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GAS PRODUCTION CHARACTERISTICS OF ANAEROBIC SANITARY
LANDFILL LAYER OF MUNICIPAL SOLID WASTE

H & F F .8 W & —*
Nobutoshi TANAKA *, Ketichi KOYAMA *

ABSTRACT ; Gas production characteristics of anaerobic and unsaturated solid waste layer were studied by
using 10 small lysimeters. One of 3 kinds of solid waste, i. e., artificial refuse (pseudo-mixed-refuse), in-
cinerator residue and mixture of both, was packed in each lysimeter. In Exp. A, an effect of anaerobic
microbes adding into lysimeters was investigated with 20°C and anaerobic condition by measuring gas pro-
duction rate and composition within 729 days. After about 100 days, active methane fermentation was
observed only in lysimeters added anaerobes. In Exp. B, 8 lysimeters after Exp. A were used, but leachate
was circulated with 20 or 30°C and anaerobic condition. In Exp. B1, it was investigated the relationship bet-
ween gas production rate and characteristics of leachate circulated. In Exp. B2 and B3, by iteration of 1 ml
acetic acid injection, it was obtained the influence of pH and temperature on methane fermentation and
kinetic constants of methane fermentation, such as maximum value of specific growth rate constant, yield
and half saturation constant.

KEYWORDS ; lysimeter study, anaerobic sanitary landfill, gas production, methane fermentation, kinetic
constants.
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Table 1 Conditions of experimental & Table Z-Experimental days of Exﬁ. A and B
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column|packed| 1 2 3 4 5 6 7 _8 9 10 | Sotumnl ExpeAl . Exp.B 55
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{9l 3 44 59 65 74 80 86 93101108 . x-No.1 0729 17367901 -—_ 967v1679
T s (2 = s a8 et et & o oy v So-z [oae | | maesor [seniste
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-3 567 a_a b d ¢ ¢ ¢ ¢ ¢ ¢ | sludge and pH XINo.5 10nv729 —_ 7367901 |967v1679
.4 885 |a a a' a' a' a' a' a' a' a'| only water ZiNo.s lon729 _ 7367901 % | 96701 679%
.5 800 a a b b b b b b b b sludge. No-7 0729 - - —
.6 735 |a a2 b a'b ¢ ¢ ¢ ¢ ¢ | sludge and pH No.8 [0~729 — 73€~907 (3671679
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.9 1375 |a a b a'b b b b b b | sludge S
10| 1372 a a b e d a'a'a'a'a'l once sludge,pH ‘Numerals mean-experimental interval (day) and
— - these are counted up from the start day when
injection mode : a ; pure water 400ml, a' ; sludge 10ml and pure : :
water 250ml, b ; sludge 10ml and pure water 25Cml, ¢ ; sludge 10ml fotld waste was packed in each colum.

experimental te t is 30 °c
and NaOH added pure water 250ml, 4 ; NaOH added pure water 260ml, P mperature 1s

e ; HCl added pure water 260ml
* :artificial refuse (mixed refuse) *2 :incinerator residue
*3 ;equal weight mixture of Art.R. and Ash on wet base at packing %“35“59 layer

*4 :injection day is counted up from material packing day qri§u3ted§
cylinder for
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Table 5 Yc,b and Ks by Exp.B2 and B3

o - packe{i temp. Ye b Ks [column
N S O . material| (°c} (-1 (h™* ] |tmo/1)| number
B EARE en TR OnE — | ke
BT, 4. 58O |accor. | 30 | 0013 |2.92109 100 802
FHO L DL baRDE [us | 20 | 0o e salnere
(Fig.16, Table 5), Mix 30 0.12 3.7:10: 140|No.6
RBH7b T HAVT. oo ::E §g g:lg §:;xlg”}$g gg:g
. v. . 8%

(23) i kD RLK O, 2. | 003 |aox0 20
5% L7-0 7 Fig, 13, Ref.7) 0.11 [7.9x10%10vi60
H4OEHTH 5,
9. BhYI(C

W CABO T AREREOBEER B L TKRD LD 2fd
wEE

O A2VEEHTOHBEFLVEREL. r2HE LA,
ERN S LBIZ, 1 IUEETE—FDOME L > 72, 7 {Ei20.55~1.00D
HBHICHLDN NS LBIZADL S NTLATEBT HKEVBLEVE,

Table 4 um on various conditions

packed Um temp. pH

material{ (h7'] |(°C] -]

Art.R. 0.0021 { 21.7 | 5.5*%{5.5)| No.2

Art.R. 0.0015 | 21.7 | = 6% No.3

Art.R. 0.0028 |.20.5 | 6.4 No.1%2
Art.R. 0.011 30.4 (6.3 No.3%*2
Art.R.*3]10.0040 | 20.5 | 5.3 Ref.2)
Art.R. 0.0016 | 20.5 | 6.0*({5.2) Ref.2)
Incomb. [0.0066 [ 17.8 | 5.8*(5.3)  Ref. 1)
Mix 0.00014 21 - No.4

Mix 0.0040 | 21.7 | 6.0*(5.9)}|No.5

Mix 0.0048 | 21.7 | 6.5*{6.4)|No.6

Mix 0.011 30.0 (6 No.6*2
Ash 0.0075 | 22 7.4*(7.5)|No.8

Ash 0.0075 | 22 7.4*(7.5}|No.9

Ash 0.0075 | 22 7.4*(7.5){No.10
Ash 0.0084 | 21.2 [7.2 No.8%2
Ash 0.014 30.0 | 7.0 No.9*2
Ash 0.013 25 7.0*{6.5)| Ref.1)
Ref.n 0.014 35 acetate enrichment

0.011 30

* : pH of leachate and parenthesized value is

© pH of water in refuse layer (calculated)

*2 : leachate is circulating
*3 : this refuse only is saturated with water
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production rate (Arrhenius plot)
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Nomenclature

b : biomass (methane bacteria) decay rate constant [h~1]

C : composition of gas discharged from column [—]

C* : composition of gas produced from refuse layer [—]

[CH ] : mass of methane produced [mol]

G : mass of gas produced [mol]

Ks : half saturation constant (mass of acetic acid per volume
of water) [mol / (]

q : volume rate of gas produced from refuse layer, or
discharged from column [ m¢/ d}

R : mole rate of gas produced (mass of gas per volume of
refuse layer per time) [mol / (d - o) ]

=

: constant mole rate of gas produced, which is found
when small amount of substrate is instantaneously in-
jected into column [mol / (d - nf) ]

: mass of substrate as Carbon [mol]}

: time [d]

: room temperature [C]

<=3 T w
1w

: volume of water circulated in the apparatus shown in
Fig2{ 0]

: volume of refuse layer in column [ ¢ ]

: volume of air space in column [ £ ]

o< <l

: mass of biomass as Carbon [mol]

!
(e}

: yield, biomass formed per substrate used, as Carbon
ratio [—]

At : time interval {d]

Aq : volume of gas discharged within At [m¢ ]

tm : maximum value of specific growth rate constant {h~!]

7 : methane production ratio, = Cy/ (Cy +C¢&) [—]

7" : methane ratio of gas discharged, =Cwy/ (Cy + C¢)

[~]

superscript

* : pseudo steady state

o : initial state

j  : number of iteration

subscript

: growthing phase of biomass

: decaying phase of biomass

: decay reaction

: growth reaction

: total gas

: methane gas

gom [P R



