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Abstract

Bottom sludge generated in evaporation ponds is one of the
most serious waste products from combined cycle power
plants. Since previous studies show that wastewater entering
evaporation ponds contains various contaminants, the settled
sludge can be regarded as a hazardous waste. Waste
characterization showed a high concentration of heavy metals
(namely, lead and chromium) as well as of Total Petroleum
Hydrocarbons in the generated sludge. Regarding to
classification criteria of the Basel Convention and other
international instruments (such as EPA), we can see that this
waste may be categorized as a hazardous waste. As a
consequence, all possible methods for sludge management
have been evaluated based on their technical, economic and
environmental aspects and land disposal was selected as the
preferred method. Finally, various scenarios for this, including
landfill and surface impoundment, were considered. To avoid
the penetration of contaminants into the environment, the
IWEM model was used to design the bottom lining system in
which different environmental scenarios and leakage
concentrations was evaluated.

Keywords: Combined cycle power plant, Evaporation pond
sludge, Surface impoundment, Landfill, IWEM.

QAN el o g

oduS>

(oS 5SS SloelS g 50 ouladss slasilony (n St 3 S
B e R s R s AP AT
et Azd> d (5399 Sl 4 Cenl O 5l (S laolSy i g5
o g0ty e Sigld e 40 4 el il glaoary¥T ggl
5 05 ol (bl (il S oo ey (5 g IS o
8 LS siass 5o o] Ca e sla Kol @) 5 wilows ol a5
S50 s Sl Wsled (25 S g5 polaie cnl @y g a8 S
PR USRI ST C IO PRI EES
slooa¥l s (0,5 5w (pyaza) (i Sl ol ilowy
axdy> Gl bt g (o Ologas alis ool Si
Els nbv s J3be oeilssS slagaaiib 5 bjlas b s ps
Lo e bilis olojls sl ol gis aiile Wollyey suisarslis
095 50 dilomun oyl 45 il o] Sl (BPA) LSS 0l s
Joiome Loy, adS aslsl )3 098 oo (unaiil oy slanilony
s slojlere ol g 0By 3P 2 Cunde sl
P ey Olge A e 50 588 g (asredins ) g s3latdl
3 08 iz glagy liw (og) cnl 2l sl culed o b Sl
oSy as ass S 1 o (hes g (i 85 Jold (s
S8 5l 659l 50 Jale o ySietes Y edilony 080 (slaJxe
S s ' IWEM Joe 5l ool b el Jaumme 4 ooy VT
GliBre log limw jo 80 Jme i jo (0S5 6l m cnlio
ot @l el o sl et Sglie slacile 5 laes
b gy 3 A5 e 0 45 el o] LSl i Gl slacdls
=S5 Y a5l e sl bl aen (o w0gd solitul (e
celin ;Y QL (S azmdg> Colus Gl (S g Cunl
39 aS s lasbiul JsS1s Sy e ods Ubs, o Llo )l glaas 56
e s clale 5 el oud S Sy 05 0580 S (myye ool
2, 4 80 Joe S by sl |y ole oY Gl e 5 e
PR g oy ale g 000 e U pg S Slile o (590 0 uizen
2,5 288 5 ,0Y e |y Wil cpl g ge Wb ialS ds 0 00 b

O3S 6y Azdg> o (oS S S o5 g 5 sgiadS wlels’
IWEM (Jlor S oxbans

* Corresponding Author. E-mail Address: ma_jalili@sbu.ac.ir



S F S sloolS g5 )0 (6 et azmdg> 2 o e

e B L BT EXS- I A e W
Sildalr 5 S by, 5l osliinl b lgn sl S 5 iy
S GelS cezge Ghgy ol Sl eoliil ol (o)
4 1) wilemws g 00 pSiw Olyld pgas 4 laoan V]
o= g S o)y 0] WS e o Jlas ol
plosl (sogh Gl ye yo (Gl Glaclsy s )0 oy
Sl SeelSs e o 5 S 45wl (s ] 0
9 peeelS 5 poriagll sal (Sislog T slagySgyan Jalis
5 e el e L polie (ol apnST Gioen
Ol slesiloy (otainb (i 3ok el piilis
232 ool S g, ol )0 oy S 5 (o j9iS
iy b Lal wigh oo ganail SUls glasilon,
Sls 1,8 okl 050 1y Ll les o 39290 (slos lailil
g o=l ol b o 08 has pilhseS Gl a
O30 pease la LY L 8 sla o jo b railown
Wb s S p3laez Gt glaazdg ;o b Wsd oo
lidd oLk 0)50 )0 6,500 hegh YoV Jle o [#]
aS o8 pll ()l leolSs e 5o sodds slasilony
oyl gleolS gy slaailany (x5l o] 50
€a £d Cu Hg Zn yozen Sl LL5L 2 S5e Jolse
1 ol 5 b oy Sl e, i s Al Ga
4o asg bl [V] crnloos asly,y 5l slaolSy s
4o (89959 Lol 5l (AU (5 psud azmdg> () 4
Wl Dl 53 oVl g sl azpdg
45 aagh 5o b i o) o Shy alulid
ol 00l plonl 05 (S 5 IS 0850 Sl o)l
B 3Cd Cr .Cu F Mn Se a bz ;5 K @l3ld 59>y
Cbls 4 el ol (QLulid (e azmde Slay o
oba 4 alss o lasbal a5l YL ol cnl 5l (S
JA] el w3

@lbid Ao 1o (—taghy LT a Sl
S GLalSg s )3 (P ade> o la S
Sl Ol g Ol gy 0 ¢ 8,50 S50 oS
9 LoolSy s 95 (nl (A5 5 (o5 la Sy cSlb b oS
2L Rt Gy e o) Syl sleoan VT s
Ot haerretin s g olamdl (B lajlre (285 Sl
s il Bl 4 gl canlo [l poren 04l
A dolgs W] Gy laue 4 caliste (sloasY]

doddo -
3 bl (5, S s gobatdl 4
d=le 5551 5 Sl rhas )92S ja slaculw acgoe
2 D] el anal> o 50 golail arwg 55500 5 Sl
Sy Ol 099 YL alex Sl Bl Jle 4 ol y5iS
o8l alizs sla gy, gl aldle slols golazil
A duaz leol Sy s Sl bl pen 4 .ol a8l
L olnl 558 50 [V] csl s has n 3,101 9,0
55U 3 B2 omel slp G 5 b alie qolie 952
9 )39 9) ol 5l 09d s edlitul (51> slaelSy
Slaslany plasl )5 o5 ol 59,08 Adu dnwgi 6l
=S IS J8 5L leadly b Sl sleelSg s
2l Gazen 5 oS S S gloolSg, [Y] cenl 00,5
S aiS (oo 0 | lanilensy l ilise gl wlio
3l deole o emlizo )0 sadiodgs glaailony (o et
oocels (ol 51 3 WelSs s sl oloonds ol i
S deol gl Glaclan 4 ks sl i
25 0 (55 5l ey Lol Sy p0 il glaasy ]y
Ll o 5 00 (o azds> o)y (55lo ks azds>
59959 (plroad Glaslay &Sl 4 g b asile oo (SL
el alie glaoa VT sol> (6 ,Bus do b9 A
Ghls azss> S )5 gady oo s sl ol
2 Sl ol aS 655k Bl (gow 5 SUjlas Sl
50 Sl sho 098 ganaab ST s sladilon 09,5
5 ol Sl dasilons nl oo o pde pas O)90
45 9o )y banzme p Gl JB s armelan;
Shaewl slay jo mbco ol anwgy 9,50, L dllas )
o G oy Seollg s )0 adss o Cupae )
Bl j9, 39800 B oo slaslinl 5l (S plge
Py a5 ams e oL ()5 g (AB o s o
SLaolSg s slaslony (ogas ;o oudplxl Gla o)z
LoolSg s ol 5o eadiadgs b Sl 9050 4y ()1~
iz YooV L 53 e 5 (sopn sl i3l
2 1 slo S 5 i (s9bgiancd 5l (AU wilony o)y
Obas gl isls ploxl (n938 ol e (Sl o8y
Ailamy o=l o 00 olwlid laoaiVl oy Sodws ols
Pb Ni Mm Cr Co Cd alox jl comw g i I3l
Slowy gl Wlowy S0 e (336 Bebo 2 9 Sl V5 ZN
aib o lpe Lo S S i So-dgnd 5l Jol>
G500 Ghagh 50 [F] 0,5 e )8 SU ks slasilony

D leg ) 0 lois cobd sl 0593 «sbumn pole aslibad

AY



OLlSes § S i

alosl AY Jlw ole 31 0 o 51 (6,10 paiges amsg>
Slaalie g b cw) 2 5l )l paiged gib ued 5o 03
» as 6)|Q)_vd.>9.o._v &9.' U"‘ 5 el o0l oolazwl ‘5.4.79...'
610 ymaiged slaasly SLil el wglad g 4,2 aly
ol (Loasges clilo p loy g Joee woloss o)
Dyludd g iz 3590 bulyd g ()l 5l 092 ge Al
Je .L;)LJ GAJ-C 6“6)9‘5“3 uuL..o‘ oK ! d.j‘d.;..mi)}m
Polee b adlie 45 69)l5w )3 5 s paises g5
5IUT agas oS olasi 05 (oo guiy 2 (285 L
L o= 5l ol (g 1o paiges 5l Gun g ol sunle>
5o L] il sasS ), S5 mska iy (Sogll pae
o> (6t dds (5 o paiged Gy, !
Sz Seond 5 5l e A e ol 250 ke
SO abiged VP S 5 L coled jo g ol by diges
S g 09 ol @W?ﬂ Jbgd b as glac s B,k

o Jaie olBisle;l 4 sl L b

L& "’“Lo)‘i {LINIHE o 4
S DI 8) 5 8, s sl ] oL
Fsbes 4o o Wged (PH g Ol s ol gur ( JT LS 5
Y Jgos 50 o Jiie o8islej] s of 5 Sl ax o

ol o0 &5, AAS (g eSo3ll bs, 5 W yiel

W g, 9 dlge =Y
Wglod oS 5 JSiuw 059 i — VY

g.,\_.m.\sb 45“-‘/&—“’ as) \.\J5Lo») AS"'S)" Ji».w olfs).».:
50,8 VAT Colase 4 Jne) 5o (Sl 0ald 00l 33
3,08 )8 e I (6 s LS YO )3 5 0lnS (B o
Jolos ;925" (55l gy (S5 Slere 4 oy
Eo—oxa 10 g odg Dlgl e VFo Cd b a, SO e o
2 el S g lyme an S35 5l g (el e g
N TLgJ_:;';:J A s> Db g ooliiul 5 35S ablse
)L»S.Q Y10 Sgd> G»}LM.\A L: .\J}Lcé GA-»S)J Ji».m olfﬁ).u
u_" d_o.c ] 00 H‘j oljjj.u (5‘)'9 g &Lo o
\Y- u] S =Sl ahe G gy gilw VF o ax o>
;.j G ‘Q_?d )’l 6)10)_34_;3.0.; QLA)’ 0 o ]mG.JLu
Gos 5 yagilo Vo 090 10 bawgie ol 4y ()] ;0 9525
oo |8 slaoluy 0g e gle A sga> ;0 > bwgie
Ol )y il it andg> )3 (et (S 5l ey
Wloos (b lrglen )3 g ol azds>

2 5l 1o pdiged VY
Ao o sl Shy olulid jelate 4
o=l am 6995 ol glgil Slulid 51 Gy (g 3

b oy (o503l (sl oslical 5,90 slaolSius 5 b bg, Ul )50 sl el =) Jgo

oolaiwl 3590 ol S5 o)lul gy oyl
Sartorius PB-11 Joae e pH Soil and Plant Anz;l\?g.lg_liaboratory Manual oH
lon Chromatography o
1C850-Metrohm Jas ASTM-D4327 ol
lon Chromatography
ASTM-D4327 ol g

1C850-Metrohm  Ju.

GC 6890N, AGILENT
Detector: FID

GC 7890N, AGILENT
MS 5978, AGILENT

ICP-OES

3550 .o US-EPA SW846
Oboslor (185 slacn Sg 008 (o Joslljgtns
ASTM-D4698-13

i glan,S gy S

yolis

Sl wilomy (580 oo yo a5 o ls LI )
L oo Jome (Tl B ps el ot 355 Sl
auS e bl Gy Laze (gl 1) Sl e laslisl
Slogiyle 51 S5 il pdubl e Klgh oo Dl cpl as
3 4SS l cenlie 0¥ Ll e jo 88 )

5 el oY it (2l jolite 4 Lol (o)

IWEM 138105 58 y20 —F-¥
5 9sled (S 5 oo oS g5 (o 5T I

s e o, Sal ) a1l 4 54250 glas lasbiwl b avslis
Gl 0l o a5 ol Sl 5l (SOl oals asslo
5 5 S oS 955 50 (6 azmdg> 2 Co poe
el ) 40 80 gy 0.8 118 solatul 550 igles

D leg ) 0 lois cobd sl 6593 csbumn pole aslibad

AY



S F S sloolS g5 )0 (6 et azmdg> 2 o e

Al b egtan ) Y o ol 5 50 a5 YL anuils
WY oLy asl o pe gile 0 XV g j0ue colas
LRI G PSR VECH RV PPN [OOSR D SCONEH WL
S 4 a¥ cwload a8 )3 Ll s asl jo e csle VX
= Ghte o eegsy Y Glp eie Cwlbis a5
SU s wilewg 535 leaxss> sl EPA o laslel
Dyl el

oy g b -Y
Sy adge (2 G Shg-V-Y

Ol e Sl G ad95 o) aiged
13 GtalesT 0550 «llgus 5 Dl (8 LS 5« polis
o= ol aS aes e plas b islesl bl ol ais F
ccbale . coul AUYR GTPH 5 005m olls &0 4 Lo i
YO aiges oyl jo s SluS 5 IS chale pumen .ol
ol Mg/kg

oy ol 5 et Sileg )l SlnS 5 ol
03,1 ¥ Jgoz ;0 o] s as oh ,Sojll (g,

SLaS 5 ol 50 &5 el ol Slo ¥ Jgur ol
O Ok 93 s Onlb el o)l o0l BleS 5
&l 1y cdale

ooy L daS dgad ol o X ol clale s
el 00l ¥ Jgaz ;0 odwl Cws 4 ICP

odal i oy dbged jo ,olie cllalé 4y amgi b
0lgs oo 45 axiwd YU cdale gl)ls jaud g pgiieg)]
g5 alah al piaw j0 0ib pls Ol ad a5l ab
3 e @B glaasly 4 Slaads Slge 35,5 )0 uioren
S5 5 51 Ll sy BlLlB (sl b (53l sy
S99 \)9_..»(;0 oolaul uLu)S 2o 9 Slawd p_n.\.m‘_gﬁ
(Bran S gu 5l (LBU Wl o0 b 0 g paaslily polic
d..wl.: c@gj...: )J

o 50 oVl sla el b cdale e § Jgo jo
9> L wgled (oS 5 IS ol g 5 (5 e ands>
dolie gl o sl cpl .ol 00l auslie ST oz

Jae ol el o colawl IWEM 15816 5 51 80 Jore
) 0 S 80 o e &lyl Sly cslio 0¥ s o
oo ,S3 l_iif{l Coms jlaze cbla> lojles D Oloxe
deLw) JB‘A_’> 4 6l.a_w‘) )é 9 OHLFA oolaiw! e
e an ey sl cslhal S sl Jeily
o=l Vo] cad S5e Jlans wil; olge 5l oo wl s clale
ole 51 SO e ol Uasl o g 0 il i cdale Jow
Ll 39 g0 S )5 Jawgi a5 WSl Slge ovims LSCis
ool ccbale U Tl s co bl asb ] as jlacie
)o b‘s_n JLSL.\.)‘ 0926 9 wy)»: JAA ‘-)AJLMJ‘ » GMML?LA
Sgzge o bl Y 5 A j2 3)50 10 (o) sl
3 39290 Slga 51 S8 s liBle 5 ool S (oo anlia
=Y J§‘¢—> U 9 ..\_;Sw gs.’L’.})‘ 9 ‘) “-.")'f.'“iJ
oollasls S5 ge) 5 slao] cbla> gl 5Ls o590
Jome ol oS o Slpiinn 1) cas LSS jolie oyl
JSis polie 51 STy ol Uil 550 o] clale
»)‘M la |) 09.«.4‘50 U"’"‘U )J)ls Ja...uy 45 ;.\)Lo....u OADY
= OJ_MJA_MJL?LA u.ul_a..u clale l_| M/ cdale =L|L....u—|
dl_au—‘ )o J‘s_a JlJ.u‘ 05_‘}6 9 au_..u}').u.v Ju\_o u.ul_..u‘
Al D920 o laliwl ;Y £o5 dw 209 90 )0 (o))
et )3 39290 Slga 51 Sy o @S Jl8le 5 cnl S o
S 09 Y PBlas e g 05 0 b5l 9 owy0 )
yolie cnl ollal Sl 5l (e sl cbli> (ol
IWEM ,J58ls 5 )o VY] WS oo Slgiioy 1) o JSCas
=Y ez s Bl g el (g b g9 4
w‘ W) u.a).u ).v) C)...u L WL.A

7 pa¥ 9 (59 )L -

FRY GBS A 0 e (80 e (>hb (595l
o83 Sl 15 SLS L a5 85, 00 )54 63,190 50
ashio )0 oo Vg5 L ail (oS s pdydeas sl
sl 5o g ylew ol leslanul Jle 4y il o5 Ly
ay 85 Sl 5l mosuVT jLasl g JUisl &5 a8 el

Yoy ¥ b ser sl -

Loy Sl e coln 90 Cwles 4 Y S
(@b p e (o WXV e ™) 08 (Sdgpaee Culas o Lls
YW JEH RN ULM.)L: IS

PS5 ya¥ b ggr,b -

o=l 5 el egian ;Y il ookl pouw (599 L
L bl ol iz ) oo oo VIO Y S 2>

VA e ) ol (o)l 0599 ¢ awxo pole aolilad

A



OLlSes § S i

oS phlan ol ansl ansls cuis Cobls oasY]
Dol s Hlade pl aS Ghge 0 S weo e lis bl
os)j)o f?)jﬁ SR )_.aL..c Ll - ..\.ul.o_......s Q_"

(HIKG oz ) (§ e85 azmdg> o 5o Sleg | bS5 clale =Y Jouar

il 5l oslawl L sl 5 Looa VT cuis clale

S5 s oyt el S 4Si] & az g b ool TCLPY

uo)J U"‘)JL"' el 00iS 6}5")‘“\" 09 u;‘ L LQo..\...:YT

o=l gl s e Ve byl s pailin hes y0 a8 Cnl ol

slado ol sl bl
<\ Benzo(a)anthracene fFa-/YA Naphtalene
<\. Chrysene FY/AYYS Acenaphtylen
<\. B(b)fluoranthene YO/aaY Acenaphten
<\. B(k)fluoranthene £ AFA Florene
YY4/AQY B(a)pyrene YaA/sYE Phenanthrene
OFIY - AF Dibenzo(a,h)Anthracene <\ Anthracene
DY/AVY Benzo(g,h,i)Perylene <\. Fluorantene
YYA/TEA Indeno(1,2,3-cd)Pyrene <\ Pyrene
rolie g pSojlail sl Jolo b - Jouar
(1) ylado pole (mg/kg) ,lado ol
VIV Aluminium <y- Arsenic
/7Y Phosphorus <\ Cadmium
YIA- Iron ) Chromium
<IYA Potassium A Cobalt
Y Sodium fa Coper
AR Calcium \E Lead
Y/va Magnesium AR Molybdenum
£ Nickel
Yvy Manganez
YA Vanadium
a4 Zinc

EPA ,laliul b wgles (oS 5 IS 089 50 (6 ot azmde (2 5o opfiw Sl3l8 clale anlin —F Jguo

SUyhs wlowy o5 EPA* a2 50 gl 32 092 (oo it slme. oo e cldicile Jedile asly il
- a4 faa  mokg oz,
- /4 4 makg  Cu- s
I\ <y <Y. mg/kg  As —Je,-l-wﬂ
\ <N <\ mOkg  Cd - pgrasls
- #1\ £ mokg N - s
D008 5 y y- mokg  pb ..
Doo7 ) an a) Mok Crpy S

it EPA o lasbiw! 03l wiloass saseie =" b 4 (59,190

3k OgemslssS Slie p Wislod (225 5 USem o558 (6 e azd9> (2 ) NS0S -0 Jgur

J3L OgedlgsS VI Cowgy o5 I3 gl 11 Cungny o5 I3 gl | Cawgy 05 Wilowns
A4060 Ho Y18 DU
A1020 Hy Y21 G P azos> 2
Hi Y22
Has Y23
Y31l

D leg ) 0 lois cobd sl 6593 csbumn pole aslibad



S F S sloolS g5 )0 (6 et azmdg> 2 o e

Slonsy 5 Olocns LIS polain @ o2 (5 pocdy Sl @0 2
Ao Ve sgas )0 dilows ez S50 Byb 5l 5Ls
axdg> oo adal 6l nlpll b oo GRIBl G
258 sl oy mi Slerinn 35 g, ol 5
a0 olls cdalé oSl Lo 4y g 009 pa e s o
pigazgs olaldl blad 4 5 hsy (ol Cansd gL
Gl 5l ey 6P Aze> (52 9550 50 s
3 st oe Sleiinn JSB 8 58 dae 5l wilews
0% S-S A ia bty ple 4y S golatdl Ll
= os)l.c o)l..\.:l...wl JL?J[? s_i: ) O.")é U:;'ﬁ) °9>L° L o)lo
oSS gy e Olge el @5 sy S 0g3 4

Bgdbss grhae i by, e laonile S sl 2

om0 3 (B3 g, YT

R e S St axde o3 (Jgel (B0
3 Wl s 283 (gl JEns Bl SG lsie
S sbahy) sl JeSe Bl plsie w8 5 (e
ad9> oo Wlemay (583 0 BL 7l wilg oo 18T
o9 5 ol JLaSe o (de IS 90 4 s
Syl O30 Wlgige N aileny (55l ygame 5 (ebans

7Y ey 53 588 Ghe) 50 1) e 3l S
s ) epSele ol o] calie sl aS el
2tz BB G e gl s S 4 beasYl
sbie dn oy (il )3 018 (B8 by gone o Sles
Joe SIS 5o 83 by, 50 e Y Ll
3 ot SLl2(899,9 3l (S0 sl 00l oolai Wl IWEM
30 8g2g0 lmoan VT cuis cdale  Jow ol jo 138 50
walizee slogs lw 0,5 bl jelate 4y a5 Cowl wlown
yobie (s sl oals colaiul Jglaie cuid glacdalé ;)
Yo om0 oo Ve oy 1 cis glac bale
Laclale (ol faioren B0l cwjyp Qo0 Ve 5 a0
Gl D0 sy e A 43 caslin 1Y Sl ol
GalS &j5m0 )3 pes Sl 0l Sy (S9S Laulpd ol
Sy pom I g ol5Tg 0 45 (605 apde> Coluw
Jsdz 0ad Jiite o Jilisl (0 Joee 4 ileny 45 ol
S0 oo lid |y ke sleogy Lw £

SE PR PRI IEINIRERE SO B Ry KPR
Fo ke iy ol 3o 5 (sogh s o, dilaie S
30 95290 SLMbl 5l polie plaS cosl oal a8 3 L o

RO W | Cawddy ..\Sjl.o.) GMS)J Jg.».w olfsj.u Qo?m

ol SUhas siley ()50 g 2 cnl 5o
a5 Ol Wlewy Cu e (g8 30 a5 3 geedlssS
oo a5, 0 Joax o o el 5 ool all oads o Lol ]
2L aS s walys SUjlas sulany (bl ol ool
Annex | And Annex ) cois 5 <S5 olods Camgay S 4
shlo b g ail ous ools 1,8 (VI of Basel Convection
e ojlond Cg 50 gyt SUiks Sleogas 5l (S
a5b (Annex 111 of Basel Convection) 3L yguwslgss

e g, Kal, &l -Y-Y

S OlsSs st ade> o Cupoe sl
Orizre 5 ey 5o 589 8Lk (il sz loibs,
o Gl g cms anl g sl eslinal b (e po 89
0,5 ooliisl ogilly b

axog> (o Cupae ;T p by, bl jglatea
SLohsy Gm 3l Wsled (oS 5 S o8 5505 3 (6 e
il o) 5 (golatdl ( 8 slo )l 0ol SO
Slabre GlosSoe (3 Sl a8 515 e
3l as 0,8 oolarul ogdlly sl g, dunlin gl |, alisee
Do 5l 5 Syl Sz Ol Wl Cn ke
Slo a5l ol a5l cmey 4 5l (3k carial (e
Sy oJgi g Laou VT B> il (9958 olands
Sy el 1y 0l 05 Co e 4 5L A SUHhs il
oyl ez il golaldl alize gla )l uizen
DY gaze slp (LB Srae )ik oszg 5 (SBLL Jpame
o=l o eolatdl glaar Ll (o Pt alox 5l (805G
sl gl lre 5l sage (i (peizred Siied i
Gloaiz an boojpe golaidl 5 8 sla Shy 2 ogdle
Y SSla ) s92g ol 0l 45 Coul arelan
Sl cdhaie )5 g 5l (29,5 sbroan ¥l b
ol 5 ey s Sk slacauYl egdlly
(55 28l (Jond slocs g

D9y 45 Al et e alize gla by, dmslie b
38 Ly g o)l sl sbaaiyz o jL5 oilgm
O o alizes slrous ¥l 0gzg Judo 4 g Col (gloduzn
bl (25,5 55 ahal gl 4 LS (5 e aznos>
Sl ool &9 4 (6 azmdg> 2 Sl 4 axgs
o9y e pdgdazgi by cpl jlo3ld ol 554 g
ogdle |y Cenl g pange (g, s (gileasle 5 oS
o=l 5o I OlaS 5 052 Jds 4 plaras (ozren (50150

D leg ) 0 lois cobd sl 0593 «sbumn pole aslibad

N4



OLlSes § S i

e slog Ll —F Jouo

S oy Lo e 1
sl 4 Juw) (489> Colbuw als) (o925 09 g0 omidg)
EURT e Ve e Ve ol> b5 alols
e A )“,/\ )3-0/\‘ Ls"“"})‘.’-)"-jd"c
o e — o) 9 e — o, o e — o) SLgs
LS ) S ) LS £10 cols
100
Y Y W™ Y OE YUY Y Y s ’
18 7 8 % 77 & 7
ERE ERE EERERER
o 2 % W i
S & e'bb ¢ & ‘(’é RIS P S e
@ @O V&Q}\ %,bﬁ\/vo (\,\,\Q}\\ % » %’b
% @\0
oau V1 M
o™ No Liner

% Single Liner
# Composite Liner

o5 S o s calin 0¥ —) 8B

odalie , 0¥ Ol o Jol cdlbo a4y s S3 jles
woled jo Jol el o J s Jlie lgmie 4y 060 o0
ol S L a Sl o 0yl Lo aslfan , 0¥ 4 ledale
o=l gl e ool oY Cis ds 0 Ve cale o ol
ol ol jo (S jeb a Lol ojls sblas s cansV]
S5l xS sl Sl S5 Y 5l Ol e e
8,8 oolatnl e p; slac]

093 Sln LS 990 e Hlade ol5Tg S &S (g 5o
g Ly 5 S el lsis o5 Cals o |y e
Wil gader o ke oSl oSy sy (g
Sl o558 5 5 cnlin JaS5 5l e
55 o3l g s s o s

wlwlis JLaSLs 50 80 anld o cuss o8
o=l g aS el SUylas wilawy 30 (6l p cnlie Joxo
wl.w‘ P ] 00 uL?w‘ J)JJ.QS USQ u&o e
ssb an ailate (ol o ey ol Bas 39250 Sl
S e m (Gl oy S g g e A Lagie

L el ol 5o wms e olis ) S o5 jshailen
5 Odge FKhe wo e (ygzmed (looa YT ALl 4 4z g
oelpls syl asles Y a5l badale plos jo S5
sl ol 5l Wl oo leedale asn jo a5 5,0V s
Lol (S 5 Y S 6T ol (e

o S50 (Mg cnl )3 &S (b 5l oo (o
a ey L gt andss colue lals 85 8
0 0,L51 33 a5 jshailen ol ol adgi oy e
e S o855 )3 6 b 2l o s
Colus ol as o)ls LS /0 sgu> o sobuw wigles
S50 o5l dols o2 5 aleand bbby 0,053 (ol
o @b)o6uyu;dw”¢oybwlowu;
15 SR Sy Corlas b dzdg Sy a5 S g oo
el Sos ol 3 s oz gy o5y s
S8 58 e 5l Sl ol sl solenian Y Cnlple
el ool olgrin i calise slags liw [0 o8 g

oS5, 53 Pl apd5> Lol &5 S50 )0
Ol s oan VI cots wglate slacdale jo il zals

D leg ) 0 lois cobd sl 6593 csbumn pole aslibad

AY



S F S sloolS g5 )0 (6 et azmdg> 2 o e

B 7
8 7
&
BN
N\
é\é\@ %6\\5((\ ’\./\Q(J s(&(&(\e’ QQQ/QQJ s(\,\fbbq’(\ Q\\@f\e ‘\%Q/QQI
A’bo be \/b\ ’bé (Jb\ Q\)‘&
& & N o
el R &/\’b‘ OQ"
& &
A\
cd;.g}”
& No Liner

*: Single Liner
# Composite Liner

Colas als el o xbaw 585 (sl conlio 0¥ Y JSS

100
90 P o , e .
Z & 7 B 7 7
2N Z % 7w
EE EE =R B
8 7 7
EEERER
4\)@ 'Z}& Ql’bb QQ} QJ%Q’ 0((\
,\o@\ (./O g (JOQ (\Qébo e}é\
& @'D @O
100
0 g it 5
80 i s
o 70 H i E
T &
20
10
0
R é-\\\)@ (Jéo’&& \,Q:b (JOQQQ} (\Qéboz(o?/\o&)@o\)@
oy @’b @o\\\

D & e 2 Q e e
é\(‘f\z &\)@ A ’&e‘\ & @c?’ \\@Q Qe‘\
& F Q& & &
N 2 Q QO > NN
N N 2 R
?S./Q’ (\,\/0 ,5?\ '\:x))‘ %
PO NG
¢ o
RS bQ’
&
YT .
o= " No Liner

=z Single Liner
# Composite Liner

JrSs s s (sl ko Y ¥ JSC

(P 80 gy 0 aal rals oo YT yl5ee odgs
Cbidloe ey slaol jl wilg o (oS 5 0 s
KLY
2 G 50 (8 gy b (e 8o b, anlie b
g o= (S S =80 (L) o laslisl 8 1G6 S
Qe iy o I~~)\> - 050&9))0“505;
chale (515 0,5 oolawl oolw 0¥ 5l lgs g @02 do o
2Ol e Y e 80 WS oy elS ws 0 Ve b

2O 08 by o ams e (LT JSD o5 jshailen
aon gl ool ;oY 5l ol e o il S SO
e cdale el L g 0,8 eolatul cois glacdale
Ao, 00 U 5K g oy culd dale g a0 Ve Bpg S
255 (88 ey 5o 1) Wloy w2 Y e OlFse
GBS gy 5o w83 se (LS s oS jobailes cplplo
a3 algh e a8 (6 0Y S Sl g0 e 0 (e
00 ey slac] jl Lesa oVl et lacdale
15 o oty el S 55 Y S cliblre Sl
fass 51 G2alS L b (slunala g oS g, b a5 590

VA e ) ol (o)l 0599 ¢ awxo pole aolilad

AA



OLlSes § S i

&l

[1] Sadeghi M, Golavar L, Abedi z. Economic and
environmental consequences of increasing the
efficiency of fossil power plants. Journal of
Environmental Science and Technology; 2007;
9(4):15-30.[In Persian]

[2] Saeedi M, Karbasi A, Sohrab T, Samadi R.
Environmental management of power plants.
Ministry of Energy; 2005 [In Persian]

[3] Moshanir. Environmental impact assessment
studies for Jahrom combined cycle power plant;
2011. [In Persian]

[4] Saeedi M, Amini H R. Characterization of a
thermal power plant air heater washing waste: a
case study from Iran. Waste management &
research; 2007; 25(1):90-93.

[5] Gildeh H K, Saeedi M, Eshtehardian E,
Taheriattar R. Solidification/Stabilization of
Sludge Waste from Thermal Power Plants Using
Portland Cement. Journal of Frontiers in
Construction Engineering Mar; 2013; 2(1):10-16.

[6] Cudi¢ V, Kisi¢ D, Stojiljkovi¢ D, Jovi¢ A. Ash
from Thermal Power Plants as Secondary Raw
Material. Arhiv za higijenu rada i toksikologiju;
2007; 58(2):233-238.

[7] Meawad A S, Bojinova D Y, Pelovski Y G. An
overview of metals recovery from thermal power
plant solid wastes. Waste management; 2010;
30(12):2548-2559.

[8] Jozi A S, Pouriyeh A A. Health-safety and
environmental risk assessment of power plants
using multi criteria decision making method.
Chemical Industry and Chemical Engineering
Quarterly; 2011; 17(4): 437-449.

[9] US EPA. Guidance on Choosing a Sampling
Design for Environmental Data Collection for
Use in Developing a Quality Assurance Project
plan, EPA QA/G-5S, EPA/240/R-02/005; 2002.

[10]Abdoli M A, Jalili Ghazizade M, Samiefard R.

Hazardous  waste  management.  Tehran
University Publisher; 2010. [In Persian]
[11JUS EPA. Industrial Waste Management

Evaluation Model (IWEM). User guide; 2002

[12]Richardson G N, Koerner R M. "Geosynthetic
design guidance for hazardous waste landfills
cells and surface impoundments"”. EPA; 1989.

S 5 o - ¥
sloolSg e )5 ool adsi slawilony I (S0
Ol a8 Senl et axbe> o (oS S S
5Tl o8 g5 oot Glacbuy 5l 200 wilewsy
ol s 4y a5 ol o 51 (Sl oz aigas
o= EPA s jlasbwl Golsl s 5 29,5 YL
I Sk glaaslens 09,5 )3 (6,5 axdy>
S e Loy, glosl amlio 4 axgi b0y (o
LAl sl el e 5o 89 lae 51 el 51 g
PV az ) Combus lpde Gl sl celie oY
CAE liae yaans jsbite 4 . eolizl IWEM I3l
9o slacess cile U cilise glag liw 3l ccuis
AoV g eV o B s Ve s
o] S5l il gl oy bl b ool
oSl mlaas (83 gy 5l AS e o 4 Cand
Sl o255 Y 4l et glacale ann )5 9
FY QB p et azdes Colis oS S
S 588 hgy Lo Lal o las Jlais 50U ceslie
0= HLSe ey =)y aS o bl LS
o, Ve cid adale jo el ool Ol S S
a0 e G5 by sl ool yuY (e oo 5
g ooy Ve Bpg S olale &SS90 3 500 L5
Olst e b als 9o )0 00 b 32K g e e
o ol g oS &8s S Y e ) wlewy ()
o eyl 9,80, ) it lacdle s
5 b 35 gla b, dunlie gl ol by cilonds
e yielly plo cool @3Y cuslin JxSB S5 )0 3

gl gy 2 3o solaidl gla il )l alex

Y Industrial Waste Evaluation Model

2 Evaporation Pond

3 Subtitle D

4 Leachate Concentration Threshold Value (LCTV)
5 Fate and Transport Model

6 No Liner

7 Single Clay Liner

8 Composite liner

% Toxicity Characteristic Leaching Procedure
10 Landfill

11 Surface Impoundment

D leg ) 0 lois cobd sl 6593 csbumn pole aslibad

Ad



S F S sloolS g5 )0 (6 et azmdg> 2 o e

VA e ) ol (o)l 0599 ¢ awxo pole aolilad
q-.



