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Abstract

The aim of this study is to analyse and desalinize contaminated water
produced from block 18 of Safer Company in Mareb- Yemen. To produce
one barrel of crude oil, one barrel and half of water was obtained. This
amount tended to increase with depletion of oil and gas, bearing in mind that
the increase in water was an indication of depletion of oil. Hence the
contaminated produced water needs to be treated with advance and cost
effective technology. The waste-water produced in the Central Production
Unit of Safer Company was estimated at 80,000 BPD. In this study the
water-shut off technique was reviewed and guessed to be ineffective due the
factor that the wells in these areas are deep with a high temperature that the
viscosity of the shutting off materials would decline effectively.

Therefore a novel technique was developed and investigated and found to be
much effective and practical. This technique used adsorption of oil on a
packed bed of bagasse. Bagasse was found to be a good adsorbent of
emulsified oil at low pH (2.0). At conditions of ambient temperature, pH of
2.0, 0.70 m packed bed height and particle size of 1.5 mm, the percentage of
oil adsorbed on bagasse was 98 %. The spent bagasse in addition to oil
adsorbed could be used as a fuel with a calorific value of 38 kj/kg.

The technique practiced in this work was first to settle the salt for 5 days and
separate the salt crystals, then emulsifying the oil with a surface active

agent. The mixture of brine water and oil was then eluted through a packed



bed of bagasse of particle size of diameter 1.5 mm and 0.70 m height. The
flow rate was adjusted so that the resident time was 320 minutes, this was
the equilibrium time determined for adsorption. The eluted brine was almost
oil-free with about 2 % traces of crude oil emulsion.

The brine solution was then processed through single-stage Reverse Osmosis
unit (RO) at pump pressure of 13 atmospheres. The unit was able to separate
98 % from the salt feed water at TDS level of 2500 to 3000 mg/L using
pressure of 13.6 to 17 atmospheres and 24 L/m’.day. Today the state of the
art technology uses thin film composite membranes in place of cellulose
acetate and polyamide membranes. The composite membranes work over
wide range of pH, at higher temperatures, and within broader chemical
limits, enabling them to withstand more operational abuse and conditions
more commonly found in most industrial applications. In general, the
recovery efficiency of RO desalination plants increases with time as long as

there is no fouling of the membrane.
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Nomenclature

mass velocity of adsorbed solute, kg/ m”.s

mass velocity of adsorbate-free adsorbent, kg/ m”.s

solute concentration in solution, M/ L* or mole/ L?; for ion
exchange, equivalent/ L’

distance, impeller to bottom of tank, m

heat capacity, FL/MT

mass velocity of more strongly adsorbed solute, kg/ m*.s
Diameter

diffusivity, L*/ s

mass velocity of adsorbent-free adsorbate, kg/ m>.s

Liquid-phase mass-transfer coefficient, mole/ L* .s

mass velocity of unadsorbed gas based on container cross section,
kg/ m*.s

Packed bed height

a constant

solvent liquid: mass in a batch process, kg; mass velocity in a
continuous process, kg/ m>.s

Constant

Constant

rotational speed, s™

equilibrium vapor pressure, F/ L*

agitator power transmitted to fluid or slurry, FL/ s

adsorbate-free solid: mass in a batch process, kg ; mass velocity in
a continuous process, kg/ m*.s

Volume of packed bed m’

Inlet volumetric flow rate m*/min

adsorbate concentration, mass solute/mass adsorbent, kg/kg; for ion
exchange ,equivalent/M or equivalent/ L’

concentration of solute in fluid, mass solute/mass solvent, kg/kg

Greak letters

Residence time min.

volume of solute/mass adsorbed, L’/kg

fluid density, kg/ m’

absolute value of density difference, solid and liquid, kg/ m’
Constant =3.14

Void volume m’
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Subscripts

p Particle

0 Initial

1 stage 1; bottom of a continuous-contact adsorber

2 stage 2; top of a continuous-contact adsorber
Superscript

* at equilibrium

Abbreviations

BBL/D Barrels per day

CPU Center production unit(part of oil company located in Yemen)
CTA  Cellulose tri-acetate membrane

KPU  Kaamil production unit(part of oil company located in Yemen)
JHOC Janah hunt oil company(oil company located in Yemen)
MPa Mega Pascal

NF Nanofiltration

NOM  Naturally occurring organic matter

PVDF Polyvinylidenefluoride

RO Reverse osmosis

SWRO Sea water reverse osmosis

SDI Silt density index

TFC Thin film composite membrane

TFM  Thin film membrane

uv Ultra violet

UF Ultrafiltration

WOR  Water oil ratio
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