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s SYNOPSIS

Sulaimeniya is one of the fourteen large cities in
Traq situated in the northeastern part of the country, and
has an estimated population of 57,000,

The problem created by the undesirable conditions
arizing from the present situation regarding liquid waste in s
Sulaimaniya has prompted this project which is intended to
improve the existing situation.

The available data has been studied, analized and used
as a basis for the proposrd desigm involving the sewerage systems
and treatment plant.

A conventional eystem for sewepe treatment copsisting

of primery and secondary sedimentation and trickling filter has

been adopted, The selection of the system is primarily based
on its practicality snd cconomy in addition to other criteria, i
Consideration has also been given to various other treatment systems,
but preference has been given to the trickling filter for various
reasons given in the texts.

The approximate quantities of material and work needed to
accom}_ﬂish the project Las been estimated and the cost determined.
The estimated cost of the whole scheme comes to about 646,734 I.D.

($ 1,790,000), or § 16.00 per head for the totel anticipated

popula'bione
- VI =



1 ~ INTRODUCTION

1l.1. Scope of the Work

This project is concerned with the design of the
sewerage system for Sulaimaniya, Iraq, and includes a discus-
gion on the materials, location and sizes of mains and trunks,
establishment of all basic criteria, feasibility of methode of
sewage treatment and design of all parts of the treatment works,

Details of the design, construction, drawings, estimates
and specification are not provided for they are considered

beyond the scope of this project.

2.,1. Historical Background

Sulaimaniya, the capital city of Northern Iraq, is
believed to have been erected on the site of a small village -
Malik Kindi, One of the state rulers (Wali) by the name of
Mahmoud Pasha had built adjacent to it a palace (saray) before
1784, His nephew, Ibrahim Begh who succeeded him, constructed
around the palace houses, a mosque, a public bath, a market
and an inn, When the work was finished in 1784 he named the
small town Sulaimaniya as a tribute to the Ottoman Ruler at
Baghdad, Sulaiman Pasha the Great(l).



o important historical incidents are attributed
to this city, except for the local Kurdish government
established through British support after World War I. This
government, however, did not survive for long as it was

abolished in 1926(%),

1.5, Location

The city of Sulaimaniya, one of the largest cities
in Iraq, with an cstimated population of 60,000, is located
in the northeastern part of the country about 40 km from the
Iranian border. The distance to Baghdad is 270 km and to
Kirkuk, the nearest large city, 100 km. The city is located
on a high plateau which is to a large extent cultivated and
lics 850 m above sea level, Its latitude is 35° 33" north
and longitude 45° 26" east. The city is surrounded by high
mountain chains on the east and southwest., The distance from
the city to the eastern mountain chain is & km and to the
southwestern chain 12 km. About 8 km west of the city the
high plateau is crossed by a small tributary of the Diyala
River. On this tributary at Surchinar, 7 km northwest of the
city, is the newly built cement factory with its own living
quarters for the plant employees. The location of Sulaimaniya

is shown in Fipure l.l.
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1.4, Living Quarters

Sulaimaniya consists mainly of old buildings situated
in the centre of the city, which is characterized by its
narrow roads, covered alleys and joinsd dwellings. Modern
buildings are found mainly in the western and northern parte
of the city. Some have been erected on the eastern side
following the filling up of an older flood control canal which

was replaced by a new one located 500 m further east.

1.5, Commnications

Communications with Sulaimaniya are maintained

entirely by highways. The main road, which is first class,
is the recently completed one to Kirkuk. A highway to
Baghdad via Derbendi Khan is under construction. The
requiring construction is the one from Sulaimaniya to Arbat,
a distance of 20 km. A road to the northwest joining the
Kirkuk road links Sulaimaniya with the Dokan Dam; another
road to the east meeting the road to Derbendi Khan connects
with roads to Halsbeha and Penjwin.

There are no reilway connections with Sulaimeniya, nor
have any been planned. Similarly, there is no airport in
Sulaimeniye or the vicinity and, therefore, no air commnications

with the city.



- 1.6. Topography

The topography of the city and its surroundings is
shown in Drawing Noe 1. The contours shown are 2m. apart.
The terrain within the city slopes largely from northeast to
gouthwest, The highest parts in the northeast are $10 m
above sea level., The lowest parts of the city, in the south
at Wadi Wolobah, are 800 m above sea level. Within a stretch
of 5 ¥m from the northeastern to the southwestern part of the
city the ground level falls 100 me Within the city the ground
level slopes evenly without any greater hilliness. In the
areas south of the city (south of Wadi Walobah) the terrain is
hilly. In certain parts of the areas nearest the city, in the
west and southwest, there are few hille which are noticeably
higher than the surrounding ground.

The terrain is crossed by several smaller and fairly
distinct valleys (wadis) which, during the rainy periods, are
water-bearing, The moet noted of these is the previously
mentioned Wadi Walobah, which runs south of the city in a
northeast - southwest direction, and Wadi Karaiyah Washak
west of the city running in a direction parallel to Wadi

Walobah,



147, Climatiec Conditions

1.7:1 Temperature

No official statistics pertaining to temperature
conditions in Sulaimaniya are availables The data on
i:.emperat.ure given lere refer to the Bakrajo Farm, situated
about 7 km west of Sulaimaniya, This data can, however,
be reparded as representative of the city of Sulaimaniya
3130(4).

Sulaimaniya has, ag a consequence of its geographi-
cal location, the mildest summer of all the important cities
of Iraqe The annual mean temperature is 18°C. The warmest
month is June with a mean temperature of %19 and with a mean
maximum temperature of 39°C. The coldest month is December
with a mean temperature of 6°C and with a mean minimum tempera-
ture of 0.5°C. The monthly mean temperature as well as the
mean maximum and minimum temperatures are shown in Table 1,1.
The nighest and lowest recorded monthly temperatures are not
available,

The monthly mean temperatures are presented graphically

in Figure l.2.



TABLE 1.1

MONTHIY MEAN TEMPERATURES(4)

Month

Mean Values °C

Daily Max imum Minimum
January 8.5 12,0 540
February 15.5 19,5 8.5
March 22,0 30.0 14,5
April 2740 34,5 19.5
May SO.Q 59.0 2240
June 81.0 8945 R340
July 27,0 3545 19.5
August 19.5 28,0 11.5
September 14.5 2040 745
October 10.5 16.0 5«0
Noverber 840 11.5 245
December 5.0 10,0 045
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1.7e2 Precipitation

The znnual mean recipitation in Sulaimaniya, accord-

ing to the Ministry of Communications, amounts to 720 mm. The

monthly mean precipitation valucs are shown in Table 1.2

.
TABLF, 1.::.(")

MONTHLY MFAN PUCIPTITATION

Month Procipitation Month Precipitation
(inches) (inches)

January 4,66 July 0
Fobruary 4,55 August 0

HMarch 4,81 Septerber 0

April 4,80 October 0«37

May 1.63 Hoverber 312
June 0 Leeember 4457

The monthly mean precipitation values are presented

graphically in Figurc l.3.



1.7.2 Precipitation

The snnuel mean precipitation in Sulaimaniya, accord-

ing to the Ministry of Communications, amounts to 720 mm. The

monthly mean precipitation values are shown in Table 1.2,

TABLE 1.240%)

MONTHLY MEAN PRECIPITATICN

Month Precipitation Month Precipitation
(inches) (inches)

January 4,66 July 0
February 4455 Aupust 0

March 4,81 September 0

April 4,60 October 0637

May 1.63 Noverber 3,12
June 0 December 4,57

The monthly mean precipitation values are presented

graphically in Figure 1.5.
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The maximum recorded precipitation in 24 hours during

the period from 1955 to 1962 is shown in Table 1i3.

TABLE 1.34

MAXTMUM PRECIPITATION TN 24 HOURS
1955 ~ 1962(5)

Year Precipitation Year Precipitation
(in) (in)

1955 3,10 1959 2,00

1956 1,41 1960 4,95

1957 256 1961 1.81

1958 2472 1962 1.42

1.7.3 felative Humidity

The monthly mean values for the relative humidity are

shown in Table 1.4,
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TABLE 1.4, (%)

MONTHLY MEAN RELATIVE HUMIDITY

Month Relative humidity lMonth Relative humidity
% %
January 56 July 16
February 56 August 15 i
March 687 September 17
April 60 Oc tober 25
May 42 November 50
June 22 December 65

The lowest humidity, around 15 percent, is noted for
July to September, whereas the highest humidity, around 60
percent, is noted for the months of December to April. The
variation in the relative humidity duwing the year is alse

shown in Figure 1l.4.
1.7 64 \inds

Thé preveiling winds in Sulaimaniya are northeasterly.
On certain occasions these can become rather strong and are

known locally as the "black winds",
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1.3, Incdustries

Sulaimaniya is the important commercial and administra-
tive centre for Sulaimaniya Liwa - an administrative district
comprising 12,000 Jm® with a population of 300,000, This Liwa
is an important apricultural region with asbout one third of its
area beinpg cultivated, The importent apgricultural products
include tobacco, cotton, lentile and peas., Animel husbandry
is also important, especially the raising of goats. Lumber
trade is also significant.

Handierafte and small industries constitute a
considerable part of the occupations in the city. Here, there
is only one large industry, a newly built ciparette factory,
which employs 200 men and has a daily production of 4 million

cigarettes.

1.9, Soil Conditions
1.9.1 Soil Properties

In order to determine the soil properties within the
built up par't. of the city and the ncighboring regions, a ground
investigation was carried out by thc pround water section of
the Directorate General of Flanning and Design, comprising

machine drilling to normal construction depth or to the rock,
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if this was cncountered earlier, The drilling was performed
with a gasolinc motor driven bore. From the drillings it
could be established that the loosé soil layers are composed
predominantly of fine sandy clay interspersed with sandy soil
within ecertain parts, The bedrock is composed of limestone
which lies deep below the pround surface, In most parts of
the area southwest of the city the bedrock is found at a
comparatively slight depth below the surface, The ground
properties werc found to be such that they should not present
great difficultics in the construction of pipe lines and

sewage treatment plant.
1.942 Ground Water Conditions

In order to determine the ground water conditions
a total of five expleratory 2-inches pipes were sunk within
the city and the neighboring repgions. The level of the
water table was found in this way to bc so low that the ground
water is of no importance in the plaming and dimensioning of

(8)

the sewerage

1,10, Master Plans

As yet no definite master plan for the development

and expansion of the city has been agreed upon. In 1958

Daxiadis Associates, Consulting Engincers, Athens, commissioned

L
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by the Development Soerd of the Ministry of Development,
drew up & master plen for the city and its immediate surround-
ings. The plen was presented in en interim report called
"The Future of Sulaimaniya", Thie plan has, however, never
been ratified, Nor lLeve the main lines and recommendations
for the development of the city construetion of new through-
fares, residential districts, ete.. The construction of new
throughfares taking place at present are being carried out
according to plans drawn by the Directorate Ceneral of Planning
end Design.

The initial steps for the establishment of a master
plan for the city were instituted in the fall of 1963 by the
auther at the Dircetorate General of Planning end Design,

Ministry of Muricipalities, Baghdad,

1.11. Available Map

In this project a contour-map with & scale of 1/5000,
1/10,000, 1/20,000, made by Hunting Aerosurveys Ltd. in 1962,

has been used since it is the only available map.
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R WATER CONSUMPTION AND
EXISTING SEWAGE DISPOSAL

2.1, Water Consumption
2.le¢l General

Sulaimaniya has well-orgonized water works that supply
most of the drinking water to the ecity. There is a well-
branched pipeline system in the city with a high reservoir in
the northern pert. The water is taken partly from drilled
wells in the immediate vieinity of the city, the so-called
Sulaimaniya Kehrizes, and partly from a spring situated in the
village of Surchiner, 7 km west of the city. The total capacity
of the wells in thc city is limited to 2000 m® per 24 hours,
whereas the water supply in Surchinar has a capacity that can

mcet the water requirements of the city for sometime to comes.
Rele? Present Water Consumption

Infoi-mtion concerning the measured water consumption
is available since 195’?(5). The monthly values of water
consumption during the period January 1957 = August 1962 are
shown in Teble 2.1. However, values of water consumption
‘beyond August 1962 are not possible to obtain since they are

not available at the Ministry of Municipalities,



TABLE 2.1.

MEASURED WATER CONSWMPTION FROM JAYV., 1957

0 AUG., 1962, (m® PER MONTH). )

Month 1957 1058 1959 1960 1961 1962

Jan. 79,000 99,000 107,000 123,000 120,000 158,000
Feb. 78,000 65,000 106,000 124,000 126,000 148,000
March 76,000 109,000 108,000 183,000 141,000 161,000
April 99,000 117,000 150,000 149,000 161,000 188,000
May 98,000 168,000 141,000 182,000 210,000 166,000
June 129,000 187,000 185,000 177,000 255,000 275,000
July 180,000 164,000 192,000 191,000 253,000 295,000
Aug. 147,000 169,000 161,000 198,000 258,000 247,000

Sept. 130,000 157,000 173,000 176,000 209,000 =

Oct. 109,000 146,000 148,000 168,000 201,000  ~-
Nove 99,000 185,000 111,000 185,000 161,000 -
Dec. 82,000 119,000 107,000 125,000 140,000 =

Total 1,256,000 1,648,000 1,707,000 1,861,000 2,246,000
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The measured water consumption has increased from
1,256,000 in 1957 to 2,246,000 m° in 1961, amounting to an
increase of 79 percent. The average and maximum values of
the monthly consumption as well as the average values of the

24-hour consumption for the years 1957 - 1961 are given in

TablU 2 .2 .

MEASURED WATER CONSUMPTION FROM 1957 TO 1961
AVERACE AND MAXTMUM MONTHLY VALUES AND
AVERACGE 24 - HOUR VALUES.

Year 1957 1958 1959 1960 1961

Monthly Aver. (mS/mon.) 105,000 187,000 142,000 157,000 187,000
Montily lex. (m®/mon.) 147,000 187,000 192,000 198,000 258,000
4-hr, Aver.(m®/24 hr.). 5,450 4,500 4,700 5,200 6,200

The amount of water pumped from the spring in
Surchinar to Sulaimaniya has been registered since August
196ls In Table 2.3. are shown the monthly values for the

period August 1961 to September 1962,
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TABLE 2.3,

AMOUNT OF WATER PUMPED FROM SURCHINAR SPRING

FRON AUGUST 1961 T0 SEPTEMBER 1962 (5)

Month 1961 1962
January - 147,000
February - 151,000
March - 200,000
April - 206,000
May - 229,000
June - 281,000
July - 245,000
August 243,000 237,000
September 233,000 222,000
October 245,000 -
November 230,000 -
December 207,000 -

The amount of water pumped from Surchinar Spring to

Sulaimaniya during the 12-month period from August 1961 te July
1962 as caleulated from Table 2,3 was 2,557,000 m°. There is
reason to believe that the Sulaimaniya Kehrizes during this



.

period were utilized at their full capacity, i.e. 2000 ru5

per 24 howrs. Thus during the l2-month period these wells

have supplied 780,000 m®. The total amount of water supplied
from all sources during this period is then 3,287,000 mS, The
measured water consumption during the same period as calculated
from Table 2.1 was 2,355,000 m°. The difference between the
caleulated and the measured amount of water supplied is 932,000 mo.
This water quantity thus relates to the unmeasured consumption
which includes irrigation, sundry uses, and losses, These
calculeted values expressed as 24<hour averages are given in

Table 2.4,

TABLE 2.4,

WATER PRODUCTION AND MEASURED WATER OONSUMPTION
FROM AUGUST 1961 TO JULY 1962.

Water production 9,000 m5/24 hr,
Measured water consumption 8,500 m5/24 hre.
Unmeasured water consump- 2,500 m3/24 hr.

tion (irrigation, losses,
etc! )
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According to the 1956 housing census, 86 percent of
the dwellings werc connected to the central water supply Byatam(s),
which is a remarkably high figure compared to other cities in
Iraq. According to information from the water works, the number
of consumers (i.e. service connections) in 1960 was 5,685 ms, in
1961 6,102 m°, and in 1962 8,484 nS. It is known that each
connection serves 8,5 persons, Assuming, with the guidance of
these figures, that from August 1961 to July 1962 the number of
connections to residential buildings amounted to 6,000, then
during this period 95 percent of the population have been
receiving water services - an increase of 7 percent since 1956,

The percentage of the population served with munieipal
water is represented in Fig. 2.1, It is estimoted that 96%
of the population have been receiving piped water during 1965,

The water consumption for household purposes and

industries has been estimated to average 7500 m®

per 24 hours,
With 54,720 consumers this corresponds to a R4-hour average
specific consumption of 137 liters per person, which is equi-

valent to 36 gallons per capita.per day.
2ele? Future Water Consumption

In view of the comparatively rapid rise in the standard
of living in Iraq today, which is expected to rise even more

rapidly in the near future, the specific water consumption -
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i.e. the total watcr consumption for houschold purposes and
industries and losses divided by the number of inhabitants -
will increase comparatively rapidly. The specific water
consumption is estimated at present at 157 liters per capita
per 24 hours and can be assumed for a period up to the year

2015 to rise to the values given in Table 2,.5.

TABLE 2.5,

SPECIFIC WATER CONSUMPTION 1966 - 2015

Specific
Year Consumption L/c/d
1965 137
1975 166
1985 =00
1995 R32
2005 <64
2015 500

The specific water consumption from 1965 to 2015 is
represented graphically in Fige 2.2,

The water consumption for irrigational purposes is
at present 2000 mo per 24 hours on the averege. This fipure

is expected to rise to 6000 mo per 24 hours by the year 2015,
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On the basis of these assumptions the total water consumption
from 1965 to 2015 can be ostimated at the values given in Table

2.6, and also represented grephically in Fig. R,

TABLE 2.8,

ESTIMATED AVFRAGE R4 - HOUR WATER CONSUMPTION

1965 - 2015 (m®/24 hr.)

Year 1965 1975 1985 1996 2005 R015

Household, 7,500 11,800 17,200 25,400 28,600 3%,800
etc.

Irrigation 2,000 2,500 3,500 4,500 5,500 6,000

Total 9,500 14,300 20,700 27,900 34,100 39,800

2.2, Existing Sewage Disposal

No proper Sanitary sewcrage system existe in the old
district of Sulaimaniya. Here the waste water is simply
discharged into cesspools and, in few places, septic tanks
are used.

In the newly built district of the city there is an

incomplete sewerage system. Most of the pipelines in this
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district werc constructed originally for the drainage of storm
water, However, many pipelincs are now used for waste water as
well, The sewerage can thus be regarded as a combined system.

The main sewers are usually short and carry the waste
water only to the nearest valleys (wadis) where the waste
water flows in an open channel,

Diverting flood control canale have been built in order
to umload the sewerage system and to protect the city from
{nundation during heavy runoffs from the slopes to the north
and east of the city. There are two such ecanale in the northern
part of the city which convey water masses from the north west=
ward to Wadi Karaizah Washak, In the eastern part of the city,
there is another similar canal running from north to south,

This conveys water masses from the east southward to Wadi Walobah,
The latter canal is of relatively recent construction and replaces
an 0ld one situated 500 m to the west of the new one and runs in
the seme dircetion. The location of the canals is shown in
Drawing No. 1.

The pipelincs of the old district are generally in poor
condition. They are constructed mostly with rectangular sections
of cement blocks or natural stone. They are often poorly
maintained and in many places the pipelines have collapsed and
become more or less filled, Many of these have been destroyed
and intentionally filled up in order to dam up the waste water

for irrigational purposes.
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Manholes and gullies are often poorly maintained and
consequently they do not serve their intended function. As a
result of the poor condition of the pipelincs inudations occur
at times within certain parts of the city during rainfall.
There is not any sewage treatment plant in the city. For these
reasons, the existing sewerage system is considered useless and
a new sanitary sewerage system is recommended for the city of
Suleimaniya.
Storm sewere are not required for the city of Sulaimaniya
for the following reasonst
a) The existing storm sewers were constructed properly but their
maintenance is poor. It is, therefore, recommended to
repair and maintain the existing storm sowers and cut off
any cross-connections with waste water.

b) Since there is no planning for the city, no practical
proposal for the future storm sewers can be made at present.

However, this matter will be discussed briefly in Chapter 5.
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3 POPULATION ESTIMATES =
PRESENT AND FUTURE.

The principal factors determining the future water
necds of a mnicipality are its population and its industrial
production. As these factors increase, the use of water and
the disposal of used water will increase. Thus, in order to
plan properly for sewerage schemcs, sanitdry engineers must be
aware of present and expeoted future population and industrial

grow‘bh .

%3,1. Design Period

The nurber of vears from the date of design to the
estimated date when the conditions of design will be reached
is the design period, The design period, however, depends upon
the following fact.ore(s):
a) The uscful 1life of structure and equipment employed.
b) Original and maintenance costs.
¢) The availability of funds.
d) The expected water consumption at the end of the design
period, and the availability of such water.
e) The ease, or difficulty, of extending or mcréasing the

capacity.
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f) The change in the purchasing power of money during the
perdod of retirement of indebtedness.

g) The carrying charges of the sewers having surplus capacity
and the difficulty of maintenance due to the small flows in
large sewers till the system is not loaded to full capacity.

h) Rate of growth of population.

All of the above factors are variable, but the rate of
growth of population is the most varieble one., It depends upon
many factors which will be discussed later in this chapter.

In practice, the design period varies between 25 and
50 years, For this project, a desigm period of 5O wears has
been adopted for the following reasons:

a) Tt is expected that the city of Sulaimaniya will be saturated
within 50 years. Further increase in population after 50
years will require an extra area outside the mmicipal
boundaries.

b) The topography of the city provides high slopes for the
sewers which will eliminate low velocities in the initial
stages.

¢) From thc economical point of view, there will not be
apprecieble savings due to short design period as there
will already be sufficient reduction in the size of the

sewers due to high sloping grounds.



d) Most of the materials which will be used in the work have

a life span of over 50 years.

SR Source of Data

The primery source of population data are the past
census records. Recording to the most recent census in 1967
the population of Sulaimaniya was 48,450, In an earlier
census (1947) the population was given as 35,510, This
inerease corresponds to an ennual growth of 3.2 percent.,
Table 5.1 shows the growth and distribution of population in
Iraq, while Table 5.2, shows the percentile values together with
the corresponding values for all of Iraq, the Liwa capitals
(with the exception of Greater Baghdad) and Sulaimaniya Liwa

(excluding the city of Sulaimaniya).
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TABLE 3,1

GROWTH AND DISTRIBUTION OF POPULATION
IN IRAQ 1947 AND 1957(8)

Administrative Population Population Percentage increase

Area in 1947 in 1957 in 10 years period,
Baghdad 817,205 1,566,604 80
Mosul 595,190 717 4,500 R0
Basra 368,799 502,864 87
Kirkuk 286,006 368,912 41
Sulaimaniya 226,400 299,978 52
piala 272,493 529,815 R1
Ramadi 192,985 284,262 22
Kut 224,958 290,070 29
Hilla 261,206 363,614 36
Kerbella 274 ,264 217,015 -21
Amara 307,021 329,647 10
Diwaniya 378,118 507,548 34
Nasiriya . 371,867 455,644 24
Arbil 239,776 272,526 19

ot registered LIy
Estimated 300,000 332,002

Total Populé=
" tion of Iraq 4,816,185 6,538,109 36




TABLE 8.2,

PERCENTILE POPULATION INCREASE
1947 -~ 1857

Total increase Annual increase

% %
Iraq (as a whele) 5744 B.27
Liwa Capitals (average 6144 4,30
values)
Sulaimaniya Liwa 11.7 1.18
Sulaimaniya city 56 44 5.R0

From Table 5,2, it is secn that Sulaimaniya has grown
at a lower rate than the overall average rate of all the liwa
capitals during the 10 year period between the two censuses,

Also the population increase of Sulaimaniya liwa las been
markedly less than the population increase in the entire country.

In 1924 Sulaimaniya had a population of about
ao,ooo(e). During the period between 1924 and 1947 (23 years)
the city population should thus have increased by 13,500
(68 percent), This corresponds to an annual growth of R2.25
percent., .

The 1947 census is not considered completely reliable

for the following reasons:



a)

The 1947 census was the first one to be performed under
the Iraqi Government control. The personnel concerned
were probably not experienced enough to carry out the

necessary work satisfactory.

b) Most of the inhabitants of the arid regions of Iraq (Saharas)

e)

are nomeds that move about between Syria, Jordan, Saudi
Arebia and Iraq, and hence it was very difficult to include
all of these tribes in the census. In the region concerned
migration between Turkey, Persia, Syria and Iraq may have
also affected the resulte of the census as there is a strong
relationship between the Kurdish tribes of the above four
countries.

Since military service is compulsory in Iraq, and duve to

the adverse feeling of the inhabitants at the time of the
census towards this service, meny provided false information
inorder to escapec eventual enrollment in the army. This is
evident from the high increase in populatien registered by the

1957 census.

If the 1947 figure is 5 percent too low, the annual

growth to 1957 has been 2,8 percent, If it is 10 percent too

low, the annual growth has been 2.2 percent.

The census figure for 1957 is probably correct. 1In

addition to permanent residents of the city, temporary residents,
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such as army personnel, hotel guests, cte..., have been
included in this fipure,. It has been impossible to obtain
any information concerning the size of the transient group.

In a study concerning the water requirement and water
supply of Sulaimaniya, the population in 1961 of the city was
estimated at 53,000 which, with regard to the rate of develop-
ment, aproecs well with the 1957 census fijurc.

The statisties were nlso token for the live birth
and death rate in the eity, and are shown in Table 5.5 from
which the nnnual growth for the Sulaimaniyn Liwa is found to
be 142 percent, This fipurc is low due to the fact that
imipration was not trken into consideration. oble 3.4 shows
the nurber of studcntes in the schools from which the annual
growth is found to be <.B percent. This figure is hiph due
to the fact that cducation in Iraq, and especially in
Sulaimaniyn, is increasing at such = hipgh rate which is not

commensurate with the inerease in population.
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TABLE 5.8

WUMBER OF BIRTHS AND TEATHS
1052 - 1961(8)

Year No. of live births No, of decaths Increase
1952 1,058 361 697
1953 2,126 970 1,156
1954 1,867 659 1,208
1955 2,875 9856 : 1,940
1956 4,031 717 8,514
1957 1,880 B45 1,085
1958 1,639 848 791
1959 8,567 549 7,818
1960 6,192 710 5,462
1961 3,754 650 3,104

Total 53,789 7,244 26,545
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TABLE 344

JUMBER OF STUDEJTS IN THE SCHOOLS
0 SULATMAN YA Liva (8)

Year llo. ol boys Jo. of girls Total

1951 3,815 937 4,788
1952 4,087 1,132 5,369
1053 4,598 1,286 6,801
1964 f,5960 1,459 6,65
1956 6,109 1,724 7,853
1956 t,130 2 3304 10,434
1957 9,431 P, 986 12,417
1458 10,118 2,901 13,019
1959 12,631 3,729 16,360
1960 15,704 5,061 20,765

3+3. Present Population

The present population of the city of Sulaimaniya is
57,000¢ The tochnique used in the cstimation of the present

population is discussed bricfly in section 8.4,



5.4, Future Population

Prognosis of thc future population development is a
hazardous attempt. The importance of the city as the commer-
cial snd administrative centre of Sulaimaniya liwa will in all
probability inerease. Lately Sulaimaniya has acquired some
importance as rn industrial city, which will probably be
increased with present and future induetrial expansion within
the countrv., The comparatively rapid inerease in the standard
of living in Iraq, which must be taken into consideration,
will probably be attended with some suppression of the popula-
tion inecrease, An annual population increase of 2.5 percent
is probably pleusible during the 50 year period following the
1967 censue, i.c., until the year 2015,

Before starting with the discussion on the future
population, the following assumptions are implicit.(?)g
a) No change in political, economic and social organization.
b) o war or internal revolution.
¢) No large scale cpidemic, earthquake, fire or other disaster

will occur within the area or the adjacent areas,

There are many forecasting methods for estimating the
present and future population, each of which requires specific
and sufficient information which is not available in the present

circumstances, V.B, Stanbery suggests that, in the absence of
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the necessary data and analysis, an arithmetic projection might
be used as probable minimum forecast, and geometric projection
might be used as a maximum figtxre(7). The use of eny of the
above methods assumes that the population growth has followed
some identifiable mathematical rclationship in which popula-
tion chenge is a function of time, and future chenges in
population will follow a pattern predictable from this relatiom-
ship, These methods, thercfore, do not lead to an accurate
estimation for the future population. They have been modified
according to Verhulst's theory which is based on the principle
that the population of any area will increase to a terminal
number that might be called the saturation limit, The deter-
mination of this limit is based on the logistic curve of Peral(s)
Accordingly, the rate of increase in population as reaching the
future 1limit has been slowed down by assuming that the decline
of population will start after 20 years from now, i.e., in the
year 1985,

Two curves for population growth are represented in
Figure 3.l. ‘From curve "A" the future population can be
ca_:l.culated to the values given in Table 3.5, and from curve "B"
the future population can be calculated to the values given in

Table 3.6.
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TABLE Z45e

['UTURE POPULATION ACCORLING TO
ARITIMETIC PROJECTION

Year I'opulation Year Popula tion
14965 £6,000 1995 85,000
199%5 55,700 2005 02,000
19865 74,200 200K fl!i,ﬂO(l

TABLE Yiethe

PUTURE POPULATION ACCORLING TO
GEOMETHIC POPTLATION

Year Population Year Population
1965 59,200 1995 118,500
1975 76,000 20085 127,100
1985 97,400 2015 130,000

T4 is seen that if the linear increase method is
depended upon, the population in 50 years would be 95,000,
whereas if the compounds rate is used, the population during
the same period vould reach avout 130,000, An averape fipure
of 112,500 persons in the vear ?015 will be justifiably used

as a bagis for the design. Consequently, curve C, which has



TABLE 3454

FUTURE POPULATION ACCORLING TO
ARITHMETIC PROJECTION

{ear [Fopulation Year Popula tion

1965 £6,000 1995 85,000

1975 55,700 2005 92,000

1915 T 4200 205 05,000
TA“I:I‘: .-"l'.’l

FUTURE POPULATION ACCORLING TO
GEOMPTRIC POITLATION

Year Population Year Population
1065 59,200 1995 118,500
1975 76,000 2005 127,100
1985 97,400 2015 150,000

Tt is seen that if the linear increase method is
depended vpon, the population in 50 years would be 95,000,
whereas if the compounds rate is used, the population during
the same period would reach about 130,000,  An averape fipure
of 112,500 persons in the wear P015 will be justifiably used

as a basis for the desipn. Consequently, curve C, which has
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average values of curves A and B, is considered to be the
representative curve for the population increase of the city.

The values of curve C are given in Table 5.7,

TABLE 347
FUTURE POPULATION ACCORDING TO CURVE C

Year Population Year Population
1965 57,000 1995 101,000
1975 71,000 2005 108,000
1985 86,000 2015 112,500

5.5 Direction of Development

84541  Present Direction

Sulaimeniya has developed from its original centre, the
village of Malik Kendi situated in the northeastern part of the
present city, in a southwesterly direction. The city, there~
fore, can be assumed to have acquired a long narrow form in the
beginning, in a northeasterly - southwesterly direction with Malik
Kendi in the northeastern part., From this original form the city
has developed towards the northwest and southwest to its present

form,



At present the building expansion is taking place
mainly to the west and the north, The new Lighway to the
west towards Kirkuk has been of decisive importance for the
developmental tendency towards the wests Relatively new flood
control canals north eof the city, constructed to divert excese
surface water from the mountain chain in the northeast, have
attracted new settlements in a northly direction.

A rather sipnificant settlement in the eastern part of
the city has taken place since an older flood control canal
cast of the city has been filled in and substituted with a new
one located about 500 m east of the old canal and largely parallel
. to ite The area between these two canals is planned for settle-
ment and new building construetion is in progress., A certain
construction has also taken place east of the new canal, It is
probable that this development will continue.

Develepmental possibilities south of the city are
largely limitcd by Wadi Walobah, South of this stream the
terrain is slightly hilly which makes it unsuitable for settle-
ment. However, in recent years two residential areas have been
developed south of adi Walobah, It is improbable that any

more marked development of this area will take place.

3e542  Future Direction
The future development of the city is dependent princi-

pally on the availability of suitablc land for construction
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purposes. The development is further dependent on such
factors as closcly situated communities, thoroughfares and
administrative and commercial connections with the outside.
There are suitable areas for construction primarily to the
north and northwest of the city, Likewibe there are large
parts of the arecas in a southwesterly direction which can be
utilized for construction. The development in a southerly
direcetion ie largely limited to Wadi Walobah. To the south
the topography is such that construction is not suitable., 1In
a northerly dircction development can take place largely towards
the wxisting surface water canals, and in the¢ cast towards the
new casterly canal and also to a certain extent east therefrom,

The new highway to Kirkuk will be of great importance
for futurc settlement development. The new road skirting the
city to the southwest, which conncets the Kirkuk road with the
highway from Sulaimaniya to Baghdad via Derbendi Khan, will
stimlate a settlement development in a southwesterly direction.
The new Baghdad Liphway in the south, however, will probably not
have any great importance for the developmental direction of
the city.

The devclopment of the eity will probably take place
in westerly, northwesterly and southwesterly directions.
Limited development may also take place to the east and to the

north. The military base in the northwestern part of the city
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will probably, in the light of development plans, be moved to

a more suitable area outside thc city.

3.8, Population Densities
%5.,6,1 Present Population Densitles

The city of Sulaimaniya has different population
densities in different arcas. The centre of the city is
heavily populated in contrast to the peripheral areas, The
estimated present population densities are given in Table 3.8,

and shown in Drawing No. 2.

TABLE 5 .8 -

PRESENT POPULATION DENSITIES

Class Area in acres Fste population denoity  Numbers
- (person/acre) of persons

I B5%,8 81 28,600

II 108,5 70 7,450

111 . 181.8 50 9,080

v 454,1 26 11,870

3+8.2 Future Population Densities

Population densities in the year 2015 can be estimated

according to the availability of suitable land for construction
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purposes and according to the Iraql law of 1954, which classi-
fied the developmental arcas into five classes, with the

sverage size of building sites being 150 m2, 250 ma, 450 m2,

800 m2 and 1000 m® in the respective classes. The areas for
public roads, parks and public buildings, according to the above
law, arc 40 percent of the total area for class I, II and III,
and 35 percent of the total area for clase IV and V.

Population densities for the year 2015 are calculated

to the values given in Table 5,9, and are shown on Drawing No. 5.

TABLE 549
POPULATION DENSITIES FOR THE
YEAR R0O15
Class Area in acres Population density No. of Persons
(persons/nere)
i 360 80 28,800
1T 365 58 21,170
IIT 760 5% 25,080
IV 1,110 25 27,450
v 1,250 8 10,000

Total 3,845 112,500
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4 DIMENSIONING DATA FOR
PLANNING OF SEWERAGE,

4,1. Municipal Waste

4,1.1 Volume

One of the most important dimensioning date for plan-
ning of municipal sewerage system ie the amount of waste water

which rcquires consideration and determination of the following:

a) Domestic Sewage
The amount of domestic sewage is usually less than the
per capita water consumption because of the water used for
sprinkling, irrigation, leakage, etc.. The amount of
domestic sewage usually varies between 70 to B0 percent of
the amount of conaumption(l4).
of the water consumption reaches the sewers as there are
many open areas in the city of Sulaimaniya where the water
will be used for sprinkling and irripation. The amount of

domestic sewage, therefore, will be:

0.7 x B0 = 56 gallons per capita per day,

It is assumed that 70 percent



b)

c)

Commercial 3cwage

Cormicreial areas like stores, hotels, offices,
hospitals ond schools 2lso contribute waste water. The
amount of waste water in such arecas is usually more than
that ¢! tlw residential arcas, Commercial cstablishments
in the eity of Sulaimaniya arc scattered all over the citys
however, rost of them are loeated in the old district.

e the eity of' Sulaimaniya is rclatively smll it is,
theretore, assumed that contribution of waste water by
cormereinl areas s amply cared for in the peak nllowance

(
for per crpite sewape flows 11).

Ground Vater Inilitration

Water that enters sewcrs through poor jeints, eracks,
walls of mznholes, perforated manhole covers snd drains from
Flooued cellers is deseribed as infiltration water, The
cost of pumping and treatine scwage obviously inereases as
the quantities delivered to the pumps or treatment facili-~
tleg become greater because of inflitration water, It is,
therefore, very importsant te kecp the amount of infiltration
vater to ¢ minimum by all nossible means.,

The amount of infiltration water to be expected will
depend upon the following factorss
(1) The heipht of the ground water table with respect to

the level of the cewers,
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b) Commercial Sewage

Cormcreial areas like stores, hotels, offices,
hospitals #nd schools also contribute waste water. The
amount of waste water in such areas is usually more than
that of the residential areas. Commercial establishments
in the city of Sulaimaniya are scattered all over the citys
however, most of them arc located in the old district.

Ae the city of Sulaimaniya is relatively smll it is,
thereforec, assumed that contribution of waste water by
cormercial areas is amply cared for in the peak allowance

for per capita sewape flows(n).

¢) Oround Water Inrlitration

Water that enters sewers through poor joints, cracks,
walls of menholes, perforated manhole covers and drains from
flooded cellers is described as infiltration water, The
cost of pumping and treating sewage obviously increases as
the quantities delivered to the pumps or treatment facili-
ties become greater because of inflitration water, It is,
therefore , very important te keep the amount of infiltration
water to a minimum by all possible means.

The amount of infiltration water to be expected will
depend upon the following factors:
(1) The height of the ground water table with respect to

the level of the sewers.,
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() Porous subsoil conditions,

(3) Type of joints.

(4) Type of pipe material,

(5) Inspection and workmenship in private property
construction such as house connections,

(6) Provision to prevent cracking of sewers.

(7) Sewer size - the large sewers present more joint

length for loakage,

There is no accepted standard method for the evaluation
of the ratc of infiltration to be used for specifications
end design.  However, varioue criteria and allowances have
been used including(l4)g
(1) Per mile of sewer: 2000 to 200,000 gpd.,

(2) Per inch-diameter mile of sewage: 500 to 2000 gpd.
(8) Per capita: 25 to 200 gpd,
(4) Per acre of sewered area: 300 to 1500 gpd.

The lcvel of water table in Sulaimaniya and neighbour-
ing region is so low that the ground water is of no importance
to the contribution of infiltration. Moreover, the
percolation of the water into the pround will be very little
due to steep slopes. Minimizing infiltration requires the
use of water tightness of joints, careful inspection and
good workmanship of house conncetions s 88 well as adequate

inspection of the construction of public sewers,
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In smite of all measures adopted, sanitary sewers have
to be dusigned to carry the unavoidable amounts of infiltra=-
tion water. Allowance for this has been made in th=
capacity of the sewcrs at the rate of 25 gallons per capita
per 24 hours,

The total averape flow will, therefore, be baged on

thie following:

(n) Dom.stic sewage 56 gpd
(b) Infiltration 25 bpd
Fl g}do

This figure is zlmost equal to the per capita water
sonsumption and, therefore, & rate of the average flow of

80 gallons per capite per 24 hours has been adopted in the

designe
4e)e? Strength of Sewage

Tt has not yet been possible to carry eut investigations
conccrning the amuunt of pollution in the muniecipal waste water,
However, there is reason to believe that future pollution may
reach a value similar to that found at present in the waste
water of Furopean cities.

An anticipated amount of future pollution of 0,17

pcund BOD per capita per 24 hours is thus probablc. The total
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amount of fiuture pollution can thus be estimated to be:

0.1/ x 112,500 = 19,100 pounds BOD per 24 hours.

4,2, Industrial Waste
4.251 Wastes at Present

Although Sulaimaniya is not an industrial city, the
1imited number of smoll industries includes a cigarette factory,
a slaughtertouse and a few tanneries.

The volume and strength of the liquid wastes produced

by these factories is computed hereunder:

a) Ciparette Factory:

The ciparette factory employes 20U men and has a daily
production of 4 million cigarettes. The liquid waste
produced is not significant and is mostly derived from the
domestic activities occurring at the factorye. Contribution
of the small amount of industrial waste is attributed to the
following processea(ls):

(1) Tobacco is allowed to ferment subsequent to steam
treatment which produces & liquid waste containing
nicotine.

(2) Floor drainings which contain grease.

(3) Water used to wash machines.
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Volume of lim id waste ver 4 gallons
gheep 19

Volume of liguid waste water
from 140 sheep = 4 x 140

= 560 gallons

Volume of liquid waste per
cow(lg) = 360 gallons

Volume of waete water from
coWs = 560 x 10

= 5,600 gallons

Total volume of waste from
tannery = %600 + 560

= 4,160 gallons
The strength of the waste water is considered to be
(18)
1500 ppm. BOD .
The total pollution from the tammery

_ 1500 x 8.34 x 4160
108

= 52 1bs. of BOD.
The total daily volnme of waste water contributed by
all industries in the eity = 53,850 + 4160
= 8,010 gallons

: The total emount of pollution
per day = 52 + 298

= 350 pounds of BOD.
Tndustrial waste water in the city of Sulaimaniya does

not nceé special treatment becauset



(1) The amount of waste 1iquid contributes less than 1%
of “he domestic wastess

(2) The pollutional effect of slaughter house wastes are
similer to those of domestic sewage. Tannery wastes
in small quantities have no significant effect on the
gewape strength or volume, «nd de not harm the sewer

material or the operation of sewage treatment p]p.nt(le).

44ReR future Industrial Waste

Tt is very difficult to forcsee the type and size of
future industries in Sulaimaniye. The dimensioning future
population has been estimated to be 112,500, In future larger
industries of importance from the point of view of volume and
pollution are expected to be established., Hence, & value of
5,000 is given &8 & rough estimate of the populatibn equivalent
which corresponds to less than 6 percent of the estimated popula-
tion of the year 2015, This estimate is based upon the following
factst
a) Sulaimeniya Liwa is an important agriculturel region but is
not industrialized.

b) The Iragi Government has no plan for establishing large
governmental industries in the cit.y( 4).'

¢) The comparatively rapid increase in the standard of living
in Iraq which would require further development of industry

in Sulaimeniye.
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The volume of industrial waste in the year 2015 = 400,000 gpd.

The smoun* of pollution in the year 2015 = 850 1b. of BOD.

4,5, Storm Water
4,3,1 Intensity of Rainfall

There are no statistics available concerning the relation
between the intensity, duration and frequency of rainfall in
Sulaimaniye. ljor is there any official meteorologpical station
where such obsesvations are made in the city., On the other
hand, observations of rainfall are made at a nearby experimental
farm -~ Bakrajo Farm, Automatic recording of rainfall has
been carried cut since 1959, With the puidance of the data
from this source a relation between the intensity, duration
and frequency has been calculated and the results are shown

in Table 4,1 and presented graphically in Figure 4.1n(4).

TABLE 4.1

RELATION SETWER! INTENSLTY, DURATION AND FREQUENCY
oF RaINFALL (4)

(inch/hour)
Frequency Duration (min.)
(n) 5 10 15 60 120
1.0 1,10 0,90 0.64 0.43 0429
0.5 1.25 l.lOl 0.71 0.49 0.33

0«8 1.30 1,07 0,75 0.54 0439
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It should be observed that these values have been
ealoulated from material unsatisfactory from a statistical
point of view. It is important that after further observations
have been made a new statistieal treatment be carried out to
obtain more reliable valucs. Those given here lave, however,
been recommended for the dimensioning of the system of storm

sewers in the near future as new street will be open.
4.,5.2 Valuee of Relative Imperviousness

Only a part of the reinfall flows off the ground in the
form of storm water. The rest evaporates or is infiltrated into
the soil., The magnitude of the part that flows off in the form
of storm water is indicated by the so-called value of relative
imperviousness, which is dependent on the following factorss
a) Vegetation in the area.

b) Building density of the area.
¢) Topography of the area.
d) Fxtent of hard surfaces.
In Table 4.2 are piven some valves of relative imper-

viousness for different types of burfacea(]7).



It should bc observed that these values have been
caleulated trom material unsatisfactory from a statistical
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have been meode a new statistieal treatment be carried out to
obtain more reliable valucs. Those piven here have, however,
been recommended for the dimensioning of the system of storm
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Only a part of the reinfall flows off the ground in the
form of storm water. The rest evaporatee or is infiltrated into
the soil., The magnitude of the part that flows off in the form
of storm water is indicated by the so-calied value of relative
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¢) Topography of the area,
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Tn Table 4,2 are given some valves of relative imper-

viousness for different types of burfaces(”).
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TABLE 4.2
o , (17)
VALUES OF RELATIVE IMPERVIOUSNESS
Relative

Description of area Impervion#uess
Roof surface assumed to be watertight © 047 = Qe85
Asphalt pavements in good order 0.85 = 04,90
“tone, brick, and wood-block pavements

with tightly cemented joints 0.75 = 0,85
Ditto, with open nr uncemented joints 0.5 = 0,70
Inferior block pavements with open joints 0.4 = 0,50
Macadamized roadways 0425 = 0,60
GCravel roadways and walks 0,15 = 0,30
Unpaved surfaces, railroad yards, and

vacant lote 0410 = 0,50
Parks, pardens, lawns, and meadows -

depending on surface slope and

characteristics of subsoil 0,05 = 0425
Wooded areas of ferest land - depending

on surface =lope and characteristics

of subsoil 0,01 = 04RO
Most densely populated or built=-up portion

of a city 0,70 = 0490

For the dimensioning of the pipelines an average
value of relative imperviousness of 0,80 has been recommended.
This high value has been chosen in view of the strongly sloping

terrain within the region. Furthermore, it is reckoned with
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the fact that the unpaved streets in the city will be paved

in the near future and that the new expliitation areas will be
built with haprd-surfaced streetse. In the detailed planning

of the pipeline svstem a determination of the size of the

valvue of relative imperviousness within each part of the area
should be undertaen, thue plving consideration to local varia-
tions with repard 1o vepetation, topograpliyy hard surfaces, etcss
The above dinensioning data for storm sewers is piven

tere as a puride for tle desirer of new storm sewers in the

future and especially after the planning of the city.
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PROPOSED SEWERAGE

SYSTEM

5.1ls Choice of Sewerape System

one of tle most important problems to be considered

when planning a sewage disposal scheme is wliether to use a

combincd system for seware and storm water, or to use a scparate

system for cach,

The deriding factor in the choice of the system is the

economy snd the volvme and intensity of rainfall.

a)

b)

Economy

Corbined sewers may be less costly to construct than
separate sanitary ¢nd storm sewers because of the requirement
of one seuer which usually needs to be very little larger
tlhan that rcquired for strrm flow.  Sevings due to less
costly initial coustruction should, however, be weighed
against probable inerease in future costs for separation,
pumping, snd treatment, Tnitial savings may well prove to

be a false cconomy.

Volume and Intensity of Rainfall
In some cases the totzol annual rainfall does not exceed

a few inches, but this amount may be concentrated in a few



heavy stcoms yielding appreciable runoff. The runoff may
by far exceed the domestic sewage flow. Hence, if a
combined system is used, the required diameter of the sewers
should be relatively large to drain both the domestic sewage
and the storm water. In dry weather the flow would consist
of the sewage only. This would resvlt in shallow depths

of flow and small velocities accompanied by septicity of
sewage and clopging of sewers,

In the lipght of the preceeiing discussion and on the

basis of the following reasons, a separate system is propo sed

for Sulaimaniya:

a)

o)

Since Sulaimaniva is located on a number of hills which

slope towards the valleys (wadis), it will be more economical
to let all surface water run through short and small storm
sewers to the nearest wadi. The use of & combined system
means that the long pipeline to the sewage treatmnt plant
should have dimensions larger than necessarys.

The separate system does away with the problem of surface
treatment resulting in savings in the initial and operational
cost of the treatment plant.

The existing combined system in the newly built district,
which cannot be made available for the proper conveyance of
sewage, can yet be used for storm water as the municipality
is incapable of pruviding funds for the construction of new

storm water sSewers.
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heavy stcoms yielding appreciable runoff. The runoff maly
by far exceed the domestic sewage flow, Henece, if a
combined system is used, the required diameter of the sewers
should be relatively large to drain both the domestic sewage
and the storm water. In dry weather the flow would consist
of the sewage only. This would resvlt in ghallow depths

of flow and small velocities accompanied by septicity of
sewage and clopging of sewers.

In the light of the preceeling discussion and on the

basis of the following reasons, a separate system is propo sed

for Sulaimaniya:

a)

b)

c)

Since Sulaimaniva ie located on a number of hills which

slope towards the valleys (wadis), it will be more economical
to let all surface water run through short and small storm
sewers to the nearest wadi, The use of a combined system
means that the long pipeline to the sewage treatment plant
should have dimensions larger than neceasary.

The separate system does away with the problem of surface
treatment resulting in savings in the initial and operational
cost of the treatment plant.

The existing combined system in the newly built district,
which cannot be made available for the proper conveyance of
sewage, can yet be used for storm water as the municipality

is incapable of prouviding funds for the construction of mew

storm water sSewers.
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d)

e)

of
a)
b)
c)
d)
e)
)

£)

i)
3)
k)

1)

The street-side putters can take care of some of the storm
water flow with savings in pipe length and diemeter.

In the separate system the diameter of the scwage sewers

are small enough to facilitate self-cleansing at peak flows
unlike the combined sewers which should be larpe enouvgh to
accomodate storm water and have gradients which produce self-

cleansing velocities at times of storm only,

5.2. Pipe Material

Some of the important factors tlat affect the selection
pipe materials arc:
Type of liquid to be conveyed.
Durability.
Resistance to erosion,
eight of the material.
Hesistance to corrosion.
Resistance to structural failure.
Cost of material, handling and installation.
Type of joint-watertighiness and ease of assembly.
Availability of sizes required,
Site conditione.
local material.

Maintenance cost.
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Tt 1is evident tlat no onc material can possibly fulfill

all the above requiremcnts, It is, therefore, necessary to

balance between the advantapes ana disadvanteges of different

types of pipes to decide on any one of tleme The: local availa=-

bility would jrobabl:- be a decisive factor in the choice as

custome on imported poods would be high,

a)

b)

Types of pipes usually arc deseribed hereunder:
Vitrificd-clay pipes:

Vitrificd clay pipes have the advantage of high resistance
io erown corrocion and to apressive conscituents of sewage
snd pround water. They also possess good hydraulic proper-
tice duc 1o their smeoth snd impervious inner surfaces.  The
padin disadventapc of such pipes, however, is their liability
Lo damape in traneit and bendling doe to their brittleness.
Their cost is also Lirk due to the fact that they are not
availsble Jocallve It io evident, thercfore, that such

pipce arc not suitable for uve as sewers for Sulaimaniya city.

dituninous fiver pipes:

4ituminous fiber pipes arc nade of wood fiber impreg-
rented with: coaltar-pitch. Amone the advantages claimed
for them arc: lightness, easc of construction, water-tight-
ness, resictancc to absorption, tightness of jeints, high

c11 shing.strength, Jursbility, resistance to corrosion and to
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Tt is evident that no onc material can possibly fulfill
all the above requirements, It ie, thereforc, necessary to
balance between the advantapes and disadvantages of different
types of pipes te decide on any one of thems The local availa-
bility would jrobabl;- be a decisive factor in thie choice as
customs on imported poods would be high,

Iypes of pipes usually arc deseribed hereunder:

a) Vitrificd-clay pipes:

Vitrificd clay pipes have the advantage of high resistance

to erown corrorion and to apressive consciituents of sewage
snd prount water. They alse possess pood hydraulic proper-
tice duc fo their smeoth :nd impervious inner surfaces. The
radin disadventage of such pipes, however, is their liability
to damage in traneit and handling due to their brittleness.
Their cost is also Liph due to the fact that they are not
available locally. It i. evisent, therefore, that such

pipce are not suitable for uee as sewers for Sulaimaniya city.

b) Situminous fiber pipes:

#ituminous fiber pipes arc nade of wood fiber impreg-
ranted with coaltar-pitch.,  Among the advantages claimed
for them arc: lightness, case of construction, water-tight-
ness, resistance to absorption, tiglitness of jointe, high

c11shing .strength, Jursbility, rceistance to corrosion and to



Tt is evident that no one material can possibly fulfill

all the above requirements, It is, therefore, necessary to

balance between the advantages and disadvantages of different

types of pipes to decide on any one of them. The local availa-—

bility would probabl; be a decisive factor in the choice as

customs on imported poods would be high.

a)

b)

Types of pipes usually are described hereunder:
Vitrified-clay pipes:

Vitrified clay pipes have the advantage of high resistance ;
to crown corrocion and to agressive consicituents of sewage
and pround water. They also possess good hydraulic proper-—
tics due to their smeoth and impervious inner surfaces. The
main disadvantape of such pipes, however, is their liability
to damage in transit and handling dve to their brittleness.
Their cost is also high due to the fact that they are not
available locally. It i. evident, therefore, that such

pipes are not suitable for use as sewers for Sulaimaniya city.

Bituminous fiber pipes:

Bituminous fiber pipes are made of wood fiber impreg-
ranted with coaltar-pitch. Among the advantages claimed
for them are: lightness, ease of construction, water-tight-
ness, resistancec to absorption, tightness of joints, high

civshing.strength, durability, resistance to corrosion and to



c)

d)

- 65 -

corrosive chemieals, and flexibility or plastic flow, The
disadventages of such pipes, however, are: if the pipes are
permanently laid on the ground surface exposed to direct
sunlight deterioration may occurj the pipes are available
in sizes only between 2 and € inches in diameter and they
are not available locally. It 1s evident, therefore, that

such pipes are not suitable for use as sewers for Sulaimaniya.

Cast=iron plp;sz

The advantages of the cast=iron pipes are: absolute
water-tightness, high resistance to structural failure and
availability in all diameters and lengths, These pipes are
not available locally and are costly. Moreover, they are
subject to corrosion, These pipes, therefore, are not

suitable for sewer construction,

Asbestos cement pipes:

Among the advantages claimed for asbestos cement pipes
for sewers are: lightness, long sections to minimize the
number of joints and maintain aligmment; easy cutting and
fitting as asbestos cement pipes can be cut with a wood saw;
locally manufactured and comparatively cheap. These pipes,
however, are subject to crown corrosion and agressive ground
water, Asbcstos cement pipes ¢an, therefore, be used for

sewers construction in this projects



e) Cement Ccicrete pipes:

Cement concrete pipes are used extensively for the
construction of sewers. They are proposed for the
construction of sewers for Sulaimaniya because of the following
advantages:

(1) Cement concrete pipes are the cheapest aveilable pipes
in Iraq.

(2) No transportation is required as the cement factory is
located just outside tho municipal boundaries.

(3) The availability of a wide range of sizes,

(4) Ease of manufacture on site.

(5) The evailebility of many types of joint designs depending
on the degree of water tightness required.

(8) Relative case in obtaining the required strength.

(7) Long laying lengths and the rapidity of opening and
backfilling of trencihes.

(8) Concrete pipes have a self-healing property.

(9) Crown corrosion of sewers, which takes place under
anacrobic conditions, can be prevented by adequate
ventilation and proper slopess

(10) Errosion of sewers is not expected as long as the
velocity of flow remains within the allowable range.
However, with excessive velocities protective lining of

clay linear biocks will have to be provided,
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5.3 Design Criteria

The purpose of any sewer system is to convey the sewage
or storm water from its many origins to its point of disposal
in the most economical manner. In a sense, the sewer systenm is
a means of conveyence aimed at achieving the best utilization of
the available cnergy which is inherent in the flowing liquid.
In order to echieve this purpose proper design of the sewer system
is necessary, Among the objectives of such a design is the

determination of the size, £lope and depth of the sewers,
5edel Max imum and Minimum Flow of the Sewage

The maximum and minimum rate of sewage flow are the
controlling factors in the design of sewers, The sewers must

be of sufficicnt capacity to carry the maximum flow and they

must have such a rrade as to prevent sediment deposition and crown

corrosion, especially during periods of minimum flows.

The amount of sewage is a variable factor and depends
upon the hour of the day, the day of the week, and whe season of
the year, with wxtreme low flows usually occuring between 2 and
6 a.m. in winter, and peak flows occuring during the daylight
hours in summer,

Since the daily or hourly fluctuation in rate of water

consumption ig not availsble, the estimates of the peak flow or
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the minimm flcx can not be made, In such a case it is of

common practice to have the following criteria for the. maximum

and minimm flm:s(ll)x
Peak flow in laterals 4 x average daily flow
Peak flow in main and trunk sewers 2.5 x average daily flow

Minimum flow in all scwers 0.5 x average daily flow
GedeR Velocitice of Sewage Flow in Sewers

a) Minimum Velecity:

The minimm velocity of flow in sewer should be sufficient
to prevent the deposition of suspended solids which may damage
the sewer matericl as a result of decomposition of the organic
mater in the depositions. It is common practice to usec a
minimum velocity, when flowing full, of 2 feet per second for
sanitary sewers and 3 feet per second for storm drains. How=
ever , it is recommended that the velocity should be increased
to a value of 3 feet per second where the sewape is strong and
the temperature is relatively high(u).

Since the topography of the area is favorable to allow
stecp slopes, & minimum velocity of 2.5 feet per second will

be adopted.

b) Maximum Velocity:

The maximum velocity is determined from a consideration
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of the ero ion which may be caused by the grit or other

inorganic solids which are trsnaported along the invert

at high speed, For this reason, it is usual practice to

1imit velocities in sewers flowing full to not more than 10
(11)

feet per second 3
Gedad Slope of Sewers

In practical design of a sewer, ¢fforts should be made
to keep the slope of the sewer nearly parallel to the surface of
the ground in order to maintain depths not meatly in excess
of the required minimum., This basie principle will be adopted
in the design of the sewers and, hence, there will be no fixed
limits for maximum and minimum slopes, provided the maximum and

minimum velocities are within the allowable l:l.mits(n).

5ed44 Type of Sewer -

Circular secction of the sewer will be adopted for the
following reasons:
a) Circular shape gives maximum cross sectional area for the
amount of material in the wall.
b) Circular pipes have excellent hydraulic properties.
¢) Convenience in menufacturing of pre~cast pipes.

d) Fairly stable in place.
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BaDeD Size »f Sewer

a)

b)

Minimum Sizes:

The adoption of a minimum size is necessary because
expericnce has shown that some comparatively large objects
such ng serubbing brushes, for instance, often get into
gewers and the resulting stoppege is less likely if sewers
Snsr this B dnchias &%s MR NL

A minimum size of 8 inchee will, therefore, be adopted

in the desigm of sewers.

Maximum Sizet

o maximum size for a sewer has even been laid down,
but it has been suggested that diameters exceeding 15 to 16
fect would not be economical to const.ruct(ls). However,

such 2 diameter is not likely to be utilized in this projecte

5¢546 Depth of Sewer

The depth of sewers nust be such as to provide an

adequate outlet for all conncctionse Since the houses have no

bascrent a minimum depth of 4 feet (1.5 m) below street surface

to the top of sewer is sufficient and will be adopted,

Summary of Design Criterias

The following design criteria will be adopted:



b)

¢)

d)

f)

g)

h)

i)

3)

Meximum {7 ow of laterale ond submain
= 4 x average daily flow,
Minimm flow of mains and trunks ‘
= 2,5 x average daily flow.
Absolute minimum flow = 0,5 x average daily flow,
Minimm velocity flowing full
= 2.5 feet per second,
Maximm vlocity = 10 fect per second,
The cross-section of sewers will be eircular.
Absolute minimum diameter of sewers
= B8 inches.
Minimun depth below street surfact to the top of sewers
= 4 feet.
Other criterin includet

Tnvert of laterals at a junction should be above those of

the rain by at least half the difference in diameter of small

pipes and three-fourth the difference in the diameter of

large vipes.

Menholes will be provided at all changes in grade, direction

snd size, ot street junctions, at 211 the upper ends of
sewers, at intermediate points =2nd at spacings preferably

not more thzn 250 feet (75 meter).
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5.4, Mmbedment of Sewers

3ince sewers nre ordinarily burriecd underground they
would be subiected to loads due to backfill snd external sub-
charges of the moving traffice. In the projecct under considera-
tion all pipes arc to be of relatively ainll diameters and of
concrote. len properly laid, such pipe is sufficiently strong
to bear the pressures cxerted by the above mentioncd loads.
sinec the load cransmitted to the pipe je proportional to the
width of trench, it has been recommended by Jiardenburghs that
this .idth should not excced 1% times the outside diamcter of
the nipc(lo\' ‘

ihe method of laying hes much to do with the strength
developed by the pipe. The cheapest mcthod, obviously, is to
lay the pipe directly on the bottom of the trench(g). But
this method is undesirable as it edds less supporting strength
to the pipe thon other mcthodse In Mgr. 5.1 this method is
designated as Type 1. Type 2 has been widely recommended, but
the hond labour 1equired for shaping the bottom males the method
comparc unfavoursbly in cost to Type 3. Type 4 Las a higher
locd factor, but the increase in pipc strength does not justify
the higher cost of this type of bedding. Types 5 and 6 are to
be used with soft soils thet do not give the necessary support

for pipcs. Tt is b lieved that the soil conditions in the city
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5.4, DFmbedment of Sewers

Since sewers are ordinarily burried underground they
would be subjected to loads due to backfill and external sub-
charges of the moving traffice In the project under considera-
tion all pipes are to be of relatively small diameters and of
concrete. When properly laid, such pipe is sufficiently strong
to bear the pressures exerted by the above mentioned loads.
3inec the load cransmitted to the pipe is proportional to the
width of trench, it has been recommended by Hardenburgh that
this width should not exceed 14 times the outside diameter of
the nipc(lo) ‘

The method of laying has much to do with the strength
developed by the pipe. The cheapest method, obviously, is to
ley the pipe directly on the bottom of the trench(g). But
this method is undesirable as it adds less supporting strength
to the pipe then other methods. In Fig. 5.1 this method is
designated as Type 1. Type % has been widely recommended, but
the hand lsbour required for shaping the bottom males the method
comparc unfavoursbly in cost to Type 3, Type 4 has a higher
load factor, but the increase in pipe strength does not justify
the higher cost of this type of bedding. Types 5 and 6 are to
be used with soft soils that do not give the necessary support

for pipes. It is believed that the soil conditions in the city
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of Sulaimeniya will permit the use of Type 3 bedding.

The grenular material te be veed moy be either crushed
stone or pea gravel which will pass & half-inch sieve, but will
be retained on a No. 4 sieve. A8 it is prcsumed thet crushed
stone will be more available and less expensive than gravel stone,
such materinl is recommended for uses The depth of the layer
of grenular materinl below the sewer should not be lese than 1/6
the pipe diameter or 4 in., whichever is the 1nrger(g); The
remainder of the side fills ond a minimum depth of 12 inches over
the top of the plpe should be filled with carefully compacted
aclect moteriel. This select material should be either earth
or send which can be placed in 6 in. layers and tampered. This
will equally distribute the locd on the pipe sewer end allow its
transmission to the bed of trench without causing any great

stresses to be developed in the pipes that may cause their breakage.

5.5, DManholes

Manholes arc probably the most common and rost
necessary of all sewer appurtenences. They &re used as a means
of access for inspection snd cleaning.

Manholes should be placed at 211 points where there is
a change in alignment or size of sewer pipes, where there is an
appreciable change 1n grade, at all junctions, at the upper ends
of a1l lawerlas and at intermediate points where the spacing

between two consecutive menholes exceeds 250 ft.
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of all latera’s and at intermediate points where the spacing
between two consecutive manholes exceeds 250 ft.

Hanholes will be provided with a cast iron frame and
cover with a clear opening of 22 in.. This opening will either
be placed at the centre or side of the menhole, depending on
the diameter of the latter. Inorder to prevent the entrance of
rain water, the cover should be solid without perforations or
openings. It should also be roughened inorder not to present a
smooth surfecc that mey cause alipping. The top of the cover
should also be constroicted flush with the finished road surface
inorder not to hamper the passage of wvehicles.

The manhole will be circular in shape inorder to achicve
bettcr stability and greater economy in construction, The
minimum inside diameter will be 4 ft, which is sufficient for a
man to perform inspection and cleaning easily.

The materiel that will be used in the construction of
manholcs is concretes It is belicved that this material will
serve the purpose very satisfactorily whether from the point of
view of structural strength or economy. The thickness of the
wall will depend on the depth up tc 6 ftesy the thickness is to
be made 6 in, and to increase it to 8 in, for greater depths.

The bottom of the manhole is to be made of an 8-in.

conerete slab which is slightly sloped on the upper surface
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toward the open channel zonstituting a continuation
of the sewer pipes. The channel depth should be made at least
equal to the dianeter of the outgoing pipe inorder to prevent
sewape from spreading over the manhole bottom,

Steps are also to be provided, set vertically at
about 15 in, apart, in order to facilitate entrance to and
exist fronm the machol., They are to bc made of tardipped
cast-iron so 2s to be resistant to porrosion which, otherwise,
yould proceed quite rapidly in the moist, ges-laden air of the
scwer. These steps should be firmly anchored to the wall im

order to prevent any accidents.

5.6, Design of Sewers
Sefel Design of Storm Water Scwer

The division of the future city into catchment areas,
according to Irawing Wo., 4, ic als;: valid with regard to the
drainage of storm water. Within most of these catchment arcas
it is proposed, as previously mentioned, thet there is no need
for & new storm sewer system.

It is proposed that storm water mains in future should
be dimensioned for onc year's rainfall, i.c., for intensities

of rainfall occurring once a year,
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The wresent city is protected by flood control canals -
from storm water flowing from the mountains north and east of
the city. These canals arc presumed to be so dimensiored that
they can receive and drain all storm water thereby preventing it
from reaching the seser system.

It is proposed that the existing open water courses
(wadis) remain unchenged as far as possible in order to reduce
the costs for the storm water system. This should be observed
in 21l general and detail plarning for development. Eventually,
of course, 2 limited amount of excavations and corrections will
be neccessary to meet reasonable solutions or other demands,

Catchment rreas A, B, C, D and E are proposed to be
furnished with storm water mains according to the city plans.
The receiving body of water will be Wadi Karaizah Washak or its
tributaries, These pipelines are to be drawn as soon as possible
to the open water-courses. Wadi Karaizah Washak is kept open
all the way through areas A and C as well as its tributary through
area De This tributary receives water from thc western of the
two northern fleood control canels. The tributary through area B
is kept open at east upto erea F and preferably as high up as is

shown on the drawing. North of this point the valley is more



level and con we culverted, thus enabling a better utilization
of the region for building purposcs.

Catchment areas F and I are proposed to be furnished
with the storm water meins according to the city plans with the
tributary to Wadi karaigzah Washak through area I and south
thercof as the receiving body of water. The tributary is to be
kept open and certain excavations and corrections may be
necessarye

The storm water from area P is drained to the flood
cohtrol canal located on the eastern boundary of the area, This
canal empties into Wadi Walobsh, = Depending on the future
development, it may zventually prove advisable in the western
part of thce area to construct a smaller diverting canal to free
the area from droinage from the high repions on the east.  Areas
S and  are proposed to be furnished with storm water mains
joining some smaller wedis west of these areas., A main sewer
through areca Q must be dimensioned for draining a smaller catch=-
ment area to the east. The other catchment areas are drained

hy the existing storm sewer system.
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54642 Design of Sanitary Sewers

The city has been divided into 18 catchment areas,
designated A through S. The catchment areas are shown in
Drawing No. 4. The present built-up area of the city lies
mainly within the areas F, G, K, L, M, N, O, R, S and Q. There
is some settlemen. wilhin the areas E and P, The other areas
do not heve any buildings of importence to this subject.

Proposals for & system of main sewers are presented in
Drawing Jo. 5. All sewapge will be collected at one point in
the southwestern part of the proposed development area of the
city close to Wadi Karaizah Washak, Here the waste water will
be subjected to treatment in a sewage treatment plant before
being discharged into Wadi Karaizah Washak, which thus constitutes
the receiving body of wzter. No pumping of the waste water will
be necessary. All waste water will be conveyed to the sewage
troatar;ent plant by gravity.

The analysis of the sanitary sewer system is discussed
hereunder.

The area, the present and future population, and the
amount of waste water of ecach catchment area is given in Table 5.1.
a) Catchment area A is located in the western part of the city.

There is no building of importance within this area. The



waste watar is collected in a2 main sewer running along Wadi

KEaraizah Washak to the proposed sewage treatment plant. On
the plan of the main sewers, Drawing No. 5, this sewer is not
shown since its extension and dimensions are dependent on the

building pian within the area.

TABLE 5.1

ARFA, POPULATION AND AMOUNT OF WASTE WATER
OF THE CATCHMENT AREAS

Catechment Area Present Future Expected waste
arca (acres) Population Population water
(cusft./day)

A 400 0 3,200 34,200

B 386 1,200 3,320 35,500

¢ 284 ) 6,950 74,200

D 172 0 4,300 46,000

E 260 950 6,700 71,600

F 85 2,350 2,800 29,900

G 240 4,250 6,150 65,700

H 220 0 1,760 18,800

I 230 o 2,200 25,500

K 162 7,500 9,440 101,000

L 279 . 13,800 18,900 205,000

M 264 17,500 18,500 197,800

) 166 2,700 7,460 79,700
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TABLE 5,1 (Cont'd)

Catchment Aren Present Future Expected waste
area (acres) Population Population  water
(cu.ft,/day)
0 168 2,200 5,550 59,300
P 326 1,300 8,150 87,100
R 38 950 1,250 13,370
s 111 1,100 5,680 39,100
Q 69 _ 1,100 2,410 23,600
Total 57,006 112,500 1,202,500
= O mgd,

b) Catchment area B is locatcd east of area A. The municipal
electrical sub-station is situated within area.Be. 1In the
castern part of this area therc is some residential housing.
A small tributary to Wadi Karaizah Washak runs centrally
through the area, from which the waste water is collected by
main B that runs parallel to the tributary and leads to the
proposed sewage treatment plant. The extension of this
sewer is shown in Drawing Wo. 5. The sewer also receives
waste water from area E and F located up-strecam. The
extension of ttlle sewer can eventually be revised to a certain

degree depending on how the building plan works out.



c)

d)

e)

f)
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Catchment area C is lccated north of area A. At present
area C is completely undevelopeds The waste water mein
largely following Wedi EKaraizah lr;ashak, which flows through
the region. The outlet is connected with the mein sewer

through area A.

Qatchment aree D is located immediately east of area G.
At present it is complately unsettled. The waste water
sewer folloving the tributary to Wadi Karaizah Washak flows
through the area, However the extension of this sewer
depends on hov the building plan is worked out and, there-

fore, it is not shown on the plan over the system of main

sewers. The outlet is connected with the main sewer through

arca A and conveyed tlrough this to the sewage treatment

plant.

Catchment area E lies southeast of area D In its northern
part, on both sides of the flood control cannal, there is a
smaller residential district. The waste water sewer is

connected to the main sewer B.

Catchment area F is located south of area E and immediately
north of the highway to Kirkuk., It is largely built up with
modern residential houses of high quality and modern street
planning. The-.waste water from this catchment area is

connected to main B,



£)

h)

i)
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Catctment G is situated northe-cast and south of area F and
where the ciparette factory, municipal park and army camp
arc located, It is proposed that the waste water of area F
be conveyed to o main sewer which is to be connected to the

trunk at manhole T 37, 350 m inside area I.

Catchment area H lies southwest of area G and south of area

B. In this area there are no buildings of any importancc.

It is proposed that the waste water draining be conveyed to

the trunk along the southern boundary of the area. Immediate-
1y scuthwest of -the area is the site of the proposed sewage
treatment plant., The formation of the sewage within the

area is dependent on the building plan. The ares is suiteble

for the localization of industrial plante,

Catchment area I is situated south of area ¢ and