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INTRODUCTION

In October of 1970, The Council on Environmental Quality recommendeg
that ocean cdumping be phased out as an ultimat

imete disposal process for
municipal wastewater sludge. One of the obvious alternatives to ocean

dumping is incineration, which inevitably produces some air pollution.
Conseguently, the U. S. Environmental Proteciion Agency set up a task .
vorce in 1671 to determine if sludge incineration is an environmentally
accepteble disposal method. After a series of air poilution tests con-
ductec on several well-controlled incinerators, the task force concluded
thet properly cperated incinerators produce acceptabie stack emissions
of particuiate matter, nitrogen oxide, sulfur oxides, and odor {(1).

~Based in part on this work, New Source Performance Standard (Sub-

part 0) wes proposed in 1973 by EPA's Office of Air Quality Planning and
Standards and became final in 1974 (2). The standards in Subpart 0
eoply to any facility built or modified giter Novemper 10, 1977. This

S

tandard and other Federal standards applicable to sewage sludge incin-
erztion are presented in Table 1. Note that there are no standards in
Subpart O for NOy and S0p. Data available &t the time Subpart O was
prepared incicated that concentrations of these gases {or amounts dis-
tharged) were not sufficiently high to warrant reguiation.

TABLE 1. Federal Standards Appltcable
1o Sewage Sludee .Incineration

POLLUTANT : STANDARD PEFERENCE
Particulates —0.85 g/kg Dry Sludge Fed (2)
Opacity T - 20% {2)
Beryiiium 10 g/24 hr. (3) _
Mercury 3200 g/24 hr. (4)
Lead Ambient air standard is

1500 ng/m3 (5)
Cadmium , No standard but a 100 ng/m3

in ambient -2ir is being
discussed as a possible
future standard (6)

The Incineration Task Force also attempted to determine whether the
more volatile neavy metals appeared in disproportionate amounts in the
perticulate frection. [t wes established that mercury was essentizally
criven off from the incinerator--there was no mercury in the bottem ash
¢ the particulate fraction, glthough some might have been coilected by
ihe weler scrubbers used for air poliution control. Fortuneztely, siudges
ire low in mercury, generally under 3 pg/g of dry sludge. The siandard
Ter mercury (see Table 1) is so high, 3200 g/day, that oniy the largest

plants need to bSe concernec about mercury losses in incinerator stack .
gases.
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The Tesk Force results indicated that two of the volatile metals,
cadmium and lead. showed higher concentrations in the particulates
ieaving the discharge stack than in the sludge (on a voiatiies-free
basis) cor in the ash. Tre concentration factor was small and no further
investigation appeared to be warranted at the time. However, Jépanese
dzte on siudge incinerztors, which became available in 1978 (7),
inoicated much greater concentration faciors than were obtained in the
Tesk Force investigation. This information indicated.the need to under-

tzke more extensive studies of the heavy metai discharges from sludge
incinerators.

The objective of the present investigation has been to determine
whether any unusual ciassification of heavy metals into the particulate
fraction discharged from the stacks occur in U. S. sludge incinerators,
éssess the environmental implications if this is the case, determine
the causes and suggest remedies. It was planned {0 determine the
queniities and compositions of the uncontrolled emissions before the
particie removal devices as well as from the stacks, so that performance
of the pollution control devices couid be evaiuated. Particle size
distributions ang composition of the wvarious particle size fractions
were 10 be deiermined because of the importance of particle size in
pertormence of air pollution control eguipment and in heaith effects,

Air poliution testing is expensive because- of the. need to send
skilled crews to each site where they must carry out tests for perijods
Everacing two days. The large numbers- of samplies coilected must be
dissolved and then analyzed by sophisticeted methods. Cornsequently,
only z iimites number of incinerators could be evaluated. A total of

incinerato__rs were selected. Factors invoived in test site selection
werc: neture of the siudoe being incinerated (a range from high to Jow
neevy metais concentrations was desired), iype of incinerator used,
czoacity (& wide range was desired), willingness of the plant personne}
1o &llow testing, the ability of the personneil to keep the plant -
opereting, and the distance from the principal contractor's home office

{(Monsanto Research Corporation, Dayton, Ohio).

A portion of this work has been reporied previousiy (§,8). The

present report contains all material included in these earlier
presentations.

EXPERIMENTAL PROCEDURES

1. Incinerator Sampling. Ten siudge incinerators operated at ‘
Sewage ireziment plants were selected for the investigation. Eight had
muilipie hearth furnaces and two utilized fluidized bed furnaces. A1l

the furnace outlets were equipped with some type of a water scrusbing
cevice wnich served to remove particulate maiter, cool the ofT-gases,
énc remove some S07 and NOy. Generally, the off-gases were coo’ed

]

{"quenched"} by a water spray before they enterec the scrubber.

n
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The incinerator stacks. were sampled at the inlet to the off-gas
scrubbing device and at its outlet, which is the normz} stack sampling
locztion. The water quench was upstream from the iniet sampling point.
Compesite samples of siudge bottom ash and water into and out of the
scrubbers were obtained by combining grab sampies tazken periodically
during the period of stack sampiing. There was only one particulate
sempling device and one sampling team avaiiable at the time these tests .
were made, so samples at the inleti and outlet of scrubber had to be
teken at different times, usually within & day of each other.

Before sampling couid start, 2 multipie hearth furnace had to be
stabilized by four days' operation, then it had to operate stably for an
hour, mzintaining uniform feed rate and constant temperatures within the
furnéce. It was then considered 1o be in steady state operation znd
sempliing could be started. A fluidized bed furnace, starting at hoiding
temperaiure with no sludoe input, had to be operated for tweive hours
before it was considered stadbilized. After one hour &= constant
iemperature it was considered 1o be in steady state operation and
sempies could be taken. Normaily it took at least s day to set up the
test eguipment, so there was ample time to-get the furnaces under
control for the tests.

Normally, it took about five hours to complete sampling - on the
scrubber outlet and about three hours to compiete the sampling on the
scrubber iniet. The length of time was determined by the particulate
loading ir the sample stream. If @ large amount of fines was present,
pressure drop across the sampler built-up relativeiy quickly, and it
becams necessary to change the “"pancake" filter (see beiow) more times
then normel: conseouentiy, it took more time to get the mass of sample
necessery for znaiysis. About i0 m] of Bach size range were recuired
Tor analysis. L=

The tests were normally performed at one incinerator location on
one day, then the equipment was reiocated that evening or eariy the next
Gay anc the test performed at the next incinerator locztion as soon as
possiple after that. In &i] Cases, Cniy one set of sampies was taken
because of the extra costs required for taking and analyzing the
samples.

Sampies of the siudge cake charged to the furnaces were taken by
compositing grab samples taken from the conveyor belt leading to the
‘urnace throughout the run. Enough sample was taken at hourly intervels
SO thet total sampie size was between 0.5 and 1 liter.

. Particle Sampiing Apparatus. An Autotherm* High Voiume Source
Rssessment Campiing Sysiem iSASS) train was used for sampling the ges
Streams 1o determine particle loacing and particie size distribution.

The equipment is iilustrateg in Figure 1. In the SASS train, the gas
Stream sempie is drawn through & series of small cyvclone dust collectors
which cegregzte the particies into the three derodynamic size fractions:
¢reater than 10 um. i0 to 3.% um, and 3.5 to 1 um. Following the cyclones
there 15 2 0.1 um filter wnich recovers the 1 to 0.1 um particles. =—=

= rege name. Use of a irade name ooes not indicate EPA endorsement.
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The SASS train is described in detail by Harris et al. (10). The
section fcllowing the heated oven (see Figure 1) censists of a cooler
and a series of impingers in an ice bath. The stack gases are coo.ied in
& condenser and scrubbed in the series of impingers tc remove residual
water vapor, organics, ionized metals, metal vapors, and particies
smaller than 0.1 um. The impingers were ¥i1led with distilled water at
the start of 211 of these incineration tests. The quantity of materizl-
collected in the impingers other than condensed water ic generaily minor
reiative to the amount of material collected on the cyclone and in the _
Tilter. An important function of the back section is to protect the gas
meter and the vacuum pump from condénsed water.

The particie samples are tazken under isokinetic conaitions, follow-
ing £PA Methods 1 and 2 in the Code of Federal Regulations (11). The
gas velocity profile in the duct is determined, average velocity czl-
cuiated, and the sampling probe ic located 2t a point where zctiual
velocity equals average veiocity. Gas is drawn through the sampier so
that the velocity in the sample probe matches the average velocity and
is maintained at this velocity throughout the run. In this way, kinetic

ef¥ects that may affect the representetive nature of the sampie are
avoided.

3. Chemical Analvsis of Sampies. The particle size fractions col-
ec¢ in eacn size range at the Tront end of the SASS train were

retely dicested and anaiyzed for the foilowing 11 metals: silver

. ceamium (Cd), chromium (Cr), copper (Cu), iron (Fe) mercury (Hg),
anese (Mn), nickel (Ni), lead (Pb), zinc (Zn), and arsenic {As).
Tractions were dissoiveg using stancard methods (12) and filtered.
Then metal anzlyses were performed using & Jarrell Ash* (13) spectiro-
photometer sysiem with inductively coupied argon piasma (ICAP) source
for 211 of the elements éxcerr arsenic and mercury. Arsenic and mercur)
were eanalyzed by conventional cold vapor atomic absorpticn technigues
(14). : -

-
1

The sludee and incinerator ash sampies were dried at 100 OC to
cetermine the moisture content (total residue). The sludge samples were
heeted to 500 OC for 30 minutes to determine: the volatile solids centent
(12). A&fter drying, the ash was heated to 1000 OC <o determine if the
sludoe had been compieteiy burned to ash in the furnace. The resulting
sludge ash and incinerator ash were digested in nitric and perchloric
¢cid according to the orocedures of Dolezal (15) and Gorsuch (18).

These soiutions were then analyzed by atomic absorption spectrophoto-
meTric techniques (17).

The imoincer contents were evaporated to dryness and weigheg in
beakers by the contractor. Leter thece beakers were shipped to the

U. S. EPA's Andrew W. Breidenbach Environmental Research Center in
Cincinnati. 1In order to consolidate the sampie into one bezker, it was
necessary to remove the material from some bearers by washing them with
acetone becausc the solids were partly in the form cf organic tars. The
suiids were put intc solution using nitric and perchloric acid in
eccorcance with the procedures of Dolezzi (15) and Gorsuch (15). The™
resuiting soiutions were analyzed by atomic apsorption spectrometric
technioues (37),

x

'Te0€ name. Use of a trade name coes not indicate ZPA endorsement.
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4. Sulfur Dioxide. The procedure outlined in Method €, 40 CFR
{11) was Used 1o determine sulfur dioxide content of the of f -gases.
check the accuracy of the results, the contractor participated in the
"round robin® for determining accuracy sponsored by the Quaiity Assurance
Eranch of U. §. EPA, Research Triangle Park, North Carolinaz 27711,

To

Ecuations 6-1 and 6-2 in Method 6 were used to compute the resuits.
5

o

. Nitroogen Oxides. The analytical method used by the contractor
erTine the nitrogen coxides {NOy ) is described in Method 7, 40 CFR
- Quality control sampies frem the U. S. EPA's Quaiity Assurance

ch &t Research Triangie Park, N. C., were tested along with the

0 samples to check the accuracy of the NOy resuits.

~h U ¢+

—

Equetions 7-2, 7-3, and 7-4 of Method 7 were used to determine the -
NOx cecncentrations.

.

RESULTS AND DISCUSSION

. -
o |

cizi Particulate Emissions

The primary objective of the test program was to collect data on
composition and size distribution of the particulates immediately
r leaving the sludge incinerators, and after leaving the air-
ition control devices. 1In the process of obtaining these gata,
icient information was obtained to.permit calculation of toia
culate emission rates and estimation of scrubber efficiences.

o

[Za 3 ® B TR 4
m < O ~hr
~$ ~h —+ ¢t D

«r =h -2 (D
-t - T

o

When the incinerators were being tested, the plant operators were
evere thet these were not official emissions tests to determine con-
Tormance with stancards. Consequently, the incinerator-scrubber svstems
were notl "tuned up" for optimum performance, nor were input rates
adjustec to design conditions. As noted in the preceding secticn, care
wes exercised in arriving at a steady state.

Totzl emissions per unit of input of dry sludge solids, along wit
estimaieo scrupber efficiencies, zre reported.in summary form in Table
2. CScrubber efficiencies are discussed in a Jater section. The
emissicns datz are arranged in the order of increasing emissions.
15 not shown because results indicated extremely high emissions, w
was noT consistent with cbservations made at the site during the test

a

-
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. The results indicate reasonably good performance when the relative
€nissions are compared with EPA's standard of 0.65 g of particulate

emissions per kilegram of dry sludoe charged, Jnc*nezninr_K_shnuld_not

be-sericusiy consider ) the obvious jnag vacy-of-ihe cpi-
"TEttTDﬁ‘ﬁEVTEET‘_U?—?gg—?;;:?g§;£§‘357§'TﬁETﬁEFE¥§$ﬁ§ seriousiy exceeded
Xhe-stzmmsrn— Examination o7 the Toadings—sh |

UW'ThBt*%hiS“ﬁnCiﬁETHTUT“—'

wés iesing 225 g of particulates per kg of dry siudge fed. This was & -

m&jer portion of the inert material in the entering sludge in this run -
and indicates that about hajf of the ash was Eeing blown out of the Ve
InCinerator and hag to be removeg by the scrubber. I¥ this scrubber

ioecing were in a more normzl range of Perhaps 20 g/kg, it is possible
that Incinerator p dlso 'would be close to meeting the stancard. i

“The emissions obtzined with the incinerators testeqd are slightly | 17
higher than obtzined with ney: incinerators buiit under NSPS standargs.
Deta drawn from Helfand's Table 5.3 (18) show that, of ten MM and F3
incinerators equipped with scrubbers with 46 cm ofF water or grezier
Préssure drops, the median was 0.49 g/kg, and two out of ten, or 20
Pereent, sliohtly exceeded the 0.65 g/kg standard. Excluding Incin-
€réior K, the median of the 8 incinerators in this investigation is Q.58
8/kg and three out of eight, or 38 percent,. excesded the stangard.
-

r
~

tention must be drawn to pecuiiarities associated with the two
i¢ bed incinerator runs, G and J. In fluid bed incinerztors, alj of
sh is removed overhead and goes to the scrubber. Since sludges
ently contain about 30 percent ash, there: should thus be 2 scrubber
ng of adbout 300 g/kg of dry siudge fed. Observaticn of the dats iﬁ\““7
Z shows that Incinerator J lost only 9.5 a/kg to the scrubber
S
[

MmO 1 3
m m
0.0

~ ,/
L

!
- §

=3
: uy
0o

_\_\

e
€es Incinerator G lost 769 9/kg. Incinerator J was evidently 1//4
mulating ash, but § was losing ash and sang from the bed faster than

e

1

-~ Y
3 0
o

]

- were being added throogh the feed. At eguivaient scrubber ioadings, |
iwc incinerators might show a nearly eguivalent performance. The

Pecuiiar behavior of the Tluidized bed incinerators G and J reguires -

thet conciusions drawn about fluidized bed units throughout this report

‘be considered tentative. ' —

An important contributing factor to Sysiem performance, which is

not in Table 2, is the specific design and operation of the incinerator—

scrubder system. Fach of these incinerators is a Custom design, and

differences between the systems are more frequent than similarities. 1In

Preper cperation, such as leaving an observation port open at the ash

drop {where ash leaves the MHF ) can cause suspension of virtually a1}

the “ines in the ash by the ensuing current of ajr arawn into the

Turnazs. which treates an overload on the scrubber system.

2 in Table 2 show superior performance for incinerators

“ith both venturi {V) and impingement (1) scrubbers. A1
ncinerators so equipped show lower emissions than the standarg.

important not to generalize this conclusion, however reasonabie
Y éppear. without Ciose examination. Drawing conclusicns baseq ehiy -
"PUT and autbut without &ny censideration to mechanism is a com-
ely empiricai épproach, which can leag to erroneous conciusions"‘ o
is §reat cuentities of datsz are evailable. A rationa] look at the -
i
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m=0Clem inrdicates that the lesses from an incinerator depeno on the

Cie oensity in the Gé&s arriving at the scrubper, the particie -
cistribution (because scrutber efficiencies depend on particle
210 tne efficiency of the scrudbers«for each perticie size.

¢lely, enougn Gate were obtained sc that a ratione] examinzticn
sibie.
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it czn be observed from Table 2, Jooking only at the MHF data, that
reiztive emiscions increase steadily with the ioading to the sCrubber.
(Percent €0, which correlates in an inverse way with excess air ang may
thus correlate with particle density, shows a correlation with relative
emissions but not ac positive as the correlation with loading to the
scrubber.) Later sections of the report examine the individual factors
that contribute to reigtive emissions, and the conclusion is reached
that, for the incinerators tested, loading was the most important
managceable Factor affecting performance

8. Scrubber Efficiencies

~Because emissicns were meeasured upstream ang downstream of the .
coilection device, it is possible to obtain information on unabated
Cischarges and 2lso to calculate scrubber efficiencies.

As ncoted earlier, emissions upstream and downstream from the
scrubber were not coilected during the same run. Thys the input to the
scrubber and the output “rom the scrubber do not exactly correspond.
Mass fiow rates to the incinerator ang air Tlow within the incinerastor
were difverent during the two tests. A correction for the ¢ifference .in
Cry solids mass flow rete hes been made by adjusting the scrubber input
flow rate in girect. proportion to the mass flow of dry solids into the
incinerator (see Table A-1). This-adjustment is necessarily an approxi-
mation. No other adjustiment wes dttempted.

Calcuizted scrubber efficiencies, dlong with parameters that might

influence them, are precented in Table 3 in order cf decreasing
eTficiency. These efficiencies are referred to nerein as "total particle
efficiencies® (tpE), and are _calculated from input and output particle
flow rates. Excluding Plamt %, which uses a wet cyclone, efficiencies

ranged from 89.5 tp 99.9 percent. -

1i0n o7 the parameters presented in Tabie 3 indicates that
-85 excentionaily well with the bercent 7ines (the 0.1-1.0 um

!oin ne-perticies SAT8rING ine scrirbers, Fressure IrCI. Taps

of scrubber, and percent U0z (related to ¥ excess air) do not show any
trencs eas efficiency decreases down through the table. For the MHF
incinerators, loading to the scrubber (g/kg) correlates with tpE. -
idized bed plants show the best scrubber efficiencies (tpE}
and th st percent fines. The Tow percent fineg is to be expected
because &1l of the perticuiates are removed overhead, wherezs only the
viner particles are carrieg overhead in MHF incinerators. This low
percentace of fines seems to explain satisfactorily the high tpt of the
Tlvidized bed scrubber systems. The high efficiencies of the scrubbers
Yor Plants D and A are orobably related to the high loadings and to
relatively low proportion of fines in the particies entering the
scrubber. The relatively poor performance of Incinerator £'s scrubber
is propadiy due to the high percentage of fines. ’

Cnly one incinerztor apbears to show anomalous behavior. Plant F }
Yses 2 hich pressure drop V and | system and has 3 low percentage of =
™ines in the particies arriving at the scrubber; however, the scrubber
fystem has & low tpf.

(l
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The Jow percentage of fines for ¥luid bed plant G is expected because
losses inte the scrubber were very high. However, Plant J showed 'a low
Tess rate and still had a low percentage of fines. It may be that. this

is 2 characteristic of fluid bed incinerators as contrasted to MHF incin-
érators. A singie observation is insufficient basis for a firm conclusion.
However, further investigatien is warranted.,

-

The data show that it is misleading to Judge the performance of ihe
SCrubber system by the total particie efficiency (tpE). The spectzcular
performance of Plant G ang J scrubbers is attributable to the jow pro-
portion of fines. A better procedure would be to compare efficiency of
the removal of the various particuiate fractions. These individuaji
fraciion efficiencies (ifE) can be calculzted Trom the tpf's~from Table
S &nd the particle size distributions (Tble R-2). Results are oresented
in Tadle 4. Runs are licted in order of decreasing efficiency of removal
of the fines fraction (C.1-1.0 um).

The resuits in Table 4 show that the removal efficiency for the
fines fraction is poor for all sysiems. There is no discernible differ-
ence between 1 and V-J systems. For Plant F, the scrubber syvstem is
ccperently not operating at anywhere near its potentiai.. The cause
couid be faulty design or operziion or feiiure of an internz] part.

The resuits of this pertion of the investigation support well- Tl iy
tabilished concepts of scrubber operation. The total particle g C)
Ticiency (tpf) of a scrubber depends on particie size. For a given Co
rvicle size range, the ifE 1s relatively independent of particle
censily so the macs of material that escapes wiil be proportional to the /

o R G )

5
1’.‘
a
meéss oF material that enters the scrubber.

In the practicai operation of an incinerator-scrubber svstem, it is I
Gesirec to minimize the fina] discharge per unit of mass fed to the (A
incinerator. - To accomplish this, loading to the scrubber should be
decreased and, if possibie, particle size increased. Reduction in
racbie arm speed in MHF incinerators may increase average particle size.
Reduction in gas velocity in the furnace will reauce scrutber Joadings;
however, particie size will alsc decrease. These effects work in _
0bposite directions--the former decreasec losses and the latter allows e
higher Josses. The datsa for the MHF incinerators {see above) strongiy Pl
indicate that the overall effect of lower ioacdings is a reduction in
losses per unit of sludge fed. Reduction of off-gas rate, accomplished
by reducing percent excess air or tota) sludge feed raie, appears to be
¢ cesirable action to take when emissions for a given furnace are
excessive,

~

. wmaterizl Balances

It was net possibie in any of the tests to properiyv sample scrubber
W8LEr Or tc determine iis rate of {low. Consequently, for the tests in
which the particles at the scrubber outlet were collectea, it was not ~ .
possibie to celculate meteria) baiances. However, for those runs in _
which particlec were collected &t the scrubber iniet, a material balarice o
couid be caiculated, =

-
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The only mass flows determined were the total mass of flow rate of
slucoe cake entering the furnace. ang the gas and particle discharge
Téié &t the entrance to the scrubber. Mass flows of &sh were not measyres
independently but were calcriateg by difference. Determination of
individual metzis concenirations were carried out on these three streams.

Consecuently, individua] mass balances could be calculated for each of these
metals.

The resuits of the materiai balance ceiculations for ezch metal for
the runs in which scrubber input rates (subscript 1) were measured are
presented in the appendix in Table A-3. Plant G has not been includeg
in the tzbuletion because analyses of the particie fractions—collecteg
éppeer to be seriously in error. A few other data pcints were excluded
[see Teble A-3) because the geparture from the mean was extreme.

A summary of the materiaj balance cziculations is presented in Table 5.

average of the ratio of output to input (0/1 ratio) for each metai
ross plants) is jtself averaged {vertical column in Table 5) and eguals

- This averzce shouid equal unit¥. The deviztion from unity indicates
consistent error of some kind. Possible candidetes are gas flow rate in
he measurement of particle discharge rate, and particie compesition (anaiytical

1hos was different from ash and sludge anziysis). The data were normalized
(made to averzoe 1.00) by dividing the 0/1 ratio Tor ezch metal by the
everage value for & run. The "normalized" results in Table 5 thus show a

an for 211 metzls of 1.00. " The means tor each metal (across runs) show
onsiderzbiy less variztion in the nermalized datz. The normaiized means
énoe from 0.79 tp 1.24. Considering the short-term naiure of the tests and
the poor control possible under plant-scaje conditiens, this variation is
SOUT as good &s can be expected. -

< —
o oy
-+ M

O

I

v

ATthough carbon dioxide tontent of the stack gases was determined, no
meterizl balance was macde for carbon because amount of Tuei and percent
céroon in the sludge were unknown. In future investigations, such a

beiance should be aitempted because it provides an indepengent check on
flow rate of stack gases. ‘

An important finding of the tesis is that cadmium and lead show material
belences consistent with the other metals. There.has bean concern thaz these
two metals might vaporize in combustion and then either s01idify (as metai
or oxide) in an extremely fine form or subcoel and not solidity, possibly
thus escaping not oniy collection devices such as scrubbers pbut aiso the
perticle sampling devices. The evidence of thece experiments indicatec
thet leac end caamium zre coilected as efficiently by the anaivtical
sampiing devices as the other metals.

A
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D. Heavy Metal Emissions

1. Emissions from the Incinerator. & major cbiective of the investigs-
ticn was 1o oetermine the extent of the elevated emissions of certain heavy
metzls frem sludge incineration and establish whether the cause o7 the high
concentration was poor collection efficiency in the scrutber for these
substances or nigh concenirations leaving the furnace. Conseguentiy,
mass flow rate of emissions and composition were measured at the inlet and
outiet of the poilution contrel devices.

(8) Emissions ‘rom the Furnace. The information obtained
on the particie flows at the Injet %o the scrubbers allowed direct
calcuiation of losses from the furnaces. However, the plants
-lected varied in excess air used, furnace design, temperzture
level, and tvpe of sludge. Unless a Correlation is found, the
results do 1ittle more than establish a “pooulation® of Gischearge
rates. In order to increase the value gained from the study,

two correiztion approaches were ztiempied with considerable
success. ‘

poroach 1. The mass of méTal A carried off in the air
tream (a1 2 civen temperature and gas flow rate) is
ssumed to be proportional to the egverage concentration
T the metzl in the burning mass:

Pa = ki Cg-a - (N

where Pp = particle emission rate of metal A (a/sec)*
- C(g.p = concentration of metal A in the bed (mg/kg)
ky = proportionaiity constant

Similarly the mass ©f other substances carried off (materiais
other than A) is assumed to be proportional to the concentra-
tion of these materials in the bed:

PNON A = k2 Ca_non (2)
where Pnoy a emission rate of materiais
other than A {g/sec)

CB-NON A = concentration of materials
other than A (mg/kg)
ko = proportionality constant

s

Jividing touetien 1 by Equation 2,

P = k3 Cg-a (3)
PNON A Ce NON A )
or Cp_a = k3 Cg.p =

-
£y
Nt

- LP-NON A C5-NON A



where Cp_p = concentration of metal A in the particles (mg/k§3
Co_noN A = concentration of NON A in the particies {mg/kg)

This equation has the same form as the expression for

relative volatility for miscibie liguids. It assumes that

all NON A substances act in the same manner, Concentrations

of A and NON A meterial ere difficyit to establish because

the formulas for the chemical compounds in which A ang NON A
&re found are not known., A Qood appiicztion of Equation 4,
which avoids thig difficuity, is comparing two different metals
(e.o., cadmium versus lead). The concentration of the secong
metal is used in place of NON A in Equation 4,

sguation 4 can ziso be used when Cp_p ang Cg.p are smail so
that Cp_non A and Cs-noN 4 are &pproximately unity. Equation 4
is rewritien below TOr this case: °

Cp-a = kg Cg_p (5)

If this equation ig used fer high concentrations of C3.a
&nd Cp-a, the constant kg will vary with concentration.

The proper bed concentration to use for Equation 4 or 5
depends on the design of the incineration device. In &
Tividized bed, which typiczily has & single, well-mixed

bed, the cencentreation in the ash is probably the apprepriate
concentration to use. In 2 multiple hearth incinerator,
which has more- than oné aclively burning beds, some

evérage between ash and feed concentration is probably
gppropriate. Concentrations should be on a voiatiie solids-
Tree basis. - -

Aoproach 2. Consider the case where Co.n and Cg.a are
SMali &nd Cg_n can be selected as the composition of

Metal A in the incoming feed. Express the concentrations
in terms of masg flow rates:

Cpop = Pa/PT (6a)
and (g_p = Fa/Fq | (6b)
where P = particle Flow rate {c/sec)
F o= feed flow rate (volatiies=free basis) (g/sec)
subscripts A & T = Mets] A, and tota] dry solids
(vo?ati]es—free)
Ecuazion 5 becomes -
Pa/Pr = kg Fp/Fq (7) )
Rearranging thig eguation, o
PasFy = kg Py/FT {8)

P

w
ct
o

ne designation of the constant nas been changec to
identify it with Equation &. ?



B}

Equation € states that the Traction of Metal A fed to the furnace

that is lost in the particulates PL/Fp) is proportionei to the

fraction of the total feed {volatiles-free basis) that is lost

as particulates. Consideration of the reletionship beiween

Pa/Fp and Pr/Fr indicates that it myst take the form shown in-

Figure 2. Curve 1 is for a meta] that does not disproportionate

into the particulate fraction; that s, kg is unity. Curve 2

is for a metal that, for some reason, appeers in higher

cencentration in the particulate fraction. It is ciear that

kg cannot be a constant. At the top end of the curve
- (T000 g/kg), the total mass is discharged as partidies and:

it is obvious that the total mass of any metal must be

dischergec as particles, so kg must be unity for ali cases.

when carrvover is Tow, the relationship can be expressed as

& straight line (see dotted line). if the Gisproporticnation
into the particles is great, the departure from a direct
propor<ion (kg = constant) occurs at & iow value of Pt /Fr.

It is interesting to observe that Equation 5 and Egquation 8
heve the same constant, even though the varizbles are
different.

The graphical method demonstrated in Figure 2 did not prove
convenient for presenting the dats, chiefly because the
renge of the data required logarithmic coordinztes. Con-
sequently, k' was plotted against Py/Fy. The shape expected

wner-ks is plotted against P1/F1 is shown in Figure 3.

Approach 1 vs. Approach 2. Approach 1 has the gdvantage of
having & rztional basis. It is Tlexible and can be based R
on ash or feed composition or some intermediate composition.
It can be used to compare results with various metais (see,
tor example, the column for Cd/Pb in Table 6). Approach 1
alse {llustrates *hat ADproachi Z has & rationai basis. “The
major advantage of Approach 2 is that its Tinal form,
Equation 8, is so easy to understand., The fact that kg
must eguail 1 when PT/FT ecuals 1 is ezsily appreciated,

and it gives & check on reiiability of resuits.

The dzta correlzted by Approach 1 [Equztiocn 5} are presented in
Teble 6. The ratio of the concentrztion of each metz] to its concentra-
Tion in the ash (kg) is presented in the table. The pianis are &arranged
In the orger of increasing relative emissions frem the furnace so that
the tanie can be scanned to see if there is & trend in ks with increasing

refative particle joss. The only metal for which a trenc is clearly
gvident is cadmium, for which kg decreases as the fraction of the feed
10ST as particulates (Py/F7) incresases. These results are presenteg in
Figure 4, ziong with resuits for chromium. The charomium data show sub-
stantial scatter. A treng to Tower values of kg at higher values of B /Fy
is Ciscerniple. '

d

-
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The tabulated results show a distinct ciassification tor cadmium,
lead, and arsenic. There may be some classification of zinc but it is not
conclusively established and, if it exists, it is much smaller than tor
lead and cadmium. Silver, chromium, copper, iron, manganese, ang
nickel do not show evidence ot classification into the particulate
fraction.

Compariscns of two metals (Cd vs. Cr, Cd vs. Fe, and Cd vs. Pb) were
ttiempted using Equation 4 but the correlation was poorer than using
Equation 5 for the indivigual metals for the first two comparisons. -Better
resuits were obtained for Cd vs. Pb (see iast column in Table 6).

~The data are presented in a different form (Approach 2) in Table 7.
Here Eguetion 8 is used to c2lculate the value of k. {Note that
fquation 5 would give the same k's. if Ca_p was chosen as the teed cam-
position.) The datz are presented in the tabie in the oroer of
increasing relative particulate emission rate. The expected decreasing
irend of kg with increase in P7/FT 1is clearty evicent for cadmium.

The effects are seen more clearly by araphical presentation. Resuits
for cadmium and chromium are plotted against P7/Fr in Fioure 5, and
7or leal and iron in Figure 6. The Kg values tor caamium and lead
show & decreasing trend with increasing fractional ioss.. Chromium
(Cu, Fe, Mn, Ni, and Zn as well) shows & si{ight upward treng. If these
materiels teng to classify into the ash rather than the particles, an
upwerd trend is to be expected. All of the curves extrapolate to an
orcingie of about 2.0. This retio should extrapoiate to unity.

The Tact that most of the metals extrzpoiate to about the same point
indiceiss some kind of a constant érror. A likely candidate is gas
velocity at tHe stack outlet, or total particulate conceniration

in the stack gases. — : '

~_As before, the results incdicate high classification of cadmium
enc lead into the particulates. The arsenic data are now mixed, and
& conclusion cannot be drawn from this table. The metzis siiver ang
zinc may classify slightly into the particulates. Chromium, copper,
iron, menganese, and nickel do not classify into the particulates and

in Tact may end up in reduced proportion in the particulates.

Curves such as shown in Figure 5 and 6 may be quite useful! in
predicting emission rates. If %he fractiona!l loss as particulate of
the feed (volatiles-free basis) is known, the fractionz! loss of a metal
in the particulates can be determined. In using these curves, it is
Prezzoly wise 1o make an adjustment for the evidentiy incorrect terminz|
peint. A1 of the date in Table 7 snouid be shifted downward by
dividing by 2.0. Then the terminal poInt will be approximate!y unity.
The curves shouid not be extrapoiated linsarly to |ower P7/F7 values.
At dow Py/Fr, the Pp/Fp values should be essentially constant.

o
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2. Effect of Industrial Input. 1In the initial developments of the
WOTk SCOpe Tor this study, CONCErn was expressed that, when incinerated,
sludces with a high metals content might release amounts of metals
greater even than might be expected from their higher concentrations in
the sludge. For this reason, some sites were selected where the sludges
were low in metals, reflecting a domestic origin, and some were selected

where the sludges were high in metals, ref lecting a high contribution from
metal finishing indusiries.

Chemical analyses of the feed and ash for the varijous runs are
presented in Table A-4. Data are summarized in Table 8 for cadmium &nd
lead, where kg {see Equation 8--k5 also equzls the concentration of the
metzl in the pariicles divided by the concentration of the meiz! in the i
Teedd is compared with the concentration of the metal in the feed {on

a volatiles-free basis). The runs are listed in the order of increasing
concentration for each metal. )

No correlation between kg and concentration is evident from examina-
tion of Table 8. It would indeed be surprising to find a correlation,
because the effect of the fraction oiz=Teed lost as particies has not

been considered and the results reported above indicate there is an
important effect. :

The effect of the fraction of feed lost as particies on kg has been
considered by replotting Figure 5 but with the metals concentration
shown zlongside of the appropriate points (Figure 7). For cadmium, no
convincing trend is evident although there is an indication that higher
cacmium levels in the feed may contribute to a lower enrichment of
cedmium in the particles. The effect for lead is shown in Figure 8.

No trend of any kind is discernible for lead.

——

The results thus indicafe that the mere fact that cadmium or lead
areé present in high concentrations does not contribute to any dis-
proporiionate losses above that indicated by the correiations shown in
Figures 5 and 6. These figures indicate that absoliute guantities of
these metals lost are directly proportional to the mass or concentrations
in the feed and depend on the nature of the metal.

If no independent effect of concentration on the enrichment of _
metais is observed at the incinerator outlet, no effect is anticipated =
at the scrubber outlet. The enrichment that occurs as the particles
pess through the scrubber is related to aerodynamic size and shouid
snow nc incependent influence of concentration.

MU
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TABLE 8. Comparison of kg* Values with Metal
Ccncentrat%on in Feed (Volatiles-free basis)

for Cadmium and Lead**

Cd : Pb
Plant Cd Concn. kg Plant Pb Concn.
= (mg/kg) - (ma/ko)
D-1 12.7 10.4 D-1 330
E-1 17.9 54 E-1 1162
F- 21.6 60 _ BT 1340
K-1 30.0 5.5 c-1 1491
A1 4.0 7.2 Fel 2255
c-1 257 15.9 K-1 3102

H-1 574 1 A-1 4637

-~

* kg = PA/FA' : FA/

il

T {see Equation 8)

** This comparison does not consider the effect of the fraction

of feed lost as particles in kg.

..
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3. Emissions from the Scrubber. The particulate emissions that leave
the scrubber have passed ihrough twd classification operations. As seen
ebove, there is a classification that occurs in the incineration stage,
wnich is a function of physical properties such as melting point and vapor
pressure of the metal, chemical reactivity, and possibly of the chemical
form in which the metal is present in the sludge. A second classifica-
tion occurs in the scrubber, which appears to depend (see following.
section) on the aerodynamic particulete size.range in which the metal is
found when it leaves the incinerator. When there is inadeguate informaticn
on compositions and flow rates between the incinerator and the scrubber,
a8 rational basis for interpreting results cannot. be developed. . The data
have to be interpreted on a completely empirical basis.

*The results obtained for the pianis tested are presented in Table 9.
The ratic of concentration in the particles to the concentration in the feed
(voiziiles-free basis) is presented for €ach ‘metal. Ac noted above, this is
&1so equal to the ratio of the fraction of metal fed that is lost in the
particies to the fraction of tota] feed (volatiles-free basis) that is lost in
the particles. :

—

The average ks values for the five multipie hearth incinerators
g

o

thet have reasonable emission rates leaving the scrubber compared to the
stencard of 0.65 g/kg of dry sludoe solids are also shown in the tabie.
They ere compared below with the average kg values across the incinerator
niyv.
kg kg kg(1+S)
Incinerator Incinerator ks (1 only)
only (1) and scrubber -
Ag i.97° 16.3 8.3
Co 15.7 161 10
Cr 1.68 2.6 1.5
Cu ©1.42 4.6 3.2
Fe 0.91 0.45 0.50
Mn 0.90 0.46, 0.51
N1 1.21 1.46 1.21
Pb 5.36 59 N
Zn 2.21 11.1 5.0

Arsenic is not listed because data are too scant. Qualitative{y,
¢ evident that arsenic paraileis the effects noted with lead and
ium, but the magnitude is not established.

it
cegm
The dazta show that a further classification occurs in the scrubbing
device, which cppears to depend on the metal. Silver, cadmium, lead, and
zinc show an additionzl classification factor of 5~ 1o 10-fold whereas
chromium, copper, iron, manganese, and nickel show little £lassification.
Silver anc zinc showed no substantiai classification in the incinerator but
evidently particie size and density are such that classification occurs in
“he scrubbers {(Results in the following section verify this conclusion).

e
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E. Coﬁcéntration of Metals in the Various Particle Size Fractions

in the SASS train particle co!lection'system, the sanple is collected
in four particle size rafges. The individual particle size fractions were

then analyzeo, so the particle size range where each metal concentrated
couid be determined.

1. Emissions from the Incinerator. The compiete tabulation for
each plant o7 mass of particie caicn, mass of each metal and distribution
of each metal in the various particle size ranges is given in Table A-5
in the appendix. A portion of this information is presented in Table 10
in which the percentage of the mass of a given metal in the total par-
ticulate catch that is found in the 0.1-1.0 um fraction (the "fines*
fraclion) is given for each plant. i

Examination of Table 10 shows there is little consistency in the
percentages Tor & given metal for the runs at the different piants.
However, certzin metals consistently have a higher percentage in the
“Fires” fraction than other metals. To arrive at 2 semi-quantitative
number, the metais were “ranked” in erder of detreasin percentage in
the fines for each plant and the ranks were averaged. A low number
conseguently indicates thzat a higher proportion of a given meta!l was
consistently found in the fine fraciion than the other metals. The

éverage ranking for the metazls from the results for eight plants is
civen below:

Ranking According to " Enrichment Across
Particle Size Entering - the Scrubber
Scrubber
- kg (145)
) Averaage rank kg (I only)
Pb 2.1 Pb 11
" Cd 2.1. Cd 10
Ag 3.4° Ag 8.3
Zn 3.6 Zn 5.0
Cu £ Cu 3.2 =
As 6.0 As -~ -
Cr 7.1 r 1.5
NE _ 7.3 Ni 1.2
Fe P 8.4 Mn  0.51
Ni 9.0 Fe 0.50

the second column is taken from the preceding section which compared the
"enrichment” in each metal that occurs across the scrubber.. The results
ére remarkably consistent. The presence of a high concentration of metals
in the fine fraction in the scrubber is reflected by a proportionat
enrichment in that metal across the scrubber.

L ~<
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2. Emissions from the Scrubber. A complete tabulation for each plant
of mass oY pearticie catch, mass of each metal, and distribution of each
metal in the various particle size ranges is given in Table A-6 in the
appendix. A portion of the information is presented in Table 11, which
gives the percentage of the mass of each metal in the total particulate
ceich that is found in the 0.1-1.0 um particle size range.

The tabulation shows that except for iron, manganese, and nickel,
a1l of the metzls are concentratec into the fines fraction for the
muitiple hearth furnaces, Except for Plant H, the results show that
generaily more than hzlif of the mass of particles leaving the scrubbers
is Tound in N.7-1 9 um Traciicn. The metzls that are classified into ’
thg Darticuiates in the Turnace {Cd, Pb, anc possibly As--3ection D-) -
3boveé) and the metals that ieave the furnace in a fine form (Pb; Cd, Ag,
in} are concentrated into the fines to an even greater degree; generally

over 20 percent of the mass of these metals leaving the scrubbers is in the
0.1-7.0 um fraction.

F. Calculated Ground Leve] Concentratieone of Heavy Metals

—

The inTormation presented in the preceding Section D allows an
es1imale to be made of the emissions of heavy metzls From muitiple
hearth incinerators. Of ecqual importance tc absolute emission raies
are the ground leve] concenirations that deveiop. These concentrations
c&n be celculated from plume models. These models predict the groung
level concentrations of particuiates from a knowledge of the nature,
QUENTity, anc temperature of the discharge. QOther conditions of dis-
charge such as the exit velocity of gas, stack height, wind speed
anc direction, and air turbuience are aiso used in ithe piume model
0 determine atmospheric calculations. The dispersion of a plume
is illustrated in Figure 9. Plume dispersicn modeis given appreximate
resuits because of the intrinsic difficulty of the probiem as well
as the fluctuations in ambient congitions that occur in nature.
nevertheless, they are-useful in predicting the approximate magnitude
o7 particuiate concentrations in the atmosphere.

Plume .models are available that can calculate concentrations for &
wide variety of circumstances and concitions. A previousily presented
paper (8) utilized a program (10) in which different etmospheric
concitions were selected and the €=iSsions dataz from a test were used
10 determine the maximum ground level concentration of the emissions
2nc the distance from the stack at which they occurred. This was an
InsTanianeous maximum condition anc gives a "worst-case" estimate
of any environmenta] impact. Plume models are available that vtilize
actuzl meteoroiogical data ang caiculate various time-averaged estimates
o7 cround level concentrations. This is & much better procedure than
mereiy making worst-case estimates. Fortunately, meteorological data
were available for all of the Cities where the test incinerators were
lecated, o this procedure was utilized to Calculate reatistic maximum
&nnuel everage ground leve] concentrztions.
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The calcuiations
tPA's CRSTER model (2
& compilation of hour
calcuiate various ave
The mcdel caiculates
the stack (see Figure
concentrations, annua
program then seijects
of the proper distanc

of ground ievel .concentrations were made using
09). The program utilizes the emissions data and

ly meteorologicai data for an entire year io
raged concentrations at the test site location.
hourly average concentrations at 180 points around
10 for the spatial arrangement). From the hourly.
1 average concentrations are calculaied. The
the maximum annual averace concantration. Selection
€ between rings (see Figure 10) is important. 1If

distance is improperly sel Cted, the array

Figure 11 shows. a plot of th

prevailing wind direc
which indicate that ¢

may not include the maximum.

& annual average concentrations in the
tion for cadmium for severz] of the plant locations,

he maximum was located.

The results of the CRSTER ca]cu]atiohs

concenirations are or

nickel, Jead, cnromium, copper,

table are the average
atmospnere for the ci
EPA's Netional Air Su
Cagmium is the only m
consistently close to
concentration for lea
actuzl ambient concen
the other metals note
tions are far below ¢

esentec in Table 12 fo

of the maximum annual average

T séven metals (cadmium, ironm,

and manganese). Also shown in this

yearly ambient levels of these metals in the

ties where the plants are located a&s determined by

rveillance Netwdtk (21) for the years 1870-72.

etal that shows calcul

eted around level concentrations

ambient levels. The median calcylated ground level
d is 25.8 ng/m> which is only 2 percent of the average
tration and 1.7 percent of EPA's standarc. For all
¢ above, excent cadmium, CRSTER-calculates concentra-
he actual ambient concentrations. -

Although calculzted cadmium ground Jlev

ampient levels, it sh
concentratians and th
suogested EPA stangar
ievel concentration 3
suggested standard an

Arsenic, silver,
ambient levels were n
obtain CRSTER cround
necessery to adjust t
by the ratic of the ¢
particulates. For ex

4 el concentrations  approach
ould be appreciated that both the calculated

e ambient levels are very low. Compared to &

d of 100 ng/mS (22), median calcuiated ground

s 1.5 ng/m>. This is only 1.0 percent of the

d appears to be of little significance.

and zinc are not listed in Table 12 because average
ot available for comparison. If it is gesired to
level concentrations for these metals, it is only
he CRSTER value for one of the metals in Table 12
oncentration of the meteals in the discharged

ampie,

For Plant A-Q, concentration in particies at stack vtlet,
' Cd: 12.570 ma/kg (from Table A-5)

As:

rrom Table
for Cd = 2.

15/ mg/kg (from Table A-6)

10, CRSTER-calculated ground level corcentration

47 ng/m

As = 3.47 x 157 = 0.040 ng/m3
T70
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Figure 10

EXAMPLE OF RECEPTOR NETWORK ﬁSED IR THE SINGLE SOURCE (CRSTER)

MODEL FOR A SOUTH WIND AND FOR EACH STABILITY CLASS

Hourly
Heasured Wind
Direction

i

i
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G. Loss of Metal to Impingers

Afier passing through the 0.1 um Tilter of the SASS train. the ctack
¢ases pess through a condenser ang then through a series of bubbiers.
The adsorbent in the condenser, described by Harris et al. (10), was not
used, and distilled water was used in the bubbiers instead of the suggested
rezgenis. Because there was some concern that volatile meta!ls might .
pass through the 0.1 um Tilter, a check was mage to see if any substantial
gmount of metals were collected downstream from the {ilter. The water
Trom the bubbiers was evaporaied down, weighed, ang analyzed for metals.
The waier from the condenser was ngt analyzed.

Results obiained are presenied in Tabie 13. The mass of metais
colteczed from the bubblers has been compared to the mass of metals
collecisd in the particulate catch. For Jead ang cadmium, the amount
of material coilected is seen 10 be a small fraction of the particie
catch, indicating no ioss of ultrafine material through the filter.
For several other metals, such as chromium, nickel, mancanese,. &nd
siiver, the results indicate a catch in the bubbiers as high as the
catch in the particulates. This gnomzious result is hardly believable
and is attributed to am unknown source of error. No blank run was
made. It is conceivable that a blank would have indicated. a nigh

concentration of the metals that show excessive recoveries in the
bubblers.

H. Gezseous Emisssions

Anzlyses were carried out for NOy, SO», and unburned hydrocarbons
on & few of the incinerators tested. The deta on NOy and SO are sum-
marized in Tables 14 and. |5, =

If Plant B is excluded, the muitiple hearth data show reasonably
uniform NOy concentrations. When production is based on sludge input,
resulis are iess regular. Plent G, the only fluid bed furnace, shows &
substantiaily higher NOy concentration. Data are not sufficient to
draw & Tirm conclusion above differences between fluid bed and multiple
hearth furnaces. Calculated ground level cgncentrations are 2 smzl|
fraction of ambient air quality standards in 21 cases.

The dztz Yor SO» concentrations are 3isg rezsongkly uniform if
Plant H is exciuded {there is a besis for uncertainty about Plant H
scrubber output readings. Particulate datz were also inconsistent ang

-hiec tc be rejected). (Calculated ground level concentrations are a
miniscuie perceniage of the ambiént air guality stanozrd <or S03.

Resuits on total unburned hydrocarbons &t the scrubber outlets are
Summiarized below:

Plant Furnace Concentration {ppm) CEETER Ground
Level Concn.{pom)

£ MH 15.7 0.21 x 10-3

F MH 2.0 0.47 x 10-4

G FB 0.5 0.85 x 10-5
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The paucity of data makes any conclusion regarding unburned hvdrocarbons
tentative. However, the iow total unburned nyarocarpcns for the fluigized
bec¢ incinerator is in accord with expectations. The Rationazl Ambient Air
Quality Standard for hydrocarbons is 0.2¢ ppm (23). The CRSTER ground Jevel
concentrations are well below the standarg. However, individual statec and

municipalities have rules that méy make afterburning necessary, particulariy
for ME incinerators.

The Timited zmount of data and the variabiiity in resui+s make it
desirable to obtain more information, However, the low ground leve!
concenirations relative to standargs inditate that no serious problems -
exist.

-

)

i)

"

Y

'y

o ll



MER
* CONCLUSTONS

1. Five out of eight sewage sludge incinerators met EPA's new source

performance standard of 0.65 g cf particulates per kg of dry sludge
solids feed. Of the remaining three, only one significantly exceeged
the standard. None of these incinerators when constructed .had to
meel new source performance standerds although most of them had
undergone some uporading of their particie removai devices. This

1s an encouraging result and indicates no extreme hardship crezted
by the standard.

2. (Szerall efficiencies of the scrubbers veried widely and no correla- :
Ations were evident. When efficiencies for removal.of various
Tparticle size fractions were compered, differences in overall
'efficiency coulc be explained. All scrubbers showed good removals
for size fractions larger than 7.0 um. However, efficiencies
ranced irom about 50 to 90 percent for the 0.) to 1.0 um fraction.
Ne significant improvements in performance by use of higher pressure
’/__drops or use of a venturi scrubber downstream from an impingement
Lt scrupber were evident. This is=Rot unexpectec because tie scrubbing
cere systems for the plants were totally unrelated.

(€3]

The use of percent removal efficiency for the various fractions
éppezrs to be &z satisfactory expression of the performance of the
scrubber systems, Thus, for a given perticle size fraction, the

mess per unit time that escapes collection is directly proporticnz]

tC the mass per unit time of that fraction approacning the scrubber,

g. f When operating conditions are acjusted to give reduced 1oagings to
. the. scrubber, the average particle size falls. Scrubber efficiency
is reduted, &llowing = Feigher percentage of particles to escape.
- However, this increase does not compenszte for the reduction caused
,7({;/////Zby the reduction in loadings, so an overall reduction in emissions
" $,w ‘ \occurs. .
! >. Material bealances around the incinerators (not including the scrubbers)
for cacmium and lead show results consistent with the other metals.
These metals evidently are being collected by the particle collection
épparatus as efficiently as other metals.

6. Heavy metal emissions from the incinerator (upstream from the
sCrubber) can pbe correlated by plotting fraction of the metal 7egd
that leaves es particulates versus fraction of the inerts in the
feec thet leave as particulates. Cadmium, lead, and probaply
2rsenic show substantial concentration in the particles leaving
ihe incinerator. If the fraction of feed (volztiles-free basis)
thet leaves es particulates is known, then the amount of loss of
various metais can be ectimated. v
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10.

Silver and zinc are not concentrated into the particulates by the
intineration process. However, those particles that are carried
overhead are fine and concentrate in the fines fraction. Consequently,
since the scrubbing systems are lecs efficient for fine particles,

they are not recovered as efficiently as the bulk of the particles.
Consequently, their concentration in the particle catch at the
scrubber exit is substantially higher than 2t the inlet. '

Cacmium and lead, probably by virtue of the chemical transformations -

that cause them to be concentrated into the pariiculate fraction

leaving the incineretor, are fine and are concentrated in the

Tines fraction. Conseaguently, their concentration in the perticle

catch at the scrubber exit is suostantialy higher than at the

inlet. Arsenic prebabiy behaves in the same way as caamium and
~lead. '

The enrichment of Cd, Pb, probably As, Ag, and Zn that occurs
8Cross the scrubber is directly related to the presence of these

meteis in high proportion in the 0.]-1.0 um fraction leaving the
incinerator..

Generally over 290 percent of th&Cd, Pb, probabiy As, Ag, &nd ZIn
thet leave the scrubber as particulates are found in the 0.] to .
1.0 um fraction. )

The mecian of ground level concentrations Tor lead, calculated
from piume models, averaged 25.8 ng/m3, which is only 2 percent of
the actuezl ambient concentrations in the cities where the incin-
eretigrs are Jocated and 1.7 percent of EPA's standard of 1500
ng/m<,

tions averaged 1.5 ng/m= This level approaches actua! ground

leve] concentrations but is only 1.0 percent of & suggested standard
of 100 na/m>.

For cadmium, the median_of the calculated ground level concentra-

The low concentrations of lead and cadgmium relative to concentrations
o7 neaith significance indicate that sludge incineration creates
little or no threat to health from these metais.

The comparable material balances of lead and cadmium when compared
1C other metals indicate good coilection of these metzls by the
SASS train and its 0.1 um filter. If desired, use of a filter
downsiream from the scrubbing system would assure virtually

-
ey

tempieie coilection of metals except mercury.

ifur dioxide and nitrogen oxides levels are very low compared to
bient standards and to other sources of thece pollutants.
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RE COMMENDAT IONS

1.

2.

)

Investigetions should be conducted under controliabie concditions
to determine the effects of factors, such as temperature, oOxygen
partial pressure, and agitation of the burning bed on the loss of
certain heavy metals into the particulate stream.

More information shouid be collected on fluidized bed incineration.
Date repcrted here are too scant. The possibiiity exists that
perticulates are larger in size ang may be easier to remove.

For multiple hearth incinerators, an increased loading of particies
_arriving at tne scrubber produces & reiated increase in particuiate
“losses. A measuring device should be foung (or developed) for

indicating particulate loading, and used as & controi device to

prevent excessive particuiate emissions from multipie hearth
incinerators.

Scrubbers have reduced efficiencies for removal of fine particles,
the fraction in which lead ang ezdmium are concentratec. Increasing
pPreéssure drop across scrubbers requires ‘large increzses in power
witheut commensurate increase in efficiency. Alternztive particle
coilection devices, such as electrostatic precipitates or fabric
Tilters, aione or in combinations that could include Tow intensity
scrubbers, may be more efficient for iead and cadmium remova] and
mere cost effective than combinations of impingenent anc venturi
scrubbers. Investigations of the utility of alternative approaches
1o particle collection should be instituted.
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CALCULATION OF SCRUBBER EFFICIENCIES (& TV € Tt
S:Ldfcd‘)"bli Pl“
Sludge Feed Emission Adjusted Scrubber .- -+
Réte (Dry Solids) Rate Emission Rate Efficiency
kg/hr ka/hr kg/hr
V : ’ - . Pne” - tpq'q 'Kﬁ
o’ qd' CrAMELE o TEuai8S e ? = Ky \
1281 =¥ 0.918 2/ ,  o0.918 N o AR
3> 30-7 5158 %82 B
1397 357 0.567 .f",f" 0.561
1045 5.3 b 7.1 92.0
. J‘ff"
2841 2% . . 63-14 1.63
1988 17.35 vt 2102 92.3
173 T 2.03 77¢ . 503
720 162.3 (<2258 264.4 99.2
S 596 i 0.205 . %€ .08 x
1347 328 41 3.89 94.7
544 =z b
936 - 0.555 1% - 0.555
1587 8.95 |1.% 5.28 . 89.5
e 93 % 0.050 "~ g.050
- - 160 —123.1 153 71.6 95.9
- ‘\,ﬁ :
R0 1340 . 0.049 i~ 0.048
786 ess IT1 a25e . 9.6
73 .Y 2.45 . 2.45
. 89 20,12 4y5ib  qgEs T . 85.1

*

° 1
Emissions from the furnaces were assumed to be proportional %o
sludge feed rate. Emissions for scrubber input runs (- runs)

were adjusted to correspond to the feed rates in the scrubber
output runs (- 0 runs).
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TABLE A-2.

DISTRIBUTION OF MASS "IN VARIOUS PARTICLE .
SIZE FRACTIONS AT SCRUBSER INLET AND OUTLET
IN_SUUDGE INCINERATOR TEST {Weioht FercenIS)?

Run . Sizé Fractions (um) Wt.. Percent.
- > 10 3.5-10 §1.0-3.5 U, =10 o7 Scrubber
- - Input That
Left at.
Oqtlet
A-1 T 68.42 - 9.19. - 12118 0.2 -
A-0 30.06 . 7.20 - 8.41. 52,33 i
c-1 34.93 31.48" 8.06 2553 -
. -— /o4 .
-0 3.8] 0.67" - 1.36 94,22
D-1 72.61. 18257 g Lz
D-0 3.983 . 1.88 " 2.28  91.86 U
-1 80.77 1.86 1.92- . 15.45 s
£-0 45.83 2.63 " 3.13 28.40 o
CEo7 S89.6) - 47.65 '3.20. 5.35: 0.5
F-0 26.53 . 15.83 5.63 53.03 )
6-1 . 98.28 1.30 0.13 0.20 o1
6-0 27.13 2.68 14.84 55.35 )
CJ-1 67.88 26.09 5.71 0.32 0.2
J-0 16. 26 33.26 8.03 42.35 )
K-1 38,46 34.86 21.23 4.45 Yoo
K-0 35.13 0.06 2.04 62.77 )

™ M2ss in probe wash not included.
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TABLE A-5

Sludge Incinerator Emission Tests, Sampled

at _Incinerator Qutlet (Scrubber Inlet)

Explanatory Comment )

-

1. For each run, the sample weight distribution of the total sample in

the various fractions is given at the top of the table for each
run.

2. There is no information for Run B. Although the particle sample

was collected, the samples weTe lost before chemical analyses were
determined.

3. For each metal, the amount of metal in each fraction is given. If
desired, the concentration of the metal can be calculated. For
example, for Plant A-INLET, Silver,

In the 0.1-1.0 um fraction, 0.8222 mg Ag
i 1111.2 mg total particies

- concentration of_Ag (mg/kg) =h 0.8222 x 106 _ 740
: - T2

.

In the total particle catch, 1.609 mg Ag
- 11336 mg total particles

concentration of Ag (mg/kg) . 1.609 x 106 = 141.9 mg/kg
3

This checks the concentration shown in the table.
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I certify that the work reported herein was conducted
in a conscientious scientific manner, and the reported test
results represent valid estimates of the actual events
which occurred at the time of testing.

) &

Sander E. Sundberg, Ph.
Technical Staff '

"I have reviewed the contents of this report and certify
the calculations and testing followed good engineering practice
and were done in an accurate and complete manner.

| bockdo V) £ ook

Richard Karuhn
General Manager
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SLUDGE INCINERATOR EMISSION TESTING 1.
UNIT I
FOR
CITY OF OMAHA
PAPILLION CREEK
WATER POLLUTION CONTROL PLANT
JULY, 1978

I. INTRODUCTION AND SUMMARY

Particle Data Laboratories, Ltd. was retained to perform a
compliance testing program on the particulate emissions from
the Sludge Incineration System, Unit 1 at the City of Omaha's
Papillion Creek Water Pollution Control Plant.

Emission testing was performed on July 27, 1978 by Dr. Sander
E. Sundberg and Mr. Erik Berg of Particle Data Laboratories,
Ltd., 115 Hahn Street, Elmhurst, Illinois 60126. A total of
three test runs were made following U.S. EPA Methods 1 through
5. Messrs. Art Miller and Bill Swan of the City of Omaha
coordinated the testing with system operation. Messrs. Don
Chmura, Dan Marlowe and Frank Sage of Envirotech also coor-
dinated the program and supervized the operation of the

Sludge Incineration System, as did Mr. Jim Love of Martin

K. Eby Company. Sludge samples were obtained by personnel
from the Omaha Testing Laboratories. Observing the testing
for the Nebraska Department of Environmental Control, Division
of Air Pollution Control were Messrs. Joe Francis and Dale
Murdoch. Mr. Phil York of the U.S. EPA Region VII was present
during an aborted preliminary test period on July 19 and 20,
1978.

The following table summarizes the results of the testing on
Unit #1 performed on July 27, 1978:

Test Run " : 1 2 3
Stack Gas Data
Temperature, °F 115.4 126.7  118.3
Velocity, ft/sec 43.907 44.704 44.836
Gas Volume, actual cfm (wet) 25,346 6 25,806 6 25,882 6
- Gas Volume, scfh (dry) 1.192x10° 1.165x10° 1.196x10
Moisture, % 12.1 14.0 13.1
Sampling Data
Volume, scf (dry) 36.512 35.197 36.316
Isokinetic Ratio, % 98.4 97.0 97.6
Particulates
Concentration, grams/scf (dry) 0.019 0.014 0.015
Emission Rate, 1lb/hr. 3.268 2.321 2.629
Opacity, % <5 <5 <5

Operating Conditions ,
Dry Sludge Feed Rate(tons/hr) 2.730 3.276 3.538

Allowable Emissions @1.3 1b/ton/hr
Particulates (1lb/hr) 3.55 4.26 4.60
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SLUDGE INCINERATOR EMISSION TESTING
UNIT I
FOR
CITY OF OMAHA
PAPILLION CREEK
WATER POLLUTION CONTROL PLANT
JULY, 1978

II. PROCESS DESCRIPTION AND OPERATING CONDITIONS

The fluidized bed incineration facility is designed to
incinerate dewatered sludge cake, grease, grit and screenings
to a sterile ash and operate free from objectionable odor,
smoke, fly ash or dust. The primary object is to dispose of
the sewage solids in an economical and environmentally
acceptable manner. Clean combustion, which is inherent to
fluidized bed incineration, reduces the sewage solids to an
inert ash and gaseous products of combustion. The hot
combustion gases are used to preheat the fluidizing and _
combustion air in a gas-to-air heat exchanger thereby mini-
mizing the amount of supplemental fuel oil required to sustain
combustion. An important by-product is steam which is
generated by the hot combustion gases in the waste heat
boiler. The cooled combustion gases then pass through the
primary and secondary scrubbers, where the particulate
emissions are reduced to levels below regulatory requirements
and the spent combustion gases are reduced in temperature to
approximately 130°F.

Two identical combustion units form the total system. Each
incineration unit is composed of a fluidizing air blower,
fluidized bed reactor, sewage solids feed systems, hot

cyclone, gas-to-air heat exchanger, waste heat boiler,

primary wetted wall venturi scrubber, and a secondary scrubber.
The unit is complete with a preheat system, an ash handling
system, and a sand handling system for bed introduction and
removal.

The dewatered sludge cake is pumped to the reactor at
approximately 30 percent total solids and at a normal rate
of 6500 pounds of dry solids per hour. The sludge solids
contain approximately 70 percent volatile matter and 30
percent inert non-combustible matter. The combined sewage
sludges have a gross heating value of approximately 9000
BTU's per pound of dry volatile solids. The sludge is
injected into a feed gun mounted on top of the reactor. The
sludge feed gun combines the sludge with atomizing air and
injects the mixture into the fluidized bed reactor. The
atomized sludge is directed, in.the form of a cone shaped
spray, towards the center of the fluidized bed where th
sludge is evenly dispersed across the area of the fluidized
bed. The counter current flow of hot combustion gases and
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wet sludge causes some evaporation of the water in the
sludge by the time it reaches the combustion or fluid bed
zone. Combustion of the sludge feed occurs in the fluid bed
section or immediately above the bed, and the temperatures
in the freeboard section always exceed that temperature
necessary for complete combustion.

Grease discharged from the grease tanks is pumped directly
into the fluidized bed through four grease feed guns.
Alternatively, grease can be introduced through the sludge
feed gun. Grease is delivered to the reactor at approx-
imately 30 percent total solids and at a normal rate of 1400
pounds of dry solids per hour. Grit and screenings delivered
from ejectors can also be fed into the reactor through an
above-bed injection port. :

At design conditions, approximately 15,000 SCFM of fluid-
izing and combustion air is delivered to the combustion
system. The air is preheated to a maximum of 1000°F in a
gas-to-air heat exchanger and sent to the windbox of the
fluidized bed reactor. "An orifice plate separates the
windbox from the fluidized bed zone of the reactor vessel
and is used to provide uniform gas distribution throughout
the fluidized bed. During normal operations, the reactor
vessel will contain 50 to 60 inches of inert silica sand and
ash in a fluidized state. Sewage solids serve as fuel, and
the fluidizing air serves as combustion air for the burning
process which takes place within the fluidized bed. gom—
bustion gases rise from the bed at approximately 1400-F.
carrying ash and fine bed material into the freeboard
section of the reactor. The freeboard sect@on_acts as a
disengaging chamber allowing fine bed mgterlal and coarse
ash to separate from the rising combustion gases and fall
back into the bed. Very fine ash is entrained by the rising
combustion gases and carried to the hot cyclone. The fine
particles which return to the bed are required to help main-
tain the particle size distribution necessary for good fluid-
ization and overall system performance. Water sprays located
in the dome of the reactor inject cooling water into theo
exhaust gases if the outlet temperature rises above 1450 g.
The cooling water is atomized to provide small.dyoplets o L
water for rapid vaporization and therefore efficient contro

of the gases.

Combustion gases from the reactor are passed through a
cyclonic tyge dust collector. The hot dust-laden gas Hich
stream channels tangentially into the cyclone barrel, w t )
imparts a spinning, vortexed flow-pattern to the gas—guc as
mixture. Centrifugal force separates the cust from the g
stream, and the dust travels first to the walls of ghet
barrel, then down along the conical section to the huswall
outlet. The spinning gas also travels down along the
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toward the apex of the cone, but reverses direction in the
center of the cone, and leaves the cyclone through the gas
outlet-tube at the top. The cyclone removes approximately
90 percent of the entrained ash. The cleaned gas stream
passes through a gas-to-air heat exchanger. The fluidizing
air is preheated to eliminate the supplemental fuel oil

required to sustain the operating temperature while the
combustion gases are cooled. '

The gas stream then passes to a waste heat boiler where heat
from the hot gases is transferred to water circulating
through a tube bundle to produce steam. The boiler is a.
water tube, natural circulation type designed to produce
16,000 pounds per hour saturated steam at 250°PSIG-Ch 1.

The exhaust gases then pass through a two-stage wet gas
scrubber to remove the remaining ash particles entrained in
the gases. The primary scrubber will remove approximately
99 percent of all particles. The scrubber is a high energy
wetted-wall venturi type designed to operate with a gas
pressure drop of up to 40 inches water column. Its effi-
ciency is a function of pressure drop across the venturi
throat. Since this pressure drop is a function of gas flow,
scrubbing water flow rate and throat size, a variable throat
is provided to permit adjustment to give good scrubbing
efficiency at various reactor feed rates. In the venturi
the gases are cooled to 180°F by direct evaporation. Follow-
ing the venturi scrubber the gases and the scrubbing water
pass to the secondary scrubber. The lower portion of this
scrubber is equipped with a sump for separation of the
venturi scrubbing water and the gases. The scrubbing water
collected in the scrubber sump is recycled back to the
venturi by a recirculation pump. The gases enter the upper
section of the secondary scrubber where an impingement tray
section impedes the gas flow with two perforated plates.
Target plates are situated above the perforations to deflect
rising particles back into the water passing across the
trays. This increases contact time and likelihood of
absorption. Water enters on the top tray and overflows to
the bottom tray and then overflows to the scrubper sump.
Demister pads are located above the packed section to further
trap any entrained droplets. The cleaned gases are emitted
to the atmosphere at approximately 130°F. :

The ash handling system consists of an ash quencher, an ash
tank, and three ash pumps. Hot ash is removed frgm the
cyclone down-leg and cooled in the ash quencher with an ash
water slurry from the secondary scrubber sump. The»comblped
ash slurry then drops down into the ash tank, from where it
is transferred by ash pumps to the ash lagoon.
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The preheat system for each reactor consists of two overbed
burners. The burners are designed to fire A.P.I. No. 2

fuel o0il with combustion air from the fluidizing air blower.
The overbeg burners are required to preheat the bed material

up to 1200°F at which point fuel 0il can be injected directly
into the bed.

The sand handling system consists of a sand storage silo,
three blow tanks and a sand conveying blower. This system
provides both a method to put bed material into the reactor
and a method to remove bed material from the reactor. When
charging the reactor, sand flows through a rotary feeder
from the silo to the blow tank from where it is pneumati-
cally conveyed to the reactor. When discharging the reactor,
sand flows from the reactor to a blow tank from where it is
pPneumatically conveyed to the storage silo.

The reactor vessel, cyclone, and connecting gas ducts are
lined with insulating refractory materials to protect against
erosion by dust~laden gases and conserve heat for preheating
the fluidizing air in the heat exchanger and for steam
generation in the waste heat boilers. Pumps and tanks are
either rubber lined or fabricated of special alloys to

resist erosion by the abrasive ash-water slurry and corrosion
by the liquids. The venturi and secondary scrubbers are
fabricated of stainless steel to resist erosion and corrosion.



Design Criteria Versus Performance Data

The design criteria for incineration of sludge at the

Papillion Creek WWTP is compared to th
mance data in the following table:

- T Specifications
" Basis of Design -

e average perfor-

July 27, 1978
Performance (Based
on Primary Sludge)

Feed rate lbs/hr (wet basis)
Sludge cake feed % TS

Sludge volatiles solids % V.S.
Sludge heat value BTU/1b.V.S.
Fuel o0il rate, GPH

‘Grease feed rate 1bs/hr
'Grease feed % TS

" Grease feed % V.S.

' Grease heat value, BTU/1b.V.S.

Grit feed rate lbs/hr

Grit feed % TS

Grit feed % V.S.

Heat value BTU/1b V.S.
Screenings Feed rate lbs/hr
Screenings feed % TS
Screenings feed % V.S.

Heat value BTU/1b V.S.

Ash volatile solids % V.S. max.

Furnace exhaust temperature og
F

Scrubber exhaust Temperature

Power KW/hr

Emissions rate lbs/ton dry
sludge solids '

The sludge cake feed rate is based on average readings taken Y

94.9
14,000
1,500
50
25.3
9,000
200
30 .
83.3
9,000
4
1,400
130
503
1.3

over a continuous 8 hour period on July 27.
period the incinerator handled 22,315 1b
This is in excess of the design rate of 21,700 1bs/hr. The

During this t

22,385
30.5¢«
, 50.6:5
12,931
33.50
0
76.3
92.2
17,636
1,460
40 -
29.9
7,711
614
40
29.9
7,711
2.4
1,410
117
501
0.88

y

i

of wet cake. \

deviation in solids content, volatile confent and heat value
from specified conditions explains why fuel oil was used
during the performance test. Grease feed to the incinerator

was sporadic and could not be GsSed to Ooperate under the auto-
genous mode. The grit supply was limited which explains why
most of what was available was added during the emission
testing period. To make up the deficiency in the grit it

was decided to make up the difference with _screenings. The
screenings injected during the performance run at 614 1bs/hr
was well in excess of the design rate of 200 1lbs/hr. Grlt' ’
and screenings injection rates will be discussed later on in |

this report.

The volatile content of the ash was 2.4% which is below the

4% maximum limitation.
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Sludge feed rates to the incinerator were determined by
Omart weigh scales mounted on the feed belt conveyors.

Panels mounted in the vicinity of the two filters provided
continuous digital readouts of the capacity that each belt
filter was handling. These were recorded on an hourly basis.

The Omart scales were calibrated prior to the performance
run and recalibrated after the test. The recalibration
showed that the north scale drifted 1.8% on the high side
which is insignificant while the south scale drifted 20%.
The drift on the south scale is easily detected from the
strip chart, a copy of which will be found in the Appendix.
The chart clearly shows that the drift began around 3:00 PM
on July 27. The feed rates from 3:00 PM - 5:00 PM have been
adjusted for this 20% drift.

Total feed rate on a wet basis was determined from one of
two totalizing systems for each of the test runs. These
observations were made by either Joe Francis or Dale Murdoch
of the Nebraska DEC.

Readings for the first test run were made on the feed totalizers
located in the System Control Room. These readings are then
multiplied by a factor of 16.7 to obtain pounds. Since the
sampling periad exceeded one hour by 5 minutes due to off-time
during the change from one sampling port to the other, the feed
rate in pounds per hour was adjusted accordingly. The feed rate
for dry sludge was obtained by multiplying the total feed rate
of wet sludge by the average percent dry solids present in the
sludge as determined by tests performed by Omaha Testing Labor-
atories, Inc. For test run #1, the sample taken at 11:00 hrs.
was used to determine this average, since data for 09:00 and
10:00 hrs. were not available. While a sample taken and
analyzed in the plant lab at 8:40 hrs. yielded a somewhat

higher Dry Solids content (Average = 34.3%), it was felt that
the conservatism introduced by using the lower number (28.9%)
was preferable.

Readings for the second and third test runs were made on the
individual Ohmart scale totalizers. These totalizers read
directly in pounds. Data for each test run was adjusted to
reflect the fact that the period between iritial and final
readings was 63 minutes. The average dry solids content was
based on three observations: the first made approximately
one-half hour before the start of the stack test; the second-
approximately half way through; and the third one-half hour
after the completion of the test run.
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The sludge feed rate data for all three test runs are
summarized for the North and South Vacuum Filters as follows:

Wet Time Between Wet Sludge Average Dry Sludge

Test Sludge Readings Feed Rate Dry Solids Feed Rate
Run Filter (Pounds) (Min) ’ (Lb/hr) (%) (Lb/hr)
1 N 8,400 65 7,754 29.2 ' 2,264
S 12,108 65 11,176 28.6 3,196
Both 18,930 | 5,460
2 N 8,475 63 8,071 - 29.03 2,343
S 15,121 63 14,401 29.23 4,210
Both MR , 6,553
3 N 8,385 63 7,986 30.73 2,454
S 15,740 63 14,990 30.83 4,622

Both - Ty 7,076
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'SLUDGE INCINERATOR EMISSION TESTING
UNIT I
FOR
CITY OF OMAHA
PAPILLION CREEK
WATER POLLUTION CONTROL PLANT
JULY, 1978

III. STACK TESTING AND ANALYTICAL PROCEDURES

The procedures of sampling, testing, instrumentation and
analysis as prescribed by the U.S. EPA were followed.
The EPA Reference Methods used in this testing program
are summarized below.

Method 1. Sample and Velocity Traverse Locations

The sampling site selected lies in a straight section of

each of the Scrubber Exhaust Stack. The sampling site was

8 diameters downstream from the nearest disturbance, slightly
more than the scrubber, and approximately 6 diameters upstream
from the top of the stack. The continuous opacity monitor was
approximately one diameter downstream from the sampling loca-
tion. The sample ports for the opacity monitor were flush
along the inside stack wall and therefore would present on}y
minimal flow disturbance. Six points, lying in the centroid
of equal sized areas were sampled on each of the two perpen-
dicular traverse lines. Those sampling points accessed
through the southeast port were designated SEl1 through SE6,
and those accessed through the southwest port SW1 through SWé6.
The stack had an inside diameter of 42.0 inches and a cross-
sectional area of 9.621 square feet, (see Figure 1)

Velocity traverses were made with a calibrated Type S pitot
tube having a coefficient (C_) of 0.83.(See Appendix) The
velocity head was read on a "manometer to the nearest 0.05
inches of water. The pitot tube used was attached to the
particulate sampling probe which also had a chromel-alumel
thermocouple. A preliminary velocity traverse was performed
on an earlier date. Subsequent traverses were performed in
conjunction with each particulate test run. Prior to each
test run the system was leak .checked.

Sampling site barometric pressure was obtained by correcting
national weather service data for the Omaha Airport for
sampling site altitude.
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12.
Method 3. Component Gas Analysis

Analysis for C02, 02, and CO+N, were performed in the field
using an Orsat &nalyzer. Grab samples were obtained through

a stainless steel probe whose opening was positioned in the
center of the stack. Prior to sampling, the entire system

was leak checked and the activity of the absorbing solutions
was determined to be adequate. Between three and four analyses
were performed during each particulate test run. Results were
read and recorded to the nearest 0.2% volume, dry basis.

Dry molecular weight calculations were made from the average
values for each particulate test run.

Method 4. Moisture Content

The moisture content of the stack gas was determined by the
EPA Reference method which involves the condensation and
adsorption by silica gel of the moisture present in the
pParticulate sample gas stream. To determine an approximate
moisture content, the stack gases were assumed to be satur-
ated at stack temperature.

Method 5. Particulate Emissions

Particulate material is withdrawn isokinetically from the
stack and collected on a glass fiber filter maintained at

a temperature in the range of 223-273° F. Moisture is
collected in a series of impingers maintained in an ice-
water bath. The sample gas is then passed through a meter-
ing system which measures both the cumulative volume of

gas sampled and the instantaneous sampling rate.

" Sampling Train .

A schematic of the sampling train used in this method is
shown in Figure 2. The sampling train consists of the
following components:

l. Probe Nozzle. Stainless steel (316) with sharp,
tapered leading edge. A 15/64-inch diameter
nozzle was used for testing. Nozzle diameter
calibration was verified using a caliper (See
Appendix).

2. Probe Liner. Stainless steel (316) with a heating °
system capable of maintaining a gas tempergture
at the exit end during sampling of 223-273° F.
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3. Pitot Tube. A Type S pitot tube attached to'the
probe to allow constant monitoring of the stack
gas velocity. The pitot tube coefficient was
determined by comparison with a Standard pitot
tube under laboratory conditions (See Appendikx
for Calibration data).

4. Differential Pressure Gauge. Inclined manometer
having a range of 0 to 2 in. H,0.

5. Filter Holder. Borosilicate glass, with a glass
frit filter support and a silicone rubber gasket.

6. Filter Heating System. Rheostat controlled electri-
cal resistance-type heatsr capable of maintaining
a temperature of 223-273" F around the filter
holder.

7. Impingers. Four Pyrex glass impingers connected in
series with leak-free ground glass fittings. The
first, third, and fourth impingers were Greenburg-
Smith design with modified (straight) tip. The
second was a Greenburg-Smith with a standard tip.
A thermometer was present to measure the tempera-
ture at the outlet of the fourth impinger.

8. Metering system. Vacuum gauge, leak-free pump, ther-

mometers temperature compensated dry gas meter, and
related equipment as shown in Figure 2.

" SAMPLING PROCEDURES

Prior to testing, the sampling train was cleaned and set-up
as follows: A S5-inch diameter glass fiber filter was dried
in an oven at 105° C overnight. The filter was then removed
to a desicator for two hours and weighed on an analytical
balance to the nearest 0.1 milligram. One hundred milliliters
of water was placed in each of the first two impingers. Two
hundred grams of silica gel was placed in the fourth impinger.
The sampling train was then assembled as shown in Figure 2.
Based on the preliminary velocity and temperature traverse an
appropriate nozzle size was selected to provide an adegquate
sampling rate.

After assembly, the sampling train was leak checked as follows:
the inlet of the filter holder was plugged and the pump was
started. The main and by-pass valves were adjusted to give

a system vacuum of 15 in. Hg, and the dry gas meter was checked.
If the reading change was less than 0.02 cubic feet the system
was declared to be leak free and the sampling probe was connected.
I1f leakage exceeded 0.02 cubic feet, the pump was turned off

and the system was checked and any leaks were corrected. The
leak-check procedure was then repeated until all leaks were
eliminated.
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Approximately one-half hour before the start of a test run,
the sample probe and filter box heaters were turned on and
allowed to warm up to sampling temperatures. Crushed ice
was placed around the impingers.

At the start of the test run, the dry gas meter reading was
recorded on the data sheet, the probe was placed in the

stack at the first sampling point, and the velocity pres-
sure was read. Using an isokinetic flow rate calculator,

the desired orifice meter pressure was determined. The
sample pump was then turned on and the time of the start

of testing was recorded. The main and by-pass valves were
immediately adjusted to give the desired sampling rate.

For each point the following data were recorded: traverse
point number, sampling time, stack temperature, velocity
head, orifice meter reading, dry gas meter volume, box
temperature and pump vacuum. In addition the temperature at
the outlet of the last impinger was checked. Near the end of
the sampling time, with approximately 15 seconds to go, the
nozzle was moved to the next point and exactly at the start of
the next period the dry gas meter was read. The point-by-
point sampling procedures were then repeated until the test
run was completed. While moving between ports, the sample
pump. was turned off. Sampling time was 5 minutes per point
for a total of 60 minutes.

At the completion of the test run, the pump was turned off,
the dry gas meter reading recorded, and the probe was removed
from the stack. The probe was disconnected and the inlet to
the filter was plugged. The leak check precedure outlined
above was repeated at 15 in. Hg. vacuum to verify the leak-
free integrity of the system.

" Sample Recovery

Sample recovery was accomplished in a draft-free lab near the
sampling site. While the probe and filter holder were cooling,
the contents of the first three impingers measured volumetric-
ally and discarded. The silica gel in impinger 4 was trans-
ferred to its original container.

The filter was transferred with a forceps to a plastic bag.
Any filter material which stuck to the gasket or filter holder
was scraped loose with a knife and transferred to the Acetone
Wash Jar. The upstream portion of the filter holder was
washed with acetone which was collected in a clean glass jar
and labeled to identify the test run.
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The probe nozzle was then removed and the inner surfaces
were rinsed with acetone and a nylon bristle brush until no
visible particulate matter was present in the rinse. Simi-
larly the probe liner was washed with acetone and a nylon
bristle brush. Both the probe liner and nozzle washes were
collected in the Acetone Wash jar.

The samples were maintained in the custody of Dr. Sundberg
and were carried aboard the plane during the return trip to
the Laboratory.

Sample Analysis

Upon returning to the laboratory, the filter and loose par-
ticulates prgsent were placed in an oven to dry for four
hours at 105°C. The material was then transferred to a
desicator for 2 hours and weighed on the same analytical
balance to the nearest 0.1 mg. by Dr. Sundberg.

The volume of the Acetone Wash was measured and transferred
to a tared beaker. The acetone was then evaporated on a low
temperature warming plate without boiling. After desication
for 2 hours, the beaker was reweighed. Simultaneously a

100 ml acetone blank was evaporated and the residue weight
was determined. The net residue weight reported has been
adjusted for the acetone blank. These weighings were per-
formed by Particle Data Laboratories personnel.

The total particulates collected was taken as the net resi-

due weight of the Acetone Wash plus the weight gained by the
filter.

The used silica gel weighed on a gramatic balance to the
nearest 0.5 gm. The weight gain of the silica gel was then
added to the volume of liquid water collected in the first
three impingers to obtain the total water collected by con-
densation and adsorption.

Data Handling and Calculations

All mathematical calculations were made according to accep-
ted techniques using EPA equations. Standard conditions of
29.92 in. Hg and 70° F were used. Field calculations were
rechecked, and final results for each test run are presented
in detail in the Appendix. Complete sample calculations are
presented for Test Run #1. All calculations were

made using a programmable portable calculator.
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Stack Opacity

Stack opacity was monitored continuously by an in-stack
optical Transmissometer. Readings were recorded on a

strip chart in the control room. In addition, stack opacity
observations were made by Messrs. Joe Francis and Dale
Murdoch of the Nebraska Department of Environmental Control.
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SLUDGE INCINERATOR EMISSION TESTING
UNIT I
FOR
CITY OF OMAHA
PAPILLION CREEK
WATER POLLUTION CONTROL PLANT
JULY, 1978

IV. RESULTS

The results of the testing are summarized in the following
tables. Field data sheets and detailed calculations for
each test run are presented in the Apprendix.
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CALCULATIONS FOR onvir  #J) oate_7-27-1% TEST RUN #__-L
Dry gas meter volume Vms 35,81! ft3 Particulates collected Mn’ 45‘7’ mg
Total water collected V= 106,S m Stack area A= F627 142
Absolute stack pressure Ps= 2‘96 in. Hg Total sampling time 8 = 60 min
Absolute meter pressure pm=21.06 in.Hg Pitot tube coefficient 'Cp= .83
Absolute stack temperature T = ﬁ%’l °r Average velocity headQ’A—)avg 733’
Absolute meter temperature 'I‘m= 5ZD °r Nozzle area A = OODZ""{?.
Volume of sample at standard conditions, drjr basis., ‘
P 29.06 '
m = = = . 3
[17.71] Vm —T-m— = [17.71] (36.?‘7' ) {-?z-o——g- vmstd 3‘ S'L ft
Volume of water vapor in sample at standard conditions.
3
fo.ou7u] vy, = [o.0476] ( 106.5 ) = - Vystd® s.04% r
Proportion of water vapor in gas stream
Vustd - ( S.0¢8 - : B = AN
Vmstd * 'wstd (So¢g ) * 3,5/ wo
Concentration of particulate matter, dry basis
M 5 ¢ |
[0.0154] —p—— = [0.0154] -{—L—i— = ct =.0Q gr/ser
mstd 3L.5/2 s "—F
M : s.Y
[2.205 x 1078] —B— = [2.205 x 207] —E—-ﬁ—-}- = e =2.149210"00/scr
mstd 36,512 s —/

Dry molecular weight of stack gas
0.LL(%CO,) + 0.32(%0,) + 0.28(#N,+4c0) = 0.4k x _T.73

0.32 x 10.93 \
0.28 x 81.3% - My = 29.61/

Molecular weight of stack gas, wet basis.

Mg (1 =B,)+ 18B, = (2?,(,71)(,877 y +18( 020 ) = M, = Z?.?.Sbk

Stack gas velocity.

[85.48] Co WBP) avg / = [85.48](.% 3 )(,73%) izszi "3.707ft/sec

Volumetric flow rate, dry basis, standard conditions.

P 23,96 10°
[63770](1-B,,,)Vg A - = [63770)( 377 (#3907 (7.62/ )%5'7?77';' Qq =I.Hlstfth
Emission Rate % . '
Qg X g = ( 2,792010)( /,/9:;10") =  EuRe=3.26B1b/nr

Percent of Isokinef.ic sampling

Ky Ky vy ¢ 'r'— mn,- (.00267)( £ 06:5) .""" (29.06) {(575Y
A (1. 667]& * } ) in 98.4 «
( 6o M4S. 907)(2&%)< 000297 ¢
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LABORATORY DATA

COMPANY OMANA - Parrelson)
LOCATION ONT-  H#H=/

DATE 7/2.1 / 79
TEST RUN # ya

FILTER NUMBER

AMOUNT OF LIQUID LOST DURING TRANSPORT

23.

o
ACETONE BLANK VOLUME, ml /00
ACETONE WASH VOLUME, ml 270
ACETONE BLANK CONCENTRATION, mg/ml 026
TOTAL ACETONE WASH BLANK, mg 7.0
WEIGHT OF PARTICULATE COLLECTED
FILTER FINAL WEIGHT £59.0

TARE WEIGHT - %33.b :

WEIGHT GAIN 2S.4
AGETONE WASHFINAL WEIGHT _ 'H,- 6678

" TARE WEIGHT - 49,6408

WEIGHT GAIN 270

ACETONE BLANK - 7.0

NET GAIN 20.0

TOTAL WEIGHT OF PARTICULATES |

P ol
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CALCULATIONS ForR LW /T-  FE/

24.

Dry gas meter volume Vme 35.550 ft3 Particulates collected Mn- 313 mg
Total water collected V= ]20.S m Stack area A=262/ 12
Absolute stack pressure Ps= 2&7’ in.Hg Total sampling time 0=_60 min
Absolute meter pressure Pm= Z’.az in.Hg Pitot tube coefficient C = .?3
Absolute stack temperature Tg= 867 °r Average velocity headqﬁ)avg= 743
Absolute meter temperature Tn= S20 °r Nozzle area A= O0029 9 2

Volume of Sample at sténdard conditions, dry basis.
P .
m
[17.71] vm _T.m_ = [17.71] ( ) {—.}. =

Volume of water vapor in sample at standard conditions.

lo.oa7t] v, = [0.0476] ( ) =
Proportion of water vapor in gas stream
vwstd = ( ) =
mstd * Vwst.cl t bl )

Concentration of particulate matter, dry basis

M ,
[0.0154] —y2—— = [0.0154] -E_;_ =
mstd
’ -6 My ' =6
[2.205 x 10™°] —p-B—o = [2.205 x 10 ]—i——.}_ =
mstd

Dry molecular weight of stack gas '
0.LL(%CO,) + 0.32(%0,) + 0.28(#N+4C0) = 0.4k x _5,80

are 7~27-7Y TEST RUN # 2

vmstdg-s—l—s'l 37 ¢

VWS

td

=
wo

= SN ¢

————————————

140

e = ol gr/scf

cg = / 770 x10'61b/scf

0.32x 9.73 .

’

0.28 x $1.47

Molecular weight of stack gas, wet basis.
Md(l-Bwo)+ 1SBwo=( 1 ) o+ 18( ) =
Stack gas velocity.

vy 29197

M = 27.'50

[85.8] ¢, (B avg |/p—i— = [85.8X( ) )‘/( e v, =4420%c0/sec

Volumetric flow rate, dry basis, standard conditions,
P
s
(637701(1-8, )V, A = = (6377011 ) ¢ —t
Emission Rate
Qg x cg = ( )( ) =
Percent of Isokinetic sampling

v
m ( Y
Ky [k Ve ¢ 7 Py _ L1.667] FL0026C ) s e

Qg = /.’68 scfh

E.R.x2.321 16/nr \/

O Vs Fs Ap ( )( )( ) )
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" LABORATORY DATA

COMPANY OMAHA - PAFILLION
LOCATION O T H)

DATE 7/2 7/7{

TEST RUN # Z

FILTER NUMBER —

26.

AMOUNT OF LIQUID LOST DURING TRANSPORT o
ACETONE BLANK VOLUME, ml Joo
ACETONE WASH VOLUME, ml 1So
ACETONE BLANK CONCENTRATION, mg/ml 026
TOTAL ACETONE WASH BLANK, mg 3.9
WEIGHT OF PARTICULATE COLLEGTED
FILTER FINAL WEIGHT  §43.9

TARE WEIGHT - €29.0

WEIGHT GAIN /4.9
ACETONE WASH ‘ .

FINAL WEIGHT __ S/, 0542

TARE WEIGHT _-S/063.¢

WEIGHT GAIN 20.8

ACETONE BLANK - 39

NET GAIN /6.9

TOTAL WEIGHT OF PARTICULATES

31.8

N
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CALCULATIONS FOR

oatre_7-27-7 Y

vm= 36 70‘ ft3
L= e m
P,=28.93 in.ug
Pm=11.DS in.Hg

Absolute stack temperature Tg= ‘ 78 3 °r

Dry gas meter volume

Total water collected v Stack area

Absolute stack pressure Total sampling time

Absolute meter pressure

Absolute meter temperature Tm= SZO °r Nozzle area

Volume of sample at standard conditions, dry basis,

m -
(17.71] v T - [17.71] (
Volume of water vapor in sample at standard éonditions.

(o.0476] v, = [o.ou76] ( ) =
Proportion of water vapor in gas stream
vws.t:d - ( ) -
vmst'.d + szcd { AR ) .

Concentration of particulate matter, dry basis

M,
(0.0150] —2—ou - = [0.0154) -{—3— =
ms

-6 Mn _ L ia=b
[2.205 x 10™°] -w—d— = {2,205 x 107°] =
mst

Dry molecular weight of stack gas
0.4L(KCO,) + 0.32(%0,) + 0.28(%N,+4C0) = 0.44 x _S.47

Particulates collected

Pitot tube coefficient

Average velocity head(’Ap)

0.32 x 10,60 -

0.2 x £0.93 .

Molecular weight of stack gas, wet basis.

Md(l-swo)»f 8B, = ( M ) + 18( ) =

Stack gas velocity.

27.

TEST RUN # 3

Mns ___3- 61L mg

A= !.62, ftz

0= (O nin

Cp= .gg

avg —L— /8!

AngbOOZQQG ft2
Voerg=36.31b 13

= S. 438 ft3

vwstd ]

B = 1‘3‘

WO

ey = OIS r/scf

g = 2-‘18x10"6lb/scf

v, =.29.779

w, -_28.230

(85.48] Co WaP)ayg ‘/Fs_ﬁs— = [85.48]( )

Volumetric flow rate, dry basis, standard conditions.

P
[63770](1-B )V, & T:— = [63770]( X ) ){-—-}
Emission Rate
Qg x g = ( ) ) =

Percent of Isokinetic sampling

v
m
K2 e TP e [Loozen )

—
L
- -
~~~

)/( ( T )j_ =Vs =I'/"-83‘ft/sec

R ’."_H_é_x-_l.g‘:‘h

E.R.=2.629 1,/

O Vg Fg Ay ( )( )( )( )
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LABORATORY DATA

COMPANY oOMAMA «  PAPILLION

LOCATION o T K/
DATE y-z27-78

TEST RUN # 3

FILTER NUMBER —

29.

AMOUNT OF LIQUID LOST DURING TRANSPORT o
Acmom BLANK VOLUME, ml /00
ACETONE WASH VOLUME, ml 215
ACETONE BLANK CONCENTRATION, mg/ml 026
TOTAL ACETONE WASH BLANK, mg S.6
WEIGHT OF PARTICULATE COLLECTED
FILTER FINAL WEIGHT £€617. 2

TARE WEIGHT - 34%.¢ :

WEIGHT GAIN /8. 4
ACETONE WASHFINAL VEIGHT _ 48,532 S

TARE WEIGHT _- ¥§,507/

WEIGHT GAIN 23.4

ACETONE BLANK - S.6

NET GAIN /78

TOTAL WEIGHT OF PARTICULATES 3¢.2 /ma



PITOT TUBE CALIBRATION 30.

Pitot tube identification number 4 ’ SS w/Pfc’o 8& Q/%{ Noz
Date ‘f"‘2~5 -718 Calibrated by S.€. Su UDB&Q()

1. Face opening alignment OK? O K-

- ’Apstd
Cp(s) = 0-99 m—

7€mMP.

Tee whTEE

2. External tubing diameter D, = 280 in,
3. Base-to-opening plane distances P, = .4375 in.
PB = 4373 in.
L. Pitot-nozzle distance X = 3%  in.
5. Pitot-probe sheath distance Y= 225 in.
6. Pitot-thermocouple distance Z=_1-3) in.
ASTUE CALIBRATION
Argy | Ap(g) DEVIATION
' . A C -
RON N0 | 1n.H0 | in.i0 | PPstaP(s) | Cp(s) | oo T, (0]
1 NAA 93 7097 83Y 006G
2 bYS 9Y 6861 .%20 008
3 &7 99 70Y¥6 93) .003
C-p(A) = , S/Z 8 g = '006
"B"SIDE CALIBRATION
.Ap sta | OP(s) Do Ao . DEVIATION
RUN NO. | in.H0 | in.H,0 |“Psta®P(s) | Cp(s) |cp(s)-cp_(3-)|
1 63 .70 16798 , 928 007
2 66 93 7097 . 839 .00/
3 6 97 7234 842 ,00)
€,(B) = 835 | o=  ppoS$

o (A or B) =

Borivg waree =

Al 7emr

1}

So°F

$ |cp(s) -BUP(A or B)

2/0 °F

70 °F




31.

s

DRY GAS METER CALIBRATION

i METER BOX IDENTIFICATION & Aée&n) METER # —
§ DATE _ ¥-25-7% CALIBRATED BY S &.SorpBer (s
‘ BAROMETRIC PRESSURE, P, = _Z8.9S in. Hg
] DRY GAS METER WET TEST METER
ORIFICE| orve GAS | METER | METER | GAS | METER | METER
] SETTING VOLUME | TEMP.| PRES. | voLUME | TEMP. | PRES.
AH 8 v Ty Py v T, P,
] in. H,0 min. ftd3 °R | in.Hg £03 °R | in.Hg
St 0.5 S.00 2.631) S2e0 25899 | 2. ¢¢ca Sz¥% |129.%7
}'DL 1.0 5.00 3.5460) SZ0 29.0C 3.@73 s28 128 %/
i-"’ 15 1 soo | 993 szo | 290¢| ¢ 93¢| szg |s97¢
78 ] 20 |soo | 9.99| sz0 | 2500 s 057 529 |29 7¢
A6 | 30 [So0o |4.537| Szo|29.17| 6748 S2¢ | 22.47
HAVOMETEL M AGueHecre , .
] CALCULATIONS
] Y A He
| 2
Ve Pu Ty _ 0.0317 AH [T @ ]1°
] AH Vd Tw - Pw Td l. Vw .l )
0.5 994 [.03S
j 1.0 /. 00% /093
.] 1.5 992 [ 124
2.0 997, l./¥%4
1 3.0 999 0.-97¢
] AVERAGE 998 /07S
] Ho7e Mavomerc e  ys.  maguesecre C AL/BCRT 7o
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/1/02246. CAL) BAT/oA - 7-18-78
. {
4 S e S‘wv.b@éfg
# / 5, ¢

#2 /5/¢ ¥
H# 3 15/e ¥

AV 1sfey = 239 am
!

@réa = 0002996 ,Q,D,%?
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SOURCE TESTING

Source testing is the set of procedures by which an investi-
gator can estimate the emissions from a particular emission
source. It involves representative sampling of the para-
meters of interest. For any given contaminant it is neces-
sary only to know the rate of gas flow and the concentration
of the contaminant to determine the emission rate.

Gas Flow

Stack gas velocity is usually determined with a device called
a pitot tube which when connected to a manometer measures

the velocity pressure of the moving gas. The equation for
the stack gas velocity is:

T
s
VS = 85.,8 Cp (ﬂﬁ)avg rs—M; |
where: Vs = Stéck gés velocity, feet per second (fﬁ/séé). :
Cp = Pitot tube coefficient for actual stack conds.
(/Ap)av = Average of square roots of velocity pressures
g (also called average velocity head¥.
T, = Absolute stack gas temperature, °R (°R = °F +
s
L60).
Ps = Absolute stack gas pressure, inches of Hg.
Ms = Molecular weight of the stack gas (wet basis),
1b/1b-mole. ‘

The molecular weight of the stack gas is determined from
knowledge of its gaseous composition using the equation:

Mg = (1-B) (Lh4(%CO,) + .32(%0,) + .28(%CO +#N,)) +
_ | ' . _ | 18 Bwo
where: Bwo = Proportiop by volume of water vapor in the gas
stream, dimensionless, :
%CO2 = Percent carbon dioxide by volume, dry basis. .
%02 = Percent oxygen by volume, dry basis.
#CO = Percent carbon monoxide by volume, dry basis.
%Nz = Percent nitrogen by volume, dry basis.
-4ly = Molecular weight of CO, divided by 100.
.32 = Molecular weight of 0, divided by 100.
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.28 Molecular weight of CO and N, divided by 100.
18 Molecular weight of water.

For stacks serving combustion processes the CO2, 02 and CO
are measured with an Orsat type gas analyzer. The No is
-taken to be the remaining fraction. For non-combustion pro-
cesses, CO2 and CO are taken to be 0, 02 = 21% and Ny = 79%.

The proportion of water vapor by volume may be measured using
a psychrometer, or by condensation and/or adsorption by silica
gel (see below) or it may be estimated from the vapor pres-
sure for gas streams that are saturated with water.

The volumetric flow rate is determined by multiplying the
velocity by the cross-sectional area of the stack. In most

- cases, the volumetric flow rate is adjusted to standard

conditions of temperature (709F) and pressure (29.92 in.Hg.)
using the equation:

T P
td S
Q. = 3600(1-B_) V_ 4 |-S
s wo s TS PStd
where: Qs = Volumetric floy rate, dry basis, standard
conditions, ft’/hr. '
A = Cross-sectional area of the stack, ftz.
T = Absglute temperature at standard conditions,
Pstd = Absolute pressure at standard conditions, -

29.92 inches Hg.
and other terms are as defined previously.

Contaminant Concentration

The concentration of a contaminant in a gas stream is us-
ually determined by isolating the contaminant present in a
representative gas sample of known volume.

In order to obtain a representative sample of the stack gas,
a hollow probe is introduced into the stack, the nozzle open-
ing is directed into the gas stream, and a composite sample is
removed from each of saveral points. For particulates it is
necessary that the velocity te equal to the velocity in the
nozzle, or in other words the sampling rate be as nearly iso-
kinetic as possible. This is because large particles tend to
travel in a straight line and are less likely to be affected
by flowdisturbances, while small particles tend to follow the
flow lines. ‘hus, varying too much from isokinetic will tend
to cause bias with respect to certain particle sizes and will
therefore give erroneous results. Generally, variations
within the range of 90-100%4 of 1sokinetic is acceptable.
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Sampling for gaseous contaminants need not be isokinetic but
should be in proportion to the velocity at the sampling points.

Isolation of the contaminant is accomplished in one of many
ways. A filter of some sort (ceramic or glass fiber depending
on stack conditions and particulate characteristics) it usu-
ally used to collect particulate matter. Various chemical
solutions are used to absorb other contaminants (e.g. 3%
hydrogen peroxide will absorb sulfur dioxide, etc.) The

total amount of the contaminant is then determined.

The total volume of the gas sample is determined using a dis-
Placement type dry gas meter. Since metering conditions tend
to vary, it is necessary to measure the meter temperature and
pressure in order to adjust the volume to standard conditions.

- To protect the metering system from moisture, the gas sample

is passed through a series of condensers or impingers to re-
move all or most of the water vapor present. Furthermore by
measuring the amount of water collected, the moisture con-

tent of the stack gas can be estimated by the following equa-
tion: -
Vw

B _ std
wo Vwstd + Vmstd

Proportion by volume of water vapor in the gas
stream, dimensionless. -

where: Bwo

Vwgtq = Volume of water_in the gas sample (standard
conditions), ft3, | '

Vmgeq = Volume of gas sample throggh the dry gas meter
(standard conditions), ft3, o

For the above equation:

Mstd ~ m Im Istd

where: Vi, = Volume of gas sample through_ the dry gas
meter (meter conditions), ftJ, _
Tm = Average absolute gas meter temperature, °Rr.
» Pm. = Average absolutg meter pressure, inches Hg.
and: sztd = 0.0474 Vlc
where: Vi, = Total volume of water collected in condensers,

The concentration of material is calculated from the equation:

M
c's = 0.0154 me
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where: c's

]

Concentration of the contaminant in the stack
gas, grains/scf, dry basis.

Total amount of contaminant collected, milli-
grams.

Mn

The concentrations of certain. gaseous components of a gas
stream are most often reported in parts per million by vol-
ume, ppm (vol). This then reports the number of cubije feet

of the contaminant present in 1,000,000 cubic feet of gas.
Conversion from ppm (vol) to pounds made use of the fact that

at standard conditions a pound-mole of a gas occupies 385.1 ft3.

Emission Rates

The emission rate of the contaminant is calculated from the
equation: 6 M ‘
c'Qg = (2.205 x 107°) v;jiz Qg

. where: c¢° Q. = Emission rate, 1lb/hr.

8°S

NOMENCLATURS

The following is a partial list of abbreviations and nomen-
clature used in preparing this report. Other terms used are
defined in the text of in the preceding Source Testing section.

ACFM = Actual cubic feet per minute at stack conditions, wet
basis (cfm(wet)). 3

CU-FT = Actual cubic feet at specified conditions (ft”).

DSCF_ = Cubic feet at standard conditions, dry (scf(dry)).

DSCFH = Cubic feet at standard conditions, dry, per hour
(scfh (dry)). May be writtep in exponential form,

’ €.y 53[#’7714’ = 053l+77LP x 10°, '

F = Degrees Fahrenheit (°F).

FT/SEC = Feet per second (ft/sec).

GR = Grains (gr.)(1 pound = 7000 grains).

IN,HG = Inches of mercury (in.Hg or inches Hg).

IN,H20 = Inches of water (in.H20 "og inches H30).

LB/HR = Pounds per hour (lb/hr).

MG = Milligrams (mg).

- MIN = Minutes (min).

ML = Milliliters (ml).

R = Degrees Rankine (°R).

SC-FT '= Square feet (ft<).

WSCFM =

Cubic feet at standard conditions, wet basis, per
minute (scfm (wet)).
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Report made for Travelers Indemnity Company 8 8694 (9)
“ - c/o Surety Services Corp. PROCESS ENGINEE

_3 175 West Jackson Blvd., Suite A-1704 RING 3?

Chicago, Illinois 60604 .
L] ‘ . .
§“D°ﬂon Sludge, Grease, Grit and Screenings, Scrubber Effluent and Nonpotable Water

sampled by us on 26 and 27 July 1978 at the Papillion Creek Water Pollution
Control Plant.

PR

‘Test Results on Sludge Cake:

Sludge Total Solids Volatile Solids Moisture, BTU's per Calcium,
Identi- to 103°%C to 600°C, 1 hr., % by 1b. of % of
fication % by Weight % of Total . Weight Volatile :Agh

. Solids ‘ Solids

North

9:00 hrs. 39.2 42.1 60.8 12737 6.6
7-26-78

South

'9:00 hrs. 35.5 45.4  64.5 12818 5.7
7-26-78

North

10:00 hrs. 35.4 43.5 64.6 13390 6.2
7-26-78

South

10:00 hrs. 31.9 45.1 68.1 13133 7.6
7-26-78

North

11:00 hrs. . 36.4 44.1 63.6 12589 5.6
7-26-78 |

South

11:00 hrs. 33.4° 46.6 66.6 14060 5.6
7-26-78 | \

T o s e N T R I,

North

12:00 hrs. 37.6 46.3 62.4 12860 5.5
7-26-78

;

\

F
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Omaha Testing Laboratories, Inc.
2917 DOUGLAS STREET/OMAHA, NEBRASKA 6813;

Travelers Indemnity Company
c/o Surety Services Corp.
22 August 1978

Report No. C 8694(9)

Page 2

3¥
Test Results on Sludge Cake: (continued)
Sludge Total Sglida Volati%e.Solids Moisture, BIU's per Calcium,
Identi- " to 103°C, to 600°C, 1 hr., % by 1b. of % of
fication % by Weight % of Total Weight Volatile Ash
Solids Solids
South ’
12:00 hrs. 31.6 48.0 68.4 12785 6.6
7-26-78 :
North ' :
13:10 hrs. 33.5 48.1 66.5 12855 5.6
7-26-78
South .
13:10 hrs. 32.7 47.5 67.3 12751 5.6
7-26-78
North : '
14:00 hrs. 34.6 47.3 65.4 11978 5.3
7-26-78
South
14:00 hrs. 32.5 45.9 67.5 12246 5.1
7-26-78
Noxth ' .
15:00 hrs. 33.3 47.3 66.7 12440 5.7
7-26-78 : ;
South o ‘ , '
15:00 hrs. 31.5 47.6 68.5 13610 5.4
7-26-78
North
16:00 hrs. 36.3 46.1 " 63.7 13609 6.2
71-26-78 :
South _ LT . .
16:00 hrs. 29.5 48.0 70.5 13297 7.3
71-26-78 _



Omaha Testing Laboratories, Inc.
29(7 DOUGLAS STREET /OMAHA, NEBRASKA 68131

Travelers Indemnity Company
c/o Surety Services Corp.
22 August 1978

Report No. C 8694 (9)

Page 3

39

Test Results on Sludge Cake: (continued)

Sludge Total Solids Volatile Solids Moisture, BTU's per Calcium,
Identi- to 103°C, to 600°C, 1 hr., % by 1b. of % of
fication % by Weight % of Total . Weight Volatile Ash

: Solids Solids

North

17:00 hrs. 33.2 46.5 66.8 13294 5.9
7-26-78 :

South

17:00 hrs. 32.6 47.9 67.4 13146 5.5
7-26-78 |

‘North '
18:00 hrs. 31.1 50.0 68.9 12443 5.6
7-26-78 : .

South

el e

v

_0

18:00 hrs. 36.9 49.7 63.1 11937 S.1

71-26-78

North
19:00 hrs.
7-26-78

South
19:00 hrse.
7-26=-78 -

North
20:00 hrs.
7-26f78

South
20:00 hrs.
7-26-78 _

North
21:00 hrs.
7-26-78

33.3

31.3

32.7
32.3

36.9

48.1

50.2

45.6

46.8

66.7

68.7

67.3

67.7

63.1

12170

12264

13861

14043

12541

6.1
5.8
5.1
5.8

5.5



Omaha Testing Laboratories, Inc.
2917 DOUGLAS STREET /OMAHA, NEBRASKA 68131

n

Travelers Indemnity Company
1) c¢/o Surety Services Corp.
: 22 August 1978

Report No. C 8694 (9)
- - Page &4

; 40
? Test Results oﬁ Sludge Cake: (continued)
Sludge Total Sglids Volatiée Solids Moisture, BIU's per Calcium,
" Identi~ . to 1037C, to 600°C, 1 hr., % by 1b. of % of
i fication % by Weight % of Total  Weight Volatile Agh
: Solids Solids
? South '
i 21:00 hrse. 30.5 : 49.0 69.5 ' 11636 7.0
7-26-78 ' :
=
3 North .
22:00 hrs. 36.1 48.8 63.9 12830 7.6
3 7-26-78
South . .
- 22:00 hrs. 30.5 50.8 69.5 12329 6.1
1 7-26-78
- North
‘i 11:00 hrs. 29.2 46.5 70.8 13770 5.5
7-27-78 ’ :
‘] South :
11:00 hrs. 28.6 49.7 71.4 13523 6.5
7-27-78
I! North
12:00 hrs. 28.6 49.0 71.4 13058 © 660
,1 7-27-78
: South . : ' .
- 12:00 hrs. - 2803 48.8 71.7 13033 5.9
‘i 7-27-78 o
North ‘ '
‘? 13:00 hrs. 29.3 51.5 70.7 12798 6.9
H 7-27-78 : , v .
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¢/o Surety Services Corp.

Omaha Testing Laboratories, Inc.
2917 DOUGLAS STREET/OMAHA, NEBRASKA 68131

22 August 1978
Report No. C 8694 (9)

Page 5

Tegt Results on Sludge Cake:

Sludge
Identi-
fication

Total Sglids
to 1037°C,
% by Weight

(continued)

Volatile Solids
to 600°C, 1 hr.,
% of Total
Solids.

Moisture,
% by

" Weight

BTU's per
1b. of
Volatile
Solids

aal

Calcium,
% of
Ash

South
13:00 hrs.
7-27-78

North
14:00 hrs.
7-27-78

South
14:00 hrse.
7-27-78

North
15:00 hrs.
7-27-78

South
15:00 hrs.
7-27-78

North
16:00 hrs.
7-27-78

South
16:00 hrse.
7=27-78

North
17:00 hrs.
7-27-78 -

South
17:00 hrs.
7-27-78

30.8

31.6

29.5

31.3

32.2

32.0

30.8

32.7

32.2

52.4

50.6

51.4

49.9 .

51.9
52.1
52.6
49.5

52.5

69.2
68.4
70.5
68.7
67.8
68.0
69.2
;67.3

67.8

12430

13592

13156

13275

12148

12645

12061

13113

13325

6.6
‘6.3
4.6
3.7
6.1
6.2
5.9
6.4

6.7.
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Omaha Testing Laboratories, Inc.
2917 DOUGLAS STREET/OMAHA, NEBRASKA 68131

Travelers Indemnity Company
c/o Surety Services Corp.
22 August 1978

Report No. C 8694 (9)

Page 6

Test Results on Grease:

Grease Total Solids Volatile Solids
Identi- - to 103°C, to 600°C, 1 hr.,
fication % by Weight % of Total

' - Solids

Moisture,

% by

Weight

4T

BTU's per

1b. of

Volatile
Solids

Pump 1
15:00 hrs. 70.8 91.4
7-26-78 '

Pump 1
16:05 hrs. 80.3 92.7
7-26-78

Pump 1

17:05 hrs. 81.7 9204

7-26-78

Pump 1
18:05 hrs. 7809 91.8
7-26-78

Pump 1
19:05 hrs. 77.4 93.1
7-26-78

Pump 1 .
20:05 hrs. 6807 . 91.7
7-26-78 ' .

Pump 1 :
21:05 hrse. 74.2 9108
7-26-~78 :

29.2

19.7

18.3

21.1

22.6

1.3

25.8

17327

18107

17814

17590

16985

18041

17874.
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Travelers Indemnity Company
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22 August 1978

Report No. C 8694 (9)

Page 7

Test Results on Grit and Screenings:

Sample Total Sglids
Identi~ to 1037C,
fication % by Weight

Volatile Solids Moisture,
to 600°C, 1 hr., % by
% of Total Weight
Solids '

BTU's per
1b. of
Volatile
Solids

43

Agh, %
by Weight
of Total

Samople

Grit 7~26-78

9:20 h-rs.

14:30 hrs.

15:25 hrso

19:30 hrs. = - 50.1 19.1 ~ 49.9
21:30 hrs.

Screenings 7-26-78

14:40 hrse.

15:20 hrs.

19:30 hrse.

Grit 7-27-78

11:30 hrs.

Screenings 7-27-78

10:00 hrs, . -
11:30 hrs. 29.9 67.7 70.1
12:00 hrs.

13:45 hrs.

15:00 hrs.

16:00 hrs.

Tests made on composite of grit and ecreenings.

11720

7711

*40.5

9.7.



S S T N S T RO

ok

;

-

Omaha Testing Laboratories, inc.
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Page 8 .

Test Results on_Scrubber Effluent:

Volatile Solids,
% by Weight of
Total Solids

Samplé : Total Solids,
Identification © grams/liter
' 9:40 hrs. 16.0

7=26~78 :
I1:40 hrs. 18.6
7=26-78

1'3:40 hrs. 12.5
7=-26=78

15:40 hrs. ’ . 4.8
7-26-78 :

17 :40 hrse . - 9.2 *
7926478

19:40 hre. 1.2
7-26-78

21:40 hrs. ' 8.0
726478 "

14:30 hrs. | | 2.7
7-27-78 S

15:30 hrs.: 0.9
7-27-78 .

16:30 hrs. 5.5
7=-27-78

i?iOO_htss - '7;4
7122778 .

1.2
1.1
1.1
1.5
1.2
I.Q
1.3

2.0

3.9

1.6

2.0.

14
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Omaha Testing Laboratori es, Inc.
2917 DOUGLAS STREE T/OMAHA, NEBRASKA 68131

Iravelers Ihdemnity Company
c/o Surety Services Corp.
22 August 1978

Report No. C 8694 (9)
Page 9

Test Results on Noﬁpotablé Water:

Sample

Identification

Nonpotable Water
9:05 hrao
71-26-78

Hot Water Tub
11:00 hrs.
7-27-78

Hot Water Tub
15:00 hrs.

7-27-78

-

. Total Solids

to 103°C,
Zrams/liter

5.1

7.4

3.8

OMAHA TESTING LABORATORIES, INC.

5/ 7! L/f)./p\né

L’o’ Ro Hertz i/ ‘
Executive Vice Pre dént

1BM/ee

O:
2xe:

1xc:

File
Travelers Indemnity Co.

c¢/o Surety Services Corp.
Envirotech

Attn: Mr. Dan Marlowe

Volati%e Solids
to 600°C, 1 hr.,
% of Total Solids

5.7

4.6

7.6.

Ys
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SLUDGE FEED RATES - TABLE III
. TOTAL FILTER CAKE | TOTAL SOLIDS | VOLATILE SOLIDS
: TIME LBS/HR LBS/HR LBS/HR ASH LBS/HR
) 7/26
- 3:00 PM 17590 5699 2707 2992
B 4:00 PM 8900 2928 1385 1543
_; 5:00 PM 22760 7488 3534 3954
. 6:00 PM 14598 4963 2476 2487
—j 7:00 PM 15132 4888 2405 2483
‘] 8:00 PM 21005 V 6827 3079 3748
' 9:00 PM 21005 7079 3391 3688
‘3 10:00 PM 20980 6986 3479 3507
s 7/27
‘ 9:00 AM -~ --
. 10:00 AM 19820 5728 2755 2973
: 11:00 AM 16610 4800 2309 2491
“ 12:00 PM 24750 7054 3449 3605
1:00 PM 22220 6682 3475 3207
%] 2:00 PM 23990 7341 3744 3597
Ll 3:00 PM 22080 7021 3574 3447
4:00 PM 23277 7309 3823 3486
“i 5:00 PM 26322 8554 4363 4191
Performance '
gTest 1bs/hr. ave.,
(8 hours) 22384 6811 3436 3375
.Design specs. ,
1bs/hr 21700 6510 4550 1960
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INSTRUMENT AND CONTROL SPECIALISTS

11069 “1” STREET, OMAHA, NEBRASKA 63137

: Phone: (402) 331-3535
August 2' 1978 Tolex: 48486

Eby Construction Co. . : , .
P.O. Box 11128 Ames Ave., Sta.,

Omaha, Nebraska 68llil

Attn: Mr. Jim Love

Dear Jim:

Per your request I will put down what was found in checking calibratlon on
south scale:

July 26th Reset zero before test ' Reset zero immediately fo llowing
4 test.
Zero had drifted up 2 per cent prior Zero had drifted up 4 per cent
to test. during test.
July 27th Reset zero before test, Had Zero had drifted up 19 to 21 per
drifted up 4 per cent overnight. cent during test. Did not adjust

per Eby's request.

July 28th 7:00 a.m.
Zero had drifted up 80 per cent
since beginning of test.

Zero drift on July 27th increased during last part of performance run, and continued
at high rate of drift during night.

No adjustment of Span was ever necessary on south Ohmart scale during this
period.

No zero or Span adjustment was necessary on north Ohmart scale during this
period.

Yours truly,

rd

INTERSTATE INDUSTRIAL INSTRUME»NTATION, INC.

Donitd £ S

Donald Grove
Service Manager

DG:mj
cc: Don Chmura





