed (fed.) (Km)
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Table A.15 : Construction costs of hydraulic structures

No Struc:bnName & Dimensions of structure Area served Total Cepltal Colt Installalion date
Location (Fed.) dbc:hargo (LE.)

(m3/year)
No of vent Dimensions of vent Length of floor

(m) width xheight
(mxm)
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Table A.16 : Maintenance cost for sttlJcture on the drains up to the 2nd order

No Structure Maintenance cost tor $f.t(Jclures
Name & (L.E./year)
location

1986 1987 1988 1969 1990

Mech.& Construction Mech.& Construction Mech.& Construction Mech.& Construction Mech.& Construction
Elec.works works Elec.works works Elec. works works Elec.works works Elec.works works
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Table A.17 : Rehabilitation east for structures on drains up to 2nd order

No Struc:ture Cost of Rehabilitation and Partial Replacement for atructures
Name & (LE./year)
locafu)n

1986 1987 1988· 1989 1990

Mech.& Construction Mech.& Construction Mech.& Construction Medl.& Construction Mec:h.& Construction
EIec.works works Elec.works works Elec. works works Elec.works WOfks EIec.worb works

.I
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Table A.18 : Charachterlstlcs of Nile reaches

R.ach Number

1
2
3..
5
6
7

Ar.aS.rv.d
(1000 F.d.)

373.118
888.061

1342.110
"'38.3'7

330.983
62.000

302.102

L.ngth
(Kril)

170
184
193
"'887
1S6
211

Av.rag. Width
(m)

1000
900
900
850
375
200
500

Sourc.: 'Wat.r Dem"'ldl Preaent & Futur.' MPWWR, 1990.

Table A.19 : Main barrages on the Nile main stem

Nama Ar., S.rv.d FI~ (lofv.rna Vent Width Kmfrom HAD Main Canal from Upstream
(1000 F.d) (108 m /y.ar)

EIII8 373.118 3179.962 120 5.0 170.0 K.llabiya Canal to the East
Asfoun Canal to the W.st

- Nag..-mmadl 688.061 4547.188 100 6.0 354.0 East and West Nag.H.mmadl Canal
Aaull 1342.110 9544.668 111 6.0 547.0 Ibrahlmia Canal to the W.st th.n to

Bahr Youssl'f Canal
0e1Ul 4138.317 24383.047 80 8.0 965.0 lamailla Canal

Rayah AI-Tawfik!
Rayah AI-B.he'Y
RaMag AI·Naae,.

EdI,n_ lRouetla 302.102 1834.437 46 8.0 1176.0 EI· ahmodla Canal
B'.I EI Aashidia Canal
Zella (Oam,et\a 330.983 2591.636 50 5.0 1052.0 EI Mansouria Canai
Brt Bustan P.S
Faruour 62.000 489.231 5 5.25 1208.0 EI·Salam Canal to the East
(OarnlelUl B'.I

Sourc:es: 'Water Oemands Present & Future' MPWWR. 1990

Table A.20 : Sample of Nile system pump stations (PS)

Name of PS Type Suction Canal D.liv.ry Canal ilUnits Q/Unit Head (m) Pow.r/unit(
(m3/aec:) KW)

AakabKabli Nil. AbuEIR.uh 2 0.25 8.77 100
Aakab aaharl Nil. EIAakab 2 0.35 8.9 100
Abu.lr.ash Nil. Abu EIR.uh 2 0.75 10.17 110
AMan lal Nil. ASWIn lal. 1 0.15 10.85 40
Aswanw.at Nile W.stAMan 2 0.5 8.95 100
aahr." III Nil. aahr." 2 0.75 10.17 110
aalloul,la' Nile aalloula 1 0.35 8.18 75
a.nlHemaii N.g..Hamadl a.nl-H.mail 6 8 2 261
soulma Nil. aouaailla 4 0.9 8.5 142.5
D.rb Nil. EIRena" 3 7.5 4.5 470
Ekllt Nil. Ekllt 3 0.5 7.7 88.3
Hagz Nil. EIHa~ 3 0.35 8.5 64
Far.alal Nil. Far•• II. 2 0.75 7.64 110
ElatEI K.lh Nil. EI K.lh 'nigalton 5 2.14 7.98
K.lhla' Nil. EIHagz 2 0.75 7.28 ,56
Kh.ra Nil. EIHadara 2 1.6 9.7 450

BEST AVAILABLE DOCUMENT
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Table A.21 : GI~bal definition of the drainage network

Drainage Directorate Main Drain Region Area Served (1000 Total lengths
Fed.) (Km)

EI Kalubla South BUbalse DPS Eut Delta 336 267 -
Kalubla Main Drain -

South EI Sharkla Bahr EI aakar East Delta 271 825
North EI Sharkla Bahr Saft DPS East Delta 208 633

- Prlnclp.1 Kasabl DPS
- Addltlon.1 Ku.bl DPS

South Bahr Saft
Gamgara

East DeltaSouth EI D.kahlla EI-NIZ.m 300 149"
Sad.ka OPS
KafrShokr
KafrSaad

North EI Oakahll. EI·lr.d DPS Middle Delt. 235 431
EI·Gen.in.DPS
B.nl Abeld DBS
EI·Nlzam DPS
EI.Mataal.h DPS

EISalhia Bahr EI akar DPS Eut Delta 200 282
EI·S•••daDPS
BUbaise

Ellsm.ma EI·Ganay.n OPS East Delta 171 241
Su.z District Drains
G.bal M.rayam
Ismailla Dlst. Drains
Port Said Dlst. Drainl
Ismailia North
EI·Mahlama
EI·Kass....n DPS

East EI Menofia OarwaDPS Mlddla Delt. 200 467
East Menofi. DPS
Mahallet Rouh OPS

West EI MenoflaA Tala DPS Middle Delt. 210 491
SabalDPS

Gharbit. Samatay DPS Middla D.1ta 370 993
EI·Segalya DPS
EI·Mehal. EI·Kobra

east Kafr EI·Sheikh No.6DPS Middle Delta 237 717
No.5DPS
No.7DPS
Lower No.8 OPS
Upp.r No.8 DPS
TearaDPS
EI·Mandour. DPS
EI Borollus DPS

West Kafr EI·Sheikh EI.Z.in~ DPS Middle D.tt. 170 514
No.11 PS
Zaghlool DPS

Oamiett. Lower EI·Serw OPS Middle Delta 365 670
Upper EI·Serw OPS
Faraskour DPS
Sihrigt
EI.Senani~a DPS
Drain No. DPS
Lower No.1 DPS
Up~er No.1 DPS
Ha eer Shehab EI-Dln

--:: No.3DPS
No.4 DPS

BEST AVAILABLE DOCUMENT
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Table A.21 (Cont.): Global definition of the drainage network

Drainage Directorate Main Drain Rtglon Area Served (1000 To1allen=
Fed.)

Nonh EI Behlra E'·Tabla OPS Walt Delta 35&.. 869
EI-Ka'ea OPS
MarioutOPS
E'·Ooahodl DPS

South EI Behl,. Rasheed OPS Wa" Delta ..2.. 1027
Zawyet EI-Bahr OPS
South rahreer
EI-Bousily OPS
Edko OPS
Hark EI-Gamal OPS

_. Khalrl O?S
Zarkoum OPS
Shobr.Kheet OPS

~ Barseek OPS-. Welt Khandak OPS
hay EI·Baroud OPS

EI Nobarla EI·NaDr Olst. Drain WoltDolta 153 247
EI·Mezr.. EJ.Aallya
EI·Horrlya Oltt.
EI·Thawrah Oilt.

--:: EINur Marlout Ollt. Weal Delta 430 694
Hares OPS
Trouga OPS
EI·Shirlshro OPS

-
Abu Hommua-. EI·Oellingat OPS
New Oellingat OPS

Middle Egypt~ Giza Abunomro. & Rawahl 245 809
-< EutNlle

EI·Maa.andah
-. EI Fayoum EI.Fayoum (L.K) Middle Egypt 345 1007
..., Beni Suef Kosheishah OPS Middle Egypt 313 1176

East EI Menla Kedkab Middle Egypt 240 474
Ihnas~a
Bani alem OPS

.... EI·Shiekh Zayed
Abu Rahib
Damareea
hsa
Makousa

We.tEI Menla Mazoura Middle Egypt 241 424
Sakoula

-. Dair EI·Sankourla
Minshat EI-D'ahab
Touna & Bani Khaled
EI·Badraman

Aaauit Massrrah Upper Egypt 312 188 =
EI·Gabal EI-Ral.i
Manfaloot
Abnoub
Mankabad
EI·Zlnnar EI·Ral.1
EJ.Badari
Abu Teeg EJ.Ral.1
Tema

~ Souhag Tehta EI·Ralsi Upper Egypt 309 396
Akhmeem EJ.Bahri
Keltao

.' AkhmMm Elk.Qlbli
Souhag EJ.Raill
E'-9hewuh

. AbuEl-lhgar "".
EI·Kheyam EJ.Ral.1

.BEST AVAILABLE-DOCUMENT
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• Table A.21 (Cont.): Global definition of the drainage network

Oralnaga Oirectorale

North Kana

South Kana

Aawan

Main Drain

SallamOPS
Nag.Hammadl EI-Ral,1
EI·Rawi
EI·Maruhda
Hamad
Oundarah
EI-Taramaah
KIft
EI-Ballu &Khatra
Hagazah
Ounfaak EL-Gharbl
OUnfHk EI·Sharkl
EI-Hubatt Main Orain
EI-Rayaynah
EI-Bayadla
Armant EI-Ral'l
EI-Sallamlya
EI-Moalla & EI-Shaghb
EI·Maham.ad
Kommair & EIMatana
Er·Oair EI-Klbll
EL·Hlllah
EI·Sebaiya
Er.Hegaz & EI·Mahameed
Klfo
EI.Radlcya & Wadi Abdi
Attia Shenoda
EI·Radicya Klbll
Selwll Bahri & Kibll
Abu Hour
KomOmbo
Benban
EI·Sikka EI·Hadid

Raglon

Uppar Egypt

UpparEgypt

Upper Egypt

Ar.a Sarvad (1000
Fad.)

182...
181

167

Totallen~

438

BEST AVAILABLE DOCUMENT

APPENDIX A 24 -



-,

-=.\.

~
Table A.22 : Irrigation Network Defenltlon In EI Sharkla Directorate

Number Canal Name Order Ara.Served Length (Km) Width (m)-, (faddana)-, s;

1 Tawllky Ra)'ah 1
2 Intake B.hr Mol... 2 487,404.00 67.00 30.43
3 G4 R~ht1 3 328,00 2.S2 1.00., G4L 3 248.00 1.17 1.00
5 G5Rlght 3 38S.oo 3.52 1.00
6 EINigamla 3 1,450.00 3.67 UO
7 G 5 Left 3 456.00 2.02 1,00

- 8 G 6 Left 3 479.00 1.62 1.00, 9 GS R~ht 3 152.00 1.12 1.00
10 EIGe Ida 3 940,00 2.7S 1.00
11 Kardlda 3 960,00 2.66 1.40
12 EI Sateh EI Gedld 3 1.025,00 3.10 1.50
13 Intake Bahr Elasa 3 2,9~ji),00 7.40 1.82
14 Intake Bahr Bondok 3 4,225.00 9.10 2.48
15 G 7 Laft 3 261.00 2.27 1,00
16 G 7 Right 3 16~,00 1.75 1.00
17 G 8 Left 3 8O?.i)l) 1.46 1.00

-, 18 G8 Ri~ht 3 603.00 2.75 1.00
19 G9Le 3 599.00 1.56 1.00
20 Intake Bahr Fakhr 3 3.120.00 8.03 2.27
21 Intake EI Sinitl 3 10,867.00 20.40 3.63
22 EL Dababra 3 4.200,00 7.15 2.62

-~ 23 EI Shams 3 900.00 3.06 1,53
24 G 10 Left 3 250.00 2.22 1.24

-i 25 Intake Sharwlda 3 6,050.00 5.75 1.78
26 Intake Bahr Shiba 3 545.00 1.96 1.00
27 Int8ke Bahr Malhtoul 3 42.692.00 37.30 5.14
28 Intake EI Mesllehia 3 32,961.00 19.60 4.47
29 BahrFaqus 3 180,726.00 52.55 22.43
30 G Mahdia 3 450.00 1.20 1.00
31 GAbu Hatab 3 500.00 2.28 1.00
32 Sharshima 3 1,000.00 2.13 1.50
33 G EIGamal 3 300.00 1.30 1.00
34 OumEI Rlsh 3 5,780.00 5.52 3.50
35 G EL Shawayka 3 200.00 1.20 1.00
36 EI Ahraz 3 2,500.00 6.86 1.72
37 GTaymour 3 850.00 2.45 1,50
38 EI Arayed 3 2,100.00 3.40 2,00
39 G Shaheen 3 250.00 1.20 1.00
40 G E! Sadi Right 3 2,000.00 7.16 1.77
41 Intake EI Sadi 3 29,150.00 15.48 7.86- 42 G EI Sadl Left 3 3,300.00 7.14 2.24-,
43 Hanoura 3 1,100.00 7.00 2.22
44 Khoudarla South 3 4,350.00 5.80 2.92 =
45 G Talbega 3 450.00 0.78 1.00
46 Khoudaria North 3 800,00 2.99 1.50 =-
47 EI MOltagada 3 850.00 2.30 1.50

"". 48 Sengaha EL Omoumy 3 1,000.00 3.74 1.50
~9 Na10ra South 3 1,800.00 9.99 1.87
50 Moiese North 3 16,450.00 14.54 7.52
51 SangahaE..t 3 2,250.00 7.38 1.90
52 EI Ashry 3 1,200.00 4.26 1.50
53 Sengaha West 3 4,100.00 15.60 3.79
54 G Hanoute South 3 3,260.00 6.90 3.13 -

-- S5 Hanout. 3 75,300.00 15.36 12.93
---,'- .. 56 Ellsmailia 1

-=-; 57 EaatemWadl 2 9,82S.OO 8.00 4.00
58 EISababa 3 8,820.00 20.34 2.95

BEST AVAILABLE DOCUMENT
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Table A.23 : Hydraulic Structures Definition In EI Sharkla Directorate

Number Canal Structure Code

29 BahrFaqua 10
- 2 Intake Bahr Mole•• 3

2 Intake Bohr Moles. 10

""!! Table A.24 : Beneficiaries of Canal Network In EI Sharkla Directorate

Number CanalName Order U••rGroup U..rCode

3 G4 Right 3 Irrigation 5
~ 4 G 4 left 3 Irrigation 5- 5 G5RIght 3 Irrigation S

6 EI Nlgamla 3 Irrigation S
7 G 5 left 3 Irrigation 5
8 G 6 left 3 Irrigation 5
9 GS Right 3 Irrigation S

- 10 EI Gedlda 3 Irrigation S-
11 Kardlda 3 Irrigation 5
12 EI Sateh EI Gedld 3 Irrigation 5
13 Intake Bahr Eilla 3 Irrigation 5
14 Intake Bahr Bondok 3 Irrigation 5
15 G 7 left 3 Irrigation 5
16 G 7 RI~ht 3 Irrigation 5
17 G8le 3 Irrigation 5

- 18 G eRight 3 Irrigation 5

--= 19 G 9 Left 3 Irrigation 5
20 Intake Bahr Fakhr 3 Irrigation 5
21 Intake EI Sinit; 3 Irrigation 5
22 ElDababra 3 Irrigation 5
23 EIShams 3 Irrigation 5

- 24 G 10 Left 3 Irrigation 5
25 Intake ShaMida 3 Irrigation 5
26 Intake Bahr Shlba 3 Irrigation 5

-::;
27 Intake Bahr Mashtoul 3 Irrigation 5
28 Intake EI Measlehla 3 Irrigation 5
29 Bahr Faqull 3 Irrigation 5
30 G Mahdia 3 Irrigation 5
31 G Abu Hatab 3 Irrigation 5
32 Sharahlma 3 Irrigation 5
33 GEl Gamal 3 Irrigation 5
34 Oum EI Rish 3 Irrigation S
35 G El Shawayka 3 Irrigation S
36 EIAhraz 3 Irrigation S
37 G Taymour 3 Irrigation S

- 38 EI Arayed 3 Irrigation S• 39 G Shahe.n 3 Irrigation S
40 G EI Sadl Right 3 Irrigation 5

- 41 Intake EI Sedl 3 Irrigation 5
~ 42 G EI Sadl Lift 3 Irrigation 5

43 Hanoura 3 Irrigation S
44 Khoudarla South 3 Irrigation 5
45 GTalbega 3 Irrigation 5
46 Khoudarla North 3 Irrigation S
47 EI Mo.tagada 3 Irrigation 5
46 Sengaha EL Omoumy 3 Irrigation 5
49 Natora South 3 Irrigation 5
50 Mol&aeNorth 3 Irrigation S
51 SangahaE... 3 Irrigation S
~ EI A.hry 3 Irrigation 5

~.~ ...--_ .. _.... ~~ .. :53 Singaha We.t ' 3 Irrigation S
54 G Hanoute South 3 Irrigation S
SS Hanoute 3 Irrigation S

,S7 eutemW,dl 2 Irrigation 5sa EIS,baba 3 Irrigation S
2 Intake Bahr Mole.. 2 Muncipal &Irrigation 3

BEST AVAILABLE D.OCUMENT
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Table A.26 : Structures Maintenance Cost In EI Sharkle Directorate

Numb.r Canal Nam. SlIuctur. TyP8 M.chnlcsl & Civil V.ar
Eloctrtcal

2 Intake Bahr Mol••• 3 15,000 10,000 88
2 Intake Sahr MollI'. 10 25,000 10,000 88
2 Intake Bahr Mol••• 3 15,000 10,000 87
2 Intak. Bahr Molo'e 10 25,000 10,000 87

= 2 Intak. Sahr Mol••• 3 15,000 10,000 88
2 Intak. Bahr Mol••• 10 25,000 10,000 88
2 Intak. Bshr Mol••• 3 20,000 15,000 89
2 Intak. Bahr Mol••• 10 25,000 10,000 89- 2 Intak. Bahr Moi••• 3 20,000 90

-~ 2 Intak. aahr Molo•• 10 25,000 10,000 90

':::

Table A.27 : Rehabilitation Cost of Canal Network In EI Sharkia Directorate

-=
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Table A.28: Basic Nile System Beneficiary Groups •
Beneflcary Group

Navigation & Municipal & lndultllal & Irrigation
Municipal & Indu.trlal & Irrigation
Municipal & Irrigation
Induatrlal & Irrigation
Irrigation
Navigation & Municipal & Irrigation
Navigation & Irrigation

Code

1
2
3
4

5
6
7

Table A.29: Basic Types of Hydraulic Sturctures

Structure

Oam
Barrage
Intake RegUlator
Head Regulator
Weir
Lock
Tall Escape
Syphon
Aqudect
Bridge
Suction Bit

~. c." , •• ,'.

Code

1

2
3
4

5
6
7

·8

9
10

"

BEST AVAILABLE DOCUMENT
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Table A.30: Area Served and Water Requirements of Irrigation Directorates

Directorate Name Code' Region AreaSelVed Water Requfre.J:nls
(1000 fed) (M. tieer)

Aswan ASW Upper Egypt 131.628 953.529
Ken, aEN Upper Egypt 369.985 3280.876
Sohag SOH Upper Egypt 327.728 2105.598
Assuit ASU Middle Egypt 310.598 1894.037» West of Menia WMN Middle Egypt 284116 2588.557'"1J

'"1J East of Menla EMN Middle Egypt 198.882 1801.429m
Z Beni-Sue' BEN Middle Egypt 279.100 1530.586
0 Fayoum FAY Middle Egypt 205.600 1484.678
X Giza Gil Middle Egypt 342.750 1963.888» EI-Kalubia KAL East Delta 336.550 1881.468
CA) El-lsmeiUa ISM East Delta 171.409 763.525-4

EI-Shertda SHK East Delta 499.394 2600.051

EI-Salhla SAL East Delta 216.898 1187.633

Damietla DMf East Delta 104.539 756.636

East of Dakahlla EDK East Delta 427.163 3097.080

We" of DakahlJa WOK Middle Delta 352.874 2558.457
Kafr EI-Shelkh KSH Middle Deha 484.136 3621.481

EI-Gharbla GAR Middle Deha 372.22S 2144.754

EI·Menofla MIN Middle Deha 379.748 2152.276

EI-Behka BHR West Delta 338210 2024.251

West of EI-Behefra WBR West Delta 375.183
~

~ 2155.218

Alexandria ALX West Delta 728.149 4024.130

BEST AVAILABLE DOCUMENT
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Table A.31: Annual MPWWR Budget

Vear1986

Chapter 1 Chapter 2 Chapter 3 Chapt"", 4

Name 0 M1 M2 M3 M4 M5 M6 M7 M8 M R loan

MPWWR 7~1.00 281128100 23ll9.CO 000 000 3oU300 137115.00 2llO3.00 aoo 283375800 3D$7.00
DelaBanage Il1ll3~OO 175047.00 1163100 17700 203M 00 775200 612300 11100 ~.OO ~oo lII37QOO

» ~ 46163400 000 103J00 000 000 61100 5a500 131~00 000 ~OO 7178837.00
-0 Nile MonilorIng ~7POOO 000 700 00 000 000 121000 Qi900 21•.00 0.00 alll3.00 000
"'0 DnignDIpL 151007.00 000 000 I~OO 000 157200 342900 1100 IROO 6536.00 7157.00m
Z Sudan 1113126800 000 10052 00 25100 000 13.00 305600 28100 000 13eSl00 000

C ~ 1481.a300 IIll4604 00 561200 657.00 7705900 29llot 00 ,.,5000 50400 0.00 12ll555O.00 000 1567ll31.00

X
Kcna 21756el1.00 2854117300 2467.00 000 3533900 4499.00 460300 200 000 2llO1ll33.00 000 2556119S00
Sohag 17839M.00 1211051.00 68600 000 ~OO 261400 6071 00 31300 000 126llOll3.00 000 131~00» Assllli 122735100 llO47~00 lD0900 000 6363000 332400 360500 7100 0.00 876784.00 0.00 1ll55D2600

~
HYenia 1~744.00 24411170.00 576200 6600 1493800 4llO600 1490700 32800 000 2482817.00 000 446099500
&!ft!.Suef 15Oll310.00 1494111100 I~OO 000 2997600 1461100 366400 67a00 0.00 1~1437.00 000 IIl72997.0l'

F~ 1091751l.00 105000000 229500 000 775800 292Il00 447000 5400 000 1017505.00 0.00 1113585900
GilAl 16035ll600 1341077.00 45800 000 64000 1481100 300000 40.00 000 134701300 000 ~OO

EI·KaJubia 1554421100 121l604O00 464600 000 939900 210200 451000 102.00 0.00 13l117llll 00 000 112425000

EJ.1IInda . 191282.00 11111247.00 145700 000 251.700 156400 Q4100 50.00 0.00 115170100 0.00 117784100
EI-SN<lda 21675ll1l 00 2014325.00 146900 000 2045700 135400 413900 121100 000 2OQ47Q00 000 3lXlli8522.00

EI·o.kehIla 311l11l9ll.00 33629ll8.00 206200 000 4054400 279000 1611400 411100 000 3Q4ll2800 000 1201405200

K8Ir EI·Sheikh 105444300 152850800 323400 000 3709500 173000 620600 10000 0.00 15771l71.00 0.00 290707300
EJ-GhaIbia 171132le.oo 157786300 143700 000 4466600 1111700 7~00 367.00 000 1833llO3.00 0.00 377753500

EI·UenoIia 11I7451l400 1569067.00 1026800 000 6865300 111500 406100 432.00 000 1~7ll600 000 ll23llO300

EI·lle/lef. 14U7l146 00 449OllOll.00 342900 000 32931100 2lI7100 615800 14U00 0.00 453lI445.00 000 4488IIIlI00

A1e1l8lldetl8 57ll1l4400 144llllll2.00 11137400 000 446100 1337.00 336200 10.00 000 14~.00 0.00 4IlOll32lI 00

BEST AVAILABLE DOCUMENT
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Year 1987

Ch~,r1 Chapler2 Chapter 3 Chapter 4

Name a M1 M2 M3 M4 M5 M6 M7 M8 M A loan

MPWWR '04llCXlll 00 311787115.00 234900 000 000 142600 1699800 5012.00 000 3II024llO.00 ~noo

0eIIa e.r.ge 2253iK00 240188.00 729300 201100 1319000 11831.00 707400 '00.00 lI8lI9.OO 2lIllll73.00 51827'00
Aesetvol:s 24lHJOa00 0.00 851200 000 000 39300 22200 147.00 0.00 10274.00 7321140;00
Nile MonIlGmg tMllUOO 0.00 '09200 000 000 '11900 335600 3ll4.00 0.00 15$:11.00 000» DnignDept. 20111'70.00 0.00 149.00 000 000 77500 410800 27:1.00 29:1.00 5llO2.00 27Oi5l1oo

\J Sudan 2002"A400 0.00 32182.00 1176500 198600 6OJ400 602600 1721.00 158300 81257.00 '1143500-0
AswM '70111':11.00 '4ll!lO92.00 949300 000 6097100 537700 '008300 28000 0.00 ,5lI527I.00 000 2lIllOJlI3 00mz Kena 2714071100 36111881.00 82100 11911100 1300500 377400 4347.00 82.00 11100 3&488118.00 000 4lI3lIlI7O 00

0 SoIIag 22lI31'55oo '00'55000 772-00 000 40612.00 346500 7601.00 10400 000 1054104.00 000 lI685ll8oo

X AuuI 13ll!lC.I.00 '108274.00 149800 000 21151400 101000 337200 8300 25000 '&al99.00 000 2001867.00

» fl·...... ,lI47(ll18.OO 421113711.00 35lIlI00 000 241195.00 3113700 12214.00 304.00 0.00 4328184.00 000 487294400

lleni·Suef '581~00 271447200 89200 000 2932300 153500 464200 '24.00 000 2l:llllllll.00 000 2134llll1oo

C'.t) Fayoum 1137_00 2G7:l45000 174400 000 000 447.00 634300 57.00 0.00 28lllI088.00 000 1111177:l400
C'.t) Giza '00ICD1.oo '5lI774Ooo 309200 84800 399lI.00 179500 502300 3211.00 000 ,l102lI22.oo 000 21524700

EI-Ka1ub18 '850C88 00 17111177.00 103800 000 1094500 '.78.00 362200 111.00 000 1llllll574.00 000 ·.~332oo

EHsmaiIia 1l1ClJ300 '1lll'51800 255500 000 2077900 111200 424100 118.00 000 18210711.00 0.00 r ;..Dll00

fl·SllMUaI 2lM44W00 3337e5ll.oo 2951.00 000 2873700 343100 .15100 14300 000 3377071.00 000 ZZ2ll7412-oo

E~OAkahIie 3738(11300 570000I.00 3ll5lI00 '811000 5827.00 280300 850500 25800 000 :177441:1.00 0.00 1213412200

Kafr E1.SheId\ 'OllITouOO 2111.7.00 298000 000 30045.00 847.00 5491.00 5000 000 2I583ll7.00 000 254111115 00

EI-GhMlIa 2Oe21'38oo 182.725.00 8111.00 000 27117000 1717.00 410400 144.00 000 Il159241.oo 0.00 3536lI73oo

EI·UenaIia 2OeIf4400 135lI134.00 114000 000 1291300 101100 187500 23500 000 137ll1l11.00 000 48100400

El-Behefa '547"17.00 293724500 llll9.00 139500 2428400 1821.00 640100 77.00 000 29717011.00 000 :I0Il5727 00

A1eaanderla 8111l.82.oo 340135400 1269100 000 000 1971 00 451500 0.00 000 342lI531.oo 000 ~oo

,
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Year 1988

Chapter 1 Chapter 2 Chapter 3 Chapter 4

Name 0 M1 M2 M3 M4 M5 M6 PK1 Me M R Loan

IolPWNR UI210Q2.00 523121900 13517.00 000 000 1894.00 2!!!~~.00 1017.00 000 5278624.00 8314487.00
DeIlaBen-ve ~t1I2.00 19891300 2181000 1500 131179900 "32300 1275700 1500 74Oll00 3111211000 42~00

ResetvoIrs 279711.00 000 396200 000 000 70500 23400 137.00 0.00 llOOlI.OO t«1034llI.00
~ Nile UonIloring 707838.00 000 1le6800 000 000 156500 827500 11IS.00 000 11117300 000
-0 en;gno.pl 2311168.00 000 18800 000 000 987.00 88J900 0.00 1.00 .15.00 0.00""0
m Sudan 2547368.00 000 9"4100 489000 49200 166900 550200 544.00 125.00 1043lS300 !50355.00

Z Aswan leea7ll3.00 2OOlI63500 155300 000 J409600 188900 1254000 7100 000 2OS8791.00 000 3lIlIll8lM 00

C Kena 2lI92152.00 2Q120500 547.00 140800 C463000 408500 101500 107.00 0.00 2487995.00 0.00 254353400

X SotIag 2«i5581.00 1015631.00 196900 000 3012800 ~oo 528800 153.00 0.00 t05ll717.00 000 lII32ll300

» Assuit 1Il41032.00 IIl2lI39800 2073.00 000 2999900 111100 3373o.l 140.00 12.00 IlII511400 0.00 mel 00
EJ.Menia 213lll181.00 5219516.00 I!5OlIOO 000 12242200 ~oo 173000 205.00 0.00 ~OO 0.00 l555lIICJ.OO

to) IlenI-Suef 1118155400 3112103200 197.00 000 I~OO 97900 315000 211100 0.00 3145457.00 000 4OOllI77.00
~ FeyclUIII 1~744.00 5148726.00 280100 000 12Oll400 379300 !l6lI900 57.00 0.00 1lI7157.00 0.00 3llIlI543 00

GIza 112413100 4071237.00 739000 000 1041800 332900 911200 17.00 0.00 .IOIi82I.00 000 3511511J00
EI-KMlbIa 21!l359300 2437e&00 697.00 000 711300 143600 734300 294.00 000 2314412.00 000 .7261eoo

E1·1s1Mi1ia 103112000 22411182.00 252300 0.00 1376900 226500 475300 8800 0.00 22lI53IO.00 0.00 I1714Oll00

EJ.Shad<Ia 2llOlM75.00 1lI13455.00 IlI6500 000 39110500 199900 ~OO 1611100 0.00 5llll3eI.00 000 207OOO4lI00

EI-o.tcehlIa .Ill7J2O.00 lI43a3I3.00 1167.00 0.00 47716.00 35C800 1138300 571.00 000 lIS0444I.OO 000 t34lll42100
KMt EJ.SheWt 1198285.00 35I2ll78oo 9Q9.00 000 9771900 1042.00 lI5I900 63.00 0.00 38883llO00 000 420234G00
El-GM<bla 2289194.00 tSlOO42 00 . 56400 944100 IJJ9I00 1892.00 5641.00 200.00 t20.00 114IllllIOO 000 3515121300

El·UenoJIa 2245258.00 1932801.00 43300 0.00 11621.00 184000 737200 25100 000 1953lIIaOO 0.00 744637.00

E~llehera 1136578.00 !52tIII217.00 181500 000 ll6lI9 00 161900 6037.00 117.00 000 521531400 000 4lI345I200
AJeunderia 87107200 394333000 1345000 000 25llO00 215500 7_00 10.00 0.00 3!lllllIIa00 000 1368151100
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Year 1989

~I ChapCe.2 0IIII*t3 CNpler4

HMne 0 "'I M2 M3 "'4 "'5 Me "'7 MIl it R loM

MPWWR 18e82I.oo l08tt373 00 3Il2.OO 000 000 208 00 2969800 lIlM5.oo 000 1llll5leoe 00 10lM2151.oo

OeIIaBart. 2IlS1874.oo 203134.00 It3lI8 00 19900 14137.00 980700 1238900 44UIJ 7077.00 28157000
__00

ReMMlirs 3llUWO.OO 000 16532.00 000 000 72000 733.00 47.00 000 1803200 2032883700

» Nile Monlblng 14lI54lI.00 000 474900 000 000 400800 738500 133.00 0.00 1627300 000

"
DesignOept 25I3OlI.00 000 300 000 000 109500 577200 14500 1.. 00 7111400 000

" Sudan 23lI4134.oo 000 11728100 141200 000 148700 2166300 ItlllJ.OO 415.00 10000000.OO I~oo

m Aswan 2065elD00 2:Jttlll.OO 2234.00 000 6456300 91600 1611500 800 0.00 23lIlI425.OO 000 225CIl)I 00

Z Kena 3282722.00 3I7lI36200 2111400 000 3995000 741900 1879300 34900 000 3748057.00 000 33lI24117 00
C Sohag 272928900 1488921.00 1387.00 198400 ~OO 313200 869300 tt8200 000 1517014.00 000 21J13lS4 00

X Assull IlI40147.OO 273625100 11441.00 000 ~7400 150900 4973.00 _00 0.00 281475300 000 2823433CX1

» E.·....... 272118lI 00 3115581000 2321.00 17111.00 3924500 417700 1206800 3292.00 0.00 3lI11147200 000 lle5I5lIlJ 00
llenI-Suef 21115814.00 251441300 37500 000 1705000 217200 6131.00 11800 000 2535liI11I 00 000 3!Mll511 00

Co) Fayoum 1410874.00 ~oo 197500 000 513000 757200 ~oo 7100 0.00 5028lIlI4.OO 000 290174400. U1
Giza 1325517.00 3426807.00 1130200 000 82500 7811100 1053300 27800 000 345435800 000 27817500

EI-KaIubie 23lI2257.00 I~oo 147100 000 1007200 96200 534100 50900 000 15IIlI1:l00 000 125385700

EI·1smaiIie ll32lI71.oo 135114000 2891.00 000 7520000 99900 173800 82900 000 1443S02OO 000 91.00

EJ.~ 3lI4842lt.00 41117l111.00 348700 000 4!l9111 00 Illll300 zmoo 2011.00 000 4227lI42.00 000 ."11100

EJ·DaUh/Ia 4lIlJ57t1l.00 7851181Ull'l 126500 000 282:i000 285100 1614900 25100 0.00 lIClO793I 00 000 12l1lJll547.OO

KeIr EJ·ShelldI 1584533 00 289517200 111500 000 14345400 292800 ll54000 7aoo 000 2852357 00 000 3474383 00

EI-GIla~ 2144143.00 203lIl1100 15500 11900 2tt23 00 16lII.00 715900 27800 000 2070"1.00 000 302!iUloo

El-Menolia 281137000 109lI00200 50100 000 1435300 1114 00 548700 10400 000 ,"al.oo 000 77903400

EJ.~ ;11t;S22lI.OO 5101107.00 2&200 000 4819300 327l1OO 182100 IlI2.oo 000 51110521.00 000 53543Q00

A1eunderla lIlJ57l17.OO 8111412200 72000 000 51100 60700 939100 51100 0.00 1t74l1lJI.00 000 107721.00

BEST AVAILABLE DOCUMENT
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Year 1990

ChlplW' .Qlaplef2 ~3 0...,4

....... 0 U, M2 U3 "" I.e Ull U7 ... U R laM,

MPWWR 2110525 765575 4037 0 0 0 41318 12115 0 7713285 1533434992
Delta 3034450 216004 3552 534 15265 27660 39131 86 15694 317926 770347
Barrage

~ Tanks 361837 0 82 0 0 506 2979 145 0 3712 63302801
""D
""D Nile 881090 0 6465 0 0 12449 22903 47 1230 43094 0
m Monitoring
Z DeslgnDepl 260881 0 0 0 0 2332 14624 10 0 16966 0
C
X Sudan 1423676 0 0 0 43696 0 0 0 0 43696 227708

~
Aswan ~,OO ,~oo 466800 000 5063Il00 97900 25498.00 ,GOO 0.00 Il1Z58UlOO 0.00 1&78':5800

Kena 31'841".00 439477200 398900 000 27411300 90897.00 4677200 1228.00 000 ee5131l.00 000 157Ol197.00
(a) Sohag 31784l1O.00 1!lO9552.00 278300 000 345800 5650.00 11IJC; oc: 22000 0.00 154001000 000 7S3lI43-00
m As1uI 21782e300 2025102.00 • 588800 000 _00 28027.00 112C..c.OO 3111.00 0.00 212020000 000 231171126 00

EJ·........ 31lle228.00 8314671.00 214600 1015300 9501.00 273300 811l94l,q 5S54.00 000 8406052.00 0.00 4ll6lS7SlI 00

Befti.Suef 2393221.00 2tI83OO4.00 4287.00 0,00 17320.00 755.00 599800 tl8800 0.00 2722550.00 000 731n 133.00

FayouM lDl1224900 318973400 285400 000 4152900 302700 8783.00 730.00 0.00 32:l8lI:l7.00 0.00 170«17'.00

Giza 10lM82ll00 3282130.00 235500 25OD000 283"00 427900 2223000 8800 0.00 33&UOlI00 000 3278Sl1O

EJ-K8IubIa ~10935.00 70105500 ~,OO 260800 11468100 111900 tlll3400 387.00 0.00 132442.00 000 88981400

. EHsmaIIa 'Oll3IUOO 321349800 !107I.OO 000 7325500 118000 81~00 42400 0.00 32lI9:584 00 000 Q7218400

EJ.SNrIda 301111158.00 17472311.00 11lO800 488200 212354.00 3778400 4723200 3!Ill.00 10'.00 705'74600 000 1!lO38345 00

EJ.OPa/lIia 515884000 377183800 345800 76800 5792000 5849,00 3660800 IlillOO 000 3I7l120300 000 1I012D83 00

ICafr E~SIlddl til54a2400 5253187.00 114600 000 &8181.00 80200 1418300 ".00 0.00 53871130.00 000 2204ll5ll 00

EJ.GNdlIa 3!5Oll3500 23lI9Oll5.00 58200 84500 5420800 230800 2258300 111400 000 247042500 0.00 2485811100

EJ·r.tenofla allI4757.00 1587115.00 IB300 000 6777.00 156000 3112500 tl7500 0.00 1~143500 000 130&87500

EJ·llehera 2757111000 "2325900 232800 2011100 1374600 ll69100 475200 11200 0.00 5172115'00 0.00 8810111200
AEa_nderIa 1J30517.00 524Ol183 ')0 1110300 000 208000 96200 7909.00 000 000 1125341'.00 000 ~ 17'78357.00
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INTRODUCTION

Task Objectives

The objective ofthis task was to develop a computer model for the cost allocation process
-: and apply it to the Nile River Basin, Egypt. Specific/ally:

I) Write a stand-alone computer program in common "C" for the cost allocation process
described in ISPAN (1992).

2) Test the model using data from ISPAN (1992) for four scenarios.

3) Install the model on the local hardware.

4) Prepare a report describing the model.

This report is composed of four cha.pters. This INTRODUCTION contains the objectives
of the task and the definitions of the terms used in the cost allocation process. The COST
ALLOCATION PROCESS chapter describes how the model was formulated for the Nile River
Basin, Egypt. The COMPUTER MODEL DESCRIPTION chapter describes the organization of
the computer program and the input file formats. The RESULTS chapter presents the results of
model runs for the four scenarios. Appendices at the end of the report contain the complete input
and output files for the four scenarios, a listing ofthe model header file declaring the variables and
functions, and a listing ofthe main program and the function definitions.

During the study, the terms for the geographical regions were changed to provide greater

specificity. Some of the original tenns had already been coded into the model and so there are
some slight inconsistencies between the terms in this report and the tenns in the main report
(ISPAN, 1992). In this report "old lands" and "existing lands" mean the same thing: the lands ..
currently developed and available for cultivation. In the main report these terms are subdivided
into "old lands" and "old new lands". In this report "new lands" refers to areas planned for
development but not yet into production, and means the same :s "new new lands" iii the main
report.
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Definition of Terms

Cost allocation is a process which provides infonnation for distributing the costs of
common works for a multi-purpose project to the beneficiaries of the project.. The commonly
used terminology fOl· describing the application of this process to water resources projects is
some:what imprecise. The purpose of the section is to provide a consistent set of tenns for the
remainder ofthe report.

The water users are classified into "use sectors"; for example, irrigated agri,~ulture in the
Upper Nile Region. The services provided by the multi-purpose project are classified into "service
sectors"; for example, reservoir storage for agriculture. A service sector may provide water for
several use sectors; for example, storage for agriculture in the High Aswan Dam provides water
for irrigation in several regions (use sectors) down stream.

Figure 1 depicts the cost allocation process for a project with three service sectors:
irrigated agriculture, hydropower, and navigation. The project cost at the top of the figure is
distributed among the service sectors at the bottom ofthe figure. The "project cost" is the cost of
a well defined infrastructure. It may include the investment costs of the physical works, operation
and maintenance, rehabilitation, and management. A large water storage and delivery system may
be composed ofmany projects; that is to say the overall system may be disaggregated into a set of
well defined subsystems. In order to allocate costs among service sectors for the entire system the
cost allocation process may be applied sequentially to each project in the system, and the costs
accumulated.

The project cost is first divided into "common works cost" and "specific costs". The tenn
"common works" refers to the project infrastructure needed to create and operate two or more
service sectors. Nonnally it is a complex combination of structural and equipment components
that are interdependent (i.e. they depend upon each other to pro~de fhIl functionality of the
project infrastructure for all of its service sectors). The High Aswan D3m is an obvious example
ofcommon works.

A "specific cost" is the cost for a facility that has the following characteristics:

1) Its cost is identifiable and part ofthe project cost.

2) It functions exclusively for a single service sector.
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PROJECT COST

ADJUSTED SEPARABLE COST
REMAINING BENEFITS PROCEDURE

o BENEFITS

o SINGLE PURPOSE ALTERNATIVE COSTS

o SEPARABLE COSTS

Figure 1. The Cost Allocation Prol::ess.
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3) Other service sectors in the project would function as intended if this facilitY were missing.

4) It is not structurally integrated into the common works.

An example of a specific cost is the transmission line which carries energy from the dam to the
load center. Specific costs are assigned directly to the appropriate service sector as indicated by
the dash lines in Figure 1.

The common works are further divided into ,:separable costs" and "joint cost." A separable

cost is something that is "part" ofthe common works, but can be associated with a single service

sector. There are two types of separable costs which will be referred to as "separable cost of the

common works (SCCW)" and "imputed cost." A separable cost of the common works is for an

identifiable facility that exists in conjunction with the common works, but functions for a single

service sector. The penstock for hydropower which is part ofthe dam is an example ofa separable
cost ofthe common works; it cannot exist without the presence ofthe common works.

An imputed cost is the incremental cost to the common works of adding a particular

service to a project containing aU other services. It is calculated for each service by determining

the added cost of providing that service over and above the cost of providing the remaining

services. To calculate the separable cost for a particular service, the cost of a structure which

provides all of the remaining services is subtracted from the cost of a structure at the same site

which provides all services planned for the project.

The joint cost is the common works cost less the separable costs as indicated in Figure 1.

The "Adjusted Separable Costs Remaining Benefits" (ASCRB) methodology (USU 1978,

1980, 1981, 1984, 1986, 1990) was adopted to allocate the common works cost as ifidicated in

Figure 1. This methodology adheres to the two principal objectives ofcost allocation: "economic

efficiency" and ilequity." The conditions of economic efficiency may be summarized as follows
(USU 1986):

1) The seParable cost of adding each service as the last increment should not exceed the

benefitsderivedtherefro~

4
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The sum ofthe total costs allocated to each service should not exceed the s~m of the total
benefits accruing from the use ofeach service, and

The total cost to each purpose should not exceed the cost ofa single-purpose alternative
providing equal benefits.

Equity refers to fairness in the distribution oftotal project costs among all of the users served by a
multiple-purpose development. Specifically, an equitable cost allocation is one which permits ,aU
project users to share fairly in the savings from multiple-purpose as compared to single-purpose
construction.

"Benefits" referred to in Figure 1 are the benefits attributed to each service sector as a
result of the common works. Appendix B of the main report (ISPAN, 1992) describes four
altemative procedures for calculating the values of project benefits. The selection of a particular
benefit calculation method is limited by the availability of data necessary to make the ~!\lculations.

The data requirements increase as the method becomes more sophisticated.

"Single Purpose Alternative Cost" referred to in Figure I is the cost ofproviding the same
service by means of a single-purpose project in place of the multi-purpose project. For example,
the single purpose cost for agriculture could be the cost of a dam constructed solely for
agriculture.

All costs and benefits are represented as present values for the ASCRB methodology. The
benefits are compared to sing'e purpose alternative costs, and the lesser is termed the ''justifiable
cost." A service sector will not be assigr;:ed more than its justifiable cost. In other words, a
particular service should not pay more for its share of the common works than the benefits it
receives or its costs of "going it alone." If there are no separable costs identified for the common
works, then the COIrdllOn works costs are allocated among the service sectors in direct proportion
to their justifiable costs. For reasons described in ISPAN (1992) this is the case for aU of the
common. works structures and service sectors in scenarios 1 through 4 of this study, except for .
flood control at the High Aswan Dam.

. As ii'aight·be· expected, .the elassification of items into the· mutuaiiy exciusive categories
defined above requires a r.onsiderable amount ofprofessional judgment. Consequently Ii great deal
of care must be taken to provide a consistent set of benefits, common works costs, separable

..

~-
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costs, specific costs, and alternative costs in order for the criteria of economic efficiency and
~~~~~. ~

The allocated cost for each service sector is added to the specific cost for that sector to
estimate the total sector cost, as indicated at the bottom ofFigure 1.

After the total project cost has been distributed to the service sectors, it must be further
distributed to the use sectors. A variety of methods have been used to make this distribution
(USU 1990). In this study, irrigated area is used to distribute Nile main stem costs to agriculture,
and population is used to distribute main stem costs to rural water supply.

6
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COST ALLOCATION PROCESS FOR THE NILE RIVER

Introduction

This chapter describes how the cost allocation process was implemented for the Nile River
Basin, Egypt. The general approach is to perform a sequence of cost allocations at three levels
and sum the results. At the first level, aJlocations are conducted within each geographical region
to distribute costs among agriculture, rural water supply and navigation. At the sec~nd level, cost
allocations are conducted among services provided by the barrages on the main stem of the Nile.
At the third level, cost allocations are conducted among services provided by the High Aswan
Dam Complex.

Figure 2 is a diagram depicting the stages in the modeling procedure. Geographical
discrimination is represented by the boxes in the left column. An "Old Land Region" is a

geographical area representing a directorate or group ofdirectorates that are currently operationr.l
in the basin. These are also called "existing regions". Five Old Land Regions were identified for
the initiaJ application of the model. A New Land Region may represent new land development
within an existing directorate or outside the existing directorates. Six New Land Regions were
identified for the initial application of the model: one within each of the five Old Land Regions
plus one outside ofthese regions. The "Main Stem Nile" boxes in Figure 2 represent the barrages.

on the main stem of the Nile River and the Bign Aswan Dam. All benefits and costs are

represented as 1991 present values.

The cost of the common works within each geographical category is represented by the
boxes in the. center culumn of Figure 2. The cost in each of these categories is allocated among
the service sectors, repres~nted by the boxes in the column on the right in Figure 2, using the

'Adjusted Separable Costs-R~.muning Benefits (ASCRB) methodology. The cost of common

works includes Operation, Mnintenance and Replacement (OM&R) costs for the particular

structure as described in the main report (ISPAN, 1992).

The model begins at the "Old Land Region" level shown at the bottom of Figure 2 and
--works Up through the new ianasand the main stem in the order shown from bottom to top. Costs

allocated to each service sector are accumulated during the process.

~
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Figure 2. Cost Allocation Process for the Nile River.

8

~ .

=



Old LAnd Regions
Cost allocations are performed within each ofthe old land regions for 1) the irrigation and

drainage pumps, 2) non-navigable canals, and 3) navigable canals. The parameters for these
allocations are listed in Tables 1through 3.

Table 1 contains the parameters for allocating pump costs within an existing region
between agriculture and rural water supply, both ofwhich benefit from the pumps.

Table 1. Allocation ofOM&R Costs for Irrigation and Drainage Pumps

Cost: OM&R for the existing irrigation and drainage pumps.

Old Agriculture

Benefits:

Alt Cost:

Agricultural net primary returns for the region.

OM&R costs ofthe existing pumps.

..::

Rural Water Supply

Benefits:

Alt Cost:

Well and incremental pumping costs ofa deep aquifer supply.

OM&R costs ofa pumping system drawing water from a deep aquifer.

-----

=

In Table 2, the fraction of non-navigable canals is determined by the ratio of the wetted area of
the non-navigable canals to that of the total canals in the region. The ratio of population served is
approximated by the same ratio. In Table 3, the fraction of navigable canals is determined by the
ratio of the wetted area of the navigable canals to that of the total canals in the region. The
population served is approximated by the same ratio.

This method of calculating benefits and a1temative costs for the non-navigable and navigable
canals was adopted ~ the model because it is conceptually consistent to treat all sectors in the·
same way throughout the model (i.e. to attempt to identify the actual benefactors and costs). The
alternative would have been to use the region-wide benefits and a1temativecosts for both sub

·classiticafions within ·the region. A comparison of the two approaches is discussed in the

RESUL18 section of this report. The method can be easily modified in the model, or an option.
can be added to allow the user to make the choice at run time.

9



Table Z. Allocation ofOM&R Costs for Non-Navigable Canals.

Cost: OM&R for all canals in the region multiplied by the fraction of non-navigable
canals.

Old Agriculture

Benefits:

Alt Cost:

Agricultural net primary returns for the region multiplied by the fraction of non
navigable canals.

OM&R and capital replacement costs for existing canals multiplied by the fraction
ofnon-navigable canals.

Rural Water SURPly

:::

Benefits:

Alt Cost:

Well and incremental pumping costs of a deep aquifer supply multiplied by the
fraction ofnon-navigable canals.

OM&R costs of a pumping system drawing water from a deep aquifer multiplied
by the fraction ofnon-navigable canals.

~

-."" .... ~'.,.-

-...

The costs resulting from each of the three allocations are accumulated for each use sector
within the region. For example the costs to agriculture for pumps, non-navigable canals, and
navigable canals are summed to provide the total cost to agriculture at the region level.

New Land Regions

After allocations have been conducted for all old land (existing land) regions, the model will
reallocate some ofthe agriculture cost to a new land (new new land) region if an old land delivery
system is shared by the new land. The dash line in Figure 2 is intended to indicate that the only
cost allocated to a new land region is reassigned from an interfacing old land region. Table 4 lists
the parameters for the allocation ofcost from old land agriculture to new land agriculture.

The factor representing the fraction of the old canal system used by the new land region is a
.parameter supplied bythe user based on wetted canal area.

The cost allocated to the new land region is added to that region's agricultural cost and

10



subtracted from the old land region's agricultural cost. Any modifications to the existing water
delivery systems which might be needed in order to accommodate delivery to the'new lands are
considered as specific costs to the new lands.

Table 3. Allocation ofOM&R Costs for Navigable Canals,

Cost: OM&R for all canals in the region multiplied by the fraction ofnavigllble canals,

Old Agriculture

Benefits:

Alt Cost:

Agricultural net primary returns for the region multiplied by the fraction of
navigable canals.

OM&R costs for existing canals multiplied by the fraction ofnavigable canals.

Rural Water SU1212ly

-.. Benefits:

Alt Cost:

Navigation

Benefits:

Alt Cost:

Well and incremental pumping costs of a deep aquifer supply multiplied by the
fraction ofnavigable canals.

OM&R costs of a pumping system drawing water from a deep aquifer multiplied
by the fraction ofnavigable canals.

Cost savings over rail transport for the region.

OM&R costs for the canals multiplied by the fraction ofnavigable canals.

Main Stem orThe Nile

After all of the new land regions have been processed, two allocations are conducted for the
main stem of the Nile as indicated in Figure 2: 1) the existing barrages excluding the new Esna,
and ~) the new Esna ban·age. The allocation parameters for the existing barrages are shown in
Table S. Benefits for Old Agriculture, Rural Water supply, and Navigation are the accumulation
ofrespective benefits fur these use"sectors in the regions. Benefits for Ground Transportation and
Recreation & Tourism are those for the main stem ofthe Nile.

11
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Table 4. Reallocate Agricultural Costs from Existing Lands to New Lands (New New Lands).

Cost: OM&R aJlocated to agriculture in an existing land region which is interfaced with
this new land region, multiplied by a factor representing the fraction of the existing
canal system delivering water to the new land.

Old Agriculture

Benefits:

Alt Cost:

Agricultural net primary returns for the existing region.

OM&R and capital replacement costs for existing canals multiplied by the fraction
delivering water to the new land region.

New Agriculture

Benefits:

Alt Cost:

Agricultural net primary returns for the new region.

OM&R and capital replacement costs for existing canals multiplied by the fraction
delivering water to the new land region..

The new Esna barrage, which is assumed to be in place for scenario 2, contains hydro-power

generating facilities and thus is treated separately from the other barrages. Table 6 lists the

parameters for the Esna Barrage cost allocations. Benefits for Old Agriculture, Rural Water

suppty, Navigation and New Agriculture are the accumulation of respective benefits in the regions

(the same as those in Table 5) adjusted by a weighting factor. Benefits for Ground Transportation

and Recreation & Tourism are those for the main stem of the Nile (the same as Table 5) adjusted
by the weighting factor.

The weighting factor is used to assign a fraction of the basin wide benefits to Esna. This was

done for three reasons:

1) To put benefits on a comparable "dsis with single purpose alternative costs for the Esna
facility,

2) To put benefits for lite other s~ces on a compa.rab!e basis \\tith Esna power. a....d

3) To provide consistency in the cost allocation process throughout the model.

12
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Table 5. Allocation of OM&R Costs for Existing Barrages on the Main Stem Excluding the New
Esna.

Cost: OM&R for existing barrages excluding Esna.

• QhU\..srigulture

Benefits:

Alt Cost:

Agricultural benefits accumulated for all existing land regions.

OM&R costs for the existing barrages, excluding Esna, or substitute pumps.

Rural 'Water SUllllly CRWS)

Benefits:

Alt Cost:

Navigation

Benefits:

Alt Cost:

RWS benefits accumulated for all existing land regions,

OM&R costs for the existing barrages, excluding Esna, or substitute pumps.

Navigation benefits accumulated for all existing regions.

OM&R costs for the existing barrages excluding Esna.

r-

New Agriculture

.:

Benefits:

Alt Cost:

Agricultural benefits accumulated for all new regions.

OM&R costs for the existing barrages or substitute pumps jointly used to supply
new lands.

Ground Transll0rtation

Benefits:

Alt Cost:

OM&R cost savings over bridge crossings at the barrage sites.

OM&R costs for bridge crossings at the barrage sites.

Recreation & Tourism

Benefits:

Alt Cost:

Net primary revenues from the Nile River Tourist Illdust.ry.

OM&R costs for the existing barrages.

13
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Table ti. Allocation ofOM&R Costs for the New Esna Barrage. ,

Cost: OM&R for Esna barrage.

Old Agricyltyre

'.
Benefits: Table 5 multiplied by a factor for Esna.

Alt Cost: OM&R costs for Esna.

RYmlWater SUJ,lply (RWS) "

Benefits: Table 5 multiplied by a factor for Esna.

Alt Cost: OM&R costs for Esna or substitute pumps.

Navigation
I

Benefits: Table 5 multiplied by a factor for Esna.

Alt Cost: OM&R costs for Esna.

New Agriculture

Benefits: Table 5 multiplied by a factor for Esna.

Alt Cost: OM&R and capital replacement costs for Esna.

Power

Benefits: Cost saving over thermal energy as an alternative supply for the power at Esna.

Alt Cost: OM&R costs for Esna.

Ground TransJ,lortation

Benefits: Table 5 multiplied by a factor for Esna.

Alt Cost: Table 5 multiplied by a factor for Esna.

Recreation & Tourism

Benefits: Table 5 multiplied by a factor for Esna.

Alt Cost: OM&R costs for Esna.

14
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As a first approximation, the weighting factor is calculated as the ratio of the cost for Esna to the
cost for all barrages including Esna. This approximation for the weighting factor can be easily
modified in the model, or an option can be added to allow the user to make the choice at run time.
A discussion of the affects of the weighting factor is presented in the RESULTS section of this
report.

....

The High Aswan Dam

After the main stem barrages have been processed, the allocation is conducted. for the High
Aswan Dam (HAD). The parameters for this allocation are listed in Table 7. Benefits for Old
Agriculture (existing agriculture), Rural Water Supply, Navigation, New Agriculture, and
Recreation & Tourism are the accumulated respective benefits from the regions and the main
stem. Benefits for Power, Ground Transportation and Fishery are associated specifically with the
HAD. Benefits for Flood Control at the HAD are calculated as a percentage oftota! basin benefits
(excluding benefits for agriculture).

Single purpose altemative costs for all services except transportation and flood control are
represented by the OM&R and capital replacement costs of a dam specifically for agriculture
located at the HAD site. The single purpose alternative cost for transportation is the OM&R and
capital replacement cost of a bridge crossing at the HAD site. The single purpose alternative for
flood control is the OM&R and capital replacement cost of a dam specifically for flood control
located at the HAD site.

The separable cost for flood control is the estimated cost for OM&R of the HAD with aU
services (existing situation) less the OM&R cost for a dam with aU services except flood control
at the HAD site.

IS
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Table 7.Allocation ofOM&R Costs for the High Aswan Dam Complex.

Cost: OM&R for the High Aswan Dam Complex (HAD).

Old Agriculture

Benefits:

Alt Cost:

Agricultural benefits accumulated for all existing land regions.

Single purpose alternative dam for other purposes (l).

Rural Water Supply (RWS)

Benefits:
0

-
-

Alt Cost:

-
=

Navigation

-"1 Benefits:
J

Alt Cost:

RWS benefits accumulated for aU existing land regions.

OM&R costs of pumping systems for drawing water from deep aquifers summed
for the existing land regions.

Navigation benefits accumulated for all exiS'.ting regions.

Single purpose alternative dam for other purposes (1).

New Agriculture

Benefits:

:::::
Alt Cost:--

-
=~ Power

1Il
.... Benefits:

Alt Cost:

Agricultural benefits accumulated for all new regions.

Single purpose alternative dam for other purposes (1).

Cost savings over thermal energy as an alternative supply to the hydropower at the
HAD.

Single purpose alternative dam for other purposes (1).

Ground Transportation

Benefits:

AhCost:

OM&R cost savings over a bridge crossing at the HAD.

OM&R costs for a bridge crossing at the HAD.

16



-, Table 7 (continued). Allocation ofOM&R Costs for High Aswan Dam Complex (HAD).

Recreation & Tourism

Benefits:

Alt Cost:

FisheJY

Benefits:

Alt Cost:

Flood Control

Benefits:

Alt Cost:

Net primary revenues from the Nile River Tourist Industry.

Single purpose alternative dam for other purposes (1).

Value ofdirect output-market value ofthe fish harvest.

Single purpose alternative dam for other purposes (1).

Estimated percentage of the total basin wide benefits excluding benefits for
agriculture.

Single purpose alternative dam for flood control (2).

Sep Cost: Separable cost ofthe OM&R for the HAD.

Notes:

1) The single purpose alternative dam for other purposes is the OM&R costs of a dam for all
services except flood control at the site ofthe HAD.

2) The single purpose alternative dam for flood control is the OM&R costs of a dam for flood
control at the site ofthe HAD.

.=\
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COMPUTER MODEL DESCRiPTION

Model Organization

The model is programmed in common "C" for the DOS operating system. Figure 3 is a
diagram showing the principal program modules and indicating lines of control. Rounded boxes
represent functions and cirdes represent ASCII files. When an arrow points from a file to a
function, then the file is input. When an arrow points from a function to a file, then the file is
output. All files for a specific run have the same file name and are distinguished only by their ,
tOO,ensions. Looking across the bottom row in the figure, three output files are produced by the
juodel and they are identified by their extensions: ".ECH", ".CAD", and ".RSU".

The data structures and the function prototypes are declared in the p;ogram heSAder file
which is listed in Appendix E. A complete listing ofthe main program and the function definitions
is included in Appendix F. Comment statements in the listings provide detailed information about
the technical aspects ofthe program.

Starting from the top left in Figure 3, four functions are called from the main program.
Function "loadData" loads all of the data from the input files, "cAlIoc" conducts the cost
allocation procedures in accordance with the discussion in the. previous section of this report,
"irrControl" provides the capability for calculating internal rates of return, and "output" generates
a summary ofthe results.

The functions "loadRxK", "loadNKK", "loadSTM", and "loadHAD" are called by loadData
to input the ASCII files identified by the extensions: ".RxK", ".N",,", ".STM", and ".HAD". The
"xx" characters in the file extensions represent a sequence number and indicate that more then one
input file ofthis format may be required. For example: ".ROI" is the file containing the parameters
for Old Land Region #1, ".R02" for Old Land. Region #2, etc. The files with extensions ".NOI It,

".NO.2", etc. contain the parameters for the New Land Regions. The files with the ".STM" and
".HAD" e:xter.o::'one contain the parameters for the main stem barra~es and the High Aswan Dam .
respectively. Each of the load functions echo the input data and the calculated present valu~ of
cost and benefit streams to a file with the".ECn" e>.1ension.

18
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Figure 3. Principal Modules and Control Sti"~cture for the EdCAM ModeJ.
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The cAlloc function calls "caORgns", "caNRgns", "caSTM", and "callAO" functions
which configure the input parameters for cost allocations on the Old Land Regions, 'the New Land
Regions, the existing main stem barrages, Esna barrage, and the High Aswan Dam respectively in
that order. The "caAW" and the "caAWN" functions configure the input parameters for cost
allocations on the navigable canals and the non-navigable canals respectively within the Old Land
Regions."

All cost allocations are performed by a single function "catFlJn" in order to provide
consistency throughout the model. This function conducts the standard ASCRB allocation (USU
1986) using the following parameters for each service sector passed to it by the calling function:

1) project cost,

2) benefits,

3) single purpose alternative costs, and

4) separable costs.

The calling function outputs the results of each cost allocation to a file with the extension
".CAD".

The function irrControl can be used to calculate the internal rates of return fQr designated
projects. As an example, it calls "irrNRgns" which could easily be configured to calculate the
internal rate of return for New Land Regions. The "irrSolve" function is a generic algorithm for
calculating the internal rate of return for any set of benefit-cost streams passed to it. It uses the
method of false position to converge on the p.ilJlutionr and has been found to be very robust and
reasonably fast.

The output function generates an Ascn file containing the results ofa run. Currently this
report is simply a summary of the present values of costs allocated to each service sector within
each spatial element.

:..
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Input File Formats

Figures 4 through 7 contain images ofthe input file formats. Each data item is defined by a

label. Detailed descriptions ofeach input variable are contained in the header file in Appendix E.

..
Figure 4 is the input file from Scenario 4 for the parameters for the Aswan High Dam

Complex. This file is identified by the extension ".HAD". It includes a section at the top for
parameters which apply to the run as a whole, including the discount rate, the planning horizon,

the number of old regions, the number of new regions, and the annual cost for the basin-wioe
drainage system. In addition the file contains the data for the HAD, including the single-purpose

alternatives (as a percentage of cost); separable costs (as a percentage of cost); benefits for

Hydropower, Ground Transportation, and Fishery (as annual cost streams); single-purpose

alternatives for Rural Water Supply, and Ground Transportation; the common works lc=placement

cost (as an annual cost stream); and the annual O&M costs of the common works (as an annual
cost stream).

Figure 5 is the input file from Scenario 4 for the parameters for the existing barrages on

the main stem of the Nile and for Esna. This file is identified by the extension ".STM". The table

provides columns for annual costs of benefits for Navigation, Esna Hydropower, and Recreation

and Tourism; the single purpose alternative cost for Ground Transportation; the common works

cost for stem barrages excluding the HAD and Esna; and the common works costs for Esna.

Figure 6 is the input file from Scenario 4 for the parameters for an Existing Land Region.

One of these files is required for each Existing Land Region. These files are identified by the

extension ".Rxx" where "xx" is the identification number for the region. The file contains an

identification name and number for the region, the agricultural area, the water consumption, the

population, the wetted perimeter ofthe canals, and the percent ofthe canals that are navigable. In

addition columns are provided for annual values ofbenefits for Agriculture, Rural Water Supply,

and Navigation; single purpose alternative costs for canal replacement and Rural Water Supply;

costs for regional canal O&M; and costs for regional system pumps.

Figure 7 is the input file from Scenario 4 for the parameters for the New Land Regions.
..One· of these ...fih~sis requifedfot each·New· Land Region. These files are identified.by the

extension ".Nxx" where "xx" is the identit1cation number for the region. The file contains an

.identification l.ame and number for the region; the identification number of the upstream Existing

Land region sharing its water delivery system with this New Land; the fraction of Existing Land

-
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canals delivering water to this New Land; the potential agricultural area; and wate~ consumption.
In addition columns are provided for annual values of benefits for Agriculture; OM&R costs;
irrigated area; and the cost ofa new delivery system.

Preparation of the {nput files for the model was a major effort. For example, cost data
needed for these files are distributed over 4S separate tables in Apper1ices C and D of the main
report (ISPAN, 1992). Changing a value in one of these data tables could require considerable
effort to make corresponding changes in the model input files. Consequently a set of linked
spreadsheets was developed to automatically consolidate data from the individual data tables. As
an example, Figure 8 shows the consolidating spreadsheet for calculating the costs for each ofthe
existing regions. The fraction of the total irrigated area in each region is calculated at the top of
the sheet. The column headings indicate the source of the data in the column, for example
"D2_27"· refers to Table D2.27 in Appendix D of the main report. Th~ "TOTAL PUMP
STATION" costs shown in the fifth column are the sum ofthe costs in columns two through four.
Likewise, the "TOTAL CANAL" costs are the sum ofthe costs from the column headed "D2_22"
to "D2_3".

In order to get the data from the consolidating spreadsheet into the proper fonnat for the
model, five additional spreadsheets were set up, one for each region. These five spreadsheets were
linked to the consolidating spreadsheet. The "TOTAL PUMP STATION" and "TOTAL CANAL"
costs are distributed to the regional spreadsheets in proportion to the irrigated areas. When a data
value is changed in anyone of the supporting spreadsheets "D2_27" through "D2_3", then the
change will be automatically reflected in the consolidating spreadsheet and the regional
spreadsheets. The input file fonnat shown in Figure 6 is generated directly by each of the five
regional spreadsheets.

r
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INPUT FILE FOR THE HIGH ASWAN DAM (IMPHAD.WB1).
Costs and Benefits for Improved O&M. ,

BASIN DISCOUNT RATE (%): 12
BASIN PLANNING HORIZON (YRS): 30
NUMBER OF OLD REGIONS: 5
NUMBER OF NEW REGIONS: 6
ANNUAL COST FOR DRAINAGE (mil LE/Yr @ %): 96.422

..
HAD BENEFITS

FLOOD CONTROL (% of total benefits): 4

SINGLE PURPOSE ALTERNATIVES
AG, NAV, POWER, FISH (% of OM&R) : 74.7
FLOOD CONTROL (% of OM&R): 44.4

SEPARABLE COSTS
AGRICULTURE (% of O&M): 0
POWER (% of O&M): 0
FLOOD (% of O&M): 25.31

YEAR ------ HAD BENEFITS ----- --ALT. COST--- ANNUAL
HYDRO GROUND FISHERY WATER GROUND COMMON COMMON
POWER TRANSP SUPPLY TRANSP WORKS WORKS

REPLACE O&M
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

1 5625 35 60 1165 35 5600 78.45
2 5625 O.HJ 60 20.5 0.18 0 75.59
3 5625 0.18 60 20.5 0.18 0 89.73
4 5625 0.18 60 20.5 0.18 0 84.90
5 5625 0.18 60 20.5 0.18 0 80.19
6 5625 0.18 60 20.5 0.18 0 65.09
7 5625 0.18 60 20.5 0.18 0 67.68
8 5625 0.18 60 20.5 O. '8 0 73.99
9 5625 0.18 60 20.~, 0.18 0 78.54

10 5625 0.18 60 20.5 0.18 0 82.35
11 5625 0.18 60 20.5 0.18 0 88.46
12 5625 0.18 60 20.5 0.18 0 87.32
13 5625 0.18 60 20.5 0.18 0 87.76
14 5625 0.18 60 20.5 0.18 0 88.10
15 5625 0.18 60 20.5 0.18 0 88.85
16 5625 0.18 60 20.5 0.18 0 105.27
17 5625 0.18 60 20.5 0.18 0 104.30
18 5625 0.18 60 20.5 0.18 0 106.52
19 5625 0.18 60 20.5 0.18 0 105.55
20 5625 0.18 60 20.5 0.18 0 104.47
21 5625 0.18 60 20.5 0.18 J 102.86
22 5625 0.18 60 20.5 0.18 0 101.87
23 5625 0.18 60 20.5 0.18 0 101. 69
24 5625 0.18 60 20.5 0.18 0 102.07
25 5625 0.18 60 20.5 0.18 0 100.55
26 5625 0.18 60 20.5 0.18 0 104.38
27 5625 0.18 60 20.5 0.18 0 101.99
28 5625 0.18 60 20.5 0.18 0 101.94
29 5625 0.18 60 20.5 0.18 0 102.59
30 5625 0.18 60 20.5 0.18 0 101. 63

Figure 4. Input File Format for the High Aswl'o Dam (Scenario 4).
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- FILE INPUT FORMAT FOR MMN STEM OF THE NILE (IMPSTM. \iB1 ,-,

Costs and Benefits for Improved O&M

~ YEAR --------------BENEFITS---------- SINGLE STEM ESNA
NAVIG HYDRO GROUND RECREA PURPOSE COSTS COMMON

POWER TRANSP & ALTERN EXCEPT WORKS-.
ESNA TOURISM COST HAD & COSTS -

TRANSP ESNA -
(rn LE) (rn LE) (rn LE) (rn LE) (m LE) (m LE) (m LE)

1 36 300 220 920 220 114.35 147.98
2 36 300 1 920 1.1 134.83 156.01
3 36 300 1 920 1.1 159.86 14.08
4 36 300 1 920 1.1 146.75 38.30
5 36 300 1 920 1.1 114.34 17.53

-- 6 36 300 1 920 1.1 83.80 1.71--
7 36 300 1 920 1.1 115.97 2.35
8 36 300 1 920 1.1 132.14 3.75
9 36 300 1 920 1.1 201.33 4.12

10 36 300 1 920 1.1 237.80 3.99 -
11 36 300 1 920 1.1 211.76 4.09

,...
-

12 36 300 1 920 1.1 214.37 4.14 .
13 36 300 1 920 1.1 188.31 4.15
14 36 300 1 920 1.1 145.47 4.17
15 36 300 1 920 1.1 106.91 4.77
16 36 300 1 920 1.1 103.94 4.57
17 36 300 1 920 1.1 101. 71 4.17

~ 18 36 300 1 920 1.1 98.91 4.17-
19 36 300 1 920 1.1 97.02 4.17

'~

20 36 300 1 920 1.1 96.36 4.17
21 36 300 1 920 1.1 107.20 4.17- 2? 36 300 1 920 1.1 109.22 4.77
23 36 300 1 920 1.1 106.46 4.57
24 36 300 1 920 1.1 102.61 4.17

- 25 36 300 1 920 1.1 99.59 4.17-

26 36 300 1 920 1.1 114.17 44.77
-, 27 36 300 1 920 1.1 115.58 52.17 -- -

28 36 300 1 920 1.1 120.84 8.77
29 36 300 1 920 1.1 114.29 20.57

~
30 36 300 1 920 1.1 104.86 10.61

-

-,

--'

--'.
:-

-, ,...

-'-,
-

-
-

--~

_i I'.
-, Figure 5. Input Format for the Main Stem Barrages (Scenario 4).
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INPUT FILE FORMAT FOR AN OLD LAND REGION (IMPRxx •WB1)
Costs ancl Ben3fits for Improved O&M.

[
REGION NAME: upperEgypt
REGION NUMBER: 1

AGRICULTURAL AREA (mil FEDI: 0.762 -
WATER CONSUMPTION (M3/FD): 8320.2
POPULATION (millions): 5.52
WETTED PERIMETER OF CANALS (meters): 51.7
PERCENT OF CANALS NAVIGABLE (%) : 0

YEAR BENEFITS SINGLE PURPOSE COSTS
----------------------- ALTERNATIVES --------------

- AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
- SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
~ (m LEI (m LE) (m LEI (m LEI (m LEI (rn LE) (m LEI-
..,; 1 521 0.58 0 571.4 60 28.04 20.10

2 521 0.029 0 0 60 29.20 27.70
3 521 0.029 0 0 60 29.71 34.15

- 4 521 0.029 0 0 60 32.38 29.04....,

5 521 0.029 0 0 60 33.91 20.31
6 521 0.029 0 0 60 42.40 18.68 ..
7 521 0.029 0 0 60 42.66 26.28
8 521 0.029 0 0 60 41. 83 32.76 -

9 521 0.029 0 0 60 40.57 27.68 =

10 521 0.029 0 0 60 40.44 18.98 ---
11 521 0.029 0 0 60 45.74 17.33

= 12 521 0.029 0 0 60 45.22 24.89
~

521 0 ·0 60 44.06 31. 34
--

13 0.029
14 521 0.029 0 0 60 41. 76 26.27
15 521 0.029 0 0 60 41.32 17.58
16 521 0.029 0 0 60 46.20 20.04
17 521 0.029 0 0 60 46.22 33.65
18 521 0.029 0 0 60 44.80 45.20
19 521 0.029 0 0 60 42.96 36.03

- 20 521 0.029 0 0 60 42.62 20.40-
21 521 0.029 0 0 60 46.07 20.04
22 521 0.029 0 0 60 46.28 33.67

- 23 521 0.029 0 0 60 45.08 45.25
-

24 521 0.029 0 0 60 43.21 36.12
- 25 521 0.029 0 0 60 42.93 20.46

26 521 0.029 0 0 60 46.86 20.06
- 27 521 0.029 0 0 60 46.84 33.67-

28 521 0.029 0 0 60 45.62 45.25
29 521 0.029 0 0 60 43.77 36.14
30 521 0.029 0 0 60 43.47 20.52 --

Figure 6. Input Fonnat for an Existing Land Region (Scenario 4).
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INPUT FORMAT FOR NEW A LAND REGION (BASNxx.WB1).
Costs and Benefits for New Lands.

REGION NAME: NewLand-1
NEW REGION NUMBER: 1
NUMBER OF UPSTREAM OLD REGION: 1 .
FACTOR OF OLD CANALS DELIVERING WATER: 0
POTENTIAL AGRICULTURAL AREA. (mil FEDDANS): 0.195
WATER CONSUMPTION (M3/FD): 6454

BENEFIT AN. COST IRRIG NEW
YEAR AGRICUL OM&R AREA. DELIVERY

SYSTEM
(m LE) (m LE) (mil la-D) (m LE)

1 12.50 28.80 0.007 366.37
2 25.00 28.81 0.013 0
3 37.50 16.92 0.020 0
4 50.00 9.17 O. 'J26 0 :.
5 62.50 0.78 0.033 0
6 75.00 1.95 0.039 0
7 87.50 1.74 0,,046 0
8 100.00 1.56 0.052 0 -
9 112.50 1.39 0.059 0

10 125.00 1.24 0.065 0
11 137.50 1.11 0.072 0
12 150.00 0.99 0.078 0
13 H'2.50 0.88 0.085 0
14 175.00 0.79 0.091 0
15 187.50 0.70 0.098 0 ,
16 200.00 1. 73 0.104 0 =0

17 212.50 2.26 0.111 0 -
18 225.00 1. 79 0.117 0 -
19 237.50 1.16 0.124 0
20 250.00 0.46 0.130 0
21 262.50 0.36 0.137 0 --
22 275.00 0.32 0.143 0 =--

23 287.50 0.28 0.150 0 -
24 300.00 0.25 0.:1.56 0

-

25 312.50 0.23 0.163 0
26 325.00 0.20 0.169 0
27 337.50 0.113 0.176 0 =-
28 350.00 0.16 0.182 0 -
29 362.50 0.1.5 0.189 0 -

30 375.00 0.13 . 0.195 0 ;:-
-

····1-....·· _

Figure 7~ Input Format for a New Land (New'New Land) Region (Scenario 4).
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BASIN ~DE;COST SUMMARY OVER ALL REGIONS (1000 LE)

TOTAL BASIN' AREA: 6.599
Fraction upper 0.115472
Fraction Middle 0.230944
Fraction East Delta 0.239582
Fraction Mlddle Delta 0.218063
Fraction West Delta 0.195939
Fraction Sum 1

TOTAL TOTAL
YEAR D2_2·1 D2_37 D2 5 PUMP D2_22 D2_23 D2_24 D2_25 D2_26 D2_31 D2_33 D2 3 CANAL

b24/1000 STATION c24/1000
1 4219·/ 94552 37327 174075 14000 21875 5000 8000 0 134406 2970 56599 242851
2 1079741 94552 37327 239852 19000 22092 5000 7000 0 140158 3024 56599 252872
3 163881. 94552 37327 295759 20000 18808 5000 1500 0 152344 3077 56599 257328
4 119630 94552 37327 251508 23000 13740 5000 1500 0 177404 3130 56599 280374
5 4397tl 94552 37327 175856 24000 12995 5000 1200 0 190689 3184 56599 293667
6 42197 82286 37327 161809 41306 49304 669 587 22500 195330 890 56599 367184
7 10797.jJ 82286 37327 227586 41503 49783 669 587 22500 196952 890 56599 369483
8 16407.jJ 82286 37327 283686 40849 42513 719 587 22500 197580 890 56599 362236
9 12012~1 82286 37327 239735 40890 31291 719 587 22500 197849 890 56599 351324
10 44726 82286 37327 164338 41120 29641 719 587 22500 198130 890 56599 350185
11 42743 70020 37327 150089 39227 69972 719 587 30000 198130 890 56599 396123
12 10817$ 70020 37327 215521 34026 70637 719 587 30000 198130 890 56599 391587
13 16407-1; 70020 37327 271420 34176 60552 669 587 30000 198130 890 56599 381603
14 12012~1 70020 37327 227469 29780 44986 669 587 30000 198130 890 56599 361640
15 449151 70020 37327 152265 28233 42698 719 587 30000 198130 890 56599 357855
16 766951 59506 37327 173531 27904 74195 1769 3087 37500 198130 8S0 56599 400073
17 1945451 59506 37327 291381 27734 74876 1769 2775 37500 198130 890 56599 400272
18 294582: 59506 37327 391414 27486 64556 1769 1056 37500 198130 890 56599 387985
19 215193: 59506 37327 312025 27439 48628 1769 1056 37500 198130 890 56599 372010
20 7979~ 59506 37327 176626 27052 46286 1719 961 37500 198130 890 56599 369136
21 76699' 59506 37327 173531 27692 76918 669 587 37500 198130 890 56599 398983
22 194743. 59506 37327 291574 28803 77598 719 587 37500 198130 890 56599 400825
23 295074 59506 37327 391907 28672 67279 719 587 37500 198130 890 56599 390375
24 215941 59506 37327 312773 28440 51350 719 587 37500 198130 890 56599 374214
25 80340 59506 37327 177172 28337 49009 719 587 37500 198130 890 56599 371770
26 76900 59506 37327 173732 28364 79640 719 587 40875 198130 890 56599 405803
27 194741 59506 37327 291574 27549 80321 669 587 40875 198130 890 56599 405619
28 295074 59506 37327 391907 27352 70001 669 587 40875 198130 890 56599 395103
29 216134 59506 37327 312966 27183 54073 719 587 40875 198130 890 56599 379055
30 80833 59506 37327 177665 26956 51731 719 587 40875 198130 890 56599 376486

Figure 8 Consolidating Spreadsheet for Developing Regional Input Cost Data.



RESULTS

Introduction

Four scenarios were processed for purposes of testing the model and providing
infonnation for the cost recovery project. Complete listings ofinput and output files'"are contained
in Appendices A through D. Details regarding the sources ofdata for each scenario may be found
in the Main Report (ISPAN, 1992). The scenarios are summarized briefly as follows:

1) Existing service sectors with current costs for OM&R,

2) Existing service sectors with upgraded costs for OM&R and the enhancement of Esna
barrage,

3) The same as scenario 1with the addition ofsix New (New New) Land Regions, and

4) The same as scenario 2 with the addition ofsix New (New New) Land Regions.

The model generates three report files. A file with the extension ".ECH" (ECHo) contains
a summarized version ofthe input data. The data in this file can be used to verifY that correct data
were input to the model. The .ECH reports are included for each scenario in Appendices A
throughD.

A file with the extension ".CAD" (Cost Allocation Detail) contains the cost allocation

table for each allocation perfonned during a model run. For Scenario 4, for example, this amounts
to 24 tables: three for each ofthe five Old Land Regions, six New Land Regions, barrages on the
main stem, Esna barrage, and the High Aswan Dam. The .CAD reports are included for each
scenario in Appendices A through D.

A file with the extension ".RSU" (Result SUmmary) contains tables summarizing the
results on a system-wide basis. The tables display costs allocated to each service sector and use
sector. The costs for the main stem agriculture and water supply service sectors are distributed to
the use sectors on the basis of irrigated area and population respectively. This file ,also contains
amlu81 cost figures for each of the regions, the main stem barrages, and the High Aswan Dam
Complex. Annual costs are reported as total costs, costs per feddan, and costs per thousand cubic
meters ofwater. The .RSU reports are included for each scenario in Appendices A through D.
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Cost Aih)(~ation Tables

The examples used in this section hav'c been selected from Scep~ ~rio 4 because it contains
data for all common works projects in the system: existh"\~ pumps and canals, exis!ing barrages,
Esna barrage, and the High Aswan Dam. Table 8 has been extracted from the .CAD file for
scenario 4 and demonstrates how the cost allocation was performed on Old Land Region #5 (the
West Delta) and New Land Region #5 (new development in the West Delta). Notice that rows 4
through 9 are missing in the tables. If separable costs are zero then these rows contain all zeros,
and they are omitted from the output.

In accordance with the procedures described in the COST ALLOCATION PROCESS
FOR THE Nll..E RIVER section of this report, an allocation ofthe 357.4 million LE (mLE) pump
costs for the region is made between agriculture and rural water supply (R.W.S.). The benefits to

the region from the two services are show in row 1, and the alternative costs are shown in row 2.
As specified in Table 1, the alternative costs to agriculture is equal to the OM&R costs of the
existing pumps, and the alternative cost to R.W.S. is the OM&R cost of a pumping system
drawing water from a deep aquifer. The justifiable cost (row 3) to agriculture is equal to the
alternative cost, 357.4 mLE, because its value is less than the benefits. The justifiable cost to rural
water supply (RWS) is equal to the benefits, 800,000LE because its value is less than the

alternative cost. There are no separable costs and, consequently, the project cost is allocated in
proportion to the justifiable costs; 99.8% to agriculture and 0.2% to rural water supply.

The present value ofthe OM&R costs for c:anals in the region is 511.6 mLE. Of the total
canals in the region, 7.3% are navigable (this parameter is based onth~ ratio ofwetted area and is
input by the user in the Old Region data file) and so 37.3 mLE (511.6 III 0.073) is attributed to
navigable canals and 474.3 mLE to non-navigable canals. The cost of non-navigable canals is

allocated to agriculture and rural water supply, and the cost of navigable canals is aJlocated to

agriculture, rural water supply, and navigation as shown in Table 8. The alternative costs control
for agriculture, and the benefits control for rural water supply and navigation.

At the bottom of Table 8 is the allocation of agricultural costs within the West Delta
·betWeeidheOldLand Region #5 and New Land Region #5. The accumulated cost aUocated to

agriculture in Old Land Region #5 by the previous allocations is 850.4 mLE (356.6 + 473.8 +
20.0). However, eight percent of the existing canals will deliver water to the new development

(this. parameter is input by the user in the data for the new region). Therefore, eight percent of
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850.4 (68.0 rolE) will be allocated between the old lands and the new lands. The allocation is
controlled by the alternative costs as shown in Table 8, resulting in 50% of the 68,0 rolE (34.0

rolE) being allocated to each. The last step in the process for the West Delta is to subtract 34.0

mLE from the Old Land Region #5 and add it to the New Land Region #5.

---,

,

Table 9 has been extracted from the .CAD tile for scenario 4 and demonstrates how the
cost allocations were perfonned on Esna barrage and the :figh Aswan Dam (HAD). AU of the
rows in the table for the HAD were output by the model because flood control has separable

costs.

Two methods were considered for determining the benefits (row 1) for the Esna Barrage.
The benefits shown in Figure 9 result from the method currently used by the model as described in
the COST ALLOCATION PROCESS FOR THE NILE RIVER section of this report. The
benefits for Old Agriculture, Rural Water Supply, Navigation and New Agriculture are calculated
by taking the sum of the benefits for these sectors respectively over all old and new land regions, .
and multiplying each by a weighting factor, wE. The benefits for Ground Transportation and

Recreation & Tourism are the benefits attributed to all barrages for the main stem of the Nile
multiplied by wE. The purposes for using a weighting factor are:

1) To put benefits on a comparable basis with single purpose alternative costs for the Esna
facility,

2) To put benefits for the other services on a comparable basis with Esna power, and

3) To provide consistency in the cost allocation process throughout the model.

As a first·· approximation, wE is calculated as the ratio of the costs for Esna to the costs for all
barrages including Esna.

-;.,

30'/
30

The otber method considered for determining the benefits for Esna Barrage was to use the

total sum of the benefits from old lands, new lands and all main stem barrages. This is the
equivalent ofusing wE equal to 1. This method was evaluated during testing ofthe model. When

_,._... __.... c:Q.~P~~J.9Jb.e previQlJs .lIlethod~ this method re-sulted. in an L'1crease 1.'1 costs to fI,Jra! water
supply, navigation, and ground transportation; and a corresponding decrease to old land

agriculture, new land agriculture, power, and recreation & tourism. The justifiable cost for rural

water· supply changed from benefits to alternative cost. The service cost for navigation was

_.
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effected the most. When Esna was assigned the benefits for all navigation, its allocated costs
increased by 367%.

The approximation used for the weighting factor for Esna can be easily modified in the
model, or an option can be added to allow the user to muke the choice at run time.

In Table 9, the justifiable costs for the HAD are controlled by alternative tQf.;ts for old

agriculture, new agriculture, power and recreation & tourism. Justifiable costs are controlled by
benefits for rural water supply, navigation, ground transportation, fishery, and flood control. In
early f!l0del testing runs, the alternative cost for rural water supply was determined by the sum of
the alternative costs to all regions. This value was greater than the replacement cost of the HAD

and permitted an unreasonable cost allocation to rural water supply. The model was modified to
accept this value as an input parameter in the data file for the HAD. For the set of runs described
in this report, the single purpose alternative for water supply has been assigned values slightly less

than the OM&R and capital replacement cost ofthe HAD.

Summary Tables

The summary of the results for Scenario 4 are presented in Tables 10 through 14. These
results are taken from the output files identified with the extension ".RSU" (for Results
SUmmary). Copies ofthe files for all scenarios are included in Appendices A through D.

Tables 10, 11 and 12 provide similar information in different units. The rows in the tables

are for use sectors and the columns are for service sectors. Each of the tables is divided into two

parts in order to fit onto a standard printer page. Part one shows the allocations to the old and
new agricultural use sectors. Part two shows the allocations to the stem and HAD use sectors.

The values in the Table 10 are the present values of the costs from each service sector

assigned to each regional use sector. For example within the West Delta use sector (ROS) shown
in part one, 816.3, 1.3, and 17.3 mLE are assigned to agriculture, rural water supply and
navigation respectively. Also 74.3 and 0.3 mLE are assigned to the West Delta old lands

agriculture and water supply from the main stem barrages based on irrigated area and population
..iespectively~ In addition, 21.4·niLE,are assigned to oid' iand agricuiture from the HAD.' New land

in the West Delta (NOS) receives 34.0, 6S.6, and 18.9 mLE shares of the costs from the

associated old region (ROS), the main stem barrages, and the HAD respectively.
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Part two of the tables shows the common works costs on the main stem for navigation,
power, ground transportation, recreation & tourism, fishery and flood control that are not
distributed back to the regional use sectors. Tables 11 and 12 show the same information ,.5 Table
10 except in units ofannual costs and percentages respectively.

Table 13 summarizes the results by major category. For example existing agriculture (old
land) is allocated 595.19 mLE per year of the joint costs. This is the sum of the costs across all
five regions from all sources: within the region, main stem barrages, and the HAD (see Table 11).

Results are also given in the table in terms ofpresent values and percent ofthe total. The last two
columns in Table 13 contain the total cost to existing agriculture. The is the sum ofthe joint costs
reported in the previous columns and the cost of drainage which is input by the user in the
".HAD" file (see Figure 4).

Table 14 presents additional detail about the annual costs allocated to existing agriculture.
The irrigated area and water consumption are shown for each region, and the respective sums are
shown for the Stem and the HAD. The top hdlf of the table shows the di~trib'ltion of the joint
costs across the regions, the Stem, and the HAD. V:Jlues are shown in ~erms of the annual cost,
the cost per feddan, and the cost per Icuu cubic meters ofwater. Drainage costs ar~ shown in the
middle row of the table with the r ;ne upjts. The lower half of the table shows the total costs
distribut~d across the five regions of existing agriculture. For example, the total annual cost to
Upper Egypt (81.58 mLE) is calculated by the sum ofthe following:

ir

1)
--

- 2)

---

3)-----.." 4)

.::iii
-'

Its share ofcosts within the region (63.45)

Its share ofthe HAD costs proportioned accC'~'ding to area (13.55'" 0.762" 6.60 =1.56)

Its share ofthe Stem costs proporlioned accord~ng to 8~~a (47.05'" 0.762/6.60 = 5.43)

Its share ofthe drainage costs proportioned according to area
(96.42 • 0.762/6.60 =11.13)
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The bottom line in Table 14 contains the flat unit rates that could be applied uniformly.
These values are calculated by summing the costs for an of the regions and dividing by the total
quantities. For example, the sum of the regional annual costs is 691.62 mLE and the sum of the
regional areas is 6.60 million feddans. The flat rate is then 691.62 divided by 6.60 which gives
104.8.

Sensitivity to Discount Rate

The sensitivity ofmodel results to the discount rate was also studied. Four additional runs
were conducted for each scenario using discount rates of6%, 9%, 15%, and 18%. Figure 9 shows
the results for the existing agricultural sector. The present values (solid lines) and annual costs
(dash lines) are shown for Scenarios 1 and 2. The present values decrease significantly with
increasing discount rates and the aMuaJ costs decrease slightly. This result is r:asonable. The
present values are discounted cost streams and will always decrease with increasing discount rate.
The aMual costs are calculated from the present values by the following formula:

A=p(l+r)"[( )" ]l+r -1

where A is the annual cost, P is the present value, r is the discount rate, and n is the number of
years. When r increases, P decreases and the tendency is to offset each other so that A changes
less than eit.her r or P. The amount that P changes will also depend upon the distribution of the
values 1n the cost stream.

Figure 10 shows the relative changes in the aMuaJ cost allocations for four sectors under
Scenario 2: fishery, existing agriculture, rural water supply, and ground transportation. These
sectors were selected to demonstrate a range ofsensitivities. The values in the figure, are obtained
by dividing the allocated annual cost fOl' the specified discount rate by the allocated annual cost

, for the discount rate at 12%. Agriculture dominates the system and is insensitive to discount rate.
The fishery sector decreases by about 50% while water supply and transportation increase by
.~Q.~t~9.% ~d. II~%r~pectiv_elyover thenmge ofdiscount rates used.

-
~

-..

33

I



-

Table 8. Cost Allocation Tables for Region S (West Delta), Scenario 4.

Cost Allocation for Region #05 WestDelta, pump costs.
Cost to be allocated • 357.4

AGRIC R.W.S. Totals
( 1) Project benefits 5388.9 0.8 5389.7
( 2) Alternative Costs 357.4 e05.5 1162.9
( 3) Justifiable Costs 357.4 0.8 358.1 -
(10) Joint Cost Propor 0.9978 0.0022 1.0000 -

- ;-

(11) Allocated Joint Cost 356.6 0.8 357.4
(:1:2) Total Service Cost 356.6 0.8 357.4
(13) Percentages 99.78 0.22 1.0000

-
#05

=-
Cost Allocation for Region WestDelta, non-navigable canal. ~

Cost to be allocated • 474.3
1'-

AGRIC R.W.S. Totals
( 1) Project benefits 4995.5 0.7 4996.3 -
( 2) Alternative Costs 733.8 746.7 1480.5 -

-...
( 3) Justifiable Costs 733.8 0.7 734.5

..! (10) Joint Cost Propor 0.9990 0.0010 1.0000
(11) Allocated Joint Cost 473,8 0.5 474.3
(12) Total Service Cost 473.8 0.5 474.3
(13) Percentages 99.90 0.10 1. 0000

-=
iii Cost Allocation for Region #05 WestDelta, navigable canal costs.

Cost to be ~llocated • 37.3
AGRIC R.W.S. NAVIG Totals

( 1) Project benefits 393.4 0.1 49.9 443.4
( 2) Alternative Costs 57.8 58.8 57.8 174.4

~

( 3) Justifiable Costs 57.8 0.1 49.9 107.8 "-

(10) Joint Cost Propor 0.5361 0.0005 0.4633 1.0000
:: (11) Allocated Joint Cost 20.0 0.0 17.3 37.3 "'-
- (12) Total Service Cost 20.0 0.0 17.3 37.3

(13) Percentages 53.61 0.05 46.33 1.0000
-

- Cost Allocation for New Land Region #05 NewLand-5-
-= Share Ag costs with #05 WestDelta-

Cost to be allocated = 68.0
OLD AG NEW AG Totals

- ( 1) Project benefit~ 5388.9 1131.8 6520.7
~

(2' Alternative Costs 63.3 63.3 126.7 ~

( 3) Justifiable Costs 63.3 63.3 126.7
(10) Joint Cost Propor 0.5000 0.5000 1.0000

.-

(11) Allocated Joint Cost 34.0 34.0 68.0
(12) Total Service Cost 34.0 34.0 68.0
(13) Percentages 50.00 50.00 1.0000

-

w
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Table 9. ~ost Allocation Tables for Esna Barrage and the High Agl.c.'8Il Dam.

Cost Allocation for Main Stem Esna Barrage.
Cost to ~e allocated • 322.7

OLD AG R.W.S. NAVIG NEW AG POWER TRANS RECRn Totals
\ 1) Project benefi~s 11165.5 1.2 112.4 1466.6 2416.6 45.6 1661.1 16869.0
( 2) Alternative Costs 322.7 322.7 322.7 322.7 322.7 45.8 322.7 1981.8
( 3) Justifiable Costs 322.7 1.2 112.4 322.7 322.7 45.6 322.7 1449.9
(10) Joi.J1.t Cost Propor 0.2225 0.0008 0.0775 0.2225 0.2225 0.0315 0.2225 1.00g0
(11) Allocated Joint Cost 71.8 0.3 25.0 71.8 71.8 10.2 71.8 322.7
(12) Total Service Cost 71.8 0.3 25.0 71.8 71.8 10.2 71.8 322.7
(13) Percentages 22.25 0~08 7.75 22.25 22.25 3.15 22.25 1.0000

Cost Allocation for High Aswan Dam.
Cost to be allocated - 673.3

OLD AG R.W.S. NAVIG NEW AG POWER G.TRAN RECR5T FISH FLOOD Totals
( 1) Project benefits 49813.3 5.4 501.4 6543.0 45310.4 32.5 7410.8 483.3 2254.6 112354.6
( 2) Alternative Costs 4238.0 1187.0 4238.0 4238.0 4238.0 32.5 4238.0 4238.0 2513.9 29166.2
( 3) Justifiable Costs 4238.0 5.4 501.4 4238.0 4238.0 32.5 4238.0 483.3 2254.6 20229.0
( 4) Separable Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 170.4 170.4
( 5) Cost Other Purposes 673.3 673.3 673.3 673.3 673.3 673.3 673.3 673.3 502.9 5889.3
( 6) Just Cnst Other Purp 673.3 673.3 673.3 673 •.3 673.3 673.3 673~3 673.3 502.9 5889.3
( 7) AdjtistmA~t Factor 7.2943 1.0080 1.7446 7.2943 7.2943 1.0483 7.2943 1.7178 4.0954
( 8) Adj Separable Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 697.9
( 9) Remaining Benefits 4238.0 5.4 501.4 4238.0 4238.0 32.5 4238.0 483.3 1556.6 19531.1
(10) Joint Cost Propor 0.2170 0.0003 0.0257 0.2170 0.2170 0~0017 0.2170 0.0247 0.0797 1.0000
(11) Allocated Joint Cost 109.1 0.1 12.9 109.1 109.1 0.8 109.1 12.4 40.1 502.9
(12) Total Service Cost 109.1 0.1 12.9 109.1 109.1 0.8 109.1 12.4 210.5 673.3
(13) Percentages 16.21 0.02 1.92 16.21 16.21 0.12 16.21 1.85 31.26 1.0000

3\5
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Tabl~ 10. Summary ofResults for Scenario 4. Allocation as Present Values.

Allocation of Joint Costs as Present Values (mil LEI for File: scen04x.
Part One of Two

---- AGRICUI,TURE --~.- RURAL NAV TOTAL
--- WATER SUPPLY ---

Region Stem HAD Region Stem HAD Region
'!!!

Old R01 511.1 43.8 12.6 1.0 0.2 0.0 0.0 568.7
'''!! Old R02 989.0 87.5 25.2 2.3 0.5 0.0 2.3 1106.8

Old R03 1048.3 90.8 26.1 1.7 0.4 0.0 12.5 1179.8
Old R04 941.6 82.6 23.8 1.8 0.4 0.0 23.6 1073.9
Old R05 816.3 74.3 21.4 1.3 0.3 0.0 17.3 930.9
New N01 0.0 48.4 13.9 62.4
New N02 30.6 45.7 13.2 89.4- New N03 0.0 152.0 43.8 195.8
New N04 0.0 14.7 4.2 18.9
New NOS 34.0 65.6 18.!. 118.5
New N06 0.0 52.6 15.2 67.8

Totals 4370.9 758.0 218.2 8.1 1.8 0.1 55.7 5412.9--
Allocation nf Joint Costs as Present Values (mil LEI f':lr File: scen04x.
Part Two of. 'iwo

- NAV PWR TRN TOU FIS FLD TOTAL,

-: stem 162.9 71.8 66.1 379.0 0.0 0.0 679.8
HAD 12.9 109.1 0.8 109.1 12.4 210.5 454.9

....,
Totals 175.8 180.9 67.0 488.1 12.4 ::!10.5 1134.8 654~

-.
-:

~, .. , ,
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Table 11. Summary ofResuhs for Scenario 4. Allocation as Annual Costs.

Allocation of Joint Costs as A~nual Costa (mil LE/YR) for File: sc:en04x.
P"rt One of Two

- ---- AGRICULTURE ---- RURAL NAV TOTAL
--- WATER SUPPLY ---

Region Stem HAD Region Stem HAD Region

Old R01 63.45 5.43 1.56 0.12 0.03 0.00 0.00 70.60
- Old R02 122.78 10.87 3.13 0.28 0.06 0.00 0.29 137.41-- Old R03 130.13 11.27 3.25 0.22 0.05 0.00 1.55 146.47

Old R04 J.16.89 10.26 2.95 0.23 0.05 v.OO 2.93 133.32
~ Old R05 101.34 9.22 2.65 0.16 0.03 0.00 2.15 115.56

New N01 0.00 6.01 1.73 ., 7.74
New N02 3.80 5.67 1.63 11.10
New N03 0.00 18.87 5.43 24.30
New N04 0.00 1.82 0.52 2.34
New NOS 4.22 8.14 2.34 14.71
New N06 0.00 6.54 1. 88 8.42

--- Totals 542.62 94.10 27.09 1.01 0.22 0.02 6.92 671.97
~

-
..;;;;

Allocation of Joint Costs as Annual Costs (mil LE/Yr for File: sce,n04x.
Part Two of Two

NAV PWR TRN TOU FIS FLD TOTAL

Stem 20.22 8.91 8.21 4';.05 0.00 0.00 84.40
HAD 1.60 13.55 0.10 13.55 1.54 26.13 56.48

Totals 21.82 22.46 8.32 60.59 1.54 26.13 140.87 812.84
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Table 12. Summary ofResults for Scenario 4. Allocation as Percentages.

Allocation of Joint Coats as Percentages of the Total for File: scen04x.
Part One of Two

---- AGRICULTURE ---- RURAL NAV TOTAL
-

--- WATER SUPPLY ---
Region Stem HAD Region Stem HAD Region

Old R01 7.806 0.668 0.192 0.015 0.004 0.000 0.000 8.686
Old R02 15.105 1.337 0.385 0.035 0.008 0.001 0.035 16.905
Old R03 16.010 1.387 0.399 0.027 0.006 0.000 0.191 18.019
Old R04 14.381 1.262 0.363 0.028 0.006 0.000 0.361 16.402
Old R05 12.468 1.134 0.327 0.020 0.004 0.000 0.264 14.217
New N01 0.000 0.740 0.213 ·0.953
New N02 0.467 0.698 0.201 1.366
New N03 0.000 2.321 0.668 2.990
New N04 0.000 0.224 0.064 0.288.. New NOS 0.519 1.001 0.288 1.809
New N06 0.000 0.804 0.232 1.036

Totals 66.756 11.576 3.333 0.124 0.027 0.002 0.851 82.669

;",/
Allocation of Joint Costs as Percentages of the Total for F.l.le: scen04x.
Part Two of Two

-=
, NAV PWR TRN TOU FIS FLD TOTAL

Stem 2.488 1.097 1.010 5.788 0.000 0.000 10.383
HAD 0.197 1.667 0.013 1.667 0.190 3.215 6.948

Totals 2.685 2.763 1.023 7.455 0.190 3.215 17.331 100.000
...:

'.I
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Table 13. Summary ofResults for Scenario 4. Allocation by Major Categories.

Allocation of Costs by Major Categories for File: ~~en04x.

Present Value (P.V.) and Annual Cost (A.e.).

%
73.22

8.44
0.15
3.54
2.76
1.02
7.45
0.19
3.21

CATEGORY

Existing Ag
New New Land
Water Supply
Navigation
Power
Transport
Tourism
Fishery
Flood Cntrl

--------JOINT COST--------
P.V. A.C.
m LE m LE/YR

4794.4 595.19
552.7 69.61
10.0 1.24

231.5 28.75
180.9 22.46
67.0 8.32

488.1 60.59
12.4 1.54

210.5 26.13

---TOTAL COST---
P.V. A.C.
m LE m LE/YR

5571.1 691.62

TOTALS 6547.6 812.84 100.00 5571.1 691.62

----

Table 14. Annual Costs Allocated to Existing Agriculture.
-

Allocation of Annual Costs (A.C.) by Hierarchy for File: scen04x •.4-, .Annual Costs Allocated to Existing Agriculture

- Area Water Annual A.C./FD A.C./lOOOM3
- mil FD mil M3 Cost LE/FD LE/1000M3-

-,
'1 JOINT COSTS..,

HAD 6.599 46569.9 13.546 2.053 0.291
Stem 6.599 46569.9 47.048 7.130 1. 010
Upper Egypt 0.762 6340.0 63.450 83.268 10.008
Middle Egypt 1.524 11263.0 122.778 80.563 10.901
East Delta 1.581 10154.0 130.134 82.311 12.816
Middle Delta 1.439 10609.0 116.893 81.232 11.018
West Delta 1.293 8204.0 101.344 78.379 12.353

DRAIN COSTS 6.599 46569.9 96.422 14.612 2.070

TOTAL COSTS
Upper Egypt 0.762 6340.0 81.581 107.062 12.868

-" Middle. Egypt 1.524 11263.0 159.040 104.357 1.4 .121
East Delta 1.581 10154.0 167.752 106.105 3.6.521
Middle Delta 1.439 10609.'".1 151.132 105.026 14.246

-- West Delta 1.293 8204.0 132.:L10 102.173 16.103
~

....; rF~T'RATE 104.906 14.851
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Figure 9. Sensitivity Analysis for Discount Rate on Existing Agriculture.
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Allocation of Joint Costs a3 Present Values (mil LEI for FUe: scen01x.
Part One of Two

---- AGRICULTURE ---- RURAL NAV
'fOTAL

--- WATER SUPPLY ---
Region Stem HAD Region Stem HAD Region

Old R01 440.2 29.7 9.2 1.0 0.2 0.0 0,0 480.4
Old R02 924.4 59.5 18.5 2.3 0.5 0.0 2.3 1007.5
Old R03 780.6 61. 7 19.2 1.6 0.4 0.0 8.8 872.3
Old R04 671.3 56.2 17.5 1.7 0.4 0.0 15.3 762.3
Old R05 561.5 50.5 15.7 1.2 0.3 0.0 10.4 639.6

Totals 3378.1 257.5 80.l 7.8 1.8 0.1 36.7 3762.1

Allocation of Joint Costs as Present Values (mil LEI for File: scen01x.
- Part Two of Two,
-~

NAV PWR TRN TOU FIS FLD TOTAL--

Stem 170.6 0.0 69.3 257.5 ('1.0 0.0 497.4
HAD 10.0 80.1 0.6 80.1 9.6 129.2 309.6

Totals 180.6 80.1 69.9 337.6 9.6 129.2 807.0 4569.1

Allocation of Joint Costs as Annual Costs (mil LE/YRI for File: scenOlx.-- Part One of Two~

---- AGRICULTURE ---- RURAL NAV
TOTAL

--- WATER SUPPLY ---
- Region Stem HAD Region stem HAD Region

Old R01 54.64 3.69 1.15 0.12 0.03 0.00 0.00 59.64
Old R02 114.76 7.38 2.30 0.28 0.06 0.00 0.28 125.07
Ole:.! R03 96.91 7.66 2.38 0.20 0.05 0.00 1.09 :1,08.29
Old R04 83.34 6.97 2.17 0.21 0.05 0.00 1. 89 94.64
Old R05 69.71 6.26 1. 95 0.15 0.03 0.00 1.29 79.40

-
-

Totals 419.37 31.97 9.94 0.96 0.23 0..01 4.56 467.04
-=-";:i

=

--;;;; .

-
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- Allocation of Joint Costs as Annual Costs (mil LE!Yr for File: scen01x.-

Part Two of Two

NAV PWR TRN TOU FIS FLO TOTAL

Stem 21.18 0.00 8.60 31.97 0.00 0.00 61.75
- HAD 1.24 9.94 0.08 9.94 :\..11> 16.04 38.44

-:: Totals 22.42 9.94 8.69 41.91 1.19 16.04 100.18 567.22

::

Allocation of Joint Costs as Percentages of the Total for File: scenOlx.
Part One of Two

---- AGRICULTURE ---- RURAl, NAV
TOTAL

--- WATER SUPPLY ---
Region Stem HAD Region Stern HAD Region

Old ROl 9.634 0.651 0.202 0.021 0.005 0.000 0.000 10.514
Old R02 20.233 1.302 0.405 0.049 0.01l 0.001 0.050 22.050

"""' Old R03 17.094 1.350 0.420 0.036 0.008 0.000 0.192 19.091
---'

Old R04 14.693 1.229 0.382 0.038 0.009 0.001 0.334 16.685
.:: Old R05 12.290 1.104 0.343 0.026 0.006 0.000 0.228 13.998

-

Totals 73.934 5.636 1.752 0.170 0.040 0.002 0.804 82.339

Allocation of Joint Costs as Percentages of the Total for File: scen01x.
Part Two of Two

-
NAV PWR TRN TOU FIS FLO TOTAL

Stem 3.734 0.000 1.516 5.636 0.000 0.000 .10.886
HAD 0.219 1. 752 0.014 1. 752 0.210 2.&29 6.776

Totals 3.952 1. 752 1.530 7.388 0.210 2.829 17.662 100.000

-.
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Allocation of Costs by Major Categories for File: scon01x.
Present Value (P.V.) and Annual Cost (A.C.).

9J
81.32
0.00
0.21
4.76
1.75
1.53
7.39
0.21
2.83

CATEGORY

Existing Ag
New New Land
Water Supply
Navigation
Power
Transport
Tourism
Fishery
Flood Cntrl

--------JOINT COST--------
P.V. A.C.
m LE, m LE/YR

3715.(; 461.27
0.0 0.00
9.1 1.21

217.3 26.97
80.1 9.94
69.9 8.68

337.6 41.91
9.6 1.19

129.2 16.04

---TOTAL COST---
P.V. A.C.
m LE m LE/YR

3990.3 406.36

TOTALS 4569.1 567.22 100.00 3998.3 496.36

Allocation of Annual Costs (A.C.) by Hierarchy for File: ocen01x.
Annual Costs Allocated to Existing Agriculture

6.599 46569.9

_.~.:

JOINT COSTS
HAD
Stem
Upper Egypt
Middle Egypt
East Delta
Middle Delta
West Delta

DRAIN COSTS

TOTAL COSTS
Upper £gypt
Middle Egypt
East Delta
Middle Delta
West Delta

FLAT RATE

Area
mil FD

6.599
6.599
0.762
1.524
1.581
1.439
1.293

0.762
i.524
1.581
1.439
1.293

Water
mil M3

46569.9
46569.9

6340.0
11263.0
10154.0
10609.0

8204.0

6340.0
11263.0
10154.0
10609.0

8204.0

Annual
Cost

9.940
31. 967
54.644

114.764
96.906
83.340
69.713

35.088

63.535
132.545
115.352
100.130

84.799

A.c./FD
LE/FD

1.506
4.844

71.711
75.304
61.294
57.915
53.916

5.317

83.379
86.972
72.962
69.583
65.583

75.218

A.C./1000M3
LE/1000M3

0.213
0.686
8.619

10.189
9.544
7.856
8.497

0.753

10.021
11. 768
11.36U

9.438
1f\.336

l,i/.6S8
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I
= Cost Allocation for Region #01 UpperEgypt, pump costs. ICost to be allocated • 169.5

AGRIC R.W.S. Totals
", ( 1) Project benefits 3214.0 0.7 3214.7

( 2) Alternative Costs J,69.5 483.3 652.8
( 3) Justifiable Costs 169.5 0.7 170.3

= (10) Joint Cost Propor 0.9957 0.0043 1.0000
(11) Allocated Joint Cost 168.8 0.7 169.5
(12) Total Service Cost 168.8 0.7 169.5
(13) Percentages 99.57 0.43 1.0000

--
Cost Allocation for Region #01 UpperEgypt, non-navigable canal.
Cost to be allocated • 271.6

-T~
AGRIC R.W.S. Totals

( 1) Project benefits 3214.0 0.7 3214.7
( 2) Alternative Costs 781.8 483.3 1265.1
( 3) Justifiable Costs 781.8 0.7 782.5

~

(10) Joint Cost Propor 0.9991 0.0009 1.0000
- (11) Allocated Joint Cost 271.4 0.3 271. 6

(12) Total Service Cost 271.4 C.3 271. 6
(13) Percentages 99.91 0.09 1.0000

Cost Allocation for Region #02 Middle, pump costs.
Cost to be allocated = 339.2

AGRIC R.W.S. Totals
( 1) Project benefits :'..3339.4 1.5 13340.9
( 2) Alternative Costs 339.2 725.0 1064.1

--" ( 3) Justifiable Costs 339.2 1.5 340.7
- (10 ) Joint Cost Propor 0.9955 0.0045 1.0000.
- (11) Allocated Joint Cost 337.6 1.5 339.2

(12) Total Service Cost 337.6 1.5 339.2
(13) Percentages 99.55 0.45 1. 0000

..
Cost Allocation for Region #02 Middle, non~navigabAe canal.

= Cost to be allocated = 585.3
AGRIC P.W.S. Totals

( 1) Project benefits 13236.7 1.5 13238.2
( 2) Alternative Costs 1194.8 719.4 1914.2

-= ( 3) Justifiable Costs 1194.8 1.5 1196.3.,
(10) Joint Cost Propor 0.9987 0.0013 1.0000
(11) Allocated Joint Cost 584.5 0.7 585.3

--: (12) Total Service Cost 584.5 0.7 585.3
- (13) Perce~tl!lges 99.87 0.13 1.0000..."

--1l
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Totals
114.2
24.1
1B.6

1.0000
4.5
4.5

1.0000

NAVIG
11.4

9.3
9.3

0.4997
2.3
2.3

49.97

R.W.S.
0.0
5.6
0.0

0.0006
0.0
0.0

0.06

#02 Middle, navigable canal costs.
4.5

AGRIC
102.7

9.3
9.3

D.4997
2.3
2.:5

49.97

Cost Allocation for Region
Cost to be allocated =

( 1) Project benefits
( 2) .\lternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

=-

Totals
12478.6

1962.8
353.0

1.0000
351.8
351.8

1. 0000

R.W.S.
1.2

1611.0
1.2

0.0033
1.2
1.2

0.33

#03 EastDelta, pump costs.
351. 8
1'.GRIC

12',177.5
~351. B
351.8

0.9967
350.7
350.7
99.67

Cost Alloca'tion for Region
Cost to be allocated =
( 1) Project benefits
( 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

--,
"

-
-"

......
canal.

Totals
11979.5

2543.3
997.8

1.0000
421.6
421.6

1.0000

R.W.S.
1.1

1546.6
1.1

0.0011
0.5
0.5

0.11

#03 EastDelta, non-r.d'rigable
421.6

AGRIC
11978.4

996.7
996.7

0.99B9
421.2
421.2
99.B9

Cost Allocation for Region
Cost to be allocated =
( 1) Proj~ct benefits
( 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

=

Totals
557.5
147.5

83.1
1.0000

17.6
17.6

1.0000

canal costs.

NAVIG
58.3
41.5
41.5

0.4997
B.B
B.B

49.97

R.W.S.
0.0

64.4
0.0

0.0006
0.0
0.0

0.06

#03 Eastr,el ta, navigable
17.6
.'\GRIC
'199.1
41.5
41.5

0.4997
B.8
O.B

l19.9'7

Cost Allocation for Region
Cost to be allocated =
( 1) Project benefits
( 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocatp.o Joint Cost
(12) Total Service Cost
(13) Percentages

::
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R.W.S.
1.2

805.5
1.2

0.0038
1.2
1.2

0.38

-..

Cost Allocation for Region
Cost t~ be allocated =
( 1) Project benefits
~ 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

#04 MiddleDelta,
320.3

AGRIC
7483.3

320.3
320.3

0.9962
319.1
319.1
99.62

pump costs.

Totals
7484.5
1125.8

321.5
1.0000

320.3
320.3

1.0000

R.W.S.
1.1

738.7
1.1

0.0015
0.5
0.5

10.15

Cost Allocation for Region
Cost to be allocated =
( 1) Project benefits
( 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

#04 MiddleDelta,
337.4

AGRIC
6862.2
754.7
754.7

0.9985
336.9
336.9
99.85

non-navigable canal.

Totals
6863.3
1493.3

755.8
1.0000

337.4
337.4

1.0000

R.~'1.S.

0.1
66.9
0.1

0.Ci007
0.0
0.0

0.07

navigable canal costs.Cost Allocation for Region
Cost to be allocated =
( 1) Project benefits
( 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

#04 MiddleD(~lta,

30.5
AGRIC
621.1
68.3
68.3

0.4996
15.3
15.3

49.96

NAVIG
91.7
68.3
68.3

0.4996
15.3
15.3

49.96

Totals
712.9
203.5
136.7

1. 0000
30.5
30.5

1. 0000

Totals
4592.3
1093.4

288.6
1. 0000'

287.9
287.9

1.0000

R.W.S.
0.8

805.5
0.8

0.00:~8

0 .. 8
0,,8

0.;!8

#05 WestDelt'll, pump costs.
287.9

AGRIC
4591. 5
287.9
287.9

0.9972
287.1
287.1
99.72

Cost Allocation for Region
Cost to be allocated =
( 1) Project benefits
( 2) Alt~rnative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service C08t
(13) Percentages
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-- Cost Allocation for Region #05 WestDelta, non-navigable canal.
Cost to be allocated = 264.5

AGRIC ~.'vLS. Totals
( 1) Project benefits 4256.3 0.7 4257.0
( 2) Alternative Costs 524.0 746.7 1270.7

~ ( 3) Justifiable Costs 524.0 0.7 524.7
(10) Joint Cost Propor 0.9936 0.0014 1.0000
(11) Allocated Joint Cost 264.1 0.4 .'264.5
(12) Total Service Cost 264.1 0.4 264.5
(13) Percentages 99.86 0.14 1.0000

--~

-~

Cost Allocation for Region #05 WestDelta, navigable canal costs.
Cost to be allocated = 20.8

AGRIC R.W.S. NAVIG Totals
( 1) Project benefits 335.2 0.1 49.9 385.2
( 2) Alternative Costs 41.3 58.8 41.3 141.3
( 3) Justifiable Costs 41.3 0.1 41.3 82.6
(10) Joint Cost Propor 0.4996 0.0007 0.4996 1.0000
(11) Allocated Joint Cost 10.4 0.0 10.4 20.8
(12) Total Service Cost 10.4 0.0 10.4 20.8
(13) Percentages 49.96 0.07 49.96 1.0000

Cost Allocation for Hain Ste.. Oarrages Sxcluding Ssna.
Cost to be II \ocat..:l • 756.7

OLD An R.W.S. HAVlG HEW An POWER TRANS "'tCRn Totals
( 1) Project benefits UI05.6 5.' 501.' 0.0 0.0 203.6 "".8 '9226.7
( 2) Alternative Costs 7!>6.7 7;6.7 756.7 7!>6.7 0.0 20•• 3 75'.7 3987.9
( 3) Justifiable Costs 756.7 5.' 501.' 0.0 0.0 203.6 7!>6,7 2223.8
(10) Joint Cost Propor 0.3e03 O.OOlt 0.225' 0.0000 0.0000 0.0916 0.3403 1.0000
(11) Allocat..:l Joint Cost 257.5 1.3 170.6 0.0 0.0 69.3 257.5 756.7
(12) Total Service Cost 257.5 1.0 170.6 0.0 0.0 69.3 257.!> 756.7
(13) Percentages 34.03 0.2' 22.!>4 0.00 0.00 9.16 34.03 1.0000

Cos, Allocation for Hain Ste.. Ssna Oarrago.
Co~. to be allocat..:l • 0.0

OLD An R.W.S.

Cost for allocation 18 zero, skip this analysis.

HAVlG HEW An POWER TRANS RECRn Totals

Cost All.x:.t.ion for High """'an Da...
Cost to be aUlX:at..:l • 389.8

OLD An R.W.S. HAVIG NEW An POWER G.TRAN RECRlT FISH FLOOD Totals
( 1) Project benefits UI0!>.6 5.' 501.4 0.0 45310.4 32.5 7410.0 to3.3 21!>7.9 97007.3
( 2) Alternativo Costs 4026.2 1187.0 to26.2 4026.2 4026.2 32.5 4026.2 '026.2 2393.1 27769.7
( 3) Justifiable Coats 4026.2 5.' 501.4 0.0 4026.2 32.5 4026.2 to3.3 2157.9 15259.0
( 4) Separable Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.7 98.7
( 5) Cost Other Purposes 389.8 389.8 389.8 389.8 389.8 389.3 389.8 389.8 291.1 3'09.!i
( 6) Just Cost other Purp 389.8 389.8 389.8 389.8 389.8 389.8 389.8 389.8 291.1 3409.!i
( 7) Adjustment Factor 11.3291 1.0139 2.2862 1.0000 11.3291 1.0835 11.3291 2.2399 6.2829
( 8) Adj Sep"'able Coats 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 619.8
( 9) Ra..ainin\l Oenefits '026.2 S.' SOl.' 00.0 '026.2 32.S 4026.2 to3.3 l!i38.0 14639.2
(10) Joint Cost Propor 0.27S0 0.000' 0.0342 0.0000 0.27S0 0.0022 0.2750 0.0330 0.10Sl 1.0000
(11) Allocat..:l Joint Cost 00.1 0.1 10.0 0.0 80.1 0.6 80.1 9.6 30.6 291.1
(12) Total Sorvice Cost 80.1 0.1 10.0 0.0 80.1 0.6 80.1 9.6 129.2 389.8
(13) 'orcenta\los 20.S4 0.03 2.!i6 0.00 2~.S' 0.17 20.5' 2.'7 33.16 1.0000
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File name: scen01x.ECH
TABLE 1. THE HIGH ASWAN DAM (BASHAD.WB1l.
Costs and Benefits for Basic O&M

.:::

::

BASIN DISCOUNT RATE (%l:
BASIN PLANNING HORIZON (YRSl:
NUMBER OF OLD REGIONS:
NUMBER OF NEW REGIONS:
ANNUAL COST FOR DRAINAGE (m LE/Yr @
HAD BENEFITS

FLOOD CONTROL (% of total benefit

SINGLE PURPOSE ALTERNATIVES
AG, NAV, POWER, FISH (% of OM&R):
FLOOD CONTROL (% of OM&Rl:

SEPARABLE COSTS
AGRICULTURE (% of O&Ml :
POWER (% of O&Ml :
FLOOD (% of O&Ml:

12.0
30

5
o

35.088 282.64

4.0

74.700
44.400

0.00
0.00

25.31

35.088

HAD BENEFIT
GROUND FISHERY
TRANSP

483.31 1187.01......

YEAR
HYDRO
POWER

(m LEl

p. val 45310.42

(m LE)

32.54

(m LEl

SINGLE PUPROSE ALTERN
WATER GROUND COMMON

SUPPLY TRANSP WORKS
REPLACE

(m LEl (m LEl (m LEl

32.54 5000.00

ANNUAL
COMMON

WORKS
O&M

(m LEl

389.79

Present value SPA Other
Present value SI?A Flood
Pr~s. val. s~parabl~ Agri.
Pres. val. separable Power
Pres. val. separable Flood

4026.2
2393.1

0.0
0.0

98.7

1-1--;-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen01x.STM
TABLE 2: MAIN STEM OF THE NILE (BASSTM.WB1l.
Costs and Benefits for Basic O&M

YEAh BEN SINGLE STEM ESNA
NAVIG HYDRO GROUND RECREA PURPOSB COSTS COMMON

POWER TRANSP & ALTERN EXCEPT WORKS
ESNA TOURISM COST HAD & COSTS

':: TRANSP ES;-lA
.: (m LE) (m LEl (m LEl (m LEl (m LE) (m LEl (m, LE)

~ p. val 289.99 0.00 203.59 7410.77 204.31 756.73 0.00
-

--
-

-

-

.\~
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I-I-/~/-I-I-I-I-I-I-/-I-I-I-I-I-I-I-/-/-I-/-/-/-I-I-/- /-/-/-/-/-/-/-/-/-/-/

File name: ~cen01x.R01

TABLE 3. INPUT FOR OLD REGION (BASRxx.WB1).
Costs and Benefits for Basic O&M

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
WA~ER CON3UMPTION (M3/FD):
rOPULATION (millions):
WETTED PERIMETER OF CNIALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

UpperEgypt
1

0.762
8320.200, ...

5.520
61. 7
0.0

6340.0 (mil MJ).

-=

YE.».R BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 3214.02 0.73 0.00 510.18 483.31 271. 60 169.54

/-/-/-/-1-/-/-/-1-1-/-/-/-/-/-/-/-/-/-/-1-/-/-/-1-/-/-/-1-1-1-1-/-/-/-1-1-/
File name: scen01x.R02
TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

REGION NAME:
REGION N'JMBER: 2

Middle

AGRICULTURAL AREA (mil FED):
WATER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

...:

=
-.-.

YEAR

AGRI

(m LE)

p. val 13339.38

BENEFITS

WATER
SUPPLY

(m LE)

1.52

NAVIG

(m LE)

11.44

1.524
7390.400, 11263.0 (mil M3).

11. 590
71.8
0.8

SINGLE PURPOSE COSTS
ALTERNATIVES

CANAL WATER CANAL SYSTEM
REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE)

614.30 724.97 589.81 339.16
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1-1-1-1-1-1-1-/-1-1-1-1-1-1-1-1-1-/-1-1-1-1-1-1-1-1-1-1-/-1-1-1-1-1-1-1-1-1
File name: scen01x.R03
TABLE 3. INPUT FOR OLD REGION. (~SRxx.WB1)

Costs and Benefits for Basic O&M.

REGION NAME:
REGION NUMBER:

EastDelta
3

=
AGRICULTURAL AREA (mil FED):
WATER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

1.581
6422.500,

8.570
72.5
4.0

10154.0 (mil MJ).

-
....

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 12477.48 1.16 58.32 599.02 1611. 04 439.20 351. 81

1-/-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen01x.R04
TABLE 3. INPUT FOR OLD REGION. (~Rxx.WB1)

Costs and Benefits for Basic O&M

-= REGION NAME:
REGION NUMBER:

MiddleDelta
4

AGRICULTURAL AREA (mil FED): 1.439
- WATER GONSUMPTION (M3/FD): 7372.500, 10609.0 (mil M3).-

POPULATION (millions): 9.050
= WETTED PERIMETER OF CANALS (meters) 55.1...

PERCENT OF CANALS NAVIGABLE (%) : 8.3
--

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 7483.27 1.21 91.67 454.98 805.52 367.99 320.31

=
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scenOlx.R05
TABLE 3. INPUT FOR OLD REGION. (BASRxx. WB1)
Costs and Benefits for Basic O&M

I

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
WATER CONSUMPTION (M3/FD):
POPU~TION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

WestDelta
5

1.293
6344.900, •

6.180
37.0
7.3

8204.0 (mil MJ).

YEAR BENEFITS

AGRI WATER
SUPPLY

--

(m LE) (m LE)

- p. val 4591.46 0.80-

-
-]

-

SINGLE PURPOSE
ALTERNATIVES

NAVIG CANAL WATER
REPALCE SUPPLY

(m LE) (m LE) (m LE)

49.94 279.98 805.52

AppcndixA 11

COSTS

CANAL SYSTEM
O&M PUMPS

OM&R
(m LE) (m LE)

285.28 287.85



-

~

TABLE 1. THE HIGH ASWAN DAM (BASHAD.WB1).
Costs and Benefits for Basic O&M

BASIN DISCOUNT RATE ('Ii) : 12
- BASIN PLANNING HORIZON (YRS): 30-- NUMBER OF OLD REGIONS: 5

NUMBER OF NEW REGIONS: 0 --
ANNUAL COST FOR DRAINAGE (m LE/Yr e 12%): 35.088 12

HAD BENEFITS
- FLOOD CONTROL ('Ii of total benefits): 4

- SINGLE PURPOSE ALTERNATIVES
JIiG, NAV, POWER, FISH ('II of OM&R): 74.7
FLOOD CONTROL ('Ii of OM&R): 44.4

SEPARABLE COSTS
AGRICULTURE (SA of O&M): 0 ;;;-

POWER ('Ii of O&M): 0 -

FLOOD ('Ii of O&M): 25.31 =-
:-

YEAR HAD BENEFIT SINGLE PUPROSE ALTERN ANNUAL ~
HYDRO GROUND FISHERY WATER GROUND COMMON COMMON
POWER TAANSP SUPPLY TAANSP WORKS WORKS ---

REPLACE O&M
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

1 5625 3S 60 1165 3S 5600 48.39
- 2 5625 0.18 60 20.5 0.18 0 48.39

3 5625 0.18 60 20.5 0.18 0 48.39
-= 4 5625 0.18 60 20.5 0.18 0 48.39

- 5 5625 0.18 60 20.5 0.18 0 48.39
- 6 5625 0.18 60 20.5 0.18 0 48.39

7 5625 0.18 60 20.5 0.18 0 48.39
8 5625 0.18 60 20.5 0.18 0 48.39
9 5625 0.18 60 20.5 0.18 0 48.39

10 5625 0.18 60 20.5 0.18 0 48.39
11 5625 0.18 60 20.5 0.18 0 48.39

- 12 5625 0.18 60 20.5 0.18 0 48.39
- 13 5625 0.18 60 20.5 0.18 0 48.39 =-

14 5625 0.18 60 20.5 O.le 0 48.39
15 5625 0.18 60 20.5 0.18 0 48.39 '"16 5625 0.18 60 20.5 0.18 0 48.39 -

17 5625 0.18 60 20.5 0.18 0 48.39 ~

18 5625 0.18 60 20.5 0.18 0 48.39
19 5625 0.18 60 20.5 0.18 0 48.39
20 5625 0.18 60 20.5 0.18 0 48.39
21 5625 0.18 60 20.5 0.18 0 48.39
22 5625 0.18 60 20.5 0.18 0 48.39 -

23 5°625 0.18 60 20.5 0.18 0 48.39 -

24 5625 0.18 60 20.5 0.18 0 48.39 --
25 5625 0.18 60 20.5 0.18 0 48.39 -
26 5625 0.18 60 20.5 0.18 0 48.39
27 5625 0.18 60 20.5 0.18 0 48.39
28 5625 0.18 60 20.5 0.18 0 48.39 -

29 5625 0.18 60 20.5 0.18 0 48.39
30 5625 0.18 60 20.5 0.18 0 48.39 =

-
::.

._- ...•.•. .". - -- ;:::::-_.-

=
-=-

- =-

~-
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TABLE 2: MAIN STEM OF THE NILE (BASSTM.WB1).
Costs and Benefits for Basic O&M

YEAR BEN SINGLE STEM ESNA
NAVIG }iYDRO GROUND RECR~ PURPOSE COSTS COMMON

POWER TRANSP & ALTERN EXCEPT WORKS
ESNA TOURISM COST HAD & COSTS

TRANSP ESNA
(m LE) (m LE) (nlLE) (in LE) (m LE) (m LE) (m LE)

1 36 0 220 920 220 93.943 0
2 36 0 1 920 1.1 93.943 0
3 36 0 1 920 1.1 93.943 0
4 36 0 1 920 1.1 93.943 0
5 36 0 1 920 1.1 93.943 0
6 36 0 1 920 1.1 93.943 0
7 36 0 1 920 1.1 93.943 0
8 36 0 1 920 1.1 93.943 0
9 36 0 1 920 1.1 93.943 0

- 10 36 0 1 920 1.1 93.943 0
11 36 0 1 920 1.1 93.943 0
12 36 0 1 920 1.1 93.943 0
13 36 0 1 920 1.1 93.943 0
14 36 0 1 920 1.1 93.943 0
15 36 0 1 920 1.1 93.943 0
16 36 0 1 920 1.1 93.943 0
17 36 0 1 920 1.1 93.943 0
18 36 0 1 920 1.1 93.943 0
19 36 0 1 920 1.1 93.943 0
20 36 0 1 920 1.1 93.943 0
21 36 0 1 920 1.1 93.943 0
22 36 0 1 920 1.1 93.943 0
23 36 0 1 920 1.1 93.943 0

- 24 36 0 1 920 1.1 93.943 0--=
= 25 36 0 1 920 1.1 93.943 0

26 36 0 1 920 1.1 93.943 0
27 36 0 1 920 1.1 93.943 0
28 36 0 1 920 1.1 93.943 0
29 36 0 1 920 1.1 93.943 0
30 36 0 1 920 1.1 93.943 0
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TABLE 3. INPUT FOR OLD REGION (BASRxx.WB1).
Costs and Benefits for Basic O&M

REGION NAME: UpperEgypt
REGION NUMBER: 1

;::

(mil FED):~ AGRICULTURAL AREA 0.762
WATER CONSUMPTION (M3/FD): 8320.2
POPULATION (millions): 5.52
WETTED PERIMETER OF CANALS (meters): 61. 7
PERCENT OF c.\NALS NAVIGABLE (%) : 0

YEAR BENEFITS SINGLE PURPOSE COSTS
~ ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PtJz.1PS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE! (m LE) (m LE)

1 399 0.58 0 571.4 60 33.718 21. 047
2 399 0.029 0 0 60 33.718 21. 047
3 399 0.029 0 0 60 33.718 21. 047
4 399 0.029 0 0 60 33.718 21. 047
5 399 0.029 0 0 60 33.718 21. 047
6 399 0.029 0 0 60 33.718 21.047
7 399 0.029 0 0 60 33.718 21. 047
8 399 0.029 0 0 60 33.718 21. 047
9 399 0.029 0 0 60 33.718 21. 047

10 399 0.029 0 0 60 33.718 21. 047
11 399 0.029 0 0 60 33.718 21. 047
12 399 0.029 0 0 60 33.718 21.047

- 13 399 0.029 0 0 60 33.718 21. 047
- 14 399 0.029 0 0 60 33.718 21. 047

15 399 0.029 0 0 60 33.718 21. 047
16 399 0.029 0 0 60 33.718 21. 047
17 399 0.029 0 0 60 33.718 21. 047
18 399 0.029 0 0 60 33.718 21. 047
19 399 0.029 0 0 60 33.718 21. 047
20 399 0.029 0 0 60 33.718 21. 047
21 399 0.029 0 0 60 33.718 21. 047
22 399 0.029 0 0 60 33.118 21. 047
23 399 0.029 0 0 60 33.718 21. 047
24 399 0.029 0 0 60 33.718 21. 047
25 399 0.029 0 0 60 33.718 21. 047
26 399 0.029 0 0 60 33.718 21. 047

- 27 399 0.029 0 0 60 33.718 21. 047
-

28 399 0.029 0 0 60 33.718 21. 047
29 399 0.029 0 0 60 33.718 21.047
30 399 0.029 0 0 60 33.718 21.047

-.
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TABLE 3. InpUT FOR OLD REGION. (BASRxx. WB1)
Costs and Benefits for Basic O&M

REGION NAME: Middle Egypt
REGION NUMBER: 2

AGRICULTURAL AREA (mil FED): 1.524
WATER CONSUMPTION (M3/FD): 7390.4
POPULATION (millions); 11.59
WETTED PERIMETER OF CANALS (meters) : 71.8
PERCENT OF CANALS NAVIGABLE (%): 0.77

- YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
- (rn LE) (rn LE) (rn LE) (rn LE) (rn LE) (m LE) (m LE)

"'" 1 1656 1.22 1.42 688.02 90 73.221 42.104
2 1656 0.06 1.42 0.00 90 73.221 42.104
3 1656 0.06 1. 4~: 0.00 90 73.221 42.104
4 1656 0.06 1.42 0.00 90 73.221 42.104... 5 1656 0.06 1.42 0.00 90 73.221 42.104

~

6 1656 0.06 1.42 0.00 90 73.221 42.104
7 1656 0.06 1.42 0.00 90 73.221 42.104
8 1656 0.06 1.42 0.00 90 73.221 42.104
9 1656 0.06 1.42 0.00 90 73.221 42.104

10 1656 0.06 1.42 0.00 90 73.221 42.104
11 1656 0.06 1.42 0.00 90 73.221 42.104

-= 12 1656 0.06 1.42 0.00 90 73.221 42.104
13 1656 0.06 1.42 0.00 90 73.221 42.104

- ,

14 1656 0.06 1.42 0.00 90 73.221 42.104--- 15 1656 0.06 1.42 0.00 90 73.221 42.104
16 1656 0.06 1.42 0.00 90 73.221 42.104
17 1656 0.06 1.42 0.00 90 73.221 42.104
18 1656 0.06 1.42 0.00 90 73.221 42.104
19 1656 0.06 1.42 0.00 90 73.221 42.104
20. 1656 0.06 1.42 0.00 90 73.221 42.104
21 1656 0.06 1.42 0.00 90 73.221 42.104
22 . 1656 0.06 1.42 0.00 90 73.221 42.104
23 1656 0.06 1.42 0.00 90 73.221 42.104
24 1656 0.06 1.42 0.00 90 73.221 42.104
25 1656 0.06 1.42 0.00 90 73.221 42.104
26 1656 0.06 1.42 0.00 90 73.221 42.104
27 1656 0.06 1.42 0.00 90 73.221 42.104

~;,

28 1656 0.06 1.42 0.00 90 73.221 42.104
- 29 1656 0.06 1.42 0.00 90 73.221 42.104

-!"'.:
30 1656 0.06 1.42 0.00 90 73.221 42.104
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TABLE 3. INPUT FOR OLD REGION. (BASRxx. WB1)
Costs and Benefits for Basic O&M.

- REGION NAME: EastDelta
REGION NUMBER: 3

AGRICULTURAL AREA (mil FED): 1.581
WATER CONSUMPTION (M3/FD): 6422.5
POPU~TION (millions): 8.57
WETTED PERIMETER OF CANALS (meters) : 72.5
PERCENT OF CANALS NAVIGABLE (%): 4

YEAR BENEP.:tTS SINGLE PURPOSE COSTS
=:;; ALTERNATIVES
- AGRI WATER NAVIG CANAL t'1ATER CANAL SYSTEM.

SUPPLY REPALCE SUPPLY O&M PUMPS
OM&R

(m LE) (m LE) (m LE) (m LE) (III. L!'£) (m LE) (m LE)
1 1549 0.9 7.24 670.90 200 54.524 43.675
2 1549 0.05 7.24 0.00 200 54.524 43.675
3 1549 0.05 7.24 0.00 200 54.524 43.675
4 1549 0.05 7.24 0.00 200 54.524 43.675
5 1549 0.05 7.24 0.00 200 54.52.d 43.675
6 1549 0.05 7.24 0.00 200 54.524 43.675
7 1549 0.05 7.24 0.00 200 54.524 43.675
8 1549 0.05 7.24 0.00 200 54.524 43.675
9 1549 0.05 7.24 0.00 200 54.524 43.675

10 1549 0.05 7.24 0.00 200 54.524 43.675
11 1549 0.05 7.24 0.00 200 54.524 43.675
12 1549 0.05 7.24 0.00 200 54.524 43.675
13 1549 0.05 7.24 0.00 200 54.524 43.675

- 14 1549 0.05 7.24 0.00 200 54.524 43.675.
15 1549 0.05 7.24 0.00 200 54.524 43.675
16 1549 0.05 7.24 0.00 200 54.524 43.675
17 1549 0.05 7.24 0.00 200 54.• 524 43.675
18 1549 0.05 7.24 0.00 200 54.524 43.675

- 19 1549 0.05 7.24 0.00 200 54.524 43.675-

20 1549 0.05 7.24 0.00 200 54.524 43.675..... 21 1549 0.05 7.24 0.00 200 54.524 43.675
22 1549 0.05 7.24 0.00 200 54.524 43.675
23 1549 0.05 7.24 0.00 200 54.524 43.675

- 24 1549 0.05 7.24 0.00 200 54.524 43.675
25 1549 0.05 7.24 0.00 200 54.524 43.675
26 1549 0.05 7.24 0.00 200 54.524 43.675
27 1549 0.05 7.24 0.00 200 54.524 43.675
28 1549 0.05 7.24 0.00 200 54.524 43.67'5
29 1549 0.05 7.24 0.00 200 54.524 43.6'15
30 1549 0.05 7.24 0.00 200 54.524 43.675

-..;;;;:. ".
~: Appendix A 16

/'1l r}



TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

REGION NAME: MiddleDelta
REGION NUMBER: 4

~:- AGRICULTURAL AREA. (mil FED): 1.439
WATER CONSUMPTION (M3/FD): 73'72.5
POPU~TION (millions): 9.05

- WETTED PERIMETER OF CANALS (meters): 55.1- PERCENT OF CANALS NAVIGABLE (%) : 8.3

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

-= AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
--.1

SUPPLY REPALCE SUPPLY O&M PUMPS
OM&R

(rn LE) (rn LE) (rn LE) (rn LE) (rn LE) (rn LE) (rn LE)
1 929 0.95 11.38 509.58 100 45.683 39.7165
2 929 0.05 11.38 0.00 100 45.683 39.765
3 929 0.05 11.38 0.00 100 45.683 39.765

~ 4 929 0.05 11.38 0.00 100 45.683 39.765
5 929 0.05 11.38 0.00 100 45.683 39.765
6 929 0.05 11.38 0.00 100 45.683 39.765
7 929 0.05 11.38 0.00 100 45.683 39.765
8 929 0.05 11.38 0.00 100 45.683 39.765
9 929 0.05 11.38 0.00 100 45.683 39.765

- 10 929 0.05 11.38 0.00 100 45.683 39.765
11 929 0.05 11.38 0.00 100 45.683 39.765

- 12 929 0.05 11.38 0.00 100 45.683 39.765
-

13 929 0.05 11.38 0.00 100 45.683 39.765
14 929 0.05 11.38 0.00 100 45.683 39.765
15 929 0.05 11.38 0.00 100 45.683 39.765
16 929 0.05 11.38 0.00· 100 45.683 39.765

J~' 17 929 0.05 11.38 0.00 100 45.683 39.765
---1., 18 929 0.05 11.38 0.00 100 45.683 39.765

19 929 0.05 11.38 0.00 100 45.683 39.765
-" 20 929 0.05 11.38 0.00 100 45.683 39.765

, .. 21 929 0.05 11.38 0.00 100 45.683 39.765
22 929 0.05 11.38 0.00 100 45.683 39.765
23 929 0.05 11.38 0.00 100 45.683 39.765
24 929 o.m, 11.38 0.00 100 45.683 39.765
25 929 O.O!/ 11.38 0.00 100 45.683 39.765
26 929 0.05 11.38 0.00 100 45.683 39.765
27 929 0.05 11.38 0.00 100 45.683 39.765
28 929 0.05 11.38 0.00 100 4~.683 39.765
29 929 0.05 11.38 0.00 100 45.683 39.765
30 929 0.05 11.38 0.00 100 45.683 39.765
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TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

REGION NAME: WestDelta
REGION NUMBER: 5

--
AGRICULTURAL AREA (mil FED): 1.293

~ WATER CONSUMPTION (M3/FD) : 6344.9
- POPULATION (millions) : 6.18-

WETTED PERIMETER OF CANALS (meters) : 37
= ' PERCENT ~F CANALS NAVIGABLE (%): 7.3

--
- YEAR BENEFITS SINGLE PURPOSE COSTS
- ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
- SUPPLY REPALCE SUPPLY O&M PUMPS-
~ OM&R

(m LE) (m LE) (m LE) (m LE) (m LEi (m LE) (m LE)
1 570 0.65 6.2 313.58 100 35.416 35.735
2 570 0.03 6.2 0 100 35.416 35.735
3 570 0.03 6.2 0 100 35.416 35.735

-
4 570 0.03 6.2 0 100 35.416 35.735
5 570 0.03 6.2 0 100 35.416 35.735
6 570 0.03 6.2 0 100 35.416 35.735

-

7 570 0.0', 6.2 0 100 35.416 35.735
8 570 0.03 6.2 0 100 35.416 35.735
9 570 0.03 6.2 0 100 35.416 35.735

10 570 0.03 6.2 0 100 35.416 35.735
11 570 0.03 6.2 0 100 35.416 35.735
12 570 0.03 6.2 U 100 35.416 35.735- 13 570 0.03 6.2 0 100 35.416 35.735
14 570 0.03 6.2 0 100 35.416 35.735

- 15 570 0.03 6.2 0 100 35.416 35.735
16 570 0.03 6.2 0 100 35.416 35.735
17 570 0.03 6.2 0 100 35.416 35.735
18 570 0.03 6.2 0 100 35.416 35.735
19 570 0.03 6.2 0 100 35.416 35.735
20 570 0.03 6.2 0 100 35.416 35.735

- 21 570 0.03 6.2 0 100 35.416 35.735-
22 570 0.03 6.~ 0 100 35.416 35.735
23 570 0.03 6.2 0 100 35.416 35.735
24 570 0.03 6.2 0 100 35.416 35.735
25 570 0.03 6.2 0 lOO 35.416 35.735

- 26 570 0.03 6.2 0 100 35.416 35.735
~ 27 570 0.03 6.2 0 100 35.416 35.735-

28 570 0.03 6.2 0 100 35.416 35.735
29 570 0.03 <j.2 0 100 35.416 35.735

= 30 570 0.03 6.2 0 100 35.416 35.735
-,

--'.

coo "
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APPENDIXEI
INPUT I OUTPUT FILES FOR SCENARIO 2
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Sat'Nov 07 12:46:29 1992

Allocation of Joint Costs as Annual Costs (mil LE/YRI for File: scen02x.
Part One of Two

---- AGRICULTURE ---- RURAL NAV
TOTAL

--- WATER SUPPLY ---
Region stem HAD Region Stem HAD Region

Old ROl 63.45 7.40 2.00 0.12 0.04 0.00 0.00 73.01
Old R02 126.58 14.80 4.00 0.28 0.08 O. O~. 0.29 146.03
Old R03 130.13 15.35 4.14 0.22 0.06 0.00 1.55 151. 46
Old R04 116.89 13.97 3.77 0.23 0.07 0.00 2.93 137.87
Old R05 105.57 12.55 3.39 0.":'6 0.04 0.00 2.15 123.87

Totals 542.62 64.07 17.30 1.01 0.30 0.02 6.92 632.23
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Allocation of Costs by Major Categories for File: scen02x.
Present Value (P.V.) and Annual Cost (A. C.) •

CATEGORY --------JOINT COST-------- ---TOTAL COST---
P. V. A.C. P. V. A.C.

- m LE m LE/YR % m LE m LE/YR
Existing Ag 5026.3 623.98 76.77 5803.0 720.41
New New Land 0.0 0.00 0.00

- Water Supply 10.7 1.33 0.16
Navigation 294.6 36.57 4.50
Power 231. 7 28.77 3.54
Transport 91.4 11.34 1.40

-- Tourisnl 655.4 81.37 10.01
Fishery 15.9 1.97 0.24
Flood Cntrl 221. 6 27.51 3.38

- TOTALS 6547.6 812.84 100.00 5803.0 720.41-.
~.

Allocation of Annual Costs (A.C. ) by Hierarchy for File: scen02x.
Annual Costs Allocated to Existing Agriculture =--

=? Area Water Annual A.c./FD A.C./l000U3-
mil FD mil M3 Cost LE/FD LE/I000M3

- JOINT COSTS
HAD 6.599 46569.9 17.300 2.622 0.371 -

- ~- Stem 6.599 46569.9 64.066 9.708 1.376
Upper Egypt 0.762 6340.0 63.450 83.268 10.008
Middle Egypt 1.524 11263.0 126.575 83.055 11.238
East Delta 1.581 10154.0 130.134 82.311 12.816
Middle Delta 1.439 10609.0 116.893 81.232 11. 018
West Delta 1.293 8204.0 105.567 81.645 12.868

-
--,:. DRAIN COSTS 6.599, 46569.9 96.422 14.612 2.071}

- TOTAL COSTS -
-i

~

- Upper Egypt 0.762 6340.0 83.979 110.209 13.246_.
Middle Egypt 1.524 11263.0 167.634 109.996 14.884 ---' East Delta 1.581 10154.0 172.729 109.253 17.011 -

~

Middle Delta 1.439 106Cg. I] 155.662 100.174 14.673
West Delta 1.293 3204.0 140.402 108.586 17.114 -

~

FLAT RATE 109.169 15.469 -
=-

=---
-_."...... --
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Sat Nov 07 12:46:29 1992

Cost Allocation for Region #01 UpperEgypt, pump costs.
Cost to be allocated • 210.6

AGRIC R.W.S. Totals
( 1) Project benefits 4196.8 0.7 4197.5

- ( 2) Alternative Costs 210.6 483.3 693.9-=-
( 3) Justifiable Costs 210.6 0.7 211.3
(10) Joint Cost Propor 0.9966 0.0034 1.0000
(11) Allocatedi Joint Cost 209.9 0.7 210.6
(12) Total Service Cost 209.9 0.'1 210.6
(13) Percentages 99.66 0.34 1.0000

Cost Allocation for Region #01 UpperEgypt~ non-navigable canal.
Cost to be allocated = 201.5

AGRIC R.W.S. Totals- ( 1) Project benefits 4196.8 0.7 4197.5-
( 2) Alternative Costs 811.7 483.3 1295.0
( 3) Justifiable Costs 811.7 0.7 812.4
(10) Joint Cost Propor 0 .. 9991 0.0009 1.0000
(11) Allocated Joint Cost 301.2 0.3 301.5
\12) Total Service Cost 301.2 0.3 301.5

~

(13) Percentages 99.91 0.09 1.0000

R.W.S.
1.5

725.0
1.5

0.0036
1.5
1.5

0.36

Cost Allocation for Region
Cost to be allocated =

( 1) Project benefits
( 2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages

#02 Middle, pump
421.2
AGRIC

15981.5
421.2
421.2

0.9964
419.7
419.7
99.64

costs.

Totals
15983.0

1146.2
422.7

1.0000
421.2
421.2

1.0000

oj Cost Allocation for Regi~n #02 Middle, non-navigable canal.
Cost to be allocated = 598.3

AGRIC R. W. S. Totals
( 1) Project benefits 15858.4 1.5 15859.9
( 2) Alternative Costs 1207.9 719.4 1927.3
( 3) Justifiable Costs 1207.9 1.5 1209.4
(10) Joint Cost Propor 0.9988 0.0012 1.0000

J (11) Allocated Joint Cost 597.6 0.7 598.3
(12) Total Service Cost 597.6 0.7 598.3
(13) Percentages 99.88 0.12 1.0000
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Cost Allo'.::ation for Region #02 Middle, navigable canal costs.
Cost to be allocated = 4.6

=: AGRIC R.W.S. NAVIG Totals
- ( 1) Project benefits 123.1 0.0 11.4 134.5
, ( 2) Alternative Costs 9.4 5.6 9.4 24.3;

( 3) Justifiable Costs 9.4 0.0 9.4 18.8
(10) Joint Cost ~ropor 0.4997 0.0006 0.4997 1.0000
(11) Allocated Joint Cost Z.3 0.0 2.3 4.6
(12) Total Service Cost 2.3 0.0 2.3 4.6
(13) Percentages 49.97 0.06 49.97 1.0000

-,

Cost Allocation for Region #03 EastDelta, pump costs.
Cost to be allocated = 437.0

AGRIC R.W.S. Tc;>tals
( 1) Project benefits 14579.9 1.2 14581. 0

~: ( 2) Alternative Costs (37.0 1611. 0 2048.0
( 3) Justifiable Costs 437.0 1.2 438.1

- (10) Joint Cost Propor 0.9973 0.0027 1.0000
-

(11) Allocated Joint Cost 435.8 1.2 437.0-= (12) Total Service Cost 435.8 1.2 ~37.0

(13) Percentages 99.73 0.27 1.0000

Cost Allocation for Region #03 EastDelta, non-navigable canal.
Cost to be allocated = 600.5

AGRIC R.W.S. Totals I( 1) Project uenefits 13996.7 1.1 13997.8
( 2) Alternative Costs 1175.6 1546.6 2722.2
( 3) Justifiable Costs 1175.6 1.1 1176.7
(10) Joint Cost Propor 0.9991 0.0009 1.0000
(11) Allocated Joint Cost 600.0 0.6 600.5
(12) Total Service Cost 600.0 0.6 600.5
(13) Percentages 99.91 0.09 1.0000

~
Cost Allocation for Region #03 EastDelta, navigable canal costs.
Cost to be allocated = 25.0

AGRIC R.W.S. NAVIG Totals
( 1) Project benefits 583.2 0.0 58.3 641.6
( 2) Alternative Costs 49.0 64.4 49.0 162.4

- ( 3) Justifiable Costs 49.0 0.0 49.0 98.0
(10) Joint Cost Propor 0.4998 0.0005 0.4998 1.0000
(11) Allocated Joint Cost 12.5' 0.0 12.5 25.0
(12) Total Service Cost 12.5 0.0 12.5 25.0
(13) Percentages 49.98 0.05 49.98 1.0000
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Cost Allocation for Region #04 MiddleDelta, pump costs.
-- Cost to be allocated a 397.7

AGRIC R.W.S. Totals
( 1) Project benefits 9666.2 1.2 9667.4
( 2) Alternative Costs 397.7 805.5 1203.2
( 3) Justifiable Costs 397.7 1.2 398.9

- (10) Joint Cost Propor 0.9970 0.0030 1.0000-

(11) Allocated Joint Cost 396.5 1.2 397.7
(12) Total Service Cost 396.5 1.2 397.7
(13) Percentages 99.70 0.30 1.0000

Cost Allocation for Region #04 MiddleDelta, non-nilvigable canal.
Cost to be allocated = 522.1

AGRIC R.W.S. Totals
( 1) Project benefits 8863.9 1.1 8865,.0
( 2) Alternative Costs 938.8 ·;38.7 1677.5
( 3) Justifiable Costs 938.8 1.1 940.0
(10) Joint Cost Propor 0.9988 0.0012 1.0000
(11) Allocated Joint Cost 521.5 0.6 522.1
(12) Total Service Cost 521.5 0.6 522.1
(13) Percentages 99.88 0.12 1.0000

-
- Cost Allocation for Region #04 MiddleDelta, ~avigable canal costs.--

Cost to be allocated = 47.3
AGRIC R. W. S. NAVIG Totals

( 1) Project benefits 802.3 0.1 91.7 894.1
( 2) Alternative Costs 85.0 66.9 85.0 236.8
( 3) Justifiable Costs 85.0 0.1 85.0 170.1
(10) Joint Cost Propor 0.4997 0.0006 0.4997 1.0000
(11) Allocated Joint Cost 23.6 0.0 23.6 47.3
(12) ~otal Service Cost 23.6 0.0 23.6 47.3
(13) Percentages 49.97 0.06 49.97 1.0000

Totals
5389.7
1162.9

358.1
1.0000
357.4
357.4

1.0000

R.W.S.
0.8

805.5
0.8

0.0022
0.8
0.8

0.22

#05 WestDelta, pump costs.
357.4
AGRIC

5388.9 .
357.4
357.4

0.9978
356.6
356.6
99.78

Cost Allocation for Region
Cost to be allocated =
( 1) Project benefits
(2) Alternative Costs
( 3) Justifiable Costs
(10) Joint Cost Propor
(11) Allocated Joint Cost
(12) Total Service Cost
(13) Percentages
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-

Cost Allocation for Region #05 WestDelta, non-navigable canal.
Cost to be allocated • 474.3

AGRIC R.W. S. Totals
( 1) Project benefits 4995.5 0.7 4996.3
( 2) Alternative Costs 733.8 746.7 1480.5
( 3) Justifiable Costs 733.8 0.7 734.5
(10) Joint Cost Propor 0.9990 0.0010 1.0000
(11) Allocated Joint Cost 473.8 0.5 474.3
(12) Total Service Cost 473.8 0.5 474.3
(13) Percentages 99.90 0.10 1.0000

---.:

Cost Allocation for Region #05 WestDelta, navigable canal costs.
Cost to be allocated = 37.3

AGRIC R.W.S. NAVIG Totals
( 1) Project benefits 393.4 0.1 49.9 443.4
( 2) Alternative Costs 57.8 58.8 57.8 174.4
( 3) Justifiable Costs 57.8 0.1 49.9 107.8
(10) Joint Cost Propor 0.5361 0.0005 0.4633 1.0000
(11) Allocated Joint Cost 20.0 0.0 17.3 37.3
(12) Total Service Cost 20.0 0.0 17.3 37.3
(13) Percentages 53.61 0.05 46.33 1.0000

Cost Allocation for Hain Stem Barrages Excluding Esna.
Cost to be allocated. 1116.9

OLD AG R.W.S. NAVIG NEW AG I'a'lER TRANS RECR'T Total~

( 11 Project benet! ts 49813.3 5•• 501.4 0.0 0.0 203.6 7410.8 57934.4
( 21 Alternative Costs 1116.9 1116.9 1116.9 1116. !l 0.0 204.3 1116.9 5788.7
( 31 Justifiable Costs 1116.9 5.4 501.4 0.0 0.0 203.6 1116.9 2944.1
(101 Joint Cost Propor 0.3794 0.0018 0.1703 0.0000 0.0000 0.0692 0.3794 1.0000
(111 Allocated Joint Cost 423.7 2.1 190.2 0.0 0.0 77.2 423.7 1116.9
(121 Total Service Cost 423.7 2.1 190.2 0.0 0.0 77.2 423.7 1116.9
(131 Percentages 37.94 0.18 17.03 0.00 0.00 6.92 37.94 1.0000

Cost Allocation for Hain Stem Esna Barrage.
Cost to be allocated· 322.7

OLD AG R.W.S. NAVIG NEW AG PCMER TRANS RECR'T Totals
( 11 Project benefits 11165.5 1.2 112.4 0.0 2416.6 45.6 1661.1 '15402.4
( 21 Altern,'':iveCosts 322.7 322.7 322.7 322.7 322.7 45.8 322.7 1981. 8
( 31 Justifiable Costs 322.7 1.2 112.4 0.0 322.7 45.6 322.7 1127.2
(101 Joint Cost Propor 0.2862 0.0011 0.0997 0.0000 0.2862 0.0405 0.2862 1.0000
(111 Allocated Joint Cost 92.4 0.3 32.2 0.0 92.4 13.1 92.4 322.7

-' (121 Total Service Cost 92.4 0.3 32.2 0.0 92 •• 13.1 92.4 322.7 ;;--
(131 Percentages 28.62 0.11 9.97 0.00 28.62 4.05 28.62 '1.0000

-
:-

Cost Allocation for Hillh Aswan Dol.
co.t to be all~ated • 673.3

OLD NJ R.W.S. NAVJG NEW NJ POWER G.TRAIl MCReT FISH rLOOD Total.
( 1) Projact benafiU 19813.3 ~.I ~01.1 0.0 ,15310.1 32.~ 7410.8 U3.3 22~1.6 1058U~6

( 21 Alternative Coat. 4238.0 1187.0 4238.0 4238.0 1238.0 32.~ , 4238.0 1238.0 2518.9 29166.2
( 3) Ju.tifiable Cost. 4238.0 5.1 501.1 0.0 4238.0 32.~ 4238.0 113.3 2251.6 15991.0
( U Saparable coat. 0.0 0.0 0.0 0.0 0.0 0.0 0;0 0.0 170.1 170.1
r 5) 'Cost Other Purpose. 673.3 673.3 673.3 673.3 673.3 ' 673.3 673.3 673.3 502.9 5889.3
( 6) Ju.t Co.t Other Purp '673.3 673.3 673.3 673.3 673.3 673.3 673.3 673.3 502.9 5889.3
( 7) Adjuat..nt ractor 7.2913 1.0080 1.7"6 1.0000 7.2913 1.0U3 7.2913 1.7178 1.0951
( 8) Adj Separable Cost. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0;0 697.9
( 9) RalIlli~lng Benefita 1238.0 5.1 501.1 0.0 4238.0 32.~ 4238.0 U3.3 1&56.6 15293.1
(10) ,Joint' coat Propor ' 0.2771 0.0001 0.0328 0.0000 0.2771 0.0021 0.2771 0.0316 0.1018 1.0000
(11) AlIOC'.atad Joint coat 139.1 0.2 16.5 0.0 139.1 1.1 139.1 15.9 51.2 502.9

"" -n:n- Tour sarvie.'Colt"" "139;1 '-'0;2 16.5 ·O~O ' 139;1 " '1.1 U9~. 'lS;9 221;6' " 673.3
(13) PercenUge. 20.70 0.03 2.15 0.00 20.'70 , 0.16 20.70 2.'36 32.91 1.0000

r~'
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Sat Nov 0712:46:28 1992

File name: scen02x.ECH
TABLE 1. THE HIGH ASWAN DAM (IMPHAD.WB1).
Costs and Benefits for ImprovedO'M.

=

BASIN DISCOUNT RATE (I):
BASIN PLANNING HORIZON (YRS):
NUMBER OF OLD REGIONS:
NUMBER OF NEW REGIONS:
ANNUAL COST. FOR DRAINAGE (mil LE/Yr
HAD BENEFITS

FLOOD CONTROL (I of total benefit

SINGLE PURPOSE ALTERNATIVES
AG, NAV, POWER, FISH (I of OM&R):
FLOOD CONTROL (I of OM&R):

SEPARABLE COSTS
AGRICULTURE (% of O&M):
POWER (% of O&M):
~LOOD (I of O&M):

12.0
30

5
o

96.422 776.70 96.422

4.0

74.700
44.400

0.00
0.00

25.31

~

-

(m LE) (m LE) (m LE) (m LE) (m LE)
-

p. val 45310.42 32.54 483.31 1187.01 32.54
...: Present value SPA Other 4238.0

Present vnlu~ SPA Flood 2518.9
Pres. val. separable Agri. 0.0
Pres. val. separable Power 0.0
Pres. val. :separable Flood l70.'~

5000.00 673.30

YEAR ------ HAD BENEFITS
HYDRO GROUND FISHERY
FOWER TRANSP

-SINGLE PURPOSE ALTERN
WATER GROUND COMMON

SUPPLY TRANSP WORKS
REPlACE
(m LE)

ANNUAL
COMMON

WORKS
O&M

(m LE) •

•
1-1-1-/-/-1-1-1-1-/-1-1-1-/-/-/-1-1-1-/-1-1-1-1-/-1-1-1-1-/-/-1-1-1-1-1-1-1
File name: scen02x.STM
TABLE 2: MAIN STEM OF THE NILE (IMPSTM.WB1)
Costs and Benefits for Improved O&M

- YEAR BEN SINGLE STEM ESNA
NAVIG HYDRO GROUND RECREA PURPOSE COSTS COMMON

POWER TRANSP & ALTERN EXCEPT WORKS
ESNA TOURISM COST HAD , COSTS

:: TAANSP ESNA
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 289.99 2416.56 203.59 7410.77 204.31 1116.87 322.67
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I~/~/-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-1-1-/-1-/-1-/-1-/-/-/
Filename: scen02x.ROl
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1)
Costs and Benefits for Improved O'M.

REGION NAME:
REGION NUMBER:

AGnICULTURAL AREA (mil FED):
~TERCONSUMPTION (MJ/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

UpperEgypt
1

0.762
8320.200, •

5.520
61. 7
0.0

6340.0 (mil M3).

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O'M PUMPS

OM'R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 4196.75 0.73 0.00 510.18 483.31 301. 49 210.60

/~/-/-/-/-/-/-/-/-/-/-/-/-/··/-/-I-/-/-/-/-I-/-/-/-/-/-/-/-/-1-1-/-/-1-1-1-1
File name: scen02x.R02
TABLE 3. INPUT FOR OLD REGION (IMPRXX.WB1).
Costs and Benefits for Improved O'M.

REGION NAME: Middle
REGION NUMBER: 2

AGRICULTURAL AREA (Jllil FED): 1.524
~TER CONSUMPTION (M3/FD): 7390.400, • 11263.0 (mil M3).
POPULATION (millions): 11.590
WETTED PERIMETER OF CANALS (meters) 71.8
PERCENT OF CANALS NAVIGABLE (%) : 0.8

-

YEAR BENEFITS SINGLE PURPOSE COSTS
= ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 15981.49 1.52 11.44 614.29 724.97 602.99 421.18
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-/-1-1-1-1-1-1
File name: scen02x.R03
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1)
Costs and Benefits for Improved O'M.

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
~TER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS ~meters)

PERCENT OF CANALS NAVIGABLE ~%):

EastDelta
3

1.581
6422.500, •

8.570
72.5
4.0

10154.0 (mil M3).

(m LE) (m LE) (m LE)

BENEFITS

AGRI ~TER N.~VIG

SUPPLY

p. val 14579.88 1.16 58.32

SINGLE PURPOSE COSTS
ALTERNATIVES

CANAL WATER CANAL SYSTEM
REPALCE SUPPLY O&M PUMPS

OM'R
(m LE) (m LE) (m LE) (m LE)

599.02 1611.04 625.54 436.96

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen02x.R04
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1).
Costs and Benefits for Improved O&M

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
WATER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

MiddleDelta
4

1.439
7372.500, •

9.050
55.1
8.3

10609.0 (mil M3).

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 9666.22 1.21 91.67 454.46 805.52 569.36 397.69

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-/-1-1-1-1-/-1-1-1
File name: scen02x.ROS
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1).
Costs and Benefits for. Improved O'M.
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REGION NAME: WestDelta
REGION NUMBER: 5

-II AGRICULTURAL AREA (mil FED): 1.293
-:1 ~T~RCONSUMPTION (H3/FD): 6344.900, • 8204.0 (mil H3).

POPULATION (millions): 6.180
WETTED PERIMETER OF CANALS (meters) 37.0

=1 PERCEN7 OF CANALS NAVIGABLE (%): 7.3
;

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

-
AGRI WATER NAVIG CANJ1L WATER CANAL SYSTEM

SUPPLY REPALCE SUPPLY O'H PUMPS
OH'R

(m LE) (m LE) (m LE) em LE) (m LE) (m LE) (m LE)

p. val 5388.92 0.80 49.94 279.98 805.52 511.60 357.35
'"
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TABLE 1. THE HIGH ASWAN DAM (IMPHAD.WB1).
Costs and Benefits for Improved O'M.

BASIN DISCOUNT RATE (%): 12
BASIN PLANNING HORIZON (YRS): 30
NUMBER OF OLD REGIONS: 5
NUMBER OF NEW REGIONS: 0
ANNUAL COST FOR DRAINAGE (Edl LE/Yr B %): 96.422 12

HAD BENEFITS
FLOOD CONTROL (% of total benefits): 4

-- SINGLE PURPOSE ALTERNATIVES-

AG, NAV, POWER, FISH (% of OM&R): 74.7
FLOOD CONTROL (% ~f OM&R): 44.4

SEPARABLE COSTS
AGRICULTURE (% of O&M) : 0
POWER (% of O&M): Q

FLOOD (% of O&M): 25.~1

- YEAR ------ HAD BENEFITS ----- -SINGLE PURPOSE ALTERN- ANNUAL
HYDRO GROUND FI~RERY WATER GROUND COMMON COMMON
POWER TRANSP SUPPLY TRANSP WORKS WORKS

REPLACE O&M
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

1 5625 35 60 1165 35 5600 78.45
2 5625 0.18 60 20.5 0.18 0 75.59
3 5625 0.18 60 20.5 0.18 0 89.73
4 5625 0.18 60 20.5 0.18 0 84.90

---' 5 5625 0.18 60 20.5 0.18 0 80.19
6 5625 0.18 60 20.5 0.18 0 65.09
7 5625 0.18 60 20.5 0.18 0 67.68
8 5625 0.18 60 20.5 0.18 0 73.99
9 5625 0.18 60 20.5 0.18 0 78.54

10 5625 0.18 60 20.5 0.18 0 82.35
11 5625 0.18 60 20.5 0.18 0 88.46
12 5625 0.18 60 20.5 0.18 0 87.32
13 5625 0.18 60 20.5 0.18 0 87.76
14 5625 0.18 60 20.5 0.18 0 88.10
15 5625 0.18 60 20.5 0.18 0 88.85
16 5625 0.18 60 20.5 0.18 0 105.27
17 5625 0.18 60 20.5 0.18 0 104.30
18 5625 0.18 60 20.5 0.18 0 106.52
19 5625 0.18 60 20.5 0.18 0 105.55
20 5625 0.18 60 20.5 0.18 0 104.47
21 5625 0.18 60 20.5 0.18 0 102.86- 22 5625 0.18 60 20.5 0.18 0 101.87
23 5625 0.18 60 20.5 0.18 0 101. 69

- 24 5625 0.18 60 20.5 0.18 0 102.07
--;; '.' 25 5625 0.18 60 20.5 0.18 0 100.55

--' 26 5625 0.18 60 20.5 0.18 0 104.38 •
27 5625 0.18 60 20.5 0.18 0 101.99
28 5625 0.18 60 20.5 0.18 0 101.94

~.

29 5625 0.18 60 20.5 0.18 0 102.59
30 5625 0.18 60 20.5 0.18 0 101.63
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-' , TABLE 2: MAIN STEM OF THE N~LE (IMPSTM.WB1)
Costs and Benefits for Improved O'M

YEAR BEN SINGLE STEM ESNA
- NAVIG HYDRO GROUND RECREA PURPOSE COSTS COMMON

POWER TRANSP , ALTERN EXCEPT WO~KS

ESNA TOURISM COST HAD , COSTS
TRANSP ESNA

(m LE) (ro LE) (m LE) (m LE) (m LE) (m LE) (m LE)
- 1 36 300 220 920 220 114.35 147.98
~

2 36 300 1 920 1.1 134.83 156.01
3 36 300 1 920 1.1 159.86 14.08
4 36 300 1 920 1.1 146.75 38.30
5 36 300 1 920 1.1 114.34 17.53
6 36 300 1 920 1.1 83.80 1.71
7 36 300 1 920 1.1 115.97 2.35
8 36 300 1 920 1.1 132.14 3.75
9 36 300 1 920 1.1 201.33 4.12

... 10 36 300 1 920 1.1 237.80 3.99
11 36 300 1 920 1.1 211.76 4.09
12 36 300 1 920 1.1 214.37 4.14
n 36 300 1 920 1.1 188.31 4.15
,11,\ 36 300 1 920 1.1 145.47 4.17
15 36 300 1 920 1.1 106.91 4.77
16 36 300 1 920 1.1 103.94 4.57
17 36 300 1 920 1.1 101. 71 4.17
18 36 300 1 920 1.1 98.91 4.17
19 36 300 1 920 1.1 97.02 4.17
20 36 300 1 920 1.1 96.36 4.17
21 36 300 1 920 1.1 107.20 4.17

:: 22 36 300 1 920 1.1 109.22 4.77
23 36 300 1 920 1.1 106.46 4.57

- 24 36 300 1 920 1.1 102.61 4.17-
-== 25 36 300 1 920 1.1 99.59 4.17

26 36 300 1 920 1.1 114.17 44.77
27 36 300 1 920 1.1 115.58 52.17
28 36 300 1 920 1.1 120.84 8.77

-= 29 36 300 1 920 1.1 114.29 20.57
30 36 300 1 920 1.1 104.86 10.61

=
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TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1)

.::; Costs and Benefits for Improved O&M • ..
- REGION NAME: UpperEgypt
-" REGION NUMBER: 1

~

AGRICULTURAL AREA (mil FED): 0.762
WATER CONSUMPTION (M3/FDI: 8320.2
POPULATION (millions): 5.52
WETTED PERIMETER OF CANALS (meters): 61. 7 -

PERCENT OF CANALS NAVIGABLE (%) : 0
-

YEAR BENEFITS SINGLE PURPOSE COSTS
~

-- ALTERNATIVES... AGRI WATER NAVIG CANAL WATER CANAL SYSTEM-
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
- (m LE) (m LE) (m LEI (m LEI (m LE) (m LE) (m LEI
... 1 521 0.58 0 571.4 60 28.04 20.10

2 521 0.029 0 0 60 29.20 27.70
= 3 521 0.029 0 0 60 29.71 34.15
- 4 521 O. 02~ 0 0 60 32.38 29.04 ..

5 521 0.029 0 0 60 33.91 20.31
6 521 0.029 0 0 60 42.40 18.68

-

-- 7 521 0.029 0 0 60 42.66 26.28

~ 8 521 0.029 0 0 60 41.83 32.76
-= 9 521 0.029 0 0 60 40.57 27.68
- 10 521 0.029 0 0 60 40.44 18.98
-

11 521 0.029 0 0 60 45.74 17.33 -
-- 12 521 0.029 0 0 60 45.22 24.89-

13 521 0.029 0 0 60 44.06 31.34

- 14 521 0.029 0 0 60 41. 76 26.27 -
~ 15 521 0.029 0 0 60 41.32 17.58 ~

16 521 0.029 0 0 60 46.20 20.04
17 521 0.029 0 0 60 46.22 33.65

- 18 521 0.029 0 0 60 44.80 45.20-
c;; 19 521 0.029 0 0 60 42.96 36.03

20 521 0.029 0 0 60 42.62 20.40
21 521 0.029 0 0 60 46.07 20.04
22 521 0.029 0 0 60 46.28 33.67_. 23 521 0.029 0 0 60 45.08 45.25

- 24 521 0.029 0 0 60 43.21 36.12
- 25 521 0.029 0 0 60 42.93 20.46 -

-
26 521 0.029 0 0 6U 46.86 20.06
27 521 0.029 0 0 60 46.84 33.67
28 521 0.029 0 0 60 45.62 45.25

- 29 521 0.029 0 0 60 43.77 36.14-

30 521 0.029 0 0 60 43.47 20.52

-
='~" .......w ••• ~:_••~_ .•• _. ,_"
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TABLE 3. INPUT FOR OLD REGION (IMPRxx. WB1) •
Costs and Benefits for Improved O&M.

I

REGION NAME: Middle Egypt
REGION 'NUMBER: 2

AGRICULTURAL AREA (mil FED): 1.524
WATER CONSUMPTION (M3/FD): 7390.4
POPULATION (millions):' 11.59

- WETTED PERIMETER OF CANALS (meters) : 71.8
PERCENT OF CANALS NAVIGABLE (%): 0.,77

- YEAR BENEFITS SINGLE PURPOSE COSTS

=i:' ALTERNATIVES
AGRI WATER NAVIG CANAL WATER CANAL SYSTEM

SUPPLY REPALCE SUPPLY O&M PUMPS
, OM&R

(m LE) (m LE) (mLE) (m LE) (m LE) (m LE) (m LE)
- 1 1984 1.22 1.42 688 90 56.08 40.20
- 2 1984 0.06 1.42 0 90 58.40 55.39

3 1984 0.06 1.42 0 90 59.43 68.30
4 1984 0.06 1.42 0 90 64.75 58.08
5 1984 0.06 1.42 0 90 67.82 40.61
6 1984 0.06 1.42 0 90 84.80 37.37
7 1984 0.06 1.42 0 90 85.33 52.56

~. 8 1984 0.06 1.42 0 90 83.66 65.52
9 1984 0.06 1.42 0 90 81.14 55.37

10 1984 0.06 1.42 0 90 80.87 37.95
~; 11 1984 0.06 1.42 0 90 91. 48 34.66
~ 12 1984 0.06 1.42 0 90 90.43 49.77

13 1984 0.06 1.42 0 90 86.13 62.68
'"--:!' 14 1984 0.06 1.42 0 90 83.52 52.53
-' 15 1984 0.06 1.42 0 90 82.64 35.16
--i. 16 1984 0.06 1.42 0 90 92.39 40.08
~ 17 1984 0.06 1.42 0 90 92.44 67.29
~

18 1984 0.06 1.42 0 90 89.60 90.39
-, 19 19B4 0.06 1.42 0 90 85.91 72.06

20 1984 0.06 1.42 0 90 85.25 40. ")9
-i

21 1984 0.06 1.42 0 90 92.14 40.08-

22 1984 0.06 1.42 0 90 92.57 67.34
-. 23 1984 0.06 1.42 0 90 90.15 90.51
-":

24 1984 0.06 1.42 0 90 86.42 72.23
25 1984 0.06 1.42 0 90 85.86 40.92
26 1984 0.06 1.42 0 90 93.72 40.12
27 1984 0.06 1.42 0 90 93.68 67.34
28 1984 0.06 1.42 0 90 91.25 90.51
29 1984 0.06 1.42 0 90 87.54 72.28
30 1984 0.06 1.42 0 90 86.95 41.03

,
"

, _.



- 'I
.') .

~ ":,

.=" ,

- TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1)
- Costs and Benefits for Improved O&M.

:2 1~EGION NAME: EastDelta.. REGION NUMBER: 3---
- AGRICULTURAL AREA (mil FED): 1.581

-

WATER CONSUMPTION (M3/FD): 6422.5
POPULATION (millions) : 8.57
WETTED PERIMETER OF CANALS (meters) : 72.5
PERCENT OF CANALS NAVIGABLE (%) : 4

-

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS-- OM&R

(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)
1 1810 0.9 7.24 670.9 200 58.18 41.71

-A 2 1810 0.05 7.24 0 200 60.58 57.46
3 1810 0.05 7.2<1 0 200 61.65 70.86

.:: 4 1810 0.05 7.24 0 200 67.17 60.26--:
5 1810 0.05 7.24 0 200 70.36 42.13
6 1810 0.05 7,24 0 200 87.97 38.77
7 1810 0.05 7.24 0 200 88.52 54.53
8 1810 0.05 7.24 0 200 86.79 67.97
9 1810 0.05 7.24 0 200 84.17 57.44

~ 10 1810 0.05 7.24 0 200 83.90 39.37--
11 1810 0.05 7.24 0 200 94.90 35.96

- 12 1810 0.05 7.24 0 200 93.82 51.63-
;;;;: 13 1810 0.05 7.24 0 200 91.43 65.03-

14 1810 '1.05 7.24 0 200 86.64 54.50
15 1810 \I . iJ5 7.24 0 200 85.74 36.48
16 1810 0.05 7.24 0 200 35.85 41.57

~ 17 1810 0.05 7.24 0 200 95.90 69.81
~8 1810 0.05 7.24 0 200 92.95 93.78
19 1810. 0.05 7.24 0 200 89.13 74.76
20 1810 0.05 7.24 0 200 88.44 42.32
21 1810 0.05 7.24 0 200 95.59 41.57
22 1810 0.05 7.24 0 200 96.03 69.86
23 1810 0.05 7.24 0 200 93.53 93.89
24 1810 0.05 7.24 0 200 89.65 74.93

.25 1810 C'.05 7.24 0 200 89.07 42.45
26 1810 0.05 7.24 0 200 97.22 41.62
27 1810 0.05 7.24 0 200 97.18 69.86
28 1810 0.05 7.24 0 200 94.66 93.89

~; 29 1810 0.05 7.24 0 200 90.81 74.98
-, 30 1810 0.05 7.24 0 200 90.20 42.57

.-

.=
-
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TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1).
-"" ': Costs and Benefits for Improved O&M

REGION NAME: MiddleDelta
REGION NUMBER: 4

-.;.'

AGRICULTURAL AREA (mil FED): 1.439
WATER CONSUMPTION (M3!FD): 7372.5
POPUlATION (millions): 9.05
WETTED PERIMETER OF CANALS (meters): 55.1

- PERCENT OF CANALS NAVIGABLE (%): 8.3-

YJ!'M BENEFITS SINGLE, PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
~ (m LE) (mLE) (m LE) (m LE) (m LE) (m LE) (m LE)--
- 1 1200 0.95 11.38 509 100 52.96 37.96
~

2 1200 0.05 11.38 0 100 55.14 52.30
3 1200 0.05 11.38 0 100 56.11 64.49
4 1200 0.05 11.38 0 100 61.14 54.84
5 1200 0.05 11.38 0 100 64.04 38.35
6 1200 0.05 11.38 0 100 80.07 35.28
7 1200 0.05 11.38 0 100 80.57 49.63
8 1200 0.05 11.38 0 100 78.99 61.86
9 1200 0.05 11.38 0 100 76.61 52.28

10 1200 0.05 11.38 0 100 76.36 35.84
11 1200 0.05 11.38 0 100 86.38 32.73
12 1200 0.05 11.38 0 100 85.39 47.00
13 1200 0.05 11.38 0 100 83.21 59.19
14 1200 0.05 11.38 0 100 78.86 49.60
15 1200 0.05 11.33 0 100 78.04 33.20
16 1200 0.05 11.38 0 100 87.24 37.84
17 1200 0.05 11.38 0 100 87.28 63.54

- 18 1200 0.05 11.38 0 100 84.61 85.35
19 1200 0.05 11.38 0 100 81.12 68.04

-=' 20 1200 0.05 11.38 0 100 80.50 38.52
-:

21 1200 0.05 11.38 0 100 87.00 37.84
, 22 1200 0.05 11.38 0 100 87.41 63.58

-, 23 1200 0.05 11.38 0 100 85.13 85.46
24 1200 0.05 11.38 0 100 81.60 68.20

-

25 1200 0.05 11.38 0 100 81.07 38.63----:c, ,

26 1200 0.05 11.38 0 100 88.49 37.88
27 1200 0.05 11.38 0 100 88.45 63.58
28 1200 0.05 11.38 0 100 86.16 85.46

-=(, 29 1200 0.05 11.38 0 100 82.66 68.25
30 1200 0.05 11.38 0 100 82.10 38.74
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TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1).
Costs and Benefits for Improved O&M.

REGION NAME: WestDelta
REGION NUMBER: 5

AGRICULTURAL AREA (mil FED): 1.293 '-

WATER CONSUMPTION (M3/FD): 6344.9
POPULATION (millions): 6.18
WETTED PERIMETER OF CANALS (meters): 37
PERCENT OF CANALS NAVIGABLE (%) : 7.3

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS -- ~

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

1 669 0.65 6.2 313.58 100 47.58 34.11 :c

2 669 0.03 6.2 0 100 49.55 47.00
3 669 0.03 6.2 0 100 50.42 57.95 --
4 669 0.03 6.2 0 100 54.94 49.28
5 669 0.03 6.2 0 100 57.54 34.46--
6 669 0.03 6.2 0 100 71.95 31.70
7 669 0.03 6.2 0 100 72.40 44.59
8 669 0.03 6.2 0 100 70.98 55.59
9 669 0.03 6.2 0 100 68.84 46.97

10 669 0.03 6.2 0 100 68.61 32.20
11 669 0.03 6.2 0 100 77.62 29.41
12 669 0.03 6.2 0 100 76.73 42.23
13 669 0.03 6.2 a 100 74.77 53.18
14 669 0.03 6.2 a 100 70.86 44.57
15 669 0.03 6.2 0 100 70.12 29.83
16 669 0.03 6.2 0 100 78.39 34.00
17 669 0.03 6.2 0 100 78.43 57.09 --
18 669 0.03 6.2 0 100 76.02 76.69 '"
19 669 0.03 6.2 0 100 72.89 61.14
20 669 0.03 6.2 0 100 72.33 34.61
21 669 0.03 6.2 0 100 78.18 34.00
22 669 0.03 6.2 0 100 78.54 57.13 -

~

23 669 0.03 6.2 0 100 76.49 76.79
24 669 0.03 6.2 0 100 73.32 61.28
25 669 0.03 6.2 0 100 72.84 34.71 -
26 669 0.03 6.2 0 100 79.51 34.04

.;;;
27 669 0.03 6.2 a 100 79.48 57.13
28 669 0.03 6.2 0 100 77.42 76.79
29 669 0.03 6.2 0 100 74.27 61.32
30 669 0.03 6.2 a 100 73.77 34.81

=-
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Sat Nov 07 12:58:26 1992

Allocation of Joint Costs as Present Values (mil LE) for File: scen03x.
- Part One of Two

---- AGRICULTURE ---- RURAL NAV
- TOTAL-
~

--- WATER SUPPLY ---
Region Stem HAD Region Stem HAD Region

Old R01 440.2 22.2 7.3 1.0 0.2 0.0 0.0 470.8
Old R02 896.7 44.4 U.S 2.3 0.4 0.0 2.3 960.5
Old R03 780.6 46.0 15.0 1.6 0.3 0.0 8.8 852.4
Old R04 671.3 41.9 13.7 1.7 0.3 0.0 15.3 744.2
Old R05 539.1 37.6 12.3 1.2 0.2 0.0 10.4 600.8
New N01 0.0 24.6 8.0 32.6
NewN02 27.7 23.2 7.6 58.5
New N03 0.0 77 .1 25.2 102.2
New N04 0.0 7.4 2.4 9.9
New NOS 22.5 33.2 10.9 66.6

": New N06 0.0 26.7 8.7 35.4-
-

Totals 3378.1 384.3 125.6 7.8 1.4 0.1 36.7 3933.9

Allocation of Joint Costs as Present Values (mil LE) for File: scen03x.
Part Two of Two

NAV PWR TRN TOU FIS FLO TOTAL

-
Stem 127.3 0.0 51. 7 192.1 0.0 0.0 371.1

~ HAD 7.8 62.8 0.5 62.8 7.5 122.6 264.1

--" Totals 135.1 6? ,8 52.2 254.9 7.5 122.6 635.2 4569.1
~
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Allocation of Joint Costs as Annual Costs (mil LE/YR) for File: scen03x.
Part One of Two

---- AGRICULTURE ---- RURAL NAV
TOTAL

--- WATER SUPPLY ---
Region Stem HAD Region stem HAD Region

Old R01 54.64 2.75 0.90 0.12 0.02 0.00 0.00 58.44
Old R02 111. 32 5.51 1.80 0.28 0.05 0.00 0.28 119.24
Old R03 96.91 5.71 1.87 0.20 0.04 0.00 1.09 105.82
Old R04 83.34 5.20 1.70 0.21 0.04 0.00 1.89 92.39
OldR05 66.92 4.67 1.53 0.15 0.03 0.00 1.29 74.59
New N01 0.00 3.05 1.00 4.04
New N02 3.44 2.88 0.94 7.26
New N03 0.00 9.57 3.13 12.69
New N04 0.00 0.92 0.30 1.22
N".!w NOS 2.79 4.13 1.35 8.26
New N06 0.00 3.31 1.08 4.40

Totals 419.37 47.70 15.59 0.96 0.17 0.01 4.56 488.36

Allocation of Joint Costs as Annual Costs (mil LE/Yr for File: scen03x.
Part Two of Two

NAV PWR TRN TOU FIS FLD TOTAL

Stem 15.80 0.00 6.42 23.85 0.00 0.00 46.07
HAD 0.97 7.80 0.06 7.80 0.94 15.23 32.79

Totals 16.77 7.80 6.48 31.65 0.94 . 15.23 78.86 567.22
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Allocation of Joint Costs as Percentages of the Total for File: 8cen03x.
Part One of Two

---- AGRICULTURE ----

--- WATER SUPPLY ---
HAD Region Stem HAD Region

TOTAL

Region Stem

RURAL NAV

=

Old R01
Old R02
Old R03
Old R04
old R05
New N01
New N02
NewN03
New N04
New NOS
New N06

9.634
19.626
17.084
14.693
11.799

0.000
0.607
0.000
0.000
0.492
0.000

0.486
0.971
1.007
0.917
0.824
0.537
0.507
1.686
0.163
0.727
0.584

0.159
0.317
0.329
0.300
0.269
0.176
0.166
0.551
0.053
0.238
0.191

0.021
0.049
0.036
0.038
0.026

0.004
0.009
0.006
0.007
0.005

0.000
0.001
0.000
0.000
0.000

0.000
0.050
0.192
0.334
0.228

10.304
21. 022
18.656
16.288
13.150

0.713
1.280
2.238
0.216
1.457
0.775

Totals 73.934 8.410 2.749 0.170 0.030 0.002 0.804 86.098

Allocation of Joint Costs as Percentages of the Total for File: scen03x.
Part Two of Two

NAV PWR TRN TOU FIS FLD TOTAL

Stem
HAD

Totals

2.786 0.000 1.131 4.205 0.000 0.000 8.122
0.171 1.374 0.011 1.374 0.165 2.684 5.780

2.957 1.374 1.142 5.579 0.165 2.684 13.902 100.000

-', , Allocation of Costs by Major Categories for File: scen03x.
Present Value(P.V~) and Annual Cost (A.C.).

Appendix C 3

4569.1 567.22 100.00 3865.4 479.87

---TOTAL COST---
P.V. A.C.
m LE m LE/YR

3865.4 479.87
%

78.41
6.68
0.20
3.76
1.37
1.14
5.58
0.16
2.68

A.C.
m LE/YR

444.78
37.88

• 1.14
21.33

7.80
6.48

31.65
0.94

15.23

P. V.
m LE

358.2.8
305.1

9.2
171.8

62.8
52.2

254.9
7.5

122.6

--------JOINT COST--------CATEGORY

TOTALS

Existing Ag
New New Land
Water Supply
Navigation
Power
Transport
Tourism
Fishery
Flood Cntr!

-,
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Allocation of Annual Costs (A.C.) by Hierarchy for File: scen03x.
Annual Costs Allocated to Existing Agriculture

Area Water Annual A.C./FD A.C./1000M3
mil FD mil M3 Cost LE/FD LE/1000M3

JOINT COSTS
,.;;; HAD 6.599 46569.9 7.796 1.181 0.167

Stem 6.599 46569.9 23.851 3.614 0.512
Uppel: Egypt 0.762 6340.0 54.644 71.711 8.619
Middle Egypt 1.524 ;\1263.0 111.321 73.045 9.884
East Delta 1.581 ll0154.0 96.906 61. 294 9.544

- Middle Delta 1.439 10609.0 83.340 57.915 7.856---
West Delta 1.293 8204.0 G6.924 51. 759 8.158

--:: DRAIN COSTS 6.599 46569.9 35.088 5.317 0.753

- TOTAL COSTS-::

Upper Egypt 0.762 6340.0 62.350 81. 824 9.834
Middle Egypt 1.524 11263.0 126.733 83.158 11.252
East Delta 1.581 10154.0 112.894 71. 407 11.118
Middle Delta 1.439 10609.0 97.893 68.028 9.227
West Delta 1.293 8204.0 80.000 61.872 9.751

-

FLAT RATE 72.719 10.304

-
-

--::
-
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Sat Nov 07 12:58:25 1992

~

Cost Allocation for Region #01 UpperEgypt, pump costs.
Cost to ~e allocated a 169.5

AGRIC R.W.S. Totals
- ( 1) Project benefits 3214.0 0.7 3214.7-

( 2) Alternative Costs 169.5 483.3 652.8
( 3) Justifiable Costs 169.5 0.7 170.3

- (10) Joint Cost Propor 0.9957 0.0043 1.0000-
(11) Alloaated Joint Cost 168.8 0.7 169.5
(12) Total Service Cost 168.8 0.7 169.5
(13) Percentages 99.57 0.43 1.0000

....:

Cost Allocation for Region #01 UpperEgypt, non-navigable canal.
- Cost to be allocated = 271.6

AGRIC R.W.S. Totals
( 1) Project benefits 3214.0 0.7 3214.7
( 2) Alternative Costs 781. 8 483.3 1265.1
( 3) Justifiable Costs 781. 8 0.7 782.5
(10) Joint Cost Propor 0.9991 0.0009 1.0000
(11) Allocated Joint Cost 271.4 0.3 271. 6
(12) Total Service Cost 271.4 0.3 271.6
(13) Percentages 99.91 0.09 1.0000

-= Cost Allocation for Region #02 Middle, pump costs.
Cost to be allocated = 339.2

AGRIC R.W.S. Totals
( 1) Project benefits 13339.4 1.5 13340.9

= ( 2) Alternative Costs 339.2 725.0 1064.1
-, ( 3) Justifiable Costs 339.2 1.5 340.7

(10) Joint Cost Propor 0.9955 0.0045 1.0000
(11) Allocated Joint Cost 337.6 1.5 339.2
(12) Total Service Cost 337.6 1.5 339.2
(13) Percentages 99.55 0.45 1. 0000

Cost Allocation for Region #02 Middle, non-navigable canal.
Cost to be allocated = 585.3

AGRIC R. W. S. Totals
( 1) Project benefits 13236.7 1.5 13238.2
( 2) Alternative Costs 1194.8 719.4 1914.2
( 3) Justifiable Costs 1194.8 1.5 1196.3
(10) Joint Cost Propor 0.9987 0.0013 1.0000
(11) Allocated Joint Cost 584.5 0.7 585.3
(12) Total Service Cost 584.5 0.7 585.3
(13) 'Percentages 99.87 0.13 1.0000
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Cost Allocation for Region #02 Middle, navigable canal costs.
Cost to be allocated = 4.5

AGRIC R.W.S. NAVIG Totals
( 1) Project benefits 102.7 0.0 11.4 114.2
( 2) Alternative Costs 9.3 5.6 9.3 24.1
( 3) Justifiable Costs 9.3 0.0 9.3 18.6
(10) Joint Cost Propor 0.4997 0.0006 0.4997 1.0000
(11) Allocated Joint Cost 2.3 0.0 2.3 4.5
(12) Total Service Cost 2.3 0.0 2.3 4.5
(13) Percentages 49.97 0.06 49.97 1.0000

-=
-=

Cost Allocation for Region #03 EastDelta, pump costs.
Cost to be allocated = 351. 8

AGRIC R.W.S. Totals
( 1) Project benefits 12477.5 1.2 12478.6
( 2) Alternative Costs 351.8 1611. 0 1962.8
( 3) Justifiable Costs 351.8 1.2 353.0
(10) Joint Cost Propor 0.9967 0.0033 1.0000
(11) Allocated Joint Cost 350.7 1.2 351. 8
(12) Total Service Cost 350.7 1.2 351. 8

= (13) Percentages 99.67 0.33 1.0000

-
Cost Allocation for Region #03 EastDelta, non-navigable canal.
Cost to be allocated = 421. 6

;;; AGRIC R.W.S. Totals
( 1) Project benefits 1197~. 4 1.1 11979.5
( 2) Alternative Costs 996.7 1546.6 2543.3

- ( 3) Justifiable Costs 996.7 1.1 997.8
(10) Joint Cost Propor 0.9989 0.0011 1.0000

- (11) Allocated Joint Cost 421.2 0.5 421. 6
(12) Total Service Cost 421.2 0.5 421. 6
(13) Percentages 99.89 0.11 1.0000

Cost Allocation for Region #03 EastDelta, navigable canal costs.
- Cost to be allocated = 17.6

AGRIC R.W.S. NAVIG Totals
( 1) Project benefits 499.1 0.0 58.3 557.5
( 2) Alternative Costs 41.5 64.4 41.5 147.5
( 3) Justifiable Costs 41.5 0.0 41.5 83.1
(10) Joint Cost Propor 0.4997 0.0006 0.4997 1.0000
(11) Allocated Joint Cost 8.8 0.0 8.8 17.6

- (12) Total Service Cost 8.8 0.0 8.8 17.6
= (13) Percentages 49.97 0.06 49.97 1.0000

" ..
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Cost Allocation for Region #04 MiddleDelta, pump costs.
Cost to be allocated • 320.3

AGRIC R.W.S. Totals
(1) Project benefits 7483.3 1.2 7484.5

---" ( 2) Alternative Costs 320.3 805.5 1125.El
( 3) Justifiable Costs 320.3 1.2 321.5
(10) Joint Cost Propor 0.9962 0.0038 1.0000
(11) Allocated Joint Cost 319.1 1.2 320.3- (12) Total Service Cost 319.1 1.2 320.3
(13) Percentages 99.62 0.38 1.0000

;

Cost Allocation for Region #04 MiddleDelta, non-navigable canal.
Cost to be allocated = 337.4

AGRIC R.W.S. Totals
:: ( 1) Project benefits 6862.2 1.1 6863.3

( 2) Alternative Costs 754.7 738.7 1493.3
( 3) Justifiable Costs 754.7 1.1 755.8
(10) Joint Cost Propor 0.9985 0.0015 1.0000
(11) Allocated Joint Cost 336.9 0.5 337.4
(12) Total Service Cost 336.9 0.5 337.4
(13) Percentages 99.85 0.15 1.0000

Cost Allocation for Region #04 MiddleDelta, navigable canal costs.
Cost to be allocated = 30.5

-:=I AGRIC R.W.S. NAVIG Totals
~ ( 1) Project benefits 621.1 0.1 91. 7 712.9

( 2) Alternative Costs 68.3 66.9 68.3 203.5
( 3) Justifiable Costs 68.3 0.1 68.3 136.7

- (10) Joint Cost Propor 0.4996 0.0007 0.4996 1.0000
-- (11) Allocated Joint Cost 15.3 0.0 15.3 30.5

(12) Total Service Cost 15.3 0.0 15.3 30.5
(13) Percentages 49.96 0.07 49.96 1.0000

~

Cost Allocation for Region #05 WestDelta, pump costs.
Cost to be allocated = 287.9

AGRIC R.W.S. Totals
( 1) Project benefits 4591. 5 0.8 4592.3
( 2) Alternative Costs 287.9 805.5 1093.4
( 3) Justifiable Costs 287.9 0.8 288.6
(10) Joint Cost Propor 0.9972 0.0028 1.0000

-, (11) Allocated Joint Cost 287.1 0.8 2~7.9

(12) Total Service Cost 287.1 0.8 287.9
(13) Percentages 99.72 0.28 1.0000

Appendix C 7



--

~
Cost Allocation for Region #05 WestDelta, non-navigable canal.

.: Cost to be allocated = 264.5
AGRIC R.W.S. Totals

( 1) Project benefits 4256.3 0.7 4257.0
( 2) Alternative Costs 524.0 746.7 1270.7
( 3) Justifiable Costs 524.0 0.7 524.7
(10) Joint Cost Propor 0.9986 0.0014 1.0000
(11) Allocated Joint Cost 264.1 0.4 264.5

~ (12) Total Service Cost 264.1 0.4 264.5
(13) Percentages 99.86 0.14 1.0000

Cost Allocation for Region #05 WestDelta, navigable canal costs.
Cost to be allocated = 20.8

AGRIC R.W.S. NAVIG Totals
( 1) Project benefits 335.2 0.1 49.9 385.2

:::;:; ( 2) Alternative Costs 41.3 58.8 41.3 141.3
( 3) Justifiable Costs 41.3 0.1 41.3 82.6
(10) Joint Cost Propor 0.4996 0.0007 0.4996 1.0000

- (11) Allocated Joint Cost 10.4 0.0 10.4 20.8
- (12) Total Service Cost 10.4 0.0 10.4 20.8
- :13) Percentages 49.96 0.07 49.96 1. 0000

Cost Allocation for New Land Region #01 NewLand-1
Share Ag costs with #01 UpperEgypt

Cost to be allocated = 0.0
OLD AG NEW AG Totals

Cost for allocation is zero, skip this analysis.

~ Cost Allocation for New Land Region #02 NewLand-2- Share Ag costs with #02 Middle
...,;; Cost to be allocated = 55.5

OLD AG NEW AG Totals
- ( 1) Project benefits 13339.4 n8. ,1 14127.8

( 2) Alternative Costs 72.2 '12.2 144.5
( 3) Justifiable Costs 72.2 72.2 144.5
(10) Joint Cost Propor 0.5000 0.5000 1.0000
(11) Allocated Joint Cost 27.7 27.7 55.5
(12) Total Service Cost 27.7 27.7 55.5
(13) Percentages 50.00 50.00 1.0000

Cost Allocation for New Land Region #03 NewLand-3
Share Ag costs ~ith #03 EastDelta

Cost to be allocated = 0.0
OLD AG NEW AG Totals

...C9st. f~r ~llocation is zero, skip this analysis.

Cost Allocation for New Land Region #04 NewLand-4
ShareAg costs with #04 MiddleDelta

Cost to be allocated = 0.0
OLD AG NEW AG Totals
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Cost for allocation is zero, skip this analysis.

- Cost Allocation for New Land Regiorl H05 NewLand-5
Share Ag costs with H05 WestDelta -Cost to be allocated • 44.9

OLD AG NEW AG Totals .
( 1) Project benefits 4591.5 1131.8 5723.2
( 2) Alternative Costs 45'.2 45.2 90.4
( 3) Justifiable C~sts 45.2 45.2 90.4

-- (10) Joint Cost Propor 0.5000 0.5000 1.0000
"j (11) Allocated Joint Cost 22.5 22.S 44.9

(12) Total Service Cost 22.5 22.5 44.9
(13) Percentages 50.00 50.00 1.0000

-

Cost Allocation for New Land Region H06 NewLand-6
Share Ag costs with H03 EastDelta

Cost to be allocated = 0.0
OLD AG NEW AG Totals

Cost for allocation is zero, skip this analysis.

Coat Allocation for Hain Sta. Barrallea £;Ccludinll Eana.
Coat to be allocated • 756.7 -OLD NJ n.h',S. N1lVIG NEW NJ PlNER TRANS RECRIT Totals
( 1) Project benafita UI05.6 5•• 501 •• 65U.0 0.0 203.6 7410.8 55769.7
( 21 Al tarnadva Costa 756.7 756.7 7:16.' 756.7 0.0 20•• 3 756.7 3987.9
( 3) Juatifiable Coata 756.7 5•• 501 •• 756.7 0.0 203.6 756.7 2980.5 ~

(10) Joint Cost Proper 0.2539 0.0018 0.1682 0.2539 0.0000 0.0683 0.2539 1.0000
Illl Allocated Joint Cost 192.1 I •• 127.3 192.1 0.0 51.7 192.1 756.7
(121 Total Service Cost 192.1 I •• 127.3 192.1 0.0 51.7 192.1 756.7
(13) ParcanUlles 25.39 o.a 16.82 25.39 0.00 6.81 25.39 1.0000

Coat Allocation for Hain Sta. Esna Bunlle.
Coat to be allocated. 0.0

OLD NJ R.W.S.

Cost for allocation ia zero, akip thia analysia.

NAVIG NEW NJ POWER TRANS RECRIT Totals ...

.. ,

Cost Allocation for Hlgh Aawan 0.••
Coat to be allocated • 3B9.8

OLD NJ R.W.S. NAVlG NEW NJ POWER G.TRAN RECR'T FISH FLOOD Totals
( 1) Project benafita UI05.6 5•• 501 •• 6SU.0 .5310•• 32.5 7410.8 483.3 2157.9 103550.3
( 2) Alternative Coata .026.2 1187.0 .026.2 .026.2 .026.2 32~5 .026.2 .026.2 2393.1 27769.7
( 3) Justifiable Coata .026.2 5 •• 501 •• 4026.2 .026.2 32.5 .026.2 483.3 2157.9 19285.2
( 41 Separable Coata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.7 98.7
( 5) Coat Other Purposea 389.8 389.8 389.8 389.8 389.8 389.8 389.8 389.8 291.1 3409.5
( 6) Juat Coat Other Purp 389.8 389.8 389.B 389.8 389.8 3B9.8 399.8 389.8 291.1 3409.5
( 71 Adjuat.ent Factor 11.3291 1.0139 2.2862 11.3291 11.3291 1.0835 U.3291 2.2399 6.2829
( BI Adj Separable Coats 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 619.8
( 9) RelUlninll Bensfits .026.2 5•• 501 •• .026.2 4026.2 32.5 .026.2 483.3 153B.0 18665••
(101 Joint COat Proper 0.2157 0.0003 0.0269 0.2157 0.2157 0.0017 0.2157 0.0259 0.082. 1.0000
lUI Allocated Joln" Coat 62.8 0.1 7.8 62.8 62.8 0.5 62.8 7.5 20.0 291.1
(121 Total Servics Coat 62.B 0.1 7.8 62.8 62.8 0.5 62.8 7.r. 122.6 389.8
(131 PerclnUlls. 16.11 0.02 2.01 16;11 16.11 0.13 16.11 1.93 3:.t6 1.0000

BEST AVAILABLE DOCUMENT
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Sat Nov 07 12:~8:24 1992

File name: scen03x.ECH
TABLE 1. THE HIGH A!mw DAM (BASJW).WB1).
Costs and Benefits for Basic O&H

--"'I

BASIN DISCOUNT RATE (%):
BASIN PLANNING HORIZON (YRS):
NUMBER OF OLD REGIONS:
NUMBER OF NEW REGIONS:
ANNUAL COST FOR DRAINAGE (m LE/Yr 9
HAD BENEFITS

FLOOD CONTROL (% of total benefit

SINGLE PURPOSE ALTERNATIVES
AG, NAV, POWER, FISH (% of OM&R):
FLOOD CONTROL (% of OH&R):

SEPARABLE COSTS
AGRICULTURE (% of O&H):
POWER (% of O&M):
FLOOD (% of O&H) :

12.0
30

5
6

35.066 282.64 35.066

4.0

74.700
44.400

0.00
0.00

25.31

JW) BENEFIT
HYDRO GROUND FISHERY
POWER TRANSP

32.54 483.31

.: YEAR

(m LE)

p. val 45310.42

(m LE) (m LE)

SINGLE PUPRO~E ALTERN ANl'WAL
WATER GROUND COMMON COMMON -

SUPPLY TAANSP WORKS WORKS
REPLACE O&M

(m LE) (m LE) (m LE) (m LE)

1167.01 32.54 5000.00 389.79

Present value SPA Other
,Present value SPA Flood
Pres. val. separable Agri.
Pres. val. separable Power
Pres. val. separable Flood

4026.2
2393.1

0.0
0.0

96.7

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen03x.STM
TABLE 2: MAIN STEM OF THE NILE (BASSTM.WB1).
Costs and Benefits for Basic O&M

YEAR

p. val

NAVIG

(m LE)

269.99

BEN SINGLE STEM ESNA
HYDRO GROUND RECREA PURPOSE COSTS COMMON
POWER TAANSP & ALTERN EXCEPT WORKS
ESNA TOURISM COST JW) & COSTS

TAANSP ESNA
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

0.00 203.59 7410.77 204.31 756.73 0.00

, ,
"
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
Filename: scen03x.ROl
TABLE 3. INPUT rOR OLD REGION (BASRxx.WB1).
Costs and Benefits for Basic O&M

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil, FED):
WATER CONSUMPTION (H3/FD):
POPULATION (millions):
WETTED PERIMETER,OF CANALS (meters)
~ERCENT or CANALS NAVIGABLE (%):

UpperEgypt
1

0.762
8320.200, •

5.520
61.7
0.0

6340.0 (mil HJ).

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&H PUMPS

OH&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 3214 .02 0.73 0.00 510.18 483.31 271. 60 169.54

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen03x.R02
TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

=

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
WATER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

Hiddle
2

1.524
7390.400,· 11263.0 (mil H3).

11.590
71.0
0.8

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&H PUMPS

OH&R
(m LE) (m LEI (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 13339.38 1.52 11.44 614.30 724.97 589.81 339.16
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...
•-<.i

1-1-/-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-/-1-1-1-1-1-1-1-1-1
File name: scen03x.R03
TABLE 3. INPUT rOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M.

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
~TER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT or CANALS NAVIGABLE (%):

EastDelta
3

1.581
6422.500, •

8.570
72.5
4.0

10154.0 (mil MJ).

-.::
YEAR BENEFITS

AGRI ~TER NAVIG
SUPPLY

(m ItE) (m LE) (m LE)

p. val 12477.48 1.16 58.32

SINGLE PURPOSE COSTS
ALTERNATIVES

CANAL ~TER CANAL SYSTEM
REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE)

599.02 1611.04 439.20 351.81

--,i,

..:a"

1-/-/-/-/-/-1-1-1-1-1-1-1-/-1-1-1-/-1-/-/-1-/-/-1-1-1-/-I-/-I-/~/-/-I-I-I-I
File name: scen03x.R04
TABLE 3. INPUT rOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

REGION NAME: MiddleDelta
REGION NUMBER: 4

AGRIC\lLTURAL AREA (mil FED): 1.439
~TER CONSUMPTION (M3/FD): 7372.500, 10609.0 (mil M3).
POPULATION (millions): 9.050
WETTED PERIMETER OF CANALS (meters) 55.1
PERCENT OF CANALS NAVIGABLE (%): 8.3

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 7483.27 1.21 91.67 454.98 805.52 367.99 320.31
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen03x.R05
TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
~TER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF C~P~S (meters)
PERCENT OF CANALS NAVI~~LE (%):

WestDelta
5

1.293
6344.900, •

6.180
37.0
7.3

8204.0 (mil M3).

-,

_-1

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI ~TER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 4591.46 0.80 49.94 279.98 805.52 285.28 287.85

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen03x.N01
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING ~T

POTENTIAL AGRICULTURAL AREA (mil FE
~TER CONSUMPTION (M3/FD):

NewLand-1
1
1

0.000
0.2

6454.000, • 1258.5299 (mil M3).

YEAR
BENEFIT AN. COST IRRIG NEW
AGRICUL CAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 835.5 '72.5 345.0

1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen03x.N02
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

-:.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING ~T

POTENTIAL AGRICULTURAL AREA (mil FE
~TER CONSUMPTION (M3/FD):

NewLand-2
2
2

0.060
0.2

6454.000, • 1187.5360 (mil M3).
-
-; BENEFITAN. COST IRRIG- YEAR AGRICULCAP, O'M AREA
-;

(m LE) (mLE) (mil FD)-,

p. val 788.4 71.2

NEW
DELIVERY

SYSTEMS
(m LE)

7.6
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-/-1-/-1-1-1-/-/-1
Filename: scen03x.N03
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Cost~ and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
WATER CONSUMPTION (M3/FD):

NewLand-3
3
3

0.000
0.6

6454.000, • 3949.8479 (mil H3).

BENEFIT AN. COST IRRIG NEW
AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 2624.4 237.2 427.7

-= 1-1-1-/-1-1-1-1-/-/-/-1-1-/-/-/-1-1-/-/-1-1-1-1-/-/-1-1-1-1-/-1-1-1-1-/-1-1
File name: scen03x.N04
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
WATER CONSUMPTION (M3/FD):

NewLand-4
4
4

0.000
0.1

6454.000, • 380.7860 (mil M3).

= YEAR
BENEFIT AN. COST IRRIG NEW
AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 254.0 22.7 71.1

1-1-/-/-/-1-1-1-/-/-1-1-1-/-/-1-1-1-1-/-1-1-1-/-/-1-1-1-/-/-1-1-1-1-/-1-1-1
File name: scen03x.N05
TABLE 4. INPUT FOR NEW LAND REGION (BASNxx.WB1).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
WATER CONSUMPTION (M3/FD):

NewLand-5
5
5

0.080
0.3

6454.000, • 1703.8560 (mil M3).

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 1131. 8 102.2 156.5
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen03x.N06
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WQl).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
~TER CONSUMPTION (M3/FD):

NewLand-6
6
3

0.000
0.2

6454.000, • 1368.2479 (mil M3).

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(mil LE) (mil LE) (mil FD) ;!t\ LE)

~"

-, .

-.=1

p. val 909.0 82.0 4463.3
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TABLE 2: MAIN STEM OF THE NILE (BASSTM.WB1).
Costs and Benefits for Basic O'M

- 'YEAR BEN SINGLE STEM ESNA
NAVIG HYDRO GROUND RECREA PURPOSE COSTS COMMON

POWER TRANSP , ALTERN EXCEPT WORKS
ESNA TOURISM COST HAD , COSTS

TRANSP ESNA
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

1 36 0 220 920 220 93.943 0
2 36 0 1 920 1.1 93.943 0
3 36 0 1 920 1.1 93.943 0
4 36 0 1 920 1.1 93.943 0
5 36 0 1 920 1.1 93.943 0

~j 6 36 0 1 920 1.1 93.943 0
- 7 36 0 1 920 1.1 93.943 0
- 8 36 0 1 920 1.1 93.943 0
- 9 36 0 1 920 1.1 93.943 0

10 36 0 1 920 1.1 93.943 0
11 36 0 1 920 1.1 93.943 0
12 36 0 1 920 1.1 93.943 0
13 36 0 1 920 1.1 93.943 0
14 36 0 1 920 1.1 93.943 0
15 36 0 1 920 1.1 93.943 0
16 36 0 1 920 1.1 93.943 0
17 36 0 1 920 1.1 93.943 0

- 18 36 0 1 920 1.1 93.943 0
19 36 0 1 920 1.1 93.943 0

~',' 20 36 () 1 920 1.1 93.943 0
~. 21 36 0 1 920 1.1 93.943 0

22 36 0 1 920 1.1 93.943 0
23 36 0 1 920 1.1 93.943 0

= 24 36 0 1 920 1.1 93.943 0-= 25 36 0 1 920 1.1 93.943 0
~

26 36 0 1 920 1.1 93.943 0
27 36 0 1 920 1.1 93.943 0

3·, 28 36 0 1 920 1.1 93.943 0i

29 36 0 1 920 1.1 93.943 0
30 36 0 1 920 1.1 93.943 0
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TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M

REGION NAME: Middle Egypt
REGION NUMBER: 2

- AGRICULTURAL AREA (mil FED): 1.524
WATER CONSUMPTION (M3/FD): 7390.4
POPULATION (millions): 11.59
WETTED PERIMETER OF CANALS (meters): 71.8
PERCENT OF CANALS NAVIGABLE (%) : 0.77

YEAR BENEFITS SINGLE PU~POSE COSTS
ALTERNATIVES

-= AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
- SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

..: 1 1656 1.22 1.42 688.02 90 73.221 42.104-
2 1656 0.06 1.42 0.00 90 73.221 42.104

~
3 1656 0.06 1.42 0.00 90 73.221 42.104
4 1656 0.06 1.42 0.00 90 73.221 42.104
5 1656 0.06 1.42 0.00 90 73.221 42.104
6 1656 0.06 1.42 0.00 90 73.221 42.104
7 1656 0.06 1.42 0.00 90 73.221 42.104
8 1656 0.06 1.42 0.00 90 73.221 42.104
9 1656 0.06 1.42 0.00 90 73.221 42.104

10 1656 0.06 1. 42 0.00 90 73.221 42.104
11 1656 0.06 1.42 0.00 90 73.221 42.104
12 1656 0.06 1.42 0.00 90 73.221 42.104
13 1656 0.06 1.42 0.00 90 73.221 42.104

- 14 1656 0.06 1. 42 0.00 90 73.221 42.104-
-= 15 1656 0.06 1.42 0.00 90 73.221 42.104

16 1656 0.06 1. 42 0.00 90 73.221 42.104
17 1656 0.06 1. 42 0.00 90 73.221 42.104
18 1656 0.06 1.42 0.00 90 73.221 42.104

_ ..... 19 1656 0.06 1. 42 0.00 90 73.221 42.104
20 1656 0.06 1.42 0.00 90 73.221 42.104
21 1656 0.06 1.42 0.00 90 73.221 42.104
22 1656 0.06 1.42 0.00 90 73.221 42.104
23 1656 0.06 1.42 0.00 90 73.221 42.104

= 24 1656 0.06 1.42 0.00 90 73.221 42.104
25 1656 0.06 1.42 0.00 90 73.221 42.104
26 1656 0.06 1.42 0.00 90 73.221 42.104
27 1656 O.OS 1.42 0.00 90 73.221 42.104
28 1656 0.06 1.42 0.00 90 73.221 42.104
29 1656 0.06 1.42 0.00 90 73.221 42.104
30 1656 0.06 1.42 0.00 90 73.221 42.104

-

....:
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TABLE 3. INPUT FOR OLD REGION. (BASRxx.WB1)
Costs and Benefits for Basic O&M.

: REGION NAME: EastDelta- REGION NUMBER: 3
- ,

- AGRICULTURAL AREA (mil FED): 1.581
-=; WATER CONSUMPTION (t43/FD): 6422.5
~ POPULATION (millions) : 8.57..

WETTED PERIMETER OF CANALS (meters) : 72.5
- PERCENT OF CANALS NAVIGABLE (%) : 4-

--:
~

~ YEAR BENEFITS SINGLE PURPOSE COSTS--= ALTERNATIVES
AGRI WATER NAVIG CANAL WATER CANAL SYSTEM

- SUPPLY REPALCE SUPPLY O&M PUMPS
OM&R

- .. (m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)
~ 1 1549 0.9 7.24 670.90 200 54.524 43.675
- 2 1549 0.05 7.24 0.00 200 54.524 43.675~... 3 1549 0.05 7.24 0.00 200 54.524 43.675
- 4 1549 0.05 7.24 0.00 200 54.524 43.675- 5 1549 0.05 7.24 0.00 200 54.524 43.675
- 6 1549 0.05 7.24 0.00 200 54.524 43.675
-~ 7 1549 0.05 7.24 0.00 200 54.524 43.675

8 1549 0.05 7.24 0.00 200 54.524 43.675
-

9 1549 0.05 7.24 O.Of 200 54.524 43.675-

10 1549 0.05 7.24 0.00 200 54.524 43.675
-= 11 1549 0.05 7.24 0.00 200 54.524 43.675
~ 12 1549 0.05 7.24 0.00 200 54.524 43.675

13 1549 0.05 7.24 0.00 200 54.524 43.675
= 14 1549 0.05 7.24 0.00 200 54.524 43.675

15 1549 0.05 7.24 0.00 200 54.524 43.675
~- 16 1549 0.05 7.24 0.00 200 54.524 43.675--;;

= 17 1549 0.05 7.24 0.00 200 54.524 43.675
- 18 1549 0.05 7.24 0.00 200 54.524 43.675-

19 1549 0.05 7.24 0.00 200 54.524 43.675
20 1549 0.05 7.24 0.00 200 54.524 43.675
21 1549 0.05 7.24 0.00 200 54.524 43.675

- 22 1549 0.05 7.24 0.00 200 54.524 43.675
~

23 1549 0.05 7.24 0.00 200 54.524 43.675
24 1549 0.05 7.24 0.00 200 54.524 43.675
25 1549 0.05 7.24 0.00 200 54.524 43.675

~ 26 1549 0.05 7.24 0.00 200 54.524 43.675
27 1549 0.05 7.24 0.00 200 54.524 43.675-- 28 1549 0.05 7.24 0.00 200 54.524 43.675
29 1549 0.05 7.24 0.00 200 54.524 43.675
30 1549 0.05 7.24 0.00 200 54.524 43.675

--

Appendix C 20



= '1', "..,C; 3. INPUT FOR OLD REGION. (BASRxx. WB1)
Costs and Benefits for B&sic O&M

I.:'.,"

REGION NAME: MiddleDelta
~ REGION NUMBER: 4--
- AGRICULTURAL AREA. (mil FED): 1.439
~ WATER CONSUMPTION (M3/FD): 7372.5

POPU~TION (millions): 9.05
WETTED PERIMETER OF CANALS (meters): 55.1
PERCENT OF CANALS NAVIGABLE (%): 8.3

---

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
- SUPPLY REPALCE SUPPLY O&M PUMPS-

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

- 1 929 0.95 11.38 509.58 100 45.683 39.765
2 929 0.05 11.38 0.00 100 45.683 39.765
3 929 0.05 11.38 0.00 100 45.683 39.765
4 929 0.05 11.38 0.00 100 45.683 39.765
5 929 0.05 11.38 0.00 100 45.683 39.765

- 6 929 0.05 11.38 0.00 100 45.683 39.765
- 7 929 0.05 11.38 0.00 100 45.683 39.765
~

8 929 0.05 11.38 0.00 100 45.683 39.765
- 9 929 0.05 11.38 0.00 100 45.683 39.765-

10 929 0.05 11.38 0.00 100 45.683 39.765
11 929 0.05 11.38 0.00 100 45.683 39.765
12 929 0.05 11.38 0.00 100 45.683 39.765
13 929 0.05 11.38 0.00 100 45.683 39.765

-=
14 929 0.05 11.38 0.00 100 45.683 39.765

-
15 929 0.05 11.38 0.00 100 45.683 39.765

= 16 929 0.05 11.38 0.00 100 45.683 39.'765
-= 17 929 0.05 11.38 0.00 100 45.683 39.765-

18 929 0.05 11.38 0.00 100 45.6J33 39.765
- 19 929 0.05 11.38 0.00 100 45.683 39.765

20 929 0.05 11.38 0.00 100 45.683 39.765
_l· 21 929 0.05 11.38 0.00 100 45.683 39.765

- 22 929 0.05 11.38 0.00 100 45.683 39.765
23 929 0.05 11.38 0.00 100 45.683 39.765
24 929 0.05 11.38 0.00 100 45.683 39.765

--- 25 929 0.05 11.38 0.00 100 45.683 39.765
~

26 929 0.05 11.38 0.00 100 45.683 39.765
27 929 0.05 11.38 0.00 100 45.683 39.765
28 929 0.05 11.38 0.00 100 45.683 39.765
29 929 0.05 11.38 0.00 lOCI 45.683 39.765
30 929 0.05 11.38 0.00 100 45.683 39.765
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx. WB1) •
Costs and Benefits for New Lands.

REGION NAME: NewLand-l
NEW REGION NUMBER: 1
NUMBER OF UPSTREAM OLD REGION: 1
FACTOR OF OLD CANALS DELIVERING WATER: 0

- POTENTIAL AGRICULTURAL AREA. (mil FEDDANS): 0.195
-

WATER CONSUMPTION (M3/FD) : 6454

BENEFIT AN. COST IRRIG NEW
YEAR AGRICUL CAP, O&M AREA DELIVERY

SYSTEMS
~

(m LE) (m LE) (mil FD) (m LE)
1 12.50 28.80 0.007 386.37

- 2 25.00 28.81 0.013 0
3 37.50 16.92 0.020 0

- 4 50.00 9.17 0.026 0
5 62.50 0.78 0.033 0

~ 6 75.00 1.95 0.039 0
- 7 87.50 1. 74 0.046 0

8 100.00 1.56 0.052 0
9 112.50 1.39 0.059 0

10 125.00 1.24 0.065 0
11 137.50 loll 0.072 0
12 150.00 0.99 0.078 0
13 162.50 0.88 0.085 0
14 175.00 0.79 0.091 0
15 187.50 0.70 0.098 0
16 200.00 1. 73 0.104 0
17 212.50 2.26 0.111 0

.: 18 225.00 1.79 0.117 0 .'-=- 19 237.50 1.16 0.124 0 -

20 250.00 0.46 0.130 0
21 262.50 0.36 0.137 0

.: 22 275.00 0.32 0.143 0
23 287.50 0.28 0.150 0

= 24 300.00 0.25 0.156 0
25 312.50 0.23 0.163 0
26 325.00 0.20 0.169 0
27 337.50 0.18 0.176 0 -
28 350.00 0.16 0.182 0
29 362.50 0.15 0.189 0
30 375.00 0.13 0.195 0 -

0
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

I

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WATER:
POTENTIAL AGRICULTURAL AREA (mil FEDDANS):
WATER CONSUMPTION (M3/FD):

NewLand-3
3
3
o

0.612
6454

BENEFIT AN. COST IRRIG
YEAR AGRICUL~P, O&M AREA

(mil FD)
0.020
0.041
0.061
0.082
0.102
0.122
0.143
0.163
0.184
0.204
0.224
0.245
0.265
0.286
0.306
0.326
0.347
0.367
0.388
0.408
0.428
0.449
0.469
0.490
0.510
0.530
0.551
0.571
0.592
0.612

'.. (m LE)
1 39.27
2 78.53
3 117.80
4 157.06
5 196.33
6 235.60
7 274.86
8 311i.13
9 353.39

10 392.66
11 431. 93
12 471.19
13 510.46
14 549.72
15 588.99
16 628.25
17 667.52
18 706.79
19 746.05
20 785.32
21 824.58
22 863.85
23 903.12
24 942.38
2S S<81.65
26 1020.91
27 1060.18
28 1099.45
29 1138.71
30 1177.98

(m LE)
93.76
92.60
57.41
30.23
2.63
6.24
5.57
4.96
4.47
5.20
3.55
3.18
2.82
2.51
2.26
5.45
7.10
5.63
3.67
1.47
1.16
1.04
0.92
0.80
0.73
0.67
0.55
0.49
0.49
0.49

NEW
DELIVERY

SYSTEMS
(m LE)

479
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

::.

=-
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx. WBl) •
Costs and Benefits for New Lands.

-- REGION NAME: NewLand-4--
NEW REGION NUMBER: 4

- NUMBER OF UPSTREAM OLD REGION: 4-

FACTOR OF OLD CANALS DELIVERING WATER: 0
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.059
WATER CONSUMPTION (M3/FD) : 6454

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

1 3.80 9.04 0.002 79.65
..: 2 7.60 8.93 0.004 0-

3 11.40 5.54 0.006 0
4 15.20 2.91 0.008 0
5 19.00 0.25 0.010 0

- 6 22.80 0.60 0.012 0
-

7 26.60 0.54 0.014 0-
8 30.40 0.48 0.016 0
9 34.20 0.43 0.018 0

10 38.00 0.38 0.020 0
11 41. 80 0.34 0.022 0
12 45.60 0.30 0.024 0

-- 13 49.40 0.27 0.026 0-
14 53.20 0.24 0.028 0
15 57.00 0.22 0.029 0

- 16 60.80 0.34 0.031 0~

17 64.60 0.43 0.033 0
18 68.40 0.35 0.035 0
19 72.20 0.24 0.037 0
20 76.00 0.13 0.039 0

..:; 21 79.80 0.11 0.041 0
22 83.60 0.10 0.043 0
23 87.40 0.09 0.045 0

- 24 91. 20 0.08 0.047 0
25 95.00 0.07 0.049 0
26 98.80 0.06 0.051 0
27 102.60 0.06 0.053 0
28 106.40 0.05 0.055 0
29 110.20 0.04 0.057 0
30 114.UO 0.04 0.059 0

-

-
~

-..

-I
-

-
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TABLE 4. INPUT FOR NEW LAND REGION (BASNxx. WB1) •
Costs and Benefits for New Lands.

REGION NAME: NewLand-5
NEW REGION NUMBER: 5
NUMBER OF UPSTREAM OLD REGION: 5
FACTOR OF OLD CANALS DELIVERING WATER: 0.08
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.264
WATER CONSUMPTION (M3/FD): 6454

- BENEJ:'IT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

- 1 16.93 40.47 0.009 175.27
2 33.87 39.94 0.018 0
3 50.80 24.78 0.026 0

-- 4 67.73 13.05 0.035 0
.= 5 84.67 1.13 0.044 0
- 6 101.60 2.68 0.053 0~

7 118.53 2.41 0.062 0
- 8 135.47 2.15 0.070 0-
~. 9 152.40 1.92 0.079 0

10 169.33 1. 70 0.088 0
11 186.27 1.51 0.097 0
12 203.20 1.36 0.106 0
13 220.13 1.21 0.114 0

- 14 237.07 1.09 0.123 0-
15 254.00 0.98 0.132 0
16 270.93 2.38 0.141 0

-

17 287.87 3.05 0.150 0
18 304.80 2.45 0.158 0

--= 19 321. 73 1.58 0.167 0
~

~ 20 338.67 0.64 0.176 0-.
21 355.60 0.43 0.185 0
22 372.53 0.45 0.194 0
23 389.47 0.38 0.202 0
24 406.40 0.34 0.211 0
25 423.33 0.30 0.220 0

, 26 440.27 0.26 0.229 0
-

27 457.20 0.26 0.238 0-
'. 28 474.13 0.23 0.246 0

29 491.07 0.19 0.255 0
30 508.00 0.19 0.264 0
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WQ1).
Costs and Benefits for New Lands.

REGION NAME: NewLand-6
NEW REGION NUMBER: 6
NUMBER OF UPSTREAM OLD REGION: 3
FACTOR OF OLD CANALS DELIVERING WATER: 0
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.212

- WATER CONSUMPTION (M3/FD): 6454
-

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
- (mil LE) (mil LE) (mil FD) (m LE)

1 13.60 32.48 0.007 4998.9
- 2 27.20 32.08 0.014 0
- 3 40.80 19.89 0.021 0

4 54.40 10.47 0.028 0
5 68.00 0.91 0.035 0
6 81.60 2.16 0.042 0
7 95.20 1.93 0.049 0
8 108.80 1. 72 0.057 0
9 122.40 1.55 0.064 0

10 136.00 1.38 0.071 0
--: 11 149.60 1.23 0.078 0

12 163.20 1.10 0.085 0
13 176.80 0.98 0.092 0
14 190.40 0.87 0.099 0

- 15 204.00 0.78 0.106 0
16 217.60 1.89 0.113 0
17 231.20 2.46 0.120 0
18 244.80 1.95 0.127 0
19 258.40 1.27 0.134 0

...", 20 272.00 0.51 0.141 0
21 285.60 0.40 0.148 0
22 299.20 0.36 0.155 0
23 312.80 0.32 0.163 0
24 326.40 0.28 0.170 0
25 340.00 0.25 0.177 0
26 353.60 0.23 0.184 0
27 367.20 0.19 0.191 0
28 380.80 0.17 0.198 0
29 394.40 0.17 0.205 0
30 408.00 0.15 0.212 0

--

---'

-=
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-

Allocation of Joint Costs as Annual Costs (mil LE/YR) for File: scen04x.
Part One of Two

---- AGRICULTURE ---- RURAL NAV
TOTAL

--- WATER SUPPLY
Region Stem HAD Region Stem HAD Region

Old R01 63.45 5.43 1.56 0.12 0.03 0.00 0.00 70.60
Old R02 122.78 10.87 3.13 0.28 0.06 0.00 0.29 137.41
Old R03 130.13 11.27 3.25 0.22 0.05 0.00 1.55 146.47
Old R04 116.89 10.26 2.95 0.23 0.05 0.00 2.93 133.32
Old R05 101.34 9.22 2.65 0.16 0.03 0.00 2.15 115.56

1
New N01 0.00 6.01 1.73 7.74
New N02 3.80 5.67 1.63 11.10
New N03 0.00 18.87 5.43 24.30
New N04 0.00 1.82 0.52 2.34
New N05 4.22 8.14 2.34 14.71
New N06 0.00 6.54 1.88 8.42

Totals 542.62 94.10 27.09 1. 01 0.22 0.02 6.92 671. 97

::;

Allocation of Joint Costs as Annual Costs (mil LE/Yr for File: scen04x.
Part Two of Two

NAV PWR TRN TOU FIS FLD TOTAL

Stem 20.22 8.91 8.21 47.05 0.00 0.00 84.40
HAD 1.60 13.55 0.10 13.55 1.54 26.13 56.48

-
~ Totals 21.82 22.46 8.32 60.59 1.54 26.13 140.87 812.84-

--"
-
~-

----
--:

~.

~._.

-:..'
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-:: Cost Allocation for Region 1102 Middle,· pump costs.
Cost to be allocated = 421.2... AGRIC R.W.S. Totals
( 1) Project benefits 15981. 5 1.5 15983.0

iii ( 2) Alternative Costs 421.2 725.0 1146.2
( 3) Justifiable Costs 421.2 1.5 422.7
(10) Joint Cost Propor 0.9964 0.0036 1.0000
(11) Allocated Joint Cost 419.7 1.5 421.2
(12) Total Service Cost 419.7 1.5 421.2
(13) Percentages 99.64 0.36 1.0000

...,
Cost Allocation for Region 1102 Middle, non-navigable canal.
Cost to be allocated • 598.3

AGRIC R.W.S. Totals
( 1) Project benefits 15858.4 1.5 15859.9
( 2) Alternative Costs 1207.9 719.4 1927.3

~

( 3) Justifiable Costs 1207.9 1.5 1209.4
(10) Joint Cost Propor 0.9988 0.0012 1.0000
(11) Allocated Joint Cost 597.6 0.7 598.3

-~
(12) Total Service Cost 597.6 0.7 598.3
(13) Percentages 99.88 0.12 1.0000
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Cost Allocation for Region H04 MiddleDelta, pump costs.
~

Cost to be allocated • 397.7
- AGRIC R.W.S. Totals

( 1) Project benefits ..9666.2 ' ... , 1.2 ~~67.4

-- ( 2) Alternative Costs 397.7 B05.5 1203.2
~

( 3) Justifiable Costs 397.7 1.2 398.9-- (10) Joint Cost Propor 0.9970 0.0030 1.0000
(11) Allocated Joint Cost 396.5 1.2 397.7
(12) Total Service Cost 396.5 1.2 397.7
(13) Percentages 99.70 0.30 1.0000

Cost Allocation for Region H04 MiddleDelta, non-navigable canal.
Cost to be allocated • 522.1

AGRIC R.W.S. Totals
~ ( 1) Project benefits 8863.9 1.1 8865.0- ( 2) Alternative Costs 938.8 738.7 1677.5-

- ( 3) Justifiable Costs 938.8 1.1 940.0
(10) Joint Cost Propor 0.9988 0.0012 1.0000

- (11) Allocated Joint Coat 521. 5 0.6 522.1
(12) Total Service Cost 521.5 0.6 522.1

- (13) Percentages 99.88 0.12 1. 0000

- Cost Allocation for Region #04 MiddleDelta, navigable canal costs.--
Cost to be allocated = 47.3

-= AGRIC ~.W.S. NAVIG Totals
( 1) Project benefits 802.3 0.1 91. 7 894.1
( 2) Alternative Costs 85.0 66.9 85.0 236.8
( 3) Justifiable Costs 85.0 0.1 85.0 170.1
(10) Joint Cost Propor 0.4997 0.0006 0.4997 1.0000

= (11) Allocated Joint Cos~ 23.6 0.0 23.6 47.3
(12) Total Service Cost 23.6 O. () 23.6 47.3

- (13) Percentages 49.97 O.OOS 49.97 1.0000

-;

Cost Allocation for Region H05 WestDelta, pump costs.
Cost to be allocated = 357.4

AGRIC R.W.S. Totals
( 1) Project benefits 5388.9 0.8 5389.7
( 2) Alternative Costs 357.4 805.5 1162.9
( 3) Justifiable Costs 357.4 0.8 358.1

-:::;; (10) Joint Cost Propor 0.9978 0.0022 1.0000
(11) Allocated Joint Cost 356.6 0.8 357.4
(12) Total Service Cost 356.6 0.8 357.4

. (13) Percentages 99.78 0.22 1.0000

-=
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. Coot Allocation for Region #05 WestD~l ta, non-navigabl tJ canal.
Cost to ~e allocated- 474.3

AGRIC R.W.S. Totals
~

( 1) Project benefitl:J 4995.5 0.7 4996.3 --- ii;-_

( 2) Al~ernative Costs 733.8 746.7 1480.5
- ( 3) Justifiable Costs 733.8 0.7 734.5-
.l (10) Joint Cost Propor 0.9990 0.0010 1.0000

(11) Allocated Joint Cost 473.8 0.5 474.3
= (12) Total Service Cost 473.8 0.5 474.3

(13) Percentages 99.90 0.10 1.0000

--
Cost Allocation for Region #05 WestDelta, navigable canal costs.
Cost to be allocated = 37.3 ~

AGRIC R.W.S. NAVIG Totals if--
( 1) Project benefits 393.4 0.1 49.9 443.4
( 2) ~·.lternativE' Costs 57.8 58.8 57.8 174.4 ---
( 3 i Justifiable Costs 57.8 0.1 49.9 107.8 ~

(10) Joint Cost Propor 0.5361 0.0005 0.4633 1. 0000 ~-

(11) Allocated Joint Cost 20.0 0.0 17.3 37.3 -
(12) Total Service Cost 20.0 0.0 17.3 37.3 ..,.
(13) Percentages 53.61 0.05 46.33 1.0000 ~

-
oJ

Cost Allocation for New Land Region #01 NewLand-1
Share Ag costs with #01 UpperEgypt

Cost to be allocated = 0.0
OLD AG NEW AG Totals

Cost f.or allocation is zero, skip this an~lysis.

,-

Totals
16769.9

146.1
146.1

1.0000
61.2
61.2

1.0000

NEW AG
788.4
73.0
73.(.1

0.5000
30.6
30.6

50.00

#02 NewLand-2

Project hnnefits
Alternative Costs
Justifiable Costs
Joint Cost Propor
Allocated Joint Cost
Total Service Cost
Percentages

Cost Allocation for New Land Region
Share Ag cost~ with #02 Middle

Cost to be alloc~ted= 61.2
OLD AG

15981.5
73.0
73.0

0.5000
30.6
30.6

50.00

.( 1)
( 2)
( 3)
(10)
(11)
(12)
(13)

Cost A:loc':!l.tio~, for New Land Region #03 NewLand-3
Share Ag l.:;osts "riU: #03 EastDelta

Cost to be allocated = 0.0
OLD... AG NEWAG.. Totals

Cost for allocation is zero, skip this analysis.

Cost Allo~ation for New Land Region #04 NewLand-4
. Share Agcosts with #04 MiddleDelta· ..
Cost to be allocated a 0.0

OLD AG NEW AG Totals

Appendix D 9
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Cost for allocation is zero, skip this analysis,

-=:

Cost Allocation for New Land Region #05 NewLar.d··f,
Share Ag costs with #05 WestDelta

Cost to be allocated • 69.0
OLD AG NEW ].\..'3 Totals

- ( 1) Project benl".:fits 5388.9 1131.fJ 6520.7
- ( 2) Alternative Costs 63.3 63.3 126.7
'; ( 3) Justifiable Costs 63.3 63.3 126.7
---;:.' (10) Joint Cost Propor 0.5000 0.5000 1.0000

(11) Allocated Joint Cost 34.0 34.0 69.0
(12) Total Service Cost 34.0 34.0 68.0.. (13) Percentages 50.00 50.00 1.0000

Cost Allocation for New Land Region #06 NewLand-6
Share Ag costs with #03 EastDelta

Cost to be allocated = 0.0
OLD AG NEW AG Totals

Cost for allocation is zero, skip this analysis.

Coat Al location for Hdn Stem Buragea Excluding Sana.
Coat to be allocated • 1116.9

OLD NJ R.W.S. "AVID NSW NJ PaaiR TRANS RICn'T ToUb
I I) Project benefita '9B13.3 !i.' !iOl •• 65U.0 0.0 203.6 7UO.S 6lt77.'
I 2) Altunative CCl3ta 1116.9 1116.9 1116.9 1116.9 0.0 20'.3 1116.9 !i7&&.7
( 3) Juatifiable Coata 1116.9 !i.' !i01 •• 1116.9 0.0 203.6 1116.9 '061.0
(10) Joint Coat Propor 0.27!i0 0.0013 0.123!i 0.27!i0 0.0000 O.O!iOl 0.27!i0 1.0000
1111 Al located Joint Coat 307.2 1.!i 137.9 307.2 0.0 !i6.0 307.2 1116.9
(12) Totd Sorvice Coat 307.2 1.!i 137.9 307.2 0.0 !i6.0 307.2 1116.9
(13). PareanUgea 27.!i0 0.13 12.3!i 27.!i0 0.00 !i.bl 27.!i0 1.0000

- Coat Allocation for Hdn Stem Sana Burage.
Coat to be allocated • 322.'1

OLD NJ R.W.S. "AVID NSW NJ POWER TRAN" RECR't rutl,!.
( 11 Project ben.Uta 1116!i.!i 1.2 112.' 1t66.6 2U6.6 n.6 1661.1 Ib~F-9.~

!i=-( 2) AlternaUve Coata 322.7 322.7 322.7 3~2.7 322.7 n.B 322.'/ 191.:1.&
( 3) JuaUfllble Coata 322.7 1.2 112.' 322.7 322.'1 '!i.6 322.7 IU9.9
(10) Joint Coat Propor 0.222!i 0.000& 0.0115 0.2225 0.222!i 0.031!i O.:~~!J 1.0000
(U) Allocated Joint Coat 71.& 0.3 2!i.0 71.& 71.S 10.2 71.~ 322.7
(12) Totd Service Coat 71.& 0.3 2!i.0 71.& 71.& 10.2 71.B 322.7
(13) Percentagea 22.2!i O.OS 7.7!i 22.25 22.2!i 3.15 22.2!i 1.0000

Coat Allocation for Hlgh Aawan Da••
Coat to be allocated • 67:1.3

Ou.'NJ R.W.S. "AVID "SW NJ POWER D.TRAN RBCR'T FISH FLOOD Totab
( 11 Project benefl t8 U&13.S !i.' !iOl.' 6!iU.0 1!i310.1 32.5 7110.& 183.3 225'.6 1123!i1. 6.
( 2/AlternaUve ColIt8 123S.0 11S7.0 123S.0 123S.0 1238.0 32.5 123S.0 123S.0 2518.9 29166.2
( 3) Juatifllbla ColIta 1238.0 5.1 501.1 1238.0 1238.0 32.!i 1238.0 183.3 22!i1.6 20229.0
( I) Saparabla Coata 0.0 0.0 0.0 '0.0 0.0 0.0 0.0 0.0 170.1 1'/0••
( 5) ColIt other Purpo..a 673.3 673.3 673.3 673.3 673.3 673.3 673.3 673.3 !i02.9 !is&9.3
( 6) Just. Coat .Other Purp 673.3 673.3 673.3 673.3 673.3 673.3 673,3 673.3 502.9 !iS89.3 ,-. =--
( 7) MjuatMnt ractor 7.29U 1.0080 1.7116 7.29U 7.29U 1.0183 7.2913 1.717& 1.0951
( 8) Mj sapnable Coata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 697.9
( 9) RalNlnln; 8.naflta 1238.0 5.1 501.1 123&.0 123&.0 32.!i 1238.0 183.3 l!i56.6 19531.1
(10) Joint ColIt Propor 0.2170 0.0003 0.02!i7 0.2170 0.2170 0.0017 0.2170 0.0211 0.0797 1.0000
1111 Allocated Jolnt ColIt 109•• 0.1 12.9 109.1 liilt.: 0.8 109.1 12.' 10.1 !i02.9
(12) ,Total Sarvlce Coat 109.1 0.1 12.9 109.1 109.1 0.8 109.1 12.1 210.5 673.3

._..I1U .p,n,ntl!!'I __ . 16.21. , ..O.OL !.9%.. _.16.%! 15.21 0.1: 14.:1· ·1.;& 31.2; i.OOilO

-
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Sat Nov 07 13:00:10 1992

File name: scen04x.ECH
TAOLE 1. THE HIGH AStIAN DAM (IHPHAD.WB11.
Costs and Benefits for Improved O&H.

I
BASIN DISCOUNT RATE (%1:
BASIN PLANNING HORIZON (YRS):
NUMBER OF OLD REGIONS:
NUMBER OF NEW REGIONS:
ANNUAL COST FOR DRAINAGE ~rni1 LE/Yr
HAD BENEFITS

FLOOD CONTROL (% of tot.a1 benefit

SINGLE PURPOSE ALTERNATIVES
AG, NAV, POWER, FISH (% of OH&RI:
FLOOD CONTROL (% of OH&RI:

SEPARABLE COSTS
AGRICULTURE (% of O'M):
POWER (% of O&M):
FLOOD (% of O'MI :

12.0
30

5
6

96.422 776.70 96.422

4.0

74.700
44.400

0.00
0.00

25.31

YEAR ------ HAD BENEFITS ----- -SINGLE PURPOSE ALTERN-
HYDRO GROUND FISHERY WATER GROUND COMMON
POWER TRAiISP SUPPLY TRANSP WORKS

REPLACE
(mLE) (m tiia (m LEI (m LE) (m LEI (m LE)

p. val 45310.42 32.54 483.31 1187.01 32.54 5000.00

ANNUAL
COMMON
·WORKS

O&M
(m LEI

673.30

Present value SPA Other
Present value SPA Flood
Pres. val. separable Agri.
Pres. val. separable Power
Pres. val. separable Flood

4238.0
2518.9

0.0
0.0

170.4

/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/
File name: scen04x.STM
TABLE 2: MAIN STEM OF THE NILE (IMPSTM.WB11
Costs and Benefits for Improved O&M

"

YEAR

p. val

BEN SINGLE STEM ESNA
NAVIG HYDRO GROUND RECREA PURPOSE COSTS COMMON

POWER TRANSP & ALTERN EXCEPT WORKS
ESNA TOURISM COST HAD & COSTS

TRANSP ESNA
(rn LE) (m LE) (rn LE) (rn LE) (rn LE) (m LE) (m LE)

289.99 2416.56 203.59 7410.77 204.31 1116.87 322.67

11
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen04x.R01
TABLE 3. INPUT FOR OLD ~BGION (IMPRxx.WB1)
Costs and Benefits for Improved O'M.

= REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
~~ER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

Uppe.t'Egypt
1

0.762
8320.200, •

5.520
61.7
0.0

6340.0 (mil M3).

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O'M PUMPS

OM'R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 4196.75 0.73 0.00 510.18 483.31 301. 49 210.60

1-1-/-1-1-1-1-1-1-1-1-1-1-/-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-/-1-1-1
File name: scen04x.R02
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1).
Costs and Benefits for Improved O&M.

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
~TER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

Middle
2

1.524
7390.400, •

11.590
71.8

0.8

11263.0 (mil M3).

." ....

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 15981.49 1.52 11.44 614.29 724.97 602.99 421.18
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
File name: scen04x.R03
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1)
Costs and Benefits for Improved O'M.

REGION NAME: EastDelta
REGION NUMBER: 3

AGRICULTURAL AREA (mil FED): 1.581
~TER CONSUMPTION (M3/FD): 6422.500, • 10154.0 (mil MJ).
POPULATION (millions): 8.570
WETTED PERIMETER OF CANALS (meters) 72.5
PERCENT OF CANALS NAVIGABLE (%) : 4.0

....;; YEAR BENEFITS SINGLE PURPOSE COSTS-
ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O'M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 14579.88 1.16 58.32 599.02 1611.04 625.54 436.96

:-I-/~/-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-1-1-1-/-1-1-1-/-1-1-1
File name: scen04x.R04
TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1).
Costs and Benefits for Improved O&M

REGION NAME:
REGION NUMBER:

AGRICULTURAL AREA (mil FED):
~TER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

MiddleDelta
4

1.439
7372.500, •

9.050
55.1
8.3

10609.0 (mil H3).

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI ~TER NAVIG CANAL ~TER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 9666.22 1.21 91.67 454.46 805.52 569.36 397.69
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AGRICULTURAL AREA (mil FED):
w.ATER CONSUMPTION (M3/FD):
POPULATION (millions):
WETTED PERIMETER OF CANALS (meters)
PERCENT OF CANALS NAVIGABLE (%):

WestDelta
5

1.293
6344.900, •

6.180
37.0
7.3

8204.0 (mil M3).

YEAR B,ENEFITS SINGLE Pl'RPOSE COSTS
ALTERNATIVES

AGRI w.ATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LEl (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

p. val 5388.92 0.80 49.94 279.98 805.52 511.60 357.35

/-1-/-1-1-1-1-/-1-1-1-/-1-/-1-1-1-/-1-1-1-1-/-1-/-1-1-1-/-1-1-1-1-/-/-1-1-1
. File name: scen04x.N01

TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1l.
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
WATER CONSUMPTION (M3/FD):

NewLand-1
1
1

0.000
0.2

6454.000, • 1258.5299 (mil M3).

--
-1

YEAR
BENEFIT AN. COST IRRIG NEW
AGRICUL CAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 835.5 72.5 345.0

1-/-1-1-1-1-1-1-1-1-1-1-/-/-1-1-1-1-/-1-1-1-1-/-1-1-1-1-/-1-1-1-/-/-1-/-1-1
File name: scen04x.N02
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
WATER CONSUMPTION (M3/FD):

NewLand-2
2
2

0.060
0.2

6454.000, • 1187.5360 (mil M3).

BENEFITAN. COST
AGRICULCAP, O&M

p. val

(m LE)

788.4

(m LE)

71.2

IRRIG NEW
AREA DELIVERY

SYSTEMS
(mil FD) (m LE)

7.6
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1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-/-,: 1-/-/-1-1
File name: scen04x.N03
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

I
I

REGION NAME:
NEW REGION NUMBER:
NUMBER or UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil FE
~TER CONSUMPTION (M3/Fu):

NewLand-3
3
3

0.000
0.6

6454.000, • 3949.8479 (mil M3).

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 2624.4 237.2 427.7

1-1-/-/-1-1-1-/-1-1-1-1-/-/-1-1-1-/-1-1-1-1-1-/-1-1-1-1-1-/-1-1-1-1-/-/-/-/
File name: scen04x.N04
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Cost~ and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING ~T

POTENTIAL AGRICULTURAL AREA (mil FE
~TER CONSUMPTION (M3/FD):

NewLand-4
4
4

0.000
0.1

6454.000, 380.7860 (mil M3).

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O'M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m 7.E)

p. val 254.0 22.7 71.1

/-/-/-/-/-/-/-/-/-/-/-/-1-/-/-/-/-/-/-/-/-/-/-/-/-/-1-/-/-/-/-1-/-/-1-/-/-/
File name: scen04x.N05
TABLE 4. INPUT FOR NEW LAND REGION (BASNxx.WB1).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION NUMBER:
NUMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING ~T

POTENTIAL AGRICULTURAL AREA (mil FE
~TER CONSUMPTION (M3/FD):

NewLand-5
5
5

0.080
0.3

6454.000, ~ 1703.8560 (mil M3).

BENEFIT AN. COST IRRIG NEW
AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

p. val 1131.8 .102.2 156.5

Appendix D 15



1-1-1-/-/-/-/-/-/-1-1-/-/-/-/-/-1-/-/-/-1-/-1-1-1-1-1-1-1-1-1-1-/-/-1-1-1-/
File name: scen04x.N06,
TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WQ1).
Costs and Benefits for New Lands.

REGION NAME:
NEW REGION 3UMBER:
NUMBER or UPSTREAM OLD REGION:
FACTOR or OLD CANALS DELIVERING WAT
POTENTIAL AGRICULTURAL AREA (mil rE
WATER CONSUMPTION (M3/FD):

NewLand-6
6
3

0.000
0.2

6454.000, • 1368.2479 (mil "3).

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O'M AREA DELIVERY

SYSTEMS
(mil LE) (mil LE) (mil rD) (m LE)

p. val 909.0 82.0 4463.3
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-- TABLE 1. THE HIGH ASWAN DJ\M (IHPHAD.WB1).
Costs and Benefits for Improved O&H.

BASI~ DISCOUNT RATE (%): 12
BASIN PLANNING HORIZON (YRS): 30
NUMBER OF OLD REGIONS: 5
NUMElER OF NEW REGIONS: 6
ANNUAL COST FOR DRAINAGE (mil LE/Yr Q %): 96.422 12

- HAD l~ENEFITS

FLOOD CONTROL (% of total benefits): 4

- SINGLE PURPOSE ALTERNATIVES-

AG, NAV, P~WER, FISH (% of OH&R): 74.7
FLOOD CONTROL (% of OM'R): 44.4

SEPARABLE COSTS
AGRICULTURE (% of O&H): 0-- POWER (% of O&H): 0
FLOOD (% of O&H): 25.31

YEAR ------ HAD BENEFITS ----- -SINGLE PURPOSE ALTERN- ANNUAL
HYDRO GROUND FISHERY WATER GROUND COMMON COMMON
POWER TRANSP SUPPLY TRANSP WORKS WORKS

REPLACE O&M
(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)

1 5625 35 60 1165 35 5600 78.45
-

2 5625 0.18 60 20.5 0.18 0 75.59-
3 5625 0.18 60 20.5 0.18 0 89.73
4 5625 0.18 60 20.5 0.18 0 84.90
5 5625 0.18 60 20.5 0.18 0 80.19
6 5625 0.18 60 20.5 0.18 0 65.09
7 5625 0.18 60 20.5 0.18 0 67.68
8 5625 0.18 60 20.5 0.18 0 73.99

-= 9 5625 0.18 60 20.5 0.18 0 78.5,1
10 5625 0.18 60 20.5 0.18 0 82.35
11 5625 0.18 60 20.5 0.18 0 88.46
12 5625 0.18 60 20.5 0.18 0 87.32
13 5625 0.18 60 20.5 0.18 0 87.76
14 5625 0.18 60 20.5 0.18 0 88.10
15 5625 0.18 60 20.5 0.18 0 88.85
16 5625 0.18 60 20.5 0.18 0 105.27
17 5625 0.18 60 20.5 0.18 0 104.30
18 5625 0.18 60 20.5 0.18 0 106.52
19 5625 0.18 60 20.5 0.18 0 105.55
20 5625 0.18 60 20.5 0.18 0 104.47
21 5625 0.18 60 20.5 0.18 0 102.86
22 5625 0.18 60 20.5 0.18 0 101.87

- 23 5625 0.18 60 20.5 0.18 0 101.69
24 5625 0.18 60 20.5 0.18 0 102.07
25 5625 0.18 60 20.5 0.18 0 100.55
26 5625 0.18 60 20.5 0.18 0 104.38
27 5625 0.18 60 20.5 0.18 0 101.99
28 5625 0.18 60 20.5 0.18 0 101.94
29 5625 0.18 60 20.5 0.18 0 102.59
30 5625 0.18 60 20.5 0.18 0 101.63

-=
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.~ TABLE 3. INPUT FOR OLD REGION (IMPRxx.WB1)
.::: Costs and Benefit~ for Improved O&M.

- REGION NAME: UpperEgypt-- REGION NUMBER: 1--=

AGRICULTURAL AREA (mil FED): 0.762
- WATER CONSUMPTION (M3!FD): 8320.2-.

POPULATION (millions): 5.52
WETTED PERIMETER OF CANALS (meters): 61.7
PERCENT OF CANALS NAVIGABLE (%): 0

-

YEAR BENEFITS .SINGLE PURPOSE COSTS
ALTERNATIVES

AGRI WATER NAVIG CANAL WATER CANAL SYSTEM
SUPPLY REPALCE SUPPLY O&M PUMPS

OM&R
(m LE) (m LE) (m LE) (m LE) (m L~) (m LE) (m LE)

1 521 0.58 0 571.4 60 28.04 20.10
2 521 0.029 0 0 60 29.20 27.70

- 3 521 0.029 0 0 60 29.71 34.15
- 4 521 0.029 0 0 60 32.38 29.04

5 521 0.029 0 0 60 33.91 20.31
6 521 0.029 0 0 60 42.40 18.68

- 7 521 0.029 0 0 60 42.66 26.28
8 521 0.029 0 0 6C 41.83 32.76

--: 9 521 0.029 0 0 60 40.57 27.68
10 521 0.029 0 0 60 40.44 18.98
11 521 0.029 0 0 60 45.74 17.33
12 521 0.029 0 0 60 45.22 24.89

-

13 521 0.029 0 0 60 44.06 31.34
- 14 521 0.029 0 0 60 41. 76 26.27-

15 521 0.029 0 0 60 41.32 17.58
16 521 0.029 0 0 60 46.20 20.04

- 17 521 0.029 0 0 60 46.22 33.65-
18 521 0.029 0 0 60 44.80 45.20
19 521 0.029 0 0 60 42.96 36.03
20 521 0.029 0 0 60 42.62 20.40
21 521 0.029 0 0 60 46.07 20.04

- 22 521 0.029 0 0 60 46.28 33.67
- 23 521 0.029 0 0 60 45.08 45.25-
- 24 521 0.029 0 0 60 43.21 36.12-
-, 25 521 0.029 0 0 60 42.93 20.46

26 521 0.029 0 0 60 46.86 20.06
27 521 0.029 0 0 60 46.84 33.67
28 521 0.029 0 0 60 45.62 45.25

- 29 521 0.029 0 0 60 43.77 36.14- 30 521 0.029 0 0 60 43.47 20.52-

-
--
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", TABLE 3. INPUT FOR OLD REGION (IMPRxx. WB1) •--:r
Costs and Benefits for Improved O&M

~;
REGION NAME: MiddleDelta
REGION NUMBER: 4

--:: AGRICULTURAL AREA (mil FED): 1.439
WATER CONSUMPTION (M3/FD): 7372.5
POPULATION (millions): 9.05
WETTED PERIMETER OF CANALS (meters) : 55.1
PERCENT OF CANALS NAVIGABLE (%) : 8.3

YEAR BENEFITS SINGLE PURPOSE COSTS
ALTERNATIVES

~. AGRI WATER NAVIG CANAL WATER ' CANAL SYSTEM-

SUPPLY REPALCE SUPPLY O&M PUMPS
OM&R

(m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (m LE)
1 1200 0.95 11.38 509 100 52.96 37.96

=' 2 1200 0.05 11.38 0 100 55.14 52.30
3 1200 0.05 11.38 0 100 56.11 64.49
4 1200 0.05 11.38 0 100 61.14 54.84
5 1200 0.05 11.38 0 100 64.04 38.35
6 1200 0.05 11.38 0 100 80.07 35.28
7 1200 0.05 11.38 0 100 80.57 49.63

- 8 1200 0.05 11.38 0 100 78.99 61.66
-, 9 1200 0.05 11.38 0 100 76.61 52.28

10 1200 0.05 11.38 0 100 76.36 35.84
11 1200 0.05 11.38 0 100 86.38 32.73
12 1200 0.05 11.38 0 100 85.39 47.00

-, 13 1200 0.05 11.38 0 100 83.21 59.19
14 1200 0.05 11.38 0 100 78.86 49.60
15 1200 0.05 11.38 0 100 78.04 33.20
16 1200 0.05 11.38 0 100 87.24 37.84
17 1200 0.05 11.38 0 100 87.28 63.54

- 18 1200 0.05 11.38 0 100 84.61 85.35

- 19 1200 0.05 11.38 0 100 81.12 68.04
20 1200 0.05 11.38 0 100 80.50 38.52-. 21 1200 0.05 11.38 0 100 87.00 37.84
22 1200 0.05 11.38 0 100 87.41 63.58

-\ 23 1200 0.05 11.38 0 100 85.13 85.46
24 1200 0.05 11.38 0 100 81.60 68.20

~. 25 1200 0.05 11.38 0 100 81.07 38.63
-i 26 1200 0.05 11.38 0 100 88.49 37.88
~ 27 1200 0.05 11.38 0 100 88.45 63.58-

-4, 28 1200 0.05 11.38 0 100 86.16 85.46

--'
29 1200 0.05 11.38 0 100 82.66 68.25
30 1200 0.05 11.38 0 100 82.10 38.74

....,
.. , .
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--
TABLE 3. INPUT FOR OLD REGION (IMPRxx. WB1) •

-4 Costs and Benefits fnr Improved O&M.-

,REGION NAME: WestDelta
REGION NUMBER: 5

AGRICULTURAL AREA (mil FED): 1.293
..,;;j WATER CONSUMPTION (M3/FD) : 6344.9..

POPULA.TION (millions) : 6.18
WETTED PERIMETER OF CANALS (meters) : 37

-
-

- :...

PERCENT OF CANALS NAVIGABLE (%) : 7.3
-

- Y£.Al·~ BENEFITS SINGLE PURPOSE COSTS II
- ALTERNATIVES -

AGRI WATER NAVIG CANAL WATER . CANAL SYSTEM
'\II SUPPLY REPALCE SUPPLY O&M ?UMPS.. OM&R.. (m LE) (m LE) (m LE) (m LE) (m LE) (m LE) (rn LE)

1 669 0.65 6.2 313.58 100 47.58 34.11 '-
-,;;
~ 2 669 0.03 6.2 0 100 49.55 4'7.00

..;;
3 669 0.03 6.2 0 100 50.42 57.95..:lII

- 4 669 0.03 6.2 0 100 54.94 49.28
-i 5 669 0.03 6.2 0 100 57.54 34.46

;:! 6 669 0.03 6.2 0 100 71.95 31. 70
"'" 7 669 0.03 6.2 0 100 72.40 44.59

"'"
8 669 0.03 6.2 0 100 70.98 55.59
9 669 0.03 6.2 0 100 68.84 46.97

10 669 0.03 6.2 0 100 68.61 32.20
11 669 0.03 6.2 0 100 77.62 29.41
12 669 0.03 6.2 0 100 76.73 42.23
13 669 0.03 G 7 0 100 74.77 53.18

-. H 669 0.03 .2 0 100 70.86 44.57
~

15 669 0.03 6.2 0 100 70.12 29.83
'i 16 669 0.03 6.2 0 100 78.39 34.00 :c

17 669 0.03 6.2 0 100 78.43 57.09

- 18 669 0.03 6.2 0 100 76.02 76.69
- 19 6159 0.03 6.2 0 100 72.89 61.14
~ 20 669 0.03 6.2 0 100 72.33 34.61

-

21 669 0.03 6.2 0 100 78.18 34,00
... 22 669 0.03 6.2 0 100 78.54 57.13

23 669 0.03 6.2 0 100 76.49 76.79
24 669 0.03 6.2 0 100 73.32 61.23
25 669 0.03 6.2 0 100 .72.84 34.71 :

~
26 669 0.03 6.2 0 100 79.51 34.0..

, 27 669 0.03 6.2 0 100 79.48 57.13
~ 28 669 0.03 6.2 0 100 77.42 76.79,:Ji

29 669 0.03 6.2 0 109 74.27 61032
30 669 0.03 6.2 0 100 73.77 34.81

-
- ,"-

-

~
--
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TABLZ 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1) •
-= Costs and Benefits for New Lands.~

-
- REGION NAME: NewLand-1•

- NEW REGION NUMBER: 1
NUMBER OF UPSTREAM OLD REGION: 1

. FACTOR OF OLD CANALS DELIVERING WATER: 0
~ POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.195

WATER CONSUMPTION (M3!FD) : 6454-.
- BENEFIT AN. COST IRRIG NEW
~ YEAR AGRICUL CAP, O&M AREA DELIVERY.- SYSTEMS
... (m LE) (m LE) (mil FO) (m LE)
- 1 12.50 28.80 0.007 386.37-. 2 25.00 28.81 0.013 0- ..
.. 3 37.50 16.92 0.020 0

4 50.00 9.17 0.026 0 ~

5 62.50 0.78 0.033 0
~

6 75.00 1. 95 0.039 0
- 7 87.50 1. 74 0.046 0-
--= 8 100.00 1.56 0.052 0

9 112.50 1.39 0.059 0
10 125.00 1.24 0.065 0 ~

= 11 137.50 1.11 0.072 0 =:
-

12 150.00 0.99 0.078 0 ::.

13 162.50 0.88 0.085 0
-

14 175.00 0.79 0.091 0
15 187.50 0.70 0.098 0 "16 200.00 1. 73 0.104 0 ;'

17 212.50 2.26 0.111 0
18 225.00 1. 79 0.117 0
19 237.50 1.16 O.1~4 0
20 250.00 0.46 0.130 0
21 262.50 0.36 0.137 0 =-
22 2"5.00 0.32 0.143 0

:.

~ 23 287.50 0.28 0.150 0 -

2,4 300.00 0.25 0.156 0
=

25 312.50 0.23 0.163 0
26 325.00 0.20 0.169 0 -
27 337.50 0.18 0.176 0 '-

28 350.00 0.16 0.182 0
29 362.50 e.15 0.189 0
30 375.00 0.13 0.195 0
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx.WB1).
Costs and Benefits for New Lands.

•
REGION NAME:
NEW REGION NUMBER:
~UMBER OF UPSTREAM OLD REGION:
FACTOR OF OLD CANALS DELIVERING WATER:
POTENTIAL AGRICULTURAL AREA (mil FEDDANS):
WATER CONSUMPTION (M3/FD):

NewLand-2
2
2

0.06
0.184

6454

BENEFITAN. COST
AGRICULCAP, O&M

IRRIG
AREA

(mil FD)
0.006
0.012
0.018
0.025
0.031
0.037
0.043
0.049
0.055
0.061
0.067
0.074
0.080
0.086
0.092
0.098
0.104
0.110
0.117
0.123
0.129
0.135
0.141
0.147
0.153
0.159
0.166
0.172
0.178
0.184

YEAR

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

(m LE)
11.80
23.59
35.39
47.18
58.98
70.77
82.57
94.36

106.16
117.95
129.75
141. 54
153.34
165.13
176.93
188.72
200.52
212.31
224.11
235.90
247.70
259.49
271.29
283.08
294.88
306.67
318.47
330.26
342.06
353.85

(m LE)
28.19
27.85
17.28

9.08
0.78
1.88
1.68
1.49
1.33
1.19
1.06
0.94
0.84
0.76
0.67
1.64
2.15
1. '10
1.10
0.45
0.35
0.31
0.27
0.25
0.22
0.20
0.16
0.16
0.3.4
0.12

NEW
DELIVEHY

SYSTEMS
(m LE)

8.52
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx. WB1) •
Costs and Benefits for New Lands.

REGION NAME: NewLand-3
NEW REGION NUMBER: 3
NUMSER OF UPSTREAM OLD REGION: 3
FACTOR OF OLD CANALS DELIVERING WATER: 0
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.612

- WATER CONSUMPTION (M3/FD) : 6454

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AR~ DELIVERY

SYSTEMS
(m LE) (m LE) (mil FD) (m LE)

1 S9.27 93.76 0.020 479 -

.;;; 2 78.53 92.60 0.041 0
3 117.80 57.41 0.061 0
4 157.06 30.23 0.082 0

- 5 196.33 2.63 0.102 0
...... 6 235.60 6.24 0.122 0
~ 7 274.86 5.57 0.143 0
.."

8 314.13 4.96 0.163 0
9 353.39 4.47 0.184 0

~ 10 392.66 5.20 0.204 0
- 11 431. 93 3.55 0.224 0

12 471.19 3.18 0.245 0
13 510.46 2.82 0.265 0

;-,,~ 14 549.72 2.51 0.286 0
- 15 588.99 2.26 0.306 0
-= 16 628.25 5.45 0.326 0
-. 17 667.52 7.10 0.347 0

18 706.79 5.63 0.367 0
19 746.05 3.67 0.388 0

-

20 785.32 1.47 0.408 0
- 21 824.58 1.16 0.428 0-

22 86.3.85 1. 04 0.449 0
23 903.12 0.92 0.469 0
24 942.38 0.80 0.490 0

= 25 981. 65 0.73 0.510 0
- 26 1020.91 0.67 0.530 0 L

27 1060.18 0.55 0.551 0 -

28 1099.45 0.49 0.571 0
- 29 1138.71 0.49 0.592 0

., 30 1177.98 0.49 0.612 0 ....

~-, F-
:;;.
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TAElLE 4. INPUT FOR NEW LAND REGIONS (BASNxx. WB1) •
~. Costa and Benefits for New Lands.~

.REGION NAME: NewLand-4
NEW REGION NUMBER: 4
NUMBER OF UPSTREAM OLD REGION: 4
FACTOR OF OLD CANALS DELIVERING WATER: 0
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.059
WATER CONSUMPTION (M3/FD) : 6454

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

- SYSTEMS
(m :.JE) (m LE) (mil Fll) (m LE)

= 1 3.80 9.04 0.002 79.65
---: 2 7.60 8.93 0.004 0

. 3 11.40 5.54 0.006 0
4 15.20 2.91 0.008 0
5 19.00 0.25 0.010 0
6 22.80 0.60 0.012 0

- 7 26.60 0.54 0.014 0
8 30.40 0.48 ".016 0
9 34.20 0.43 0.018 0

10 38.00 0.38 0.020 0
11 41.80 0.34 0.022 0
12 45.60 0.30 0.024 0
13 49. 40 0.27 0.026 0
14 5~.20 lI.24 0.028 0

-. 15 57.00 0.22 0.029 0
16 60.80 0.34 0.031 0
17 64.60 0.43 0.033 0

- 18 68.40 0.35 0.035 0
= 19 72.20 0.24 0.037 0

20 76.00 0.13 0.039 0
21 79.80 0.11 0.041 0

- 22 83.60 0.10 0.043 0
23 87.40 0.09 0.045 0

-- 24 91.20 0.08 0.047 0- 25 95.00 0.07 0.049 0""
26 98.80 0.06 0.051 0

- 27 102.60 0.06 0.053 0-

28 106.40 0.05 0.055 0
- 29 110.20 0.04 0.057 0
-

30 114.00 0.0-1 0.059 0~

-
-

-

--
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TABLE 4. INPUT FOR NEW LAND REGION (BASNxx. ~'B1) •
Costs and Benefits for New Lands.

,
- REGION NAME: New.Land-5

NEW REGION NUMBER: 5
-' NUMBER OF UPSTREAM OLD REGION: 5

FACTOR OF OLD CANALS DELIVERING WATER: 0.08
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.264
WATER CONSUMPTION (M3/FD) : 6454

-

BENEFIT AN. COST IRRIG NEW
YEAR AGRICULCAP, O&M AREA DELIVERY

- SYSTEMS
(m LE) (m LE) (rnil FD) (m LE)

1 16.93 40.47 0.009 175.27
2 33.87 39.94 0.018 0

-: 3 50.80 24.78 0.026 0--
4 67.73 13.05 0.035 0
5 84.67 1.13 0.044 0
6 101.60 2.68 0.053 0

-, 7 118.53 2.41 0.062 0
8 135.47 2.15 0.070 0
9 152.40 1. 92 0.079 0

10 169.33 1. 70 0.088 0
11 186.27 1.51 0.097 0

- 12 203.20 1.36 0.106 0--'

13 220.13 1.21 0.114 0
- 14 237.07 1.09 0.123 0
~ 15 254.00 0.98 0.132 0
~ 16 270.93 2.38 0.141 0
-, 17 287.97 3.05 0.150 0

18 304.80 2.45 0.158 0
19 321.73 1.58 0.167 0
20 338.67 0.64 0.176 0

-=r 21 355.60 0.43 0.185 0-,
22 372.53 0.45 0.194 0

---< 23 389.47 0.38 0.202 0
24 406.40 0.34 0.211 0
25 423.33 0.30 0.220 0
26 440.27 0.26 0.229 0

-I 27 457~20 0.26 0.238 0
28 474.13 0.23 0.246 0
29 491.07 0.19 0.255 0

~:,

30 508.00 0.19 0.264 0-'
','.
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TABLE 4. INPUT FOR NEW LAND REGIONS (BASNxx. WQ1) •
Costs and Benefits for New,~nds.

= REGION NAME: NewLand-6
NEW REGION NUMBER: 6

"" NUMBER OF UPSTREAM OLD REGION: 3
FACTOR OF OLD CANALS DELIVERING WATER: 0
POTENTIAL AGRICULTURAL AREA (mil FEDDANS): 0.212
WATER CONSUMPTION (M3/FD) : 6454

-

-~.

BENEFIT AN. COST IRRIG NEW
- YEAR AGRICULCAP, O&M AREA DELIVERY

SYSTEMS
- (mil LE) (In:Ll XJE) (mil FD) (m LE)

1 13.60 32.48 0.007 4998.9
- 2 27.20 32.08 0.014 0

3 40.80 19.89 0.021 0
4 54.40 10.47 0.028 0

~ 5 68.00 0.91 0.035 0
- 6 81. 60 2.16 0.042 0-

- 7 95.20 1. 93 0.049 0
- 8 108.80 1. 72 0.057 0

9 122.40 1.55 0.064 0
10 136.00 1.38 0.071 0
11 149.60 1.23 0.078 0

,;;;;; 12 163.20 1.10 0.085 • 0
- 13 176.80 0.98 0.092 0
~

14 190.40 0.87 0.099 0
-c; 15 1:04.00 0.78 0.106 0

16 217.60 1. 89 0.113 0- 17 231.20 2.46 0.120 0
18 244.80 1. 95 0.127 0
19 258.40 1.27 0.134 0
20 272.00 0.51 0.141 0
21 285.60 0.40 0.148 0
22 299.20 0.36 0.155 0
23 312.80 0.32 0.163 0
24 326.40 0.28 0.170 0
25 340.00 0.25 0.177 0
26 353.60 0.23 0.184 0
27 367.20 0.19 0.191 0
28 380.811) 0.17 0.198 0
29 394'.40 0.17 0.205 CI
30 408.00 0.15 0.212 0

.:

Appendix D 29



APPENDIX E
HEADER FILE CAM-4.H

DECLARATION OF DATA STRUCTURES
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/ •••••••••••••••••••••••n••••••••••••••••••••••••••••• ••••••••••••••••• /

/ •••••••••••••••••••••••••••••*•••••*••• *** •• *•••••••••••••••••••*.****/
/. Cost Allocation Model for ISPAN, Nile River Cost Recovery Project,'/
/* First version:W. J. Grenney and J. P. Riley, January 1992 */
/* Revisions by: W. J. Grtinney, September 1992
/* Header file CAH7.H for program CAH7.C */

Unclude <atdio.h> /* ascanf(), sprintf(), */
Unclude <string.h> /. atrchr(), strcat(), ./

-, Unclude <atdlib.h> /~ exit (), ./
UnclUde <math.h> I'· sscanf() bug, fabs(), ./
U&lclude <time.h> /. time, ctime () , ./

Ufndef CAH-S H
'define CAH-5:H

'define MAX YRS 51 /. maximum number of years planning horizon'/
'define MAX-RGNS 7 /. maximum number of regions of old lands ./
'define MAX-NEWL 7 /. maximum number ot regions of new lands */
'define ECHO 1 /* echo input if 1, don't if 0 */
'define MAX TBL COL 12 /. maximum number of columns in a table ./
'define CBUF_W - 120 /. input character buffer width ./
'define MAX CAT COL 12 /. max number of columns in cost alloc table"
/* ••••~.**•• ,**•••* ••~.*•••••••••*••••••••••••••••••••••••••••••••••*•• /
/. Data Structures */

Appendix E 1

sumORgAgAr; 1* sum of Ag area in old regions (mil ~D)'/

sumNRgAgAr; 1* sum of Ag area in new regions (mil FD)'I
sumORgAgw; 1* sum of water consumption in old regions (mil M3)'/

/.----- structure fo~ the cost allocation table -----./
lJtruet CATable
(
float projCst; /. project cost to be allocated ./
float ben[MAX C~~ COL]; ,. (l)b~nefits (mil LE) .,
float spaCst[MAr. CAT COL]; ,. (2)single purpose alt cost (mil LE) ./
float jstcst[MA~-CAT-COL]; /. (3)justifiable costs .,
float sepcst[~~-CAT-COL); /. (4)separable costs (mil LE) .,
float cop[MAX CAT COL]; /. (5)eosts for other purposes ./
float jcop[MAX CAT COL]; /. (6)ju5tifiable costs for other purposes"
float adjF[~;-CAT-COL]; /. (7)adjustment factor ./
float aSCst[~~ CAT COL]; /. (8)adjusted separable costs ./
float rBen[~X CAT COL]; /* (9)remaining benefits ./
float jcp[~~ CAT COL]; /. (lO)joint cost propostion ./
float ~jc[HAX-CAT-COL]; /. (ll)alloeated joint costs ./
float sectC~tTMAX-CATCOL]; /'(12)total sector costs ./
float percnt[MAX CAT COL]; /'(13)percentages */
float pvTotJCst;- - ,. Grand total jQint cost ./
float acTotJCst; /. Grand total annual cost *'
);

/*----- structure for model control data -----./
struct CntrlDat

(
char inptFName[81]; /* input file name */
int inptFLen; /. number of characters in name including "." */
FILE 'plnptHand; /. input file handel ./

,FILE *pOtptHand; /. echo output file handle ./
float dacnt; ,. discount rate ./
int nbrYrs; /. number of years in this run ./
int IibrRgns; /. number of old regions in this run ./
int rwrRgnNew; /. number of new regions in this run .,
int ~irstYr; /. first year in the series */
);

-/'ir......... st:ruct:urerorBasinw:t.cse Data --.......1
struct BilsinData
(
float
float
float

-'
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
) ;

sumNRgA9W; /* sum of water consumption in new regions (mil M3)*/
sumORgPop; /* sum of population in old regions */
sumORgNWP; /* sum of navigable wetted perimeter in old reqion~./

sumBOA; /* sum of benefits, old lands, agri */
sumBNA; /* sum of benefits, new lAnds, agri */
sumBW; /* sum of benefits, water supply (old lands only) *'
sumBN; /* sum of benefits, navig, old lands and main stem */
sumBP; / * pO'IfIeJ: */
sumBT; /* G. Transportation */
sumBF; /* Fish */
sumBR; /* Recreation' tourism */
sumBQ; /* Flood control */
pvDrain; /* present value drains eXisting ag (mil LE) */
acDrain; /* annual cost drains (mil LE/YR) */

/*----- Structure for High Aswan Dam data -----*/
struct HighAD
(

float
float

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
f:-"",at
float
float
float
float
float
float
float
float

) ;

spaXO;
spaXQ;

benXQ;
sepCXA;
sepCXP;
sepCXQ;
pvBP;
pvBT;
pvBF;
pvBQ;
pvCOM;
pvSPACO;
pVSPACW;
pvSPACT;
pvSPACQ;
pVSPACR;
pVSepCA;
pVSepCP;
pVSepCQ;

alJCOA; /*
alJCNA; /*
alJCW; /*
alJCN; /*
alJCP; /*
alJCT; /*
alJCF; /*
alJCR; /*
alJCQ; /*

/* singl~ purpose alternative coefficients */
/* fraction all other O&M to total O&M */
/* fraction flood O&M to total O&M */
/* benefit coefficients and data */
/* f.~action of total benefits attrib to flood cntr*/
/* ~~parable cost Ag (fraction of O&M) *'
/* separable costpw (fraction of O&M) */
/* separable cost Flood (fraction of O&M) */
/* present value of power benefit stream (mil LE)*/
/* present value of transp benefit stream (mil LE)*/
/* present value of fish benefit stream (mil LE)*/
/* present value flood control (% of total ben)*/
/* present value cost of common works (mil LE)*'

'/* P v other purposes (AG, NAV, POWER, FISH) */
/* P v Rural Water Supply (mil LE) */
/* present value single purpose alt G. TRANS *1
/* p v single purpose al t flood control (mil LE I *"
/* p v ~PAC replacement cost of dam (mil LE)*/
/* p v separable cost Ag. (mil LE) */
/* p v separable cost Pw (mil LE)*/
/* p v separable cost flood (mil LE) */

HAD costs to old ag */
HAD costs to new ag *1
HAD costs to rural water supply */
HAD costs to Navig */
HAD costs to Power */
HAD costs to G.TRANS */
HAD costs to Fish */
HAD costs to Recreation and Tourism */
HAD costs to Flood Control */

for Main Stem data -----*/

pvBN;
pvBT;
pvBR;
pvSPACT;
pVCOM;

. alJCOA; 1*
alJCNA; /*
alJCW; /*

.. alJCN;, ," /*
alJCJ?; /*
,1, "':'T; '/*
a. ,;F; /*

/*----- Struc·,.ure
struct MainStem
(
float
float
float
float
float
float
"float
float'
.float
float
float
float

/* present value nay benefit stream (:",11 LE) */
/* present value trans benefit streal.. (mil LE) */
/* present value rec , touir benefit stream */
/* present value single purpose alt cost G.TRANS*/
/* present value O&M cost stream ~/

stem &:::.osts to olt.tag&'ic.:ul ture */
stem costs to new agriCUlture */
stem costs to rural water sur:oly *1
stem costs ,to Navig */...
stem costs to Power */
stem costs to G.TRANS */
stem costs to Fish */
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float
float
) ;

alJCR;
alJCQl

1* stem costs to Recreation and Tourism */
1* AHW costs to Flood Con(rol */

pvBP;
pVCcp;

1*----- Sturcture'for
atruct Bana
(
noat
float
) ;

Bsna·on·the Main stem -----*1

1* pre~ent value power Bana (mil LB)*I
1* present value capital and O&M Bsna (mil LB)*I

name [21) ;
id;
agAree;
agWater;
populI
wpCanal;
fCanalN;
pvBA;
pvBW;
pvBN;
pVCOM;
pvPump;
pvSPACW;
pvSPACCR;
alJCA;
alJCW;
alJCN;

.. ,
1*----- Structure for
struct Region
(
char
int
float
float
float
float
float
float
• \oat
" .oat
•..oat
1:10at
float
float
float
float
float
) ;

Regional Data Old Lands -----*1

/* region identification name *1
/* region ident number */
/* irrigated area in the region (mil rD) */
/* ag water consumption in region (mil M3) *1
/* population in the region (mil) */
/* total wetted perimeter of canals in region (M)*/
/* fraction of canals navigable in region */
/* p~esent value ag benefit stream (mil LB)*/
/* present value rural water ~up. benefit strm. */
/* presont value navigation benefit strm. (mil LB)*I
/* p. v. O&M cost stream (mil LE)*I
/* p. v. pumps cost stream (mil LE)*I
/* p. v. sing purpos9 alt water(mil LE)*/
/* replacement cost of canals (mil LE)./
/* joint cost allocated to agri (mil LB)*/
/* joint cost allocated to water (mil LB)*/
/* joint cost allocated to navigation (mil LE)"/

cstDelivery;
pvBA;
pVCCpOM;
aIJCA;

/* Region identification name */
/* region identification number */
/* irrigated area in the region (mil FD) */
/* ag water consumption (mil M3) */
/* id number of the old region upstream */
/* factor of canals in upstream old land *1
/* serving theis new land region */
/* cost new water delivery system (lump sum)*1
/* present value benefits to agriculture */
/* p. v. capital costs and O&M canals *1
/* allocated joint cost to Ag from upstream /
/* old land region */

for the Regions of New Land -----*/

name[2l);
1d;
agArea;
agWater;
upS;
fOldToNew;

float
float
float
float

/*------ Structure
struct RegnNewL
(
char
int
float
float
int
float

) ;

/**********************************************************************/
/* Declare function prototypes ' */

void 10adData(void); /* open files and load input data */
void 10adHAD(voi~); /* load data fromth9 .HAD file */
void 10adSTM(void); /* load data from the .STH file */
void 10adRxx(int iR); /* load data from .RiR for region iR */
void 10adNxx(int iN); /* load data from .NiN for new regn iN */
char *skipTxt(char cBuf[). char c); 1* skip text in a buffer to c */
void quit(int code); /* flush stre~ and exit */

,·· ....... "01<:1 ••..lla~seRowr rchar ·tllcBuf,· flo'a.t fVal[]j'int 'nbtFld) ;-/"parse .a buffe1' .. /
float fField(char cBuf[), int *cPos,int *eOL); /*next field to float */

"~float ,pvFactor(int .. iYr, '/* present value factor for year iYr */
float rate); /* and rate rate */

~~d cAlloc (void); /* cost allocation tOl? level function */
void caORgns(void); /* allocate costs to old regions */

-,
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/* calculate the present value of a *1
/* data stream */

1* calculate the present value ofa first */
/* year capital investment lollowed by an */
/* annual O'M charge */

/* output the results *1
/* initialize data to zero *1
/* input a string and one or two floats*/
/* and take the present value *1

.I

void
void
void
void
void
void

void
void
float

float

float

void
void
void

int
int
float

fendif

caAWN(int iR); /* allocate subregion navigable canal costs */
caAW(int iR); /* allocate subregion non-nav canal costs */
caNRgns(void); /* allocate costs to new land regions */
caSTM(void); 1* allocate costs of the Nile main stem */
caHAD(void) 1 /* allocate costs of the High Aswan Dam */
catFun(char cBuf[), /* cost allocation uses CATab1e */

char *headers[),/* Azguments: identification string, */
int nbrSer); /* array of 6 char headers, numbor services*/

irrControl(void); /* centro1 calc of internal rates of return */
irrRgns(void); /* calculate the ir~ for all regions */
irrSolve(f1oat benStrm[), /* solve for irr by the method of */

float cstStrm[), /* false position */
float guess);

pvSolve(float datStrm[],
int nbrEle,
float rate);

pvSolCA(float cap,
float annual,
int nYr,
float rate);

output(void);
initialize(void);
inptStAF(float *vl,

float *v2,
int nbrF1ds,
float *vpV);

1astLin.( char cBuf[) );
blankLine(char cBuf[]); /* Is this a blank line? I-TRUE, .O-F *1
annCst(float presentVa1ue); /* Calculate annual payment from p. v.*1
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..

/ ' ~ /
/ ...........•.......................................................... /
/. Co~t ~loc.tion Morlel for ISPAN, Nile River Cost Recovery Project· ./
/. Pir~t version W. J. Grenney , J. P. Riley, January 1992 ./
/. Revisions by W. J. Grel~ley, september 1992. ./
/. Main module CAH7.C' ./

tinclude "CAM'.'H"

/* •••••••••••*••••••••••••••••••••••••••••••••••••••••••••••••••••••••• /
/. Declare global variables ./

/. Structures for input data ./
struct HighAD had;
struct MainStem stm;
atruct Region rqn[HAX RGNS];
struct RegnNewL rnl[HAX:NEWL];

/. Structures for
struct CntrlDat
struct BasinData
struct Zsna
struct CATable

p~ogram control and algorithms ./
ctr;
bwd;
esn;
caT;

cBuf[CBUF W+2];
·pc; -
i, iYr;

1••••••••••••••••••••••••••••••••••••••••• ,••••••••••••••••••••• J •••••• ~/

I···············*·································~···...*••••••••••••• /
I· main prog~am ./
I····················································· /
int main (void)
(
ctr.plnptHand • ctr.pOtptHand • NULL'

initialize(); I· set some initial values to zer.o in the global data ·1

1·----- load data from the input files -----·1
loadData () ,

1·----- co~duct the cost allocation -----·1
cAlloc() ,

1·----- calculate internal rates of rsturn -----./
irrcontrol(),

1·--- output summary of results ---./
output ();

1·----- insure that the oUtIIUt file has been closed -----*/
fclose(ctr.pOtptHand);
ctr.pOtptHand • NULL;
prin~f("\n\nNormal Terminationl\n");
return 0;
)

/ /
/•••••••••••**••••••••••••••• ~.i·••••••• ~•••••••••••••••••••••••••••••••,
/. Define The FUnctions ./
/ ~ /

/ •••••••*•••••••••••• ~•••••••••••••••••••••••••••••••••••••••••••••••••,
1·)·oacillAD(void) .,

void loadHAD(void)
(
char
char
int
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float fVal[MAX_TBL_COL], pvF;
char *format[4] • ("%lO.lf\n", "%10.0f\n", "%10.0f\n", "%10.0f\n");

if( ctr.pOtptHand )
fprintf(ctr.pOtptHand,"File name: %s\n",ctr.inptFName);

for(i • 0; i < 3; iff) /* three lines of headings */
(
fgets(cBuf, CBUF_W, ctr.pInptHand);
if (ctr.pInptH&nd) fputs(cBuf, ctr.pOtptHand );
)

/*--- four basin-wide coefficients for ctr. ---*/
fore i - 0; i < 4; iff)

(
fgets(cBuf, CBUF_W, ctr.pIn,tHand);
pC • skipTxt(cBUf, I:');
if ( I pC )

(
printf("\n\nERROR loadHAD(): Expect a \":\" in record \n<'lss>\n",cBuf);
quit (1) ;
)

sscanf(pC,"%f",&fVal[i]);
if( ctr.pOtptHand) fprinti(ctr.pOtptHand, format[i], fVal[i]);
)

ctr.dscnt • fVal[O]/lOO.;
ctr.nbrYrs • (int) (fVal[l]+.Ol);
if( ctr.nbrYrs > MAX YRS )

( -
printf("\n\nERROR loadHAD(): ~lanning Horizon • 'lsd",ctr.nbrYrs);
printf(", exc~eds maximum· MAX YRs\n");
quit(l); -
)

ctr.nbrRgns • (int) (fVal[2]+.01);
if ( ctr. nbrRgns > MAX RGNS )

( ~

printf("\n\nERROR loadHAD(): Number of Regions • 'lsd",ctr.nbrRgns);
printf(", ex~eeds maximum • MAX_RGNS\n");
quit(l);
)

ctr.nbrRgnNew • (int) (fVal[3]+.Ol);
if( ctr.nbrRgnNew > MAX NEWL )

( -
pr:intf("\n\nERROP, loadHAD(): Number of New Regions - %d",ctr.nbrRgnNew);
printf (", exceeds maximum - MAX NEWL\n");
quit(l); -
)

/* --- Drainage annual cost ---*/
fgets(cBuf, CBUF_W, ctr.pInptHand);
pC • skipTxt{cBuf, I:');

if( I pC )
(
pr1ntf ("\n\pERROR loadHAD (): Expect a \": \" in rlilcord \n<h>\n", cBuf) ;
quit (1); .
)

sscanf(pC,"%f",&fVal[O]);

bWd.pvDrain .pvSolCA( fVal[O], fVal[O], ctr.ribrYrs, ctr.dscnt );
bWd.acDrain • annCst(bwd.pvDrain);

if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"'lsl0.3f%8.2f%9.3f",
. fVal [0], bwd.pvDrair., bwd.acDrain);

/*--- Input Benefit Coefficients ---*/
for(i • 0; i < 2, iff) /* skip two lines */
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(
fgets(cBuf, CBUF_W, ctr.pInptHand);
if (ctr.pOtptHand) fputs(cBUf, ctr.pOtptHand);
)

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC - skipTxt(cBuf, ':');
if(lpC)

(
printf ("\n\nERROR loaclHAD (): Expect a \": \" in rfecord \n<%s>\n", cBuf) ;
quit (1);
)

sscanf(pC/"%f",&had.benXQ);
if( ctr.pOtptHand) fprintf(ctr.pOtptHand,"UO.1f\n", had.benXQ);

had.benXQ I- 100.;

/*--- Input Single Purpose Alternative Coefficients ---*/
fort i - 0; i < 2; iff) /* skip headings */

(
fgets(cBuf, CBUF_W, ctr.pInptHand);
if( ctr.pOtptHand ) fputs(cBuf, ctr.potptHand);
)

fort i - 0; i < 2; iff)
(
fgets (cBuf, CBUF_W,.. ctr.pInptHand);
pC - skipTxt(cBuf, I:');
sscanf(pC,"%f",&fVal[i);
if( ctr.pOtptHand) fprintf(ctr.pOtptHand/"%10.3f\n", fVal[i);
)

had.spaXO • fVal[0)/100;
had.spaXQ m fVal[1)/I00.;

~
i

/*--- Separable Cost Data --~*/

fort i - 0; i < 2; iff) /* skip headings */
(
fgets(cBuf, CBUF W, ctr.pInptHand);
if( ctr.pOtptHand ) fputs(cBuf, ctr.pOtptHand); -
)

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC • skipTxttcBuf, ':');
sscanf(pC,"%f", 'had.sepCXA);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"9JI0.2f\n", had.sepCXA);
had.sepCXA /- 100;

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC -skipTxt(cBUf, I:');
sscanf(pC,"%f", &had.sepCXP);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"UO.2f\n", had.sepCXP);
had.sepCXP /- 100;

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC - skipTxt(cBuf, I:');
ssc~f(pC,"%f", 'had.sepCXQ);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"9JI0.2f\n", had.sepCXQ);
had.sepCXQ /- 100;

1*--- .Input High Aswan Dam Annual Data ---*/
/* skip headings */

..... for (i- or i< 71' i++)'
(
fgets(cBuf, CBUF_W, ctr.pInptHand);
if( ctr.pOtptHand ) fputs(cBuf, ctr.potptHand);
)

1* input ecolumns of data and calculate present values */
had.pvBP - had.pvBT • had.pvBF - had.pvSPACW • had.pvSPACR • had.pVCOM • 0.0;
for (iYr - 0; iYr < MAX_YRS; iYr++)

Appendix F 3



-I

-~

(
pC • fgets{cBuf, CBUF_W, ctr.plnptHand);
if( , pC ) break;
if( blankLine{cBuf) ) 1* probably a blank line at the end of the table *1

break;

parseRowF(cBuf, tval, 8);

pvF - pvFactor(iYr, ctr.dscnt); 1* r.~~e: iYr starts at zero, not one *1
had.pvBP +- tval[l] I pvF; 1* b~nefit power *1
had.pvBT +- fVal[2] / pvF; 1* benefit ground tran3portation *1
had.pvBF +- fVal[3] I pvF; 1* benefit fishery *1
had.pvSPACW +- fVal[4] I pvF; I*SPAC water supply *1
had.pvSPACT +- fVal[S] I pvF; 1* SPAC ground transportation *1
had.pvSPACR +- fVal[6] ·1 pvF; 1* SPAC common works replacement *1
had.pvcOM +- fVal[?] I pvF; 1*· common works O&M cost *1
)

if(iYr I- ctr.nbrYrs)
(
printf("ERROR loadHAD(): The number of records in the file does\n");
printf("not match the specified number of years - %d\n", ctr.nbrYrs);
quit (1);
)

1* output the present. values for each column *1
if (ctr.pOtptHand)

(
fprintf(ctr.potptHand,"\np. val It);
fprintf (ctr.pOtptHand, "%9. 2f'~, had.pvBP);
fprintf(ctr.pOtptHand,"%9.2f", h~d.pvBT);

fprintf(ctr.pOtptHand,"%9.2f", ha~.pvBF);

fprintf(ctr.p~tptHand,"%9.2f",had.pvSPACW);
fprintf(ctr.pOtptHand,"%9.2f", had.~vSPACT);

fprintf(ctr.pOtptHand,"%9.2f", had.pvSPACR);
fprintf (ctr.pOtptHand, "%9.2f\n\n", had.pVCOM);
)

1*--- calculate present value for other variables---*I

had.pvSPACO • (had.pVCOM + had.pvSPACR) * had.spaXO;
if (ctr.potptHand)

fprintf(ctr.pOtptHand,"Present value SPA Other nO.lf\n",nad.pvSPACO);

had.pvSPACQ - (had.pVCOM + had.pvSPACR) * had.spaXQ;
if (ctr.potptHand)

fprintf(ctr.pOtptHand,"Present value SPA Flood nO.lf\n",had.pvSPACQ);

had.pvSepCA • had.pvCOM * had.sepCXA;
if (ctr.pOtptHand)

fprintf(ctr.pOtptHand,"pres. val. separable Agri. %lO.lf\n",had.pvSepCA);

had.pvSepCP - had. pVCOM * ha~.sepcXP;

if (ctr.potptHand)
fprintf (ctr. pOtptHand, "Pres. val.·· separable Power . no. If\n"', had. pVSepCP); .. '"

had.pvSepCQ - had.pvcOM * had.sepCXQ;
if (ctr.potptHand)

fprintf(ctr.pOtptHand,"Pres. lal. separable Flood %lO.lf\n",had.pvSepCQ);

I***************************·*******************~**********************1
1* loadSTM(void) *1

.void loadSTM (void)
{
char cBuf[CBUF W+2];
char *pC; -
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int
float
float

i, iYr;
fVal[MAX TBL COL);
pvF; - -

if( ctr.pOtptHand )
(
fprintf(ctr.pOtptHand,"\n/-I-I-I-I-I-I-I-I-I-I-I-I-I-/-1-1-1-1-1-1-1-1");
fprintf(ctr.pOtptHand,"-I-/-I-I-I-I-I-I-I-I-I-/-I-I-I\nil);
fprintf(ctr.pOtptHand,"File name: %s\n",ctr.inptFName);
)

for(i - 0; i < 9; i++) I· nine lines of headings ./
(
fgets(c.Buf, CBUF_W, ctr.pInptHand);
if (ctr.pInptHand) fputs(cBuf, ctr.pOtptHand );
)

stm.pvBN - esn.pvBP - stm.pvBT - stm.pvBR - stm.pvSPACT - 0.0;
stm.pvCOM - esn.pVCCp - 0.0;

for(iYr • 0; iYr < MAX YRS; iYr++)
( -
pC - fgets(cBuf, CBUF_W, ctr.pInptHand);
if( I pC ) break;
if( blankLine(cBuf) ) I· probably a blank line at the end of the table ·1

break;

parseRowF(cBuf, fVal, 8);
pvF - pvFactor(iYr, ctr.dscnt); /. note: iYr starts at zero, not one ·1

stm.pvBN
esn.pvBP
stm.pvBT
stm.pvBR
stm.pvSPACT
stm.pVCOM
esn.pVCCp

+- fVal[l] I pvF;
+- fVal[2] I pvF;
+- fVal[3] I pvF;
+- fVal[4] I pvF;
+- fVal[S] I pvF;
+- fVal[6] I pvF;
+_. fVal [7] I pvF;

cBuf[CBUF W+2);
·pc; -
i, iYr;
fVal [MAX_TBL_.COL], pvF;

.;'

/. end of the iYr (year) loop ·1

if(iYr I- ctr.nbrYrs)
(
printf("ERROR loadSTM(): The number of records in the file does\n");
printf("not match the specified number of years - %d\n", ctr.nbrYrs);
quit(l);
) ,

if (ctr.potptHand)
(
!printf(ctr.pOtptHand,"\np. val ");
fprintf(ctr.pOtptHand,"%9.2f", stm.pvBN);
fprintf(ctr.pOtptHand,"%9.2f", esn.pvBP);
fprintf(ctr.pOtptHand,"%9.2f", stm.pvBT);
fprintf(ctr.pOtptHand,"%9.2f", stm.pvBR);
fprintf(ctr.pOtptHand,"%9.2f", stm.pvSPACT);
fprintf(ctr.pOtptHand,"%9.2f", stm.pVCOM);
fprintf(ctr.pOtptHand,"%9.2f\n\n", esn.pvcCp);·
) .-

Ii ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~•••I
I· loadRxx(int iR) load data for region iR .1

void loadRxx(int iR)
(
char
char
int
float

Appendix F 5

(1



-=

if( ctr.potptHand )
(
fprintf(ctr.pOtptHand,"/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/-1");
fprintf (ctr.pOtptHand, "-/-/-/-/-/-/-/-/-/-/-/-/-/-/-/\n");
fprintf(ctr.pOtptHand,"File name: %s\n",ctr.inptFName);
}

for(i • 0; i < ~1 i++) /* two lines of headings */
(
fgets(cBuf, CBUF_W, ctr.plnptHand),
if (ctr.plnptHand) fputs(cBuf, ctr.pOtptHand );
}

/*--- Name, identification, navigable canals ---*/
fgets(cBuf, CBUF_W, ctr.plnptHand);
pC • skipTxt(cBuf, ':');
sscanf(pC,"%s", rgn[iR].name);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"%20s\n", rgn[iR].name);

fgets(cBuf, CBUF_W, ctr.pInptHand);
oC • skipTxt(cBuf, ':');
',,-:-::anf(pC,"%d", &rgn[iR] .id)1
if (ctr.pOtptHand) fprintf(ctr.potptHand,"'U3d\n", rgn[iR].id);

fgets(cBuf, CBUF_W, •.ctr.pInptHand);
if (ctr.pOtptHand) fl"'ts (cBuf, ctr.pOtptHand);

fgets(cBuf, CBUF_W, ctr.plnptHand);
pC ... skipTxt(cauf, ':');
sscanf(pC,"%f", &rgn[iR].agArea); /* Million FD (1 FD'" 4,200 M2)*1
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"'U3.3f\n", rgn[iR] .agArea);

fgets(cBuf, CBUF_W, ctr.plnptHand);
pC • skipTxt(cBuf, ':');
sscanf(pC,"%f", &rgn[iR].agWater); 1* M3/FD *1
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"'U3.3f, ", rgn[iR].agWater)1
rgn[iR].agWater *. rgn[iR].agArea; 1* (M3/FD) * (mil FD) • (mil M3) *1
if (ctr.pOtptHand) fprintf (ctr.pOtptHand," - 'UO.lf (mil M3). \n",

rgn[iR].agWater);

fgets(cBuf, CBUF_W, ctr.plnptHand);
pC • skipTxt(cBuf, ':');
sscanf(pC,"%f", &rgn[iR].popul);
if (ctr.potptHand) fprintf(ctr.pOtptHand,"'U3.3f\n", rgn[iR].popul);

fgets(cBuf, CBUF_W, ctr.plnptHand)1
pC • skipTxt(cBUf, ':');
sscanf(pC,"%f", &rgn[iR].wpCanal);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"%lJ.lf\n", rgn[iR].wpCanal);

fgets(cBuf, CBUF_W, ctr.plnptHand),
pc • skipTxt(cBuf, ':'};
sscanf(pC,"%f", &rgn[iR].fCanalN);
if (ctr.pOtptHand) fp~intf(ctr.pOtptHand,"%13.1f\n",rgn[iR].fCanalN );
rgn[iR].fcanalN I- 100.;

for(i • 0; i < 7; i++) 1* skip headings *1
(
fgets(cBuf, CBUF_W, ctr.plnptHand)'

. if(ctr~pOtptHand) tputS(CBuf, ctr.pOtptHand);
} .

I*---Input Annual 'Data --- *1
rgn[iR].pvBA • rgn[iR].pVBW • rgn[iR].pvBN • rgn[iR].pVSPACCR. 0.0;
.rgn[iR] .pvSPACW • rgn[iR] .pvCOM • ,rgn[iR] .pVPunIP • 0.0;

for(iYr • 0; iYr < ~_YRS; iYr++)
(
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void
(
char
char
int
float

-'.
-Ji1

pC - fgets(cBuf, CBUF_W, ctr.pInptHand);
if ( fpC ) break;
if( blankLine(cBuf) ) 1* probably a blank line at the end of the table *1

break;

parseRowF(cBUf, fVal, 8);
pvF - pvFactor(iYr, ctr.dscnt);

rgn[iR].pvBA +- fVal[l] 1 pvF;
rgn[iR].pVBW +- fVal[2] 1 pvF;
rgn[iR].pvBN +- fVal[)] 1 pvF;
rgn[iR].pvSPACCR +n fVal[4] 1 pvF;
rgn[iR].pvSPACW +- fVal[S] 1 pvF;
rgn[iR].pVCOM +- fVal[6] 1 pvF;
rgn[iR].pvPump +- Nal[7] 1 pvF;
)

if(iYr ,- ctr.nbrYrs)
(
printf("ERROR loadRxx(): The number of records in the file does\n");
printf("not match the specified number of years - %d\n", ctr.nbrYrs);
quit (1);
)

Jf(ctr.pOtptHand)
(
fprintf(ctr.pOtptHand,"\np. val ");
fprintf(ctr.pOtptHand,"%9.2f", rgn[iR].pvBA);
fprintf(ctr.pOtptHand,"%9.2f", rgn[iR].pvBW);
fprintf(ctr.90tptHand,"%9.2f", rgn[iR].pvBN);
fprintf(ctr.pOtptHand,"%9.2f", rgn[iR].pVSPACCR);
fprintf(ctr.pOtptHand,"%9.2f", rgn[iR).pvSPACW);
fprintf(ctr.pOtptHand,"%9.2f", rgn[iR).pVCOM);
fprintf (ctr.pOtptHand, "%9.2f\n\n", rgn[iR) .pvPump);
)

1********************************************************************~*I
1* loadNxx(int iN) *1

loadNxx(int iN)

cBuf[CBUF W+2);
*pC; -
i, iYr;
pvF, fVal [MAX_TBL_COL];

if( ctr.pOtptHand )
(
fprintf(ctr.pOtptHand,"I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-1-1-1-1-1-1-1-1");
fprintf(ctr.pOtptHand,"-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I\n");
fprintf(ctr.pOtptHand,"File name: %s\n",ctr.inptFName);
)

for(i - 0; i < 3; i++) 1* three lines of headings *1
(
fgets(cBuf, CBUF_W, ctr.pInptHand);
if (ctr.pInptHand) fputs(cBuf, ctr.pOtptHand );
)

1*--- Name, identification, old region upstream ---*1
'" ,., ._f.gl!.;~ ,<c:~~f ,CB.UF_W, .c1:r.pInpt:Hand) ;

.pC - skipTxt (cBuf, I: I);
s5canf(pC,"%s", rnl[iN].name);
if (ctr.pOtptHand) fprintf(ctr.pOtptlland,"%20s\n", rnl[iN].name);

fgets(cBuf, CBUF_W, ctr.pInptHand);
pc - skipTxt(cBuf, 1:1);
sscanf(pC,"%d",unl[iN].id);
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if (ctr.potptH"nd) fprintf(ctr.pOtptHand,"U3d\n", rnl[iN).id);

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC • skipTxt(cBuf, I:');
sscanf(pC,"%d", 'rnl[iN).UpS);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"%l3d\n", rnl[iN).upS);

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC • skipTxt(cBuf, I:');
sscanf(pC,"%f", 'rnl[iN).fOldToNew);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"U3.3f\n", rnl[iN).fOldToNew);

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC • skipTxt(cBuf, I:');
sscanf(pC,"if", 'rnl[iN).agArea);
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"ilO.lf\n", rnl[iN).agArea);

fgets(cBuf, CBUF_W, ctr.pInptHand);
pC • skipTxt(cBUf, I:');
sscanf(pC, "if", ,rnl[iN) .agWater); 1* M3/FD *1
if (ctr.pOtptHand) fprintf(ctr.pOtptHand,"%13.3f, ", rnl[iN).agWater);
rnl[iN).agWater *. rnl[iN).agAxea; 1* (M3/FD) * (mil FD) • (mil M3) *1
if (ctr.pOtptHand) fprintf(ctr.pOtptHand," • %10.4f (mil M3) .\n",

rnl[iN).agWater);

for(i • 0; i < 5; i++) .1* skip headings *1
(
fgets(cBuf, CBUF W, ctr.pInptHand);
if(ctr.pOtptHand) fputs(cBuf, ctr.pOtptHand);
)

rnl[iN).pvBA. rnl[iN).pVCCpOM. rnl[iN).cstDelivery. 0.0;

for(iYr • 0; iYr < MAX YRS; iYr++)
( -
pC • fgets(cBuf, CBUF_W, ctr.pInptHand);
if ( I pC ) break;
if( blankLine(cBuf) ) 1* probably a blank line at the end of the table *1

break;

parseRowF(cBuf, fVal, 5);
pvF • pvFactor(iYr, ctr.dscnt); 1* note: iYr starts at zero, not one *1

rnl[iN).pvBA +- fValll) 1 pvF;
rnl[iN).pVCCpOM +- fVal[2) 1 pvF;
rnl[iN).cstDelivery+- fVal[4) 1 pvF;
}

if(iYr I- ctr.nbrYrs}
(
printf("ERROR loadSTM(): The number of records in the file does\n");
printf ("not match the specified number of years • %d\n", ctr.nbrYrs);
quit (1);
)

if (ctr.pOtptHand)
(
fprintf (ctr.pOtptHand, "\np. val");
fprintf(ctr.pOtptHand,"%9.1f", rnl[iN).pvBA);
fprintf(ctr.pOtptHand,"%9.1f ", rnl[iN).pVCCpOM);
fprintf(etr.pOtptHand, ":\9.lf\n\n" I. rnl [iN). cstDelivery);
}

1**********************************************************************1
1* caHAD() allocate costs for the High Aswan Dam *1

void caHAD ( )
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/* old ag */
/* rural water supply */
/* navigation */
/* new agric */
/* power */
/* G. Transp */
/* Recr &' tourism */
/* Fish */
/* Flood Control */

-=

(
char cBuf[CBUF W + 2];
char *headers [9]. (" OLD AG", "R. W. S. ", " NAVIG", "NEW AG",

" POWER", " G.TRAN", "RECR&T", " FISH ",
.. FLOOD" );

/*----- Cost allocation for the High A3wan Dam -----*/
/*--- assign benefits ---*/
caT.ben[O] • bwd.sumBOA; /* Ag benefits totaled for old regions*/

caT.ben(l] • bwd.sumBW; /* RWS benefits totaled for old regions*/

caT.ben[2] • bwd.sumBN; /* Nav benefits totaled for old regions */
/* plus main stem navigation benefits */

caT.ben(3] • bwd.sumBNA; /* Ag benefits totaled for new ·regions */

caT.ben[4] • had.pvBP; /* benefits for HAD power */

caT.ben[S) • had.pvBT; /* benefits for ground transportation */

caT.ben(6) • stm.pvBR; /* benefits for recreation & tourism */

caT.ben(7) • had.pvBF; /* benefits for fish */

caT.ben(8) • had.pvBQ; /* benefits for flood control */

/*--- assign single purpose alternative costs ---*/
caT.spaCst[O] • had.pvSPACO; /* old agric */
caT.spaCst[l] • had.pvSPACW; /* rural water supply */
caT.spaCst[2] • had.pvSPACO; /* navigation */
caT.spaCst[3] • had.pvSPACO; /* new agric */
caT.spaCst[4] • had.pvSPACO; /* power */
caT.spaCst[S] • had.pvSPACT; /* G. Transp */
caT.spaCst[6] • had.pvSPACO; /* Recr & tourism */
caT.spaCst[7] • had.pvSPACO; /* Fish */
caT. spaCst [8] • had.pvSPACQ; /* Flood Control */

/*--- assign separable costs ---*/
caT.sepCst[O]. 0.0;
caT.sepCst[l]. 0.0;
caT.sepCst[2]. 0.0;
caT.sepCst(3] • 0.0;
caT.sepCst(4] • had.pvSepCP;
caT.sepCst[S] • 0.0;
caT.sepCst(6]. 0.0;
caT. sepCst (7] • 0.0;
caT.sepCst(8] • had.pvSepcQ;

,*--- total cost to be allocated ---*/
caT.prO?Cst • had.pVCOM;

,*--- perform cost allocation ---*/
sprintf(cBuf,"High Aswan Dam.");
catFun(cBuf, headers, 9);

/*--- assign allocated costs ---*/
had.alJCOA • caT.sectCst[O);
had.alJCW • caT.sectCst[l];
had.alJCN • caT.s~ctCst(2];

. ·"liad.UJCNA- • ·caT. sec:tCst (3];
, had .alJCP • caT. sectCst [4] ;
had~alJCT • caT.sectCst[S);
.had.alJCR ' • caT.sectCst(6];
had.alJCF • caT.sectCst[7];
had.alJCQ • caT.sectCst[8];
)
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/ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••*•••••*./
/. caSTM() allocate cost for the main stem of the Nile ,./

i;
wE;
cBuf[CBUF W ~ 2);

·headers (7) - (" OLD AG", "R. W. S. ", " NAVIG", "NEW AG",
" POWER". "TRANS", "RECR&T" );

'void caS~J(void)

(
int
float
char
char

/.----- Cost allocation for main stem barrages except Etan -----./
if( (stm.pVCOM + esn.pVCCp) < l.OE-lO )

(
printf("\n\nERROR caSTM(): Costs cannot be zero on the main'stem\n");
quit (1) ;
)

=

..

/*--- assign benefits ---./
caT.ben[O) - bwd.sumBOA; /. Ag benefits totaled for old regions·/

caT.ben[l) • bwd. sumBW; /* RWS benefits totaled for old regions·/

caT.ben{2) • bwd•.sumBN; /* Nav benefits totaled for old regions */
/.plus main stem navigation benefits */

caT.ben(3) • bwd. sumBNA; /* Ag benefits totaled for new regions */

caT.ben[4) 0; /* benefits for power */

caT.ben[S) - stm.pvBT; /* benefits for ground transportation ./

caT.ben[6) stm.pvBR; /* benefits for recreation & tourism */

/*--- assign single purpose
caT.spaCst[O) - stm.pvCOM;
caT.spaCst[l) • stm.pvCOM;
caT.spaCst[2) • stm.pvCOM;
caT.spacst[3) • stm.pvCOM;
caT.spaCst[4) • 0.0;
caT.spaCst[S) stm.pvSPACT;
caT.spacst[6] • stm.pvCOM;

alternative costs ---./
/. old agric */
/. rural water supply */
/. navigation */
/. new agric */
/. power ./
/. G. Transp ./
/. Recr & tourism ./

.:

=
-_._~,.-..... , .... , .

-~.

/*--- assign separable costs ---./
for(i • 0; i < 7; iff) caT.sepCst[i]· 0.0;

/*--- total cost to be allocated ---*/
caT.projCst • stm.pvCOM;

/*--- perform cost allocation ---*/
sprintf(cBuf,"Main stem Barrages Excluding Esna.");
catFun(cBuf, headers, 7);

/*--- assign allocated costs ---./
stm.alJCOA· caT.sectCst[O];
stm.alJCW • caT.sectCst[l];
stm.alJCN • caT.sectCst[2];
stm.alJCNA - caT.sectCst[3];
stm.alJCP - caT.sectCst[4];
stm.alJCT'. caT.sectCst[S];
stm~alJCR - caT.sectCst[6];

/*----- Cost Allocation for Esna Barrage ------./
WE • esn.pVCCp/(esn.pvCcp + stm.pvCOM); ./. weighting factor for Esna */

/*--- assign benefits ---./
caT.ben[O] • bwd.sumBOA * wE; /. Ag benefits totaled for old regions·/
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caT.ben[4] - esn.pvBP;

caT.ben[5] - stm.pvBT· wE;

caT.ben[6] - stm.pvBR· wE;

caT.ben[l] - bwd.sumBW • wE; /* RWS benefits totaled for old regions·/

caT.ben[2] ~ bwd.sumBN * wE; /. Nav benefits totaled for old regions */
/. including main stem navigation ben */

caT.ben[3] - bwd.sumBNA • wE; /. Ag benefits totaled for new regions ./

/* benefits for power */

/. benefits for ground transportation ./

/. benefits for recreation' tourism ./

/.--- assign single purpose
caT.spaCst[O] - esn.pvccp;
caT.spaCst[1) - esn.pVCCp;
caT. spaCst [2) - esn.pVCCp;
caT.spaCst[3) - esn.pVCCp;
caT.spaCst[4) - esn.pVCcp;
caT. spaCst [5) • stm.pvSPACT
caT.spaCst[6) - esn.pvccp;

alternative costs --•.• /
/* old agric ./
/* rural'water supply ./
/. navigation */
/. new agric ./
/. power ./

• wE; /. G. Trnnsp */
/. Recr , tourism */

._.....--- ... --."..•. ,

::

/*--- assign separable costs ---./
for(i - 0; i < 7; i++) caT.sepCst[i] - 0.0;

/*--- total cost to be allocated ---*/
caT.projCst - esn.pVCCp;

/*--- perform cost allocation ---*;
sprintf(cBuf,"Main Stem Esna Barrage.");
catFun (cBuf, headers, 7);

/*--- assign allocated costs ---*/
stm.alJCOA +- caT.sectCst[O);
stm.alJCW +- caT.sectCst[1);
stm.alJCN +- caT.sactCst[2);
stm.alJCNA +- caT.sectCst[3);
stm.alJCP +- caT.sectCst[4J;
stm.alJCT +- caT.sectCst[5];
stm.alJCR +- caT.sectCst[6);
}

/ ••••••*.**•••**.*.***••*.**.**••**••*••*••••**••***.*.***•••••••••••*./
1* caNRgns() Allocate part of Ag. joint cost from upstream old */
1* region to this region */

void caNRgns(void)
(
char cBuf[CBUF W + 2);
char ·headers[2]. ("OLD AG", "NEW AG");
int i, iN, upS;

/*----- conduct Cost Allocation for all New Regions -----*/

if( ctr.nbrRgnNew< 1 ) return; /. no new regions in scenario ./

for (iN - 0; iN < ctr.nbrRgnNew; iN++)
(
upS - rnl[iN).upS - 1; /* index of upstream old region ./
/*--- check that data for old region upS has been input this run*1

'" '-'forr i-"-Or:i.<ctr~nbrRgns; iHo)
(
if ( ((upS +1) -- rgn[i) .id) II ((upS +1) -- 0) ) break;} ,

if ( i >- ctr. nbrRgns ,,)
(
printf("\n\nERROR caNRgns (): The upstream old region id number <");
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printf("%d>\nused in new region id nwnbar <%d>\n",
upS, rnl[iN).id)1

printf("is not in the input data set.\n");
quit (1) 1
)

/*--- assign benefits ---./
caT.ben[O) - rgn[upS).pVBAl
ca~.ben[l) - rnl[iN).pvBAl

/*--- assign single purpose alternative costs ---./
caT.spaCst[O) • (rgn[upS).pVCOM + rgn[upS).pvSPACCR) * rnl[iN).foldToNewl
caT.spaCst[l) • (rgn[upS).pvCOM + rgn[upS).pvSPACCR) * rnl[iN).fOldToNewl

/*--- assign separable costs to Ag, RWS, and Nav ---./
caT.sepCst[O) • 0.0;
caT.sepCst[l) • 0.01

/*--- total co~t of delivery canals ---./
caT.projCst • rgn[upS).alJCA • rnl[iN).fOld~oNew;

sprintf (cBuf, "New Land Region n02d %s\n Share Ag costs with n02d %s",
iN+l, rnl[iN).name, upS + 1, rgn[ups).name);

catFun(cBuf?headers, 2);

/*--- store allocated costs for the new region and adjust allocated */
/*--- cost for the upstream old region.•/
rnl[iN).alJCA • caT.sectCst[l);
rgn[upS).alJCA -. rnl[iN).alJCA;
)

/*.*.**••••*.*••*.*•• *.****.***••***.**** ••*.**.*.*•• ******.****.*.**.*/
/* caAW() allocate costs to Ag and Water Supply for non~navigabl~ */
/* canals and all pumps */

cBuf[CBUF W + 2);
*headers(2). (" AGRIC", "R.W.S." );

void caAW(int iR)
(
char
char

/*----- allocate pump costs to region wide Ag and R.W.S. -----*/
/*--- assign benefits for Ag and Water ---./
caT.ben[O) • rgn[iR).pvBA;
caT.ben[l) • rgn[iR).pvBW;

/*--- assign single purpose alternative cost for Ag and RWS ---*/
caT.spaCst[O) • rgn[iR).pvPumPl
caT.spaCst[l) • rgn[iR).pVSPACWl

/*--- assign separable costs to Ag and RWS ---*/
caT.sepCst[O) • 0.01
caT.sepCst[l) • 0.0;

/*--- total cost of pumps ---*/
c~T.projCst • rgn[iR).pvPump;

sprintf(cBuf,"Region f%02d %s, pump costs.",
_ ..iR+l, rc;m[iR] .name);

catFun (cBuf, headers, 2)1

rgn[iR).alJCA· caT.sectCst[O);
rgn[iR).alJCW" caT.sectCst[l]1

/*----- allocate non-navigable canal costs to Ag , RWS -----*/
/*--- assign benefits for Ag and Water ---*/
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;,,' "

caT.ben[O) • rgn[iR) .pvBA • (1.0 - rgn[iR) .fCanalN);
caT.ben[l) • rgn[iR) .pVBW • (1.0 -rgn[iR) .fCanalN);

/.~-- assign single purpose alternative cost for Ag and RWS --_./
caT.spaCst(O) - (rgn[iR] .pVCOM ... 'rgn[iR) .pVSPACCR)

• (1.0 - rgn[iR).fCanalN);
caT.~paCst[l] - rgn[iR].pvSPACW· (1.0 - rgn[iR).fcanalN);

/._-- assign separable costs to Ag and RWS ---*/
caT.sepCst[O) - 0.0;
caT.sepCst[l) - 0.0;

/._-- total cost of non-navigable canals ---*/
caT.projCst - (rgn[iR).pVCOM) * (l.O-rgn[iR).fCanalN);

sprintf(cBUf,"Region ,%02d %15, non-navigable canal.",
iR+1, rgn[iR].name);

catFtul(cBuf, headers, 2);

rgn[iR).alJCA +- caT.sectCst[O];
rgn[iR).alJCW +- caT.sectCst[l];

/.****.******.****••*.*.****.*••******.*.******.******.****••*•••**•••*/
/* caAWN() allocate costs to sub-region served by navigable canals ./

CBuf[CBUF W + 2J;
.headers[3T - (" AGRIC", "R.W.S.", It NAVIG" );

void caAWN(int iR)
{
char
char

/*--- assign benefits for Ag, RWS, and Nav ---*/
caT.ben[O) - rgn[iR).pvBA • rgn[iR).fCanalN;

caT.ben[l) - rgn[iR].pvBW • rgn[iR).fCanalN;

eaT.ben(2) - rgn[iR).pvBN;
--( /*--- assign single purpose alternative eost for Ag, Water' Nav --_./

eaT. spaCst [0) - '(rgn[iR) .pVCOM + rgn[iR) .pvSPACCR) • rgn[iR] .fCanalN;

caT.spaCst[l) - rgn[iR).pvSPACW * rgn[iR].fCanalN;

eaT.spaCst(2) - (rgn[iR).pVCOM + rgn[iR).pvSPACCR) * rgn[iR).fCanalN;

I~ .
.4,""

/*--- assign separable eosts to Ag, RWS, and Nav ---*/
eaT.sepCst[O) a 0.0;
caT.sepCst[l) - 0.0;
caT.sepCst[2] • 0.0;

/*--- totaleost of navigable canals --_wI
eaT.projCst -(rgn[iR).pVCOM) • rgn[iR].fCanalN;

sprintf(cBuf,"Region '%02d %15, navigable canal costs.",
1R+l, rgn[1R).name);

catFun(eBuf, headers, 3);

/._-- assign allocated costs to the region ---:0./
. rgn[iR].alJCA +- eaT.seetCst[O];
rgn EiRj-o alaC"wi +- ca'l'. sectCst i 1];
r.gn[iR].alJCN +- eaT.seetCst[2];

/.*•••••••*~.*••*••**••••••••*••*•••*********.**.**.****•••*********.*./
/* caORgrls () allocate the costs for the old regions ./
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/. note: allocated costs are stored in rgn[iR].alJCA, alJCW ./
/. and alJCN as appropriate inside functions c~W and caAWN ,./

void caORgns(void)
(
int iR;

for(iR • 0; iR < ctr.nbrRgns; iR++)
\
r,gn[iR].alJCA· rgn[iR].alJCW. rgn[iR].alJCN· 0.0;
/._-- allocate costs of pumps and non-navigable canals to Ag , RWS·/

caAW(iR) ;

/._-- :if present, allocate navigable canals .to Ag, RWS, ., Nav --_. /

if(rgn[iR].fCanalN> .001) c~WN(iR);

/ .................................................................•.... /
/. irrControl(): control the calculation of internal rates of return ./
/. for diffexent compnnents in the basin ./

void irrControl(void)
(
ixrRgns ();
)

/ ••••••••••••••••••••••••••••••••••*••••••*•••••***.***~i'**9*.***.*.*.*/
/* irrRgns() calculate the internal rates of ~~turn for all regions */

void
(
float
float
float
int

irrRgns(void)

benStrm[MAX YRS], cststrm[MAX_YRS];
irrRgn[MAX_RGNS];
xW;
iR, iYr;

/* for each region */

Note: this is where the benefit stream (benStrm) --~*/

and the cost stream (cststrm) are assigned _..-* /
from the data ---*/

for(iR • 0; iR < ctr.nbrRgns; iR++)
(
for(iYr • 0; iYr < ctx.nbrYrs; iYr++)

(
/~'---/._--
1''''''--
)

/._-- calculate the internal rate of return
/. irrRgn[iR] • irrSolve( benStrm, cstStrm,
}

for region iR ---*/
ctr.cllScnt); */

/.*****.*.*.**.**.*.**.**••*.**.**••*********.***.******.*.***********./
/* irrSolve(): calculate the internal rate of return for the benefit */
/* and cost streams using the method of false position */

float( "" .,

double
double
int

.irrSolve(float be~Strm[), flCtat cstStrm[), float guess)

epsilonx • .001, delX • .01;
xO, xl, x2, yO, yl, denom;
i, j;

xO • guest;
yO • pVSolve(benstrm, ctr.nbrYrs, xO) - pVSolve(cstStrm, ctr.nbrYrs,xO);
xl • xO;
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/._-- insure the gradient is not negligible ---~'I

for(j ~ 0; j < 6; j++)
(
xl +. delX;
yl • pVSolve(benStrm, ctr.lwrYrs, Xl) - pVSolve(cstStrm, ctr.nbrYrs, xl);
iff fabd(yl - yO) > 1.0E-1: ) break;
)

/.--- atop if no convergence aftar 50 iterations ---./
for(i • 0; i < 50; iff)

(
iff fabs(denom • yl - yO) < 1.OE-15 )

(
printf("\n\nERROR in.irrSolve(): gractient is less than l.OE-l5\n");
quit (1) ;
)

x2 • xl - yl • (Xl - xO)/Cdenom);
iff fabs(xl - x2) < epsilonx ) break; I. we have Q solution ./
xO • xl; xl· x2; yO • yl;
yl • pVSolve(benStrm, ctr.nbrYrs, xl) - pVSolve(cstStrm, ctr.nbrYrs, xl);
}

if (i > 49)
(
printf ("\n\nFAILURE in irrSolve 0: does not converge after ");
printf (1150 iter~tioml'n");

quit (1) ;
)

return (float)x2;
)

/* ••••***••• **•••••••*••••****••••*••*.**.*.*•••••••••····***···**····*1
1* pVSolve() calculate the present value of a data stream ./

float pVSolve(float datstrm[], int nbrEle, float rat~)

(
int iYr;
float tval a 0;

for(iYr ~ 0; iYr < nbrEle; iYr++)
fVal +a datStrm[iYr] / pvFactor(iYr, ra~e)l 1* note, iYr starts ./

/. at zero ./

return fVal;
)
/* ••***••••*.**•••*******••****************.******.**.**.*******.~*****/
/* cA1loc () */

voidcA1loc(void)
(
int iR, iN;
time_t t;

/*----- open output file (.CAD) for cost allocation detail -----*/
fclose(ctr.pctptHand); /* extra precaution */
ctr.pOtptHand ~ NULL;
ctr.inptFName[ctr.inptFLen] • '\0';
strcat"cetr.1nptFName,"CAD") ;
ctr.pOtptHand • fopen(ctr.inptFName, "w");
,if ( f 'ctr.pOtptHand )

(
printf("\n\nERROR'in cA11ocO:, Cannot open cost allocation ");
printf("detail file <%s>\n", ctr.inptFName),
quit (1) 1
}
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/*--- Date/time stamp ---*/
t • time (NULL: ;
fprint! (ctr.potptHand, "%s\n", cd.me (,t);

/*--- cos~ allocation for the old regions ---*/
caORgns();

/*--- update basin wide benefits ---*/
bwd.sumBOA - bwd.sumBW - bwd.sumBN - 0.0;
bwd.sumORgAgAr • bwd.sumoRgPop - bwd.sumORgNWP • 0.0;
bwd.sumORgAgW ~ 0.0;
for(iR • 0; iR < ctr.nbrRgns; iR++)

(
bwd. sumBOA +- rgn [iR) •pvBA;
bwd.sumBW +- rgn[iR) .pvaw;
bwd.sumBN +- rgn[iR).pvBN;
bwd.sumoRgAgAr +- rgn[iR).agArea;
bwd.sumORgAgW +- rgn[iR) .agWater;
bwd.sumoRgPop +- rgn[iR].popul;
bwd.sumoRgNWP +- rgn[iR].wpcanal * rgn[iR).fcanalN;
)

/*--- cost allocation for the new regions ---*/
bwd.:sumBNA - 0.0;
if(ctr.nbrRgnNew > 0 )

(
caNRgns();

/*--- update basin wide benefits ---*/
bwd.sumBNA - bwd.sumNRgAgAr - bwd.sumNRgAgW .. 0.0;
for (iN • 0; iN < ctr.nbrRgnNew; iN++)

(
bwd. sumBNA +- rnl [iN] •pvBA;
bwd.sumNRgAgAr +- rnl[iN].agArea;
bwd.sumNRgAgW +- rnl[iN].agWater;
)

/*----- cost allocation for the main stem ---*/
/*--- UpDate basin wide benefits ---*/
bwd.sumBN +- stm.pvaW;
bwd.sumBT +- stm.pv8T;
bwd.sumBR +- stm.pvBR;
bwd. sumBP ~'" esn.pvBP;
caSTM() ;

/*----- cost allocation for the high Aswan dam ---*/
/*--- UpDate basin wide benefits ---*/
bwd.sumBP +- had.pvBP;
bwd.sumBT +- had.pvBT;
bwd.sumBF +- had.pvBF;
/*----- Calculate benefits of Flood Control for the HAD -----*/
had..pvBQ - (bwd.sumBW + bwd.sumBN

+ bwd.sumBP + bwd.sumBT +·bwd.sumBF +bwd.sumBR)
* had.benXQ;

bwd.sumBQ +- had.pvBQ;

caHAD() ;

fclose(ctr.pOtptHand);
ctr.pOtptH~nd -NULL;

/**********************************************************************/
/* caFun(int nbrSer) perform cost allocation for nbrSer services */
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*//* using the global data in struct caT

void catFun(char cBuf[), char *headers[), int nbrSer)
(
int h1Val; iC,~'1\brc:ol, endCol1
float fVal;

/*----- print table headings, 25 char for row desc, 6 char for col ---*/
fprintf (ctr.pOtptHand, "\n\ncost Allocat:l,on for h\n", cBuf);
fprintf(ctr.pOtptHand,"Cost to b& allocated - %10.1f\n",caT.projCst) I
fprintf(ctr.pOtptHand," h",headers[O)1
for(iC - 1; iC < nbrSer; iC++)

fprintf(ctr.pOtptHand," %s",headers[iC) I
fprintf(ctr.pOtptHand," Totals\n"i;

if(nbrSer > MAX CAT COL - 1)
( - -
iVal - MAX CAT COL -1;
printf("\n\nERROR caFun(): Number of services exceeds maximum number ");
printf("of columns in table.\n<%d> dd>",nbrSer, iVal);
quit(l);
)

:.

allocation is zero,tI);
analysis.\n");

caT.cop[iC] - caT.jcop[iC] - caT.adjF[iC)
a caT.rBen[iC) - caT.jcp[iC) • 0;
- caT.sectcst[iC] - caT.percnt[iC] - 0;

/*--- prepare table with new entries
nbrCol - nbrSer + 1/-
endCol .. nbrSer;
for(iC - 0; iC < nbrCol; iC++)

(
caT.jstCst[iC)
caT.ascst[iC)
caT.ajc[iC)
}

iff caT.projCst < 0.001 )
(
fprintf(ctr.pOtptHand,"\nCost for
fprintf(ctr.pOtptHand,tI skip this
return;
)

---*/

- 0;

< caT.ben[iC] ) caT.jstCst[iC) • caT.spaCst[iC];
·caT.jstCst[iC] • ~aT.ben[iC);

+- caT.jstCst[iC);

caT.ben[endCol] - caT.spaCst[endCol] • caT.sepCst[endCol) • 0.0;

/* row 1 contains project benefits by service caT.ben[iC] */
for(iC - 0; iC < nbrSer; iC++)

(
caT.ben[endCol) +- caT.ben[iC);
}

fprintf(ctr.pOtptHand,tI( 1) Project benefits tI);
for(iC • 0; iC < nbrSer; iC++) .

fprintf(ctr.pOtptHand,"%9.1f",caT.ben(ic);
fprintf(ctr.potptHand,"%9.~f\n",caT.ben[endCol);

/* row 2 contains single purpose alternative caT.spaCst[iC) */
for(iC - 0; ic < nbrSer; iC++)

(
caT.spaCst[endCol) +- caT.spaCst[iC);
}

fprintf(ctr.pOtptHand," (2) Alternative Costs tI);
for(iC - 0; iC < nbrSer; iC++)

.....fpdntfJctr.• POtptHand; "%9.1£"; caT.spaCst (iC);.
fprintf(ctr.pOtptHand,"%9.1f\n", caT.spaCst[endCol);

/*row 3 justifiable costs - lesser of row 1 and row 2 */
for(iC -.O/iC < nbrSer; iC++)

(
iff caT.spaCst[iC)
else
caT. jstCst [endCol)
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fprintf(r;tr.pC.::ptHand,"( 3) Justifiable Costs ");
for(iC • 0; iC < nbrSer; ic++)
fprintf(ctr.pOtptHand,"f:~.U",caT.jstCst[iC);

fprintf(ctr.pOtptHand,"%9.1f.\n H , caT.jstCst[endCol);

/* row 4 Separable costs • caT.sepCst[iC) */
for(iC - 0; iC < nbrSer; iC++)

(
caT. sepCst lendCol) +- caT.sepCst[iC);
)

if( caT.sepC$t[endCol) > .00001 )
(
fprintf(ctr.pOtptHand,"( 4) Separable Costs ");
for(iC - 0; iC < nbrSer; iC++)

fprintf(ctr.pOtptHand,"%9.1f",caT.sepCst[iC);
fprintf(ctr.pOtptHand,"%9.1f\n", caT.sepCst[endCol);
)

5 costs for other purposes - total project cost less the */
separable costs for that service (row 4) */
0; iC < nbrSer; iC++)

/* row
/*
for(iC •

(
caT.cop[iC) - caT.projCst - caT.sepCst[iC);
caT. cop (endCol) +-.caT.cop[iC);
)

if( caT.sepCst[endCol) > .00001 )
(
fprintf(ctr.pOtptHand,"( 5) Cost Other Purposes ");
for(iC - 0; iC < nbrSer; iC++)

fprintf(ctr.pOtptHand,"%9.1f",caT.cop!iC);
fprintf(ctr.pOtptHand,"%9:lf\n", caT.cop[endCol);
)

6 justifiable cost for other purposes • the lesser of row 5 */
or (sum of row 3 minus row 3 for that service). */
0; iC < nbrSer; iC++)

/* row
/*
for(iC -

(
fVal - caT.jstCst[endCol) - caT.jstCst[iCj;
if( tval < caT.cop[iC) ) caT.jcop[iC) • tval;
else caT.jcop[iC) • caT.cop[iC);
caT.jcop[endCo~) +- caT.jcop[iC);
)

if( caT.sepCst[endCol) > .00001)
( .
fprintf(ctr.pOtptHand,"( 6) Just Cost Other Purp");
for(ic - 0; iC < nbrSer; ~C++)

fprintf(ctr.pOtptHand,"%9.1f",caT.jcop[iC);
fprintf(ctr.pOtptHand,"%9.lf\n", caT.jcop[endCol);
)

/* row 7 adjustment factor - (row 3 + row 6)/(total project cost) */
if(caT.projCst < .001)

(
printf("\n\nERROR catFun(): total project cost'is less than O.OOl\n");
quit(l);
}

for(iC - 0; iC < nbrSer; iC++)
ca':.adjF[iC] - (caT.jstCst{iC] + caT.jcop[iC]) / caT.projCst;

=

if( caT.sepCst[endCol] > .0001)
(
fprintf(ctr.pOtptHand,"( 7) Adju9tmen~ Factor ");
for(iC - 0; iC < nbrSer; iC++)

fprintf(ctr.pOtptHand,"%9.4f", caT.adjF[iC]);
fprintf(ctr.pOtptHnnd,"\n");
)
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I~ row 8 adjusted separable cost - (row 4) * (row 7' *1
for(iC - 0; iC < nbrSer; iC++)

(
caT.asCst[iC) - caT.sepCst[iC) * caT.adjF[iC);
)

if( caT.sepCst[endCol) > .0001 )
(
fprintf(ctr.pOtptHand,"( 8) Adj Separabl~ Costs ");
for(iC - 0; iC < nbrSer; iC++)

fprintf(ctr.pOtptHand,"%9.1f",collT.asCst[iC);
fprintf(ctr.pOtptHand,"\n lt );
)

-:: .

1* row 9 remaining benefits - (row 3) - (row 8) *1
for(iC - 0; iC < nbrSer; iC++)

(
caT.rBen[iC) - caT.jstCst[iC) - caT.asCst[iC);
caT.rBen[endCol) +- caT.rBen[iC);
)

if(caT.sepCst[endCol) > .00001)
(
fprintf(ctr.pOtptHand,"( 9) Remaining Benefits ");
for(iC - 0; ic < nbrSer; iC++)

fprintf(ctr.pOtptHand,"%9.1f",caT.rBen[iC);
fp.;intf(ctr.pOtptHand,It%9.1f\n", caT.rBen[endCol);
)

/* row 10 Joint cost proportion - (row 9)/(sum of row 9) */
if( caT.rBen[endCol) < 0.001 )

(
printf("\n\nERROR catFun(): sum of remaining benefits (row 9) It);
printf(ltis less than O.OOl\n");
quit(l);
)

for(iC .. 0; ic < nbrSer; iCH)
(
caT.jcp[iC) .. caT.rBen[iC) / caT.rBen[endCol);
caT.jcp[endCol) +- caT.jcp[iC);
)

/*1£( caT.jcp[endCol) > .00001 )*/
(
fprintf(ctr.pOtptHand," (10) Joint Co~t Propor ");
for(iC - n.; iC < nbrSer; iC++)

fprintf(ctr.pOtptHand,"%9.4f lt , caT.jcp[iC);
fprintf(ctr.pOtptHand,"%9.4f\nlt , caT.jcp[endCol);
)

*i
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/* row 11 allocated joint costs" [(total cost)-(sum row 4»)*(row 10) *1
fprintf(ctr.pOtptHand,"(l1) Allocated Joint Cost");
for(iC .. 0; iC < nbrSer; iC++)

( .
caT.ajc[iC) .~ (caT.projCst - cc.1'.sepCst[endCol) * ,caT.jcp[iC);
caT.ajc[endCol) +- caT.ajc[iC);
fprintf(ctr.pOt:ptHand,"%9.lf", caT.ajc[iC);
)

fprintf(ctr.pOtptHand,"%9.1f\n", caT.ajc[endCol);

1* row 12 Total service sector cost - (row 4)+ (row 11)
fprintf(ctr.pOtptHand," (12) Total Service Cost ");

-"~'"'---'-"'--" --for(iC- ... ·O;··· iC"<nbrSer;" ic++)--
( .

caT.sectCst[iC) -.- ca'1'.sepCst[tC) + caT.ajc[iC);
caT.sectCst[endCol) +- ~aT.sectCst[iC);

fprintf(ctr.pOtptHand,"%9.1f", caT.sectCst[iC);
)

fprintf(ctr.pOtptHand,"%9.1f\n", caT.sectCst[iC);



void
(
char
int
time_t

/* row 13 percentage of total co~t - (row 12)/(total cost) */
fprintf(ctr.pOtptHand,"(13) Percentages ");
for(iC - 0; iC < nbrSer; iC++)

(
caT.percnt [:I.C] - caT.sectCst[iC] / caT.projCst;
caT.percnt[~ndCol] +- caT.p~rcnt[iC];

fprintf(ctr.pOtptHand,I%9.2f", caT.percnt[iC]*100);
J

fp~intf(ctr.pOtptHand, "%9.4f\n\n", caT.percnt[endCol]);
)

/*1.********************************************************************/
/* loadData(vo!d) */

loadData(void)

c~uf[CBUF W+2];
iR, iN; -
t;

/*--- open input (.HAD) file ---*/
printf("\n\nEnter file name: ");
gets(ctr.inptFName);
l*pC - strchr(ctr~inptFName, '.');*/ /* steip extension if included */
/*if( pC ) *PC - '\0'; */
strcat(ctr.inptFName, ".");
ctr.inptFLen - strlen(ctr.inptFName);
ctr.inptFName[ctr.inptFLen] • '\0';
strcat(ctr.inptFName, "HAD");
ctr.plnptHand. fopen(ctr.inptFName, "r");
iff I ctr.plnptHand )

(
printf ("\n\nERROR in loadData (): Cannot open file <%5>\n",

ctr.inptFName);
quit(l);
J

/*--- open output echo (.ECH) file ---*/
if ( ECHO)

(
ctr.inptFName [ctr. inptFLen] a '\0';
strcat(ctr.inptFName, "ECH");
ctr.pOtptHand· fopen(ctr.inptFName, "w");
iff I ctr.potptHand )

(
printf ("\n\nERROR in loadData (): Cannot open echo file <%s>\n",

c:tr. inptFName) ;
quit(l);
)

J
else

ctr.pOtptHand • NULL;

/*--- Date/Time Stamp ---*/
t .. time (NULL) ;
if (ctr.pOtptHand)

fprintf (ctr.pOtptHand, "b\n", ctime("t) );

loadHAD();
fciose(ctr.pinptHand);
ctr.plnptHand • NULL;

/*--- open input (.5TH) file ---*/
ctr.inptFName [ctr. inptFLen] •.. , \0';
strcat(ctr.inptFName, "STM");
ctr.plnptHand- fopen(ctr.inptFName, "r");
if ( I ctr. plnptHand )
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(
printf ("\n\nERROR in loadData (): Cannot open file <%5>\n" f

ctr.inptFName);
quit (1)1
)

loadSTMO;
fclose(ctr.plnptHand);
ctr.plnptHand • NULL;

/*--- open input (.RxX) fil~8 ---*/
if (ctr.plnptHand)

(
printf("\n\nERROR loadData(): The input handle should be NUL~ her~l\n");

quit(l);
)

for(iR • 0; iR < ctr.nbrRgnsl iR++)
(
ctr.inptFName[ctr.inptFLen) • '\0';
sprintf(cBuf,"R%02d\0",iR+l); /* file extention 1 greater than array*/
strcat(ctr.inptFName, cBuf);
ctr.plnptHand • fopen(ctr.inptFNarne, "r");
iff I ctr.plnptHand )

(
printf ("\n\nEP.RQR in IcadData 0: Cannot open file <%5>\n",

ctr~'ioptrname) ;
quit(l);
)

loadRxx (iR);
fclose(ctr.plnptHand);
ctr.plnptHand • NULL;
)

/,--- open input (.Nxx) files ---*/
if ( ctr. nbrRgnNew)

(
for (iN • 0; iN < ctr.nbrRgnNew; iN++)

(
ctr.inptFNarne[ctr.inptFLen) • '\0';
sprintf(cBuf,"N%02d\0",iN+1); /* file extention 1 greater than array*/
strcat(ctr.inptFName, cBuf);
ctr.plnptHand -fopen(ctr.inptFName, "r");
iff I ctr.plnptHand)

(
printf("\n\nERROR in loadData(): Cannot open file <%s>\n",

ctr.inptFName);
quite!);
}

loadNxx (iN);
fclose(ctr.plnptHand);
ctr.plnptHand - NULL;
}

}
if ( ctr.pOtptHand) ( fclose (ctr. pOtptHand) ; .• ctr. pOtptHand - NULL; }
}

/**********************************************************************/
/* quito' Flush streams and exit */

.. .... void .. r;r..!it (~91t code!
(
fl'.'!shall ( ) 1
exit (code) 1

.. printf("\n\nAbnormal Termination. \n") 1

l.

/*.** ******",************************************** 11 **************** ** ***/
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I· parseRowF() input ~ row of float fields. Read in order, if too ·1
I. few fields in buffer, set trailing values D O. ·1

void parseRowF(char *cBuf, float fVal[], int nbrFld)
(
int j, cPos, eOL,

cPos • eOL - 0,
iff nbrFld > MAX TBL COL

( - -
printf ("\n\nERROR in parseRowF (): tried to parse %i fields,", nbrFld),
printf(" max • MAX_TBL_COL\n")/
quit(1)'
}

for(j - 0, j < nbrFld, j++) fVal[j] .. 0,
for(j - 0; j < nbrFld' j++)

(
fVal[j] - fField(cBuf, &CPos, &eOL);
if( eOL &, (j ,- nbrFld - 1) )

(
printf("\n\nERROR in parseRowF(): fewer fields than expected\n"),
printf("Check for blank fields in record\n<%s>\n", cBuf);
quit(1);
)

1*·*·****·**·***···*****······*····*··***·****·****··*****************./
1* fField() */
1* convert the next field in the buffer to float *1

float fField(char cBuf[], int .cPos, int *eOL)
(
char tmpBuf[CBUF_W+2],
int i, j;

fore i D *cPos, (i < CBUF_W) && (cBuf[i] •• , '); i++),I* skip leading
spaces*1

for ( j • i;
(j < CBUF W) && (cBuf[j]) && (cBuf[j] la ' ') && (cBuf[j] I- '\0'),
j++ .-

)
tmpBuf[j - i] .. cBuf[j];

tmpBuf[j - i] • '\0';

if ( (cBuf [j] a= '\0 ') I I (cBuf [j] a= '\n')) • eOL .. 1 ;

*cPos - j,
return atof(tmpBUf);
)

1*·*·**·*·****·************·******·****·**·*·*··*·*·****.*********.**.*/
1* p\,Factor(int iYr, rate) present value factor for year iYr *1
1* and discount rate "rate". Note discount applied at the ~eginning *1
If' o1~ the :,'ear by applying iYr+l. */

float pvFactor(int iYr, float rate)
(

.. retiu:n-pow(l.O·+rate,iYr+l);
1

1******·*******************·******·**·*·****·****·**·*····*·*·**·*·**·*1
1* output() output a summary of the results *1

void output(void)
(
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int i, iC, iR, iN;
float cV[l5), drainCst(4);
float sumV[l5J, sumPartOne, pvTot, facP;
time t t;

··char.... *formatl (5) '•. i"Upper ·Egypt . %10.3f%10.lfllslO.3fU4 .3fU4 .3f\n",
"Middle Egypt UO.3fUO.lfUO.3fU4.3fU4.3f\n",
"East Delta %lO.3f%lO.lf%lO.3f%l4.3f%l4.3f\n",
"Middle Delta %lO.3f%lO.lf%lO.3f%l4.3f%l4.3f\n",
"West Delta rnO.3f%lO.lfUO.3fU4.3fU4.3f\n");

.::

-=

/*--- open the results summary file .RSU ---*/
if (ctr.pOtptHand)

(
p~intf("\n\nERROR output: ctr.pOtptHand already attached\ntl );
quit(l) ;
)

ctr.inptFName[ctr.inptFLen) - '\0';
strcat(ctr.inptFName, "RSU");
ctr.pOtptHand" fopen(ctr.inptFName, tlwtl );
if ( I ctr. pOtptHand )

(
printf ("\n\nERROR in loadData (): Cannot open file <%s>\n",

ctr.inptFName);
quit(l);
)

--- WATER SUPPLY ---\n");

");

HAD ");Stem

RURAL

Region

/*--- Date/Time Stamp and Title ---*/
t • time (NULL) ;
fprintf(ctr.pOtptHand,"%s\n\n tl , ctime(&t) );

ctr. inptFName [ctr.inptFLen) • '\0';
fprintf(ctr.pOtptHand,"Allocation of Joint Costs as Present Values tI

"(mil LE) for File: %s\ntl , ctr.inptFName);
fprintf(ctr.pOtptHand,"Part One of Two\n\ntl );

/*--- First Table Headings ---*/
fprintf(ctr.pOtptMand," ");
fprintf(ctr.pOtptHand," ---- AGRICULTURE
fprintf(ctr.pOtptHand," NAV TOTAL\n");
fprintf(ctr.pOtptHand," tI):
fprintf(ctr.pOtptHand,"
fprintf(ctr.pOtptHand," tI);
fprintf(ctr.potptHand," Region Stem HAD
fprintf(ctr.pOtptHand,tI Region\n\ntl );

--=

..:

/*--- Table body ---*/
for(iC • 0; iC < 12; iC++)

sumV[iC) - 0.0;

/*--- print old land region values ---*/
for(i~ • 0; iR < ctr.nbrRgns; iR++)

(
for(iC - 0; iC < 12; iC++)

cV[iC) - 0.0;

cV[O) -rgn[iR).alJCA;

cV[l) - stm.alJCOA * rvn[:l.R) •agArea/bwd.sumORgAgAr;

~V[~l - ,ta~Q.al.:rCOA,.*, .r9ll[iRl.aqArea/bwd.sumORg..Jtgll.r;

, ev(3) .. rgn[iR) .alJCW;

. cV(4) .. stm.alJCW * rgn[iR).popul/bwd.sumORgPop;

cV(5) - had.alJCW * rgn[iR).popul/bwd.sumORgPop;
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cV(61 - rgn[iR] .alJCN;

for(iC - 0; ic < 7; iC++) cV(7] +- cV(iC];
fprintf(ctr.pOtptHand,"Old R%02d ", iR+1);
'for(iC - 0; iC <'8; 'iC++) "fprintf(ctr'.-pOtptHand,"%8.lf",cV[iC])I
fprintf(ctr.pOtptHand,"\n");

for(iC - 0; ic < 12; iC++) sumV(iC] +. cV(iC];
)

,*--- print new land region values ---*,
for (iN • 0; iN < ctr.nbrRgnNew; iN++)

(
for(iC - 0; iC < 12; iC++)

cV[iC] - 0.0;

cV(O] - rnl[iN].alJCA;

cV[l] - stm.alJCNA * rnl[iN].agArea'bwd.sumNRgAgAr;

cV[2] - had.alJCNA * rnl[iN].agArea'bwd.sumNRgAgAr;

for(ic .. 0; iC < 3; iC++) cV[7] +- cV[iC];
fprintf (ctr.pOtptHand, "New N%02d ", iN+l);
for(iC • 0; iC < 3; iC++) fprintf(ctr.pOtptHand,"%8.1f",cV[iC]);
for(iC - 3; iC < 7; ic++) fprintf(ctr.pOtptHand," ");
fprintf(ctr.pOtptHand,"%8.lf\n",cV[7]);

for(iC" 0; ic < 12; iC++) sumV[iC] +- cV[iC];
)

1* --- print the sums at the bottom ---*,
fprintf(ctr.pOtptHand,"\nTotals ");
for(iC - 0; iC < 8; ic++) fprintf(ctr.pOtptHand,"%8.1f",sumV[iC]);

caT.pVTotJCst • sumV[7];

'* --- print stem and HAD values for NAV, PWR, TRN, TOU, FIS, FLD ---*,'* --- print table headings ---*,
fprintf(ctr.pOtptHand,"\n\n\nAllocation of Joint Costs as Present Values"

"(mil LE) for File: %s\n", ctr.inptFName);
fprintf(ctr.pOtptHand,"part Two of Two\n");
fprintf(ctr.pOtptHand,"\n NAV PWR TRN TOU "I;
fprintf(ctr.pOtptHand," FIS FLD TOTAL\n\n");

'* --- for the barrages --- *'
for(iC - 0; iC < 12; iC++)

(
cV[iC] .. 0.0;
sumV[iC] - 0.0;
)

cV[O] - stm.alJCN; '* Navigation*'

cV[l] - stm.alJCP; '* Power *'

CV(2] - stm.alJCT; '* Ground Transportation *'

cV(3] -stm.alJCR; '* Recreatin and Tourism *'

,cV[41 ",., stm. alJCF; ",/* Fishery*'

'cV(5] - stm.alJCQ; '* Flood *'
.for (iC - OtiC < 6; iC++) cV[6]+-' CV[iC];'

fprintf(ctr.pOtptHand,"stem "I;
for(iC - 0; ic < 7; iC++) fprintf(ctr.pOtptHand,"%8.lf",cV[iC]);
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fprintf(etr.pOtptHand,"\n");

for (iC • 0; ic < 7;iC++) sumV[iC) +- eV[iC);

/* --- for the HAD ---*/
for(iC - 0; ic < 12; iC++)

eV[iC) - 0.0;

.:

eV[O) - had.alJCN; /* Navigation*/

eV[1) - had.alJCP; /* Power */

eV[2) - had.alJCT; /* Ground Transportation */

eV[3) - had.alJCR; /* Recreatin and Tourism */

eV[4) - had.alJCF; /* Fishery */

eV[S) - had.alJCQ; /* Flood */

for(iC - 0; iC < 6; iC++) cV[6) +- eV[iC);

--- WATER SUPPLY ---\n");

") ;

HAD ");Stem

RURAL

Region

fprintf(etr.pOtptHand,"HAD ");
for(iC - 0; iC<' 7; ic++) fprintf(etr.pOtptHand,"%8.lf",eV[iC);
fprintf(etr.pOtptHand,"\n\n");

for(iC - 0; iC < 7; iC++) sumV[iC) += eV[iC);
eaT.pvTotJCst +- $umV(6);
eaT.aeTotJCst - annCst(eaT.pvTotJCst);

/*--- prin~ the column totals ---*/
fprintf(et;'~.pOtptHand,"Totals ");
for(iC - 0; ic < 7; ic++)

fprintf(etr.pOtptHand,"%8.lf", sumV[iC);
fprintf(etr.pOtptHand,"%8.lf\n", eaT.pvTotJCst);
/* ---------------------------------------------------------------- ~//* output by annual cost */
/* -------------------------------------------~--------------------*/

fprintf(etr.pOtptHand,"\n\n\nAlloeation of Joint Costs as ~~ual Costs"
"(mil LE/YR) for File: %s\n", etr.inptFName);

fprintf(etr.pOtptHand,"Part One of Two\n\n");

/*--- First Table Headings ---*/
fprintf(etr.pOtptHand," ");
fprintf(etr.pOtptHand," ---- AGRICULTURE ----
fprintf(etr.pOtptHand," NAV TOTAL\n");
fprintf(etr.pOtptHand," ");
fprintf(etr.pOtptHand,"
fprintf (et!;'.pOtptHand," ");
fprintf(etr.pOtptHand," Region Stem HAD
fprintf(etr.pOtptHand," Region\n\n");

--"'

/*--- Table body ---*/
for(iC- 0; iC < 12; iC++)

sumV[iC) - 0.0;

/*--- print old land region values ---*/
for(iR - 0; iR < ctr.nbrRgns; iR++)
...C .

for(iC - 0; iC < 12; iC++)
cV[iC] - 0.0;

eV[OJ - rgn[iR).alJCA;

eV[1] -stm.alJCOA *rgn[iR).agArea/bwd.sumORgAgAr;
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eV[2] • had.alJCOA * rgn[iR].agArea/bwd.swnoRgAgAr;

CV(3) • rgn[iR).alJCW;

dV(4) • stm.aUCW .. rgn{iR) ·."Popul/bwd·.~wnoRgPop;

eV(5) • had.alJCW * rgn[iR).popul/bwd.swnORgPop;

eV(6) • rgn[iR).alJCN;

for(iC • 0; iC < 7; iC++) eV[iC) • anncst(eV[iC);

for(iC • 0; iC < 7; ic++) eV(7) +. eV{iC);
fprintf(etr.pOtptHand,"Old R%02d tI, iR+1);
for(iC • 0; iC < 8; iC++) fprintf(etr.potptHand,"%8.2f tl ,eV[iC);
fprintf(etr.pOtptHand,"\n");

for(iC - 0; iC < 12; iC++) swnV[iC) +. eV[iC);
)

1*--- print new land region values ---*1
for (iN • 0; iN < etr.nbrRgnNew; iN++)

(
for(iC • 0; iC < 12; iC++)

eV[iC) -0.0;

eV[O) • rnl[iN).alJCA;

eV[l] - stm.alJCNA * rnl[iN).agArea/bwd.sumNRgAgAr;

eV(2) - had.alJCNA * rnl[iN].agArea/bwd.sumNRgAgAr;

for(iC • 0; ic < 3: iC++) eV[iC] - annCst(eV[iC);

for(iC .. 0; iC < 3; iC++) eV(7) +-eV{iC];
fprintf(etr.potptHand,tlNew N%02d ", iN+l);
for(iC • 0; iC < 3; iC++) fprintf(ctr.pOtptHand,"%8.2f tl ,eV[iC]);
for(iC. 3; ic < 7; iC++) fprintf(ctr.pOtptHand,tI tI);
fprintf(etr.pOtptHand,"%8.2f\ntl ,eV[7]);

for(iC • 0; iC < 12; iC++) swnV[iC] +- eV[iC];
)

1* --- print the sums at the bottom ---*1
fprintf(etr.pOtptHand,"\nTotals tI);
for(iC • 0; iC < 8; iC++) fprintf(etr.pOtptHand,"%8.2f",swnV[iC);
sumPartOne - swnV(7);

1* --- print stem and HAD values for NAV, PWR, TRN, TOU, FIS, FLD ---*1
1* --- print table headings ---*1
fprintf(etr.pOtptHand,"\n\n\nAlloeation of Joint Costs as Annual Costs"

"(mil LE/'lr for File: %s\n", etr.inptFName);
fprintf(etr.pOtptHand,"Part Two of Two\ntl );

fprintf(etr.pOtptHand,"\n
fprintf(etr.pOtptHand," FIS

1* --- for the barrages --- *1
for(iC .. 0; ic < 12; iC++)

(
~y'[:l.C;L. O~O;

sumV[iC) • 0.0;'
)

NAV PWR TRN
FLD TOTAL\n\ntl );

TOU ");

CV{O) - :;tm.alJCN; 1* Na\ligation*1

eVil] • stJll.alJCP; 1* Pown *1·
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cV[2) • stm.alJCTI /* Ground Transportation */

cV[3) • stm.alJCRI /* Recreatin and Tourism */

CV[4) - 1S1:m.'al.JCF7 . {* '!'i1Shery "*1 ......__ ..

-"I' cV[S) • stm.alJCQI /* Flood */
....- for(iC • 0; ic < 61 iC++) cV[iC) - annCst(cV[iC);J

for(iC • 0; ic < 6; iC++) cV[6) +- cV[iC) 1

fprintf(ctr.pOtptHand,"Stem ");
for(iC. 0; ic < 71 iC++) fprintf(ctr.pOtptHand,I%8.2f",cV[iC])1
fprintf(ctr.pOtptHand,"\n");

for(iC • 0; iC < 71 iC++) sumV[iC] +- cV[iC) 1

/* --- for the HAD ---*/
for(iC • 01 ic < 12; iC++)

cV[iC:] - 0.0;

cV[O] - had.alJCN; /* Navigation*/

cV[1] co had.alJCP; /* Power */

cV[2] • had.alJCT; /* Ground Transportation */

cV[3) ... had.alJCR; /* Recreatin and Tourism */

cV[4] - had.alJCF; \ /* Fishery */

cV[S) co had.alJCQ; /* Flood */

for(iC - 0; ic < 6; iC++) cV[iC) - annCst(cV[iC]);
for(iC - 0; iC < 6; iC++) cV[6] +- cV[iC);

fprintf(ctr.pOtptHand,"HAD ");
for(iC - 0; iC < 7; iC++) fprintf(ctr.pOtptHand,"%8.2f",cV[iC]);
fprintf(ctr.pOtptHand,"\n\n");

for(iC - 0; ic < 7; iC++) sumV[iC] +- cV[iC];

1*--- print the column totals ---*/
fprintf(ctr.pOtptHand,"Totals ");
for(iC - 0; iC < 7; iC++)

fprintf(ctr.pOtptHand,"%8.2f", sumV[iC]);
fprintf(ctr.pOtptHand/"%8.2f\n", sumPartOne+sumV(6); /*sum the two parts*/

1* ---------------------------------------------------------------- *11* output by percent of total *1
1* -------------------------------~-------------------------------- *1pVTot • caT.pVTotJCst;
facP • pVTot/lOO,

fprintf(ctr.pOtptHand,"\n\n\nAllocation,of Joint Costs'as percentages"
, '"of the Total for File: %s\n", ctr.inptFName);

fprintf(ctr.pOtptHand,"Part One of Two\n\n");

1*--- First Table Headings ---*/
fprinl:t' (cl:r-;pOl:ptHanCl, II , ");'

. fprintf(ctr.pOtptHand,~ ---- AGRICULTURE ---- RURAL ");
. fprintf(ctr~pOtptHand," NAV TOTAL\n");

fprintf(ctr.pOtptHand," ");
fprintf(ctr.pOtptHand," --- WATER SUPPLY ---\n");
fprintf(ctr.pOtptHand," ");
fprintf(ctr.pOtptHand," Region Stem HAD Region stem HAD ");
fprintf(ctr.pOtptHand," Region\n\n");
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/*--- Table body ---*/
for(iC - 0; iC < 12; iC++)

swnV[iC] • 0.0;

/*--- print old land region values ---*/
for(iR - 0; iR < etr.nbrRgns; iR++)

(
for(ic - 0; ic < 12; iC++)

eV[iC] • 0.0;

eV[O] • rgn[iR].alJCA;

eVil] • stm.alJCOA * rgn[iR].agArea/bwd.swnORgAgAr;

eV[2] - had.alJCOA * rgn[iR].agArea/bwd.sumORgAqAr;

eV[3] - rgn[iR].alJCW;

eV[4] - stm.alJCW * rgn[iR].popul/bwd.sumORgPop;

cV[5] .. had.alJCW * rgn[iR].popul/bwd.sumORgPop;

eV[6] .. rgn[iR).alJCN;

for(iC - 0; ic < 7; iC++) eV[iC] D cV[iC]/facP;

for(iC • 0; ic < 7; iC++) eV[7] +- eV[iC];
fprintf(etr.pOtptHand,"Old R%02d ", iR+l);
for(iC - 0; iC < 8; ic++) fprintf(ctr.potptHand,"%8.3f",eV[iC]);
fprintf(etr.pOtptHand,"\n");

for(iC .. 0; ic < 12; iC++) swnV[iC] +- eV[iC];
)

/*--- print new land region values ---*/
for (iN - 0; iN < etr.nbrRgnNew; iN++)

(
for(iC ~ 0; iC < 12; iC++)

eV[iC] .. 0.0;

eV[O] • rnl[iN].alJCA;

cV[l] - stm.alJCNA_* rnl[iN].agArea/bwd.sumNRgAgAr;

cV[2] .. had.alJCNA * rnl[iN].agArea/bwd.sumNRgAgAr;

for(iC .. 0; iC < 3;iC++) eV[iC] - eV[iC]/faeP;

for(iC - 0; iC < 3; iC++) cV[7] +- eV[iC];
fprintf(etr.pOtptHand,"New N%02d ", iN+l);
for(iC - 0; ic < 3; iC++) fprintf(etr.potptHand,"%8.3f",eV[iC]);
for(iC- 3;iC < 7; iC++) fprintf(etr.pOtptHand," ");
fprintf(etr.pOtptHand,"%8.3f\n",eV[7]);

for(iC • 0; ic < 12; iC++) swnV[iC] +- eV[iC];
)

/* --- print the swns at the bottom ---*/
fprintf(etr.pC'ltptHand,"\nTotals ");

···for{ie"'OI ie < S;iC++ifpr1n1:f(ctr.pOtptiiand,"i6.3f";swnV[icj);
sumPartOne - sumV[7);

/* --- print stem and HAD values for NAV, PWR, TRN, TOU, FIS, FLD ---*/
/* --- print table headings ---*/
fprintf(etr.pOtptHand,"\n\n\nAll~eationof Joint Costs as Percentages of "

. "the Total for File: %s\n", etr.inptFName);
fprintf (ctr.potptHand,. "Part Two of. Two\n");
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fpdntf(etr.pQtptHand,"\n
fpdntf (etr.pC.'tptHand," 1!'IS

. 1* --- for ~he 'barraqes --- *1
for(ic - 0; iC < 12; iC++)

(
eV[iC] - 0.0;
sumV(iC] • 0.0;
)

NAV PWR TRN
FLD TOTAL\n\n");

TOU ");,

=

- ....

eV[O] - stm.alJCN; 1* Navigation*1

eV[l] - stm.alJCP; /* Power *1

eV[2] - stm.alJCT; 1* Ground Transportation *1

eV[3] - stm.alJCR; 1* Reereatin and Tourism *1

eV(4] - stm.alJCF; 1* Fishery *1

eV[S] - stm.alJCQ; /* Flood *1

for(iC - 0; iC < 6; iC++) eV(iC] - eV[iC]/faeP;
for(iC - 0; iC < 6;... iC++) eV(6] +- eV[iC] ;

fprintf(etr.pOtptHand,"Stem ");
for(iC - 0; iC < 7; iC++) fpdntf(etr.pOtptHand,"%8.3f",eV(iC]);
fprintf(etr.pOtptHand,"\n");

for(iC - 0; iC < 7; iC++) sumV[iC] +- eV[iC];

/* --- for the HAD ---*/
for(iC - 0; iC < 12; iCt.)

cV[iC] -0.0;

.::

cV[O) • had.alJCN; 1* Navigation*1

eV[l) - had.alJCP; 1* Power *1

eV[2) - had.alJCT; /* Ground Transportation */

eV[3] - had.alJCR; 1* Reereatin and Tourism *1

eV[4) - had.alJCF; 1* Fishery *1

eV[S] • had.alJCQ; /* Flood *1-

for(iC • 0; ic < 6; iC++) cV[iC) • eV[iC)/facP;
for(iC - 0; ic < 6; iC++) cV[6) +- eV[iC];

fprintf(etr.pOtptHand,"HAD ");
for(iC a 0; ic < 7; iC++)fprintf(etr.pOtptHand,"%8.3f",cV[iC);
fpri"tf(etr.pOtptHand,"\n\n");

for(iC. 0; ic< 7; iC++)sumV[iC] +- eV[iC];

1*--- print the eolumn totals ---*1
fprintf(etr.pOtptHand,"Totab ");

_".,.c.... _..._.•...... for(iC'aO; 'iC '<7;1Cn) .
.fprintf(etr.pOtptHand,"%8.3f", sumV[iC]);

fprintf(ctr.pOtptHand,"%B.3f\n", sumPartOne+sumV(6); I*sum the two parts*1

. 1* ---------------------------------------------------------------- *1'/* output joint and total eosts by major categories p.v:/FD */
/* --------------------~-------------------~-----------------------*/
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fprintf (ctr.pOtptHand, "\n\nAlloeation of Costs by Major Cllt~1gories for"
"File: h\n", etr.inptFName);

fprintf (etr.pOtptHand, "Present Value (P.V.) and AAnual Cost (A.C.).\n\n");

/*---Table Headings -_-it
fprintf(ctr.pOtptHand," CATEGORY --------JOINT COST--------");
fprintf(ctr.pOtptHand," ---TOTAL COST---\n");
fprintf (ctr.pOtptHand, " P.V• A. C. ") ;
fprintf(ctr.pOtptHand," P.V. A.c.\n");
fprintf(ctr.pOtptHand," m LE m LE/YR % ");
fprintf(etr.pOtptHand," m LE m LE/YR\n");

/* --- Existing Ag --- */
for(i-O; i < 12; iff) ( eV[i) - sumV[i) - 0.0; )

for(iR - 0; iR < etr.nbrRgns; iR++)
(
eV[OJ +- rgn[i~l.alJCA

+ (stm.alJCoA+had.alJCOA)~r~n[iR).agArea/bwd.sumoRgAgAr;
)

eV[l} - annCst(eV[O~);
eV[2) - 100 * eV[O)/eaT.pvTotJCst;
eV[3) - eV[O) + bwd.pvDrain; /*Exst region total cost present value */
eV[4) - eV[l) + bwd.aeDrain; /*Exst region total cost annual cost */

.aumV{O) -.eV!O);..sumV[l) - eV[1);.sumV[2) .. eV[2); ..
sumV[3) - eV[3); sumV[4) - eV[4);

fprintf (etr.pOtptHand, "Existing Ag %9.lf%9.2f%9.2f%9.lf%9.2f\n",
eV[O), eV[l), eV[2], eV[3), eV(4);

/* --- New New Lands --- */
for(i-0;i<12;i++~ eV[i] .. 0;

for (iN - 0; iN < etr.nbrRgnNew; iN++)
(
eV[O) +- rnl[iN).alJCA

+ (stm.alJCNA + had.alJCNA) * rnl[iN).agArea/bwd.sumNRgAgAr;
)

eV[l) - anncst(eV[O);
eV[2] - 100 * eV[O)/eaT.pvTotJCst;
sumV[O] +- eV[O); sumV[l) +- eV[l]; sumV[2) +- eV[2);

fprintf (etr.pOtptHand, "New New Land%9.1f%9.2f%9.2f\n",
eV[O), eV[l], eV[2);

/* --- Rural Water Supply --- */
for(i=0;i<l2;i++) eV[i] .. 0.0;

for(iR .. 0; iR < etr.nbrRgns; iR++)
(
eV[O] +- rgn[iR].~lJCW

+ (stm.alJCW + had.alJCW) * .rgn[iR] .agArea/bwd.sumdRgAgAr;
)

eV[l] .. annCst(eV[O);
eV[2) - 100 * eV[O]/eaT.pvTotJCst;
sumV[O) +- eV[O); sumV[l) +- eV[l]; sumV[2] +- eV[~);

fprintf(etr,pOtptHand,"Water Supply%9.lf%9.2f%9.2f\n",
eV[O) , eV[l) , eV[2) ;

. 1.";;'-- N.l,,!giltion':"-';'*/
for (i-0;i<12;i++) dY[i] .. 0.0;

for(iR - 0; iR < etr.nbrRgns; iR++)
dY[O] +- rgn[iR].alJCN;

c:V[O) +- stm.. alJCN + had.alJCN;
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eV[l] - annCst(CV[O]);

eV[2] - 100 * eV[O]/eaT.pvTotJCst;
sumV[O] +- CV[O]I sumV[l] +- eV[l]; sumV[2] +- eV[2];

fprintf(ctr.potptHand,"Navigation %9.lf%9.2U9.2f\n",
eV[0],eV[1],eV[2]);

1* ---
eV[O]
eV[l]
eV[2]
sumV[O]

Power --~ *1
- stm.alJCP + had.alJCP;
- annCst (eV[O));
- 100 * eV[O]/eaT.pvTotJCst;
+- eV[O]; sumV[l] +- eV[l]; sumV[2] +- eV[2];

..: fprintf(etr.pOtptHand,"Power %9.1f%9.2f%9.2f\n",
eV[O], eV[l], eV[2]);

fprintf (r.tr.pOtptHand, "Transport %9.11%9.2f%9.2f\n",
eV[O], eV[l], eV[2]);

1* --
eV[O]
eV[l]
eV[2]
sumV[O]

.....
I

,",,:1

Ground Transportation --- *1
- stm.alJCT + had.alJCT;
-annCst (eV[O));
- 100 * eV[O]/eaT.pvTotJCst;
+- eV[O]; sumV[l] +- eV[l]; sumV[2] +.. eV[2];

1* --
eV[O]
eV[l]
eV[2]
sumV[O]

-~ Tourism and Recreation --- *1
- stm.alJCR + had.alJCR;
- annCst (eV[O»;
- 100 * eV[O]/eaT.pvTotJCst;
+- eV[O] ;sumV[l] +- eV[l]; sumV[2] +- eV[2];

fprin'tf (etr.pOtptHand, "Tourism %9.lf%9.2f%9.2f\n",
eV[O], eV[l], eV[2]);

/* --
eV[O]
eV[l]
eV[2]
sumV[O]

Fishery --- */
- stm.alJCF + had.alJCF;
- annCst(eV[O]);
- 100 * eV[O]/eaT.pvTotJCst;
+- eV[O]; sun.V[l] +- eV[l]; sumV[2] +- eV[2];

fprintf(etr.pOtptHand,"Fishery %9.lf%9.2f%9.2f\n",
eV[O], eV[l], eV[2]);

1* --
eV[O]
eV[l]
eV[2]
sumV[O]

Flood ---*1
.. stm.alJCQ + had.alJcQ;
- annCst(eV[O]);
- 100 * eV[O]/eaT.pvTotJCst;
+- eV[O]; sumV[l] +- eV[l]; sumV[2] +- eV[2];

fprintf (ctr.pOtptHand, "Flood Cntrl %9.lf%9.2fi9.2f\n",
eV[O], eV[l], eV[2]);
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1* --- TOTALS ---*1
fprintf(etr.pOtptHand,"\nTOTALS %9.1f%9.2f%9.2f%9.1f%9.2f\n\n",

sumV[.O] , sU:D'V[l] , s~V[2] , sumV[3] "sumV[ 4]) 1

I*--------~-----------------------------------------------------------*1
I*~~---~~-------------~-----·------~-~--------~------~~-~-------------*I1* OUtput Annual Costs by Hierarchy *1
I*-------------------~------------------------------------------------*1fprintf(etr.pOtptHand,"\n\nA1location of Annual Co~ts(A.C.) by"

" Hierarchy for File: h\nll
, ctr.inptFName);



Cost "I;

Annual ");

fprintf(ctr.pOtpt.Hand,"Annual Costs Allocnted to Existing Agriculture\n\n");

I*---Table Headings ---*1
fprintf(ctr.pOtptHand," Area Water

'. "fprintf (ctr.pOtptHand;'· . A.-cdpD . A.-e~ 11000M3\n");
fprintf(ctr.pOtptHand," mdl FD mdl M3
fprintf(ctr.potptHand," LE/FD LE/1000M3\n");
fprintf(ctr.pOtptHand,"\nJOINT COSTs\n");

1* ---HAD ---*1
cV[O] g annCst(had.aIJCOA);
cV[l] • bwd.sumORgAgAr;
cV[2] • bwd.sumORgAgW;
fprintf'ctr.pOtptliand,"HAD

cV[l] ,
%10.3f%10.lf%10.3f%14.3f%l4.3f\n",

eV[2], cV[O], cV[O]/cV[l], eV[0]/eV[2]*lOOO);

1* --- stem including Esna --- *1
cV[O] • annCst(stm.aIJC~);

cV[l] • bWd.sumORgAgAr;
cV[2] • bwd.sumORgAgW;
fprintf(ctr.pOtptHand,"Stem UO.3fUO.lfUO.3f%14.3fU4.3f\n",

cV[l], cV[2], cV[O], cV[O] IcV[l], cV[O] IcV[2] *1000);

1* --- Existing Regions --- *1
for(iR • 0; iR < ct~.nbrRgnsl iR++)

(
eV[O] • annCst(rgn[iR].aIJCA);
eV[l] • rgn[iR].agArea;
eV[2] ." rgn[iR] .agWater;
fprintf(ctr.pOtptHand,format1[iR],

cV[l], eV[2], cV[O], cV[O]/cV[l], cV[0]/cV[2]*1000);

1* .._- Total Costs Including Drains for each Old Region ---*1

drainCst[O] • bwd.acDrain;
drainc!Jt[l] .. bwd.acDrain/bwd.sumORgAgAr;
draincst[2] - bwd.acDrain/bwd.sumORgAgW*lOOO;

fprintf(ctr.pOtptHand,"\nDRAIN COSTS ");
fprintf (ctr.pOtptl~and,"%10. 3f%10.1fUO.3fU4 .3f%14 .3f\n",

bwd.sumORgAgAr, bWd.sumORgAgW, drainCst[O],
drainCst[l], drainCst[2]);

fprintf(ctr.pOtptHand,"\nTOTAL COSTS \n");

1* --- Total Costs Existing Regions --- *1

for(i-O; i·c:12; 1++) sumV[i] - 0.0;

for(iR • 0; iR < etr.nbrRgns; iR++)
(
eV[O] • rgn(iR].agArea;
eV[l] • rgn[iR].agWater;
eV[2] • rgn[iR].aIJCA

+ (stm.aIJC~+ had.aIJCOA) * rgn[iR].agArea 1 bwd.sumORgAgAr;
eV[2] • annCst(eV[2]) + drainCst[l]*rgn[iR].agArea;
eV[3] m cV[2] 1 cV[O];
CV(4) ·cV(2) 1 cV[l) * 1000;

sU1IlV(2) '+aCV(2);

fprintf(ctr.pOtptHand,formatl[iR),
eV[O], eV[l], cV[2], cV[3], cV[4]);

fprintf(ctr.pOtptHand,"\nFLAT RATE
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fprintf(ctr.pOtptHand,"%14.3f%14.3f\n", sumV[2]/bwd.sumoRgAgAr,
sumV[2]/bwd.sumoRgAgW·I000);

/ ••••••••••••••••••••••••••••••••••••••••••••••••••*.*••••*.*••*••*••*./
I· initialize () Initialize some of the data values to zero • I

void initialize(void)
(
int i;
had.pvBP • had.pvBT • had.pvBF • had.pvBQ • had.pvCOM • had.pvsPACO • 0.0;
had.pvSPACT • had.pvSPACQ • had.pvSepCA • had.pvSepCP • had.pvsepCQ • 0.0;
had.alJCOA • had.alJCNA • had.alJCW • had.alJCN • had.alJCP • 0.0;
had.alJCT • had.alJCF • had.alJCR • had.alJCQ B 0.0;

stm.pvBN • stm.pvBT • stm.pvBR • stm.pvSPACT • stm.pVCOM • 0.0;
stm.alJCOA • stm.alJCNA • stm.alJCW • stm.alJCN • stm.alJCP • 0.0;
stm.alJCT • stm.alJCF • stm.alJCR • stm.alJCQ • 0.0;

esn.pvBP • esn.pVCCp • 0.0;
forti • 0; i < MAX RGNS; iff)

( -
rgn[i].pVSPACW· rgn[i].pvBA. rgn[i].pvBW. rgn[i).pVBN. 0.0;
rgn[i].pvCOM. rgn[i].pvPump. rgn[i).alJCA a 0.0;
rgn[i].alJCW .rgn[i].alJCN • 0.0;
)

forti • 0; i < MAX NEWL; iff)
rnl[i].pvBA· rnl[i].pVCcpOM. rnl[i].alJCA - 0.0;

bwd.sumBOA -bwd.sumBNA • bwd.sumBW • bwd.sumBN • bwd.sumBP • 0.0;
bwd.sumBT • bwd.sumBF • bwd.sumBR • bwd.sumBQ • 0.0;
)

1·················*·········*··*·*···*················...*••••••••••••••• /
I~ pVSolCA() calculate the present value of a first year capital */
I· investment followed by annual O&M charges */

float pVSolCA(float cap, float annual, int nYrs, float rate)
(
int iYr;
float fVal;

fVal • cap I pvFactor(O, rate);
fort iYr • 1; iYr < nYrs; iYr++)

fVal +-annual I pVFactor(iYr, rate);

returnfVal;
)

I·····*···*··*·········**·*·*·····*~*·*····*···*···········*···*·*·**·**11* inptStAF() Input/output a string followed by one or two floats *11* Take the present value of the indicated costs .1
void inptStAF(float *vI, float *v2,int nbrFlds, float .pVV)
(
char cBuf[CBUF W);
char ·pC; -

fgets(cBuf, CBUF_W, ctr.pInptHand~;

pC. skipTxt(cBuf,':');
-iC{'nbfFlds"-. 1)

(
sscanf(pC,"%f"; vI);
·pVV • pVSolCA(·vl, ·vl, ctr.nbrYrs, ctr.dscnt);
if (ctr.pOtptHand)

fprintf(ctr.pOtptHand,"UO.1f, p.v. • UO~lf\n", .vl, .pVV);
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i, j;
tmpBuf(CBUF W+2);
'pC • NULL;-

else if( nbrFlds •• 2)
(
sscanf(pC,"%f%f", vI, v2);
'pvV • pVSolCA('vl, 'v2, ctr.nbrYrs, ctr.dscnt);
if (ctr.potptHand) fprintf(ctr.pOtptHand,"ilO.lfil0.3f, p.v. • ilO.lf\n",

'vl, 'v2, 'pVV);
)

else
(
printf("\n\nERROR inptS~() more than two input fields\n");
quit (1);
)

/ /
/. skipTxt () ./
/. Skip and echo text in buffer until character c is encountered ./
char 'skipTxt(char eBuf(), char c)
(
int
char
char

for(j • 0; j < CBUF W; j++) tmpBuf[j) • , I;
tmpBuf [CBUF_W) .' \0';

for(i .. 0; i < CBUF_W; i++)
(
tmpBuf[i) • eBuf[i);
if( (I eBuf[i) II (eBuf[i] _a c) ) break;
)

if (etr.potptHand)
for(j .. 0; j < 35; j++) fputc(tmpBuf[j), etr.pOtptHand);

if(cBUf[i) ... c)
(
pC • 'eBuf[i+l);
return pC;
)

else
(
printf("\n\nERROR :'lkpTxtll: Expect a \"ic\" in record \nds>\n",e, cBuf);
quit(l);
)

return 0;
}

/*••*•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• /
/ /
/. blankLine(). Is this a blank line? 0 a FALSE, 1 .. TRUE. ./
/••••••••••••••••••••••••••••••••••••••••••*••••••••••···················1
int blankLine(ehar cBuf()
(
int i;
I' skip leading spaces'1
fore i,. 0; ( i < CBUF W) " (eBuf(i) a. ' ') " cBuf(i); i++ };
if(eBuf(i) •• '\n') return 1;
else return 0;
}

/.......................................•............, ,,····,··,·'····'1
I'.'..'.".,.".,.,",.,.·,···.·······,····,····,~·····,············'·'1
/' annCst(float presentValue) 'I
/ .., , ,.,..,..,.,."., ,..,., " , , , ,/
float annCst(float pVal)
(
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float rate • ctr.d,cnt;
float nPer • ctr.nbrtrs;
float type • 0;
float rFact;

if (rate > 1.OE-5)
(
rFact • pow(l.O+rate,nPer);
return (pVal*rFact/(1.0+rate*type)*rate/(rFact-l»;
)

else
if(nPer < 1.0E-S)

(
pI:intf ("\n\nERROR in annCst (): The nWl\ber of periods must be greater"

" than zero.");
quit (1);
)

return (pVal/nPer);
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