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1.0 INTRODUCTION
 

L.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 coimon 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 area is 
one of the principal industrial
 

centers as many of the larger industries in Jordan are located
 

within the twc cities. Many industries are on tl banks of the
 

Zarqa River. The industries include: breweries; soft drink
 

bottling works; food industries; weaving industries; phosphate
 

production; 
a tannery ;and 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 wast,.:' 'r collection
 

and treatment. At present, both cities are totd!K 
U!peUt on 

cesspools for wantewalr disposal. These have '," rYe increrasingly 

inadequate iad una'cepttble I ,th fr.i h- il'h i 1 'iiviion

mental considerations. 

The need for an expanded stornrwater drainage' system is also
 

evident 
in both cities. The pro,; systems are r dimentary at 

best, consisting of gutters anc s'treels sloped to drain to the 

wadis. Many of these wadig are o W r.e enough to accommodate 

the flows and flooding r'shItls. 1Ii add i tion, sor, st reets do not 

have natural outlets and remain floodvd for days after a heavy 

rain. During the rainy season, the cesspools tend to become
 

overloaded amd drain to these I;y aret and pollitu 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 exibting water distribution
 

system in Ruseifa was built in 1963 with an additional supply
 

completed in 1978. The existing system las not kept pace with
 

growth since that date. At present, newer portions of Zarqa
 

built at elevations higher than the existing service 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 GoverumLnt of the Hashemite
 

Kingdom of Jordan (herein "NPC") and Malcolm Pirnie, inc.
 

(herein "MPI") for consulting engineering services for Feasi

bility Studies, 7inal Design and Supervision of Construction 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 "IISAID") 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 effective 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 5, 1980, MPI and Jouzy & Partners (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 MPI confirmed its authorization to Jouzy
 
to start work on January 6, 1980, 
the date of 
the MPI/NPC Agreement.
 

1.3 	 Purpose nd Obje'ctive
 
The purpose of this Feasibility Study is 
to develop a comprehen

sive 
progr.m for staged construction of wastewater and storm drainage
 
facilitie s and improvement to the 
 public water distribution systems in 
Zrqa and Ru.meila. 

The principal objective of this study is to provide for the basic, 
human needs in the two communi ties. To this end, reconiunendat ions for 
phased investment in water, wastewater and storm draiyage will take into 
account the special and immnediate requirements of areas with high popula
tion densitie;, high incidhences of waterborne diseases, and greatest 
inadequacies in present service. 

1. 4 	 Scope of Work 

The 	 scope of work includes the following: 

o 	 Planning Area definition and population forecasts. 

o 	 Survey of the existing socio-economic and health condition 
of the cities. 

o 	 W),-in tin of the existing environmental ondition.
 

o ',iKYJ.ti !! I the existing water distribution system and
engilnoring feasibility studies relatve to future needs. 

o 	 Enr&iL ring feasibility studies relative t.o future waste
water ,,l 	 ection ind treatment systems. 

o 	 Evaluation of the existing stormwater drainage system and
engineering feasibility studi relative to future needs.
 

o 	 An industrial wastewater 
survey and sampling program to
characterize existing and project 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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o 
 Evaluation of the health and environmental conditions
 

with alternative projects.
 

o 	 Recommendation of a phased development project.
 

o 	 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 	 Summary Report.
 

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

o 	 Industrial EfIluents Treatment Report.
 

o 	 Appendix to the Investigations, Preliminary Engineering

Design, and Financial and Socio-Economic Analysis Report.
 

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

For ease of reading the report all reference material such as
 
tables, figures, and plates have been 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.
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2.0 PLANNING CONSIDERATIONS
 

2.1 Planning Area
 

The scope of work defines the planning area as the Town Plan area
 

of Zarqa and Ruspifa. The term "Town Plan area" refers to the land use
 

plans prepared by the Ministry of Municipal, Rural aud Environmental
 

Affairs for the cities of Zarqa and Ruseifa. The Tow, 'lan area con

tains most of the present population of the two cities. The planning
 

area is shown on Figure 2.1. The planning area, 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 area. 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 Esh Sharqi. Because industrial development is
 

presently occurring beyond the boundary of the Zarqa Town Plan area,
 

the planning area h.s been extended to permit consideration of serving
 

future industrial development.
 

The Town Plan area for Ruseila is generally limited to those 

portions that are presently urbanized, and does not include adjoining 

areas where developmcnt is now occurring and is likely to occur in the 

future. For this reason, the planning area has been extended northward 

of the Ruseifa town ptan area 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 aq the southern 

boundary of the planning area in the vicinity of Rustifa. The settle

ment called A! Musheirfeh, wh'ch was rccently annexed by Ruseifa, has 

also been included in the planning area. 

There are additional areas tributary to the Zacqa River between 

Ruseifa and Aiman"s Ain Ghazal wastewater treatment plant, but on the 

basis of discussions with the National Planning Council, these areas 

have not be-n included. The excluded areas are the Marka Housing 

Project, the Shnellar Refugee Camp and, Technical School, and the Ain 

Ghazal industrial area between Amman and Viseifa. 
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In addition to tht 
Town Plans for Zarqa and Ruseifa, there is also
 
a proposed land use plan ior the Zarqa regi .i by the Amman Urban Region
 
Planning Group (AURPG). 
 The planning area encompasses the AURPG plan
 
area except for the "'rmnlnities of Hashemiyeh and Sukhnah, and the 
petroleum refinery, all to 
the north of Zarqa. Tbhese areas have been
 
excluded from the planning area by the National Planninj 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 program. Implementation Phase I is to
 
serve needs through 1990. Needs through the year 2000 are to 
be met
 
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 Zarqa 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
 
Ruselfa, 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 trn planning area is Al Mlusheirfeh. 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,J'CO persons.
 

Between 1961 and 
1979 the population of the East Bank increased at
 
an average annual rate of 4 . 85p-i ent. At present, the crude birth
 
rate is estimated to be between 4' .
 50 births per 1,000 and the
 
crude death rate is estimated to be bet,,ren 9 and 12 deaths per 1,000,
 
for a natural growth rate of between 3.3 and 3,6 percent. Also
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contributing signifisantly to 
the growth of the East 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. 'Ihe movement c,f inunigramts to the cities, accompanied by 

internal migration from rural areas, has resIted in a ate of urban
 
growth that is higher Lhan that of the East Bank 
 as a 	 whole. 

2.4 	 Poplation ProjLtions. thtrougi teYYar 2000) 

The AURPG has projected the population of Zarqa and its satellites 
(Ruseifa, Al Mlusheirfeh , Hlashemiyeh, and Suklinah) in five-year incre

ments through the year 2000 as to lows:
 

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 feasibility study, the AURPG 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 feas ibi i ty study, the AIJRPG projection has been 
adjusted downward to 390,000 persos in 1990 and 550,000 persons in the 

year 2000. This projection impllies 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 loulation 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 pl ew ug area through the use of aerial
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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 photographs, estimates 
were made of the niunber of dwellings per 
hectare in .ach subunit. Without detailed information as to variation
 

in houseb,,d 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, so as to more accurately reflect the density of the 
built-up portions. itThus, the estimate also indicates density as 


will likely exist once 
the subunit approaches saturation development, 

assuming a Contiiination of the prevaiIing development pattern. The 

current popul.ation 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. 

2.6 Land Use Plan!; and Zoning 

The Towt, Plans for Zarqa and Ruseifa, as -jell as the proposed land 
use plan by the AURPG were (onsulted to determine the location of 
future resilential and industrial development. Both Zarqa and Ruseifa 
have local planning coanittees, empowered to prepare master plans, but 
because of the 
lack of technical staffs, the Ministry of Municipal, 

Rural and Er;"ironmental Affairs has prepared land use and street plans 
(or town plans) for both municipalities. The town plans designate land 

use according to four categories or zones of residential use, ranging 

from Zone A (!he largest lot size) to Zone D (the smallesL lot size). 
There are also commercial, industrial, public, and agricultUal 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 
lis.ted commercial zones elsewhere 
in the 

city. Zone D, the highest densi y resideatial zone, is generally 

confined to exi.=ting high density .;eas such as Janna'ah and the area
 
north of the -umnercial district. 
 ii.;Il,er density residential zenes,
 
tones A and B, predominate elsewhere in ti e city. 
The industrial zone 
is confined principally to Awjan Esh Shaiqi, outh of Zarqa. The Zarqa 

River floodplain is designated for agricultur;.i :,, 
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The Ruseifa Town Plai is generelly confined to those areas that
 
are largely built up at pieseut. Residential Zones B, C, D are repre
sented, with the greatesz portion of the city designated for the higher
 
density zones C and D, and 
a smaller area on the south bank of the
 
Zarqa River designated Zone B. 
The area designated for commercial use
 
is fairly limited, and the industrial 
zone applies largely to the
 
phosphate processing facilities and a narrow strip north of the Shnellar
 
Camp in Musheirfeh. As 
in Zarqa, the plan designates the Zarqa River
 
floodplain an agricultural zone. 
 The only other significant open space
 
area 
is the pilgrims' area in Musheirfeh, north of the Shnellar Refugee
 

Camp.
 

The proposed land use plan for the Zarqa Region by the AURPG is
 
generally consistent 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 ailagricultural area. Other major open space
 
areas are the phosphate mine scuth of Ruseifa 
(for which land restora
tion is proposed upon exhaustion of thet mine in the mid-l') 8 0s) and 
other phosphate company properties to the north of Musheirfeh. A major
 
feature of the AURPG 
 plan is a proposal that tile army camp which lies
 
immediately 
 east of Zirqa and prevents the eastward expansion of the 
city, be converted to 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 tLe 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 future residential development. The various
 
zoning requirements regarding lot size, coverage, and building heights
 
)inin the four residential zones were taken into consideration as an
 
indication 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 carl 
1,tbuilt within a structure. Using
 
assumptions of 8verage dwelling unit ai.-s 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. TLus, the de'.sities of 

built-up portions that were estimated from ae I 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 incv., I,,.i approx

imately proportional to the area of vacant land available. In the case 

of those subunits that are mor- r:oc from existing sL1a >lents and 

physical infrastructure (roads al water supply), a less than average 

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

populations for Zarqa and ia if-, are: 

1990 2000 2020* 

Zarqa 
' ' 

294,900 421,100 565,600 
Ruseifa* 91l0 125,200 229,700 

Total 386,000 546,300 795,300 

* 	 Planning area saturation population 

" Includes Mushei rfeh 

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:a 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 Lfctor would be unexpected changes in
 

the rate of economic development in !h, planning area. A fourth factor
 

would be a change in attitude about family cize and family planning.
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2.9 	 Economi F.Io recas ts
 
Various sources 
 have 	 been consulted to obtain information or
 

foreca:ts on future 
 econ i, development in the planning area. Ali
 
internministerial comnittee i currently organizing for the tpreparation 
of thae 1981-85 National Five-, Plan. Five-year pljanning involves a 
selection of development projects ii,l !n allocation ot tlialn( ial
 
resources from interia n 
 Xdi- 'trnIsources to soc i al we ltare arnd 
infrasuructure projects. No prioidjts have thus fir been ideritified for 
the plannigg area during the 1981-85 period.
 

The AURPG has designated 
 a reas within the Arnimai Region for future 
industrial deve lopment. Signiicrot inidustriiI (eVlopiieit is eXpected 
to occur at Sahrtr (sevenral kilomettcrs south ot the planniig area), and 
also at Ilashmiy'h in thi' vicinity of teh petriilvumi ref inery (to tht,
 
north of the planning 
 areat). lhe AURPG also desirgnatt's tie area of
 
Awjan Esh 
 Sharqi for continuuiet industrial dev' l 	 pmvnt.. The AURPG has
 
not attempted to toruecast specific types 
 of indiustria l ;rctivity, but it 
does expect that limited water resources will prenit the estati Iish

ot he;rvy water- si indurgtriesment . li' t act that the national 
governmruenit most ,uthorize rew withdrwa ls from the qifiei r will have a 
sigifi c;aint influenee urr tie typ,'s ot row illhtilr i ,s thit ](,rate in the 

planning area. 
Smial iI tiiiuotrns[ epe'it it i(t ituo ;iitait. ire, (":tirretry) 

accoluint for much of the irdustritial A tivity in tie' tarqo.-Ruseifta area 
at presenlt andri woilid i(' ''xp.e-t . to do so itn tie' t.fl'tise iii'. ertTer-
Frisp; are generially rot signiticant water users. In view of tihe
rather rrr tihigh 	 arnua l of op ul.tion growth, the core. tru't ionr industry 
will constitute .r sigrif t,iit portiuin 	 irt tutur 'conomic ictivity 

the planning area.. 
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3.0 SOCIO-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 professionn I and maiiagerial occupations and in the 
upper levels of government. Consequently, the proportion of the popu
lation in the upper 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 l79 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 
 ;;,-me in urban areas as shown in column
 

1 below.
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Urban Household Income Distribution
 
Column 1: Column 2: 

Percentile 
1973 Monthly 
In1come (JD) 

1978 Monthly 
Income (JD) 

10th 22 50 
2)th 30 70 
30th 35 81 
40th 40 92 
50th 44 102 
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 Hlalcrow-Fox study
 
notes that the estimates for Lne lower percentiles may be on the high
 
side because it is believed that incomes at the lower und of the dis
tribution have not increased as rapidly as those of the middle or tipper 
income groups.
 

For the purpose (if this feasibility study, it has been assumed 
that family income distribution in andZarqa Ruseifa is appcoximately 
similar to the 1978 income distribution of householdsurban 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.
 

Percentile 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 information on monthly household income. [2  
 About 35 
percent of the families reported i:, -'es of less than 60 JD per month, 
while 27 percent reported incomes in cx. 
os of 100 JD per month.
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3.1.2 Low-income Areas
 

In an effort to identify areas characterized by predominantly
 

low-income households, the use of data from the 1979 census was consid

ered. Although the census takers did riot 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 in 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
 

sample of 15 percent of the blocks in the planning area. Computer
 

tabulation of the above data will not be possible 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 unless 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 only a few questions of each household (including
 

income). ic would be impossible ior 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 chosei 1 r hara(te-iZirrg sbilra reas j' li, Ilanning a re;a
according to economic stdtu- I; ,d v:ri;a ion of tilt, Deilfi eci t pniquo. A 
panel of individuals, rsing ii, "! the planning .red, independently 
recorded their j udgnieLst; as to t' r.., s tatus. Amii; Ltin, painI ml
hers was a staff member i the I roi a ite of liillth, t lo-' i Ib i'.Ith 
spec list, the socio-t t-Oiiimlt, inrsult, r t and a i 'toii iltli "r. lii t !lt 
case of the first panelI menb r, the tharacter- titon was hIased ti 
familiarity with the planning area; in the case u the other members of 
the panel judgments were based on wilslihit, I amid walk-thirmoth surveys 

of the area. 

The classificLi ls fy the var Ions panel members were compajred and 
were found to br in sblistantial ] agre'mentt. The c(iitpos ite' map of areas 
accordig Lo economitc status is reproduice(d as I'late 2.1 - 2.6. 

One obervain that was mIle bty sterVal theOl pint'I mmhers is 
that tie ilainning area dues not exhibit lie degree of ;pat iiil srgrrga
tion of sotio-cionomnic- groups that i; fouitnd iii E'irnprizll of AmIerican 
cities. ldjani has report'd a similar phtnonmenon in parts of Anitani.l 
Some ,areas, especially those occupied fy squattrrs, can fe character
ized as low or lower middlt-iicum areas. lnt otheriln areas the 
process of renewal anid rieplacemenit Lhit is oct irri nrg otl t restilLs ill a 
modern dwell inlrg of above avrerage cost anI inhabitUd fy an ififrer-inime 
family being situated next to noIrlr mind frick st-riictnrer'r o-ccupite fyd 
families of lower income. Thus, iV maniy instamps, it is not possfile 
to assume a high degree of homo,.'nuity within a given sub-rea. 

3.1.3 Attit uits t,i rI Wat'r Ce- sn pt i o
 
A survey coIsist irig 
 Of iii-t' nthi ii[t'i'Vi'.'s1 Was t',111ilk'tt'd wit h 

twenty households ill Zar-lja .ind six houstholds in Rusei'fr. A rlrscrilr-
Lion of tWe survey is pr'svrnit' in Appe'dix .L thu pert-inviit fildirgs 

are summarizl felow.
 

There is 
 no p r( riv(id slortaige ,l hrOfwater proflenr Of , i labv i i -
Ly; the primary r€umiiti-i ii on wate.r trrisumptiii ln iIs ti' l mitel (ii lt Iv 
of cesspo)ls. I)|rf'r-rrrr(i ii'P famili I es 11s' IImort' tri fthani, i ,-i-m i 1 
tua ilie's. Low-inicrmw, persons ten I i ,' , 1 ,I':;les fir itlyv than ppei)frr
income persol;rs. ' ri exlmp I r, l Ow-i nimi p(,i ,iis Iav 1;Iflt ' n vr' ('V(l'y 
ten days whileII ipfu)'r-irin i p isns fith al.l y nl , ill h si' illmr I lil, 
more than Oil(-(' a day. UIpper- l(orl,i pe :frsonis hrath i mi lll- ,'I n litly
because of tiht gi-dtr- uotrmiviiii' ( of having a fit-watri hattr aiai 

modtern tuhs air(i slhowei-s. 
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In low-incone familivs, the young tend to rise iore Water than the
 
old. 01 der pers,_ns who are poor are very care fu I wi it wate'r (especially 
those who come 
from rural areas wherr 
 water is scarce), whereas their
 
offspring who have attended school sm more water to maIntain
 

cleanliness.
 

Clothes washinn m-hines seem to he illuse illIllost ihoir s
 
regardless of incomte...
 \ ; O, ithe Iousello ds sampltd il, a cl(t iris 
washi[ig machi ne arnd al [ r ilents seemed wartto t( own other water

using appliances.
 

The squat toilet is ustd pIp:,.riri y hy middle- .ind ow- ricome
 
groups, whereas flush toil ett: 
 are used prinari ly by iiper-iinCole house
hold;. lo 
er-i nuome fami lies doubtied they wu:iId ihe able to cunvert to
 
a 
 flush toilet because they cannot afford to do so, and because they
 

have very Iimited space.
 

Respondielnrts lievi eyed thiy Would us, 
m1ll0C' Wateir 10 C'lean, wash, alld
 
bathe if (esspooW., were replaced by 
a municipal sewerage N:ystem. The
 
esLimated increase in consumption rangid hleLeeri 10 ,mrd 15 percent 

3.1.4 AtL iLudes toward ri cipIal Sewerage
 

The twenty-six 
 fami lies who pjrt I iliatel ii the in-depth inter
views 
were asked whether they favored i nunlicipal 'ivwirge sys.tem or
 
continued reliance on 
the present method of cessplol disposa,. All
 
families, reg-rdl,.ss of inctoinii, 
 favored a sewerage ;ystemu ini Zar-qa aIid 
Ruseifa 
. Ara a1ll familie; indicatel that thiy would he w illirg to pay
 
whatever is required of 
 them in order to eliminate cesspools. (No
 
informatoi 
 could ill, given to the interview suh.jects as to the likely 
rse (harge, thei r expressed willingness Lt;"pay whatevier is required"
 
is probably hyperb 
I'. ) lower-income families were most u,:rcerned
 

about whether ire lhearl tiunit would;ilo-r pay.
 
Althiough 
 hot :I uipper and I,' w.-)-i u grourps wanted sewers , they 

seemed to fia' iS weis 1i,i I" I I irerit Lre so rs . 'hie Iower-i ir()i'I; ll 

lies bel i,ved thit Seweris wil I loinsave' t mony' , Llmi, ini eflort ill 
having Lhgti rr sslus pumiled, ard avuid the moni cipul linres i"r dump
ing water ir the tstreet. The upper-incomi aini ies seemed to he more 

cOnicernedl with proliIems of odor ai disease.
 
:n a s'parate sotial survey Af 
 Jama'ah rvtiitns (A low-inuronmv 

area of Zarqa), 58 llrcent f tire hrou;eio Ids surveyu ii ted sewage 
diSlms a amajor disadvanitage of thei r nei gh orhood. 121 

1--5
 

1V
 

http:reg-rdl,.ss


3.2 	Health Conlitions
 

A study of health conditions in the Zarqa-Ruseifa aen. was con
ducted as part of the overall feasibility studies. The purpo:e of the 
study was threefold: 

(1) 	 To identify areas having a high incidence of water-borne 
diseases, with th,, objective of setting priorities for pro
ject phasing 

(2) 	 To establish the status -f present health condiLions as a 
basis for assessing the i mpa ts of the propos,. proj ects 

(3) 	 To predict changes in health conditions that arte likely to 
result from thl proposed projects. 

The full report of the health study is contained in Appendix 3.2 
The principal findings regardi rg Oxistiug conditions are summarized 

below.
 

The health study emphasized gastrointestinal diseases locanse this 
category of health problems is often related to inadequate water supply 
and sewage disposal systems. Attention was also gien to other water
based diseases, and to related health issues such as toxic substances
 
from industrial discharges, and nitrate concenitrations i.) the water
 

supply. 

3.2.1 Gastrointestinal Diseases 

Human excreta and sewage contain a variety of micro-organisms such 
as bacteria, viruses, and protozoa. Raw sewage, for instance, is 
estimated to contain I million bacteria per mil iliter. Some of these 
micro-orgaiisis are disease-producing (pathogenic), causing illnesses 
ranging from mild food poisoning and diarrheas to extremely seriois 
diseases such as infectiois hepatitis, typhoid, and cholera . (lolio
myelitis and Coxsackie viruses, although not a cause ot gastrointestinal 

illnesses, may also be present ill tuman excreta.) 

Health statistics for the Zar a-Riseifa area ii 1971, 1978 and 
1979 were obta ined from the Directorate of fleal A in Zarqa. A review 
of the statistics on water-horne diseases by the puli I ic health special
ist indicated that the reported cases very proha y rpresent a signi

ficant undercount of the actual Ireqfuncy of gastro nteric diseases. 

This imfression was confirned by the directorate staff who ."Isrve(d 
that physicians may not le reporting some cases, particularly of the 
less severe ailments such as enteropatiogevic diarrhea. 
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Number of oted Cases 
1977 1978 1979 

Typhoid - 53 35
Paratyphoid - 23 6
Cholera 50 23 6Infectious Hluat it is - 32 30 
Dysentery -

That enterit is and di.: ha are more common than the stat istics
 
suggest is indicated by an analy 
 is of national mortality data. Age
specific causes of death (East lank, 1974) impl i cated untorit is and
 
diarrhea in 36 percent of deaths of 
 infants less onethan year old;
 
26 percent of deatfs for children aged one through 
 four years; and 

16 percent in all 
age categories combined. Anottelr sury of ho
pital admission statistics intlicates that di';ase!; of the digestive 
system are the leading health problem, accounting for 18 percent. of all 
admissions. 151 

Tite impurolter hating and dispo:; l of extreta and srwape calt 
restult inrttlte transmtissiont of titesetdistases via a ntiel r oI fical-oral 
routes as indicated by the d iagram. Those pathways in whitch water 
supply, sewage disposal, and stormwater drainage m.y he implicated are 
indicated by hold lines, with other pathways int i at d by light lines. 

-( I 

SOI
 
UTENSIL
 

=HANDS
 

FECAL-ORAL ROUTES OF DISEASE TRANSMISSION
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In Zarqa ant Ruseifa, sew e is disposed of in cesspools which, 
because of shallow soils, are often excavated from rock of very limited 
permeability. If not pumped out periodically, the cesspools, commonly 

3about 4 m , eventually become full 
and begin to overflow. ('l 'r:,ws 
occur more frequently d ritn. the rainy season. S gire' from cesspools
 
overflows into yards and ;t n, ,, where it. 
may collect in puddles, or
 
it may be carried by stormwdt, tnol Ito ow-lying, poorly drained
 
areas of Lhe city where it plnds - rxtenrhkd per ieds of tine. Co.s
pools in the vicinity of a wadi or natural drainagVway may have all
 

overflow pipe for direct dischar'e tot strface waters.
 

ihese conditions 
 mray facilitate tie transmission of disease in
 
several ways. iriqaid 
s twa g from ces:piotils percolates through the rock 
fissures and evetqail lr tearfhirs the groundwater aquifer where coiLtami

nation by pathogenrs 
 nay occutr. fIntie Zarqa-Rusia aria, there are
 
two aquifers, an unconfined upper aquifer anrd a conf ined 
 lower aquifer, 
the two being sepharat-fd by an aquiclul. ocaise of direct reciarge by 

cesspool effluenL, the upper aquifer gives evid nt-e of ioIlItion, Lhe
 

lower aquifer, less 
so. The uppe r aqp it r is used piincipally for
 

irrigation 
and industrial process water whre lrrctpriolrgical purity is
 
less critcal. The lower 
 aquifer is t:ic'principal .iitrir (i public
 
water supply ard at 
 the present time is otfadequate.itrlity. Wator
 
extracted from thP pltblic wells 
is r'hloriawitt d, which p rvirls adrrtlate 

prrotection as long as the chlorination process is reiablr and effec-

Contanminiitio (tof the potable water supply ruay also cicllr within 

tIre distrih tion system, and 
in Z.rqd-Rusiifa this is a very likely
 
possibility. Verbal 
Wifroinai rim the lirectorate of IHealth in 
Zarqa indicates that theh Water in the dist rihtiO sys te gives fre

q"jPr't eviren'e of bacteriological c it rnimti". The results W laro
ratorv analyses if stmples taken trtm viroris ptints ill the disti-i
bution system during 1979 a re rurtittidriz r Oltr' w:
 

Zarija: 121 out of a total of, 445 sitlls 
 (27 percet ) yielded a 
v lu,i tf - r if irmorganisms of 2.2 NI'N/10( ml or more. 

rNsit/i: 23 tit Of a total of 1 2 sIsamlpls (17 pi'rceint) yieldetd a 
value for c i r rg::-'.t,,sins;of 2.2 MPN/I1 0 fitl 0r more. 

'estinrg for residual lrI ine .at varinis ;,i; th: to in 
distributioni systerm iring 1979 prod i d valut ; ranging ft rum about 
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I. mg/l at the point of chlorinat iun to :ero at the p riph.r.W ,irt 

of the distribut ion system .'ot uncommlyr tvthei i ' lellh l ',li ii-Ioti 

tioIn is found to be associated with leaky and corroded witi pip,. ,ild 

faulty joints that exist in the "lder parts of the syst-iln. Iis condi

tion permits the entry of 'onrtai nainiilirts into tie distributi on ',yt,, at 

times when th water pressur is irt-ruptd lot anv itn;n, Fort"

nately, prvss ure in the systiti i; iorm lllv CItn inlto ;, A lthotgh r,'pair 

and replacv,:un: oit pipes r.qr11 , intt1 pt il 't. I t ie it]i II it
 

sectioins fromn timt- to tint . it, ,itL ti l h ll t i " i II 
h,' fill'inlil

tration of groundwateor firotm soils wituratcd , t I it-swith stwia I'+ pool;, 

Although pressures aretmaintainvtd intthe distrilnution system tmost 

of the time, tihe fear of water sihortages during an extended droughit has 

encuura.,ed illtich of t ,. poptlit iorn to rvpiot y ,ite tsoor l o f in-ituse water 

storage, such as galvanized roI taik s , b iiI ts or other misc;nellaneotis
 

containers. 
This practice is ,t,! , po tt-t iaIl I,ittiwly 1r 1 , .L1ei'se.
 

Roof tanks are often left uncovered, su[it to ,'ent.atminat ion from
 

external sources, and they ar' 
 ii to t id, 1,i y , I callted or t o r.t.IIy mairn

tained. 
 Water stojed in b7 r IIs t o r h , lI 1i irlt'IS iii',Y bieCO;le Ciii

taminated by unclean ha.as or utensi Is.
 

Present sewage JLsposal practiees iin Ziri i od Ntu.ei ai vlv rsuIt
 

in transmission ri diease by other rolutes. 
 The o l I ctt iii ,t st,,gu
 

from overflowiig ces. pools in iuh lts arid low-lyin g 
 ,ic ; peruits-, 
transmission of pathogens by 
flies and other vectI ors. ithildlin,, who 

may be attracted to the ponded water, may also ris,' irite, ion if theilr 

hands become soii led during pay. 

There are, I coursie , o,.thei )it )ltt ieCSor iltrstIt.( ,1 a )U gait r itll 

disease rioL itnvolvingr iit . lwater stpl y,y : g , d , -,0.td ,! olriiwter 

drainage. lrriigat in with pit ttu hei Z:'i 


is downistream I rom th Ammalll vwl I so i 


tined! wite the MA , i (:,iiqai 

it vi -itsivnt t ) i ,! )ulrd%-iter 

frorm tie uiderlying aqt.Jifur l,.y i -t iL i n I i um i; ioni pt ogti, lls vii 

the soil-food link. Although tihe 
risk o, ialiltitn vi, this toutt' can 

be greatly reduced by thoririgh wli n nid I i ',it0 ioi tif ty 'ege

tables, it is unl ikvI y that this p",, ii i is pt it ud QvL.', y 

family. Pour hygieni tra'ti, vt v owlding io;Iilrthe poor art!dd ,rr 

also undoubtedly i plir;ti in the :rdiusitis it it -is. 's, lick if 
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awareness, particularly among the lower socio-economic group,; about
 

the need for handwashing before eating and food preparation, and other
 

food handling precaution;, ,,"t riutes to the spread of in fect ion. 

h a; the Zarqa River is inlier potentialBathing in polluted water 	.
 

source of infection. Because : .isc multiple p,,thway; of disease, it 

the ,x.lnt to which the lack of adequateis not possible to determiie 

saniLation systemie is impl icated. 

3.2.2 	 Other Witer-lased Diseasss 

di seasesIn addition to the water-hruie diseases art, waler-based 

in wlvich the iiteriediate host 

time to time 
such as malaria and schistosomiasis, 

d vpnds on the aviilability of water. Malaria octurs from 

in Jordan, iut its iicideric, ar; ibeen tri.mat ically educed s ince the 

ill The few 

rll;reltLrllign 

ill titil l of in inten.itioniil riiadiritilt potlgraimi 1956). 

ilentifed aser; air 	attribiuteid L ,Xpatrititt i; t t) ( itiz 

] (,f thes j 	disici.is stistios mjii-t
home frii woi k .
 
asis have net~l m -'ted in .hir tn, a gIIiigra 	 ltagrictulturl"sal ly 


c nIIt, ,Joiii I Ill iii iiil;l hlile ti disease is iiioreL ii iworkers who haivt 

prevalent. A 197l survey rplitt., that H ort,r , d ilorlgn workers 

have hei'iihad irioiry r;chistos,iniii is	;. M otlnies ttf ve(ctti s;nail s 

oft Ihiitfh is taking itasulres to destroiy snailreported aid the Mini;try 
{ Ia; they art discoi ril.

colonies 

3.2.3 Toxic Substances 

There are sevrral inustrie; in Zarqa-Rtrseita, stme of which have 

ant ithelitals; sIuh asl chlromet 	 adil mercury
wasLes c(lta iin heavy 

LOWi sut lInth,' .Anci'oe c,mipichlen.,ivi- :;tudlit-s and reliable'
anutp~ls. o 

thes e ri ih. ill 	it' dfiiirikill'gstan(
aialyticail data oni th, rpirenie of 


lit'
vxp a 

delg ree o f hea lth r is k, Tlho I,,tenlt ii al i dsl~} il t(, o fIwater supply, it is not psi it to -v.ir.;tutudid tIl 	liioill il 
inv ,lved, in ase 

callnot rutiled out. Awater oilLtamiiatld bV Lixii irndustrial was:tes h 


l iatiil en iii tile aiqui fer i r; ll ,veiill~llI
more likely hazard thar cont l 


li ii'Llllllal ii(,iof tif.ii sub,tg;ier 
 in tih King 'l ail Res ervoir. 

3.2.4 	 Nit ralr,, 

t Qf dli i,ii if hlimian wa;tes; illthe llp(s:;itNitrat .;aris aii titd" 

sonll(e iiil ittes aid aqtl Ire
Zarqa ainl Risii itA, ceuvsliol r; art ile if n 

The
recharge iy resslto,,l el tlu ent mIay i iiiria.; e nitrate cinl ,litrations. 


in iriiking water call hi iazardous to
 
presence of excess ive ni trites 


lants nder three monthr; of age. 
 iideri t .it i ircilllstaices, litrate 
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can be reduced to nitrite in the 
gastro-ittestinal tract; 
the nitrite 
then reacts directly with hemoglobin to produce methemoglobin, with
 
consequrent impairment of oxyg.n translrert
 

The World Health Organization 
,
 

permissible limit of nitrate 
concentration in drinking water 
is 45 mg/i. A preliminaty study of 
110 well; in the metropolitan region of Amman during 1913 to 1975
 
revealed that most producing wells along 
 the Zariqa River are threaten
ed by increasing concentration ui itrate (b). More than 43 percent
 
of the wells tested had a nitrate a:buncentiratiun in;excess 01 45 mg/l. 

More recent studies (7) indicate high nitrate concentrtions 
the Zarqa River, particulariIy around workshopsnear 

and industrial 
locations. Frequent observations have shown tihe 'on siattnt high
 
levels of .aitrate percolating mainly 
 into the shallow aquifer in the 
region. In general, the nitrate onceutrations in the shallow aquifer 
averaged more than 100 mg/l. A s;tr;dy "t the iftrate oun.rrtr-at ions ill 
the lower aquifer shows a sharp drol in i trate ;"' c,nt raz ion:; to about 
10 g/l. rhese wells demonstriate rhtit tih: lower aquifer is protected 
hydrogeologically 
from nitrate pvrcolar ion.
 

There has been little reported 
 ocrurrnct or mut lr:,.oglolhin.ieiia.
 
This is believed 
to be due to: 1) ti e municipal well, te in the 
lower aquifer, 2) physicians may itail withto asso'iate the ,,ymptomsi 

high nitrate concentrations, ,and 3) th. 
 general custom of breast 

feeding of infants.
 

3.3 Criteria far Priority StniLj 

The objectives of the feasibility study, as defined in the agree
ment, specify that the ltant.consu make recoinmundations for location
 
and phasing 
of water and seerse rvice;, taking into consieration the 
frequury of water-borne disea-e., the adequacy of existing water ard
 
sewerage services, and areas 
with 'w-inrcome population. 

3.3.1 Heal th Cri teria 

There are severe I imi tat ill:; inherent in basing project priorities 
on present health conditions. The available health statistics do not 
permit identification rfgeogratphic d rcs of tire Zarqt-Rus.ifa area 
having high, low, or average inidu, I wateor-borpe diseases. Sec
ondly, they do not permit ident ii cation : fhe method by which expo
sure to disease ovcured. Of tit' several p,,.; i b fecal-oral routes by 
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which ,astroenteric di:seases are transmitted (w ltur supply ionta inlid
tion, food, hands), onlv soic are iiaHiib!L to cont,"ol through improved 

sanitary systems, while others involve control of vect~rs such as flies 

and ro>',nts, or cianges in pevsonj n I y gi-d.. , p itc , . Con(XIe unIIt ly 
it was concluded that it is ",, p s ,illi io identity those, Alreas of
 

greatest health risk on th bal, is of 
 aV.ilil he health st-tt isites or
 

other soiirc., ot iniforisat io1n.
 

3.3.2 Adequacy of Exi sting Sys em 

The second criterion cunsiderd is tie adivy o existing water 

and wastewater disposal systems. Almotst all rusid Sit of the planning 

area have access to piped-in publi waLer si ply, With the "-ception of 

some households located at hi yhvr elevations who must rely on wat,.r 

tankers for their supply. It is r-ported Ila t I-tsstus aie maiwtained 

in both systems at all times antd that the plresetnt supply is Adequlte.
 
Consequently neither connuity is without Walr selvice !or 
eXtelded 

periods of time, as is the case intAmin,iin 

Much of the distt ibution Seiii- h,is , ,1,c ,t r, beein Oni It tht'ti h
 

individual initiative dtd rvflt:. the evxidi o this
1: type uf ad
 

hoe construction. Renovalt iou ot the syst vii 
 ii( cordingo to rational
 

principles would reduce leakage And iiirove -ri-st', (lte latter
 

becoming important it roof tanks ire to Ine 'Ii1itiH.itc evettually). 

Portions of the Zarqa distribut ion systeti have suiered severe corro
sion and these mains are currently being replaced. Bacterial contami

nation within the distribution system has also been observed.
 

Wastewater disposal inl the planning trea At Iresl! 
 is by means of 
cesspools and the iroblems caiised by this miethoid it dispisal havi. bettn 

cited previously. Thie lroblem, o! lo ad rsq.<pool v t lvW U, or 

throughout the planning aria, a:it ire j di ative ot tie inaplropriati.

ness of this method of dilspusi in A *l iii yi , i high ppill ation 
density and poor shsiitfai-ie conditions, No dlata re teadily available 
that would permit identiticatitn if dltaS Living tL notSL frequent or 

severe problems. Criteria that mig;ht hve a high pledictive value ill 

identifying the most critical ptsbl,tm a,.As arc relit ed to ahsrpt ion 

capacity and pollution risk, .,d iUi l! the i,1 lwing: 

o areas of shallow bd-it ck .ind low st1i pet ability 

o areas wit steep slpc,a 

o areas of highest populatioun .- ,ity 
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o 
 areas with the oldt ., systems
 

o areas in proximiy t. shallow wells or surface water
 

o systemn 
!"at emptoy direct surface water discharge.
 

Of these critevia, population density and age of systems are 
the easi

est 
to apply and .il 1 be lakn into consideration in the selection of
 

priority areas.
 

3.3.3 J a-income .reas
 

The pc icots under invvstigation are characterized as 
"basic human
 

needs" prO ccts. Because the need for a safe water 
supply and effec

tive sew.,, disposal cuts across all income groups, it might be argued 

that tie 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-i iome groups than 
for upper-income
 

groups. At the utset of the 
study, this outcome is not immediately
 

clear, however. Secondly, if1the improvements lead to increased water
 

consumption and, 
if one assumes the consequence to be improved sanita

tion among low-i ome fami lies, then 
greater health benefits mighit be
 

expect d. A third reason for using low income as 
a criterion, would be
 

the possibility that limited financial 
resources will prevent extension
 

of sewerage to all :rbanized parts of the planning area, 
in which case,
 

upper income areas 
could be given lower priority than low-income areas.
 

One drawback 
to a ocheme that gives priority service to low-income
 

areas in that such area 
 in Zarqa and Ruseifa are widely scattered and
 

thus the cost per hounehold served would be higher than for 
a compact
 

service area which expands incrementally.
 

3.3.4 Selected Criteria
 

Because most of the planming area households are presently served
 

by public water, prinity will be given to improving water service to
 

those households that are nitaadequately served. Elsewhere, modifica

tions will be mde t) the distribution system to correct present 

deficiencies and t"m et ,rojected water demands. 
 Installation of
 

sewers in narrow footpaths will likely require replacement of existing
 

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

3-13 

'7 



The criterion selected for 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 stornmdter projects are discussed 

in Chapter 8. 
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The 1/2 unit overlies the A7 and eonsis t. of chalk, maw , ldiw-
stone, chert, aind phi hit his that raring in thihkn'.; wn t,, 1!5fo, ) 
meters. The herty portions of the format ion are characteis Iit I ly.
 
folded and commonly are found in the study 
 area, specia lly in thi
 

vicinity of Z rqat . In addition 
 to it;; illtoirt t ailqll V, , ha t t tttii s--

Lics, the H1/2 unit provides (oLnlii c bl llits L iuih t he mii ng it 

pholihorls -. Iwo oI the arger ilncln ; ar-n . l tt-d ith ,t i t,'' lia.
 

Fthese linSlit,.s;, 
 as we I I as L ter exl su rt: ot I he phtoi;phiit ii; hlis, may
 

Iil'relse pihos)phirus loadings to sui't ' u't rs illof
by .
 

The A, or ![immar formt,iton forms t 
 (onfinnlquifo'ri 

separated f rom the ipper aqifer 


V i r d and i:; 

by 75 to IOU tiVLtrs tl mias;ive, I ilt'

s.ton.'. 
 The Al i Iunit maiily' consists of 40-10 mIte rs of cy: ta Inw,
 
tolomiti imL ;tMle that 
is occasionally highly fractured. It grodn

ally thi ; ouLt anl .lolli's in reasingly mar ly t'w.n d; Z/iiqa whlih 

tteCr'eas.s I ater biiearw lnt'g pruperties. ttiitu'opS of the, A tormation
 

oi)Clir rtlthsest of Z.la at Slkhllih 
 lllit Nimv-. 

liia dtitLion to fhes oltir :;editentl ;, recent ;a luvial ihitiisits 
CO)Vtr flinlch ,)f thiv study net tr here i n( Zait la. River ,andt .r', i,!t,,, ,iM!
 
wadi.s. The (nomtpo;ition and 
 drpth ot the dVlosits va ry (on:stderably, 

til II) to ti it t ivW (1 Si' 'v; o 111at.rial i ( 11 lt1 thetho, i ii i 'i 7. , 7 , 
Su;li nah. A\lluvial de'posits, are. knowtn to; prvidv, fur .:,n.k u ii v I I -W,I 
tht. Zarqa kiv,r 1,luing !;Ijllllt Inm')lth .s Oih'. thc, r- v,, It,- ,m,, (11... 1 1 

The ,oitli ll t geiigir Structure i n lIh, Lail i I Mi' i.lin, - ,, i 

Aii,
syn l i e, which begill s ou hwi.t i m n llt d lngt ' 51 ,pi .l toIIIIIt',i 
Za rqa . TI syncl iii is respoinsitble 1-0 larlIitI up . phii i LW1 il"tflr 


to the northwest and so'heast f the 
Zar, River i ,iv ii lei s"I * O loti 
3]0 percent ar]e ( olmnl,!. Inl ,ddit ioll, thli, 1 I;lilt l , ; " , tlmip,+l1,.11 

e f f e c t o nl g r~o iuni - w , Lv i- I l ow a ts i t , o n t l o l s t h le ,d i rc i .1,i''11t0 1 ,,,.WI , , 
wes t t o v- t L. k,'ith tiv P'x(' t ioil ol f Lilt, li/':' tiln t, all[ luria.t i,ii, ate 

parall l to the svnclii ,. The sloii, of tie northwest liinh hi, ill 
dveragt Slip.e ot pe(rcent, tIn :,,eiltI to 5 whiI I ahst I l ih.; A,!, i,' fI 

20 to 40 i lPctl . 
Assoviatcd tw'i h lilt- ;ynll( ilne it; th", A'lmlili- Xarl.~ 'I. .,i,' a I:, 

a t rdL n , itiL ovl th e LLn a n i II I' I ' :,; ,' 'z hi !,v,'iii l in t. i it, i'l 
O(C('tl's+ s, ljtht-.l I. tui the( /.']I l VUI" li A!:- ( lullI W1th ,d!l !:y:;t~qw ofl 

faultst a ;i.r'ves a.s th. :;i,,' , houndi v ot both ,quif ers, FoId ifig 
aind failIlt lrig ait ivit iePs withiin tL .,o have ( ireated a zone that is 

Iiioi' 'pvrm il' oth hrIt hll iha i i lero k .a , , i, 
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Previous soil mapping of East hirdan has utegorzd so.ils &i tiii,
 
study area 
as mainly yellow Mediterranran (YM ) and Red Meditrreanici 
(R) soils. [2] Thu Y soils are extensive throughout the Aied fromt
 
Amman to 'arqa. Red Mcdi terrvaii soils oi,"r 
it the. vxti'm,, weni tl'i 
boundary of the stly area a c fdiotil( st;l--d tw till,Juljo River,.
 

To the east, of Zarqt, soils ire liss i lld as 
 , y lest-it sol:; 'whith
 
ire infertile aid coLiili high (ortutrat iton; if ,tf .
 

The e eject of preclipitation onl sodi i-i in pt tc pii :r, I; re pon
 

sible for the major differlrncl
e beht wivt',, thi' 5I uod lM :,i1 . Nodel
 
Mediterranean sois 
 il thove deve loped ,art,,:, Whe , I ' -- a i s 
more than 300 un pet year, whi le YM 'oi Is tormed imier drit'r l iOtic
conditionrs 
 (150 to 300 mm per yei). Conselu't. ly, t cathing of solubl .
 
mLterils has iic'curred ti" a lisser extieiit ill fit'- YN l I.s. Ihey al't
 
characteristil ly shallolw 
 to tidrotk whet the' cui i n stooep slopes.
 
However, 
 YN soil, that have fiveIoped in io v'll. y:, iiu I,1ong til,base
 
of hillsides ge ierally are dfeel 
 r than the sloping sir I; ,s I rtsiil t of
 
deposition flofui anlidii
fl i'r-iS;(ri V est -ilI; holvi' iT i'l IIIi f1 . lifhorite 

a cCrlll it oaLnwithin 30 ie'timneters ((tIll) till- surl- it'. !' fl :f YMI 


soils cai hiet'xpt'tt'd ft idigt' Wt m 
 itrafl tt (, atlIlit I Li I ff1',i i r, i' 


uep rifdill':oil lit' d'upth to orfiiriti';. Ils t lis
[i i;Ir iii, li:, hayt' .
 

high :orrosivit,, pott' atil fir iluni 
 ted stetl fl' .u:insci- ;i It
 
t-ions thrl'tlg,:it tLhe titrtld e.
 

The RM soils h.vv" similar chari tiistics, hut all' usuillyI uaIled 
Lo a griater depth thin the Y'Msoils, De~pth to cirbonatt's in risually
 
greater than 
AO um, ;ini ie ptoJrilp may show signs of .i a.urlul tion,c i 
As with the YM ;oi In ,M r;oils art shallow ti htlitok wher' thev , cur 

on s5t'ep slopes. 

ot h theIt. M and YM soils are extensively u;ted for ag ricultural 
prodii tion in Jordain be aus' if their natutrl fertility. 'I i th ugh
 
irrigatiun wouid ntcret'i:yields 
ini tnalble a grLi',ittr Vil ut'ty I irops 
to lie grolwnfi, ispit itll y on YM soils, precitli tation is i:sulk ad'quate 
for iost, Sill I grain urops. 'fhe most iiporL.ili t igri iltii ff l I ; 
w ithlin 
thel s<tudy ;arv- t,,i(l. till- all}uv il '.,,i1: l+llild l! rl, t t, Zil- , 

River ainll si eil i Th'ir for tilifT, depth inl ltsrxiiftv to iii giy

tion wa i 
 ito k i' thost- soi : x .ri-illy hii'sir.i le lf gli-yl ldiiinf,i, ' 
agriuftuir,,l plio ul'-tittli. VliI I , llri', tllit rel'itivly level alltuvial 
soilIs haive' le ss eri. nillfioteritiA; ifi tfill adjacent- uipland so,ils. 

fIUnfortiiiatly, tract. of Ifar inai n! n' soils W bein fi ll ito 
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agricultural production as population pressures incieased over the
 
years. Erosion from these areas 
is 
a serious issue which decreases
 
yields and aggravates water quality problems.
 

Most soils in the Zarqa-Rus'eifa area are poorly suited for in
di-

Vidual on-site wastewater disposal systems which rely on subsurface
 
soil abaoption. 
The densely developed hillsides have very'shallow
 
soils, and as 
a result, many disposal systems are constructed with
 
little or no soil beneath the disposal area. Consequently, wastewater
 
reaches the ground water without adequate treatment and contaminates
 

the upper aquifer.
 

Where slopes are less than 12 percent, the YN and RH soils should
 
i, be suitable for land application of wastewater or 
sludge provided that
 

rock is deeper than one meter from the surface. Although no permeabi
lity data are available for these~soils, it is expected that both
 
possess favorable hydraulic properties for land application of wastes. 
 F, 

Salt concentrations in the soil and waste may limit loading rates,
 
depending on crop tolerances to salts. 
 Other soil properties such as
 
pH, cation exchange capacity and grain size distribution should be
 
investigated prior to waste applications.
 

4.3 Climate and Air Quality
 

Climate within the study area is characteristic of the western
 
:,,,fringes of the inland desert, where conditions are generally arid. 
 The
 
most di .tlinctive feature of the Zarqa-Ruseifa climate is the 
concen
tration of rainfall in the cool winter''and the drought conditions of
 
the summer. Records indicate that from 1937 to 
1973 annual rainfall in,
 
Zarqa ranged from 39 mm to 280 mm and averaged 131 mm, and in Ruseifa
 
it ranged from 42 mm te. 303 mm and averaged 155 m, with virtually all
 
of the rainfall occuring between the months of October and April.[1]
 

The coldest and hottest months in the study area are January and August,

respectively, with the recorded temperature range extending from 2.5
0C
 
to 2390C and a mean annual temperature of 17C 3 ] The average annual 
relative humidity at the Amman airport is 52 percent. 

Air quality data are not available for the study area. 
 However,
 
Zarqa-Ruseifa region contains a variety of industrial facilities
 

including: 
beverage plants;thophate mining and processing; paint
 
and detergent production; textile plants; pulp and paper processors;
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dairies; distilleries; and chemical and petroleum refiner;. These'
 
industries, in conjunction with motor vehicIe emissions and wind-borne 
dust, compri:;e the significant sources of suspended and settleabl 
particulate matter which is the main air pollutant associated with the
 

study area.
 

4.4 	Water Resources
 
Water resources aid their I imi ted 
 avai lahi liy are a major concern 

in the Zar a-Rusei fa region. This concern c'an he largr.ly attrihuted to 
several factors affecting the region's water resores. As previously 
mentioned, the area is characterized by a dry arid climate. Rainfl I 
is coiiceitrated ini the winter months, wiltLthe sumnjer months generally 
receiving no raintall. 
 In addition, wide fluctuatiois in annual rain
fall make water planning efforts very difficult. Intermi ttent streams, 
known is wadis, are coimimoni iln the study area and (onstitut theIliijor 

portion of srurface water system. 
These streams, inclundinig the Zaru.
 
River ahove the Sukhnah spiings, dry up during 
 the summier mronths.
 
I ring. this period surface water is Inavai lable 
to the Zi ,a-Ril;uita
 

are.'i except thro 
 i several local springs. The jrilmary water source 

ior the study ar-ia is groudwaLer. 

The 	st ldy area's water resources are coinipus i of thr eIll 	 .."
 

features: the upe-r ani lowe-r g, ri,%w:ter aqiuife-s; the Zarila ivver;
 
and the King Talal Reservoir. Each of these comporents 
 is discussed 

separately bhirow.
 

4./4.1 rourl-water Resources
 

G.oriOnd water iintii' Zarqa-Ruseifa area
t occurs mainily in two aqui
fers. The slhallow, ripper aquifer is uncmoii ned arid is such, 
 the water
 
level is free to rise a2d fall in response in ses.i;onial fliitL:ition.; 

.The lower aqui fer is separated fromrn 	 the upper by a layer of massive 
limestone. Trhis is 
a confined condition in wi,ich the water" level
 
fluctuates in response to piezonmvtric prresslre'
 

Rech;rge' to the upper aquifer occurs 
 by direcL and iWnh rect infil
tration of raintali, ail iy artificial reharge from :;iwagi. M UMihnt
 
leakage' irom public water 
;upply lines, ci'sspoils anid by ritarn irriga
tin water. . B I ,.'te , . ii2t'1 i n (1 .0 I ,'o , , . ,. ,.
 

(Ml3/y) in iILtrates to the 
 tiijof , ifi r f)y nat ura] ri'-charge, .ii d 
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28 Mm3/y by artificial recharge. Some recharge takes place by direct
 

infiltration throughout the Zarqa-Ruseifa region where outcrops of tile
 

Bl/2 and A7 formations commonly occor, However, larger volumes of
 

water reach the upper aquifer by indirect infiltration through alluvial
 

deposits of the Zarqa River and associated side wadis.
 

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 Mm 3/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 Awpjan, 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 he perennial section
 

of the Zarqa River, but because of heavy withdrawals in recent years,
 

the river runs dry during late suimer. However, investigations 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 was 100 liters per second (1/s);
 

however, current flow rates are probably less 
as a result of increasing
 

withdrawals. The Zarqa 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 Mm3/y. The Zarbi Spring has a mean flow of
 

19.7 ]/s. Total mean spring flow estimates for the entire Upper Zarqa
 

area is 15.4 Mm 3/y from the above springs plus several smaller springs
 

and seeps. (2) 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 Mm /y from the lower aquifer. (3) Since
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ar of approximately 4 Dm,/y from the 

l~iower aquifer. Apparently,' the resources ofthe upper aquifer are not • 

,'•being overexploited as a result of th~e large amount of Artificil 

irecharge. Some of this artificial recharge is in fact coming from 

wells which penetrate the lower aquifer and ultimately recharge the 

upper aquifer. Consequently, long-term water level observations of the 

, 

( 

lower aquifer have shown deulipes of up to 10 meters per year, whil,. 

:the upper aquifer level has stayed essentially the samie. ()It has 
obeenestlmated that total safe yield from both aquifers is 20 Mm3 /y, 

' 

-i 

based or.)25 Rm3 /y of natural recharge and 5 Km3/y of baseflow at
' ;Sukhnah Spring.()
ppearDepth of wells varies considerably from the shallow, hand-dug 

wells along the Zarqa River, to wells deeper than 200 meters which 
withdraw water from the lower aquifer. Of162wel s producing in 1976, 

wl hpenetrated the upper aquifer and 39 the lower aquifer. Many of the! 

wells that were drilled into the lower aquifer remove water from both 

• 

aquifers. In the area from Ruseifa to Zarqa most wells are shallow, 

hand-dug holes (less than 20,meters) with yields less than 10 cubic 

meters per hour. 

t Ground-water quality of thepeere ueein the Zsarqa-Ruseifa 

areahas been degraded recently as a result of urban and industrial 

(5)) 

growth. Chemical analysis of well water during 1976 noted significunt 

increases n total dissolveda lids (TDS), chlorides and nitrats when 

compared to earlier tcsLS (1971). 6)These parameters are used gener -

,ally as indicators of domestic sewage contamination. .The mean values 

of upper aquifer w lls in the Zarqa -. Sukhnah area mpled during 1976 
theDorVBB repor t had average nitrate concentrations of 36.6 milligrams 

per liter (mg/r), chlorides of 187 mg/l, and TDS of 790 mg/l. Analysis 

iofground water was not conducted prior to urbanization of the area; 

Showever, it has been estimated that under natural conditions chloride 

wesntent was 20 milligrams per lioer (mg/)or less and tDS was about 
i230mgl. ()nTheWorld Health Organization (WarO) has set themxmum 

anowabe nitrate concentratn mindrinking water at 45 ag/l Alhough 

theVBBoanalysse qndcates ground-water nitrate oncentrations ofa 
aa smgil,it iseasonable L as ta concen tratiOn nain ra 

grwh.Cemcl yi o wsell w atduig17 notesinficat 

ince 1976 beause of additional urban develoiet, and are-approacing 

for he suBrseotd eragme niaton cesain.f366mlirm 

per lier(mgi), cloride of417gVan Sof70 g/.A lyi 



[Ha
r te r io lo gica l d ata aIre ,s u d u t, fo r we l l; it, th('bea . I',,~t.,., 


studie; of 46 w'el is I ro1 Atmmn Lu Zar'l I t 21( wt/. ni'qca t e; that ,l i. h.i, 41 It 

Lthan 16 'o4l ilort ba'teriat per 100 ,lii IliI iLv rs oul I .t t iS; tIll 141, !. 

(most pirobal nwlllil r). WlHO st itit81 standard tha : 


of 'oIiform i;iter i shouldinot 4x,'404 


ii:; ist tui I h, t id lilt ii I 

ll o roi';,,: lt;ml t,i- ItI llIIlI
 
dri n iki n g wa te r . i t his l l d
F o rl r e a s.onl l I lUW C'il , ,J i ; l - i iiP A l i t y % t U I ,
 

4.4.2 Zaq R ver;l 

l it s L r t i (' i i l
T h e, Z d ir q ta R ive r a n di l l a,rl~'c s . r t h e ly i : gn,'i i r a i,i
 

r i l wa';ter ri vil-Oflilli . i L ilt , letgioni. Iltu,
ngli 
 i~~; (ifi~wLltl /.,ir,i 

liver Ire localted jt). t't.l of tAhmn, and fiti wl,lotLheiast to /.irqlat 1Ii,11 

Z;trijqa, ttie r'iver ch;niies toursie a d fli ows tort to whiith iklirtt, it I
 
metI,by Wadli ltuillil, ;I imiijor tributarliy. Tu'irniing t'-L,,l 
 the, Iiveri 

<
c:orLiiiilt, until flows
it Milo Lh .Jolrdlan Riwer. Lotat ,d t irolugh i Lilt.
 

Zrirqji-Ruts 1 s rings: I ir iiai area ir , whitchtb t ito tilt rivit . 'it, :;'' s I ill.s 
inicludhe 
 wiL of tit( t' h its(;I I ai

the Has. v1 Aini Sprinlg, just ''~ Ammanltl; 1!I , 

Spmr tS iaind Zailj, i i tihe Zaiia-Hitsv fa,i s ias; ili] lit' NIill , ililis.41'.. 

atndiSikhiilh Spjrings in the S'iikhi iihdrvt . in r4'4'l.tt 1, ll':i;, i C1',4,a ,
 
wiLhdrawal fromn Lhivsv <pripp.s, andllthe, a:ilifvl 
 siltplyiilg lthtinhas
 

re u li , ,,ti ratiriti r S illtiot ig th i ;h 14 ' :;.hi 

F low re co rd s< f romli thet iK M ~tgai M lIN H te
U ng14ll ind ic ,a IL A:, h ,, 

m eanli l f l o w f t r (l i al mio nl th - he , .7.a i. i S u ik n aiit tliuig, ; Is ; V7t .o> 

11i /fir,with ,tnt.rx tii it I jw of I 1o)11it /hir (o(il iil'ill i n Nov, ilt, i 41961)b
 
andt almtinlimumif f Ilow of[ zvro. 
 af~ (o()li.'i l itonslll(OtLobter~ 1978 ,and 

Septemer19li 9) Llherl, wa4s no floJwAt the gaginttg litation. With tih 

V'X('t io4n of1 ti(, 4.l(;), i; , ', thi:; ilti44l1 tlti o44l Was ,14ta ined14 Jl'111 

Lcors revt iiu t- 1i it0, whic'h i ii;lgifi(, t Lit , it i dealidlittr 
the' Zairqal-Rus; itdi arleal has,<Increased( mlar-kedly ove~r t~it(, ptl; seve all 

yers;. Iit old'itiilt I lit( Za rl ,Rtlv rI .sI 1 I/t1nl itent 1L:4 h 'iV
wiLertol. lkhiiaih, the
S_) w'ith riveri dryingl tiltduring the airid ;ulilivlr 

' I'( on ly a v ail al e/ e a lllflow lmnilla i o ll f o r v".itil " t ir J l t i i~ i t (i 1 ( he 

City o f Za1rqa~ al et cal c~ula tled da:i i fromn the ,".;aitonia l ,,~-;ac MaL otllPl ani 

of Jrdan~il," which prvdicts ailnlal thinsw, of M3 52 Mlm'/y fo)r ;1 Wetl yaii 

aiildZ4.2Z4 MmAl/y7 for ani av,.'. a yea',r. Compi of[ this<sonli';l ,dital kith the' 

Sikhriath gg;tgil g Stat i ii lstation4: , "''il <iigiifitanL ditfferencites. 'lhit, 

preiictio 11 fo' tit /rqa vicinty art' tLree Lo fou r till-es gre;iter Lhi 
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the Sukhnah records. The higher flows estimated for the Zarqa area may
be accounted for by the Zarqa River's intermittent flow between Zarqa
and Sukhnah, with virtually zero flow for eight to nine mon ths annually. 
In ad(li(Lion, when so rface flows do occur in the Zarqa area, tLhe Ilow is 
dramatically reduced by ilrrigation propetst evaporiti on, ,and upper
 
aquifer recharge via river 
bed seepage.
 

Analysis of the Zarqa 
 River water qaoil ty is liff i.hl due to the 
general lack of data lertaini g to the river's watt- jo.i I iLy character
istics. For this reason the discussion concerning water quality will. 

be general. 

The various industries in the stidy area and the Aimmii sewage
 
treatment plant are continuously discharging 
 iitrogen (ompouilds, oxygen 
demalng substances and a variety of iniorganic compoud:if;;, iorluding 

9
heavy metals, 1 Agricultural runoff from irrigation cootrilutes
 
phosphorus and niLtrogen colounds 
and pesticide;. I, odit-i'uii, the 
runoffl froml the tpdosphgatt mines iii the Ruitla area is heavily Illen 
With lhospho rus copolll nnds. Deposit!. of liolnslsulu ' p1llutai li ts n the 
.t:eo,,nll h ol icurs aliiilly ii ,,all Of the hovi l'l-fiti uled d ischarges 
originati along the intermitttuit sctiln it the river. ien the river 
flow increaseis during the wet, seaioni , h tdeposi tel polluit.iiits ar
 
then (a-rried iliwnstreaii, ca-,using a higher 
 p~lutalt load it iils t illio
 
of the year. 1101
 

Pollution Of the Ziiqa River iscof tollern l udl WLeiiriver is a 
souiice of both pi taliIe and irrigat i1 waL i Agricitial cFforts ill 
the study area reqiire irrigation anrld the Zirqil River is the only
 
source prehently capable 
 of providing suff ierit quanititi es for such
 
proitnue s. Shallow 
 river lid wells in monlulctin with deeper wells
 
(approximately 200 
 meters) in the area are ut ilized for a variety of
 
plurlllses illolding 
 inldustial adl agrl Itardl a tivitiis, as well as 
d rinking wait( r. ()i, we,] Of piri(ll ir signif iieall(r(, is I oca Ld ill the

V i 1 of the Amiiii ;ewag tr'alimiu iit. plalnt. This 
 will is; employed to
 
fill t ainkier tritko,, 
 whic h tLhin listrilhui the water for d lles t ic ilse. 
lhie ifIluent fromill ti ewcui- u!itiit iiL plant eitei the river ciL this 
poIitt. 
 'T1hcre is I()o iiili,itiIl, yily precautionsill r taken to (eter
mine i f the well's wate  is sale , Se as putaile wa etic. ii11lie" 
health hazards (illiusel by the uti lii i ',f the Zarlqa River for agri

nliit ral projects and is drinking 
wate; ,, . very real problem for tHie 
inhahitants of the study a rea . 

4-9
 



One report has suggested using tihe Za rq', Ri',er for f'isheries I" 1 

The sites discussed by that report are locatefd below the King Talal 
Reservoir, and alhiugh these sites are a coosidperabl e distance from 
the study area, the water quaility of the Zarqa R iver would have a
 
significant 
 Sffect on such a fisherie; project . The numerous dis
charges that 
are curreii tly released into the Zarqa River in the study 
area would probably have an devs, impact on any fis:he.ries in the
 

Zarqa River.
 

4.4.3 King Talal Reservoir 

The King Talal Reservoir, -orimefdfry the daming of tlie Zaropa Rivur 
in its lower course, is located heiween the Balqa ard Aj In Mountains, 
southwest of Jarash. It has an estimated storage capacity of 
48 to
 
52 million cubic iret ers (frfCrf) rnol at maxirimi pool l('veI (ove n, air i;rea 

of 2.6 square kilometers (Kmn2J.1
 12 1 The reservoir irovides water for 
the East Ghor Canal and is intiended t, fu, ni sh water 1lr irligation
 

lrojects. 1 13 1 It has also been proj, vtedthat 
Ihe Animaij-Zar(la at :imay 
receive a )ortion of its drinking wateri r oI'pthe King Talal Reservo ir. 

Iowever, significant water quality pro.lin:; associated with th
 
King Talal Reservoir threatein 
to jeopardize ill of thieuse is,'.:. Tiii
 
waters 
 flowing into the reservoin vii th, Zarql River (onljin a variety 
of pollutants, includin lhospdhater.;, i lus;iil wa tt.s; (t,):.ii id

products), trearted andridu tr'ratr',I :I"','w,, ld ht,:Vy flit il:. 'The illf lIux 
of phosphorus (Ompondirofl nto the r'':itul r- sli ll ii tlolliCpl i )
 
with relatedl di;solv I oxygei 
 ISir; lI )"retu l eif ail hii ill; 'fil' frorut ihic 
conditions comrinierld with the fle":;ilr Aef rurIrUin us uirin iWi ll
 
severely irmpfact th reservoir's water quality. 
 lThi(irirpiat of the
 
reservoir's poor wal, 
 fiualty is niot limited to i rrigai.on anld piitahit , 

Water uses. It will additiora lly ristrict or tIluiiiii;itie thr foii':.;al
 

for fisheries projects.
 

4.5 Ecosystems 

4.5.1 Terrestrial
 

'[ie study area is locted in 
a trnsi tion zone between two dis
tinct habitaut types: the Mrediterraieari Region and the S;ha ro-Siadjanii 
Region. 
(enerally coverinrg a sinmall iorti on (f the s;tiidy ara, the 
Mediterranean Region is typ'fied by the Arnuan area. This area is 
capable of suipporting ores tsa ; ;diricuiitural activities, priiarily 
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because of the annual rainfall it receives, approximately 250 nun to
 
400 mm. Natural forests occuring in this region are composed of oak,
 
pine, juniper, wild olive, and cypress.1] 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 arp:,s, principally with 
pine. Where agricultural activities occur crops and their associated 
weeds have supplanted the indigeneous flora conunities. Over-utili
zation of these lands is another major problem, particularly during
 
droughts when overgrazing by goats fre'quently results in extensive
 
damage to the plant life 
and severe soil erosion.
 

The Saharo-Sindian Region is most
the 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 mn.250 

Within those two habitat types are agricultural lands that are
 
concentrated in the river bottoms. Virtually 
all of the agricultural
 
lands are locatec along the Riwr, is for
Zarqa which used i rrigation. 
The crops consist primarily of vegetaliles (tomatoes, onions and 
peppers). Encroachment in the river bottom arcas by the itdtstrial ard
 
residential 
 components of the region has resuilted in substantial reduc
tions in the availability of land for agricultural uses. 

lajor wildlife forms native to tLhis region, have been ext irpated 
from the study area, as a result of industrial, agricultural, mining 
and residential development. In addition, uncontrolled hunting between 
1930 and 1960 anid overgrazing by livestock resulted thein extermi
nation of many of J.rdan's l.,-ger game mammals, including the Arabian 
oryx, Onag"L aid Asiatic lion. The matmals most likely to occur in 
the study area include the hare, shrew, bat, and several varieties of 

3rodents. Other forms of wildlife occuring in the study area include: 
birds (pigeons, ravens, grouse, partridges, qtail and biwks); reptiles 
(lizards, snakes, skinks a;nd chameleons); and amtphibians, such as frogs 
in the wet areas along the Za,,a River. No endangered species are 

believed to exist in the Zarqa Xiv';r hasi..141 
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4.5.2 Aquatic 

The significant aquatic etcosysttlms ini the study are"i are the Zaria 

River and the King Talal Re.servoir. The Zarila River, known locally as 

Wadi Seil or Seil Zarqa, pilovides a running water environmentt for tie 

region. Currently, the flow oft the river is intermittnt duiing the 

sumtmer i|oilLs[frim Zara to Sikiiah. I)isiharge.s h rl t el Almimani sewer

age treativtL pli t aii th numerous inhlstiial fri s gi itiip aelI the 

river hdv,, severely impaired the rivur's watei quta itv. Vt 

Specific in llatiot oni fish n, i nI' t,'lt ti , ;' snih as is I;kit ions 

or a species listirng, is ntL p ;, tly avi i I f,l,.. lowevr, it is 

reported by the Uiniversity t J ot I that t i-l And invert r tr ets do 

inhabit the, Zarqa River. M ijr tiii;h' ,At,,r fi.sh sp 'ie's, tli.it Are 

indigenous to .Jri .. i il i.i iand t it t it i i ili Iiit roirg wit er 

environmuLtrt;, ii a tile tirp, t l Ipir, hlirbel Antl Nile. tt fish. It has 

been .sugge.stedM h AIt tisht,,-i,: de.v.l)lmv.nL it, Jordani s houldl iii,11(h. the 

rouistril t i t it W'm : I 'e ( i 'i t ioiiIo n at Lth' Sukli iih 

springs.161 I Hnwvvr,, inlt'r e; of ami 'rtijr il ta d I ra t ouia I lishery 

"ii t ii) tAi'p 

tw 


activi tips, thl' Z/ r i River is (ir-Itll I y 0 f Hi i lupo-titiN V . 

Since the. ing Tal l R, 'l .i (l8R) i s still tilling7'< i tri Ira tioi 

pertain i g to it.s water qtua I iit y il I i sheitri es itent iaI is i ricoilnp I eL e . 

However, as s;vera I ileor. . halv-, iidti k Ated , tiho wit rr q itl y (1t the 

KTR is ai retdy sil t ant i 1 lv 1m!)ji,,d u' indil itI ppi-Aii .: thait th s codn i

tion will worsen As tlhe rpv i'.' i i i .r thts tApaoitt . I'll M e .King Talal 

Reservoir's poor w it' i,-qulity is ,irtLtly .ittrilttiabl , ti tie heavy 

po Lilion if the Z;irq Ru iver, uh i wa- dilitd tI frrm it R. E uiLro

phi cation ci tiLt erise' ivilr hrlsi ,n , hs'ii ve d (1978) Andi is exiected to 

corrinue, sirite L' i tiiniral litkgruniii i h ,lie hul i; levl,ls otf li ZaNta 

River are iort, hani aiequate lottihe !,.vlelsuliopm ie , ! s bh condi ions. 

In adti tio , seasiial chiirnges iii the thr' li;i siti l it catitui of tire 

reservoir iteiLt LiiP *ivialabilitv ofAlg. l n trienits. Tli hypol in

riiren or deep waterlI ye r will pirobli yl ht' diveoid of oxygen during the 

simmer arld fall, tiLprpb limit r1e ti , viuuv u ' t tLer av iiLibie for 

fisheries use. ire Jocrdan Valley Auttllrity advisos tOWL there ias been 

io effect on the carp llr-touvit ilu for I, crcit nal trpo s due to 

pollution in Lthe roscrvir. 

* IllCd wiitLer I9') - I'Pit). 
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4.6 Archaeological Resources 
Human occupation of Lth area tinCOllip;sed hy moilern-day Jordan has
 

spanned a period of approximately 100,000 years from the lower Pal eo
lithic through the Ottoman periods. .Jordan ((itains some 800 known 
archaeological sites, including major sites from the Nvolithic period, 
the Bronze Age, Ironthe Age, the lellenistic Age, the Nahatvan Civili
zation, the Roman period, the Byzantine Empire, Early Islam, the era of 
th Crusades, and the Turkish occupation.i 

Conversations with the di rector-general of the )epartmnt of 
Antiquities and tle director of the American Center for MOjMetal 
Research (ACOR) indicate 
that, although excavations of limited scope
 
have been conducted, thL planning 
area has not heen thoroughly or 
systematically studied. 12,31 Collections of prehistoric materials have 
been found along the Zirqa Rivur .iid although Munsiv ol tivation
 
within the 
wadi has obliterated surface evidence, it is considered
 
likely that 
alluvial deposition over time might Lontain paleolithic age 
materials at depths of several eters. 131 Some specimeis of Late
 
Bronze Age pottery (1600-1550 B.C.) have been 
 found in Zarqa, arid it is 
expected that Bronze Age material is likely to he foudl, Pvri in huilt

1 21 up and paved over areas.
 

A survey 
of siltes in Eastern 'ilestine by Glutick1 ] iii 1937 lists
 
four 
sites that are located within the planning area. Glnuk descrihes 
one site, called Qereujat Hadid, as a large, completely lestroyeid site, 
spread over a considerable area. The site's location is indicated as
 
several hundred meters south of the 
village of Zarqa on the ea:;t side
 
of the Wadi Zarqa, 
 near the Zarqa Spring. This location would appear 
to he the same as the present-day community of Janna'ah. 6!,-,.,wk 
reported the discovery of seve ral Early Iron Age sherds, lut found no 
ruins 
that could he attribthled to that period. lie .judges the site to 
he a particularly important site 
in the koman pe riod.15 On the west, 
hank of the Zarqa River is a site called by Glu ck Khirhet Ulun Brida. 
Describing it as a small, completely destroyed site on the top of a 
hill, Glueck notes that the rujm were inrsuch a ruined state that no 
conclusions with regard to their time of origin could le made, arid no
 
sherds were found to help indi(ate during which period or onpriods the 
site had heen occupie d. (iJ. k's description places the site near the 
western edge of the planning at&- 161 A third site, called by Glueck 
er-Reseifeh, occupies a large, .ii) h hill north of Shnellar Camp ani 
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west of Musheirfeh. 
The site was on1ce completely surrounded by a great 
wall, most of which has disappeared, but other stone structures remain.
 
Glueck judges the construction to (late from the Early Iron Age, and
 
reports the discovery of sherds from the Early Iron Age (I and II), 
and
 
early Byzantine and medieval Arabic periods. [7] The fourth site, which 
Glueck calls Rujm Wanani, appears to be present-day Jebel Faisal (west
 
of the Shnellar Camp). 
 The rujm is a small, completely destroyed block
 
house situated on top of a hill. By it was found 
a small number of
 
EI-I-II sherds and several Roman sherds. [81
 

The Archaeological Map of the lashemite Kingdom of Jordan indi
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
 
st:ucture in central Zarqa called Qasr Shibib. (9)
 

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 growth 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
 
city 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. 

Tile /arqa River, which has. l,,ng I)mli tlmndcr cult ivation, is sub
divided into numerous small farms tiAt 
produce vegetables for the 
region. Over the years, industrial d.'e'-t opment has encroached on the 
agricultural land of the wadi between Zirya and Ruseifa, most 
likely to
 
take advantage of the shallow groundwater aquifer as a source of water
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supply and tile proximity to Lhv old Animan-Zaria hligl l,.iy. !1ljceilt 
years, government agencies have tended to disconrAge hurteir inins trial
 
development 
 along the Zarqa River, and newer indiustries ire low locat
ing on the upland areas 
 south ofc Zartla that ire servedl by the new
 

Amman-Zarca
r highway.
 

Muth of te commiIerc.ial 
 ktivily Ii the l lnning arva is colicenil
trated in the ceintrtra 
husip; s .dis tji /,I(ai , .ll iI aboui, 5llof )0 

hectares directly vast of the army (,mp. :"sewhiv( in the planning
 
area, sntaller scilv C(ommercial i( t ivity 
 intm& gludlii;i fo it'lii with 
residential 
uses. Open spaic usc'v, (hI si par1k, clI (olise'lvait ion areas
 

const itLute o a i
ly minor rdoti I ,in , Ilfth tota l land i, IliZar(la and 

Ruseifa.
 

4.7.2 Buili nig lVlcws ,dwl lrh~ni l)cve opimeit
 
The cities 
 of Zarqd ,ni Wr; ita exhilit ;i vaii,,ty of iiilan settle

ment paLterns, reftlectting dill,',a, I(,og
. lc t c litons, historical
 
origins, 
 and the Alieuts , :;iilk:, ,nt t-developU)iiil The older areas
 
of Zarqa, biNt on a gently 
 nkpuo; tr.iin, are or.tized in a grid
iron layout with hluoks ranyi in lc t
lli wIi 1cI to 200 lit ,r; anid
 
depths of 50 to 
100 met rs. A typi iil tio k ] i;linrthir divided by
 
narrow footpaths, gtun, rally oltle t- two lwtt.s in width, whith provide
 
access to dwellings on the itt 
 ii li 

housing type in these area; 


ii , l the k. T'h ihariActt, iStLi 

is lilt i t. IA ide couit-styli house, a 
rectangular wal led area with ,a sicle'-storV ,wolIl iig (occasiona liv two
 
stories) along 
one side and n opesn tiit lo, la itnlv tnd other dolles
tic activities. 
 Some oftthu oledle dli. l1 ji,::ol ititi-bltk cotlstrLic
tion, and over timte lohese have le.n iim 
 i,il d, inipioveil, or replaced 
with modern conistrut ion Iatetrials tAi , ,,P ret hlco k and pinre 
concrete. Aroud th ticimLtt', (fI lh cl , tIvu:Ually twi-story and 
occasionally three-story ti(ues itll,lrilI)()l lSt l oI l-io nonl ,reti,con
st-r ction often with strn, idtin,. lht first ,r ,,Ithe sti titLr is 
ofLen devoted to stiw t . "I tu imui ,d "c i ii: , I, the utlpcl 
floors are tsuail ly rnt, wp i is tt-:,l-ct 
 , . 5 lie iti Ac-2 I , 1 11 "l th toll,,-I 

171 to 5 stories) ha!. le ytin ... Ii ciI]a , 
ritilt o I islsi g lIald vaI 

tc ,: t) ,!, l iinl tlvlhi, 

,al.e .; I L, i'I at [1c I [tiI,t toe:. In 
iewer areas ocli th(' leil i il I 'ii ) Ii lltit' l ' I ik 'ly to 

lit free-sta ld ing, 'ndilvid J,.-I,1ii ti ,I In tht') ( t re , I 1ull-ll,,of thet 

Iuilding lot. The newer ciwell i lo ,; lit,' tof ill., ''itle 
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column-and-slah construction with walls, twoblock usually stories in
 
height with provisions for additional stories at some future date.
 
This process of incremental construction is a charpcteristic one for 

many families for whom no mechanism of housing finance exists; 
conse

quently the homeowner builds in stages his personal savings permit.as 

Ruseiffa and those areas of Zarfa on the west bink 
 of the Zarqa
 

River are, in large pa rt, 
squatter sLetLements built on areas of rugged 
Lerrain with slopes ranging :rum 10 to 20 percent. ''the street patterns 
are generally more random than 
in central Zarqa, reflecting the diffi
eunt terrain and the ad hoc, expedient process by which these settle
ments have developed. As in some of the older pats of Zarfa , many 
dwellings do not front 
on a publ ic street, but obtain access via 
narrow 
footpaths th.at penetrate the larger blocks. Because of the limited 

finai, ial resOorues of the squatters (and the impossibility of obtain
ing mortgage financing on illegal development), dwellings are 
built ill
 
stages, otften 
one floor at a time. Densities are characteristically
 

about 00 to 350 persons per hetare. 

4. 7:1 'r;lisporLaLion 

Be(ause of tite imited financial resources of much of the study 
area poplation and the hi gh import duties placed on automotriles, car 
ownership is not widespread among iamiies in Zarqa and Ruseila, hut 
general ly tonIined to upper anid middle-inrome households. 'rhu 'ompac-t 
nature of tre two citie.s mikes walking feasible for many persons and
 
fixed-route service taxis are avai]lrhle for longer trips. Conseqiently, 

m')tor ...hiiv tratfic is fairly light on most streets with the excep

ion of the cr.tral business district and a few m/ ar thoroughlfares. 

Ini some areas uf Zarqa and in many ,areas of Ruseifa the streets 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 from groundwater extracted from wells
 

located to the north of the ity along the Petroleum Refiner: Road.
 

There are three wells, known as S14, S14A and S16 which h:t the
 

following characteristics:
 

Static 

Source Capacity Diam Total Depth Water Level 

S14 300 m3/hr 12" Casing 238 in. 70 in. 

SI4A 300 in3/hr 10" Casing 281 in. 74 in. 

S16 130 in3/hr 10" Casing 113 m. 58 m. 

A new well with an estimated capacity of 150 m3/hr is 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'nnal, the total supply capacity 

will be 880 m /hr which is 21,120 in3d. Thesp ire maximum capacities as3


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 the Zarqa 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 I km norLnweSL of well No. 1. Each well
 

has a pumping capacity of about 
150 in3/l , thus, the total supply capacity 

is 7,200 n3/day.
 

5.1.2 Industrial Supply
 

Industrial supply is from both the mnicipal systems and private 

wells. Records at the municipal water departments show that, in 1979, 

607 in3/d was supplied to industries from Zarqa and 69 in3/d from 

Rusei fo. 
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During the i vidus tria] survey, wt i nui red co'cerning, thIl 

wai ter whic h stipp I ied -;1 i rv t,almount of was Io 1L tlldtst 1 lll pri VH 

sourtes . Som ind ',ustrie hid LitI ,a I w, ' an1dgoo LlI loi ter i 
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When contamination is found, remedial acLion includes increasing 

the chlorination dosage to the system and/or requesting that the 

individual tanks be cleaned and co..red. However, it must be concluded 

that bacterial contamination , -ti in both systems. 

Chemical analysis s,: ihat all well water is within the WHO 

drinking water stand is and the lut j! Ji;solved Solids range between 

400-750 rag/I and pH from /.00 to H.00. The most recent chemical 

analyses fur the Z:n'a and Ru.. ifa wells are" si n in the Table 5.1. 

lhese analysis ,,V C, H in ! ,' ,Ld i lli,tiate AV Inflrequency ot 

testing. There .re no st ,nd.ia . ! 1.;ir,,i-i . -o bo! teve that the 

chemical quai of the ait i c ii t w. ipli o e giao qa and Ruseifa 

is sar factc . The .oui-e Au all ,perdtin; wells is the lower 

aquif,.r aI .i,thuS, th,- p lluti., prvoit L the uiw, aquifer does not 

;lon ivt cL ci .. ,pj. :a>lIy , , 1,0 0.
 

It has booc n ,,i ttel ly ;n1,: .t I ,,tI { s:iiucu:, Author i ty (NRA) that 

f Iunt ide levels in tLhc u lip r :u ili - h a e I e-Ioed l) lit 0.5 Ing/I. 

Nitrate conrentrati. 1 ;i i - V .,i aquift hive been reported by NRA 

as anout 10 ag/l. 1hu chemic al i . q Ups ut chck tor either of 

these problem contaminl ts. It i cenuimur.uld that hey be added to 

the list of constitu nts for .atich E :Uig LiAcu luctvId. 

No data exists with re;pect Lo Wa',vy moti.,l , iit .logvns, and 

other potentially tLuic u, vit, I (IheI.are pote ntti Ii, ):, l,,wovez'>; 

hazards involved in using at:, i hi a. . s;ible industrial contami

nation. In view of IE0 ptV;A:L .10: aid projected lture expansion 

of industriei in the , ;E .....-, I: pt iti.a problutm warrants 

conside ration. 

5. 1.4 Population Setved 

Nearly the entire population of Bie cities derives its water 

supply from the public w.'ater systems in one way or another. Residents 

who are not supplied ilhi ,,iilatdire:t ly depend upon LtnlecLions to 

their neighbors. in Zazqa, thoie at _. vations higher than the water 

storage reservoirs are suppli-d from tank trucks. Thus, the population 

served in Zarqa is about 215,001) and in Rusvi ta is about 61,01)O. 
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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 16-inch transmission mains. The supply pumps take suction
 

3

from a 500 m concrete gruund level reservoir and convey the water
 

3 

toward Zarqa. One 5000 mI (No.1) and one 500 m (No.2) ground level
 

concrete storage reservoirs float on the system. In addition, one
 

35000 m (No.4) reservoir is being built on Jehel Al Abiad. Storage is 

also provided in the root tanks. 

There is also a 500 m3 elevated tank (No.3) located near the 

hospital. This tank was damaged during the 1970 civil strife and is 

not serviceable. It could be incorporated ito the existing system 

but there are no plans to do go. 

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 ftll-time watchman who controls the tank level by directing 

the supply pump operator by tolephone. 

Detailed informatic-, about each tank is as follows:
 

No.1 Tank No.2 Tank No.3 Tank No.4 

Ground Elevation - m 658 642 620 699 

High water level - m 666 650 635 706 

Low water level - m 660 644 630 701 

Capacity - i3 5,000 500 500 5,000 

Item Tank 

Except for tank No.3, each of these 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 

supply a 5000 m3 
The new well the vegetable market will 
1980. near 


reservoir on Jebel Al Abiad. This new system will be on 
a hydraulic
 

5-4
 



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
 

antiripated that pressure reducing valves will protect the distribu

tion 	network below elevation 630 m.
 

;he existing transmission and distribution system in Zarqa has
 

the following pipe quantities: 

16-inch diameter 
12-iah diameter 

8-inch diameter 
6-inch diameter 
4-inch diameter 
3-inch diameter 

2-inch diameter 

11,090 in. 
3,800 m. 

9,813 m. 
14,695 m. 
2,820 m. 
6,145 m. 

12,915 ji. 

TOTAL 61,275 m. 

The 16-inch pipe is steel and pipe 4-inch and smaller is
 

galvat.ized 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 lines to be repaired because the water is lost 

prior to metering. 

About 12-15 km of the galvanized steel mains are replaced each 

year and about 3-4 kin 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
3
 
side of the city. The tan', has a 250 m capacity and a flow line of
 
elevation about 680 m.
 

Well No. 2 pumps through two 6-inch 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 3 
a 500 m 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 ni of steel pipes of tile 
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, 
Iike 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 uater department was established in 1938 is an 
integral part of the Municipal Orin.,ization but became semi-detached 
in 1965. Its Director, who manages al! 
 the affairs of the water
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department, is, in cosmlon with other department heads, responsible 

to the Mayor. Under authority of the National Municipal Ordinance, 

the Municipal Council issues necessary administrative regulations
 

and has responsibiliLy for the water rates. (See 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 separately from
 

the Municipal accounts. Water department employees are subject to
 

Municipal Civil Service Regulations.
 

All water services are metered. Meters are owned by the
 

Municipaliry and are 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, Zarqa has been installing 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 met.red 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 tih meter stops recording, L:,

customer is required to have it repaired at a private repair shop. 

These meter ownership, testing, and repair practices leave much to
 

be desired. It is believed that th, total metered water sales could
 

be inaccurate.
 

All repairs to the systems are do,, by he Municipality staff. 

Major repairs of pumps or electric mot ors at, 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 38.0
 

1978 561,680 868,910 25.0
 

1979 538,558 642,730 16.2
 

Based on this data, the unaccounted-for-water average about 40%.
 

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 15%. It is believed that the level of un

accounted-for-water can gradually be reduced to 20% 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 reduction 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 implementation. 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 5
 

years but experience and test results will indicate
 

the proper interval in Zarqa.
 

Ruseifa
 

(1) 	 Acquire ownership of tile meters and establish a 

test and repair shop. 

(2) 	 Ownership of the meters could be accomplished by
 

purchasing and installing a predetermined n'mber 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-es 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
 

contrlling and measuring the flow into such districts 
for at least 24

hr and comparing the night rate to the total 24-hr use. If the night
 

rate iodicates high "sage ohich cannot he exp lai ned satis factori ly,
 

leakage p-obably exists. By a process of further subdividion, the
 

location of the high night rate can be 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 department is not equipped
 

or properly staff.
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An order of maguitrude ost. est imite I r a leak survey of Zarqa 

is Il)50,000 anm Rtseifa is JI) 20,000. The survey would take about 

mmonths. 

5.2 Water Demand 'ro jections 

5.2.1 listori'al Data 

Listed be!ow is a suiiunary 01 the historical data for the past 

fc' years: 

Se rvicc Annual Quantity Average Max Max to
 
Connec tion Pumped Daily Daily Average
 

3 in3Year N). m3 m Dai Iv 

Zarqa
 

1970 15,361 2,724, 330 7,464 8,773 1.17 

1971 16,021 2,920,210 8,0)1 9,579 1.19 

1972 16,909 2,967,930 8,131 9 108 1.12 

1973 18,251 2,469,;90 9,506 10,728 1.13 

1974(1) 18,872 3,679,705 10,081 10,345 1.03 

1975 19,445 3,905,645 10,700 11,3/0 1.06 

1976 20,203 4,134,599 11 32 12,83 1.14 

1977 21,617 4,854,040 13, 2 9 14,154 1.06 

1978 22,436 5,313,750 14,558 11,151 1.11 

1979 23,665 5,883,562 16_120 16,5) 1.02 

Ruseifa
 

1977 4,716 970,970 2,660 (2)
 

1978 5,500 868,910 2,38o (2)
 

1979 6,100 642,730 ( 1 )  1,761 (2)
 

(1) There was some defect in the well pumps ind tie quantity is estimated. 

(2) Data nor available.
 

5.2.2 ProjectedlDomeS ir and Commercial I;s,_ 

In Zarqa, the 1979 population wa;; 215,681 and the average daily 

pumped quantity was 16,120 m . The aviage daily per capita pumped 

quantity was 75 liters. This includes all water use: domestic,
3 

commercial and indstrial. Meter records indicate that 607 m per 

day were sold to industrial users. 

For Ruseifa, th. 1979 population was 61 ,674. Using the 1978 average 

3dai ly pumped quintitv (2,380 m ) since th 1979 pumped quantity was es

timated, the average per capita pumd quantity was 39 liters including
 

industrial use.
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The 1979 Ruseifa indutrial sales were 09 m per day . Assmniug 

the 1978 industrial sales were close to 1979, the per capita pumped 

quantity for domestic and comnercial use was 37 l/c/d. 

In Section 5.1.0, it was shown that unaccounted-for-water was 

about 40Z. It is believed that about one-half of that amount is 

used but not registered on the meters. The other 20 percent is con

sidered leakage.
 

The variousi daily per capita quantities for Zarqa and Ruseifa 

can be summarized as follows: 

.'arqa Rusei fa 

Total Pumped iuantity '5 I/c 39 I/c 

Industrial Sales 3 I/c 2 I/c 

Dom.& Coman. Pumped Quantity 72 I/c 37 I/c 

Estimated Leakage (20%) 15 I/c 7 I/c 

"Actual" Dom. & Comm. Use 57 1/c 30 1/c 

For planning purposes, the following assumptions are made con

cerning future water use: 

I. 	 Increased water use allowance - one 1/c/d per year 

will be added each year to allow for increased use 

from 	 increased bathing and washing machines. The 

total addirional allowance to the year 2000 will be 

21 I/c/d. The report by Dr. Nasir (Appendix 3.1) 

elaborates on the younge r generations use of more water. 

2. 	 Toilet flushing al lowance - A one-time allowance of IC 

1/c/d will he added to allow for increase water use due 

to a water-bornv wast, disposal system. A standard 

flush 	 toilet usvs about 15 liters per flush and a person 

uses it at least twice per dv. Tie 10 1/c/d allowance 

assumes thaut a portioil of the po lation will continue 

to use a squat slab system and allows for sewer service 

to less than the total IppulatioL. 

With these assumptions, the Zarqa year 2000 domestic and commercial 

per capital demand is estimated as follows: 
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57 	 /c/d1. 	 "Actual"1979 use 

2. Increase Water Allowance 	 21 1/c/d 

3. 	 Toilet flush allowance 10 l/c/d
 

Subtotal 88 l/c/d
 

22 	 l/c/d4. 	 Unaccounted-for-water 


110 	l/c/d5. 	 Demand 


The 	Ruseifa per capita use, based on available data, is about 

the Zarqa use (30 vs 57). We believe that, assumingone-half an 

adequate water availability, this relationship will not continue. 

have assumed that tie 1979Therefore, for the planning purposes, we 


use would have been 45 l/c/d. With this assumptiu,, thre year 2000
 

follows:
domestic and 	cormercial per capita demand is estimated as 

45 l/ctd 

21 1/c/d 

1. 	 "Actual" 1979 use 

2. 	 Increased Water Allowance 


3. 	 Toilet flush allowance 10 /c/d
 

Subtotal 76 l/c/d
 

4. Unaccounted-for-water 	 19 1/c/d 

9! l/c/d
5. 	 Demand 


Studies recently undertaken in relation to the planning and
 

a wide
development of other water supply systems for Jordan show 

range of estimates of potential levels of present and future consump

tion and demand for domestic use. Estimates for towns and cities 

The 	estimates for
 range between 65 to 85 liters per capita per day. 


l/c/d to 120 l/c/d. Our estimates compare
the year 2000 vary from 100 


favorably with the projections of others.
 

Using the same method and assuming the 	 1990 unaccounted-for-water 

and commercial per capitais 30 percent, the 1990 per capita domestic 

demand is 111 1 for Zarqa and 94 for Ruseifa. 

5.2.3 Projectcd Industrial Use
 

The 1979 industrial 
 water use is 	 based upon the following 

assumptions:
 

water meter readings for those industries
1. 	 1979 and 1980 


supplied by Municipal water.
 

2. 	 Estimates by industry for unmetered private wells (only 

one industrial well is metered). 

3. 	 Our estimates (based on pi duction and similar uses) 

for those industries that dt ,. meter. 
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These 	estimates are sua- Ied as follows:
 

1979 Industrial water use - m3 /d
 
Municipal Private Total
 

Zarqa 607 4,604 5,211
 

Ruseifa 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 accordance with industry estimates.
 

2. 	 Production from existing industries would parallel
 

planning area projection growth until plant capacity
 

was reached. In pl.nts of unknown capacity, it was
 

assumed that capacity would be reached in the year 2000.
 

3. 	 Limited water conservation unti i 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
 

m3d/ha.
 

Using these assumptions, the projected industrial water demand is
 

as follows:
 

Projected Industrial Water D)emand - m3/d 

1990 2000 2020
 

Zarqa 6,306 9,030 
 14,212
 

Ruseifa 5,962 6,199 
 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. Discussion with the industries haz
 

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 illstrial use from municipal supplies 

is calculated as follows: 
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Estimated Industrial Use From Municipal Supplies
 

(m3/d)
 

Zarqa 1990 2000 2020
 

Existing Use 607 607 
 607
 

New Development 1,850 3,700 7,400
 

Eagle Distillery 4 89 89
 

Subtotal 2,461 4,396 8,096
 

Ruseifa
 

Existing Use 69 69 69
 

Or't. Min. Wat. Fact. 104 104 104
 

Subtotal 173 173 173
 

TOTAL 2,634 4,469 8,269
 

5.2.4 Projected Total Demand
 

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 I I/c/d per year, tile 2020 Zarqa and Ruseifa 

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

total served population are: 

1990 2000 2020
 

Zarqa 294,900 421,100 565,600
 

Ru!eifa 91,100 125,200 229,700
 

TOTAL 386,000 546,300 795,300
 

The total estimated municipal demand is derived as follows:
 

Total Estimated Municipal Demand m3/d
 

1990 2000 2020
 

Zarqa
 

Dom. & Comm. 32,734 46,321 76,356
 

Industrial 3,516 5,495 10,120
 

Subtotal 36,250 51,816 86,476
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ora I Estimated Moni ic i paI Dei:md - i3/d 

1990 2000 2020 

Ruseif£a 

Dom. & Comm. 8,563 11,894 27,564 

Industrial 24i 
 2l 21t
 

Subtotal 8.810 12,1 I) 27,780 

TOTAL l)ENANI) 45,060 63,926 I 14,250 

The 1990 estimates ref lect alluiccoiinted-Ior-witer redltion 

to 30 percent. The 2000( and 2020 eSLIMateS r. IttCL '()percent un-

accountLd-f or-water. 

5.2.5 Futurec pply
 

The tutal estimated demand can be compared to the eisting
 

supply, assuming the new Zarqa well is operationail, as follows:
 

Comparison Total 1i)emand vs
 
Exist ing Supply
 

(m3 /d)
 

1990 2000 2020
 

Zarqa 

Demand 36,250 11,816 86,476 

Existing Supply 21,120 21,120 21,120 

Deficiency Subtotal 15,130 30,696 65,356 

Ruse ifta 

D~emand 
 8,810 12,t l 27,781) 

Exist u st,pplIly 7,200 7,200 7,200 

l)e i c iency Sub to tal 1,610 4,910 20,5;0 

TOTAL ):FIIC IENCY 16,740 35,006 85,936 

This data indi,-ates that the existing supply will hav2 to be 

lnL reased by 159 2( and 403 p rcent to meet- t he 19)0, 2000 and 2020 

demand, resphctively. I f the unaccuinted-f or-water were reduced to 

20 perc1ent b:y 1990, the Suply dl i L icncy would be about I I , 700 113 /d. 

It is biy'nld tie scope of Lhii; st-idy to leterilli e the sirc'e o 

tbil n supplv. It i; hlie i vd tha t [hie 1futurie SUipp tolent-a supply1,1 


W IlI (011)c It1 il(I li A. Ilik pi line, whi ci i.; )e ig Con)S t rUioted (o1 . lie 
east side An the pl ililin g a a oofil I riM the las t 'ior/A-i1iiall pipe I ine 

wlhi ch 
taa itc o 1n )4todl tie A 'al:pipe lino if- pumipiing I-cmI AZi-ak 

is discontinued. The logi(ai conile ti 414 poi it I oi Sc)pllo ental I up

ply is a joint connection nrr \wjan esh Sharqi. 
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Discussions in October 1980 with the Aimman Water and Sewer 

Authority and the .Jordan Valley Authority (JVA) indicated that 
they
 

plan to supply, on the conservative side, an additional 
1.2 million
 

m3 /yr from the Azrak project in early 19h1 and an additional 45
 

million m /3yr by the 
 end of 1982 to the g'reater Alillai-.arqa retion. 

The supplemental water required by 1990 for Zarqa and RuA ifa is 
about 80Z oi the Azrak supply or It) percent of the East ;har Main
 

Canal (IEGCMC) supply. The 
JVA plans to have additional supplies
 
available by 1990 from either the 
Maqarin l)am 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 ttne period to construct and that are not easily
 
expanded. lhey also include buried pressure conduits that 
cannot 

be readily enlare Consequently, the principalgd. 
 system components 
ar' made large enough to satisly the needs of Lie arca served for a 

reasonable time into tile future. 

As a general practice, l ede r n ins and interior distriihution 

pplung are designe d for W0 years. In this case, the satinration 
populat-oU is used. 'ran mission faci I ties are east lv expandable 

faci lities and generally designed for about ItI that period. In 
accordance, with tL~e Agreement, these are designed for tle yeatr 2000. 

These will be e:-:amined for ,phasingso that the Phase I facilitLes 

will be adequato for 1990. 

5.3.2 Range ol Pressures
 

An adequate dlistributioi system must be able 
 to furnish the 
necessary l wio Water- to varioiis points in the system at the 

pressure necessary 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 Zarqa antI Rusei f have 2 and 3 stories. 

Assuming a 3 story building, the desi ' height would be I0 meters. 

A pressure at the cust mer's servi'e t I atLno;liti e ('34 it/ 

10.5 meters of water) would be .,-;nsi , ' i'nt to S''. the I'o 1 [,uim s.
 

If the roof Lanks were e1 iminit,.tt , tl, the sit' he
Ii.n ltp sh Iid 

more in I r[. with t nvent i,, I y-tt':.. AS ,1 gil(it', ,' nvent i,.1a I 
systems are designed for T) to i p.i K At ) m!inimllIt It th,. 

distribution main. The distriht ion system will he de: iWi,.d toL 

maintain this conventional pressurt' taupe in the dist.r ibt ion system. 

Conventional system design shilid he such hit prt ssures in 

excess of about 120 psi (8 Atm/85 mete0rs) shou Id he :vid . Pressures 

above this range are harmful to conventicoal plnmb jog ixtires. As 

long as the pressure is controlled by the roof tank, there is no 

problem. The dis'ribution system will le designed to keep the 

maximum pressures within this limit.
 

Therefore, the desirable range of presslres at the cistoiers 

service is 2 to 8 atmospheres (25 to 120 psi/21 ti, 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 the2 

relatively low per capita water use. Water is carellly used for 

the basic human needs such as drinking and bathing. There is no 

significant seasonal demand variation for snch items as gardening. 

We have assumed that this ratio will increase to 1.3 during the life
 

of the facilities. 

There is no data available for the ratio of peak hour ti 

maximum or average day. As long a. there is significant roof storage,
 

the ratio will remain low. We have assumed that lhe ratio of- maximum 

hour demand to average daily demand will be 1.6 "is Ilng is ml t' storage 

remains.
 

One of the items used in estimating the 221) , verage dlaily per 

capita flow was a continued increase i tl,t, per i'apita is,- by I/c/ye:ir. 

If we assume that this increase does :rot extend past the year 2000, tile 

design peaking factors increase to 1.5 a"d 2.) for maximum day and 
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maximum hour. If this maximum hourly :-ate is used to desi gn the 

distribution system then roof tanks would not be required, 

An addit ion of these two factors yields a too conservative 

design. Therefore, the fact-ors of 1.1 and 1.6 will he used in the 

design of the distribution system. 

5.3.4 Storage Requirenienits 

It has generally been found that the 1Most economical combination 

of pumping, distribution piping, and storage tank capacit y results 

when a given area is supplied at the average rat, of demand on the
 

maximum day from the source of supply and equalizing storage is 

provided within the distribution systern to supply the diff nece 

between the rate of supply and the i nstailt aneous rate of . -stem 

demand. Additional storage may also be provided for fire protection 

and fur an overall reserve to ma i tolin Supply during temporary 

emergency outages until standlby units can be placed in service. 

The volume of storage required to equalize peak demands
 

usually is a function of the magnitude and duration of Ie p;ik 

demands and the rate of supply to tih dit;lit iion ;ystem. When 

the rate of supply is at the averag, ilit(. on it. IXax.ilul day, the 

volume ranges from about 15 percent of the aver.ge rate on the 

maximum day for large urban systems and hiiher ainoults For smnall 

suburban systems.
 

For the year 2000 condition, the Zarqa ond Ruseifa conditions 

with the existing storage are as follows:
 

Zarqa
 

Existing Municipat Storage - 11i 10,500
 

Roof Tanks - estimate - in3 5,000
 

Total available storage - in 15,500 

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

Percent average rate 15,50/67,775 x 1MO = 237
 

5-18
 



Ruseifa
 

Existing Municipal Storage 
 - m3 1,000 

i3Roof Tanks - estimate 
 - 1,500
 

Total available storage - 2,500
 

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

Percent average rate 2,500 x 100 = 16%
 
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 is 

20 percent (15 1 .75) o the average rate on mix:imum day. Zarqa
 

already complies with the 20 percent criteria aind Ruseila iends an
 
3additional 659 m . This would be required near year 2000.
 

Another generally used guide ineab is that enough 
 total storage
 

should be provided to supply 
 6 hours tf flow on average day. With the 

1.3 peaking factor, this is 4.6 hours oi 19 percOnL of maximum day 

flow. Thus, the calculation based on equalization storage agrees with 

this guideline.
 

Ideally, distribution storaeg s iuld be located at the oppo site
 

side of the distribution system from the s urce 
 of supply. This 

configuration permits two-way supply to the system during periods 

of peak demand. In large systems, hydraulic and saftety considerations 

usually will result in the placement I prtiens of the etalI storage 

volume at two or more location!;. 

5.3.5 Fire-Fighting Requirc;e.o ,ts 

There are no fire-flow stauladmis w,hlma. Bi ii n' CoIstruc-Td 

tion, in general, is of block, brick, or imud which ireseuts no 
great fire hazard. Thus, no special provision will i)e m:Ide for 

fire-flow facilities except lor th,, iumercial Aras uand high value 

district where fire hydrants a. urrent 1%vavailable aiid would be 
extended as necessary. There ar no I ire hydrautt; i:i i it;i i and a 

limited number of hydrants in Zali ItV' I .t pl :; f Zar';i and 

Amlon, the fire trucks carry thei . iply of wat,. 
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Accepted fire-flow practice in the United States is that
 
storage and distribution networks are designed to 
serve either
 
the peak hour or maximum day plus fire-flow requirements, which 
ever is greater. In large urban areas, the peak lhonr requirements 

are usually greater than the maximum day plus fire-flow. 

In the Zarqa high value area, tl.- fire hydrants are spaced 
at about 100 meter intervals. The fire trucks carry their own 

water supply. The pumper trucks ca" pump at about 60 m3 /hr
 

(250 gpm). For supply, the pumper take water from the 
 hydrants
 

Into the truck tanks and then repump.
 

The 5000 m3eservoir 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 25% 3reserve, 3750 m (990,000 gal) would be available 
for fire-flow. Assuming a maximum of 4 hydrants for any fire, 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 laast two direction.. In addition
 
to minimizing the overall headloss across the distribution system, 
this configuration limits the extent the areaof that must be taken 

out of service for the maintenance or repair of a section of pipe. 
The gridiron pattern will consist of eeder and branch Mains. 

The classification of a given main is dependent upon its location 

and function within the overall system. 

All intersections between feeder mains and all intersections 

between branch mains should be conipletely Valved. In the case 

of an intersection between a feeder main and relativelya small 

branch main, the branch main shunu b(! valved. 
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Air and vacuum relief p.i,isons 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 h, used in footpaths. House services should be between
 

12.5 mm (P") and 25 mm (1") depending on the size of the household.
 

3.3.8 Pipe Materials and Appurtenances
 

The existing systems consist of steel, ductile iron, 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 available 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 1wer hydrostatic design
 

stress capability.
 

Both the Water Supply Corporation and the Amman Water and Sewerage
 

Authority (AWSA) have had experience with plastic pipe. We discussed
 

the use of plastic pipe with both of these agencies.
 

The advantages 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 Ductile 
J.D. 

Iron Plastic 
J.D. 

(PVC) 

2-inch 
4-inch 

6-inch 
8-inch 

2.000 
5.000 

7.000 
9.500 

1.000 
2.700 

5.750 
9.000 

5-21
 



Installed Cost - The estLmated total installed cOst ptr
 

meter is:
 

Size Ductile Iron Plastic (PVC)
 
JD 	 JD
 

2-inch 16.000 	 15.000
 
4-inch 20.000 17.700
 
6-inch 24.000 22.800
 
8-inch 27.000 26.000
 

o 	 Pressure rating - The DI pipe has normal working pressure
 
of 24 Atm (350 psi) as against 16 Atm (235 psi) for the
 
strongest (Class 16) plastic pipe.
 

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

o 	 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.
 

" 	 With plastic pipe, the actual cost of laying and joining
 
the pipe (exclusive of material) is less than ductile iron
 
but there 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
 

cheaper 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
 

presented 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 servicer.. The 

Water Supply Corporation current standard is galvanized steel which 

meets the following (1) British Standards Institution Specification 

for Steel Tul-es 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 series. It is 

believed that the galvanized steel pipe which has had a less than 

satisfactory record did nut wet these rigid standards. 

Based on the experiences of the Water Supply Corporation and 

AWSA, we recomnend 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 a non-rising 

stem for manual operation with a valve wrench. 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 ,long the route must be identified and located both 

vertically and horizontally before trenching to minimize damage.
 

During construction, ihis 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, especially in the currently inde

veloped areas. These standard locatiuis should normally be strictly 

adhered to in order to faciliLate 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
 

mainimize 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 ;hould 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 of water 

shortage. Even thoagh Zarqa now has a continuous water supply, we 

believe that most residents may not be cc:npletely confident in it 

adequacy. In addition, the internal piping is arranged to flow-through 

the tank. 

Given 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 a
 

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 Zarga Design
 

5.4.1 Useable Existing Facilities
 

In Zarqa, all thw 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 not 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 finaucial . ' tmtts for replacement as 

required.
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Oiher improvements required to bring tlhe system up to aCcelt able 

standards are: 

I. 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 is at an elevation of about 645 in and 

the lower end of Zarqa near the road bridge is 570 m or a total differ-

Prce 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. It is anticipated that this reservoir will serve the area of 

the city west of the river. The ground elevation near the Zaroa 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, separate 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 particularly useful 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 geveral direction of flow. Estimates are then 

made of how much water must be su.pplid beyond each 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 opon the average hydraulic gradient across the 

sytem. Excessive velociLies are avoided to minimize the possibility 

of water hamnmer. 
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For a further explanation, the reader is referred to 
Section 13-7
 
of Volume I of "Water and Wastewater Engineering" by Fair, Geyer, ad
 

Okun.
 

The City of Zar(la was divided int,, al,,it 60 separate zones for 
which the water demands u.ere 4 aloulated on the basis of per capita 

flow and the spatial distggregaiion of phiplaI ti.n. Industrial demands 

were added is appropriate.
 

Because of the suplly c',nfiguration, the area was divided into
 
two are.as of ai.lysis. One section is 
the ajor portion of the exis

ting city north and east of the Zarqa Itiver. The other section is 
the other less populated section west of the Z.trqa River and south of
 

the bridge.
 

For older distribiticn lines, the "C" valve 
(toughness coeffi
cient) in the Hazen-Williams formula ranges from 70 
to 100. For new
 
cement-lined 
the values are 1 0 or ahooie. 
 We have used 100 as an
 

average value 
f,,ithe entire svste...
 

5.4.4 Zarja - 1990 Design 

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

nishing adequat C .tiliti! fot rhh ,eaC 1990 dem.inlg.
 

The saaj o i , z.t of ti .c,1 bt.
. f t i Pi; 

1. Aduitioinal Suppiy 

2. Reinforce Existing System
 

3. Expansion to New Areas
 

In Sectin '.2.5, it '.4,1 shown that thi total supply deficiency
 

for Zarqa -.as 15. 
 /d '.,i990 and 30,696 m3/d in 2000. Also for
 

Ruseifa, the Zot,.l j,.ppl :,'icienicy for Ruseifa was 1,610 m 3/d in 1990
 
and 4,910 13idt 2iO 3
It..total supply deficiency was 16,740 m /d
 

in 1990 and 35,60i. t3/. in 2Q00. This data demonstrates that acqui

sition of a iew sipply must be part cf !hoic 1. Because it is a major
 

facility but one 
 cnll .,. easily pirii d, the desigF life is 

20 years. Also, Decaus, it ii;a joint 
(Zrqa an,. Ruseifa) facility,
 

it is discussed in the Zarpa :iLction. 
 Thc 0xat will be proportioned
 

to Zarqa and Rustifa on the z~dsia of desiri flow.
 

The common pipeline will run from the connection to the East
 

Ghor/Amman - Azrak pipeline near Awjan esh Sharqi 
to the vicinity of 
the Zarqa River. From there, the line will continue to the Jebel Al
 

Abiad reservoir but this will be consideLed a Zarqa distribution 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. Tile percent
 

of design flow for Zarqa in 2000 is 86.1.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 recormnend that the network be reinforced 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 Zarqa River 

to the vicinity of Hai e -. Zawahreh. Distribution loops proceed 

westward from this line to serve the 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 elevation. 

Therefore, when the areas below elevation 630m should be in a low or 

normal pressure zone. 
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A 16-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 16-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
 

* 80% 	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 to year 2000 is defined as Phase
 

II. The major component of Phase II design are:
 

I. 	 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") pipe li,, along the western edge of the
 

anticipated growth. This line will close 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:.a proposed Phase II improvements are as follows:
 

Pipe Size (inch) Length (kin) 

16 5.o 
12 4.o 
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 Facilities
 

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:
 

1. 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. 3
The system from Well No.1 operates from the 250 m reservoir
 
with a flow line of elevation 680 m. The reservoir is located on the 
high ground south of the old Anmimn-Zarqa highway. The minimum elevations 
served by this tank are about 600 in. 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 6'4? m. The differential from the tank
 
tJow line to this area exceeds the rmla:-inimi allowable pressure established
 
in the design criteria (85 m). Therefore, areas below elevation 665 m
 
must .e served through pressure reducing vaives.
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3 

[he )500 reservoir in the vicinity ol Yajz road is Al.so svrv.dm 

by W.ell No.2. Il's flow line elevation is 706 m. It ,ui rentl St. IVL S 

an area where the low elevation of the densely [populated area is 

generally above 620 m. Therefore, there are no anticipated hi h 

pressure problem. There are isolated vases ol customers below this 

elevation near the river. Thne 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 tLY same two 

pressure system. The Musheirfeh system should operate ao a high 

service system. The remainder of the municipality should operate from 

the 705 mngradient. 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 "lockel-out" of the system. 

5.5.3 Design Methodology - Ruseifa
 

The configuration of Ruseifa 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 area was done by the Method 

of Section.
 

5.5.4 Ruseifa - 1990 - Design
 

The design of tl- Phase I facilities fur Ruseifa is based on
 

furnishing adequate facilities for the year 1990 demand.
 

The improvements will be required in four areas:
 

I. Additional supply
 

2. Reinforce existing system
 

3. Expansion to new areas 

4. Improved metering practice 

In Section 5.2.5, it was shown that Ruseifa would have a supply 

deficiency by 1990. Section 5.4.4 describes the design o this line. 

It concludes that Ruseifa should be allocated the of20Z of cost the 

24-inch p.peline. 

In the existing parts of Ruseifa, there are several incomplete 

of the loops, there 

will still be areas with poor flow because of insuffiient branch mains. 

The proposed Phase I facilities will remedy this situation. 

distribution network loops. Even with completion 
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The new development i': xpected to occur adjacent to the existing
 

area. In the Musheirfol area, it will be north and towards the river.
 

In the "old Ruseita" area, it will be eastward 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 Plact, 5.1 to 5.6. The;e faci lies are ai.ed to serve the
 

saturation p,,pulations for the areas which they !;crve. 

The 12- ulh line will make the new supply available to t:he area 

of Ruseifa borween the existing vells and the municipality eastern 

border. The 12-inch line north of the eafe: ;r:rion of the city and 

the 8-inch line through the existing development north of tle river are 

the start of the major northern loop. 

The proposed Phase I improvementt; are a; follows: 

Pipe Size (inch) l.ength (kin) 

24 0.6k
 
12 3.0
 
8 1.3
 
6 3.3
 
4 12.0
 
2 20.0
 

Total 40.2
 

* 20% of rupply line 

It is also recommended thaL the municipality acquire o.'oership of 

the meters and institute adequate test and repair procedures. 

It is recommended that the Mush(irfeli ,yerrem cmtinuo io operate 

as a high service area supiplied by Well NU. 2. Au eme gco:y inter

connection should he made so that. thelpurmnp; '.:hich supply the Hushirfelh 

area could take suction from the new supply it necessary. 

5.5.5 Ruseifa 2000 Design
 

The design for the year 2000 -onsists of completing the loop to 

serve the Jebel Al Shauali orta ad lte plompis.d housing project mul!th 

of Yajoz road with a 6-inch line. This is the remaining section of 

the 12-in-h and 8-inch line discuissed in the previous section. The 

improvements also include a iOti il r,t.i r Which W.i , discussed in 

Section 5.3.5. 

There are no streets shon oii lie hnte map for the areas thut 

are expected to develop between 199(1 mud 2000. The major areas are 
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Jebel AL hamal i and lai Al Aradl,.h. W'ehaVt [hit It'did .1 vst j.i.t, Ior 

these areas based on the pipleline density in the devel oped areas. 

The proposed Phase 11 improvements are a 700 m reservoir plui the, 

following pipelines:
 

Pipe 	Size (inch) Length (kin) 

h1.0 
4 	 4.0
 
2 10.0 

Total 15.0 

5.6 	 Cost. Estimates
 

The estimated constr,rtion costs for the recommended projects in 

1980 	JD are as follows:
 

Phase I 

Zarqa 	 JD 2,230,000 

Ruseifa 	 1,080,0OO
 

Total JD 3,310,000
 

Phase TI
 

Zarqa .11)1,725,000 

Ruse i t a 325,000 

'Tot l J ) 2,050,00(0 

The detai ls 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 Imp lementat ion 

There are three classes of water distribution improvements when 

viewed 	 with regard to implementation: 

0 The supply,feeder and branch mains 

o The pipeline to reinforce tile network and handle expansion 

o 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 JID 1,000,00o for those pipelines which 

are for network reinforcement plus growth. These are essentially all 

the 2- and 4-inch lines. These would be constructted between 1981 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 required by the Agreement, all costs are divided into foreign
 

and local costs. The material is allocated on the basis of its
 

manufactuling 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
 

(JD) (JD) (JD)
 

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 sihes have been given in inches in this chapter. The
 

equivalent sizes in the metric system are:
 

Size Size
 
Inches mm Inches mm
 

I - 25 10 - 250
 
2 - 50 12 - 300
 
3 - 75 15 - 400
 
4 - 100 20 - 500
 
6 - 150 24 - 600
 
8 - 200
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6.0 SEWER 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 industrial
 

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 b the homeownel. 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 groundw3ter or appears as seepage
 

where the bedding planes 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
 
- 4
that the levels of treatment achie' 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 frequentIv located under the buildings which
 

they serve. The odors emitted from these pits enter the homes through
 

their floors and the floors above the pit remains damp.
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Although the vast majority of property owners utilize, cesspools, 
wastewater from some homes is discharged directly to the Zarqa River. 
In Ruseifa, a number of privatc.ly-owned swers hav, been cons trueted 
down the face of the rck , Ihfs t the waMtr' ' ,.,
 

Even n homes wi t i cu: ,p ,, 
 , ais i ,lI I i ca l '.',il i ,I waste

waters mrv be discharged Lo the neare:,t ditch, St Iel or 
 lout path.
 
A common complaint of fam! I i us interviuwJ dI iii, t his study is that
 
many people throw wish water 
 (sul Iage) into I he ;t :,t s and footpaths 
to avoid overloading their cesspool s. Tii:; pia, the "',sul.ts in mdily 
footpaths, odors, and general nuisan cund it ions th1iunolioot til.
 
more densely developed sectors of the 
 tla ip, area. It has reportedly 
been tile cause of many arguments d.i ill fv0 li up:; between neighbors. 

6.1.2 industrial W .it,tw .r lisposal 

With relatively few Ii,i:lptions, located along theiidi:,tris; 


Zarqa River discharge antreited WaL;te' at,-rs 
 di l,,t I. iiit, the river.
 
Industrial establishments lo at d at sosie 
 distaace from the Zarqa
 
River 
dispose of their waist tewatrs ho. a variety of methods including
 
discharge to resspools, 
 pond,, aol ssall drainage ditches. 

A detailed discussiii of exisctig industrial disposal practices 

is given in the Indstrial )iriuonts lr:atniitt Report. 

6.1.3 Septage Iispisl
 

The municipality of Zarqa 
 owns and operates eight tank trucks 
for pumping out cesspools;. An estimated 32 privaely-owned tank 
trucks also operate in Zarqa and in Ruseifa which has no municipal 

fleet.
 

There were 29,7155 mete red water service in the two municipalit ies 
at the end of 1979, and i is; sstimated that there are over 30,000 
cesspools. If all of the cesspools are pumped out semi-annually, each 
of the estimated .'.f0 ticks in the area must service an average of five 
systems per day iver 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 higi but may apply to certain limited localities. It 
is estimated that a semi-anual pump-oUt is a more realistic figure 
for the planning area average. , need for more frequent pump-outs 
is reduced by isposal of su lage 11.0arey water in the streets. 
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6.2 

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

Zarqa charges JD 2.500 per 
four-cubic meter truck load while
 
private operators charge from 
JD 3.000 to JI) 5.000 per load.
3
charge for pumping out 

The
 
a 2 m cesspool varies from JD 1.2-5 
to JD 2.5
3
 

depending upon the 
tank truck service used.
 

Service Areas and Served Population
 

6.2.1 Methodology
 

In erder 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 economi
cally included in 
a sewer system.
 

In preparing service population estimates, 
it was assuped 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 
2xisting centers of population will not be
sewcred during the 
initial phase.
 

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

0 Small sections of heavily developed areas which
drain into undeveloped 
land will not be sewered
during the initial phase if an extensive amoutnt
of sewering is required within the undeveloped area. 

0 No collection sewers will 
be constructed to 
serve
homes on large 
lots within the 
agricultural areas
along tile 
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 provithd 
 at the nearest manhole for
 
his use.
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Aerial photographs taken in 1979 were used in conjunction with
 
the above criteria to estimate the extent of the collection sewer
 
system. 
The sewer system design prepared by Scan Plan Coordinator
 
and Jouzy & Partners in 1975 was 
reviewed using these photographs t
 
determine where new development has occurred sinc.e A
that date. 

preliminary sewer system layout was 
prepared for Ruseifa using the
 
1976 series 1:2,500 scale topographic map with a I 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 areas in the process of 
developing during all stages of the project. Thus, it is anticipated 
that even in the year 2020, sore people living within the planning 

area will not be served.
 

6.2.2 Planning Area Subdivision
 

The planning area has 
 been subdiviled into 21 subareas a; shown 
in Figure 6.1. A brief description Of each subarea plus factors 
governing served population follws: 

o Subareas I and II are located in Zaria and drain 
toward the Zarqa River. The southeasterly portion
of Subarea I is currently develo,,ed to approximately 
90 percent of its saturation population while the
northerly and westerly pottiens contain large tracts
of vacant land. Subarea II i: presently developed

to approximately 85 percent of its saturation 
density throughout. Was tewaters from both subareas 
could be conveyed by gravity to truika 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 III presently contains 
about 25 percent of 
the City's total population and
 
is developed to about 95% of its saturation 
population. The smm.tn rIV, por inn of Subarea IV 
contains a small area . it currently approaches
saturation destiny whilIt :- ';t-,entral portion as
far north as the mu nicipa! . field in developing
rapidly into a middle and ui;q hi 'omr residential 
area. Tihe northerly section thi< s subarea contains 
mostly vacant land and inc]lldt n an a zoned for new
industrial growth along the Refine;, F,)id. The Army
Base lies directly east of subareas LlIA IV and 
has a resident population of altproxmat ely 35,000
including soldiers and their families. 
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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.
 

0 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 developed s-rtp of housing along its easterly 
edge while its westerly portion is nearly vacant 
Both of these subareas drain directly to the Zarqa 
River 
through a number of relatively deep drainage
 
courses. 

o Subarea VII 
is located on the easterly side of t-.e
 
Zarqa River and is traversed in a north-south direction 
by the new Amman-Za,,la 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. 

0 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 connacrcial establishments 
are found on the westerly side of 
tue 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 streets adjacant to the 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 pr,,posed sewerage project. 

0 Subareas IX and X lie on the easterly and southerly 
side of the Zarqa River where it bends to the north. 
Subarea IX encompasses the area drained by the Wadi 
Hajar and is very s;pirsely populated at present. The 
southcasterly portion of subareathi. contains the 
Jordan Ceramic Industry Co. , the Jordan Match Co., 
and Leather Prod , Compaly, whi e the Jordan Paper
and Cardboard Co. -ituated on the ridge between 
subareas IX and X. 'ppi imately 1300 meters of 
trunk sewer would be rq ulr.d along the Wadi HIajar
from its confluence with th. :arqa River at a point 
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near the Ceramhic antd MitdLCh fat toies to serve these 
industries. 
As de,'hcribed in the I.ndustrial 1i Iuents 
Treatmenat Report tnorc ,:;ILtl justil I-bation lor 
constructing suji as extM'Sixe amount of sewer for 
these industrles it tlls tille 

o Wastewatr- 1r,in thta dun l'et: r iandCardboird Co. 
together with Lho,.' I iur th' ,Jor .danTallnery (,. , and 
thue lordan Ailylillankti l t. y and a IltullbeI smal lerut 
tndultid 1.1 t'.iu iil i b 'uM i tdt' iII a Llillik s t' unnll ng 
tihroiugh Soijii X. In addi1 t Lon, A Sin1,i1 dne Iv 
deve :Iop Ivd i uea tll iII the. Z la RI Vet' KOild bt stel td, 

o Th, suutllhet li' po~rt li of Snllta or 

developilni lt aind 


X Is zoned IZ tuture 
uktl11d L), st ic i bty I I it'l-C Ot. 0ttl otI of 

tile S lAI-LtitllkSq,'W 'L

o Subale i x! eullt,1In lls;t.I ahea around Wldl Uslish on 
the east l ly side> ,i the /,i ut River. Approximately 
100 hidll havehli'' h ,it alla lng a I e dtjd Cent tohi)Iiii 5 

tie1 WW d1i itt t1 L' del.' t y u 1 d Lve I 0s)ileitn IS not st1 f J
uo i ,aii;c lent r a tiiink and Lu01 IIct t ol svs tern in 

Phas, . 

o Sitlial,, Nil Alld NIl are Iocatetd along the WeSt side 
I ini''ii(A Lht,Z-< R ltie Awjai Al Jai tii i lica. A 

numbe r ,t I IllIlstltl a'IU i L,IcL d Illi els'e alO s Ili-
C ludin' ti 0 i ut1tl Millt al Water FL-Lctot jS (7-1p), 
tile .1ordall Ially, aind the .ordan WorstCd I ills. There 
1;S d t-:11c I I,' d , I-', , t -sIdei ial die t itonP, tile 
Z, ia RI 'c ll h 'lbitti 'a. hItt a, i a keII bo L,. 

CunSii-I i 11 1i1 lent IV 1t I ICl d It r SCIViCe 111 

rum-ut iuiA goiut Lim, II , p raj tIrL-ent y llg cOlls t ructedt i-u 

nor iitI o - lit, Ya o/ 1oad I, Subaire X Ii. The pro.iect is 
prese.l ,l d ht, .. tl~l'I I t 'ii a dispo .tl metiods, When tile 
projet(t has devol ped siiuf Citint ly 1Ild tile alliOtLtIL Of develop
ed ,i't' Iateas'hac;.t dId nortllwai d,, 
 tiliepro jet would he 
S U 1 VC d 1)\]'(:t e;l-l ~LI 11; ) 1 t ' '4111,|lff ea X I I s I 1)1.rUnkl.,. 

' XIV oLMed Il tlllSuba Lt ISi ht l thi.sutlier Iy side ci the 
Zarq I I' I 11I I IllI ,L sl,,isII noM I lt t It I V 0 I'v a iIt
Iland . ,litit ,illil iit d, volopinent oc tlirs It) just ify 
tt-e I) ai i I llilt lllk,ll'lt~s :I :;t .C i ai Ltt SUWCIt" c'tuld~ 

be ()11'1!, i tIlt t 1 Ii.,, lltIl ll 'a to a t'iintk sewer ott 
ih-ll.1)h. ly 51d1' i Liht riv,- .lio r 
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0 	 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.
 

0 	 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 stagrnant 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 devplopment on the northerly side of 
the ridge

consists 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 in the easterly section of the subarea 
is separated frc-, th,.o. ile a vzcky cliff. 

The large a, 2a 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 Subarea XVI could be served during
the initial phase of any proposed sewerage project,
and that most cf the remaining homes, would receive 
service as partially developed streets reach 
saturation densities.
 

o 	 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 devtloped at a tapid rae. 
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Approximately 70 percent of the prevent population
 
could be served by a system of gravity sewers during
 
the initial phase of the proposed project.
 

0 
 Subareas XVIII 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 XVIII 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
 
discharged to the sewerage system.
 

0 The Jordan Yeast Factory is located in Subarea XIX
 
and discharges a vastewater with a high BOD and
 
suspended solids content. In order to provide sewer
 
service to this industry, ove: 3000 meters of sewer
 
would have to be constructed through vacant lands
 
and farms along the railroad to a point near Ruseifa
 
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 industrial
 
waste treatment plant. Thus, this sewer should not be
 
built until sufficient development takes place along
 
its route to justify it.
 

0 Subarea XX encompasses the Musheirfeh area of Ruseifa 
in the extrer,.e 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 streets in Musheirfeh have houses
 
along one side only. The construction of sewers for
 
this area should probahly br deferred. 

6.2.3 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:
 

Total Served 

Year Population Population Percent 

1990 421,000 272,500 64.7 

2000 586,300 i19,700 71.6 

2020 840,300 697,000 82.9 
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6.3 	 Quantities And Characteristics of Sewage and Industrial
 

Wastewater
 

6.3.1 l)omes tc and Comercial Sewage 

Per capital domestic and commnercial sewage flows , n be expected 

to correspond closely to .hu per capi!a water consuMption fi gures 

presented in Chapter 5. Per capita water consumption usually includes
 

some water used for washing cars, watering gardens and oher purposes
 

which do not result in the production of sewae. in preparing the
 

estimates 
 of per capita sewage flow, it has been assumed that approxi

mately 80 percent of the water delivered to consumers will be returned
 
to the sewer system. (1) A sepa.ate allownce O been made for
 

groundwater infiltration and inflow of stormwater through manhule 

lids and illicit roof and court yard drains. 
 This allowance generally
 

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 Infil/ Sewage Water Sewage Infii/ Sewage


Year Use Flow Inflow Flow Use Flow Inflow Flow
 

1984 72 58 66
8 60 48 8 56
 

1990 78 62 10 72 66 53 10 63
 

2000 
 88 70 10 80 76 61 10 71
 

2020 108 86 14 !Lv. 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 (BOD5) and suspended solids (SS)
 

concentrations in sewage from domestic and commercial sources 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 BOD 5 and SS, when 

used 	in conjunction with the projected per capita sewage flows from each
 

community, results in concentrations of these constituents in the 

wastewater as follows:
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ZARQA 	 RUSEIFA
 

Per Capita Per Capita

Year Sewage Flow BOD S.S. Sewage Flow BOD 5 S.S.
 

lld mg/1 mg/1 1/d mg/1 mg/
 
1984 66 909 
 909 56 1,071 1,071
 

1990 
 72 830 830 63 952 952
 
2000 80 750 750 845
71 845
 

2020 100 600 600 659
91 659
 

These BOD 5 and SS concentrations are similar to those experienced at
 

the sewage treatment plant in Amman.
 

The total sewage flow, ROD 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
 

estimat.,v These estimates are detailed in Table 6.2.
 

6.3.' 	 Industrial Wastewaters
 

Industrial wastewater discharges are described in detail in the
 

Industrial Effluents Treatment Report. 
Estimates of industrial wastewater
 

quantities and characteristics have been made with the following
 

sasmptions:
 

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,
 
conservation measures will be implemented rapidly
 
and will be in effect by 1990 for those industries
 
served.
 

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

0 	 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 to be discharged
 
to the sewerage system. 
Some industries such an 
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 tile 
water recycled rather than disposed of in the
 
sewers. Other industries have such limited flows and are i'cated so far 
from populated areas that their wastes are more economically disposed

of cesspools until more development occurs justify
to the construction of 
an expensive sewer. 

For the planning area, 
the total ustimated flow, BOD5 , and SS to
 
the municipal 
 sewerage system from industries are shown in Table 6.3. 

6.3.3 Total Waste,ater Flows an Characteristics
 
For the planning the
area, total estimated flow, BOD5, and SS to the 

municipal sewage system arL 
as follows:
 

Average
 
Year 
 Flow 
 BOD 5 S.S.
 

m3/d Kg/d Kg/d
 
1984 21,700 18,7oo 14,700
 
1990 
 24,200 
 24,100 
 19,200
 
2000 
 41,200 
 37,000 
 30,900
 
2020 
 81,100 
 57,4.00 50,600
 

The breakdown by subarea is given in Table 6.4.
 
It should be noted that datathe presented in Table 6.4 is based
 

upon the assumption 
 that all those areas with sufficient prese.

population to warrant 
 the construction of sewers would received sewer
 
service during 
 the initial stage of the project. The quantities and 
charicteristics of wastewaters resulting from any number of alternative
 
initial stage projects can be obtained by adding together the 
corresponding flows, BOD and SS for the combination of subareas which 
make up each alternative. 
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6.4 Sewer System Design Criteiia
 

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 

o 	 Gravity sewers sloped to prevent dleposition of
 
solids.
 

0 	 Domestic and coimnercial flow peaking factor based 
on experience at typical treatment plants and reduces 
as contributory population increases.
 

0 	 Force mains minimum velocity designed to prevent
 
solids deposition.
 

0 	 Large pumping stations have separate wet and dry 
wel ls.
 

6.5 Trunk Sewer and Treatment Plant Alternatwives 

6.5.1 	 Alternative Treatment Plant Sites 

The 1975 report on wastewater dispnsal for Zarqa reconumended 

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 trick]ing 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 average daily flow of 19,250 m3/d in 1990, while the 

second phase cal led for expaosion of the plant to serve a poplation 

of 455,000 at a flow of 29,575 m /d in 2000. Because of the limited 
area available, the design oi tLhe second phase facilities called for 

the construction of a large box culvert to carry the Zarqa River 

through the site and permit the use o the area over his culvert for 

the ronstruetion of a portion of the N dge drying faciit ies. 

The inclusion of Ruseif-i in the proposed sewerage project plus
 

the numerous industries locatc, in the Ruseifa area results in an
 

increase in tLe projected flow reahing 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 ;cr 2020, the Volumne of wa.stewater requiring 

treatment wi. have inc reast a to approxiMatL:ly 81 ,OOO m3/d. The 13.7 

hectares available at thisa it is no t :lhequatIh tur the co t'ructlioli 

of a cost :fective treatment plant oi thtu talacity required to provide 

service t, the Zarqa-RIseila area for aniy reasoiable period of- tillie beyond 

1995 and, thus alternative plant sites must be owsideied . (See Chapter 7). 

Two alternative plant Sites have been investigated 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 approximat*ly 28.5 hertares of land on the "st side of the
 

River along the Zarqa-Sukhnah ad Old an additional .5 hectares along 

the westerly bank of the streaun. The Sire is c'rrentl y 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. l'relimin,irv investigation; indicates that 

wastewater entering the froin trtnk sewer along tie roadsit e a could 

flow through the plant by gravity. 

Alternative site H is situated to the nortlist of Zarqa on a 

34 hectare tract o: nearly level land located immlediately north of an 

Army ordnance depot between the di'Ilroad and th, road to llashimiyeh. 

A treatment plant located at thi; site 'old discharge to the Wadi 

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

raw sewage pumping stationi wjui1d b. requi red at the plant influent. 

The site is currently owned by Ihr Army. 

Both alternatives nitt:; ,, large etnougi to accomodate expansion 

of the treatment plant to sere well beyond the year 200). The two 

sites offer three possible ,l tintives for simeriig the planning area. 

Alt. - Treatment of all wistuwat-ers at Alternative Site A.
 

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

Alt. I- Treatment of tho e wastewaters which flow by gravity
 
to dhe Zarqa River at Site A and thusce that drain 
naturally to the Wadi Saida at Site B. 
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As has been discussed previously, all sections 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 stream to Alturnative Site A. Subareas I1, 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 each site are shown below: 

ALTERNATIVE SITE A ALTERNATIVE SITE B
 

Year (ZARQA RIVER) (WADI SAIDA)
 

1984 15,300 6,400
 

1990 15,800 8,400
 

2000 27,100 14,100
 

2020 57,20o 23,900
 

6.5.2 Alternative Sewerage 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 wastewateis would be 
treated at Site A on the
 

Zarqa River. Wastewaters from Subareas Ill, 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 serving Subareas 111, IV and the Army 

Base would be designed for an a~erage daily flow of 11,900 m and a33 

3
peak flow of 23,900 m /d. Three 225 Itorsepow,_,r (lip) pumps, each
 

with a capacity of approximately 12,500 m3/d at a total dynamic head
 

of about 68 m, would b installed. 
 Two of these pumps would deliver
 
3
the maximum daily flow of 23,900 m
 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, thp 
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, wast,,waters from
 
Subareas I11, IV 
 and the Army Base would flow by gravity to a treat
ment plant located at Site B. 
Wast,,waters from the Rusci fa area and
 
from the remainder of Zarqa 
 except Subarea I and V would be collected
 
in a trunk sewer systlmI similar 
 to that proposed under Alternative 

and conveyed to a major pumping 
 station located on tie east side of the 
Zarqa River about 1300 meters downustream from the bridge on the Zarqa-

Ruseifa road. Wastewaters from 
 Subarea I would he conveyed to this
 
pumping sLation 
 via a gravity trunk sower rtunin, soouth. Sewage from 
Subarea V would he collected at a point on the westerly side of the
 
river and pumped to 
 the trunk on tie easterly side. The main pumping
 
station would discharge its wastewaters 
 through a 900 mm diameter
 
force main to the gravity trunk sewer near the Army iase 
where they would 
flow to a raw sewage pumning station At the prAposed plant site. 

As in Alternative 1, the main pumping tat ion would bindesigned 
to accomodate a doubling of its capacity in about the year 2000. 
Initially, the station would contain three, 451, lip pumps, any two of 
which would be capable of pumping a maximum daily flow of 57,000 m3/d
through a 900 mm diamaeter force main at a total dynamic head of 65m. 
In or about tie year 2000, two additional pimps of Qe same capacity 
would be installed, and a second, 900 mm force main constructed parallel 

to the first one. 

Under Alternat ive 3, shown in F igote 6.5, the wastewater from sub
areas Ill, V and the Army Base would flow hb'gravity to th. treatment 

plant located at Alternative Site B, while those from the remainder of 
the planning area would flow by gravity to a second treatment plant at 
Site A. No major pumiping stations would be needed under this 
alternative except, of Course2 , the raw sewage pumping station at the 
influent to the treatment plant at Site B. 
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6.5.3 Cost 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 
 31l,JO0 374,400 295,600
 

The capital cost includes a 
44 percent allwance 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 beds.
 

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

The details of these cost estimates are shown in Tables 6.5, 6.6 
and 6.7 and in Appendix 5.2. joi 1 exploratiOD data throughout the 
planning area is presented in Appendix 6.3. 

In order to present a va lid comparison of W"L:, the ] roscnt 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 respectiv.e project costs, the tMtal present worth 
associated with cach altorLative for thei djrat iou of the planning 
period is obtalied. These amounts in thousands ot JQ are: 

Present Worth Alt. I Alt. 2 Alt. 3 

Capital less 
Salvage 13,015,000 13,K02,000 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 I is 
the most eccnomical. Based
 

on economics, and the qualitative factors presented in Chapter 7, the
 
single plant on 
the Zarqa River, Alternative 1, is recommended.
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Design of the trunk and collection sewers will proceed on the
 

basis of Alternative I implementation.
 

6.6 Collection and Subtrunk Sewers
 

6.6.1 Initial 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 Hose I of ti 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, Xl, XIV, XV, XVIII, and XIX.
 

Subarea XX encompasses the community of Musheirfeh at the 

extreme westerly portion of th, planning area and is considered a 

border-line case. 1lether it should be included in the initial phase 

of tha project will be considered later. 

Except for the soUtherly pr, i on ot Subarea XVI in Ruseifa, all 

subareas for which collection sewers have been considered can be served 

by gravity to the proposed trunk sewer system. The wastewater from an 

estimated 1100 homes drains to i low point at the edge of the phosphate 

mine and will have to be Ipu.,i. A pumping station utilizing submersi

ble pumps with a finn cap.ity 19 liters per second at a total dynamic 

head of approximately 20 meters is rco:onHctidoA . The station would 

discharge through a 150 Pun diamettee r r o main to a gravity sewer in 

the northerly portion of the subarea. 

A summary of the collection and sibtrunk sewer facilities considered 

for Phase I construction is 

Pipe Lenh-oet ers 

200 nm 195,450 

250 mm 5,350
 

300 nun 6,820
 

400 nn 
 3,120
 

600 num 
 160
 

210,900
 

HIuse laterals (Number) 26,850
 

Pumping Station 19 1/s 

Force Main 150 nun 
 220 m
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This summary includes 8050 metei of sewer to serve the Musheirfeh 

area which may not be economically praitical at this time. A detailed
 

breakdown by subarea is given in Tabi. 6.8 in the Appendix. 

6.6.2 !louse Lateral/ConnectioT Policy 

Ci pa~titilai concern, Uspecia iy to h1ome1COwIerS in low intcome areas, 

is the extent to whiC1 tile gov, riment is prepared to spend public funds 

to fac. IlLtate Conne( tLon to the sewer system. The conieCt'ion is made by 

instal Iiation oi a tee or wvc ill ill, slooet sewer and conlstruct ioe of a 

pipe (nouse ltar.ral) to the vilinity A1 the liOperty linte. A house con

nection is then constructed iteM the end 0I the lateral to the various 

sanitary faciliti,es. The existing policy int Atman requires tie homeowner 

to pay the construction cost of the house connection plus any interial 

plumbing modi fications. The Amman Water and Sewerage Anthority (AWSA) 

provides the lomeownt, r with desi gn drawings of the hotse connection and 

a list of conitraLtot-s who hive heen approved to tic)such woirk. lhe home

owner then c-hooses a cotitrac tot Ifrom the .pproved list and contracts 

wit h11 tO Install the pipe. iH :many cascs, the homowner is also 

requred to Install a 6(10 mm diantmeter manhole on the end o tile house 

lateral sewer to serve as a clean-out anl inspection poitt indl to 

faci litane the connecttlon of- his plttlbing to thte systtl. "'hC cost. of 

connecting is plumblnp to tile sU,1ehole at. the end of- ti, house lateral 

sower is, of Cotrse, ailSo pi0l K' tpti holleowner. 

If the htotitewnet does iot consti lt thlle holise connection sewer 

within three months of the tme he ts notifiled of the need to do so, 

AWSA has the power to tin his water service of. However, AWSA has 

not implemented this policy. AWSA'S experience is that a much better 

hook-up rat,- was experienced in tile poor areas compared to the rich 

areas. The pori r people arto in need of sewers while tie rich poople 

general lv hay more land, less disposal problems, lower pumpout rates, 

and less annual Lost. DIr. Nasir's report imdicated that the strveyed 

families would pay "anything". However, even if willing or anxious, 

the funds stllI must be obtained. The practice of non-connection, if 

widespread, could defeat the purpose of the entire sewerage project. 
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In order to facilitate conrctions, it is recommended that as in
 

Amman, the house lateral sewers I. installed by the government as part
 

of the sewer construction proje'.. This is the usual practice in the
 

United States since the house I terals are on pub ic property. As a 

result of similar problems in c.her areas, itheWorld Bank has agreed 

in several cases to finance house laterals as part 7ulthe total project 

cost. Discussions with USAII) have a I so indicated that they would 

probably agree to include the house laterl cost i it were to finance 

the project
 

The question then arises as to whether the house lateral sewer
 

should be built to a point just short of the plloperty line or whether 

it should extend Oito the homeowner's lot and inc1ude a terminal clean 

out manhole. The purposo of the terminal manhole is to facilitate 

connection from several o atLions on tie houseowner's property to one 

centr l location . In many caoes, tile Cesspool is below tie squat slab 

outside the general living area and the kitchen is within the house. 

In other cases, a terminal mlsl . .s not a practILcal solution 

but the houscowner must make exteusilVt int elial plumbing changes. A 

very typical case is a row of common-wall houses with tile courtvard 

and cesspool in the rear, The only access to the st ret t sw _r and house 

lateral stub is directly through the living area. It would he inap

propriate to locate the teiminal manhole in tile center 01, the living 

area. A suggested solution Is a terminal manhole or clean out near the 

cesspool.
 

The inustaI case is a house with easy access to the sewer. In 

order for all honseowners to receive equal value, the following is 

suggested: 

o 	 For hose siLuations where a terinal manhole is 
the appropriate solution, the project will include 
the construction of that manhole.
 

" 	 For all other si tuations, the houseowner will rece ie 
an allowance equal to the average terminal manhole cost. 
This al lowance W I I be paid after s ,is factory connec
tion to the system. The project wi]I end the house 
lateral as close to the property line as possible 
with a stub. 
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Additional benefits to be gained by including the terminal manhole 

and extended house lareral in the project are: 

o 	 Better quality control since the project will have 
adequate inspection 

o 	 Lower overall cost because of economy of scale 

o 	 Completion of all underground work bleore paving 

The costs for the terminal maliholes and allowance are separated 

from the general constru,;ion cost. The total estimated cost is JD 75 

which is JD 25 for the house lateral u,:t nsion and JD 50 for the manhole 

or manhole allcwance.
 

6.6.3 	 Existing Water Lines
 

A factor which will affect the reSt of constructing the collection
 

sewer system is the necessity of relocating or replacing existing water
 

lines. In most instances, sewers constructed in streets will he
 

installed at sufficient depth to avoid conflict with the existing water
 

mains. An all vance 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 coamnon practice in Zarqa and 

Ruseifa has been for the municipality to construct distributi o system 

mains only in the principal streets and for the homeowners to construct 

service connections from these mains to their homes. As a result, most 

of the 	footpaths contain a number of I to I-inch diameter galvanized 

steel water service lintc. 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 of the footpaths and to 

eliminate muddy conditions during tie winter month;, many of the home

owners have paved the footpaths with concrete. As a result, those water 

service connections which were originally installed on the groud surface 

are now encase! in the concrete pavement. It will be extremely difficult 

if not impossible to break and remove tihe concrete for sewer trench 

excavation without destroying the water services. It is possible, in 

fact, that any contractor preparing a tender for tie construction ot the 

collection sewer system would incFI.- in his bid the cost of replacing 
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all or a substantial portion of tile existing water service lines in tile 
footpaths. Inasmuch as it would not be good engineering 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 e:: i;tng water service 
system are comtempinted, it is rectimuended that new, publicly-owned
 
water lines 
be installed in each I ootpath in conjuncltion with the
 
construction 
of tile s.ewer in that footpath.
 

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

6.6.4 Footpath Resurfacing
 

Another factor ich must
wo b considered iniesti t in the 
collection sewer costs is the necess ity uf resurfacing the footpaths
 
to protect the pipe trench 
 against .ros io. As mentioned, many of
 
the footpaths have een paved with 
 co"cret by the homeowners. The
 
quality of the existing paving work 
 i generaillv p or. Sone paths
 
are 
 paved over their entire length while others are only partially
 
surfaced. Iittle attention Us het 
 give.n to thesloping pav(.nrit
 
to a central gutter, and, 
 in many cases, 
sotloge ard rainwater
 
running along the buildings and walls at the 
 edges of the paths have
 
eroded these structures. Wher.: 
 no paving exists, it is sorlmon to find 
a 10 to 30 cm deep erosion gully wandering 1rim side to side of tie 
path even though the ground may i,nsist of so , weathered rock. 

Although sewer trenches in footpaths will be backfilled with 
compacted material, it will genrally not he possible to athiive 
a
 
surface over the 
trench which will 
resist etosion as well as the
 
surrounding, undisturbed ground sortat.. An a result, runoff will 
tend to occur directly over the Ltrt .h aid r.:pidly erode away tile 
hackfill and expose the pipe. It i therefore, considered essen
tial that the footpaths he surfaced 'i a minimum of 8 cm- 1 inch 
of concrete to protect the sewer against w.cdht. An allowance of JD3.5 
per linear meter has been included in the -' !titates for sewers 

in footpaths to accomplish this work. 
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6.6.5 Estimated Cost
 

The estimated construction cost of tile collection and subtrunk
 

sewers considered for the initial phase of the project are suamarized
 

as 	follows:
 

Collection and Subtru; Sewers JO 8.629,000
 

Addition for IHouse Latral 
and Manhole 	 2,013,000
 

Water Mains 	 994,000
 

TOTAL (with 	Subarea XX) JD 11,636,,00
 

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 nMM wteI mains in the 

footpaths plus the house service recoinc tit. Thesc e.;timates are 

detailed by subareas in Table 6.9. 

It should be noted t1tL tile Musheirfeh area collection and subtruln 

are included in these estimates. There are no costs for a collection 

system for the Army Base sin'e it ha; lpee s,'.'ncd that the Army will 

construct its own system. A meterin g chamber ;houl d 0' constructed 

in the Army Base effluent pipe to etvnourage the elimination of 

ext rneous water. The basi. :,i these costs ire described in the
 

Appendix Supplemental Material ').2
 

6.7 Trunk and Collecticn Sewer Phasing
 

6.7.1 Basic Human Need; COncept 

The construction oi sewerige facilities in Za-qr and Rtseifa is 

considered to be a "basic humai needs" project. The AgreC'enIl required 

that the seweragl program he time-phased to ref'ecv the most urgent 

needs for sp.vices in tens of high densities, serion.; health problems 

and/or greatest inadequacies in present service. In Chapter 3, it was 

shown that low incume and densely populated areas are lelatively evenly
 

spread across the planning area.
 

Specific areas with hih incidences of disease could or be 

isolated. The available records; indicate that e"teric diseases are 

prevalent throughout the a. atire ar.e aiid are probably a3 much related 
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to ;contaminated water and food, which is distributed or sold to all 

people"regardlehssof the area in which they live, as to a lack of 

adequate sewage disposal facilities. 

Inasmuch as there are no public sewerage facilities in either 

Zarqa or Ruseifa, it is impossible to delineate those areas with the 

greatest inadequacies of sewer service. In general, however, areas of 

high population density have'more difficulty in disposing of wastewatero

in on-site cesspools than do those with more land area per dwelling. 

As has been noted, densitis of over 450 people per hectare are common 

in many of the poorer areas of the planning area and cesspool'srre 

V located under the floors of lings for lack of other available 

space. 

6.7.2 Other Factors 

Although the phasing program must be designed to meet the basic 

needs of the people, other factors must also be considered. 'Industrial 

wastewaters contribute significant amounts of pcllution to the Zarqa 

River which is used for swimming and bathing by numerous people. In 

addition, the industries can provide a significant proportion of the 

revenues needed to operate and maintain the sewer system and treatment 

*, plant during the initial years of operation by payment of sewer 
* service charges. Any project phasing schedugle must take into account 

the need to serve these industries as well as the people, 

The nature of 'sewer prnoects is such that it is usually not 

economical to by-pass areis with moderate population densities to reach 

areas of greater density and need. Gravity sewer routes are governed 

by topography, and the rost of 'constructirg sewer7 4ith sufficient 

capacity to serve future generations Is high, It Is usually necessary 

to serve .is many properties along the sewer route as can readily be 

connected If the cost per person or property served is to be maintained : 

at an acceptable level. 

6.7,3 Eonomic Evaluation 

In order to arrive at a coat-e~fciLent progr for phased 

construction, an economic evaluatinn hs been mide of various phasing 

;schedules. A first step in thi, evaluation, cOxU, rtion was givrn 

6 23 



to the economics of constructing the principal tru,' 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 originally propo:;ed.
 
Under this scheme, a second, 
 parallel sewer would be installed in the
 

year 2000 to providte the capacity needed throluh the year 2020. An
 
analysis of nnticipattd peak f lows trnd tit,, tpor;aphy aloung tie sewer
 
route indicates that a 900 
 uam diameter pipe wul I1 ,r.ired to serve
 

through the year 2000, and a tcnd 900 
 sun ii in would hc a dded in that
 

year to serve thlrougih 20 1r I.l t,ntr.is;t , a ;igIc I lot) :Un diameter
ill 


Sewe r would scrv. tor the 
 lui 1 !4() ''oir de;ig pcriod. A present worth
 
analysis of tih two alternatives indicatt'S 
 that tlie single 1100 trmn
 

sewer is5:,5 - tecono ical]L ra ill intetr t it, es 
 hani 

The rtfore, ti single pip, 

lesst h percent. 

thsig ied to t'ive for ,rt v,.sirs ; 

reconinundl*,. 

For s::ial lcr diameter pip.;, tie factors; which lavri providing 

capacity for the year 2020 during; the, initial phase of v 'roject 

are even morn piro lncel. lhus, i t is cnMIk uded that tile sc et('tori 

of a 40 year des ign parindIfo r the grv'ity timno sew,.ls is correct. 

This is not true, however, for force mliaitis; Sin'e tlie minimum flow 
vt 1on ity mrst ie maint ai ii . l.ar i F diantt i I ,r in iii. require 

hitgher vapa ity pmqissi,; to pr ,vid th, ',iii . (i..1 /; s iiniiium 
velocity. 1hiq r.quiris lar.g.r electri al qwit ciigtir , mtantmiwerful 

ti eI ;ric motoirs in iInui ri (-f ,thint in t lv' it tins. It also 

incre ases thi di-ttut in, ti lil:: ti. w. w, 11. 'hu! , two parallel 

frt,. Tiin, ii.t ;till 1,*'.on ''l o l d 1,r !h In ljr umnping . t,lti i on 

the tin 'it,i, ;id It . 

A'; I ..l.ld ', . I ,  il IIn .'. Li it ionti of pintent ial phs;ini, prograims 
a "mlli iuln::" ;: , ., t .1,, ;.I . t,.c I, tile 

,
basis; lor tompris l, o f 

clltp.rnativ,. %;c .,ul,, . lIlt 'Winiil:ium" Ir,to'ns'i.st 'Le tof .jus t 

tho'c t1'i :ii0k , t iii 'ttia t la ilitis.; n ','.sit'sv to serve 

S1111, . I, 1I, 1' t .IIn in j iii Th,'I. lh t tnstructi tn wi.nt:i for
t.hrqp ,;, . ili I i,+ ,. . l eIt, i -+,1, includilig, the, pre'sent wo~rth of tile 
olpet [ 1 andl 'lll l~ li ' c'lt' "I Ih llain p'-tmlilng ntLtLiot serviiigj 
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the easterly side of the city. Dividing ty 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 (15,000) was not injl udid since tlie Army inteds to 

construcet its own collection sewer system and may not he ,dy to 

connect to the system in that year. If it were included, the cost 

would reduco to JDl) 55.71 but tlhis number tInes not include tilt'Cost 

of tile Army Base collection sys Itillt. 

In order tc determine the effect of addingi; additional lacillt:tes 

to serve more subareas, the cost of extending tl, trunk sewer system, 

by increments, to reach mtore subarcas can be .iddod to the cot;t o' the 

collection sewezs for those areas and divided hy th numberc of peopleot 

served by the added facilitie's. This fi gure can be compared to the 

cost per person for tlit tinimum" projec to determine whether the 

incremental and total cost pt r p,: son s'ervd t exceeds the cost of tile 

oflmnil mtl" project . Sintc, treatmca ent cost:; per pers;on served (an be 

expected to consistent ly dccl ije as the r.,qui r,,d plant capacity 

increases, ito costs for trt'atilit, t erelti lud,,d . 

"](¢lt tc,'lI';11h'! :t l 1.J't: ' t 1 h ' ; l , V I I T i:; !m~ l a is 

adjacent to the "miniium" pr i,.jt irca , can he served by grayvity, aind 

is densely popilatld. Tl . incr,eintil cos;t of servict, is .I) 51.01. 

This is le;s than the 'O: t pr perstmi for the "'in imum" project. If 

Subare;i VII is included in th pri ,-t, a lower total cost per person 

served will retsult. The tmstration cu t per person served for tie 

new total project woold h, II)'n9 .17 conmpard to JI) 72.83 for the 

pro i,-t wi thout Sohar1 ' VI 1I. 

If th,' trunk at'wt'r system is ex ttnded still fiirther to serve 

Suhiar, i X, , 5i i d ti,in in cost per persimn results. This is 

bt'ca s ' Sl'ial'.] ',tiioa; a1 i ttittihr of large industries which can be 

s;'rvi-d hiy i v''ry low (oF;t ts letioi ewer system. In order to 

convert the indi;tri al Ilow to in equivalent service population or 

''"populition .quivalent", a Iigure of 66 Iiters per person per day, 

th, 5; timated 198' averige per capit a sewage production figure for 

Zarqa, was divided into thOr eatimated daily industrial flow. Since the 
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industries in Subarea X are expected to significantly reduce their 
wastewater discharges soon aftor conneC ion t.a the sewer system, tihe 
estimated 1990 i,dustrial flow was used ill the .:tlculat ion. If tile 
much higher, 1984 figure wor2 used, ;a still lower cost per pNs f) 
served would result. The inct-rInntil pr capit; cost is ID 7.43 and 
Over the total -proji, cost is ID 51.32. 

Alter adling the iK.cr;;tl l I o.;ts ol ttunk and collect ion sewer 
facilities for the t runk seweL which rtin alol g tie earturily side' of 
the Zarqa River from; the pro-p(osed ltret ,tI t p)lant tO Suhairti X, the 
eftect of construct ing the, trunk sower along the wstrly side of the 
river to Rutcila was considered. 

The iirst Sem;ietI of this trinrk sewer would .,rss tht' river and 
run SouLh to tie bounlary bt wtc Suharcis VI iid V I I I t1) sr'IVtV tihe
 
cel lectinn sewerst; in Subiarea VI. The 
 iW t trMunt a I olut rut t ion Cos t of 
the trunk and t col le tio n ;wrs in;Subara VI is .It) 80. t)p person 
and the adlition of Suhar. VI to We tital project would increase the 
to. ul cnt-tt ion cst prpt e-s ery to A) 54.29. However, if
 
the trunk rewvr 
 i; extn- I upstrseam; to We' approximai mid-point of
 
Subare- XII', s ervice 
 in ho providvld to a num;ber of industrie;s along
 
the river 
as w.l I as m-e-.n in Subnl'a; VIII, Xl nd XTIT. The 

rt-tsentaI c,,;t It t he t i il. ldu! , o-I I '"t i nl S-v.-wIs necessary to .serve 
tIcrese rc'ea!,1 i s ItD 1) '() p. t " poI son Ial I tl t ott , i tt ;triution lostL of
 
the ettt ire proik, t 1) t 
 tha t poi it is I1) 'I!. I (ip ter prsot;.
 

Subar-,ia ."XVII 
 in tW. next Ate whii ('0 ld li; , ,nv,, lv a,' further
 
ex ,tension
of the t riink sewer. -,to s whoreabhai ,lt a ins lit, lusse,inIndlustria+l C:il' as w ,il I ; .bA l rn,. n .l,,, oft 1,,w incotme lariili,s ;Ind. 

,lt wI lh tIe in(ri,'ntat 1 ,aI t i'; e' itleltcd at A) Y 0)9 ptr ] Itill 
s crvtl, the tot II t );;-t pj,-r ;;r IIt\' T Vtve li) te pI(ojeVCt iti t 1) 1(ad 
includin that pint i nr st, , 0.2 I' lIf ,IDvery sit iti aI atioun t , to 

,It 52. 0;. 

Th, o:ti .sion i sCwet" serl-viceo to S ltorkta XVI retquires that the 
truniwk s;; -,- cros the river atnd( run w-stitely along theI baie itf ;I rotk 

cIi fI t ; pr) i n t ltar the t -,' I, !i -:, on the Zi rq a - Ruse i 1, I1 id . The 
icri-menti c n t o f serving tlhi +n .,rea is .D) 9,0 p r persont served, 
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Ahd the total cost per pero,, served is JDl)53.21, an increase of
 
ID 0.85. llowevt r, Subarea XVI contain..; a lIrje Inhmber of low income 

families and very hiy iP tion hn!;ties.
 

The incr mental cost poi'ie 
 s vioi ~ ' te; ig the sowI
 
nysterm to s*rv , S iia 
 , i X'-:, i;,t if i;s 4!;till.-.d 
at ID 92.:. atnd ti . ,, i v, i hht t A i , , i it --;I per pi-rs n 
served ..oijt,s ,> o1 'Ihe pop,; it t s I a !,:;Ow iIIell )e 
not, at present , higha a in ot, ns ' i the :i1111 , givee. As 
a result, the cost pt person for -nil i,i ,.g ol lention ;lwers is 

hi gh. 

The invremental and total per saqta "Mstruction c,,t of adding 
sucess~ei, stbhar,-.s is swirnarized is 1 l,., 

Add Incr,'emknta,IIota :t I ;ost 
Per Persont Per Person 

--__ (. ) . ...
 (Jm)
Minimum 
 -
 72.63
 
VII 
 5i.01 
 69.17
 
X 
 7.43 
 53.32
 
VI 
 80.39 
 54.29
 
VIII, XII & XJVI 
 39.86 
 32.16
 
XVII 
 55.99 
 52.36
 
XVI 
 h,4.90 
 53.21
 

xx 
 92.72 5,.50
 
The details of these calciat ions ,ru 
gi vin in Table 6.10. 

6.7.41 Shnellar Refugee Coasp ;iil ,vbI [ isal
 
While the Shnellar Revtice 
 Cim 1p anod J,, Faisal are outside of
 

the planning area, theyr cotId 
 ti se rved by tie proposed trunk sewer 

system. 

The Shne lIar Reftipe Camp is ;mtinistrated by tie United Nations
 

Relief and Work Agency.
 

The 1979 potutlatim 
 wa 2' ,229. Present was'.ewattr disposal 
facilities ar resspitols. In order ito s;er.' the lr sent populiin, 

gravity sui) rtn and a collection sytim would convey the flow to a 
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point east of 
the Canp. A small tpumping station would pimp tI III,
 
old Anman-Zarqla Rold. 
 A 250 mr,ssbt riik w i Id ,ad"y t h I ow It
 
Ruscifa and, hest-,,, into tht, truni-
 ;;tw'r . F:IpAlaltiois I1 lt I t( at
meint plant would b , '; i t Iv i' Lrl - i Il I "I il: it 11 1 tl, lh' it II 
cost of th ,s' L- ilit irN lt r,,di iI i,1L. t h, 1ii k xithls t
 
Shnellar sei, 
 ,-, i, ill ,II )'( , ls*. HI'. i ,',, t AD I . ' ptr 
pv~rs;ul. It included, 
the' tm it plotI~ "A,to'.wuK he, A Ii,It , I I ,. 

t,; ,s ;sssun,These vst itiir P 5I, ll ,t i '*,I ou;,,t i-n:. I i suli, t,,i lets
 

were seit, tilt ' ' . .
 I,h I.!5;.
 

'Ti f, isI I si,i r h
it, I i t-,I t.i ' o is \ruuss-' I, I Tm
 
Shnellar (i ,. ,A! PT , .-t, p 
 pill t iol, is e t iru;t .itd it i,.)r. Th I
 
populati n i; a
o iihe I':A ! t lit St d
 
2020 Pf PliIlAlM . i<' ,is ,i t i 


i I I t' iiHe. ,,l.l he Ii- im1t'! 

di,ti, i th itilttd tlil ',,-Wth '.iII
 

pro'ceed 
 lg 5 III i I! l , t,'lf.1t,tIlt,'I V I .
 
Ili olrit
- r ti , -i v, I1, ii It:,l , lkoil.ctii o.sits-ill 1A1 ;iirt roik 

soeIi +r v,,5'Sy; :. t h.;i 41 ti IIT.' susit ltrll k wtq IIIstin t it 1i, -- illtit ii
b a;lf(o f" tilt, h i ll1, Imlit ,,,It ,(lit,' -ii1 tINi v,,ri-Ind I, lW 11h, 1tiV,, ft.
 

Rusi<'; Thi, ,';timjl T. I ,a -Id t isa, illI oll I [ thSf.-It c jIltI ,--, i s
 
iD 25(0,00C0. 
 "l' i rT,F t A nit i II)D .
 

It both 1111l ri 1,1
1i Jul i iii!;il is iddi di t t (Il. total
 

lro - t , th e 
p r ,a it i t in H, I ., 

6. 7., RtCWT'oltis ' O'Ph! ;" I we'l it I m 

.I t iso s l ,,I[ oSi'-~jv irs.s i .<-i,
insdi~iat ,+ thtiit t tt til perw cs t 


's u I-r ,ds I;, i Iiei
, t li ,,r !,',"It,sri i !,,,,ll'-tlruct d Is tIar 
w-st "I.; Ptl ar,,I XI I I111i , i h,i n it ill phrlsc.,,tilt'b A1;ic111i;',, tieds otl 
h,.-il5t gt r,; i., l , i , >,\I oid u:ls'!;t II- o-is;ithl r- A. ,\ s.,,.'iew ,I 
thl' I) ' i Ir i l ' hut"', 'lhit t plilit i lltil ,s- ,h-rixl it s in
 
largie post isr (,: jisi is!XVI 
 I " ioidh"',I . ,'-t p ,)) to-lwi' p ' l tol . 
Field i I '. ' i t i II,;u l h rs, c [ -iidu w r'i,ills , deii l the 
.,t 'tt ; A i I -ldhin I,1I.' AlI- - Ili , I ,i iI t 
funstiornin 

I 'it ul 'C;n5) ooI , iI- list 

. Ihildren ,twitr ii /51-'.i tilt-, River i:in',list, Iv hliow ti'FiVii 
flo t t ihehi in I n it r ia Ci(ItI wi cI (I i-I,hal vid ill Illlialiss-s 

XV I II. TheI r ,,,'; s; rV iis ,pi A I o,; t Ii aII 'l! I's.; ilit, i 
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the groundwater as evidenced by high concentration f heavy metals in 

samples taken 1tm the O: .ji Star hiitiller.. ,K. Th" aced for 
sewers 	 in Subireas XVI and I i judged to he a:, prtat as, if not
 

greater tha. the need in Wi,,,s 
 V, VIII and Xi ir which a more
 

economical system is pus:iiie. 
 The increase in cost per person served 

which results from icludin :;iareas ,:Vl and XVi1 in the initial 

phase if the project is;minimal. it is 1mudgl ht the hai" human 

needs in these :suba',, , F.l, t, , , a:: i4 ,, n cerving and protect

iog g-oundwater quoil yi 1 - a .".;:t, 'cUnolic consideration
 

associated with 1 :1 i. - is ' 
aen COst. 
The in'remental : , , theti M : i h ,4A (Subarea
 

XX) higher , 0V area. l pA
is much Anin ther I'S, -palation 

density is not as .1511 i., -: a;ectio a t [,, ; l i!! ! 1170a. The 

same situation -;.ij t A i. ,: : s l IMh,' ::i,' uran o:: is not
 

as great these in othert of planning area.
in ,r,. n atr nb the 

Certainly, tai i.a :1 ;r,::t basiC humani no,,i tor the Shr1ellar 
C" n. There also Io ticult q",1 s tiln (i th. of theis d* piTmanence 

ca:ap. Over WeI n - , ., ! l oip ci Lwi ;owa c'ould or reduce in 

sM e depending nplm ::.- i 1i ca, s it.iori. 

Based on thesp c1,,sidciations, tie recotmmended Phase I project 

will provide sewer seYvice to the developed sectious of Subareas I 

through IV, VI throulllgh WI, X, X11, XII, XVI and XViii. [lhe 

reconnnendd sower ,yst;tem is shown in ditil. on Plate:; -. I through 

h.6. It will serve in , W !ilatcd h pei-,:,n1 of the pl-lnning area 

;opulation ia 198.. On a strictly basi, lualll neues b ls ttl Shnellar 
Camp should lhesei,. We d,-cisial nrV ice h ins byI fil: 1 ttale the 

government , PN-ndiI.,: rpsi l W af tiv , ,"at tan 1itatiun. hasIt not 

been acluded in the le,,_:all .- ,.d .,ajrt 

The recommended trunk sewer system will include: 

o 	 22.3 km of trunk sewer ranging in size from
 
3M0 min to 110
letmi
 

0 	 3.0 kn 01 '00 uhIl fort-.- allin 

The 117, .,1 / hr ast Side Pumping Station 
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The recommended collection sewer systei will 2 "lude: 

o 202.8 km of collection and subtrunk sewer ranging in
 
size from 200 iian to 600 mm 

The 68m3/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,O00 

Water Mains 
 974,000
 

TOTAL (without Subarea XX) J1 13,306,000
 

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

6.7.5 Phase II Trunk and Collection Sewer ProIject
 

The reconmnended Phase I trunk and collection sewer project 
 is designed 

to provide service to currently developed areas only. In Feneral , only 

existing streets on which more than one-half of the developable lots have 

presently been built upon will be sewered during the Phase I project. 

Prior to 1984, the anticipated date of completion of Phalse I construction, 

it is expected that a certain ;mlount of new developtiwit wi I I occur in the 

planning area and some streets 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 innnediately. If this does occur, and 

provided that funds are avai lable, the construction of additional sewers 

during the Phase I 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
 

areas may be accomplished through ann ongoing sewerage 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 ,loyed will depend to a large 

t,.,tent upon whether funding is avai labl, n a yearly basis. This cannot
 

. ptredicred 
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
 

avaiiability 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 of this growth is 
expected to occur in areas
 

which are currently partially developed but do not have sufficient
 

population densit- 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 sewer 
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 ostimatL 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 miin costs have not been included
 

since they are in Chapter 5. 
The results of these estimates are as
 

follows:
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Total Increase in servi.e 
Population 


55,850 147,200 
Number Served by Phase I Sew,:rs 5,600 
 16,200
 
Number served by New Sewers 
 50,250 
 131,000
 
Length of Pipe Sewers 
-- kil 66 
 205
 
Number of House 
Couin, Lions 7,975 
 20,300
 

1980 	Construction Cost 
Including
 

Teninal Manhole (AM4103) 
 3,291 
 7,353
 
The detail of 
these vsicitvs r proented in Table 6. 13 and 

6. 14.
 

During rhe 1984-90 period, 
it is totnici pated thatt sewer service 
will not be required in Subareas IX atl XV', treds which were not
 
rec(:,nmended 
 for service in the Phase I project-


Between the years 1990 and 2000, 
 the ppulation of the entire
 
planning area ; is ex .ctc.d gr , Q: . niti 	 n.l r . , 10O pc . ,
 
while the epo0lat ion 
 ohi coliK beo rver by ,own is projected to 
increase by 147,200 people. Dur-ing; this 
tire p!.,i e , it expec ted
 
that sewer, will he ox
, k N:' I.:h X;tl[hailealldn to 
Kubareas V, XI and 
X, 	 ,h, ! , 
 i....n; St.ation serving SubareasiI and IV in Zarqa and thc-\'Lt will rCquire CXpallill and a second
 

jarallel 
force nain. lhe , , .n re i.iwed in th., 190-2000
 
l ti. constructi,,n
.tjes ).st stiii atc.
 

The 19H4 to 199 ainld 
 1990 	t,, o) facilities are not shown on 
'lates 6.1 
through 6.0 because theit 
 location is dependent upon the
 
growth pattern.
 

6.8 	 Foreign andl.oic.l (n:it; 

The construct ial C,,stshave b,, P ,iVidL: i,;to foreign and local 
costs. These are si!lttit t ed as follow,4s: 

Foreign Lccal Total 
UILIi)r9J03 (J~ili) 

Phse I
 

Trunk 

Q.5 1,758 2,383
 

Collection 

2,o0 5,997 8,000
 

Terminal Manholes 
 49, 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
 
(JDxlO) (JDxlO

3 ) (JDxl0
3 )
 

Collection 673 2,020 2,693
 

Terminal Manholes 152 446 598
 

TOTAL 825 2,466 3,291
 

Foreign Local Total
 
3
 3


(JDxlO
3 ) (JDxlo ) (Jl)x10 )
 

Phase II
 

Trunk Expansion 71 179 250
 

Collection 1,395 4,185 5,580
 

Terminal Manholes j86 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 TREATIENT SYSTEN 

7.1 	 Estimated Domestic Si.,_ cilaracteristics 

A direct determination of the 11,atacter istics of domestic sewage 
generated in the Zarqa-liseiifa arta; is lot possible due to the absence 

of an existing sewerage sys teai. |owtver, al ildirect means of esti

mating sewage characterisLics is posz ,ile whloi (olsidering that domestic 

sewage from this area should be esselit ally thet same as that generated 

in the Amman area. Sufficient ddta alt aVajilable tt characterize the 

raw sewage entering the nearby Aii Ghazal Sewage Treatment Works located 

north of and providing service t-othe City of Airurar: and its ialmediate 

surrounding areas. A review ot thi.i data will not only reveal the 

character of the domestic waste ailt.iiipated from the Zarqa-Ruseifa area 

but 	 also provide the basis for -:,I'abl ishing total loadings of key waste 

parameters including biocheuij(,al oxygen demand (BOD5) and suspended 

solids (SS).
 

Analyses of raw sewage geneitd in the Aamian are. are presented 

in the 1978 report on the Inmediate Improvements and Expansion of 

Sludge Facilities for the Ain Ghazal Sewage Treatment Works, prepared 

by Binnie & Partners and Jouzy & Partits. }Results prove conclusively 

that incoming waste, the bulk of which is from domestic sources, has a
 

relatively high strength as rmpaite, t,,geierally accepted values of 

comparable American and Euro1 ,ean st-wage. Average llOl)5 and SS concen

trations are estimated in th, report at 890 ing/l and 830 mg/i, respec

tively. Furthermore, the retult. iISt 1!' lise A ti average per capita 

pollutant load cont ri jut,iLi for the Aunoj a o, 5fa grams per (lay 

(g/day) for both lBOD5 alnd SS. Ihose. est lil.,ts at t iii agreement with 

the 1976 report prepiared hb tth, ,i:,L l lig f irilOf Vt teilbyggiadsbyran 

(VBB) which adopt d values Ah 60 gildiy Ihr pu ilat lotsi witiii the City 

of Amman and 30 g/day for popul.it. ios in tile out yiug areas of Hussein 
and Wahdat. Consistent with thiise estimat.es, 60 g/day is selected as a 

representative per tap ita pl lttit lo,d k itriluti in for the Zaruia-

Ruseifa area. 

7.2 SemInary of l ustrial ,,Etfli,,t, ,atien Rep.ort 

During the period from Febtar, ;',-' through hay 1980 Malcolm
 

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

Effluents Treatment Report.
 

All known industries it.the .arqa-Ruseifa 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 uuni cipal treatment plant and five 

were classified as being suitable for treatment at their source for 

discharge directly to the Zarqa River. 

In estimating the BOD5 , suspended solids and flow tributary to the 

proposed facilities the characteristics of all tributary industries 

were categorized, quantified after pretreatmeut rd added to the pro

jected domestic wastewater load. 

In analyzing the industrial wastewater load special care was taken
 

to assure the load was treatable and that the resultant sludges would
 

not poison the soil if the sludges were to be used as soil conditioners. 

To provide for industrial growth in the service area the available 

unoccupied land zoned for industrial use wah assigned a unit flow, BOD 5
 
and suspended solids loading equal to the use of the presently occupied
 

industrially zoned land.
 

7.3 Estimated Total SewageCharacteristics
 

The total raw sewage entering the new Zar'qa-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 (m3/day) 24,200 41,200 81,100
 

B0D 5 kg/day 24,100 37,000 57,400
 

mg/l 996 898 


SS
 

kg/day 19,200 30,900 50,600
 
mg/l 797 750 624
 

Thcse pollutant loadings char, .'rize the combined sewage as a
 

waste having an unusually high stre ,i , milar to that received at the
 

Ain Ghazal Treatment Works. The main c,,il ributing factors for this
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high strength include: tL relatively low areawide per capita water
 

consumption and the discharge of significant quantities of industrial
 

wastes.
 

Oneiadditional parameter that must be given due consideration to
 
fully characterize the 
raw sewage-is the ammonia concentration expressed 

as nitrogenamLonia-nitrogen). Ammonia is a toxic substance to, some 
marine life and exerts an oxygen demand when most of the carbon'aceous 

ROD (BOD ) is oxidized. Previous studies by Binnie & Partners'aAd 

Jouzy & Partners on the raw sewage entering the Ain Ghazal Treatent 

Works indicate average influent ammonia-nitrogen concentrations are 123
 

,mg/l. A similar high strength concentration is expected in the wastes
 
generated in the Zarqa-Ruseifa area.
 

7.4 	Development'of the Degree of Treatment Required. 

The planning and development of a centralized sewage treatment 
system consisting of one or more treatment plants for the Zarqa-Ruseifa
 

area will eliminate the potential health,hazard posed by the continued
 

use of individual on-site sewage dijposal systems. However, the
 
abandon 
nt of these local cesspools will not ,eliminate disease and
 

0'1 groundwater pollution as 
it willmerely shift the responsibility for
 

environmental and public health pi'otection to the new centralized
 
treatment system. The degree of treatment provided at the new treat

ment 	plant or plantsmust, therefore, be fully adequate to protect the
 

health and welfare of the area including protection of groundwater 

which is presently the prime source of potable water. 

Although the NationalWater Master Plan proposes certain specific 
standards for effluent discharges to watercourses, there are at the 
present time no water quality standards promulgated or otherwise docu
mented by the pertinent ministries within the Kingdom. It is, therefore,
 
recommended that the degree of treatment proposed for the new treatment 
,
 

plant or plants be based on an analysis of site-specific criteria.
 

Accordingly, the degree of treatment will be dependent upon both ultimate
 

site stlection and the proposed method of plant 
effluent disposal. ' 

The discharge of treatment plant effluent to watercourses is' the 
traditional disposal method for treatrd sewage and will be considered
 
as 
a viable method for ultimate disposal of treated sewage at the new
 

treatment plant. However, consideration also will be given to land 
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application as an alternative to stream discharge as it would offer two
 

distinct advantages. Land application of plant effluent would have the
 

potential of increasing cultivated land area in the imediate region
 
through irrigation and, additionally, would serve as a prime source of
 

groundwater recharge. The latter of the two advantages is possibly the
 

most significant since annual water demand in the planning area during
 

recent years, drawn entirely from groundwater supplies, has been exceed

ing the natural recharge capability,of the area. Land applicat!on
 

Would certainly alleviate although it may not entirely eliminate this
 
condition. All the available treatment-solutions and plant locations
 

will have the same sludge disposal problem. This will be addressed in
 

latersections.of the study since the disposal of sludge does not
 

directlyaffect the effluent quality.
 

pSeveral
otential sites are identified and investigated below with
 

emphasis on evaluating site-specific conditions to determine the most
 

advantageous and'cost-effective treatment plant location or locations
 

and scheme for disposal of treated sewage.
 

.7.4.1 Site Selection
 

Three potentially suitable sites have been selected and are iden

tified as the East Wadi site and the Upper and Lower Zarqa sites. The
 

sites are generally located north of the City of Zarqa as shown on
 

Figure 6.2.
 

Two sewage treatment system schemes are considered due to the
 

natural topography of the Zarqa-Ruseifa service area. The first scheme
 

involves construction of one sewage treatment plant at the most advan

tageous of the above three sites. 
 The second scheme involves construc

tion of two sewage treatment plants. One plant would be located at
 

either the Upper or Lower Zarqa sites and would treat wastes collected
 

from Ruselifa and those areas in the City of Zarqa west of the ridge
 

separating the Zarqa River and the Wadi Saida. The other plant would
 

be located at"the East Wadi site and would treat wastes collected from
 

those areas in the City of Zarqa east of the ridge. The dual plant
 

alternative'would have the benefit of minimizing collection system
 

pumping requirements. Gravity conveyance of sewage to the plant would
 

be possible for areas east of the ridge. However, hydraulic conditions 

are such that,plant influent pumping would be required to permit gravity 

flo. through the facility. The other treatment plant on the Zarqa 
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.,, River also would permit gravity conveyance to the plant with influent
 

pumping if the Upper Zarqa River site is used. No pumping would be
 

required if the Lower Zarqa River site is selected. Under the single
 

treatment plant scheme, more costly pumping facilities would be requi-ed
 

to convey sewage across the dividing ridge.
 

A cost-effectiveness analysis is presented in Table 7.1 comparing
 

single versus dual plant schemes. The tables referenced in Chapter 6
 

summarizing the conveyance and treatment costs of these schemes reveal
 

that the lower conveyance system cost realized by the dual treatment
 

plant scheme is overcome by the significant cost savings realized by
 

constructing one larger but equally efficient treatment system under
 

the single treatment plant scheme. It is, therefore, recommended that
 

sewage from the Zarqa-Ruseifa area be treated at one treatment plant.
 

In analyzing each site the question of expandability must be
 

addressed. Malcolm Pirnie, Inc.'s assignment for the preparation of
 

this report is to plan initial facilities for the year 1990 conditions
 

and plan for neede up to year 2000. Chapters 2 and 6 indicate that by
 

the year 2020 the project area will be nearly saturated and the sewage
 

flows will be nearly twice those of the year 2000.
 

A detailed description of each site and the determination of the
 

site best suited as the location of the new treatment plant is presented
 

below.
 

East Wadi - This 34-hectare site is located northeast of the City
 

of Zarqa along a branch of the Wadi Saida and adjacent to an existing
 

Army Ordnance Depot. In the absence of.available topographical records,
 

field observations were conducted and revealed the site to be gently
 

sloping in nature in a westerly direction towards the Wadi. Further

more, observations revealed the area is presently under cultivation and
 

appears to have been used in the past for military training purposes.
 

Based strictly on a construction point of view, this site has the
 

most to offer when compared to the other sites. The gentle sloping
 

terrain would avoid the construction difficulties associated with
 

steeper sloping lands and the total land area would certainly permit
 

consideration of most treatment and disposal schemes in addition to 

allowing for facilities expansion to meet projected saturation demands.
 

However, both environmental and adjacent land use conditions severely
 

impact on the suitability of this site.
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The Wadi Saida is an intermittent watercourse that travels in a 

northerly direction from the site jo 
Ling the Wadi edh Dhuleil approxi
mately 2 kms upstream of the confluence with the Zarqa River. 
The
 
intermittent flow nature of this Wadi as 
well 	as its highly porous rock
 
strewn bed is quite similar to the conditions evident for the watercourse
 
available to other sites being considered . 
However, penetration into
 
the upper aquifer with possible ultimate intrusion of treated sewage

into 	the lower water supply aquifer would be a distinct possibility.
 
As 
a result, discharge of plant effluent to the Wadi Saida would require
 
costly facilities for providing complete nitrification/ denitrification
 
capability to avoid increasing the already high levels of nit7ates in
 
area 	groundwater supplies.
 

As 
an alternative to watercourse discharge, land application is
 
considered with the previously mentioned benefits of providing addi
tional cultivated lands and a source of direct groundwater recharge.
 
Although the degree of treatment required at the treatment plant would
 
still require combined primary and secondary, treatment, the above
 
nitrification/denitrification capability would be eliminated. 
A con
trolled irrigation program using treated sewage for only select crops
 
is generally considered a cost-effective method of providing advanced
 
treatment as 
the ability of soil and crops to absorb nutrients serves
 
as an integral part of the overall treatment process. Nitrate levels
 
can be effectively minimized to acceptable levels by reducing ammonia
nitrogen concentrations in plant effluent to within 10-15 percent of
raw sewage values. 
 Using a 2.54 cm per week application rate, land
 

2
requirements are estimated at approximately 7 km in 1990, 11.5 km
2.

in
2000 	and 23 km2 
in year 2020. These are reasonable estimates based on
 

documented land application practices but do not reflect actual soil
 
conditions at 
the East Wadi site. A detailed soil survey of this area..,
 
would be necessary to determine optimum loading conditions. 
 Unfor
tunately, the only area adjacent to the site that has terrain suitable
 
for 'n irrigation program appears to be presently dedicated to military
 

use. 
 According to information received from the National Planning

6Council, 
 military land receives top priority and would most likely not
be made available for land treatment putr-poses.
 

It is concluded that 
the East Wadi site is not a viable location
 
for 	 the new treatment plant based on the economics of watercourse 
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discharge and the presumed unavailability of acceptable adjacent land
 

for irrigation.
 

Upper Zarga River - This 13.7-hectare site is located northwest of
 
the City of Zarqa along the Zarqa River and whs originally selected in
 
the 1975 report on Wastewater Disposal and Stormwater Drainage for the
 

Cit' of Zarqa prepared by Scan Plan Coordinator and Jouzy & Partners.
 

A''ailable site plans characterize this site as a steeply sloping side-

LiilIl site with slopes"exceeding 15 percent. 
The land slopes from the
 

east to the Zarqa River. As a result of this condition, construction
 

on this site would require a tremendous amount of earthwork.
 

The suitability of this site for construction of the new treatment
 
plant is significantly influenced by site size. Additionally, only
 

A 
 watercourse discharge will be, jonsidered due to the unavailability of 
suitable adjacent land for land treatment purposes.. 

Thisisection of the Zarqa River is similar to the Wadi Saida dt 

the East Wadi site in that it is intermittent in nature having a highly
 

porous rock strewn bed. The river travels in a northerly direction
 

from the site approximately 7 kms to the community of Sukhnah. 
At
 

Sukhnah, surfacing of the aquarlude separating the upper and lower
 

aquifers allows springs under artesian pressure from the lower aquifer
 

to provide continuous flow to thti river. Furthermore, the presence of
 
the aquaclude in the area extend:ng from the site 
to Sukhnah precludes
 

the possibility of groundwater pillution by nitrates discharged from
 

the new treatment plant since peretration of the lower supply aquifer
 
would not be expected. Nitrificati6ni.Lenitrification capability,
 

therefore, is not considered necessary for a treatment plant at this
 

site.
 

The impact of site size is substantial. It is estimated that the
 

available site area would not be capable of accommodating any of the
 

alternative treatment and'disposal schemes considered in this section,
 

assuming that the more cost-effoctive but land-intensive sludge drying
 

beds are to be utilized in lieu of mechanical dewatering equipment. A
 

detailed cost-effectiveness analysis presented in Table 7.2 substan

tiates the overwhelming cost benefit provided by sludge drying beds.
 

However, the only way this site could be utilized is to construct a
 

compact common wall'activated sludge plant with mechanical sludge
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dewatering. Figure 7.1 shows a plot plan based on this premise.
 

Table 7.3 presents the construction cost estimate for such a plan.
 

It is concluded that the Upper Zarqa River site is not suitable
 

for the location of the new treatment plant due to limited site area
 

necessitating excessive construction costs. It should be noted that
 

the underlying reason for the site being considered unsuitable now but
 

suitable under the original 1975 facilities planning report by Scan
 

Plan Coordinator and Jouzy & Partners is the design flow and pollutant
 

loading basis. The previous report included only sewage generated by
 

the City of Zarq& whereas present considerations include both domestic
 

and industrial contributions from the area of Ruseifa.
 

Lower Zarga River - This 28.5-hectare site is located northwest of
 

the City of Zarqa approximately 2 kms downstream of the Upper Zarqa
 

River site along the Zarqa River. In the absence of available topo

graphical records, field observations and preliminary surveys were
 

conducted and revealed the site to be less steep than the upstream site
 

and of better agricultural quality.
 

Since the potential for groundwater pollution is the same as the
 

upstream site, the degree of treatment necessary would not include
 

costly nitrification/denitrification. Furthermore, since suitable
 

adjacent land is unavailable for land treatment purposes, watercourse
 

discharge would be the recommended effluent disposal method. The
 

determining factorof site suitability is, therefore, available site
 

area.
 

It is estimated that sufficient site area is available to construct
 

the new treatment plant utilizing any of the alternative treatment and
 

disposal schemes considered in this section assuming use of the more
 

cost-effective sludge drying beds. Furthermore, this site would lend
 

itself for expansion to meet projected year 2020 saturation conditions.
 

Although construction would require considerable earthwork, bene

fits of minimizing the degree of treatment by eliminating nitrification/
 

denitrification and the ability to evaluate several treatment schemes
 

makes this site very favorable. It is, therefore, concluded that the
 

Lower Zarqa River site is recommeiided for the location of the new
 

treatment plant.
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7.4.2 Existing Stream Cond it.ions 

The selection of th, Lower Zarya River sit,- as the location of the 

r.ew treatment plant and 'I,-plann_,d use of ithe t.ari, River for water

course disi. arge of Lrea:c., :iewdge reiquire, a review of stream conditions
 

to deteri, ine the propei Kg ,ct tit . St ifi ally, h-ydraulic,
 

hydrolo~tci 
 and water qu,il it oindid i Im i ,.i!; both ipsLIr'*ain and 

downstream of the site wi ( t r ! I .
 

AL the Coiintllitiy :;or , 
 I ),itel d .aIp ,Iimat I yV luim downstream 
of the selected !iite, ii i iig ti f i' ii illh , , I,i el the iver and
 

from this ploint in thc- ilvri lu,;.i lV ha:,a ti , Il w ,II t, the 
 Sukhzrah
 

springs plus ot lher g-l it .
 ' 1" ii': 1) )1 I and: I-t t t ikflllh 


extendinig to the City It -tiaj,,. t it,Vt r ,t-i1 11i I , Lcd 
 by pronourced
 

annual dry wea her illd i.> - 1!,*1
.' h , , : .ItI ill'lieLnce is
 

characte. iscic of wot i(., i 1
 .. i: . ,. * . ,w io , i. 

Dry o ,athtir condit- i ,h. I, itm,t %, L, :.l.- t ,-;:i th : tIhe year
 

result in ze ro fIow conl 1, ,! ii 
 tt- ! lv,. i ii,-, ,,till III Silkhna. The 

severity of this dry wt-ath,. : , i.tn ;I :. -v i :;, .. . i , the tact that 
the treated sewage dtschnI ,ci v; liiai ll's Ainit It , t rivhi, v otn 

Ghazal Treatment Works :Jo - riot ,-h i t, , I . . ,. : t .:., ' ; ,t. ed 

approximately 20 tons ml, ic Idownit . . :. ii,E' :, IMpleVtely itilized 

by a combination of altri:i tu iaI i t r i .,i , , ip ,' .lti I I' recharge 

through river bed seeepage .;il v.ipi., i! ,,it 1i111 t I, il,,; , flow 

contribution during dry a.- ,r .t, 'ci a,it , t ", , Irom tile exist

ing springs in the vicinity of tie Cit.y it Zarq, ts not anticipated as 
actual spring flows have (een 'de y ri I'C ,tyVi 1as the pumping of 

groundwater las increased. ": -:.r. It I hi r , i bt ion to the base 

flow of the river is inigintii iii I, ii,,,' It -nIt 

The National Waiter Md.;tt, I' I . . 1 - j; 1 , S Ill the 

vicinity ot the C ity oft 1i , I,, -I t i . , ,1 0.0) ( to 0.06 
2
million m3 /yr/km
 tot , wet- yc.ii,, tuo4 toU 0.1,44 iUn 1101on a) /yr/kiii 2 for 

the average year and 0.028 t t, t [1! t 10l l /yr/K " for a dry year. 

For the 578 kill,Irainage are;, itc,,t .,m, ft,r i i,- t :iIsitt the annual 

river flows wotild hv as t,, Ins:, 

Wet Year - ))() i, 0 o*Oi 5 / t m/yr 

Average Year 651 Ili,".2/ iM t t / yI 

Dry Year 
 - 6!0 iii 20. ]5 tin /yr 
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The above figures are the total annual projected flows; however, 
all of these flows occurs on a three t.ofuur-month period. The average 

flows over a four-month period would be as follows: 

Wet 	Year - 37.70 M3/yr x 1/4 = 9.43 Mm3/mo 

Average Ye-r - '3327.30 Min./yr x 1/4 = 6.J3 1m3 /mo 

Dry Year - 20.15 Mm 3 /yr x 1/4 = 5.J4 Mqi3/mo
 

The 	average daily flow during the 
wet sedaonl would be: 

Wet Year - 9.43 Mm3/wo x 1/30 = 314,300 3/day 

Average Year - 36.83 	Mm3/no x 1/30 = 227,700 m /day
 

Dry Year 
 -	 5.04 Mi3/mo x 1/30 3= 	 168,000 in/day
 

The rainfall pattern in the Zarqa-Amnan area is such that the
 
flows in the Zarqa River will be very iiregalair and during the wet 
season the flows in the river May he Cons iderably less than the average 

daily w_.t weather flow. 

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

* 	Effluent from Ain Ghazal Treatment Works 

* 	 Effluent from industries discharging to the river betwe .n 
Amman and Zarqa 

* 	 Water runoff 

* 	 Use of fertilizers and pesticide- ou agricultural lands 

Although 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 above 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 Zarqa River approximately
 

40 kms 
below the City of Zarqa. Sampling (if the waters of the Zarqa
 
River at the Jarash Road Bridge, a point approximately 6 kinabove the
 

dam, taken in 1976 revealed the following:
 

Ca 98 mg/1 1CO
 3 	 268 mg/l
 

Mg 41 mg/I. 
 SO4 	 192 mg/l
 

Na 145 :ng/l NO 3 	 6 mg/l 
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K 16 mg/i Total Cations 300 mg/i
 

SO2 15 mg/i al Anions 731 mg/l
 

Cl 238 mg/l TDS 
 1031 mg/i
 

CO3 11 mg/i pH 
 7.9
 

There is no indication on the source of this daca 
(Stanley Con
sultants, Feasibility Studies, Subactivity, Amman iater 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 contribution: to a more dilute condi

tion during the wet season, sampling results of the Aim Ghazal effluent 
from the Amman STP from April 10, 1916, through August 31, 1976, (five 

samples, type unknown) are presented as follows: 

EC '530.00 to 1380.00 umhos/cam 

TDS 998.00 to 1230.00 mg/i 

pH 7.32 to 7.95 -

SO2 25.00 to 53.00 Mg/l
 

CA 2.84 to 3.97 m&/l
 

Mg 1.63 to 3.26 mg/l
 

K 0.97 to 1.36 mg/l
 

Cl 6.16 to 7.02 mg/I
 

CO3 0 mg/I 

HCO3 1.58 to 9.63 mg/i 

so4 1.54 to 2.10 mg/l 

NO3 28.7 to 208.2 mg/i 

NO2 0.08 to 4.3 mg/I 

NH4 3.74 to 28.6 mR/I 
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Once again no biochemical data was reported. A comparison of the
 

data taken from samples at the Jarash Road Bridge and the Ain Ghazal
 

effluent presented below show generally reduced downstream concentrations.
 

Jarash Bridge Ain Ghazal Effluent
 

CA 98 mg/l 113.6 to 158.8 mg/l
 

Mg &1 mg/l 89.7 to 17q.3 mg/l
 

K 16 mg/i 37.8 to 53.0 mg/I
 

Cl 238 mg/i 218.7 to 249.2 mg/i
 

CO3 11 mg/1 0 mg/1
 

HCO3 268 mg/i 96.4 to 587.4 mg/l
 

SO4 192 mg/i 147.8 to 201.6 mg/i
 

NO3 6 mg/1 28.7 to 208.2 mg/l
 

TDS 1031 me/l 998.0 to 1203.0 mg/i
 

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 tie 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 . irce would he limited due to the 

high nitrate concentrations from the, - e discharge. A relatively 

high degree of treatment would, there!:_ he required for river water 

drawn at these developed areas for use as p(,rotble water. 
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The downstream King Talal Dam was originally plannied 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 potible water was very questionable. 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 Treatment 

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 BOD 5 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 potable water source. However, utilizin,
 

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 facilities can be included at these upstream sewage
 

treatment plants to minimize the discharge of nitrogen, but a more 

practical solution may he to utilize the nuutenjuc uptake capability of 

the reservoir's aquatic envirorimerit to reduce nitrog.-n levels prior to 

water treatment. The process requtjI iat:at any new water treatment 

plant treating reservoir water would, therefore, be minimized. Based 

on this reduced treatment requirement and the general uncertainty 

conccrninR the future potable water use of the reser'voir, nitrification/ 

denitrification facilities are not recommended for the new treatment 

plant. 

Disinfectiag treated sewag. rior to watercourse discharge is an 

accepted practice aimed at prote:ti , mublic health by minimizing the 

potential for spread of waterhorne dit;,,.s,. Since downstream river 
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water is used for irrigation and possiby other public uses, disin

fection of plant effluent is essential.
 

Chlorine is the most coiLsuor' ly used disinfecting agent based on its 

effectiveness and economics of use. 'hen chlorine is applied to treated 

sewage it rapidly breaks down into hypochlorous acid (HOCI) and hypo

chlorite ion (OC). Each of these component., are highly effective
 

germicides. However, in the presence of sewagc having high ammonia

nitrogen concentrations, as is the case with the Zarqa-Ruseifa sewage, 

the predominant germicidal agent is monochloramine. Mlonochloramine is 

formed from the reaction of asunonia-nitrogen and HOC] and is generally 

considered to be a weaker germicide as compaied to HOCI or OCI. As 

shown on Figure 7.2, effective destruction of pathogenic disease causing 

organisms by means of monochtoramines rcequires maintenance of a 2.0 

mg/i chlorine residual in the plant effluent 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 almonia

nitrogen concentrations require chlorine dosages of 4 to 6 mg/l to 

maintain chlorine residuals of I mg/I following 15 minutes detention. 

Although viral inactivation in addition to destruction of patho

genic bacteria is highly desirable, tre.tment plants rarely achieve 

complete virus removal since .he cost issociated with maintaining a 0.5 

mg/1 free chlorine residual following 15 minutes detention as reconnended 

by the World Health Organization is prohibitive. Obtaining a free 

chlorine residual requires breakpoint cLorinaton or greater chlorine 

dosages resulting in essentially Lhe complete uti[ization of aimonia

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 influmen t suspended solids concentrations it 

is anticipated that an effluent concent,aLion of 30 mg/l can be effec

tively achieved by conventional pri.i.-v and secondary sedimentation. 

However, a secondary settling aid su~t! , polymer may be necessary to 

achieve the required removal rate. 
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The actual degree of biological treatment ne.c ssary to maintain
 

aerobic conditions in the river will depend entirely on the ability of
 

the river to assimilate pollutant loads 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 tile 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 sitc to the community of
 

Sukhna. This section of river would have tile 
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 ayid 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 velocity 

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 obtaine(' by tracer
 

studies in more than 400 km of 24 streams verifies this r~aeory to 

within acceptable limits of accuracy. 

Assuming a 95 percent BO 5 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 w'll mos' likely 

cause a serious depletion of dissolved oxygen in the river between the 

selected site and Sukhna. Dissol.. oxygen levels may drop below 

I mg/l. To overcome this deficiency, .-ess 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 tile 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/l and
 
a minimum of 6 mg/l of dissolved oxygen. 
 To prevent bottom deposits of
 
sludge from exerting additional oxygen demand tileun waters of the
 
river during the warmer periods of tle year, 
 th-l plant effluent should 
also have an average suspended solids content of 50 mg/I.
 

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 arid, furthermore, must provide for
 
sound sludge management. The basic treE.tment processes and operations
 
required to meet these goals 
include Lh- following:
 

" Preliminary Treatment 
" Primary Treatment 
" Secondary Treatment
 
" Final Sedimentation
 
9e Disinfection/Post Aeration
 
e Solids Handling 

A state-of-the-art review of available technologies for use 
in
 
these processes and operations is presented below to provide a means of
 
identifying viable alternative treatment and disposal systems. The 
applicability 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 '[e hnol]ugies 

7.5.1.1 Preliminary Treatwent
 
The major function of preliminary treatment is to separate 
 coarse 

material from tile wastewater, assuring efficient ofuse and protection 
subsequent L'eatment processes and equipment. Processes and equipment 
commonly used for pretreatlirlt imrn111c(hSreeni rig,grit removal, odor
 
control, and preaeration. In addi ion, influent pumping facilities may 
be required to provide sufficient ,lir to1 head permit gravity flow 
through the treatinftit plant. 

Screening
 

Large solids such as pieces of wood, root.., rags, ard other debris 
found in combined 
sewer systems and to a lesser degree in separate
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sewers may be removed either by screening, or by a combination of 

comminution and screening. A comminutor is a mechanically-cleaned 

screen which incorporates a cutting mechanism to shred the large solids 

which pass through the bar screens without removing them from the 

wastewater. A potential problem with this type of screening device is 

& -
dulling of the comminutor.blades, resulting in inefficient performance. 

However, this problem can be minimized with proper maintenance procedures. 
Another method of screening Is the use of bar screens. These 

screens consist of parallel steel bars placed at an angle in the influent 

channel. Solids which are collected on the bars may be removed either 

by automatic or manual rakes for further processing, such as for size 

reduction and dewatering. 

'Odor Control 

Odor control typically is accomplished by chemical treatment of 

'' the plant influent waste stream. This chemical treatment usually is 

accomplished ahead of the screens and is intended to reduce odors 

caused by sulfide production in pipes, pumping stations, and wet wells. 

The odor-controlling chemicals, usually chlorine, ozone, hydrogen 

peroxide, or chlorine dioxide, are injected directly into the waste 

stream. 

An alternative to chemical treatment t',control odor involves 

either using aerated grit chambers or spraying odor-masking chemicals 

ariund the plant facilities. 

Since the chemicals used for odor control also are typically used 

for disinfection, alternatives for odor control by chemical treatment 

are discussed in L'subsequent section of this chapter concerning 

disinfection. 

7.5.1.2 Primary Treatment 

Primary treatment involves the removal of readily settleable 
suspended solids, nostly organic, plus grit, from the raw wastewater by 
gravity settling. When used to remove settleable suspended solids 

ahead of the chemical or biological processes utilized for colloidal 

and dissolved organic removal, this process is referred to as primary 

sedimentation. This simple process results in significant reductions 

in oxygen-demanding materials and suspended solids, thus reducing 

loaidings to subsequent plant processes, Efficiently operated primary 
,,tanks can remove practically all settleable solids, 50 to 
65 percent of
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thsseddsolids, and 25 .to'40 percent of, the biochemi cal1 oxygen- -: }; 

d m n BED)..," : . : 

Temajor purpose of primary sedimentation ',Lanks isto provide a, 

quiscent condiLioln to allow the solids in tbi)ewastewater to settle( 
out. 7 The settled solids then are colleeted'Yfrom the bottom of the tank 

an 7-_V6neydb scrapers to a trough or sump for removal as primary. 

,:7. sludge. . .''" v 

.7.:' A seconidary purpose of primary sedimentation tanks is to collect '.:' 

::_the soi floating on the water surface. These nonsettleable sus- ...:; 

• " solids, called scum, usially are collected with dipping skimmers
.pended 


!/. : the effluent end of rectangular tanks or with scum boxes near Lhe
at 

i[,effluent weir in circular tanks. The scum can be handled separately or '
 

ic).:together with the primary sludge prior to disposal. 

The design of primary sedimentation tanks isbased on several !! 
S factors, including solids loading, detention time, surface settling 

S rate, and overflow ratev Primary sedimentation tanks usually are ! 

rectangular or circular tanks approximately M.in deep. The surface 
,loading rate and detention period are about 3.1,600 liter, ,por day per ji 

1
 

square meter and 2 hours, Y'espectively. P1r tanks will be 
7-1 

ima ry 
'
req,iired for this project. !i 

7,5,1.3 Secondary Treatment : 

The major purpose of s9econdary treatment is to remove the BOll, 
: which escapes primary treatment.,i 

,( )Secondary treatment technologies may be categorized as follows: 
' a• Biological ":.=
 
'
 a Physica [-Chemical " 

";: •~Land-Inte,,sfve .iI: 

Various biological and physical-chemical secondary treat~ment '.itechnJi'ques 

ii,are described below. Land-intensive (land trea tment- lagoons) techniqu~es 

are not described since this process in not feasible at the selected 
.iiLower Zarqla site.. ; .: 

:'.- .. Activated. Shiidg Treatment With Air 
:....".. "The conventional activated sludge system is a biological treatmentL
 

process inwhich raw or setted wastewater ismixed with an active - i
 

boasianar tioank. The biomass utilizes the carbonaceous -'.
 

,:oxygen-demanding materiails in the wastewater as an energy source aid i:-:i:':'
 

conv:6aerts this'i'na t o and-aidti innal tei al ca rbon: dini.e, water, |,> " 



In the act :,.. itd fIudge process, wasLewaLer flows tLi nuons ly 
into an aeratioll Lailk wilhter air is added to mix the i't live bioilass with 

the wastewitelr ii SupI v eto I' thell ocvxk t-eIje( i It hI i (,lf ; I o 

break down tIit orgai I( Co, Lilii I . A i- i s int rodit ed I titer by 

injecting it It. id t filS,,io j, oIar- 1he hottmoff th alerit IijL tIank or hy 

mechan ital 1 ,, at l ofatif etill -rt.1ce ti vartI ion Itank. 

Thv I %,it ,d s ldY, lt ocess is ve Iy fIextItI)I t Jil has he ii ada)ipted 

to a Vil. t'Ly o f I.t , t vwit(r reaittii l[ 11)lt i.it. ofs The process is 

capail i prlo, i I fhigh quaIIt It tl ett wi ty ici I remova I 

etf iciell ci s it totwtril i') a,i 95 ptercent of the ifillutI ion HIi) ir f 

susl)it-d :")I I i.,. 

(Jiv ,II vt I .i t it I LtLI viLed I idge )ro ess IS th t.L it 

reli I ; .i:tl ,II, . ,,tIia tt I tnitIo I . Also , eltergy i eqIi rer lents may be 

re Iat v. V ,I . 

i ItI k 1n I Itet Is , device t lIt ,, ifing settlIef w istiewater 

Il)Ii LIIttt.Jt I t Ti i I ii k f lttiii1og I (II gtI wtitsj . [hcse Y rowLfis 

fiit t l,)II Iti t1 , i, "1 lli,ittItC it .i Iv ,te(i sIltige, thIat is i tihe pre

.11ox i i',Il t . 1) 11 1VI, t , wa(it,. ,t ir Ii i tr'ii li tetid over 

Lilt i, tl.',, i, , ,41 :;l l I,I - h I, 1 t :, I II t  1 op > ,i ti t i.1. of in illert 

IndtLte l i LIt i, t k , s IJ t I S'tfl tiotlit,I tli(t'iali Th1 it1t itV ttdal 
p ie.ces ,, I fittl i 1 1 t4.1re ; I zedi LtI, l itit I ,tiri ,I ow , I i iiliI downward ani 

tree it I I Iitt it i d o-tto Iitlttiii witi . t ntt iiois in tit tilter 

hedl 

kI t IIW, I I Ii , iaI tcI ass I iu l hy hIydriul i c of- trg11i iC I oaiii fig 

Is stiitdt if i t ( ,,w - ite(v r Iigi,-ri e StltIf ri-ritI Ltrtcklirig 

II I t I 1 t:; tIllI .1- ,, : I to i Iit I aid It I, iti, jut, i I) I t t it- I tha itLe ri s-
tILC.li I Iy I , . iil id I~iil_,.~l f(('Ro t ! 11 It ,Iil I, i theI li'e C I t IH l i ,1 ., 

ililgh-r;i I I ItI t to] ttll i. itI )t1i itot 

The list. it i I I k IIyII I etII (li i'esiilt ill tlltiggifig of the 
'o¢()iI space % tlt f r i,,dt., if gh ,f ,ga, i I Ito i ngl s. AIs o) , tLie 

i l lT 1tl it. r sitt1it.c It i n gs.fi 

IC ll, II<( k it 

V o 1 11110 , f Iith ! 'v ,) I 'I l -(.,,I hI I,h h I li I it I(I I <iI rot k fi l e r , restric'ts 

tLe ( I k 1 tI l 1 L I )I i l i. 1 i1, t lit, I i L(.I ',fid , t till!, , the 'llll llit o fl oxy geni 

'Ivd li h0)1 , fI, I t lit III] I JiII il I Ml;l- I , vo ct lome I ht-!,v I I ,lllt i ( le rl Loths l t 

111,1 telIII ,,] .; 11 1 1 A ifitlI 111i( o)[s t( oi -1( 1) 1is Li I S lit ,t ,re wood( s la;ts 

iiii 1)1li1 t t I i w,s, tiavr teeni iseti iil i i fI rocks. I'ilit-s mtifia o ffer 
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larger surface .i ics fo," biological growLhs and, thus, ptiIni L higher 

surface loadings. 

The ma jor ,,Ivartagei. of the trick] ing filter process i:, its basic 

simp Icity. pe , I i A,t[ol of t tie process I [a it I s ilt,I , 

resilLing I. t',is ,t l,i Iii teriLnani . i athit ln, lielgy requir e

mints for :it pIo(is, tir i, 'itivlvY low. 

effcct -f air t Iu ]l ir,tirv. i It tilt,p io, ess i -l;,iiiiv Lilt'.iii of 

lIarge*, !.Xet i;I tl t Ir(,i of Lilt iIIcrirg .mi l:i .xj 'I t, I . ,I I r 

W iLilin tile t,II ,, Jr-,iI. mcntl o f f{ I enc e' t i -f{iset. 111 : ! !. \. I [it (.1 illd 

improve._ d. tI,, !;timiitr. Ii I" :5 I-,1,51 'a tI-. I t t V 1,I . t III-, li.%t~o 

be consie t 1 11i : :: I i thi,t : r iit'l t kiLts. IlLer iI Iis IlNy I SO 

)rev-I I iliIt i ii t. .i I vs s I, extent, Witt lihst it :ti r iltI I L iti with 

rock I ltv ;. 

RotatIi lt , o IoI I I I I ILLu r:, 

Titis 15 nLI e ,1 s liioitisc!,1-r 5 ;ult, lit'.I i I r'I [i . s iii , 

simiL'- t o bi tI ItII ,li iii, Ii ei t e,tires ot tIotht tthe act i.,,ted slutig, 

an(d LriL ki Ing f I I tii ;it , . ,-s 

t .I " '! Ulwl I p nit;, i llr, Ire IlOill t 0t ( I I Lhe I 1 '1; 1 sht r Ii,)niL 

siitLiwd r,)[ 1.,i , llI. I I ,.I ILva,r l l , i. :i ", asthe. 

Bioi iit, t I 'l t(- dtot1'o I i, liIs ;lir Ia lSlri. I i 

cari ii il -,'I Lni ct wtrg, ito. i t* uit otiroi it tlt, I a r; fur, t , 

1)r aIn t hi ,ltl , , ,lit , t I ,,: Lv ,, r I or rration,t: .Ii pol I ll jilt , 

and a jXar , li i t :; I I )II I t S - Lrd 1) I ox g l)ull I. ini [ i 1.)i i 

growt,' h it I I] ,/t, i , h i I~ ,,g) lCd oXygv'll-tJitllim l,l Ilii c 'r ,.1 ? .1t, ,i1l 

t'llon, relavly0 I i! !; matori t t i -i, ild, ;lh le', rI, 'ti to(n ,irie sIoxl .,.1 [(,t r 
,Id It-hl l{ ! Io+ i , I . , I I . File{ .she ,i r In g , k t Io il, Lc .t, ', l -. s I.t , 

aio :is I a , ,t itd i el . ',l i r tl , marit)!, t,; (iri. I I1 iog.a 
" ' 

,,WqPh t 'ur ln L hu -- It;, It,: ,i r, ed{ 1) 1Ollm 1-s keL' 11 ls' : w *ls I oil I),/ 

Vl~ I xI I X 1 11g I I Ii !I,4 
L I I I f I g) I[I-od , i t i t hItIItt l , Io,,iLted 

wistewal- r it rr , , I oJi Lh I t s tl.II r: ,rc I [:I ( o;~I ( t l [r()ve, llnko i f I I o r 

s+epa ralLI i and d I sp,, ,, i. 

N,j o r idvant,',, , ! *, pro1()ce ss I I(I ldh, I ti, I I.h [v ' roi-.thl~ s I np te 

Lion , rv I veIyw wt , Iv re(, of Lr(eatinvritL, -a;se of ,sol id!:; mrpiri t I oni L i !i 

JIMl disp,[osa~t I ,Ih I - I, L I v':t-Iy ,. )p{:t! Itg, neif. l I lilt] s rio1 _ a m i mt. v , ,it t 

tion c o, ts '!;., tI I .1 satvan tgo ,a, I oil iscs is eit () r o Ithe edf ic .Iiv 
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protect the biological growth against low air temperatures, since
 

treatment efficiency is affected adversely by temperatures of 10 C, or
 

less.
 

Rotating biological contactors will not be conw;'iered for this
 

project since they are land-intensive and 9heir use would negate the
 

possibility of utilizing open siudge drying'-beds.
 

.Physical-Chemical Treatment
 

* The use of physica]-chemical treatment systems has been studied
 

intensively in recent years. Because of the relatively new techniques
 

involved, much less data are available concerning physical-chemical
 

treatment processes than concerning most biological treatment processes.
 
Physical-chemical treatment systems which achieve secondary treat

went 
levels similar to thoae achieved by biological systems consist of
 
primary settling (with or without chemical addition), chemical coagula

tion and sedimentation, effluent filtration, and carbon adsorption.
 

Chemlical flocculation of suspended and colloidal solids (iiing lime,
 

alum, or polymers) can achieve suspended solids removals equivalent to
 

secondary treatment. Oxygen-demanding material.s can be removed by
 

filtration using a wide variety of filtration media, including sand,
 

anthracite coal, and diatomaceous earth followed by carbon adsorbers.
 

In addition, microstraining, a form of mechanical filtration, can be
 

utilized.
 

Capital costs for physical-chemical treatment systems are similar
 

to those for biological treatment systems. Physical-chemical processes
 

offer several advantages over biological treatment processes. Physical

chemical processes may remove certain nonbiodegradable organic materials
 

which cannot be removed by biological processes. In addition, physical

chemical processes are more adaptable to shock loadings, consisting of
 

either hydraulic loadings or loadings from toxic materials.
 

A major disadvantage of physical-chemical systems is the high
 

operating cost because of the expense involved in the purchase and
 

handling of chemicals required for the process. In addition, sludges 

from physical-chemical. p~tants generally piose a greaL.'r disposal problem 
than biological sludges because of their chemical contents, resulting 

in higher costs for sludge processing and disposal.
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One of the drawbacks to the physical-chemical process for secondary
 

treatment includes the lack of removal of such major wastewater consti

tuents as ammonia, and such trace chemicals as cyanide and chromium.
 

Another question concerning physical-chemical plants involves the
 

resource erpenditure and wisdom of dosing wastewater with such large
 

quantities of chemicals, when similar treatment levels can be 
accom

plished by allowing the oxygen demand to be accomplished naturally or
 

biologically.
 

Because of the cost of importing the chemicals required plus the
 

higher degree of technical effort to make a physical-chemical plant
 

operate this alternative technology will not be considered.
 

7.5.1.4 Final Sedimentation
 

The objective of this process is to concentrate and remove solids
 

from the wastewater prior to disinfection and final effluent disposal.
 

Sedimentation takes place in rectangular or circular mechanically

cleaned concrete tanks. The functions of these tanks are to maintain
 

the wastewater qualities produced by the preceding unit processes and
 

to remove and return sludge to the system. The sedimentation units
 

often include equipment to remove any remaining oil, grease, or scum
 

that floats on the water surface.
 

This process is very similar to primary sedimentation. The tanks
 

may be designed for natural or chemically-assisted settling. Differ

ences between primary and secondary tanks are their location in the
 

plant flow pattern, their settled sludge density, settling rates,
 

solids loading, and scum volume.
 

Factors influencing sedimentation include particle size and type,
 
. suspended solids concentrations, tank configuration, and flow distriL,

tion. All chemical or biological secondary treatment processes are
 

followed by final sedimentation. Final clarification will be required
 

for this project.
 

7.5. 1.5 Disinfection/Post Aeration
 

The final step in the 
treatment process generally is disinfection
 

of the wastewater effluent prior to discharge to the receiving waters.
 

However, the degree of treatment required for the new treatment plant
 

also includes the addition of dissolved oxygen to maintain aerobic
 

stream conditions. Post aeration'typically is combined with the final
 

disinfection step and includes either aerating plant effluent by a
 

diffused air syster, mechanical aeration system or by a cascade system.
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Disinfection is the killing of pathogenic '{'iease-causing) bacteria 
found in wastewaters. Various chemical and rhVsical methods of disinfec

tion presently are available. Chemical methods include disinfection
 

with chlorine, ozone, and hypochlorite., The most promising physical 
method is the use of ultraviolet light. Other chemical and physical 

methods are available but their use has not been as widespread as the 
above methods. The most common and least expensive method of disin

fection is chlorination.
 

7.5.1.6 Solids Handling Facilities 

Solids which are removed by various wastewater treatment operations 
include grit, screenings, sludge, and scum from primary and secondary 
treatment process operations. The treatment and disposal of these 

materials is a major ancillary operation of a wastewater treatment 
facility. There are 
numerous methods of handling wastewater solids,
 

many of which achieve similar objectives. Some, however, are more 
efficient or better suited to a specific set of conditions than others, 
Criteria which may determine these conditions incl,1de the type of 

solids, the condition of the solids, the size of tte treatment facility, 

the local geographic conditions, and public opinion and attitudes. 

Sludge handling consists of two majors steps: 1) treatment; and 
2) reduction and ultimate disposal, The overall objective of siudge 

treatment is to condition the slud ;e for further major reduction 

processes and/or ultimate disposal. Although a large number of alter
native combinations of equipment and processes are used for treating 

sludges, the basic alternatives are fairly limited.
 

The following sections provide information oim 'the various sludge 
treatment and reduction and disposal alternatives. 

Sludge Thickening 

Thickening increases the solids concentration of the sludge iby 
partial removal of the 
liquid portion. It is used to concentrate and
 

reduce the volume of primary and waste-activated sludge, making sub

sequent operations more economicl. Solids concentrations of five to
 

six percent can generally be obtained from mixtures of primary and
 

waste activated sludges.
 

Thickening methods which are most commonly used include:
 

* Gravity Thickening
 
* Flotation Thickening 
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Gravity Thickening - Gravity thickening is an economical method of 
substantially reducing raw sludge volume prior to further processing or
 
disposal. The dilute material is continuously fed to the surface of
 
the tank at the center of the thickening tank. Mechanical scraper arms
 

gently stir the sludge to dislodge gas bubbles and to keep the sludge
 

moving towards the bottom center of the tank. 
Solids settle into a
 
sludge blanket at the bottom of the tank while the supernatant liquor
 
passes over an effluent weir around its circumference. This liquid is
 
then returned to the head of the treatment plant. Thickened sludge is
 

pumped from the bottom of the tank. to the next sludge processing operation. 
- 7 Flotation Thickening - Flotation thickeners are generally used on


\X waste activated sludges. Because of their fluffy nature, these sludges 

S\ican be thickened to a maximum of three 
to four percent with gravity
 

' ... rs, while flotation thickeners are capable of concentrating
 

these sludges to a range of four to six percent.
 

Flotation thickeners consist of an aeration system and a flotation
 
unit or tank. Effluent from the flotation unit is aerated in a reten

tion tank and then fed into the flotation unit at the bottom with the
 

sludge to be tickened. The fin- air bubbleascombine with sludge
 
particles, forming a sludge blanket at the top of the unit. The air 
bubbles force the surface of the blanket above the water level, inducing 

drainage of water from the sludge particles. The clarified effluent is 
discharged under a baffle, while the thickened sludge is removed by a 

skimming mechanism at the top of the unit.
 

Some advantages of flotation thickeners over gravity thickeners
 
include: a higher\solids content, lower capital costs, and maintenance
 
of the sludge in a aerobic condition. Because of the aeration system,
 

however, higher-z rating costs are incurred.
 

The need for sludge thickeners depends to a large degree on the
 
type of secondary treatment being utilized, Activated sludge definitely
 

requires thickening. Trickling filter solids do not 
normally require
 

thickening; they can be combined with the solids in the primary tanks
 
and the combined sludge will concentrate to equal .to that of activated
 

sludge from a gravity thickener or a flotation thickener. 

Sludge Stabilization 

The primary functions of stabilization are to make the sludge less 
putrescible and odorous, and to reduce the pathogen content. Several
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of the available stabilization processes also result in the removal of
 

much of the water content and a substantial decrease in the quantity of
 

sludge solids.
 

The major,sludge stabilization processes which are being used in
 

wastewater treatment are anaerobic and aerobic digestion. Lime treat

ment and chlorine oxidation are alternative sludge stabilization
 

processes, but their use has beer. limited, due to high operating costs.
 

The selection of a specific method of stabilization depends upon the
 

final disposal procedure. If the sludge is to be dewater~d and
 

incinerated or composted, frequently no stabilization procedure is
 

employed.
 

Other means of sludge stabilization include radiation, ozonation,
 

ultraviolet light, ultrasonics, thermo-radiation, addition of carbolic
 

acid, coal tar distillage, formalin, and aunlight. These may be used
 

to stabilize very small quantities of sludge and will not be considered
 

in this study.
 

Anaerobic Digestion - Anaerobic digestion is a biological stabili

zation process which utilizes anaerobic bacteria to decompose the
 

organic constituents to methane, carbon dioxide, and an inert hum.us-like
 

substance. Volatile solids are reduced 30 to 40 percent, making them
 

amenable to further processing, such as dewatering or drying. The
 

digested sludge, when properly disinfected, is Euitable for disposal as
 

a soil conditioner for agricultural purposes or, after dewatering, for
 

disposal in a sanitary landfill.
 

Anaerobic digestion processes may be standard-rate and high-rate
 

processes. Each utilizes a two-stage diester system. The first-stage
 

tank provides mixing, to ensure a homogeneous material, and heating, to
 

maintain optimum temperature conditions. Most of the methane gas, a
 

by-product, is produced in the first-stage tank and this may be used
 

for heating and for operating mechanical equipment (see Appendix 7.1).
 

The sludge then is transferred to an unheated .qecond-stage tank where
 

the digestion process is completed, accompanied by a separition of
 

solids and liquid. The supernatant liquor from the second-stage tank
 

is conveyeq,,to the head of the treatment plant, while the sludge is
 

transferred 'or further processing for drying and disposal.
 

The hig rate process is characterized by a higher solids loading 

rate and a lesser detention time in the first-stage tank. 
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Aerobic Digestion 

Aerobic digestion accomplishes the same end results as 
anaerobic
 
digestion, that is, reduction in volatile solids and stabilization of
 
the sludge. The reduction of the volatile solids 
is done in the presence
 
of oxygen and the end products are carbon dioxide and water; 
no methane
 
is formed. The maintenance of an oxygen rich? atmosphere for the organisms
 
in the sludge requires a large input of energy in the form of electricity
 
to drive the devices that transfer the oxygen from the air to the
 

solution. .,The process is energy,intensive but simple 
to operate.
 
Both types of digestion will be investigated.
 

Sludge Dewatering-


Sludge dewatering operations 
are used to reduce the moisture
 
content of sludge so 
that it can be handled and processed as a semi

solid rather than as 
a liquid. Methods commonly used for dewatering
 
sludge include:
 

** Spreading on Drying Beds
 
" Vacuum Filtration
 
* Centrifugation
 
* Pressure Filtration
 
o Belt Filtration
 

Drying Beds - A very common dewatering method is drying of the 
sludge *on open or covered sand beds. Sludge is spread on sand beds in 
8-inch to 12-inch layers and allowed to dry. Solids concentrations of
 
up to 40 percent may be obtained after 10 to 
15 days. The sludge is
 
disposed of in a landfill, or used as a fertilizer. b
 

The use of drying beds is affected by many factors, including
 
climatic conditions, sludge characteristics, media and pipe clogging,
 
land values, and proximity to residential areas. Climatic conditions
 
may limit the use of drying beds to the warme~r months of the year,
 
unless beds 
are covered with greenhouse-type enclosures. 
 The use of
 
drying beds is generally limited to well-digested sludges. This feature
 
eliminates the nuisances 
and health hazards due to odors and flies 
associated with drying of raw sludge. As long as land is available and .
 
the cost of the 
labor to clean the beds is available, the use of 
uncovered.drying beds is usually the most cost-effective alternative. 

Vacuum Filtration - VZcuum filtration is a mechanical dewatering 
method which can be used to reduce the water content of raw or digested ., 

sludges. It is a continuous operation that is generally accomplished
 

.7-26 
'~ 



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 iot Lual. vacuti. The dewatered sludge then is removed from
 
the dru for Jiaposal. Conditioning with chemicals, usually lime and
 
ferric chlo ide, or organic polyelectrolytes, is necessary, prior to
 
vacuum fi -ration.
 

Pro c belecttion uf 
filter medium, 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 3nout 
15-25 percent solids. Solids coutentj of 20
 
percent are the mout couacon. This process is chemical and energy
 

intensive.
 

Ceutrifugation - The centrifugation process 
generally is employed 
for solid-liquid separation processes in industry. 
 It also is applicable
 
to municipal waatewater sludges and has been used for many years with
 

varying degrees of success. 

The machines used in waste,)ater treatment plants are of the solid 
bowl, conveyor-type with electric motor drive. Sludge is fed into the
 
rotating bowl 
iL a constant flow rate, where it separater into a cake 
containing the solids and a dilute stream called the centrate. The 
sludge cake can he 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 operatioi. 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 recirculntion of these solids could hinder the treatment process
 

and reduce the final effluent quality.
 

Area requirements and capital 
costs usually are lower for centri
fuges than for vacuum filters. However, the reverse 
is true for operat

ing costs.
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Pressure Fii. taLow - Ilse of this process to dewater municipal
 
sludge was liwited prior 
to 1950, because of deficiencies associated
 

with the filte, .acdia, wethanical features, capacity, and discharge.
 
With signifi:oot iwl, cove, ,Lts in 
 filter media and automation, pressure 
filters hau- become a very Attractive sludge dewatering device. The
 
recent in ,se in 
 ellt-gf Costs has made pressure filtration highly
 
competit, .- when 
 comparied with other dewatering methods.
 

Prt,,-ure filttcr consLt of a number of fitter 
 plates draped with 
filter wedia kohich are supported and contained in a frame or skeleton. 
The skeleton is equipped with a hydraulic or electromechanical closing 
device which, 1i1g ,)e-ation of the filter, will hold the plates
 
together wi!h sufficient 
 force to resist the total force created during 
dewate ring. Thi:i force ilso makes the joints between filter plat-s
 
leak-proof during operation. The sludge 
 is pumped into the filter with 
the filtrate pabsnlog through the media, while the solids are trapped to 
form a cakc. Sludge feed is terminated when a predetermined pressure
 
is reachd iid t he flow 
 of filtrate is low. At the end of each fil
tration cycl, 
 tbh 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 filte, c.ake by gravity to a truck or incinerator for ultimate 
disposal. When all filter plates have been shifted, the closing device 

is reversed, and a Liew cycle is begun. 

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

plates. 

Compared with other sludge dewatering methods, pressure filters 
havo higher cak- solids concentrations (between 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 cots and recent improvements in the degree of automa
tion, filter media, and unit capacities, pressure filters may well be 
the most efficient. sludge dewateri.,,, devices. 
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Belt Filtraiuil -
The belt filter press is another device capable
 
of dewatering sludge. 
 Thi., device operates on tile principle that
 
bending a slrl,,o co it Iii, between two filter belts around a roll
 
introduces she i arid -omprt,:ive forces in tile cake allowing water to
 
work its way Lo thie turfact drid out of the 
cake, thereby reducing the
 

cake moist _ cout-enit.
 

The !,,IL filter pics has three processing zones along the length
 

of the 11 it. lhe!,c incluide the 
initial draining zone, which is analogous
 
to the action of a drying bed; 
the press zone, which involves applicatioil
 

of pressure; ind ,ashcar 
zone ir which shear is applied *o the partially
 

dewatered cake. A significant feature of the belt filter press 
is that
 
it employs a orrue-meni, relatively open-weave, metal-medium or synthetic
 

fabric.
 

The belt tl1LtO )resS is capable of producing a drier cake than
 
that producetd by v;crurni tilters. 
 Also, it consumes less energy than a
 
vacuum filter. The major disadvantage with 
this device is the problem
 

of belt wear, 
 nd limitedkg, tur uuinber of operational installations.
 

Screen i~s: Gr!i t and Skrnini.&nr 

Tie amoun t ,-iirg, grit and skimmings collected at a waste 
treatment plant istral ly is smal . But their sanitary disposal is very 
important becraiu:e tfiey are tire most objectionable materials. Most 
often these waist,:.; j(- grindcl, concentrated and landfilled. 

7.5.1. CunouLrsIoUSr frora Stdte-of-the-Art Review
 

Thu' Th,,,, findings indicate 
 that there are many alternatives 
available for wastewater treatment and for handling of the sludges 
produced . Ac,cdiL4gLy, tbe final selection of a wastuwater treatment 
and disposal systet for Lhe new treatment plant must be based on 
consideration of tire following key factors: 

Nature of the Raw qraste
 

Industri.al wds'es may have significant effects on the capacity and
 
performance of a particular treatment procrss. 
 Industrial pretreatment 
requirements should mininmize these effects, but the process should be 
flexible eroughi t.o actonmrdate variations in pretreatment efficiency. 

Effluent Reati Irerients 

Tile process iust be capable or 
achieving treatment levels compatible
 
with the water quality objectives estb'lished for the Zarqa River.
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Process Relitbility
 

The selected process should be capable of providing a maximum
 

degree of reliability.
 

Sludge Production
 

The abi ity to handle sludges produced by the selected process in
 
a cost-ef, :tive and environmentally sound manner must be considered.
 

Resoirce 	Consumptiou
 

The selected procesi 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.
 

Costs
 

The selected process must be cost-effective over the projected
 

life of the treatment facility.
 

Each of these factors will be considered in developing and evalu
ating wastewater and sludge 
treatment and sludge disposal alternatives
 
for the new taciliry. 
 (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 yet cost-effective, are shown schematically on 
Figures 7.3, 7.+ 1.5.aind The selected alternatives utilize a combi
nation of the above technologies but basically differ by the proposed
 

method of secondary treatment. Specifically, the following secondary
 

processes are evaluated:
 

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

7.5.2.1 	 (Alternative 1) Activated Sludge with Anaerobic
 
Digestion 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 avilaluility of low price labor and land, sludge
 

dewatering for IlLcnatives 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 treutment plant utilizing the activated sludge process.
 
The key design olJteuts used in layout of this facility are as follows:
 

Aeration ranks 
 - 0.5 Kg BOD5 /Kg MLVSS/day
 
3600 MLSS
 

Finl Clarifiers - 23,020 liters/m2/day
 

Flotation Thickeners - 9.77 Kg/m2/hr
 

M.LSS = 
Mixed 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 to: the other alternatives. Table 7.5 presents a
 
detailed 	estimate o1 COz:Utruction costs for each alternative including 
both local and !'., shares. For purposes of analysis, the costs pre
sented in the:;,e ao e: reflect the construction and annual operation 
and maintenan:t (0H) cequirements of year 2000 facilities while using 
present 	 1980 prins. A summary of the costs for the activated sludge
 

alternative are . t ,lIowi: 

Capit.1l Cost 
 JD 10,907,000
 

J&M
 

Energy 
 36,000
 
Chemi ca i 
 70,000

Maintenance 
 86,000
 
La1or 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 
 iD 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 treativent
 
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/m 3/day
 
4:1 Recirculation Ratio
 

Final Clarifiers - 25,098 liters/m2/day
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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
 

O&H
 
Energy 16,000
 
Chemical 64,Ooo
 
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 JD 11,85,,000
 
Present Worth of O&M 1,949,000
 
Total Present Worth JD 13,806,000
 

7.5.2.3 	 (Alteriiative 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:
 

TriLkling Filters - 1.89 Kg/m3/day
 
3:1 Recircilation Ratio
 

Iinal Clarifiers - 23,020 liters/m2 /day
 

A summary of the costs for thc plastic trickling filter alterna

tive (see Table 7.4) are as follows:
 

Capital Cost JD 10,734,000
 

O&M
 
Energy 14,000
 
Chemical 64,000
 
Maintenance 74,000
 
Labor 752000
 

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 O&M 1,932,000
 
Total Present Worth JD 11,728,000
 

7-32
 



7.5.2.4 	 'AternaLtiv, 4) Tricklin); Filter with Plastic media 
'iiid A robi C iges t lion 

This allt'rnat iv', is SiMi 1dV to Alternative 3 eXCOpL trial aerobiic 
digestion i. sub:t i t Iidfor ainaroic digestion anld electric power 

wi I I have u bht' 1, t.--I )I s.ite in.steald of gene rateid on site. Tihe
 
plot pl ini p'sintl F iir. shows the ll
! io, /.HA new II'teit.nn t plall t iliz
ing th pl ti, .,,i i i,!.l in Ii lItl"process tills , rohit digs tion. 
W key design t.t:l:Nlt in olt this faciilitv[s ;i, layinig aretI; follows: 

fri, l in i' - 1.89 ./m 3/da. 
3:1 licircutation Katio 

Fili l :larifi . - 23 '20 liters/m21 day 

At ''obic i i ,r'st, - 20 days detellt ion 

A smiilliir' ot toil Costs of this alternative (see Table 7.4) are as 

fo Iows: 

Capi tll CosL 	 .I)JD9,290,000
 

O&M
 

Ene rgy 343,000 
Chemi ca I 64,000
 
Maintenance 
 74,000 
labor 
 75,000
 

J) 556,00) 

The present worth of this alternative based on a 20-year period of 
analysis and a 10 plterent discount rate is as follows: 

Capitail Cotst - Salvage Va] ne ,118,540,00(O 
Present Worth oi 0&,- 4,732,000 

IA Pi ei,t Worth J) 3,272,000 
7.5.2.5 AlaI,,': ih;ti AIteridtives
 

pro)cess Reli~dhilitv
 

il iIta,h, I I )rovidin ,ihigh tegree of process 
reliahility in a d !i ,n tW H.ie inecssary 
flexibility t iavi'ommodate
 

va'riations in indlu !ri, l prot re,.tul(.,t Aficienvy. Hlowever, th(, stone
 

it' 

aret inhvtrtpnttIv i,,w, tIptiA l,.to q:k w)k lU K ; tilt fith 'l ctivaIted sludf,(. 

and pl asticV tr:ri','k Iil itrtrses with high re'irculation rates
 

r)tt'I
 

A',,i I h it I- .iI i, Y1l 1 i .,t 1 r an, Of t.he alLernati ves 
('(nsidvr .dbu t I 1w, , I areaIu.I roqt i , :Is vary. The stolne tl'i(-kl irg 

f ' Iter i),.( vs,; i .qui i I.,S6"i ~I.ican, ly i -,,I ,Inas com~pared Lo tile 

reliremi 	 nt.s of thie pla:;iti i;: and the at ivatedio I t ri'kl iii, ti-

slutish.' pr,.'UV,;S whiCh I '(]IlirIII..,,se lti'llly "'t.< , .,1 a. 
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O&M 

On-site power generla ion utilizing methane gas uromplant digesters 

is feasible to meet 100 percent of plant ele'gy needs for all alterna

tives ai ill scrvc to t lf.tivvly reduce overall plant O&M costs by 

minimi:ni., pc.,,ir ,, .,. twer costs will he linittd to those costs 

assc t ,, with ,u-sile gei.ra tion tacilkii :. A briet sulmn ry oil the 

cost- :l i,., , I - t p'-si en-Pli ni is inclu dd in llte,el.rti 

Append i:x ,..1 . 

1%11\l ill.qh 1,,,''W .1 C,!:s: Ire Iiii iz ed, the cost oI tm.r t n power 

iS W 

tric lin I . tivcs.' lhi: in addition to hihcr l 

ii!ld v r t1,I 1I1i'.t l"-I , L v r n a tiv v twi that reil(liredIl id er the 

.lt,.iu aor and 

chemtic l ,->s ni. t1 , in A signiIicant.l greatcr t()d.l sL for L ti 

Activated :sludr.v 0 dtli,. as cuo paired Lo the tricklin" filter alter

nati ves. Ill ,i, r. iuil t , I I t tin and pla!;tic trickling 

i t II t ,ic use a , I. 1 1 itI- - ci;lllt i I -\l ii I e I.siner L;;,. 

,,n th ,, ! i t (. 1,,i tIIth c, :<,X ,.i It, i.l I,I ;,,,- ,:;i , , -1i" , ;t , v p I,'' . ThIIis: 

alt t~rll iv,, aliso his: .a hi i -,. t I,.'dch:lalI than ..\ tc.tnAtiV,. i Sinlce 

alero~bic di~cstv.rh hay,. been s;ubstitulted lt ,na,.rbic diges:ters. Wue 

ti tho ilt- . 1" -,? -s - 'cii'ho -l a.4er alld itt hih l P i, l I t hd the 

cost tf vn.rg' i:, i siv i ic itly g.reater thi.n Al t,-r ativ.- 3, ither 001 

costs reiliin esselit i 1':' tili, aille. 

Epiiahi lv 

Av.ii lible it,. Aiea is such that any oi tIil, al ten1.1t i e treatment 

prot-s s -- !;: v . uIl- ill cali c it'S, to iee I i ar 200) I qu i relilentL S 

Ihwee I h.. A in ncufl u i, .t ntio;ii ie saturat,,ir.. ii Ior to lto 

ti (1 n t- I I I ' ( I I I' p It ' n,1 I ,. d I ,,jitTI , d o pei a ti on 

mul[st he A thorl abtandonled for imore Cos;t Y t ll in:, 1'(ui pmenlty hll iha dkIWAL0t, 

Or grat:il I anti il l,I ac U i It d I o a I ow pl Ant iXpitllfl itll.a liltea sittiratio)| 

,nrld itinT . 

,Insi!,,h I nr u c ,'x-n., s ion id o\' mA 1i 1,1;in[l t Iealt niv.o capabilIi ty to 

minLtt ni iI i I i tat i,,n,,t,. i I ri I i vat ion r-vqui rv.mtnt s could bet read ily ;iceom

h salut, ;s under 

each tu I I -1i . niat i 

Co s t ) f l'l i i l ' l ill 

pl ish,.d by the itil ion "I sI;,nil i Iy t. plr,,, tqui plilent 

i'tll . Iml ,.rnat iv,.; have diti i- it,t t'ni ii eriu tist; since they 

hav'' diferent inmpi axities. in general, the ifOLP exnpojive a projecl is 
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to construct, the more cngineering cost is required. In Chapter 9, the
 
engineeric cost 
is estimated as a percentage of the construction cost.
 
Thus, th, different engineering costs are generally reflected in 
the
 
total p.aject cost estimates. 
 The recurring operation and maintenance
 
costs are 
usual ly higher when the engineering and construction cost 
is
 

lower.
 

A good 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 is the best-suited solution.
 
However, Alternative 
3 will have a higher engineering cost 
than Alterna
tive 4 because th 
 facil ities are more complex.
 

Alternative 4 has an 
energy cost estimate for 
the year 2000 projected
 
conditions of JD ,000. per year as compared with Ii) 14,000 per year 
for Alternative 3. 
At the year 2000 design conditions, the increased 
cost is equal 
t, ,J 329,000 per year. )epending on 
the rate of making
 
service connections to the sewer system, the increased engineering costs
 
to design Alternative i 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 Lthe past history of escalating energy cost the payout period
 

could be substmnt ially less.
 

7.5.2.h 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 
ar associ, t d with the activated sludge process as compared to the
 
trickling filter alternatives and the 
anaerobic digestion with gas utiliza
tion as compared aerobicto digestion with off-site energy purchase. 
However, since he ofimpact these O&M requirements are 
directly reflected
 
in the anummal IM costs the basis for selecting the most practicable treat
ment and diisposml sys;rtm will be a combined analysis of the total present 
worth of the alternatives and energy requirements.
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Based 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 JD 11,728 JD 14 

Alt. 4- Trick. Filt. (Plastic) 
W/Aerobic Digestion JD 13,272 343 

Alt. I - Act. Sludge W/Anaerobic 
Digestion JD 12,225 36 

Alt. 2 - Trick. Fi It. (Stone) 
W/Anaiaebic Digestion JD 13,806 16 

The recomInenhd tiii tiient and disposal system based on least cost: is, 

therefore, the t reatmsent system utilizing the plastic trickling filter 

secondary treatment procets,; with anaerobic digestion and power genera

tion. A partial Site plan of the main treatment process area plus a 

detailed plant p'ocess plan of the main treatment process area plus a 

detailed pl rt process flow diagram, solids balance, hydraulic profile 

and longitudinal pirol i Ies'.hrough process units are presented on Figures 

7.9 through 7.15, respectively. Unit design criteria are presented in 

Table 7.6. 

7.5. ,7 l)escript-ion of Se .. tced Plan 

Raw sCwi e wi 1l1d Oitr the 1reconmiended treatment facility from an 

interceptor travel ing along the existing roadway connecting the City of 

Zarqa and Siklinah. Thl sewage would be irmiediately screene d to remoVe 

wood, roots, rag; and other debris. Screened sL'wage flow would be 

m uonitori. ildthn dogritt d in aerated grit chamber; to minimize plant 

odor; -L,. 1; f.e oliov g'ri t that Can1 produce al uidt'Si ,tble -grit 

huildlip in -,tarplilns sludgeIo;T po'm kinit s, part icilIarly digesters. 

Collectel screnings and grit would be landfilled. Screened and 

degritied sewa; would flow to a splitter box where chlorine could be 

'ppl i'd A; roli I tar additional odor control. The main purpose of 

the splitter box, hiawever, would be to equalize the flow to the primary 

clarifiers. wheit ,.ttlvahle suspended solids are removed. Surface scum 

and skimming; I,1 those clarii,. would be collected, ground, concen

trated n, lIm t ii l ed. Primary clii r affluent would then flow to a 

distrlbuti o chambelr serving to equal izu flow to the trickling filters 

wh( re the maji it-,: I IND r,-uction oct '';ig. 2d for 83 percent 

removal at 4o C. Fri, kling Iii er effluent . Thvn enter a wet 
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well/distribution uhambei A portion of the flow ,int,,i ing this chambr 

would be retruned to the trickling filter to meet proces;; it!t, rtn i. 

requiremer.'ii while the remaining flow would be distiihut id tqu.lly Ii
 

the final clarifiers. EIfIlintL from h . iIal cIi i i ti ; wItl II.
 

mnll tor ,a.nd then .,"'vd iNo ',,; a [,tanks fo~r
 
, I , n, t,., hi,, ( ,lit ai,: "p . a-' i'ql 

disinf,* rion ,antd 'hit~i alncv ",Ipt opr tIis o,>I%,.I Ii prIi A)I to,,XV" t'l 1'vt' I!, 


discharge, into, the. Z.,zqa, M et.. i:in ,., -ra,
s r cd /, ,Iel t-.IIIt ,"'Ild be, 

used for ii -plant irii potale purpose. 

Sludge diwn I.'siil ie t iV clari'l ti,,r W'l IldI. pumptd into tll.. 
prima ry ,latit ieis wIIit,iv L wounItIi bI CillvtCI L IIM i<tw Ilh , ,1 tin-IIy 

Sludge Ind planp,.d I,) thetprilllar, an~d secolidl dig t,-1,; Im ,tabili",.r s;l 


zat ioO l 1)i)t.sI e r %,,,
cut I d heiu,;c~d li C OtlltIl~ ;ink'iW th A ,nt rtort, to 

Meet all plant p,,W,, io,.ud.s,Di<,,stv~d sludge, innld hp' itrq,, to open 

air sludge drying l K. lhe drying heds and dig.itil t.will t ;i)..t I to 

sitore dut .;ot montlths. tersi lt ii i l)iges ,ulpt llttiat illi, iuig htcd 
filtrate would he, retumed via pump~in to Ilh lf' <t , Iii il',.; fill

processingi. 

The digestion fmncil itie.s and .'l > ;, liii , !).1t 1~,,i lilt, I i t 

stage of construction wil I h .o ; i:. I,o r .,I t,- %,-atI1'0 0 1It,ilirig 

conditions,. Until th,. p~lant inil~ nIn o}i ! i!;c.,ltial t, tit,. "calr 1990 

design load thetplinr !a,i 1i Ities A,'Il , '. ,h ,,,I h. ndIi ln, s;,pt ipt, it) 

valry ir INli
im tn ri . u I I he c I d I o.', It 

addirional fac'ilitiesr mnav heI . ,I iid () , I ,.t~ nd equall I , sewpt l:ge. 

t ld in c" ,II II I I irl I ti' . S'o:nvt 

tq tI toIilt, 


Estim,_t
7.6 Co-s~t_ myaI,111-11V11,1111' -d I I-Pat IT,,nt.and, I).i;1m: a s tv.PQI 

All ,,s it pj,;.nt, ! it lhi, hap , Ihil lheit,-l'es and 

regulations; s~ot up, hv IhP U. . mviiim ital irte7ction Agency for 
performing cc ,10 , ITilt,-vtto,,t i',. trial,;,st',. valriotv; l lel~ s'qofta 

cost-e, ffect i''~ , ! ! l :i ,at 4. [,',I h A,,,i; IolI ,Ws: 

tioll based, oll/ I hi I , ,1 i il 1 .... ; I : 
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o 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 yeiars (average)
 

o 	Salvage Value - by straightline depreciation
 

7.6.1.2 Construction Costa
 

Construction :oits consisting of costs on equipment and civil work
 
have been estimated basied on preliminary sizing of the treatment units,
 

quotations from U.S. equipment manufacturers and current unit prices
 

for construction materials in Jordan. 
Estimated construction costs
 

reflect June 1980 caiit levels (see Appendix 5.2).
 

Equipment coatii have included 
costs from U.S. manufacturers,
 

freight costs with istsurance and handling charges to Jordan, unloading
 

and transportation rrosts to the job site, cost for installation and a
 
20 percent overhead and profit for the general contractor. 

Costs for civil work include the construction costs on site for
mation, building structures, tanks, pipelines and associated site work. 

Current unit prices Irom rha Jordanian construction industry are used 
with an added on 20 percent overhead and profit for the general contractor. 

7.6.1.3 	 Other C sts
 

o 
 A total of 44 percent of the subtotal of construction costs 
has been allowed for construction contingencies, administra
tion, legal, and engineering costs (see Chapter 9). 

o 	 Land ac(it:isition costs for the treatment facilities is assumed 
to be JD 3 per square meter. 

7.6.1.4 Capital Custs
 

o Total capital costs equal -.a the sum of total construction
 
costs and total other costa.
 

* 	Salvage value equal 
to 	the 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 r e end of the planning period equal to its prevail
ing market value at the beginning of the planning period.
 

u 	 Net capital cost equal to total capital cost less salvage 
value. 
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7.6.1.2 Annual Operation and Maintenance Costs
 

Operition and maintenance costs for the various alternatives
 

include a&l annual expenditures for labor, power and fuel, chemicals,
 
routine replacement of equipment and equipment 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 of 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 20 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 KT41 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 I per cubic meter
 

Administration and Overhead - Include salaries and fringe benefits
 
of management personnel
 

7,6.2 Project Staging and estimaated Costs
 

Malcolm Pirnie, Inc. s assignment for the preparation of this
 
report is to plan for the iimediate 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-stage construction
 

of facilities capabl. of prvo.iding treatment capacity through year 1990.
 

Second-stage constrc-tion 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 construction ,ges are presented in Table 7.7 

7-39
 



The total 
costs are based on present 1980 prices and are siunarized as
 

follows:
 

Capital O&M
 
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: 

Foreign 3 Local 3 Total 
JD x10 JD x 10 JD x 103 

Phase 1 2,548 2,350 4,898 

Phase 2 1,104 1,019 2,123 

Total 3,652 3,369 7,021 

7-40
 

'N.
 



8.0 STORMWATER DRAINAGE SYSTEM 

8.1 Introduction
 

The objectives of the stormwater drainage system have ben 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 sase tiLme 

temporary ponding and flow of stornmater along streets and footpaths 

will be acceptable if flow depths and velocities do not become excessive. 

This approach to design is warranted bth by the basic project objectives 

and the relatively infrequent and low amounts of rainfall ch:acteristmc 

of the planning area. 

The success of any stormwater drainage system depends upon: 

a) the regulation and control of new de-elopment in a ruanner consistent
 

with the criteria and standards contained in the Town Plan, and
 

b) continuing and effective maintenance of the system. New site develop

ment must take place in a manner consistent with the criteria and
 

standards contained in the Town Plan So that new areas wi l be.
 

safe from flooding and present development will not he adverseIy 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 estahlished. 

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 stormwater drainage systems. 

The systems are discussed and the appropriate solutions consistent with 

the conditions are outlined. 'Time list part ot the Chapter deals with 

cost estimates and economic considera-ions. 

8.2 Design Criteria 

8.2.1 Hlydrological Corn;i,, !itions 

Inspection of Appendix 8.1, Isohyetal Map of Jordan, shows that the 

planning area falls on the western tringes of the inland desert, and 

therefore, its climate may he characterized as arid to semi-arid. Rain

fall data obtainLd from the Natural Resoure'. Authority (NRA), indicates 

that the mean annual rainfall in the Planning Area based on a forty 
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year-record is 130 millimeters. The maximum annual total on record
 

is 280 millimeters a,-I 
the maximum daily rainfall is 60 millilmetrs. 

The quantity ot ruhff in this project will be deternined by
 

the Rational Method: 

Q = 0.00278 CiA
 

where Q is the maximum discharge in culic meters per second, 

C is the runoff coefficient,
 

i is the rainfall intensity in millimeters per hour
 
for a duration equal to, the time (1 concelntration
 
of the watershed, and
 

A is the area of the watersIed in hectares. 

The rainfall intUlity will ht dliti'id fr NRA whichtile curves 


have been reprow.uced 
 in A i- .. !ut- CuelVeS art, based on a
 
30 year record. From our experience 
 )I using NRA data on a number of
 

projects, we have 
 found their data reliable. 

The runoff coefficient for use in the IRt" real Method may he 

selected frw, Mqtendix 8. . 

The time of concentration, tc, will be computed 
from the Kirpich
 

Formula.
 
L
1 

55 
".
 

0

tc = 0.0192 


t .385
 

where,tc is in minutes,
 

L is the horizontally projected length of watershed
 
in meters, and
 

I is the difference is elevation between the 
location and
 
farthest point on the waterhed in meters.
 

The factors that led to the use of AtliRt ional Method on this 

project are: a) all the watershed aras in th, p1 anAng area are, 

ungaged, and therefore, determination of runt f f haS to be done by
 

methods based or rainfall data; b) the easy-to-use features 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
 

c) our eaperienc: with the 
use Of the Rational Method.on similar projects
 

in the areas has given satisfactory results. 

8.2.2 Ilydraiul ic (:,,siderat irn; 

lepe:ding on physiographi, , midraulic and planning conditions, 

*t ;:iter rntoff may he dischai,, ither abtvoground through natural 

i It iil channels, or undergroui. tLIMIJugh pe conduits or box 
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culverts. However, irrespeitive Wiie methd of disposal, the hiydraulic 
seti tins am! the sLtipulited ;Iopes shou, ld hI- selected so that safe and
 
VIfIicient operation is g tl(Fift-W .
 

ThLe hydraul i c section of pi pus, culverts and channels tha are long', 

and wher uni torni I I ow condit ions exist, will be tlsint e.J by the Manning's 

Equat ion, 
S= . AR2/ 3;1/2 

I) 

where Q is the discharge in cubic mite rs por second, 

11 is the roughness coefficient,
 

A is the cross-sect ioiiaI 
 ireI in squar. eters, 

R is th hydraulic radi is in meters, and 

S i the 1ong itudinal ;lope 

In the design of ulverts where the control is at the inlet, the
 
hydraul ic" section 
wi 11 le determined by the appl ication of the noiO graph; 

appearing in Appendice i-." and 8.5. 

The ':ipic "ity0i gsitt( rs wi I! be determined by the lanning's !quation 

in the tollwi n'I 1 rr: as lhvt-0 1ed IV,' Izzard: 

2 .l 

whereQ is tlt d ,i:ii ,,g, in cii meter.; p ,- sConl, 

1 i the imIghliness Il ii nlt, 
Z i ; t he. IC'i prluo l II t h-! cI-os, SIope , 

S 0i ' i lon i I lini I !; aIid 

d i:; tie' d pth i t 1 1-). 
Fo " lI eiof iciL nt 'ilii te inl,,t Iperdation, alI rectLiigijI iir hitrs sItitlld 

he parallel with the r low and ti oupenings shiuld cover It leist )(I pier
cent of till Width or tite grate. The required clear leiigth o tie bliar 

(L ) can be conilited by itirmulia given below (recommenided hy i.S. l)epart
ment of 'ranisprtat io ). 

o 12
 

where I i ogtlh it jar plining ot grate in nile ters
 
N . .9i.1' (,-d I 

V i'lean llirli,..'lh vvicity in the gutter in, meter per second, 

d depth . OIor th cnri ill lletis, and 

d de pth of bar it . S . 
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A stuna ry of thv hydraulic de:i gn criteria appl i d in tis project 

is outl 	 i ned b, low: 

o 	 Pipe materials: Rei oforctd coil, ete j pipe! 

o 	 Ma nning's rouil nst' ' tI i icntli tit (). l'

o 	 M inimumn dialTiL-tt-I t pipe: tilliCt'li 	 LerlS 

0 Depth of t lw in ulv rt itt dvs in d .i : ofSch ig ti .8 
the diaimeter i n pipes culvert siiad ii.8 f tit, height 

in box 	 culverts. 

o 	 Maximum anlholc sa Jug: 8il t- ttIs 

o 	 Inlet spacing: depeniding on I low v.loicit.ies alH, 
depthtoff flow at the curb. 

8.2. 3 	 D~rainage ItSi~l C:unSideIr~. iOnS 

Our local inquiris and(lns i dera ions on ilhis subject have 

yielded the following conclu.;i ons: 

0 	 Public icionvenience diring inid after raiinfall: The 
inconvelience of int rliquent I loading is ;ceptable 
provided t.rect s irt, isuliit siho t ly iltcr lie end 
of rainfall. Wh.at is nuot i, ,pL It,by tlie inhab tLnIs 
is li mO dinl, , o Watt, i1inlit itf i C ut I y dra i ned areas 
for hu llt[,1 ' {( S Is tilt.lt tilt 1'l11. 

lIazars ,Ii I ii,, I I II ,ll 1 c I, Iiti t'+ ,lii 
buiIt iii A m, rx.mithy t10 1fC + ii i'illyiig di iirgis 
above tIhej ica.ii ItY',tIhv dd n ,i , tchi ldri brilip swtifit 

away fiy Lilt-Il wi atii a,t!xi,. 

o 	 Risks l trol)i t7 damai g : Hi I ii , I i, iI i, ut f iuan
ciLil loss thfiolgh I I aid ldl.gt cxi:,t s ill Str-tI t S that do 
not have out. Iltt s to wadis, or whet -t tilt, t lets have 
beeni iloIt-d iy potl :ui i and hiphzi lld coilstrut-' i(Ill. 

In the 	 light of tilt- t tiltcIti We I hiat'e sions, It, ollil:llt tilt, 

design 	 of the sturmwatli di iti v iiysylt. b.' in a Ordlll-' wi tilthe 
l in e :
following guide ;

AStreets 	 with L l I oIl-lIadnI triwI diiltancs 
No draiiinage 1 hit 1+1, willI rvidt-d on .1atI t tee)Ls 
(IrainiIig in II,i dliC, tiol ,I a wadi itd where fikIh 
overland travel di!,atnLe is sitrt t itIltS tIlev depth 
of surface flow anl flow Veloc ity are such as to be 
a safety hzard or a source of property dlaniage to 
ad jacent prolrti es. 

Streetswi th long andI wi ning J.'tl--liid t ra;,.I distant is: 
Drainage fail I ties will Ihe pi ovidd oit such streets, 
and discharge ioilits miiitl, ,It the prOler I Otilt i ,Il. 

0 Depressions antd It, I, withuitm t lets to wadis: 
Drainage faci Ii ties wi. hft instal led here and 
appropriate out!et p ,i:it, tiovided. 
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-Streets runnii g ifl jacnt ILi or coit l , ioi ng with a wad 
courste 1Wa ,-r will hhe,i nte ete, d . 1 th ulip;troia
end of tlt w.,:i ild d ainai i e i i l itita; it i tided in
the street t, convey the waLtr Lt the pro lttro"tL . 

n Wad is r n iny t fil -t hrough hl i II i artas : II th, ;tream 
I'ha nllt, l Ih, i ;j tie p landw il I I 1,i d 'Ind the
Irus,;-s t il0 1 , i , o' Mt. :;ill I iji t t t o'C lolludat V t he 
flood di.cha rg
H~oweve, 	 s 

s, i, 11r. ni1,t. %,,lk,;will II t, pro,.ithd.:hould tlht. :;t I .,ull c'~h ' I he consridered. 
inade~cqut e l pit ,V.is; : wil 1,I I~ t., 	 o iteret'' p anld 

d iv e it t il t, I ] '.... .I , . 

'ad is il:ai II, llj !,1 11 1rp~rov i hd 	 : It Or, ,i- I I he,e t ,I I Ir :,., w , i(,!;!,it tli, ip p l qiit,,IiI 
d i S'C till ,? u1.llh't I S prOV i Lied . 

Tll! LO-ll at. Lr dia,i ,ageSy; cImwilt It'cns IsI o I t he I lowi ngfl 

0 in l ima y I i vilg f ttirl: Thirk willit Il '!;:l:wi Iiit vcrt.,
ai 1 I i ies, anid p, i ly openi t'lhaiui I s wihi c. wi I I convey

Stnrmwa.te runoff( t L.)o Zar ,iq.a', tor ,Italill cthi n ie s o,f
wadis tririutary to Zarlq Rivte r. 

0i Stecondary D)rainiage NtLw irk: 'lIIi -. will colsi st of 
sisal II r )i lus and i oi i,

' 
i ,nn tylt(pc ic l s wiiich will

conIvey stl-orlmlwater l"l-~lIM ! hI I( li i~ iliia I .' (I l't i nalget sys; IPill. 

It. shoi IIof be itt td It.] t !; I I ! it I -(,, l. iti:;irt ani illpOrtiAit
 

part of the sItirmwl-IIL or 'utivtyil 
 ysty e Asfilm. ! iliilitrnes i h lit ani ton-
sistent with other so ial him iv, i
I nn i i.s, til, st reet s iand
 
roads should he liaved and 
 providd wit h w Ih,; .1iii gitl 1e S toi iiprove
 
their storniwater 
 ctnveyatce clapabiliies. iti st I teeLs whtIe undergrouinl
 
dlrainiagt latilit 
 iUs h.ve bv, provided, g tl Icvi i nlct s :€hilti I iov tlt I I . 
Tlhe. slac.itng tof the iIII vt s ,h-p,,l~i (it I tht de~pth of1 !;Ilil I-,t I Ilo~w and I Iow 

Velocitv ii tin gut t, . . FYl.piil Ktnil l - aSttetel .aid io tl.ith cross
se 
ctions .ppi l inl ApItWldil (+!, H'.6 uild h .]/. 

lypicil stuliw lit e ri iai naot inl ts to bi isted ill thi plrujtct appear 
in App tlicles ,I. 4 through 1.11. itc that i .ine of I the ilnlIt: has hcc 
provided with a taLli basint as the itility of including a catch basin is 
open to question. 

8 .2.4 ,ervi -t (:. it v i
 

'lIlit range 
 of design i (I i ,,,ii ,ia I , tulic, a ,ist-il iii cniginering 

piriects 	 is as fillows: 
o. 	 r itnlul1. Sewe'Is ii , i, tiai la ,Ici,2i Lo 15 yevalrs, 

wi 1 " years l:host Cli n , ,' report:oti. 

For Storil sewe ls ini ,li.w: .:1 ald Ii I 	V, talIdi sir icts,
It) to 50 years, dcp( udim, i ,ii 't}IiOtli.i j h cai[totatiol. 
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0 For large vu lvert s and I Iood protect ion works, 50 
years or more. 

Based on our experience with similar project a in [h re'gioi, w, 

have adopted the following frequencies: 

u Primary drainage nL twork-major culverts, 50 years. 

o Primary dt-a i liagn i, Work'-p i0' I I' i lid IlII i iI CUI V '.s , 

10 years.
 

o Secoit.la ry drainage i.' lwc:ik, S yeats.
 

0 Open Cianne! '; and ditlhes, S years.
 

Depths of flow and flow velocities whichi pose I LtaLt to humtian1,31
 

safety or cause property daaig' should he avoided. A r.ommiended 

criterion is that the ,'elocity in the doopt part ol [ho gutte r be 

limited to 3 rters per socoii. 

Maitntenance of t '2o o[o'ii chlanni sI, pip el int0s, culvertitr s ind dIrai tnage 

inlets should b carried out priodically. Removal ol rubbish, debris 

and silt from culvercs and drainage inlets should It hi as necessary. 

Repair of storm damage should be ,;arried out immediate ly. 

Sito dovv'lopmelnt control is au imiportanit aspect of tortwiter 

control planning. BIi Iding onc'olOiihiitlt tl Oto and major wat rways 

should he avoided. Wue deve I opinlel. over a stream chinlie I or a wadi 

shol d lie prevented uni less an lqiluatu C,uIver to convey tie stomnl 

runoff is provided. 

8.2.5 lies i gl H1.'t ho o I g', 

The watersheds wi tLhin tie pIlanning area hate been assigned 

reference numbers and appear oii PlLvs 8.1 through 6.6. 

The design of [ie major culverts lor tie li imiAry Ira inage 

networks, ini g'neral , avcoiusli to It lit'e somm in if of aleas gre;ater 

hian 250 hoc[ares and are designged lotr ia Si() 'ear Itiqiti'i'y storilI 

runoff. The design dischlarges ol watersheds greater Ihin 250 hectare':; 

in area appear in Appendix 8.12. 

The design of the pipelint,e;s And minor Culverts for the primary 

drainage networks are for a 1i) year frequency storm runotf. It sioild 

le noted that in ti inst ancta the eleoment ot L irl. network under coni

sideration is serving on v a ,Nlniarea iii I watu'tsihi'd. 'licioloe, to 

, Ii: , iolIfaiilitate computations . 2:.1 1 ':ais pi.'il Ind ,iil' 1i 11 

values for ;reas of differeni - . ,e for ia givein Lil ioi toConcentrat ion. 

The design discharge is obtainod h ,MOl iilying the rinoff valte by 

the area served. 
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The elements of the secondary idrainage networik o, designtd for 
a 5 year frequency storm runoff The runoff values are also given in 
Appendix 8.13. II 

8.3 Existing Situation 

8.3.1 Description
 

All watersheds in the planning 
area drain into Zarqa River except
 
for 
a small densely populated area in the northeastern part of the city
 
which drains into a dry wadi bed, known as Wadi Saida. Wadi ',ni.da, 
in turn, drains into Zarqa River at a point downstream of the planning 
area. The watersheds within the p(a,ning area have been assigned
 

reference numbers and appear on Plates 8.1 through 8.6.
 
The catchment area of Zarqa River up to the northern boundary 
 of 

the city is 650 square kilometers. The major tributaries of Zarqa River 
in the planning area are: Wadi Qattar (W.S.1), Wadi Lshsha (W.S.16) 

and Wad, Ilajar (W.S.24).
 

There are no streamflow gaging stations on Zarqa River in the 
Planning area or in the imnediate vicinity. In this report, the dis
charge was estimated by tile Rational Method and by the Slope Area
 

Method. In the Rational Method approach, using a flood freliiency oi 
100 years and a runoff coefficient of 0.2, the discharge was estimaLed 
at 720 cubic meters per second. 'l'he slope area iiethod, based on tie 
high water marks left by the floods or November 28-29, 1979, gave a 
discharge of 515 cubic meters per second. Ior purposes or comparison, 

and as a check on the validity of the discharge val,,e obtained abovt., 
the discharge was plotted on the graph appearing in Appendix 8.14. AThie 

comparison is accreptable.
 

During the storm of November 28-29, 1979, Zarqa River overfloved 
its banks and, as a result, several houses built on its flood plain 

were damaged, The Ruseifa-Zarqa and the Zarqa - SuPlnah road' were 
closed to traffic because of the high water. 
 The Civil. I)efer.se reported 
that it had to evacuate over 60 families stranded by the hig, waters. 

An approximate profile of Zarqa River derived from contours 
appears 
in Appendix 8.15. Appendix 8.16 includes six cross-sections of Zarqa 
River taken along its route in the planning area. The estimated high 
water levels of the November 28-29, 1979 flood have been drawn on the 
sections. The extent of the flooding is apparent from insp,-ction of 
thhese sections. 
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In Pltat ol ittitL Tow n ,f teit '., iii- R I a ar a ti e I f' t't 1) 1 a ill
 

of Zarqa Rivtr hais l.i' designitetd Is an agriculttr ztrie. This
 

limits building devlpmepitir to 25 pertent o " th total arera. This
 

can be ltoked 
IptI as an lvatatge in an irea subliit to lloodiz,.
 
Howeqtver," be'ingt' anl ,dg'ri,'tltt r' l v'ono, 
 hets retrt1i~tionsl on thi ;ltv nl~'il
 

ofI lloot prt' t- t ion k.,'011-,:
thalt ,,t lbt,in.- tallct.
 

8. 1.2 :isting i,Srli;. 


At p t t' , t hvrv n . it t Ir Lt- t.sl' is it nalcilla m il the Ilinn iin . 

alreI. lIsp Ition th streetl t r ts,;Id an howedilt li :;h! t a t ttrll-


W I " ttis itS I riiii them to the w'di.. 'Ia I these w, dis
 

are noti ',' i 0ti 0tlt t), h ititi hiei siicsll rt, atl€ I 1,0tlill cr, [1 tla '
 

rC.sul tI ,I th t. n ,th.i tit r hlt. withti ti 
 t ,'", t ,t thatl '1 :tit . i b
 
str ts)that doi ti tt i o t 1 ilt.l", li are I,1d0 .t-I,10" hours 


~nsltI nt h1VI'I.Swtall,t It 
 l. c r kte v r h tr a 

t i,-
c'h a nlsl l,+itit , a dq~ ,a ndt t 'l t1)1 , ,kt -t n~ttu r al t¢,t u t" CO UlIlS. rt0l a b ylte d 

IlI r nlitot ti llit-I titi is. t l' I h,. li [I 
:'lt;t,, tli t , , t ; IIt'.i ,,qua~t e in s;i;'t,-ndl a 't 1)1ocktede 


(lit itl" ht'.a% ,. an;i'! I,"'
I ai1 1.11 1 lt o- , tlid i , ,aLt t i r I- I -L-ll entds . 

Ill l l '1', a,ti,,:1P;,tLVl~ia.!I ,1L,,,pth+S , lilt' ho ,t'; tliakt' been't 

btli ltso, I ,!' 1 I tit' t it t at Itt t ,-itiit ' "thl 1 i,i,, tih ho ise ,
 

(.-vt' .I (I, l.H I.
i ,,IIIs to, tht,., l lt. Ihi s Ici.;ulI il1:w Iliou+ so irproblems
•
ito the' l ,und i tl t,: Indl pktcnllia l hlla;'.ar' ,t ,t,' Ii at, 1111u1i a 'This t est' 

th11 L ,t,.1 ' in l w t, s a t .[ (1l,i 1 l' , Ita - t ,[II..lw ii , ,;.'1.1 i 11111. 1 10 dill!¢t.a ill 

1 1111 ,.1 ,luti,lis::tlm :t,+tli t(,,d '.'i : it+u l.
L~ il tt l s; ', ,,t I-, -.I thI tht a s a ti 

.1, t,
I'[llc1',' +It andl ,',I . I t!; iltIIh e ,'1 11mll lr,,' tth a t d i:s etl l a ch att'g 

t+o t,' w t .I ,i i I-q 1 1 i'.", 11111t I htl1 ut ar itL'' kl Zal d Kzl iVC r". l'htOSt' br'idgets 

ar (11 rt s: hav\.t.h i;; i 'lt, t i' ,lenc,, llllhcrs''+andlt ,appot;11 l" Pla't t.1ul 
 Il I,-


thl11 n ,
8 . 1 rough , ktl,:!;t t th, ,, III :I) w i11 


+) Ii, h,.,hl.i,!,,,; B. IB. .
 ,B i., B .'+ IS 7, IS.H8 anru S.9 . 

i ii)) i 1-, tB id (,)
, I ,. t . h h IS . 

8. 3. 1 lic't n.A j t I's;IK Iv on s Sy's Lell " I Mitl t -I P',,rtti~ tILhe+ 
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be charactc istics, and conlditioll of the SL ttblluLeS in1c oUtl ined 

in Appendices 8.17 and 8.18. 

AS Siel from inslpect ion ol Lhese tables, 1O1st ol the strurtures 

are useable. HoweVer, i .i work and maillntliilli't s retpq i red ol 

Several of these st-rct ureih lttIe they .,inoperatek- ef iciently. 

8.4 .rosed lrainie >si.lii 

2.1.1 General
 

The prollsud drt i it/S;getSS
inai , LVUhlas btV1 des i gtd to tLo'l t t , COilVey 

and dispose of stinc-at. rrsoI I rom iihabit ed artas iii as fast and 

efficient a way p hl with design cri teliaas W I; ,, ii j,.orl-a,1,nt1C tho 

and d gn ,msiderli pi vv , Cra IIt, has be(llily presenttd. ,i ty 

TI, 'lIiing 0 n di vided into a ,iT,01:oier o Watt-r.Sheds.Iro>. i 

tlt, natural topogi lily , as howln i n 11lates i . I through 8. 1h, 
andl(at ! oI'kI'l in tryi 'ul :it ' i~il y/ la lll ' l .; was1! (It.siig,, 
IoIlowiinil 

:t,~ ed
 

tm i !1I.: eiu:ihcod. hl eoverl cnvenll lli' 
tO cope i Il the t lt-Ill lli toath wIt 

or p.5siL , more thin se wit t p id wet e t' iiltiA isll ntC Outflow tondnit 

in order L,,,inimi. ti-e m , i dis'-,argp point!, into tht wLter.'ways, 

[,1jtVL . The secondaryand cOn:;CIllUt ly, i educe i , .1.1 CO It Ol tht' 

n0tw,1 o; lsaLterals, cl,,t id olvey tie riit I from stLrets to the 

p liiitly lit'!nt ,'S t i tt rct',t,i' !,,which, ill i I1,, ,,Iv',y tilt, watels to 

its d i ;ch,,l, ,, po int!fillth, . t. ,,.y .
 
Iniia ,,!:, l itv i IIt t It t, Iie Ir .ti l I ':'ut(.d ill t.t ion
 

8.2.1, oV-. , Itl1 .W t: W li bet-n al ilad ill toot .tthis and street:; 

.l I i not vol ii i1 iti ti ocept ion tr whertewherev r (t 1, alittil; .li . , d 


Lihtphysical ond iti,:"s; ,:.,:htth,, List,' )I kinkd, i,ik,ll.,,
c'onduits. 

AllI conlh,its A thu kit ~Fg ,lit-eitherl reinforcedf,, ;I g tin !iys:tcmt 

concrete pipe, reiifor,,d ,t ,i, i(0 l, , i ti t'iid concrete 

box culverts. All ctonluits shllI he initahl d At dith.i; rlil do not

result in excessive excavatilln costs, 1101 at th,- Sime t.llie cause intvr

ference wi th olhier t- ii t ie ,aihethr t:,istilhg or pruoved. 

8. 4.2 l'rilnarvt;htwork; 

The 	primary netwlrks i, tht, i.i intt -i. iO th-it recuiVe f'lows 

TheIro.,n the secondary iitwoi-.a oin tliV.'y it t, tLe disc, rge poi,ts. 

I i .iily lLt'W k ; art, desigiedI . r'y tLhe ) l;,a stor lls and ;iccitllitttl ltt
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in most areas, the storm runoff of large areas. Consequently, the 

flows reaching these conduits are 
large ;ad, subsequently, they have 

large cross-sectional areas. These condhits have, her:fore, been 

designed as reinforced concrete box culverts in;tead ol circular pipes 

in order to provide the required cross-sectional areas;. 

The locations of these ciivertsheing mostly at tih etdgs or 

lower reacthes 0! watrsheds do not warrnt the extwvt,.iv 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 ;ect. ions shallibe provided whretver 

the channel cross section changes in size. At all changes in direction,
 

adequately long bends will he provided to prevent the creation of dia

gonal waves if a nl whn supereri .cal flow occurs. 

8.4.3 Secondary N4etwork
 

All secondary networks are of reinforced concrete pipe mg ing ill 

size from a minimum of Mt0 mmitdiareter to a maximum loI) n. They 

have beeai designed to cope with runoff nsulting from a 5 year storr. 

Secondary networks have, wherever possible, ble exteided to reach 

all low and land-locked poiiits in strets where war ted.'s to piod. 

Inlet structures shall be installed at all such low points as well as 

in long streets with I at gradients and on trtl intersections. No 

inlet points ar envisioned on steep strets as the last tlwing water 

tends to jump the illlts. 

Storm rinoff olten carry with it eroded s i I and windbIown a i Its, 

aectrumulated debris, vegettit i onr ari decaying arlillail wastes. lTosatfgard 

storwater systcslia a aintit clogging by stuch otbjects , sand tr,,ps uor ;llrl; 

are usual ly instal led at each of the irliet poircts. However stuch ;ltp 

require constant msai ntenance andi (leaning to coinu in pertorling tiheir 
functions. Such inaintenanctl liay i -vertax capabilities iunicilpal itieOs.the of 

Therefore, and, taking idvantage of the self-cleaning vO loci ties that Call 

he gelerated throughout th syst emsi., sand t raps were uot usetd. )ccasionial 

flushing of 
certain reaches ol the system where excepltionaly heavy debris 

my have found its way sh, id be sufficieut to imaintain the systemt problems 

free. 

8.4.4 System Iescription
 

The extent of the watershed id s;ystems proposed are shown on 

Figure 8.1,. Details are on Plates 8.1 to 1.6. 
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0 

Watersh e d W.;. 31 
This 	 large watersied is served by a sv , ,i1i,1 existing
culverts and channlels identified Oiti Pilitt's i' ;C.14, C.115, C.16, C.17 and C.8. The 
area 	 i sisi.Mstly

undeveloped Vut i.;planned fur it ili't (It'Vi' op1 nlh'i.
Tihe existing i util vorts ailtwt' iltoii, t , ' hrtlI~ I I'01lD 'l - J~Ith i:; ,J1 1-at . N I ll])11 l llt- 11.,Ik-I Wl , i ,l 

p ropoised i t thWe p -,';,itit I thi it ,,1.t it d i,i,stucih netwu k iu s i tt' ,iil i V ,iw i t Il, ,It tviiniun,ion 
Of fitilnalS t-itL',t gr inld 

'rim 	ruy !in- 11 is; il. al 4d in M ut i"h,. .
 I fi
the watershedI ad t convey; thei itlt i'utLof) ctexistirg
 
culvert C. 

W l ershed l . . h 
This 	watershed iomi seitse, ,in ar-i A aiiliro.tiiniately 15
hectares and is sittitated at the notrtheas turn L ip of

the pttently developed area. Prinary line 1 is 
proposed to h,' iii riotii i V ma in roi d 	 to ciarrytihe flow frum i+hi,;watershed into the, watdi - nituatd 
to the east. The 
 i, .s d di.sihirgi Point i; in the 
vicinity of ex itin g vlvurtt C.1Ijg. 
A secondary Iine I-I co Icts tih' I 	 ntl It oii lit,
streets of _t wittt-irshed and ony'tt s it to primiry 
line 	I.
 

o 	 Watershed W.. 29 
This watershed Alllpri.Ss I largt i[ it t And
 
has a total irta of almst_ 17 hn-ur s uI i,litly

develuped ant inhbited !at. 
 hle area Copir; to th,,
east towards a dry wadi. Rt iuing ',l it,:; i tii, wadi 
atttn d tile tiSt 	 'eri enrd ol thte Wa P!,'htt i ' ! 1W >l-it l',l
Road which Wii] taLUtes tihe I iti t o lr i' tl,t ial cI i .l'o' lt 
Anl extvtlsivv s';stu o f I"''I ttll d V ;,t.,/i',.i'l,1;,'
,,,,
 
to serve the .rot. The rlt'twork i oisiv ''n,; iwi t' a primary int.v rc wt,r linei Iif , 1wi -,,,t i't d
itt tihe road partallel to the. Ar Im,I,,e. Ihi , , ,I, f 
col lects rutiioff ti t prAun tilI t reacht,, tIit.- , .ii i a wi thw* vrr ,t,,i IIn. w,att,.i tvt,,hw , wh.i ( it 'I ir.
charget i Lts I1Iiw,i itt ilty wadli t Ii!oitoi,, o, .:.,o a 	 li :.[i,j,. 

t 	 WatersIith d W.:;. ' 1 
T'his witershe'd, hiving r,All te te laixl:iatil (ot
hectLar'us is ,l ted at Lte ext I't , nltplanning itea andt i i'ti of i11oK: m,,stly tunbo,loqm! e~xceplt ,at 	Wti 
s'outhernt tip. 
 Thet itmportance of this walt-'i iv, i!,that it c~ntribit,,, !;toiml r-n ol~l in 

} 

the! diif!"ttion ,1
t h e 1 : 41 ]1 , i i t!() , : [- '. ' , 11,J (.,, I i,t i,
A smnall] sectondnry,' ' 

t'wo'rK i' ploposud Wi thi ll t t ,e
+

loped area o ht, 'it to irit i .slid.'t IV It N Irutthe higher gtou ndu:.,.- convey it.tt,tht priliriy I lit- IV. 
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0 	 Watershed W.S. 42
 
With a total area of approximately 72 hectares, 
this

watershed 
is, lke W.S. 43 which borders it, undeve
loped except at its southwestern tip. 
 Similar to
W.S. 43, this watershed has also been provided with
 a small secondary network which collects 
tile runoff
 
and conveys it to primiry 
line IV.
 

Watershed W.S. 38 
and 39
 
This watershed, with 
an area of approximately 86

hectares, borders on thc western side of watershed
W.S. 	 29 where a natural ridge separates the two
watersheds. 
 Like watershed W.S. 29, 
this watershed
 
is mostly developed except 	 end.at it 	 northwestern 
The proposed system designed to serve this watershed 
comprises two secondary lines 
IV-3 and IV-4. Both

these secondary lines discharge their flow into
 
primary 
line IV. Primary 
line IV cuns along Sukhnah

Road and dircharges into Zarqa River at ,'ad I 0 ,."e, 
confluence.
 

o 	 Watershed W.S. 
37
 
Sirutated south of watershed W.S. 38, his is a
densely developed land comprising a total area of
 
approximately 32 
hectares. 
 The shed is proposed tobe 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 1.9. 

0 	 Watershed W.S. 33 
This 	 is a relatively small 	 area of approximatelv
21 hectares situated at the southern end of W.S. Yand bordering on 
the river. 
 A brief system of secendary

network serves 
the area and conveys its runoft to the
 
primary line VI.
 

0 	 Watershed W.S. 28 
Another relatively small watershed ol approximately

27 hectares and situated 
at the southern end of W.S. 2')

and east of W.S. 33. The 
area is served by a relatively

extensive 
secondary network which terminates at primary
 
line Vt.
 

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 direc
tion and discharges into 
the Zarqa River.
 

0 	 Watersheds West of Zarqa River

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 dveloped area are relatively short and
 
close to the di; 
 Jrge points at Zarqa River.
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" 	 Ruseifa-Area south af Zarqa River
 
This is the !Iargest of th RUsuifa areas 
and is bounded
 
on the north by the Zarqa 
River whereas phosphate mines
 
crop to the south of it. 
 The Anlnan-Zarqa Road 
runs

parallel to the Zirqa River at 
the northern end of 
the

development. A natural ridge, parallel to the Zarqa
River divides the area into two 
narrow elongated sections

of almost equal areas. 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 norther sect iOl drains in anortherly direction in the direction of the AmInan-Zarqa
 
Road.
 

The width of either of the above 
sections is within 
the

allowable limits of overland flows, and as such, no
drainage works would ordinarily be proposed. 
 Iowever,

in order to prottcut the Amman-Za rqa Road from 	flooding,

primary line VIi is proposed to intercept water from
lateral streets ;ad 'OliVey it to Zarqa River in the 
vicinity oIf existing bridge B.2. 

o 	 Ruseifa-Ar a north of Zarli River-.lee Al Shamali 
This area falls within two Watersheds, W.S.11 and part

of W.S. 
12. Tlhe part within Watershed W.S. 11 has a
natural Waterway at its high northel-n end that interceptsthe water flowing from the 
upper reaches of 
the watershed
 
before it enters 
the bu It-up area ld onveys it to the
Zarqa River. The built-up area drains directly and

efficiently into the widi through a number of streets. 
The street gradients are such that 	no water accumulation
 
points exist ;aid thie tot.A ruiiioff from 	 the individualstreets and itsalast 
di';cha re inito the Zaqa River do 
hot warrant the ctll;ruction of any drain;ge works.A 

The part within WaLershed W.S. 12 
is very narrow and
drains into a natural waterway that runs 	 in a southeasterly direction at the foot of the development and
 
into the Zarqa River. Hlere again, the short 
length of 
over-land flows do nit warrant the constrtion of any 
drainage works.
 

o 	 Rusei fa-Awjan Al ,lnubi area 
This area falls witiin part of 14.S.12. W.S.17 and W.S.18. 
The part in W.S. 17 is very small and narrow and drains

into a naturall waterway that 
runs 	along side of it and
d ischlarges i nto the Zal'qa Ri ver through the exist ing 
culvert C.5. 

The part that is within watershed W.S.12, unlike thefirst is large in 
in- "d has an elongated narrow shape.
A number of smaIll wateiv run through it creating what , 
in effect, may 
le called Wr--wniatersheds that 	are small in
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area 	 and conseul.litly tieir coltrilno ion is ma ll. At hi
 
poi.t does a large watIer concentration occur that warralts 
its collection and conveyan:e tHiugli a pip"id system. 
Street side ditches should he sulfiCint tor tie plrise. 

0 
 Watersheds in the N!hiSiiiuh arpei 
This area c.isistsm iniilyof the Scut' IeIr Refugee Camp 
which falls outside the area limits I thie irolject.
Scattered housing developents I.t, lio rl andisi Lt 
to the east of the refugee camp hilr these ar Lto smlltu 
to be considered tor a drainage system. 

o 	 Other Watersheds 
Other watersheds that have not been discussed ahve, but 
are indicated on the plates, exit througiiiut the pro ect 
area and are a testimony to the rugged and hilly terrain. 
These watersheds are not inhiabited and no draill,, works
 
are therefore considered.
 

8.4.5 Staged Construction
 

Like 	in most projects, stormwater drainage systems normally
are 


phased over a period of years and are prograuned in such a way that
 

their construction is compatible with 
tile need for the s.ysteim ai! with 

tihe availability of public funds. With at least ont. 0i t ie alvi Iactors
 

being unknown, that is, the availability of Il ic funds, it is only
 

possible to point out to the order of priorities that need lie Illowed. 

The Agreement requires that all the primary tework; he ini Ihase I. 

In arriving at priorities within Phase 1, pitihuary ta mi-I(5 tllt serve 

large inhabited areas or protect major roads I rll loodin!g shoild iiillte 

first. Based on this, the order of priorities in PIhase I sluIIld hit,is 

follows:
 

* 	 First priority-Primary lines 1, 11 and Ill.
 

* 	 Second priority-Primary line VII. 

* 	 Third priority-Primary lines IV, V and VI.
 

Secondary networks are 
recommended for construction after vonleltie u
 

of the primary networks. Therefore, the secondary networks will le in
 

Phase I.
 

The order of priorities within Phase II should be as 
follows:
 

0 
 First priority-Secondary lines 
1-1, 	 Il-I, l1l-I through
111-5.
 

Second priori ty-Secondary lines i11-0 through 111-15 

o 	 Third priority-Secondary linehs IV-l throllgh IV-4, V-I 
and V-2, VI-I through VI-6 and VII-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 I Cost Estimate
 

The Phase I project is the primary network. The lengths and
 
construction cost 
of the Phase I project are summarized as follows:
 

Zarqa
 

Lines I to VI - 10.3 
km JD 
 889,000
 

Rusei fa
 

Line VII - 2.4 km 
 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 I
 

Zarqa 
 249 640 
 889
 
Roseifa 39 102 141
 

Total 
 288 742 1,030 
The det.iiis of" thc total lengths ar shown in Aplendies 

8.19 and 8.20. 

8.5.3 Phase CostII Estimate 

The Phase 1I project is the secondary network. The lcngths adihI 
construction cost of the Phase II project are summarized as follows: 

Zarqa
 

Lines 
I to VI - 25. 9km JD 1,147,000
 

Ruseifa
 

Line VII - 0. 4 km 
 19,000
 

Total Phase II 
 JD 1,166,000
 

These costs have been divided between foreign and,local 
costs and
 

are shown below in 
thousands JD:
 

Foreign Local 
 Total
 

Phase II
 

Zarqa 
 323 
 824 1,147
 

Ruseifa 1 14 19 

Total 
 328 838 
 1,166
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The details of the total lengths and cost estimates are shown in
 

Appendicies 8.21 iiid 8.22. 

8.6 JWstification ot Proposed Stormwater Drainage Sistem 

Attemipting to justify ibl ic expendi tures on .tirrmwater drainage 

works from a purely cost bene it point oI ,i.'l) is, at best, a 

quest ionable endeavour. 'lwo ,n',' vai iibles ind ilitali b s ire 

encountered that are difficult or eveln impossil.le to aSSess. Ilowever, 

in undertaking soak an attempt Lth ltllowing thLet' factors are normally 

considered: 

0 Public Salt y 

11 Property Damage
 

o Public Inconvenience 

No monetary value can le put on public safety and well being. and 

no public funds should be spared where the safety ol thn puhlic may to 

reasonably impaired. llowever, public safety is nut considered as a 

major issue in this particular project since the aMounts ot 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 st reet flooding occured and there were a few incidents where 

residents had to be rescued after beinrg surrounded b!,' ri;ing waters. 

However, all these incidents occured within or ntear the Zarqa River, 

and during what was considered to le a 100 year storm. It is iot usual 

practice to consider such freak storms when lea i ,nrug stormwater 

drainage works. Attempting to provide protective works against such 

storms would ent ail wadi bed improvements, construction of Aikes and 

bridges and expropriation of nearby farm lands, all resulting in prn

hibitively bigh costs and pioviding only questionabIe' results,. Funds 

are better spent in developing hi ghier grounds for home construction and 

encouraging the public to move to new areas that are better protected. 

Property damage caused by flooding is normally asses;ed through 

claims made on insurance companies that handle such services. tn the 

llanning area, no such insuranCeS exist from which proper estilates 

of damages can be made. Reportsa - property dama1gles were made after 

the November 1979 flod. Bit , her, .,'tii, most 'F these damages 

occured to propetLies on the iank, , t i-, /.alqla River. Few other 

damages occured el sewhere. To our knol dAI,.,no assessments of these 

damages were made.
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[.ve n where i t i s pos ible t ilna te prulr1t daiilgeS , ,o 

Orurate 
 be.......
s ;scliontc made "-onveito public e( *( The wo(r kand productive tim:,"lost due to traffic holdus, roads )pd st roet s 
being impassable, and disruption of powe r ai1, coouunui di6n .rv1 

nount to substantial sums in any given aream over-" a short :i,: 

Of tilme. For example, assume 50% of the currei i upulation 

<(276,000) lose
QC' ' one day's productive work
,. -: • (10 JD), everyltwo yar:.. I.. .. f lfrlt 
1he cost is about JD700,000 per year. On the basis of Lhe Litt l.cost calculations presented in Chapter 9, this would finnce about 

'4.5 million JD construction cost. 
 This is about twice the cost Or 
the proposed program. Prevention of these losses to Lhe. puli ;I.mmid 
to the government 'by itself justifies the capital expenditmres [ill

the proposed stormwater drainage system. There is also a pblhic. 
health henefit if water is not permi tted to remain punded for a 
long time. 
 Ponded water usually becomes polluted aid children playin it. It can also become a breeding ground for m .osuios. 

Based on tiese considerations, we have set

*i " 

the design criteria

that govern 
time, extent of services 
to be provided and the allowabhIe
 

* overland flows 
 that may be tolerated. And, with the saMIo reasmmilg
as above, we have reconmmended a more intensive system for certaili 
parts of the area when populatiok density may he higher or where 
commercial activity more intense t\han for other parts where popla

-', tion density is not so 
 high or whlre future growth call he xpe4ptedl 
to move in new directions. 


... -

- . .. .. C"-4•
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K 9.0,JRfLIMINARY R~ATE STUDY 

The purpose of the preliminary rate study is to establish the 

proposed rate structure required to finance the recommended water
 
.distribution, sewerage, and 5tormwater projects. The questions of
 

ability to pay, economic benefits, sensitivity analysis, and pricing
 

"strategy are discussed in Char.-er 10.
 

9.2 	 Total Project Costs 

The construction cost of the recommended projects has been estimated 

in prior chapters. Before a preliminary rate structure can be determined,
 
additional project costs such as engineering, land, and contingencies
 

must be determined,
 

The construction cost is the estimated price, without any contingency
 

factor, that will bepaid to the contractor. The estimated cost has been
 

based upon preliminary sizing of the treatment units, preliminary Water
 

main 	and sewer routes, and preliminary soil analysis. It is customary
 

and prudent to add a mirLimum 10 percent contingency factor to preliminary 

construction estimates. The construction cost plus 10 percent contingency 

cost 	is the "constructica plus contingency" cost.
 

Current (June 1980) costs have been used to 
estimate the construction.
 

cost. It is anticipated that the tenders will be received starting
 

mid-1981. 
 An inflation allowance for one year should be added to the
 

construction plus contingency to'allow for the anticipated inflation up
 

through the 'mid-point of constrUC ton. 
'This report will utilize 14 percent.'
 

Engineering costs include preparation of detailed design and tender
 

documents, prequalification and pre-cortract services, detailed soils
 

investigation and foundation engineering, contract administration con-

struction inspection, shop drawing review, house connection design, test.'',. 
 4 

-witnessing, preparation of record drawings, preparation of operation and
 

maintenance manuals and start-up assistance. This is estimated at 

i 10 percent of the construction plus contingency cost. 

A management services cost which includes the internal costs of the
 

planning and implementing governmental agencies must be added. 
These 
0
func	 ions include review and award of contracts, review of estimates and 

field 	change orders, progress meetings, processing of contractor'
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paymntsperiodic inspection of the work, financial planning, and
 
' financial institution appraisal. Also included are legal costs such
 

as 
review of tender documents, bid award and contractor's claims. 

The cost of training local personnel in the efficient operation of the 
proposed facilities is included in the management services cost. This 
is estimated at 7 percent of the construction plus contingency cost. 

The total percentage incioase to the base construction cost,
 
before any land and financing Ii.'tor is applied, is 144 percent. 
This
 
overall factor is exclusive of land cost and interest during construc

w- tion. The land cost must be added on an-individual project basis. 
'Discussion with government representatives indicates that funds 
borrowed from-the central government would be loaned the localto 


municipalities at 6 percent. 
 It is also assumed that the average
 
construction contract will take 2.5 years and the cash utilization
 

i will be on a straight-line basis. Interest will be paid only at 
the
 

funds are borrowed.
 

Assuming the first principal repayment on borrowed money is delayed
 

one year for start-up, then 
the total project cost must be increased
 
due to the interest on the one full year plus the interest on 50 percent
 
of the full cost for 2.5 years of construction assuming a straight

line cash utilization over the 2.5 year period. 
 With a 6 percent
 
interest rate, this is equivalent 15.0 percent of the total funds
 

borrowed.
 

In summary, the total project cost 
(TPC) based on the raw construc

tion cost (CC) is calculated as follows: 

(CC x 1.44 + LAND) x 1.15 = TPC 
This is the amount of the loan that must be repaid, assuming no 

subsidi,s. 

9.3 Implementation and Operation Procedures
 

9.3.1 Water Implementation and Operation
 

Before determining the preliminary rates, it is necessary to
 
determine how the project will be implemented and operated. There are
 

two separate questions: I) implementation, and 2) operation.
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For the water systems,-(there are three reasonable alternatives:
 

1) Implementation and operation by each municipality 
 A 
2) Implementation by a joint agency and operation by
 

each municipality.
 

3) Implementation and operation by a joint agency.
 

The major advantage of Alternative I is that it would require no
 
reorganization of staff and 
facilities for implementation. There would
 

be some minor operational duplicntion. For example, a combined agency
 

would have a single director wherua4 each municipality now has its own
 
director. Likewise, each municipality would have its own meter repair
 

shop and spare part stockpile as compared to a combined effort. The
 
major disadvantages are 
considerable duplication during implementation
 

and limited technical capability during operation because of limited
 

funds and limited availability of technically qualified staff.
 

Alternative 2 would prevent duplication during implementation but 
would still have the operational disadvantages of Alternative 

:1. It would have the advantage that the operational staffs would 
not have to be reorganized, . 

We believe that Alternative 3 combines the advantages and minimizes
 

y the disadvantages of each alternative. 
Hence,it is recommended that a
 

joint (Zarqa & Ruseifa) agency'-mplement and opeiate the water systems
 
of both municipalities. For the purpose of the preliminary rate
 

analysis, the two existing water departments will be combined.
 

9.3.2 Sewerage Implementation and Operation
 

Unlike the water system, there is no existing sewerage system base
 
upon which to build. This is an advantage because the most efficient
 

and equitable system can be established. The sewerage system is also 
' 
unlike the water system since a substantial amount of joint facilities
 

must be constructed.
 

The most likely implementation and operation alternatives are
 

as follows:
 

I. Joint Agency responsible ior sewage collection, conveyance,
 
and treatment throughout the planning area.
 

2. Joint Agency responsible for sewage conveyance and 
treat
ment throughout the planning area. Collection responsibility
/7. would remain as a municipal function."
 

3. . Zarqa assume responsibility for implementation of the sewage
 

treatment and trunk system. Collection responsibility would' .

remain a municipal function. 
 " "
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Under Alternative 1, a joint agency could be formed to implement
 

and operate sewage service throughout the planning area. The joint
 

agency would build the plan,, trunk system, and all collection systems.
 

This would be the most efficient form of implementation since it would
 

eliminate duplication zt 'fort. It would also standardize rates in
 
A: 
 the planning area and furnih the same service to all inhabitants.
 

Each Municipality would be rer.ese nted on the joint agency. A possible
 
problem with this type of arrai, 
 -11 is that Zarqa, since larger, could
 
tend to dominate the Agency if the Lupresentation were proportional to
 

population. In this case, Zarqa would be in a position to dictate policy
 

to Ruseifa. A possible solution to this problem would bl, to have equal
 

representation appointed by each of the municipalities and a representa

tive .rom an area outside of the municipalities appointed by governate
 

or central government.
 

Alternative 2 is similar to Alternative I except the responsibility
 

for the sewage collection system would remain with the municipalities.
 

This would have the advantage of allowing each municipality to have
 

direct control over policy and procedures. It would have the dis

advantage of duplication of effort and, probably different policies and
 
procedures, and cost within each municipality.
 

Alternative 3 would have the advantages of Alternative I but would
 

prevent Ruseifa from having any control over the treatment and trunk
 

policy and costs.
 

We believe that Alternative 1 is the best method to impLement and
 
operate the sewerage system. Therefore, the cost analysis for sewage
 

service will be based upon a joint agency totally responsible for all
 

sewage activities.
 

9.3.3 Joint Implementation and Operation
 

Since the recommended implementation and operation procedure for
 

both water and sewerage is a joint agency, the next logical alternative
 
to 
 onsider is a combined water and sewerage agency. The precedent has
 

been set in Jordan with the establishment of the Amman Water and
 

Sewerage Agency (AWSA).
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AWSA is presently composed of the following sections: 

o Board 

o General Manager 

o Adinor. ,! - ', I)epartment 

o Technicai lit 

o Water l)epatv 

o Sewerage Itparl i.
 

O Finance Itpt tille,
 

o TransporttLA Ion )dpartml li 

The Board, (;entera lI Manager, and AdIIIlinitrative )epartment are 

responsible for over 0 1 pol i , ind i ts ,npleinlenti lon. ThIe Technic,:A
 

Department is rsponsiblclior cuSl 
 n and ,:on; trtiction. The day-to-day 

operation of the fict I it is is done hy the NatelI e)epa,'tInllL and Sewerage 

Departments. The i,0h l(hcpar ltlc t hundlc , [hI' l iI ing for al l sorvices. 

The Transpor Lt 0 , c1 li tiMvLlt Pl{''iI S ill irtd e ITeIC(1 . TI'ehi,: 

present sta(i- total s ihou! t)i). 

An agency sMi 1 1 Lk, Al A is a logL,:,zl elLtIiLiVO ,t the el t11 

water-sewerage prbl m in .ih p1.Il/ng area. Th' 1,1:-: t"e oi o ganii

zational strlct-eo would he -, rIgonnll i nai ionl a:i.x' to hindld the 

'ater-sewerage problem on a widli ,.I, tL>nh ill Could. c o1,ansizat 10n1 

control all tile at l'S tllt 'S i l the (olintre 01 1 d01 i l, i in. The 

gove-nImlenlL IS llirll I ' ,Id Ji.ll Sli- i[lii lilvt I ill 1;l i ii t I to tll 

Water Supplv (Xiport lon. The 10SOllt 11', 1,1 this qI!,st Io on d nattIOn

wide basis is bevonid tht s, o]l o; Lhlii report. 

For report purposes, te prlI lliilla'V late ,uialPvsI s will he done 

wi th a .oint eat r iqi, . 'Htild A 10 ht .0 ,dge1 S,,enCld.' 

9.4 Exist I~nChnri, o it s - Wale!_it Pull 

9.4.1 Zarq,,
 

Under the authoritv 1 lie National Nuinjii pal Ordinance, the
 

Municipal Council instius tiLn_ necessary admiilstrativoe regulations and 

has responsibility for the water us". The Za,;ia water department is 

a semi-indelendent sect I oi the hMl'ipalitv. It mainotains a separate 

budget. 

The existing Water rate scedile ts set by the National Government 

and is the same ior the ent ire Kiingdom el ept toi the City of Amman. 
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The current raLs [ci'uiiiteci ilLe Januar'y 1oi9. The prior incrLease
cv, , 


was in 1968. The curlrent. rate schedule on a hi-nittily hasis is as
 

follow,.:
 

0 I in 0 8) I i Is/iII 

30 in (i 120 1i [s/in1 

R3A 23N 
Mlore t i" i, I I /lli "/2 

'[he nilllMimui l-nont 1)8(0li v )1 fil.s which is tile equivalent of 
3
 

6 ml
 

to', !:t!ied. e is only 


religiOlis and ','-'ri l'll-t l i l i ,5.
 

All WaLer ,V fft', ILeWater provided to 

'Th" "'j i k,-; .i 'lii na ,, tl i.llt'otrS fees are shown in Apipeiidix 5.1. 

The ti:' . I II r i t.; anld llisce Iaiieorrus (('_, are the smlile as 

Za rqla sino t ht ' a i. !;,t I)v Lthe Nat ional (Govtr+llnllLt. AllIwater si 

l(i t lt_'dtin Irt' Sci It ' iS pi[ovidUd to the SaLileC lass of CIIStolIIe I'S 

'Is in1/.r'pa. 

9.5 Annual 1 KSL K I PAPhla"I roleCL_-IateLvr
 

i). 5. 1 ( pitl ili
 

'te t:(til v lci 'n,tl-l,' iton uosL _i Li Phase 1.project ior 

Z/arqd i ; JI .' , '. ihit, .lli'lrlitIncludil .; .11) 1 ,0()0 ,010 to fill'iance 

t~xLen!;i.lc[' iillsP,z[) .... I) vs..,al I ('ii sni 'i'ts ;iiiilII1 iiliiOVi + = 
,'l',ili til., 


ment.< t,'i 1 1l, , (,5 Y, YOMrin .I, ', erated sllI I hLe i '1 'i " Irs 'ULI]Iy ge revent 

': III 1 1ln cso tL ' 11, ,L i l 111 1Itait ti 1 IIatl'd i'hLS' I1 Iisoan. is 

no sl!a [I Ic ! '' Vi1I It I 0, Ilrit' ti0 date I to 'sI.Ierroi tI tit1 iP t- l0 

i r l l " a I ,"J <, 1od IIv ,I %,I i I ,CIl: . I L7 'l I 
are ge si : .s Ihi1 and r, IllI1( l c Io'illv'lyv theil' I I'S 'Ul Ii ),l .iil 

liMtIMLiS ow'n ima ,n. 1hi rISIn I ll~ ai 1l,1' I St Si lI'U 'olit-raistot's 

prof it a tdt 5: I I 0 i. ] iii l l I'dt i .
 

'il :, Illt'' ,p ', 1!i!1,t- 'i i ' it -t LI I IW C~Ill' I' tI riIft1I 

S a 'I IC s t, 11 i q <i 1 I (tItlI 

'i, tt , I , !.;t ti,tI ii S.I t tlirteiirojwose I llisie I pro L ct Ioi 

RUt L0 I a iiS J) i, ii ,II(t( I'.'. lioulltI in ( des .ll) l0tt,O0O t I lnill t' 

Oxtt il,;I0n.< 'lind I i', "i - at,' iwl,t i9 I ,anld 1990( ,and 11) 1 A(),0t) )1( rIi 


(IIsc i i l m S .1)u r a 11t dt 1t] Iit~ii i.)11ot Ul)~fe 'IlheC (x U IS 1()[IS alt1r1I] IttL t ' lI L -1110l L; 

te
and Iii, 1'i inan.i (il illalitdIl hasis ;ind wI I I Iit Ilhi' Illtlded 
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in the anticipated Phase I loan. Thus, Ruseifa will require an annual
 

allocation of JD 25,000.
 

li.e net amount. of funds to be borrowed for the raw construction
 

cost for Ruseit. 11)830,000.
 

The total net , i ,f funds required for the raw constru'tion
 

cost of the Phase I w,,t. eCL 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
 

Aisuming 6 percent interest payable by the Agency and a 22 year
 

repayment period, the additional annual debt service beginni.ig in 1985
 

is JD 283,300. This is calculated using the 22 year 6 percent capital
 

recovery factor wf1ch Ls 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 in salaries is required by the
 

addition of staff for the proposed project plus ordinary expansion.
 

We have added 2.5 staff members each year between 1981 and 1990. In
 

1981, we have added 2 additional staff members to bring the department
 

up to desired strength and serve the meters for Ruseifa. 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
 

was first made assuming there would be no inflation and the amounts at
 

various inflation rates were also calculated.
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Table 9.2 shows the operating expenditures for the Ruseifa Water
 

Department. Neither the 1977 actual costs or budget, 1979 actual
 

costs nur 1980 budget figures were available. We have estimated the
 

1980 through 1990 operating u penses assuming the project was im

plemented. We have ,ddt-i ) 5 staff members in each year between 

1981 and 1990 to handle LhC growth.
 

Thus for the joint agency, 3 staff members will be added each
 

year.
 

The operating cost of the joint gency is obtained by the combi

nation of Tables 9.1 and 9.2. The result is Table 9.3. It has been
 

assumed that the creation of the joint agency would be effective
 

January 1, 1981. Hence, only 1981 to 1990 are shown on Table 9.3.
 

9.6 Proposed Rates - Water 

To develop a rate structure the proposed project costs must be
 

added to the existing Zarqa Water Department and Ruseifa Water
 

Department costs.
 

The financial statements for 1977 to 1980 for the Zarqa Water
 
Department are shown on Table 9.4. 1980 is the budget and the 1977

1979 amounts are actual costs from the Municipality's records. The
 

estimated 1980 revenue from water rates is shown to be considerably
 

higher than 1979, apparently on the basis of the new well being
 

completed. The planned capital improvements also appears high,
 

apparently based on the new well.
 

Because of the problems with the new well which will delay its
 

completion, we believe that both the revenues 
and capital improvements
 

will be substantially lower than originally estimated. 
 The apparent
 

intent was to have a slightly positive cash position at 
the end of 1980.
 
For the purpose of the 1981 to 1990 analysis, the December 31, 1980
 

balance will be assumed to be zero.
 

We were unable to obtain any depreciation records from Zarqa so
 

depreciation was estimated on the available information. There are
 

three types of assets:
 

1) Those existing prior to the Zarqa 1965, supply project. 

2) The 1965 supply project, and 

3) Those constructed after the 1965 project. 
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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 -:alculated as follows for public
 

utilities:
 

RR = Gross Revenue - (O&M * Depreciation) x 100
 

Rate Base
 

Th! "O&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.
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We-were unable to obt1iin any depreciation records from Ruseifa. 
The depreciation and net fixed assets shown in Table 9.5 are based
on 40 year straight-line depreciation using estimated original costs.
 

. Table 9.6 isthe Pro Forma Income Statement for'1981 to 1990 for
 

the reconmended Zarqa-Ruseifa Joint Water Agency. 
This statement assumes
 
current rates, no inflation, and reduced Zarqa sales.
 

The average revenue per m3of water siles for Zarqa was 
120 fils
 
-- in 1979. For Ruseifa, the lq79 
 average revenue per m of water sales
 

was I11 
fils based onthe 1979 budget water sales, excluding bad debts,
 
and the "1978 actual use. This is reasonable since there is less water
 
use per customer than-in Zarqa. 
 Since the demand projections have assumed 
an increase in water use so that the per capita use will be closer to 
Zarqa, wehave used an average revenue of 115 fils per m 3 
for Table 9.6.
 

The total water sales assume that unaccounted-for-water will be
 
reduced linearly from 40 percent in 1980 to 
30 percent in 1990. The jump
 
in water sales in 1985 is 
 due to sewer system start-up. This statement
 
assumes that the JD. 100,000 per year for Zarqa and JD 25,000 per year for
 
Ruseifa is the total cost for the capital improvements. Some of this work
 
will-be done by the Municipality staffwhich'will offset the project over
head costs. 
 Since the budgets indicate a small cumulative.cash position
 
at the end of 1980, we have assumed the amount to be zero.
 

The assumptions for Table 9.6 are 
the'-idealized case based on con- - - . 
tinued increasing water sales and no inflation. 
We believe that this will 
-
not be the actual case but the estimates have been presented as 
the base
 
condition. 


The situation changes significantly when 7.5 percent inflation is 
added to " the operating expenditures and capital improvements. Table 9.7
 
illustrates that a rate increase would be required about 1983 to keep
 
positive cash flow. The effect of 5, 10, 

- - and 15 percent inflation is 

discussed in Chapter 10. 
 The 7.5 has been used since it is the mid-point 
between 0 and 15 percent-inflation. 
 -

The analysis presented in Table 9.7 shows 
that, on a cash basis,
 
" the existing water rates will be in!uFfi.cient to generate sufficient 

.revenue by 1983 and thereafter. Three..major items w clcause the 
Snecessity of-the rate increase: 
(1) operating expenditures are rising
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faster than water sales 
because the assumed inflationiis rising faste,

than the estimated growth, (2) the capital improvements, and (3) the
 
additicnal debt service cost.
 

For this preliminary analysis, 
it is assumed that a proposed rate 
increase should ife e t rriR two criteria: (1) maintain a net positive 

cash fflow between 1980 an- 1990, and (2) maintain , n average Rate of
 

Return of about 8 percent dL: ing the 1985 to 1990 p-eriod. In an
 

inflationary economy, the firsL 
--..
rieria will usually cuntrol. It,
 

will also be assumed that the block tructure will remain the 
 same. 

, Since the cumulative cash-position shows the first sigitificant 

deficit in 1984, this year has been selected as the first year of the
 
increase. We assumed that there would be one 
increase for the 1984
 

to 1990 period. Using 1987 as a test year, it 
was determined that a
 

rate increase from an average rate 3 3
of 120 fils/m to 165 fils/m would
 

approximately meet the rate criteria in 1987. 
 . -, 

This trial rate of 165 fils/m 3 was then checked for the 1984 to 
3 

1900 period. The result is shown in Table 9.8 and therate of 165 fils/hn


beginning in 1984 is a satisfactory race. There is a positive cumula

tive cash flow. The average Rate of Return for 1985 
to 1990 is 7.4 per

0cent. This analysis assumes 
that another rate increase will be necessary
 

in 1990. 

, 

3.If the existing rate of 120fils/m is escalated from 1979 to 1984 ' 

at 7.5 percent,- the result is 172,fils/m-. Therefore, the rate of
 

165 fils/m 3 is realistic.
 

Throughout the preliminary rate analysis, we have not 
conside'red 

, tthe cost ofthe supplemental supply. There is 
no firm information
 

available on the price 
that the government will charge the municipalities
 

for imported water. This need for additional supplies is required both
 

for Zarqa andfor Ru'eifa. 
The exact cost of making available additional
 

supplies when needed cannot be calculated at this time. If the facili
ties are planned-and constructed prior to a steady demand for-the
 

imported water, some additional "ready to 
serve" costs may be incurred.
 

If the charges were based only on 
the water purchased, they would be
 
,
allocated equally to all water sold. 
 For example, if 20 percent of -the
 

water were purchased and all of it was sold, 
the unit rate would increase
 

by 20 percent of the unit cost of the supplemental supply. This is
 

-'-examined in a sensitivity an~alysis in Chapter 10.
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97Existing Charges and Policies -Sewerage
 

9.7.1 Zarqa Sewage
 

Zarqa owns and operates 8 scavenger trucks which cle&,out cess
pools. The cost per cleanout is JD 2.5. In addition, about 32
 

privately-owned sca,;ngk service'operate in Zarqa. 
 The average
 
cost per cleanout by the pti'ate scavengers is JD 3.5 
or 	more.
 

9.7.2 Ruseifa Sewage
 

Private scavengers provi.. 
 the only cesspool cleaning service in
 

.Ruseifa. The average cost is JD 3.'5 
or 	more'per cleanout.
 

9.8 	 Annual Cost of Proposed Project - Sewerage
 

' The 1total project construction costs 
for Phase I and Phase II of "
 

the recommended project are as follows:
 

Phase I 
 1980 JD
 

Treatment Plant 
 4,898,000
 

Trunk Sewer System 2,383,000
 

Collection System 
 8,000,000
 

Terminal Manholes 
 1,949,000
 

Water Mains 
 / 	 974,000
 

Total Construction Cost 18,204,000
 
1984 -1990 Growth 
 "
 

Collection System 
 2,693,000
 

Terminal Manholes 
 598,000
 

Total Construction Cost 3,291,000
 

Using the same assumptions developed for the water project
 
financing, the amount of funds 
to be borrowed is: "
 

(JD 18,204,000 x 1.44 + 736,000) x 1.15 
 = 30,992,000
 

The land cost estimate is JD 736,000 and is shown in Table 9.9.
 
It includes the land for the ultimate plant site.
 

The annual repayment with 
a 6 percent, 22 year loan is JD 2,574,000.
 

It 
is assumed that the Zarqa-Ruseifa Joint Sewerage Agency will
 

begin testing on January 1, 1984. 
 By July 1, 1984, the plant will be
 
te, ponttht homeownr
ready to accept flow and the collection system will be completo 
to
 

ePointt-hat homeowner hook-ups can start. Debt service repayment
 
is not sch-duled t,o!tartuntil 1985 
to 	allow a six months for hook-ups
 

revenue"and
collectio,-•
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The estimated operation and maintenance cost of the recomme' 
 :i 

treatment plant is given in Chapter 7. 
 i 
Only limited maintenance is usually required 
'or la;ge diameter
 

trunk sewers. 
 However, the trunk sewers should be inL-ected a least
 
'[, once a year at all rianholes. Any build-up of solids, deterioration
 

of structural concrete, loose or broken manhole covers and steps
 
should be corrected. A trunk spwer maintenance crew would consist
 
of a foreman and three laborers, The trunk 'sewer inspection and minor
 
repair should ,require about four months per year. 
The remainder of the
 
year, the crew could be-assigned to collection system maintenance.
 

Maintenance of the extensive collection sewer system is a continu
ing task requiring specialized equipment and a trained staff. 
 During
 
the initial phase (1984-1990) three crews 
(1 foreman + 3 labors) should
 
be sufficient. Each 
crew should be equipped with a light-duty trunk
 
plus sewer cleaning equipment, a trash pump, safety equipment, and
 
miscellaneous hand tools. 
 A sewer jet or other trunk-mounted high
 

pressure sewer cleaning equipment is desirable.
 

The recommended Phase I project has 
a large (East Side) and small
 

(Subarea XVI) pumping station. 
The estimate includes 9 men to provide
 
for continuous attendance at both these stations. 
A full time mechanic
 
is also included for pumping station maintenance. Any specialized
 
staff would probably be available from the treatment plant staff. 
 , 

The Joint Sewerage Agency will also be required to have an
 
administrative staff to handle the overall management of 
 the system,
 
A usual function of this staff is billing and, in some 
cases, meter
 
reading. 
 The sewerage charge is generally a percentage increase on
 
the water bill. It has been assumed that'this function would be
 
provided free-,f-char,,e by the water departments. 
 The administration
 
section must alro contain a 2 man crew to monitor the industrial discharges.
 

The proposed staff of 89 persons for the Joint Agency, inclusive of
 

treatment plant operation, is shown in Table 9.10.
 
The estim}ted average cost, in June 1980 dinars, 
for the 1984 to
 

1990 period isas follows:
 

-. :1 90, erio'isI" " " " . . :? 
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Item JD 

Labor 50 x JD 2000/yr 100,000
 

Energy (pumping station) 27,000
 

Transportation 
 3,000
 

Equlpmt I Supplies 4,000
 

Miscel lane,' 3,000
 

Specialized lqn., 
 3,000 

140,000 
The proposed rates should als .. tclude an annual amount to pay 

fOr the 1984 to 1990 collection system which wilt he requ ired as the 
population grows and the need for sewers expands. 'lhe total estimated 

construction cost in current pr ices is JI) 3,291,000 as shown on Table 
6-13 and explained in Chapter 6. Since the extensions wil 1 be hui It 
with local contractors we have added about 35 percent for other project 

costs. The total cost is ,JD A,,3,00 or about JD 635,000 per year. 

If the projects were I nanL ed On a I ong-term hasis, ustrng the water 
distribution assumptions, the annual Lost weuld be JI) 452,600. T ILs 
method would resu It in a higher total cost over the project lite 

since an annual payment would he required for 22 years. In an cxpanld
ing utility, it is usual praLttle to collect a ceit~dki anmouint each 
yenr Or the -y'y're'1 {Itowrh. ['his is similar to fi ialciiw the water 

capital improvements on an ainual bas is. Therelor c, we have selected 
to use the annual cost on the t apttal improvement hasis, JID h35,000. 

The total average annual cost (1984 to 1990) of the Phase I 
sewerage project plus the 1984 to 1990 collection system expansion in 

1980 costs is: 

Capi.ta (Annual payment) 

Phase I JD 2,574,000 

Collection (1984-1990) 
 635,000 

Operation &Maintenance 

Plant 136,000
 

Trunks/Coilecrtin 1.40,000 

TOTAL 
 JDO 3,485,000
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9.9 Proposed Rates - Sewerage. 

It is proposed that the sewerage charges be recovered as a surcharge
 
on the water bills. In addition, additional revenue will be obtained
 

from those industries with private wells and the Army Base.
 

The average 1985 to 1990 water sales, corrected for sewered popula

3
tion served, is estimated at 5,550,000 m per year.
 
The average industrial ltow to the wastewater system between 1984
 

3
and 1990 is 6200 m3 /d (2,263,rfo m /yr). This is mostly from industries
 
which are large enough that a metur and sampling station will be required.
 
The total BOD5 associated with this flow is about 15 percent above the
 
population equivalent for the flow. 
The suspended solids is considerely
 

Inactual practic-, 


other constituents that increase the treatment cost above domestic 


: nless, there should be iurcharges for BOD5, SS, and
 

flow.
 
For the purpose of this estimates, we have assume that these surcharges
 

can be neglected. 
Any amounts collected will be additional revenues.
 

The third source of flow to the system will be the Army Base which
 

has an estimated population of 35,000. This will contribute 2310 m3/d
 

(843,000 m3/yr.). 
 Assuming the Army Base constructs its own collection
 
system, they should only be charged for the Trunk System and 
treatment
 

plant costs. This is about 45 percent of the total annual cost. On a
 
proportion basis, the Army Base should pay the full rate for 45 percent
 

of its flow, 1040 m3/d (380,000 m3/yr.).
 

The average total billable flow between 1985 and 1990 is:
 

Don. & Comm. '5,550,000 m3/yr.
 

Industrial 2,263,000
 

Army Base 380,000
 

( TOTAL 8,193,000 m3/yr.
 

Dividing the total annual cost without inflation by the billable
 

flow results in a cost per m3 of 425 fils. 
 This assumes no inflation.
 

If we assume 7.5 percent inflation on the operation, maintenance, and
 

collection system expansion, the annual cost is JD 4,085,000. This
 
is 499 fils/M .
 

''If the rate is calculated on the basis of repayment of only O&M,

3
Sthe no inflation rate is 34 fils/m and' the 
rate with 7.5 percent :!
 

33
 
inflation is 56 fils/m3.
 

Since there is a considerable range of unit costs that could be
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assigned to 
the sewerage project, there is also a substantial number of
 
Pro Forma financial statements that could 1.c'reated.
 

Analysis presented in Chapter 10 demonstrates that an average of
 

JD 18.8 per year can be paid by a combination of the lowest and second
 
lowest income groups sewerage service. With a water use of 7 m3/mo for
 

the these income groups, this allows a rate of 225 filr,,m 3 This is in
 .
 
current costs but with 1985 water use. 
 Assuming that the income of the
 
two groups increases at 7.5 peot'ent inflation, the amount that the groups
 

could afford in 1987 would be about 375 fils/m3 .
 

Table 9.11 is a Pro Forma Income Statement for the 1984 to 1990
 
period assuming 7.5 percent inflation and a sewerage charge of 375 fils/m 3
 

beginning in 1984. 
 The 1984 flow have been reduced by 50 percent since
 

this is thevstart-up year.
 

This analysis shows that the rate of 375 fils/m 3 is sufficient to
 

cover operation and maintenance and capital improvements plus about
 

59 percent of the debt service. From 1984 to 1990, about JD 920,000
 

will be required from other sources each year to balance the cash flow.
 
These other sources could be property taxes, general revenue, central
 

government subsidy, or a grant. Additional revenue could also be
 

N generated by a.graduated rate scale similar to the water rates. However,
 
the recommended rate has been kept at 
the minimum level because it is a
 

"basic human needs" project.
 

The Urban Property tax is based Upon the estimated rental value of
 

the properties. It is 17 percent of the total rental value. 
 The
 

Ministry of Finance gets 
10 percent and the Municipality 7 percent. The
 
total 1979 base for Zarqa - Ruseifa was about JD 1,450,000. Assuming
 

7.5 percent inflation, this value would be JD 2,400,000 in 1987. 
 If the
 
deficit in the sewer program were financed solely from the Urban Property
 

Tax, the rate would increase from 17 percent to 62 percent. 
 It appears
 

that a different source of funding will be required.
 

9.10 Annual'Cost Phase I - Stormwater 

The total construction cost of the Phase I stormwater project is 

ITO3o,oo. Using the same borrowing assumptions previously developed, 

t1n.}.,mount to be borrowed, assuming no land cost, is. 

(JD 1,030,000 x 1.44) x 1.15 =1,706,000
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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 ovei ten
 
years, the other project costs are estimated at 35 percent of the
 
construction cost. 
 The annual payment excluditig 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.
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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 o niave
 

substantial incow'q from the sale of petroleum and petroleum products,
 

there will contini.f 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 Lcale to make production economically viable. Thus, relatively
 

little delopment 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 is ii- eased. Major industrial
 

development in Jordan will continue to he 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 c '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 because of this trend that growth of
 
the Zarla-Ruseifa 
 area will continu, especia1lly if adequate water and 

sewerage services are available.
 

RELATIVL SHARS OF JORDAN'S CNP, ' 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
 

The 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 
 CLI 
 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 avetaged about 13 
percent
 
per year. Because of costly low productivity, high proportion of labor
 
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. Not all components
 
would increase at 
the same rate, as indicated by past trends. Food is
 
expected to account for an incr, nfg,1y larger portion of household 
expenditures, at least for householdn, with less than medium income. 
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There is no rent control -n either residential or commercial space
 
in a formal sense. However, rent is controlled since once an individual,
 

a household, an enterpreneur 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 becumes market rate or a negotiated
 

rate related to the market rote.
 

Because of its location :nd because of its transport system, Jordan 

could become a stocking and distribution center for some significant 

portion 	of the Middle East. Sitlie assembly activities could he associated
 

with the stncking/distribution activity. The logical location for such
 

an activity in Aqaba, which is already undergoing planned development,
 

including upgrading of housing to acconmdate families. The lack of a
 

labor force 
 an. a much hotter climate in Aqaba may be a deterient to 

such a move. 

Because of the ow' o1f the give rnmeimt to issue permits for water 

withdrawals aud tor use of land, industrial development can be directed 

toward planned loc atio ns, if so desired. An industrial area between 

Zarqa and the petroleim refinery ha,: be olx; desi gnated by AURPG as a major 

area for future industrial development in Jordan. This area may also be 

the same Ls one of the free trade zones designated by tie Central 

Government. The existing industrial area along the Zarqa River in Ruseifa 

has locational advantages in terms of access to tLansportation, 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 .inuice 

Municipalities arc 
dlirectly under the Ministry of Municipal, Environmental 
and Rural Affairs and have rl latively little autonomy. An understanding of 

municipal finances is essetial for all aspects of the project relating to 

user charges and to thL finani ng ot any prpo sed projects.
 

Annal revenues if a minicipality are otained by two paths, which 

might be characterized as direct and indirect. Revenues obtained directly 

by a municipality i.e. paid directly tro the iuncipality, consist of 

various 	 business, vocati, nal, and prof essiona lees, and tines. 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 municipality collected 
by the Central Government, based on assessed values 
of rental income and tax rates established bv the 
Central Government, and remitted to the municipalities;
 
and
 

o 	 surpluses from municipal utility agencios, such as the 
Zarqa Water Department, which age inci is have separate 
budgets and are intended t{o be self-support irig. 

The revenues from the foregoing sources mrust cover tihe annual costs
 
of the municipality, including that portion of 
 the debt service on capital 
expenditures which tois he paid hack by the nmieipality.
 

Extraordinary revenues 
 or funds for capital investments, for example, 
for various infrastructure facilities, are obtained from: 

o 	 loans from the Village and Mmicip al Loan Funds; 

0 	 loans from fore i gn sources; 

0 	 loans from local banks, ard 

o 	 transfers (contributionns, grants) from the Central 
Government. 

The loans from the Village and Municipal Loan Fund are at interest 
rates substantially below market rates of interest. loans from foreign 
sources are generally also at interest rites less than market rates. 
Loans from both sources: represent some degree of subsilv tihe recipients 
of services, e.g. water and sewer services. Transfe'.s f:ouis tire Centrail 
Government represent political decisions with respect to subsidies to be 

provided to achieve social goals.
 

10.2.3 Zarqa-Ruseifa Economic Activity
 

The improwment 
 of the water snupply and distribution system plus 
the installation of sewers in the streets and tre.tment of the waste
waters collected by these sewers will result in some inmdiate and long
term economic gains by the Municipalities. Some of these gains, both 

short-and long-term, are as follows: 

o 	 Increased productivity by tie laboring force dle to 
decrease of debi Ii tat ing ailments due to waterhorne
diseases.
 

o 	 Increased value ot tip ;l property due to a dependable 
water supply and sew r :;ystem. 

0 
 Increased development o IUp Available connercial and 
industrial land do to IS'h : ah.liIity of a dependable 
water systemnand a gs;'.,'n that will adequatelysewerage 

take care of their wastewaters.
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0 
 Increased population due to increase of connercial
 
and industrial activities that require a local labor
 
force.
 

o Increased real property tax base for generating 
additional revenues for the mun iipallties for use in 
financing of additional improvements, 

From a monetary viewpoint, the oly inmidiate, fimiitlcial gain to the
 

municipalities is the incroased valu 
 ,f the xi sting improved real
 

property. This gain can only be 
realized if there is a reassessment of
 

the property. The property owner will see it only H he time 
 his
 

property is sold. A 5 to 10 percent increase in rtl propirty values
 

after public water and sewers are provided is not unreasonable. 

The local government agencies and cosmi ercial nd industrial
 

enterprises will see an improvement 
in ,0.0 dueto hi ,hO-r productivity 

from their present employees due to tn dec:reanse ini dphbilit ating 

diseases. No percent of improvement can be preldict'td but there dhfinitely 

will be an increase.
 

The increase in conmercial and industrial facilities will be 
a
 

long-term situation. The construction of cemrtial and industrial
 

facilities is dependent on the economic law of 
 supply and demand. If 

Zarqa-Ruseifa were the sole market places for evryth ing mant factured,
 

then the growth of such establishments would be very !;ow. Accomp nying
 

the slow growth would be a slow growth in the population of' the area 

since 
the nource of making a living is dependent on the availability of
 

jobs.
 

The advent of a good water and sewer 
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, mind even possibly 

some export potential. If this happens, tOen, Zarqa and MAinci fa iII grow 

and the tax base and economic cl im; tv i I I also grow. The making o 

predictions as to the magnitude o sch growth is hcyoc.l tht scope of
 

this report.
 

Zarqa and Ruseifa have grown to their present size because of the
 

availability of a labor force p. :"ipal ly made up a refugees from tie 

Palestinian problem. The future r, ih on this area will be dependent on
 

the available market for the produt; ::tinifactutired in the ,irea. Withoit 

knowledge of the projected markets for thp predcts presently being 

manufactured in Zarqa-Ruseifa, it is impossi, o !,rojoct any increase 
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in tax receipts resulting from increase property values and gLneral
 
4
economic activity in the cit The AURPG has pro ected a continued
 

growth of the Zarqa-Ruseifa a. and thi 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 the real property is made.
 

10.3 Internal Economic Rate of Recurn 

10.3.1 General
 

There are a variety of benefits associated with the provision of
 

convenient and safe water and sewerage systems. 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--being, 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 is
 

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 commonly used method is the "discournted cash flow" method based 

on current relative prices and costs in a base year exclusive of escalation.
 

The "cash flow" refers to the fact that the requilred data must be given as 

the amounts at the actual dates of receipt 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. 

Discdssions 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 thos, 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 costw JD 65 per tonne. The present 

electric rate schedule states that 
the rate may be increa3ed 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 true 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 compa-e the incremental
 

benefits agaiast the incremental costs. Th:i comparison is made in the
 

year incurred. For example, the amount of funds spent for construction
 

are considered as spent in the year paid to the contractor.
 

The incremental benefits are the increased rcvenues if the project 

is implemented. If the water and sewage proJects are inplemenpte, the 

water sales are expected to increase in ;.,:cordance with thi Chapter 5 

projections. If there is no project, the salts woold be expected to 

remain at current levels and the una'couinted-for-water at about 40 percent. 

The existing supply of 28,120 m I/d W,,ld place an upper limit on use. 

The incremental revenue is the dil fference at the current rate of 
3120 fils/m (Ruseifa 115 fils/m3 ) bitween the Chapter 5 projections and 

the lower projections up to the present well suppl" capacity. 

The incremental expense can be estimated based on current operating 

costs. Since the first year in which conts are increased is 1980, this 

is the base year for the analysis. Iowever, only small incremental 

operating costs will he incurr,, bet ore 19''i, the first year of scheduled 

project completion. The estim'ated nin-inflated operating expenditure in 

1984 is ID 460,200. We estimate .har ail operating costs over JD 455,000 

per year are incremental costs due z. Wte proposed Phase I project. For 

the estimates between 1986 and 1990, ''alle 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 because of the large increase due the anticipated sewerage system 

start-"p. 
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The capital costs were based upon estimated cash expenditures for
 

construction. The Phase II expenditures assume completion of the
 

facilities in 1990. The annual capital improvement costs are Jl) 100,000 

each year until 2000 for 7arqa and .ib25,01) from 1981 until 1990 and 

JD 10,000 thereafter until 2000 for Ruseifa.
 

The details of the Intvinal Eonomic Rate of Return calculation 

for the water project are piti:ent ,, in Table 10.1. The rate is about 

7.8 percent for the 1980-2024 pen ,..


10.3.3 Sewerage Project
 

The quantifiable benefits of the sewerage project are the expected
 

revenues at the proposed rate with no inflation of 225 fils/m . The 

sewage flows were calulated by tLhe addition of: (1) water sales with 

the proposed water Sroc t corrected for population served, (2) industrial 

flow, and (3) the Arm,,, liaste ontribut-ion.
 

The operating expen ditures On;iSt of t1h planit costs plus trunk 

and collection sv,tem sts. For BHAk to 1990, these Costs ire a1s 

explained iK .hap.ror 9. For 1991I to 2000, the plant staff was innediately 

increased W thn ear 20WO ca.p nutai the planth ,ld piat. fnd other costs 

were increased linearly h tw,,n toh 1990 and 2000 amount. The trunk and 

collection system 0 & .t w,-e anually increased at tile average 1985 

to 1990 annual inl, at-ast-tAit. 

Ti rapit ii t, e Iv hj:;t', upon otillaLed Cash expenli t'es for 

construct ion. ihu Phis, '. itidittres assus~iie collp Ietion of tile 

facilities by 190u. lh, a Ifa eti ii iAud plant and putmping stationili the 

expansion plu Be 1ulle,ion costs those thati trunk and I system for areas 

had no t'hase I project (V, IX, Xl, XIV, XV, XX). The facilities to 

handle 1991 to ,' O izwth we re diviih, int t lal annual expenditure of 

JD 682,000. This is the tt imtted Crt tt constructiton cost with 35 percent 

added for other" proiect sts . 

Table 10.3 shows the dMtal I,, calrnlaliii of the Internal Fconomic 

Rate of Return for 190) to 2 1)'?. r ete is about. 3.7l percent. 

10.3.4 Combined lii , eWatt, Am! a Pr,,ject 

The Internal Ecunorli, Rat, of Return for the combined water and 

sewerage project can be obtained by coubination of the receipts and costs 

shown in Tables 10.1 and 1I .2, This is don, in Table 1).3 and the rate 

for the combined projvit is uht 4.4 percent. 
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10.4 AbilQitv of ResidnLS toPjav lur aLter and Sewra. .r,,,ce 

10.4.1 Backgrouind
 

Abi!ity to pay Ioi n i cipal svtvices ai be ,l ined as a hiouse

hold's capacitv to abs., . netw v;x.utdi l r or in ict'ease illanlexisting
 

expenditut within til ,',,tr in.: ai! houshold,', income. Abilitv to pay 

is pa icul rlv Iitii; , l i,, low-iW,'sw, iami.I ie: .h,, , isost - 0' thy income 

is Spetl- otn tic os [ m ,'tih,iwtlt 1, lw have less isct i on in theW 

manner by whi~il it is st,,- . Atlter ux[, ilidit tt I- lot I -lit , I oo t, clothing 

and fuel heiV beien d , thei , iN l" 1,1 ) . iLttl, I .i nii ng wr athto i Lems. 

SubstantjiiL Ablsolute. inclle -,.. in tIh o,t ot ot, itv cm il,. ' i. lshi. ,
 

beCause the,i, SO i t , ,.t ii tv in 'v.'ti-il I CI iirtU-,. ta 

The probleim ith th iii it','- t -p, ,;, , lt i S that (I) it is dil fI,'It 

to make ',I iblc 'it im t o, "I I i,,pil.it il 's "it,', I;SiV" cX."t'llets and (2) 

h I. C i",;) aiL, Lrns 

s , 

i.ven ii t e Ital) 'at viwt , t.i,l I,-e id,,t v lin' i ,tittet i s still 

r . t i 11 w Il IItki~ l , II 7:111ith " Citsb L1t1tOIllt ( , )I ld(I IirI de' r1: "- o I (l -tCo lld 1W , 0r S1 

b ' spent in i -i ,iS , ;-imt, I IIt r I ex il jin ttltIt 

i .a''cli. it I (,s-t It ,I t i.,,v 'i I,,is tL Seitt 
e Lr ill Z~olqA . 11 l li;,zedI vts11_Ai rate ;!ild] Ii I at , .. chl-t \, progr),Ies

; )1 o, k I Al ' S t LiltI. i ?,icl illit A'hheiri I a 

Ico mniption , . i , , i pi is't .naigs 

v e . , wit I i it s 

in .a;c. t t ! Ino itIak , ti he tgir A 

e.n'iilai d I " avei 1OCc11))' ,,ut -. , I A I(v)) i IvolVn itt:hi II 

hIolw ehol d siti , S 'ven ):, 'n l;4 lllt1)lt t,i or.- ll , pe r mi 
On the pre'tsenlt I', Sc<hedule, thA .s armunt would 1<q .11) 1 . i8) i'Vt'l'VIWO 

mionlths olr <Aboult .11 AiiliiIIaI',,y. IlTe rt sill t s o I thli houlse~hold surllvey 

indicaLt ci t low-income families o1s)mie. ls w tha nmiddle ad 

uprpvr-inc<>::, tlam l i -s[. With l'let"W'tCC( t ,o till' iih q t ll li ti uti<,l11 

iha tirt rist-ics dveloe,d in Se(iti .1.1, I l llw u), t.l8ll tt.s 

or tsofi ter gtlt c n ilption dn at nui lIc h.. ma, Ibee: 

Avorat'l ,.. :%'.L',, I xpe~nd ituire 

Range;C Ofl .I,.t( I-,-I ,lI,'l A llnU~ l I.'alltt-" 1*1S 
Income Anntnit I f lncomel Ilit a.<'ko, F-pend it tre 11 ,r c-e1 ta I, e 

Lo<wes L F i I Lth !}.)4 0(l oll IC,r e O- 1((( 80 ).W r 


econd F 10) 1-I 1:!( 9hgfo li fth 6," o. 9 0. 77 
Midhdle Fi Lth 1 121-16 20) .9 1l)) ( (.7 - (). 87 
Fourth Fi ILth Ih2 1 - 24ht) 12. - 14 .88o) 0.0 - 0.97l) 

11pper 1- 11if or(,moretllt 5e.0} 19.,200 1,oss thanl 0).87 

10-9 

http:i,,pil.it


In general, the~,estimated cost of water to most h6useholds is presently
 

less than one percent of income and does not, therefore, represent a
 

significant economic burden.
 

10.4.3 Present Cost of Wastewater Disposal
 
The present cost of wastewater disposal for planning area households
 

consists of'the initial construction cost for the cesspool and the cost
 
of periodic pumpouts. The cost of a new cesspool is estimated to be about
 
JD 250. 
 It is fairly likely, however, that some homeowners avoid this
 

expense by digging the cesspool themselves. After a few years of use,
 

the permeability of the cesspool is usually greatly reduced, and the
 

homeowner must construct a second cesspool. It is not uncommon for a
 

household to have three or more cesspools.
 

The municipality of Zarqa charges the homeowner JD 2.500 per pumpout,
 
while the private tankers (which are about four times as numerous), charge
 

JD 3.500 or more, depending on the location of the house, topography, and
 

other factors. Some respondents in the household survey reported pumpout
 

charges as high as JD 6. The frequency with which a cesspool must be
 

pumped varies according to a number of conditions: the amount of water
 
used, the age of the cesspool, topographic and subsurface conditions, and
 

the amount of rainfall. The household survey indicated that cesspools
 

were pumped an average of four times per year, but the fact that there
 

are only about 40 tankers in operation in an area with nearly 30,000
 

cesspools suggests that the actual number iE probably closer to twice
 

per year.
 

Because low-income families use less water than middle and upper

income families, it is likely that their average annual costs are some
what less, although considerable variation in costs would be expected
 

because of other factors. Estimates of annual disposal costs by income
 

category are presented in Table 10.4. 
 As wai the case for water supply,
 
pumpout expenditures are less than one percent of income. 
If, however,
 

a new cesspool must'be installed (say, every five years%,, the average
 

annual cost could increase by JD 50 per yesr. In the lowest fifth income
 

group, this amount would constitute 5 percent of annual income or more,
 

which makes it seem rather likely that many homeowners would excavate
 

the cesspool themselves in order to avoid the cost. 
 In the upper fifth
 
income group, the average annual cost would be less that 2.0 percent of
 

income. For the middle three-fifths it is likely that some homeowners
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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 categovies. 

Sewers would also eliminate the practice ot throwing sullage into 

the streets and the nocturnal pumping of wastewater sumps into the 

streets, a source of emnity amongt i ghhors 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 lawer income 

group.
 

The various costs of water and wastewater disposal are siumarized 

below:
 

Sewage Disposal 

Water Cesspool Cesspool 

Service Installation* Pumpout Total 

Income Group - % % . . .. %.. Percentage 

Lowest Fifth 0.5 or more 5.0 or more 0.3 or more 5.8 or more 

Second Fifth 0.5 - 0.7 31.8 - 5.0 0.4 - 0.5 4.7 - 6.2 

Middle rifth 0.7 - 0.8 3.1 - i.1 o.4 - o.5 4.2 - 5.1 

Fourth Fifth 0.6 - 0.9 2.0 - 1.1 0.4 - 0.6 3.0 - 4.6 

Upper Fifth Less than less than 0.6 or less 3.4 or less 
o.8 2.0
 

* 	At 50 .D/yr - Would be less it ces;spool were dug by the homeowner himself. 

Gnerally speaking, total expelnditures could range from 3.4 to 

6.1 percent of income, although actual expenditures are probably lower 

for those homeowners who dig their own cesspools. 

10.4.4 Family Budget s 

Al Lhoughi they are I ik, ivt be L,ther outdated, the following data 

give some indication ol th, relat-ive importance of various expenditure 

categories for Zarqa htuiit ltolds in 19t1. (1) (A family budget survey by 

the Department of Statistics, how in prgress, will not be completed 

until 	1981).
 

Avg. 197 Zarga Household Budget 

Food 35.28% 
Rent 18.36% 
Fuels 	and utilities 6.36%
 

House furnishings and operations 8.81% 
Clothing and footW 13.17% 

Other goods and seivl 18.02% 
Transportation 3.65%
 

Medical care 2.45%
 

Personal care 3.09%
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.......
... 


Reading and education 3.62%
 
Recreation 1.08%
 
Smoking 5.13%
 

From 1967 to 1974, the cost of living rose most rapidly in the categories
 

of food (102%) and clothing (10%). (l) Since 1975, the greatest increases
 

have been in the categories of other goods and services (98.3%), clothing
 

(88.3%) and housing (69.5%). (2)
 

For families in the lowest fifth income group, present water and
 

sewage disposal costs (assuming self-installatio.;of cesspool) average
 

an estimated 0.8 percent or more of income. Because this represents a
 

rather small fraction of income, even a substantial increase in water
 

and sewer expenditures would require only a relatively minor reduction
 

in the combined total of other expenditures. If, for example, sewer and
 

water expenditures were to double, the expenditures for'other items would
 

be reduced by about one percent. The budget would, however, become
 

increasingly sensitive to larger and larger increases. This raises the
 
question of willingness to pay, that is, to what extent is the consumer
 

willing to shift the allocation of his income to sanitary facilities from
 
some other items. Respondents in the household survey stated that they
 

would pay any amount to eliminate the cesspool problems. Realistically,
 

however, the willingness to pay has limits which could not be adequately
 

defined by means of the survey.
 

The suggested guidelines given below assume that households in all
 

income groups would be able to absorb a small increase in expenditures
 

for water and sewer above the present level.
 

Recommended Maximum
 
Recommended Maximum Total
 

Income Expnnditure* as Average Annual
 
Income Group Range (JD) Percentage of Income Expenditure (JD)
 
Lowest Fifth 0-1000 2.0% 20
 
SecondFifth 1001-1320 2.5% 33
 
Middle Fifth, 1321-1620 3.0% 49
 
Fourth Fifth 1621-2460 3.5 86
 
Upper Fifth 2461 or more 4.0 98
 

• Water and Sewerage-Service
 

These suggested guidelines are less stringent than the frequently
 

used guideline that a near-subalstence level family should not have to
 

(3)
spend more that 5 percent of its income on water and sewerage services.
 

10.4.5 Other Considerations
 

The means by which the water and sewerage projects may be financed
 

can take several forms: water rates, sewer connection fees, a sewer
 

surcharge based on metered water consumption, and a property tax levy.
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Government subsidies may supplement. these sources of revenue. In
 

addition, there would also ho the private cost of modifications to
 

household plumbing.
 

Each of these costs has different implications for affordability 

depending on who pays and the nagn itude and iiequeucy of payments. The 

water rates and sewer surchar; H will generally he borne by the user 

whether he is owner or tenant (except, perhaps, !or apartment. buildings 

with a single meter). The propery tax anld theN.ewer onnection fee are 

usually borne by the owner, even it he is it the occpaInt. These costs 

would ordinarily be passed on to tunnls .a, pait of tot ;ent , but because 

of rent control policies, they will Lave to he borne by the landlord 

until such time as the dwellig hekomlsa l'ant and the rent can be re

established according to thu pi evailinK market. T hi may be a strong 

disincentive for landlords to connect tental dw,-l ings. The same would 

be true of plumbing modifications of rental units, such as the addition 

of flush toilets, etc. 

The water sewer chat g,b are gener.l s"0 paymnt at twoand "aI1 

month intervals and are more ame nable to ho financial resources of 

low-income households. Property taxes may he somewhat larger amounts 

paid annually. The house connection cost and tho- cost of plumbing 

modifications are one-time cost s of ot ten suhstantial amounts o1 money. 

For this reason, they are often hleVod the ability oti low-income house

holds who have little suiplus i1mnt, for s;avings and no access to
 

consumer or home-improvement lWans. The social survey of Janna'ah
 

residents for the Jordan Urban Project reports the following responses
 

to this question about willingnoss t, pay tor a house connection: (4) 

0-! .999 .JD 18% 
2. 0-4.9',9 .I1) 19% 

5.000 .11)or more 14% 
Not willing 297
 

A suggested mechanism for assisting 1,,--incmu omrshults in meeting 

these large one-time costs is to provide a financing plan at moderate
 

interest rates for a period of three toire year s. This could be done on 

an individual basis by permitting i't a]l lent paymnent as was done in Amnan. 

The social survey of Janna'ah i esidunto ( ) i eptrt'd tl;t' 40 percent of 

households were willing to tai, at i home improvements at monthlyi oan" 

payments of JD 10 or less; anot,, p..rcent 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 JD 26.5 per year for a combined
 

water and sewer bill. 

of 120 fits/m
3 (115 fils/m -

Based on the current average price 

Ruseifa) anu 7.5 percent inflation, the average water price could in

crease to 172 fils/m 3 (165 fils/mn3 - Ruseifa) by 1984. It was 

demonstrated in Chapter 9 that the 05 i S/mI rate was sufficient to 

make the proposed water projeLts tinancially viabl . 

The annual current cOst 01 waLel tot the two lowest income groups 

would be 7.7 JD per year assuming I mi mo. This estimate allows for 

increased water use as described in Chapter 5 plps assumes the same block 

structure as is currently in foice. I'tis leaves Ji) 18.8 per year for 

sewage service. The sewage rates wen set on the ability of the two 
3 

18. I i y al. The s rates varied firum 225 fils/m
to I) 

in 1987 with no inflation to 35 til s/n I with 7.5 percent inflation and 

600 fils/ni3 with 15 percent inflation. 

Namnan currently charges M8) ils/m loto sewage. It is reported that 

the actual cost is at least ldOU ils/m. The difterence is paid by some 

form of government subsidy. This iale could he compared with the 225 

fil,/m3 rate (no inflation) proposed tor Zarqa-Ruseifa. There is a wide 

lowest groups ay 

variation.
 

It could be argued on an e tuily basis, that, the cost in Zarqa-

Ruseifa should be no greater than Ammrian. However, the Antan system was 

started several years ago and its debt service payments for comparable 

facilities are lower because of inflation. Thus, on a cost-of-service 

basis, it could be argued that the Aunan rates should be lower. 

The entire question ot subsik_:Zed rates is a political and social 

issue and can not be resolved n an eng inee, ing report. The proposed 

rates presented herein are based on estimated true cost, mdifjed by 

ability to pay. 
3 

The proposed rates are based on the average rate per m . This 

is the total sales revenue divided by lie tal sals-. The present water 

rate price schedule has an increvasing ost as innm, water is used. While 

the actual cost of water service d, .,;vs pir m , the use of an in

creasing rate schedule can be just ii, I r two maior reasons: 1) en

courages conservation, and 2) it is a t olm , subsidy for the lower income 

groups. 
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For these reasons, plus the fact that it is already accepted
 

policy, we anticipate that the "reverse" pricing policy will continue.
 

The increase in price seems steep enough to promote conservation.
 

The sewerage rate has been set at the level that the two lowest,
 

income group can afforded to pay. Because this rate is already com

paratively high, we have not recommended an increasing block structure
 

similar to the water rates. If the government decides that the subsidy
 

should be reduced, this is one method of increasing revenues.
 
1 3 

The current minimum water bill is based on 3 m per month. With
 

the advent'of a waterborne waste disposal system, more water will be
 

required. One of the benefits of an improved water and sewerage system
 

will be the health benefits and human amenities derived from more fre

quent washing and bathing. These will only occur to the greatest extent
 

possible if there is no severe economic penalty. It.is suggested that
 

the minimum bill be increased but that there also should be a substantial
 

increase in the water allowance. The exact amounts must be determined
 

by a more detailed study. However, this pricing strategy will make the
 

minimum amounts of water and sewerage service available to the lowest
 

income groups.
 

10.5 Sensitivity Analysis
 

10.5.1 General
 

The purpose of the sensitivity analysis is to estimate the effect
 

on the project costs and proposed rates caused by variation from the
 

initial estimates. The following types of variables will be investigated:
 

o Inflation Rate
 

o Over-and underestimate 'of project costs
 

o Overestimate of water use
 

o Non-bonding of Annual Capital Improvements
 

o Effect of wholesale water costs
 

o Effect of nitrification/denitrification facilities.
 

10.5.2 Inflation Rate
 

* 
 Based on the Consumer Price IndeX, the overall rate of inflation
 

in Jordan has averaged 13 percent for the past five years. Political
 

leaders are attempting to reduce this rate but it is a matter of con

jecture about the degree of success that will be achieved. The rates
 

proposed in Chapter 9 are based on an average inflation rate of 7.5%
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between 1981 and 1990. This assumes that there will be some success in 

reducing inilation.
 

For the sensitivity analysis, alternative Pro Fornia Financial 

Statements were prepared for 0, 5, 10 and 15 perctll inf lation rates. 

For these statements, tile operating expenditure: ond capitol i tttprioVettent 

costs were escalated at tile appropliate intlat ioit late lol este ill 

comparison, all rates were increasIed ini 1984. l"oI tIhI igher int[ltion 

rates, this in a 1onsidelable loto toresol tIed hwing sitiwv ,egative 

cash flow between 1984 and 19)0. Ill attiAI pl-Icartict, these iicreases 

would probably be handled by more frequenttlte illkOtri' o .,tiller size. 

The fiiaii l cha rt cr i tit ; with tle iltt ialti'Ve intlaton rates 

are presentol in Table 10.') Ior the i t Wate Agency and Tale 10.6 for 

the Joint Se.erage Agency. 

As cOUldie e perted, the tp, sed ile., tilit :,iibo; iitilly with 

increasing it i,,tion. HOWL "I , LiLe i , /albU a "belt it". 'ihcUdebt 

service is fixed at t -h t im o I t i i;n ittig and relsoit s Constant tlroughout 

the project. Under a high iill , i, i 1.it1., t!,, Obility to pay heCOnut's 

greater. Since the debt ,et vi - I , i ; i;ti ,, .I t 1r miliiI costs, 

especially for the seweraig plitI't, t ,i-, I1,w do!projett viability 

increase as tile intilatio t I, inctic . lit i:, 1Wt . Moar l evetIei. 

is generated by the ilnl eLI,,d bili t ,1 , 1. 

The requited avet,',, ,tes , 
' i;o Ic:,t t a set 1-sitficient 

water project at the •ariotl; inflation rates ae: 

Percent inf 1atiI ,n 1 it _t __Wat"evIA _ 1LY 

/0 1 iIils Il 
5 14, i i! s/ni 
7.5 1) f ils/t111 

10 19) 1i s/It 
1 5 t4i I S/111 

These rates generally tollow the ,'il I iot I olt t te because the 

debt service payments are a Iel it vet st;Sil pit i ,, ,11th, tot.al cost. 

The rates for the proposed /.atqa-lRuseila lint !werage Agency are 

based on ability to pay rathet t (s li,i rites ittrcat with 

inflation. With the sewertgie .get. ' debt et-'ice i. a i iiatively 

large portion of tie total st. It , tor! a.1ingI iItc , there is 

a continual -duction of tile iltI tl , ito, Iat ion i Increased . The 

proposed rates iased otlability i ,a iy oid , , ittital subsidy for 

tile Zarqa--Rljseifa lo,int Sewerage Ageit' y at the v,, ...... iflaiton rates are: 
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Av I ag,y ; i dy 

Percent 	 Inflation I'rlp y , ., i 0.t li~t )
 

0 225 i 1!:, / .1) 1,426,000
 

5 315 fi Is/n 3 1, 128,000t
 

7.5 375 1ii Il/WI 920,00o 

10 440 til s'nm 850,000 
15 	 boo I i:/I& 229,000 

10.5.3 	 Over-or Lnidtiest inwtt I i'i oal,' II -;t 

The nultiplier tir til t 1 a; ct L ,t ; d l i ved in1 ChaptL e l 

contains soIne items th ic.ci ,itu,' i 1t ) roj c t ca'St est unitS 'onser

vative. 'these itens alt': 1J 10 p,.i v t iUiistilitt ion culii ig n(y , J iid 

2) 14 percent iil1tt io . 

Because there ate several ItactrS in tMe total trtoItA cLt, We 

have selected to exami the vt tL ot a 10 and 2'q ItLc'tIeit o t i in 

the total project cost. lhis incrtaz.e wuuld he applied to the Phase I 

project. Bec use tLde .iir, s aal pis ! .ty A not utilizing all it 

the contingency alilowatnces , wt will also exthile a 10 tind 71 liruint 

decrease in Phase I costs. 

For the sewurage pr, ei, thiter, is a possibility of obtaining a 

direct grant. The amronttnt if any g ita is uinknown hut to cover tLhis 

possibility an additional trial at a 50 percetnt total cost underage will 

be shown for the sewerage piojtc.t. 

Since we have u0tin I tie p ioused raLts at /'). ltte'rl t inllation, 

the sensitivity ,aialv '.s tot ti! lasat,' tiil s wcn also he pertilruled at 

this inflation rate. L.istet vtluw are the lates with similar firancial 

consequences as (le ltrl)a)tripi tate: 

Itei 	 Joint Water Joint Sewerage 
f i Is/O . Aencye lcny_
 

Current P ItoSIi Rate 165 375
 

Rate with 10% Overage 170 405
 
Rate with 25% Overae 180 450
 
Rate with 10% Undera.ge 160 345
 
Rate with 25, Isnderage 150 300
 
Rate with 502 IMderage - 225
 

For these rang' of Itrojte.,ct cots , the water rates are the more in

sensitive to a chalge in project. cust. The increase or demrease in the 

rates is Maotl one-thiid , th, jtleont tin'eae .-,t dt'rease in the project 

cost.
 

lite challges witlh the sewela'' ,j,tct ire a slightly less than the 

percent 	 increasi (or (it- rease. 
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Since the sewage rates were set on the ability to pay, a different
 

way to view the sensitivity analysis would be to have the 375 fils/m3
 

rate constant and determine the amount of subsidy which would be required
 

to stabilize the rate. This additional amount is JD 257,000 per year if
 

there is a 10percent increase and JD 644,000 per year if there is a 25
 

percent increase. If there is a decrease, the decreased in subsidy would
 

be these amounts.
 

10.5.4 Overestimate of Water Use
 

If the water demand and water sales have been overestimated, the
 

rates will have to be increased to produce the same revenue. The most
 

likely factors in overestimate of water use would be a population growta
 

less than projected or a failure to reduce unaccounted-for-water.
 

Listed below are the rates with similar financial consequences as
 

the proposed rates for a 10 percent and 25 percent overestimate of water
 

and sewage sales:
 

Item 3 Joint Water Joint Sewerage
 
(fils/m ) Agency Agency 

Current Proposed Rate 165 375
 
Rate with 10% Less Sales 185 415
 
Rate with 25% Less Sales 225 500
 

The percent increases in the unit rates are about 1.2 times the
 

percent overestimate in sales. Since both the water and sewage rate are
 

dependent on the amount of water, the change in rates is addative. For
 

example, if there was an overestimate of 10 percent, the total bill
 
the 540 fils/m 

3
 

(water plus sewage) would be 600 fils/m
3 in lieu of 


proposed, an increase of 11 percent.
 

10.5.5 Non-Bonding of Annual Capital Improvements
 

In Chapters 5, 6, and 9, it was explained that the normal system
 

expansion and growth would be financed by annually internally generated
 

funds. In this sensitivity analysis, the effect of this decision is
 

examined.
 

For the sewerage project, the method of annual payment results in
 

an annual cost of JD 635,000 per year, assuming no inflation. If the
 

project were bonded using the same overhead costs and financing period,
 

the annual payment for each years improvement would be JD 65,000. Under
 

this method, the 1984 payment would be JD 65,000 and the 1990 payment
 

would be JD 455,000. Over the life of the financing period, the total
 

cost of the annually generated method would be JD 4,445,000 (7 x 635,000)
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compared to JD 10,010,000 (7 x 65,000 x 22 yra). However, the greater
 

amount would be paid over 29 years rather than 7.
 

For the same subsidy, the rate could be reduced from 375 fils/m3
 

to 325 fils/m 3 between 1984 and 1990. For the same rate, the average
 

subsidy could be lower from JD 920,000 to JD 545,000 per year. However,
 

after about 1990, the rates would have to be increased to generate the
 

additional JD 455,000 per year in bond repayments. At 25 percent above
 

the 1990 billable sewage flow, this would require an increase of 42
 

fils/m 3.
 

For the water project with no inflation and using the same methods
 

as described above, the rate could be reduced from 165 fils/m 3 to 158
 

fils/m3 between 1981 and 1990. However, after 1990, an additional 55
 

fils/m3 would be required to pay the deferred debt.
 

10.5.6 Effect of Wholesale Water Costs
 

During the water rate analysis, te cost of supplemental water was
 

not included because the cost is not available. The present cost of
 

wholesale or bulk water is 65 fils/m3
 

We have assumed that by 1985 when the supplemental supply will be
 

3
required, the rate will have increased to 100 fi]s/m . With this increase,
 

the 1984 average rate adjustment would have to be to 190 fils/m 3 rather
 

than the 165 fils/m 3 recommended.
 

10.5.7 Effect of Nitrification/Denitrification Facilities
 

If the King Talal Reservoir is used for a potable water supply, it
 

may be required that nitrification/denitrification facilities be add to
 

all upstream sewage treatment plangs. For the recommended plant, this
 

would increase the capital costs about 25 percent and the energy use
 

about 40 percent. Since the gas available for on-site power generation
 

will be sufficient to met the increased energy requirements, the increased
 

energy requirements will have little effect on operating cost.
 

The effect on rates will be about the same as he analysis with
 

25% overage on project costs.
 

10.6 Project Prioritization
 

10.6.1 General
 

The ecunomic analysis in Section 6.7.3 showed that the lowest over

all cost on the basis of unit cons'truction cost per person for the trunk
 

and collection system was to build up to and including Subareas VII, XII
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8 XIII. Based oil hulialn ne d:; and capturing the RusLi I a i Idutri I I Iw, 
it was recommended that the Phase I project he extended up to and inilud
ing Subarea ,VI. For tlis analysis, it Was aS 'lii~ld thIat tL sewage
 
treatment plant 
unit costs would contintally dii'lease as popil]aLion was 

added.
 

This analysis assumed that the t, wtere sulI icitrt iunds or the
 
initial constructiop.
 

10.6.2 ''rcaLliellt iIA:lt ('Xl'idlrations
 

The proposed t atvniit 
pl ant ior tie yeir 1410 halus thr'ee simil ar
 
trearllent 
 train,. lie milnimucm sil' pI t that Should be )ist: lited i; 
a plant with two trvaLmet [lai us . his w.ill pri idc lorl a dg-ee of 
treazme nt during n,"til I MIiu ItO i11'i A,1- , ii l 1 1.i t - VClltCF.ti i ia Ial 

difficilties, usually ore thi.f H I IiI t i:i ; will ,platfe. 
Oi a t low has iss, th In, tI -I, dt -lII t I ,,*It IlVS ill I -Vt' the
 

basic project (Subard.s 
 1, I1, I1 , IV) plu:s ,lica VII, V! nid X.
 
Depending ilpiun the egrt oI i Wi Mtr ii lt tI lt Mllt ,hhi vt'd and t.he.
 
proportion cf 
 i n us t i i od dMnti, fII"', I p1 ,tl nay he c'olll itwhat 
hiologically ov, l diiilluri ng
uWt ill pelii iiid. A li)wtIl- degl''t' of
 
treatment 
 Iay l sult. Then, ct a low is , Ihc th t al[l' ntilltt train
 
iuslt he added. 
 Tie It conls lilt'Ai s t p-i p-io' i i is:;ivel 

P'lant. Coti.; lll t i (,IlI :Co 

Per P(-I ioi So IAdd o 
(.D) 

Mi ni 33.68 
VII 28.02 
X 20.8 3 
VI 20.09
 
VIII, X1I & XlII* 
 21.86
 
XVII 
 20 . 71
XVI 19.30
 
XX 18.67
 

* Adid Tli'd lreattent Ti a in based on f low.
 

Therefore, 
 the ii I"ccilctllit ro sit,s ditrease eXcept for the slight 
increase when the tiM ti.cli t ci;; K i 

Il ;hapte 6, tin,- mininium pi I si:; the st vin.ig of Zarqa. This 
will have three pro lt ,;m : (1) a hig . [i - t, (2) extlusioiin oi the 
industries ini tic' Aw ijlc zish Shltqi i , A (1) iilder-liti I i zatLion 
the plaut. liiiwevir, it Idoes reqUi it' iht: it .' ,im'llit of i nitial funds. 
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10.6.3 Reduced Project 

On the basis of systu aid envi ronmeutal c iderationn, we have 

selected the Chapter 6 "minimum" proieCt (larqa only) and the project 

which fully utilized the two tr tAlmunt plant trains for illustriation of 

the reduced projects. The various apital cost items alng with the 

reconmmended proj cct ai e ISIIOWth'IOW
 

Plant ID 1,836,0ns)
 

Collection & lrunk 8,101,82'!
 

Construction Cost 11,938,125
 

land 716 Out)
 

lotal lProjec. Cost* 20,616, 10o
 

Annual Payment 1,71 2,2uO 

Annual Payment/Person 15 .03 

Ful y J t iI ize Two Treatment Trains
 

Plant i) 1,816,500
 

Collect ion & Trunk 10,172,600
 

Construction Cost 14,009,100
 

Land 736,o00
 

Total Project Cost* 24,045,5O
 

Annual Payment 1,991,000
 

Annual Payment/Person 10.46
 

Recommended Project
 

Plant JD 4,898,000
 

Collection & Trunk 13,306,000
 

Cont; ru: t ion Cost 18,204,000
 

Land 736, ()M
 

Total Project Cost* 30,992,000
 

Annual Payment 2,574 ,OO
 

Annual l'avuvnt/Perso't 10.15 

* See (hlapter ) 

Based on Table 6.10 the ,osts o any itrmedite alternative catn be 

derived. Tht 19AO present- wor-th , Eo;t Side Pompi ng Station operation 

at the 198", rate lietwetv 1984 throul, .- 0O, ,11)194, 60(0, muist be deducted 
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from 	the Table h.10 co llectin and trunk sewer costs before the calcula-
Lion.
 

Tilt L,hed projet ciiAlcatit inS slow that for allincrease of 

o 	 Se ill tie Za11111,1I Costaboit .11) 8(i',O00 per v i , A )()[uit-C t illOl 

of the iiinimu projoct, the leconi i eillit hdI )rOJI t .l biIII 0mp10 , h Iil1p elittd. 
- ])
The I'VC011O It O~vd[rnI,.It wHIl SCIrVO ,Aoult 121 (,r~cuL Mor)e P~eople than 

the miniunmum p i-j cC . 
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11.0 IEALIt-RELAMI'IL ANI) ENVIRO()NVIENTAL CoNSEQOUENCES uii ALTEI(NATI VES 

I I nftroducIt ion 

The lur ose w tlIi hl'-, mLh ri s Lo compareli th , t'l I' il i t l it lip ttIs 

assoc J tpirid with the tn a ii t n t thahe ofillls,,'tit l , no a" ion 

to p)g a e . i h'e ' t .1 1dt st I I I i ,,1, nw'\I igA nt I: I h Itt,i I I Iyii
 

1) i i Li t Its h, I'ii,.tqa i, Hun, M O rd . I" i t I Ii, %,, 
 .,I t'

native V Ii.' t L i :; L Ivv m-I I t Id lis dvIit I I ,on I, I ]1 ! t Iiit .1re
 
+C01ll[)i red . Ilit each I , th,;:-, l111I)a I t S Wi h11 ,, , -%l (t' II t r t. I11 n 

A It h t im IV., , 1 1 1 11,1t l. t i Flll, ,, l:1 1l I I ti't Ido l e l III ia 
f ilitl s plalnnin A "t&Ili I 1i lls yii [li, iil liil si I,t I ie ir-) . ,.ss
hlla el]imllll~tt'!l I litllilu-l .I t,,[ l p.lt. '.fill%, "t lIlt ' W, 1'1111;11hih 0'1*' 

wit ilr l liu nt' I htlil I t h tI I 1t'tld I , I lid I I si , 
tiol.,m , wh , ti th lt , Ilitmpd Ir d II,I IIIj I t+' t-Ipn: Illlily, II not most 
h o4, 11.% I, 1., ,,iI ' £1,,d I V I ' LI 1, . l,i]I ,,[ L l~ ,I.n:, I 4,t .,,;i , olilm l 


L 11)s wouI t , IIIl, ,+ 


' .. . nLytl ', 

I r , I-+ . : t 'p h. , -%.,',rd, It ,+ In1),,thI ,I [pu£l t !I,,,,IL th ;Itll 
III torl ,t audpoI it t I ifll I I'r I th , I l( t p~t I) I !, it)hIl I--:;s ,I I ws Lvwa t e r 

2 on A rcttillIjIn ASI I s 1 ;a I I ; l1 I, ,Il!,, ,I t),tII,IhIl-,, 1'1 11 Il h "k"t +li- -, I l 11 t' y!;,:'tP rltS,] : t I I , .I 1('1 l 

becaus Q I W dvn I,Ii of'lr "iti I3l l t+ !h, l U|llsl t lt l :; I t'e s I oL t l I on!, . 

'I'll" onl~y J I'[l o Ilia t I++ ll tIfii t I fn I lll , IIIh1 h Wa tI lll I lit t er. c;onsId

tri- t, di,, vin, ,,tc 1€+t, Wh, ci t s umat+. I Il',t-

Illenlt ;ys ttcin. . Ih 'sc' opt I ,is In( IIIh.-: 

rik io.,. ~.yt "nd£, walstewat-vr 

o, Sewh Iag-t l a d~'l' I tI Im nIP, Ilt l Itor IItl 

o I.IIIII., t I ~I t,,I Ia I ],.1 

K..2 No Ac'tion 

'Th I s . t < v V ',n t I o n t U A I v L.- th in 1 ro j I.te( ll l V i I l l metn 1 O IIs e q( Iu ,vr ' Sif 

n" alr-.ion+ is Latkpnl L" Iimi omv the wALtuf di.'t-ribmtl l s;ystems ;andl smv r

,i, , ;;flll '.t,0rmwa. ,+I- <LI, Inair(II .sysI viln, i it Z, rla anld Rust,. i I a . Ihl(, ,ass:.

milit I s r,~~ i l t, Iltl a mi n.Itl+ IIh It reflec. ts tilt, 'Ins,;, latt',, 1£11]J1' L.s on 

keyV nLut la[ ,I d ( ltull ,! r .- ,,, , 



11.2.1 No Action - Health Conditions 
If no action is taken there will be no improvement in the facility

related conditioj} which may currently contribute to all tinsatisfactory
 
health situationJ'n the Zarqa-Ruseifa area. .lndividual 
 house connec
tions constructed of unsuitable materials 
will continue to be a risk
 
with respect to contamination. Cesspools will continue 
 to be the
 
principal form of wastewater disposal, of
resulting in conLamination 

ground-water resources 
 and contamination of leaky, corroded water 
supply pipes when service is interrupted. Surface overflows from
 
cesspools in combinaLion with ponding of inadequaLely drained storm
water will continue to be an additional health 
 'isk if sewage and
 
stormwater 
drainage facilities , not provided. Finally, stormwater
 
drainage facilities would 
 reduce erosion anti structural damage, which
 
are a risk to the 
safety of the residents of the area. 

11.2,2 No Action - Geology and Soils 
The major impact of no action on' these resources is related to i~he
 

erosion and sedimentation associated 
 with stormwater runoff. Along th,""
 
steeply sloping uplands bordering the Znarqa River thete 
 is evidence .f
 
erosion and undermining. Over time 
 this will result in unstable slope
 
conditions and possible property damage.
 

Further, the erosion of soil reduces the potential for agricul
tural usage and limits 
 the feasibility of reforestation. Tilt eroded
 
soil results in turbidity and an influx of 
nutrients adversely affect
ing the water quality 
 in the Zarqa River and King Talal Reservoir.
 
Where sediment is deposited in culverts or 
critical river cross sec
tions it may cause flooding.
 

An improved stormwater drainage system will 
 reduce the magnitude

of these imparts. flowever, there 
wi II be minor impacts, includi;Ig
 
fracturing of rock and shortL9er,, erosion, as a result 
of blasting and
 
eXcavation for stormwater, 
 water and sewerage facilities. 

11.2.3 No Action - ClimtLp and Air Quality (,
If n* action is taken Lo alleviate existing problems with private 

cessloo]s septic odors will continue to impair air quality in) Lt 
densely developed areas of Za ca and Ruseifa. Further, sLormwaLer will 
continue to accumulate in certain -areas, causing stagnant pools which 
may he an additional source of odors. Finally, if no action is taken 

to col lect and treat. wastewater th,,re will be no opportunity to augment 

11-2 



t.he rainfall deticiencies a sociat,, with the local climate by applying 
treated eff li nr to raise crops anai revhlitrg, the gi+rouid Wa ter. 

11.2.4 No Act ito - Witer Resources 

loth thP .i'iig -W.itt i reosuIircu; 0f the stuilysurliace wat erAnd iol 


area aire si ginlliiia t Iv A IlIv tel] I,' it, I itk i t ftlat, .
 ';ewerarge ird 

stornwr Lt- (I riA n gi. t nr. ,.
 

AsoI , i'*,! fitii i, . Il , ''n+titterrililt l'u; Ilsm111.1tY
rePsult ill ]'mt ll /cd', ,.t+'-f i. i tv tilp[ "vr.'lll+.lit, hy!, 1-1h1, llV lh i{l- ;oionl
 

f soi l IndrL ItI vn Aid ,,.,t i i I I rilts. I :iii :,v;t t uil,I.so
 
ar icr i. I . I," .1l I t'I ld , id n ,,ilit. I'....I , .11 ,".I.ll,i'-.i t l.''b;
 

i[I( I ; Iit Iuit ! I A in l Iih t Illt!
n .I. I I4lii vI ! il I Iii
 

t it r. I I tr!,, Ir , I'I ,l:c!-'-j' t cI.r,,i hI t , ;mitl ,irvv,., 
r' ilI , 

n it1 tii i, 1 1 - i i t 11 -ki f jII IlI v l 
 Ir e ,ilIn.1 t Illi i ntLi 

L IIn .i I I n . i , wai 1nin , hr t) r1-e n I ,t I t ! r II t iti I. rl1 , lit I nI 

tiIt
q tJtK y t . inl,, iii :t irnr t '.nn.n. n i,'i.i++.I I i nntnurii..itn ',it 
1.111y %,Ith : , t t,,i l t. 1hifl (,f i l ,i iI!; ,ul': ,hi tt ,xII(t 1 I ( :;114It r 

fle 'vyIlllt~ll, tilt, "tel{(, -11",t, ,: ljr,,.!, .,I Ih,, +Al,,,i It: hihot:,U,
Jun i <ilp t n "'it ii~t n,,+jiintnl .ni t inn l+ iing It Li.iiR ri~jin gur,: i¢ + til-r 

tu r iL. .ut It,- i u il i t ,1I tIt . Itfl l d . I mk ,~~I IIIII I 

i rrini ri, ,, nl i, , tl t ,,i li t iavh A.. u;i l i ioudi - i atr 
w a ,tI,c , w I I :t I ,, I , 11tl +.v I I , t l, -r It IZl I I ,lx h i 1l A' . ,t "II . it : (- ll daqui . wh,it n,h :,tim i miitl, , it A.. t A+en,i t Ii o, f , ( t t i l , 

Ll I l t t - w A+t+,,,, 1 1made -- ' I , fl litr-l0 , 1 l ! ' v. l A ipt it t ', + 1 -w t fi r nvf :~ +,A lta it. - lo'~,,1t ~ ,l+,+,,IlI I:I,. 4)!.s 

( 1 t , I llh !,t I Iy I+< .I'tII!~ l l t ltI'dl t o, 1 ,] " , I , v 1 I111,1 v i hltr rba 

tvr'.; ;;tett,,',ill .t ,+'' I Altz~! 11 1i t'1-, I hA t t- it Ith t h; n I + c I I I -! 1 

',,.,i',+ +,thI , A ffh Adh *' fitv I,.IA(,d l( ' r+, z: +t-vI I++ ''iIt, z w e th. il. 


w~~h -du++:t '+I,, ,ot +'l ,rlt, ~!;,Iplhy. 

) l I t 1,t.11 , u1l VA. ' I ' u ,'i l'I l,' + lt , , t11 eitherotI f i 

!,A~llI o fr1)11.1h , rI' +,I I,,!l,+ . lI w+ ..ir've t t. - llif-1. 1 1ty o IIvit t(, I r< 

I I,.++ .% de~ll I, A ; ;tf,t !;,Atif all i t ' 
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Of greater importance is the recognition of the potential impacts
 
of existing wastewater disposal practices on 
aquatic resources. The
 
discharge of inadequately treated industrial wastewater is of particu
lar concern since it may result in conditions toxic to both aquatic and
 
terrestrial life forms.
 

11.2.6 No Action - Archaeological Resources
 

Although the full extent of archaeological remains from previous 
occupations of the planning area is unknown, it is clear that such 
resources may be found throughout the area, 
 The no-action alternative
 
would not result in excavation or construction of previously undis
turbed sites and thereby would not adversely affect archaeological
 

resources.
 

11.2.7 No Action - The Man-made Environment
 
The erosion, undermining and flooding associated with a lack of
 

adequate stormwater drainage facilities currently represents a threat
 
to property, including buildings, roads, bridges, culverts and other
 
structures. Construction of water, 
sewerage and stormwater facilities
 
will require excavation and possibly blasting which, unless carefully
 
controlled, may also result in property damage. 
No action would avoid 
the risk of damage to utilities, including electricity and'water sup
ply, which could occur during construction. In addition, no action 
would not result in the disruption of traffic and associated temporary 
inconvenience associated with construction of facilities. 
However, the 
long-term benefits of a structural solution clearly outweigh the rela
tively minor short-term construction impacts which are avoided by no 
action.
 
I[ Of greater concern are the 
 relative mo?"its of controlling land use 
by providing a attractive infrastructure of water distribution, sewer
age and stormwater drainage facilities. Currently, the lack of facili
ties provides little incentive for development to occur in conformance 
with the existing Master Plans for development. As a result agricul
tural lands are utilized for either residential or industrial growth.
 
The no action plan would not improve this situation. In contrast, the 
provision of these amenities should make development in conformance to 
the Nlaster Plan more attainable. Further, the provision of facilities 
should allow development at a hiigherdetlnslty, thereby resIulting inl a 
greater Ipreservation of land for other u:-rg. 
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11.3 Sewera-e and TreattrL Pla nt Curt iuryl-it Iotis 

As noted in 6.5, Lhree a It trnLit ie Ireatrin-it plant s i iL Iv,les I,l(n 
identified, ih addition, three iosible stratigi.s for tigz i lltstit 
sites were delineated involvti , either .a single plant or two plants.. 
Each of these opt ions will req ir'e a differett t[ l ii-itin i l Milk 

sewers and pumptijistalorts. Furthlr, tl selection Il .a site may have a 

suibstantial inifltence in the metold of (iI I tint iish): . 

The s.it- initLllly Q s el t,,d for t he. Ztr~ll t reittil-1t lant (Jlpp, r 
Zarqa site) was ci imin vid for t Iwmal o, ti'. ;OII.'. I [:;[Ilv, tih' iuiclu
sion of Wisei ita pl us the' aissot i atvtI ndutl;i e Io ir ilI]L , It I I ( forI neid 

arn expanded l i I it y 
 whli ii h carilti to L kim,i ti Il ott i h i s L. .i
 
Secondly, lhi, site, is lcated in aii a ro. Is t Ited t 
 l itta- t vl'i Itit tlt,
 

develorment w ith .lt (ht r bo
li t mtti l[ plant lily ito',pt)It I ,. 

The rit inl ig litt s ,i i I4i'lw1t /.jrq.t ti' ( c A) ndli the 
East Wall i !;i t e ( ; i ite ). K',Ia 1 , i t hCl,:s , l s It.CSI, (i':, l b ' ii 1 .4. "lI V 

r ILie v iit a dil ,t:s v, tt a .,v "I Pl h.t :,,i it 1t {it i l int, i ,it v Itt It h
 

single-plint versus twu-plant rout igiti-t i 'ii 
 - rei:,u ti' hIlow wI tht
 
respvv;L, to po~ltentil impacts'[ onl key nhllur',l 1t111
,11tnd r{'s""rI'ves.' 

The' (ption s rv :
 

" .Al~v ti',~ vi 1, aell tre e ntll'l ,at S%il c A\ .Lowe i.,Z r l e)
 

1 AIt titir e 2 ,i ll t ictmen it Ij, tr t 1, 1%-,t!,tI i ,ii 
t() A I i, t iv(i i r t, i iIil i' ll rii t , tIt :; oeist v!;
 

I; .ilr. ra'ndri:t it -lenI I t It t, i i
I l i tonsit 


T ramn oo,,it i u-i, tntd i I I i.cf,t. unong tle aiI.t ernatIvs
atr i i . Wit 

re ispec't h t,,,lit iorto it .. Il t, e Is i t t, p t n till IAnde r : Ite LIn, t vo 

2 , ut iIitev tI pIaI",it I,"t tfhe i r f ii,io t for,. th tpul i, i ti he 
exposed to lIndh, 
 ri,ll orgal il , w,1 tr ,pn5 ],ilt ill ( ',,ll,'; der- l 1Ion must:; 

he g i'venl to, th, t p" "I,1 t1opI And, ,p 1ot',{ :.etll)I I ,'to , I [I ,, It' I ,, 

av o id4 thI i:, i i !,k I t ' " II I I c ,,pprI I h,' : ll, l II , I' t 1, '' , , ,t l 1 " 

t ig sor , 1,1i,'pa s! u r t1 t ( Ihh, i g I iti, h 'i, J-t t vti,I i ,l t HIhl o,Ir ,It of 

discharg,,e t,, . M +I Ri v i f ! h,' .. it]I.i Sitl e' A\) also,
hasB th s ,t,'l!;t l ,i I.f -1 (A I Illf-llt 1,,I l 111 .1t io and1,ll po,.si:ll, e(

i :k , o f 

contaminLtion of! (r,,p!, byv iatloy ,.l-i]{ ( r.l :[ 

1 1 I. s.,hv p,rage 'l11d '[ 'll,0 1111-11 (,'- l )., 111-1 :i ,l I 

Trht. .s; ll ,,ndl t Ion!, rt h.,111 the, , r., '. , , t l - (A ) and, the. Eas:t 

Wall)1 :,Itv' (I",) appea.;r to, t, , I i ,,I ltr lilt lval Ion. Inl v'l he~r (;1.se 

(constrt. l([ionl (of aI svi*vi,'iral Ielia, "it pl,intl wold l di:stuth in(d co(mmlit 
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soil resources. The proximity of Site A to the Zaiqa River may result 

in better natural conditions fur agricult ural use than Site H. Iowver, 
if land appl icat ion were Utl I ized to Lake advantage of the nutri ....ts in 
the effluent at Site B, a more efficiet nt itilizatio i ut,therwise aiid 

sot Is wo l(I le rea izel.
 
The d i';L"rhantvcn ',Used,,by u I iIziif,,tw, s
.iLes; I.s gre. tev tLha i 

biti I(I I g i t()ion sito. l',,-ve,I-, th .;ifly Ic-sits tItI)Il pt ; .ii 1 tSO i I-eIL 

ad t il na I; vw ragv('t mi nsIIIL or I 0;t
,< 
 and/(I pom )L L 1ISt:-1.'hI1t'11tt+ 1, IZti tIIII C(IIAI 

doee f'( f rlL In, o ( dIIs i hancev alnd ,assoc1 attI'd ter'( I ont po~t rft ia I. 

IBtd o-k it cithsit ,t.jip .a t'o gitiirrts ib Ihlt i s x tee:; leejp 

aid St giili I t rLs "in 'oI ' iaIi rc;o'Xn tt tpa gt a ait 
I'';l i~ ,I l ;I~ i Il :, :, , Ir,,A, 1i1 , 1 ,r 1h'. :l,-,r:rIl!I I w t o r ItI 'll~r 

,esI not cipat vd. 

uul h . ,i', i 1, . l. I,.- I, i~ Itr, IiIjr. H!'.,II,', I. I I-Il ; a n db 

po t.,; 1)1v ; I i .;. 

tr,,;
Each ,,ttho p w - slm;,l i:; re'latiw, l,v crvii t!,fromIlexisting 

de(vu, Iopmultnt . !hw~rvtlv,, :;h(uild (,+,t !; t)I pathog c)l aerosols; be ).pl 

at'd, they!, u.uldt n,t .tv+'(t no-',ila,:';i tt: Generailly tilt,giv.att,
 

the, filmbe~r oft Li'aattm-li{ tplaitt; pump, :l,
ind[, ,,: tiheg'rotor the' risk 

o f+ (] r("I go, w rli't'll.]l. A ]Ito li a t I v,I _+ I 1W Ii lll1l}; ta t i -'flt ', !; III t lt :l
 

proxi:mity I," thei t Irt~~;,,l,,tw, p,,tvn ,hda t ,,rt,f . I la , w.{lt If Ii( 'rvasf's 

1Lt po ten~t I I I I ,la I IIv t odl -Io,a 1 .11 tI AI IrIl f 1(r',l1 . 

Zlrivet ,,t, f lut I t" Irri ,jI i- I,,:. fi the ,,'( fill ,t,f Siie 1t 

Would ( tl e. I I I Ifll. ] t otl ,IIllt lit-I IliaII II[IIa Io 
a I.] SlMb AS.' tht (t ,, t!,
., ,, I . I At I )., r :,tl( ,, 

the'. I Iit 1,.!, re sott is 
I'llc I" J o++ltI II 1:!11,.,1, 1 ;t t~l( <tlt*,';ite' llrCtON,-the 

rVA',Wh + IIf ,,It r in I tt w v+ IlaItdI -,", , iI,b rII t t 'n.t If lIte~rfla+t, ,F a ive
 

lrr s u% t + pf I I ,, a 't I,(' I Iml, r- ,In It,it- luaZI I tv,' t thv
I In thr'hpnt ld
g r l-i nl 

%,',ter riarl t4, y ,I+I I l< I l I 111. d '+llla 1ri It+t' 'llhhaI I',*poo I s; +,'owever,t heret 
+ ( [a rv po et ta IIv ',I !.ar,,fi ; i+,!,,ok.' ,(t I ItI.,d Ilh +i I: ur-t di:s( ha Iges 

wh i¢('hfi,]y Iain't eI haI in ,.t h,,!'eIel. f I t!. 

A 1)t,1 t 'IL,,A w . ,(I lp 1,!di i.toift.I 
 i,,! , I I ,,,4l, i kl: iid~ illayr ltl-,n if] 

,a consi -rliot , P i- I
andI b11 nl 
 w 'd1,+, oI s l;t I I-all 'II I I p,; Ii Ll it, I inllri' 

dIr e(c I(I s( ha rge:t < thI / , -, ' , It( - l t t-flf ItI t I ,,: , I 1t0-1,t Io ,a,.kill Lhe 
' 


I AflllK Ifi I a,11 [;I t".¢I IF andl Iflay It t't . ( ll 1.1 1 twett'lltt a t iowl, inl tit( 

,hwll.-;
zatr'la R~iver lrll ,of the (lII;S , +.,I 
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Select ion of" Site, B would avoid flo)odplaill t r-, IIII,,ltFit.Ihe,I.. 
Me)tre, a d i s chia rge, to t ie, wall "w iII Z o i() t cI s1 ' ce- 'Ia t '-IL,l I qua I tIIy,
 
s in '(ire i is pr")vu,tu, thait thv 1 ii' e.yi]i~
Jo ', I II he, t. ', .absot b il[Inlc
 

Lilt, wadi ti t., How,'(eer, this d vrI " t t, k
bI. I it tari )ntamfi oatl I,.11 I hv 

tupp I I I e r I{I I,Illiz . It I
.pp I 1 1 1 %c el t I I Ii.ed .1t it I , thll. I) ):; 

would~t util ize* th it it n 
 +I "lt(-'++.'t!!,'r
a nd'+gll~"" I echazlg t ,I dlit-o 1'1Jlle've'
 

Ithlim s g I t,nilt (mlit tt i4ri 
 Am I na I ini. 

I I . S . 4% Suwvrdgv{ AnL, dTll 'ert "t - Ec o s y s I om: 

H'rt advo,-.e{ Itllia,t:, (.iitlict te' l , +l .,t ' lPL',sy: 11-1I' I al,!!%~ll.
\' h 


so-,l ' 
 Andt t rea titm''tltr t..'i~ (l])i )l +IA f<re ll} + A l,1d ll1 1, t ilil b' ,
 

'l'1*ttulldhr 1(,[I. V + , tie (t- t l itI ia ~ :
(lilt Iv it fl').'evl h o I+l aqutl It"
 

",rg.a isms ,iv sl.,itg" i ltly ,ifivt lm 
l. mltatiticl IAt I+t i' A w,I I ri'-;uIt
 

lit.li ini r,-A :,,,,II1 ,.,,,I n tr io t:, l.a . : , l
t,, ,.liKinl,.: !.l I,'', I ho~u gh 

,-ut I ,"p i. , +, Ih i; . I l ,ha l~ l , (IIe th,' a IellJl , I ,r l mluti ll r IN(' t 

l] b t~+,l! | -I I ( f 1.1 [ ige h 'l l Ji:-t e Ib'1 111 L t l irllli :l+ t1 theIc ]ll,i he 

i I I~ t,tIII;"' I-(;l 4( I t l lv I IIII Ilt ( IIt ] t l- t ,t . , t ,llI I t 

I 1I.Ii111' ÎT 0t L' A', ti +~ l '* f 11t r ', l I - I ,,,l! I II,, , I:.','I A,,I .,! . 

I t tIIH IAl , rll t<III f , 1 t i f itf II.t Is ! ll . lt iI + l:t l l I tll t,{ 
I 

ha.ivk it,,tI gn ANllI,lI t' 
 I m ll q"A,li+'+ +i ltl"n IN+:+ sys me n ,t 'l '1 ,l h l'i 

l p Ftl,~l IjI t . l 1,tl, i I ".I !',' h It , I(- 1 I . l w ' l t .i 11!t,lPI llt i [ nre' 

v i k ( h lit-1t Pti 'I la h,o:i Ii-,,ite'I(I. II i , t i ! t't, L ti - t III, , +I tII. it
 

tIle) yI IiI!h', iw i I-ii!, i I I c tIfilt Is y t, li ,lt~ .,I Hk licvi I + i -Ippt t'h ill.r
 

I Ie:kvlvI that ,,.<'n m V l pn 
 ,tM pi -dt ae I 2 , m wh T- :li t,. 1.1!,1t il ;-'. ti
 

t Ill , Il+V Aw ay 'I r t IttI 'llna, + tur l ,ri pid i . F l(, tll s( L ila hI,i+t 

I fi] ,y .tI 'f .ll.If I [ Z it llltI Il'li PiI I IIt + I.' l i,lIll.l1 

t~ t . rl,w. +l. c m oli.ll 1r,ll'IJ Ii A, lt - aIti- 1at t11%,II,1A itl l ll , 

he, . t t+.l1t I A tll 'a -, J II! i (V,1 ,(,ir r.11 n . 1;fh-!, ,. .li,. l
l l~ tI II I tI' 

+,~ "lt
i i lt t I] IIl lhic It iI e - , , ,1 I lrl IIt l 11il tI. .I 


<l r 1"' ( '! -I 
' "I,it I I -~l II;ll l ) l I,tll I I i 

t i1ii 1t.1,Il ,I] , iAi( Ih +I I 'I tI,t, , I-~ i ,tlit+,,I i ! -~ ,h ' I , IIr [I IL Iv f- i! , IS I( I 

I [ I A ) 1 ore m .i i ll l di , , ( ,,ht s . A It, + I I qnI 1 1 I 1cs t h e m' lIJ:l t w[o 
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Lrentminnt planLs, doibling tA visual I imalt of! these fatcilitis and
 

the potential oIor [ It mg ii'ttiKnaIvllt? ushl.
 

llo,'evvr, te Iiost 5iQ iIl tant ilmpaci(t I.;wIli L It I; I t t t laind use. 

Altrrnatives I and . rHuir ",is it tillhe loweir ZiljI River whicih is ili 

n ill nd ii Ii ly ;(-,]Lhe i 	 Ion( pli a1,1 i S u i ii invusiVcye for ,jiilIt 1IItille. 'Ihe 

;t. adl i ( ltIhv, iI a, I l i iIiiiigI d ,,Ioti 1 , p h'I Ia t , t st 

as intonnsiv,],tllr as Site . I I. And ,4lI4,.At4I I;%,r Ii.is, IAx Ilia Lv Ivy 
" ! ) kill I d (nitlI It - i Iiif zedI Illy t i hol pr tr 

Conlli 0t It i,, In t ,ti t h rge 

2 	 ln I it i tI 11 it witA i,n( a 

tl I I1]. ()idei tutu l i land I i .,t lthe 
Valle(y Lh('lp wo{uld ha;ve' to, he{,a change: in tllJiorit r,, z Llt,he' use 

raithi 	 ueof Lim land t, agi ulhtii r ll I iliLi;y r wr. 

t1.4 	I dusntril 'i'r i,v. itnt 

T'i ]n,I I;tLr ,l ; F !,! :t I .'h'lt 1"I- h ; . rleh I 	 I'1, ! I:, J"t'p c.h i ;llll,!lai .zod inl 

;itt in i I t: it ii 
" .J, i nL- IaI-mun i t Ipa I wi th indli vi dua I preLrpat 

7.2 iiA nt if01A i hI l ;I i. api(,lh i 
ndu't, L t l;,i-Atlll([l 

111('11[whe'l-v app I)l, I I A I . 

In(hn. trI I wit 


ittrrai tI Ll lt-l iit I I " I I 


") .Jo)il itt IAI-nm n i p,k, I vatinctiLtOf "cent raIi zedl 

Zlqa H vmi (alntal- wahi. 

The' imparLS oft eac h AI thpsr .4lpr(,,rhi.ns is' cm()nlarnl below) with respecL' 

to) key na;turl rt -S Hu I 0+'%An1d {,1A I .(111tlulal ":;' 

11 .4 . 1 {Indh !; i II~ 'l'i +,t llt lnt - !;o,1lth Condllit.I()ons 

l . lll )Iflrlnn 	 reatntT]he' 	(oflnpl If'r ' I~l Ill'llanke; j id iidual] Indust-lriall t 

t;a(ilities, will haivt, th! lo l , i,:,k tt{ i11!411 t I i itl treatment('11 andll 

res ultLa L v'xp,sure II ll) h, d,it,-. materilsl: ir v'tf tl{t.t;, Aerol": =; or" 

sludges{;- whirh have',"A,) Ivn ,d :ips;,' of proprl v. I aggra;vated;t~, y lFh{:;is ;I 


fly tl t(, p io{ x l i i .,y ,,I , l I :'I : I l l ica li -: ' l ll,i A n % !o 1I I , ,[l',l l , ll aitid 0iu I v d sLrIaI tr d e t w fo e IIs h g h 
produh ( i11g, areas. Ill Rosc lI AndH I .. X r 'I I. .J, lhl I lldn .t I I a 1-1111111 1(. I pa 

I t vlt l, w ith prt r t mvllll , vi th,i t co'l f I,I irdl ,f I nd %,I(ia I ( ()u i , 

IilLhe' evenlt )f t r , ,;, ulp I,'A, I I 1 , .111I I U { ludg',e,I !,,t , ,il( ltIa1t! , 

wh i(hI ght I !.e , f I l ,I,.c; I ! ,Id allifll otIli,.r, h , ]~ . ,, .Ivi-.. IIt ( )lit lat Id 

,other hoalvv fnlet may - lt - t. It.], ;h,. I l l 11y , (()f( .rna Is cut I Ifn S;I 	 is 

( offL na 	 I I it t.Ibe oit(-r~~ f~lill Led ,Is I r, s t h I I urr of cl{ I eatilil 
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11.4.2 Industrial Treatment - Geology and Soi fs 

Much of the industry is located along the Zairqa River in Ruse ifa, 

where it is surrounded by prime agricultural land. The provision of 

individual treatment or prvtreatent facilitiWt; wouild result in an 

additional commitment of tArse ti; resOLurces. (onst rlict il( it a 

centralized pretreatment facility would also involve agriil tur.il ind, 

but 	 this may le done more effi cient ly than with smu ltiple fac i ties .
 
'lu tir'le Industriall treatmnt ni pr tac Li rctr~atmnent tts lt, tt

inlg pttentially halzardousil,' sludges inci rt','t ,ifsolilthetrisk itiltaintina-


Lion resulting fromn imlpr'l["p ,lispos;al. Jo)int iilduhlsti ial-Ili nit Ipatl
 

rt'atmtit, has the pottitt l f I r esiultingp iln (ontaialliitioni of muiciiipal 
,
sludges which miigh! tht s he iuitilt a; totiti ioierhi riWti t i a t to impillroive 

local 0.oil coil it io ,.;. 
11.4.3 Indlustrial "frt'ealtt- Climncet .ind A irQ2uality 
1)1sper:,odl individual t rt-.t mvuLt o - 1)rc LI(,,t tc t laIi(,IItIes; In at ed 

Inileve I lp tl Iar' s iiiiy rtosil t i i gla t it extosiire tt odors ti aerosol s 

than with i - iort- reinti ct' lt Iit',l i tv. isr:i t i Cinit1:,ihlt ioii i 
result of imptropetrly tun Aninlg prL vtmr'u~i't la( ili tis tould pre'clude 

Lte t, .e in I land aplplikatiou s~lhome Lo>ov,'oicnine lo)(,,fI.fllt-it 

ri I l I Ido I (i ncii, .;. 

II .! dI I'reitmeilnt - Water Resour esdl.tL ial 


Each of tl sutewes would improvte the existing situation by elimi

nit irig Lth diclharg. of inadeqiuately treated iinlustria I wi stes to 

s tirface or ground s it t . Ilow'vt'r, genera I ly the more Ifi i I it i es 

inivoIve,, the griat,t lit pott'nrit I f ,r tipli i t f;ti i e or ovssl ])rn , 
ulpsets which mayi rest I," mllp p"l P d,[I hI, ,,.t- IJit tItI, st-Ils:o , ('oi)ll
1ilet ,c I t in P. ,,it , t,lIy Ini,ipt . nt t Ir'atrmoil 1ll t-,% ,I have ti he 

greatest ri: .k,'WhIl, a v ctIility l,,I tLiv'(&nt.Ii t f w fl thi' I',i!.t r Isk. 
Howev,.r, thr. sIngle. Uvnt. .l1Z,., pvvr,'t t,i( I t ,y ~ea Lne,t . -:,id In 

all inlustri off llu ntS 'rt'nrii the. 7irt. Iivoi . Although tmn ltr -
Lions; of r aI mdt er i, -y be, .uCeptable, Iliti,( 't~ nl na ho tf 1,i t 1.th, IllaiV 

he a t rl'eltcv tit I ow I ev' Is to i((umtlat . ili tit Ki t; Rcscilrv( ir 

ii1i rtAl(i t'hs I I ahl, v, I the lulr.tu I,- Iit stud .
 

Furthr, the roii(iti t 
 !;ilpIe it tr atm ,nt Iat i I I t ' toi I 
re'sult in .a tierin,:; tytas; I , - vitI times of improperly t rtated 

industrial w isti, which is Itss iPi v wi th ind ivi dua I frc i iesit 
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Finally, Lh. inclusion of industrial effluents could preclude tire 

use of the treated wastewa.er for land application of crops which may 

enter the food chain. 

11.4.5 Industrial Treatment - Ecosystems
 

The area occupied by many of the i ndtrst ries in the Rusei fa area is 

surrounded by agricultural lands. In ,.thrr areas nearby vacanrt land 

might be reforested an Xreirbe ltn. Eath of twse land uses provide.s
 

habitat for rionll birds, nrional nnd otlhe wildli f 
 , which break up the 

urban development pattern in a desirale way. The constr uctirun f
 

numerous industrial treatmenit or pretreatmet facil.ties would divert 

these lands from thin cnit iol ft such hlbitat. 

As noted in 11.4.4, multiple la ilities increase the risk of a 

fi lure and the dischlrge of iald qu tvly treated industrial waste
 

which may harm aquatic life. In contr at , a s ingl c,-ntraIi/'vd taci

lily decreases th ria;k ot d Ii lii. i(owevi i t I riles occurs the 

volume of th imlpr.u, iiIly t riatLd disiharge would hec gruite . 

Finally, it will V, crorie Olfticult to contr- l the disposal of 

sludges generated trim n ircr i:. individua l i,1uistci.1l facilities. Th is 

may result in an incrieased risk at vxposurie of terrestrial wildlife to 

hazardous maiterra Is. 

11.4.6 lindusLrial TrtLtnert - Archaeological Resources 

'Fire limited irtfornation availatlch describing prviou s o cCll]atitons 

of the Zarqa-Ruseifa area indicates that the greatest potential for 

encountering archaeological r sourr.s is along the river corridor. 

Therefore, the muitip l tacility alternative has a greater potential 
for encountering sliuh re;i ources than lit (ct r1 izod taci i ty. 

11.4.7 Industrial 'reatment - 'iI'll Man-m,,de Ellvrlirlll rl 

Since many of the existrng industries are located in the developed 

river corridor, the individual treatment alternative has a greater 

potential for impacrting the mar-rnade errvironrie'. than a sinrgle cerntraIl 

ized pretreatmnt fucrlity it a ore, remote lotation at either the 

lower Zar 1 , sitc;re ,r the E;st Wati site. 

11 .5 ,Si Condit raln andl ijisposa Irdge 

As a result of rnitial screring, o;ver"! sludge handling options 

have been selected for final evaluation. In each case the sludge would 

be digested in order to stAM izeM the material, thereby avoiding odors 
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and reducing tUe poterntin] exposu re to pathogeni c orgai sins . Dewn ter
ing may he accomplished ty drying beds or miechani cal dewattering equip

ment. Ultimate dispo. ,jI may ivolve lanilfi IrI ug or the use of the 
material as a soil uondi itrer. Tl hel n iel iCia arid aIdverse impacts ()f 
each oif thesi t, i (omprtrl helow. 

11 .5 . I S I itdlg - hI t h C nd it ions
 
Digest ion shio ll isul
r t i a st abi I ized material relatively free

of pLithogens. Similarly, [ret ,ioaLttiiernt of industril wastes should 
)retlIitle t ,hei it rdtluct i " t l ,I. i lis matt,-i a]s wi ith(I may ,i Ifect the 

suiJ tal i ty .1 r;h , dlgl iWt t soo I lullit ionieI-. 'he ft rir' there f(,re 
no ; i ficiit .,lvilt.gt ,or dlisadtv ages issociated With health 

iorllit ie; ,.1ii h wouldn ie: lt I li the select ion of a parti (ilar dew ter
ing or Itlition.oisp,,i 

I11.52 SlIudgt- - I;(otlttgy Iitl ;o I s
 
'lIhe tol ., ,I lI y ifig l .h, tjr; ,
1 11lorie l aid assiuciat el soil
 

i It t.halllilIi ,(iihltl t Iii", itri 
 . However, Itecat dIryii g beds are 
Iniore c' I tl nt, th lesto l t ilti rl out t ha: higlolrt• so itl;; conlent , an]s 
lower v,,llu ,, lhe ,,l t, :;it. dt , Ifirum ,liying [eds .,ujui -lu ;l e l nid forUltimate, (lin;,,,,l. With um, pt-tt t,, lltilltc di +lpos.al, thew m;. of thet 

slugleu as .i !o,1 (i fdit oner I:; I.Iv rtel ,ver lan l illing, as it may 
iil otve ,oti l [t 'ri. ill ,iiaris slated lilt relv ore;tat ioil o r 
r t .1ll.~l I I ( l , I I ill , I 1 .111h , . 

I I . t ;). - c i ma t e, .and Ai Qu I l i Ly 

I)i gi't t . I tiulo,.giI; it guli rl I yI oils i dl r-d toi ha ti Oio lje( tioi
,ll)b ' odo, . 'fl' ' tl lt.[, , tht t i r Ift , d i I feiri ll(i s ill ; lidv a i nllg andtI i ,; po! , , t I ,t fi't ll ~ ,; r ,. Le wh']ich'] wonll faIvor tLt, sc'lv( L:ion 

IvtI, h i+t . , t twill l vd' LH.t hifht htii '.t.,t. :)1lit.lS f lllthii]til w t~ i iimr t ,H oltil,.olIn 1I. ,i s I?ir Itti ,rvinglrt t lo~s,ofj i1 tl t, %t ('' Ith Iig ;ll i ,psaIthere.e loli t Ill letiie It i fihitiiihr I 1.1 hrunt%" 

I I -v I -I- :'I I, II '+ l ltl Iw ' l 1 ,1 . 1 l I v l Lh]t , ,I :h t,:;:; hIa'-tlllIt . n a f L I l i eo g , i r i f g h d e ( 

Ifly hpIlotc-nt1.1t for on '11 -11IIo ' I -t -I I(iol ce a .1 1v iI 



11.5.5 Sludge - Ecosystems 

The use of sludge as a soil conditioner is considered a po-itive 
benefit which, if used to reclaim land or augment agricultural soils, 
may enhance dildlife habitat. In contrast, larolfiling reiies the 
disturbance ald commitment of lands which might otherwise provide such 

habi tat. 

11.5.6 Sludge - ArcLhaelogica l Resources 

The use of drying tols reu ires more land at ti tre tmert plant 
site, anid therefore may resrult in a greater iotential for disturbing 
archaeological resour'ce; if they are preserit the site.on 

11.5.7 Slulge - The Mlunl-Nlade Envirourr' rrvt 
The use of sludigie as a soi condit ioner should ilprove the quality 

of the soil and increarse the ValIue of the land. This may enharnce tlie 
rvr lairr ion of miniedtl nld; ,ind all r etiforestLtio or exparnd'd agri''il-

Iusage. 

The use of slidge ,e,'atering hed; riqiuiri'es r ore land at tIre Lreat
met plant s ite hut r uiris Iss land for ultimate disposal, since the 
sludge 'orit in s less watti- .iof is relicedl in voll . 

Irnally, sludge drying bevl. us- solar r energy arid avoid the ust of 
tli other riiergy cr'es5ir-es required by mttchlica aIl watonrg. These 
t Lher enerr - i-rs 1r-Cr('-s [Day thl Iiielo rifd for other plil - ,,ses to :nhihanr 

t hl m;nr-Iade v'.lIormetL, 

I I t alpictsf rojqosfIAW t iou ru, .hli ti ing fleas res 
The piroposed at t ion inlvolve s th, pr, v -. on of improvements to tire 

wat.r distriht io,, :;-werager al. ,oliiriwater drainage systems in Zartja 
intl R seifd. A i .Ai r , is.''i r- l irtl ,,I ti, ic trtime n ftlld project 

provided irn(halipter 12. This section, will identify the environmental 
imripac ts issorte '. tith UhP. pinsi action. Miltigating me;asures which 

rrcay be vrmpl,,yuli to tinlidt e tlhe alli ll e or duration of adverse impacts 

are also i hiit i f Id. 

11.6.1 hicised Act i, - HIealth ICo litiirs 

II . I I ti-i r Jr it ri ut i ,n 

'fh,' pvrond.odiI tirrwoveti- , . ill Inot resul t ii airy adverse health
rilated i nlncts. In lo.inist h,t iroject will replar expedlient home 
,in .ct iris instarll,lI i:;" ir rlei i, m terials ard with inadequate 
,,rustrint mannrligimernt. These irah uulO facilities are subject to 
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contamination resulting from ii.'. iuw of polluted ground water whell
 
service is interrupted. Furthermore, provision of a 
 Imore reliable
 
water supply 
 would be a factor in encouraging improved sanitation
 
practices. A 
more reliable water supply system nay eventually obviate 
the need for roof storage tanks, which are anotfe r potLntial so roe of 

contamination. 

11.6.1.2 Sewerage
 

The proposed project will provide major ber(*f i cial impacts by
 
eliminating the cesspools which represent a 
 serious health risk.
 
Overflowing cesspools result 
 in puols hich are a source o direct
 
contact 
 or indirect (ve(ton-) contact with disase-producing organism;. 
Furthermore, the ce'sspools contaminate- ground water which is used as a 
water source. luring iirtei-rnupt ions iII se'rvice, poll lutel grotiuid water 
may enter the potalle water di,st ition system through poor joints or 
holes caused b)ycorrosiori. 

There tie Somet ptetl i a lly adverse effects relateod to the provi
sion of cent ral zed, wastewateor treat tietit facilities. Primarilv, there 
is the potenitial that efflue.nt from the plant, Which wlild be dis
charged to the Z.a
rla River, may b, withdrawn down;tretiuiaiid used t to
 
irrig te crops raised for human resl
ioOsnmjti(nit, Lti g ill t rausmiss ion 
of di seas, . I"orthermo tr.,the o(I us in of trot rva,, i imlist r ial wastes 
may result ill (oit.imuniti(;i of sludges. fI used a soi I co d it ioltor, 
heavy mota ls imiy (riter the tool chain in harmiful - els. These poter

impacts may he avoiduedtial by carvfiul monitoring o( the' plant cflru{,nt 
adl sludges 1[rid irovisill fir (coitil over the rise of th'se materials
 
oil lantds intotiil d for lilt c
crops. 

II.6.1.3 Stonrriw;t tor l)ui i ntagr.
 

The he-.lth-erililatd 
 t tt; iss(iat f(dwith providing improved 
stormwater d(Lm,ieg a t aI I po i L:jive. The plroposed ,tctiol Wi I I reduC(
po3nding, a poLterit ial sI;;jrt( e )I di.seas,, and reuice the safet y-relatfed 
effects of f looding arid erosio. 

11.6.2 Proposed A( t im - Goo logy and Soi ls 
11 .0.2. 1 WiLter Distribot i i
 

Coiistructioi 
 if tn ,,, f ill ti,:; will rqo li>- poss;iblo
 
blastirig ,in excavaLioni. BIi: 'u,may cause addit Li ona I fracturing of 
rock, affe(ting local gioini-wt.i , -vels or sl)rings. Excavat ion will 
disturb the z;-)ilsurface, causing tfmli t ions contducive to erosion by 
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both wind and stiermw,,ti'r. These impaicts iiy ie mit igate ty retil
 
consideration of the size and 
ple,,ent ot bl.asting charges in cltse
 

proximity to act iv we lls 
or sprinrgs. Furthermo10re, lit pronpt rstora-

Lion of eXCaVateInl rels iid st-Whi lizAtiotl wiLh 
 rit-rlip, iprviit.,
 

VgetatiV cove r tt Ig will riiic, 
th, potent ial tor soil ,r, on.
 

11.6.2.2 Svw, ,rg
 

The proiisrds l re III t . isit- oii the lower Z jrqa Rivera t lllllit,is ti 

site (Site A), which wid result in the coileIiitiiieiit (It land and soils 
wh I Itrt, iturriritly uset '1. is 


degrep by th processinrg , sI udg, t,,pre luct, a silt'I 


I r agri kIII tulr 'th s ha I .id tio soiat 

c lili t Iie cr wIth 


nlarybe ised) t ImiipriVe so I Iil olitionl i 
 t other Ioca-iolls. Th is so i
 

conditiorner Ihay rid inl the rececaI rirnr ir n i landis inilHus(ia or
minetd 


exiaitd ,l ) theter li" in
l s1 ai ricltll . Coist ri t ioil of sewer
 
l inres 
 will iiti (v,t l i ic i i iiiiit , ,i nottd Aitivi,, lte the water 

distri uti n system. 

11.6.2.1 St nerwr U 

Ad\versc 
co nstrui t ion imjit:: And applicable ,ti tigitirig mirrsures1iti 

are siilar to ti e ds ri,itu '.'"tir watvir distrihtioni and siewr

;ge system . lhe h n icii iil ettects tiltI In,: redUtict in tf !;0i I erni
sion whi 
 hr el-irts ilnstI iiiiitrti oni t lii)lvrts ,i'"strelln t1,illiels; an
 
redihrct roil 
 It iidt iui ii o g oI hulik, whI h I may rI- nI) t 1llIpiol,.rtv riamrge . 

P A(tI11 .6.1 I o, "v,)¢, Ion - Wllma/, .w, Air QuailIty 

Il1.0.1.l1 Watt r Dist ,11hui )i 

Constructiun will IIs t nrb S i Is, ,'psing them to r higher poiten-
Liil for iti.rIi , diii]win) t iiiiient M.AY crUisI local short-t ,rm inricease iil 
dust, whicih is .Alrl-.,iv a Iroblem. MLr gitiil of this was diescribed 

previously. htwi.v,-r, ovenr lthilog t e rm ii Improvid watir list ribut io)n 
system will prviti. hitt i sovi c to v.5h i. y th lust t rin thv 

mines, whirih is .a prInt l ,sp,-i lyI,, t h iresidents oftRse I.].
 
lIt. .2 Sw-rage
 

PotentM ial Alvieise 
 (nst ill(t ioi imlpct s ou air- qiual ity ;id mitigat
ing lierasiresr-; ;re s i i 
 r t ose tor W e ielinjii ,s. A :I: ].\: ii l flitbl 


Lo 
air q ality will he, tIn elimin htie pirv :sivi septic n rs a.... cia tin 

aLii with f,,iling cesSlii,]s oir friqientl pumrping iindens'ly poipiu lateid 
urban areras. Al thugh the ., t reaLtrt-L I y Ie I soir e of,. rage plint 

odors, this puotrntiI impa( i t . i.t igated biythe relat ively remote 

location of the ilarnt I Isite,. ",',:.hary, odor control measures such 

as the rse ot oxidizing agents or ,W-,-I.ints may ibe ermployed. 
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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. litigatinig mea

sures are also similar.
 

11.6.4 
 Prop)osed Action - Water Resources 

11.6.4.1 Water Di)striliut jolt 
The proposed improvements to tih vxist ing distribution system
 

should decrease tLhe losses from 
 leaky pipes, and nay evtutdIlly reluce
 
the need for roof 
 storage tanks which overflow and result i,,additional
 

losses. However, it is probable that a more reliable supply and
 
increased pressure Inay inltice greater water use, whici, 
may offset the
 

redur't ion of losses to some Tegree. 

11.6.4.2 Sewerage
 

The provisio tof seweag. tilt] cutralized tr'atmittt 
 faciliLies
 
wil T el l 
inaLvt t TO seriots contim,inatiotn of the ,uppergrottld-wait(er
 

aquifer which urrently rsults fromti ;lssit s. Th, owrf low of cess
pools which contudtitiat stormwiter sould also Te tI1 tiitittd. These
 
rather broad bounef ic .l ef fucts are in totLrast t, .eve.- I dgvrs:
 

impicts. l'h t imtita tiont of cesspool s wiIT Itduc,, 
th ttvhli'ge to thtl'
 
uppier a t i l r i s"it tig from to it,Iti lt ',t i ,
t"I wast uatti. WItr It r 
iore, sewernto w ld cittti,.tt. tin t is t ,raotlttiater ttst,r esilt ing 
frmt Tir tl cisslpool capacit y tnd mititv rtusil t ,it ictstt. i,,-,
 

Int addt 
 may 


lev ls itI the Zaii,d RiVJ i,,, t'Xaine r

tion, the di sctih t of f mI-t,,t tsiult itt toxic ttttttiil 

v 't fo m.I fttit ,f tlt' Itt'imert plttt 

aLe the.tutrpli( at ion pioldh 
 e v 

KinfgT,'llI16 ,; Ivo 1 1 . F l.il l1"', .11tholii h Indus tr ia l iwa s te ma~te r ia ls lin 

-III!, (,ll,. dl, y e'xt'!Its Iltltriilt.. III the' 

Lte Ifflue t shuld n t , (f. itt.tittt ,tthttvtil it the rive r, thert
 
Imly be ai1,, . tirll l I ,taif naL s such js: hea.vy.mq I,(t,s i itllt,l1. ')J ( lll., 

sedillleits oft ho.rest ov,ir. 
Il.I) . .. rII-W.Itf.r4 .
 

Po n,IIig 
 rall ,p orlIy d ra ifed ea s Wouu II I, tI I I,,w a.I (I . ,-educed bly 

providinr hitttpr ,Ittin t ii itits. Ihow'vtr, this would also Plimi
nalle ilsourI(lv ,,fIf,(II r(,( -. 1,,thet, pp 'rg,'ou,,d-waltur jquitifer. T1 ie 
1)ro1os i I,I- :,,-, I,IoI ,,i ,i ,Ition1whIIifd I .i iItics wo' .Is; ,'t1 , Ir) II ,n1 ,1t uIh 

his a oca I itIti t( tothi,' (1 u .'.! :urtface watru; siltfh as the Zarqa 

River. Finally, the runoftf ofttIt t o , t,-w..to II t e i cce l aLratid, 

11-15 

!7
 

http:hea.vy.mq
http:cittti,.tt


augmenting the flow of surface waters and the Zarqa River following 

storm events.
 

11.6.5 Proposed Action - Ecosystems 

11.6.5.1 Water Dist-ribution 

The proposed improvements to the water distribution systen will 

have no impauts of sign iticace on 
the local ecosystems.
 

H S.A..2 Svwe rage 

The provision of sewerage and treatmenit t'acilities MIay have sul
stanLtil impact oll itIa"i 
 ecosystems , spe'illy thi' Zalriqa Rivr ald
 

King flial IRh'servoir. The diseharge, 
 from1 t he lo(WVI Zaia ;it e wi I I
 

ex ',end the diy wcat her 
 I I ow ii tihe Z r(la River uips t iam fon Sukhtiath
 

for a grev.it il po,tio ol
f the yar. Th oretically, this may result in
 
eXparieild q 
 atLl( lahitat . iHoweVr, thfn' ltlquality of tii S flow aluglmnlt 

1'Linlwill w im a rltld by hig Il lmtol i leve I , which miv hi' xic Io 
dIquait ii' i iisl,.. Furthv.:lmicit., the di -tslirg' will iolttill lve, s ct 
lilt rienits, whl iinhay 1slIt i worsenilg ot the algal rl t) l t]'lll,; aid
 
Itllelitiom ''t 'xyg'l i i lh'Kin g 
 'laalI R"scivoi r. Ill adlition, although 

ini'liustri.al r'aSiti l S rei' thaL ii'.'eilc htri'Vv lle't.ll, Or 
other hazavld,m; 11lallt'-fiak ,Itu kept withinl acct't'abkl e leve','- Ilithet 

efflnl e,,t , tht,,. stlhst.arlt s ma~y i, timwlate litthe st'dimcetl s. AL'11111ll

laLtu l: ,Il-l ' tl[it: li- I u 'r hi inve'rtebrates and enter the 

:l1,t-a t (I o - 1 , ha 111. 

The 1) 1 ( " !,1 10 ,, 1 ud~ i', IIit(o i ii, I co d iLt Ioil( l ,mat} H~a ef sevil II 

helle'iiIia1 . :l '(ts . Fhc it.;i 'oiI ;,c I coll i L1il l r to aI ii il ref.Iitilillrig 

S t lIn di ; r auglment,i ll gl okll lomar nll list- ii rifor stitoinl or 

agri i t li" i may (ri t ' i ilbill- h.li tit io- !.,oli' iorns t wi illtie. 
IoweIvo I , t ict ( on S LI1I'II,," " t i ,ttr,,t enI -wivdt.stll 1 t I ac iI It .f-s and 

inalt I I p a ,Ia tI l. I,'I 1lt,.nt Is t it; w i ( hecrtitil ll I rc i li Lt clllit iLllt t u'
Iland InU ' i,t I11,.ag I k 11t,11.11 A I'd ,11hith11Ay ( ulrt'lltIy SCrVC as hait-

Lai LIo r .saI1 1)11 :,, llimaI s a rid I t(tr w iI I Iif e omn Iy I oun l in thLif 
+


IIt)hal I r I 11)"t, . 

to iIIIWa 
II, .).f . ttL
 

Conlsti-ruli tlI l of :tc lmlit'. r Ir aluge facilitics shouild not result 

in Ni, nitlitant il;lpacts to i, r t erre strial or aqua tic ecosystems. 
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11.6.6 Proposed Act ion - Archlaeological Resources 

11.6.6.!1 Water bistribution
 

The proposed improvnvmnLs in 
 thin wit r system wil'l itvolve excava-
Lion througho"t the tirhan I :td .i ra o t Zi.i r ol d Rust. i. AItIhough
 
general ly ti p iiI 
 c a re 1)la l I if rx Ist ijg rolds II to t 1)iaths,
 

avoi i ig )rev o 
 , Ity sLu r , 1rit, I [-.ti: I 


alr siuLsvyn i 


"" i vd jssi [ IhIet th1r. I)It 1 

I v ILu red, ospint i, , ttli, Zi iri R iv .A It hollg{h thli' ll t 1 A{toxtI. 1111~ 1li( l l~ ,lS0f g I(.11 I-bl(IrL c,l At Chalt-0 I i I11 

the j' l ,i c ti]i it itol, 1 ' l I U, l- lldo in roi!nt, i hivI hlmay l tt oiI i Iit ijili
 
utira ti l l to , l i np s atb 
 iif c. Ii I(tlo ii llD ri g . lit, itl l' iI<,s gil ,ofie'ld w.'.lkovc't b;aiv(,\ ,It jt :,e~.d rotto ; coumld be mIadhe Iin :bearch oft 

:lI .ti i t U".'ii ni - "gI lt.; . m i it- oils'. . I-t iz . illlp ofIii h 

t i' i and 
 I, ,iil II I a',i] I, I i I I IIy h .iv' si'rhd i y II .te,,r tid hu hite'v Idh ' l.,o, (vol, ;h,,m ld !,III1 1 1.,1 r.v idhlli . lit- onto((lin .t'c lud , ti':st lilts
 

m ho ]), ,l , dt -I.
,in ,,'.l 'l'lll t. Ithl,' ,' X lii[ to f Lt ('t , I,~l.IL tb[ . '[Hie lhvp,jrL

li' ofLli i i iiie , p,l d ! I i il,I I ii et ilis lit i ll:ill v loll 

lii t ,j b,,ttat. i, i t i ns i ti ,l Il Ia , III' i ;pi nuI It IfIfdt .it t, Is , iu ti 
the #. tiwltht hi , Aiit Iq"I t lto .i Il i i ltitr.
 i li.t i liht- I lan, i II
 
I'tP:; )Iil I'( ( .I ') t h I )cp]a rt. 
 I t ,ell.1 ' I III I l [tI ma hl,  1(!. 1 1,a 111 , to l c'[li-ifunIds; inl tho' , t hiLldvt,,. lor- ,a lobldonlt I l . l , ;pvt. fall;, Ing ill
 

,IIlIt lI( ll ItI ( :, I A S I lIl I ,
J "n 11L l l 1 ~ 1 l ' , , g ilI It1[ , ('llI lll t ll0 d , thIl 

Do r,u l ill II I;,r 1tlt a gr, ,,t .!, 1v g. 'tl.1 b. 11. rop rl~lIn tI , II ) 1 1t It II l. vlt~ 

Till,- p (i) ,od:. s,,a-w .ig . sysir." : I ,m l'-' I'xtpn'-iv ' Lhall hvll wate'r 

di:;trituti lm r l ,and ;uv" Ivps lis aM os. 'ltI Itl mu on o f tLnmk+ 

se'e.'rs anld t )to trcoatilnf-.l plant t [htP 7.1 rqI R I;,c r cor. I dor. Thl, e'xtentl 

'Ilid Im atI[ 1 ,II~ tfo. I(l ( iVi,, l ofI-'!, 'r . l y', ill( re.1. , th,' potet 


t'I (llt ill ,r.al ,rI f , fn Il~ll. dll'nr 
' '1lt I S. "1 " Imi d Lh( m t I pi I i ng 

II1(*;]!,11I' Vs ilt, I d .Ih, .' bhoi I d ho, oll) I ''y, . . 

I I .i to . " , I "I , a, t t,

''llht III) , , f.. I I t Ige I(Inlp r')vo' ll nt s .1"1re I :bb ox t.vt I I -, thI l I I hlt r 

1.he Iropa)b , ,. j t P r I slt I Ih"ll I i t o - b,I ' . 11t ..,")I f II.ot,'vV(,-t,' ag , . , somelll 

('on b,t 111(tl I,,lI 1:. I'l',,i obu. III li th Io . II I (' f r id] ,l It I Ir t. ;l'rts ,ir-, 

( ' u ' -d( HIoI [ I I +l , .,l p r +-Ipr i a t e mII1 i , ' it s h o u l d h u ' unl de r t'li k e nI t o I 'ed li( v ' 

11.1flageof th -se -(. 11-11, 



11.6.7 Proposed Action - The Mlan-made Environmtnt 

11.6.7.1 Water Distrihution
 

The construcLtion of the water distribution system 
 may require
 
blasting, which represents a potential threat to the 
 foundation of
 
older mud brick huildings or other property. 
 Ilasting and excavation 
also are a potLential threat to existing wate r li's ai l buriedel 'lecttric 
lines, where present. Excavation in stret_:' and tootp.tLis will disrupt 
traffic patttrns and enise i nconivenienctite' to res;idents &t the area. 
FurtLhermor:p, excavation will geintrat- tlist, noise arid, it etsspool
 
drainage is t'riouniLtr,d, odtors. All oftthese 
 it 


nature. The potentiil impacts ti pi ivite 


impacts are ;hotrt-termi iii 

protperty arc best avoided by 
appropriate lii. i tiMstuit in techniues whe'n ini close proximity
 
to sen it me struituiit's. Existiig itilities and
shoiildIbe surveyed 

ma rked on miips 
 intd in the field tot dlrtrt the o tr t-tion crews ol
 
their !ocat i o . lxciuvt ions sli ll Ie coverel 
 at nightiL il, the length 
of t retelh oel ttI it .d g ivt t ime mi mm i ztl to t ti tjtc i srup
tion, incnv ,i :r 
 iatil sfetVy hazards. All hewirk in streets should 

pireceded by liripriate signs, harri(,d .s .inI
t ;igiallIs to redu the 

piotentiat l tKr i(nsltru t titi-relattd accidelits. 

11.6.7.2 Seweragt,
 

'l , o Lrt(tio 
 ofit sew ;ig pip l ii'es invtilves slIo't-t 'm impa(ts 
similar tt thi se 1"r wter- lints. Similar mitigating meailiure's ;rt, 

re(t onmeiidel . 

In all it i ln, t h' pimp s.tLit iou (,it the east s ide of- Za rqa , i ndus
trial pretretme- t t.ari lIt is diud the mtniicipal treatment plant site
 
involve thu ctmmitment if 
 exteus ive. lanitreisolceus. Ini particular, the 
muniUipalt Lreattent plait site is lrtdtI in a prime agriuil tira I area 
along ie Zarqi River. lht ,vilahility of sewters is not expetcted tt 
resul t iin d I ttor tratuvo I growth thau woiultd otherwi se o(u r. El inina 
t i or ot es s i Is III, hiwe.ver r inove t li' (onst ra i t t t ha t now prevent s 
hi gir en i ity W Ie tpe tln. Althoughi highe.r densities c uld uilt inmdtvly 
risul Lt iin grpatecr i tsevat "ni "I Iand iesolr-i's , 'onis i tnt,i oslls ot'llft t'

uIelt )f h Int use iregulI l i , r: 1itii' I Ihe. te(s-sa-ry t o prevernt ill g l 
'Xp u,n oil I[I 'X( ;.s o;it 1,utlI ' I 1t 'I t II .s 

I I . t . 7 . I S torinwi te r
 
Ie t on.s ru( t on ol stormpiate I- .ti I i ties would have 
 short-term 

imlacts simi lar to thots for the witter , int ion antd sewel'age system. 
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It is anticipated that these effects will be counterbalanced by a 
reduced property risk resulting from greater control of flooding, 

erosion and undermining in localized areas. 
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Q(IA IIICAT IONS €fII'RE'PARERS
 

EINVI RONMENTAI. ASSESSMENT 

Merlin . ShIstad - Envirenuentnai Plannler 

Mr. Shelstad was responsible for the coltnpi lat itill and ,V 1iat ion 
of supporting information for the soci,-,conomi' and Inilih sti ,ieS 
and assist.d in the de 'elopment of inlrmit ion tir ih,, vi iln ,ntal 

assessment while in Jlrdan. HP, rprerd apprpri-at, pit ion'; I he 

environmental r;seneport. 

Ife has als il Ar 'hit ctur, Iro N. irthDakota i'nii : sitv and 

an MS in nviri:1m ntnIll ii ;eig n Yr,,:2i: i v,,rI tv If, i s a mTeill ,r,l I, 


of tle Aeri cni ]nst;itut t, w n it ii 
 i l l ; d 1 revistcri,ed
 

professionlal Ilan r in the St , i , .
 '. 

flehas I0r e'Irs ut relIted e::pritl'e and has part icipatel 

in the evaliition ,i .nvir nmtlental 11l ,' • iMp-a t;Sofs,,io-e o lli,

numerous acili ty planning andstudies land de,..eiprrint proir'ts. 

.John C. Ihernlingson - Envirolimlenta I Spmi'ialist 

Mr. ilenninisn assi ;ed in the compil,ation of inl,,rma tian .1 
evaluated Site condition in tortLilt,hrdan nvi ronment al asses

ment. H_ wan responsible for ctordinatinip the preptratioin of the 

report by part cipit ing stat f. 
liehIs ,I B in iBi,,(,I ,py f r r, 5'y r, us II anod l ini vt rs i tv ul S 

lnvironrmten 
 l EIl i:'l,,in from 1 n,4pl,'aIaer lI vtci hni, Inistitute. 
litis tilt M lli',el . ,,lE rironmenta l Si elles a ld ilannin', tar Malcolm 
Pirnie, Inc. wheer, he has oordillated the ofnvi rletl I evIluationi 
for over 75 projscts iludilg nlumrous facilities p1 anning tfforts. 
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QUALIFICATION:: OF PREPARERS
 

ENV IRONMENTAIL ASSESSMFNT 

(Con 't) 

Robert J. Bolton - Resource lanaglement Specialist 

Mr. Bolton assisted in preparing portions of the environmental 
assessment particularly the description of the affected envirmment. 

lie has a 13Sin Resource Management from the New York Illege
 
of Environmental 
Sci enc of Forestry and an MBA 
in Management from
 

New York University.
 

lie has txperine l 
 in (fit prep,lrat ion of environmental data in 
support of varions resoturre management proj ects including waste
water farilities and set id waste lat i ties. 

Gary J. lollick - Agrnimist/Soil Scientist 

Mr. Jellick assisted in the pvaluation of the feasibility of 
applying effluent to tin land to r.ise crops and tie ase of 
process sItid,, as ,a ,oii 'nditioner. fle also prepared tile 
portions of tUP envi ronmntal i deal incnt'r;sr'lt with geology, 

soils and 'nnlldwoite.. 
lick
r. 1r iho;il'S in A ronoiy Itrom Pen uny],.ania State 

University. ipith; w'nsideraitlP cxpertise with respect to identify
ing the chtmir ,l and ph'y ; l pr ltpt t ics; of sLi I and evaluating, 
their mit; i I it v !or w,; tt dispe;li, i has assisted in the 
preparation ot appropriate portion,; of environmental reports for 
Se.era] wastpwater ,ttd stI id waste dispttsall Studies.
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12 .0 RECOMENDED PROJECT 

12.1 Description and Phasing e1 Recoumiended P1roject 

12.1.1 G;eneral
 

The projects 
 as developed ,nu dsls,'rild in this Fea.sibility Study 
are for tihe following phases:
 

Phase I - Plro do ade-ra o.s?'Vi'
 

for the 1990 popu lat ion
 

Phase I1 - lPr)vide adequat. SII'
 

[or the 2000 p(puliat iou
 
Since 
 some elerontF o i l' rt'- uiihndt'd plojeCt at, diffi cult atl 

uneconomical to parallel, t es are, idnnud for the year 2020 population 
which has ben a ssumled to b '- Io,ln th, ,utI i on pp ition. Tics
 
items are the trunk and C t',A S 1;t
1 ion t'i 1nd t e ",',itOr di;tr but ion 
network. The recou::rinded wat," di;trihoti n ind ow',ii' F ()j t'-csn's,-,tslll; 

also provide for annual imprnovoirt' S tonkeep a'
s with ti, it i'ipaid
 

growth as it ocurs.
 

12.1.2 Recore.nded Water Di ;tribl ti n I r,ivc t
 
The ma jor thrus t o tIhe recommirended watr list rilit ion project
 

is:
 

o Add iI onal Supply 

0 ReiIrforce Exist ing Systems 

o Expansion to Now Areas 

0 Rduc t ion of t'rot'rrts'c-fss--Witer 

o Iedu' t ion o Roof TIl,'s
 

It is anticipated that 
 ths itut- suppl'rm nt,:l supply will come 
from the Azrak piplins' whict is [9in.a: ostriuctl on tcl,,east side of 
the planning -'- -,.: .... '4- I.a';t 2',",':::2.h.r pipeli , wh,ich .vi e 
connected to the Arr'r a i" lin', i' p'''in' fro .,' r'(h is 'i;t,-s.i tl'd. 

Discussions with th, I =n:irr Water ,dnd SewerinI Auth ritv , nI dI m Val 1ev, 
Authorit' indi ats' that wat,, i; anticipte'd l)r- A:'I',;' in I' iI anti 
from the Ea;t ii()r/Airat 11<,(,s 'p. 19 2. l h sipl (,sntal i;upply for 
both Zarr;.t and Rus i a is; rt's'(5O , ', come f rom :a c',siveot 2,;-inch 

pipslins cs-onected to th, Azrak-Ea';t (0 ,r/Atimian transmiss;ion main near 

Awaian Eslh Sharqi. 
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III tilt I.. .lil)V aii An Rlusp.ia d st ribtt iont system, there1 .


are several WiiileetC di; i i hution net-work l,ips M'iere ire 
 ;also
 

several are, where there is poor flow distribtinio btween the exi;t ijg 

mains 1.o Ltt I,t lh..,,I i Ci tvOIi 0 S iS iI, Itd,-d i in t he rec l)imitlidehd 

prljec t I i 'tliF' .II . 

T,) I I Vc 1,he I t IA11 i 1 LiIle ioll I"r S Ii il1 ; (i thtL lhle, 1 llt 

airea.i, th. :Mi i.i lit-ie; hiv'ha - coisI r iit I tIhe mai i:; ii1 tlL S IIt', i ;. lh)it
 

the IItIter1 w1'tLI., i.Vl, c) Li' ll 10 1IIitlr (o iliI'i,
to t I t.e rvi. ct. liiit,I t i oils 

t,l thC h,.i, I si IArvs"I L , L h vL I t tAlV Ctsiiti+ e riiAI I ,iaiilo n Itp h -, ) Ii1111 
(',)tline" t i , ; he'tL'c tWi I 1 1)1-J i0lli)VtL'tt coniS tL1t1tCLioll i11l id tJrinli, st t , I t 't 

t ,)I it I P. , ,'M 5 I 5o t pipes ., ihI,I-,, i .,.. I I Oi,, i ; 


i 1 1 udhd h wSew 11,oL CI;ill hi lhtIt i;rl I ' lit t S .1 W t VI 
* i 1iTILL (lIist ri bu

ion1 ll-tip f.. It-ilt 

10!,t ,, LreTh Vc,,. I I S P riii'ipalI ly souttiil£ d west )I tlie C.Xistiilg 

pptil ition cetnters. ) i tr i but i on I olps are p)1ained Lt) serve, t hse a1reas. 

in gle:,Ii, I th. I i in s i1ri-tti t hi lo Ips arI re C011linlellllt, d in Phas wi th 

I lo -t" ill Ph ,i ' . 

hTL 11. L, ilL Il-i'W i i vCL ',. tt ii 'l ,l it-ill'yI) It I sdL!1 Ill'I It. 

Ct'L lid f ,i Lit 1i1, : eii-., it,I i!, iIt1 11 L tIL Lt,1iL I thin! t0 .() p I ' o,f)iL 

A t . h I sin 11CI U L , .i,1, ) te A ,, ' h'. ilt . , t lllI i 'i . I c ik t .'l 'vty 

r,lpI li t , I. n i iio lil' . ainl i ttfprovcd llt-teIiing,. It is 

rel L'OLi, . l h Ii: i i j jl xiA 

, 


'1',, qa li ic , iwnersilhip t-h wi ter met ers 

:ild d,I :n mLi rLI(- p I I L +s Lt IAci Ii t.y. 

t h'IhI.. i,-- : taii ,, ii I,. a hi l hazard since they provid ai liltillS ot 

wt supll .i ll~t;i tW. IdealIy, these tanks shmld lhe Ll ititatt, l. 

itwvL , t s , i i ! A lLeal i- It I. Iht ltISLJ 0 th, ilt l l u I l (it0i t 


W it -i' 5sh ,ir , .- , i to Amin.it il-I hue I (li red h l,,, ; it ih, irrriigL 

ment ol iriLe lat pii ngLiitito by-pass; the existing flow-throiiglhi 

tanks. Givei, ta:t P is impractical to eliiminate the roof tanks, it is
 

rL Mlirtaended tI th, MiMi . i pil it Win i iI-io., th.i I .II I-tr I o iave the 

tainks I- ) I I eL'iu; -int (vv.n 12 
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The reconunended facilities are sumimarized as follows: 

ar-ga
 

Phase I - 81 km1of mains ranging in diameter from 50 to
 
600 nusi
 

Phase LI - 13 km of 
 mains ranging in diameter from 50 to 
400 mm 

Rusel fa
 

Phase I - 40 km of mains ranging in diameter from 50 to
 
600 mm
 

Phase 1I - 15 km of ma ins ranging in diameter from 50 to 
150 1m1 

1- i00111" 
retLSer-VOiF . 

12. 1 .3 Recommended Sewelage SyStLei l
 

The recommendedI st.i-c .ott st
swt.rage .;vsem ; a l p1roposed treatlt'nt 

plant plus the trunk anl ol let in ,'yStem to convey the flow to it. 

The recOluiltnticdd Systeii s,;, in, I. tVhe pret.reatment reqi'tmunLS which 

are de;r bvl in th, !il a ,I i, l K Il thll Ir'ltttretaiiut Report. 

Based (l1 evaluai tion )I "|tutrt :ti. sittesi , it is 'ecoitlittllh d tltat 

I 24. 200 III I /d (Phtt, , 1) 1 ,lea ilte:t plant bt. i nst rtid ol a :'8.5 hectare 

Site i lted aja,' t- ,t tiw /itlqi River norlti,,'tM I M A it. . , 

propostd plant wil 1 u il i., a pIl:;tr i,-mvdi i ttrik] in, IiltLr ;v toti :teli 

achieve the r,,uirild high ,igre, of trtatmaUL. Thu iant will be designed 

with modal tr unit.s for time-phaspd expansion. Sludge disp,;al will he by 

analterobic, di.',t,:;tion, drying beds, and land dis;po;al. The m.th an , gas 
obtainedI m thie, d igst;roin p roceit ss will b, us ed t; powe r internalI 

comt bi;t ,i,,i a i itt, r IA,, ii. tu , il1l g u rat;ulfiintt tlectri' al 

power to oit rat tii,- , ln[ . 

'The ro irilnu'n,l I t1kt;y, t em includes a sewer system alongs ide the 

Zarqa, Pivt from h,. p Osel plant site to Rtiuseifa. Subtrunk and 

cob lert ion ;'at,'m; it t t het trtnks. About one-third of ZrqaNI, 

drains rI ,av t,, t, ,-i q, River eastward toward the Wadi SDi Va. This 

fltw will ,t v, 1 t. toiseod iumping station sit e oi t th ,oI th 

Zartia muni, ii it-, - .fI i antd pu;trid over tLhe ridge to the Z.rla River 

basin. S , ;il u. f. i). 
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The recommenW,d collectio 'yS t:.1 consist of tilt' sewers in the 

main strvets and ootpaths and , house lateral fom Ilit' strt ()or foot
path sewer to the property line. At 
 Vine end of the hste itLdi , it
 
is recmilimttt nded tht , int tt:.1,, ca:t;, a te Itrltmil ttithiu lit os 
 iltr e t 

to facilitate c onnect W o it,tu<,,told plumbin g. 

The rCOt't 0tltt d-ii d .l i I it i,, o tt :l(aii1l 't as tol o t:: 

Phase I
 
C) 2-!4,20.0 mI/d tro't itltlll plant
 

0 17/ t l)/t pt im: in ! t .it i ,it 
o 	 22 kmn of t:runk scw c r ang'ing il ti;itne ter from 

S0 t.n 1 , I W:mm
 
0 1 k cif (i tmtl 10 ri , lail
50( lltt. tr 
C 	 2)1 kmtt o 'li l t i-ut itd oubtrunk sewer ranging 

inl dtia f ' -t I I 1,'l !!] . ()() !ol {( Ill 111 

0 	 6Sm 3/hr 1h.i.. .VI [tipl to statiOn 
o 	 20,000 ht,,, nut t ion 

1984-1990 

0 Ot ki:: ti .,i- i,., ti i seer rat ing in diameter from 
200 to liO Iun 

O 7, 9tI house- i t t llstiLLS 

Phase I I 

0 Expand treatmnttt plaitt to 41 ,200 mt3 d 
0 205 ktt of co lection and subt runk sewers rang.ing in 

d iameter fioin 200 to 3i)0 tmin~ 
0 20, 300 hOl;o contitectio 

12.1 .4 Recctttinet I, SlortiwtalctLr Svsteii 

The recomtinlded ttLir.,at r lt.iintiite sy'ste:t has been des ,ignedto 
collect, convey, and dis 	 ,n, o, tornti er runoff from critit al inhabited 
areas in as fast and &tfi( i, t:t a tv ao p oihle. (;ravity flow has been 

maintained thiit h' , :, tile( *:,'t: i. , , ]i ,,ure 8.1). 

The Ihas,. I !.aci I i i- .. i lt :til itnL rCIteLorS that reUC.i '.e 

flow from the it i.'1 sw. u, r;i- dn- nd ctnlvtl.', i I to th- di lUlii rt-, poitt s. 
They serve I itp It''- M AWi A At a.in: ot t hi) " t':iiI:, itilIl ootd itl . 

These ftci lit i l ar. ,i l It I t h, "ptii:arv nt t, irLrk".
 
The sctt ldarv a. iti,; the intrtrital ,t reots attd low and
ir driji land

locked points whirt the walt eL ,"li; to pond. 
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The 	 reconnended project is summarized as follows: 

Phase I
 
- 13 km of 3000 to 1000 mm diameter pipelines and larger box culverts
 

Phase I1
 

- :o km 	 of 300 to 1000 um diameter pipelines. 
12.2 	CosL of Reconmmended Project
 

The construction 
 ccst 	of the reconmmended projects has been estimated 
on the basis of 
June 1980 costs. These are sunnarized as follows:
 

Phase [ 
 Construction Cost
 

(JD) 
Water 
 3,310,000
 

Sewerage 
 18,204,000
 

Storniwater 
 1,030,000
 

22,544,000
 

1984-1990
 

Sewerage 
 3,291,000
 

Phase II
 

Water 
 2,050,000
 

Sewerage 
 9,476,000
 
Stormwater 
 1,166,000
 

12,692.000
 

TOTAL - ALL PHASES 
 JD 38,527,000
 

All of these projects require certain other costs which musL 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. 	 Majoi: projects which will be designed by international
 
consulting engineers, built by large contractors, and
 
financed by long-teri borrowing - These will have the
 

following other project costs:
 

o 10% Construction Contingency 

o 14% InfL ation 

o 	 10'' gineering 

o 	 7%ManagemnenL Servic,. ; and Steff Tiaining 
o 15% Interest during Construction 

o Land 
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2. Smaller sewer collec' ion projects which will b designed by 
local o ut i,: ,ngineers, hui It andby 1, tl kont ct oIs, 
financed wihtli a .i ly generated revenue - For these, the 
other projvct ,:ostt ir- estimated at 15 percent of the cons-

I lut iol Cost . 

3. later extcncliion projects which will be di'sioned bv the water 

departniont stal I , li Iit by the stia I , i1nld I ill nced Wi Ll 
dlln tIa IV ,yLleritted rv inue - For thest,, the coinstioct ion cost 

is assumed to included Lhe overhead cost since the work to be 
done by the water department. staff will offset some overhead 

The total irojc t cost ior tie recomxnendel ll50jor pr-oIects is
 

summarized as foilows:
 

Cons t ruc t ion Ot her To tala 
Cost Project Cost Project Cost 

(JDx1000) (JDxIOOO) (,J)x IOOO) 
Phase I 

Water 2,060 1,351 3,411 
Sewerage 18,20, 12,788 
 30,992
 
Stormwater 
 1,030 676 1 ,706 

21,294 14,815 36,109
 
Phase II
 

Water 
 950 623 1,573
 

Sewerage 
 4,428 2,905 7,333
 

Stormwater 
 1,166 
 765 1,931
 

6,544 4,293 
 10,837 
The total project cost for the smaller sewer cOl I .ction l rjects 

is summari zed as follows: 

Construction 0t he TTo tal 
Cost Project Cost Project Cost
 

(JDxlOOO) (JDxlOOO) 
 (JDxlOOO)
 
1984-1990 3,291 1,152 4,443
 
1991-2000 
 ,0-8 1,772 ,820 

ANNUAL COST 
1984-1990 JD 4,1'4,4"oO/7 1,01 635,000
 
1991-2000 
 Jl) 6,8_d ) .00/10 = .1I) 682,000
 
The total project cost for the wi L, 
 extension proje'ct.s and Ruseifa 

metering, .ssumed to be the construction cost, is summarized as foll.ows: 
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Phase I (1981-1990) 

Zarq(k - JD 1,000,00O 

Ruseifa - 250,0 

JD 1,250,000 

Annual Cost JD 125,000 

Phase If (1991-2000) 

Zarqa - JD 1,000,000 

Ruseifa - 100,000 

JI) 1,100,000 

Annual Cost JD 110,000 

The total proje, costs for all recommended projects, inculding
 

the 1984-1990 sewerage growth project in Phase I, by Phase are:
 

Total
 

Project Cost 
Phase I (JD) 

Water 4,661,000 

Sewerage 35,435,000 

Storiwatur 1,706,000 

41,802,000 

Phase II 

Water 2,073,000 

Sewerage 14,153,000 

SteOruwater 1,931,000 

18,757,000 

TOTAL Phase I and Phase II JD 60,559,000 

The total project costs for all reconmended projects, assuming 

the 1984-1990 sewerage project is in Phase 1, by type of project are: 

TOa I 
Project Cost
 

(SD) 

Water
 

Phase 1 ,4,661,000
 

Phase 11 2,673,000
 

7,334,000
 

Sewerage 

Phase 1 35,435,000 

Phase 11 14,153,000 

49,588,000
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Storuwate
 

Phase i 1,706,000
 

Phas, it 
 1,931,000
 

3,637,000
 

TOTAl. ALL Proj et:ts 
 JD 60,559,000
 

12.3 Pro iinary Ratw Analysis 

I:. i. I r'eil I
 

The plirpa,, ,I the preliminary 
 rate analysis was to establish a
 

proposed lat e at -rtatr-
 fOr lite rcituit1ded project s.
 
Thn' tlavsiis was done with 
 7.5 percent rate ol infiation. A
 

sensiLtivity inalv was perftored 
 for higher and lower intil tion rates,
 
higher aid lowe r 
 itii cost est imates, and ''t've tilTlAts (d Water use. 

I_'. W.) PrIttasW.,Ier 


li C rtt ent a'.,rg water rate !or 1
Zlai is 1-2()t il.</iaid Ior 

b~useitia, adjiut d :or similarity to Zarqa, is 11 Mis/n 

'Th,,r ti : i l,',is was based on establishl ent of a rate structure 
that would: :mintain a net p:sitiv.' cash flow litwwee 198t and 1990,
 
and (2) iaintiitai an average 
 Rate of Return of about 8 perttit during the 

1985 to 19902 pei id. 

With thtese tpl tions, a tate iln'rease etfo'tivo January 1, I98 4 
to 165 fils/n i h"th /.arqa .rtI Rus ifa appears to be ullicint to 
make e rtlt, wta toj s svl f-suiti'iilnt. This incrise is about equal
 
to the iSSitumni i. 
[ !,enlt rate ot tnt latioii. 

12. 3. 3 st'w.raii Rites
 

It is ro - .. that the 
swraig charges be recovered as- sutrchar'(, 
on the witet" ii Tl , ;eweri', hai vi-vsstrn e large initial capital cost 
and is "t sU-h A ::1iritid. thai if it were tn be sclf-finacjii, it would 

put ai excessi;, sti in ott the middile to low r itIcone taliilies. Tlhtlefort., 
part ot it''; i,i ,1*,s[ 'itt i I I nav, to he sle. idi, I hivtheby 


ove ru-n lit 0t I,!:, f'oIr i OS .
 

The "'ati lit%', ,tay"] ','. indi itedp ' is Llit tit lowest aind Second 
lowest ilctli, i'iia 'old pay 225 i ils/m bated on critieit cOSts,. This 
escalats t. I :il; by 198' whic-h is the prpotfled it,. he 15 tils/m 

will cov'r the .iii . pir ti,, ln.i uint,,nan,te cost plus about 59 percent 
if the hbt) ,niual. -, A!1 . ei,'C . i subsidy of abut Dl) 92(),o O will e 

r(qui'red to, :, 
the, , ii fI ,.:. 
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12.5 

12.3.4 Stormwater Costs
 
Storm system costs ore 
financed from general revenues 
so a
 

rate study ;as not requiiud.
 

The ,nnual debt iervice of the 
Phase I project is JD) 142,000.
 

12.4 l1-Ltituti ,haI At ran eaienLs
 

Chapter 	9 presents 
a detailed analysis of the alternatives available
 
for administrati g and managing the 
proposed facilities. The conclusions
 

reached in Chapter 9 are as follows:
 

0 A joint (Zarqa-Ruseifa) agency should be used 
to
 
implement mid operate the water facilities. 

0 	 A joint (Z.rri-Ruseifa) agency should be used to
 
implement tid ~peratv 
the sewerage facilities.
 

0 	 C'nr. idtlt is'n irouhld be given to combining tire 
rtror a] . werge alglrc ies into one agency 
respn ibie ftor both. 

oi onu Sjho_dIi ,,
 

The iMPrnlIMlnatiOr u-clhedile for a 
 project si51ilar to the one being
 
proposed for the Zatqa--Ruseiifa 
 area is usual y governed by the item that
 
has the lonst r.quired lead time. 
 In situations similar to this
 
project, the constit, ion of the ;wage treatmerrt facilities usually Sets
 
the critical path ! the implemlnutation schedule. 
 The financing and
 
construction ot 
odd iti ,nal water distribution extensions and improvements 
will not be completely bereficial if the sewerage system is 
not ready to
 
receive the 
in, eased sewage th-astwill be generated. Similarly, the
 
financing and tostut ion or the ;1,eragu system willi not be completely 
beneficial it t, I i.! lotwtt facilities are not ready to treot arid satis
factorily distpose 
W rhe sewage being conveyed to it.
 

Tie scheduling of the completion of the different elements of 
the
 

irnjc ahould b 
 .,,ch LhL Lht-eletlentLm are completed 
in tire following
 
order if possible:
 

o 	 Firaut the sewage treatment plant. It should be
 
completed one to 
two months before the first
 
sewage is conveyed to the plant.
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0 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 before the house 
sewers can be
conneLcted and the coliection of service charigers
 
CoMirIt'td.
 

o TON-th' water system construction should follow
 
closely behind 
the sewerage system. 
 Some of the
reinforcing of the existing distribution system
can start ilrraiediately but no eXtension should becormnenced 
unless the sewers will be ready to accept 
the newly generated sevwage. 

'
0 Fout tthr stoumt.water drainrage syste Ciar he started
and iOMplctd at any time. Where el ements ate to hecornstructtd in st reets where either sewers or watermains Aic alrso to W, installed, the constrInction of
the ,Itn.nts showed he planned so the isiituibance 

t"t ori hbhIoioI ist kept to a minimum.
 
Figure 12.1 s,,l ; 
 toLtative planning and! coist)I, ii tori schedule
 

for all the elemn s,i 
 ctohprpop ,.d Iirt phase o, the project. For all 
elements of the work, except the 
sewage treatment Iacilities, it is
 
anticipated 
that mulip!,v "niut 
 tion ontracts1 will he prepared. The
 
purpose of Irepariing mult il 
 ,o ntia, ts ,or Le water di.strilbution,
 
sewerage and draia 
,,, ('')tki+stwo-fold.
 

The distLrbance of 
the streets and footpathis oft thecomminnit Ws will he controlled and kept to a ninimum. 

0 All rpialili'd local contractcrs will be able t tender 
on th, works rather than being limited 
to a few large
cont ri ii,. Mle disidvantage of doing this is thatit spre.,ns the ons trowtion out 
over a longer period
and re luirecs t.he borrowing of funds sooner than would 
otLhe;wIs-, le requiled. 

The scheduli v t w,. , r distribution and sewer construction 
contracts 
for work 
 I P same streets 
should be controlled and, in
 
some cases, comhined 
s- that tie disturbance 
to tire residents of the
 
area will 
be minimized.
 

12-10
 



12.6 Tra i t Pro tn 

12.6. (htneral 

The ,voposvd Zarqa- Rosei fa Joint Sewerage Agent, y will be charged 
wit i in lp ',uttat i ,:.It! , c;,r tioil of tf, secoint 1.1 ;ew;elg , Co IlIecarg 'tt 

Lion, -,1yank,.I .nd r reait.wetnt system i n tite Kingdonm. 
 Ihis is a major 

utnldertikin ,and c'annot he Successfully ac;complished withou tLained
 
persotnel. As Sht, in 
 Ti le 9.10, the e;timated s1;taff tlr So Joint
 
Sewergv AY;tcy K IQ pet 
 ,ois. All will need S';ame tlAinitig.
 

Si -, L Lh r ,tie low-'treatllent plats or coi le 'ii mn "stlits Itl
 
the Kingil :t,the Agetcv will have to train 
its own stall. Some help
 

may he ,'ii !l. !i. the pinposid lordan Natjonal Water 
 and Wastewater 

Training C.:trr.
 

I'l110 o ~ ' iuld
stair in advance of placing tle syst e: in operat!ion. 
ldval',, h,- Ii t l E gineer Plant,i nd Superintendent wtiold be hired Ilear
 
the begiinii;;g ni the conisttction period and 
can become throsigthlv familiar 

Wi i hthe a, iKii ti-i, i thev Cill.;Ilie rucle .d.
 
.,t 
 , !i,

'4t ' l >.,i S ,iilk. ),tl r a i n,,! !t , ,.l I.',T ' '. .nd !I illlt'

illtCt IO ; iil , till . ll:t-lilp 'pit II 1kn ,:.ltisi", , . t [I ining of 

perIlson l ' wili 1w I t tliltly,'mtetltl..{ I t itr t,,"u': ,k;, dir ing t-ho 

first l h ri!i, t , i:lt- e d;t ii tI '.iI i v n, ! lol, ler iilA ll
tiillu us ly, ,' ',i{1,ah !< , 111 .
 ' ,i l,'" '*,,;,t , , I tl o , t:1i,'1 1! A ciilit'" o, 

siml i t ,.i
hi. cr~, 
 to W ,i(,ountry, thet ,Availaibility ol 
 ttaiitwd personll)l,
 

may be vt low. 

A I" '" " v I ',rmli upt thi; prob lem is to retain hle les i gn
 
jig lil., 1 , .v .,, 
 p :vid, : sk,.le.ton stf,f to operate, -ild m in tain
 

the I I,i i II 
 tI . it the ;llint,ti!l!,t taiin iuo tie l c l stall . lo r 
the tir t t i i mnths, the nperation and maintenance (il til facilit'es 
will be rin;ip ll . by,' t hr l' leton stiff. The diy timIlle plieation will 
flu nieaily , iox V, !I th il ind the' will lli'.'e ( the "{iot-:ill durinIg 

the relit_ ic I ,1 t h, I M,.i 

li ' t ;,45 1'5 1' I d b' tle. lesiill ngilleel to pllt i ip:l e'ill 

. in 

he able t, . i YI a 

this i ', t 1w.1!, hig hly .,l ',,I their specialtie's and should 

ic it possibll'. .; tersolnllI should cover the
 

fol lowing 'i1 ,:
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o Operatio. • 

o lechanical maintenance
 

0 Elect rical llil ittance
 

o Instrumentat ion maintenance
 

0 ILabol itry Otprat i OlIS
 

In th,, ca,,,,¢ t operit io . and mechanical maintenance personnel, 
there should be two people lor each specialty. The cadre of trained
 

operatora and maaint 
 nance pernonnel who will do the teaching and training 
should b the it 3 i.tntht before the end of construction. The lead 
operators qhoUl,! ,l,," hp on the site at the game time. Th'l haint-euance
 

personnel shoal K,- u the 
;it, by the time the testing period is com

menced. I:, 1.. 1).
 
"1'o :.'tt ,I'' I'tr t fileit t l'ditlig Ipogli' l , II.' 1,1' ''v e!., :;hoiuld
 

be hL-aine~d ini !hI.. It' I 
 iont ,nli i!,,|ill{talallce ot al 'p,.: s III Was tewalterl 

faciliti .,. 1 :,r ill iIt i 'dt, fotsol la I ;; 4: l ,l it1il , I "Osh : 


pra, ! ii, I on- sit, .tt ii ing, iid 
 the ,. vlolpniii t olt ,II 111 ol ii p)t gI'l)
101 h'I 1.1illin lll'd id Ih it JH.l aILt ,! lllt~lrtii t .'i11 l<,yI't,,s . Ill(, ito ina l Lra inling 

.Should tr,,.jiJ. . Ibl. ! (,1I laisi ,: l 1, tiAi..s, Iibo It'i i lv i ctior, atnd 
wo~rkshops.<. lAhv pa,:. ti,,il tr'Ailnilnv shouldt cktlisist III oun -s{l, iiis;Il'ulttionJ
 

anld sp~ecitl, tic tl!.~~: Ait v.'- & W Kil? ilacilitiu., to> gu at ee.tl( "hanlds-(on"l
 

e1'!".ien I',. Ml.llt i n! iii , inii I iir niniig plotln i h llld be devvloped 

in a ma!nvl- "c, that it lid be i d'ilv ,'uplo>ed as tUP bids for an 

on-going l-iiiiiin id de.,., 'iiepiit pilu-g, n. 

A ;! , +i: < 1 i- la,l , la !, li i iti ,ii I)-,, S;k il ls antd i.,xpe'r iuice, 

tholl d ! 1, . : 1 , ! jilt,ij, , it;, ,>b I ,Ili Il't liellt S !'l)()It S cI'('t2SSftl 

copletii :it ; n gtor, ll, wLv il iitel shoulnd Ilk' t.w.alded to 
each individual. I . tii iaKd L tIOuI(I b .rpecitiic to ottCl 1 i ob ca tegory 
antd trainiing ,+ir 1 , .v ,op C ss .ll inji h will l 'l tl; 1 tI' p'r onilol 

deve I )l ellii t i I ' 1 1 lV . 
A li i i :1- , ! . it , ',:ii i o nl LA) t h el t .t i i n g p rllo g r a mn S h o ut l d hI)[ I I i c 

educa: tionl , ,I i ,li , , F'lih. p""i! i. i'din-ai~ol shouild tII uri"'d to, he'lp 

preveit f ie i . it! I 1 i n'; io !n i.tilig prohlem.; in ,th i collec-
Lion alnd evant S V t'il.ms The dliii ,, garbage,olt v debt is, aid related 

solid waste. iit the. sewer sylt elln ha a. problems in iany sewerage 
system eliewhere. A gtneral public informat .i: ind eiucation program 
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could lead to the reduction of solid waste dumping in the sewer system.
 
It is anticipated that such a program could be effectively implemented
 

during the course of this project.
 

12.6.2 Program Development
 

The development of the training program should iun'lude determina
tion of course content and structure, preparation of all necessary
 

materials, and establishment of a reference library.
 

The course content should be planned to cover all aspects of waste
water operation and maintenance. It should be structured for both formal
 

classroom and on-site work. 
The formal classroom portion of the training
 
program should include instruction in the following areas: orientation;
 
basic science; mathematics; and operation and maintenance of wastewater
 

collection, conveyance, treatment, and disposal facilities. 
 The instruc
tion should be provided by a combination of lectures, laboratories, and
 
workshops as appropriate for trainee classifications. An example of 
a
 

general topic outline which could serve as 
the basis for the formal
 

classroom training is presented in Appendix 12.1.
 

The Appendix 12.1 outline is quite complete and lists the majority
 
of the topics that must be taught. However, all personnel should not be
 

given all topics. The supervisory personnel and lead operators should
 
be familiar with all the material in the outline but only selected topics
 
should be given to laborers, drivers, and clerks. 
 Some specialized
 
training not 
listed in the outline will be required for personnel such
 
as 
the industrial waste technicians and electrical maintenanre personnel.
 

The practical or on-site training should emphasize "hands-on"
 
experience at all types of wastewater minagement facilities. Special
 
work assignments could be developed to coincide with classroom instruction.
 

Materials to be provided for completion of the training program
 
could include printed matter, audio-visual aids, dual language manuals,
 
and references. 
 Printed matter to be used in the training program should
 

consist of course outlines, lesson plans, lecture notes, and 
illustrations.
 
This material should be provided to supplement both classroom and on-site
 

training as necessary.
 

An important part of the training program should be the develop
ment of audio-visual aids in both English and Arabic. Video tapes and/
 
or photographic slides of lectures, laboratory procedures, and operation
 

and maintenance techniques should be prepared. Development of these aids 
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will plLvidlI rainees with, the uTportunitty to review sublt ct material 

at their , ttiience . In additLion, these atdi -visual aids would serve 

as the ba is o, 	 estalllittent t an on-going tLni ning prttgram. Whrever 

possibl. utrrent 	I a 'ai I iiIa .nliit -vist laI aids shai i hle Ibei i +.td to
 

expedii, Chu wo I ttpltating at thtst. av i l, d and dct ].,s of
it. s I "illeilt 

V-sptIsit , i tI, idl s,lii ,h1i , b,,. p ti-,I . t gd.Ilhs 	 IId IIil i i. lI -ilt e 

inl a st. al: n i i 	 il t chi , b Au], the icidi lyg :., d Asrth -- - ij guidus
 

by Agp tcypea : , 2itxtc, . A; p-by-st up 
 optr't ion An iia int tc pi-cedures 

sh u I I . id . Iaphi 	 k,, ( a 

piv~etn i-ti~ tu p i.t i in oI Ai wit , s k t rLguos, .. ti lt ta niIs-, do IIS a 


phoe tgraphs a , i astd
h 10 1 to u l t vlittg t t en-lt h taw-sile. a i l trAtigr
 

And (I i , i "li t tt( t -wi ld.tl d,1 
 ) bei Iii'i Zera:,JI. , i lit i ol tors 

InctiI ,I,lnd aIt AIv, I itL it l. 

A i pl tA iminaryi a t h Ilt,i t th agetpA ttiel rainig is p sullst ed
 
i it ippvnd i z 172 .
 

12.. i I' ,i e t., t l eti i a t t 

Base~d utlpn )ilutc.,,i Onep with similr lproqnrmw, it is not ma~ici

pt-edtmthat at 100 	 pu, tt. rldinutv holding, rat(. wi I be Claintained t hrough

ot-p it th,-	 . I anati lttl it ,I 1a ining Phase A , a u l y is shoul d be 

itde (ti I- IlI A. t hti h woi, l g.d. tt . it ti!a c. Me e factors 

wui ld 0+. . a h d t t iitial;t c (I ploymentaIt i la.bilit a 	 teiia ttllt 

ppnig tuit i A t d ta,,t pIriS it'l hitt, i S !t)r- ciititrli plitt Clasific a
tion. Ea.se'd upunittK os( 
W, tim ,, the nlinber oft trainvet.s init.ially 

c'uil let.d sh W4,,l~ b, . r ei M lkt neude,Itd The ptogl4 alaj di, rtt-t, Cht aLi 

C:, r r I :!,0teimul atll~ he made. tu Lhe Lype and inutli.. of+ itndi,.iduals< for
 

init-Al Liaining. 11 "t l ;V;.' Lhah ex:-pel Led ttll tb, I U l sl.; lll, Comn

plu, e tLh r .i A& i yllli Am, t hvit v Wotuld be atmzplte ,,ppot uui v, I r 

elaiplo.}-met tA.t tthr ,till,. t I,-,titlle t pI kill, s pl atnmod 	 It,I tt Kla)ti d Illl. 

'Ed ,,I~l l ,l; t, 1! - :t ,1 ,.: Lit++ I£ " , pt'c i'+h" .',It ,' w itl tohlt po s.ition . 

The Chi lul n ai 	 J i tat, i l e i i l Ieg- J,-trt- in srt ar,, , ivi, o 
, £chellli('al plii li

t
li q l he et "It !{re 'i~ hi. ] K i ,shtwuld a (Col I-ege 

degreet ins o"r, ,ot ih, vt liI l, an-L:, q i at v l, li o . Ideal ly,or ] d r,~ d i su 

i, liucp
both £sh,+tld hart pi t 0 e _xpe a~ t i£1 ,, positions . 
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In order to present the range of educational prerequisites and 
job experience 
for Agency Pe:sonnel, occupation description of the
 

following p, itions are in Appendix Supplemental Material 12.3: 
o Supe r io tdeit 

o Lead Optorttu
 

0 Opeaitlor
 

0 tlCiiiti s t
 

I 1.ihur at iry TIe 'lnici an 

o tailit,.iinCe S pervist r 
o D)ti ,, ,". tJ e 

.111 sSlisi I'll iiu lude leCtl'es laboratory instruction,
 
and workshlps, . iiH,.Isnd 
 i ietatianaI pcrioinnel xperithed in
 
tLri hintg pl r n W HIM, )' ti to
LIt+: U,,tl i~ .t'J L tvII;Ul| ct t'IIr i v, t I ,jusitel o)f 

inlorm.tion. Sp, ii emphsisi s ould b. pIA:, .I iii tit di-:,liittiult. if 
itterest jting atnd :::, , i tivv .l.tu tr. to hold t.he atte nt ion ot trait evs. 

T o+miwii., Q.+ "",W+bct ~~j+I L ,,l +in., tit-: ,,, 1 !t, in+ triining 

p F- g I 1. i , Iv t cii I, I i 'Ill 1r s ,t ,t 1 Jt d ,, ' - l,I , , i : : , t! I a i l ve s 

t lhriilh I 1 , 1 , '-':74 udi , i-site guidance. Ih i schedule will also
 

lnst;,lr C",, Iid ia: i .+ 
 i: h,, I iss ota,i work with the o :-sit:e F'uidance in 
a coi This of 
oct( ill- (ill in e; the sPt l+r(-kp,l I tat i onsj~ . 

,lit Iv i ogai, . lim. portion the prograin vould 

12.6.5 Over se as T: -ining
 

SvIectuld key.* isaitiM 
 in ttnageiett, engineering, and laboratory 
operations ti,,t - ,,iv tiaTining v rsta;, if possibl It is suggested 
that thv p. i,,inI i -. ,i. this traini , lk' tilt, ext'cu ivt director, 
clii Ie ' i , i t :.,;; it;t, ! it it , ind chemist . Ih , tvetr in tr aining will 
involve in ; i, -1 lIa ,, muni ipal wt.;tewater ilc i i it , training 
ia ope rat i -n , >, i . ,; ,wjI rt sni I f i I I ig i ini I.i r pos i t iont s in such 
faciliticq, aid .Ii,,t, iiiatruttin. TI ti mini; ot this training 
shtnuld he n! h.dlij.d ;o that tiet p lsointI iltt liar k itn Jordan he fore the 
f acilitiis titin ptri is sl -ttd. Aft ovirt+ as stlv Att I to 6 months 

is sgg ,st 
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12.6.1 Future Training and Development
 
To e iure the successful operation of existing and future waste

water fa( 
lities, a on-going training and development program should be
 

initiatd. 
The Materials developed for the initial training program 

could ecvv, as th, basis for thiH on-going projitct. For example, audio

visual aids and du,, 1 language manualH would provide an excel lent resource 

for continurd inlntructors in the training programs. All instruction 

materialsl should be d eve loped in a manm,e r that would allow their periodic 

revi sion o ma n iit the Ilat,_Mmt technology. 
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