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The combustion of heavy fuel oil concentrates & lagntent of heavy
elements in the ashes. These elements are vanathicium, magnesium,
sulfur, sodium, zinc, iron, silicon, nickel, alumm and manganese, and
radioactive metals as uranium and thorium. Thesemets have

dangerous environmental impacts. Also water treatmsit's produces

solid wastes. Such wastes later enter the envirahbedifferent pathways
producing adverse effects on the quality of litereduction of the amount
of solid wastes to be discharged to the environngeeis in accordance
with Egyptian Environmental Legal solid wastes dége Regulations

and man’s welfare.
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INTRODUCTION

Oll is the largest source of energy in Egypt prowyoclose to 90 % of all entire power
needs. Where, most heavy oil is used as a fuedlémtricity generating plants and its
combustion produces fly and bottom ashes. AlsoeRNile, constitute the main
source of water used in electricity generating {slaAshes from fuel oil combustion
and suspended solids from the Nile constitute tapnsolid wastes from power plants
in Egypt. Sludges and ashes that are produced gluperation and combustion
became a solid waste burden and contain toxic @zdrbous wastes. Solid wastes
from power plants can be classified into three giaiies; Fuel wastes (flyash, bottom
ash) and chemical sludge (from water and wastevigatment systems), of the two
wastes, partial utilization of ash has been comgngnwhcticed, as fill for roads,
runways, construction sites, as cement and brickixdres has become more
commonly practiced. Some possible fly ash applcatiand utilizations are [1]:

» As a Portland cement admixture or partial replacgme

» As a light aggregate for producing lightweight cate blocks and structural

lightweight concrete.
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» As road bed material, loose aggregate, soil stajliclean fill, or soil nutrient.

» Recovery of the metallic components of fly ash hsas aluminum, vanadium,
titanium, and iron.

» Production of mineral wool.

Both ashes from the flue-gas and boiler residuefagdeto the agriculture
growing area to enhance the soil, where the misénathese ashes will increase crop
growth and yield more food per acre [2]. Accordintile main objective of the current
study is to investigate the ash’s constituentsassist in terminating the environmental
impacts of the solid wastes from assiut power plant

ASHES:

Fossil fuel combustion results in gaseous produetiéed flue gases, and non-gaseous
non-combustible residues called ash. A portiorhefdsh is carried along with the flue
gas; this portion is called fly ash. The remaindfethe ash settles to the bottom of the
furnace and is called bottom ash [1, 3]. The amamdt characteristics of each type of
ash produced depends on the type of fuel and b&@leal produces a relatively large
amount of both ashes, while oil produces littlettnot ash but more fly ash, and gas
produces little of either ash. Ash contains the-combustible constituents of the fuel,
many of which may be toxic. For example, fuel &l dsh may contain vanadium and
other noncombustible and potentially toxic chensiddlat may have been in the oil.
The recovery modes of vanadium from the vanadiuntaining ashes of thermal
power stations are shown that there is no singlerageh to directly recovering
vanadium from various ashes, each ash needs itdemghing mode depending on its
chemical and phase compositions [4]. Fossil fuehlmastion results in concentration
of most trace elements in ash by approximately ikf®< the concentration in the
original fuel [5].Waste samples were taken frontdmotash of oily fuelled combustion
power plant, physical properties and chemical caitjpm were investigated and the
following elements were detected V, Ni, Fe, Cr, &g Cd [6]. A 1997 analysis by the
U.S. Geological Survey (USGS) found that fly agbidglly contained 10 to 30 ppm of
uranium, comparable to the levels found in someaitjcarocks, phosphate rocks, and
black shale [5]. The combustion of oil concentratethe ashes those radioelements,
which later enters the environment by differenthpatys producing adverse effects on
the quality of man life. The concentration of rad@mnents varies greatly between oil
fields, and then still requiring local survey sesliin this area. The concentration of
radioactivity and heavy metals in crude oil, fudld® 6 and the ashes from power
plants were determined; the analysis includes we major thermoelectric power
plants in Venezuela, Ricardo Zuluaga on the nontlsraside of Caracas and Planta
Centro on the littoral of Carabobo State. The stooyers different samples: fuel oil
N° 6, heavy and medium petroleum as well as fudl 6 ashes. Gamma
spectrometry was used for measuring 226Ra, 214MBi2 228Ac, 212Pb, 212Bi,
208TIl and 40K, and heavy metallic cations were rdéteed by ICP-MS, which also
allows the direct determination of 232Th and 2384l [The reuse of fly ash as an
engineering material primarily stems from its pdamtc nature, spherical shape, and
relative uniformity. Fly ash recycling includes geain; Portland cement and grout,
embankments and structural fill, waste stabilizatamd solidification, raw feed for
cement clinkers, mine reclamation, stabilizatiorsoft soils, road subbase, aggregate,
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flowable fill and mineral filler in asphaltic corete, other applications include
cellular concrete, roofing tiles, paints, metaltcags, and filler in wood and plastic
products [8,9].

SLUDGE:

Sludge is a water-formed deposit that will settlegd may include all suspended solids
(SS) carried by water. Generally physical treatmeoludes processes like filtration,
sedimentation used to separate and concentrateusactomponents of all suspended
solids without chemically altering their form [LBy physical treatment as a primary
treatment, floating and suspended solids are deditel removed by sedimentation in
clarifiers from raw water, where inorganic and angassuspended solids are settled out
then blowdawn [11,12], if chemicals and coagularts used, such as lime, alum and
ferric sulfate, ferric chloride inorganic sludgdiwe generated; Sludge that settles to
the bottom of the clarifier is blowdawn and pumpeid a filter press for dewatering,
solidification and stabilization, which reduce tmeobility of pollutants in the
environment thus making land disposal safer. Gégesmlidification and stabilization
technology is effective for inorganic waste, sdiddition refers to disposal techniques
that convert a liquid, semi-solid, or finely dividiesolid particles into a stable solid.
Sludge which is usually generated at 3 to 7 percstitls (by weight) is usually
thickened and dewatered to 35 to 45 percent stideduce its volume then disposed
of in a landfill [13].

SPECIFICATIONS OF ASSIUT POWER PLANT

The present study has been developed in Assiutrielpower plant with a maximum
power of2 x 312MW/h Image (1); each unit is equipped with a hggipacity steam
boiler with 16 burners distributed in four flooygaced tangentially in the corners of
the furnace to induce a vertical swirl motion of tombusting gases, and there are no
flue gas desulphurization beds. Also there are eatngatment with capacity of 60
m?/hr, waste water with capacity of 4G/ for unit (I) and 60 rihr for unit (I1), and
filter press unit for both.

T

Image 1; Assiut thermal power plant
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The main parameters of the steam boiler are: steawer of 1024 ton/h
(maximum), superheated steam pressure of 170 aadstemperature of 540 °C for
both as in Table (1).

Table 1; Specifications of the two units

ltem Unit (1) Unit (2)
Designed | N. operation Designed N. operation
Load MWh 312 155 312 200
Steam ton/h 1024 484 1024 671
Fuel cons. fith 70 35.8 78 51
No. of burners 16 12 16 12
Steam temp. °C 541 540 541 540

Stack height
Stack top width)

120 m (+50 m from sea level

, 120 m (+50 m from sea level)

(P:

5.13m

¢ =4.9m

In Assiut power plant, burning of heavy fuel oiMdazout) that contains high
sulfur content (approximately 3.89 %), sodium (804pm) and high vanadium
(approximately106.94 ppm), led to flue gases withaxious emissions, flyashes and
bottom ashes. The physicochemical properties offubkto be used can be read in

Table (2).
Table 2; Chemical analyses for fuel oil
Ash | Asph. | C | H | N | Na S vy | Wax| Gross | Net
Test wt9% | wtoe | % | o | % opm % ppm eswt| C.V. C.V.
% | Cal/gm| Cal/gm
Result 0.069 2.0 83.8 115 065  40.13 3.89 106.04 .7 4 10323 9740
ASTM. ASTM. SOLAAR | ASTM. | SOLAAR ASTM.
Method | "y g5 | 1P 143 D-5373 sS4 D-1552 sa | IP143 D-4809

Also, raw water used come from the River Nile, @atains the different
suspended and dissolved solids as analyzed anchshovable (3).

Table 3; Analysis results for River Nile dissolvedolids (2009)

Month Jan| Feb| Marn Apr May Jun Jul Ayg Sep OQct vNoDec

PH 888 | 880| 853 857 844 834 830 86 895 8§73.8 B 8.86
Cond.(ps/cm) 343 290 310 299 292 284 290 293 308 3B8 317 826
Tur.(NTU) 410 | 3.40| 3.20f 225 247 250 231 27 410 4418 P 3.75

Cl (ppm) 15 14 10 10 10 8 10 10 11 12 13 18
SiO(ppm) 210 | 1.93] 312 284 371 553 642 442 3[22 (26.1 B216

Na (ppm) 20 24 | 25 27 22 23| 28] 29 25 28 24 2B
Fe (ppm) 017 | 0.12| 0.0/ 017 016 015 044 0.1 028 (14.1 p 0.2

T. Hard. (ppmCaCg | 122 | 110 | 118| 118/ 110 108 111 10 110 112 114 126
Ca. H. 76 72 72 74 68 70 71 70 70 62 72 74
Mg. H.Org. 46 38 46 44 42 38 40 40 40 5( 42 5p
M.(ppmKMnQy,) 64 | 40| 53| 483 52/ 405 45 496 469 40 68 252
TSS (ppm) 25 24 26 22 20 29 21 25 18 2( 16 10
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SOLID WASTES DISCHARGES' LAW

A number of laws address solid waste managemesetfdltowing laws apply to scrap
and sludge from the WWTP [14]:
» Law 38/1967 which addresses public cleanlinesslagggi the collection and
disposal of solid wastes from houses, public placesimercial and industrial

establishmen

ts.

Ministry of Housing, Utilities and Urban Commungi¢MHUUC) decree No.

134 of 1968, which provides guidelines from donteatid industrial sources,
including specifications for collection, transpaida, composting, incineration
and land disposal.

Law 31/1976, which amended law 38/1967
Law 43/1979, the Law of Local administration, whighovided that city

councils are responsible for “physical and sodfaistructure”, effectively
delegating responsibility for infrastructure furocts.
» Law 4/1994 regulates incineration of solid waste

ASH ANALYSIS

The ashes formed in different places in the steaneiating unit at tubes surfaces, in
the furnace bottom , flue gases and in the chimmere gathered and chemically
analyzed as in Table (4), analyzed by X-Ray ditfcacas results show in Table (5)
and analyzed for uranium and thorium by X-Ray diffion and spectrophotometeric
determination respectively Table (6).

Table 4 Chemical analysis of the ash

Chem. |.. . Ash
Comp. SiO, |FeO; |NiO |CaO MgO Na,O V5,05 |[MnO | ZnO A|203 SCy-- pH AC
% 1.7 2.6 05| 17.8/ 14.6 10.2 372 0.05 3.6 0.37 1B4& | 0.32
Table 5 X-Ray diffraction of the ash
Item Dominant phase detected
Ash sample Na,SO;+Na, Ni (SOy)+Nas Mg (SQ,)4+MgSOs+ Mg, VeO17+ CaSQ+Nag
P Mgs (VO,)s +Ni SO+ NaVeOis+ NaoMg (SO) o+ NigVOgt+FeSs0s:.

Table 6 Radioactive metals in the ash

Uranium Thorium
Item Furnace Chimney Furnace Chimney
Ash Ash Ash Ash
Concentration ppm 450 50 400 20
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SLUDGE DISCHARGE

The pre-water and wastewater treatment plant genshadge that settles to the bottom
of the clarifiers by about 5% of the total prodaatiand with 40-50% solid that are
pumped out to the thickener tanks in the wastewaids and the slurry then pumped
into the filter press units for dewatering Imagg, @g. (1). Water exits through the
filter to the wastewater area drain pit and conedet solids are screwed out and
periodically removed and disposed of in a landfill.

-

Sludge thickening Tank

Drain Water Washing Water

Figurel; Filter press unit

DISCUSSION AND ANALYSIS

ASH

As shown from the chemical analysis in Tables (@) &), there is high content of
heavy elements as vanadium, calcium, magnesiurfursabdium, zinc, iron, silicon,
nickel, aluminum and manganese, and radioactivalmeetermination in Table (5),
shows the presence of uranium and thorium and teéseents has a dangerous
environmental impact, so in the Assiut thermal povpéant we informed the
responsible of Egyptian Nuclear Authority, and thyiodically brought their trucks
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when the units went in shutdown to take the ashémtland filled at the healthy
landfill at Alexandria province.

SLUDGE

The sludge from the filter press units, after séiidtion is collected and sends to the
municipal solid waste landfill to be land filled.

ENVIRONMENTAL IMPACTS

With the arrangements that be taken by the resplensf Assiut Power Plant, no ash
wastes will reach the outside environment, theitsniand impacts and off-site land
impacts of ashes and sludge were almost reducsal ted bad toxicity impact of the
heavy metals and the harmful radiation impact dficactive uranium and thorium,
which has adverse effects on the quality of manMiére eliminated. Finally, reduction
of the amount of solid wastes to be dischargethéoenvironment goes in accordance
with Egyptian Environmental Legal solid wastes Hage Regulations.

CONCLUSION

The combustion of heavy fuel oil concentrated dfugntent of heavy elements in the
ashes. These elements are vanadium, calcium, magnesulfur, sodium, zinc, iron,
silicon, nickel, aluminum and manganese, and rativc® metals as uranium and
thorium. Such elements have dangerous environmangacts. Also water treatment
unit’s produced solid wastes. These wastes whesrezhthe environment had adverse
effects on the quality of life. So reduction of #mmount of solid wastes that discharged
to the environment went in accordance with Egypéanronmental legal solid wastes
discharge regulations and man’s welfare.
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