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1.0 INTRODUCTION

1.1 Background

Zarqa is located about 20 km northeast of Amman. It is the
second largest city in Jordan with a 1979 population of about
216,000 and has a projected annual growth rate of about 3.5
percent until 2000. Ruseifa, which shares a coumon town plan
border with Zarqa, had a 1979 population of about 62,000 and a
similar projected annual growth rate. These cities are shown in
Figure 2.1.

The Zarqa-Ruseifa arca is one of the principal industrial
centers as many of the larger industries in Jordan are located
within the twe cities. Many industries are on th. banks of ‘he
Zarqa River., The industries include: breweries; soft drink
bottling works; food industries; weaving industries; phosphate
production; a tannerx;mnd various chemical industries. At
present the wastewaters from these industries discharge to the
nearest wadi with a minimum degree of treatment or no treatment
at all.

Neither city has a general system for wastew.'.r collection
and treatment. At present, both cities are total!s Jependent on
)

cesspools for wastewater disponsal. These have heeoae tnereasingly

inadequate and unacceptable 'th fror hesleh e

~ther environ-
mental considerations.

The nced for an expanded stermwater drafnape system is also
evident in both cities. The prosesit systems are rdimentary at
best, consisting of gutters and strects sloped to arain to the
wadis. Many of these wadis are not large enouph to accommodate
the flows and flooding results. In addition, some streets do not
have natural outlets aud remain floeded for days after a heavy
rain, During the rainy scason, the cesspools tend to become

overloaded and drain to these low areas and pollute the ponded

waters,
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The existing water supply and distribution system in Zarqa
was substantially reinforced in mid-1960 and expanded to some
extent during the past 12 years. The existing water distribution
system in Ruseifa was built in 1963 with an additional supply
completed in 1978. The existing system has not kept pace with
growth since that date. At present, newer portions of Zarqa
built at elevations higher than the existing gsevvice reservoirs
are not served by a distribution system. The system expansion
has not kept pace with growth., At present the supply of well water
to the system is adequate but, like Amman, future water supply may

be a problem.

1.2 Authorization

On January 6, 1980, an Agreement was signed between the
National Planning Council of the Goverument of the Hashemite
Kingdom of Jordan (herein '"NFC") and Malcola Pirnie, Inc.

(herein "MPI") for consulting engineering secrvices for Feasi-
bility Studies, TFinal Design and Supervision of (nstruction of
the Municipal Water Distribution Improvements, and Sewerage and
Stormwater Drainage System in Zarqa and Ruseifa, Jordan.

The United States Department of State, Agency for Inter-
national Development (herein "USAID") furnished MPI Letter of
Commitment No. 278-022402 on January 16, 1980 which stated that
USAID would pay all U.S. Dollar®costs of the Feasibility Study.

In accordance with Section 5.3 of the Agreement, the
effective starting date of the project was 10 calender days after
the effective date of the letter. Thus, the effecrive starting
date of the Agreement was January 26, 1980. In order to expedite
the project, NPC and USAID agreed that work done after the
MPI/NPC Agreement date of January 6, 1980 would be eligible for
payment.

On January S5, 1980, MPI and Jouzy & Partn:rs (herein "Jouzy"}
signed an agreement, for associate consulting engineering services.
Jouzy has provided the required in-country engineering ard

administrative services from its Amman, Jordan Office.
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On January 23, 1980 MP] confirmed its authorization to Jouzy

to start work on January 6, 1980, the date of the MPI/NPC Agreement.

1.3 PurposeW¢9570bjuvLiX£

The purpose of this Yeasibility Study is to develop a comprehen-
sive progr.m for staged construction of wastewater and storm drainage
facilitics and improvement to the public water distribution systems in
Zarga and Ruseita,

The principal objective of this study is to provide for the basjc
human needs in the two communities. To this end, recommendations for
phased investment in water, wastewater and storm drainage will take into
account the special and immediate requirements of areas with high popula-
tion densities, high incidences of waterborne discases, and greatest

inadequacies in present service.,

1.4 ScoEe of Work

The scope of work includes the following:

0 Planning Arca defiaition and population forecasts.

0 Survey of the existing socio-cconomic and health condition
of the cities.

0 Detfinition of the existing environmental ~ondition,

0 Evaluation of the existing water discribution system and
engineering feasibility studies relative to future needs.

0 Engincering reasibility studies relative to future waste-
witer collection and treatment systems.

o Evaluation of the existing stormwater drainage system and
enginecring feasibility studi relative to future nceds.
o) An industrial wastewater survey and sampling program to

characterize existing and projeet future industrial waste-
water loads.

o Engineering feasibility studies relative to industrial
wastewater pretreatment and direct discharge requirements.

o Preliminary rate analysis of the altern..tive projects to
investigate various phased investment programs.
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Evaluation of the health and environmental conditions
with alternative projects.

Recommendation of a phased development project.

Recommendations relative to the financing and implementation
ol the recommended project,

1.5 Report Organization

The report consists of the following five separately bound

volumes:

(o]

[o]

Summary Report.

Investigations, Preliminary Engineering Design, and
Financial and Socio-Economic Analysis Report.

Industrial Efiluents Treatment Report.

Appendix to the Investigations, Preliminary Engineering
Design, and Financial and Socio-Econcmic Analysis Report.

Map Atlas for the Investigations, Preliminary Engineering
Design, and Socio-Economic Analysis Reponret.

For ease of reading the report all reference material such as

tables, figures, and plates have heen separated from the text and can

be found in the Appendix and Map Atlas. By such a separation the reader

will be able to continuously return to the reference material as it is

discussed in the text.

1-4
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2.0 PLANNING CONSIDERATIONS

2.1 Planning Area

The scope of work defines the planning arca as the Town Plan area
of Zarqa and Ruscifa. The term "Town Plan area" refers to the land use
plans prepared by the Ministry of Muaicipal, Rural aud Environmental
Affairs for the cities of Zarqa and Ruseifa. The Town ’lan area con-
tains most of the present population of the two cities. The planning
area is shown on Figure 2.1. The planning arca, Town Plan area, and
municipal boundaries are shown on Plates 2.1 to 2.5.

On the basis of discussions with the National Planning Council, it
was agreed that the army base which borders Zarqa to the east would
also be inrluded in the planning arca. Consequently, the wastewater
flows from the army base will be included for planning purposes, but
neither a water distribution system nor a sewage collection system
will be planned within the base itself.

The planning area also includes the industrial complex located
south of Zarqa at Awjan Esk Sharqi. Because industrial development is
presently occurring beyond the boundary of the Zarqa Town Plan area,
the planning area has been extended to permit consideration of serving
future industrial development.

The Town Plan area for Ruseifa is generally limited to those
portions that are presently urbanized, and does nct include adjoining
areas where development is now occurring and is likely to occur in the
future. For tnis reason, the planning area has been extended northward
of the Ruseifa town plan arca a distance of approximately one kilometer.
This extension includes the labor housing project to be built north of
Yajuz Road. The Amman-Zarqa highway has been selected as the southern
boundary of the planning area in the vicinity of Ruseifa. The settle-
ment called Al Musheirfeh, wh'ch was recently annexed by Ruseifa, has
also been included in the planning area.

There are additional areas tributary to the Zarqa River between
Ruseifa and Amman's Ain Ghazal wastewater treatment plant, but on the
basis of discussions with the National Plauning Council, thuse areas
have not bern included. The excluded areas are the Marka Housing
Project, the Shnellar Refugee Camp and Technical School, and the Ain

Ghazal industrial area betwecen Amman and laseifa.

o
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In addition to th2 Town Plans for Zarga and Ruseifa, there is also
a proposed land use plan Jor the Zarqa regi..a by the Amman Urban Region
Planning Group (AURPG). The planning area encompasses the AURPG plan
ar=a except for the ~ormunities of Hashemiyeh and Sukhnah, and the
petroleum refinery, all to the north of Zarqa. These areas have been
excluded from the planning area by the National Planning Council

definition.

2.2 Planning Period

The scope of work specifies that the planning period shall be
through the year 2000 with the proposed projects to be implemented
according to a phased investment pregram. Implementation Phase I is to
serve needs through 1990. Needs through the year 2000 are to be mat
through subsequent construction phases. Because certain facilities
such as components of the wastewater treatment plant aud trunk sewers
are usually designed to serve for a longer period than 20 years, the
design for these facilities takes into consideration needs through the

year 2020 and saturation population.

2.3 Population Trends

The national census of population and housing, conducted in
November 1979, reported the population of Zarga and Ruseifa as 215,687
and 49,622 persons, respectively. In the case of Zarqa, the population
was more than double the 96,080 persons reported by the previous census
in 1961, for an average annual rate of growth of 4.5 percent. For
Ruseifa, the population increased by more than 44,000 over the 1961
population of about 5,506, for an average annual rate of growth of 13
percent. Also included in tne Planning area is Al Husheirfeh, with a
1979 population of 12,052 persons, and a sparsely inhabited area along
the Amman-Zarqa highway between Zarqa and Ruseifa with an estimated
population of 1,300 persons. The total present population of the
planning area is approximately 278,700 persons.

Between 1961 and 1979 the population of the East Bank increased at
an average annual rate of 4.85 prirent. At present, the crude birth
rate is estimated to be between 45 .. i 50 births per 1,000 and the
crude death rate is estimated to be between 9 and 12 deaths per 1,000,

for a natural growth rate of between 4.3 and 3.6 percent. Also
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contributing significantly to the growth of the Kast Bank population
has been the influx of refugees from the West Bank and Gaza strip
during the hostilities in 1948 and 1967. Other demographic factors
include a high rate of out-migration of Jordanians to the oil-producing
Gulf countries, offset by the in-migration of workers from developing
nations. The movement of immigrauts to the cities, accompanied by
internal migration from rural arcas, has resulted in a . ate of urban

growth that is higher chan that of the East Bank as a whole.

The AURPG has projected the population of Zarqa and its satellites
(Ruseifa, Al Musheirfeh, Hashemiyeh, and Sukhnah) in five-year incre-

ments through the year 2000 as follows:

1979 281,500 persons
1985 350,000
1990 410,000
1995 502,000
2000 616,000

The projections are based on average annual rates of growth during the
five-year increments that range from 3.22 to 4.18 percent. The projec-~
tions represent a modified extrapolation of recent trend with the
assumption of a lower rate of in-migration and a slightly lower
birthrate.

For the purpose of the feasibilily study, the AURFG projections
have been adopted with some modificat "~n. Because the AURPG planning
area includes potential industrial growth areas to the north of Zarqa
not included in the feasibility study, the AURPG projection has been
adjusted downward to 390,000 persons in 1990 and 550,000 persons in the
year 2000. This projection implies an average annual rate of growth of
3.48 percent over the 20-year planning period or approximately equal to

the present rate of natural increase.

2.5 Present Population Density and Distribution

Because the detailed tabulations from the 1979 census will not be
available until mid-1980, it was necessary to estimate population

density and distribution in the plawiing area through the use of aerial

2-3
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photographs. The planning area was subdivided into areas or subunits
of similar and homogeneous development patterns, and by means of 1979
aerial photo raphs, estimates were made of the number of dwellings per
hectare in rach subunit. Without detailed information as to variation
in househ id size throughout the planning area, the average household
size of 6.98 persons per household reported by the 1979 census was
employed through~ut. Density estimates by subunits range from 190 to
525 persons per hectare with an average density of about 350 persons
per hectare. In estimating density, the vacant land within a subunit
was not included, s0 as to more accurately reflect the density of the
built-up portions. Thus, the estimate also indicates density as it
will likely exist once the subunit approaches saturation development,
assuming a continuation of the prevailing development pattern. The
current population of each subunit was computed from the estimates of
density, percentage of built-up land, and total land area. These

estimates are required for spatial disaggregation of the flows.

.6 Land Use Plans and Zoning

The Town Plans for Zarqa and Ruscifa, as sell as the proposed land
use plan by the AURPG were consulted to determine the location of
future residential and industrial development. Both Zarqa and Ruseifa
have local planning commitrees, empowered to prepare master plans, but
because of the lack of technical staffs, the Ministry of Municipal,
Rural and Etvironmental Affairs has prepared land use and street plans
(or town plans) for bhoth municipalities. The town plans designate land
use according to four categories or zones of residential use, ranging
from Zone A (the largest lot size) to Zone D (the smallesi lot size),
There are also commercial, industrial, public, and agricultursl classi-
fications. A general description of the Town Plan recommendations
follows,

The Zarqa Town Plan designates the exiscing shopping district as a
commercial zone with fairly linited commercial zones elsewbere in the
city. Zone D, the highest densi 7y resideatial zone, is generally
confined to exizling high density s cas such as Janna'ah and the area
north of the _ommercial district. 1li. !swer density residential zcnes,
sones A and B, predominate elsewhere in the city. The industrial zone
is confined principally to Awjan Esh Sharqi, wouth of Zarqa. The Zarqa

River floodplain is designated for agriculturit s .
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The Ruseifa Town Flan is generally contined to those areas that
are largely built up at presect. Residential Zones B, C, D are repre-
sented, with the greates’ portion of the city designated for the higher
density zores C and D, and a smaller area on the south bank of the
Zarqa River designated Zone B. The ared designated for commercial use
is fairly limited, and the industrial zope applies largely to the
phosphate processing facilities and a narrow strip north of the Shnellar
Camp in Musheirfeh. As in Zarqa, the plan designates tLhe Zarqa River
floodplain an agricultural zone. The only other significant open space
area is the pilgrims' area in Husheirfeh, north of the Shnellar Refuger
Camp.

The proposed land use plan for the Zarqa Region by the AURPG is
generally congistent with the two town plans, although the AURPG plan
encompasses a larger area. Unlike the town plans, the AURPG plan does
not specify different densities for residential areas. The Zarqa River
floodplain is designated an agricultural area. Other major open space
areas are the phosphate mine scuth of Ruseifa (for which land restora-
tion 1s proposed upon exhaustion ot the mine in the mid-1980s) and
other phosphate company properties to the north of Musheirfeh. A major
feature of the AURPG plan is a proposal that the army camp which lies
immediately east of Zarqa and prevents the eastward expansion of the
city, be converted Lo municipal and public uses such as a commercial
Center, government buildings, and educational and recreational

facilities.

2.7 Potential Saturation Population

Estimates of saturation population for the subunits were obtained
by tlLe following procedure. The Town Plans for Zarqa and Ruseifa, as
well as the proposed land use plan by the AURPG, were consulted to
determine the areas of fulure residential development. The various
zoning regGuirements regarding lot size, coverage, and building heights
“iinin the four residential zones were taken into consideration as an
icdication of future densities. The regulations proved to be of lim-
ited usefulness, however, because they do not specify the maximum
number of dwelling units that can L. built within a structure. Using
assumptionr of average dwelling unit ar~as of 100 m2 or less yielded

potential densities in excess of 500 persons per hectare, which is
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substantially greater than average conditions at present. Therefore,
it was assumed that future development within each subunit would be
similar in character to existing development. Thus, the dewsities of
built-up portions that were estimated from aer | photographs (Section
2.5) were the basis for estimating the theoretical saturation popula-
tion of each subunit. This approach yields an estimated saturation

population for the planning area of 795,300 persons.

2.8 Disaggregated Population Projections

For the purpose of determining the spatial distribution cf future
water demands and wastewater flows, the projected increase in popula-
tion through the year 2020 was disaggregated among the subunits of
planning area. In the absence of information about specific develop-
ment projects or the intentions of land owners in the planning area, an

assumption was made that growth would occur with nearly equal likeli-

hood in most of the subunits, with the amount of incicase bheding approx-
imately proportional to the area of vacant land availahble. In the case
of those subunits thal are more vewcle from existing setticments and
physical infrastructure (roads and water supply), a less than average

increase was assumed. As a result of this analys:.s, the projected

populations for Zarqa and Ruseifa are:
1990 - 2000 2020%
Zarqa 294,900 421,100 565,600
Ruseifa™* 91,100 125,200 229,700
Total 386,000 546,300 795,300

% Planning area saturation popularion

Rt

~+ Includes Musheirfeh

Population projections, particularly those for areas such as Zarqa
and Ruseifa which are characterized by dynamic growth, are necessarily
subject to much uncertainty. Among the factors that could affect the
overall growth of the planning are:i would be a resumption of in-migra-
tion of refugees in the event of renewed hostilities over the occupied
West Bank. On the other hand, a resolution of the Palestinian state-
hood issue could possibly result in the out-migration of some refugees
from the planning area. A third f.ctor would be unexpected changes in
the rate of economic development ir :hc planning area. A fourth factor

would be a change in attitude about family cize and family planning.



2.9 Economic Forecasts

Various sources have been consulted to obtain information or
forecasts on future economi. development in the planning area. An
interministerial committee s currently organizing for the preparation
of the 1981-85 National Five-yvo o Plan. Five-year planning involves a
selection ot development projects und an allocation of financigl
resonrces from internal and external sources to social welfare and
infrastructure projects. No projects have thus far been identified for
the planning area during the 1981-85 period.

The AURPG has designated areas within the Amman Region for future
tndustrial development . Signiticant industrial development is expected
Lo occur at Sahab (several kilometers south of the planning area), and
also at Hashemiyeh in the vicinity of the petroleum refinery (to the
north of the planning arca). The AURPG also destgnates the area of
Awjan Esh Sharqi for continued industrial development.  The AURPG has
not attempted to forccast specific types of industrial activity, but it
does expect that limited water resources will  prevent the establish-
ment ol heavy water-using industries., The fact that the national
government must suthorize new withdrawils from the aquifer will have a
significant influence on the types of new industries that locate in the
planning asrea.

Small industrial operations (turnituge manutacture, cabinetry)
account for much ot the industrial aclivity in the Zarqa-Ruseifa area
alt present and would be expected to do so in the ftuture.  These enter-
prises are generally not significant water users. In view of the
rather high annual rate of population growth, the construction industry
will constitute a4 significant portion of future economic activity in

the planning arca.
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3.0 SOCI0-ECONOMIC AND HEALTH CONDITIONS

3.1 Socio-economic Factors

A socio-economic study was conducted as part of the overall feasi-
bility study. The study was to serve the following purposes:
o determine income distribution of planning area residents as
input for ability-to-pay analysis

o identify areas characterized by predominantly low~-income
population as basis for determining project phasing

o determine attitudes toward water use that are likely to
affect future levels of consumption

o determine attitudes of residents regarding the need for a
sewer project.

3.1.1 Family Income Distribution

The households of the Zarqa-Ruseifa area are generally character-
ized as low and middle-income families. Heads of households are mostly
unskilled laborers or semi-skilled workers who are employed in the
construction industry, in local manufacturing industries, retail shops,
the civil service, or at the army base. in contrast to the nearby
capital city of Amman, Zarqa and Ruseifa have a much smaller proportion
of residents in the professional and managerial occupations and in the
upper levels of government. Consequently, the proportion of the popu-
lation in the npper income groups is very small, compared to Amman.

Information on income characteristics of households in the plan-
ning area is extremely limited. The recent census of the population in
November 1¢79 included certain questions on socio-economic character-
istics such as educational attainment and occupation, but no questions
regarding individual or family income were asked. (It has generally
been the policy of the Department of Statistics not to ask questions
about income in the census or in special surveys.)

In 1974-75 the Royal Scientific Society conducted an income survey
of 17,000 families, obtaining usable returns from 15,000 families.
Based on the data obtained from that survey, the recent Jordan Urban
Project (Halcrow-Fox and Assoc., Jouzy and Partners) estimated the 1973
distribution of monthly family income in urban areas as siiown in column

1 below.



Urban Household Income Distribution

Column 1: Column 2:
1973 Monthly 1978 Monthly
Percentile Income (JD) Income (JD)
10th 22 50
2)th 30 70
30th 35 81
40th 40 92
50th L4 102
&60th 51 116
70th 60 138

Assuming a rate of increase in family incomes equivalent to the average
growth in Gross National Product from 1973 to 1978, the Halcrow-Fox
study obtained the estimated 1978 income distribution shown in column
2. Commenting on the results thus obtained, the Halcrow-Fox study
notes that the estimates for tne lower percentiles may be on the high
side because it is believed that incomes at the lower ¢nd of the dis-
tribution have not increased as rapidly as those of the middle or upper
income groups.ll]

For the purpose of this feasibility study, it has been assumed
that family income distribution in Zarga and Ruseifa is approximately
similar to the 1978 income distribution of urban households derived by
Halcrow-Fox from the 1974-75 survey by the Royal Scientific Society.
The following estimates of income distribution, increased by 8 percent

per annum to 1980, will be used in the analysis of ability to pay in

Chapter 10.
Percentiie 1980 Household Monthly Income (JD)
20th 82
40th 107
60th 135
80th 205

The Halcrow-Fox study also conducted a household survey in several
low-income areas of the Amman metropolitan area, one of which was the
Janna'ah section of Zarqa. Of the 86 households interviewed in
Janna'ah, 82 gave iunformation on monthly household income.lz] About 35
Percent of the families reported 1:. -mes of less than 60 JD per month,

while 27 percent reported incomes in cx.. as of 100 JD per month.
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3.1.2 Low-income Arecas

In an effort to identily areas characterized by predominantly
low-income huuseholds, the use of data from the 1979 census was consid-
ered. Although the census takers did not ask questions about income,
information was obtained on socio-economic variables that usually
correlate well with income such as education. In general, the higher
the educational attainment of the head of the household, the higher
the family income. The number of persons per room in a household (a
measure of crowding) generally correlates negatively with family income.
Information on rent obtained by the census was considered to be of
doubtful value because (1) only about 30 percent of households ;n Zarqa
are renters, (2) rent control may tend to distort the correlation
between income and rent, and (3) there are doubts about the accuracy
of the responses. A request was made to the Department of Statistics
for a cost estimate to perform a special hand tabulation for a random
sanple of 15 percent of the blocks in the planning area. Computer
tabulation of the above data will not be posgible until mid-1980 when
the Department's computer becomes available. A hand tabulation of
random sampling was not included in the scope of this report and the
Department could not perform the work within the time frame required.

An alternative method of identifying the low-income areas is to
conduct a sample survey, obtaining estimates of mean family income for
various sectors of the planning area. This approach was rejected
because it was felt that unleas the means for the various subareas
exhibited wide differences, large samples would be needed in order to
be certain that the differences among the sample means were statistic-
ally significant. It was also thought that in a large sample survey
designed to ask ouly a few questions of each househoid (including
income). it would be impossible for the interviewer to establish rap-
port with the subjects and it would be very difficult to obtain accu-

rate reaponses on the sensitive subject of income.
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The method chosen tor characterizing subireas of the planning aren
according to economic statu. is . variation of the Deipnig technique, A
panel of individuals, using g ob the planning area, independently
recorded their judgments as to oo pemre o status. Ameny Lhe panet mem-
bers was a staff member of the Directorate of Health, the public heatth
spec - list, the socio-cconomic consultant  and a4 town planer.  In the
case ot the first panel member, Lhe characterization was hased on
familiarity with the planning area; in the case of the other members of
the panel judgments were based on windshield and walk-tlirough surveys
of the arca.

The classificalions by Lhe varions panel members were compared and
were found to be in substantial agreement. The composite map of areas
according to economic status is reproduced as Plate 2,7 - 2.4,

One observation that was mace by several of the panel members iy
that the planning area does not exhibit the degree of spatial Segrega-
tion of socio-economic groups that is found in European or American
cities. Dajani has reported a swmilar phenomenon in parts of Anunan.l'”
Some dreas, especially those occupied by squatters, can be character-
ized as low or lower middle-income areas. But in other areas the
process of renewsl and replacement that is occurring often results in a
modern dwelling of above average cost and inhabited by an upper-incone
family being situated next to older mud brick structures occupied hy
families of lower income. Thus, i many instances, it is not possible
Lo assume a high degree of homo, eneity within a given sub-area.

3.3 Attitudes toward Water Consumption

A survey consisting f tn=depth interviews was conducted with
twenty houscholds in Zarqa and six houscholds in Ruseifa. A descrip-
tion of the survey s presented an Appendix § ) the pertinent findings
are summarized helow.

There is no perceived shortage ot water or problem ot gvailabilij-
ty; the primary constraint on water consumption is the Limited Capacity
of cesspoolsy, Upper-1ncome families use more water than Tower-ipeome
families.  Low-income persons tend to bathe less frequently than upper-
income persons. Foy example . Tow=yncome persons may - bathe once every
ten days while upper-incone persons bhathe darly and, in the summerd tme
more than once a day, Bpper-income persons bathe more trequently
because of the greater vonventence of having a hot-water heater and

modern tubs and showers.



In low-incone families, the young tend to use more water than the
old. Older perscuns who are poor are very careful with water (especially
those who come from rural areas where water is scarce), whereas their
oftspring who have attended school use more wiater to msintain
cleanliness.

Clothes washiuy wachines seem Lo be in use 10 most houscholds
regardless ot income.  Ai! of the honseholds sampled g a clotheg
washing machine and all reopondents seemed Lo want to own other wiater-
using appliances.

The squat toilet is uscd primarily by middte- and Tow-;ncome
groups, whereas flush toilets are used primarily by upper-income house-
holds.  Lower-income families doubted they would he able to convert to
a tlush toilet because they cannot afford to do so, and because they
have very limited space,

Respoudents betjeved they would use more water to clean, wash, and
bathe if cesspooi. were replaced by a municipal sewerape system.  The
estimated increase in consumption ranged belween 10 and 15 percent.

3.1.4  Attitudes toward Municipal Sewerage

The twenty-six families who pavticipated in the in-depth inter-
views were asked whether Lthey tavored o municipal sewerage svstem or
continued retiance on the present method of cesspeol disposal . Al
families, regardless of income, favored a sewerape system in Zarga and
Ruseifo. Ana all families indicated that they would be willing to pay
whatever is requirved ot them in order Lo climinate cesspools. (No
informston could ne given to the interview subjects as to the likely
user charge, their expressed willingness Lo "pav whatever s required"
ts probably hyperbole.) lLower-income familics were most concerned
about whether the landlord or teuant would pay.

Although both upper and lower=income proups wanted sewers, they
seemed Lo favor sewers for ditferent reasons.  The lower-income {ami-
lies believed that sewers will save them money, time, and effort in
having their cesspools pamped, and avoid the municipal fines for dump-
ing walter in the street. The upper-income families seemed to be more
concerned with problems of odor and disecase.

[ b separate social survey of Janna'ah residents (a low-income
arca of Zarqa), 58 percent of the households surveyed cited sewage

. . : . 2
dvsposal as a major disadvantage of their nvlghborhood.l '
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3.2 Health Conlitions

A study of health conditions in the Zarqa-Ruseifa ares was con-
ducted as part of the overall feasibility studies. The purpose ot the
study was threefold:

(1) To identify arcus having a high incidence of water-horne
diseases, with the objective of setting priorities for pro-
ject phasing

(2) To establish the status ot present health conditions as a
basis for assessing the impacts of the proposed projects

(3) To predict changes in health condilions that are likely to

result from the proposed projects.

The full report of the health study is contained in Appendix 3.0
The principal findings regarding existing conditions are summarized
below.

The health study emphasized gastrointestinal diseases becanse this
category of health problems is often related to inadequate water supply
and sewage disposal systems. Attention was also given to other water-
based diseases, and to related health issues such as toxic subslances
from industrial diseharges, and nitrate concentrations i1 the water
supply.

3.2.1 Gastrointestinal Discases

Human excreta and sewage contain a variety of micro-organisms such
as bacteria, viruses, and protozoa. Raw sewage, for instance, is
estimated to contain 1 million bacteria per milliliter. Some of these
micro-organisms are disease-producing (pathogenic), causing illnesses
ranging from mild food poisoning and diarrheas to extremely serious
diseases such as infectious hepatitis, typhoid, and cholera. (Polio-
myelitis and Coxsackie viruses, although not a cause of gastrointestinal
illnesses, may also be present in human excreta.)

Health statistics for the Zarga-Ruseifa area in 1977, 1978 and
1979 were obtained from the Directorate of Health in Zarqa. A review
of the statistics on water-borne diseases by the public health special-
ist indicated that the reported cases very probably represent a signi-
ficant undercount of the actual frequency of gastroenteric diseases.
This impression was confirmed by the directorate staff who observed
that physicians may not bhe reporting some cases, particularly of the

less severe ailments such as enteropatiogenic diarrhea.
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Number of Reported Casces

1977 1978 1979
Typhoid - 53 35
Paratyphoid - 23 6
Cholera 50 23 6
Infections Hepatitis - 32 30
Dysentery - - 1

That enteritis and dia: “hea are more common than the statistics
suggest is indicated by an analy+is of national mortality data. Age-
specific causes of death (East Bank, 1974) implicated enteritis and
diarrhea in 36 percent of deaths of infants less than one year old,

26 percent of deatns tor children aged one through four vears; and

16 percent in all age categorices comhinvd.lAI Another survey of hoy-
pital admission statistics indicates that discases of the digestive
system are the leading health problem, accounting for 18 percent. of all
udmissions.ISJ

The improper handling and disposal of cxcreta and SeWage ¢an
result in the transmission of these diseases via a number of fecal-oral
routes as indicated by the diagram. Those pathways in which water
supply, sewage disposal, and stormwater drainage m.y be implicated are

indicated by bold lines, with other pathways indicated by light liues.

-y WATER

p—  SOIL ——1

FECES FOOD & B NOUTH
UTENSILS

e ]

—) HANDS

FECAL-ORAL ROUTES OF DISEASE TRANSMISSION

3-7



In Zarqa and Ruscifa, sew e is disposed of in cesspools which,
because of shallew soils, are oSten excavated from rock of very limited
permeability. If not pumped out periodically, the cesspools, commonly
about 4 m3, eventually become full and begin to overtlow. Overticws
occur more frequently during the rainy secason. Sewage from cesspools
overflows into yards and st:cets, where it may collect in puddles, or
it may be carried by stormwal. - ;unoff to low-lying, poorly drained
areas of the city where it ponds tor extended pertods of time. Cess-
pools in the vicinity of a wadi or natural drainageway may have an
overflow pipe for direct discharge to surface waters.

these conditions may facilitate the transmission of disease in
several wavs. Liquid sewage from cesupools percolates through the rock
fissures and eventually reaches the groundwater aquifer where contami-
nation by pathogens may occur.  ln the Zarqa-Ruseifa avea, there are
two aquifers, an uncoufined upper aquifer and a confined lower aquiter,
the two being separated by an aquiclude.  Because ot direct recharge hy
cesspool etfluent, the upper aquifer gives evidence of poliution, the
lower aquifer, less so.  The upper agnifer is used principally for
irrigation and industrial process water where bacteriological purity is
tess critical.  The lower aquifer is Lae principal source of public
water supply and at the present time is of adequate quality.  Water
extracted from the public wells iy chlorinated, which provides adequate
pretection as long as the chlorination process is reliable and effec-
tive.

Contamination of the potable water supply may ulso cccur within
the distribution system, and in Zarqa-Ruseifa this is a very likely
possibility. Verbal infarmation trom the Directorate of Health in
Zarqa indicates that the water in the distribution system gives fre-
quent evidence of bacteriological contamination. The results of labo-
ratory analyses of samples taken from various points in the distri-
bution system during 1979 are summarized below:

Zarya: 121 out of a total ot 445 samples (27 percent) yielded a
YA

""""" value tor caoliform organisms of 2. MEN/TOO ml or more.

Ruseifa: 23 out of a total of 132 samples (17 percent) yvielded a
value for colifoerm crzanisms of 2.2 MPN/10O mi or more.

Testing tor residual chlorine at various polnt throuchout

distribution system during 1979 produced valoes ranging from about



Lo me/1 at the point of chlorination to zero at the poeripheral vares
of the distribution system. Not uncommunly the problem ot contamina-
tion is found to be associated with leaky and corroded witen pipen and
faulty joints that exist in the older parts of the system.  This condi-
tion permits the entry of contaminants into the distribution system at
times when the water pressure is interrupted for Ay teanon. Fortu-
nately, pressure in the system is normally continaous, althongh repair
and replacement of pipes requives faterraption ot serviee in certain
sections from time to time.  Contamination tay then occur by the fafil-
tration of groundwater trom soils saturated with SewWdaye from cesspoals,

Although pressures are maintained in the distribution systen most
of the time, the fear of water shortages during an extended drought has
encourazged much of th. population to cuploy some torm of in-house water
storage, such as galvanized rool tanks, barrels or other miscel laneous
containers. This practice is dlso 4 potential pathway tor giscase.
Roof tanks are often left uncovered, subject to contamination from
external sources, and they are not peneralbly cleanced or properly main-
tained. Water stored in bs rels or other containers may becuone con-
taminated by unclean havds or utensils.

Present sewage sisposal practices in Zavrqa and Ruseita may resolt
in transmission 1 disease by other routes. The collection o Sewape
from overflowiag cesspools in pudcles and lowlying arcas peratts
transmission of pathogens by [lics and other vectors. Children, who
may be attracted to the ponded water, mav also rist infection if their
hands become soiled during play.

There are, of course, other tecal oral routes for pastrointestinal
disease not involving the water supply, scwape dicposal Cnd stormwater
drainage.  Irrigation with poliuted water trom the Zoras Kiw (Zarqa
is downstream trom the Amman Wastewater DTreatment Piant) oy proundwater
from the underlying aquifer mey result in ' ransmission of pathopens via
the soil-food link. Although the risk o1 Iatection via this route can
be greatly reduced by thorough washiog and Jdisinfeo tion of leaty vege-
tables, it is unlikely that this procantion is practioed by every
family. Poor hygienic practices, and over crowding amony the poor are

also undoubtedly fmplicated in the fransmission of diseases.  Liack of
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awareness, particularly among the lower socio-economic groups, about
the need for handwashing before eating and food preparation, and other
food handling precautions, contributes to the spread of infection.
Bathing in polluted water « .t as the Zarqa River is another potential
source of infection. Because @ these maltiple pathways of discase, it
is not possible to determine the extent to which the iack of adequate
sanitation systems is implicated.

3.2.2 Other Water-based Disecases

In addition to the water-borne diseases are water-based diseases
such as malaria and schistosomiasis, in which the intermediate host
depends on the availability of water. Malaria occurs from time to time
in Jordan, but its incidence has been dramatically reduced since the
in:titution of an international cradication program in 1956, The few
identified cases are attributed to expatriates or Lo citizens recurning
home from work JhrHJd,[i] Cases ot the parasitic disease schistosomi-
asis have been reported in Jordan, useally amenz migrant agricultural
workers who have come Lo Jordan trom nations where the disease is more
prevalent. A 1977 survey reported that & pervent of toreign workers
had vrinary schistosomiasis.  Colonies ot vector snaills have been
reported and the Ministry ot Health is taking measures to destroy snatl
colonies as they are discovvrvd.ls]

3.2.3 Toxic Substances

There are several industries in Zarqa-Ruseita, some of which have
wastes containing heavy metals such as chrome and mercury and other
Loxic substances. In the ahsence ol comprehensive studies aod reliable
analytical data on the presence ol these substances in the drinking
water supply, it 1s not possible Lo express o candid opinion on the
degree of heatth visk.  The potential hazards involved in the ase of
water contaminated by toxic industrial wastes cannot be ruled out. A
more likely hazard than coutamination ol the aquifer is an eventual

aceumulat jon of toxic subst ‘es 10 the King Talal Reservoir.

3.2.4 Nitrvates

Nitrates are a product of the decomposition of humin wastes; 1n
Zarga and Ruseifa, cesspools are one source of nitrates and aquifer
recharge by cesspool ef fluent may inervease nitrate concentrations, The
presence of excessive nitrates in dirinking water can bhe hazardous to

infants under three months ot age. Under certain civcumstances, nitrate

1-10


http:disici.is

can be reduced to nitrite in the gastro-intestinal tract; the nitrite

then reacts directly with hemoglobin to produce methemoglobin, with

consequent impairment of oxyuen Lranspoert,

The World Health Organization permissible limit of nitrate

concentration in drinking water is 45 mg/l. A preliminay study of

110 wells in the metropolitan region of Amman during 1973 to 1975

revealed that most producing wells along the Zarqa River are threaten-

ed by inereasing concentration ot nitrate (b). More than 43 percent

of the wells tested had a nitrate concentration in excess ot 495 mp/l.

More recent

studies (0 indi

near the Zarqa River, particulari

locations.

levels of

cate high nitrate concentrations

ly around workshops and industrial

Frequent observations have shown the consistent high

aitrate percolating mainly into the shallow aquifer in the

region. In general, the nitrare concentrations in the shallow aquifer
1 l

averaged more than 100 my/1. A 5

the lower aquifer shows a sharp d

10 mg/l.

tidy ot the nitrate concentrations in

rop in nitrate cancentrations to about

These wells demonstrate that the lower aquiter is protected

hydrogeologically from nitrate percolation,

There has been little reported oceurrence of methesoptobinemia,

This is believed to be due to: |

lower aqui

fer,

) the municipal wells are in the

2) physicians way fail tu associate the symptoms with

high nitrate concentrations, anid

feeding of infants.

3) the general custom of breast

3.3 Criteria for Privrity Staping

The objectives of

the teasib

[lity study, as defined in the agree-

ment, specify that the consultant make recommendations for location

and phasing of water and scwer services, taking into constderation the

rrequency of water-borne diseaces

» the adequacy of existing water and

sewerage services, and arcas with 1 w=income population.

3.3.1

There

Health Criteria

are

severe

limitations

on present health conditions. Th

pernit identitication of peopriaph

inherent in basing project priorities
¢oavarlable health statistics do not

fe arvas of the Zarqa~-Ruseifa arca

having high, low, or averape inciden.. - water-borne discases., Spe-

ondly, they do not permit identification ¢ the method by which expo-

sure to disease occured. Of the

several possible fecal-oral routes by
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which wastroenteriv discases are transmicted (witer supply contaning-
tion, fvod, hands), only some are amnable to conteol through tmproved
sanitary systems, while others involve control of vectors such as f1ies
and rofents, or changes io personal nvpican, praciives.  Consequently,
It was concluded that it is ot possible (o Identity those areas of
greatest health risk on the basis of availabie health statistics or
other sources of intormation.

3.3.2 Adcequacy of Existing Systems

The second criterion considered is the adequacy o existing water
and wastewater disposal systems.  Almost all resid nts of the plunning
area have access to piped=in public water suoply, with the cueeption ol
some households located at hipher clevations who must rely on water
tankers for their supply. 1t is rveported that pressures are miiniained
in both systems at all times and that the present supply Is adequate.
Consequently neither community is without water scrvice for extended
periods of time, as is the case in Auman,

Much of the distribution svstem has, however, been ouilt through
individual initiative and reflects the capedivncy of this type of ad
hoc construction. Renovation of the system aceording to rational
principles would reduce leakape and improve pressures (the latter
becoming impurtant it roof ranks are tu be eliminate cventually).,
Portions of the Zarqa distribution system have suifered severe corro-
sion and these mains are currently being replaced. Bacterial contami-
nation within the distribution system has also been observed.

Wastewater disposal in the planning arcd at present is by means of
cesspools and the problems caused by this methad ot disposal have bueen
cited previously. The problems of odor and cesspoal avertlow oooar
throughout the planning arca, and are indicative of i Tnappropriate-
ness ol this method of disposal i o community o high population
density and poor subsurtface conditions., No data are readily available
that would permit identification of arvas laving the most frequent or
severe problems. Criteria that wight have a high predictive value in
identifying the most critical problem arcus are related to absorption

capacity and pollution risk, .nd in lude t(he tollowing:

o arcas of shallow bedrock aud Tow el permeabilicy
o areas with steep slopes
o areas o!f highest population . .sity
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o areas with the old ,. systems

o areas in prowimity to shallow wells or gsurface water

o systems tuat empioy direct surface water discharge.
Of these critevia, population denmsity and age of systems are the easi-
est to apply and wiJl be taken into consideration in the selection of
priority areas.

3.3.3 | w=income reas

The pr juets uoder investigation are characterized as "basic human
needs" proicets. Because the need fur a safe water supply and effec-
tive sew.. disposal cuts across all income groups, it might be argued
that tiie public health criterion is more valid than income. Two excep-
tions may be raised. If the proposed sewerage system results in sub-
stantially lower costs than the present disposal system, the savings
will be more significant for low-income groups than for upper-income
groups. At the outset of the study, this outcome is not immediately
clear, however. Secondly, 1f the lmprovements lead to inereased water
consumption and, if one assumes the consequence to be improved sanita-
tion among low-income families, then greater health benefits might be
expect xd. A third reason for using low income as a criterion, would be
the possitility that limited financial resources will prevent extension
of sewerage to al)l nrbanized parts of the planning area, in which case,
upper income areas could be given lower priority than low-income arcas.
One drawback to a wscheme that gives priority service to low-income
areas in that such areas in Zarqa and Ruseifa are widely scattered and
thus the cost per household served would be higher than for a compact
service area which expands incrementally.

3.3.4 Selected Criteria

Because most of the planning area hnuseholds are presently served
by public water, priority will be given to improving water service to
those households that are not adequately served. Elsewhere, modifica-
tions will be made to the distribution system to correct present
deficiencies and to wwel projected water demands. Installation of
sewers in narrow footpaths will likely requirc replacement of exiating

water pipes, with staging determined by phasing of sewer construction.

3-13
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The criterion selected tor phasing of sewer construction is
based on the optimization of benefits to costs. Benefits will be
simply expressed in terms of cost per persons served. As indicated
in Section 3.3.1, there is not sufficient information available to
express benefits by subareas in terms of a reduction in the incidence
of disease.

The criteria for phasing of the stormwater projects are discussed

in Chapter 8.
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The B1/2 unit overlies the A7 and consists of chalk, warl, 1ime-
stone, chert, and phosphate beds that range i thickness from 8 to 115
meters.  The cherty portions of the formation are charactevistically
folded and commonly are found in the study area, especially in the
vicinity ot Zarqa. In addition to its important agniter oo wteris-
tics, the BU/2 wuit provides economic benefits thiough the mining of
phosphoras.  Two of the larger mines ave located south ot Rusefa,
These mines, as well as other exposures of the phosphatic heds, may
tncrease phiosphorus loadings to surface walers by 1unotf,

The Ab or Hummar formation forms the lower condined gquiter and is
sepacated from the npper aquifer by 75 to 100 melers of missive Fime-
stone.  The A4 unit mainly consists of 40-60 meters of crystalline,
dolomitic limestone that iy occasionally highly fractured. Tt gradu-
ally thins out and becowes i reastngly morly towards Zarga which
decreases 1ts water bearing properties.  Uutcrops of the A4 formation
oveur northwest ot Zarqa at Sukhnah and Nimra.

In addition to these older sediments, recent alluvial deposits
cover much of the study area near the Zariqa River and associated oide
wadis.  The composition and depth of the deposits vary constderably,
but 30 to 50 meters of material Con oconr g the area tvom Zargn to
Sukhnah. Alluvial deposits are known o provide for onbsuriace 1w of
the Zavqa River during summer months when the river e omes dry Ll

The dominant geological structure in the area is the A=
synclhine, which begins southwest of Amman and plunges northeastward to
Zarqa. The syneline is responsible for the marked topopraphic el et
Lo the northwest and southeast of the Zarga River where slopes of 20 1o
30 percent are comnon.  In additiow, the syunchine has o0 tmport g
effect on pround=weter {low as it controls the divect con ot flow HEN
west Lo ecast. With the exception of the BU/2 unit. all formations are
parallel to the svacline. The slope of the northwest limb has an
average slope of 3 Lo 5 percent, while the southeast 1imb s shojpes of
20 to 40 percent,

Assoctated with the syndline i5 the Amian- Zavga tlesure s wheh s

a transition zone hetween the svicbine and antocline. The | e .
occurs sontheart ot the Zor . Taver in dssocialion with o system of
fanlts, and serves as the sonrs © boundarv ot both aguifers. Folding
and faulting activities within th:. .rea have created a zone that 1s

more permeable than other Ledrock wieae.
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Previous soil mapping of East Jordan hus categorized soils of the
study area as mainly yellow Mediterrancan (YM) and Red Mediterranean
(RM) soils.[zl The YM soils are extensive throughout the area from
Amnan to larqa. Red Mediterranean soils ocour at the extreme western
boundary of the study ares and continue westward to the Jordan River.
To the east of Zarqga, soils are classified as prey desert sotls which
are infertile and contain high Concentrations of salts,

The eitect of precipitation on sotl-Torming processes i respon-
sible for the major difterences between the YN and RM sonls, Red
Mediterranean soils have developed in areas where rainfall e ages
more than 300 mm per year, while YM soils tormed under drier climatic
conditions (150 to 300 mm pe year}).  Consequently, leaching of soluble
materials has occurred to a lesser extent in 1 he YN sorls.  They are
characteristically shallow Lo hedrock where the oCcir on steep slopes.
However, YM soils that have developed 1o the vallevs and along the base
of hillsides gencrally are deeper than the sloping soils as v resnlt of
depusition from upland erosion.  These sorls have Free val un carbonate
accumulation within 30 cenlimeters {em) of the surtave. e ol of YY
soils can be expected to tange from neatral to moderatesy atkal e,
depending on the depth to carbonates.  [u acidit ton, these sorvis have a
high corrosivite potential for uncoated steel because of salt aecomg!
tions throughout the protile,

The RM soils have similar characteristics, but are usually Teached
to a preater depth than the YM soils. Depth to carbonates s usually
greater than 30 cm, and the profile may show signs of clay a.comulat ion,
As with the YN soils, RM soils are shallow Lo bedrock where they oceur
on steep slopes.

Both the RM and YH soils are extensively used ftor agricultural
production in Jordan because of their natural ferts vity.  although
frrigation would increase yields and cnable o greater va tely of crops
to be grown, especially on YM sotls, precipitation is usually adequate
for most small grain crops.  The most important agricultural soils
within the study area are the alluvial coils found alony the Zurga
River auwd side wadis.  Therr fertrhity, depth and proximity to trripa-

tion water make these soils extremely desirable for hiph-vielding

agricultural production.  Foyo smore, the relatively level alluviai

solls have Tess erosion potentiai . o the adjacent upland soils.,

Unfortunately, tract. of marpinal ! oy soils have been put into
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dairies; distilleries; and chemical and petroleum refiners.  These
industries, in conjunction with motor vehjcle emissions and wind-borne
dust, comprise the significant sources of suspended and settleable
particulate matter which is the maiu air pollutant associated with the

study area.

4.4 Water Resources

Water resources and their limited availability are o major concern
in the Zarqa-Ruseifa region. This concern can he largely attributed to
several factors affecting the region's water resources.  As previonsly
mentioned, the ares is characterized by a dry arid climate. Rainfall
is concentrated in the winter months, with the summer months generally
receiving no rainfall. In addition, wide fluctustions in annual rain-
fall make water planning efforts very difficult. Intermittent streams,
known as wadis, are common in the study area and coustitute the major
portion of surtace water system. These streams, including the Zarqa
River above the Sukhnah springs, dry up during the summer months.
During this period surface water is unavailable to the Zarga-Ruseita
area except throug 1 several local springs.  The primary water source
tor the study area is groundwater.

The stndy area's water resources are composed ot three majoer
teatures: the upper and lower proundweter aquifers; the Zarga Kiver;
and the King Talal Reservoir. Each of these components is discussed
separately helow.

4.4.1 Ground-water Resources

(ronad water in the Zarqa~Ruseifa area ocecurs mainly in two aqui-
fers.  The shallow, upper aquifer is unconfined and as such, the water
level is free to rise and fall in response to seasonal fluctuations.
JThe lower aquifer is separated from the upper by a layer of massive
Limestone. This is a confined condition in which the water level
fluctuates in response to pilezometric pressures,

Recharge to the upper aquifer occurs by direct and indirect infil-
tration of vatnfall, and by artificial techarge from sewage eff luent,
leakage from public water supply lines, cesspools and by return irriga-

tion waler., LB CSLTIdL 20 il ion cubie meters e vear

(Hm';/y) infiltrates to the upper o it r by natural recharge, and
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28 Hml/y by artificial recharge. Some recharge takes place by direct
infiltration throughout the Zarqa-Ruseifa region where outcrops of the
Bl/2 and A7 formations commonly occur, However, larger volumes of
water reach the upper aquifer by indirect infiltration through alluvial
deposits of the Zarqa River and associated side wadiu.

Unlike the upper aquifer, recharge of the A4 formation occurs
mainly by direct infiltration in the outcrop areas. Outcrops of the A4
formation northwest of Amman are the major recharge zones for the lower
aquifer. Total recharge of this aquifer was estimated as 5 Hm3/y by VBB.

Groundwater flow in both aquifers is controlled for the most part
by the Amman-Zarqa syncline and flexure. From the areas of recharge,
water flows northeastward along the syncline until Awajan, where the
flow then turns northward. The primary natural discharge area for both
aquifers occurs at Sukhnah Spring, approximately 7 km northwest of
Zarqa. At one time this spring was the source of che perennial section
of the Zarqa River, but because of heavy withdrawals in recent years,
the river runs dry during late summer. However, investipations by VBB
indicate that subsurface flow continues in the streambed during the
summer,

Other important springs in the area include Ras el Ain, Zarqa,
Ruseifa and Zarbi Springs. Each of these springs discharges water only
from the upper aquifer. The Ras el Ain Spring, located west of Amman,
forms the headwater of the Zarqa River. Average annual flow from this
spring during the period 1937-1967 waus 100 liters per second (1/s);
however, current flow rates are probably less as a result of increasing
withdrawals. The 2Zarqa Spring, which at one time had the highest average
flows of all springs in the area, now becomes dry during the summer.
Although there are no recorded flows for the Ruseifa Spring, VBB has
estimated a mean flow of 2 Hm3/y. The Zarbi Spring has a mean flow of
19.7 1/s. Total mean spring flow estimates for the entire Upper Zarqa
area is 15.4 Mmj/y from the above springs plus several smaller springs

(2)

and seeps. The springs have experienced marked flow reduction during
recent years.

Several studies have attempted to define a water balance for the
Upper Zarqa Basin. The more recent projects have estimated ground-water
withdrawals from 160 producing wells in the area as about 31.6 Mm3/y

(3)

from the upper aquifer and 9 Mma/y from the lower aquifer. Since
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Bacteriological data are scarce for wells in Uhe ared. Lomited
studies of 46 wells trom Amman Lo Zarqa indicate that 20 welis hod mere
than 16 coliforn bacteria per 100 milliliters on 4 statistical hasie

(8]

of coliform bacteria should not exceed 16 orgosrsms per 100 mloin

(most probable number). WHO standards recommend that maximum leve s
drinking water. For this reason all municipality water as chlorinated
bhetore distribution.

b.4.2 Zarqa River

The Zarqga River and its tributaries comprise the only sigonilicant

running water enviromnment in the region.  The headwaters of Uhe Zarya
River are located just west of dmman and [ low northeast Lo Zarya From

Zarqa, the river changes course aml tlows north to Sukhnah, where 1t i
met by Wadi Dhuleil, a wajor tributary.  Tarning westward the river
continues until it flows into the Jordan River. Located throughHut the
Zarqa-Ruseifa arca are springs which fecd into the river. These springs
include the Ras el Ain Spring, just west of Amman; the Zavbi, Ruscita,
and Zarga Spriugs in the Zarqa-Ruseifa arca, and the Nimra, Husavya,
and Sukhnab Springs in the Snkhnah area.  In recent vears, rnereased
withdrawal from these sprives and the aquiters supplying them has
resulted 1o considerabie reductions 1o their discharge Tevels.

Flow records from the Sukhnah paging station indicate th:t the
mean monthly flow for the Zarqga River ot Sukhnah Springs as 1330
mi/hr, With o maximum flow of 1303 m"/hr (occurring 1o November 1969 ),
and g minimum (low of zoro. Ui several occasions (October 1978 and
september 19/9) there was no flow 4t Lhe paging station. With the
exceplion ot the zerc buse flow, this informalion was obtained from
records previous to 1976, which 15 significant since water dema in
the Zarqa-Ruseita area has increased markedly over the past several
years. Inoaddition, the Zarga River is intermitlent from its hend-
waters to Sukhnah, with the river drying up during the arid swmmer
months .

The only available stream flow information for the @i ity of the
City of Zarga are calculated data from the “Sational Water Master Plan
of Jordan," which predicts annual tlows ot 33.52 MII\’/}.’ tor a wet year
and 24,24 Mm‘i/y four an ave. o oyear, Comparison of this data with the
Sukhnah paging station record: « ceals significant differences.  The

predictions for the Zarqa vicimity are three to four Limes greater than
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the Sukhnah records.  The higher flows estimated for the Zarqa arca may

be accounted for by the Zarqa River's intermittent flow between Zarqa

and Sukhnah, with virtually zero flow for cight Lo nine months annual ly.

In addition, when surfuace flows do occur in the Zarqa area, the flow is
dramatically reduced by irrigation projects, evaporation, and upper
aquifer recharge via river bed seepage.

Analysis of the Zarqa River water quality s ditficult due to the
general lack of data pertaining to the river's water quality character-
istics.  For this reason Lhe discussion concerning water quality will
be general

The various industries in the study arca and the Amman sewage
treatment plaat are continuously discharging nitrogen compounds, oxygen
demanding substances and 4 variety of inorganic compounds, including
heavy mvluls.lg] Agricultural runoff from irrigalion contributes
phosphorus and nitrogen compounds and pesticides.  In addition, the
canoff from the phosphate mines in the Ruserta area is heavil y lader
with phosphorus compounds, Depusits of nonsotuble pollutants on the
stoean bed occurs annually o osince all of the above nicntioned discharges
originate along the intermittent section of the viver. Vhen the river
flow fncreases during the wet season, these deposited pollutants are
then carried downstream, causing . higher pollutant load at this time
of the year.[lol

Pollution of the Zarga River is of concern because Lhe river is a
source of hoth potable and irrigation water. Agricultural offorts in
the study area require irrigation and the Zarga River 1s the only
Source presently capable of providing sufficient quantities for such
projects.  Shallow river bed wells in conjunction with deeper wells
(approximately 200 meters) in the area are utilized for a variety of
purposes including industrial and agric ltural activities, as well as
deanking water.  One wel! of particalar significance is located the
vicinity of the Amman sewape Ureatment plant.  This well is employed to
f1ril tanker trucks, which then distrmibute the water for domestic use.
The effluent from the sewape freatment plant enters the river at this
pornt.  There is no indication ¢ My precautions ave taken to deter-
mine if Lthe well's water is safe . .ze as potable water. Public
health hazards coused by the utilizity o of the Zorqa River for agri-
cultural projects and as drinking water .o very real problem for the

inhabitants of the study area.



One report has sugpested using the Zarqr River for fishvrivs.lll]

The sites discussed by that reporl are located below the King Talal
Reservoir, and alithough these sites are considerable distance f{rom
the study area, the water quality of the Zarga River would have a
significant effect on such a fisheries project.  The numerous dis-
charges that are currently released into the Zarqa River in the study
area would probably have an adverse impact on any fisheries in the
Zarqa River.

4.4.3 King Talal Peservoir

The King Talal Reservoir, formed by the damming of the Zarqa River
in its lower course, is located beiween Lhe Balgs and Ajlun Mountains,
southwest of Jarash. [t has an estimated storage capacity of 48 to
52 million cubic meters (MCM) and ot maximum pool level covers an area
of 2.6 square kilometers (sz).llzl The reservoir provides water for
the East Ghor Canal and is intended to furnish water for irrigation

Y
projucts.[lj‘

It has aiso been projected that the Amman-Zarqa area may
receive a portion of its drinking water from the Xing Talal Keservoir.
However, significant water quality problems associated with th-
King Talal Rescrvoir theeaten to Jeopardize all of these uses.  The
waters f{lowing into the reservoir via the Zarga River contain a variety
of pollutants, including phusphates, dudustiral wartes (Lonie end-
products), treated and untreated fewage, and heevy met sl The indlux
of phosphorus compounds 1nto the reservorr results in cutrophication,
with related digssolved oxygen problems and algae blooms.  The cutrophic
conditions combined with the presence of numerous pollutants will
severely impact the reservoir's water quality.  The impact of the
reservoir's poor water quality is not limited Lo irrigation and potable
water uses. It will additionally restrict or eliminite Uhe pote:r cial

for fisheries projects.

4.5 Ecosystems

4.5.1 Terrestrial

The study area is locoted in a trensition zone between two dig-
tinct habitat types: the Mediterranean Region and the Saharo-Siadian
Region. Generally covering a small portion of the study area, the
Mediterranean Region is typ fied by the Amman area. This area is

capable of supporting forests ..o agricuitural activities, primarily

4= 1)
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because of the annual rainfall it receives, approximately 250 mm to
400 mm. Natural forests occuring in this region are composed of oak,
pine, juniper, wild olive, and cypress.[ll However, severe reductions
in the size of these natural forests have occurred as land is cleared
for industry , agriculture, lumber, and firewood. Government sponsored
programs have successfully reforested some areasg, principally with
pine. Where agricultural activities occur crops and their associated
weeds have supplanted the indigeneous flora communities. Over-utili-
zation of these lands is another major problem, particularly during
droughts when overgrazing by goats frequently results in extensive
damage to the plant life and severe soil crosion.

The Saharo-Sindian Region is the most extensive habitat type found
in the study area. This habitat, also referred to as steppe grassland
or brushy steppe, is characterized by dwarf shrubs and herbaceous
species. Utilized principally as grazing lands, the annual rainfall in
this area generally ranges from 40 mm to 250 wmm.

Within these two habitat types are agricultural lands that are
concentrated in the river bottoms. Virtually all of the agricultural
Fands are locateéd along the Zarqa River, which is used for irrigation.
The crops consist primarily of vegetables (Ltomatoes, onions and
peppers). Encroachment in the river bottom areas by the industrial and
residential components of the region has resulted in substantial reduc-
tions in the availability of land for agricultural uses.

Major wildlife forms native to this region, have been extirpated
from the study arca, as a result of industrial, agricultural, mining
and residential development. In addition, uncontrolled hunting between
1930 and 1960 and overgrazing by livestock resulted in the extermi-
nation of many ot Jerdan's larger game mammils, including the Arabian
2]

oryx, Onager and Asiatic lion.[ The mammals most likelv to occur in

the study arcea include the hare, shrew, bat, and several varieties of

(3]

birds (pigeons, ravens, grouse, partridges, quail and huwks); reptiles

rodents. Other forms of wildlife occuring in the study area include:

(lizards, snakes, skinks and chameleons); and amphibians, such as frogs
in the wet areas along the Zargs River. No endangered species are

(4]

believed to exist in the Zarqa River basii..



4.5.2 Aquatic

The significant aquatic ecosystems in the study arca are the Zarqga
River and the King Taltal Reservoir. The Zarga River, known locally as
Wadi Seil or Seil Zarqa, provides a running water environment for the
region. Currently, the flow of the river is intermittent doving the
summer mon'ts from Zarqa to Sukhnabi.  Discharges from the Amman sewer-
age treatment plant and the numerous industrial facilities along the
river have severely iwpaived the river's water gnati l)’.lf)]

Specitic information on tish «nd invertebrates such as populations
or a species listing, is not presently avarloble. However, it is
reported by the University ot Jordan that tish and fovertebrates do
inhabit the Zarqa River. Major treshwater tish species, that are
indigenous to Jor ..o and can be eapected to inhabrt running water
environments, include carp, tilapia, barbel and Nile catfish. 1t has
heen suggested that fishieries development 1o Jordan should include the
construction ot coepent tanks tor the caltivation of carp at the Sukhnah

[6]

Springs. However, in terms of commercial and vecreational tishery
activities, the Zarqa River is currently of no importance.

Since the Kinp Talal Keservorr (RKIRY 1s stell tilling® information
pertaining to its water quality and tisherics potential is incomplete,
However, as several reportsa have tndicated, the water quality of the
KTR is already substantyally vmpareed and ot appears that this condi-
tion will worsen as the reservorr readches kaJ(lly.[;] I'he King Talal
Reservoir's poor water quality is directly attributable to the heavy
pollution of the Zarqa River, which was dammed to form the KTR.  Eutro-
phication of the reservoir has been cbserved (1978) and is expected to
continue, since the natural background phosphorus levels of the Zarqa
River are more than adequate for the Jovelopment of such conditions.

In addition, secasonal changes in the thermal stratification of the

8] The hypolim-

reservoir effect the availability of algal nutrients.
nion oy deep water layer will probably be devoid of oxygen during the
summer and fall, thereby Timiting the volume of water available for
fisheries use. The Jordan Valley Authority advises that there has been
no effect on the carp broucht In tor recreational purposes due to
pollution in the rescrvoir.

* Lilled winter 1979-1950.

ud
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4.6 Archaeological Resources

Human occupation of the ares cncompassed by modern-day Jordan has
spanned a period of approximately 100,000 years from the lower Paleo-
Lithic through the Ottoman periods.  Jordan contains some 800 known
archaeological sites, including major sites trom the Neolithic period,
the Bronze Age, the lvon Age, the Hellenistic Age, the Nabatean Civili-
zation, the Roman pericd, the Byzantine Empire, Early Istam, the era of
the Crusades, and the Turkjsh occupaLinn.ll

Conversations with the divector-general of the Department ot
Antiquities and the director of the American Center for Oriental
Research (ACOR) indicate that, although excavations of limited scope
have been conducted, the planning area has not heen thoroughly or

systematically studicd.[2'3]

Collections of prehistoric materials have
been found along the Zarqa River and although intensive cultivation
within the wadi has obliterated surface evidence, it is considered
likely that alluvial deposition over time might contain paleolithic age
materials at depths of several meLvrs.lj] Some specimens of Late
Bronze Age pottery (1600-1550 B.C.) have been found in Zarqga, and it is
expected that Bronze Age material is likely to be found, even in built-
up and paved over areas.lz]

A survey of sites in Eastern Palestine by Gluvrklal in 1937 lists
four sites that are located within the planning arca. Glucck describes
one site, called Qereujat Hadid, as a large, completely destroyed site,
spread over a considerable area.  The site's location is indicated ag
several hundred meters south of the village of Zarqa on the east sidoe
of the Wadi Zarqa, near the Zarqa Spring. This location would appear
to be the same as the present-day community of Janna'ah. (lieeck
reported the discovery of several Early Iron Age sherds, hut found no
ruins that could be attributed to that period.  He judges the site to
be a particularly important site in the Koman pvriod.lsl On the west
bank of the Zarqa River is a site called by Glueck Khirbet Umm Beida.
Describing it as a small, completely destroyed site on the top ot a
hill, Glueck notes that the rujm were in such a ruined state that no
conclusions with regard to their time of origin could be made, and no
sherds were found to help indicate during which period or periods the
site had heen occupied. ). k'g description places the site near the

6]

western edge of the planning ar. A third site, called by Glueck

er-Reseifeh, occupies a large, hiph hill north of Shnellar Camp and
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west of Musheirfeh. The site was once completely surrounded by a great
wall, most of which has disappeared, but other stone structures remain,
Glueck judges the construction to date from the Early Iron Age, and
reports the discovery of sherds from the Farly Iron Age (I and I1), and
early Byzantine and medieval Arabic periods.[7] The fourth site, which
Glueck calls Rujm Wanani, appears Lo be present-day Jebel Faisal (west
of the Shnellar Camp). The rujm is a small, completely destroyed hlock
house situated on top of a hill. By it was found a small number of

8]

The Archaeological Map of the Hashemite Kingdom of Jordan indi-

EI-I-II sherds and several Romaw shcrds.[

cates that the Roman Road from Busrah in Syria to Aqaba passed through
Zarqa and Ruseifa. The precise location of the road in these two
communities is not known, but it is expected to be near the present-day
Amman-Zarqa Road and the Wadi Zarqa. The map also shows a historic

stoucture in central Zarqa called Qasr Shibib-

4.7 The Man-Made Environment

4.7.1 Land Use Patterns

The cities of Zarqa and Ruseifa form an urbanized corridor that
extends northeasterly along the Zarqa River from Amman. The original
impetus for Zarqa's growlh is attributed to the presence of the army
base which borders the city on the east, with initial settlement occur-
ring between the army base and the Zarqa River. Over the years the
éity has grown in a northerly and westerly direction, and to a lesser
extent to the south. The City of Ruseifa was initially a settlement on
the steep southern slopes of the Zarqa River and its growth has been
stimulated, in part, by the development of the phosphate mines to the
south. Over the past 10 to 15 years, the two cities have acquired
their linear configuration as urbanization, usually squatter settle-

ments, has proceeded along the slopes north and west of the Zarqa

River.
The Zarqa River, which has long been under cultivation, is sub-
divided into numerous small farms ti.t produce vegetables for the

region. Over the years, industrial deve opment has encroached on the
agricultural land of the wadi between Zarga and Ruseifa, most likely to

take advantage of the shallow groundwater ayuifer as a source of water



supply and the proximity to the aold Amman-Zarvga highvay.  u recent
years, governwent agencies have tended Lo discourage turther industrial
development along the Zarga River, and newer industries are now locat-
ing on the upland areas south of Zarqa that are served by the new
Amman-Zarya highway.

Huch of the commercial debivaity qn the planning area is concen-
trated in the central business distiict of Zavqua, an ares of about 50
hectares dircectly east of the army camp. Elsewhere o the planning
area, smaller scale commercial activity as found tntermngled with
residential uses. Open space uses such as parks or conservation areas
constitute only o minor fraction of the total land ares 1n Zarqa and
Ruseifa.

4.7.2 Building lvpes aod Urhan Deve Topment

The cities of Zarqu and Knserfa exhibit a variety of urban settle-
ment patterns, retflecting ditterco Lopopraphitc conditions, historical
origins, and the effects ot subrequent redevelopment The older areas
of Zarqa, built on a gently sloprog terrain, are orpanized in o grid-
iron layout with blocks ranging rno Fenpth from 120 1o 200 meters and
depths of 50 to 100 meters. A typreal block as turther divided by
narrow footpaths, gencrally one Lo two melers 1o width, which provide
access to dwellings on the tnterior of the hlock. The characteristic
housing type in these areas is the typroc]l Arab court-style house, a
rectangular walled area with o single-story dwelling (occasionally two
stories) along one side and an open court for laendry and other domes-
tic activities. Some ot the older dwelliresn e of mnd-brick construc-
tion, and over time these have been moditved, ruproved, or replaced
with modern construction materials such as cone rete block and poured
concrete.  Arouud the perimeter of the block are usually two-story and

occasionally three-story structures of modern poured concrete con-

struction often with stene facine.  The first floor of the structure s
often devoted to wome type of commercral aot vt Shrle the wpper
floors are usually vovtpred an restdences s Same byt 1 e construct pon

(3 ta 5 stories) has begun Vo oo 0 1 entral Sarga, presumably o the
result ot vising land valaes as th Cowrows and matures.  In the
pewer dareas on the north side of Zar o 00 G etces are more Ihikely to
be free-standing, rndividucl s1uctures pbocoaan the moddle of the

building lot. The newer dwellings are of potted concerele,
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column-and-slab construction with block walls, usually two stories in
height with nrovisions for additional stories at some future date.
This process of incremental construcltion is a charecteristic one for
many families for whom no mechanism of housing finance exisls; conse-
quently the homeowner builds in stages as his personal savings permit.

Ruseifa and those areas of Zarga on the west bank of the Zarqa
River are, in large part, squatter settlements built on areas of rugged
terrain with slopes ranging rom 10 to 20 percent.  The street patterns
are gencrally more random than in central Zarqa, rellecting the diffi~
cult terrain and the ad hoc, expedient process by which these settle-
ments have developed.  As in some of the older parts of Zarga, many
dwellings do not front on a public street, bul obtain access via narrow
footpaths that penetrate the targer blocks. Because of Lhe limited
finar iil resources of the squatters (and the impossibility of obtain-
ing mortgage financing on illegal development), dwellings are built in
stages, often one floor at a time. Densities are characteristically
about 300 to 350 persons per hectare.

4.7.3 Transportation

Because of the limited financial resources of much of the study
arca population and the high import duties placed on automobiles, car
ownership is not widespread among tamilies in Zarqa and Ruseifa, but
generally confined to upper and middle-income households. The compact
nature of the two cities mokes walking feasible for many persons and
fixed-route service laxis are available for tonger trips. Consequently,
mator vehicle tratfic is fairly light on most streets with the excep-
tion of the ceotral business district and a few miayor thoroughfares.
ln some areas of Zarqa and 1n many arcas of Ruseifa Lhe slreels have

not yet been paved.
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5.0 WATER DISTRIBUTION

5.1 Existing System

5.1.1 Municipal Supply

The Zarqa water supply in [rom groundwater extracted trom wells
located to the north of the ity along the Petroleum Refiner! Road.
There arce three wells, knrwn as Sl4, S14A and §$16 which have the

following characteristics:

Static
Source Capacity Diam Total Depth  Water Level
S14 300 mj/hr 12" Casing 238 m. 70 m.
S14A 300 mj/hr 10" Casing 281 m. 74 m.
S16 130 m3/hr 10" Casing 113 m. 58 m.

A new well with an estimated capacity of 150 mj/hr 1s being drilled
on the southeast side of the city near the vegetable market. It will be
connected to the reservoir on Jebel Al Abiad which is under construction.
The new well has a 12" casing and was initially sunk to a depth of 80 m.
The static water level was 18 m. The first tests showed high nitrates in
the water. This was not unexpected since the well had been sunk only as
far as the upper aquifer. The well is now being sealed from the upper
aquifer and driven into the lower aquifer.

After the new well becomes operat’'onal, the total supply capacity
will be 880 ma/hr which is 21,120 mJ/d. These are maximum capacities as
governed by the well pumps. The well pumps are generally close to the
sustained capacity of the well.

The Ruseifa water supply is from groundwater extracted from two wells
located near rhe Zargqa River. Well No.l is on the south side of the wadi
near the Hussein Industrial City mosque and well No. 2 on the north side
of the wadi in farm land about | km norinwest of well No. 1. Each well
has a pumping capacity of about 150 m]/l , thus, the total supply capacity
is 7,200 ma/day.

5.1.2 Industrial Supply

Industrial supply is from both the municipal systems and private
wells. Records at the municipal water departments show that, in 1979,
607 m3/d was supplied to industries from Zarqa and 69 mj/d from

Ruseifa,



During the industrial survey, we inquired concerning the
amount of water which was supplicd to cach industry trom private
sources.,  Some Industries bod pood data on their water use and
others were smeertain. Baved on evaluation of the informat ion
received, it is estimated that private industrial use, in 1079,
wias 4604 J/d n Sarga and 2955 m‘/d in Ruseita

50008 Treatment and Water Qualit,

Since the wiater tor both Zarga and Roscita is pgroundwater, the
only treatment is chlorination.  The normal dosape is 1.5 to 2,0 me/l.
The chlorine dose applicd in cmerpency cases is 2.5 me/l. Testing for
residual chlorine is carried out rouatinely at various points through-
out the distribotion svaten,  In general, test results range from
1.0 mp /1 near the point of chlovination to 0 at the peripheral parts
of the distribution svsten,

The bacteriotovical quatity is checked rontinely by the Ministry
of Health at the sources and at the taps in various location in the
cities,  The aralvies are pertormed according to the World Health
Organization (WHO) standard. dn 1979, about 27 percent of the Zarqa
samples showed bacteriological contamination.  The Ruscitfa analvses
for 1979 indicated that 17 percent of the samples were contaminated,
The majority of Zarqa samples were tiken during the summer months when
there was a cholera problem,  These samples are taken at customer taps
and are a pood indication of the tap water quality of the sampled
customer.

In general, cach customer has g root tank Lo store water for
cemergency use.  House plumbing is arranped so that the wvater from
the mains flows to the rool tank. 1o many cases, the tanks are
open.  These tanks ave a source ol contamination,  Thus, the water
sampled at the costomers tap 15 et a true indication of the water
quality in the distribution system. Other possibe sources of
‘bacteriological contamination are the leaky and corroded water
pipes in the older parts of the citics and tailure to disinfect

after pipes repair,



When contamination is found, remedial action iacludes iucreasing
the chlorination dosage to the system and/or requesting that the
individual ctanks be cleaned and covered. However, it must be concluded
that bacterial contamination = vaist in both systems,

Chemical analysis show that all well water is within the WHO
drinking water standa. is and the Total Dissolved Solids range between
400-750 mg/! and pH trem 7.00 (o 8.00. The uwost recent chemical
analyses for the Z:oqa and Rowita wells are shown tn the Table 5.1.
These analysis weiv tuben oot 7y and 1llestiate the infrequency of
testing, There .re no standaic. o0 Jorasa and e believe that the
chemical quali of the viter curtently supplied to carga and Ruseita
is sarisfacte. ;. The source of all operating wells is the lower
aquifer acd. thus, the potlutice prescat tn the upper aquifer does not
penerally enter the aier sappie sys e,

It has been ceported by the Wattonal esources Authority (NRA) that
fluoride levels in the upper aquiter have reached about 0.5 mg/l.
Nitrate concentrati-ns 1o the bower aquifer hiave heen reported by NRA
as anout 10 wmg/l. The chemical @ Stioe does not check tor either of
these problem contaminents. [t 15 cecomsended that thev be added to
the list of constituents faor which teating ts counducted.

No data exists with respect to heavy untals, cato nopgens, and
other potentially toxic materials. However, (heve are potential
hazards involved in using water ibet e possible Industrial contami-
nation. In view of the present - wtond and projected future expansion
of industries in the planaing oos, this woteatial problem warrants
consideration.

5.1.4 Population Served

Nearly the entire population of the cities derives its water
supply from the public water systems o ocue way or another. Residents
who are not supplied with water directly depend upon connections to
their neighbors. in Zarqa, those at elevations higher than the water
storage reservoirs are supplied from tank trucks. Thus, the population

served In Zarqa is about 215,000 and in Ruscifa is about 61,000.
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5.1.5 Existing Physical Facilities - Zarqa

The existing physical facilities are shown on Figure 5.1 and
Plates 5.1 through 5.6,

The current supply for Zarqa is from the three northern wells
through two l6-inch transmission mains, The supply pumps take suction
from a 500 m’j concrete ground level reservoir and convey the water
toward Zarqa. One 5000 m‘ (No.l) and one 500 m3 (No.2) ground level
concrete storage reservoirs float on the system. In addition, one
5000 m3 (Nu.4) reservoir is being built on Jebel Al Abiad., Storage is
also provided in the roof tanks.

There is also a 500 m] elevated tank {(No.3) located near the
hospital. This tank was damaged during the 1970 civil strife and is
not serviceable. [t could be incorporated into the existing system
but there are no plans to do so.

The supply pumps operate until both tanks are full. Then pumping
is discontinued and the tanks drain to about one quarter full. Each
tank has a full-time watchman who controls the tank level by directing
the supply pump operator by telephone.

Detailed informatic-: about each tank is as follows:

Item Tank No.l Tank No.2 Tank No.3 Tank Nb.&
Ground Elevation - m 658 642 620 699
High water level - m 666 650 635 706
Low water level - m 660 644 630 701
Capacity - m3 5,000 500 500 5,000

Except for tank No.3, each of thesc tanks is in serviceable condi-
tion and can be expected to provide service until year 2000 assuming
continued routine maintenance,

A new supply and storage system is under construction for the
southern area of the city. Completion is anticipated by the end of
1980. The new well near the vegetable market will supply a 5000 m]

reservoir on Jebel Al Abiad. This new system will be on a hydraulic
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gradient of 705 m which is about 50 meters higher than the present
system. The systems will be valved-off because of the different
pressures. An emergency interconnection will be provided. It is
anticipated that pressure reducing valves will protect the distribu-
tion network below elevation 630 m.

rhe existing transmission and distribution system in Zarqa has

the following pipe quantities:

l6-inch diameter 11,090 m.
12-11ch diameter 3,800 m.
8-inch diameter 9,819 m.
6-inch diameter 14,695 m.
4-inch diameter 2,820 m.
J-inch diameter 6,145 m.
2-inch diameter 12,915 .

TOTAL 61,275 m.

The 16-inch pipe is steel and pipe 4-inch and smaller is
galvanized steel. The 6,8 and 12-inch size are either steel or
ductile iron and are generally in good condition. About 21 km of
the Zarqa network was constructed in 1965.

The city provides distribution lines in the streets. Individual
owners must then run the house services and connect to the distribution
lines. Because of the dense housing and footpath arrangement, many
house services are over a hundred meters long and serve many houses.

A considerable portion of the delivery network is comprised of these
small lines.

Most of these lines are currently on top of or very close to the
ground surface. These lines corrode easily and have considerable
faulty joints. It is reported that the pipes are galvanized before
threading. Hence, many leaks occur at the joints. It is possible
to see leaks or evidence thereof throughout the planning area. There
is no incentive for the lincs to be repaired because the water is lost
priotv to metering.

About 12-15 km of the galvanized steel mains are replaced each
year and about 3-4 ki of new mains greater than 2-inch diameter are

installed for extensions.
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5.1.6 Existing Physical Facilities - Ruseifa

The Ruseifa existing facilities are shown on Figure 5.1 and Plates
5.1 through 5.6.

Like Zarqa, Ruseifa has two pressure zones. Well No. 1 pumps
through a 6~inch line to a circular elevated storage tank on the south
side of the city. The tan\ has z 250 m3 capacity and a flow line of
elevation about 680 m.

Well No. 2 pumps through two A-iuch lines to a 500 m} ground
level reservoir on the west side of the Musheirfeh area,. The tank has
a flow line elevation of about 750 m. Also connected to the same
system is a 500 m3 ground level reservoir located north of the Zarqa
River on the west side of Jebel Al Shamali. This reservoir has
a flow line of about 705 m. Pumping to these tanks is controlled
by watchmen and telephone as in Zarqa. All tanks are in serviceable
condition and, with proper routine maintenance, should last until
the year 2000.

Ruseifa has about 23,500 m of steel pipes of the following

sizes:
8-inch diameter 150 m
6-inch diameter 13,500 m
4-inch diameter 5,000 m.
3-inch diameter 2,600 m
2-inch diameter 2,300 m.

TOTOAL 23,550 m.

The pipelines between Well No. 2 and the reservoir at
Musheirfeh and at North Ruseifa are new and were completed in 1978.

In addition to this piping, like Zarqa, a considerable
portion of the distribution network is comprised of galvanized
steel house services less than 2-inches in diameter. These small
galvanized pipes experience the same problems as Zarqa, namely
corrosion and leakage.

5.1.7 Operation and Maintenance Procedures

The Zarqa water department was established 1n 1938 is an
integral part of the Municipal Orpeaization but became semi-detached

in 1965. 1Its Director, who manages al. the affairs of the water
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department, is, in common with other department heads, responsible
to the Mayor. Under authority of the National Municipal Ordinance,
the Municipal Council issues necessary administrative regulations
and has responsibility for the vater rates. (Sce Appendix 5.1).

The water department has a present staff of 162 and employs
additional daily labor when required.  (See Table 5.2). This staff
is of sufficient size and training to operate the existing system.

The accounts of the water department are kept sueparately from
the Municipal accounts. Water department employees are subject to
Municipal Civil Service Regulations.

All water services are metered. Meters are owned by the
Municipality and arc serviced in its workshop. The workshop can
handle from 25-30 meters per day. Meters are mainly of two makes,
Kent (English) and Doris (Syvian). The Kent is the disc type and
the Doris is the prepeller type. The disc type are more accurate
but more susceptible to becoming clogged by sand particles. For
the last few years, Zarga has heen instelling the propeller type.

The water section of Ruseifa is a part of the Municipality but
it maintains separate accounts. Like Zarqa, the National Municipal
Ordinance governs rules and rates.

The staff of the water section are 32 in number as shown in
Table 5.3. The staff is weak with respect to training of the manage-
ment personnel and is less than adequately prepared in some specialized
areas.

All water services are metered in Ruseifa. The meters are owned
by the customers and no workshop for repair or testing is available.
There are no standard types of meters and, presumably, the customers
install the cheapest type. When the meter stops recording, (he
customer is required to have it repaired at a private repair shop.
These meter ownership, testing, and repaiv practices leave much to
be desired. It is helieved that the total wmetered water sales could
be inaccurate.

ALl repairs to the systems are dowe by the Municipality staff.
Major repairs of pumps or electric motors e done at supplier's

workshops.
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5.1.8 Water Losses
A comparison of the total water sales and total pumpage

for recent years is shown below:

Percent
Water Sales Total ,Pumpage Unaccounted-

Year (m3)/yr (m”)/yr for-water
Zarqa
1977 2,735,136 4,854,040 43.7
1978 3,013,121 5,313,750 43.3
1979 3,101,231 5,883,562 47.3
Ruseifa
1977 596,593 970,970 18.0
1978 561,680 868,910 25.0
1979 538,558 642,730 16.2

Based on this data, the unaccounted-for-water average about 40Z.
There were well problems in Ruseifa in 1979 and the data is estimated.
The total pumpage data are based on measurements generally made by
relatively new venturi type flow recording devices. Sometimes, estimates
are made by the time the pumps operate. This data is believed to be
reasonably accurate. The water sales are based on meters which are
known to have problems.

It is estimated that half of the losses in the system occur mainly
in the distribution network and house services. The other half or 20%
is considered as meter under-registration and meter stoppage.

For a water-short country, this level of unaccounted-for~water
is unacceptable. The level of unaccounted-for-water in a well managed
system is between 10 to 157. It is believed that the level of un-
accounted-for-water can gradually be reduced to 20Z by the year 2000,
Reduction beyond this level to a value of 10 percent should be a goal
but it may not be achieved within the planning period.

The steps in obtaining this reduection are: (1) institute improved
metering practices, (2) have a leak survey conducted, and (3) phased
replacement of easily corroded pipe materials. Items (1) and (3) will
require gradual implementativn. Item (2) should be done by one large

survey,
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With regard to improved metering the following is suggested:

Zarqa

(1) An attempt shoi'd be made to eliminate the sand
particles which clog the disc type meter. Areas
such as sand traps, cleaning the suction reservoir,
and improved pipe repair methods could be explored.
If these are unsuccessful, then the propeller type
can be used with the realization of lower accuracy.

(2) Continue testing meters at about 5 years intervals
or less. Average USA testing frequency is about §
years but experience and test results will indicate
the proper interval in Zarqa.

Ruseifa

(n Acquire ownership of the meters and establish a

test and repair shop.

(2) Ownership of the meters could be accomplished by
purchasing and installing a predetermined number of
meters each year. Gradually, the city will own all
the meters.

(3) Commence efficient operation of a meter test and

repair facility.

It is suggested that both municipali:ies consider a leak survey.
Leak surveys are accomplished in several ways. Leak survey crews can
inspect the system with geophones or electrical detector equipment and
listen for service and distribution system leaks. A comprehensive
survey can be accomplished by subdividing the system into districts and
contralling and measuring the flow into such districts for at least 24-
hr and comparing the unight rate to the total 24-hr use. If the night
rate indicates high usage vhich cannot be explained satisfactorily,
leakage p-obably exists. By a process of further subdividion, the
location of the high night race ca; he discovered,

Measurement of flows is accomplished by recording pitot meter
readiugs over a 24-hr period. Qualified speciality firms are
customarily retained to carry out the leak survey since the work
is quite technical and the normal water Jepartment is not equipped

or properly staff.
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An order of magunitude cost estimate tor a leak survey of Zarqa
is JD 50,000 and Ruseifa is JD 20,000. The survey would take about

b months.

5.2 Water Demand Projections

5.2.1 Historical Daca
Listed below is o summiry ot the historical data for the past

tew vears:

Service Annual Quantity Average Max Max to

Connection Pumped Daily Daily Average
Year No. B m3 m3 il Daily
Zarqa
1970 15,361 2,724,330 7,464 8,773 1.17
1971 16,021 2,920,210 5,001 9,579 1.19
1972 16,909 2,967,930 8,131 9,108 1.12
1973 18,251 2,469,790 9,506 10,728 1.13
1975(1) 14,872 3,679,705 10,081 10, 345 1.03
1975 19,445 3,905,645 1, 700 11,379 1.06
1976 20,203 4,134,599 11,32, 12,885 .14
1977 21,617 4,854,040 13,263 14,154 1.06
1978 22,436 5,313,750 14,558 16,151 1.11
1979 23,665 5,881,562 16,120 16,500 1.02
Ruseifa
1977 4,716 970,970 2,660 2)
1978 5,500 868,910 2,180 (2)
1979 6,100 642,730 1) 1,761 )

(1) There was some defect in the well pumps and the quantity is estimaced.
(2) Data not available.

5.2.2 Projected Domestic and Commercial Use

In Zarqa, the 1979 population was 219,687 and the average daily
pumped quantity was lh,120 m3. The average dailly per capita pumped
quantity was 75 liters. This includes all water use: domestic,
commercial and industrial. Meter records indicate that 607 m3 per
day were sold to industrial users.

For Ruscifa, the 1979 population was 61,674, Using the 1978 average
daily pumped quanticy (2, 380 m}) since the 1979 pumped quantity was es-
timated, the average per capita pumped quantity was 39 liters including

industrial usc.
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The 1979 Ruseifa industrial sales were 69 mj per day . Assuming
the 1978 industrial sales were close to 1979, the per capita pumped
quantity for domestic and commercial use was 37 1/c/d.

In Section 5.1.8, it was shown that unaccounted-for-witer was
about 40%. It is belleved that about one-half of that amount is
used but not registered on the meters. The other 20 percent {s con-
sidered leakage.

The various daily per capita quantities tor Zarqa and Ruseifa

can be summarized as follows:

Zarqa Ruseifa
Total Pumped Quuantity 5 1/c 39 t/c
Industrial Sales 31/ 2 1/¢
Dom.& Comm. Pumped Quantivy 72 1/c 37 /e
Estimated Leakage (207) 15 1/c 7 1/c
"Actual"” Dom. & Comm. Use 57 1/c 30 1/c

For planning purposes, the following assumptions are made con-
cerning future water use:
l. Increased water use allowance - one l/c/d per year
will be added cach year to allow fur increased use
from increased bathing and washing machines. The
total additional allowance tu the year 2000 will be
21 1/c¢/d.  The report by Dr. Nasir (Appendix 3.1)
elaborates on the younger generations use ol more water,
2 Toilet flushing allowance - A one-time allowance of 1C
1/¢/d will be added to allow for increase water use due
to a water-borne waste disposal system., & standard
flush toilvt uses about 15 liters per flush and a person
uses it at least twice per day.  The 10 1/¢/d allowance
assumes that a portion of the population will continue
to use a squat slab system and allows for sewer service
to less than the total poputation,
With these assumptions, the Zarqa year 2000 domestic and commercial

per capital demand is estimated as follows:



1. "Actual"1979 use 57 1/ce/d

2. Increase Water Allowance 21 1/c/d
3. Toilet flush allowance 10 1/c¢/d

Subtotal 88 1/c/d
4. Unaccounted-for-water 22 1/¢/d
S. Demand 110 1/c/d

The Ruseitfa per capita use, based on available data, is about
one-half the Zarqa use (30 vs 57). We believe that, assuming an
adequate water availability, this relationship will not continue.
Therefore, for the planning purposes, we have assumed that the 1979
use would have been 45 1/c/d. With this assumptiuva, tne year 2000

domestic and cowmercial per capita demand is estimated as follows:

1. "Actual® 1979 use 45 1/c'd
2. lncreased Water Allowance 21 1/c/d
3. Toilet flush allowance 10 1/c/d

Subtotal 76 1/c/d
4, Unaccounted-for-water 19 1/e/d
5. Demand 94y 1/c/d

Studies recently undertaken in relation to the planning and
development of other water supply systems for Jordan show a wide
range of estimates of potential levels of present and tuture consump-
tion and demand for domestic use. Estimates for towns and cities
range between 65 to 85 liters per capita per day. The estimates for
the year 2000 vary from 100 L/c/d to 120 1/¢/d. Our estimates compare
favorably with the projections of uthers.

Using the same method and assuming the 1990 unaccounted-for-water
is 30 percent, the 1990 per capita domestic and commercial per capita
demand is 111 | for Zarga and Y4 for Ruscifa.

5.2.3 Projected Industiial Use

The 1979 industrial water use is based upon the following
assumptions:

l. 1979 and 1980 water meter readings for those industries

supplied by Municipal water.

2 Estimates by industry for unmetered private wells (only
one industrial well is metered).

3. Our estimates (based on jt dduction and similar uses)

for those industries that do .t meter.
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These estimates are suut . iced as follows:

1979 Industrial water use - mJ/d

Municipal Private Total

Zarqa 607 4,604 5,211
Rugeifa _69 2,955 3,024
TOTAL 676 7,559 8,235

A detailed list by industry is presented in the Industrial
Effluents Treatment Report.

The projected industrial water demands are based on the following

considerations:

1. 1984 production in aeccordance with industry estimates.

2, Production from existing industries would parallel
planning area projection growth until plant capacity
was reached. [n plunts of unknown capacity, it was
assumed that capacity would be reached in the year 2000.

3. Limited water conservation unti! the sewage treatment
plant begins operation (1984),

4, Cooling water recycle and other water conservation
measures will be implemented by the year 1990 for those
industries receiving wastewater service.

5. Undeveloped areas zoned industrial will develop from
1980 until saturation which is assumed at 2020. Water
use for these new industrial areas is based on current
water use per hectare with conservation measures, 32.9
mJ/d/hu.

Using these assumptions, the projected industrial water demand is

as follows:

Projected Industrial Water Demand - mJ/d

19% 2000 2020

Zarqa 6,306 9,030 14,212
Rusei fa 5,962 L6199 6,199
TOTAL 12,268 15,229 20,411

It is anticipated that much of the industrial supply will continue
to come from the private supplies. Liscussion with the industries hags
indicated that all but the Eagle Distillery and the Oriental Mineral
Water Factories estimate that no additional municipal supply will be
needed. Thus, the total future ingustrial use from municipal supplies

is calculated as follows:
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Estimated
Zarqa 1990
Existing Use 607
New Development 1,850
Eagle Distillery 4
Subtotal 2,461
Ruseifa

Existing Use 69
Or't. Min. Wat. Fact. _ 104
Subtotal 173

TOTAL 2,634

Industrial Use From Municipal Supplies

5.2.4 Projected Total Demand

(m3/d)
2000

607
3,700
_ 89

4,396

69
104
173

4,469

2020
607
7,400
89
8,096

69
104
173

8,269

The projected total demand until 2020 consists of the domestic

and commercial demand, industrial use, and the unaccounted-for-water

allocable to the industrial use

. Assuming that the water allowance

increase continues at 1 1/c/d per year, the 2020 Zarqa and Ruseifa

per capita demands are about 135 and 120 1/c/d respectively. The

total served population are:

1990

Zarqa 294,900
Rugeifa 91,100
TOTAL 386,000

2000
421,100
125,200
546,300

2020

565,600

229,700

795,300

The total estimated municipal demand is devived as follows:

Total Estimated Municipal Demand m3/d

1990

Zarqa
Dom, & Comm, 32,734
Industrial 3,516
Subtotal 36,250

2000

46,321
5,495

51,816

2020

76,356
10,120
86,476



"otal Estimated Municipal Demand - mi/d

1990 2000 2020

Ruseifa
Dom. & Comn. 8,563 11,894 27,564
[ndustrial 247 _2ie 2o
Subtotal 8,810 12,110 27,780
TOTAL DEMAND 45,0060 63,9206 114,256

The 1990 estimates refiect an unaccounted-for-water reduction
to 30 percent.  The 2000 and 2020 estimates reflect 70 percent un-
accounted-for-water,

5.2.5 Future Supply

The total estimated demand can be compared to the existing
supply, assuming the new Zarqa well 1is operational, as follows:

Comparison Total Demand vs
Existing Supply

(m3/d)
1990 2000 2020

Zarqa

Demand 36,250 11,810 86,470

Existing Supply 21,120 201,120 21,120

Deficiency Subtotal 15,130 30,6960 65,356
Ruseifa

Demand 8,810 12,110 27,780

Existing supply 7,200 7,200 71,200

Deficrency Subtotal 1,610 4,910 20,5060
TOTAL DEFICIENCY 16,740 35,6006 85,936

This data indicates that the existing supply will hava to be
inereased by 159,226 and 403 percent to meet the 1930, 2000 and 2020
demand, respectively. It the unaceounted-for-vater were reduced to
20 percent by 1990, the supply deticiency would be about 11,700 mi/d.

It 1s beyond the scope of this stady to fetermine the source of
the new supply. It is believed that the future supplemental sapply
will come trom the azrak pipeline which is be .ng constructed on the
cast side of the planning arca or from the East Ghor/Amman pipceline
which can be connected to the Azrak pipeline if pumping from Azrak
1s discontinued.  The logical connection point tor supplemental sup-

ply is a joint connection near Awjan esh Sharqi.
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Discussions in October 1980 with the Amman Water and Sewer
Authority and the Jordan Valley Authority (JVA) indicated that they
plan to supply, on the conservative side, an additional 7.2 million
m3/yr from the Azrak project in early 1981 and an additional 45
million m3/yr by the end of 1982 to the greater Amman-Zarqa region,
The supplemental water required by 1990 for Zarqa and Ruscifa is
about 807 of the Azrak supply or 10 percent of the East Ghor Main
Canal (EGMC) supply. The JVA plans to have additional supplies
avarlable by 1990 from either the Magarin Dam or a second phase of

the EGMC project.

5.3 Design Criteria

5.3.1 Design Period

Water systems contain many large and costly structures that
require a long time period to construct and that are not castly
expanded.  They also include buried pressure conduits that cannot
be readily enlarged, Consequently, the principal system components
arc made large cnough to satisty the needs of the area sorved for a
reasonable time into the future.

As a general practice, reeder mains and interior distribution
pirping are destgned for >0 years. In this case, the saturation
population 1s used. Tranmission facilities are castly expandable
factlities and gencrally designed for about half that period. 1In
accordance, with the Agreement, these are designed for the year 2000.
These will be examined for phasing so that the Phase 1 facilities
will be adequate tor 1990,

5.3.2 Ranpe of Pressures

an adequate distribution system must be able to furnish the
necessary tlew of water to various points in the system at the
pressure ncecessary to satisfy the normal requirements for each
customer. As most of the houses have a roof tank, the pressures
at the fixtures in the house is governed by the height of the

roof tank.
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Many of the buildings in Zarga and Ruscifa have 2 and 3 storices.
Assuming a 3 story building, the design height would be 10 metoers.

A pressure at the customer's service of 1 atmosphere (34 11/
10.5 meters ol water) would be sutfivient to serve the rool tanks.
If the roof canks were eliminated, then the pressures should be
more in line with conventional systems.  As 0 puide, conventional
systems are desipned for 2% to 0 pai (0 Atm) minimum at Uhe
distribution main. The distribution system will bhe desipned to
maintain this conventional pressurc ranpe in the distribution svstem,

Conventinnal system desipn should be such that prossures in
excess of about 120 psi (8 Atm/85 meters) should be avoided. Pressures
above this range are harmful to conventional plumbing Fixtures. As
long as the pressure is controlled by the roof tank, there is no
problem. The dis'ribution system will be designed to keep the
maximum pressures within this limit,

Therefore, the desirable range of pressures at the customers
service is 2 to 8 atmospheres (25 to 120 psi/2{ 1o 85 meters).

5.3.3 Peaking Factors

The average ratio of maximum daily flow to average daily flow
for the past 10 years has been 1. 0. The major reason for this is the
relatively low per capita water use. Water is caretully used for
the basic human needs such as drinking and bathing. There is no
significant seasonui demand variation for such items as gardening.
We have assumed that this ratio will increase to 1.3 during the lifc
of the facilities.

There is no data available for the ratio of peak hour to
maximum or average day. As long as there is significant roof storage,
the ratio will remain low. We have assumed that the ratio of maximum
hour demand to average daily demand will be 1.6 as long as rool storage
remains.

One of the items used in estimating the 2020 average daily per
capita flow was a continued increase ot the per capita use by 1/c/year.
[f we assume that this increase does aot extend past the year 2000, the

design peaking factors increase to 1.5 and 2.0 for maximum day and
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maximum hour. 1f this maximum hourly rate is used to design the
distribution system then roof tanks would not be requirved.

An addition of these two factors yields a too conservative
design., Therefore, the factors of 1.3 and 1.6 will be used in the
design of the distribution system,

5.3.4 Storage Requirements

It has generally been found that the most economical combination
of pumping, distribution piping, and storage tank capacity results
when a given area is supplied at the average rate of demand on the
maximum day from the source of supply and equalizing storage is
provided within the distribution system to supply the diff once
between the rate of supply and the instantaneous rate of . ‘stem
demand. Additional storage may also be provided for fire protection
and for an overall reserve to maintain supply during temporary
emergency outages until standby units can be placed in service.

The volume of storage required to cqualize peak demands
usually is a function of the magnitude and duration of the peak
demands and the rate of supply to the distribution svstem. When
the rate of supply is at the average rate on the maximum day, the
volume ranges from about 15 percent ol the aver:ive rate on the
maximum day tor large urhan systems and higher amounts for small
suburban systems.

For the year 2000 condition, the Zarqa and Ruseifa conditions

with the existing storage are as follows:

Exisring Municipal Storape - m3 10, 500
Roof Tanks - estimate - m3 5,000
Total available storage - m3 15,500

Average rate on maximum day (year 3
2000) - 52,135 m3/d x 1.3 = 67,775 m’/d

Percent average rate 15,500/67,775 x 100 = 237
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Ruseifa

Existing Municipal Storage - m3 1,000
Roof Tanks - estimate - m3 1,500
Total available storage - mJ 2,500

Average rate on maximum day (year 3
2000) - 12,186 m3/d x 1.3 = 15,840 m°/d

Percent average rate 2,500  x 100 = 167
15,840

In addition to the equalization storage, it is generally prudent to
provide 25 percent general reserve in additional storage. Assuming an
average equalization rate of 15 percent, the required total storage 1is
20 percent (15 % .75) o the average rate on maximum day. Zarqa
already complies with the 20 percent criteria and Ruseifa needs an
additional 659 m3. This would be required near year 2000,

Another generally used guideline is that enough total storage
should be provided to supply 6 hours ot flow on average day. With the
1.3 peaking factor, this is 4.6 hours or 19 percere of maximum day
flow. Thus, the calculation based on vqualization storage agrees with
this guideline.

Ideally, distribution storage should be located at Che opposite
side of the distribution system from the source of supply. This
configuration permits two-way supply to the system during periods
of peak demand. In large systems, hydraulic and satety considerations
usually will result in the placement ot portions of the total storage
volume at two or more locations.

5.3.5 Fire-Fighting Requirements

There are no firc-flow standards for Jordan. Building construc-
tion, in general, is of block, brick, or mud which presents no
great fire hazard. Thus, no special provision will be made for
fire-flow facilities except for the commercial arcas and high value
district where fire hydrants are current by available and would be
extended as necessary. There are no fire hydrants in Ruseifa and a
limited number of hydrants in Zar Like most parts of Zarqa and

Ammon, the fire trucks carry their . coply of water.
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Accepted fire-flow practice in the United States is that
storage and distribution networks are designed to serve cither
the peak hour or maximum day plus fire-flow requiremnents, which
ever is greater. In large urban areas, the peak hour reqedrements
are usually greater than the maximum day plus fire-flow.

In the Zarqa high value arca, tl- fire hydrants are spaced
at about 100 meter intervals. The fire trucks carry thelr own
water supply. The pumper trucks can pump at about 60 mj/hr
(250 gpm). For supply, the pumper take water from the hydrants
into the truck tanks and then repump.

The 5000 m3 ivservoir serves the high-value district. To
fulfill only the maximun: day requirement, the reservoir will not
be required since the maximum day requirement is available from the
source of supply.

Keeping 257 reserve, 3750 m3 (990,000 gal) would be available
for fire-flow. Assuming a maximum of 4 hydrants for any fira, and
4 hours of duration, the flow available for each hydrant would be
235 m3/hr (1000 gpm). Therefore, there would be sufficient storage
to fight a fire.

5.3.6 System Considerations

Distribution system piping should be arranged in a gridiron
pattern so that the required flow to any point of significant
demand can be supplied from at lesast two directious. In addition
to minimizing the overall headloss across the distribution system,
this configuration limits the extent of the area that must be taken
out of service for the maintenance or repair of a gsection of pipe.

The gridiron pattern will consist of feeder and branch mains.
The classification of a given main is dependent upon its location
and function within the overall system,

All intersections between feeder maing and all intersections
between branch mains should be completely valyed. In the case
of an intersection between a feeder main and a relatively small

branch main, the branch main shoulu be valved.,
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Air and vacuum relief p:ovisions are required at high points
and blow-off valves at all low points of the distribution system.

Thrust blocks should be provided at all dead ends and at all
bends over 7 degrees.

5.3.7 Minimum Pipe Size

The minimum size of main lines for the distribution system is
50 mm (2"). This size line can serve about 450 people. This size
line could he used in footpaths. House services should be between
12.5 mm (1") and 25 mm (1") depending on the size of the household.

5.3.8 Pipe Materials and Appurtenances

The existing systems consist of steel, ductile iroa, and
galvanized steel pipes.

Experience has shown that the steel pipes and the joints of
the galvanized steel pipes corrode in 5 to 10 years. Since 1965,
cement-lined ductile iron pipe has been used with satisfactory results.

Recently polyvinyl chloride (PVC) pipe has become svailable from
local manufacturers in pressure ratings up to 10 atmosphere (150 psi)
working pressure. High density polyethylene pipe has also been used
in Jordan. When compared to PVC pipe, it is more flexible and unef-
fected by heat until it ignites. However, the material is 15 percent
higher in cost, ignites easily, and has a lower hydrostatic design
stress capability.

Both the Water Supply Corporation and the Amman Water and Sewerage
Authority (AWSA) have had experieace with plastic pipe. We discussed
the use of plastic pipe with both of these agencies.

The advantapes and disadvantages of cement-lined ductile iron

pipe when compared to plastic pipe are as follows:

0 Material Cost - The estimated material cost per meter

of pipe material is:

Size Ductite Jron Plastic (PVC)
J.n. J.n.
2~inch 2.000 1.000
4-inch 5.000 2.700
6-inch 7.000 5.750
8~inch 9,500 9.000
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0 Inscalled Cost ~ The estimated total irstalled cost per

meter is:

Size Ductile Iron Plastic (PVC)
___Jp Jp
2-inch 16.000 15.000
4=-inch 20.000 17.700
6-inch 24.000 22,800
8-inch 27.000 26.000
0 Pressure rating - The D1 pipe has normal working pressure

of 24 Atm (350 psi) as against 16 Arm (235 psi) for the
strongest (Class 16) plastic pipe.

0 Familiarity - the municipal workers in both Zarqa and
Ruseifa are familiar with ductile iron.

0 Proven record in Zarqa and Ruseifa - The two municipalities
are satisfied with the ductile iron pipe.

o Discussions with representatives of the Water Supply Corpo-
ration and AWSA indicated that they have had several poor
experiences with plastic pipe. These problems were mainly
leaks attributed to water hammer, workmen unfamiliar with
joints, brittleness of pipe exposed to sun, and problems
obtaining fittings.

o With plastic pipe, the actual cost of laying and joining
the pipe (exclusive of material) is less than ductile iron
but rhere are additional costs for storing and care in
handling, better backfill, deeper excavation because of
less strength, and higher failure rate during contractor
hydrostatic testing.

o Plastic pipe has higher operation and maintenance costs

because of more frequent breaks.

The only advantage of plastic pipe is that the material is
chearer than ductile iron. Because of the range of pressures and
experience of the Water Supply Corporation and AWSA, we recommend
that the use of ductile iron be continued. The engineers of both
agencies believed this to be the correct choice. The cost estimates
presvented are based upor. supply from the USA.

For house services, the galvanized steel pipe has experienced
corrosion within 5 to 10 years after installation. An alternative
is the use of plastic pipe. The galvanized steel is more expensive
than the plastic. The plastic has less strength than steel.
Discussion with the Water Supply Corporation and AWSA indicate that

they have also had poor experience with plastic house service.
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" Both agencies are now using galvanized steel house services.. The
Water Supply Corporation current standard is galvanized steel which
meets the following (1) Brictish Standards Institution Specification
for Steel Tutes and Tubulars Suitable for Screwing to BS 21 Pipe
Threads including Appendix A, the copper sulfate test, (2) the pipe
is hot-dipped after threading, and (3) is medium scries. It is
belivved that the galvanized steel pipe which has had a less than
satisfactory record did not weet these rigid standards.

Based on the experiences of the Water Supply Corporation and
ANSA, we recommend use of galvanized steel house services. The cost
estimates are based upon the use of this material. It is available
from local manufacturers.

Line and sectionalizing valves should be gate valves of iron
body, bronze mounted, double disc, and should have 4 non-rising
stem for manual operation with a valve wreneh. The valves should
be directly buried with metal valve box. Minimum operating pressure
for valves should be determined in accordance with the pressure
services requirements,

Customers service connections to the main should be made with
a threaded corporation stop. For ductile pipes, a saddle and ferule
is to be made with a tapping machine. The customer service lines
should be sized on rhe basis of accepted water works practices.

Standardizing on one or two makes of meters would minimize
spare parts storage. The standard meter should be durable, accurate
and of materials having a low scrap value to minimize pilferage.
Meters should be located in locked steel box where they will not be
subject to vandalism or accidental damage.

Care must be taken when planning and constructing water lines.
Other utilities zlong the route must be identified and located both
vertically and horizontally before trenching to minimize damage.
During construction, "his usually will be accomplished by test pits
dug in advance of trenching operation.

It is recommended that every commercial service such as sewers,
water pipes, electric cables, and .elephone cables be allocated a
specific location in the street, 2specially in the currently wnde-
veloped areas. These standard locativus should normally be strictly
adhered to in order to facilicate crossing points between different

kind of service and to avoid interference between the same.
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This, together with the preparation of as-built plans, will
winimize conflicts with or by other utilities in the future.

5.3.9 Roof Tanks

The roof tanks are a health hazard since they provide a means
of water supply contamination. Ideally they should be eliminated but
this does not appear feasible. The use of roof tanks and other home
storage methods such as barrels is apparently based on a fear ol water
shortage. Even though Zarqa now has « vontinuous water supply, we
believe that most residents may not be ccmpletely coutident in it
adequacy. In addition, the internal piping is arvanged to flow-through
the tank.

Civen that it is impractical to eliminate the roof tanks, it is
suggested that the municipalities increase their efforts to have the
tanks kept clean and covered. This is mainly an enforcement problem.
Experience indicates that the tank covers are frequently not properly
placed on the tanks. This allows such contamination as airlorne par-
ticles and bird droppings to enter the tanks. It also provides 2
place for mosquito breeding. The covers could be inspected by the
meter readers at the same time as the normal meter reading.

When an adequate supply and distribution system is available,
there may be a gradual reduction in the use of the roof tanks. Since
the storage calculations have utilized the roof tank capacity, addi-
tional storage will be required if the effort to eliminate the tanks

is successful.

5.4 Zarqa Design

5.4.1 Useable Existing Facilities

In Zarqa, all the existing pipelines are useable except for one
very old 12-inch steel pipe which is la‘d across building lots in the
vicinity of the hospital. This line was nof considered in the net-
work analysis. It should be removed from service since it may have
leaks or locations where polluted groundwater can enter the system
when the water is shut-off.

The concrete storage reservoirs are useable until 2000 assuming
routine maintenance. The pumps, motors, and chlorinators are service-
able providing they are properly maintained. A budget item has been
included in the estimated financial - . rements for replacement as

required.
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Other improvements required to bring the system up to acceptable
standards are:

l. New master meter needed at north well supply.

2. Isolating valve near Zarqa River Bridge to separate

the north and south distribution systems.

5.4.2 Pressure Zones - Zarqa

The main reservoir in Zarqa 4s at an elevation of about 645 m and
the lower end of Zarqa near the road bridge is 570 m or a total dilfer-
ence of elevation in the system of about 75 m or about 110 psi static
pressure. The majority of the area served is at elevations from
600 m to 640 m or about 60 psi. This is satisfactory for the main
portion of the City.

The new reservoir on Jebel Al Abiad has an elevation of about
700 m. Tt is anticipated that this reservoir will serve the area of
the city west of the river. The ground elevation near the Zaraa River
is about 570 m. The toral elevation differential is 130 m which is
about 185 psi. Thus, areas with ground elevations below 615 m should
not be served from the 700 m gradient. The recommended maximum static
pressure is 85 m. During system design, sevparate pressure zones will
be created using pressure reducing valves.

5.4.3 Design Methodology - Zarqa

There are several methods of hydraulic analysis available. The
degree of accuracy of the available data and system configuration
must be considered.

We have selected the Method of Sections for distribution system
analysis. This method is particuiarly usetful for preliminary studies
of large and complex distribution systems with the supply from one
direction. The method is to cut the distribution network by a series
of section lines in the gercral direction of flow. Estimates are then
made ol how much water must be supplied beyond cach section.  The
capacity of the available pipes in the general direction of flow is
calculated and new pipes are added to provide the required capacity,
The analysis is based upon the average hydrauvlic gradient across the
system. Excessive velocities are avoided to minimize the possibility

of water hamner.



For a further explanation, the reader is referred to Section 13-7
of Volume 1 of "Water and Wastewater Engineering" by Fair, Geyer, and
Okun,

The City of Zarqa was divided into about 60 separate zones for
which the water demands werv ralculated on the basis of per capita
flow and the spatial disnggregatjon of pepulation,  Industrial demands
were added as appropriate,

Because of the supply configuration, the arca was divided into
two areas of aralysis. One section is the major portion of the exig-
ting city north and east of the Zarqa River. The other section is
the other less populated saction west of the 72arqa River and south of
the bridge.

For older distributicn lines, the "C" valve (1oughness coeffi-
cient) in the Hazen-Williams formula ranges from 70 to 100. For new
cement-lined the values are 110 or above. We have used 100 as an
averaye value o1 the entire syste.

5.6.4 Zarqa - 1990 vesign

The design of the Phase I facilities for Zarqa is based on fur-

nishing adequate [ .cilitics for the year 1990 demands.
The major thi wt of the Puioe Pad e vt woel be
1. Aduitional Suppiy
2, Reinforce Existing System
3. Expansion to New Areas

In Sectien %.2.5, it was shown that the total supply deficiency
for Zarqa was 15.!:0 mjld T 1990 and 30,696 l3/d in 2000, Also for
Ruseifa, the totul supply :rvliciency for Kuseifa was 1,610 m3/d in 1990
and 4,910 u3/d in 20060 Ik total supply deficiency was 16,740 mJ/d
in 1990 and 35,60 mJ/J in 2000. This data demonstrates that acqui-
sition of 2 1ew supply must be part of 'hase 1. Because it is a major
facility but one :iiat can L. vasily parall.iied, the desigr life is
20 years. Also, vecause it is a joint (Zarya an. Ruseifa) fnéility,
it is discussed in the Zarja scction. The covat will be propoitioned
to Zarqa and Rustifa on the vasis of desini flow.

The common pipeline will run from the comnection to the East
Ghor/Amman - Azrak pipeline near Awjan esh Shargi to the vicinity of
the Zarqa River. From there, the line will continue to the Jebel Al

Abiad reservoir but this will be conaidered a Zarqa diatvibution lime.
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The design capacity of the line should be based maximum daily flow.
For both cities, this totals 46,300 m3/d (35,606 x 1.3). The estimated
hydraulic gradient in the East Ghor/Amman ~ Azrak pipeline will be
elevation 758 m. This is based on the hydraulic gradient necessary to
serve Amman. This gradient will also be sufficient to serve the Jebel
Al Abiad and the majority of Ruseifa. It will not be able to serve the
Musheirfeh reservoir.

The 758 m gradient is the minimum that can be expected in the
pipeline. In most cases, the gradient will be more. Therefore,
pressure reducing valves will be required on all take-offs that do
not serve the higher areas of the city or the reservoir.

Based on analysis of the available pipe sizes, a 24-inch pipe
size has been selected.

The question then, is, how to proportion the cost. The percent
of design flow for Zarqa in 2000 is 86.L For the purpose oi this
report, we have assumed that Zarqa pay 80 percent of the cost of the
common line since all costs are not directly proportional to flow.

' In the existing parts of Zarqa, there are several incomplete
distribution network loops. There are also several areas of the city
where there is poor flow distribution between the existing 4~inch
branch mains. We recommend that the network be veinforced to
strengthen flow to these areas.

The developing areas are principally south and west of the
existing population center. In Phase I, provision is made to serve
three areas from the new 24-inch connection. Initially, service will
be from the new well. The major facility to serve this new area in
the proposed 12-inch pipeline along the west bank of the Zarga River
to the vicinity of Hai ex Zawahreh. Distribution loops proceed
westward from this line to serve thv new development. Because this
line is fed from the elevation 700 m hydraulic gradient, there are
some low areas where pressure reduction is required. The municipality
is planning to establish a high service area about 630m elavation,
Therefore, when the areas below elevation 630m should be in a low or

normal pressure zone.



A l6-inch line is also proposed for the east side of the river.
This line is proposed to run from the proposed 24~inch northward to the
southern extent of the currently built-up area of Zarqa. As the area
north of Zarqa developes, less and less of the existing northern well
supply will be available for the southern areas of the city. The
proposed l6-inch line will make the new supply available to the
southern areas of the city.

The proposed Phase I improvements are as follows:

Pipe Size (inch) Length (km)
24 3.0"
16 4.0
12 6.0
10 1.0
8 5.0
6 10.0
4 30.0
2 22.0
Total 81.0

*  B80Z of supply line
The major iines are shown or Figure 5.1 and all lines are shown
on Plates 5.1 to 5.6.
5.4.5 Zarqa - 2000 Design
The design for adequate service tc year 2000 is defined as Phase
II. The major component of Phase II design are:
1. Phased expansion to keep pace with anticipated
growth, and

2, Transmission mains to convey the new supply to those
areas now deficient because of new growth nearer the
existing well supplies.

The major portion of the expansion between 1990 and 2000 will
occur by continued growth west of the city. There will also be some
.expansion north of the city. The westward expansion will be accom-
modated by a major (8" & 12") pipeline along the western edge of the
anticipated growth. This line will clouse the loop initiated by the
12~inch line along the west side of the river in Phase I. A
distribution network is planned between these lines.

An additional 16-inch will be required on the east side of the

river to increase supply to the city as the northern area grows.
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T..2 proposed Phase II improvements are as follows:

Pipe Size (inch) Length (km)
16 5.0
12 4.0
8 9.0
6 5.0
4 10,0
2 40.0
Total 73.0

The major lines are shown on Figure 5.1 and all lines are shown

on Plates 5.1 to 5.6.

5.5 Ruseifa Design

5.5.1 Useable Existing Facilitics

In Ruseifa, all lines are serviceable and have been included in
the distribution system analysis. The reservoirs are considered
serviceable until year 2000 with proper maintenance., Budget allowances
will be made for routine replacement of pumps, meters and chlorinators.

The improvements required to bring the existing system up to
acceptable standards are:

l. To strengthen it by new network.

2. To standardize on meters and provide a meter workshops,

5.5.2 Pressure Zones-Ruseifa

The existing Ruseifa system operates on two separate hydraulic
gradients. The system from Well No.l operates from the 250 m3 reservoir
with a flow line of elevation 680 m. The reservoir is located on the
high ground south of the old Amman-Zarqa highway. The minimum elevations
served by this tank are about 600 m. Therefore, no pressure problems are
anticipated,

Well No. 2 pumps to two reservoirs. The controlling reservoir
is the 500 m3 structure located in the Musheirfeh section. It has
a flow line elevation of 750 m. It is sufficiently high to serve the
surrounding area. ‘The section of Musheirfeh north of the tank near
the Zarqa River drop to elevation 642 m. The differential from the tank
tiow line to this area exceeds the maxjmim allowable pressure established
in the design criteria (85 m). Therefore, areas below elevation 665 m

must ve served through pressure reducing vatves.



I'he 500 m} reservoir in the vicinity or Yajoz road is alse scrved
by wWell No.2o 1t's flow line elevation is 706 m. It currently serves
an area where the low elevation of the densely populated arca is
generally above 620 m. Therelore, there are no anticipated hipgh
pressurc problem. There are isolated cases of customers below this
elevation near the river. These should be handled as an individual
basis. The tank is also sufficiently high to handle the majority of
the area south and north of the Yajoz road.

In the future, Ruseifa should continue to operate on ti: same two
pressure system. The Musheirfeh system should operate az 4 aigh
service system. The remainder of the municipality should operate from
the 705 m gradient. The pressure from the future connection should be
sufficient to supply this tank. The 680 m flow line tank will also be
on the same gradienc. The elevations are sufficiently close in
elevation that the 680 m tank will not be "locked-out" of the system.

5.5.3 Design Methodology - Ruseifa

The configuration of Ruscifa is different than Zarqa. Analysis of
its system was done by considering it as a long transmission main with
successive take-off. Analysis of the smaller arca was done by the Method
of Section.

5.5.4 Ruseifa - 1990 - Design

The design of tl~ Phase [ facilities for Ruseifa is based on
furnishing adequate facilities for the year 1990 demand.

The improvements will be required in four areas:

1, Additional supply

2. Reinforce existing system
3. Expansion to new areas

b, Improved metering practice

In Section 5.2.5, it was shown that Ruscifa would have a supply
deficiency by 1990, Section 5.4.4 describes the design of this line.
It concludes that Ruseifa should be allocated 207 of the cost of the
24-inch pipeline.

In the existing parts of Ruseifa, there are several incomplete
distribution network leops. Even with completion of the loops, there
will still be areas with poor flow because of insuffirient branch mains.

The proposed Phase [ facilities will remedy this situation.
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The new development it cxpected to occur adjacent to the existing
area. In the Musheirtfeh area, it will be north and towards the river.
In the "old Ruseifa" area, it will be ecastward south of the old Amman-
Zarqa highway. North of the river, it will start to fill-in the Jebel
Al Shamali area.

The major facilities are shown on Figure 5.1. All facilities are
shown on Plates 5.1 to 5.6, These facilities are siced to serve the
saturation v pulations for the areas which they serve.

The 1Z-:uch line will make the new supply available to the area
of Ruseifa berween the existing wells and the municipality eastern
border. The 12-iuch line north of the eastern seation of the city and
the 8-inch line through the existing development north of the river are
the start of the majur norchern loop.

The proposed Phase I improvements are as follows:

Pipe Size (inch) Length (km)
24 0.6%
12 3.0
8 1.3
6 3.3
4 12.0
2 20.0
Total 40.2

* 201 of 3upply line

It is also recommended thac the muicipality acquire ownership of
the meters and institute wsdequate test and repair procedures.

It is recommended that the Musheirfeh svstem contiuue 1o operate
as a high service area supplied by Well No. 2. Au emergeacy inter-
connection should be made so that the puwps which supply the Musheirfeh
area could take suction from the new supply it necessary.

5.5.5 Ruseifa 2000 Design

The design for the year 2000 consists of completing the loop to
serve the Jebel Al Shamali arca aud Lhe proposed housing project unorth
of Yajoz rcad with a 6-inch line. This is the remaining section of
the 12~in.h and 8-inch line discussed in the previous section. The
improvements also include a 700 ' tesetsoit which was discussed in
Section 5.3.5.

There are no streets shown ou the base map for the areas that

are expected to develop between 1990 =ad 2000,  The major areas are
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Jubel Al Shamali and Hai Al Aradich,  We have included an estimate tor
these areas based on the pipceline density in the developed areas.
, 3 .
The proposed Phase Ll improvements are a 700 m~ reservoir plus the

folluwing pipelines:

Pipe Size (inch) Length (km)
b 1.0
4 4.0
2 10.0
Total 15.0

5.6 Cost Estimates
The estimated construction costs for the recommended projects in

1980 JD are as follows:

Phase !
Zarqa JD 2,230,000
Ruseifa 1,080,000
Total Jb 3,310,000
Phase II
Zarqa Jh 1,725,000
Ruseita _ 325,000
Total Jn 2,050,000

The details of the cost estimates are given on Tables 5.4 and 5.5,

Appendix 5.2 discusses the basis of the cost estimating procedure.

5.7 Recommended lmplementation i

There are three classes of water distribution improvements when

viewed with regard to implementation:

0 The supply, feeder and branch mains
0 The pipeline to reinforce the network and handle expansion
0 The lines in the footpaths and house service replacement

which will only be practical as the sewer program progresses.
These are essentially sewer construction costs service
they are necessitated by the sewer construction.

For Zarqa, we have allocated JD 1,000,000 for those pipelines which
are for network reinforcement plus gwrowth. These are essentially all
the 2- and 4-inch lines. These would he constructed between 198) and

1990 at JD 100,000 per year (June 1980 cost).
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For Ruseifa, we have allocated JD 100,000 for construction of
the reinforcement and expansion. This is about one-half the 2- and
4~inch lines, Because the Ruseifa system is weaker, about 85% of
the 2- and 4-inch lines are planned for immediate replaccment. We

have also allocated JD 150,000 for new meters from 1981 to 1990.

5.8 Local and Foreign Costs

As requircd by the Agreement, all costs are divided into foreign
and local costs. The material is allocated on the basis of its
manufacturing location. Labor, except for foreign manufactured
machinery and supervisory personnel, is considered a local cost.

The Phase I and Phase II local and foreign costs are summarized

as follows:

Local Foreign Total
) () D)
Phase I
Zarqa 1,182,000 1,048,000 2,230,000
Ruseifa 540,000 540,000 . 1,080,000
Total 1,722,000 1,588,000 3,310,000
Phase II
Zarqa 915,000 810,000 1,725,000
Ruseifa 195,000 13C,000 325,000
Total 1,110,000 940,000 2,050,000

The detailed breakdown is given in Tables 5.6 and 5.7.

NOTE:

The pipe sizes have been given in inches in this chapter. The

equivalent sizes in the metric system ave:

Size Size

Inches mm Inches mm
1 - 25 10 - 250
2 - 50 12 - 300
J - 75 15 - 400
4 - 100 20 - 500
6 - 150 24 - 600
8 - 200
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6.0 LEWER SYSTEM

6.1 Existing Wastewater Disposal Practices

6.1.1 Sanitary Sewage Disposal

At present, there are no publicly-owned wastewater collection
and treatment facilities in either Zarqa or Ruseifa. Sanitary
sewage is generally disposed of in privately-owned, on-site systems
constructed by the homeowner. The responsibility for indusctrial
wastewater disposal has been left to each individual industry,
Because of the rapid growth of the two communities plus the
industrial development, more emphasis has been placed on disposal
per se thar. on achieving adequate treatment prior to discharge.

The cesspool or pit privy is the disposal system most commonly
used by the homeowner. The relatively soft, easily excavated rock
found at or near the ground surface throughout most of the planning
area facilitatesthe construction of unlined pits at low cost, while
the small building lots, steep slopes and soil conditions all
mitigate against the construction of either conventional or mound
type septic systems. Although no data have been obtained regarding
the porosity of the rock or the percolation rates achieved in the
pits, field observations indicate that the wastewater moves rapidly
into the bedding planes and interstices of the rock formation and
either filters downward into the groundwiter or appears as seepage
where the bedding rlanes outcrop on downstream slopes. The grey to
black color of the seepage and the odors generated when it is ponded
in depressions indicate that the degree of treatment achieved during
its passage through the rock is low. The relatively high concentra-
tion of nitrates in the ground waters of the upper aquifer indicate
that the levels of treatment achiev=- by present disposal practices
are inadequate to protect the groundwater against contamination.

The destiny of development in portions of Zarqa and Ruseifa is
such that cesspools are frequeatly located under the buildings which
they serve. The odors emitted from these pits enter the homes through

their floors and the floors above the pilt remains damp.
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Although the vast majority of property owners utilize cesspools,
wastewater f[rom some homes is discharged dircetly vo the Zarqa River.
In Ruseifa, a number or privately-owned sewers have been constructed
down the face of the rock C1iffs tu the wiater's cdpe,

Even "n homes with cesspools, o sipnificant volume of waste-
waters m:v be discharged to the nearest ditch, strect or tootpath,

A common complaint of familics intervicw .l during this study is that
many people throw wish water (sullape) into the stroets and footpaths
to avoid overloading their cesspools. Thig prostice vesults in maddy
footpaths, odors, and seneral nuisance conditious throuvhout the

more densely developed sectors of the planuing area. It has reportedly
been the cause of many arguments and ili Feolbinugs between neighbors.

6.1.2 Industrial Wastewater Disposal

With relatively few «xcepltions, the industrivs located along the
Zarqa River discharge untreated wastewaters direetly fnto the river.
Industrial establishments located at some distance from the Zarqa
River dispose of their wistewaters by 4 variety or methods including
discharge to cessponls, ponds, and small drainape Jditches.

A detailed discussion of existing industrial disposal practices
is given in the Industrial Iffluents Treatment Report,

6.1.3 Septage Disposal

The municipality of Zarqa owns and operates eighe tank trucks
for pumping out cesspools. An estimated 32 privately-owned tank
trucks also operate in Zarqa and in Ruseifa whicn has no municipal
fleet.

There were 29,765 metered water service in the two municipalities
at the end of 1979, and it is estimated that there are over 30,000
cesspools. If all of the cesspools are pumped out semi-annually, each
of the estimated 40 trucks in the area must service an average of five
systems per day over a 300 day operating year. While Dr. Nasir's
report (See Appendix 3.1) indicates cesspool pump-outs average about
4 per year, discussion with the Municipality Engineer indicates that

this number is higl but may apply to certain limited localities. It

.

s estimated that a semi-annual pump~out is a more realistic figure
for the planning area averdge. '+ need for more frequent pump-outs

is reduced by iisposal of sullage aie irey water in the streets.



Septage collected by the tankers is repccted to be disposed of by
dumping at a government-approved site located along the Zarqa-Azrak
road about 25 km from the city.

Zarqa charges JD 2.500 Per four-cubic meter truck load while
private operators charge from JD 3.000 to Jp 5.000 per load. The
charge for pumping out a 2 m3 cesspool varies from JD 1.25 to Jp 2.5

depending upon the tank truck service used.

6.2 Service Areas and Served Populaticn

6.2.1 Methodology

In cxder to design the sewer system, the planning area must be
divided into subareas along drainage basin lines with consideration
given to natural divisions between existing population centers. An
estimate must also be made of the population which can be economj-
‘cally included in a gewer system,

In preparing service population estimates, it was assurmed that
small clusters of houses located at a distance from population
Centers and homes on streets with numerous vacant lots could not be
economically served during any phase of the project.

In determining the extent of the initial phase collection sewer
project, the follow criteria have been used:

o Small clusters of houses located at some distance
from oxisting centers of population will not be
sewcred during the injitial phase.

o Streets on which more than half of the developable
lots have been built upon will be seweroed during
the initial phase.

o Small scctions of heavily developed areas which
drain into undeveloped land will not be sewered
during the initial phase if an extensive arount
of sewering is required within the undeveloped area,

o No collection sewers will be constructed to serve
homes on large lots within the agricultural areas
along the Zarqa River. Where such homes are in
close proximity to a proposed trunk sewer and the

owner wishes to connect to the system, a connection
Stub will be providid at the nearest manhole for
his use.
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Aerial photographs taken in 1979 were used in conjurction with
the above criteria to estimate the extent of the collection sewer
system. The sewer system design prepared by Scan Plan Coordinator
and Jouzy & “artners in 1975 was reviewed using these photographs t
determine where new development has occurred since that date, A
preliminary sewer system layout was prepared for Ruseifa using the
1976 series 1:2,500 scale topographic map with a 1 meter contour
interval.

Even though the planning area contains large amounts of vacant
land suitable for development which is projected to 2Xperience a very
rapid rate of population growth throughout the next 40 years, it is
still anticipated that there will be some arcas in the process nf
developing during all stages of the project. Thus, it is anticipated
that even in the year 2020, sone people living within the planning
area will not be scrved,

6.2.2 Planning Area Subdivision

The planning area has been subdivided into 21 subarcas a3 shown
in Figure 6.1. A brief description ol cach subarea plus factors
governing served population follaws:

) Subareas I and Il are located in Zarqa and drain
toward the Zarqa River. The southeasterly portion
of Subarea 1 ig currently developed to approximately
90 percent of its saturaticn population while the
northerly and westerly poitions contain large tracts
of vacant land. Subarea [I i. presently developed
to approximately 85 percent of its saturation
density throughout. Wastewaters from both subarcas
could be conveyed by gravity to a trunk sewer along
the river,

o Subarea III, IV, and the Army Base are located on the
easterly side of Zarqa and drain toward the northeast
to the Wadi Saida - Subarea ITI presently contains
about 25 percent of the City's total population and
is developed to about 95% of its saturation
population. The southerly portion of Subarea 1V

contains a small area .' i b currently approaches
saturation destiny whilc @ cast-nentral portion as
far north as the municipal + ° ficld i developing
rapidly into a middle and Ui dncome residential
area. The northerly scction i (his subarca contains
mostly vacant land and includes .o arca zoned for new
industrial growth along the Refincis Foad,  The Army
Base lies directly east of subarecas i1l wd 1V and

has a resident population of approximately 35,000
including soldiers and their families.



Wastewaters from all three subareas wi.l have to be
collected at a point near the northeast corner of the
city and pumped over the divide to a trunk sewer in
Subarea I or treated at « separate treatment plant
along Wadi Saida.

Subareas V and VI are located on the westerly side

of the Zarqa River. Subarea V is too sparsely
developed to consider the construction of sewers at
present, but is projected to develop a rapid rate
over the next 20 years. Subarea VI contains a
densely developad srrip of housing along its casterly
edge while its westerly portion is necarly vacant

Both of these subareas drain directly to the Zarqa
River through a number of rclatively deep drainage
courses,

Subarea VIT is located on the easterly side of tle
Zarqa River and is traversed in a north-south direction
by the new Amman-Za' ja highway and the railroad.

The portion of this subarea between the highway and

the river contains a refugee camp and a very densely
developed grouping of low income homes. The Army

Base occupies a small portion of the subarea east

of the highway while the remainder of the area is
essentially vacant land.

Subarea VIII is located on the westerly side of the
Zarqa River in the Awjan Al Gharbi area. A number of
Industries including two breweries and a distillery
are located along the edge of the river. Scattered
clusters of homes and small commercial establishments
arc found on the westerly side of the main road which
parallels the river. The density of development in
the westerly portion of the subarea is not sufficient
to justify the installation of collection sewers at
present. However, a few strecets adjacant to *he main
highway could be sewered to a trunk sewer running along
the road. The wastewaters from the industries along
the road are relatively strong and should be collected
and treated in any proposed sewerage prnject.

Subareas ¥ and X lic on the ecasterly and southerly
side of the Zarqa River where it hends to the north.
Subarea IX encompasses the area drained by the Wadi
Hajar and is very sparsely populated at present. The
southeasterly portion of this subarca contains the
Jordan Ceramic Industry Co., the Jordan Match Co.,

and Leather Prodo ' Company, while the Jordan Paper
and Cardboard Co., | -~jtuated on the ridge between
subarcas IX and X, rpp; zimately 1300 meters of

trunk sewer would be required along the Wadi Hajar
from its confluence with the Zarqa River at a point
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near the ceramie and matceh factories to serve these
industrics.  As described in the Induscrial Erffluents
Treatment Report tnere 1 iiicle justification foi
constructing such as extensive amount of sewer [or
these 1ndustries at this time

Wastewaters trom the Jordan Paver and Cardboard Co.,
together with those trom the Jordan Tannery Co., and
the Jordan Army Bianket Factory and o number ot smal ler
tndustites could boe coticoted 11 a trunk sewer running
through Subarea Xo [n addit ton, a small densely
developed arva near the Zarqa River could be served.

The southerly purtion of Subarca X 15 zoned for Future
development and could be served by future oxtension of
the subtrunk scwer

Subarva NI ncompasses the area around Wadi Ushsh on
the casterly side ot the Zavqa River.  Approximately
100 homes have been built along a trdpe adjucent to
the wadi Lut the density ot development 1s not suifi-
clent to warrant o subtiunk and collection system in
Phase 1,

Subateas XIL and XIH are located along the west side
ot the Zarqa River an the Awjan AL Janubi arca. A
number ol rndastries are located n these arcas 1n-
cluding tihwe Oriental Mineral Water Factoriocs (7-Up),
the Jordan Darry, and the Jordan Worsted Mills. There
1s dodensely deveivped restdential area along the
Zaiqa River on beth subdareas.  Thuse arcas are
constderad sutticrently developed for servive 1n

“r t
L Head: [

A povernment housing project gs currentiy berng constructed
north oo the Yajor road 1o Subarcs X1, The prolect 1s
Presencly seaved by subsurface disposal methods. When the
project has develeped sufi:crently and the amount of develcp-
ed areas have cxpanded northward, the project would be

served by extension of the Seharca X111 subtrunk.

Subarea XMV 1s situated on the soatherly side of the
Zarqa Rrver and consists almost entrrely of vacant
land.  When warifrcrent development oceurs Lo justify
the provisien 1 scwer service, o subtrunk sewer could
be constructed trom this subarea to a trunk sewer on
the northeriy side of the river .



Subarea XV encompasses the land which drains to a
deep, steep-sided drainage channel on the northerly
side of the Zarqa River. Although a few homes have
been built on the sides of this channel, the area is
largerly undeveloped. The construction of a subtrunk
sewer along the drainage channel will be difficult
and expensive and should not be undertaken until more
development occurs in the area.

Subarea XVI includes the central portion of Ruseifa
on the southerly side of the Zarqa River plus a large
area of open-pit phosphorous mines. The developed
portion of the subarea is located along an east-west
' .oriented ridge. The most densely populated area lies
on the southerly side of the ridge and drains to a low
point or pocket at the edge of the open-pit mine area
where a pond of stagnant surface runoff and septage
forms during wet weather, Sewage from this area will
have to be pumped over the ridge to a trunk sewer
along the Zarqa River.

The devrlopment on the northerly side of the ridge
consista of a larger number of homes and commercial
establishments as well as the municipal office

building and the principal mosque. This area naturally
drains toward the river although the portion of the
northerly slope jn the easterly seccion of the subarca
is separated frecu the ylver by a vocky cliff,

The large a 2:a occupied by the phosphate mines is
practical ; undevelopable in its present state. This
area is proposed for parks and open space under the
current plan prepared by the Amman Urban Regional
Planning Group (AURPG).

It is estimated that approximately 75 percent of the
properties in Subarca XVI could be served during

the initial phasc of any proposed sewerage project,
and that most of the remaining homes, would receive
service as partially developed streets reach

saturation densities.

Subarea XVII is located on the northerly side of

the Zarqa River in Ruseifa and encompasses the Hussein
Industrial City and a densely developed residential
area, It is estimated that nearly one-third of this
subarea has been developed to saturation density and
the remainder is being Jeveloped at a capid rarve,



6.2.3

Approximately 70 percent of the precent population
could be served by a system of gravity sewnrs during
the initial phase of the proposed project.

Subareas XVI1i and XIX are located in the north-
westerly corner of the planning area. Both subareas
are almost totally undeveloped at present and contain
extensive mining areas. Area XIX is designated as open
space by the AURPG. The Phosphate Company currently
operates screening and drying facilities at a complex
located in subarea XVIIT but expects to close this
facility in 1981. The only wastewater generated by
this facility results from the operation of air
scrubbers. These waters contain sand, silt, dust

and other inorganic particles that should not be
digcharged to the sewcrage system.

The Jordan Yeast Factory is located in Subarea XIX

and discharges a wastewater with a high BOD and
suspended solids content. Irn order to provide sewer
service to this industry, ove:r 3000 meters of sewer
would have to be constructed through vacant lands

and farms along the railroad to a point near Rusgeifa
where it would connect to the trunk sewer serving that
area. As described in the Industrial Effluents Treat-
ment Report, the cost of this sewer would be
considerably in excess of the cost of a local indus:irial
waste treatment plant, Thus, this sewer should not bve
built until sufficient development takes place along
its route to justity it.

Subarea XX encompasses the Musheirfeh area of Ruseifa
in the extreme westerly portion of the planning area.
Approximately one kilometer of relatively vacant land
separates this area from the main population center of
Ruseifa and many strects in Musheirfeh have houses
along one side only. The construction of sewers for
this area should probably br deferred.

Served Population

Estimates of the current and projected total and served population

for each of these subareas ar. shown in Table 6.1. The estimates of the

served population will be used in design of the sewer system. The total

and served populations for the planning area summarized as follows:

Year
1990
2000
2020

Total Served
Population Population Percent
421,000 272,500 64,7
586,300 419,700 71.6
840,300 697,000 82.9
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6.3 Quantities And Characteristics of Sewage and Industrial

Wastewater

6.3.1 Domestic and Commercial Sewage

Per capital domestic and commercial sewage flows «.n be expected
to correspond closely to the per capita water consumption Ligures
presented in Chapter 5. Per capita water consumption usually includes
some water uscd for washing cars, watering gardens and other purposes
which do not result in the production of sewape. In preparing the
estimates of per cupita sewage flow, it has been assumed that approxi-
mately 80 percent of the water delivered to consumers will be returned

(1)

to the sewer system, A separate allowance has been made for
groundwater infiltration and inflow of stormwater through manhole

lids and {llicit roof and court yard drains. This allowance gencrally
depends upon the area of the system and increases with age because of
pipe deterioration (2).

The projected per capita water consumption in leters per day

and corresponding sewage flow are:

ZARQA RUSEIFA

Total Total

Water Sewage 1Infil/ Sewage Water Sewage 1Infil/ Scwage

Year Use Flow Inflow Flow Use Flow Inflow Flow
1984 72 58 8 66 60 48 8 56
1990 78 62 10 72 66 53 10 63
2000 88 70 10 R0 76 61 10 71
2020 108 86 14 10 96 77 14 91

In preparing these projections, it has been assumed that the
sewerage system would be in operation by the beginning of 1984 and,
thus, the initial projections relate to that year. It should be noted
that industrial process wastewater flows are not included in the per
capita flow figures presented, but are discussed separately.

Five-day biochemical oxygen demand (BODS) and suspended solids (SS)
concentrations in sewage from domestic and commercjal sourcec are
expected to be relatively high as a result of low per capita water use.
A per capita contribution of 60 grams per day of both BOD5 and SS, when
used in conjunction with the projected per capita sewape flows from each
community, results in concentrations of these constituents in the

wastewater as follows:
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ZARQA RUSEIFA

Per Capitua Per Capita
Year Sewage Flow BODS S.S. Sewage Flow BOD5 S.S.
1/d mg/1 mg/1 1/d mg/1 mg/1
1984 66 909 909 56 1,071 1,071
1990 12 830 830 63 952 952
2000 80 750 750 71 845 845
2020 100 600 600 91 659 659

These BOD5 and SS concentrations are similar to those experienced at
the sewage treatment plant in Amman.

The total sewage flow, BOD and SS loads from domestic and commercial
sources in any given year will depend upon the number of people served by
sewers in that year. The service population estimates presented in Table
6.1, have been used in conjunction with the per capita sewage flow, BOD
and SS figures to develop total domestic and commercial flow, BOD and SS
estimates These estimates are detailed in Table 6.2.

6.5.. Industrial Wastewaters

Industrial wastevater discharges are described in detail in the
Industrial Effluents Treatment Report, Estimates of industrial wastewater
quantities and characteristics have been made with the following
assumptions:

o Industries will not enact major water conservation
measures such as recycling cooling water until the
public sewer system is in operation and they are
required to pay for treatment services. Thereafter,
congervation measures will be implemented rapidly
and will be in effect by 1990 for those industries
served.

o Industrial production at existing industries and
corresponding wastewater discharges will increase
at the same rate as population growth until the
production capacities of these industries are
reached.

o New industries will locate in areas zoned for such

development and growth will proceed at a uniform
rate between 1980 and 2020.
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Not all of the industrial wastewaters are expected t© be discharged
to the sewerage system. Some industries such as the ceramic tile
factories produce wastewater which is primarily composed of sands,
cement dust and other non-biodegradable products resulting from
polishing and grinding operation.. These wastewaters can best be
treated on-site and the water recycled rather than disposed of in tke
sewers. Other industries have such limited flows and are i cated so far
from populated arcas that their wastes are more economically disposer
of cesspools until more development occurs to justify the corstruction of
an expensive sewer,

For the planning arca, the total estimated flow, UODS,
the municipal sewerage system from industries are shown in Table 6.3.

and SS to

6.3.3 Total Wastewater Flows and Characteristics
For the planning area, the total vstimated flow, BODS, and 8§ to the

municipal sewage system arc as follows:

Average

Year Flow BOD S.S.
3 > {

m°/d Kg/d Kg/d
1984 21,700 18,700 14,700
1990 24,200 24,100 19,200
2000 41,200 37,000 30,900
2020 81,100 57,400 50,600

The breakdown by subarea is given in Table 6.4,

[t should be noted that the data presented in Table 6.4 is based
upon the assumption that all those arecas with suflicient presern:
population to warrant the construetion of sewers would received sewer
service during the initial stage of the project. The quantities and
characteristics of wastewaters resulting from any number of alternative
initial stage projects can be obtained by adding together the
corresponding flows, HBOD and $$ for the combination of subareas which

make up each alternative.
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6.4 Sewer System Design Critervia

The design criteria and pipe material utilized for the preliminary
engineering design are consistent with modern engineering practice. A
detailed discussion of these topics is presented in the Appendix.

The major features of the design criteria are:

o Design period based on useful life of facility

0 Gravity sewers sloped to prevent deposition of
solids.

o Domestic and commercial flow peaking factor based

on experience at typical treatment plants and reduces
as contributory population increases.

o Force mains minimum velocity designed to prevent
solids deposition,

o Large pumping stations have separate wet and dry
wells.,

6.5 Trunk Sewer and Treatment Plant Alternatives

6.5.1 Alternative Treatment Plant Sites

The 1975 report on wastewater disposal for Zarqa recommended
construction of a sewage treatment plant on a 13.7 hectare site occuping
both sides of the Zarqa River near the northwesterly corner of the city.
The plant was to utilize the trickling filter process of secondary
wastewater treatment and was to be constructed in two phases.

The first phase was designed to serve an estimated population
of 350,000 at an averape daily flow of 19,250 mB/d in 1990, while the
second phase called for expansion of the plant to scrve a population
of 455,000 at a flow of 29,575 mj/d in 2000. Because of the limited
area available, the design of the sceond phase facilities called for
the construction of a large box culvert to carry the Zarqa River
through the site and permit the use ol the area over this culvert for
the construction of a portion of the sludge drying facilities.

The inclusion of Ruseifn in the proposed scwerage praject plus
the numerous industrics located in the Ruseifa area results in an

increase in tie projected flow reaching the treatment plant in 1990
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and 2000 to 24,200 m3/d and 41,200 m3/d respectively, Furthermore, it

is projected that, by the vear 2020, the volume ol wastewater requiring
treatment will have jncreascd to approximataly 81,000 mj/d. The 13.7
hectares available at this site is not adequate tor the construction

of a cost vifective treatment plant of the capacity required ta provide
service to the Zarga-Kuseita area ror any reasonable period of time beyond
1995 and, thus alternative plant sites must be considered.  (See Chapter 7).

Two alternative plant sites have been investigaered as shown in
Figure 6.2, Alternative site A is located along the Zarqa River
approximately 1.6 kilometers north the original plant site. This site
contains approximately 28.5 hectares of land on the cast side of the
River along the Zarqa-Sukhna b Xoad and an additional 9.5 hectares along
the westerly bank of the stream. The site is currently used for
agricultural purposes and a large barn used for raising chickens is
located in the middle of the area. The site slopes gently from the
road toward the river, Preliminarv investigations indicates that
wastewater cntering the site from a trunk sewer along the road could
flow through the plant by pravity,

Alternative site B is situated to the northeast of Zarqa on a
34 hectare tract ol nearly level land located immediately north of an
Army ordnance depot between the railroad and the road to Hashimiyeh.

A treatment plant located at this site would discharge to the Wadi

Saida. PRecause of the level nature of the terrain in this area, a

raw sewage pumping station would be required at the plant influent.
The site is currently owned by the Army.

Both alternatives sites are larpe conough to accomodate expansion
of the treatment plant to serve well beyond the vear 2000, The two
sites offer three possible alternatives tor sewering the planning area.

Alt, 1- Treatment ol all wastuwaters at Alternative Site A.

Alt. 2- Treatment of all wastewaters at Alternative Site B.

Alt. 3= Treatment of those wastewaters which [low by gravity
to the Zarqa River at Site A and thuse that drain
naturally to the Wadi Salda at Site B,
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As has been discussed previously, all sectious of the planning
area except Subareas III, IV and the Army Base drain naturally to the
Zarqa River and could be served by a system of gravity trunk sewers
constructed along the strecam to Alternative Site A. Subareas T1I, IV
and the Army Base drain toward the Wadi Saida near Alternative Site
B. The projected average daily wastewater flows which drain by

gravity to cach site are shown below:

ALTERNATIVE SITE A ALTERNATLVE SITE B
Year (ZARQA RIVER) (WADI SAIDA)
1984 15,300 6,400
1990 15,800 8,400
2000 27,100 14,100
2020 57,200 23,900

6.5.2 Alternative Sewcrage Schemes

Three alternative trunk sewer systems corresponding to the three
possible treatment schemes are shown in Figures 6.3, 6.4, and 6.5.
Under Alternative 1, all wastewaters would be treated at Site A on the
Zarqa River. Wastewaters from Subareas 111, IV and the Army Base
which drain toward the northeast to the Wadi Saida would be intercepted
at a major pumping station located just north of the Zarqa municipal
well field and pumped over the divide to a gravity trunk sewer in
Subarea I where it would flow to a sewer running along the easterly
side of the Zarqa River to the plant site. Wastewaters from the Ruseifa
area would be collected by a system of trunk sewers extending westerly
along the River.

The main pumping station scrving Subareas 111, IV and the Army
Base would be designed for an average daily flow of 11,900 m3 and a
peak flow of 23,900 m3/d. Three 225 Horsepower (Hp) pumps, each
with a capacity of approximately 12,500 m3/d at a total dynamic head
of about 68 m, would be installed. Two of these pumps would deliver
the maximum daily flow of 23,900 m3 while the third would be a stand-by
unit. The station would discharge through a 500 mm diameter force

main.
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Shortly before the year 2000, the station would be expanded to
double its initial capacity by the addition of two more pumps, and a
second, 500 mm force main would be installed parallel to the original
pipeline.

Under Alternative 2, shown in Figure 6.4, wastowaters from
Subareas I11, IV and the Army Base would flow by gravity to a treat-
ment plant located at Site B, Wastewaters from the Ruseifa arca and
from the remainder of Zarqa except Subarca 1 and V would be collected
in a trunk sewer system similar to that proposed under Alternative 1
and conveyed to a major pumping station located on the cast side of the
Zarqa River about 1300 meters cownstream from the bridge on the Zarqa-
Ruseifa road. Wastewaters {rom Subarea 1 would be conveyed to this
pumping station via a gravity trunk sewer runninyg south.  Sewage from
Subarca V would be collected at a puint on the westerly side of the
river and pumped to the trunk on the casterly side. The main pumping
station would discharge its wastewaters through a 900 mm diamcter
force main to the pravity trunk scewer necar the Army Base where they would
flow to a raw sewage pumping station at the pfnposcd plant site.

As in Alterrative 1, the main pumping ctation would be designed
to accomodate a doubling of its capacity in about the year 2000,

-

Initially, the station would contain three, 496 Hp pumps, any two of
which would be capable of pumping a maximum daily flow of 57,000 mj/d
through a 900 mm diamcter force main at a total dynamic head of 65m.

In or about the year 2000, two additional pumps of the same capacity
would be installed, and a sccond, 900 mm force main constructed parallel
to the first one.

Under Alternative 3, shown in Figuie 6.5, the wastewater from sub-
areas ITI, 1V and the Army Base would flow by gravity to th: treatment
plant located at Alternative Site B, while those {rom the remainder of
the planning area would flow by gravity to a second treatment plant at
Site A, No major pumping stations would be needed under this
alternative except, of course, the raw sewage pumping station at the

influent to the treatment plant at Site B.
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6.5.3 Const Comparison
The capital and operating cost (including maintenance) estimates
of the facilities performing equal functions of the three alternatives

in thousands of JD are:

Item Alt. 1 Alt., 2 Alt., 3
Capital 14,165,900 14,151,700 14,889,300

Operation and
Maintenance 311,400 374,400 295,600

The capital cost includes a 44 percent allivance for contingencies,
engineering and other indirect costs. (See Chapter 9). The treatment
plant costs are based upon trickling filters with anaerobic digestion
and sludge drying heds.

Operating costs are based upon current prices for labor, chemicais
and electrical power generated from sewage gas,

The details of these cost cstimates are shown in Tables 6.5, 6.6
and 6.7 and in Appendix 5.2, so0il exploration Jata throughout the
planning avea is presented in Appendix 6,3,

In order to present a valid comparison of coscs, the present worth
of operating costs from 1984 through 2000 have been calculated (10 per-
cent discount) for each of the trunk sewer and treatmen’ alternatives.
When added to their respective project costs, the total present worth
associated with cach alternative for the duration of the planning

period is obtaived. These amounts in thousands of JD are:

Present Worth Alt, 1 Alt. 2 Alt., 3
Capital less
Salvage 13,015,000 13,002,000 13,613,000
Operation and
Maintenance 2,651,300 3,187,600 2,516,700
TOTAL 15,666,300 16,189,600 16,129,700

This demonstrates that Alternative 1 is the most eccnomical. Based
on economics and the qualitative factors presented in Chapter 7, the

single plant on the Zarqa River, Alternative i, is recommended,
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Design of the trunk and collection sewers will procced on the

basis of Alternative 1 implementation,

6.6 Collection and Subtrunk Severs

6.6.1 1Initial Service Area

The majority of the subareas are judged to have sufficient popu-
lation density or industrial development to consider the construction
of at least some collection sewers during Phase 1 of the project.

These areas were selected on the criteria presented in Section 6.2.
Construction of collection sewers was not judged economical in
Subareas V, IX, XI, XIV, XV, XVIIl, and XIX.

Subarea XX encompasses the community of Musheirfeh at the
extreme westerly portion of the planning area and is considered a
border-line case. Whether it should be included in the initial phase
of the project will be considerced later.

Except for the sontherly portion ob Subarea XVI in Ruseifa, all
subareas fer which collection sewers have been considered can be served
by gravity to the proposed trunk sewer system. The wastewater from an
estimated 1100 Pomes drains to a low point at the edge of the phosphate
mine and will have to be pumped. A pumping station utilizing submersi-
ble pumps with a firm capuacity 19 liters per second at a total dynamic
head of approximately 20 metcers is reconmended, The station would
discharge through a 150 uwm diamcter force main to a gravity sewer in
the northerly portion of the subarea.

A summary of the collection and subtrunk sewer facilities considered

for Phase I construction is :

Pipe Length-meters

200 mm 195,450

250 mm 5,350

300 mm 6,820

400 nm 3,120

600 mm 160
210,900

House laterals (Number) 26,850

Pumping Station 19 1/s

Force Main 150 mm 220 m
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This summary includes 8050 meter: of sewer to serve the Musheirfeh
area which may not be economically practical at this time. A detailed
breakdown by subarea 1s given in Tabl: 6.8 in the Appendix.

6.6.2 llouse Lateral/Connectior Poliey

Ct particular conceru, especia.ly to homeowners in low income areas,
is the extent to which the government is prepared to spend public funds
to facilitate zonnection to the scwer system.  The connection is made by
nstallation ol a tee or wye (n the street sewer and construction of a
pipe (house lateral) to the vicinity o) the property line. A house con-
nection is then constructed frem the end of the lateral to the various
sanitary facilities. The existing policy 1n Amman requires the homeowner
to pay the construction cost ol the house connection plus any internal
plumbing modifications. The Amman Water and Sewerage Authority (AWSA)
provides the homeowner with desivn drawiugs of the house connection and
a list of contracters who have been approved to do such woerk.  The home-
owner then chooses a contractor {rom the approved list and contracts
with him to install the pipe. o meny cascs, the homeowner is also
required to install a 600 mm drameter manhole on the end of the house
lateral sewer to scrve as a clean-out and inspection point and to
facilitace the connection of his plumbing to the system. The cost of
connecting his plumbing to the manhole at the end of the house lateral
scwer 1s, of course, also paid by the hemeowner.

If the homeowner does not construct the house connection sewer
within three months of the time he 1s notified of the need to do so,
AWSA has the power to turn his water service otf. However, AWSA has
not wmplemented this policy. AWSA'S cuperience is that a much better
hook=-up rat. was ecxperienced in the poor arcas compared to the rich
areas. The ponrer people are in need of sewers while the rich people
generally have more land, less disposal problems, lower pumpout rates,
and less annual cost. Dr. Nasir's report indicated that the surveyed
families would pay "anvthing". However, even if willing or anxious,
the funds st1ll must be obtained. The practice of non-connection, if

widespread, could defeat the purpose of the entire sewerage project.



In order to facilitate conrictivons, it is recommended that as in
Amman, the house lateral sewers t: installed by the government as part
ci{ the sewer construction projec’.. This is the usual practice in the
United States since the house 1:terals are on public property. As a
result of similar problems 1n ¢:her areas, the World Bank has agreed
in several cases tn finance house laterals as part of the total project
cost. Discussions with USALD have also indicated that they would
probably agrec to include the house lateral cost if 1t were to finance
the project

The question then arises as to whether the house lateral scwer
should be built to a point just short of the property line or whether
it should extend outeo the homeowner's lot and include a terminal clean
out manhole. The purpose of the terminal manhole is to facilitate
connection from several locations on the houseowner's property to one
centrut location. In many cases, the cesspool is below the squat slab
outside the general living area and the kitchen is within the house.

In other cases, a terminal manho.¢ .s not a practical solution
but the houscowner must make exvensive tnternal plumbing changes. A
very typical case 1§ a row of common—wall houses with the courtvard
and cesspool in the rear. The only access to the street sewer and house
lateral stub is directly through the living arca. 1t would be inap-
propriate to locate the terminal manhole in the center of the living
area. A suggested solution 1s a terminal manhole or clean out near the
cesspool.

The unusual case is a house with easy access to the sewer. In
order for all housecowners to receive equal value, the following is
suggested:

0 For those situations where a terminal manhole is
the appropriate solution, the project will include
the construction of that manhole.

o For all other situations, the houscowner will receive
an allowance equal to the average terminal manhole cost.
This allowance will be paid atter sutisfactory connec-
tion to the system. The preject will end the house
lateral as close to the property line as possible
with a stub.



Additional benefits to be gained by including the terminal manhole
and extended house lareral in the project are:
o Better quality control siace the project will have
adequate incpection

o Lower overall cost because of economy of scale

o Completion of all underground work betore paving

The costs for the terminal manholes and allowance are separated
from the genaral construciion cost. The total cstimated cost is JD 75
which is JD 25 ior the house lateral cxtension and JD 50 for the manhole
or manhole allcwance.

6.6.3 Existing Water Lines

A factor which will affect the cost of counstructing the collection
sewer system is the necessity of relocating or replacing existing water
lJines. In most instances, sewers constructed in streets will be
installed at sufficient depth to avoid conflict with the existing water
mains. An all. wance has been included in the unit costs for sewers in
streets to account for expected delays in construction which inevitably
occur when working in close proximity to existing utilities.

The construction of sewers in footpaths, however, is expected to
present much more difficult problems. The common practice in Zarqa and
Ruseifa has been for the municipality to construct distribution system
mains only in the principal streets and for the homeowners to construct
service connections frow these mains to their homes. As a result, most
of the footpaths contain a number of ) to 1-inch diameter galvanized
steel water service lines. For the most part, these service lines were
originally installed on the ground surface or in trenches less than 10
cm deep. In an attempt to prevent erosion uf the footpaths and to
aliminate muddy conditions during the winter months, many of the home-
owners have paved the footpaths with concrete., As a result, those water
service connections which were originally installed or the ground surface
are now encase! in the concrete pavement. It will be extremely difficult
if not impossible to break and remove the concrete for sewer trench
excavation without destroying the water services. It is possible, in
fact, that any contractor preparing a tender for the construction ot the

collection sewer system would incleu.. in his bid the cost of replacing



all or a substantial portion of the existing water service lines in the
footpaths. TInasmuch as it would not be good cngineering practice to
permit the contractor to replace or repair each individual water service
line damaged during the course of his work with a similar line, and in
view of the fact that major improvements to the erisitng water service
system are comtemplated, it is recemmended that new, publiciy-owned
water lines be instalted in each tootpath in conjunctionr with the
construction of the scwer in that footpath,

The estimated cost of this work has been included in the
construction cost cstimates for the collection sewer system but is
shown separately. [t is recommended that one contractor be utilized
for installation of the sewer and water lines in a given arca. This
will relieve the municipalities of many coordination problems.

6.6.4 TFootpath Resurfacing

Anothier factor wnich must bLe considered in estimating the
collection sewer costs is the necessity of resurfacing the footpaths
to protect the pipe trench against crosion. As mentioned, many of
the footpaths have . een paved with concrete by the homeowners. The
quality of the existing paving work ji; penerally poor.  Some paths
are paved over their entire length while others are only partially
surfaced. Little attention Lus been given to sloping the pavement
to a central gutter, and, in many cascs, sullage and rainwater
running along the buildings and walls at the edges of the paths have
eroded these structures. ‘“hiere no paving exists, it is common Lo find
a 10 to 30 cm deep erosion pully wandering tyom side to side of the
path even though the ground may consist of suil, weathered rock.,

Although sewer trenches in faootpaths will be backfilled with
compacted material, it will senerally not be possible to achieve a
surface over the trench which will resist crosion as well as the
surrounding, undisturbed ground surface. As g result, runoff will
tend to occur directly over the treah and repidly erode away the
hackfill and expose the pipe. It §- therefore, considered essen-
tial that the footpaths be surfaced wi:: a minimum of 8 ¢m-3 inch
of concrete to protect the sewer against washont, An allowance of JD3.5
per linear meter has been included in the ¢o5' ontimates for sewers

in footpaths to accomplish this work.
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6.6.5 Estimated Cost
The estimated construction cost of the collection and subtrunk
sewers considered for the initial phase of the project are summarized

as follows:

Collection and Subtrun: Sewers JD 8,629,200
Addition for House Lateral

and Manhole 2,013,000
Water Mains L 994,000
TOTAL (with Subarea XX) JD 11,636,600

These costs include the street and footpath sewers, house lateral
and terminal manhole costs, resurfacing of existing paved streets,
concrete surfacing of the footpaths, and 50 mm water mains in the
footpaths plus the house service reconnection. These estimates are
detailed by subareas in Table 6.9,

It should be noted that the Musheirfeh avea collection and subtrunk
are included in these estimates. There are no costs for a collection
system for the Army Base since it has becen assaaed that the Army will
construct its own system. A metering chamber should be constructed
on the Army Base effluent pipe to encourage the elimination of
extraneous water, The basis tor these costs are described in the

t )

Appendix Supolemental Material 5.0

6.7 Trunk and Collection Sewer Phasing

6.7.1 Basic Human Needs Concept

The construction ot sewerape facilities in Zarga and Ruseifa is
considered to be a "basic human needs" project. The Agrecment required
that the seweragy program be time-phased to reflect the most urgent
needs for seivices in terms of high densities, serious health problems
and/or greatest inadequacies in present service. In Chapter 3, it was
shown that low incume and densely populated areas are relatjvely evenly
spread across the planning area.

Specific areas with high incidences of discase could not be
isolated. The available records indicate that eonteric diseases are

prevalent throughoutr the cutire arca and are probably as much related
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to the economics of constructing the principal trunk sewer along the
Zarqa River from the proposed treatment plant to its intersection with
the trunk sewer from Subarea I with sufficient capacity to serve through
the year 2000 only, rather than until 2020 as oripginally proposed,
Inder this scheme, a second, parallel sewer would be installed in the
year 2000 to provide the capacity necded through the vear 2020,  An
analysis of anticipated peak flows and the topography along the sewer
route indicates that a 900 mm diametoer pipe woull be required to serve
through the year 2000, and a sceond 900 mn pipe would be added in that
year to serve through 20200 In contrast, a single 1100 mm diameter
sewer would serve tor the tuil 30 vear desian period. A present worth
analysis ot the two alternatives indicates that the single 1100 mm
sewer is mwore ceonomical tor all interest rates less than 13 percent,
Therefore, the single pipe designed to serve for arty ovears is
recomaended,

For smaller diameter pipes, the factors which favor providing
capacity for the year 2020 during the initial phase of the project
arc even more pronounced.  Thus, it 35 concluded that the select fon
of a 40 year desipn period tor the RrAVity truni sewers is correct.
This is not true, however, for force mains since the m nimum flow
velocity st be maintaived.  Laveer diameter force mains require
higher capacity pumps to provide the requited 0000 /s winimun
velocity., This requives lavyer electrical switchpear, nore vowerful
tleciric motors and a number of other costly ftems. Lt also
increases the detention time in the we well, Thus, two parallel
force mains are still tvcommented 1or the major pumping station on
the noctheast side of Zarga,

As o wecond rep in the evaluation of potential phasing programs,
A Mmindmon" 5 oieo U wan sedes ted an the basis tor comparison of
alternative schedules, The "mininum’ project consisted of Just
those trunk and collection sewer ta ilitivs necessary to serve
Subareas U, T, 1D and IV in Zarqa. The construction costs for
these tacilitics were Tetor oo, includive the present worth of the

operation and raintenance et ©othe main pumping station serviug
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the casterly side of the city. Dividing by the estimated number of
people served during the first year of operation of the project,
(1984), the cost per person served is JD 72.83. The 1984 Army Base
population (35,000) was not included since the Army intends to
construct its own collection sewer system and may not be ady to
connect to the system in that year. If it were included, the cost
would reduce to JD 55,71 but this number does not include the cost
of the Army Base collection system,

In order to determine the ¢ffect of adding additional facilities
to serve more subareas, the cost of extending the trunk sewer system,
by increments, to rcach more subarcas can be added to the cost of the
collection sewess for those areas and divided by the number of people
served by the added facilities, This figure can be compared to the
cost per person for the "minimun" project to determine whether the
incremental and total cost por person served esceeds the cost of the
"minimum' project. Since treatment costs per person served can be
expected to consistently decline as the required plant capacity
increases, no costs for treatment were included.

The nest levieal subarea to oadd bs o Subarea VI, This subarea is
adjacent ta the "minimm" project area, can be served by gravity, and
is densely populated.  The incremental cost of service is JD 51.01.
This {s less than the coit per person for the "minimum” project, If
Subarca VIT is included an the project, a lower total cost per person
served will result.  The construction cost per person scerved for the
new total project would be D 99,17 compared to JI 72.83 for the
project without Subarca VII.

HE the trunk scewer system 1s extended still further to serve
Subarea X, o4 major reduction in cost per person results. This is
because SubnrJJ ; containg a number of larpe industries which can be
served by o very low cost collection sewer system.  In order to
convert the industrial flow to an cquivalent service population or
"population equivalent', a figure of 66 liters per person per day,
the estimated 1984 average per capita sewape production figure for

Zarqa, was divided into the estimated daily industrial flov. Since the
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industries io Subarca X are expected to significantly reduce their
wiastewater disrhargos soon after conneciion to the sewer system, the
estimated 1990 iadustrial flow was uscd in the caleolation,  If the
much higher, 1984 figure werc used, a still lower cost per persom
served would result.  The incremental perocapita cost is D 7,43 and
over the total project cost is Jb 53,30,

Atter adding the incremental costs o trunk and collection sewer
facilitics for the trunk sewer which run along the cast erly side of
the Zarga River from the proposed treatment plant to Subarea X, the
vffeet of constructiuy the trunk sewer alony the westerly side of the
river to Ruseifa was considered.

The first segment of this trunk scewer would cross the river and
run south to the boundary between Subareas VIoand VIEL to serve the
collection sewers in Subarea Vi, The incremental construction cost of
the trunk and collectiom sewers in Subarca VI is JD 80,39 per person
and the addition of Subarca V1 to the total project would increase the
toal construction cosy per person served to JD 54,29, However, if
the trunk cewer is cxtenged upstream te the approximate mid-point of
Subares XIIT, service an be provided to a number of industrics along
the river as well ag homeg in Subareas VIJ1 , S1T and XT1T, The
incremental cost o of the trunh and collection sewers NeCessary to serve
these arcas is I 39 86 por person and the totai construction cost of
the entire project up to that point is 1D 52,06 por person,

Subarea XVIT ia the nest area which could be served by a further
extension of the (runk sewer, ©his subarca contains the Hussein
Industrial City as weil as 4 Parse nudor ot low income familics and |
althoush the ineremental cost ig vst imated at Jn 59,99 per person
served, the total cost per persen served by the project up to oand
including that point increascs by D02 4 very minimal amount, to
JD 52,36,

The catension of sewer service to Siuhsren SVIE requires that the
trunk scwer cross the river and run westerly along the base of a rock
clLiff to g point near the niw Lridge on the Zarga - Ruseifa road.  The

incremental cost of serving this - area is JD 64,90 per person served,
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shd the total cost per person served is Jb 53.21, an increase of
A0 0,85, Howev: r, Subarea N\VI contains a larpe number of low income
faiilies and very hiph popuri ction densities,

The incy 'mental cost pel rersen served o0 Cxtending the sewer
system to s-orve Subarea X9, ot TN S Saheirtoh, 1s estimated
at D 92,00 and the ficscane B0 the (ial . s tion Costoper person
served w.ounts to 5 1.30. lhe popalation 0 o0 tics 1o Mushieicleh ace
not, at present, as iiigh as in othe: aeet oo iothe plauning area.  As
a result, the cost por person for condtruct g collection sewers is
high.

The ineremental and total per capita construction cost of adding

successize subaress s summarized us ftollow,:

Add Incremental ¢ o4t Total Cost
Per Person Per Person

— Iy )

Minimum - 72,63

VIl 51.01 69.17

X 7.43 53.32

VI 80.39 54.29

VIiI, XIT & XI:I 39,86 52.16

XVIT 55.99 52,36

Xvi H4.,90 53.21

XX 92.72 54.50

The details of these calcuiations are piven in Table 6.10.

6.7.4 Shnellar Refupee Caup and Jebel Faisal

While the Shnellar Refuoyec Campand Jebel Faisal are outside of
the planning area, they could be served by the proposed trunk sewer
system.

The Shnellar Refugee Camp is administrated by the United Nations
Relief and Work Agency.

The 1979 population was 24,229, Present wastewater disposal
facilities ave cesspools. In order to serve the present population,

gravity subtrunks and a collection system would convey the flow to o



point east of the Carpe A small pumping station would pump to the

old Amman~Zarga Road. A 250 mm subtrunk would carry the flow to

Ruseifa and, thenee, into the trunk sewer. Expansion of the teeat-

ment plant would be slightly carlicr. The ostimated construct vn

cost of these facilitivs plus moditbeariong to the trunk wi thout

Shnellar Seware 1s gD LU0, 000, Wi b 4 voat ot R ED IR S A poer

person. It incladed, the tor o] Tooct cost wvonld e 1D 3L o6
‘ ’ ]

These estimates ansume 1 collect jon sewer o svsten, 1t public toilets

were use, the cont would he less,

The Jebel Faiail aren in across (he old Aran=2arqa Road from

Shnellar Camp.  Ad Presenty population 1s estimated at 5,000, This
I { [

population is on the tap ot the hill alone ane rood. The estimat ey

2020 populativa i J.00 gt it s anticipated that the prowth will

procecd down the Bill towards the river .

In order to werve Jehe! Faisal, « collection svstoem and subtrank
sewer systemomust be Saitt. The subtronk would start at the wouthern
base of the hill, 1un weat to the Zarga River and follow the river to
Ruseifa.  The estimatod construet jon cost ol these tocilitive is

JDO250,0000 The fnerement (] cosat 1s b 78,14,
Itoboth Shne Plar Camp and Jebel Faisal are wdded to the total
Projesty the por capita ooat ia I 53,043

o704 Recommended Phase | Sewer Systen

Athouph the onentic analvais indicates that the lowest cost per
person sevved ds Gchicved i1 the sower svetem Qo constructed as far

woest oas Subarea XITT durine the initial phase, the basic hume» necds ol

bomeowners 15 abar ae OO VT and XX omust he considered, A review of

the 1979 aerial photosraphs Shewa that

the population densities in
lavge portiong of Subareas xvy and SV escecd 490 persons per hectare,
Field investivations in both areas revealod sewape runnine Jown the
streets and ponded in low arean, an indication that cainenls e not
functioning.  Children swin in the Zaria River dmmediate Iy downst ream
from the Hussein Industrial City wastewsters discharved in Subare,

XVIIL.  The ceaspools serving 0 industrial comples are pollat ing
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the groundwater as evidenced by high concentration of heavy metals in
samples taken fiom the Ori ..y Star bistillery woii, The aeed for
sewers in Subireas XVI and 311 is judped Lo be as proat as, 1f not
greater than the need iun Subuaicas VI, VIIL and Xi! tor which a more
economical system is possibic. The increasc in cost per person served
which results from including Subarcas V1 and ¥V11 in the initial
phase of the project is minimal. It is judged that the basic human
needs in thesce subarca. plus Che neonssior of preserving auwd protect-
ing groundwater quoliry 1ar culin i L1 Lie sconomic consideration
associated with 1 small Qo @ Lo ia wvutew cost,

The Lncremental 0 orving the Musheirteh oroa (Subarea
XX) is much higher than e aav oiher area.  The pregent  erulation
density is not as fLigh as 1o most scctions o (L clanning area.  The
same situation exists 11 0ot Falsal. The bouic human need is not
as great in these 'reos a5 in ather sections of the planuing area.

Certainly, tieic i< a yrest basic human need for the Shnellar

Compy o There s aiso JU0Uionlt question ot the permanence of the
caup. Over the uoxt docade, tie camp conld edther stuw or reduce in
sire depending upon o political situation.

Based on these considevations, the recommendued Yhase I project
will provide sewer service to the developed seetions of Subareas 1
through TV, VI thrcough VITI, X, XL, X1I1I, XVI and XV1I1. The
recommended sewer system is shown in detail on Plates 6.1 through
b6, Tr will serve an vstimated 60 percent of the planning area
population in 1984, On o strictly basi. Lusan neods basis, Shnellar
Camp should be servod. The decision for acrvice must be made by the
government , pending resclurion of tne votupee situation. It has not
been .aciuded in the recommicaded project.

The recommended trunk sewer system will include:

o 22,3 km of trunk sewer ranging in size from

300 mm to 1100 1mm

0 3.0 km ot 500 wu force main

1
) The 117. w /hr East Side Pumping Station
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The recommended collection sewer systowm will ¢ -lude:

0 202.8 km of collection and subtrunk sewer ranging in
size from 200 um to 600 mm

o} The 68mj/hr Subarea XVI pumping station

o] About 26,000 houses connections

The estimated costs are:

Trunk Sewer System JD 2,383,000
Collection Sewer System 8,000,000
Terminal Manholes 1,949,000
Water Mains 974,000
TOTAL (without Subarea XX) JU 13,306,000

The details of these estimates are shown in Tables 6.11 and 6.12.

6.7.5 Phase TI Trunk and Collection Sewer Project

The recommended Phase 1 trunk and collection scwer project is designed
to provide service to currently developed areas only.  In general, only
existing streets on which more than one~half of the developable lots have
presently been built upon will be sewered during the Phase | project.
Prior to 1984, the anticipated date of completion of Phasc | construction,
it is expected that a certain amount of new development will occur in the
planning area and some strects which were only sparsely built-up when the
1979 aerial photographs were taken might be so heavily developed as to
justify the installation of sewers immediately. If this does occur, and
provided that funds arc available, the construction of additional sewers
during the Phase [ construction project might be accomplished by the
issuance of change orders.

Between 1984 and 2000, a significant amount of new development is
projected to occur. The task of extending sewer service to newly developed
aveas may be accomplished through an ongoing scwerage project wherein a
certain amount of new construction is undertaken each year, or larger
projects, undertaken at 5 or 10 year intervals, may be designed to
serve all areas which have become densely developed since the last major
project was completed. The method . =mloyed will depend to a large
cxtent upon whether funding is availalbil: 'n a yearly basis. This cannot

Pe predicred with any certainty. For the purposes of estimating the
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cost of the Phase II project, it has been assumed that the sewer
extensions will be undertaken yearly as necessary and as the
availability of funds permits.

Between 1984 and 1990 it is projected that the population of
the planning area will increase by approximately 59,500 people. A
significant amount cf this growth is expected to occur in areas
which are currently partially developed but do not have sufficient
population densitv to justify the construction of sewers during the
Phase I project. As the population increases, these areas will
approach saturation densities and the installation of sewers will
serve a portion of the present population as well as a percentage
of the new population. The sewer service population is expected to
increase by approximately 55,850 people between 1984 and 1990, a
figure just slightly lower than the estimated total population
increase for the entire planning area.

Approximately 10 percent of the increase in secwer service popula-
tion is expected to occur as a result of new homes being built on
vacant lots along streets in which sewers are to be installed during
the Phase I construction and through the construction of extra
dwelling units by the addition of second or third stories on houses
which receive sewer services during Phase I. The remaining 90 percent,
or slightly more than 50,000 people, will receive through Phase II
construction.,

Although it is not possible to predict with any real certainty
the locations in which new families will build homes between 1984 and
2000, an attempt has been made to cstimate the increase in service
population in the planning area. An estimate has also been made of
the number of people which will be served by the sewers constructed
under the recommended Phase I project and the number that will require
new sewer construction. The water main costs have not been included
since they are in Chapter 5. The results of these estimates are as

follows:
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Descriptioi Livint oy SR

Total Tncrease in service

Popul.ation 55,850 147,200
Number Served by Phasc I Sewers 5,600 16,200
Number served by New Scwers 50,250 131,000
Length of Pipe Scwers - km 66 205
Number of House Conne. jons 7,975 20,300
1980 Construction Cost Including

Terminal Manhole (ihxi03) 3,291 7,353

The detail of these estimates ar. presented in Table 6. 13 and
6. 14,

During che 198490 period, it is anticipated that sewer service
will not be required in Subareas 1X and XV, aveas which wvere not
recemmended for service in the Phase 1 project,

Between the years 1990 and 2000, the population of the entire
planning areas is expected to prow by oan Liditional P05,300 pe i,
while the population uhjch conld he seroed by sewers Qs projected to
increase by 147,200 peoples During this tire period, It expected
that sewers will he cxtended o ushodirtes D Subarvea XX and to
subareas V, XI and XV the v oo traping Station serving Subareas
til and IV in Zarqa and the Atwy will require expansion and a sceond
varallel force main.  Thooo Costsoare dncliuded in o the 1990-2000
facilities construction cost ESLinat e,

The 1984 to 1990 and 1990 1o 2000 facilities are not shown on
Plates 6.1 through 6.5 Lecause their location is dependent upnn the

growth pattern.

6.8 Foreign and Local ¢

The construction costs have bLeo . divided iato foreign and local

costs. These are summarized as tollows:

Foreign Leeal Total

Caaed)  (0s103) (Jusied)

Phasge 1
Trunk £.75 1,758 2,383
Collection 2,003 5,997 8,000
Terminal Manholes 494 1,455 1,949
Water Mains 589 _..385 __974
TOTAL 3,711 9,595 13,306
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1984-1990 Forei . n Local Total

(JDx10 1) (JDx103) (Jpx103)

Collection . 673 2,020 2,693
Terminal Manholes 152 446 598
TOTAL 825 2,466 3,291

Foreign Local Total

(1px103) (Jpx103) (Jnx103)

Phase II

Trunk Expansion 71 179 250
Collection 1,395 4,185 5,580
Terminal Manholes 386 1,137 1,523
TOTAL 1,852 5,501 7,353

The details of the breakdown are shown on Tables 6.15, 6.16 and
6.17. For the JD 75 cost of the terminal manhole and sewer line on

property, the cost is JD 19 foreign and JD 56 local.
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7.0 SEWAGE TREATMENT SYSTEM

7.1 Estimated Domestic Sewage Cia cleristics

A direct determination of the characteristics of domestic sewage
generated .n the Zarqa-Ruseifa ares is uot possible dve to the absence
of an existing sewerage system. However, an indirect means of esti-~
mating sewage characteristics is possible when considering that domestic
sewage from this arca should be essceutially the same as that generated
in the Amman area. Sutficient data ave available to characterize the
raw sewage entering the nearby Ain Ghazal Sewage Treatment Works located
north of and providing service to the City of Ammar: and its immediate
surrounding areas. A review ot this Jata will aot only reveal the
character of the domestic waste anticipated from the Zarya-Ruseifa area
but also provide the basis for establishing total loadings of key waste
parameters including biochemical oxygen demand (BODS) and suspended
solids (SS).

Analyses of raw sewage genviated in the Amman are- are presented
in the 1978 report on the Immediate Improvements and Expansion of
Sludge Facilities for the Ain Ghazal Sewage Treatment Works, prepared
by Binnie & Partners and Jouzy & Partuers. Kesults prove conclusively
that incoming waste, the bulk of whivh is from domestic sources, has a
relatively high strength as compared to generally accepted valnes of
comparable American and Kuropean sewage. Averayge HOD‘3 and S8 concen-
trations are estimated in the report at BY0 mg/! and 830 mg/l, respec-
tively. Furthermore, the results jmstity use of an average per capita
pollutant load contribution tur the Amnan area of 55 grams per day
(g/day) for both BUDS and 85. lhese estimates are 1n agreement with
the 1976 report prcpéred by the consultiug firm ot Vattenbyggnadsbyran
(VBB) which adopted values ot 6HU A/day tor poputations within the City
of Amman and 30 g/day for populutions in the outlying areas of Hussein
and Wahdat. Consistent with these estimates, 60 g/day is selected as a
representative per capita pollutant foad coutribution for the Zarqa-

Ruseifa area.
7.2 Summary of Industrial Etflucw.  ‘eatment Report
During the period from Februar, iva through Hay 1980 Malcolm

Pirnie, Inc. made an industrial waste su...y of the Zarqa-Ruseifa area,
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The findings and conclusions are contained in the Industrial
Effluents Treatment Repnrt.

All known industries i. the Zurqa~Ruseifs area were canvassed and
43 of these industries were investigated in detail. Of the 43, 13
required pretreatment of their wastes before they would be acceptable
for treatment at the Zarqa-Ruseifa wunicipal treatment plant and five
vere classified as being suitable for treatment at their source for
discharge directly to the Zarqa River.

In estimating the BODS, suspended solids and flow tributary to the
proposed facilities the characteristics of all tributary industries
were categorized, quantified after pretreatmeut 2rd added to the pro-
jected domestic wastewater load.

In analyzing the industrial wastewater load special care was taken
Lo assure the load was treatable and that the resultant sludges would
not poison the soil if the sludges were Lo be used as soil conditioners.
To provide for industrial growth in the service ares the available
unoccupied land zoned for industrial use was assigned a unit flow, BOD5
and suspended solids loading equal to the use of the presently occupied

industrially zoned land.

7.3 Estimated Total Sewage Characteristics

The total raw sewage entering the new Zarqa-Ruseifa treatment
system will consist of a blend of the above domestic and industrial
components (see Chapter 6 for wastewater flow projections). The flow

and pollutant loadings of the combined sewage are as follows:

1990 2000 2020
Total Flow (m>/day) 24,200 41,200 81,100
BOD
kg/day 24,100 37,000 57,400
mg/1 996 898 600
S3
kg/day 19,200 30,900 50,600
mg/1 797 750 624
These pollutant loudings chars. ~rize the combined sewage as a
waste having an uunusually high streuy'h «imilar to that received at the
Ain Ghazal Treatment Works. The main contributing factors for this
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7.4.2 Existing Stream Couditrous

The selection of the lLower Zarqa River site as the location of the
Lew treatment plant and ' Ne planned use of the dargs River for water-
course dis.harge of treaicd sewage requires o review of stream conditions
to deteruine the proper degiee of {reatment . Specifically, hydraulic,
hydroloyic and water quality couditions for areas both upstream sand
downstream of the gite will be reviewed.

AL the community of Saknnal, located approsimate)y 5 ks downstream
of the selected site, wpriugs trom Lhe fowe, aquiter teed the river aad
from this point on the civer nocmilly has a hise flow dne Lo Lhe Sukhnah
springs plus other groundwaler adis o Hpostoe o o1 Sukhnah and
extending to the City oi Awmnan, (e river rlow 1s aliected Ly prouounced
apnual dry weather and w_. wcsine: periods.  Thia seanonel ot lueace is
characteiisvic of watercousacs o @ he At Mo aiea,

Dry weather conditionn gocuisiay, gl to itae aonths of Lhe year
result in 4 zero flow condhition in the rivey upese ceann of Sukhna.  The
severity of this dry weathe: :oidit fon ts culcon o by the fact that
the treated sewage discharped st the upsteeam City or Aunenan's Aln
Ghazal Treatment Works Joes not icach @i Suyoob sarge doacated
approximately 20 kms downstream.  The ool ge o completely utilized
by a combination of awricultural tLelgalan, nppes agqutter recharge
through river bed seepage +id wvapoiation Furthermor e, any tflow
contribution during dry as well as vet weather pectods from the exist-
ing springs in the vicinity of the City ot Zarga 1s nol anticipated as
actual spring flows have been dec:easing year by vear as the pumping of
groundwater has increased. Preneatly, therr - oatribution Lo Lthe base
flow of the river is insigniticant to noneatstent

The National Water Master Pla. coedicts a1 lows 1n the
vicinity uf the City of Zatqi, ou a0 ntal Danis, ol 0. 0% Lo 0.06
million m3/yr/km2 tor a wet year, .04 to G.uad willion rn]/',/r/)un;Z for
the average year and 0.028 o 9 0 34 m:llion mt/yr/hmf tor a dry year.
For the 578 km2 drainage ares upsti-am of the se)eited site the annual

river flows would be as follows:

Wet Year - 650 Wl 0 uns ) Mm'/yr
el

Average Year - 650 ko' . ta Qoo Mmoo/ yr
e L )

Dry Year - 050 am o4 - 20005 M /yre
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The above figures are the total annual projected flows; however,
all of these flows occurs on a Lhree to fouc-month period. The average
flows over a four-month period would be as follows:

Wet Year - 3790 P yr w16 = 9,43 Mo /mo

Average Ye.r -  27.30 Mo /yr x 1/4 6.33 Mm/mo
Dry Year - 20.15 Hmj/yr x /4 = 5.04 Mma/mo

The average daily flow during the wet geason would be:

Wet Year - 9.43 Mm3/mo x 1/30 = 314,300 ma/day

Average Year - 6.83 HmJ/mo x 1/30 227,100 ma/day

I

Dry Year - 5.04 Mmj/mo x 1/30 168,000 mj/day

The rainfall pattern in the Zarqa-Amnan arez is such that the
flows in the Zarqa River will be very irregular and during the wet
seagson the flows in the river ay be considerably less thau the average
daily w.t weather flow.

The water quality of the Zatqa River is affected by the following:

o Effluent from Ain Ghazal Treatment Works

o Effluent from industries discharging to the river betwe:n
Amman and Zarqa

e Water runoff
¢ Use of fertilizers and pesticides on agricultural lands

lthough there is no available quality data for the Zarqa River in the
vicinity of Amman or the City of Zarqa, to permit a direct assessment
of the impact of the abnve items, water sampling was performed further
downstream in connection with the planning of the King Talal Dam in
1976 and 1977.
The King Talal Dam is located on the Zarga River approximately
40 kms below the City of Zarqa. Sawpling o€ the waters of the Zarqa
River at the Jarash Road Bridge, 4 point appruximately ¢ km above the

dam, taken in 1976 revealed the following:

Ca 98 mg/1 HCO3 268 mg/1
Mg 41 mg/1 SOA 192 mg/1
Na 145 my/! N(')3 6 mg/l



K 16 mg/1 Total Cations 300 mg/1

502 15 mg/1 "+wal Anions 731 mg/1
C1 238 myg/1 TDS 1031 mg/1
CO3 11 mg/1 pH 7.9

There is no indication on the source of this daca (Stanley Con-
sultants, Feasibility Studies, Subactivity, Amman Yater and Sewerage,
AID/otr-c-1628 dated May 19, 1978) as to whether or not the sampling
was done in the wet or dry season. In addition, no organic sampling
was performed.

Since water quality of the river in the vicinity of the selected
site will range from that of the effluent from the Ain Ghazal Treatment
Works plus industrial wastewater contributions to a more dilute condi~
tion during the wet season, sampling results of the Ain Ghazal effluent
from the Amman STP from April 10, 1976, through August 31, 1976, (five

samples, type unknown) are presented as follows:

EC '530.00 to 1880.00 mmhos/cam
TDS 998.00 to  1230.00 mg/1
pH 7.32  to 7.95 -
802 25.00 to 53.00 mg/1
CA 2.84 to 3.97 mg/ 1
Mg 1.63 to 3.26 mzg/1
K 0.97 to 1.36 mg/1
C1 6.16 to 7.02 mg/l
co, 0 mg/1
HCO3 1.58 to 9.63 mg/l
SO4 1.54 to 2.10 mg/1
NO3 28.7 to 208.2 mg/1
N02 0.08 to 4.3 mg/1
NH4 3.74  to 28.6 mg/1



Once again no biochemical data was reported. A comparison of the
data taken from sampies at the Jarash Road Bridge and the Ain Ghazal

effluent presen'.ed below show generally roduced downstream concentrations.

Jarash Bridge Ain Ghazal Effluent
CA 98 mg/1 113.6 to 158.8 mg/1l
Mg 41 mg/1 89.7 to 179.3 mg/l
K 16 mg/1 37.8 to 53.0 mg/l
C1 238 mg/1 218.7 to 249.2 mg/l
CO3 11 mg/1l 0 mg/l
HCO3 268 mg/1 96.4 to 587.4 mg/l
SO4 192 mg/1 147.8 to 201.6 mg/1l
NO3 6 mg/l 28.7 to 208.2 mg/1
TDS 1031 me/1 998.0 to 1203.0 mg/1
pH 7.9 7.32 to 7.95

The discharge of the treated wastewaters from the Ain Ghazal
Treatment Works appear to affect the waters in the Zarqa River in two
areas, the hardness of the waters and the nitrate levels will be
increased. From a public health standpoint the increase in nitrates is
the most pertinent.

7.4.3 Future Stream Use

The Zarqa River begins in the area of Amman and ends at the Jordan
River, with the King Talal Dam located upstream of the confluence with
the Jordan River. Along this route are several major developed areas
including Ruseifa, Zarqa and Sukhnah. With the exception of the area
between Amman and Ruseifa, which utilizes river water for irrigation of
agricultural lands, these developed areas presently do not use the
watercourse as a source of potable water. Although the discharge of
properly disinfected treated sewage at the selected site would not
preclude the downstream use of river water for irrigation, future
downstream use as a potable water . wrce would be limited due to the
high nitrate concentrations from the v e discharge. A relatively
bigh degree of treatment would, therei.:.., he required for river water

drawn at these developed areas for use as portable water,
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The downstream King Talal Dam was originally planned to provide
irrigation water, but at a later date it was also considered as a
potential source of potable water. But after the reser ‘oir was partially
filled, an examination of the quality of the water indicated that its
use fcr potiable water was very questiovnable. For the purposes of this
report, the future use of the waters from the King Talal reservoir are
assumed to be dedicated solely for irrigation purposes.

7.4.4 Degree of Treatrment

The intended future use of downstream waters and the natural
ability of the river to assimilate pollutant loads will establish the
discharge requirements and, therefore, the degree of treatment required
at the new treatment plant. Recognizing the future intended use of
downstream waters strictly for irrigation purposes, the main objective
of treatment will be to produce a disinfected effluent low in suspended
solids to minimize river bed sludge buildup and low in BOD5 to maintain
aerobic river conditions.

Although present planning dedicates the reservoir at the downstream
King Talal Dam as a source of water for irrigation, a possible future
reassessment of the areawide water supply needs may result in considera-
tion of the reservoir as a potuble water source. MHowever, utilizing
the reservoir as a potable water source would require either nitrogen
removal when treating the water for potable use or reduction of the
nitrogen added to the river from discharges at both the new treatment
plant and the upstream Ain Ghazal Treatment Works. Costly nitrification/
denitrification facil:ities can be included at these upstream sewage
treatment plants to minimize the discharge of nitrogen, but a more
practical solution may be to utilize the nulrienc uptake capability of
the reservoir's aquatic eanviroument to reduce nitrogen levels prior to
water treatment. The process requirements at any new water treatment
plant treating reservoir water would, therefore, be minimized. Based
on this reduced treatment requirement and the general uncertainty
conccrning the future potable water use of the reservoir, nitrification/
denitrification facilities are not recommended for the new treatment
plant.

Disinfectiag treated sewags - iior to watercourse discharge is an
accepted practice aimed at protecti.y nublic health by minimizing the

potential for spread of waterborne dise .se. Since downstream river
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water is used for irrigation and possib'y other public uses, disin-
fection of plant effluent is essential.

Chlorine is the most cummonly used disinfecting agent based on its
effectiveness and economics of use. When chlorine is applied to treated
sewage it rapidly breaks down into hypochlorous acid (HOC!) and hypo-
chlorite ion (OCl1). Each of these components are highly effective
germicides. However, in the presence of sewasge having high ammonia-
nitrogen concentratiovus, as is the case with the Zarqa-Ruseifa sewage,
the predominant germicidal agent is monochloramine. Monochloramine is
formed from the reactiun of ammonia-nitrogen aud HOC! and is generally
considered to be a weaker germicide as compared to HOCl or OCl. As
shown on Figure 7.2, effective destruction of pathogenic disease causing
organisms by means of monochloramines requires maintenance of a 2.0
mg/1 chlorine residual in the plant erfluent following 30 minutes
detention. A chlorine dosage of 6 to 12 mg/l would be required to
maintain this residual. As a comparison, typical American and European
treatm=nt plants receiving sewage with substantially less ammonia-
nitrogen concentrations require chlorine dosages of 4 to 6 mg/l to
maintain chlorine residuals of 1 mg/! following 15 minutes detention.

Although viral ipactivation in addition to destruction of patho-
genic bacteria is highly desirable, treatment plants rarely achieve
complete virus removal since the cost associated with maintaining a 0.5
mg/l free chlorine residual following 15 minutes detention as recomnended
by the World Health Organization is prohibitive. Obtaining a free
chlorine residual requires breakpoint chlorination or greater chlorine
dosages resulting in essentially Lhe complete utilization of ammonia-
nitrogen and monochloramine.

With the relatively high raw sewage suspended solids concentra-
tions, a high removal rate will be necessary to reach a plant effluent
concentration that is generally considered acceptable to minimize river
bed sludge buildup. Based on experience with treatment facilities
having similar high level influent suspended solids concentrations it
is anticipated that an effluent concentration ot 30 mg/l can be effec-
tively achieved by conventional pri..-v and secondary sedimentation.
However, a secondary settling aid suct: .. polymer may be necessary to

achieve the required removal rate.



The actual degree of biological treatment necsssary to maintain
aerobic conditions in the river will depend entirely on the ability of
the river to assimilate pollutant lcads along its entire length but in
particular along its most critical sections. Specifically, an analysis
is required to estimate the amount of oxygen utilized in the river
during the assimilation of pollutant loads (deoxygenation) versus the
natural ability of the river to increase dissolved oxygen levels
(reoxygenation) to meet this demand.

The most critical downstream section of river is the 5 km section
extending from the selected treatment plant site to the community of
Sukhna. This section of river would have the potential of receiving
the most concentrated pollutant loading since in addition to receiving
the discharge from the new treatment plant, wet season flows may include
the entire discharge from the upstream Ain Ghazal Treatment Works since
irrigation, river bed seepage and evaporation of the Ain Ghazal flow
would be minimal. Furthermore, the relatively moderate stream slope in
this section nearly doubles downstream of Sukhna. Thus, the veliocity
and natural turbulence of the river in this section is at its lowest
level thereby minimizing its ability to increase dissolved oxygen
levels.

In the absence of adequate water quality and flow data which would
permit use of conventional models for analysis of the rivers ability to
assimilate oxygen-depleting wastes, an alternative method is utilized.
The alternative method, as presented in the 1976 Water Pollution Control
Federation Journal by E. C. Tsivoglou and L. A. Neal is based on the
theocy that the reaeration rate coefficient is directly proprrtional to
the slope of free-flowing inland streams. Results obtainec. by tracer
studies in more than 400 km of 24 streams verifies this tueory to
within acceptable limits of accuracy.

Assuming a 95 percent BOD5 reduction as the reliable upper limit
of performance offered by available treatment technologies, the alter-
native slope method for river analysis indicates that the combination
of the proposed discharge and the Ain Ghazal effluent will mos* likely
cause a serious depletion of dissolved oxygen in the river between the
selected site and Sukhna. Dissol. ' oxygen levels may drop below
1 mg/l. To overcome this deficieuncy, -.ress dissolved oxygen must be
introduced to the effluent at the new treatment plant through post-
aeration facilities.
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To minimize the possibility of the waters in the Zarqa River being
devoid of dissolved oxygen and becoming septic, the treatment plant
effluent should have an average 5-day BOD concentration of 50 mg/1 and
a minimum of 6 mg/l of dissolved oxygen. To prevent bottom deposits of
sludge from exerting additional oxygen demand on the waters of the
river during the warmer veriods of the year, the plant effluent should

also have an average sugpended sgolids content of 50 mg/l.

7.5 Alternative Treatment and Disposal Systems

The treatment and disposal system proposed for the new treatment
plant must be capable of meeting the water quality objectives established
for the Zarqa River in Section 7.4 and, furthermore, must provide for
sound sludge management. The basic tre:tment processes and operations
required to meet these goals include Lhe following:

Preliminary Treatment
Primary Treatment
Secondary Treatment

Final Sedimentation

o Disinfection/Post Aeration
® Solids Handling

A state-of-the-art review of available technologies for use in
these processes and operations is predented below to provide a means of
identifying viable alternative treatment and disposal systems. The
applicabiiity of the available technologies to the proposed treatment
facilities is discussed where alternative processes are to be considered.
This is especially true in the case of secondary treatment facilities.

7.5.1 Available Treatment Technologies

7.5.1.1 Preliminary Treatweut

The major function of preliminary tceatment is to separate coarse

material from the wastewater, assuring efficient use and protection of

subsequent L:.eatment processes and equipment.  Processes and equipment
commonly used for pretreatment include screening, grit removal, odor

control, and preaeration. In addition, iufluent pumping facilities may
be required to provide sufficient by nlic head to permit gravity flow

through the treatment plant.

Screeuing

Large solids such as pieces of wood, routs, rags, and other debris

found in combined sewer systems and to a lesser degree in separate
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In the act:w. ted studge process, wastewater flows continuously
into an aeration tank where air is added to mix the active biomass with
the wastewater ol to supnly the oxygen necded 1or the microbes to
break down tne organic coa tituents.  Air as introduced erther by
injecting 11 unto Jditfusors acar the bottom of Uie aderation tLank or by

mechanical aixers lovated at the surtace of the geration Cank.

The ivated studge process 15 very tlexible and has been adapted
Lo 4 va.rely ot wastewdter treatment applicatons The process is

capable of produving o high quality eftluent with typical removal
etficiencies ot between 395 and 95 percent of the 1nfluent H(Jl),) and
suspended solids.

One disadvantage of the gctivated sludge process is that it
feqirtes caretul operational control.  Also, energy requirements may be
relataivery high

Tricklbing Filters

The tr:ockling tilter 1s g device tor bringing settied wastewater
IALo contact with u surtace of biological growths.  These yrowths
function 1o Uhe Same manger gs o activated shudge, that s, 1n the pre-
sence ob g

Seotti matter s stababiced to cell matter, carbon
dioxide, aut water.  da operation, the wastewater 15 distributed over
Lhe wotive biodogival surtace whiteh e hurlt Capoob g mediua of an inert
matersl such s wock o slag, o0 oon svathette media.  The individual
pieces of material arve sized Lo permit free flow ot Lignid downward and
tree flow ot a1 upward to meintain aerobic conditions ia the filter
bed.

crickliog tultedrs are classified by bydraulic or organtc loading
1o standard vate (lowsrate) or high-rate.  Standard-rate trickling
tilters require coastderabile land areas because of therr charactevis-
Lrcally Tov surraoe Loadings Keeroondation of the eotluent an g
high-rate tiltes ablows the application of bigher surtace loadings.

The nse of vock tirckliag filters can result in plugging of the
void spaces wn the tock filter under high organtc loadings. Also, the
volume ot the vored spaces, whoch s limited in o rock filter, restricts

the crrcalation or are vn the tiiter and, thus, the amount ot oxygen

avatlable tor the wrciaoreans sms la overcome these Timitations, other
matervials, such as modaies of co, ~d plastic sheets, redwood slats
and plastic vings, have been used in ul.. e of rocks. These media offer
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larger surface arcas for biological growths and, thus, permit higher
surface loadings.

The major sdvantage of the trickling filter process is its bhasic
simplicity. diperational  outrol of the process 1s rather simple,
resulting 1. ecase ot plaut maintenance.  In addition, energy require-
ments for the process are relatively low.

The Giagor disadvantage of the trickling tiiter process 1y the
effect ot air tempersture ou Lhe process performance because of the

large, t.xed surtace area of the microorganisms exposed to the arr

within the tilter Ireatment eftficrency decreases an the winter and
fmprove. during the summer.  The fowest wastewaler temperatare las Lo
be consydered 1n wrzine the treatment units.  Filter flies may also

prevarl althoneh to o lesser extent with plastic tilter media than with
rock filters.

Rotating Biolugical dContuctors

This process s sometimes reterved to as a brodise. Biodiscs,
similer to biorilters, combine teatures ot both the activated sludge
and trickling tilter processes

$.70 Meten ftameter plastre media are mounted on 4 hortrontal
shatt aud rotved ooty cnile partially rmmersed tnowaotesater.,

Biological srovth poetinn oo the surtace of the media, voovidiae the

MICroorgantsms needed o Dreatment Rotation ot the 1iscs alternate;
brings the biowans o contacl with wastewaler for remova: ot pollotants
and exposes 1t Lo tue aic tor ahsoarption ot oxveen.  Acrobio brologroe

growth atalizes woiable biologieal oxygen-demanding materials as an
PRergy soliroe dnd onverts the material to carbon dioxide, water, and
additional biologrcs, cells. The shearing action, rested as the
biomass 1o rotated “hroawh the wastewater, strips ckcess tiologrcal
giowth trom the med; Yo cheared hromass o1s kept oan sasuension hy
the mixiug sction ot the rotating media, nntil the flow o1 treated
wastewaler carries Lae soluds out of the process into a clar:fier for
separation and Jisposal.

Hajor advantages of this process 1uclude simple and stable opera-
tion, relatively high degree of treatment, rase of solids separation

and disposal, ant rolatively o aperating, maintenance, and constric

tion costs. O omajor Jdisadvantage 0 biodiscs is the need for cover to





















with cylindrical drum filters. As the suspended drum rotates through a
vat of sludge, the material is drawn to the filter medium covering the
drum by an intcrnal vacuws. The dewatered sludge then is removed from
the drun for fiuposal. Conditioning with chemicals, usually lime and
ferric chloiide, or organic polyelectrolytes, is necessary, prior to
vacuum fi' _ration.

Pro, oo selection of filter wedium, adequate thickening of the feed
sludge, and sludge conditioning are important factors in the design of
vacuum filtration processes. However, vacuum filtration only can
dewater sludge to apout 15-25 percent solids. Solids contents of 20
percent are the most common. This process is chemical and energy
intensive.

Centrifugation - The centrifugation process generally is employed
for solid-liquid separation processes in industry. It also is applicable
to municipal wastewater sludges and has been used for many years with
varying degreecs of success.

The wachines used in wastewater treatment plants are of the solid
bowl, conveyor-type with electric motor drive. Sludge is fed into the
rotating bowl 4t 4 constant flow rate, where it separater into a cake
containing the solids and a dilute stream called the centrate. The
sludge cake can be disposed of, while the centrate is returned to the
head of the treatment plant.

Depending on the type of sludge, solids concentrations ranging
from 15 to 25 percent can be achieved with centrifugation. Solids
Contents of 15-20 percent are the most common.

Centrifuge operatiov. normally requires chemical conditioning which
typically is accomplished by polymer addition. Also, construction for
centrifuge operation requires special firm foundations and soundproofing
because of the resulting vibration and noise.

The major difficulty encountered with centrifuge operation is the
disposal of the centrate which is relatively high in suspended solids.
The recirculation of theae nolids could hinder the treatment process
and reduce the final effluent quality.

Area requiremsuts and capital costs usually are lower for centri=
fuges than for vacuum filters. Hovever, the reverse is true for operat-

iug costs.
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Pressure Fii.cation - Use of this process to dewater municipal
sludge was liwmited prior to 1950, because of deficiencies associated
with the filter acdia, mechanical features, capacity, and discharge.
With signifi ant iwmpcovemcats in filter media and automation, pressure
filters hav: become a very altractive sludge dewatering device. The
recent in' -ase in eacrcyg; cosls has made pressure filtration highly
competit' -« when cowpured with other dewatering methods.

Presasure fitters consist of a number of filter plates draped with
filter media which are supported and contained in a frame or skeleton.
The skeleton is equipped with a hydraulic or electromechanical closing
device which, <u:ing operation of the filter, will hold the plates
together with sufficient force to resist the total force created during
dewatering. This torce 4lso makes the joints between filter plates
leak-proof during operation. The sludge is pumped into the filter with
the filtrate passing through the media, while the solids are trapped to
form a cake.  Siudge feed is terminated when a predetermined pressure
is reached sud the flow of filtrate is low. At the end of each fil-
tration cycle, the filter is depressurized and the closing device
released,

Mechanical plate-shifting devices are used to move one filter
plate after another through a working space and, in so doing, discharge
the filter cake by gravity to a truck or incinerator for ultimate
disposal. When all filter plates have been shifted, the closing device
is reversed, and a uew cycle is begun.

The capacity of a pressure filter is determined by the number of
chambers and the volume of each chamber. The chambers are formed by
the filter plates such that there is one less chamber than there are
plates.

Cowpared with other gludge dewatering methods, pressure filters
have higher cak: solids concentrations (betwsen 30 and 40 percent by
weight), higher filtrate clarity, higher solids capture, and lower
chemical consumption. The disadvantages associated with pressure
filtration include batch operation and filter cloth life limitations.
Due to high fuel costs and recent improvements in the degree of automa-
tion, filter media, and unit Capacities, pressure filters may well be

the most efficient sludge dewateriu;, devices.
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Belt Filtratiou - The belt filter press is another device capable

of dewatering sludge. Thiy device operates on the principle that
bending a slodze o ake contiiued between two filter belts around a roll
introduces sheir and vompressive forces in the cake allowing water to
work its way o the surface and out of the cake, thereby reducing the
cake moisti: ¢ coutent.

The bolt filter press has three processing zones along the length
of the uuit. These include the initial draining zone, which is analogous
to the action ot a drying bed; the press zone, which invelves application
of pressure; and a shear zone in which shear is applied to the partially
dewatered cake. A significant feature of the belt filter press is that
it employs 4 coarne-mesh, relatively open-weave, metal-medium or synthetic
fabric.

The belt tilter press is capable of producing a drier cake than
that produced by vaciuum tilters. Also, it consumes less energy than a
vacuum filter. ‘the major disadvantage with this device is the problem
of belt wear, breakaye, amd limited nuaber of operational installations.

Screenings, Grit and Skimmings

The amount ot screenings, grit and skimmings collected at a waste
treatment plant usually is small. But their sanitary disposal is very
important hecause they are the most objectionable materials. Most
often these wastos uie grinded, concentrated and landfilled.

7.5.1.7 Couclusions frow State-of-the-Art Review

The ahnve findings indicate that there are many alternatives
available for wastewater treatment and for handling of the sludges
produced. Accnsdiugly, the final selection of a wastcwater treatment
and disposal system for the new treatment plant must be based on
consideration of the following key factors:

Nature of the Kaw Wagtes

Iudustrial was'es may have significant effects on the capacity and
performance of a particular treatment process. Industrial pretreatment
requirements should minimize these effects, but the process should be
flexible encugh to accomnodate variations in pretreatment efficiency.

Effluent Requirements

The process wmust be capable ot achieving treatment levels compatible

with the water quality objectives estuhlished for the Zarqa River.
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Process Reli:bility

The selected process should be capable of providing a maximum
degree of reliability.

Sludge Production

The abitity to handle sludges produced by the selected process in
a cost-effr tive and environmentally sound manner must be considered.

Resource Consumption

The selected process should require a minimum expenditure of
resources, such as power and chemicals.

Space Requirements

Treatment processes proposed for any plant must be compatible with
space available.

The selected process must be cost-effective over the projected
life of the treatmenl facility. _

Each of these factors will be considered in developing and evalu-
ating wastewater and sludge treatment and sludge disposal alternatives
for the new tacility. (See Appendix 5.2 for cost estimating background.)

7.5.2 Selected Alternative Treatment Systems

The alternative treatment and disposal systems considered most
applicable, and yel cost-effective, are shown schematically on
Figures 7.3, 7.4 and 7.5. The selected alternatives utilize a combi-
nation of the abuove technologies but basically differ by the proposed
method of secondary treatment. Specifically, the following secondary
processes are evaluated:

o Activaced Sludge (Air)
o Trickling Filter (Stone Media)
o Trickling Filter (Plastic Media)

7.5.2.1 (Alternative 1) Activated Sludge with Anaerobic
Digeatioa and Power Generation
Based on the analysis presented in Appendix 7.1 anaerobic digestion
of the excess sludges will be utilized along with use of the gas produced
to generate power.
Because of the availability of low price labor and land, sludge
dewatering for alteruatives will be by use of open drying beds. The

beds will be uncovered and sized t.. store sludge during the wet season.
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The plot plan of the Lower Zarqa site presented on Figure 7.6
shows the new treatment plant utilizing the activated sludge process.

The key design clemeuts used in layout of this facility are as follows:

Aeration Tanks - 0.5 Kg BODS/Kg MLVSS/day
3600 MLSS

Fin:! Clarifiers - 23,020 liters/mz/day

Flotation Thickeners - 9.77 Kg/mz/hr

MLSS Hixed Liquor Suspended Solids Concentration

MLVSS = Mixed Liquor Volatile Suspended Solids Concentration

Table 7.4 presents a cost-effectiveness analysis for this alterna-
tive as well as tor the other alternatives. Table 7.5 pres:nts a
detailed estimate 01 construction costs for each alternative including
both local and *.% shares. For purposes of analysis, the costs pre-
seoted in these tables veflect the construction and annual operation
and maintenance (O&M) requirements of year 2000 facilities while using
present 1980 prices. A summary of the costs for the activated sludge

alternative are a+ tollowsy:

Capital Cost JD 10,907,000
O

Energy 36,000

Chemicai 70,000

Maintenance 86,000

Labor 82,000

JD 274,000

The present worth of this alternative based on a 20-year period of

analysis and a 10 percent interest rate is as follows:

Capital Cost - Salvage Value JD 9,893,000
Present Worth of O&M _2,332,000
Total Present Worth JD 12,225,000

7.5.2.2 (Alternative 2) Trickling Filter (Stone Media) with
Anaerobic Digestion and Power Generation
The plot plan presented on Figure 7.8 shows the new treatment
plant utilizing the stone media trickling filter process. The key
design elements used in layout of this facility are as follows:
Trickling Filters - 0.63 Kg/m3/day

/4:1 Recirculation Ratio

Final Clarifiers - 25,098 liters/mzfday
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A summary of the costs for the stone trickling filter alternative

(see Table 7.4) are as follows:

Capital Cost JD 13,215,000
0&HM

Energy 16,000

Chemical 64,000

Maintenance 74,000

Labor 75,000

JD 229,000

The present worth of this alternative based on a 20-year period of

analysis and . 10 percent discount rate is as follows:

Capital Cost - Salvage Value JDh 11,85,,000
Present Worth of 0&M4 1,949,000
Total Present Worth JD 13,806,000

7.5.2.3 (Alternative 3) Trickling Filter (Plastic Media) with
Anaerobic Digestion and Power Generation
The plot plan presented on Figure 7.9 shows the new treatment
plant utilizing the plastic media trickling filter process. The key
design elements used in laying out this facility are as follows:
Trickling Filters - 1.89 Kg/mj/day
3:1 Recircalation Ratio

linal Clarifiers - 23,020 liters/m’/day

A summary of the costs for the plastic trickling filter alterna-

tive (see Table 7.4) are as follows:

Capital Cost JD 10,734,000
0&M

Energy 14,000

Chemical 64,000

Maintenance 74,000

Labor _75,000

JD 227,000

The present worth of this alternative based on a 20-year period of

analysis and a 10 percent discount rate is as follows:

Capital Cost -~ Salvage Value JD 9,796,000
Present Worth of 0&M 1,932,000
Total Present Worth JD 11,728,000

7-32



7.5.2.4%  calternative 4) Trickling Filter with Plastic Media
and Aerobic bigestion

This al'cenative is similar to Alternative 3 except tnat acrobice
digestion i. substitutvd tor anacerobic digestion and clectric power
will have o be porchased oft site instead of pgenvrated ou site.  The
plot pl o presented ou Figure /.84 shows the new treatment plant utiliz-
ing the plastic wedin trickling rilter process plus acrobic digestion,
the key desivn clements used in laying out this facility are as follows:

Trickling Fileor - 1.89 ¢/m3/duy
J3:1 Recirculation Ratio

)
Final Clarificrs - 23 020 liters/m™/day
Avrobic Diyesters - 20 days detention

A summary of the costs of this alternative (see Table 7.4) are as

tollows:

Capital Cost JD 9,290,000
0&M
Energy 343,000
Chemical 64,000
Maintenance 74,000
Labor 75,000

JD 556,000

The present worth of this alternative based on a 20-year period of

analysis and a 10 percent discount rate is as follows:

Capital Cost - Salvage Value JD 8,540,000
Present Worth of O&M _4, 732,000
Total Present Worth JR3, 272,000

7.5.2.95 Analysis of Alternatives

Process Reliabil ity

Fach alternat e 0 capable of providing a high degree of process
rebiability in addition 1o the necessary flexibility to accommodate
variations in industrial pretreatmest efficiency.  However, the stone
and plastic triciling tilter processes with high recirculation rates
are inherentls more abiptable to chock loads than the activated studpe
1)!‘()('0-511‘ .

Avaibable site area is sutiio st for an, of the alternatives
considered but the actual area requiteis ats vary.  The stone trickling
Frlter process requires sipniticantly wers land as compared to the
requirements of hoth the plastic trickling iitter and the activatec

sludge process which vequire vosentially the e area.
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On-site power generation otilizing methane gas from plant digesters
is feasible (o meet 100 percent of plant energy needs for all alterna-
tives and 111 serve to ottectively reduce overall plant 08M costs by
minimizin, power conta. Power costs will be limited to those costs
associated with cn-site peneration tacilities. A briet summory on the
cost-cvilecliveness ol on=site powver generdation is included in the
Appendix /1.

Althoneh power cests are minimized, the cost of pgenerating power
under the aotivated shadye alternative Is twice that required under the
trickling tilter alternatives. This in addition to higher labor and
chemical costs results in g sipnitficantly greater O8M cost tor the
activated sludye alternative as compared to the trickbing filter alter-
natives.  The DM requivements tor the stone and plastic trickling
Pitter alteimatives are cssential v the same.

In the case ot alternative 4 no clectric power will be penerated
an the site with the cxoeptivn of poasible cmergency power.  This
alternative also has a higher power demand than Alternative 3 since
acrabic divesters have been substituted tor anacrobic divesters,  Due
to the need tor ort=site purchased pover and o hisher power demand the
cost of enerpy s siynificantly greater than Alternative 3, Other O8&M
costs remain essentially the same,

pandability

Available site area is such that any of the alternative treatment
processes mav be expoanded In capacity to mect year 2000 requirements.,
However, the site area is insufticient tor cxpansion to meet the satura-
tion condition, 1 wear 20700 The proposed sludpe drying bed operation
must he either abandoned for more costly mechanical dewatering equipment
or greater land area acquited to allow plant expansion to meet saturation
conditions,

tossiblie tature cxpansion ot overall plant treatment capability to
meet nitriticationsdenitritication requirements could be readily accom-
plished by the addition ot cssentially the same process equipment under
cach alternative.

Gost_of Fnyinvering

The tour alternatives have difiersnl engineering costs since they

have different complexitics. In genceral, the more exvensive a project is
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to construct, the more vugineering cost is required. In Chapter 9, the
engineerir; cost is estimated as a percentage of the construction cost.
Thus, th. different engineering costs are generally rcflected in the
total p:oject cost estimates. The recurring operation and maintenance
costs are usually higher when the engineering and construction cost is
lower.

A pood example of this is a comparison of Alternatives 3 and 4.
Analysis of all alternatives presented both from a monetary and qualita-
tive viewpoint indicate that Alternative 3 js the best-suited solution.
However, Alternative 3 will have a higher engincering cost than Alterna-
tive 4 because the facilities are more complex,

Alternative 4 has an energy cost estimate for the year 2000 projected
conditions of UD 343,000 per year as compared with JD 14,000 per year
for Alternative 3. At the year 2000 design conditions, the increased
cost is equal to JI 329,000 per year. Depending on the rate of making
service connections to the sewer system, the inereased engineering costs
to design Alternative 5 instead o 4 would be repaid in the first several
years of operation. Once dual fuel engine generators are installed, it
is still less expensive to use purchased fuel than to purchase electric
power. With the past history of escalating energy cost the payout period
could be substantially less,

7.5.2.6  Recommended Treatment and Disposal System

The above qualitative analysis reveals that the alternatives offer
similar advantages in most key areas. The exception is in the area of
operation and maintenance where greater labor, power and chemical require-
ments are associated with the activated sludge process as compared to the
trickling filter alternatives and the anaerobic digestion with gas utiliza-
tion as compared to acrobic digestion with off-site energy purchase.
However, since the impact of these O&M requirements are directly reflected
in the annual O4M costs the baeis for selecting the most practicable treat-
ment and Jdisposal system will be a combined analysis of the total present

worth of the alternatives and energy requirements.
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Baged on the total present worth in JD 1,000, the alternatives are

ranked as follows:

Annual
Present Energy
Worth Cost
Alt, 3 - Trick. Filt. (Plastic)
W/Anaerobic Digestion Jb 11,728 JD 14
Alt. 4 - Trick. Filt. (Plastic)
W/Aerobic Digestion Jp 13,272 343
Alt. 1 - Act., Sludge W/Anaerobic
Digestion JD 12,225 36
Alt. 2 - Trick. Filt. (Stone)
W/Anaerobic Digestion Jn 13,806 16

The recommended trcarment and disposal system based on least cost is,
therefore, the treatment system utilizing the plastic trickling filter
secondary treatuwent process with anaerobic digestion and power genera-
tion. A partial site plan of the main treatment process area plus a
detailed plant process plan of the main treatment process area plus a
detailed plnt process flow diagram, solids balance, hydraulic profile
and longitudinal protiles through process units are presented on Figures
7.9 through 7.15, respectively. Unit design criteria are presented in
Table 7.6,

7.5.2.7 Description of Se'c.ced Plan

Raw sewape would enter the recommended treatment tacility from an
interceptor traveling along the existing roadway conuecting the City of
Zarqa and Sukhnah. The sewapge would bhe immediately screencd to remove
wood, roots, rapgs and other dehris. Screened scwage flow would be
monitored aml then degritted in aerated grit chambers to winimize plant
odors as well as to remove prit that can produce an undesirable prit
buildup in Jdownstream process units, particularly studye digesters.
Collected screenings and grit would he landfilled. Screened and
degritted sewage would flow to a splitter hox where chlorine could be
pplicd as requited tor additional odor control. The main purpose of
the splitter box, however, would be to equalize the flow to the primary
clarifiers where settleable suspended solids are removed. Surface scum
and skimmings 1vom these claritic. @ would be collected, ground, concen-
trated and lTandtilled. Primary clai: r ¢ffluent would then flow to a
distribution chamber serving to equalize tlow to the trickling filters
whire the majorite of BOD reduction occ . euigsad for 83 percent

removal at 40 C. Irickling tirieer effluent - Id then enter a wet



well/distribution chambes A portion of the flow cutering this chamber
would be retarned to the trickling filter to meet process pertormance
requiremen s while the remaining flow would be distributed cqually to
the final clavifiers. Effluent from the final claritiers would be
monitor,i and then conveved to chlorine conta s fpost aeration tanks tor
disintection and naintenance of proper dissolved cryeen levels prior to
discharge into the Zarqa River. DisinteotoedZaerated ot buent would be
used for in-plant nonpotable purposes.

Studge drawn toom the final clariticrs would he pumped into the
primary vlaritiers where it would be collected alone with primary
sludge and pumped to the primary and secondary digesters tor stabili-
zation. Digester yvas would be used in conjunet ion with penerators to
meet all plant power needs. Divested studge wonld be pumped to open
air sludge drying beds,  The dryiong beds and digesters witl be sized to
store s1 dge durin wet wonths.  Digester supernatant and drving bed
filtrate would be retucned via pumping to the privoey claritiers for
processing.

The digestion facilities and sladue dryine heds tor the tirst
stage of construction will be sived to mect the vear 1990 Toading
conditions., Uatil the plant inrlu-nt lToad is equal to the vear 1990
design load the piant tacitities will Ye capable ot haondling Septapge in
varying amounts Jdepending on the connected Toad gt the time.  Some

additional facilities mav be requited to soreen ad cqualize the septage

7.6 Cost Estimate or Ked ornended Treatment and Di sposal System

Pobcl Basin of CUont Fat fmaten

ALL cost analvses presented in this chapter tollow the rules and
regulations set up by the ' 5, Environmental Protection Agency for
performing cost-etfectiveney, analvses.  The various components of a
cost=effectiveness anal i, are desorabed as follows:

Jo6 101 Eeonowe Yoatuatyon Criteria

The present worth analysis has been used for the economic evalua-

tion based on the tollowing crioor i
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0 Amortization Period - 20 years

o Planning Period for this analysis ~ 1980 to 2000
o Discount Rate - 10 percent

o Economic Life

Major structures - 50 years
Equipment - 20 years (average)

o Salvage Value - by straightline depreciation

7.6.1.2 Counstruction Costs

Construction voats congisting of costs on equipment and civil work
have been estimated based on preliminary sizing of the treatment units,
quotations from U.§. cquipment manufacturers and current unit prices
for construction materials in Jordan. Estimated construction costs
reflect June 1980 cout levels (see Appendix 5.2).

Equipment costy have included costs from U.S. manufacturers,
freight costs with iusurance and handling charges to Jordan, unloading
and transportation rasts to the joh site, cost for installation and a
20 percent overhead and profit for the general contractor.

Costs for vivil work include the construction costs on site for-
mation, building structures, tanks, pipelines and associated site work.
Current unit prices from rhe Jordanian construction industry are used
with an added on 20 percent overhead and profit for the general contractor.

7.6.1.3 Other Costs

o A total of 44 percent of the subtotal of construction nnats
has been allowed for comstruction contingencies, administra-
tion, lepal, and engineering costs (see Chapter 9).

0 Land acquisition costs for the treatment facilities is assumed
to be JD 3 per square meter,

7.6.1.4 Capital Costs

o Total capital costs equal -y the sum of total construction
costs and total other costs.

o Salvage value equal to che present worth of the remaining
capital costs, except for land, after depreciation is applied
over the planning period. Land is assumed to be a salvage
value at the end of the planning period equal to its prevail-
ing market value at the beginning of the planning period.

v Net capital cost equal to rotal capital cost less salvage
value.
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7.6.1.2 Annual Operation and Maintenance Costs

Oper:tion and maintenance costs for the various alternatives
include &.l annual expenditures for labor, power and fuel, chemicals,
routine replacement cof cquipment and equipinent parts, miscellaneous
supplies for the treatment plant, hauling costs of sludge cake for
disposal and costs associated with administration and overhead. These
costs have been estimated for each alternative based on preliminary
determinations ~f manpower requirements, energy and chemical consump-
tion and requirements for other materials. The following unit prices
have been utilized in developing estimates of annual operation and
maintenance costs:

Labor - Average JD 160 per month per man, including 2C percent
fringe benefit

Power - 6.5 fils per kilowatt—hour, assuming on-site generation
from digested gas (see Appendix 7.1). Purchased electric
energy 30 fils per KWl include demand charges, etc.

Fuel =~ JD 30 per metric ton

Chemical -
Chlorine - 329 fila per kilogram
Ferric Chloride - JD 2.6 per kilogram

Hauling -
JD 1 per cubic meter

Administration and Overhead - Include salaries and fringe benefits
of management personnel

7.6.2 Project Sraging and estimated Costs

Malcolm Pirnie, Inc.’s assignment for the preparation of this
report is to plan for the immediate construction of initial facilities
to meet the year 1990 conditions while planning for future needs up to
year 2000. The two-stage construction program necessary to meet these
planning requirements involves the immediate first-atage construction
of facilities capable of providing treatment capacity through year 1990.
Second-stage construction would be required at year 1990 involving an
expansion of the initial facilities to meet year 2000 conditions.

The estimated capital and annual operation and maintenance costs

associated with these constructjon .isges are presented in Table 7.7
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The total costs are based on present 1980 prices and are summarized as

follows:
Capital
Phase 1 JD 7,677,000 JD 151,000
Phase 2 JD 3,057,000 JD 240,000

The construction cost has been divided into foreign and local

costs as follows:

Foreign3 Local Total 3
JD x 10 JD x 10 JD x 10
Phase 1 2,548 2,350 4,898
Phase 2 1,104 1,019 2,123
Total 3,652 3,369 7,021
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8.0 STORMWATER DRAINAGE SYSTEM

8.1 Introduction

The objectives of the stormwater drainage system have be:n planned
in a manner consistent with the overall goals of the study. The primary
objective of the stormwater drainage system is to avoid, to the maximum
feasible extent, flooding conditions which represent a threat to human
life and health and which may cause property damage. At the same time
temporary ponding and {low of stormwater along streets and lootpaths
will be acceptable if flow depths and velocities do not become excessive.
This approach to design is warranted beth by the basic project objectives
and the relatively infrequent and low amounts of rainfall chesacteristic
of the planning area.

The success of any stormwater drainage system depends upon:

a) the regulation and control of new development in a nanner consistent
with the criteria and standards contained in the Town Plan, and

b) continuing and effective maintenance of the system. Hew site develop-
ment must take place in a manner consistent with the criteria and
standards contained in the Town Plan so that new arcas will be

safe from flooding and present development will not be adversely affected
by changes taking place.

In the first part of this Chapter, the basic principles governing
drainage design are elaborated upon and the design criteria is established.
In the second part of the Chapter, the existing situation is thoroughly
examined taking into consideration the physiographic aspects. The third
part of the Chapter deals with the proposed stormwatcer drainage systems.
The systems are discussed and the appropriate solutions consistent with
the conditions are outlined. The !ast part of the Chapter deals with

cost estimates and economic coasiderazions.

8.2 Desiyn Criteria

8.2.1 Hydrological Consiu rations

Inspection of Appendix 8.1, lsohyetal Map of Jordan, shows that the
planning areza falls on the western fringes of the inland desert, and
therefore, its climate may bhe characterized as arid to semi-arid. Rain-
fall data obtaincd from the Natural Resources Authority (NRA), indicates

that the mean annual rainfall in the Planning Arca based on a forty
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year-record is 130 millimeters. The wmaximum annual total on record
is 280 millimeters acd the maximum daily rainfall is 60 millimeters.
The quantity ol ruu.ff in this project will be determined by
the Rational Method:
Q = 0.00278 CiA
where Q is the maximum discharge in cubic meters per second,
is the runoff coefficient,

i is the rainfall intensity in millimeters per hour
for a duration cqual to the time of concentration
of the watershed, and

A is the area of the watershed in hectares.

The rainfall intensity will be derived from the NRA curves which
have been reprodaced in Appoindia 8.2, These curves are based on a
30 year record. From our experience ol using NRA data on a number of
projects, we have found their data reliable.

The runoff coefficient for use in the Rat snal Method may be

;selected from appendix R, 5.

The time of concentration, te, will be computed from the Kirpich

Formula,

te = 0.019z 1.'**?

”0.38

(I

N

where,tc is in minutes,

L is the horizontally projected length of watershed
in meters, and

H is the difference is vlevation between the location and
farthest point on the watershed in meters.

The factors that led to the use of the Rational Method on this
project are: a) all the watershed areas in the rlanning area are
ungaged, and therctore, determination of runoff has to be done by
methods based or rainfall data; b) the casy-to-use teatures of the
Rational Method, and the fact that,of all the empirical flood formulae,
it has the advantage that its physical meaning is reasonably clear,and
¢) our experience with the use of the Rational Method-on similar projects
in the areas has given satisfactory results.

8.2.2 Hydraulic Ceosiderations

Depending on physicgraptin. . avdraulic and planning conditions,
Sroecococater runotfomay be dischar,g s ither aboveground through natural

U atieial channels, or underground through pipe conduits or box
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culverts. However, irrespective of the method of disposal, the hydraulic

sectims and the stipulated slopes should be selected so that safe and
elficient operation is guaranteed.

The hydraalic scetion ot pipes, culverts and channels that are lony,
and where unitorm flow conditions exist, will be computed by the Manning
Equation,

) ‘)
Q= 1. ar®/ l:;”'/”
n

where Q is the discharge in cubic meters per second,
nois the roughness coefficient,
A 1s the cross-sectional area in SqUdre meters,
R is the hydraulic radius in meters, and

Hols the lTongitudinal slope

In the design of culverts where the control is at the inletr, the

]

LI
B

hydraulic section will be determined by the application of the nomographs

. appearing in Appendices 8.4 and 8.5,

The capacity of yntters will be determined by the Manning's Equation

in the following form ag developed by lzzard:

where,Q is the discharge in cubic meters per sccond,

nois the roupghness coetticient,

Z is the veciprocal o the cross slope,
1s the longitudinal slope, and

d 15 the depth at curb.

For an etiicient prate inlig operation, all rectangular buars should
be parailel with the tlow and the openings should cover at least Su por-
cent of the width ol the prate.  The required clear length of the bar
(Lh) can be computed by tormuia viven below (recommended by U.S5. Depart-
ment of Transportation).

L= 0.9 (d- 4 ,‘)I/: .
where I.}: length ot cloar opening of grate in meters,

Voomean approach velocity in the putter in meter per second,

ddepth ot tiee 0 the curb in meters, and
dh depth of bar iu .. g,
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A summary of the hydraulic design criteria applied in this projeet

1s outlined below:

0 Pipe materials: Refoforced concrete pipe
o Manning's roupghness coetticient n: 0.015
o Minimum diameter of pipe: 30 contimeters
0 Depth ot tlou in culverts at desipn discharge: 0.8 of

the diameter in pipes colverts and 0.8 of the height
in box culverts.

o Maximum manhole spacing: 80 weters

o Inlet spacing: depending on tlow velocities anag
depth of tflow at the curb.

8.2.3 Drainage Design Considerations
Our local inquivies and considerations on this subject have
yielded the following conclusions:

0 Public inconventence during and after raintfall:  The
inconvenicuce of intrequent Tlooding is aceeptable
provided streets are passable shortly after the end
of rainfall. What is not acceptable by the inhabitants
Is the ponding ol water in inefficiently drajined areas
for hours atter the end of the storm.,

8] Hazards o }wxi:li\.‘ Halely T areas vhero houses are
built iu clone prosumity toe the wadis carvying discharpes
above theirv capacity, the danger ot children being swept
away by the tlowing water extsts,

0 Risks ot property damage: The risk of sipniticant finan-
clal Toss through tl1ood damage exists in streets that do
not have outlets to wadis, or where the ontlets have
been blocked by poor planning and haphazard construction.

In the light of the above conclusions, we recommend (hat the
design of the stormwater drainage system be in accordance with the
Tullowing guidelines:

0 Streets with short over-laand travel distances:
No drainage tucitities will Lbe provided on streets
draining in the direction ot a wadi and where the
overland travel distance is short, unless the depth
of surface flow and flow velocity are such as to be
a safcety hazard or o source of property damage to
adjacent properties. .

0 Streets with long and winding over-land travel distances:
Drainage facilities will be provided ou such streets,
and discharge points made at the proper location,

0 Depressions and sty s without outlets to wadis:
Drainage facilities wit! be installed here and
appropriate outlet poiut, provided,



O Streets running adjacent to or coinciding with a wad;
course:r Water will be intercepted at the upstrean
end of the waii and draioage tacilities provided in
the street to convey the water to the proper outlet.,

0 Wadis running througl built-up arcas: U (he stream
channel ot the wadi i deep and well detined and the
cross-section i decmed sallicient to daccommodate ghe
flood discharpes, no dratnase works will be provided.
However, should the stecam clhnne ! be considered
inadequate, provisions will Le mage to intercept and
divert the tlood witers,

0 Nadis intoer cocing man rowds: Culverss will he
provided at a1l thee crassioss and appropriate
discharge clannels provided.

The stormwater drainage system will consist of the following,

component s :

v Primarvy brainage Hetwork: This will consist ol culverts,
main lines, and possibly upen clhiannels which will convey
stormwvater runoft to Zarqa River or sfream channels of
wadis tributary to Zarqu River.

0 Secondary Drainage Hetwork: This will consist of
smaller pipes and possibly open channels which will
convey stormwater runoft (o the primAly druinugv system.

Lt should be uoted that streets e Yoatpaths are an fmportant
part of the stormwater conveyance systeim. As tinances permit and con-
sistent with uther soujal objectives and amenities, the streets and
roads should be paved and provided with «orbs aud putters to improve
their stormwater conveyance capabilities, In streets where underground
drainage tacilities have been provided, potter inlets should be installed,
The spacing of the inltets depends on the depth ot surtace 1 low and I ow
veldocity da the gutter.  Typical desitable street and tootpath cross-
sections appear in Appendices 8.6 and 8.7,

Typical stormmater deainage inlets to be used in this project appear
in Appendices 8.4 through B.11. Note that rone of the inlets has been
provided with a catch basin as the utility of including a cateh basin is
open to question.

8.2.4 Service Criteri. .

The range ot design dischare Lrequencies used in enginecring
projects is as follows:

0 For storm sewers o o idential areas, 2 to 15 years,
With 9 years most  cotva ..y reportaed,

O For storm sewers in comuerigi and hiph value districts,
10 ta 50 years, deponding on economic justification.



Q For large culverts and flood protection works, 50
years or more.

Based on our expericence with similar projects in the region, we
have adopted the following frequencies:
0 Irimary drainage network-major culvevts, 50 years.

0 Primary drainage network=pipelines and minor culverts,
10 years.

v Scecondary drainage netwerk, b years,

0 Open channe's and ditches, 5 years,

Depths of flow and flow velocitivs which pose a threat to human
safety or cause property damape should be avoided., A recommended
criterion 1s that the velocity in the deepest part ol the gutter be
limited to 3 neters per second.

Maintenance of the open chann«ls, pipelines, culverts and drainage
inlets should be carried out periodically. Removal of rubbish, debrig
and silt from culvercs and drainape inlets should be done as necessary.,
Repair of storm damage should be carried out immediately.

i

Site development control is an important aspect of stormwater
control planning. Building encroachment o} minor and major waterways
should be avoided. Site development over a stream channel or a wadi
should be prevented unless an adequate culvert to convey the storm
runof i is provided.

8.2.5 Design Methodolopy

The watersheds wichin the planning arca have been assigned
reference numbers and appear on Plates H.1 through 8.6,

The design of the major culverts for the primary drainage
networks, in peneval, accommodate the storm runoff of drcas greater
than 250 hectares and are designed tor a 5 year frequency storm
runoff. The desipn discharges of watersheds preater than 250 hectares
in area appear in Appendix 8.12.

The design of the pipelines and minor culverts tov the primary
drainage networks are for a 10 year frequency storm runoft. It should
be noted that in most instances the element ol the network under con-
sideration is serving only a gubarca of a watershed,  Therctore, to
facilitate computations , . iz D013 was prepared and vives vunot )
values tor areas of different =, o for a given time of concentration.
The design discharge is obtained by mmltiplying the runoff value by

the area served.,
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In the Town Plan of the Zarqa-Ruseita area, the flood plain
of Zarqa River has been desipnated as an apricultural zone. This

limits building development to 25 percent of the total arei. This

can be looked upon as an advantage in an area subject to tlooding.

However, being an apricultural cone sets restrictions on the AMmor L
of flood protection works that can be installed.,

B2 Existing Svstom

AL present, there Is no storimeatoer dratnage svstem in the planning
arcea.  Inspection of the streets, roads and tootpaths showed that storm-
wiater is allowed to run in them down to the wadis.  any of these wadis
are not large enough to handle the discharpe ana rlooding oceurs as a
result of this, dnother problem with this tvpe ot drainage is that
streets that do not bave an out et to g wadi are flooded tor hours atrver
the storm is over.

In many locations, o buildinegs hove been erected over the stream
channels o1 the wadis and the blocked natural water courses replaced by
calverts ranine ander the butldings.

dost ool these culverts are inadogquate in size and are blocked
durim heavy raintalls causing nevere ponding at thoir upstream ends.

Imany Tocations, typi-al 0 tootpaths, the houses have heon
built so close to the stream cnannels that the outer walis of the houses
serve as osidewalls to the chatne . [his result in serious Scour problens
to the toundations awd potential hazard to public sarcte.  This indieatoes
that, cven 10 m elaborale stornwat or drainapge svsten is not installed in
the plannimg arvea, solutions must be tound to deal with these sttuation,

there e bhridees and ealy rts in the planning arca that discharge
to the waters o Zarga River amd tributaries ot Zarqa River.  These bridges
and culverts have been assivned reterence numbers and appear on Plates

8.1 through 5.6 and cons'st of the tollowing:

i) Hiphwoes bridees Bol, B.), BU3, Boay B 7, B.8 and B.9.
i) Railvoad hridees Bo5 and B.o,
iii) Road Culverts ¢01 through €30,

8.3.3 Determination o1 Usceable Portions ot the System

In determininm which o ons and olements of the system are uscable,
consideration is viven to: sti: gl soundness, hvdraulic capacity,
blockape trom debris and sittation ad channel depradation downstream of

the structure,
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“e characteiistics and condition of the structuves are outlined
in Appendices 8,17 and 8.18,
As seen from inspection ot these tables, most ol the structures
are useable. However, repair work  and maintenance is required on

several of these structures betore they can operate eftficiently,

8.4  Pronosed Drainase System

g1 Generval

The proposed drainage svstem has been designed to collect, convey
and dispose of stovmwater runott trom fubabited areas in as fast and
efficient a way as pussible aod tn accordance with the desipn criteria
and desipn considerations previously presceated. Gravity tlow has been
maiatained throughont the systom

The planning ared has been divided into a aumber of watersheds
following the natural topopraphy, as shown in Plates 8.1 through 8.16,
and A sysiom o primary ool seoondary dratnaye networks was designed
to cope with the storm runoti tros cach watersheds Wherever convenient,
or pessible, more than one watershed were combined in one outflow conduit
in order to winimice the nusber of discharge poiuts into the waterways,
and consvquent Iy, veduce tiwe o.orall cost of the project.  The secondary
networks, or laterals, collect aud convey the runott from streets to the
primary networks, or interceptors, which, in oo, convey the waters to
ity discharse puints in the waterays,

In cont amity vith the desicn considerations preseated in Seetion
B.2.3, overland flow of water has been allowed in tootpaths and streets
wherever the satural cowditie: o do not warrant its interception or where
the physical conditions prevont the use ot undvrgreund conduits,

Al condvits foraing the draiuage system are either reinforced
concrete pipe, reinfor-ed vonctete chanaels, ol teinloreed conerete
box culverts. All conduits shall be installed at depths rhat do not
result in excessive excavation costs, nor at the same time cause inter-

.
ference with other utilities whether existing or proposed.

8.4.2 Primary Hetworks

The priwary networks ote Uhe main interceptors that receive flows
from the secondary networks and cunvey it to the dise. .rge points. The

pricary networks are desipgned to vy the 10 years storms and accomodate,
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in most areas, the storm runoff{ of large areas. Cunsequently, the
flows reaching these conduits are large and, subsequently, they have
large cross-scctional areas. These conduits have, therotore, been
designed as reinforced concrete box culverts instead of circuldr pipes
in order to provide the required cross-sccetional areas.

The locations of these culverts,being mostly at the edpes or
lower reaches of watersheds  do not warrant the extensive use of inlet
points into them except in possibly rare cases.

All primary culverts shall be provided with appropriate wing walls
at their lower end and transitional sections shall be provided wherever
the channel cross section changes in size. At all changes in direction,
adequately lonyg bends will be provided to prevent the creation of dia-
ponal waves if and when supereritical {low oceurs.

8.4.3 Secondary Network

All sccondary networks are of reinforced concrete pipe anging in
size from a minimum of 300 mm diameter to a maximam of 1000 . They
have beea designed to cope with runoff resulting from a 5 year storn,

Secondary networks  have, wherever possible, been extended to reach
all low and land-locked poiuts in streets where water tends to poud.,
Inlet structures shall be installed at all such low points as well as
on long streets with flat gradients and on strect interseetions.  Ho
inlet points are envisioned on steep streets as the fast flowing water
tends to jump the inlets,

Storm runolt utten carry with it croded soil and windblown silts,
accumulated debris, vegetation and decayjng animal wastes. To satfepuard
stormwater systems against clogging by such objects, sand traps or sumps
are usually installed at cach of the inlet points.  However such sumps
require constant maintenance and cleaning to continue in performing their
functions. Such maintenance may overtax the capabilities of minicipalities,
Therefore, and, taking advantage of the self-cleaning velocities that can
be generated throughout the systems, sand traps were got used. Occasional
rlushing of certain reaches of the system where exceptionaly heavy debris
may have found its way should be sufficient to maintain the system problems
free.

B.4.4 System Description

The extent of the watershed .nd systems proposed are shown on

Figure 8.1,, Details are on Plates 8.1 to 8.6.



O

Watershed W.5. 31

This large watershed is served by & system o1 existing
culverts and chamnels identified on the Plates as
C.1l4, C,15, C.16, C.17 and C.28. The area iy mostly
undeveloped but is planned for tauture development ,

The existing main culverts are adequate to carry the
runoft from this area.  No secondory networls are
Proposed at the present for this area dan the denipn of
such network must necessarily await Lthe determinat ion
of finat street pradien. s,

Primary Tine 11 is installed io the upper reaches of
the watershed and conveys the storm runolt to exinting
culvert ¢, 14,

Watershed W.os. 3o

This watershed camprises dan darea of approximately 15
hectares and is wituated at the northeastern tip of
the presently developed are. Primary line I is
proposed to be corsvructed on the main road to carry
the flow from this watershed into the wadi situated
to the east., The proposed di scharge point is in the
vicinity of existing culvert C.lE.

A secondary line 1-1 collects the runott trom the

streets of the watershed and conveys It to primary
line I,

Watershed W.5. 29

This watershed compriscs a Large section ol Zarqa and
has a total area of almost 170 hectares ol completely
develuped and inhabited land., The area slopes to the
east towards a dry wadi. Running wlonpside this wadi
and at the castern end o! the watershed 15 the Hatrag

Road which delinates the limit ot vestdont ial devclopment ,

An extensive system of secondary netuerd iy ool
to serve the area. The network convevs the wate s to

a primary interceptor line [11] Proposed to he const ruct od

in the road parallel to the Avmy Boser Thia calvet
collects runoft as it procecds i nother by direction
until toreaches the end ot the Watvrshed where g g
charge (s flow into o dry wadi tributary to Waldiooagda.

Watershed W.5, a3

This watershed, aving un area ol approximately oo
hectares is located at the extreme gorth end ot the
planning irea and s westly undoeve Loped eXcept o at ity
southern tip, The importance ot thig watershed iy

that it contributes storm runoff in the dirédction ot
the Garro b Zoct Sl b e it . 0t PGt cption,

A small secondary notwork is proposed within the deve-
loped area of the atershed to intercept the oy 1rom
the higher ground: .. convey it to the primary line [V
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Watershed W.S., 42

With a total area of approximately 72 hectares, this
watershed is, like W.S. 43 whieh borders it, undeve-
loped except at its southwestern tip. Similar to
W.5, 43, this watershed has also been provided with
a small secondary network which collects tne runoff
and conveys it to primary line IV,

Watershed W.S. 38 and 39

This watershed, with an area of approximately 86
hectares, borders on the western side of watershed
W.S. 29 where a natural ridge separates the two
watersheds. Like watershed W.§. 29, this watershed
is mostly developed except at it northwestern end,
The proposed system designed to serve this watershed
comprises two sccondary lines IV-3 and IV-4. Both
these secondary lines discharge their flow into
primary line IV, Primary line IV cuns alony Sukhnah
Road and dircharges into Zarqa River at Wadi Ouseib
confluence.

Watershed W.S, 37

Situtated soutn of watershed W.S. 38, -his is a
densely developed land comprising a total area of
approximately 32 hectares. The shed is proposed to
be served by two secondary networks that discharge
into primary line V which conveys the water into the
Zarqa River in the vicinity of existing bridge B.9,

Watershed W.S. 33

This is a relatively small area of approximately

21 hectares situated at the southern end of W.S, 17

and bordering on the river. A brief system of sccondary
network serves the area and conveys its runoff to the
primary line VI,

Watershed W.S. 28

Another relatively small watershed ot apyroximately

27 hectares and situated at the southern end of W.S§, 29
and east of W.S. 33. The area is served by a relatively
extensive sccondary network which terminates at primary
line VI,

Primary line VI intercepts the flow from W.S. 28 and
runs in a north westerly direction until it meets with
the secondary system of W.S. 33 where it changes direce-
tion and discharges into the Zarqa River.

Watersheds West of Zarqa River o

Areas of Zarqa west of the Zarqa River are sparsely
populated and do not warrant the construction of a
drainage system especially due to the fact that overland
flows in the developed arca are relatively short and
close to the dis “arge points at Zarqa River.



Ruseifa-Area south of Zarqa River

This is the largest of the Ruscifa areas and is bounded
on the north by the Zarqa River whereas phosphate mines
crop to the south of it. The Amman-Zarqa Road runs
parallel to the Zarqa River at the northern end of the
development. A natural ridge, parallel to the Zarqa
River divides the avea into two narrow elongated sections
of almost equal arcas. Water falling on the southern
section drains towards the phosphate mines and flows
eastwards through an existing culvert C.3, and finally
reaches the wadi. The northern scetion drains in a
northerly direction in the direction of the Amman-Zarqa
Road.

The width of vither of the above sections {s within the
allowable limits of overland flows, and as such, no
drainage works would ordinarily be proposed. However,
in order to protect the Amman-Zarqa Road from flooding,
primary line VII ig propused to intercept water from
lateral streets and convey it to Zarqa River in the
vielnity of existing bridpe B.2.

Rusceifa-aArca north of Zarqa River=Jebel Al Shamali

This arca falls within twe watersheds, W.S.11 and part

of W.S. 12, The part within Watershed W.S. 11 has a
natural waterway at its high northern end that intercepts
the water flowing from the upper reaches of the watershed
before it enters the built-up arca and conveys it to the
Zarqa River. The buitt-up areca drains directly and
efficiently into the wadi through a number of streets,
The street gradicents are such that no water accumulation
points exist and the total ranoff from the individual
streets and its tast discharpe into the Zarqa River do
Lot warrant the construction of any drainage works,

The part within watcershed W.S. 12 is very narrow and
drains into a natural waterway that runs in a south-
easterly dircction at the foot of the development and
into the Zarga River. ticre apain, the short length of
over-land flows do uot warrant the construction of any
drainage works.,

Ruscifa~-Awjan Al Janubi area

This area falls witlin part of W.8,12, W.S.17 and W.S$.18.
The part in W.S5. 17 is very small and narrow and drains
into a natural wiaterway that runs along side of it and
discharges into the Zarqa River through the existing
culvert .5,

The part that is within watershed W.S.12, unlike the

first is large in are. ad has an elongated narrow shape,
A number of small wateiw. & run through it creating what,
in effect, may be ealled sui ~watersheds that are small in



darea and consequently theic contribution is small. At no
point does a large water concentration occur that warrants
its collection and conveyance through a piped system,
Street side ditches should be sutficient tor the purpose.

o Watershede in the Musheirtelh arveg
This area covsisty mainly of the Schneller Refugee Camp
which falls outside the area limits of the project.
Scattered housing developments exist to the north and
to the east of the refugee camp bur these are too small
to be considered for a drainage system.

0 .Other Watersheds
Other watersheds that have not been discussed above, but
are indicated on the plates, exit throughout the project
area and are a testimony to the rugged and hilly terrain.
These watersheds are not inhabited and no draivape works
are therefore considered.
8.4.5 Staged Construction
Like in most projects, stormwater drainage systems are normally
phased over a period of years and are programmed in such a wiy that
their construction is compatible with the need for the system and with
the availability of public funds. With at least one ol the above tactors
being unknown, that is, the availability of public funds, it is only
possible to point out to the order of priorities that need be followed.
The Agreement requires that all the primary networks be in Phase 1.
In arriving at priorities within Phase I, primary vetworks thit serve
large inhabited areas or protect major roads from flooding should come

first, Based on this, the order of priorities in Fhase I should be us

follows:
o First priority~Primary lines I, 11 and 111,
0 Second priority=Primary line V11,
0 Third priority-Primary lines IV, V and Vi.

Secondary networks are recommended for construction after completion
of the primary networks. Therefore, the secondary networks will he in
Phase 1L,

The order of priorities within Phase II should be as follows:

o First priority-Secondary lines -1, 11-1, 1i1-1 through
I11-5,

o Second priority-Secondary lines 1ll-6 through 111-15

0 Third priority-Secondary lines IV=1 through IV-4, y-]

and V-2, VI-1 through Vi-6 and Vi1-1.
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8.5 Cost Estimates

8.5.1 This section presents the estimated construction cost of
the recommended stormwater improvements. The costs include the pipes,
culverts, manholes, inlers. and other appurtenances required for proper

operation of the system.

8.5.2 Phase 1 Cost Estimate

The Phase [ project is the primary network. The lengths and

construction cost of the Phase 1 project are summarized as follows:

Zarqa

Lines I to VI =~ 0.3 km JD 889,000
Ruseifa

Line VII - 2.4 1 141,000

Total Phase I JD 1,030,000
These costs have been divided between foreign and local costs

and are shown below in thousand JD:

Foreign Local Total
Phase 1
Zarqa 249 640 889
Ruseifa _39 lo2 _1sr
Total 288 742 1,030

The details of the total lengths are shown in Appendicies
8.19 and 8.20.

8.5.3 Phase II Cost Estimate

The Phase 11 project is the secondary network, The lengths add

construction cost of the Phage 11 project are summarized as follows:

Zarqa

Lines 1 to VI =~ 25, 9km JD 1,147,000
Ruseifa

Line VIL - 0.4 km 19,000

Total Phase II JD 1,166,000
These costs have been divided hetween foreign and, local costs and

are shown below in thousands JD:

Foreign Local Total

Phase 1T
Zarqa 323 824 I,147
Ruseifa 5 _14 1y
Total 328 838 1,166
8-15



The detz2ils of the total lengths and cost estimates are shown in

Appendicies B.21 and 8.22.

8.6 Justification ot Proposed Stormwater Drainage S/stem

Attempting to justify public expenditures on stormwater drainage
works from a purcely cost-benetit point ol view s, at best, a
questionable endeavour. Too meny variables and intangibles are
encountered that are difficult or even impossille to assess.  However,
in undertaking such an attempt the tollowing three factors are normally

considered:

IS Public Satety
0 Property Damage
8 Public Inconvenience

No monetary value can he put on public safety and well being, and
no public funds should be spared where the safety ol the public may be
reasonably impaired. However, public safety is not considered as a
major issue in this particular project since the amounts of rainfall
that are experienced in the area are not expected to cause hazardous
conditions. It is known that during the storm of November 28-29, 1979
some street flooding occured and there were a few incidents where
residents had to be rescued after being surrounded by rising waters.
However, all these incidents occured within or near the Zarga River,
and during what was considered to be a 100 year storm. It is not usual
practice to consider such freak storms when desiyning stormwater
drainage works. Attempting to provide protective works against such
storms would entail wadi bed improvements, construction of dikes and
bridges and expropriation of nearby farm lands, all resulting in pro-
hibitively bigh costs and providing only questionable results. Funds
are better spent in developing higher grounds for home construction and
encouraging the public to move to new areas that are better protected.

Property damage caused by rlooding is normally assessed through
claims made on insurance companies that handle such services, In the
rlanning area, no such insurances cxist from whieh proper estimates
of damages can be made. Reports 1 property damages were made after
the November 1979 flood. But, here opoin, most of these damages
ovecured to propurties on the banks ol the Zarqa River. Few other
damages occured eleewhere.  To our knowledye, no assessments of these

damages were made.
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AWSA is presently composed of the following sections:

o Board

o General Manager

o Admie w1 vl Department
o Technicar . ot

o Water Departwm

o Sewerage Departme

o Finance Department

o] Transportation Departme:.

The Board, Gencral Manaper, and Administrative Department are
responsible for overall policy and 1ts tmplementation.  The Technical
Department 1s responsible for destpn and construction.  The day-to-day
operation oi the facilities 15 done by the Water Department and Sewerage
Departments.  The “inance Department handles the billing for all services.
The Transportation Department provides all requived vehicles.  The
present statt totals about 950,

An agency simlar to ANSA 15 a4 logieal alternative tor the entire
water-sewerapge problem in the planning arca.  The next level of organt-
zational structure would be o regronal or nat 1tonal apeney to handle the
water-seweraye problem on a wider scale.  Such o oryanization could
contro' all the water resoutses ot the country or a dratnage basin,  The
government 1s curreatly consrdering dasipning this responsibility to the
Water Supply Corporation.  The resolution ol this Guestron on d nation-
wide basis 1s bevond the svope of this report.

For report purposes, the preliminary rate analvsis will be done

with a joint water avency and a joint SeWarage avency.,

9.4 Existing Chavees and Poll res = Water

9.4.1 Zarqo

Under the authority of the National Municipal Ordinance, the
Municipal Council issucs the necessary adminmistrative regulations and
has responsibility for the water use. The Zarqa water department is
a semi-independent section of the Municipality., [t maintaine a separate
budget.

The existing water rate schedule s set by the National Government

and 1s the same tor the entire Kingdom e cept tor the City of Amman.



The current rates became eitective Janguary 1, 1979, The prior increase
was in 1968, The current rate schedule on a bi-monthly basis is as
follow. :

0~ 10 mi # 80 1ils/m‘5

i

) . , .. 3
= 30 m” ¢ 120 tils/m
mj 220 1N l:s/m‘i
. . 3
More tha: 300 fils/m

The minimum br-monthly b, - 480 tils which is the equivalent of

All warer sevviees are metered,  Free water is only provided to
religious and poveriment burldings.

The varrous abdicronat aasoeltancous fees are shown in Appendix 5.1,

9.4, Bte g Water

The Rusciia water rates and miscellancous fees are the same as
Zarqa sinece they are set by the National Government. All water is
metered ad tree servicve is provided to the same class of customers

as wn Zarqa.

9.5 Annual Cost of Phase [ Project-Water

9.5.1 Capital

The total wstimaced construction cost wi the Phase | project for
Zarqa is Jb 2 0 ooes Thrs amount includes JD 1,000,000 to inance
extenston and replaccrent between 1980 and 1990, These annual improve-
ments will be tinanced on g vearly basis Urom wooually generated revenues
so thev will not be oo tuded 1n the aaticrpated Phase |oloan.  This is
normal water uttlize sracttee since the date and location of these
improvements are Jdictated by development patterns.  shese extensions
are generaily smeol size Lines and constructien s usualty Jdone by the
utilitied own tor,es, Fhis results an a lower Cost sinee contractors
profit and the traanc e cost s eliminated.

The net ameart o samds te be bortowed tor the 1aw construs tion
costs tor Jarqga s b 1,230,000,

The total constiaction coest of the proposed Phase | projeet tor
Ruserra s 00 1,050,000,  Th.os amount includes 0D 100,000 to finance
extensions and repiaceisoats between 1981 and 1990 and JD 150,000 tor
purchase and installation ot meters.  The extenstons and replacements

and meters will be tinen.ed on an annual basts amd will net be included

9-0


http:t~xLen!;i.lc

in the anticipated Phase ! loan. Thus, Ruseifa will require an annual
allocation of JD 25,000.
Tt.e net amount of funds to be borrowed for the raw construction

cost for Rusei!. .: 1D 830,000.

The total net . f funds required for the raw constru-tion
cost of the Phase I walt - ‘ect is:
Zarqa 1,230,000
Ruseifa 830,000
Total 2,060 000

The majority of water distribution improvements will be in public
streets and right-of-way., Therefore, there will be only a minor amount
of land costs.

The total borrowed amount will be:

(JD 2,060,000 x 1.44) x 1,15 = JD 3,411,000

Assuming 6 percent LnLereéc payable by the Agency and a 22 year
repayment period, the additional annual debt service beginni.g in 1985
is JD 283,300. This is calculated using the 22 year 6 percent capital
recovery factor wﬁlch 1s 0.08305.

9.5,2 Operating

Table 9.1 shows the operating expenditures for the Zarqa Water
Department. The 1977 to 1979 figures are the actual amounts from the
Municipality's records. The 1980 amounts are the Zarqa budget. The
1981 to 1990 amounts have been estimated assuming the recommended
project is implemented. The increase 1n salaries is required by the
addition of staff for the proposed project plus ordinary expansion.

We have added 2.5 staflf members cach year between 1981 and 1990. In
1981, we have added 2 additional staff members to bring the department
up to desived strength and serve the meters for Ruseira. The cost of
pumping power and chlorine have been increased in proportion to the
increased water use. Other expenditures have been increased slightly
each year to allow for normal expansion and improvement. The estimate
wus first made assuming there would be no inflation and the amounts at

various inflation rates were also calculated.
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Based on an analysis done for the 1965 supply project, the annual
depreciation for those facilities constructed prior to 1965 was estimated
at JD 2,600. The analysis stated that straight-line depreciation was
used to estimate this amount. In order to establish book value, we
assumed that these assets would be fully depreciated in 1990.

The estimated total project cost of the 1965 project was about
JD 404,000. Assuming straight-line depreciation and a 40 year life, the
annual depreciation is JD 10,100.

It is also believed that annual capital improvements ranged between
JD 20,000 and JD 50,000 from 1966 to 1979. For this report, we have used
the actual capital improvements for 1977, 1978 and 1979 and estimated
JD 67,600 for 1980. Between 1968 and 1976, we have assumed that the
annual capital improvement amounts increased linearly between JD 20,000
in 1966 and JD 40,000 in 1976.

These three types ot assets are collectively referred to as "existing"
on Table 9.4.

Table 9.4 shows the Debt Service Coverage (DSC) for each year. This
is calculated as follows:

DSC = Net Operating Income

Debt Service

This is a frequently used indicator when the analysis is on a cash
basis.

Table 9.4 also shows the estimated value of the net fixed assets at
the end of each year. This number is required in calculating the Rate of
Return.

The Rate of Return (RR) is ralculated as follows for public
utilities:

RR = Gross Revenue - (O&M + Depreciation) x 100

Rate Base
The "0&M" is the operating expenditures and the Rate Base is the
average value of the net fixed assets in operation during the year. This
is calculated by averaging the prior year end with the current year end
balance.
The Ruseifa financial statements for the 1978 budget and actual
costs and for the 1979 budget are shown in Table 9.5. These were the

only records available from the Municipality.















Item JD

Labor 50 x JD 2000/yr 100,000
Energy (pumping station) 27,000
Transportation 3,000
Equipme 1 * Supplies 4,000
Miscellanco: - “ 3,000
Specialized Equ.i .« o 3,000

140,000

The proposed rates should als.. _nclude an annual amount to pay
far the 1984 to 1990 collection system which will be required as the
population grows and the nced for sewers expands,  The total estimated
construction cost in current prices is Jb 3,291,000 as shown oun Table
6-13 and explained in Chapter 6. Since the extensions will be built
with local contractors we have added about 35 percent for other project
costs. The total cost 1s JD 2,443,000 or about JD 635,000 per year.
If the projects were financed on a long-term basis, using the water
distribution assumptions, the annual cost weuld be JD 452,600. This
method would result 1n a higher total cost over the project life
since an annual payment would he required for 22 years. In an expand-
ing utility, it is usual practice to collect a certain amount each
year for the evatem arowth., This 1s similar to financing the water
capital improvements on an annual bacis. Theretore, we have sclected
to use the annual cost on the capital ymprovement basis, JD 635,000,

The total average annual cost (1984 to 1990) of the Phase 1
sewerage project plus the 1984 to 1990 collection system expansion in

1980 costs is:

Capital (Annual payment)

Phase | JD 2,574,000
Collection (1984-1990) 635,000
Operation & Maintenance
Ilant 136,000
Trunks/Collection 140,000
TOTAL JD 3,485,000
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The annual repayment is about JD 142,000 assuming a 6 percent,
22 year loan.

If the improvements were made on an equal annual basis over ten
years, the other project costs are estimated at 35 percent of the
construction cost. The annual payment excludiug inflation would be
JD 139,000. Escalated to the mid-point of the period at 7.5 percent,
the annual cost would be JD 207,000.

The source of this revenue is usually general taxes similar to

the Urban Property tax. Hence, a preliminary rate study does not

apply.



10. ECONOMIC AND SENSITIVITY ANALYSIS

10,1 General

The purpose of Chapter 10 is to investigate the economic benefits
of the proposed projects, determine the resident's ability to pay for
the projects, and present a sensitivity analysis of the variables used
in the preliminary rate study plus any other reasonable alternative

considerations.

10.2 Economic Analysis

10.2.1 General Observation

Work on the 1981-85 Five Year Plan for Jordan is in the process
of being organized. The economy will continue to depend indefinitely
on the two major sources of external funds: (a) remittances from
Jordanians employed abroad; and (b) foreign loans. Assuming that Saudi
Arabia in particular, and other Gulf Coast States, continue to have
substantial incom:s from the sale of petroleum and petroleum products,
there will continue to be a demand for skilled Jordanian labor abroad
throughout the planning period.

The size of Jordan (2.3 million population) means that the internal
market is relatively small. Consequently, for many products sufficient
size of production units cannot be achieved to enable sufficient eco-
nomics of ucale to make production economically viable. Thus, relatively
little de:2lopment of import substitution industries may be likely.

Because adjacent countries are also in process of development, and
because of the relatively high cost of labor in Jordan, there may also
be little likelihood of developing industries to serve other Middle
Eastern markets unless productively 1s i eased. Major industrial
development in Jordan will continue to bhe associated with exploitation
of natural resources, such as phosphates and potash, and related outputs,
such as fertilizers. Location will be determined by the locations of
the resources.

Although essentially full employment exists, there is substantial
underutilization and low productivity which is ¢ r~tly, particularly in

the service and construction sectors of the economy. About 60 percent
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of the labor force is employe ! in the service sector (non-manufacturing),
a very high proportion for a developing economy. For at least two
decades, the service sector has represented almost 65 percent of Gross
National Product (GNP) as shown below. Although the service sector has
remainded constant, there has been a shift from the agricultural sector

to the industrial sector. It is Lecause of this trend that prowth of

the Zarja-Ruseifa area will continue, especially if adequate water and

sewerage services are available.

RELATIVE SHARES OF JORDAN'S GNP, & BY SECTOR

Time Period Agriculture Industry Services
1954 - 61 22 13 65
1962 ~ 66 21 16 63
1967 - 72 18 17 65
1973 - 75 12 24 64

Thie Cost of Living Index (CLI) has risen substantially in the last
decade, with a large increase between 1978 and 1979, as shown by the

data below:

Date CLL Percent Increase
1976 111.5 -

1977 127.7 14.5

1978 136.6 7.0

Jan, 1979 150.8 10.4

Dec. 1979 170.5 13.1

The overall increase during the period averaged about 13 percent
‘per year. Because of costly low productivity, high proportion of lahor
force in the services sector, and large inflow of funds from external
sources, the cost of living is likely to continue to increase. However,
efforts are being made to reduce this infla.ion. Mot all components
would increase at the same rate, as indicated by past trends. Food is
expected to account for an incre.:inply larger portion of houschold

expenditures, at least [or houscholds with less than medium income,



There is no rent control ~n cither residential or commercial space
in a formal sense. However, rent is controlled since once an individual,
a household, an enterprencur occupies space at a given rent, that rent
cannot be raised. Thus, only when the occupant moves out, can the rent
be raised. The level of rent then becomes market rate or a negotiated
rate related to the market rate,

Because of its location and because of its transport system, Jordan
could become . stocking and distribution center for some significant
portion of the Middle East. Scme assembly activities could be associated
with the stacking/distribution activity. The logical location for such
an activity in Aqaba, which is already undergoing planned development,
including upgrading of housinyg to accommndate families. The lack of a
labor force and a much hotter climate in Aqaba may be a deterient to
such a move.

Because of the power of the government to issue permits for water
withdrawals aud for use of land, iadustrial development can be directed
toward planned locations, if so desired. An industrial area between
Zarqa and the petrolemw verinery hae been deaignated by AURPG as a major
area for future industrial development in Jordan. This area may also be
the same us one of the free trade zones designated by the Central
Government. The existing industrial area along the Zarqa River In Ruseifa
has locational advantages in terms of access to transportation, access to
labor foice, and access to water. The area northeast of Zarqa is on a
major road and is in one of the major directions of residential development,

10.2.2 Municipal Finance

Municipalities are divectiy under the Ministry of Municipal, Environmental
and Rural Affairs and have relatively little autonomy. An understanding of
municipal finances is essentinl for all aspects of the project relating to
user charges and to Lhe financing ot any proposed projects.

Annual revenues of a manicipality are obtained by two patks, which
might be characterized as direct and indirect. Revenues obtained directly
by a municipality i.e. paid dircctly te the municipality, consist of
various busiuess, vocati.nal, and protessional lecs, and fines. Revenues
obtained indirectly by the municipality include:

o fuel taxes collected by the Central Government and
remitted to municipalities according to a formula;
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o taxes on property within the wunicipality collected
by the Central Government, based on assessed values
of rental income and tax rates established by the
Central Government, and remitted to the municipalities;
and

o surplusas from municipal utility agencies, such as the
Zarqa Water Department, which agencies have separate
budgets and are intended to he self-supporting.

The revenues from the foregoing sources must cover the annual costs
of the municipality, including that portion of the debt service on capital
expenditures which is to be puaid back by the municipality.

Extraordinary revenues or funds for capital investments, for example,

for various infrastructure facilities, are obtained from:

o loans from the Village and Municipal Loan Funds;
[} loans from foreien sources;

o loans from local banks, and

o transfers (contributions, grants) from the Central

Government.

The loans from the Village aud Municipal Loan Fund are at interest
rates substantially below market rates of interest. Loans from foreign
sources are genecrally also at interest rates less than market rates,
Loans from both sources renresent some depree of subsidy to the recipients
of services, e.g. water and sewer services., Trausters from the Central
Government represent political decisions with respect to subsidies to be
provided to achieve social goals.

10.2.3 Zarqa~Ruseifa Economic Activity

The improvement of the water supply and distribution system plus
the installation of sewers in the stroels and tre~atment of the waste-
waters collected by these sewers will result in some immediate and long-
term cconomic gains by the Municipalities. Some of thesoe pains, both
short-and long-term, are as follows:

o Increased productivity by the laboring force due to
decrease of debilitating ailments due to waterborne
discases.

o Increased value ot tiv cal property due to a dependable
water supply and sewor o systen,

o Increased development ot thh available commercial and
industrial land do to the avariability of a dependable
water system and a sewerage sv.tom that will adequately
take care of their wastewaters.,
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o Increased population due to increase of commercial
and industrial activities that require a local labor
force.

o) Increased real property tax base for generating
additional revenues for the municipalities for use in
financing of additional improvements.

From a monetary viewpoint, the only jmmediate financial pain ta the
municipalities is the incroased valus of the existing improved real
property. This gain can only be realized if there is a reassessment of
the property. The property owner will sce it only 4t the time his
property is sold. A 5 to 10 percent increase in real property values
after public water and sewers are provided is not unreasonable.

The local government agencies and commercial and industrial
enterprises will see an improvement in p.o' %t due to higher productivity
from their present employees due to the decrease in debilitating
diseases. No percent of improvement can be predicted but there definitely
will be an increase.

The increase in commercial and industrial facilities will be a
long-term situation. The construction of commercial and industrial
facilities is dependent on the cconomic law of supply and demand.  1f
Zarqa-Ruseifa were the sole market places for everything manuf actured,
then the growth of such establishments would be very slow,  Accompanving
the slow growth would be a slow growth in the population of the area
since the source of making a living is dependent on the availability of
jobs.

The advent of a good water and scwer system will present a prime
situation for encouraging business to locate in the area and it is hoped
that such business will have markets throughout Jordan, and even possibly
some cxport potential. If this happens, then, Zarqa and Riseifa will arow
and the tax basec and economic climite will also wrow. The making of
predictions as to the magnitude of such prowth is heyond the scope of
this report,

Zarqa and Ruscifa have grown to their present size because of the
availability of a labor force j. =~ipally made up a refugees from the
Palestinian problem. The future wroh on this arca will be dependent on
the available market for the products manufactured in the area.  Without
knowledge of the projected markets for the prodacts presently being

manufactured in Zarqa-Ruseifa, it is impossiic 1o project any increase
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in tax receipts resulting from increase property values and general

economic artivity in the cit? The AURPG has projected a continued

growth of the Zarqa-Ruseifa a. . and this Report has used their projections.
As stated before, it would not b. unusual to find that the resale

value of real property in the cities have increased by 5 to 10 percent

due to the advent of a good water and sewer system. This increase in

property values can only result in a benefit to the cities as increased

tax revenue if a reevaluation of rhe real property is made.

10.3 Internal Economic Rate of Recurn

10.3.1 Generail

There are a variety of benefite associated with the provision of
cdnvenient and safe water and sewcrage cystems. The more important
benefits are improved health, water quality, and general living
environment. The benefits partially include reduced medical costs,
general improvement in individual well-heing, increased productivity,
lower employee and student absentee rates, increased property values,
and improved living conditions. These benefits cannot be accurately
quantified.

One method of general economic analysis of proposed projects iy
to compare the annual incremental revenues and benefits against costs
over the life of the project which has been taken as 40 years from
start-up.

A cormonly used methed is the "discounted cash flow" method based
on current relative prices and costs in a base year exc:lusive of escalation.
The "cash flow" refers to the fact that the requited data must be given as
the amounts at the actual dates of ceceipt and disbursement. "Discounted"
applies to the calculation of present worth.

Because there are so many non-quantifiable factors, this calcula-
tion is usually based upon the revenues and expenditures (costs) for
water and sewerage projects.

The method also requires that true (non-subsidized) costs be used.
Discussions with various governmental officials indicate that overall
the petroleum products industry is subsidized for about 35 percent of
its cost from customs and taxes. The various products are subsidized
at different rates so that those used by the lower income groups receive

the greatest subsidy.
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The major petroleum product used in the water and wastewater
industry is the fuel oil used to generate electricity. The fuel oil
sells for JD 30 per tonae but costi JD 65 per tonne. The present
electric rate schedule states that the rate may be increased 0.047 fils
for each 100 fils increase in fuel oil prices. In the economic analysis,
the estimated electric rates have been adjusted to the ftrue cost of

fuel oil.

10.3.2 Water Project

The proposed water project is an addition to existing systems.
Thus, the internal economic rate of return must compare the incremental
benefits agaiast the incremental costs. Th's comparison is made in the
year incurred. For examplec, the amount of funds spent for construction
are considered as spent in the year paid to the contractor.

The incremental benefits are the increased revenues if the project
is implemented. If the water and sewape projecls are implemented, the
water sales are expected to increase in wccordance with the Chapter 5
projections. [If there is no project, the sales would be expected to
remain at current levels and the unaccounted-for-water at about 40 percent.
The existing supply of 28,320 ms/d would place an upper limit on use.

The incremental revenue is the difference at the current rate of
120 fils/m3 (Ruseifa 115 fi]s/mj) buiween the Chapter 5 projections and
the lower projections up to the present well supplv capacity.

The incremental expense can be estimated based on current operating
costs. Since the first year in which costs are increased is 1980, this
is the base year for the analysis. However, only small incremental
operating costs will be incurrce betore 1924, the first year of scheduled
project completion. The estimated nan-inflated operating expenditure in
1984 is D 460,200, We estimate that acl operating costs over JD 455,000
per year are incremental costs due oo ihe proposed Phase 1 project. For
the estimates between 1984 and 1990, Table 9.3 was used. For 1990 to 2000,
the incremental operating expenditures were increased at the average rate
between 1985 and 1990. The 1984 expenditures were excluded from this
average hecause of the large increase due the anticipated sewerage system

start-up,



The capital costs were based upon estimated cash expenditures for
construction. The Phase 11 expenditures assume completion of the
facilities in 1990. The annual capital improvement costs are JD 100,000
each year until 2000 for Zarqa and Jbh 25,000 from 1981 until 1990 and
JD 10,000 thereafter until 2000 for Ruseifa.

The details of the Internal Economic Rate of Return calculation
for the water project are piesented in Table 10,1, The rate is about
7.8 percent for the 1980-2024 perioad.

10.3.3 Sewerage Project

The quantifiable benefits o1 the sewerage project are the expected
revenues at the proposed rate with no jatlation of 225 fils/mK. The
sewage flows were calculated by the addition of: (1) water sales with
the proposed water nroject corrected for population served, (2) industrial
flow, and (3) the Army Base «ontribution.

The operating expenditures consist ol the plant costs plus trunk
and collection svstem costs.  For 1984 to 1990, these costs are as
explained iu Chaprer 9. For {991 to 2000, the plant staff was immediately
increased to the year JOOO capanded plant staff and the other plant costs
were increased linearly between the 1990 and 2000 amonnt.  The trunk and
collection system O & Y costs were annually inereased at the average 1985
to 1990 annual inorease vate.

The capit il costs were based upon estimated cash expenditures for
construction. The Phase 1. v spvnditures assune completion of the
facilities by 1990, These tacilities include the plant and pumping station
expansion »lus the trunk and collection system costs for those areas that
kad no Phase | project (V, IX, XI, XIV, XV, XX). The facilities to
handle 1991 to /000 growth were divided into equal amual expenditure of
JD 682,000, This is the estimated cortent construction cost with 35 percent
added for other project costs.

Table 10.3 shows the detarted caleulation of the Internal Feonomice
Rate of Return for 1980 to 2004, The rate is about 3.7 percent.

10.3.4  Combined Water and Sewerape Project

The Internal Econorii. Rate of Return for the combined water and
sewerage project can be obtained by combination of the receipts and costs
shown in Tables 10.1 and 10.2. This is done in Table 10.3 and the rate

for the combined project is about 4.4 percent,



10.4 Abilitv of Residents to Pay tor Water and Sewerage Service

10.4.1  Background
Ability to pay 1ol

hold's capacity to absoib a

expenditure within the constraints ot

is particularly oritical

1S spent on nevessitics,

muted cipad

HEWA!

services can be defined as a house-

new expenditure or an fucrease in oan existing

household income,  Ability to pay
low-invome tamilics because most o! the income
cotisvdquent Iy they have less Jdiscretion in the

manner by which It is spent. Atter expenditures tor rent, food, clothiog
and fuel have been made, thers is usuadly fittle cemaining for other items.
Substantial absolute incredscs in the cust ot one itew cause hardship

because there is so little

The problem with the abilitv-to-pav concept

to make reliable

even it retiable estimite

required in determining how

be spent in licu ot

1oL Preseat oast

Water rates in Zarga and Ruseita are

elasticity

cstihmates o

mach ot

[R5

1 overall espenditure patterns,

is that (1) it 1s difficult

Uoa popalation's "necessary' expenses, and (2)

could be made, a4 value judeement is still

exeess Income could be, or should

sote ather cxpenditure.

Water Servive

characterized by a propgres=-

sive blovk rate stracture, with hivher unit rates being charped as
consumption invreases.  Metered water intake in o the planning area is
estimated to aver nwe about 4O TicAd which, tor a tamily ot averape
household size seven, 1s about 19 m : during a two—month billing period.
On the present rate schedule this amount would cost dh 1R8O cvery two
wonths or dbout JD 11,3 annuatly. The results ot the houschold survey
indicate chat low=income families consume less water than middle and
upper-income familics.  With reterence to the income distribution

characteristics developed in Seetion 3.1.1,

uf

Range of
Annual Inconme
S

0-1000
FOOT-17320
1321-1620
16)1-2460
2A6010 or

[ncome
Group

Lowest Fifth
Second Fitth
Middle Fifth
Fourth Firth

pper Fifth more

averape consumption and annual costs hi

the tollowing estimates

been made:

Expenditure
as

Percentage

Ave Iaae
Annual Water
Fxpenditure

Averian
Metored
Intake

Woatoer

Qlilﬁi_ﬂﬁlﬁio. M_M (Jn) of Income
5.0 4. 800 0.57 or more
H, 5 6,960 0,5 - 0.77%
8.9 10.560 0.7 - 0O.87
12.2 14,880 O.h - 0.97
15.0 19,200 Less than 0,32
10-9

ity

V!


http:i,,pil.it




may excavate the cesspool themselves while other may hire a contractor,
On average, expenditures for this purpose are estimated to not exceed
2.5 percent of income in all income categoiies.

Sewers would also eliminate the practice of throwing sullage intu
the streets and the nocturnal pumping of wastewater sumps into the
streets, a source of emnity among neiphbors and subject to municipal
fines. In 1979, the total fines paid tor these violations were about
JD 10,000. These fines were probably more prevalent in the lower income
group.

The various costs of water and wastewater disposal are summarized

below:
Sewage Disposal

Water Cesspool Cesspool

Service Installation* Pumpout Total
Income Group )3 R oz Percentage
Lowest Fifth 0.5 or more 5.0 ur more 0.3 or more 5.8 or more
Second Fifth 0.5 - 0.7 1.8 - 5.0 0.4 - 0.5 4.7 - 6.2
Middle Fifth 0.7 - 0.8 3.1 - 3.8 0.4 - 0.5 4.2 - 5.1
Fourth Fifth 0.6 - 0.9 2.0 - 3.1 0.4 - 0.6 3.0 - 4.6
Upper Fifth Less than Less than 0.6 or less 3.4 or less

0.8 2.0

* At 50 .iD/yr - Would be less If cesspool were dug by the homeowner himself.
Generally speaking, total expenditures could range from 3.4 to
6.1 percent of income, although actual expenditures ere probably lower
for those homeowners who dig thelir own cesspools.
10.4.4 Family Budgets
Although they are likeiy to be rather outdated, the following data
give some indication of the relative importance of various expenditure

() (A family budget survey by

categories for Zarqa houscholds 10 1967,
the Department of Statistics, how in progress, will not be completed
until 1981).

Avg. 1907 Zarqa Houschold Budget

Food 35.28%
Rent 18.36%
Fuels and utilities 6.367
House furnishings and operations 8.81%
Clothing and footw. . : 13.17%
Other goods and servi. . 18.027%
Transportation 3.65%
Medical care 2.457%
Personal care 3.097
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Government subsidies may supplement these sources of revenue. In
addition, there would also be the private cost of modifications to
household plumbing.

Each of these costs has different implications tor affordability
depending on who pays and the pnaguitude and f1equency of payments. The
water rates and gewer surchary 8 will generally be borne by the user
whether he is owner or tenant (except, perhaps, tor apartment buildings
with a gingle meter). The prouperiy tax and the sewer connection fee are
usually borne by the owner, even It he 14 not the occupant. These costs
would ordinarily be passed un to tenwats as part of the rent, but because
of rent control policies, they will Lave to be borne by the landlord
until such time as the dwelliny hecomes vacant and the rent can be re-
estavlished according to the prevailing market. This may be a strong
disincentive for landlords to cvonnect rental dwellings. The same would
be true of plumbing modificatious of rental units, such as the addition
of flush toilets, etc.

The water and sewer charges are penerally swmall payments at two-
month intervals and are more ameiable to the financial resources of
low-income households. Property taxes may be somewhat larger amounts
paid annually. The house connection cost and the cust of plumbing
modifications are one-time custs of often substantial amounts ot money.
For this reason, they are often bevoud the ability ot low—income house-
holds who have little surplus income for savings and no access to
consumer or home-improvement luans. The sucial survey of Janna'ah

residents for the Jordan Urban Project reports the following responses

. . . Sy , o o e (4)
o this question about willingness to pay tor a house conpection:
0-1.y99 b 38%
2.000-4.9.9 D 197
5.000 ID or more 142
Not willing 7

A suggested mechanism for assisting low-incume households in meeting

these large one-time costs is to provide a financing plan at moderate
interest rates for a period of three to five years. This could be done on
an individual basis by permitting ivstallment payments as was done in Amman.
The social survey of Janna'ah residents () reported that 40 percent of
households were willing tu take cut a loau for home improvements at monthly

payments of JD 10 or less; anoth.. ! psreent were willing to make monthly

payments up to JD 15.
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10.4.6 Pricing Strategy

The above analysis demonstrates that the lowest and second lowest

income group pay, on the average, about

water and sewer bill.

JD 26.5 per year for a combined

Based on the current average price of 120 fils/m} (115 fils/m3 -

Ruseifa) auna 7.5 percent intlation, the

dverage water price could in-

crease to 172 fils/m3 (165 fils/m3 -~ Ruseifa) by 1984, 1t was

demonstrated in Chapter 9 that the 165 1

. ) .
its/m” rate was sufficient to

make the proposed water projects financially viable.

The annual current cost oi water tor the two lowest income groups

. . 3, - .
would be 7.7 JD per year assuming / m /mo. This cstimate allows for

c

increased water use as described in Chapter 5 plys assumes the same block

structure as is currently in force. This leaves JD 18.8 per year for

sewage service. The sewage rates were set on the ability of the two

lowest groups to pay JD 188 per yoeat.

in 1987 with no inflation to 375 1ils/m’

600 fils/m3 with 15 percent intlation.

. 3
Amman currently charges 30 tils/m

. . 3
the actual cost is at least lOu 1ils/m

form of government subsidy. This raie ¢

fils/m3 rate (no inflation) propused for

variation.

These rates varied from 225 fils/m3

with 7.5 percent inflation and

tor sewage. It is reported that
The difference is paid by some
ould be compared with the 225

Zarqa-Ruseifa. There is a wide

It could be argued on an cjuity basis, that, the cost in Zarqa-

Ruseifa should be no greater than Amman.

started several years ago and its debt s

However, the Amman system was

ervice payments for comparable

facilities are lower because of inflation. Thus, on 4 cost-of-service

basis, it could be argued that the Awman rates should be lower.

The entire question of subsic:zed

rates 1s 4 political and social

issue and can not be resolved an an engineesiny report. The proposed

rates presented herein are based on estimated true cost, modified by

ability to pay.

3 .
The proposed rates are based on the average rate per m . This

is the total sales revenue divided by the total sales. The present water

rate price schedule has an increasing cost as more water is used. While

1

. 3 .
the actual cost of water service Jdo .- wes per mo, the use of an in-

creasing rate schedule can be justitie:

I r two major reasons: l) en-

courages conservation, and 2} it is 4 torm . subsidy for the lower income

groups.
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between 1981 und 1990. This assumes that there will be some success in
reducing inflation.

For the sensitivity analysis, alternative Pro Forma Financial
Statements were prepared for 0, 5, 10 and 15 percent inflation rates.

For these statements, the operatiung expenditures and capital improvement
costs were escalated at the appropriate inflation rate For case in
comparison, all races were increased in 1Y84. For the higher intlation
rates, this resulted in a considerable swing trowm positive Lo negative
cash flow between 1984 and 1990, In actudal practice, these increases
would probably be handled by move frequent rate jncreases ot amiller size.

The financial characteristics with the alternative intlatioun rates
are presented in Table 10.9 tor the Joui.t Water Apency and Tatle 10.6 for
the Joint Sewerage Agency.

As could be expected, the proposed rates cliomb substantially with
increasing intiation, Howceerr, there is also a "benetit' . The debt
service is fixed at the time ol tinanciuyg and remains constant throughout
the project. Under a high Tatiatici rate, the ability to pay becomes
greater. Since the debt servive 1sn o baaee pottion f the annual costs,
especially for the sewerage project, the cash tlow and project viability
increase as the Inflation 1ute fncreases.  This Iy beo nase more revenude
is generated by the increased abiiity to pav.

The requited averapge tates (1Y% Tacreane) tor g selt-sutficient

water project at the - arious Inflation rates are:

Percent inflatiun Julnt Water Ageacy
0 110 tils/m’
5 1445 iil:i/ms
7.5 169 fils/m?
10 190 fils/m3
15 255 Xilh/m*

These rates wenerally follow the cverall fnt!ition rate because the
debt service payments are a relatively small portion of the total cost.

The rates for the proposed Zarqa-Kuseits Joint bewerage Ageucy are
based on ability to pay rather ti cost . These rates increase with
inflation. With the sewerage apen. eodebt serwive is oa relatively
large portion of the tutal cest. Thu - 0 dncreasing rater, there is
a continual _.duction of the annual subsi i, oo Toflation increased.  The
proposed rates based on ability tu pay aud . S annual subsidy for

the Zarqa—~Ruseifa Joint Sewerage Agensy at the vaisoos fnflation rates are:
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Averape Subsidy

Percent Inflation YEHRQ?FQ Wi tlunyg - l?@))
0 225 Lids/m? Ib 1,426,000
5 315 fils/m? 1,128,000
7.5 375 tils/m? 920,000
10 460 tils/m® 850,000
15 60U tils/m} 229,000

10.5.3 Over-ov Underestimate of Frojeot tast

The multiplier tor the other project costs derived in Chapter Y
contains some items which make cur cotal project cost estimatss conser-
vative. These items are: ') 10 percent construction contingency, dand
2) 14 percent intlation.

Because there are several tactors in the total project cost, we
have selected to cxamine the etievt ol a 10 and 2% percent ovesrun in
the total project cost.  This increase would be applied to the Phase
project. Because there is also a possibility of not utilticing all ot
the contingency allowances, we wiil also examine a 10 and 23 percent
decrease in Phase | costs.

For the sewerdpe project, there is a possibility of obtaining a
direct grant. The amount of any graut is unknown but to cover this
possibility an additional :rial o1 a 50 percent total cost underage will
be shown for the sewerage project.

Since we have cxamined the propused rates at /7.5 percent intflation,
the sensitivity analyses tor the rate changes will also be performed at
this inflation rate. Listed below are the rates with similar firancial

consequences as the proposal rate:

[tem Joint Water Joint Sewerage
(fils/m?) __Agency . Agency
Current Proposed Rate 165 375
Rate with 102 Overage 170 405
Rate with 257 Overape 180 450
Rate with 107 lUnderage 160 345
Rate with 25%Z Lnderage 150 300
Rate with 507 linderage - 225

For these range of project costs, the water rdates are the more in-
sensitive to a change in project cost. The increase or decrease in the
rates is about one-third ot the percent increase ot decrease in the project
cost,

The chanpes with the seweray. oject are a slightly less than the

percent Increase or decrease.
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& XIII. Based on human neecds and capturing the Ruseifa industrial flow,
it was recommended that the Phase | project be extended up to and inelud-
ing Subarea XVI. For this anialvsis, it was assumed that the sewage
treatment plant unit costs would continually decrease as population was
added.

This analysis assumed that there were sufticient funds lor the
initial construction.

10.6.2 Treuiment Planc Considerations

The proposed treatment plant tor the year 1990 has three similar
treatment trains.  The minimum sice plant that shoold be const:ucted is
a plant with two treatment trains. This will provide for a degree of
treatment during noemal maintenance and, dn the vvent ot operational
diftficulties, usnally ote ot (he 1w travus will operate,

On a tlow basis, the two Creatment Dratn svstom will sorve the
basic project (Subareas Ly i, THL, 1Y) plus subareas VI VI and X.
Depending upon the degree of industrial pretreatment achiceved and the
proportion of industrial and domestjc Plow, the plant may be somewhat
biologically overloaded during the foterim period. A lower deyree of
treatment may result.  Then, on a 1 low boasts, the thivd treatment train
must be added.  The unit construction cost et person served is:

Plant Construction Cost
Per Person Served

Add e (']i)_..-_ e
Minimum 33.68
VIT 28.02
X 20.83
VI 20.009
VIIL, XIT & XTTIL* J1.86
XVIT 20,71
XVI 19.30
XX 18.67

* Add Third Treatment Train based on low.,
Therefore, the unit construction costs decrease except for the slight

increase when Che thirvd treotment traln is added

In Chapter 6, the minimum pro4ot was the serving of Zarqa.  This
will have three problems: (1) a hipn .t cost, (2) exclusion of the

industries in the Awagan Esh Shavqi aie o, 0 (3) under-utilization of

the plant. However, it does require the Toasi amount of initial funds.
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10.6.3 Reduced Project

On the basis of systew and envivonmental ¢ ideration, we have
selected the Chapter 6 "minimun'" project (Zarqa only) and the project
which fully utilized the two treatment plant trains tfor illustration of
the reduced projects. The various capital cost items along with the
recommended project are shown below:

Minimum (Zarga Only)

Plant JD 3,836,500
Collection & Trunk ___8,101,82Y
Construction Cost 11,938,325
Land 736,000
Total Project Cost#* 20,616, 300
Annual Payment 1,712,200
Annual Payment/Person 15.03

Fully Jtilize Two Treatment Trains

Plant Jb 3,836,500
Collection & Trunk 10,172,600
Construction Cost 14,009, 100
Land 736,000
Total Project Cost#* 2&,0&5;500
Annual Payment 1,997,000
Annual Payment/Person 10,46

Recommended Project

Plant JD 4,848,000
Collection & Trunk I],]OG,CPO
Construction Cost 18,204,000
Land 736,000
Total Project Cost* 30,992,000
Annual Payment 2,574,000
Annual Payment/Person o 10,15

* Sce Chapter 9
Based on Table 6.10 the casts of any intermediate alternative can be
derived.  The 1980 present worth o the East Side Pumping Station operation

at the 1984 rate between 1964 Lhrough 2600, D 194,600, must be deducted
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from the Table 6.10 collection and trunk sewer costs before the calcula-

tion,

The veduced project caleulations show that for an increase of

abont JB 862,000 per vear, a 50 percent increase in the annual cost

of the minimum project, the recommended project can be i mplement ed,

The recommended project will serve about 123 percent more people than

the minimum project.,

4
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11.0  HEALTH-RELATEL AND ENVIRONMENTAL CONSEQUENCES OF ALTEKNATIVES

11.1 Introduction

The purpose of this chapter is to compare the cavironmental impacts
associated with the proposed action to the pacts ot taking no action
to upgrade the water disteibution, sewerape and storuwat or dvainape
factlitres for the Zavge o ota Area. Fiather, whero feasihle wltee-
natives exist the relalive mecits or disadvantaves ot cach option are
vompared. T cach case thoae tapacts which were vdent 1foed by the
SCOPINE process as potentially wrrnitioant have boeen cimpliasiced,

Although numerons a e native agetions may be consrdered nog
facilities planniug stdy o1 this type, the mitial screening process
has eliminated 5 nunber ot optrans. Manv of e cptirons wWhich were
elbiminated are related toothe soabe ot the prespedl bith reapect to
water distohotian the optron of provieding tor b rdual hoose connpec -
Lions was compared To that ot communify tap: Stnce many, 1f oot most,

tedlonce v communn Ly

ousebio b Lo wlewdy Lve tativrdua ] conmen L Lo,

Laps would appear to b u step backvard toom both public headth and
cultural standpornt. St larty, the coneept of small-soale wastewater
disposal tnvolving crther appaded septie tank ol absorption svstems
o small community collection and spesal svntems was vlikinated,
because of the density of nats and unsiuitabile stte soll condirtions
The only teasihle alternat pves venkrraing whioh warrant further consid-
cration are related Uo the centeal:zed sewerape and wastewater treat-
ment systems.  these options indbide:

o Sewerage and Treatment Plant Contigurations

o Industrial Treatuent

o Sladge Binponal
i..< No Action

This section evisluates the projected environmental vonsequences 1f

nooaction 1s tuken Lo tmprove the water distribution systems and sewer-
age and stormwater drotnape systems 1n Zarga and Ruserta.  The assoss-
ment s creantzed tnog man: Tch reflects the associated impacts on

key natural and coltural resongo
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the rainfall deficiencies associat-d with Lhe local of imate by applying
treated effloent to raise crops and recharge the ground water.

11.2.4 No Action - Water Resources

Both the surface water and ground-water resonrces of Uhe study
area are sigmficantly attected by the Lick of adequate sewerage and
stormwater drainage sy tems .

As noted du TE202 0 the poovinton of stormwater fuorl it ves may
result in Jocalized water quality taprovements by yeducing the erosion
of sorl partocles and associated mitiients. These avatems will also
alleviate Tocal ponding conditvons g peorly dearoed areas, thereby
increasiag the runot! gt ety stream tlow,  However, this an
tarns will reduce the ool vrouid=wat e recharge to some degree.

Surtace water and pronnd-water quality are tmparred by current
waste disposal practiee: crverthoorne septic tanks or cesspools con-
trabute to the contuminat . 0 ol Lormwater runcott. Purther, nade-
quatedy treated andustiia] wantewaters are clearly ot concern, eupe-
Cralby with vespeot G the o sadind Uion o Loxie chremieals s hoas
heavy metats tnto the water pesanries of the arou Cesapools burlt
tnto the porous or fractured bodiock and shallow sorls contribute to
the contuminatson of the upper aqpinter as evidenced by high bacterial,
trtrate and cbbaode Tevels on et o, wells,

Howewer o mt b recoumnesod That current wastowater disposal
practices reprevent o substantval rechanye ot the upper pround-water
auitter, whnch will he clhminated ot action in taken to collect and
Lreal wastewater at o central facr ity Oftsettang this loss ia the
Waste of water whncl o currently experienced as g resudt of the inade-
quate water distrahution svetem, and overtlowing root storage tanks
made necessary by o Tack of re ) bie supply.

T2 No Actron - Boonyatene

Hentoob the stody area s antensively committed to either urban
development | monang, or aprrenltinre . so that the nataral terrestrial
ceesvatems have already been binnated, However, stormwater contiels
will redince Tocal eranion oo create more suitable condition. for
preenbelCoor agrvonltarally oo ol habitat capable of supportang
smal b mammals or bivds. This w0 Caprove the quality of lite for

Focal resydents gn oan aesthelic sen o






11.3 Sewerage and Treatment Plant Lontigurations

As noted in 6.5, three alternative treatment plant sites have bheen
tdentified. In addition, three puossible strategies tor utilizing these
sites were delineated involving either u stngle plant or two plants.
Each of these options will require o difterent conliguration ol trunk
sewers aad pump stations.  Further, the selection o 4 site may have o
substantial influence on the method of eff luent disposar,

The site initially selected for the Zarga treatment plant (Upper
Zarqa site) was eliminated for two major reasons. Fostly, the jaclu-
sion of Ruseitfu plus the assocriated rndustries results o the need tor
an expanded facility which cannot be accommodated on Uit sile,
Secondly, this site 15 lTovated 1o oan area slated tor near-term future
develonment with which o treatment plant may be ancompataible,

The remaraing locations are the lower darga sate (Site A) and the
East Wadi site (Site 650 FEach of these sites as dessorobed in /o4 The
relative merits awd disadvantages of cach site 1 cotpunction with the
single-plant versus two-plant vonfrgnrati o are presented below with
respect to potential ampacts on key natural and cultural resources.

The options are:
O Alternative 1, ull treatment at Site A (Lower Larqa)
o Alternative 2, all treatment at Site B (Fast Wadi)
o AMUternative 3, Ureatment at both sites

1.3 Sewerage and Treatment - Health Comditrons

There are no signiticant ditferences amoty the alternatives with
respect to health conditions. There is the potential under Alternative
2, utilizing eftluent tor the tarsing of crops, tor the public to he
exposed to pathogenic organisms on Craps Caretul considerat ton must
be given to the tvpe of crop oand to pracessing methods o order to
avord this riok T wondd appear tn e most poadent 1) MO prans as
pasturage or todder to prechnde this potential tijpract The option of
discharge o the Zavga River trom the lower Zavgqa nite (Site A) also
has the risk of doenstream voe of vf{tuent tor wrrpatoon and poessible
contamination of crops by pathogentc organtsms.

P13 2 Sewerage and Treatment - Geotopy and Sorle

The sort conditions at bath the Lower Zavga site (AY and the East
Wadi cate (B) appear to be o abbe for caltivation.  In either st

construction of o sewerage Urear ot plant would disturb and commit
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soil resources. The proximity of Site A to the Zarga River may result
ir better natural conditions fur agricultural use than Site B, However,
if land application were utilized to take advantage of the nutriests in
the effluent at Site B, & more efficient utilization of otherwise arid
soils would be realized.

The disturbance caused by utilizing two sites is greater than
huilding on one site.  However, the single-site concepts also reguire
additional sewerage mains and/or pump stations which tend to equalize
the degree of disturbance and associated erosion potential,

Bedrock ot each site appears to be greater than six meters deep
andd significant impacts on geclogieal resouarces are not ant tcipated,
Pessible blasting in seme areas s alter the nat o] Practure pattern
of the bedrocl o btering Tocalised cronndsw it er | Loy aatterns and
possiblby sprines,

TH.303 Sewerage and Treatment - Climate and Air Quality

Each of the proposed sites ig relatively remote from existing
development . Theretore, shcutd odors or pathogenic aerosols be gener-
ated, they would not attect nearby residents. Generally the greater
the number of treatment plants and pump stattons, the greater the risk
of odor genceratron.  Alternative 2 uty ey pump station an close
proximity to the intenselv developed port ron of Savga, which ancreases
the potential of docal air quality tmparrment trom odors,

The wse ot cttluent to trripate sorls 1n the vicinity ot Site B
would have the positive tmpact of overcoming the rarntall DLimitations

associated with ocal Cliaatie conditrons.

PLo3oa Sewerave et Treatment = Water Resourcey
The prtentael vmpast o thene tacilities on water resonrces is e
arca which warrants the greatest conciderition.  Each alternative

results an the Lenefrorad etfecr o ymproving the quality of the ground
water by eliminating inadeguate ndividuat cesspools. However, there
are potentially adverae effects ansociated with ef et discharges
which may counterbalance these bonefity.

A plant ot Sate A wens U acoupy floodplarg fands and may result in
4 constriction and some 1o rtlood devels upstream. Furthermore,
direct discharge to the Zavga Koo il incrcase nntorent loads in the
King Talal Reservoir and may create todc ammonya concentrations in the

Zarvga River downstream of the discha,-



Selection of Site B would avoid floodplain encroachment . Further-
more, a discharge to the wadi will not affect suriace water quality,
since it is projected that the ffow witl be completely absorhed into
the wadi bed.  However, this may reselt o fo nitrate contaminat ton of the
upper aquiter. TE Fand application were utilized 4t Site By the crops
would utilize the uitrates and pround-water vecharge could he gl eved
without stegntfrcant contaminagt inn.

o4 Severaye and Treatment - Feosystems

The adverse mmpacts on the tervest rial ceosyrten trom anyv ol the
sewerage and treatment options are saomrbar and minor stoce the sites
are under cultivation. However, the potentral impacts on agquatic
UrEanisms g sienctroantly difterent.  Treatment at Site A will result
toan tnereased flow of pautrients to the King Talal Fesorvaie. Although
cuttophicatton would probably ocour as 0 resalt of background nutrients
alone, this discharge may ageravate e siluat on Furthermore | the
dischirge my produce Tevels of ammont s wie ok wouid be toxre ta gquatic
vraanisms tor g considerable distar e devnstveam from the plant .

o contrast, treatment and o1t luent disposal gt the FEast Wadi oite
worrldb have oo sipniticant effect on aqiatiie ecosyatems. .

T35 Sewerage and Treatment - Archacologieal Revonroes

Feoas datrgoale o project the relative ampacts ol constructron of
cach ot the wlternataives o thene resonrces since Ue extent of archaco-
Pogrcal remaine s ot Fearly slelineated, However, it ApPears more
Fikedy that sites maw e encounter od alonge Core s R0y g e |
the east away from thes natural corridor of occupation. For this
reason 1t as possable that Alternative 2 whch atilizes the East Wads
stley may have Jess overall potentyal tmpact oo archacoloproal
fretources.,

Yo Sewerape and Treatment - The Man-“Made vy ronment

The potentral dimpac U of Construct ton on property aml utihities
e essentially coguat o tor o each alternative, St lar by, there are noe
sebstantoal duirerences o the depree of disroptoon o trattre and
Letnorary inconvenienc e cestlting trom constUract o,

There may be differences tn aesthet o condition, ansoctated with
Lhe wperation of fucilities,  torpative 2 nvolves Uhe use of two
pump stations along the river nea e Zarga-kuseifa Bridge which may

result o undesirable odors., Allerng tve reguires the use of two
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treatment plants, doubling the visual tmpact ot these facilities and
the potential for gencrating Lojectionable odors,

However, the most signiticant impact as with respect to land use,
Alternatives 1 and 3 require use ot the lower Zavga River which is in
the floodplatn and 15 currently vsed antensively for apricultie.  The
East Wadi (Site B) as also cultivated, b doees not appear to be used
as intensively as Site A Tt Jand application vere used, approximately
2 km2 obf land, currently utilized by the army, wonld have to be
committed to trripation.  [noorder to prescrve the land o the Zarga
Valley there would have to be o change o proiorities, albowong the use

of the land tor agriculture vather than military vse.

1.4 Industriasl Treatment
The Industvials ¥Orbowoat Do orwent Report which s summarized in
7.2 1dentitied three alternative approaches:
o Joint indestrigl=municipal treatment with individual pretreat-

ment where appropriaste.

o Jornt industrial-msunycipal Greatment with a "centralized
pretreatment tacidity.”

o Individual industrial treatment with direct discharge to the
Zarqa River or nearby wadi,

The impacts of cach ot these approaches 1s compared below with respect
to key natural resource and caltural factors,

11.4.0  Industrial Treatment - Health Conditions

The complete relvance on aumerous individual industrial treatment
facilities will have the greatest ook of insutficient treatment and
resultant exposure to hazardous matervals oo ettluents, aerosols or
sludges which have not been disposed of properiv. This is apgravated
by the proximmity of some industors] areas to aesodential and rop-
producing areas o Rusenta anmd Zorga. Joant rndustrial=municipal
trestment with pretreatment, eather centralbized or rndividual ) could,
in the event of v process npuet, pesalt o contamination ol sludpes
which might otherwise be surtable as 0 sorl additive. T contaminated

sludges were used to grow crops, hasardous matervials such as cadmium or

other heavy metals may eonter the tood charn. Similavly, concern is
warrantad for the use of ¢l U to arrigate crops ot Site B, which be
become contaminated as o result 0 the tarlure of pretreastment

facilities.
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11.4.2 Industrial Treatment - Geology and Soils

Much of the industry is located along the Zarqa River in Ruseifa,
where it is surrounded by prime agricultural land. The provision of
individual treatment or pretreatment facilities would result in an
additional commitment of these soil resources.  Construction of a
centralized pretreatment facility would also involve agricoltural tand,
but this may be done more efficiently than with multiple tacilities,

dultiple industrial treatment or pretreatment facilities generat-
tng potentially hazardous sludges increase the risk of soil contamina-
tion resulting from tmproper disposal.  Joint tndusteral-municipal
treatment has the potential tor resulting in contamination of municipal
sludges which might otherwise be suitable as a conditioner to prove
local coil condition,.

11.4.3 Industrial Treatment - Climace and Air Quality

Dispersed individual treatment or pretiestment tuacilities located
in developed areas may result in greater exposure Lo odors or acrosols
than with o more remote centrabized facility.,  Contawination as a
result ot improperly tunc.ioning pretreatment facilities could preclude
the use of effluent 1o a land application scheme to overcome local
raintall deficiencie s,

Thoad Judustrial Treatment - Water Resources

Each of th. schemes would jmprove the existing situation by elimi-
nating the discharg: of inadequately treated industrial wastes to
surface or ground water. However, geperal Iy the more tacilities
involved, the greater the potential tor equipment failure or process
upsets which may result in improper discharges. 1o this sense, com-
plete relvance oo totally independent treatment plants would have the
greatest rask, while o centralvzed tacility would have the least risk.
However, the single centialized pretreatment tactovey would result an
all andustrial etfluents eatering the Zarga Kiver.  Although ¢oncentra-
tions of certain materiats may he acceptable o the effhuent, there may
be a tendency tor Tow levels to accumilate in the King Talal Keservoir
and reach nndesarable Tevels in the sediments.

Further, the veliance o+ sangle pretreatment tacility conld
result inoa serious bypass of 1 o volumes of improperly Ureated

industrial waste, which is less tibelv with individual facilities.
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Finally, ik inclusion of industrial effluents could preclude the
use of the treated wastewater for land application of crops which may
enter the food chain.

11.4.5 Industrial Treatment - Ecosystems

The area occupied by many of the industries in the Ruseifa area is
surrounded by agricultural lands. In .ther areas nearby vacant land
might be reforested as greeabelts. Each of these land uses provides
habitat for small birds, masmals and other wildlife, which break up the
urban development pattern in a desirable way. The construction of
numerous industrial treatment or pretreatment facil. ties would divert
these lands from the creation of such habitat.

As noted in 11,44, multiple facilities iacrease the risk of a
tatlure and the discharge of inadequately treated industrial waste
which may harm aquatic life. [In contrast, a single centralized faci-
lity decreases the risk of a tailure. However, if a problem occurs the
volume of the itmproperly treated discharge would be greater.

Finslly, it will be more ditticalt to control the disposal of
sludges generated from numerous individual andustrial facilities. This
may result in an increased risk of exposure of terrestrial wildlife to
hazardous materials.

11.4.6  Indusirial Treatment - Archacoiogical Resources

The limited intormation available describing previons occupations
of the Zarqa-Ruseifa area indicates that the greatest potential for
encountering archacological resources is along the viver corridor.
Therefore, the multiple tacility alternative has a greater potential
for encountering such resources than the centralized facility.

11.4.7 Industrial Treatment - The Man-made Environment

Since many of the existing industries are located in the developed
river corridor, the individual treatment alternative has a greater
potential for impacting the man-made environmen'. than a single central-
1zed pretreatment facility at a more remote location at cither the

lower Zarga site or the East Wadi site.

I1.5 Sludge Conditioning and Disposal
As a result of initial screening, severa' sludge handling options
have been selected for final evaluation. In each case the sludge would

be digested in order to stubilize the material, thereby avoiding odors
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and reducing the potential exposure Lo pathogenic organisms. Dewiater-
ing may be accomplished by drying beds or mechanical dewatering equip-
ment.  Ultimate disposal may iavolve landfilling or the use of the
material as a4 soil conditioner. The beneticial and adverse impacts of
cach of these are compared below,

11.5.1 Sludge - Health Conditions

Digestion should result in g stabilized material relatively free
of pathogens. Stnilarly, pretreatment of tndustrial wastes should
preclude the introduction of b sardous materials which may affect the
suitability ot the shudge us 0 soil conditioner, Therefore there are
no significant wdvantages oy disadvantages associated with health
conditions which would result 1n the selection of a particular dewater-
ing or dispanal option,

HL.5.2 0 Siodge - beology and Soils

The e ot drying beds quires more land and associated soil
resources than mechanical lewatering.,  However, because drying beds are
more ctticient, the resultant product has a higher solids content, and
Tower volume . Theretore stdpe trom drving beds requires less land for
ultimate disposal.  With respect to ultimate disposal, the use of the
shudge as o 5000 conditioner 15 tavored over Landtitling, as it miy
prove sor! characteristics jn areas slated for reforestation or
reclamation ot mined andy.

FROSO3 Shudge - Climate and Air Yuality

Digested slodpe s not generally considered to have an objection-
able odovre Theretore, there are no ditferences in sludge handling and
disposal wlteimatives 1n ths respect which would favor the selection
of aoparticular aiternat ve.

1505 Slhadpe = Water Resources

Ineach case, the wated from the dewatering process woinld he
returned o the treatment plant {og processing prior Lo disposal.
However, sanoe o0 s ant Ppated that mechanically devatered sludge
will have o bhaigher water Content Chan shudge Trom drying beds, there
may be more polentval tor contaminat jon of Waled resources as a4 result
of vunoft or percolation of the rrReess waler containing high nutrient

levels,
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11.5.5 Sludge - Ecosystems

The use of sludge as a soil conditioner is considered a pocitive
benefit which, it used to reclaim land or augment agricultural soils,
may enhance «ildlife habitat. In contrast, landfilling requires the
disturbance and commitment of lands which might otherwise provide such
habitat.

11.5.6  Sludge - Archacological Resources

The use of drying beds requires more land at the treatment plant
site, and therefore may result in a greater potential for disturbing
archaeological resources if they are present on the site,

11.5.7  Sludge = The Man-Made Environment

The use of slhudge as 0 soil conditioner should improve the quality
of the soil and increase the value of the land. This may enhance the
reclamation of mined Lands and allaow reforestation or expanded agrionl-
tur | usage.

The use of shudge dewatering heds requires more land at the treat-
ment plant site but requives less lamd for ullimate disposal, since the
slhudge contains less water and is reduced o ovolume.

Finally, sludge drying beds use solar energy and avoid the use of
the other enerpgy resources required by mechanical dewatering.  These
uther energy resources may then be used for other puryeses to cnhance

the man-made o ronment .,

1.6 Impacty of Proposed Action and Mitigating Heasures

The proposed action involves the prevyooon of improvements to the
water distribution, sewerage and stormwatler drainage systems in Zarqga
and Ruseifa. A detaried description of the recommended project is
provided in Chapter 12, This section will tdentify the environmental
impatts ussociated with the proposed action. Mitigating measures which
may be employed to reduce the magnitude or duration of adverse impacts
are also identified,

1.6, 1 Proposed Action - Health Condilions

TE6. 11 Water Distribution

The propesed tmprovemen' . 011 not result in any adverse health-
refated mpacts. o contrast, the project will replac  expedient home
connections installed using inferior wmaterials and with inadequate

construction magagement . These inadegirte facilities are subject to
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contamination resulting from ii’iow of polluted ground water when
service is interrupted. Furthermore, provision of a more reliable
water supply would be a factor in encouraging improved sanitation
practices. A more reliable water supply system may eventually obviate
the need for roof storage tanks, which are another potential source of
contamination.

11.6.1.2  Sewerage

The proposed project will provide major heneficial impacts by
eliminating the cesspools which represent a serious health risk.
Overflowing cesspools result in pools which are a source of dircet
contact or indirect (vector) caontact with discase-producing organisms.
Furthermore, the cesspools contaminate ground water which is used as a
water source. During interruptions in service, polluted ground water
may enter the potable water distribution system through poor joints or
holes caused by corrosion.

There are some potentially adverse effects related to Lhe provi-
sion of centralized wastewater treatment facilities, Primarily, there
1s the potential that effluent trom the plant, which would be djg-
charged to the Zarqa River, may be withdrawn downstream and used to
irrigate crops raised for human consumptlion, resulting in transmission
of discase, Faurthermore, the inclusion of pretreated industrial wastes
May result in contamination of studges.  If used a s0il conditioner,
heavy metals may enter the food chain in harmtot  vels. These poten-
tial impacts may be avoided by careful mortitoring of the plant effluent
and sludges and provision for control over the use of these materials
on lands intended tor edible crops.

11.6.1

Stormwater Drainage

The health-related eftects associated with providing improved
stormwater damage ave all positive. The proposed action will reduce
ponding, a potential source of discase, and reduce the safety-related
effects of flooding and erosion.

11.6.2 Proposed Action - Geology and Soils

11.6.2.1 Water Distribution

Construction of the woter Tacilitios will vequire possible
blasting and excavation. Bl : e omay cause additional fracturing of
rock, affecting local ground-water rovels or springs. Excavation will

disturb the s9il surface, causing conditions conducive to erosion by
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both wind and stormwater. These tmpacts may be mitigated by careful

consideration of the size and placement of blasting charges in close

proximity to active wells or springs. Furthermore, the prompt restora-

tion of excavated areas and stabilization with rip-rap, pavement,

vegetalive cover or netting will reduce the potential tor suil crosion.
11.6.2.2  Sewerape

The proposed action recommends the use of the lower Zarqa River
site (Site A), which would result in the commitment of land and soils
which are currently osed tor agriculture.  This is halanced to some
degree by the processing of studge to produce o serl conditioner which
may be used Lo improve soil conditions at other loca.ions. This s0il
conditioner may ard 1o the reclamation of mined lands in Ruscifa or
expanded ase of other soils tor agriculture.  Construclion ot sewer
Fines will have construction mpacts, as noted above . tor the water
distribution svstem.

116,209 Stormwate:

Adverse construction fmpacts and applicable mitigating measures
are similar to those described above for water distreibution aund sewWer-
age systems.  The beneticial ettects include:  reduction of soil ero-
sion which results o sedimentation of culverts or stream chunne sy and
reduction of underminaing of hanks which may result in property damage.

IT.o04 Proposed Action - Climate and Air Quality

11,691 Water Distribution

Construction will dusturh soals, exposing them to a higher poten-
tial for wind entrainment, and miy canse local short-term increase in
dust, which 1s already o problem.  Hitigation of this was described
previously.  However, over the long term an tmproved water distribution
system will provide hetter service ta wash away the dust from the
mines, which is 4 problem capecially ta the residents of Kuseifa.

11.6.3.2 Sewerage

Potential adverse construction tmpacts on air quality and mitigat-
ing measures are similar to those for water pipelines. A major benefit
Lo air qualety will be to eliminate the perv o sive septic odors anoci-
ated with failing cesspools or frequent pumping in densely populated
urhan arcas.  Although the woverage treatment plant may be a source of
odors, this potential impact 1. . itigated by the relatively remote
location of the plant site. [t necensary, odor control measures such

as the nse ot oxidizing agents or deodorants may bhe employed.
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11.6.3.3 Stormwater

The adverse impacts associated with the proposed stormwater drain-
age system are generally short-term and similar to those noted previ-
ously for water distribution and sewerage pipelines. Mitigating mea-
sures are also similar.

11.6.4 Propused Action - Water Resources

11.6.4.1 Water Distribution

The proposed improvements to the existing distribution system
should decrease the losses from teaky pipes, and may eventually reduce
the need for roof storage tanks which everflow and result in additional
losses.  However, it is probable that a more reliable supply and
increased pressure may induce greater water use, which may otfset the
reduction of losses to some degree.

11.0.4.2 Sewerage

The provision of sewerage and centralized treatment facili Lies
will eliminate the sevious contamination of the upper gronnd-water
aquiter which carrently results trom cesspools.  The overtlow of cess-
pools which contaminate stormwater would also be elimindted. These
rather broad beneficial effects are in contrast to several advers:
impacts.  The elimination of cesspools will reduce the recharge to the
spper ayuiter resulting trom the introduction of wastewater.  Further-
more, sewering wonld eliminate the constraint on waler use resulting
from Timited cesspool capacity and may result oo incrased water use.,
In addition, the discharge of effluent may result o in toxic ammonia
levels o the Zarga River downstream of the trestment plant and exacer-
hate the cutrophication problems aused by exvessive nutrients in the
King Talal Reservarr. Frnatly, wlthough tndustrial waste materials in
the ¢ffluent should not exceed acceptable levels in the river, there
may be an accumulation of conlaminants v osuch as heavy metals, 1n the
sediments of the reservoir.

o648 Starmwater

Ponding ot runott iu low, poorly drained areas would be reduced by
providing better drainage facilities. However, this wonld also elimi-
nate a sonrvee of docal recks o to the upper ground-water aquifer.  The
propased tacilities would aluo ve ve erosion and sedimentation whicl
has a local impact on the quality 0 surface waters such as the Zarqa

River. Finally, the runoff of stormeiter would be accelerated,
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augmenting the flow of surface waters and the Zarga River following
storm events,

11.6.5 Proposed Action - Ecosystems

11.6.5.1 Water Distribution

The proposed improvements to the water distribution systvm will
have no impacts of significance on the local ecosystems,

11.6.5.2  Sewerage

The provision ot sewerage and treatment facilities may have sub-
stantial impact on aquatic ecosystems, especially the Zarqa River and
King Talal Reservorr. The discharge from the lower Zarga site will
extend the dry weather flow in the Zarga River upstream from Sughnah
for a greater portion of the year. Theoretically, this may result in
expanded aquatie habitat,  However, the quality of this flow augmenta-
Lion will be wmparrved by byl ammonta levels, which may be texic to
Aquatic organrsmy . Furthermore, the discharge will contain levels of
nutrients, which may resnlt in g worsening of the algal problems and
depletion of oxvgen 1o the King Talal Reservoir, In addition, althougt
industrial pretreatment should assure that levels of heavy metals or
other hazavdous waterials are kept within aceeptable levels 1o the
eftluent, these substances may accumulate in the sediments. Accumu-
Fated materiads may be Caken up by benthic invertebrates and enter the
aquatyc food charn.

The processing of shidge mnto 4 sorl conditioner may have several
beneticial aspects. The use of soil conditioner to aid in reclaiming
mined lands or avgment marginal soils for nse in reforestation or
agriculture may create desivable habitat tor some forms of wildlifo.
However  the constraction ot the industrial pretreatment tacilities and
municipal sevage treatment tacilitices will require the commitment of
Fand an exivting agricultural areas which may currently serve as habi-
Lat tor small birds, wmammals and other wildlite commonly found in the
urban fringe.

TS5 608 Stormwater

Construction of stormwster drarnage facilities should not result

inosignificant wmpacts to oo - terrestrial or dquatic ecosystems,
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11.6.6 Proposed Action - Archacological Resources

11.6.6.1 Water Distribution

The proposed improvements tn the water system will involve excava-
tion throughout the urbanized area ot Zarqa and Ruseifa.  Although
generally the pipelines are placed in existing roads or footpaths,
avoiding previon by undisturbed areas, it s possible thot cultural
artitacts may be encountered, especialtly along the Zarga River.,

Although the extent and locations ot archacological resources in
the area gre not well documented, precautions may be taken to minimize
Lhe polential impacts of construction. During the detailed design o
Frebd walkover survey of proposed routes could be made in search of
surticial evidence of previous vecupations.  The impacts of urbaniza-
tion and gerrcultural activitics may have already obliterated such
evidence, however.  Should surtioral evidence be encountered, test pits
may be emploved to determine the extent of the artitacts. The Depart-
ment of Antigmities shoubd be o got of ted hetore connt ruct Lol excavat ton
begins, so that an inspedtion may be wmade by o ospecralist, an compl -
dnce with the Antrgmities Law of Jardan. Becanse Uhe fProancial
resources ot the Department are bimited, it may he decarable to inelude
funds fo the project budpet tor a resident thspector specralizing in
antirquities FEsianticant archacologioal wite s cncountered, the
Department wavy judge that o salvage spevatoon 1w appropriate, which may
resultoan short project delavs. o other cases 1t may be more appro-
pricte to relocate the praopesed ronting.

oo 6 Sewerage

The proposed sewerage svstem 1o more extensive than e owater
distribution project wnd involves sobstant jal construct.on of trunk
sewers and the treatment plant tn the Zarge River corsidor.  The extent
and Tocation of these activiteg proet Iv increase the potential of
cnconntering cultural artifacts. 't remarns are found the mitipating
measares noted above should be emploved,

Floo b Stormwate

The proposed dramage amprovements are less extensive than cither
the proposed water disteihut ton or sewerage networks.  However, some
construction gn proposed an the river corridor. It artifacts ape
encountered, appropriate mitiga o oshould be undertaken to reduce

damage and loss of these resource
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11.6.7 Proposed Action - The Man-made Environment

11.6.7.1 Water Distribution

The construction of the water distribution system may require
blasting, which represents a potential threat to the foundation of
older mud brick buildings or ather property.  Blasting and excavation
also are a potential threat to existing water lines and buried electric
lines, where present.  Excavilion in streets and tootpaths will disrupt
traffic patterns and cause inconvenicnce Lo residents of the area.
Furthermor:, excavation will generate dust, noise and, it cesspool
drainage is encountered, odors. All of these impacts are short-term in
nature. The poteatial impacts to private propertv are best avoided by
appropriate choice of censtruction techniques when in close proximity
te sensitive structures.  Existing utilities should be surveyed and
varked on maps and in the field to alert the construction crews of
their tocation.  Excavations should be covered at night and the length
of trench opened at u given Cime minimized Lo reduce traftic disrup-
tion, inconveujience and safety hazards. Al work in streets should be
preceded by appropriate signs, barvicades and signals to reduce the
potential ter construction-related accidents.

11.6.7.2  Sewerage

The construction of severape prpelines involves short-term mmpacts
similar to those tor water lines. Similar mitigating measures are
recommended

In adilition, the pump station on the east side of Zarqa, indus-
trial pretreatment facilities and the minicipal treatment plapt site
imvolve the commitment of extensive land resources.  In particular, the
municipal Ureatment plant site is located in 4 prime agricultural area
along the Zarqga River. The avarlability of sewers is not expected Lo
result in a faster rate of prowth than would otherwise oceur.  Elimina-
Lier of cesspools will, however, remove the constraint that now prevents
higher density development . Althongh higher densities could ultimately
resull in greater conservation of land resources, conscientious entorce-
ment of the land use regolatone will be necessary to prevent 1llegal
exXpansion in excess of planned & aaitjes.

11.6.7.3 Stormwater

The constroction of stormvater facilities would have short-term

impacts similar to those for the waler distribution and sewerage system.
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[t is anticipated that these eifects will be counterbalanced by a

reduced property risk resulting from greater control of flooding,

crosion and undermining in localized areas.
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QUALTFICATIONS OF PREPARERS
ENVIRONMENTAL ASSESSMENT

Merlin J. Shelstad = Envircenmental Planner

Mr. Shelstad was responsible for the compilation and evaluation

of supporting information for the socio-cconomic and health studies
and assisted in the development of intormation for the cnvironmental
assessment whilte 1o Jordan. e prepared appropriate portions ot the

environmental assessment report.

He has a BS in Architecture rrom North Dakota Univeirsity and

an MS in Environmental Desipn tr

e Yo le Pniversity, He iy

a member
of the American Tostitnte of Cortitiod Mlanners aod a4 reyistered

professional planner in the Stare of

Now Jdersoew,

He has vver 10 vears of related experience and has participated

in the evaluation ot cnvironmental . nd socio-cconomic fmpacts of

numerous facility planning studies and land development proiects,

John C. Henningson - Environmental Specialist

3\

fr. Henningson assisted in the compilation of information

evaluated site conditions in Jordan for the environment al asses-

ment. He was responsible for coordinating the preparation of the

report by participating starf,

He has o BS in Biology from Syracuse University and an NS in

Environmental Engincering from o nsselaer Polvtechnic Institute.

He is the Manaser o1 Environmental Seiences and Planning ror Maleolm

Pirnie, Inc. where he has coordinated the environmental ovaluation

for over 75 projects including numerous facilities planning ciforts.
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QUALTFICATION: OF PREPARERS
ENVIRONMENTAL ASSESSMENT
(Con't)

Robert J. Bolton = Resource Hanagement Speeialist

Mr. Bolton assisted in preparing portions of the environmental
assessment particularly the description of the affected environment .

He has a BS in Resource Hanapement from the New York College
of Environmental Science of Forestry and an MBA in Management from
New York University,

He has experience in the preparation of environmental data in
support of various resource management projects including waste-

water faciltities and sorid waste facilities,

Gary J. Jellick - Agronemist/Soil Scientist

Mr. Jellick assisted in the cvaluation of the feasibility of
applying effluent to the land to rajse crops and tle ase of
process sludpe as a soil conditioner. He also prepared the
portions of the vovironmental asscssment dealing with peology,
soils and yroundwater.

Mro dellick has o BS in Agronomy trom Pennsylvania State
University. ile has considerable cxEpertise with respect to identify-
ing the chemical and physical propertics of soil and evaluating
their suitability tor waste disposal.  He has assisted in the
preparation of appropriate portions of envireonmental reports for

several wastewater and solid waste disposal studies,
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12,0 RECOMMENDED PROJECT

12,1 Description and Phasing of Recommended Project

12,1.1 General
The projects as developed and deseribed in this Feasibility Study
are for the following phases:

Phase 1 = Provide adequate service
for the 1990 population

Phase 1T - Privide adequate service
tor the 2000 population

Since some elements ar the recomnended project are difficult and

uncconomical to parallel, these are plhanned ror the vear 2020 population

which has been assumed to be close to the saturation population.  Those

items are the trunk and collection gewer system and the water distr bution

network.  The recommended water distribution and scwerare SYSstems §poojects

also provide for annual improvements to keep pace with the anticipm od
growth as it occurs.,
12.1.2  Recommended Water Distribution Project

The major thrust of the recommended water distribution project

is:
0 Additional Supply
0 Reinforce Existing Systems
o Expansion to New Arcas
0 Reduction of Unaceounted=for-water
0 Reduction ot Root Tanks

Tt is anticipated that the future supplemental su 1y will come
| I b
from the Azrak pipeline which is beine constructed on the cast side of
the planning aven <0 S000 b fast Ol SAmoan nineline whivh can be
P & Py
connected to the Avrak pipeline ji putiping tfrom Arrak is Jdiscontinued.
Discussions with the Ammin Water and Sewer Authority and Jordan Valley
Authority indicate that water is anticipated tfrom Arral in 1981 and
P 1

from the East Ghor/Amman projeci Sv TU82 . The supplemental supply for
both Zarqa and Kuseifa is recommen b, o come {rom a common 24=inch
pipeline connceted to the Azrak-East Gioo/Amman transmission main near

Awajan Esh Sharqi.



In the exiting Zarge and Ruseifa distribution systems, there
are several inconplete discribution network loops. There are also
several arca  where there is poor tflow distribution between the existing
mains. Co. otion of these desiciencies is it luded in the recommended
project., ce Pleure G010,

o norve the towrpaths i the poorer sections ot the planning
ared, the municipalities have constructed the wrins in the streets but
the homeowner, have been required to construct the service connections
to their hevies. As a2 result, the tootpaths contain several 14 and U9 mm
connections. These will be removed during sewer construction in the
f‘-n)lg‘dh.‘. vel owill b replaced with 50 mn l)il“’-“'- Fiie ot s
incltuded in the sewer project but their replacement is a4 water distribu-
tion lmpoovenent

The developime areas are principally south and west of the existing
population centers.  Distribution loops are planned to serve these areas.
in peteral, the tirst part of the loops are recommended in Phase 1 with
closure in Phase 11,

The wnaccounted-ror-water is currently about 40 pereent. It is
reconmended that medasures be instituted to reduce this to 20 pereent,
dmere acceptable Teveds The measures would include o leak SUrvey,
replacenent of the cxisting teaky pipes, and improved metering. It is
recommended that Buecita gradasd Iy aequire ownership ot the wiater meters
and add aometer vepair and test facility,

The et tanks are o health hazard since they provide a means of
water supply ontvarnation, ldeally, these tanks should be eliminated.
Howewer, this does 6ot appear practical because ot Che present fear of
water short e sintbae to Amman aud the tequired chanves in the arranpe-
ment o! internal plumbing to by-pass the existing flow=through
tanks. Given that it {s impractical to eliminate the roof tanks, it is
recomnended that the sunicipalities increase theit efforts to have the

tanks kept clean and covered,



The recommended facilities are swmarized as follows:

Zarqa
Phase i - 81 km of mains ranging in diameter from 50 to
600

Phase 1T - 73 km of mains ranging in diameter from 50 to
400 mm

Ruseifa

Phase I - 40 km of mains ranging in djameter from 50 to
600 mm
Phase IT - 15 km of mains ranging in diameter from 50 to

150 mm
1—100m3 reservolr,

12.1.3  Recommended Sewerage System

The recommended scewerage system congists of a proposed treatmont
plant plus the trunk and collection system to convey the {low to it.
The rvecommended system also inclules the pretreatment requirements which
are desceribed in the lodustrial Pitluents Treatment Report.,

Based on evaluation of alternative sites, it is recomnended that
a 24,200 mi/d (Phase 1) tieatment plant be constructed on a4 28,5 hectare
site locared adjacent o the Zarga River northwest ot the citv.  The
proposed plant will wtilize o plastic-media trickling filter system to
achieve the required hipgh deprec of treatment.  The plant will be designed
with moduler units for time-phased expansion.  Sludpe dispasal will be by
anacrobic divestion, drving beds, and land disposal.  The methane pas
obtaiued rrom the disestion process will be used to power internal
combust fon vivines whivh, 1o turn, will poenerdte sutficient clectrical
power Lo operate the | lant,

The recomnendod trunk system includes a sewer system alongside the
Zargya Eivev from the proposed plant site to Ruseifa. Subtrunk and
collection systems drain to these trunks. About one-third of Zarqa
drains awav from the Yarqa River eastward toward the Wadi Saida. This
flow will Leoconvovod 1o 1 proposed pumping station site north of the
Zarga municipality wetbis and pumped over the ridge to the Zarqa River

bagsin., (Sce Figure 6.3).



The reconmen . «d collectio syscen

main streets and  ootpaths and © house lateral

path sewer to the property line.
is recommended that, in wmany canes, o terminal
to facilitate connection of

sunmar g ed

consist of the sewers

from the

manhole

in the

strect or foot-

At rne end of the house latorad, it

be constructed

the houschold plumbing,

tol1ows:

The recommended tacilitios are as

Phase 1
S ! .

o 24,200 m7/d treatment plant

o 1175 ol /hr pumping station

o 22 kmoaf trunk sewer ranging in diameter from
300 to 1,100 num

o T km oof 500 mm Giameter torce main

a 203 km oof cotlection and subtrunk sewer ranging
In diameter Yrom 200 1o 600 mm

o 68m3/hr Snbare SVl pumping station

o 26,000 house connecUions

1984-1990

¢} Hi ki ot
200 to 00 mm
0 7,970 house connections

Phase T

coltection sewer ranging in diameter from

. 3
Expand treatment plant to 41,200 m™/d

o

o 205 km of collection and subtrunk sewers ranging in
diameter from 200 to 300 mm

0 20,300 house connection

12,14 Recomer led Stormeater Svstem

The recommended storeeater drainage systen has been designed to

collect, convey, and dispose of stormeater runoff

areas in as fase and etficivot a way as possible.

maintained throughost the e,

vace Figure 8,

The Phase | facilitic, are

flow from the varioas watershede and convey Itoto

They serve lavee inhabitod arear o protect rajor

These facilitivs are callod the “primary network".

The tacitities drain the internal

secondary

locked points where the water onds to pond,

from critical inhabited
Gravity f{low has been

1).

the main interceptors that receise

the discharge points,

reads S rom flooding,

streets and low and land-



The recommended project is summarized as follows:

Phase 7

= 13 km of 3000 to 1000 mm diameter pipelines and larger box culverts
Phase |1

- 76 km of 300 to 1000 mm diameter pipelines.

12.2 Cost of Reconmended Project

The construction cost of the recommende: projects has been estimated

on the basis of June 1980 costs, These are summarized as follows:

Phase [ Construction Cost
e (JD)
Water 3,310,000
Sewerage 18,204,000
Stormwater 1,030,000
22,544,000
1984-1990
Sewerage 3,291,000
Phase 11
Water 2,050,000
Sewerage 9,476,000
Stormwater 1,166,000

12,692.000

TOTAL - ALl PHASES Jn 38,527,000

All of these projects require certain other costs which must be added
to the construction cost to obtain total project costs,
It is anticipated that these projects will have three categories of
overhead costs:
1. Major projects which will he degigned by international
consulting engineers, built by large contractors, and
financed by long-term borrowing - These will have the
following other project costs:
© 107 Construction Contingency
) 142 Inflation
0 10% Eagineering
0 7% Managemenc Service: and Steff Training
0 15Z Interest during Construction

o Land
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2. Smaller sewer collec'ion projects which will be designed by
local cousulting eagineers, built by local coutractours, and
financed with aunually penerated revenue - For these, the
other project costs are estimated at 35 percent of the cons-
truction cost.

3. Fater extension projects which will be designed by the water
department statt, built by the statt, and !inanced with
annudally penerdated revenue - For these, the construction cost
is assumed to included the overhead cost since the work to be
done by the water department staff will of fset some overhead
cust.,

The total project cost tor the recommended major projects is

summarized as foilows:

Construction Other Total
Cost Project Cost  Project Cost
(JDx1000) (JDx1000)  _(JDx1000)
Phase T
Water 2,060 1,151 3,411
Sewerage 18,204 12,788 30,992
Stormwater 1,030 __bi6 1,706
21,294 14,815 36,109
Phase 11
Water 950 623 1,573
Sewerage 4,428 2,905 7,333
Stormwater l;léé 765 1,931
6,544 4,291 10,837

The total project cost for the smaller sewer collection projects

is summarized as follows:

Construction Othetr Total
Cost Project Cost Project Cost
(JDx10C0) (Jhx1000) (JDx1000)
1984-1990 3,291 1,152 4,443
1991-2000 5,048 1,772 6,820
ANNUAL COST
1984-1990 JD 4, 643,000/7 = dD 635,000

1991~-2000 JD 6,820 000/10 = Jb 682,000
The total project cost for the wit. - extension projects and Ruseifa

metering, ¢ssumed to be the constructien cost, 1s summarized as follows:

12-6
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Phase I (1981-1990)
Zavrq. -

Ruseifa -

Annual Cost
Phase II (1991-2000)
Zarqa -

Ruseifa -

Annual Cost
The total prouject costs for all

the 1984-1990 sewerape growth project

Phage |
Water
Sewcrage

Stornwater

Phase [I
Water
Sewerage

Stornwater

TOTAL Phase I and Phage II

Jb 1,000,000

250,000

—_—
JD 1,250,000

Jb 1,000,000
_ 100,000
Jh 1,100,000

JD

JD

125,000

110,000

recommended projects, inculding

in Phase 1, by Phase are:

Total
Project Cost

10—

4,661,000
35,435,000
1,706,000
41,802,000

2,673,000
14,153,000
1,931,000
18,757,000

JD 60,559,000

The total project costs for all recommended projects, assuming

the 1984-1990 sewerage project is in Phase 1, by type of project are:

Water
Phase 1

Phase 11
Sewerage

Phase I

Phase [1

12-7

Total

Project Cost

(Jn)

w,661,000
2,673,000
7,334,000

35,435,000
14,153,000

49,588,000



Stormwater

Phase 1 1,706,000
Phas. 11 1,931,000
3,637,000

TOTAL ALL Projects JD 60,559,000

12.3 .EE“Q“"“EU)LEQ Analysis

173,10 General

The purpose ot the preliminary rate analysis was to establish a
proposed rate structure for the recommended projects,

The wnatvsis was done with a 7.5 percent rate ot inflation. A
sensitivity analvsis was performed for higher and lower intlation rates,
higher and tower capital cost estimates, and overcstimates of water use.

20300 Water Rates

The current averape water rate tor Zarqa is 120 Iils;/mj and tor
ruseifa, adjustoed tor similarity to Zarqa, is 11% li)s/m‘.

The rvate anaiviis was based on establishment of a rate structure
that would: (1 maintain a net positive cash flow berween 1980 and 1990,
and (2) maintain an average Rate of Return of abour A percent during the
1985 to 1990 perviod,

With these assumptions, a4 rate increase effective Januvary 1, 1984
to 165 tils/m’ for both Zarqa and Ruseifa appears to be sutficient to
make the water projects self-sufticient, This increase is about cqual
Lo the assumed 7.5 percent rate ot inflation.

12,33 Sewerave Rates

It is proposed that the sewerdage charges be recovered as a surcharpe
on the wiater bills  The seweraye svstem has very larye initial capital cost
and i1s ot such 4 omavnitude that . i It were to be self-financing, it would
put an excessive strain on the middie to lower income families. Therefore,
part ot dt's apit i constrarcion vost will have to he subsidized by the
povernment ot othe o encies,

The ability o pay” analysis indicated that the lowest and second
fowest 1ncome wronps could pay 225 zilh‘/ms based on current costs.  This
vscalates o 4, :il:;"z::s Ly 1984 which is the proposed rate.  The 375 tils/mj
will cover the ostioared operation and maintenance cost plus about 59 percent
of the debt wereie, Ancaveraye annual subsidy of about D 920,000 will hbe

required to baianoe the cash flow.,



12.3.4 Stormwater Costs
Storm system costs ore financed from general revenues so a
rate study vas not requit.d.

The .nnual debt service of the Phase 1 project is JD 142,000,

12,4 Tustitutional Atrangements

Chapter 9 prescnts a detailed analysis of the alternatives available
for administrating and managing the proposed facilities. The conclusions
reached in Chapter Y are as follows:

o A joint (Zarqa-~Ruseifa) agency should be used to

implement and operate the water facilities.

o A joint (Zarqa~Ruseifa) agency should be used to
tmplement and operate the sewerage facilities,

0 Considerat fon shauld be given to combining the
water and sewerage agencies into one agency
respousible for hoth,

12.5 Lmplementation Schedule

The implementation schedule for a project similar to the one being
proposed for the Zarqa-Ruseita area is usually governed by the item that
has the longest requived lead time. In situations similar to this
project, the construction of the sewage treatment facilities usually sets
the critical path of the {mplementation schedule. The tinancing and
construction of additional water distribution extensions and improvements
will not be completely beneficial if the sewerage system is not ready to
receive the increased sewage that will be generated. Similarly, the
financing and construcrion ot the sewerdage system will not be completely
beneficial 1t the treatment racilities are not ready to treat and satis-
factorily dispose of the sewage heing conveyed to it,

The scheduling of the completion of the different elements of the
project should be auch thai tie elemenls are completed in the following
order if possible:

o First the sewage treatment plant. It should be
completed oue to two months before the first
sewage ia conveyed to the plant,
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o Second-the construction of the sewage trunk and
collection system should start at the treatment
plant and proceed progressively away from the
plant. Sections of the system can be completed
before the treatment plant is ready to receive
sewage but it would not usually be economically
justifiable to finance and build a large section
of the system bofore the house sewers can be
connected and the coliection of service charges
commenced.,

o Third-the water system construction should follow
closely behind the sewerage system. Some of the
reinforcing of the existing distribution sRystem
can start imediately but no extension should be
commeniced unless the sewers will be ready to accept
the newly generated sewage.

o Fourth-the stormwater drainage system can be started
aund completed at any time. Where elements are to be
constructed in strects where either sewers or water
maing are aiso ta be installed, the construction of
the clements showed be planned so the disturbance
ta the neivhborhood s kept to a minimum.

Figure 12.1 shows a tentative planning and construction schedule
for all the elements ot (he proposed first phase of the project. For all
elements of the work, except the sewage treatment tacilities, it is
anticipated that anltiple Constinction contracts will he prepared.,  The
purpose of preparing wunltiple contracts tor the water distribution,
sewerage and drainage work is two-foid.

o The disturbance of the streets and footpaths of the
commnunit ‘es will be controlled and kept to a ninimum,

o ALT qualitied local contracters vill be able to tender
on the works rather than Leing limited to a tew large
tontractors.  The disadvantage of doing this is that

it spreads the construction out over a longer period
and requites the borrowing of funds sooner than would
otherwise be required.

The scheduline ot water distributicn and sewer construction
contracts for work u the same streets should be controlled and, in
Some cases, comwhined s that the disturbance to the residents of the

area will be minimized.
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12.6 Trainiv. Program

12.6. General

The voposed Zarqa-Kuseifa Joint Sewerage Agency will be charged
with impd wentation aud operation of the second Tarpest sewape collece-
tion, cunveyance, and reatment system in the Kingdom. This is a major
undertaking and cannot be successtully accomplished without trained
personnel. As shown in Table 9,10, the estimated starf tor (he Joint
Sewerdge Auency s %9 persons.  All will need some training.,

Since there are tew treatment plants or collection systems in
the Kingdom, the Agency will have to train its own staff. Some help
may be available tvom the proposed Jordan National Water and Wastewater
Training Center.

'taining sheubd stare in advance of placing the systew in operation.

Ideally, the Chet Engineer and Plant Superintendent would be hired near

the beginning of the construction period and can become throughly familiar

with the faciiities as they e constructidd.
Withooot o known sour, o ot trajned Wastewdatel onerat oo and mainte-

pance petsoaiel, the stavt-up, operation, maintenian. o ! Lt ddning of

'

personnel will be an extvemely dittionlt under tabiow andens, during the

FIrst 6 wonths to o vear, 3 sbeleton start Stotrained seenle are con-
tinuously available WECH OnTY ohc wasUew it freatoent tacility ot
similar chatacter i the country, the availability of trained personne!
may be very low.

A proven w1 overceming this problem is to retain the desipn
engitneers services to provide o skeleton statf to operate and maintain
the Tactiftn s whitio at the same Cime training the local statf. For
the tirst 4 to & months, the operation and maintenance of the facilities
will be priucipalls by the sheleton staff.  The day time operation will
be nearly vxolusively theirs and they will have to be “"on-call” during
the remainder ot the me,

The personned solected by the design engineer to participate in
this operationg whioatd he highly si "o in their specialties and should
be able to spear Arabic it possible. 0 personnel should cover the

following arecas:



o Operatio. -

o Aechanical maintenance

0 Electrical maintenance

0 Instrumentation maintenance
o Laboratory operations

[¢] Preventative maiat enance

In the cases ot operations and mechanical maintenance personnel,
there should be two prople for each specialty. The cadre of trained
operators and maintenance personnel who will do the teaching and training
should be on the wite 3 wonths before the end of construction. The lead
operators should alsn be on the site at the game time. The maintenance
personnel shoul! be om the site by the time the testing period is com-
menced. (See Figure 12,19,

To meet ohiectives ot the training program, new cuplovees should
be trained {u the Gperation and neint enance of all tvpes of wastowiater
facilities. he provrvan should fuciade formel classreom training,
practical un-site training, and the development ot an cn-poing program
for the training and developient ol tulure caployees. The Tormal training
should previde o blend o1 classroon Pectures, Taborators instiaction, and
workshops. The practival training should consist of on-snif. instruction
and specit e assisnuents at valstim, tacilities to yuarantee "hands-on"
experience.  Materia! atiliced in the training program should be developed
in a2 manner sach that it conld be readily caployed as the basis for an
on-going trainine aud development program.

A sveten of peasonnel classitication by skills and vEperience
should he oo 10 Gt ine specit i Job requirvements.  Upon successful
completion ! tlhe tialuing prograw, certilicates should be awarded to
each individual. Jte certiticates should be specitic to each job category
and training course o develop o system which will encouraye personnel
developuent and ds a0 cment .

AR dmpon Lant wdcition to the training program should be | dic
education o1 sl ticun. This pullic education should be wsed teo help
prevent the e avionce o1 many ol ot isting problems in other collee-
tion and convevauce systems.  lhe dulmpi . 0 zarbage, debris, and related
solid wastes into the sewer system has oo problems in many sewerage

systenm elsewhere. A yeneral public informati-t and education program
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will provide trainees with the opportunity to review subject material
at their ¢ cvenience. 1o addition, these audic-visual aids would serve
as the ba is tor establishment of an on-going training program.  Wherever
possible . currently available audio-visual aids should be utiliced to
expediie the warl Mpdating ot these availabte wids and development of
site~specttic Dilms aud olides should be pertormed s vequlned,

Cemplete training and oporations and waintenanee sanudals should
be prepaced o bhoth Eaglish an, Arabic.  These manuals sheuld te prepared
in a style and tovmat which ~ould he teadily waed as ou-the-job guides
by Agency porsnonnel. ditep-by=step operation aud maintenanee procedures
should be provided tor allb systems and preces oo cgulpleat o Graphical
presentations o the torm ot drawings, sketehes, cnbaryed details, and
phatographs sho il be used to the gledlost extent possihle. Tabular
and didgraistic presvntat ions should also be ciiphasized, To addition to
tunvctionsl design of tactlities.

A prefiminary outline tor the dual languaye training is presented
n Appendia 12,0,

12,605 Traluee selection

Based upan our cwperience with similar programs, it is not antici-
pated that a 100 perent trainee holding rate will be maintained through-
out the duration o1 the Training Phase. A vareful analysis should be
made of local tacto s whieh would atfect the holtdiny rate. These factors
would ioclude wvailability and wttractiveness of alfernate employment
opportunities and past employment histories tor certain job classifica-
tion.  Based upon these factors, the number of trainees initially
viitelled should be larger than needed.  The progran dictates that a
caretul determination he made of the type aud number ot iudividuals for
initial training. 1t o larger than eapected wamber o potsonnel  com-
plete the training progoas, there should be agple opportunity for
employment at the ather troeatment plants planned tor the Hingdom,

Edacarton sy s o qaias cen and ) s capetience vaty with the position.
The Chicl bFogimeer awst have a tollege legree in sanitary, civil, o1
chemical enginectiug.  The Execut rirector should have a College
degree in onc ol these trelds or oant opropriate discipline. ldeally,

both shuuld have polor expetience at simi.a: poOSilions.
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In order 1o present the range of educatjonal prerequisites and
job experience for Agency pesonnel, occupation description of the

following p..itions are in Appendix Supplemental Material 12.3:

0 Superintendent

0 Lead Operator

0 Operator

O Chemist

o Laboratory Technician
0 Maintenance Supervigor
o Diives Laborer

120boa Classioonm Work

Classroow wort should include lectures, laboratory instruction,
and workshops.,  Longineers and operational personnel experienced in
training programs should be utiliced Lo ensute eltes tive transfer of
information. Speiat emphasis should be placed upon the decelopment. of
interesting and ifutormative ectures to hold the attention of trainees

To mazinico the awber of etpdoyees pas U tpating tn the training
prograw, o detutic ! ooheduie should be developed tor vor v iny trainees
through «Lissroom work and on-site guidance.  This schedule will also
enstre cocrdinaticon ot the Classroom work with the on-site guidance in
a comprebennive 1radaing program.  Thig portion of the program could
ocenr during the starvt-up operations,

12.6.5 Overscas Troining

Selected key pevsonned in management, engineering, and laboratory
operations shonid e elve trainimg overseas, if passible. 1t is suggested
that the personnel to fecvrve thisg tratuing are the executive dircctor,
chiel erginecr, oo inGen feat, and chemist.  The vverseas trainiong will
Involve Tnspections of lare municipal wastewater facilitic., training
Ia operation, tectines with personnel tilling similar positions in such
facilities, aud aboratory fustruction.  The timing ol this training
should be schcduied 50 that the personnel are back in Jordan before the
facilities testing period is started.  An overseas stay ot 3 to 6 months

Is suyested,
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12.6.f Future Training and Development

To e sure the successful operation of existing and future waste-

water fac lities, a on-going training and development program should be

nitiated. The materials developed for the initial training program
could serve as the basis for this on-going project. TFor example, audio-
visual aids and dual language manuala would provide an excellent resource
for continued instructors in the training programs. All instruction
materials should be developed in a manuer that would allow their periodic

revision to maintain the latest technology.

12-16



