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WASTE WATER RECLAMATION AND REUSE IN
PETROLEUM REFINERY AT ALGEILI AREA NORTH OF
KHARTOUM

BY:
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ABSTRACT:

This study was conducted at Khartoum Petroleum Refinery at
Algeili, North of Khartoum. The study discusses waste water
treatment methods in the refinery as well as final disposal methods
applied on reclaimed water. Waste water reuse in imgation was
presented in the study as well as its effect on plants and crops

The objective of this study is to assess the methods of waste water
treatment adopted in the evnvironment at evaporation ponds near the
refinery.  After tests and experiments done on the waste water
treatment units and evaporation ponds, the treatent by plant gave
good results of water reclamation 99 6 percent of oil was removed
during the processes, 9976 percent of volatile phenol was
eliminated, and COD value decreased by 77 4 percent, however, it
ncreased  once more at the evaporation ponds due 1o algue (prosence
and mgh temperature PH value had also screased ant ithe pondsifor
the same reason  Therefore the study secommenils mtigptng
wastewater reuse methods for imganon  Such methats preseree the
emvironment and might mimmize the effect of grountiwater recharge
from heavy-flow point source into negligible-flow non-pomt source

and hence causes less contamination
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INTRODUCTION:
(Ol ;pollutes warersimos! inall steps of production, from upsream to
Adownsteeam  Water s used fordrillimg purposes, 1t facilitates.and

«eheans tthe path of drilling "Water is also anjected in wells for oil
production, as well as large amount (of conaminated water s
preduced during production operations, leaving behind a vast
amount of ponds. Several treatment processes should be undertaken
before disposal.

Refimng s an important step in oil production. Water is used here
for several purposes at different stages of refining. An appreciable
amount of wastewater is left behind.  In the process, pollution of
water resources and the environment nearby is expected
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In oil refinery, water is usually usadmvm;untopunﬂm In
many of these units water or more often steam comes imo direct
contact with crude oil and products denved from it Also. chemcal
reactions take place in certain units and as a result of these reactions
Dy-products will be ﬁmd lnd ew:mua]h end up in wastewater
sireams - .

In shoit, one can expect wastewaler stream <oming out Emmhe
refinery 10 be loaded with different types of pollutants at vanous
concentrations  Uswilly wastewater is discharged from refinery
either 10 nearby seawater, or river. Mmruwelynudmmdm
municipal sewage system. In Sudaa it s discharged mnto.ev

ponds  Before the discharge, the wastewater must be treated in the
refinery itsell especially when the effluent 15 [0 be released in the
environment b b ol Mo s L.

SOURCES OF OILY WATER IN THE REFINERY:
There are iwo mmn sources of nﬂymﬁﬂw{.&m
1998)

o Oily wastewater which mm&s from the process itself, whcr:
. water 15 used in the prevess ar high flow rase for different
purposes ADN YL D LS
o (ther sources result mmmwurmrmm

auddtlhm uumumell Mw '
TRH#TMLH'II m*ssans N 'nw ml"“\’t' s
The am of these processes 1510 control the quality off wastewater
eifluent accorcding to standards and guidelines  The quality control
includes the o1l coment. toxic materials, color, taste, and odor ns well
as - PH. bwochemica! oxveen demand llﬂllr.. urmnl OXVEEN
demand (COD) and the deereeof turbidity
Wastewaler treatment m at wmlmm mﬁnum can bhe'
divaded into three main divisions !

1- Direct petroleum tieatment OPETAlIONS Processes
ki
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extraction of alcoholic sulfares and neturalization using caustic soda
These processes should be included in the design of treatmen
operators to reduce wastewater effluent problems.

2- Unfloceulated oil separation, and shudge removal processes

These  processes include oil separation equipment. and oil separation

tanks, by using mlmnu;lmln as well as warer separation from

drain  muxture a1 the  top ufaﬂmtnk:ﬂﬂmwmr

Separators).

i- Special separation processes for the rumh:u oil. and for the
climination of phenols and sulfates, and all other impurities. Also
in_this process the BOD and COD are reduced to the acceptable
limits 10 improve the color, taste, and odor of the effluent.

Table | represents a sample of wastewater standards from a

petroleum refinery before discharge (chalabi. 1986).

TABLE (1) SAMPLE OF WASTE WATER STANDARDS FROM A PETROL
REFINFRY

il

Constituent & i1 Ay |
1opH A . 65-85 |
2 Towl O 7 P T e
3-Phenols I 7] -

4- Sulfates LY . L OSmgll

S- Alcoholic Sulfites 0.5 mg/]. i
WASTEWATER REUSE:

The use of treated wastewater elluent ﬁ:[lrrlillmlwhurc-nﬂm
an ppportunity 10 conserve water resources. Water reclamation can
also provide and allernative to be disposed m areas where surface
waters have a limited capacity 10 assimilate the contamuinants  The
sludge that results from waste water treatment apphied to farmiand,
can improve the physical properties and agricultural produoctivity of
soils, and its agricultural use provides an altermative to disposal
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options, such as incineration, or land-filling (Rowe & Abdul-Majid,
1995)

The application of wastewater effluents 1o soils may pose some risk
of ground water contamination by viruses and bacteria, however,
that risk can be minimized (NAS, 1996) by adequate disinfections of
reclaimed wastewater and by slow infiltration rates

BEHAVIOR OF SOIL AND PLANTS EXPOSED TO CHEMICAL
CONSTITUTE IN RECLAIMED WATER.

Atlas (1981), started that there are factors which appear to be
important in encouraging high decomposition rates of petroleum
hydrocarbon ( a mixture of aliphatic, aromatic, asphaltic compounds
in soil)  These factors are temperature, concentrations, adequate
supply of essential nutrients, and availability of oxygen There is a
little evidence for significant leachig of petroleum organic
compounds from the upper soil layer

Many of the organic compounds are chemically or biologically
degraded or volatilized from the soil during the cropping season
Because the fraction of sludge bome-loxic organics that does
remaining soil has low bioavailability, absorption by crops is
neghgible In some cases, volatile toxic organics may contaminate
plant's tissue through absorption of volatilized compounds, however
management practice such as incorporation of sludge with soil and
application of sludge before plant sprouting will substantially reduce
any plant exposure to volatile organic compounds (NAS, 1996)
Available data ndicate that potentially harmful toxic organics
pollutants do not enter edible portions of plant that are irrigated with
treatmen! municipal waste watér, imgation of vegetation in test plot
with wastewater has shown no accumulation of Poly-nuclear
Aromatic hydrocarbon (PAHs). especially Benzo (a) pyrene (II'nit
skit et al . 1974). In a study of Aldehydes and other organics at
agricultural land treatment sites, (Dodlina et al, 1976) found no
uptake of Acetaldehyde, Crotonaldehyde, and Benzoaldehyde in the
above ground portion of potatoes, and com Cyclohexanone, and
Cyclohexnol could be found in corn plants four days after irrigation
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but no later Dichloromethane was taken up bx beets and cereal. but
was metabolized and absent within about two weeks after unganon

HEALTH CONCERNS ABOUT CHEMMCAL CONSTITLTE IN
RECLAIMED WATER:

There are many chemical constitutes that enter the wasie water
stream that are of potential concern for human health  These
nitrogen.  Conventional agricultural practices such as the use of
fertiizers also have potential to introduce additional chemmcal
constitutents to soil

The degree from which the constituents from wastewater present a
risk to human health depends on their concentrabon i reclaimed
water and the fate and transfer of these chemicals from wastewater
sources 10 human receptors via vanous exposure pathogen (Isam,
2001)8.

There is a number of environmental processes that, when added 10
the soil, can interrupt the entry of toxic organic chemicals into food
chain (Lessage & Jackson, 1992). Orgamic chemicals from
wastewater may be destroyed directly afier land application by
biodegradation and chemical-and-photo-oxidation. Organic
compounds may also be volatihzed, immobilized onto solid particles
by sorption processes, or transported (leached) unaltered through the
soil column to reach the ground water.  In more complex
mechanisms, sorbed organics may subsequently be chemmcally or
photo chemeically degraded, microbialy decomposed or desorbed

STUDY CASE: KHARTOUM REFINERY:

Khartoum refinery is located 70 km north of Khartoum State. It
occupies an area of 55 km = The refinery is 2.5 km east of the
railway lines and is 12 5 km away from the river Nile The refinery
plant is occupying half square kilometer while the remaining 8 km are
reserved for buildings and extensions  Another 8 km were reserved
for marketing companies and other projects related directly to the
work at_ the refinery including a power station and housing
compounds
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The maxisum . design mﬂmm ﬂnm'_

barrels/day i'e 2 S milliontons s year

There are five main units at the Khartoum refinery supported by

other utility units

mmnﬂﬁmﬁkﬂ‘ WA AHTY sy SrEAIAO 1 .

I Crude Distiltation Unit and ﬂmmuﬂ&eﬂp%u?“ :
“million fons of crude oil per

2 Reforming Urﬁ’t’”‘m:h !mgl; apﬂty""ﬂ: 15 Wﬂupl&. ber
9mr e Tl |

3 bid! esel Hydro ivéaring Unit, with 300 thousand ions pef year
desiuring capacity

4 Resue Fluid Catalyne Cracking Unit ?«h-%upail} of
TSOﬂﬂﬁ\mkaym

S Solir Water stripper with -Wmﬂvdmlhunmﬂmm
p-qwu
The Tilits weits wf (W refinen constilute poser mﬂmﬁa

m.:g;mm :und: umr mﬁmummm Hutm:t-h '

WATEFR ANDWASTF WATER IN KHARTOUM REFINERY-
Waste water in Khartoum wﬂmwi&im mmm

cateuories. A 'and' B =V e e "
A< 1= Water Contammated with Off . - Ml ;
1 mmummfmmmmma TRy 36 OutE ot H
B At Wane Wafert) boriount] 4 i
22 Cooling Water Blow Down YT

Hmwmmmmwnamwﬁaw}m
Dm0 b

WATER UISAGE IN THE REFINERY:- 7 001 10 e :
wnahummmmmm |

FiCooling purposes. NI
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SOURCES OF WASTE WATER ASSOCIATED WITH VARIOUS
 PRODUCTION UNITS:

PETNT OW QAR ETH i
ngr* PR SR — *
- e T " mormally m“ndwnrqn
- caverage of 003% per weight' The crude intaken the refinery
s approsimately 7500 day. Mﬂumwﬁm

NMM sawh ot bowonedl sew  WouThy b
- @“ﬁﬁwij P i
Zﬂ*m prosess water s added to dissolve salts in the

crude oil, then by using electric desalter water 18 ﬂplmadrm
ad10ll 2 "ﬂ'ﬂ‘w moR s e b

woowaterisben diseoied o the sonnwater sinpper.
4 Reformung. Uit Reforming unit. does not use water in ﬂw
vlnprocess L herefore, there is m-ﬂ:r :luum-.-rmmﬂi;
ARG v boral . piaw @S] A 3OB O
Seqlhesel, Hydio, rmatim (KT MI Hydro Trumg :
Uit uses @ furnace and a reactor Imlhqmmuim'&ﬂhr '
1 Nisogen,and L Olefind: trom -the praduct. - The product will be
air-cooled and water cooled, and then it undergoes water wash
o Wastowares will berdischirged 1o the drainsge system
6+ Residue Fld - ¢atalyie Crackang: long fessdue produced from
othe previows unit & directied 108 reactor in the RFCC wriit far
molecules cracking  Water s discharged sinularto CIH
T bty umits n Khartoum refmery. 1 ' oo
' 1o «dyCoolng Water System o000 e wlamorg o1 csboon
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MATERIALS AND WETHODS:

Efficency of removal was conducted. along with chemical analvsis
for a penud of ome momth Each irestment umit in the wastewates
treatment plant was thoroughly mwvesogated and  analvaed
Investwanon  aiso mchuded the final disposal of ireated effluent  The
the refimery  Evaporation. dimensions and chemical analysis were
worked owt. and gemeral environmental obmservations were
remarked

Four samples had been taken from four differemt units in the
weatment plant on daily basis, as will be descnibed later in this article.
Three samples were taken from the oxidaton pond.  An experiment
of Broad beans growth was also worked out during the study, 1o
discuss the feasibility of water reuse for agricultural irrigation

The three Oxidation Pomds i Khartoum refinery situated at three
nstalled at the bottom and the sides of the ponds 10 prevent water
scepage  The area of the ponds i1s 0. 78km’ The flow is evenly
disributed 10 preserve a 12m water level mw
experiments of the area. estimated the evaporation rate 1o be
17 1mmvday.

Samples had been arbitrarily taken from the ponds and checked for
the following tests:

PH, Oil Content, Sulfur Vontent. COD. BODS, Volatile Phenol,
Ammonia-Nitrogen, Sulfur, Volatile Phenol, Ammonia-Nitrogen,
Suspended Sohds, Phosphorous, Total Dissolved Solids, and
microbological tests.

Seed-growth expenment of Broad beans had been conducted for all
three samples (o promote water reuse in specific crops  Remarks on
the evaporated water and the size of the ponds were taken during the
study

RESULTS & DISCUSSIONS:

TREATMENT UNITS:

As mentioned previously, the quantity and quality of incoming
wastewater 10 the treatment plant from production units, vanes

Vol 4(1) 2003 46 2003 (1 4 e
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widely according to the state of production and quality of crude oil in
the refinery  Nevertheless, results showed stability in treatment
control  Ar the oily wastewater screen. oil content had a wide range
Elcmlmmmm}ﬁﬂgﬂ—iﬂnﬂ o7
L Mm&mwﬁuﬁthu—ﬁmﬁ

wastewater in th!lr:'ﬂ}
TABLE@Zy RESULTS OF WASTEWATER SAMPLES un!

hﬂ OILY-

WATER SCREEN BASIN.

N il Velatile | COD PH !- ’.s-h-

f Mg/) Phenol | Mg/l Myt

I | %689 | 949 341 %S Te

2 T 13.53 M3 £9 0

3 609 _38 3.2 577 78 32 )
FOTHAEII3E | P s 378 YT ETl
5 11228 12.98 317 RRT PIEABy 1) [
Average | 77063 20 T4 4112 835 0 8%

The importance of these results shown in table 2 is the dentification
© of raw wastewater hefore treatment.  Further treatment is gravity
" separation of oil In this process vil was removed and separated for
‘reuse. and waste water wlssuﬂ!i:rdmuhnﬂurﬂmmhmd
second stage (DAF!1 & DAF2).
Results of samples tests of waste water taken from the out take of
DAFZ as presented in table 3 were as follows:
Note. Quality Index provided in the study is according 10 the Chinese National

Standards.

ii*

TABLE (31 RESULTS OF WASTE WATER SAMPLES TAKEN FROM DAFL

No. Onl mg/|

[ 538

i 2 2857
3 12111

+ 179

5 183.7
__Average 164.662

Vol 2(1)2003
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600 - 0] Removal Peicentage ol oil = T8.67%
. - 1 Oil Coutent i g A
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Screen DARZ
Basin

FIG(I): AVEHACE OIL REMOVAL PERCENTACE FROM INTAKE POINT AT
SCHREEN BASIN TO DAF? STAGE.

The lugh removal percentage was an oulcome ol the physical method
(gravity separation) and Chemo-Physical methods (injection of air
and emulsifiers) Ol discharged from DAF2 is not usefil any more
for reuse, because the emulsifiers increase the temperature of the
product, and hence the characteristics of oil deterioration.

The thwd montoring point, was the Bio-Chemical unit in Kharioum
Relinery, Samples were taken [rom the outlet and the results
obtaimed were as follows in table 4.

TABLE (4 REUSLTS OF SAMPLES TAKEN FROM THE BIOCHEMICAL
UNIT.

o Ohlmg | | COD [ DOD | Mmd | Sisponded | NILL. | Shidge | pll
- mpl Jwet Jwgt febdeoagl! | Nmgl Dot
! 6.5 7 | 9% i 41 _ a2 1 0 l3
LA N X (5. TR NP 12 T W T
A Lo 44 ik 1722 1 0 2 154 M Blb
4 2167 9L | 190 il IX 2% 24 45 |
[ Mweap [ 1618 | 213 15 | nos ) 57 | 275 | 674

Vol 4(1) 2003 4% 2003 (I lp
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Afier the results of the Bio-chemical umit, the wastewater effluent
was by then improved by far The Anaerobic and aerobic units in
the bio-chemical unit had extensively reduced chemical constiutents
of the wastewater, where at this point wastewater was discharged
clean and ordorless 1o the sedimentation tank - The effluent was
discharged aflerwards 10 the filters and hence to the supervision
basin

The supervision basin is considered the most important momtonng
check point at wastewater treatment plant, and the results of the
samples taken from it check the whole previous processes. This is
due to the fact that the effluemt is discharged right way to the
environment through the oxidation ponds :

If the results were not satisfying, the by-pass pipeline connected 10
the basin send back the effluent for further treatment by repeating the
Previous processes once again

These processes are repeated according to the degree of
contamination of the effluent.

Samples taken from the supervision basin had results as in table 5
below. '

TABLE (%) RESULTS OF SAMPLES TAKEN FROM SUPERVISION BASIN

o himg1 | COD [T T NHAN i TR
g i d Solids | myg i mg | g |
g
66 [FT] [ [X] 0.2 &
F] 6.9% Dl [F] [TF] by (AL [
i 6.2% 4 (X [X] [N 94
4 4 in LE] [N 1] T
3 19 o [ 0 (1] T4 ]
o M) 7 a2 0.2 i Wil 1] =4
7 44 L 1] TF] ni R
) ) ;a " [ [ TE] %] =
[ 172 1 [ 0. X 740
1] 13 1) W 13 [ 67
1 4 I m i [F] ; [T 7
12 '] 7] % ] 1 [ ]
k] 5.7 L] [] 1] [T} [0
4 16 L] 1] (K] K] 36
Averae | A7 o [ ain ull 43 s |
bty i 150 ™ s s (%] i
T = 1 )
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As . shown ﬁom Mmmllﬂﬂ'imm;ﬂm
enormously reduced from DAF2 lonmmunhmfu.zm
lhmlmofodumw ;

! PiLE -
O il Removed
: i . ‘?m'cmﬁi!utmmull
1 5 Im.‘"l M w oITH
Py bi a® Vi
o i & =
' -y
LETAERE IR F A

FI1G{2): OIL REMOVAL PERCENTAGES rm«-ncnmlm
SUPERVISION BASIN, *mﬁp

b Ol

The Volalile Phenol removal from oily waler screen basin and the
biochemical unit was as follows.

B Phenol Content b meA

Scresn BCU
Bosin

FIG(J). VOLATILE PHENOL REMOVAL FROM ONLY-WATER SCREEN TO
BIOCHEMICAL UNIT. OXIDATION PONDS L

The Oxidation Ponds at Khartoum Refinery are the final disposal
terminals of treated wastewater effluem  discharged from the
treatment plant.  The ponds are about 1100m in length and 625m
wide The ellluent 1s odorless, and ureenish in color. No traces of
orl (1.e odl Bilms) could be seen
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The total area of the ponds is about 687500m2 A level of | 2m is
always maintamed through even distnbution of wastewater effluent
mto  the ponds, by using control valves  There are embankments 3m
wide around he three ponds., which would make the total surface
area of the ¢ffluent 1o be

[[625* 1100]-{(3*4*625)+(3*21 100)] | “673400m*
Multiplied by the dlpl‘b'(l!‘ 1 Zm} the volume of treated effluent
would be b
ﬁ?HDO'I Z#IEEM{HHJ

The peak evaporation index ' of thearen is | 7. Imm/day - Therefore
the daily evaporated water from the ponds would approximately be.
L 6734001 TAR(IN0)=HISLS ddmiday.

This result varies at different imes of the year, making peak values
al very hot dry weathers. The index drops in cold and humid
weather to 16 mm/day 10774 4m’/day Therefore, the average daily-
evaporated volume of effluent would be approximately equal to
11144m3/day
Sources of daily discharged waste water to the ponds were

I- Production wastewater discharged from the treatment plant.

2- Blow-Down "circulating” Water
The daily amount of production water (Q1) discharged to the ponds

15 calculated approximately as follows:
Q1=Wav*Qlay
=30%170=5100m3/day
Where,

Way. The.lw wnrkuuhnunnfpmd:ﬁ:bnwpﬂ'@l}
Qtl:d":h average  discharge of production wastewater per
- {m|/day) .
While, the daily smount of blow-down waste water (Q2) is
approximately.

Qz w v2*Q2ay
130=6110m/day

!

Where, :
Vol 4(1) 2003 31 2003 (1)4 dae
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Wav2 The average working hours of blow-down pumps per day.

Q2av: The average discharge of blow-down waste water per

(m3/day)
Therefore the total daily average discharge of waste water effluent 1o
the oxidation ponds (Q) would be:

Q=Q1+Q2
= 5100+ 6110 = 11210 m¥day,

The results showed that there had been a slight increase of incoming
wastewater to that of evaporated one, which implied a continuous
mcrease of waste water onto the ponds
Water quality of the oxidation ponds had been tesied through
samples taken from the ponds These samples were chemically
analyzed for differem chemical constitutents that were suspected 1o
be presemt at the ponds. Table 6 shows tests conducted and results
that had been obtamed:

TARLE () TENTS & HESULTSOF THE FIRST SAMPLE TAKES FROM THE 1OMD

No 1ot Hasmlt Lot
W e [l 92 N
[ 2 ol 218 g/l

. Sultur U nig/ |

4 LMD 33l |

3 KNS 23 g/ |

i ¥ Ml LLRIE] LT

? NILN oM |

8 8 Soluls 91 mygll

9 A 1 Lo g/l
L | s TR Mg/

The previous sample was taken from the first pond, which is situated
al the lowest level of the three ponds Results obtaned on this
sample were all acceptable ones, only the PH, and COD seemed 10
be slightly raised from the standard index This is due to the
presence  of algae A filtered sample tested for COD obtained
acceptable results. Microscopic test that had been conducted on this
sample indicated the dense presence of algae on the sample

The second sample had been takefi from the second pond (the middie
one), it is elevated 2m approximately above the first pond The

Vol 4(1) 2003 52 2003 (14 dae
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treated effluent look more green than the first pond No odor or oo

films can be detected by human senses

FABLE 7k SHOWING THE TESTS CONIMCTED AND THE REVSE TS ORE ARVED FOR
¥

No. Test ki n.-l - Vit

i Ml %3 (™

2 Ol 35 mg/l

3 Sultu 08 mgl|

4 LoD T mgf |

5 BODS 39 gl |

o V Phenol 008 gl

7 NHI-N 7 g}

[ S Soluls 3 g ¥

3 [ i?TjT mgs [

n TS | 166 il .

Microscopically, algae presence on this sample was denser than than
the previous one That is why more COD and pH value were
received durng testing Temperature, and sunlight also affect the:
value of COD and PH (ie the results vary during the day) Ouher
results were acceptable according to the quality index.

The third pond had the most algae presence between other ponds. It
i also elevated 2m above the previous pond.  The water ar this pond
was odorless and green in color Tests and results are described at

table 8
TABLE ( ¥y TESTS & RESULTS OF THE THIRD SAMPLE TAKEN FROM THE
THIRD POND.
No lest Kesull Uit
I rH 103 Mo
- 4] AT nl 754 g/l
i Sullior ny !l
4 (S8 5] 40 1
5 BOLS 4 g/l
f V. Phamd i} 15 el
7 NHA-N 37 /|
0] S Solids FE g1
9 P L] l‘" |
1 —— TSETYRe 897 ing |
Vol 401y 2003 2003 (| ¥ dpe
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Birds swimmmg -mmmnmmnm--
along whhmmﬁllﬂ-mﬂm&
the three pontls

There were slight differences on the efMluem quality of each ponds, as
well as i color (i.e algae presence) The average esults of the
effluent of the three ponds together would be shown m table 9
Results from the treatment plant showed that there was no sulfur
content on the waste water coming from it.  However, one does
assume that sulfur content on the samples taken from the ponds were
coming from the blow-down water. Nevertheless the result was
acceptabie to quaity mdex guidelines  (nl content and volatile phenol
values were acceptable for dscharge standards, and can be
‘discharged mto waterways

The algae presence at the pouds ncreased the COD. PH, and
Suspended ‘Solils values, on the other hand algae presence is an
indication of goud qulity wastewater effluent

To translate the mmwmwm
for .effluent reuse for agricultural pruposes or anificial groundwater
recharge, and .depending on the previous un.h.nwn of

‘broad beans growth was conducted

TABLE %) AVERAGE RESULTS OF THE THREE SAMPLES TAKEN FROM
THE PONDS

No . AR T TR T TR

| PH i . . al No

2 il 307 mg/|

3 Sulfur 0.53 mg/1

4 oD 356 mg/|

3 BODS 28— mp/l

f 'V Phenol 0042 my/1

7 NHIN 393 mg/ |

s 5 Soluds 283 mg/|

9 e 045 gl |

10 o | VDS 10553 mg/t
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Broad Beans-Growth Experiment and Results:

The first sample was tap-water sample refierred 1o as blank sample
(sample 0) kept on a pitry dish. Broad beans were dumped x sample
0. The second sample was from the first oxidation pond, referred 10
s, sample 1. The third and the faurth sample were from the second,
and the third ponds, referred 10 as, sample 2. and sampe 3
respectively.  Small equal broad beans had been dumped on these
samples, where all sampes hold the broad beans on pitry dishes for
the same period of time. All samples from the ponds had been taken
randomly. Time of the experiment before removing the sample for

IHIG () IHOOTS CROWTH ON BOARD BEANS FOR FOUR SAMPLES.

LA,

s dhown ®n firgure 4, the resilts of the experiment ‘were very
encournging Some samples from the ponds showed evenbetter
results ‘thantap water itsell.  This is clearly seen al the growing roots
and the'healthy textures of broad ‘beans

O TONCLUSIONS & RECOMMENDATIONS:

The study of petrdleam waste water  effluem wanagement an
Khartoum refinery 'had investigated the various wastewnier ireatment
plant m ‘the vefinery, as well as termmal thsposal point of ‘redlaimed
wastewater at the oxidation ponds. Based on the resulrs, reclaimed
wattter  reuse for agriculturd] ‘Trigation wodld  be considered
(Conclusions drawn from this study can'be summarized as follows -
(Préfiminary Physicil Treatment Units: In the process, an average of

8 percent of oil content had 'been removed with'minimum losses

Wol. 4(1) 2003 1 2003 (1)4 taa
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policy The useful removed oil had been sent, for reuse, to the crude
ol tank

Biochemical Treatment Units At the end of this process. volatile

content in wastewater was removed 1o as high as 99.76
percent, and oil content was reduced other chemical constiutents
such as COD, BOD, SS, NH3-N, had all been quite acceptable

according 1o known guidelines.
Secondary Physical Treatement
tanks, and the mechanical filters

. These units are the sedimentation

OXIDATION PONDS
The chemical tests results on the oxidation ponds had shown some
improvement on the reclaimed water quality due to dilution with
blow-down water. The oil content had been reduced by 52 percent
and volatile phenols by 16 percent from the results obtained
previously on the supervision basin Nevertheless., some
deterioration  had occurred on the quality of the effluent.
solids, COD. and pH value had incresed due to the dense presence of
dgn mmmmm&-mam
inorganic compounds in the effluent
&nmmh_imm To enhance the credibility of the previous
results, broad beans growth experiment had been conducted, and the
results obtained had showed that the reclaimed water at the oxidation
ponds had satisfied good quality water of ungational characteristics.
which could be reused for some agricultural purposes.

RECOMMENDATHONS:

For optimum results concerning the core of the study. the writers

recommend the following.

|. The installation of momitoring wells at different distances
scattered at downsiream areas to record the groundwater guality
of the underhing growundwater basin.

2 Reuse of reclaimed water at owdanon ponds for forestry
irmigation. Camphor trees at ecastside of refinery are
recommended
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3. Installation of several flow meters for each umit at the waste

water treatment plant for better monitoring of the quantitities,
and quality at each unit

4 Expanding the varieties of chemical tests to include more trace
elements, and organic compounds.

| Studying the types of algae and bacteria present on the oxidation
ponds and trying to genetically modify it so as to reduce the
organic compounds through degradation or ingestion
2. Analysis of more organic compounds such as Poly-nuclear
Aromatic Hydrocarbon (PAH), Aldehydes and other organics
might be done to study their effect on differet crops.
3. Study to increase the efficiency of the biochemical unit at the
refinery is recommended

4 A staustical model to monitor and predict the contamination of
groundwater upstream to downstrem through observation wells

records, are highly recommended for further studies at the
Khartoum Refinery.
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