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An investigation of the existing local conditions regarding
industrial wastes, watér usage in industries, and the pollutional
aspect of the coastal waters, has been recently attracting the
attention of the Lebanese authorities.

For the purpose of this study the petroleum industry was
selected with the intent‘ion of investigating the water and wastes
problems in the two refineries existing in Lebanon. Unfortunately,
the Tripoli Refinery management refrained from cooperating. Their
letter of February 22, 1965 includes the following statements

"We regret that we are not able to offer any special facilities
beyond those which are nomally extended to student visitors."

On the other hand, the Sidon Refinery management's receptive
attitude prompted the limitations of this study to the latter refinery.
In their letter of March 18, 1965, the only condition stipulates:

"It is understood that no obligation of compensation whatsoever

will be due to you by Medrico for the study you intend to under-

take M !

In Sidon Refinerys based on the findings of the survey completed
during the period March 3, 1965 to August 31, 1965, feasible solutions
to all problems encountered or anticipated are proposed and reported
herein, |

This report describesthe survey made, the data collected, the

conclusions drawn, and the recommendations made with respect to the

refinery water supply and wastes collection and disposal system.
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The major phase of the survey includes the plant study, measure-
ment of wastes and water flows, sampling and analysis of water and waste
waters, and the report of findings. The report also includes recom-
mendations, particularly with respect to reclamation of procesé waste
water that will do much towards solving the problem of providing an
adequate quantity of water of a quality suitable for re-use,

Emphasis has been placed.on the problem of water pollution
caused by discharges of fefinery wastes to the sea. The preliminary
survey seemed to encourage the proposal of an extension of the existing
outfall sewer further‘offshore into the sea, However, the data
collected eventually indicated that such an extension is not warranted,
The possibility of not discharging the wastes to the sea was entertained
as an alternative thus favoring reclamation of the wastes in response

to the present water conservation concepts.
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1 8 £ R o e -~ INTRODUCTION

Pollution of natural waters by refinery wastes is objectionable
and damaging for various reasons. In an effort to abate such
pollution, and for the sake of preservation of natural water resources,
the possibility of water reuse at the Sidon Refinery appeared to be

warranted,

l.1 Refinery Wastes

Prior to World War I, the problemé of water pollution by refinery
wastes were insignificant throughout the world, This was mainly
because refineries were located in the oil-producing and scarcely
populated parts of the world, and were relatively small and uncomplica-
ted,

Since then the pattern has changed radically. Refineries are
larger and more complicated and, furthermore, they are to an increasing
degree being built in the consuming and populated areas. As a conse-
quence, the problem of wastes treatment and disposal in any modern
refinery became more complex and began to receive much attention.
Suitable methods and equipment are provided and used nowadays by
refineries for handling, treating, and disposing the wastes, so as to
prevent any significant detrimental effect on the receiving waters that

would impair its beneficial uses.
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While every refinery is confronted with the problem of recovering
oil from waste waters, may other controls must be maintained to insure
that no effluent creates objectionable conditions on the receiving
waters. The great variation in control methods in refineries depend
on such factors as: (a) nature of crude oil, (b) processing methods,
(¢) products manufactured, énd (4) nature of waters into which
refinery effluent is dischar;ged. The important thing to a refinery
and pollution control official is the condition of the receiving
waters. Waste treatment facilities must be designed to control the
contaminants! level and avoid p?llu'bion of the receiving waters.

In Lebanon, two refineries are established: one by Iraq
Petroleum Company in Tripoli, and the other by Mediterranean Refining
Company in Sidon. Both are situated on the sea shore where advantage
is taken of the possibility of discharging their effluents to the sea
as an ultimate method of disposal. 'Ihesé effluents are objectionable
and quite capable of causing excessive sea water pollution unless
properly pretreated. As for sea water pollution it is necessary to
guarantee the production of an effluent that meets in every way the
state and company pollution control objectives, which may be summarized
in general terms as follows:

a) To prevent the existence of public health hazards, ‘nuisance

and esthetically‘objectionable conditions.

b) To protect the beneficial uses of receiv_ing waters, and

¢) To cause no harmful effects on wildlife and fish,



Antipollution legislation and regulatory action do not provide
the sole approach toward meeting these objectives, but technical
knowledge and the refinery's attitude of cooperation are equally
important for the abatement of natural water pollution by the refinery

wagtes.

l.2. Water Use in Refinery

Water is an essential and valuable substance in all processes
of petroleum refinery. The controlling factors in determining its
value are need, accessibility, quantity, quality, and the ability to
pay for it.

A petroleum refinery requires a large volume of water in every
phase of its operations. This great water requirement has made refine-
ries extremely water conscious, especially in areas where the quantity
of water is limited, or in other areas where the quality is not
satisfactory. 1In an effort to overcome the problem, intensive and
cooperative efforts by refineries to seek measures whereby water might
better be conserved have been directed towards water reclamation and
re-use,

In the Sidon Refinery, which is self-supplied with well water of
good quality and sufficient quantity, no problem of deterioration or
shortage of fresh water is facing the refinery at present, However,
the question arises when does water shortage exist? Or, what may happen
5, 10, or R0 years from now? No one can answer with certainity such
questions, but one reasonable prediction is that reuse of water will
become the rule, not the exception, and many times of reuse of the same

water must be anticipated.



l.3. Purpose and Scope

The prime objective of this work is to conduct a complete survey
and investigation of the existing water and waste facilities on which
to base recommendations to justify their adequatness and proper
functioning., A further objective is to study the practices and
proceduces used in the refinery water supply and waste treatment facili-
ties, in order to make recommendations to modify or introducé changes
on either system, if necessary.,

In organizing the items considered in this study,priority was
given to:

a) Tdentification of sources of water and waste waters.

b) Measurement of quantities of water and waste water.

¢) Examination of water and waste water, and

d) Definition of the conditions under which any change
in the system is warranted.,

All laboratory tests were carried out in the School of Public
Health, American University of Beirut, except when otherwise stated,
Standard Methods of the Examination of Water, and Waste Water(l) was

used as the main reference for all analyses.,

(1) :
"Standard Methods of the Fxamination of Water, and Waste Water",

AJPH.A., 11th edition, New York, 1960,



Censervation of water did receive much study due to the decreasing
availability of good water supplies in the area, and the increasing
demand for more water by the refinery. Conservation is achieved through
water reclamation from process waste water that is now discharged to the
sea in large quantities.

Starting with the actual situation in the refinery and based on
the information provided by the evaluation of all data collected, each
possible improvement and recommendation is so planned that it can be’
developed later to keep pace with the changes occuring in the refinery

in the predictable future.
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R+1ls General Description

In 1952, Lebanon was importing part of its kerosine, gasoline, and
diesel oil from the neighboring Arab countries. With crude oil flowing
across its soil, the Lebanese Government sought self-sufficiency for
its people in refined petroleum productss To bring this about the
Mediterranean Refining Company, Medreco, as it is dubbed, was formed
and selected Bechtel as designer and builder of the new Sidon Refinery.

Work on the refinery began in January 1952 and was completed in
August 1955, With the refinery placed in operation Lebanon became
independent of outside sources for its heavy requirements of refined
petroleum products, including high-octane gasoline.

The area of the refinery is about seventy seven acres, located
appreximately six miles south of the ancient city of Sidon, and about
300 feet from the tanker-loading terminal of the Trans-Arabian Pipeline
(Tapline ). Figure 2.1l. shows the location of the refinery and
vicinitye

The refinery, like any modern oil refinery, is a complicated
assemblage of furnaces, heat-exthangers, control-panels, and miles of
pipes, pipe fittings, and valves in intricate combinations. It is
beyond the scope of this report to discuss or describe in detail all of
the operations of the refinery units, but a very brief description of

the special operations pertinent to this survey may be of interest.
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The crude oil, as it comes from Tapline, picks up heat, at first
in the fuel oil heat exchangers, and then enters the tubes of a separate
furnace called the "oil heater" where oil burners raise its temperature
to above 700°F. This hot oil then enters the distillation tower at a
point some distance from the bottom, accompanied by superheated steam.
In this tower, fractionation takes place. Gasoline vapors are taken
off everhead; next a kerosine cutjy then diesel o0il; and finally
the residual oil forms the fuel oil cut at the bottom of the still,

Each fraction is then sent in a never ending stream to other units of

the plant for processing and up~grading into finished, saleable products.
The up-grading is accomplished by the addition of foreign substances in
a definite manner, or by rearranging the molecular structure of the
existing molecule. Some of these processes are termed as:

a) Stabilization. = A process in which the low volatile
components under pressure in a high effigiendy column are
separated and distilled off fractionates.

b) Alkali Treatment.- A process used exteﬁsively for the
treatment of distillates for the removal of hydrogen
sulphide.

¢) Catalytic Reforming.- A process whereby naphtha and other
light straight-run distillates are reformed in the presence
of hydrogen which serves to "saturate" any olefines and
convert them to paraffins.

d) Sweetening.- A treatment which renders a sour product
sweet by chemical action,

e) Blending.~- An intimate mixing of the various components in

the preparation of a product to meet a given specification.




The petroleum products are then delivered for storage and dis-
tribution.

From the various processes streams of waste water are released
and collected for proper treatment and disposal.

The Sidon refinery is a small one with limited facilities for the
manufacture of various types of products. Since 1955, it has undergone
a continuous expansion which can be readily observed from Table  R,.1,
At present, with the latest addition of a new distillation unit, the
refinery's nominal erude oil input capacity increased to 16,500 barrels
per day. Plans for further expansion, based on meeting the increasing
need resulting from the growth and development in Lebanon, are expected

to arise in the very near future.

2.2. Existing Waste Treatment Facilities

The refinery has a good waste water system which segregates all
waste streams according to quality and pollutionél content, There are
three main segregations: domestic sewage, storm water, and process
waste water.

Sewage is segregated from process waste water and then discharged
into septic tanks. Process waste waters from the process and storage
areas drain through a-separate system and are treated for oil removal.
Storm waters are segregated and treated in two ways depending on the
expected oil contamination. All effluent waste streams are then
collected and disposed to the sea through an outfall extending about
100 feet offshore and discharging at the bottom 6 feet below water

surface.,
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The present waste collection and treatment systems are shown in

Fipure 2.2,
ReRele Domestic Sewerage System

The sanitery sewerage system is designed to flow under gravity.
It collects raw sanitary sewage from offices and workshop facilities
and conveys it to two septic tanks., The effluent from the septic
tanks passes to the outfall sewer which conveys the discharge to the
seas About halfway between the septic tanks and the point of discharge
to the sea, the system is joined by the effluent line from the oil-
recévery plant.

A general layout of the system, with details of pipe sizes, slopes

and olevation is shown in Drawing No. 1 (Appendix).
ReReRe Process Waste Water System

The combined process waste water can be divided into three classes:
clean water, oily water, and process water. The clean water includes
cooling water, boiler blowdown, and storm water. The oily water
includes pump leakage, tank drainage, sampling taps spillage, line
leakage, loose connection leakage, equipment washings, and others. The
process waste water include all concentrated process waters.,

In the refinery cooling water is segregated and recirculated, whereas
both the oily water and the process water are treated and discharged to

the sea.
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Process waste water derived from all the above mentioned sources
collect in a network of underground sewer system, laid out with suffi-
cient hydraulic head available to drain and pass the waste water
through the oil recovery treatment plant.  The quantity collected by
the system represents more than 90% of the process waste water in the
whole area, while the other small oil free waste streams are bj—passed
the treatment plant and discharged directly to Zehrani River.

The principal processes used for the treatment of process waste
water are gravity separation followed by filtration through a hay
mediume The essential features of the system are: two separators in
series, a detention pond, a sludge basin, and a filter unit. Drawing
Nos 2 (Appendix) shows the flow diagram of the present oil recovery
system with the essential details involved.

The process waste water in the sewer is run initially to a
distribution box equipped with a coarse screen to prevent large floating
objects from entering the treatment unit. A maximum flow of 400 gallons
per minute is allowed to the primary oil-water gravity serarator, while
greater flow is directed to the detention pond with a holding capacity
of 600 gallons per minute for 4 hours. The detention pond is utilized
to reduce the peak rate of flow to the oil Separator. Impoundment or
storage in the detention pond commences when the rate of flow to the
distribution box exceeds 400 gallons per minute, and the liquid drains
back by gravity when the rate of flow drops below 400 gallons per minute.

The waste water leaving the distribution box enters the primary
separator through an orifice which regulates the flow to maximum of 400

gallons per minute. It then splits and passes through an inlet into



the separator which is divided into two channels, each being 4 feet

deep, 5 feet wide, and 20 feet long. The waste water finally passes
under a curtain wall to the outlet of the separator. In this process,
0il rises to the surface, sediment settles to the bottom, and relatively
small concentrations of oil and suspended solids pass through the
separatore All the oil floating on the surface is skimmed off,
collected in.anoil sump, then pumped to the slop tanks and returned to
the refinery for processing, The efficiency of recovery is not very
highe 1In 1964 the slop oil recovered by the separators averaged 16

gallon rer day.(z)

The sludge accumulated on the bottom is removed
periodically and pumped to the sludge basin to settle so that more oil
can be recovered while the residue is pumped and dumped into pits about
R00 feet from the sea shore.

The waste water after leaving the primary oil separator, flows by
gravity into a larger rectangular secondary oil separator where the
waste water is allowed to stand still long enough so that the runaway
oil floats to the top and the heavy materials settle to the bottom.
Again, a stolled pipe skimmer skims the floating oil off-the top and
collects it in a sump. The oil is then pumped to the slop tanks, whereas

the sludge accumulated on the bottom is removed periodically and pumped

to the sludge basin for further oil recovery.

(Z)Medreco-Sidon Refinery, Process Engineer; Personal Communication.
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Waste water from the secondary oil separator is sent to the filter
mit of hay medium which is assumed to perform two functions-filtration
and absorption. Suspended solids are cought or filteréd in the
interstices of the medium; o0il is absorbed by the filter medium as it
passes through. Once the medium becomes saturated, it is removed, and
the frequency of removal depends on local conditions and experience of
the operator, Disposal of the spent filter medium is accomplished by
incineration in a single stationery - hearth incinerator.

The effluent from the filter unit joins the domestic effluent line,

and the combined effluent is discharged into the sea through an outfall.
ReRe3s Storm Water and Drainage System

The topography of the refinery land is moderately sloping down
westward toward the sea, thus providing good natural drainage. The
bulk of the refinery is drained by a system of shallow ditches or
channels capable of handling even peak surface runoff.

The refinery surface runoff could be divided into tw§ major parts:
one covering the process plant and the tank farm yard, and;the other
covering the office area and the outlying areas not yet developed.,
Within each area, surface runoff is segregated into two categories on
the basis of expected contamination with oil.

Contaminated storm water from processing and tankage areas is
partly drained to the sewer éystem and partly collected in a series of
ditchess All are coveyed then to the separators for treatment.
Uncontaminated storm waters from both areas are collected and run

directly to the Zehrani River near the Refinery.
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The combined system of sewers, channels, and ditches is capable
of receiving storm runoff at whatever rate it may be running from the

drainage area.

Rede Water Supply System

The present water squrces of the refinery are three private deep
drilled wells which are said to range from 600 te 700 feet in depth.
The wells are 6 inches in diameter and their combined yield is said te
be 4600 gallens a second,

The wells are under artesian conditions but water hardly comes out
to the surface under any significant pressure. Hence, a motor-driven
vertieal centrifugal pump is installed on each well to raise the water
and force it directly'into a combined main or header with laterals
distributed in various parts of the fefinery. The pumps, with two
electric and one diesel source of power for pumping, are not operating
on & predetermined schedp.‘l.e, but are controlled automatically. The
automatic operation of the pumps is controlled by the cﬁnsumption
variation or fluctuation of pressure in the water,. In other words,
they operate only when the pressure in the main drops to a minimum
permissable of 40 psi. Usually, the system has two pumps operating
24 hours a day, and a third standby pump is available to draw water when
needed,

The refinery does not meter its water flow for accountability, or
other reasons. However, estimates of present water supplies based on
estimates by technical personnel in the refinery, amounted to 5,000
gallons a minute - or about 400 gallons for each barrel of crude oil

processed,
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The water supply is used as a3 (a) coolant for the transfer of
heat, (b) prime mover for steam power, (c) solvent for performing
chemical operation, (d) process agent for its effect on vaporization
and system vapor pressure, and (e) source for drinking and domestic
usess It is used also for fire fighting, gardening and washing
PUrposes o

A substantial volume of water supply has been saved by the re-
circulation of cooling water, where the water is used repeatedly in an
open-recirculating cooling systems The cooling device includes water
cooling tower in which cooling air is sucked out at the top of the tower
by means of fans operating 24 hours a day. Further saving of cooling
water was made possible by the use of an air=-cooling system that is
newly installed with the new crude unit in the process area,

Aside from the cooling water, the refinery—démand on ground water
resources is still so great that a thought study on the possibility of
developing a more economical solution to make significiant reduction
iﬁ water intake appears to be necessary to meet possible future shortages -

of fresh water.



& ammrr P — e eemeemw BASIC DATA AND
DESIGN CRITERIA

This chapter presents the established information and findings of
the survey pertaining to the refinery water usage and waste flows.
Flow records and laboretory data are tabulated and presented herein as

a basis for all anticipated design works.
3.1« Domestic Sewerage System

3alel Sewage Flew

The average daily flow of sewage depends on the average water
consumption for domestic purposes. Hence, in determining its valuve, it
is pertinent to obtain data on the number of employees and water consump-
tion in the area contributing domestic sewage.

As previously pointed out, the water supply system shows no
aotual records on quantity of water used for domestic purposes. There=-
. fore, an estimate of sewage flow rates based on domestic water consump-
tion proved to be difficult. Besides, the actual field measurement of
sewage flow rates in the system proved to be difficult too, because the
sewers are deép and the pipe slopes or quantity are so small that they
could not provide the necessary drop for installation of measuring
devices, such as flumes or weirs. In such circumstances, volume-
measurement methods capable of great accuracy is recommended for
measuring the sewage flow in the system. The salt dilution method may
be adopted for measuring the flow as long as the chloride ion concentra-

tion in the sewage is low or is constant. However, for small flows of

18
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sewage in the system the volume«measurement method is more satisfactory
and far simpler.

With reasonable care in measurement, using a stop watch and a
bucket, the sewage flow over a period of 8- hours was measured from
which maximum flow rates observed., The average quantity of sewage
flowing amounted to about 3.0 gallons per minute, which is quite small.
However, it is within the range of average domestic sewage contribution
from any industry which is stated to vary from 8 to 25 gallons per

capita per shift.(l)

Calculations based on this criteria resulted
in flow rates varying from 1.5 to 4.2 gallons per minute. Details are

shown below:

Number of employees per shift Time Schedule
Shift NO., 1 - 220 07.00 - 15.00 hrs.
" 2 = kB 15.00 = 23,00 hrs.
" 5 = 28 3,00 - 07,00 hrs.
Total R70 ; 24 hours
; : g STOLx 25
Therefore, the average maximum daily flow expected = -E§f§%7§§_- = 4.2 g.p.m.
and, the average minimum daily flow expected = :ZO : gd = 1.5 gepem.

(1)
"Design and Construction of Sanitary and Storm Sewers," Manual of
practice No. 9, WPCF; Menual of Engineering Practice No. 37,
ASCE, (1959). ps R1s
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The rate of flow, as noticed in the existing sewerage system,was
not constant. It varied largely within the period of 8-hours starting
at 8400 ayms as shown in Figure 3.1l. ‘This 8~hour flow curve is
extended to include the rest of the working hours, assuming the flow
remains unchanged after shift No. l. The peak occurs at launch time.
Its value, based on the data obtained, amounted to R50% of the average
daily flow, i.e. 7.5 gallons per minute.

The existing network of sewers in the system is satisfactory from
the sanitary and engineering point of view. Maintenance is good, and
the capability of serving the refinery is adequate. It is also
capable of handling any anticipated increase of flow throughout the next
fifteen years without any shortcoming. This prediction is sound and
is based on the following facts:

a) The expected increase in flow, throughout the stated
period, depénds on the increase in number of employees.

b) The increase in number of employees in closely related
to the refinery plans for expansion.

c) Assuming that the refinery policy and capacity increase
are to continue during the next 15 years as they did during
the last 10 years, then from past and present employment

figures,(z)

the anticipated increase in number of employ-
ment is predicted to be 45 in the year 1980, as shown in

Figure 3.R.

()

Medreco - Sidon Refinery Personnel Manager; Personal Communication.

e
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With a total increase of 45 employees in 1980, the anticipated
increase in sewage flow is quite small and insignificant., Hence, the

existing network of sewers is considered to be adequate.
2.1.2. Quality of Sewage

The quality of raw sewege based on laboratory analysis for a sample

composited over a continuous 8-hour period on May 4, 1965 is shown in

Table 3.1,

Table 3.1. Raw Sewage Analysis
Characteristic DPepelle

| Total Solids 640

Suspended Solids 310

Volatile Solids 180

S-day B .O .D . 290

Chloride, as Cl 60

From the analytical results, it is observed that the raw sewage
has an average-strength .characteristics of domestic sewage and this
value is expected to be maintained as long as the rate of water consump-

tion for domestic purposes remains unchanged.
3.1.3 Sewage Treatment

The two septic tanks now in operation have almost no practical

influence on the reduction of its pollution potential. The effluent




R4y

leaving the tank is offensive in character and potentially dangerous to
healths, The hourly variation in reduction of contaminants passing
through the septic tanks is presented in Figure 3.3. The efficiency of
the tanks in removing suspended solids amounted to about 40% compared to
over 60% expected from a well designed single chambered septic tank.(s)

At first, the Refinery had installed the small septic tank measuring
15 feet long, by 8 feet wide, and 5 feet water depth. When placed in
operation, sludge accumulated in excessive amounts on the bottom and
filled the tank more quickly than desired., As a result, the Refinery
provided a larger tank to operate in parallel with the first. The new
tank measures R5 feet long, 8 feet wide, and 5 feet water depth. Both
tanks are single-chambered with ample capacity to allow sludge storage
for disludging every three years, and an additional volume equal to a
retention period of 2 days for an average daily flow of sewage of 3
galloné per minute. The average accumulafion of sludge in the tank is
expected to be 0.92 fts/person/year(4).

The tanks are burried about § i‘eét beloﬁT ground level, with walls
around the manhole extending above tank surface to prevent th‘e entrance
of surface runoff to tanks.

Further details of design and construction cannot be presented

because the necessary drawings are not available.

(5) s -
V.M. Ehler, and E.W. Steel, Municipal and Rural Sanitation ,4th ed.
McGraw Hill Book Company Inc., New York 1950, p. 46.

W v o, e
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342« Process Waste Water System

342ele Quantity of Process Waste Water

The process waste water is mainly composed of process water and
oily water, In detail, these wastes derive from crude distillation and
distillate treating operations, tank-bottom water drawoffs, some cooling
water, some water condensate from steam facilities, and oil contaminated
rainfall runoff. Awmiliary sources which add to the total waste water
stream are garages, mechanical shops, and the chemical laborafory.

The quantity of flow from all these sources'varies‘frOm day to day
- and even within a given day. 1In this survey, it is assumed that the
flow rates in the refinery do not vafy appreciébly from day to déy, and
a one day flow record is also assumed to suffice the purpose as a basis
for designe

Under present conditions, an estimate of the amount of waste water
cannot be derived from the quantities of water consumed in process
operation because of the missing records on water supplies. However,
actual flow by measurement over a continuous 8-hour period carried on
May 11, 1965, indicated an average daily flow of 390 gallons per minute,
and a peak of 500 gallons per minute (Figure 3.4.). The technique
used in measuring the flow rates is the same as that used in measuring
domestic sewage flows described earlier, except that the distribution
box of the system was used as a substitute for the bucket.

On comparing the measured flow rates with those expected from a

refinery showing values varying from 800 to 1830 gallons per minute,
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it is difficult to correlate them and the difference is believed to be
due to the limited range of products manufactured in the refinery under
study. Calculation of the expected flows is based on the following
criteriag

Process waste water flowing from oil refineries average 700 to

800 gallons per barrel of oil processed, and if the water is not

reused the cooling water amounts 80% to 90% of the proeess waste
water volumé.(s)
Hence, with the present nominal input cépacity of 16,500 barrels

a day in Sidon Refinery where the cooling water-is recirculated, the

expected values are calculated as follows:

16500 x 200 x 0,20
B0 X 24

a) The maximun expected process waste water =
= 1830 pgaDalie

~ = 16500 x 700 x 0,10
60 x 74

b) The minimum expected process waste wate
= 800 g.peie

For the design works to follow, it is assumed that the field

figures are valid and acceptable.
3.3.20 Process Waste Water Quality

In view of the great variation in the quantity of water used at
the Sidon Refinery, it is not surprising that the contaminants level
and characteristics of the waste waters also vary widely from hour to

hour and from day to daye.

5 .
(5) E.E. Seelyee, Data Book for Civil Fngineers - Desighe Vols 1, &nd
edition, John Willey and Sons, New York, 1953. p. 5-96.
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The process waste water carries varying amounts of suspended
matter and oil which forms films on the water surface thus causing
unaerobic conditions that result in the production of abnoxions eders.
Composite samples were collected over a period of 8-hours from various
points of the treatment plant on May 6, 1965; laboratory analysis,
carried on the same day, gave results shown in Table 3454  The —
indicate that most of the oil and settleable solids in the final effluent
are greatly removed as might be anticipated, and that the two substances
that cause maximum trouble and pollution = the phenol and the waste oil -
have inobjectionable limits of concentration in the final effluent.,
On comparing the values obtained with the requirements of Ontario Water
Resources Commission, Canada, whose objectives for water quality for |
refinery effluent are listed in Table 5.2.,(6) it is probably safe to
say that the objectives set forth by the Sidon Refinery to control
water pollution are being met.

Teble 3.2. Objeectives for Water Quality
for Refinery Effluent*

Characteristics ppm (max., )
Phenol 0.002
Oils 15
S5 day B.0.D. 15
Suspended solids R0

+ Requirements of OWRC, Canada,

6 5 : ;
( )G.C. Campbell, and G.R. Scoullar, "Effluent Water Treating Facilities

at Oakville Refinery". A preprint paper presented to the 29th.
midyear meeting of the American Petroleum Institute's Refining
Division, May 1964 s Pele



e e . ot s o]

p 052 oLe oLe 062 t w  u“E3TUTTRNTY TBI0L
w 08¢t 00T ot 92N w  Eooen se ‘ssoupamy Te3OL
_ e i 0°*S LS i s
| 0 0 0 0 i Touaud
i LT 9T 9T 6T u flog se ‘e3eyIng
_ oTE €€ 0S€ oLE " 10 se “spraoTup
ofe 0Lz 0€€ 06€ " spTTog pepusdsng
082 02€ 007 919 " SPTTOS TB30L
20t WUEL g M 6¢€ udd TT0
4 igf 0L g* L 0°. Hd
br{e] 19 1o a9 ho sanyegadus],
W3TTS 93eI5pOJ 99BI8POK 8Tqea0T10N JI0PQ :
quenTIIg qUeNTIIL quUeNTIIY JoeM 93seM m
Schiyml) Joreaedag Joqeaedag gsen0ag stsATeuy i
fey ALrepuooag Areurag Mey

JIS8qBM 99SeBM SS8001g Jo StTsATeuy

‘€'t eIl

30a



Figure 3.5

Tar deposits on the Beirut beach after

a storm during the winte r of I963,filmed
by Prof. A, Acrae.
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The presence of 10.2 ppm of o0il in the final effluent may not be
detrimental to aquatic life and to persons using the water s because the
very thin films of oil formed on water surface will disappear in a limited
time by the operation of natural phenomina. It is indicated that oil may
be discharged into surface waters at the rate of 10 gallons per hour per
square mile without being visible to the eye, provided the distribution

is uniform over the entire area.w) Therefcre, it is reasonable to

assume that the _10s2 X 380 x 60 . .23 palions per hour of oil dis-
1,000,000 S Al

charged to the sea will either disappear, provided the distribution is

uniform, or disperse by the wind, current, and wave action and deposit on

the shore, forming tar balls. The two films shown in Figure 3.5., present

a clear picture of the situation existing usually on shores of Iebanon.
342434 Process Waate Water Treatment Units

A primary process of waste treatment by gravity separation is used.
Secondary processes, to achieve further separation or elimination of
undesirable components in wastes water, include filtration and final
disposal by dilution, The units adopted for such processes includes

a) Gravity-type oil-water separator.

A survey of the separators now in operation disclosed that
they are not so effective as might be desired. The refinery
installed the primary separator first. When placed in opera=-
tion, it removed considerable quantities of oil and other suspen-
sions but the effluent still carried oil in objectionable quan-

tities. The secondary separator was then provided to

(7) '
American Petroleum Institute, Manual on Disposzl of Refinery Wastes
Vol. 1, Waste Water Containing 0il, 7th edition, 1963, pp, 10-11,

»
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operate in series with the first. This second unit previded
‘practically very little additional o0il removal because the oil
carried through the first separator is either in an emulsified
state or adhering to other suspended particles so that the
combination remains in suspension neither setting nor floating.
This is a fact best verified by referring to Table 3.%, and
calculating the effectiveness of the two separators in removing

0oil from waste water:

]

Primary separator effectiveness = 39.4 - 15.5 x 100 = 61%
=Eo. 39.4

at a removal rate of 12.4 gallons per day.

L}

Secondary separator effectiveness = 15.5 = 11.4 x 100 = 27%

at a removal rate of 2.2 gallons per day.

Overall separatorsteffectiveness = 39.4 - 11.4 x 100 = 71%

at a total removal rate of 14.4 gziigns per day.

It is readily apparent that the secondary separator has little
practical value in removing 'nil, and that any improvement in the effective-
ness of the primary separator does not necessitate the existance of the
secondary separator.

The separators are located at a point of low elevation which insures
drainage of the entire system by gravitys They are of the old type with
no provision for continuous cleaning and removal of sediment which, if
permitted to accumulate in excessive amounts, will result in unsatisfactory
functioning of the separators. This situation arises especially in the
stormy days where rainfall runoff carries excessive amounts of silts

to the separator, and as a consequence, sediments increase, effieciency
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and detention time deereaseg,and some oil with eother floating materials
are carried by the effluent to the sea in objectionable quantities.
In an effort to overcome this problem, frequent cleaning is required -
at present the separators are cleaned only twice a year. Besides, other
current and anticipated operational problems to be pointed out later
necessitate installation of a separator of new and improved design to
replace the existing two separators.

A predesign investigation to obtain the necessary data upon which
to base a detailled design for the new separator resulted the following
characteristics of waste water and oil:

a) Waste Water:

]

85°F
0.998
0.0057 poise

Temperature L)
Specific gravity (Sw)
Absolute viscousity (/4)

]

b) 0il globules in waste water:

i

Diameter of globule, (estimated) (D)
Specific gravity (So0)

0.015 cms.
0.846

Complete account of the procedure used in establishing the design
basis for the separator is discussed in the next chapter.
b) Hay Filter

The hay filter removes little or no sediment unless the hay
medium is continuously removed and uniformely placed. It is
expensive to operate and maintain; however, umder proper
conditions it may be practical to utilize and to maintain them
properly to best advantage.

The hay medium is placed in two hay baskets arranged so that
there is no leakage around or over the basket and so that baskets
may be changed one at a time without allowing for flow of un-

filtered effluent.
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The existing hay filter is not effeetive in oil removal at all
times because the frequency of replacing the filter medium is not
well controlled. At times, when the medium becomes saturated,
absorptioﬁ ceases and oil escapes with the effluent into the sea.

From the data in Table 5.2. the gffectiveness of the filter
0il averaged 1l.4 - 10,8 x 100 = 10%, or 0.6 gallons per day
which is low and iiéiznificant compared with its cost of operation.
Detention Pond

The primary oil separator is designed to handle a maximum
flow of 400 gallons per minute. Extra flow is collected in a
detention pond and recharged to the separator when the flow returns
below 400 per minute. The pond, having a capacity of 600 galloﬁs
per minute for 4 hours, seems to be an economical means of
reducing the capacity of the separator, but at the same time it
is a source of headache because of solids accumulation, intense
odor production, and exposure of a large surfase area of oil
giving rise te air pollution and fire hazards. In addition,
an appreciable ground area is occupied.

It is recommended that the existing detention pond be

eliminated and the waste water be treated without detention.
The net result will be .a'new. separator design:which ean handle
all process .water -and.contaminated waste water, yet not greatly

overdesigned for dry weather-flows.
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3.3. OStorm Water and Drainage System

This part of ihe design criteria contains the principal date
related to the hydrology of Sidon area covering the refinery site. The
data was collected and analysed to determine the magnitude, character
and distribution of rainfall, in addition to the amount, type and
characteristics of runoff. The basic assumption made and the results

obtained are discussed in detail hereunder.
3,3.1s Hydrological Data

Sidon is located on the eastern shore of the mediterranean sea.

It has a moderately cold, windy, and wet climate in winter, and is warm
and dry in summer and fall. In Sidon, precipitation is produced as a
result of orographic lifting of the moisture bearing winds blowing from
west across the Mediterranean Sea. This orographic lifting over the
Lebanese mountains is such that the heaviest precipitation occurs in the
west side of the mountains covering the refinery site.(s)

Due to the lack of rainfall records or meteorological stations in
the refinery and vicinity, the American University of Beirut Observatory
precipitation records and information regarding rainfall characteristics
are utilized as a substitute, The justification for such an action is
based on the fact that the climate in Sidon has similar characteristics

as that in Beirut.

(8) '
U.S« Depts of Interior, Bureau of Reclamation, Reconnaisance Report,
Water Resources Investigation for the Nahr Arka Basin-RepubliC of
Lebanon. Report No. 2 Danver, Columbia, Sept. 1956, pe 111~1 .
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Total rainfall records for the past 88 years starting in 1877,
available at the American University of Beirut Observatory indicated an
average yearly rainfall of about 34.5 inches and a maximum rainfall of
47,0 ainches recorded in 1878.

From details of the rainfall records accumulated over a period of
8 years, the relation between duration and intensity is plotted on a
curve as shown in Figure 3.6, This curve is an important tool for the

prediction of rainfall.
3.3.24 Surface Runoff

The rate of surface runoff is difficult to estimate accurately,
Runoff formulas giving satisfactory results are numerous in practice.
A discussion of all of these is outside the scope of this study.

With the available information, the most suitable methods thaf will
give satisfactory results for the locality, is the "rational methéd".

It translates rainfall into runoff by the formula:

g » 0L 4

where,

Runoff in c.f.s.

Area of watershed in acres.

Intensity of rainfall in inches per hour
Coefficient of runoff.

QHPEPEO

g

The foregoing factors are accounted as follows:

a) The area contributing to the point under consideration - separator
area - is marked on the plan of the refinery as shown in Drawing
No. 1 (Appendix). The complete drainage area is subdivided in

two component parts tributory to the design point. These are:
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£00 x 125

Tank year area = e % 642 acres
Process area = _l%%Z;_lﬁgh = 3,0 acres

The fact that most of the process area is properly developed, it
prompts the adoption of an average runoff coefficient value of
0.90. As for the tank yeard area, where the earth surface is
clayey and sandy, an average value of 0.40 seems to be satis-
factory.(g)

The féct that the area used for drainage of contaminated rainfall
runoff is composed of two sectors, located at different distances
from the point where the design of separation is considered,

different times of concentration are estimated for each section

while the corresponding rainfall intensities are derived from

Figure 3.5.
Time of concentration Rainfall
Area (10) g
' Inlet time Flow time Total Intensity
min. min. min. mm/hr.
Tank Yard Area 10 15 k5 44
Process Area 5 10 15 64

(9)

E.E. Sealyee, Data Book for Civil Engineers - Design Vol. 1, 2nd
edition, John Wiley and Sons, New York 1953, p. 5-OL .

(10

Design and Construction of Sanitary and Storm Sewers; Manual of
Practice No. 9. WPCF; Mnual of Engineering Practice No. 37, ASCE
(1959), p. 486,
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The time of concentration in each area is made up of the inlet
time, which is the concentration for each area in which the sewer starts,
and time of flow in the sewer to the separator location.

Applying all the values determined above in the rational formula,

the surface runoff is calculated as follows:

0,40 x 44 x 6,3
10 x R.58

4.5 c.f'sl

In the tank yard area =

0,90 x 64 x 3,0
10 %2 B8

These large quantities of surface runoff that exceed the capacity

and in the process area = Be7 Cofesa .

of the sewers at the maximum flow rates have the advantage of diluting

process waste water and reducing oil concentration.

5.4« Water Supply System
Se4.1s Water Quality

The refinery is not very demanding as regards the quality of the
water it uses. It needs water of drinking quality for domestic uses and
softened water for the productioﬁ of steam; but for its other large
quantity - low quality services it is satisfied with water which does
not contain too high a conceﬁtration of salts and more than 1000 ge.p.m.
of dissolved solids.(ll)

In checking the quality of the well water reference was made to a

complete analysis on samples conducted on May, 1965 by the Refinery. The

results, given in Table 3.4, were confirmed in June 1965,

National Association of Manufacturers, Water Use in Industry,
A Survey of Water Use in U.S. Industries, New York, 1965, pp. 44-45.
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Table 3.4, Analysis of Well Water

Analysis Well # 1 Well # 2 Well # 3
pH 746 7R | 746
Total Alkalinity, as CaCOz ppmd 260 265 260
Hardness, as CaCOz n
a) Total n | 295 300 480
b) Temporary L 275 276
¢) Permanent n R0 RS ‘205
d) Calcium neg L6 175 335
e) Magnesium n | 130 . ' 185 145
Chlorides, as Cl " 90 130 100
Iron, as Fe " 04R2 0.31 0427
Silica, as 8102 i 840 9.0 10,0
Total Solids " 380 409 689
Sulfate, as S50, " 13.1 ' 18.9 R03
7 Phosphate, as PO, . (LS v Nil Nil

The results of the analysis indicate that the quality of water is
rather hard and free of pathogenic bacteria., The hardness is undesirable
because heating or evaporating produce hard stony scale deposits that
clog fluid system and cause damage., Hence, the water used for generating
steam is passed through a hot-process lime softeners to remove hardness.
For other uses the water is used without treatment, As far as the

chloride content of raw water, there is no evidence of sea-water intrusion



at present.

LI

This is mainly because the pumped quantity of water from

the aquifer is not exceeding the safe yield of the ground water basin.

Bolkal e

Water Quantity

Because complete flow data on water pumpage is not available, an

accurate estimate of the average daily use of water is not possible.

However, an estimate of the total quantity of water consumed at the

refinery may be derived from the waste flow values for the total water

consumption should be in reasonable agreement with the sum of all waste

outflows,

The correlation is not usually good on an instentanious basis,

but should check well with flows over a prolonged period of days and

weeks o

An approximation of the water consumption, based on rates of waste

water flows determined over a period of several hours, totaled about 1200

gallons per minute and is accounted as follows:

processed,

Process waste water 390.,0 gepeme
Domestic sewage 3.0 1
Cooling water losses 630,0 "
Other water losses (seepage) 27a0

Total 1200.0 gapema

The estimate for cooling water losses through windage and evapora-

tion is stated to vary in the range of 50-60 gallons per barrel of oil

12)

(12)

oidsy Pe bde
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As regards the quantity of available under ground water, adequate
information is lacking to provide a reliable estimate, or to give a
quantitative anewer as to their potentialities or limitation for develop-
ments

While at present the supply can meet the refinery demands satisfac-
torily, it is anticipated that with the high consumption and continuous
pumpage of ground water deterioration in qﬁa#tity and saline water
infiltration may ultimately become a reality.j Many instances throughout
the world could be cited to emphasize the gravity of such an anticipated
situation. 1In Califofnia, for example, the intensive use of surface
supplies, and over pumpage of ground water, mostly since 1940, it has led
to declining water table and, in many coastal areas, to a loss of
producing aquifers to intruding sea water.{LIB) Therefore, to overcome
this potential problem in the Sidon Refinery, modifications in the
existing waste treatment plant are being introduced whereby substantial

quantities of water that are now discharged to the sea are being

conserved,

"Studies in Water Reclamation"; Technical Bulletin No. 13,
Sanitary Engineering Research Laboratory, University of California,
July 19550 0, 59



4 OPERATIONAL PROBLEMS
: AND DEVEILOPED SOLUTION

With the completion of the plant survey, the sanitary engineering
task of developing solutions to all problems encountered begins. The
task divides itself logically into three major parts:

a) Modification of treatment facilities to prepare wastes of
better quality for disposal.
b) Reduction of waste quantity and pollutional load to the
acceptable limits, and
¢c) Utilization of water as effectively as possible.
A detailed account of the developed solutions to all problems

enccuntered is presented in the text.

4,l. Domestic Sewerage System

The sewage treatment system, which has been in operation for the
last 10 years, has proved to be well suited to the needs of the refinery.
However, the inefficiency of the septic tank is treating the sewage =~
believed to be due to the improper design and poor maintenance -~ is the
only problem encountered in the system

From Figure 3.5. the 40 percent removal of suspended solids and the
25 per cent reduction in B.0.D. are, comparatively, much less than the
60~70 percent removal of suspended solids and the 40 per cent reduction

in B.0.D., expected from the well designed and maintained, similar single-

chambered septic tank.(l)

X
s V.M. Ehler, and E.W. Steel, Municipal and Rural Sanitation, 4th ed.
McGraw Hill Book Company Inc., New York. p. 5l.
%
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Figure 4.l. shows details of the existing two septic tanks compared
with details of the same tanks modified for better operation and greater
efficiency. All changes and modifications introdﬁced are based on
simplicity, ease of installation, and the possibility of getfing maﬁhmﬂn
advantage of the existing tanks, Baffles are introduced to avoid
turbulance and.reduce short circuiting of sewage flow. Two manholes are
placed for the larger tank to facilitaté maintenance and cleaning
activitieg. However, with the changes introduced, it is still believed
that the septic tanks effluent remains polluted. Dissolved solids still
remain, together with particles of sludge decomposifion. Bacteria are
expected in great numbers. The effluent, however, requires no further
treatment to render it inoffensive, because of the practice of discharging
the effluent offshore into the sea and diluting it with large quantitiés

of sea water.

4.2. Process Waste Water System

Although the existing process waste water treatment wnits have
shown 75 per cent effectiveness in oil removal, the situation has required
that a new system be investigated in an effort to meet the future
expansion requirements of the refinery, to effectively remove all oil
and settleable as well as floated materials, and to lower the cost of
waste water reclamation following gravity separation.
An overall picture of the proposed solutions includes:
a) Design of a new gravity separator with adequate capacity,
b) Design of a reclamation plant capable of upgrading and

purifying the separator effluent for reuse, and
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¢) Recommendations for the proper disposal of all solid wastes.
4eR4le Cravity-Type Oil-Water Separator Design Parameters

4 new gravity-type oil-water separator is .proposed to replace the
two separators now in operation., It is designed for:
a) A continuous collection and disposal of settled sludge.
b) A maximum oil recovery for return to refinery processes, and
¢) An adequate treatment and handling capacity.
The design is based on the following three minimum requirements
recommended by the American Petroleum Institute:(z)

i) A minimum total horizontal area (Ah, square feet) based on flow

of waste water (Qw’ cubic feet per minute), rate of rise of an

oil globule 0.015 cm. in diameter (Vt’ feet per minute), and g factor,

F, to correct for turbulence and short circuiting.

L =P Qu 4.1
e
The value of vy for a 0.015 cm. globule is derived from Stokes
law, and has been modified for petroleum waste into the following
expression, based on the specific gravities (8, and So) of turbid
waste and waste oil at actual flow temperature and the absolute
viscousity of turbid waste (A poise) - allso at the design

temperature .

LI 8

( S = So) 442
t A

()
American Petroleum Institute, Manual of Disposal of Refinery Waste,
Vols 1, Waste Water Containing 0il, 7th edition, 1963. pp. 18-20.
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The design factor, F, is the product of a short-circuiting

factor (recommended as 1.2) and a turbulance factor depending on
h
i/

the ratio of "

ii) A minimum vertical non-sectional area ( Ays square feet) based on

the flow of waste water (Q,) and the horizontal flow velocity (V) s

Qu
Vh

A = 43

The value of Vy, should not exceed 15 times the rising velocity
vy and should not be more than 3 feet per minute.
iii) A minimum ratio of depth to width of 0,3, There is no objection
to values of about 0.5 for this ratio, if economics so dictate.
In addition to these three recommendations the fourth principal
factor considered in designing the separator is the prediction of the
average daily flow rates of process waste water for a design period

selected to be 20 years.
44202, Probable Future Waste Water Flow

To develop the probable future process waste water quantity, it
becomes necessary to predict the future crude oil'input capacity in the
refinery.

From Table 1l.1. the graph of Figure 4.2. is plotted. It shows an
average increase of 265 thousand barrels of crude oil input per year,
which when projected linearly to the year 1985, gives an input capacity
of 10,965 thousand barrels a year, or 23,300 barrels a day. Hence,
while assuming that the process waste water is in direct proportion with

the crude oil input rates, and refering to Figure 3.4. then the predicted:

i
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R3500
16500

Daily average waste water flow x 390 = 660 gallons per minute

660 = n n "
o x 365 = 621

s
590

This projection to future flows may not be satisfactory end give

Taily minimum waste water flow

x 500 = 850 n n n

Daily maximum waste water flow

rates that may become lower than the actual flows when future conditions
are reached, Therefore, a contingency factor of 40 gallons per minute
is added to the flow rates predicted. This factor allows for infiltra-
tion of ground water and.any unforseen activity which might take place
in future. Moreover, since part of the rain water runoff is collected
in the same sewer system for process waste water, then the final design
flow rates should include this part of runoff too. But, because the
existing sewers are approaching their full capacity with a flow rate of
1,000 gallons per minute, then the new separator is designed to handle
a maximum total flow of 1,000 gepems corresponding to the full capacity
of the sewers.
Excess rain water.runoff above the capacity of the sewer is
handled as follows:
a) In the tank yard area, excess rain-watér runoff is impounded in
the same basin, and ultimately drains to the sewer line when flows
drop below normal. .
b) In the process area, surcharges collected in open ditches by-

passing the treatment plant, and directly discharge to the river.
442454 Design of Separator

Applying the data presented in Section 3.2.3. to equation 4 .,2. the



rate of rise of oil globule in waste water is computed as follows:

Vi 0.0241 ( 0.998 = 0.846)

0.0057

0,843 feet per minute.
The horizontal velocity of flow

Wy = 16 Vt :
15 x 0,643

i

]

9.64> 5.0 feet per minute maximum allowed on per

requirement (ii).

Therefore , 3.0 feet per minute,

From equation 4,.,5. the minimum vertical cross sectional area of the

chamber
k. = R0 x 0,14
c 5
= 47 square feet.,
V
For the effect of turbulance, where R B 4,67, the factor F
Vg

(3)
(turbulance ) = 1.11.

Therefore, from equation 4.1, the minimum horizontal area (Ah)
is computed

Ah » (LeR o+ L) 00D ) o ox O04
0.64%

= 510 square feet.
Though the calculations indicate that one larger chamnel could be
sufficient, it is recommended that there be two channels., Hence, with

two channels, each 7 feet wide the depth of water should be:

(B -
Ibid., pe 20
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and the ratio

2 = 5.5 s 005 OIKO
B 740

Having the width and depth established as 7.0 and 3.5 feet, respec-

4
tively, then the length is computed from the equation:( )

F?vh;d
Vi

2,31 x _940 3,
T

tt
i

]

41.6 feet (say, 42 feet).

Therefore, the final dimemsions determined are:

Number of channels, =2

Width of esch channel, B = 7,0 feet.

Depth of Water level, d = 3.5 feet.

Length of channel, L = 4R.0 feet.,

4,244 Details of Design

Having completed the design of the separator , the next step is a

matter of adding structural details and defining the flow pattern.
Fisue~ 4%
Drawing No. 3 shows the arrangement and illustrates the process of

L —

gravity separation by the oil-water separator.

(4)
Ihida., ps 20,
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The process waste water first enters the distribution chamber which
splits and introduces the flow, equally through multiple ports into the
inlet end of the two channels of the separator. At the inlet end, a
vertical slot baffle is used to improve the hydraulic characteristics
and retention performances of the separator. The baffle is made of
pipes constructed so that the cross-sectional area of flow through the
baffle is about 4 per cen.t of the cross-sectional area of the chamber;,
i.eey 740 x 345 x 0,04 = 0.98 square feet. With this recommended area,
and with a horizontal velocity, Vy» of 3 feet per minute, the velocity of
flow through the baffle will be 1.25 feet/second. This high velocity
through the slots of the baffle is reduced to 3 feet/minute downstream
in the channel proper. The 4 - per cent i‘iguré for clear area with
slots ‘]’% inch wide, spaced at €ein centers;, each ch@el will
accomodate 10 slots of the foregoing dimensions.

The channel proper is equipped with a 10-in slotted pipe skimmer
for oil removal, and a flight scraper device that pushes settled solids ‘
from the bottom to sludge hoppers from which they are removed inter-
mitantly by punping.

The water at the effluent end passes under a vertical oil-
retention baffle submerged 1.75 feet, then over a vertical sharp crested
rectangular weir made of a plate fastened to the end wall of the
separator. The weir extends upward to a height equal to the water depth
of 3.5 feet minus the depth of normal flow, H, over the crest which is

calculated by the simplified Francis fomula:(s)

&
(&) Ibid., p. 30.
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( q >
H L e L R BB B I ) 5.4.
.35 1, -
- (MmO e
60 x 3455 x 15
= 0,13 feet,

Therefore, the height of the weir equals 3.37 feet.
The effluent drawoff is a simple rectangular flume 3 feet wide,

with a 15 in. diameter outlet.
4,254 Sediment and 0il Removal

Six hoppers are built in£o the floor of the channel immediately
downstream from the distribution baffle, They are 2 feet deep, with
side slopes of 45°, They have spfficient capacity to allow two days
sediment accumulation, assuming 100 per cent effectiveness of separators
in remqving settleable solids from waste water at maximum flow rates of
1,000 gallons per minute.

Volume of hoppers = ( 4,0x 4.0) x 2 x 6
R

= 96,0 cubic feet.

Volume of sediment per day (refer to Table 3.%.)

& ( 610 - 390) ( 1000 x 60 x R4) 0.14
1000 000

= 42.2 cubic feet
Hence, a two days sediment storage is available.

The sediment slurry is to be removed, as slowly as possible from
the hoppers, by pumping through a suitable sludge removal pipe 6 inch
in diameter, using a plunger pump of suitable type. The slurry is
pumped once every other day to the adjacent sludge basin for prolonged

settlement and volume reduction.
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The skimmed oil is conveyed by a 10-in horizontal skimming pipe
to a sump tank installed on one side of the separator and below the
separator operating level. The tank is equipped with a suction line
to a pump used to convey the collected oil to storage tanks called slop
tanks. The sump is designed to allow accumulation of 2 days skimmed
0il, assuming 100 per cent separator effectiveness in removal of oil
from waste water flowing at the maximum rate of 1,000 gallons per minute.
In other words, the volume required:

' 39.4

N 1000 000 ( 1000 x 60 x 24) 04 x 2

= 16 cubic feet

The sump selected has 3,5 x 3.5 x 3.5 feet dimensions. The
extra capacity is to allow for water to escape to the sump associated
with the skimmed oil. The skimmed oil is to be pumped, whenever the
sump is full, to the adjacent slop tanks for storage, dewatering, and
return to the refinery processing plant.

Considerations for detailed design of pumps would not be necessary
since the pumps now in use for sediment slurry and skimmed oil removal

can be re-used and added to the new separator.
4.3, Water Supply System

Water requirements in the refinery are constantly in the increase. j

With such anticipated increase in the supply and consumption and with !

no increase in the average rainfall, it is to be expected that the'ground

water resources in the area may become unable to meet the future water ﬂ
demands, Therefore, it is necessary to control the rate of consumption
i
I
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and to reduce it to minimum. Reduction can be effected by installing
a closed circuit for the use of process waste water. In this way, the
water is céntinuously recirculated, recovered, and reused,

Under the present conditions of extracting underground water
the occurrence of salt water infiltration would not be a surprise
situations are known to have accured recently in several wells located
in south Lebanon which led to their abandonment. Two recent examples
of deep wells being closed down are those belonging to Ein-el-Delbi
Water Supply Authority - one in Damour, the other in El-Na'ema. More
cases are expected, since the Lebanese Government appears not to have the
legal power to prevent or control the exploitation and use of ground
water resources in the area.

The present rules and regulations related to the right of the
ground water, enacted about 40 years ago, are unsound and nc more
enforceable under present circumstances. However, the Government is
planning for new ground water legislation regarding development, use, and
conservations One of the most important plans to achieve its objectives
is to prevent over extraction of ground water.

Since the CGovernment cannot enforce any new legal rights to
control exploitation of underground water, and since fresh water short-
age is anticipated, the two plausible preventive measures recommended
for adoption at the Sidon Refinery are:

a) Conversion of saline or sea water into fresh water.
b) Reclamation of the water from process waste water that is now

produced and discharged into the sea.
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The second solution seems more feasible from the practical and
economical point of view since the process waste water at the Refinery
is an importent source for the reclamation of water. It is not only
that water would be produced but the reclaimed water could serve to
alleviate the overdraft in the underground water basins and thus assist
in preventing the encroachment of salt-water infiltration. Also A
reclamation is an important factor in the abatement of sea water pollution.

In U.S. reclamation and reuse of water have been become of
increasing interest since 1950, FExamples of industries using reclaimed
water on a large=-scale are numerous. Two large~scale projects of this
type are those operated; one by Kaiser Steel Mill at Fontana, California »

6
and the other by an oil refinery in Los Angeles County, California.( )

4.4.le Water Reclamation

Good water, usable for practically all purposes, may be reclaimed

from the process waste water at a cost no greater, and perhaps leas,

than the cost of converting saline or sea water. Of course, to determine
whether reclamation is an economical means for obtaining water to the
quality required by the refinery, it is necessary to evaluate the economics
of reclamation. The reclamation costs include the costs for treating |
process waste water in addition to the costs which would have to be borne
by the Refinery for treatment and disposal of the same waste alone. It

is not possible to estimate the cost of reclamation at the moment, until

(6)
"Water Reclamation from Sewage and Industrial Waste" Technical |
Bulletin No. 4, Sanitary Engineering Research Project. University :
of Colifornia, March, 1961, p. 10,
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the complete design of the system is established. However, the
comparative cost for supplying fresh water by means of sea water
conversion is of interest.

The cost of converting sea-water in major installations in United
States has been lowered to less than $lper 1000 gallons.(v) These costs
still remain prohibitive in areas like Lebanon where only a small
fraction of surface and ground water supplies have been exploited, unless
the conversion rates become ccmpetetive. Hence, it is expected that
the reclamation process is more economical at least for the present.

The water reclaimed is to be utilized directly for the operational
purposes of the refinery such as: plant processing, pojler feed, cooling
water, fire protection, air conditioning, plant clean-ups, sanitary
uses, and miscellaneous other uses.

A simplified flow diagram illustrating the processes and the

arrangement of the proposed reclamation plant is as shown in Drawing No. 3.
4.3.2« Reclamation of process waste water.

This part is concerned with the refinery effluent from the oil
separator which requires additional treatment for upgrading, cleaning, and
reuse. 0il, suspended solids, taste and odor are the objectionable
materials and characteristics of the separator effluent, which seldom
cén be reused for refining purposes without complete purification. The

principal processes used for purification include:

(7)
National Association of Manufacturers, Water Use in Industry, a
Survey on Water use in U.S. Industries, New York, 1965, p. J.
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a) Chemical flocculation, and
b) Air flotation.

Chemical flocculation is intended as a preliminary treatment to
increase the effectiveness of the air flotation process and to result in
a high degree of clarification of separator effluent. The air flotation
proeess is used because it is infinitely more effective then gravity
separation or aeration at atmospheric pressure in removing emulsified
oil,colloids and light suspended solids from refinsry waste waters. (&)
Other advantages of the process include:

a) The rapid rise rate of the suspended matter thus keeping the
holdup time to a minimum.

b) The ability to handle shock loads of oil, flow and temperative
changes.,

¢) The inherent advantage of preoxygenation of the waaste water,

thus oxidizing and removing most of the odorous components in the

effluent.

It is beyond the scope of this report to go into the details of
theory behind each phase involved, but only a general description
involving all phases is presented.

Waste water leaving the separator enters the flocculation tank
where coagulant and oxidizing agents are introduced and mixed with the

waste water. The coagulant is to enhance flocculation, to coagulate

(8) v

-
G.A. Rohlish, Application of Air Flotation to Refinery Waste Water
J« Industrial and Engineering Chemistry., Vol. 46, Feb. 54, p. 307.
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emulsified oils , and to agglomerate the fine particles before flotation,
whereas the oxidizing agent is to remove odorous components from the
waste water.

Effluent from the flocculation tenk is mixed with a portion of the
repycled clarified waste in the inlet compartment of the flotation tank.
The recycled flow is pressurized, saturated with air, held pressurized in
a l-minute retention tank, then released to atmospheric pressure to the
flotation tank. This reduction in pressure results in the release of
microscopically air bubbles which attach themselves to suspended
particles of o0il, solids, and chemical floes, and float to the surface
forming a froth which is mechanically skimmed off.

Results of an extensive pilot~plant studies on oil separation
from refinery wastes using different methods of pressurized flotation,
ghewn in Fige 444. indicated that, the recycle pressurization is most

(9)

efficient in oil removal, Hence, it is adopted here in handling the
waste water from the flocculation tamk. Other advantages of this method
includes

a) With an effluent recycle, smaller pump is required contrasted
with full flow pressurization and pumping cosig are generally
reduced .

b) The possibility of breaking of flocs and suspended matter, or of
emulsification of free oil which may occur at the pressure release
valve is eliminated, and

¢) There is no raw water pumping, hence clogging the pressure

release valve is avoided.

g .
( ) Ibid" Pe 306,



60

&) Full Flow:Pressurization

CLARIFIED
EFFLUENT

RAW WASTE
}. INFLUENT
& AIR SATURATION : TIOTATION TANK
| TANK CLARIFIER
i
| by Partial Pressurization
CLARIFIED

Pressure
EFFLUENT

L RAW WASTE
INFLUENT

AIR SATURATION

TANK

FIOTATION TANK
ClARIFIER

¢Y Recycle Pressurization

CHEMICAL SOLUTY .t
MIXER & FEFDE~ =

\
\
-

RAW WASTE

AR SATURATION

INFLUENT TANK
i CLARIFIED WATER
ELOCCULATION RECYCLE
TANF
. S~ ’/ \
Ave I Pressure
Pump
FLOTATION - TANK
CLARIFIER

Fiq 44 Preceuinzation systems



L.
ll' - : €0

CLARIFIED

RAW WASTE
EFFLUENT

| INFLUENT
AIR SATURATION - TIOTATION TANK
TANK CLARIFIER

{

D) Pantial Pressurization

CLARIFIED
EFFLUENT

Pressure

=

J L RAW WASTE
E INFLUEMNT

AIR SATURATION
TANK

FIOTATION TANK
CiARIFIER

¢Y Recycle Pressurization

CHEMICAL SOLUT .
MIXER & FEFDE~

RAW WASTE :
INFLUENT AR SATURATION
TANK
e i CLARIFIED WATER
FLOCC UL ATYORM RECYCLE
TANEK
L] e /I Y,
Ane I Pressure
Pump
FIOTATION . TANK
CLARIFIER

Fiqa. 44 Presgunization systems



ob

Reclaimed water from the flotation tank ready for pumpage and
usage in the refinery operations is collected in a storage tank with

sufficient capacity to allow 4 hours storage.
4.5.34 Design of Reclamation Process Units.

a) Flocculation Tank.
The design of the tank is based on a maximum waste water

flow of 1000 ge.pem., and a detention period of 5 minutes, a

minimum floceulation time allowed, The volume of the tank
required then becomes _lgggig_g__ = 667 cubic feet., The

tank selected is a stmaightline flocculation tank measuring 6 feet
wide by 23 feet long by 5 feet water depth. ¥
While the most satisfactory flocculation is obtained by
mechanical stirring puddleaglo) other advantages of mechanical
flocculation include:
a) flexibility in speeds
b) constant intensity of agitation regardless of the
variation in plant flow
¢) 1little or no head loss in the plant flow, and
d) low power requirement.
The tank is equipped with a motor for the drive unit, and a
rotating paddle which continuously stirs the liquid end mixes the

entire tank content. The motor selested is a drive unit of

(10)
"Water Treatment Plant Design" Manual of Engineering Practice
No. 19, ASCE. (1961), p. 30,
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sufficient power to drive the paddle assembly and produce an average
peripheral speed of 1.2 feet per second. Slower mixing may

result in incomplete flow formation, or tendancy of the precipi-
tate to settle in the flocculation tank, while too vigorous

stirring may cause floc break up and subsequent poorly clarified
water.s In considering the following criteria:(ll)

a) Flocs settle at velocities less than 0.3 ft./sec, and
break up by velocities greater than 2.5 ft./sec.

b) The velocity imparted to the water in a flocculation
tank is usually taken to be about 2 of the peripheral
speed of the agitation blade, and :

¢) The optimum velocity for coagulation is usually found
to be from 0.5 to 2.0 ft./sec. for good results.

then the actual velocity in the design flocculation basin is found

satisfactory. It varies from 1.5 to 1.6 ft./sec. as calculated

below:

]

Vmax, = ( & 1.2) + (2000 x 0.14
3 60

1.6 £t./sec.
b b

V min. ==( %-x 18] + (68l % 004 ) =13 ft./sec,
680X 6 X 5
One raw of paddle assembly 4 feet in diameter and 18 feet long
is furnished for the tank and arranged as shown in Drawing No. 3.
Chemical coagulants and oxidizing agents are introduced at the

inlet to the tank. The dosing of chemicals is regulated by an

electro-chemical variable rate proportimating feeder. Jar tests

(11)

Ibid- LX) pp- 28""54:0




=

b3

performed on composite samplaes of process waste water procured
from the Sidon Refinery indicated that the optimal dose of alum is
20 ppm in the pH range of 6.9 - 7,1 . The optimum dose of
potassium permenganate was found to be 6 ppm as determined by jar
tests on the basis of its effect on eliminating taste and odor
components,
Flotation System Components

Drawing No. 3, shows the essential elements of the flotation
system utilizing the recycle pressurization and depressurization
sequence which consists of the Pressurizing pump, air injection
facilities, the pfessure tank, the back pressure regulating device,
and the flotation tank.,

Pressurizing Pump,

The ﬁressurizing pump is selected to operate 24 hours a day, ‘
and to discharge a continuous and constant supply of recycle : i
effluent of 400 gallons per minute from flotation tank outlet into ;
the pressure tank maintained at an elevated pressure of 30 psig. ‘
The recycled pressurized effluent amounts to 404 of the maximum
raw waste flow., g
The punp is a 8" /6" vertical end suction, single stage centri-
fugal pump, close coupled with an electric motores The pump is to

operate under a total head of feet, celculated as follows:
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a) Static head
Total change in elevation of the liquid from suction level
to discharge level (Drawing No. 3) = 8,0 ft.
Total pressure difference of suction

and discharge tank, 30 psig. = 69.3 ft.

Total static head = 77.5 ft.
b) Velocity head
The velocity head at the end of the

discharge pipe, 6-in. diameter:
- 400 x 0,14 2
o ST [ R 1 X

ix(6)2|
4

i
g

1 = 0440 fte
64 .4

o

¢) Frictional losses
The frictional losses are calculated for a flow of 400 gepem.
The losses due to the fittings are obtained in equivalent length
of straight pipe by momograph of Fige 4+5. and added to the
straight length of the cast iron pressure pipe line of American

Standard, class 250 Ibs, with a working pressure of R50 psi.

Length of pipe - 36 feet
Entrance loss 6" pipe = 8 feet
Bend losses 4 x 10 = 40 feet
Gate valve 1x 4 = 4 feet
Check valve 1 x 40 = 40 feet
Outlet losses 6" pipe = 15 feet

Total Length = 148 feet
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RESISTANCE OF VALVES

AND FITTINGS

TO FLOW OF FLUIDS

Reprinted by Permission of Crane Company

A simple way to account for the resistunce offered to
flow by valves and fittings is to add to the length of
pipe in the line a length which will give a pressure
drop equal to that which occurs in the valves and
fittings in the line.

Example: The dotted line shows that the resistance
of a 6-inch Standard Elbow is equivalent to approxi-
mately 16 feet of 6-inch Standard Steel Pipe.

Pipe, Inches
v
J

—
-_—
b

Nominal Diameter of
-
|

||I'll|l]l

S

|
'S

R

Inside Diameter, Inches

Note: For sudden enlarge-
ments or sudden contrac-
tions, use the smaller
diameter on_ the nominal
pipe size scale.
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Therefore, loss of head for a discharge of 400 gmm, and

pipe 6" diameter, from nomograph of Fig. 4.6.

= 18
He MR x —555~ X 1.5

| = 3.8 ft,
Hence, the total head which the pump has to develop, and
the pressure pipe line has to maintain,
H = 8l.,5 feet or 35 psi.
It remains to the manufactures to recommend a type aﬁd size

of the pump, with its speed that will give the best efficiency.

To check for the water Nammer in the pressure pipe line(a)
b = N6-0
g

where,
Vo = initial velocity-%%- = 5,1 ft/ree
C = speed of pressure wave

For water in a pipe
4720

|
:
l
\
,
l

G =
: KD
RT

1+

where

K == Bulk Modulus 3 x 10°
R = Modulus of Elasticity 15 x lO6
T = Thickness of pipe 0.44 in.

D = Diameter of pipe 6 in.

(6)
V.S. Streets, Fluid Mechanies, 3rd. edition, New York:
McGraw Hill Book Co., Inc., 1962, p. 466.




Figure 4.6,

DIAGRAM FOR CALCULATING PIPE SIZES, DISCHARGE PIPE FRICTION

VELOCITIES AND LOSS OF HEAD IN

STANDARD STEEL PIPE
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4720

15 x 106 x 0.44

n

4070

h o= 4070x 4.7
32.2

490 ft.

Total water hammer = 490 + 8l.5

57145 ft.

=246 psi

and the allowable
working pressure = 250 psi

Pressure Tank

The pressure tank is of mild steel fusion vertical pressure
vessel, designed to maintain as nearly constent a discharge head
on the pressurizing pump as possible, and to provide & constant
pressiirized and air saturated supply of water to the flotation
tank., The size ef the tank is dependent upen the quantity of
water which must be pressurized and the ameunt of dissolved air
required, The tank has l-minute detention eapacity of 400 gpm
recycle effluent flow. |

Water is supplied and drawn off from the pressure tank at th~
same rate of 400 gpm. The tank is maintained under 30 psig
pressure at all times to insure increased solubility of air for
effective flotation when the pressure is released.

The tank is 3.5 feet in diameter and 6,75 feet side sheet.

It is provided with the necessary accessories of floatswitches,

pressure gauges, air bleed valve, excess air outlet, selonoid

lf
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operational drain, water level gauge, and all the other necessary fittings
to insure complete safety and releability in operation., A 6-in. diameter
piping comnecting the pump to the pressure tank is supplied, whereas the
piping between the air compressor and the pressure tank is 2-in, in
diameter.

Air Compressor

The air handling ability of centrifugal pumps is limited to a range
in the order of 2 to 4 per cent by volume. In flotation use, under
pressure of 20 to 50 psig, to entrain the amount of air required for
saturating the flow, it is necessary to dissolve about 5 to 8 per cent
of free air by volume. Therefore, it is apparent that the pump cannot
be used successfully in impressing air to the system. A compressor is
used for the purpose.

In general, the greater the amount of air dissoled, the greater
the air evolved and the greater the beuyant effect of .the floatable
solids. In other words, the quantity of air required depends upon the
amount of solids or other materials to be floated. Information on the
quantity of solids to be removed can best be obtained from:

a) Pilot plant studies
b) Laboratory data
c) Experience gained frem similar installations.
In the-absence of such information, the quantity.of air required.to..saturate
the. flow is estimated based on solubflity-of air in water . - Knowing:
a).Solubility of air in water is 1.87 per cent by volume at 68°F. and

1 atmosphere.

b) The amount of air going imto solution increases with the pressure

to which the liquid is subjected, according to Henry's Law.
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Ca = HFy S51R
where
Ca = Quantity of air dissolved
Py = Pressure, in psig.
H = A function of temperature
= 6,07 at 68°F
= 7,71 at 85°F
Therefore, at 68°F., and 1 atmosphere, the volume of air required
to saturate 400 gpm flow of recycle effluent equals to:
Cay = 1.87 x %%%}.x 0.14
= 1,05 cubic feet/min.
At the design demperature of 85°F., and pressure of 30 psig, the
quantity of air required to saturate the flow.eqguals to:

Ca, = 1.05 x 7le71 30
2 G0

= 2.7 cubic feet/min.
Therefore, a compression having e capacity of R.7 cubic feet/min.
at 30 psig is required.
It remains to the manufactures to recommend a type and size of the
compressor, with its speed that will give an air supply of 2.7 ftS/min.
at a net pressure of 30 psig.

Flotation Tank

For reasons of economy, the flotation tank selected is a rectan-
gular chamber measuring 30 feet long, 10 feet wide, and has a water depth
of 6 feets The size of the tank is based on the fellowing design

criteria:(7)‘

(7)
McCabe, B.J., and Eckenfelder, W.W., Biological Treatment of

Sewage and Tn8ustrial Wastes. New York: Reinhold Publishing
Corporation, p. R3%7.
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a) Surface overflow rates range from 1.0 to 4.0 gallons per minute
per square feet.
b) Minimum effective depth of 6 feet of water is essential.
The detention time is not a design criteria. It usually, varies from
10 to 40 minutes.

With a maximum flow of 1000 gpm plus a 400 gpm of pressurized
effluent making a total flow to the unit of 1400 gpm. This represents
an overflow rate in the flotation chamber of 4 gallons per minute per .
square feet. With a water depth of 6 feet, the holding time in the
flotation tank becomes 11 minutes which is satisfactory.

The pressurized water, having been saturated with air, passes the
pressure relief valve located neér the distribution headey,and enters
at the bottom of the mixing zone of the flotation tank. The recycle
distribution slotted headeris tapered to insure blending of recycle flow
with raw wastes across full width of the tank. 1In the mixing zone, the
pressurized recycle stream gives up its dissolved air in the form of
minute air bubbles and accomplishes effective flotation of the raw waste.

The tank is equipped with a slotted inlet baffle to insure proper
flow distribution across width and depth of basin, and a skimmer to skim
the float in the mixing zone. 1In addition, a mechanical flight scraper,
a collection hopper, and draw-off piping are prdvided for collecting thé
non-floatable settled solids, and removal intermettantly to the sludge
basin.,

The clarified water is taken off through the effluent box provided
with an entrance weir to control liquid level in the fletation tank.

The box is designed to provide a 400 gallons storage capacity for the

recycle system while extra flow passes to the final storage tank.
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Final Storage Tank

After flotation, 400 gpm of reclaimed water is recirculated, and
the remainder is collected in a storage tank having a capacity of
approximately 170,000 gallons, holding an average flow of 700 gpm for 4
hours.

With an effective depth of 10 feet, then:

170000 x 0,14
10

Area of the tank required =

1,380 square feet

A size of 40 x 35 feet is recommended.,

An emergency by-pass is provided in the tank so that under extreme
conditions, when the tank is full, excess flows are allowed to drain to the
river.

A 700 gpm recirculation centrifugal pump 8"/8" vértical and suction,
is provided to pump the reclaimed water from the tank to the water distri-
bution system which is at a higher level. Pumping is done in the direct
pumping system over a R4 hours a day basis. Under such conditions, the
least factor is the shortage of electricity, that will intercept the supply
of water. But, because the electrical supply is locally provided and is
assumed to be continuously available no standby pump is provided. Only
one pump with 700 gpm capacity will work, and stop and start automatically
as the pressure in the mains drop, below 40 psi. The total head; against
which the pump has to work is accounted as follows:

a) Static head
Total change in elevation of liquid from suction

level to highest discharge :
level (approximated) 50,0 £,




b)

s

Total pressure difference of suction and

discharge ends, 40 psig 9R.4 ft
Total static pressure 142.4 ft
Velocity head ‘
: -
700 x 0.14 :
Va {—; s 60 * __l_,__ = O-S ftl
g _‘T’L x (i)z £ X DR.2
4 12

Friction losses
An approximate length of the water distribution network is
estimated, Additional equivalent length for fittings is
added to the straight length of the 8" steel pipe. Total
length (approximated) 3000 ft.
Icss of head for a discharge of 700 gﬁm, and a steel pipe 8
inch in diameter from nomograph of Fig; 4;6;
H, = 3000 X —ii

f 1000
Hence, the total head which the pump has to develop and the

33,0 ft.

pressure line has to maintain is: .
H = 175,7 £t. say 176 feet.

It is left to the manufactures to recommend a type and size
of the pump, with its speed that will give the best efficiency.

The foregoing facilities designed for such a treatment are
expected to removed more than 91% of the oil, and reduce solids
and oxygen demand to more than 75%. In the constructidn,
reinforced concrete is recommended to give satisfactory service,

smooth surfaces, and avoid leakages.



T4

4,35,4, Cost of Reclamation

The preparation of detai led cost estimate is beyond the scope of
this reporte It is, therefore, proposed to approximate the quantities
of worl needed and costs involved in order to give an idea of the cost
of reclaiming water from process waste water., The cost data include all
capital, operation, and maintenance charges for all works required in
addition to those already in use by the refinery for the routine treat-
ment processes,

For the purpose of the work approximate rates have been adopted
for the different items included. 1In the cost of analysis the following
considerations were taken into account:

a) An over-all 20 year life span because of the possibility of
technological obsolescence.

b) Maintenance and supervision costs at 3 per cent over the capital
cost.

¢) Neglect of electricity charges because the supply of electricity
is by the refinery's private power plant.

The estimate of quantity and costs is as shown in Table 4.l.

Table 4.l. Estiﬁated Cost of Reclamation of Process Waste Water - 1 MGD

A, Capital Cost

Ttem Cost (L.L.)

Construction of flocculation tank as per drawing
including the paddle assembly, driving motor, and
all necessary accesories., 15,000

Supply and installation of electro-chemical feeders
as per specifications, complete job, 2 at L.L.
1000. R 4000




B.

Oapital Cost (Cont!'d)

Item

Supply and installation of pumps close coupled with
motors (Complete job) Py - 400 gpm at L.L. 8,000
Fo - 700 gpm at L.L.10,000

Supply and construction of pressure pipe (complete
job) 6 in. diam@ter 40 feet at L.L. 12
8 in. diameter 40 feet at L.L. 15

Supply and installation of pressure tank as per

drawing, complete job, with all fittings and
accessories.

Supply and installation of air compressor as speci-
fied with the driving motor close coupled.

Construction of flotation tank as per drawing includ-
ing all mechanical equipment(complete job).

Construction of final storage tank as per drawing.
Complete 3job,

Supply and installation of the following fittings
& = 8" check valves at L.L. 400
4 - 8" gate valve at L.L. 150
5 -~ 8" 900 bends at L.L. 30

Engineering and contigencies

Total

Annual Operation Cost

Maintenance and supervision, 3 %
Chemicals
Amortization of construction costs, R0 years
Interest, 4%
Utilities - including power for pumping, labor
for operation
Total

Hence, the operating cost of reclaimed water
per 1,000 gallons amowrits to L.L. #.02

{

|

1
gt (Ll

18,000
1,080

l;soo
2,000
10,000
10,000

800
600
150
870

62,000

1,860
1,000
3,100

2,480

7,440
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The estimated average over-all waste water reclamation cost which
includes allowances for treatment, pumping, and distribution to the
existing network of pipe line, is much less than the cost of converting
saline water to fresh in the area. This conclusion is verified by the
data presented in Table 4.2. The table assemblas the various cost data
described for producing water by reclaiming sewage and by converting salt
water to fresh in U,S. The Table also inclndes, for purpose of comparison,
data on estimated costs of certain natural fresh waters already in use in
certain water-shortage areas of the States. The data demonstrates
conclusively that reclaimed water is economically competitive in these
areas, costing either less or no more than imported natural supplies, and

very much less than distilled sea water.(s)

4.4. Hydraulics Through Plant

The flow of waste water, through the Separator and reclamation plant
requires sufficient head ttlj overcome the hydraulic losses between and
through the various structures of the treatment processes.

The total head available, as well as the hydraul:_‘.c losses vary with the
rate of flow, and because the hydraulic design is éonéerned with the
hydraulic capacity, then the hydraulic losses are based on the maximum rate
of flow. On the other hand » to determine the proper elevations for
various plant elements the hydraulic gradient through the plant is

computed for maximum and minimum rates of flow.

(8)

"Present Economic and Teshnical Status of Water Reclamation from
Sewage and Industrial Wastes" » Sanitary Engineering Research
Project, University of California, Technical Bulletin No. 4, March
1951, Pe 18,
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WHOLESALE COST OF FRESH AND RECLAIMED WATER

g TYPE COST
oF SOURCE OF WATER PER REFERENCE
WATER SUPPLY ACRE PoOT1
NUMBER DATE
METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIAJ $20 J1 1
Production, exclusive of interest & bond rodomptlonh lg 1 13 3
Intereat & bond redemption 3 1949
FRESH LOS ANGELES (Aqueduct Water)S $19 32 1950
Cost exclusive of interest on investment in lands 3 32 1950
Interest on investment in lands 32 1950
RAYMOND BASIN EXCHANGE Uleb
Average cost for 11 parties in Weatern Unit $2 13 1946<l7
City of Pasadena 3 1 1946-47
WATER Average cost for 10 parties; Pasadena not included 20 13 1946-4,7
EAST BAY MUNICIPAL UTILITY DISTRICT (Mokelumne River Water)7 $40 3l . 1950
SAN FRANGISCO CITY AND cOUNTY®
Large individual consumsrs #59 38 1951
South peninsula clties and companies
buying water for resale 70 a5 1951
SUPPLIES? . 2
CALIFORNIA CENTRAL VALLEY PHOJ!CT:’
City of Richmond 817 36 1950
City of Vallsjo 1 36 1950
DOMESTIC WATER - RETATLE
Range of U.3. cities $30-80 17 1945
DISTILLATION
Vapor compression $L00-500 31 1949
SEA Vapor compression 67-100 18 1949
anor compression 208 9 1943
WATER Multiple-effect evaporator, 5 effects 160 0 190
10 Booo n 1949
|RECLAMATION ANION & CATION DEMINERALIZER (chemicalas only)
ELECTROLYTIC PROCESS (power only) 293 n 1949
PREEZING oo 3n 1949
LO8 ANGELES COUNTY .
WASTE New reclamation plantall $16 10 1949
hi;ﬂ,ngslguh inactive, reclamation plant (activated
sludge 10 1
4 WATER . ! e
SANTA CLARA WATER CONSERVATION DISTRICTL3 16-19 19 1949
RECLAMATION |ORANGE couNrylls 20 12 1947
f 1. Cost figures have been taken to nearest dollar. FPFor sea water and waste water reclamation, costs have
| besn estimated by various engineering groups (mee referance numbera),.

2, Most of the fresh-water supplies are imported, although some wall-water supply costs are included in
the Raymond Basin Exchange Water flgures.

3. Cost of moftening and filtering the supply for domestic use, which is approximately $10.00 per acre
foot, is not included in the $20.00 figurs.

L. It is estimated that the production cost, exclusive of Interest and bond redemption, will ultimately A
decrease from $12,00 to .E.OO per acre foot. i :
.
5. The costa are related to the rated capscity of the Aqueduct, 319,000 acre feet per year. They are
based on interest at L4% and on an expected 1ifs of 67 years for the prinecipal equeduct structures. .

6. ;Und\u Costs" amounting to approximately $1.32 per acre foot have not been included in the average
igures ., ”

7. The cost is a weighted average based on quantity of water deliversd and total cost for the years:
1930-31;, 1934-35, 1939-40 and 194k-L5.

B8, Costs include distribution to the consumer,

9. Rstimated costs for raw water at canal site,

10, Costs for reclamation of sem water have been taken from Table 9, where tkey are also sxprassed in cost
per 1,000 gallons and cost per million gallons,

11. Gowt, whioh ic estimated average over 50-yesr period, is based on activated sludge plant of 10 MGD
oapaéity, 50+year nerial bonds, L% interest, and assuming operation 95% of time. Cost is typleal for
the many other alternates which are considered in the report. The breakdown of the average cost
of $16.00 per amers foot is given in Table B8,

12, Cost, which is estimated average over L0-year period, is based on existing activated sludge plant of
B MOD copacity, 50-year seriaml bonds, and L% interest.

13. Coust, whiech is estimeted average over lO-year perlod, 1s based on lO-year serlal bonds and 3% intereat.
1. Cost, which is estimated average over hO-year period, is based on activated sludge plant of 51 MOD

smpacity, 4O-year serial bonds, and 2% interest. It includes pwnping plants, force mailne, and pipes
necessnry for distribution of the reclaimed waters on agrloultural lands.

+

The Table is dgepietsd-l from the Tecljnical Bulletin No, 4, issued by
University of Caelifornia, March I961I, —
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Based on future rates of flow

Qmine = 661l g.peme

1

Q ave. 700 gepela

I

Q max. 1,000 gepema
the overall head losses through the plant is estimated as follows:
Head losses from Separator inlet to [locculation tank inlet.
Starting in elevation with the hydraulic gradient at the
inlet of the sewer to the separator the Bydraulic losses at the
higher rates of flow are calculated to determine the hydraulic
gradients at the inlet of the sewers to the flocculation tank,
flotation tank, and storage tank.
Using a cast irg%ﬁﬁith n = 0.013, and refering to Figures

445¢5 4464, and 4.7., the hydraulic elements of the inlet pipe to

the separator are determined and recorded as shown in Table 4,3,

Table 4.3. Hydraulic Elements of Inlet Pipe

Hydraulic FElements ' Full Flow i Partial Flow
] !  (maxs) | (min.) :
Flow, Qs gePole ‘ 1,000 - 661 '
Pipe diameter, D, faches | 15 ' 15 |
Velocity, vV, ft/sec. | 1.8 1.,9% 5
$ Water Depth, d, inches ; 15 ! Ba7 E
Water level, El., ems. ' - 402 ! 386 f
* Under conditions where n, and hf are constant with changes in
water depth in the sewer.
o+

Elevation are in metric system relative to the main sea level,
Invert elevation of inlet sewer to the separator im 364 cms.
above the datum.
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Hydraulic elements
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Figure 4.7, Values of hydraulic elements of
circular section for vatious depths of
flow
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Hydraulic losses, inclpding friction losses and velocity losses
expressed in equivalent lengths of pipe, 15 in. in diameter, are
determined as follows:

From Figure 4.5.,

Entrance losses (enlargement) = 40 feet.,
Outlet losses (contraction) = 10 feet.
Gate Valve 15" (Outlet pipe) = 10 feet.
Standard Tee 15" (by-pass) = 80 feet.
Length of pipe 15" diameter. = 5 feet.

Total Length - 170 feet.

Frem Figure 4.6.,

s
d =
Head less . 170 x. 1000

= 0 .55 feet.
Allowing for outlet weir losses, calculated to be 0,13 feet
(Section 4.2.4.) and accounting for free fall below weir of
0.2 feet, and neglecting the relatively small losses, then the
total head loss

Hf w 0,855 +.0,13 + 0,20

il

0.585 feet,

i

18 Che

To providé’a factor of safety, the hydraulic gradicnt at the
inlet of the sewer to the floccﬁlation tank is set 20 cms. below
the low water level in the inlet sewer to the separator - l.e. at
elevation 366 cms. above datum. The invert elevation of the 15-in
inlet sewer to the flocculation tank becomes 366 - 22 = 344 cms .

above datum.
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b) Head losses from Floceulation tank inlet té Fletation tank inlet.
Negleeting the relatively small lesses in the tank, the losses
are mainly entranee losses (enlargement) and is caleulated to be:

h'f o 40 X _]"_.L
1000

= 0,06 feet.,
= 2 cms.

Again, to provide a factor of safety, the hydraulic gradient
at the inlet of the channel to the flotation tank is set 4 cms.
below the low water level is the inlet sewer to the flocculation
tank, 1i.e. at elevation 360 cms. above datum. The bottom elevation
of the 6 feet wide,K channé¢l to the flotation tenk is set at 350
cms. above datum to provide a velocity varying from 1,1 - 1.5
ft./sec. which is satisfactory to prevent settling or breaking
the chemical flocs.,

¢) Head losses from Flotation tank to Final Storage tank.

Head losses in equivalent length of pipe, include:

OQutlet losses (contraction) = 25 feet.
90° Bend - 15 inches., = 50 feet.,
Gate Valve 15 inches. = 10 feet.
Inlet Losses (enlargement) = 40 feet.
Length of pipe 15 inche = 10 feet.

Total Length 135 feete.
From Figure 4.5., head loss

h, = 135 x L5
£ * 1000~

= 0,21 feet.
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Allewing for outlet weir less, calculated by equation 4.4., for

maximum flow 1,40d gePale

3,400 x Oudd )2/5
H = (50x3.35x0

= 04,25
Aceounting for freé fall losses below weir, as in (a), then the
total head loss
Hf = (.21 + 0,25 + 0,20
= Gl0u feets
= 20 cms.,
Therefore, the hydraulic gradient at the inlet of the sewer
to the storage tank is at éievation 330 cms. above datum.
Finally, the hydraulic profile is plotted Figure 4.8., showing the
difference is elevation of the hydraulic gradients a2t maximum and minimum
flow stating: from the inletrof the sewér to the separator and ending to

+he inlet of the sewer to the storage tank.

==
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5 ULTIMATE DISPOSAL
OF WATER

No matter how efficient a waste treatment plant may be, there
inevitably remains the problem of disposing of effluent liquids and

of pollutional material removed from the raw wastes.
S5.1le Liquid Wastes

At present, all effluents of treai}ed liquid wastes, includjng
septic tank effluent and process waste water effluent are .discharged to
the sea through a 12~in. diameter submerged sea outfall extending about
100 feet offshore and opening at a depth of approximately 6 i"eet below
water surface. On evaluation of the existing outfall disposal is order
in the 1light of the following primary objective: to minimize the clemical
and biological pollution of sea water in order to prevent public health
hazards, nuisance and fish kill.

To evaluate the situation, water samples for testing were collec-
ted from many points along the shoreline facing the Refinery on April
14, 1965, and coliform tests were done on the same day. All tests gave
negative results, that is, the shoreline water was not polluted with
coliform group of bacteria. These results are not conclusive becanse
they represent only one set of examination which was not confirmed by
repeated analysis.

The disposal of the partially 't.reai:_éd liquid wastes offshore into
the sea, necissatates an adequate dilution and dispersion of effluent to

avoid objectionable and hazardous conditions. The determination of the

82
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adequateness or the rate of dilution necessary, is a problem that has
been given much attention by Sanitary Engineers and others, and the
criteria presented here is the outcome of their intensive laboratory

experiments and research worke.
S5slele Rates of Dilution

From a physical and chemical standpoint, the rate of dilution
necessary to meet the disposal objectives is that necessary to maintéin
the minimum permissible dissolved oxygen content of 4 ppm in the
diluted effluent. This standart was arbitrarily set by T.V.A. in
1945, to protect wildlife resources and recreationed activities¢(l)

A rough approximation of the dilution rate can be arrived at by
considerings

a) D.0. in sea water,

b) B.0.D. of liquid effluent,

¢) B.0.D. of sea water, and

d) Quantity of flow of liquid effluent.

In evaluating these factors the two situations that would be
confrented are:

a) The present situation whereby all the liquid effluents are
combined first in the outfall sewer, then discharged to the sea,
and

b) Te future situation whereby only the septic tank effluent is to
be discharged into the sea, while the process waste water effluent

is reclaimed and returned to the refinery operations.

1
() EW. Stell, Water Supply and Sewerage (New Yorks McGraw Hill Book

Co., Inc., 19887, p. £70:




B4
Obviously, the second situation with redueed pereentage of more
highly concentrated was_tes for disposal is more critical and hence
thorough consideration is warranted.
Characteristics and analysis of septic tank effluent and sea
water samples indicated the following average values:

a) Septic tank effluent:

S5-day B.0.D. 200 parts per million
Dissolved Oxygen 0 e
Maximum predicted daily f’_l_ow (Figures 3.1 and 3.,2) = 7.27}(;: 305
= 843 gepems
.
) Minimum predicted daily flow (Figures 3.1 and 3.2) = 2.§$Ox 305

= 245 geDele
b) Sea Water:
5-day B.0.D. 0 ppm
Dissolved Oxygen 6.8 ppm at 85°F.
Therefore, if X is the required flow of diluting water, the
equation balancing oxygen demand and available oxygen at maximml flow
ratees will be .

Be3 x 200 = X (6.8 - 4,0)

then, X = 640
This provides a dilution factor of 640 . 77
. B

From the bacteriological standpoint, the rate of dilution
necessary to meet the disposal objectives is 10 maintain a maximum
permissable coliform concentration at shoreline water not to exceed

L}
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10 E, coli per milliliter. This standard was arbitrarily based many
years ago on experience in G&lifornia.(z)

To achieve this bacterial concentration Rawn and Palmer suggested
a dilution factor of 225 at the periphery of the sewage field,

This factor is, therefore, the governing one and has to be

checked o
5eleRs Mixing and Dilution

Having laid down the minimum permissable dilution factor, there
remains the question of evaluating the existing outfall and checking its
performances,

It is important to point out here that due to the lack of suffi-
cient available data, the existing outfall is evaluated without extensive
oceanographic survey. However, a reasonable evaluation was made
possible on the basis of theoretical and practical considerations dis-
cussed in the literature consulted for this purpose, and the little
information'supplemented by Associate Consulting Engineers in Beirut.

Dilution of sewage effluent with the mass of sea watér takes
place first in the immediate proximity of the discharge point, then
throughout the whole rising volume., Further mixing and dispersion occurs

by wind-generated drifts current and by tarbulant mixed wave actions

()
E.A. Pearson, "An Investigation of the Efficiency of Submarine
Outfall Disposal of Sewage and Sludge," California State Water
Pollution Control Board, Publication No. 14, Sacremanto, California
(1956), pp. 54 ~ 55,




86

Assuming current nil, salinity distribution and water temperature

0

uniform, Rawn and Palmer in 1930 derived from their experiments the
following emperical formulas:
For estimating the initial minimum dilution at the water surface
along the axis of the r'-ising jet:
5 )

245
Sy = | 05 (Lg +3) wa Bl

L g o :

in which Sy, is the dilution factor at the point at which the jet axis
meet the air-liquid surface; Q, refers to the quantity of flow of
liquid effluent, in gallons per minute; and Ly, demotes the length of
the rising jet measured from the point of discharge to sir - liquid
surface.

For estimating, Lg, they developed two cases:

Case I. When I ) i
X 3
3/R R '
i = +(O.Sa)/ - 0.1685 &~ 5424
5 U—
vy
in which
x =5/vny BoBe
w3 [l
a \/V D 5.4-
V = Discharge velocity
D = Discharge diameter
Y = Depth of water above outlet
Case II. When ¥ ¥ & iL
X 3
2
Ls=Xrl+O.9(X)] S5e54
- &

(3)
A.M, Rawn, and A.K. Palmer, "Predetermining the Extent of a Sewage
Fidld in Sea Water" Trans. Am. Soc. Civil Engrs. 94 1036 (1930).



87

Figure 5.l. is a definition sketeh illustrating the horizontal
jet and the rising column of effluent at the point of discharge. All
terms noted in the discussion refer to it for better understanding,

To evaluate the dilution factors, S, at any distance, X, from
the center of rising ring, and to estimate the time, t, required for the
sewage to travel a given distance from the column head, Rawn and Palmer

approximated the following expressionss

s = SOJ—-}E—- R
XO
X. (suggested) = s Bl
o : 8 R4 )
b = 2 xR 5.8,
3 F
F = QSO J 5.9.
i e
a. ) e q/ Xo
12

In view of the presence of currents in the sea, Rawn and Palmer,
have also estimated the maximum distaﬁce sewage will travel with the
current by the following relationships

gm0 S 5.10.

where,

(o)
il

velocity of sea current.

T = +time in seconds,
Beleds Sea Currents

Very little is known about currents in the wicinity of the

existing outfall. This little information collected by Emery & George(é)

4 .
(4) K.0, Emery and C. George, The Shores of lebanon; Beirut: Catholic
Press, 1963.
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Figure 5.1. Definition sketch ofrising column

Afker Rown ond Palmer
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along the shores of ILebanon, do not give the highly desirable data on
the movement of water currents to permit resolution of the circulating
current pattern, Therefore, to evaluate the current pattern in the area
under consideration reference is made to indirect methods and theories
discussed in the literature.

Examination of the various discussions on currents and their
characteristics indicates that currents are generally caused by wind,
tide, horizontal density gradient, and waves.

Wind is the primary motive force for the development of currents
in the area, whereas the relative or combined effects of all the other
factors are assumed negligible and insignificant in developing currents
in the area under study.

Wind records including direction and velocity for the d=year
period January, 1, 1957, to December 31, 1959, have been maintained at
Tapline's oil terminal recording station near the Refinery. These data
were collected by Associated Consulting Engineers, analyzed, summarized,
and represented on a wind diagram as shown in Figure 5.2.

Limiting consideration tbumshore winds characteristics, Figure

5.2+ provides the following iniormations

Cnshore Winds

Wind Direction W SW NSW
Yearly Percentage 5.l 12.8 9.9
Speed in Km/hour Average ‘8,25
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Figure 52. Wind pattern at refinery

Rama v,
T. The cuter big cirsle shows the yearl, percentage of occurance
of winds, and the direction from which they blow.

2. The inner small circle shows the mean wind speeds in Km. per hour,

The diagram is depicted from the preliminary report on Sidon City
sewerage system prepared by Associated Consulting Engineers, Beirut.




91

Surface currents resulting from wind action were found by

experiments to approach a velocity ofgs)
O (R Sells
sin Q

where,

n

U velocity of wind

L}

Q latitude

The direcfion of the wind-generated surface currents found by
experimental studies to wary considerably. However, in the absence of
better information, fhe direction of the current may be taken as g0° e
the right of the wind direction,(s) though the underwater topography at
the shoreline may vary this greatly.

Based on these empirical expressions and assuming the nearshore
system of currents in the area under consideration do not markedl&
differ from these on which the experiments were based, then the expected

surface currents direction and speed can be computed as follows:-

From equation 5.11.
v = _0.01R7

sin 37

8eR5

n= 0.14 km/hro or 0.125 ft/SECo
The directions of the onshore currents, which are assumed to deviate

20 degree to the right of wind direction, are shown on Drawing No. 1 in

the Appendix.,

(5)
E.A. Pearson, "An Investigation of the Efficiency of Submarine
Outfall Disposal of Sewage & Sludge," California State Water Pollu-
tion Control Board, Publication No, 14, Sacremanto, California :
(1956), pp. 54 - 55.

(6)
Ibido, Pe 83,
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a)

Evaluation of the Existing Outfall

Hydraulic Considerations.

It is necessary at this point to determine the velocity,V, of
the effluent which is to be discharged at a depth, Y, 6 feet below
water surface, and at a location where direct onshore currents,

U, of 0.125 ft/sec. is considered.

From the empirical expressions discussed in the previous
section, it is readily observed that the dilution factor, S, is in
direct proportion with the discharge velocity, V, and inverse
proportion with the quantity of flow, Q. Therefore, at a
constant pipé diameter, it becomes necessary to evaluate the
outfall disposal objective at the maximum and minimum flows of
sewage effluent.

With the predicted maximum daily flow of 8.3 gallon per minute
(Section 5¢l.l.) and a pipe outlet 12 ihch in dismeter,the

discharge velocity:
Bed X 0414

60 [T\x Lilf]

0:08 fh/ssc,

V max. =

With a predicted minimum daily flow of 2.5 gallons per minute

(Section 5.1l.) the discharge velocity:

; R oD
« T ' 0,02
V min 53 X 0@

= 0,006 ft/sec,
Both velecities are extremely low due to the large pipe diameter

and small quantity of flowe. However, there is no limit on the
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minimum velocity, as the settleable solids in the effluent have
been removed in septic tankse.

Hydraulic losses in the submerged sewer, 12 inches in diameter;
discharging 8.5 gallons per minute of effluent at a maximum
velocity of 0.02 ft/sec., are obviously very small and could be
neglected., The main head loss isudue to pipe friction, which is
estimated from Figure 4.6, to be:

he = 100.2 x _0.08
1000

= 0,003 feet maximum,
This value is rather small and is readily overcomed by the
available head at point.of submergances;
Dilution and Dispersion Considerations

From equation 5.3.

ety .

X max, = SJ(0.0R)lexS

= "0.13 ft, |
X min. = 5J(b.006)2x1x6 , =
= 0.06 ft. !

I = 6 1
X 0.13 > 3
From equation 5.4. *

g maxe = B ’ (0.02)2 !

=  0.074
Badn.e = 5 f(o.oos)2 %1
= 0,034

Therefore, the length, Lg, may be found from equation 5.2,

6 + (0.8 + 0.074)5/2 - 0,1685 x(o.074)2

6.85 feet. : !

LS max .
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o

8 min. 5‘]~g“

L}

fl

6.7l feet.

From equation 5.73

X = 6!85 % i

° max. 8 24
= (0,89 feet,

¥ o BTl K 4 il

5 min. 8 24
= 0,87 feet.

Hence, the distance to which the effluent will travel form the out~
let to attain a dilution of 225, if there are no currents present, is

found form equation 5.6:

2
X = [( £82 5 | 080

mex e« 14

[}

230 feet.

But, in view of the presence of currents, the distance the effluent
will travel with the current is determined from equation 5,10, and the
time, t, required for sewage to reach the periphery of the sewage field
where S = 225 is determined from equations 5.8. and 5.9:

- (230)‘7’/2
8:3 & 0,14 % 225

: —
271 x 6.8% x {0,089
12

o =

8

= 16 minutes.
The total theoretical length, e, of the outfall required to satisfy

the disposal objectives then becomes:
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250 + (0.185 x 16 x 60)

(0]
i

370 feet.

Finally, in the case under consideration, where péllution is defined
by the effect of bacterial count on neighboring bathing beeches, no
problem is to be faced by discharging the sewage effluent under the
conditions discussed, because the néarest bathing beach is about 2000 ft.
away from the discharge point of *he dutfall. However, if new recrea-
tional beaches are established along the shoreline facing the refinery,
then it becomes necessary to elongate the existing outfall sewer and

re-evaluate its design criteria.

5.2+« Solid Wastes

This section summarizes the problem of wastes containing solids,
particularly oil-coated solids. It includes also a brief description

of the sources and disposal practices associated with solid wastes.

5.2.1s Sources and Disposal Practices

At present, with the existing wastes treatment practices, the
sources of solid wastes at the Refinery include:

a) Gravity separator bottoms.

b) Septic tanks sludge.
¢) Detention pond bottoms.
d) 0il tank bottoms.
Additional sources of solid wastes include the air flotation froth

expected from the recommended water reclamation plant.
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Estimates of the quantities of solid wastes can be made from
analysis of the waste water and from a knowledge of the removable matter
produced by the different treatment processes, Estimates of the
associated volume of water ana oil is difficult to determine. Since
detailed information is lacking as to the quantity and quality of the
solid wastes derived from the foregoing sources, it is difficult to
evaluate or design a disposal system to receive and dispose of the solid
wastes properly.

The present practice of solid wastes disposal is accomplished by
a single sludge basin measuring 25 ft. by 25 ft. and 1 ft.‘deep for
sludge storage. All solid wastes from the foregoing sources are pumped
to the basin and allowed to settle for reduction of volume. After b
prolonged settling, the oily water overflows and drains back to the
separator while the partially dewatered sludge is conveyed and disposed
of as fill in small pits along the shoreline and as close as 200 feet
from it.

It is reasonable to conclude that the lahd'disposal method adopted
is not sound because of the following objectionable conditions that may
arizes

a) The partially dewatered sludge which carries with it oil may,
during stormy deys), leach from the dump and contaminate the nearby
sea water.

b) The associated oily water may infiltrate and contaminate under-
ground water sources,

Therefore, it is recommended that this practice be changed and all
sludge from the sludge basin be conveyed to the incinerator. The ash
collected at the bottom of the incinerator is to be disposed in dumping

areas.



a)

b)

CONCLUSIONS AND

RECOMMENDATIONS

The matters discussed in the text lead to the following conclusionss
The Medreco., Sidon Refinery, processing Saudi Arabian crude oil, has
undergone continious expansion since the initiation of operations in
16565 There are great possibilities for future expansion. With
such anticipated expansion, the additional problems which will con-
front the Refinery are the expected exploitation of ground water
supplies, and the disposal of refinery wastes without contaminating
the receiving waters. The gross quantity of water withdrawn at
present amounts to 7 million gallons a day.

The Refinery-doe%ot have at present a record of water and waste

water flows., The needed water is drawn from underground and the waste
water produced is treated and disposed in the sea, Because of the lack
of records, flows measurements were collected for a short period of
time, the data was used in the design,

Because of the short period of study and the absencé of preblems
associated with the rainy season, it was not possible to evaluate

in detail the performances of each of the waste water treatment units,
More detailed information on oil escape to the sea is needed in

order to establish a realistic answer to shorline oil déposits.
However, based on the data obtained it was apparent that the present
wastes treatment plants are effective in maintaining the usefulness

of the sea water adjacent to the Refinery and meeting water pollu-

tion control requirements.

4
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e)

)

h)
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At present, no legislation exists in Lebanon to control water pollu-
tion by industrial wastes, but the cooperative attitude of the
Refinery management has shown all indications of effort to overcome
all points of weaknesses in the waste treatment plants so that the
systems satisfactorily take care and control sea water pollution.
With a slight change on the septic tanks design, the domestic sewage
effluent is to continue discharging to the sea through the submerged
sea outfall.s In evaluating the existing outfzll, all principal
factors affecting the design were based on theories discussed in the
literature cited, More practical information on the precise
characteristics -of the nearshore currents and water movements are
needed for the successful completion of this study.

The projection of the number of employees and waste water flow rates
into the future throughout the proposed design periods may be a valid
approximation because the nature of the past records indicate in-
appripriation of any mechanical curve to be‘adOpted to estimate the
future figures.

Continuous pumping of ground water was attained even during dry
Seasons, without any evidence of water depletion or shortage. How-
ever, with the Refinery!'s expansion, ever-increasing demand for
water, and over-pumping of ground water, the present situation may-
lead to a declining water table and possibly to the intrusion of sea
water, To meet such situations reclamation of water from process
waste water is desirable practice.

Reclamation of water from process waste water would save about 1

million gallons of water a day at an estimated cost of L.L. 0,02 per
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1000 gallon, which is an economical means of obtaining more fresh
water to meet the future demandsﬁ;o help conserve fresh water short-
ages and to prevent overwextraction of under ground waters. More
complete analysis is needed for re-estimating the unit cost of
reclamation.

The reclaimed water, 700 gpm, is to be utilized for the direct uses
of the Refinery such as, boiler feed, fire-protection, air-conditioning,
plant clean-ups, lawn sprinkling, sanitary uses, cooling water, and
miscellaneous other uses. The use, however, is limited to processes
not handling products for human consumption.

Provision for maintenance, operation and periodic cleaning of the
treatment units will be required to remove all solids settled in

the various units. Routine tests of the flow characteristics of
reclaimed water and raw process waste water should be performed at_
stated intervals.

Finally, this study should be regarded as a preliminary attempt to
present the wastes and water problems encountered at the Refinery and

to develop the necessary measures to overcome them.
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Drawing Nos. I, 2, and 3.
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ADDENDUM

This project report was submitted before the defense commibtee
on 30 October 1965, The committee accepted the project but criticized
it as presented with regard to the following points which have heen

corrected or included herein as an addendum,

a) The approximate quantities of water used,.consumed, and reclaimed

are added to give an idea of the saving in ground water intake:

Total water in the system (estimated) 7,200,000 g.p.d.

H

Total process water 15% (average ) = 1,080,000 "
Total cooling make-up water (estimated) = _ 900,000 n
Total water intake = 1,980,000 M
Total water reclaimed = 1,008,000 *

Percent reduction in underground water intake = 51%
The cost of reclamation, including treatment and diétribution
expenses, averaged L,L. 0.02 per 1000 gallons, while, under the
circumstances where sea water conversion becomes a mast for fresh
water supplies at a minimum cost of L.L.1.00 per 1000 gallons,
then it is safe to say that the recommended scheme is a Very
economical means for fresh water supplies.

b) In replacing the existing plant units by the recommended plant, the

following transition program is to be followed:

Before it reaches the primary separator, the process waste
water is diverted totallytghe detention pond wherefrom it is
periodically siphoned tu the secondary separator and passes

through the other units of the existing plant, While the flow

is diverted to the detention pond, the primary separator can be
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eliminated and replaced by the recommended separator plus the recla=
mation plant, When the new installation is placed in operation the

detention pond and the hay filter unit can be eliminated.

In drawing No.3, the bottom of the storage tank is sloped 1/100
towards a corner to collect settleable solids in the corner sump for

periodic pumpage and tank clean-up.
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