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TNTRODYCT ION

 The Bureau of Air Sanitation »f ‘the Califorania Dep
Health has been erzaged in z program to improve ihe op _ :
‘waste burners. This has been 2 cooperabive program with local county
. health departments"and with individual operators. ' The major. emphasis of
this program has teen to improve the combustion of thne wood waste. This.

- has been accomplished by modification in the burner operation, for instence,

better distribution of the underfire and overfire air. A quick evaluation
of combustion efficiency can be made by using surface thermometers at S
various points on the outer shell.. A better evaluatlon of combustion effi-
ciency would be an analysis of the particilate and gaseous effluent from |
the burner. o . T A I
Particulate sampling of a tepee is difficult and time consuming and
the results are ofien questionable. Some success has been achieved with
greased slides. Gas sampling, on the other hand, is relatively simple
and the equipment required is easily transported and set up. !
i R ! . S ) o

The ‘success of any sampling program finally depends on the ability _.

to aznalyze the samples, All of the samples reported in this paper were
analyzed by the iir and Industrisl Hyglene Laboratory of the [epariment.
Tne analyses were made by gas Chromatography_and_infrgred'spectroscopy.'
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- sentative analyses are given in Table 1 to s

i

EE T
TEST PROCEDURE

_The sémpleﬁérobe'is a quarter'iﬁch,copper tube which is_insertedw

several feet into the burner at some point above the combustion zone. The .

sampling heights used in this study rangad from a few feet above the com-

. bustion zons to just below the base of the screen. The probe is connected

by tygon tﬁbingrto-a_diaphragm pump.. The exhaust from the diaphragm pump .
js eollected in an .aluminized polyester bag (Scotchvak). Surface contact -

thermomeiers are attached to various points on the burner shell, Typical:
thermometer placement on a &0 foot high burner would be at the 8, 20, 35,

and 50 foot level, usually alongside the burner ladder. Shell temperatures

used in this discussion are ihe hizhest Temperatures noied during tne’ sam- .

. ling time. In'every case the highesttemperature was at either the 20.0r, ..
. the 135 foot level. : MY 58

-'l.iDISCUSSIQHf .@_ifi ?ﬁ.-;tF:;;:ﬁ ez

. - L)

"!‘.‘n'-‘ - =7

Forty-three gas samples were taken fro.m' ‘on 13

w the magnitude of concen-

_ different days, and analyzed for the Cy to Cﬁ.h?drocarbons; Six repre-
o

trations. A R :

. .;’.\‘ Lo s .-

A very wide range of concentrations was. found: CQg_Valuﬁs;xangediirdm.

0.11% To 2.8%; CO concentrations frem 180 pom to 3000 pom; and fatel qydro-
“Garbons were from L pom to 300 ppm. The conceniration ranges for all com-

pounds ars given in Table 2. Some compounds were found in only a small

number of samples. These are given in separate. columns; for example, |

pentzne was detected in only a half dozen samples, On some of the earlier -

samples the analysis did not inelude the and Cr hydrocarbons. Pentane

_ was checked on 56% of the semples and butane on 75%.

SOME GAS CONCENTRATIONS FOUND IN
TEPEE BURNER SAMPLES

Table 1
TEST .38 133 T . e 6

Shell Temp., OF% . 130 S 180 i 2ko 290 i 300 i L3O
co2 - - 4 0,25 . 0,32 2.5 ° 1.9° 0 2.6 1 2.2
GO pem ; 645 - 312 3000 1576 1 1500 713
¥ethane woot6h,9 ¢ 11 ‘99 . 96 21.2 1 26.8 -
Sthare - wo:+.805 ! 030 106 - 3.8 - 1 0.26
mthyieme " i 81 P 0,80, 2.5 16.8 18.9 ;. 2.1
" Acelbyliens oo D 0.7 0.90 . 17.3 5.5 i R e
Propane oo 1,30 0.05 : 0.3h4 0.37T% === 0.03.
Tromylene " . 5.6 Y 0.3 7 0.2, L9 8.6 {  0.5L
Sutane " 0.25  GC.02 . 0.17 ; 0.k _— - 0.11.
Buténes ot 1,6 1 0.05 . 0.85 .. .0.3. S 0.1310 - -
Pentans P08 ey -0k2 e B
Isopentene " o2, _— 3.9 0.08¢ — =

# Maximum measured snhell temperature at time of sempling.

r . Cr

Oy




| 3. T
© RSIGE OF CAS COMCENTRATIONS FOUND. TH

o o S TEPREE BURNER SANMPLES .
. o “Table 2 '
R ; T HIGH s LOW  © MED ; ANALYZED FOUND
L . €02 Z ; 2.8 i 001, O.9 T
.. i co ppmi 3000 , 180 760. o .
: ' Nethane o} 232 i 2. 28.7
Ethane v i 10,6 3 0.8 | 2.2
_ Ethylene v . 37 i 0.28 y 6
g Acetyleme " V19,6 1 0.2 "L ]
S Propzre w51 001 0.25 ,
B " Propylene. LI 8.6 % o.02 | 104t :
et - — Butane L R o.h 1 T j 0.08 32 32
| Butenes @ iLs59 b T 4 0.94 32 28
Pentane u 0Ly 0.03 ¢ 0.36; 2k -
Tsopentane M 5,69 + 0,08 : 2,091 2b ;10 N
L 0.87 0.18'% 0.32° e i 12 |

Methyloutena ¥

A carbon balance was run qn-each sample %o calculate the pounds of
L ‘gas produced per ton of wood waste burned. This weight ratio of product

to charge was calculated for carbon menoxide, for total hydrocarbons, and
for C, to‘cs hyérocarbons., In order to make these calculations the fol-

- ' lowing“assumptions ware necessary: T ‘- _ )
(:) .- -1, 'That the moisture content of the wood was 5%,
- . ".-2. Thab 25% of ‘the original fuel was carbon,

.. 3. Tnat a1l of the cormbustion products were emitted in 2 gaseous
- state. (Other unpudblished results have shoun.ﬂromf29m;o”80_.

Y © Jbs per ton emitted as particulate matter.) . _ LW I5L A
SN L. That the weight of total hydrocarbons was 1.3 times the weight A’C e
- of the carbon in these hydrocarbons. = }M

5, That the weight of the Cs to Cg hydrocarbons was 1,2 times the
_ weight of the carbon in These hydrocarbons.
If 211 the hydrocarbons are ¢ verted to ppm G in eguivalent hydro-
‘ carbon, then the pounds of gas produced per_ion burned are given by the
_ a1 med At S e . '

o e A \".%Ciu'.c. (v -

1bs CO = ' 1166 x {pom CO)
tcn burned COp x 104 + ppm CO + ppm C equiv,

for CO 1.

%9

for total lbs HC  _ 650 x (ppm C equiv.)
hydrocarbons 2. ton burned % COp x IO4 + ppm CO + ppm G eguiv.

for Co to Cg lbs Cp-Cg HC 600 (ppm C ecuiv, - pom methane)

hydrocarbonis 3. ton burned = G0, X L0F + ppm GO + ppm C equiv.
'_/—-—“' . ) .
{ The Cp to Cg hydrocarbons have been calculzted in accerdance with
pe ¢ Regulation 2 of the Bay Area Air Pollucion Control District. This Regula-
\:) X {. “tgon_limits hydrocarbon emissions to 50 pom when voiumes are corrected Lo
Ok oxygen. The BAAPCD nas foina thav multiple‘chamber incinerators designed

.




R
- Shell { ' o | Totar | Eguiv.
' Sample |  Temp. " COp co CCHY HC 1 Tue
| oF g opm | pee | ppm | PR
V- 1 290 0.93 935 | 97 . 12, . 15k -
V- 2. . 290 1.9 1576 Gé 126 16l
Y= 3 310 1.k 1219 116 1.6 183
Vi L 210 2.8 720 1 L7 5t 46
| w5 110 1,95 1576 1§ 21 25
W 6 130 2,23 713 27 30 2L )
- 7 200 - 50 0.13 260 18.5. TR
T 8 200 - 50 0,16 320 | oL | 3Lk o bh }
|7~ 9 ZC0. - 5C 0.36 610 55 79 163 ¢
5-10 190 - 0,38 305 —w.5 1 9.6 1 20.8
5-11 - 180 C.32 T2 o 11,2 13.6 1 16,5
| S-12 1o Colb [Rele; 26 -l 33 40 ]
v-13 1 250 0,50 1300 1.1 175 211
V-1, | 260 0,Lb 1200 232 - 297 |~ 366
V=15 270 Q. LbL .__B6S S 197 25h | 315
: V-16 150 ~ 2C0 0,22 R 110 139 - 170
; , V-17 1.50 - 2C0 0,38 - 1500 20L 229 258
: V-18 150 ~ 270 0,42 1200 . 220 277 336
A-1G L00 - 5 1,63 ges 1k.4 31 19
o~ [a2o b £00 = 5C 2,C5 1155 a5, L. LO s
U Tpoon | LCC = 3G 1,97 1175 17.2 | . "35 bt |
L =22 1CO — 5C 1,16 48 10,2 | 23 35 1
L S A-23 W20 0, 5L 253 52 1 el Vo 6,91
' : h=2L ~3C0 2.6 1500 2 50 - a7 |
- h-25 210 0,51 - 270 9.5 16.L | 2.5
a26__ 1 20 0.28 | 225 2.6 15 - 23
A2, 270 c.37 | 21 7.5 12,5 . 18,7
D~2 170 1.k | 15C0 on L33 i
D-29 170 1.0k | 1030 20 "2 |43 )
D-30 \ 90 0.1k i 29C 29 3L 35 ]
D31 280 1,6 ! 20C0 A LhE 225
D-32 T 320 -5 1 30Ce is7 219 203
D-33 2.0 2.3 | . 20C0 g9 LG 156
D34y 300 1,7 - 20C0 62 117 196
D-35 | 265 1.3 12C0 3). &b 117
D-36 130 C.25 6L5 - 65 93 . 1.38"
D-37 350 1.C 565 28 139 . 33
D-38 | 330 2,2 1050 £2 ~ 3| 8%
D-39 | - 230 0,9L 760 1.1 28 | L4
D-1.6 150 C,11 180 17.3 25 - 35
D-/.1 -~ 210 0,7L 265 - 12.6 20 . 29
. D12 180 C.92 725 32 L6 63
. 'L;'3_§;- . D-13 _1E0. Oalé &G0 . 31 LY 6D
e | Avcrage 11087 q55¢ : %0.0 07
(:}_ ] | - ' GAS CONCENT:AATICYS OF TEPEd BURKER

" EFFLUEST

ite



(f‘x o e o Y% S ) |
S : | -snelr .| LES. CO 1 tss. HC | LBS Czr | REG. 2
Sample .. - Temp. - Ton . | Ton W c2,
OF _pmm
=1 290 110 10,1 3.5 36k
V- 2 290 T g2 | S5.h 2,1 20L
Y- 3 1 310 113 7.9 2.6 334
i b 300 30 1.5 0. L1 38
"4~ 5 | 410 9k 1 0.8 ' 0.17 13,
vim 6 o L30 37 . 0,97 - 0,19 19
T— 7 200 - 50 . 205 - | 20.3 11,2 1140 .
. -8 200 - 30 2G7 - 15,9 6.7 660 |
™ 9 TToe0 - 50+ 195 16,8 7.2 730
510 - | _. 3¢90 87" 1.8 Gahb. 68
511 | 1€C 105 3,2 0,94 95
" §-12 10 S8 1.2 1.3 195
V=13 - 250 268! L 23.0 .2 670 .
V-1t 260 250 13,1 il,5 1360
v-15 1270 . 153 39.8 13.8 1400
Ve1é6 - | 150 - 2CO 1 3c2 10.5 13,2 1170
V-17 - 150 — 2C0. 364 35.1 6.8 560
g _ V=18 | 150 - 2C0 BT L0.5 12.9 1cec_ |
- o A-19. 100 = 50 | - 59 1.9 1.2 140
O o [TaTeo 1100 - 50 1 €6 2.0 1.l 157
R =05 N e oo 5o, | &7 1.7 1.1 1A
A-22 LCO -~ 50 | - 67 . . 1.9 1.1 - 127
T oa-23 129 ‘ [ (.68 O.b L3
T A2k 300 651 2,1 1.5 118
A-25 20 . | €0 3.0 1.7 184
- A-26 240 90_ 5.1 3,0 295
A-27 270 ' 62, 3,05 1,7 182
. D-28_ 170 60 . | . 2.0 0.27 al
D-29. 170 90 1.9 0.8 67.
_ D-30 90 213 15,0 2,8 - 202
. D31 230 1561 1 8.5 1.6 105
: : D=-32 520 230 T 7.35 3.3 20C
D-33 2i.0 97 5.3 2. 224
D=3 1 300 128 7.0 Lo 390 |
D-35 245 102 5.6 | 3.6 313,
D-36 130 273 52,5l 15,9 1325
D37 350 &l 3.5 1,5 1&i
D-38 . 320 Sl 2,45 0.63 7C
- b-39 i 250 g7 2.9 1.85 185
D-L0 150 ' 171 18,0 8.6 730
D-t1 210 T &5 2.l 1.2 125 - |
D12 . 1£0 £9 L,3 1.2 188
D43 | 160 103 5.6 2.5 2.7

GAS )1SSICNS FROW THPES TURKELS
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in accordance with Los Angeles County Air, Polluticn Control District stand-
-vds can méet this limit. This gives another basis for comparison of the
samples. T : ' :

.

These values have been calculated for all samples ‘and tabulated in . &
Tables 3 and 4. The range of gaseous emissions in Tadble ; and the arith=~

retic average are given below: BEPETE S S AL AL S
:tit 7. pounds gas emitted per fon burned . average ~ - -ttt -

R ¢ 30,0 = 360.0_ 130 T T .
- Potal hydrocarbons -~ 0.8 - L3.0 : .1 C
. = - Gp* hydrocarbons 0.2 ~ 1.5 ' b .

z 100 tons per day

=2
Ty LY Wala T

ef weo usste will emit dailys 13,000 pounds of CO, 1iC0 pounds of hydro-
earbon gases, and LOO pounds of Cp to CS'hydrocarbonvgasés.' The wide range
of valuves leads to scwe hope that these emissions can. be substantially -

reduced. Iy grouping the samples within ranges of shell temperature and

taking average emission values within these temperature ranges, the effect .
of veiter combustion can bé shown, Table 5 indicates ithat wnen the hizhest
mezsured shell tempeln R

‘These averages indicate that a typical tepee burnin

\ ture exceeds LOOPF, hydrocarbons emissions are N
7 b§§3§§_§gg§_ﬁgﬂwgggr99_§§}§§§9p5 are rsducad by more than-SG%} = )

—

ver the averaze value.

An example of the change that cen occur when higher temperatures.are
achievaed can be seen by comparing tests W-1 and W-2 with tesis -6 znd W-5.
The principal change was a reduction in the volume of ihe overfire air.
The shell temperature has been raised 130°F. -CO values have decreased L0Z; °
.and the Cyp and higner hydrecarbons have been reduced from an average 2.8-
1bs/ton to less than 0.2 lbs/ton. T

.. . -AVERAGE EXISSICKS OF TEPEZ BURNERS o
el T ‘ © Table & . 7o

RANGE o T AVE LBS CAS Pox T0n Uiy - ‘
TERP, B . SMMPLES L TITBO T poral EC . Cat ! Reg.2 Coippm’
$0-150 ¢ 30, 36, 12 o o !
b o t 189 1.5 L2 | 613
160-200 i L3, 28, 29 ! : | :
. : ).!.2, 11’ 10 f ‘é - ! : ; . .
- ;16,217,183 176 1 15.0 i LS 395
210-250 25, L, 26 _ g P
i033, 13, 39 ¢ g i i
P78 To b a0 1060 L7 168
260-30C Po1h, 35, 27 i ; i i ' -
| i 15, 31, "1 i s
. i g 2k, 3t 128 i 13.8 5.5 287
310-350 3, 32, 38 é : ! _
“t o h, 37 : 78 k.S P17 | 179
L20-15C © 5,23, 6 o 4 :
: © 19, 20, 21 : i s :

L 22 © 62
Y Volwmes corrsceed 1o &5 09

e
w
s
2
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- CONCLUSION

AR Gas salelng ofze“s a relatlvely 51np1e way to evaluate combustloq
SR X efflclency in a tepee burner.

ture is greater thﬁ__gggf#

fren the highest measured shell tempera-
gaseoas emissions may be reduced by 8C% or

more over: gverage. o“eratlon of = teoee burner.m

1.

2.

- the burner to the size of the burning pile.:

~~~~~~ However, below hCO”“

the correlation botween shell ienperauu“es and gaseous emissions is not.
¢learcut.

There are at least three reasons for thls lack of . correlatlon-

Shell tempeféture changes will lag combustion changes and thlq
time lag will vary from one burner to another.

‘Air may enter through bottom onenlnns or leak into the shell,
and ‘pass directly up the side of
- the combustion zone, tth _reducing the snbll temperature Wwithe

Y burner withoub cnuerlﬂg

ot a CO?TES“Oﬁdlng effect on burning cna“acterlstlca.
There is a large variation in the re1at10noh1p of the size of

- 56 thls tlne most - of tbe work has been w1th redwood plus some pihe'

-~

‘pounds,

and. fir.
such as alcehjaes.h
accumulated. . - L G e

The nro;ect is contlnalna on other burners and for ‘other Uon-_
urther reports will be made as data is . .
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