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Resource Conservation and Recovery Act.(RCRA)

The . . Environmental Protection Agency. (U.S.EPA)

(non specific source)

(specific source)

RCRA, subtitle ¢, section 3001
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I 3ntllliml
5

125



(253
L
2
3
4I 1
5
6l 1
8
9
10
3.2
23 - 9 4-T

(Organometallic compound)

US.EPA

13

68

]l

10



3.3

Cassell

1990

(Physical treatment)

alker, 1970)

Peter  Ferg, 1987)

( Chemical treatment )

(Biological ~treatment)

(Thermal treatment)

(Youn, 1990

(Youn,
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US Resource Conservation and Recovery Act (RCRA )

1. Leaded Tank Bottoms.

2. Dissolved Air Flotation Sludge.

3. Slop Oil Emulsion Solids.

4. Heat Exchange Bundle Cleaning Solids.
5. API Oil-Water Separation Sludges.

6. Primary Oil-Water Separation Sludges.

United Nations Environment Programme (UNEP)

34.1 (Pre-Disposal Operation)

(Waste Reduction)



(Waste Separation)

(Concentration of Wastes)

(Recovery)

34.2 (Disposal Operation)

Land Treatment

(Incineration)

(Chemical Fixation)

(Encapsulates)

(Landfilling)



Land Treatment

“ " Land Treatment
, J 3 0
Caustic
Laud Treatment
Land Treatment

35 (Thermal Treatment)

10



Hazardous \Waste
1980

and Consolidated  Regulations

(Ash)

- Liquid Injection Incinerators

- Fixed Hearth Incinerators
- Rotary Kilns

351

US EPA

(Residug)

(Hi-Temp Incineration)

1



, David A. Tillman
David A. Tillman , Amadec J. Rossi ~ Kathering M. Vick (1989)

, , , , , 5
1500°  (815° )

BaO , BaCl: , BeO , Cd03, NiCrd 4, Cr,03, CuS , CuO , PhO , NiS ,NiO , HgO

(300° - 500° ) ,
(Mixing)

Calvin R. Brunner (1993)

Nox 2,100° 1,480”

2,200° 1,200°

12

(1989)

As,0j 5



' Nox Nox
3,200° 1,760°

( )
(H.S09
35.2
1) Liquid Injection Incingrator 1,500-3,000°
2) Rotary Kiln Incinerator 1,500-2,800°
3) Fluid-Bed Incinerator 1,400-1,600°
4) Bubbling Fluid-Bed Incinerator 1,400-1,600°
5) Circulating Fluid-Bed Incinerator 1,400-1,600°
.. 1996
4
3

1) Cement and aggregate kiln 950.000

2) Commercial Hazardous waste incinerators 500.000

3) On-site incineration (Chemical industry) 1.570.000

4) On-site boilers and industrial furnaces 850.000

(Environmental Science & Technology, 1997)



393

)
Hydrocarbon

3.6
Wastes)

(Stabilization)

(Sollar

(Solidification)

(Solidification of Hazardous

Perry, 1989

Wiles,1987)

14



(Sollars Peny,
Wiles, 1987)

Bames étal. (1979) Rijal (1990)



Sollars ~ Perry (1989)

L (Inorganic fixation)

2, (Organic encapsulation)
31

; (Organic encapsulation)

1N 1 r~

31 (Sollars

(Inorganic fixation)

Perry, 1989)

16



Cullinane , 1986)

LT

3

1

techniques) (Lime-hased techniques)
techniques)
polymers) (Encapsulation)

(Self - cementing techniques)

. .AEPA)

(1982)

17

(Cheng Bishop, 1992

11

(Cement - based
(Thermoplastic
! (Organic

(Glassification) (Bishop, 1988
31 Shuckrow
32



3.1
Science, 1989)

!
(Solidification Proocess)
1. Cement Based
2. Pozzolanic (Lime Based)
3. Thermoplastic
4. Qrganic Polymer

5. Surface Encapsulation

6. Self cementing

7. Glassification and Production
of Synthetic Minerals of

Ceramics

Polyethylene

Urea formaldehyde)

Organic Resins

Synthetic Silicate Mineral

Bitumen, Paraffin

18

(Engineering -

(Gelli agents

Polyethylene

(



19

32 (Shuckrow 1982)

! !
1. Cement and Silicate - ! .
Based Solidification/ - !

Fixation (

2. Lime Based . . Cement Based

Solidification/Fixation

3. Thermoplastic Based

Solidification/Fixation

Strong Oxidants,
dehydrated salts

4. Organic Polymer Process

5. Encapsulation

6. Self Cementing Techniques - ' .
(additive) .



20

32( ) (Shuckrow 1982)

7. Glassification

3.1 (Cement - Based Technique)

(Bishop,
1988)

3.71

(silts)
10



(Sulfoaluminate Compound)
( 2538 Thompson
, 1979)

(Rijal, 1990 Barnes
, 1979)

3.1.2



38 (Heavy Metal Binding Mechanisms)

Bishop ,
381 (Waste Form Buffering Capacity)
15 U.S.EPA
32
15 17
15
183 /
34 3
10 3 6
9 4
3_ sio, 20 4 .
s )
% E- /—12
o 15
;,% 1 pH // !
':;_i § : ¢ // Alkclinity - 10
E 10 - /__/ A
('.:.)1 '! /\.‘-.',/ s
1 AR
\\
o/ \'\"“\s\‘\
o LA : SR .- —SO S
0 3 6 g .12 15
Extraction

32 15 (Bishop, 1988)



38.2

(Adsorption)

3.3

3.3

i s

) (9
! [m]
| 1
r o)
. (&)
' 3
! e
' -
O I
!

L

X 2
../ A
X =
¥ N a
X, .
X
2
m m = ../ .”. s
.\@ d K M N, <5
0O v g / [}
o X . '
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R !
4 b 7
[ Bl
L
T | T T i 1 i ; 7
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Aypuipex{ry 1o [833Q [L10]
pPayouvaT jUddIad IAlIR[NUINS

3.3

(Bishop, 1988)

15
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34 pC - pH
: (lonic ~ Strength) 0.75

O G
(o8
2 — Cr
-4 —
6__.
8 T ) [ M T T T
4 G g 10 12 14
pH
3.4 pC - pH (Bishop,

1988)
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cement)

1 2529)

5
(Silica Cement)

25

(Ordinary  Portland Cement)

(Modified Portland Cement)

(High - Early - Strength Portland

(Low - Heat Portland cement)

(Sulfate - Resistant Portland Cement)

25 - 30



1,600

aluminoferrite)

3.3

34

4
(tricalcium silicate)
(tricalcium eliminate)
33
Ca0=c, Sio2= AlI203=A

30502
202053
2Ca0AID,
4C20AI0, Fe, o}

2

1,400

(dicalcium silicate)

(tetracalcium

Fed3=F

c2
ch
claf
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¢:0)
SO
AIO,
Fed 3

Na"o+K"o
Ti02
P20s

(2539)

10- 80

60-67
17-25
3-8
05- 60

05-1.3
o O

01-0.2
1-3

(

2536)

27



28

34 Ca0 SO, 80

(Ordinary Portland Cement)

3.10. (Hydration of Cement)

(Hydration)
(Cement Paste)

L fons lons

“Solid State Reaction”

311

(Quick lime)
(Hydrated lime)
61.1
24 81.6
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3.12
(NaOH) 2
, Strong Oxidizer
pH
(NaOH) pH
3.13 (Leaching test)
(. .2540)
i
1
95 .

2. L 100 (Leachant )

(Synthetic acid rain extraction fluid)

( 80 20 ) (pH)

5 20 )

(
3, ( Rotary agitator ) 30

25 18
4, ( Leachate )

06 08

B.

2( . 25%9)



0

3.14

(Sollars  Perry, 1989)

6( . .2540)
1 ( confined compressive strength )
ASTM D-1633  D-2166 35
( Secured lanafill )
2. VIBAEDS 3
3, (Leachant ~ Extraction fluid)ifl
(Leachate extraction procedure™ 5 1
1 6 ( . 2540)
G
{18}
AL
5
02 ./
1



35
Sealosafe (Sollars

8 |

(28 )

(28 )

3.15

. EPA (1992)

31

! !
Perry, 1989)

Ix 107 ./ : 1x10-4-5x10-5 ./
1x10-6 - 1x10-7 ./
D 1x10-8
130 /
220 "
Grouts 0.5 - 4 "

0.34 |

8-11
CcoD 280 . .. -
Total CN L.
Total Sulfide SAA NN -
Total Phenol 5 AN -
NH3 40

Zn
05 /
(Cd, Cr,Cu, Ni. Pb, V Ba,
Co Mb, , As, Se, Sh):
5 .

10 ' . . Hg

01
24

Pesticides

Supernatant : 1

! Toxicity Characteristic Leaching Procedure (TCLP)

0.5

06-08



2 7
500 64.3
1
2
1
5
5
5 35
500° C 10
5 2
100
18+2

3.6

5.1
1
5.1
96.5
1
5
20
30 +2
06-08

2



3.6

Carbon tetrachlorice
Chlordare
Chlorbenzene

0-Cresal

m-Cresol

p-Cresol

Cresol

24-D*
14-Dichlorobenzene
12-Dichloroethane
1.1-Dichloroethane
24-Dinitrotoluene
Endrin

Heptachlor

*%

1
ASTM D-1633

TCLP ( SEPA.1992)

() ! L)
50 Hexachlorobenzene 013
1000 Hexachlorobutadiene 05
05 Hexachloroethane 30
10 50
05 Lindare 04
003 02
1000 Methoxychlor 100
60 Methyl ethyl ketone 2000
50 Nitrobenzene 20
2000 Pentrachlorophenol 1000
2000 Pxriciine 50
2000 10
2000 50
100 Tetrachloroethylere 07
15 Toxaphene 05
05 Trichlorcethylene 05
07 24,5 Trichlorophenol 4000
013 24,6-Trichlorophenol 20
002 24,5 TP(Silvex)** 10
0.008 Vinyl chlonde 02
Dichlorophenol

Trichlorophenol
6( . .2540)
1
(Unconfined  compressive strength )
D-2166 35

( Secured lanafill )

33



34

2. 115 /3
3. (Leachant Extraction )
(Leachate extraction procedure)

(2539)
3
L 1
2. (Inert waste)
3, ,
DIN 38414 - 4
180° 24

0.45
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3.16.

Morgan (1984) (Oil Sludge) 7]
(On-Site Lanafill) 5,000,000
(19x 107 ) (Solidification)

On-Site Clay, Cement 5Fly Ash,Cement Kiln
Dust, Stale Cement Kiln Dust, Quick Lime, Waste Quick Lime, Sand, CrushedLimestine

Screening Cement Kiln Dust StaleCement Kiln
Dust
(Supply) L1 Cement
Kiln Dust 31 Stale Cement Kiln Dust
Kiln Dust 75,000
40,939 45 % 15:1
500,000 317,528
Off- Site Disposal Methods On - Site Diposal Methods
1 Hauling to IndustrialWaste Landfill |.Open Pit Bum
2. Hauling to Municipal Landfill 2.Incineration (Mobile Unit)
3. Use as Fuel in Asphalt Plant 3.Permanent Surfacelmpoundment
4. Use as Additive in Asphalt Plant Storage
5. Insistence that Texaco Dispose of Waste 4,0n-Site land Farm
6. Use as Road Ol 5.SolidificationwithOn-Site Landfill.
7. Use of Oil in Grass with Seed Mix 6. Use as Road Oil
8. Sale of Oil to a Refinery 1.Biological Treatment
9. Hauling to off-Site Land Farm 8.Incineration at Permanent Site
10. Transportation of Waste to Wax 9. Recovery Qil and Landfill
Recovery Plant Remaining Solid On - Site
Musser and Smith (1984) (Oil Sludge) (Skim
Pit) (Solidification / Fixation)

(Drilling Fluid and Muds)



R

(Cement Kiln Dust

1 Cement
Kiln Dust 1 Cubic Yard , 1
Cement Kiln Dust
Amaral (1987) (Oily Wastes)
Landfarming 1982 Petroleo Brasileiro S.A.
Landfarming Henrique Lage Refinery
Présidente Bemardes Refinery 1986
1986 Landfarming
15-20
-2 . (Protected Industrial
Lanafill) Landfarming (subsoil)
(Surface Runoff Water) (Percolated Liquid)
6 Landfarming 6
pH Cu, Fe, Ni, V, Zn, Cr, Mo, Pb
Barbosa and Tesan ( 1987 )
1
5% ,

Ching - Lung ( 1990)



28

0.5

Ching-Lung

Rijal (1990)

0.7

37



0.5

176

2.
3.

0.2
4,
5 0.5

0.75
Claudio (1991)
3
Bush and Levine ( 1992 )
. 1987 . 1988
. 1987 1988 631
1987 16.1
1988

1 (Oily Studges)
2, (Contaminated Soils)
3, (Spent Catalysts)
4, (Aqueous Waste)
D (Chemical Wastes)
6. (Other Wastes)
Loehr (1992) (Oily Sludge)

Land Treatment

(Viscous)

0.55

38

650
16.7



4 ,
(Rototill led)
2 1982
1. pH
2
1-5 C
3, (Volatile Matter)  1- 5%
4, Half - LiFe (Oil and Grease)

400
5. Naphthalenes, Alkanes, Specific Aromatics

Half- Life 30
6. (Earthworm)

(Natural Control)

1
3-5
pH
Calvin R Brunner (1993)
750°
57 %
30 %
3L %
3L %
471 %

16%

(

Earthworm)

43 %
10 %
69 %
69 %
53 %

84%

39

4x4

1984

260



%

(2538 )

0.25

20 %
0%
30 %
20 %

0-

50 %

5

0.50

28

40

80 %
100%
10 %
80 %

0.25



4

5 0
50 % 2
6 2 0%
26.4 % 80 %
50 9%
30.70% 5006 90%
7 1
6,800 50 %
3,800 50 %
(2539)
3
( )
05
1 1075
2 0.25
3 100
(2540)



3

400°

800°

400°

1,200°

800°

19

30

42



317,

8,000 - 9,000

Cracking

3.17.1,

30%

(Crude Distillation)

(Medium Fuel Qil

MFO)

43

(furnaces)
(hoilers)

(Light Fuel Oil LFO)
(Heavy Fuel Oil HFO)



45
( ,
) 10
510
33,333-66,667
10 45
66,667 45
2541

15

8,333-16,667

71,9574
6,631,167-13,262,333

44

33,334-
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