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Executive Summary

This final report is prepared for ti$an Joaquin Valleywide Air Pollution Study Agency to
summarize the results and findings of the Comparison of Mitigation Measures for
Reduction of Emissions Resulting from Greenwaste Composting project under Grant#09
01-CCOS. The goal of thigproject wasa evaluate selected mitigation alternatives for their
effectiveness in reducing methane, volatile organic compound (VOC) and nitrous oxide
emissions.

The mitigation alternatives selected for the investigation were:
1 Pseudebiofilter application
1 Surfaceirigation
1 Interactively managed windrow
1 Reduced size

To this end, five windrows including the control windrow were constructed at the Tulare
County Compost and Recycling Facility, which was selected among three possible sites
after considering advantagasd disadvantages of the sites. The windrows were
constructed on Jund'8sampling started on Jun& @ndcontinued until September 14

The initial weights of materials used in constructing windrows \@ppgoximatelyl00

tons (except fothereducedwvindrow, which was constructed with 67 tons of material).
During this period, 4 sampling days were utilized. Oaeh sampling day, the windrows

were scanned withthermal imaging camera to determine the sampling locations that were
presumed to be vang and norventing points on the ridge of the windrows. The

emissions from the side of the windrows were not studied since the focus of this work was
to compare the emissions resulting from different mitigation alternatives rather than
establishing emigsn factors or determining liveycle emissions. Therefore,i$

important to understand that determination of emission factors andfoydiie emissions

were not the focus of this investigatioB.v e nt h o0 u gemissioh factay t ieg mu fied i n
comparing different mitigation alternatives, these results should not be used, treated, or
cited as emission factors.

The resilts of this studysuggest that the thermography approach carsbdeffectively in
determining sampling locations. The mitigatidtemnatives investigated in this study

resulted in mixed conclusions in terms of reducing emissions for particular VOCs. All
mitigation alternatives had resulted in increased methane and nitrous emissions; while
reducing VOC emissions. The reduction ofumethanenonethane VOCs was most
significant for the biofilter application. Even though tbeus of this study wat® evaluate

the mitigation alternatives for various green house contributing gases; there is another
factor that should beonsidered tht it is the odor factor. Considering theorous nature

of the NMNEVOCs and associated complaints, application of pseiafitiers may be a

viable alternative until further studies are reported for speciation and GHG potencies data.



INTRODUCTION

This final report is prepared for ti&an Joaquiivalleywide Air Pollution Study Agencio
summarize the results and findings of @@mparison of Mitigation Measures for
Reduction of Emissions Resulting from Greenwaste Composting punjéet Grant#09
01-CCOS.

The goal of the project was to evaluate selected mitigation alternatives for their

effectiveness in reducing methane, volatile organic compound (VOC) and nitrous oxide

emissions. It is important to understand that determination of emission f@ctidoslife-

cycle emissions werngot the focus of this investigatioEv e n t h o u gemission he t er n
factob i s used in comparing different mitigati:
used, treated, or cited as emission factors.

Composting is a biolagal process that offers a low cost and effective management for
organic waste streams. The organic waste material is converted to altkenstizble,
valueadded engbroduct that is commonly used as a soil conditioisnce a large

fraction of the muitipal solid waste is organic refuseith the increasing emphasis being
placed on composting by the authorities to manage biodegradable organic waste materials
to meet their diversion goals, more and more organic waste is being compa/éiidal.
compostiigy offers a lowcost management alternative, it has been known to emit
considerable amount of volatile chemicals (CIWMB, 2008). Even though it has been
shown that composting results in reduced emissions compared to the other waste
management alternativeSlfou and Buyuksonmez, 2007 and Buyuksonmez and Evans
2008), it has received increasing attentionrasraission source amid with deteriorating air
guality and increasing stress f8BHG emissions reductiong herefore, mitigation
measures that would furtheeduce emissions are needed as pahaoitegrated
environmental protectioprogram

The emissions resulting fronomposting of organic materiadseprimarily carbon dioxide
(COy,), methane (ChJ, nitrous oxide (NO) and noamethanenonethane volatile organic
compounds (NMNEVOCSs). A discussion for each compound/class, along with the possible
control measurearepresented below.

Carbon Dioxide (CQ,): Carbon dioxide is released in large quantities from the

composing process as the material undergoes biodegradation. It should be noted,that CO
H,0O, and biomass growth, are the major products of the aerobic biological processes. In a
composting environment, a small amount of,@€@n be utilized by the nitrifying

organisms as the carbon source. It is often the desired to maximize tleeni3Sions as it
indicates a healthy biological process. Any measures to reduceri§sions would cause
formation of more problematmompounds Therefore, this study did natvestigate the

carbon dioxide emissions.

Methane (CH,): Methane is a greenhouse gas that is 21 times more potent tha(Hl&0
et al., 2001).Methane is generated from the anaerobic breakdown of organic matter by two
sequential types of metabolisms:tfig organic matter is converted to simpler organic
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acids through hydrolysis and acidogeneaig](ii) methanogenic microorganisms convert
organic acids to methane through methanogenesis. While the first step can be carried out
by facultative organismé, is important to note that methanogenic microorganisms are

strict anaerobes, i.e., oxygen is toxic.

Methane generation can only be prevented, in a practical manner, by controlling the
aeration. Nevertheless, it should be noted that anaerobic packetepected for develop
within the composting windrofv even with frequent aeration, thus causing emission of
methane.Therefore, emission of methane gas from windrow composting is unavoidable.

Nitrous Oxide (N2O): Nitrous oxide (NO), which is 310 timesnore potent Gi& than
CO,, forms as an intermediate product in biological systems through several stages
involving two separate modef metabolismd nitrification and denitrification.
Nitrification is an autotrophic process, i.e., the microorganisms dengggy for growth
from the oxidation of nitrogen compounds, primarily ammonia. In contrast to
heterotrophic organism, nitrifiers utilize carbon dioxide as the carbon source. The
nitrification is a twestep process involving two genera of microorgadigNitrosomonas
andNitrobacter Ammonia is, first, oxidize to nitrite by Nitrosomonas (R); and
subsequently, Nitrobacter furthexidizes nitrite to nitrate (R). The overall nitrification
reaction is presented R.3; andR .4 presents the cell synthesis during the nitrification.
Nitrifying organisms are present in almost all aerobic systems in limited numbers.

00 -0 wwwy 00 ¢O OO0 (R.1)

00 -0 uwwuwu 00 (R.2)
00 ¢ wwwuuiy 00 ¢O 00 (R.3)
00 60 00 OO0 wwy 6000 vl (R4

In denitrification,nitrate is reduced all the way to the nitrogen gas through a series of steps
in which nitrate (NQ) is reduced to nitrite (M), nitric oxide (NO), nitrous oxide (}D)

and finally to nitrogen gas @Nin a stepwise manneR(5). The overall denitrific&nn

reaction is, as presentedRB, requires presence of an electron donor (i.e., is another
organic substrate), which is presented as ethanol in the equation. Therefore, low
concentrations of the biodegradable carbon source will hthdeeduction ofitrate.
Furthermore, high levels of oxygen are shdwnause repression of the nitrous oxide
reductase enzyme, which catalyzes the reduction of nitrous oxide to nitrogen gas as an
intermediate product (Rithman and McCarty, 2001). Thus, the highdéeglygen would
cause accumulation and release of nitrous oxide.
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Based on nitrification and denitrificationetabolisms, the following measures can be taken
to control emission of pO:

1- Prevention of NitrificationNitrification starts after readily biodegradable organics
are consumed, and requires ’hus a low oxygen management scheme can be
applied towardsheend of active composting, where nitrification starts.

2- Control of Nitrate Reductior®Once the nitrification occurs and ammoisa
oxidized to nitrate; then, a high oxygen management scheme should be followed.
This will help redue nitrous oxide formation by two ways: (i) by facilitating rapid
oxidation of biodegrable carbon; and (ii) by repression of denitrification
metabolism.

3- Promotion of Nitrogen Gas Formatio@ncedenitrification metabolism starts to
takeplace, a low oxygemanaement wouldhen be implemented to prevent
repression of nitrous oxide reductase enzyme, which reduces nitrous oxide to
nitrogen gas.

NMNEVOCs: A considerable quantity of nemethanenonethane volatile organic
compounds is emitted as a result ofnpmsting of organic wastes. It should be noted
NMNEVOCs are not only emitted as a result of decomposition of organic material within
the composting windrow, but also directly from the feedstock as a biogenic sdtwee.

latter mighteven beamore promient source of VOC, especially for fresh material.

Whether the waste organic materials are composted or handled otherwise, they continue to
emitavariety of VOCs. Chou and Buyuksonmez (2006) and Buyuksonmez and Evans
(2007) showed that compostitayvers emissions. These VOCs are biogenic origin; thus,
they are biodegradable. Since these are of biogenic and biodegradable compounds, any
measure that would promote active biological proesssl decrease their emissions. The
main process controls thadrc enhance biological process include oxygen content, moisture
content, pH, and C:N ratio. Furthermore, since these chemicals are bioeegeaibl

soluble (to some extentand has adsorptive potential, there are an array of mitigation
alternatives inalding pseuddiofilter cap available to control their emissions.

There are number of process related parameters and mitigation measures that can yield
reduction of emissions. These parameters oxygen content, moisture conteat;boidto-
nitrogen (C:N ratio. The mitigation methods that can reduce the emissions include

addition of activated carbon/ash, activated humic acids, compost blankets and covers.
Even though some of these process parameters have a considerable impact on the level of
emissionstheir control in a composting setup is not practical and/or feasible.



Process Parameters

Oxygen Content:Oxygen is perhaps the most important procesgrol that affectshe
composing process. Maintaining a healthy oxygen level within the pore space would
promote theaerobichiodegradatiod which in turn will increase biological breakdown of

the compounds and lower the VOC emissions; inhibit methanogénibsis prevent

methane gegration; and repress denitrification process. However, practice has shown that
it is nearly impossible to prevent formation of anaerobic pockets within a windrow. The
oxygengets depleted very quickly within the pore space.

In windrow composting, aetian is typically provided by the turning event that also
provides mixing and heat dissipatiowhile providing mixing, heat dissipation and

aeration, turning also exposes the material to the atmosphere causing chemicals trapped
within the pore space tmlatilize. Therefae, it is important to match the turning schedule
to the oxygen demand to minimize fugitive releases of VOCs.

Moisture Content: Moisture content is another important process control that has a big
impact in the microbial activity biwvo means. First, all microbial reactions require water.
Second, water fills up the void space and might hinder the oxygen transfer. In addition, it
can also solubilize various VOCs; thus, prevent tirem being emitted. As a rule of

thumb, a moistureontent that is between 40% and 70% is desired. Below 40%, microbial
activity becomes very limited; and above 70% moisture content, it hinders the microbial
activity by flooding the pores and preventing air diffusion.

Temperature: Temperature ithecomposting process is an indication of the biological
activity. The heat release due to the intense microbial activity in a windrow causes
temperatures to increase. In genarasophilic to thermophili,emperatures are desired

in composting since it ignindication ofanactive biological processBeyond65-70°C,

microhbal activity is hindered. @mperature can affect emisss in variety of ways. Since

the higher temperatures indicate high microbial activity; the oxygen level in the pore space
would be depleted quickly causing formation of anoxic and anaerobic conditions. This, in
turn, would genetta malodorous VOCs, methane and promote denitrification. Therefore,
composting windrows are turn@daerated more frequently during the early activeest#g
composting, to dissipate heat.

An important observation thahould benentioned heres that the nitrification activity is
hindered at temperatures higher tharb@8C (Friis, et al., 2000). This might be another
explanation for nitrous oxidemissions starting after the active composting phase.
Therefore, maintaining higher temperatures without causing oxygen deficiency within the
pore space could be an effective way of limiting nitrous oxide, and indirectly methane
emissions.Neverthelesshere is no practical way to control temperatures within a
composting piletherefore, the control of temperature was not included within the scope
this project.

pH: In any biological process, pH is an important factor since it effects the microbial
actvity. Most organisms require a growth media with a near neutral pH. In terms of its
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effect on emissions from a composting pile, the higher pH values will cause increase of
ammonia volatilization; while the lower pH valuedl increaseformation and emgsion of
volatile organic acids. It can also affect the nitrification/denitrification processes.
However, in green waste composting the amount of perusable organic matter that would
elevae theformation of organic acids is considerably low. Therefarsignificant change

on pH is not of an expected outcome in yard waste composting. Furthermore, the green
waste feedstock has quite a high buffering capacity that would make pH changes even
harder. Based on our experience, manipulation of pH wouldreslgarge quantities of
additives. Therefore the effect of pH, or its contrak not apart of this investigation.

Mitigation Methods

Activated Carbon/Ash/Biochar: Addition of these materials is very likely teduce the
emissions of NMNEVOE through adsorption. Many VOCs are very likely to be adsorbed
by the ash; and allow them to be biodegraded over time. These materials, on the other
hand, would not provide reduction of emission of other GHG (carbon dioxide, methane and
nitrous oxide)sic e t he s e (g atsndescy i adsodbt Nevathelkess, it should be
noted that their addition may still result in reduction of emission of these gases through
available organic carbon manipulation, thus, oxygen management. That is, since some of
the available carbon will bebsorbedy them and become less available for immediate
biodegradation, it might reduce the oxygen requirement; thus, prevent formation of
anaerobic conditions.

Activated Humic Acids: The addition of activated humic aciasght result in reduced
emissions since they are also adsorbents like the activated carbon/ash derivatives.
However, due to availability and relatively high cost compared to the other mitigation
alternatives, this mitigation measure was not consideretiéastudy.

PseudaeBiofilter Cap: We havepreviouslyshown that application of pseuthofilter is

highly effective in reducing NMNEQ in both laboratory scale and fgitale composting
(CIWMB, 2007). Followinghe presentation of our results in a USmjaosting Council
Conference, a composter applied psebidilter as an odor minimization method and
stated that it substantially lowered the odor around the site (Smyth, 2007). Visual
photographs that were taken with minutes apart are presented in Figusbow that

efficacy of the biofilter cap in reducing emissions; and comparisons of emissions to other
windrows are presented in Figure 2.
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Figure 1. Visual comparison ofemissions from(a) control and (b) pseudcbiofilter
windrows.
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Figure 2. NMNEOC emissions from various windrows.

C:N Ratio: The carborto-nitrogen(C:N) ratio has a direct effect on the biological
processes and the emissiols/en though there is a general conception that a feedstock

with a lower C:Nwill result in higher emissions, in reality, it is hard to state the effect of

C:N ratio without looking at the compositiamd availabilityof the carbon and nitrogen
species.For instance, wood chips are very high in carbon content; however, most of it is
not readily available for biodegradatioNevertheless, utilization of C:N ratio as a process

variable is quite unfeasible. Most composting facilities are permitted to reoeive

process certain type(sj feedstockandthey do not have the option to blend various

feedstockmaterials
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Irrigation: Most of chemicals that volatilize and escape from the composting windrows
are highly soluble in water. Therefore, the applicgatbirrigation, or misting, over the
windrows can potentially lower the emissions by trapping and precipithignchemicals
backinto the windrow. frigation camalsolower the emissions by trapping the emissions
under a wet (outer) film layer that Wibrm on the surface of the windrow. Another way

that this phenomenon can be explained is the fresh feeling of air after a precipitation event
as the rain droplets pick up the pollutants from Hithe irrigationof windrowsshows

reduction h emissims, thispracticecan be adopteand implemented very easilyaat
composting facility.

Reduced SizeThe size of the windrows can affect the biological processes taking place by
two meand (i) availability of oxygen and (ii) heat loss. Both parametersheeve a
considerable affect on the biological processes and thus change the emission of volatile
compounds.

Interactively Managed Windrow: Certain parameters and formation of intermediary
compounds can provide valuable insightaahich directionthe biological processes take
place thuscertain parametersan be used as process control triggers. For instance,
formation of hydrogen sulfide is the indication of formation of anaerotnditions within

the windrow; and can be used as a triggeafoaeration event. Similarly, the detection of
nitric oxide can be used as an indicator to delay turning event to limit aeration to promote
activity of nitrous oxide reductase enzyme so that the denitrification can progress to
completionand yieldnitrogen rather than nitrous oxide emissions.

Based on the above discussion, the following four mitigation alternatives were selected for
the investigation

PseudeBiofilter

Irrigation

Reduced Size

Interactively Managed Windrow

= =4 -8 9

MATERIALS AND METHOD

Study Site

Therewere three potential facilities considered as the study $iyeHighway 59
Compostingracility; (ii) Tulare County Compost and Biomass; and (iii) Community
Recycling &Resource Recovery, Inc. After site visits and evaluation of advantages and
disadvantagesf each sitethe Tulare County Compost and Biomass facility located in
Tulare, CA was selected for the study.

On Junes™, the research team traveled to the gtsite. Prior to formation of windrows,

theterrain wasscanned with D scanningcamera to determine the base topography
provideusthemost accurate determination of windrow dimensiand volumes On June
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8", five windrows were formed from the &iely ground yard waste to investigate selected
mitigation alternatives for emission reductiddowever, the beginning of the composting
process was considered to be the next day as the construction of windrows had finished late
in the dayand water was n@pplieduntil thenextday. Thesewindrowsconsisted of (i)

control; (ii) pseudebiofilter; (iii) irrigated; (iv) reduced size; and (v) interactively managed
windrow. The amount of materials in eachndrow is summarized in Table 1

Thesummary of sampling daydong with the dates of samplinggeovided in Table.

There were total ofdsampling events covering the fi@9 days of operationThe

sampling events focused on the initial 30 days of composting due to the fact that most o
the emissions occur during the initial weeks of composting decreasing to insignificant
levels as it progresse#t should be noted that the Day 2 is considered as the first day of
composingn calculations Furthermore, the feedstock was observed teebgdry when
thewindrowswere formed. Therefore, they were watered several times during the first
week of operation.

Windrow Descriptions

Control Windrow: The control windrow was formed wi#8.90tonsof material to provide
baseline emission to cqrare the effectiveness of the mitigation alternatimesstigated in
this study This windrow was managed according to the typical operation of windrows at
the study facility in terms of turning and watering events.

PseudeBiofilter Windrow. The pseuddiofilter windrowwas formed similar to the

control windrowwith 99.25tons of materiahnd eceived finished compost as a blanket

layer following on formation and after a turning event during the first month of composting.
This windrow was also manageccarding to the facilities typal operation.

ReducedsizeWindrow: A windrow withreduced size was constructed vatlesser
amount of materigl66.79 ton¥to study the effect of windrow size on emissions. This
windrow was also managed according toftwlities regular operation.

Irrigated Windrow: This windrow was formed witth01.46tons of material to investigate
the effect of surface irrigation on emissions. This windrow was also managed similar to
the other windrows; in addition, the windrow was irrigated for 20 minutes.

Interactively Managed Windrow:This windrow was formed wh 97.62tons of material

and managed differently than the other windrows. The moisture content, oxygen, hydrogen
sulfide, nitric oxide and methane (as determined by lower explosivellihif inside the
windrow was determined with a portable gas anal{@eRAE Plus) on days when the

research team was present on the field. The watering and turning events were decided
based on the esite survey and/asther factors like time passed since the last turning event.
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Table 1. Amount of freshly ground greenste used in windrows

Row # Windrow Tons (Wet)
1 Pseudo-biofilter 99.25
2 Control 98.90
3 Irrigation 101.46
4 Interactively managed 97.62
5 Reduced size 66.79

Table 2 Sampling schedule

Number of sampling | Day of composting Date
1 Day 1 June 8
2 Day 2 June 9
3 Day 3 June 10
4 Day 5 June 12
5 Day 7 June 14
6 Day 10 June 17
7 Day 15 June 22
8 Day 22 June 29
9 Day 29 July 6
10 Day 36 July 13
11 Day 41 July 18
12 Day 50 July 27
13 Day 80 August 24
14 Day 99 September 14

Sampling Location and Thermography:

Deciding where to collect samples is, without any doubt, the biggest chalheagéssion
source sampling from composting windrowBhere are number of factors making it
challenging: (i) heterogeneity afaterial, (i) channel formation #iin the windrows, and

(iif) most importantly the chimney effect, which is caused by the temperature profile within
the crosssection of a windrow. In order to overcome these issues, a large number of
samples would nedd be collected. Unfortunately, due to the associated costs, practicality
and time constraints, only a few samples can be collected for a selected windrow.

Earlier emission studies initially collected samples from random locations on the windrow.
Later,composite samplési.e., partial filling of canisters at different locations were
employed. Due to the above mentioned reasons, representativeness of the samples with
either approach was questionable. In order to address thisirsayaevious studwe

have employed a strategy to determine the hot (venting) and coldé€nting) locations
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on a windrow. The surface of the windrow was surveyed with a portable gas analyzer.
Later, the emission results were multiplied by the ventingireaning surfaceraa weights.
Even though, this approach has thought to result in considerable improvement; there still
remains several disadvantages.

First, the portable analyzers are highly affected by the environmental conditions. A result
would be skewed largelyleven a very light wind. Second, it disturbs the windrow since

it requires a walkhrough on the windrow, which causes compaction and changes of the
channeling. Another significant setback of this approach is inability to survey the entire
windrow. Theanalyst must rely on a survey results collected from only a small portion of
the windrow.In a study we conducted at Modesto, we observed that there was a good
correlation between the surface temperatures and the emission fluxes, especially during the
eaty hours of the day before tiseirlight heated up the surface and diminished the
temperature differences. Therefarethis current studythermographyvasutilized for
determining the sampling locations as the venting aneveating points on the ridgef

the windrow.

On sampling days, the windrows were scanned with a thermal imaging e

Ti55FT IR), which was equipped with a widengle lens. In order to scan the windrows, an
articulated platform lift was utilized. First, the windrows wecanned to determine the

hot and cold points that were presumed to be venting angierdimg points on the
windrows. Once the sampling locations were determined, the windrowseassranned to
obtain thermographs. Even with the wiglegle lens and us# the platform lift(at 45 ft
elevation) it was not possible to obtain the thermograph of a windrow with one shot;
therefore, there were three shots taken for each windrow as presented irBFigbes
images were, then, combined based on the refepmiots. This is also the reason for the
perspective effect on the thermal images towards the end of the windrows. However, it
should be notedhat this effect has only affected the images while the calculations were
based on the scaled control surfaces.
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Figure 3. Thermal scanning of windrows.

There were at least two emissions samples collected from each of these wifechaeps
irrigation windrowp as the cold and hot spots determined by the tbgraphy analysis.

On select days, additional samples were collected from the control pile 15 minutes after the
turning event to determine spikes in emission.

Once the thermal images were obtained, they were superimposed witD thea8s to
determinetie control area and volumé\n example of combined thermograph and control
area iresented in Figuré. The 3D scans, which were obtained byable GX 3-D

laser scanner, were analyzed to determine the windrow dimensions, shapes, surface areas
and vdumes.

Prior to construction of windrows, the study field was scanned widHe&er imaging
camera to determine irregularities of the fieddgnpresented in Figurg); then, this image
was subtracted from the windrow images to improve the accurdhg gblume and area
calculations.The actual scan result of all five windrows and an individual windrow scans
are presented in Figueand?.

Figure 4. Example thermograph of a windrow.
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Figure 5. 3-D scan of the study field prior to theformation of windrows.

Figure 6. An example 3D scan of windrows
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Figure 7. An example 3D scan of an individual windrow.

There were three emission samples collected from irrigation wirddexgept for the first

day. Thre samples were collected from the hottest pmty as (i) prior to irrigatiorgii)

from the same point followig on 20 minutes of irrigation and (iising a fluxchamber

without dome athe samepoint during the irrigation There were no sangs colleted

from the cold spaton the irrigation windrow. In order to evaluate the effectiveness of this
mitigation alternative wo approaches were followed: (1) the entire windrow surface

assumed t o be foaeetage eraissidn factorefprathéadiows; and (2)

using the concentrations of GHG in the sampl
should be noted that tracer gas concentratio
from open dome isolation flux chambers and the flux ofrmivement from the windrow

was assumed the same as the regular sampling since thelpoateel at the same point

Emission Sampling Method

Source emission samples were collected wusing
Chambel(USEPA, 1986) andvacuated sample canisters with condensate traps. The

emission samplesere collected in evacuated canisters after passing the air stream through

a cold trap to captureondensable oamics as illustrated in FiguB The details of the

cold-trap and canter setup arpresented in Figur@.

The sampling train was assembled and leak tested prior to the beginning of a sampling
eventThe | eak test was performed by plugging t
valve toapply vacuum, then, the valwas closed and the pressure drop over one minute

18



was observedA pressure drop of less than-itithes of mercury was considered
satisfactory. The sweep awhich is ultra high purity air wittelium(He) added as the
tracer, was uniformlyntroduced fronthe inner perimeter of the flux chamber aite of
5.0 liters per minute usingratameter or digital mass flow controllers. In order to reach
steadystate conditions within thisolation flux chamber, the sweep air wasoduced for
30 minutes prior tohe beginning ofampling.

Upon reaching the steadyate conditions, sample collection was initiated. Ateihe of 30
minutes of sample collection, deionized water was introduced to the sample adkétd

any condensable VOC left in the sampliogihg. The condensate traps were removed

from the sampling train, capped, and shipped to the laboratory in-ahas#or analysis

The remainingportion of the sampling assembly was removed, and the sample canister was
capped fotransportation to theaboratory.

{E’ @ Themomede Iﬁ llr";:' - | @_ﬂ@_ﬂn
& —Y
= H

Condensale L Evacusted canizier

Tap

Flow meder

" Samping prok
Mixer
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Air

Figure 8. Sampling train utilizing evacuated canisterand condensate trap
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Figure 9. Evacuated anister and coldtrap
Analysis of Samples

When analyzing for VOC emissions by SCAQMD Method 25.3, there are two emission
sample fractions afoncern, the liquid fraction and the gas fraction. To minimize sample

loss and underestimation of the VOC emissions during sampling, condensable gases or the
liquid fraction of the VOC emissions wetaptured in condensate tragept on ice in the

field, and refrigerated until analyzedhe gas fraction of VOC emissions captured in

stainless steel Summa canister

Samplesvere shipped overnight to SDSU Environmental Enginedraigpratoryfor
analysisUpon receipt, our lab processes the gas fracaorsrding to SCAQMD Method

25.3 protocol for sampling handling, analysis, and retention times. In all cases, the samples
were analyzed within the acceptable storage and retention time protocols for SCAQMD
Method 25.3s detailed below

The emission samples collected in evacuated canisters were analyaedifane and nen
methanenon-ethane organic carboNIMNEOC) content according to the SCAQMD
Method 25.3. The Total Combustion Analysis (TCA) system consists of a gas
chromatography (GQpodified with a backflush valvend both flame ionization and
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thermal conductivity detectarMethod 25.3 first oxidizes the contents to carbon dioxide
and subsequently reduces them to methane for detection by a flame ionization detector
(FID). Figure10is a schematic of the gas chromatograjgobutane (GH;0) was used as
calibration gas to quantify the NMNEOC.

The contents of condensate traps were analyzedathmadzu TOE000 analyzer
according to the SCAQMD. Total organic carbon is measurabeoglifference between
total carbon (TC) and inorganic carbon (IThe instrument determines the TOC byself
following triplicate analysis.

Analytical Method for Nitrous Oxide

N>O was analyzed using an Agilent 6890 gas chromatograph (GC) equippetimidio-
electron capturdetector (ECD).The operating temperature of the detector was 250 °C.
All of the analyses were performed isothermally at column temperature of 50 °C. The
column is customer packed stainless steel Chromosorb 106 with mesh/$@& 8be

typical column is 1/ 800.d. with the | ength

instrument detection limit for O is 0.15 ppmv.
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Figure 10. Schematic of gas chromatograph for SCAQMD method 25.3

Calculation of Flux: In order todetermine the fluxf air movement from the windrqw
sweep aicontaininghelium as the tracer was uniformly introduced into the chamber from
the inner perimeter of the flux chamber at a rate of 5.0 liters per mihbeeflux rate was,
then, determinedybthe performing the mass balance for helium for the isolation flux
chamber as described in Figurk
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Figure 11 Flux calculation through mass balance within the isolation chamber

Calculations

1) Calculation of flux: This is the flux of emissions (volume/time) fran the windrow
determined by the analysis of tracer gas in the sweep air.

The mass balanaeithin the isolation flux chamber (Figuddl) for helium gives:

QAir 3 CHe,cyIinder"‘ QEmission3 CHe,emission: (QAir"' QEmissior) 3 CHe, canister (1)

Where
Qair = Sweep air flow rate, L/min
Chie,cylinder= % Of He in sweep air
Qemission= compost emission flow from compost, L/min
Chie,emissio— He concentration in compost emission, %
Che caniste= He concentration in canister, %

Assuming there is no heliuamission from the compoéte., Cie emissiodS 0), and by
rearrangingequation L) the flux rate is calculated by equati2n
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C e,cylinder
QEmission: QAir 3 (H—yld - 1) (2)

CHe,canister

2) Determination the concentrations of chemical in the aliquots: Concentrations of
methane, nitrous oxide and norcondensable VOCs are determined by the gas
chromatograph and the condensable organics determined by the total organic carbon
analyzer.

3) Calculation of condensable organic carbon in the traps:

_ GV RV,
TV (R-R)PA

3

Where

A= atomic weight of carbon (12.01 gdii
Cw = gaseous concentration of TOC as ppmv as carbon in condensate trap water
Ci = TOC concentration ing/ml of condensate trap
(Assume TOC concentratiorg/g =ng/ml at 4 C)

Vi = volume of condensate trap water in ml
Vig = volume of ideal gas per mole at £5(24.4652 I/mole)

¢ = volume of the Summa canister in liters (6L)
P, = atmospheric pressure in mm Hg (760 mmHQ)
Pr = return pressure in mm Hg
Po = evacuated canister pressure in mmHg

4) Calculation of concentrations of chemicals in the canister: Since the sample is
diluted during the extraction of samples from the canisters, the concentration
readings from the GCs are corrected according to the pressure readings of the
canisters.

The concentratios of componergin the canistewere calculated bthe following equation:

(4)

C. = end of sampling canister concentration, ppmv

Cn = average of duplicate measured concentratiyngas chromatograpppmv
Pr = canister pressure after pressurization, gmH

P = return pressure in mm Hg

Po = evacuated canister pressure in mmHg
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5) Calculation of NMNEVOC: Since the gas chromatograph is calibrated againgo-
butane, the concentration readings are required to be converted to carbon equivalents
to allow summation with the TOC results from the condensate traps.

Cc- ¢ = Cc 3 M (5)
MW(C,H,,)

Where

<= end of VOC concentration in canister as ppmv carbon
MW = moleculamweight (C: 12 g/mole, §H10: 58 g/mole)

Therefore the total volatile organic carbon, G (ppmv C) is calculated as:
Ci=Cy+ Ceec

Once Q:mission @and the concentrations of chemicals in the samples are determined,
then the concentration of a gas (CH,4, VOC and N,O) in the emission is calculated as
follows:

Ci ’emission: Ci,canister3 (i + 1) (6)

QEmission

6) Calculation of concentrations of chemicals in terms of mg/fm Once the
concentrations of chemicals are determined in ppmv, the unit of concentration is
converted to the mass/volume according to thieleal Gas Lawas follows:

Convert sample concentration in ppmv to/mgusing the following equation:
C ¢ RT;qps (7)

3 mv
mg/m pp PM

Where

Cmgima= end of sample concentration in mg/m
Copmv= end of sample concentration in ppmv
R = universal gas constant, 8.31HHK-mol

P = atmospheric pressure, 101325 pa

T = temperature, 293 K,

M = molecular weight of gas component

7) Calculation of emissions rate (flux of chemicals) from the windrow: The amount of

chemical emissions, in terms of mass/timarea is calculated according to the equation
8.

The gas flux (m) in terms of mg/rfrmin wascalculated:
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_ Ci,emi’ssion3 (?Emission3 103
ne A ®)

Where
Achamber= bottom area of gas chamber: m

8) Calculation of average flux rate for chemicals: The flux results for hot and cold
spots figh and low) are, then, averaged according to their weights as determined by
the thermography. This calculation is further explained at the end of the Appendix E,
F and G for methane, VOCs and nitrous oxide, respectively.

9) Calculation of total emissons. This is done by integrating the area belothe
emissions rates versus time as presented in Appendixes H, | and J.

Example Calculation

An example emission calculation is described below for methane and NMNEVOCs for
sample ID: 6171-H, which was cdécted on Day 1 from the hot point on the pseudo
biofilter windrow.

The raw data is as follows:

Tracer gas, He, in cylinder (%): 9.88 (He concentration in the sweep air provided
by the vendor; 8 column on Appendix A)

Tracer gas, He, in canister (%4)11 (He concentration in the sample; tfe 4
column on Appendix A)

Evacuated canister pressure (mmHg)-P38.89 (Vacuum in the canister prior to
field sampling)

Return pressure (mm Hg):P200.00 (Vacuum in the canister after field sampling)
Canistempressure after pressurization (mmHg)153.00 (Vacuum in the canister
prior to taking aliquots)

Average CH concentration in canister (ppmv): 1.57 (Mean concentration as
determined by the GC)

Average NMNEO concentration in canister (ppmv): 7.80 (Meac@&utnation as
determined by the GC)

Average TOC concentration in condensate trap (mg/L): 130.44 (Mean
concentration as determined by TOC analyzer)

Volume of condensate trap water (ml): 2.18

Flux rate calculation

a. Calculate the concentration of He froamister. This accounts for dilution of sample
within the sample canister during pressurization prior to taking aliquots.
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Where;
C. = end of sampling canister concentration, ppmv
Cm = average of duplicate measured conedittns from GC analysis, ppmv
Pr = canister pressure after pressurization, mmHg
Pr = return pressure in mm Hg
Po = evacuated canister pressure in mmHg

Therefore, He concentration in canistet.£1%3 15300- (- 73889) =1.83% (§‘ column

(- 200) - (- 73889

on App. A)

b. Calculation of flux from the windrow using mass balance for He within the isolation flux
chamber.

_ 3 CHe,cyIinder
The flux rate,Qq,, = Q,; (C— - 1)

He,canister

Where;
Qriw= flux flow from compost, L/min
Qair = sweep air flow rate, L/min (set to 5 L/min per method description)
Che,cylinder= He cancentration in sweep air, %
Che caniste= He concentration in canister, %

The emission flow rate = 5 L/minx (9.88/1-8% = 21.8 L/min; this is the flux rate of
emissions from the windrow and presented in the last column of Appendix A.

Methane emisson calculation:
a. Calculate the concentration of ¢fom canister analysis:
Ccra= 1.57 x (153.04-738.89))/(€200)(-738.89)) = 2.60 ppmv

b. Convert CH concentration in ppmv to mgAusing Eq. 2:

c _C PM

mg/m3 ppmv RT

3103

Where,
Cmgima= end ofsample concentration in mg/m
Copmv= €end of sample concentration in ppmv
R = universal gas constant, 8.31HH°K-mol
P = atmospheric pressure, 101325 pa
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T = temperature, 29&,
M = molecular weight of gas component (MWand 6 g/mol)

Ccha, mgma= 2.60 x (101325%16)/(8.314x29810° = 1.70 mg/m

c. Calculation of CHflux in terms of mg/rfrmin:

C QA" + 1) 3 QEmissi0n3 10 :

3 (
i,canister
QEmission

A\:hamber

m:

Where;
Ci.canister= gasi concentration in canister, mgim
Achamber= bottom area of gas chamber, 0.£3m

The CH, flux in terms of mg/rfrmin = (1.70 x (5/21.99+1) x 21.99 x300.13 = 0.35
mg/mf-min (last column under CH4 in Appendix B)

NMNEO Emission calculation:
Calculate the concentration of NMNEO from canister analysis:
Cnmneo = 7.80 x (153.06(-738.89))/(€200)(-738.89) = 12.90 ppmv

The VOC from canister is expressed as ppmv of butasté; (C Convert the ppmv of
butane to ppmv as carbon:

C, .=c, s _MWHEC) _;; 9y 8/58) = 10.68 ppmv
MW(C,H )
c. The amount of organic carbon a&pper million by volume (ppmv) as gaseous carbon
in the condensation trap is calculateahe following equation:

_ GeVi®RP Vg
T Ve (R-R)GA

Where;
A= atomic weight of carbon (12.01 g/mol)
Cw = gaseous concentration of TOC as ppmv as carbon in condensate trap water
Ci = TOC concentration ing/ml of condensate trap
(Assume TOC concentratiomg/g =ng/ml at 4 C)
Vi = volume of condensate trap water in ml
Vig = volume of ideal gas penole at 25C (24.4652 |/mole)
V¢ = volume of the Summa canister in liters (6L)
P, = atmospheric pressure in mm Hg (760 mmHQ)
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P = return pressure in mm Hg
Po = evacuated canister pressure in mmHg

The amount of organic carbon as part per million bywva (ppmv) as gaseous carbon in
the condensation trap #5(130.44%2.18%x760x24.4652)/(6200)(-738.89))x 12.01) =
136.28 ppmv

Total NMNEO = 10.68+136.28=146.96 ppmv
Follow the procedure (2)-bto calculate the NMENO flux = 14.9@g/nf-min.

Once the fluxes are determined for low and high points, the weighted average flux values
and the total emissions are determined as described in Appendixes E through J.

RESULTS AND DISCUSSION

Thermography Analysis

In order to determine the sampling locations on compost windrows, thermography
approach was applied. In an earlier study sponsored [gha@tment of Resources
Recycling and Recovery (CalRecygle)e utilized temperature and portable gas analyzer
data b determine the sampling locations on the windrow. This study had suggested that
there could be a correlation between the surface temperatures and the level of emissions.
Therefore, in this current investigation, we utilized thermography approach tooete

the surface temperatures of the composting windrows. The results of thermography
analysis are presentedAppendixK; and constructed temperature histographs are
presented in Appendix.L

It should be noted that this was the first time that thgraqghy approach was applied to
the field of composting. Therefore, the following issues were encourdered the
thermal scanning of the windrows

1 The thermal images needed to be taken prior tsuhese. As soon as tlsan was
visible, the east des of the windrows had showed its effect. This was more
apparent on the Pseudiofilter windrow since this pile was located on the far east
side (compared to the other windrows) and other windrows were shadowed by this
windrow. Therefore, the scans wdnken prior to the Sunrise except for the first
two days.

1 On July 18, the platform lift that was used in taking thermal images had
encountered mechanical issues; therefore, only two of the windrows could be
scanned. However, the cold and hot poimtshe other windrows were determined
to allow collection of samples.
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T On August 24, the thermal imaging camera had malfunction and did not record the
scanned images. However, the sampling locations were already determined.

Once the thermographs werd@enined, the histographs were developed within the
control boundary for each scan to determine the averaging weights for cold and hot
emission results. The corresponding histographs are presedppandixL. Summary

of low, high and weightedveraggemperature values are presented in Tabl& should

be noted thathe weighteehverages were also used in proportioning the emission results
when combining the emission values from cold and hot spots.

One of the main hypotheses of this investigati@as the use of thermal imaging to

determine the high and low emission points on a composting windrow. The comparison of
theemissions and temperature values did not yield a direct correlation between them;
nevertheless, a strong correlation was obsebpeédeen the temperature hot and cold

points and the low and high emission valuesother words, while the temperatures

cannot be used to assess emissions quantitatively, it can be used qualitatively to determine
low and high emissions commonly refer@inorventing and venting locations. The
Figuresl2throughl4 presenthe percentage of the sampling events that the high
temperature point on a given windrow resulted in a higher emission of the gas in question
for methane (Figur&2), VOC (Figure 1Band nitrous oxide (Figuri4).

More than 90% of the emission samples collected from hot points determined by the
thermal imaging had resulted higheethaneemissions than the cold points for control,
biofilter and interactively managed windrows while toerelation was only 50% for the

small windrow. The correlation was more than 70% for VOC emissions and close to 80%
for nitrous oxide emissions for control, biofilter and interactively managed windrows.
Similar to the methane emissions, the poor cati@h was observed for VOC and nitrous
oxide. The poor correlation at the small windrow can be attributesl fmwver activity. It

is very likely that the microbial activity was limited to its size. It should also be noted that
thesmall windrow emittd considerably mor&HG than other windrows on a per unit

weight of material.The premise of the use of thermography, or the surface temperatures,
for the venting and nementing points lies on the chimney effect caused by the temperature
gradient. Themissions carried to the surface by the chimney effect also transfer the heat
causing temperature differences on the surface.

In previous emission studies, one of the major criticisms was the selections of the sampling
locations and their weights on emasicalculations.Based on these results, it can be
concluded that the thermography technique to determine the sampling locatidoes

effectively used to improve the accuracy of the emission sampling studies.
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Table 3. Summary of cold, hot points and weighted average temperatures on windrows.

Weighted Ave

Date/Windrow Cold (°C) Hot (°C) Weighted Ave (°C) Date/Windrow Cold (°C) Hot (°C) C)
Control 13.3 24.8 16.96 Control 13.6 43.1 20.82
2 Pseudo-Biofilter 13.9 41.6 17.54 Pseudo-Biofilter 18.4 55.1 25.21
o Irrigation 13.3 24.8 16.96 “; Irrigation 12.3 47.8 22.46
S Interactive 13.8 18.8 15.58 S | Interactive 14.1 51.1 21.65
il Reduced Size DM* DM DM "~ | Reduced 14.8 41.3 19.86
Control 15 375 19.57 Control DM DM DM
= Pseudo-Biofilter 15.7 36.9 22.92 o | Pseudo-Bidfilter 17.8 54.3 24.98
o Irrigation 15.6 32.6 20.49 : Irrigation 14.8 52.3 22.20
S Interactive 154 39.1 20.81 S | Interactive DM DM DM
i Reduced Size 15.3 37.8 21.08 "~ | Reduced DM DM DM
Control 16.4 44.4 26.57 Control 23.6 59.1 28.71
N Pseudo-Biofilter 16.6 35.6 22.82 o | Pseudo-Biofilter 23.6 59.1 30.06
o Irrigation 16.3 46.8 26.24 : Irrigation 211 52.9 26.78
S Interactive 15.6 43.3 24.73 S | Interactive 22.1 50.1 28.48
i Reduced Size 16.3 45.5 25.19 "~ | Reduced 21.4 44.6 26.32
Control 13.6 45.8 22.68 Control 19.7 46.4 25.21
) Pseudo-Biofilter 15.8 39.3 22.02 ~ | Pseudo-Bidfilter 19.6 52.8 26.14
o Irrigation 13.8 50.1 25.35 2‘ Irrigation 20.5 43.5 24.85
S Interactive 13.1 45.6 22.00 S | Interactive 20.5 43.5 25.11
i Reduced Size 14.3 42.5 24.53 ~ | Reduced 20 42.3 24.01
Control 15.8 47.9 28.18 Control 13.3 375 18.26
N Pseudo-Biofilter 17.4 39.3 25.30 = Pseudo-Biofilter 13.4 41.1 20.83
o Irrigation 18.4 45.4 28.13 S | Irrigation 13.6 45.6 19.41
S Interactive 15.4 52.4 26.90 S J Interactive 12.1 42.4 18.47
i Reduced Size 15.1 49.9 27.13 < 9 Reduced 13.0 41.5 18.48
Control 11 50.5 21.74 Control 18.9 29.1 22.71
N Pseudo-Biofilter 14.4 38.4 23.45 & | Pseudo-Biofilter 20.7 32.9 25.68
) Irrigation 13.7 47.9 23.47 — | Irrigation 17.8 35.6 22.59
S Interactive 10.6 49.3 20.18 & | Interactive 18.4 27.4 21.93
il Reduced Size 11 45 18.22 ? "Reduced 20.6 32.3 22.91
Control 20 49.8 26.42
Q Pseudo-Biofilter 20.1 52.1 25.71
o Irrigation 20.4 46.4 26.11
S Interactive 19.5 51.5 27.36
il Reduced 14.7 49.9 25.48

*DM: Data was lost due to the issues with the scanner.
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Comparison of Emission Values

From the onset, it should be stated that the emission results and factors provided herein
are only for comparison of mitigation alternatives investigated in this stliogy

should notbe interpreted, usedreferenced,or cited as emission factorgrom

composing process

The daily emission factors are presentedppendixH through Jor each windrow for
methane, VOCs and nitrous oxide. The cumulative emission values are summarized in
Tables4 and5. The comparison of the mitigation alternatives reveals different scenario

for different gasses in question. It should be ntitattwo distinct data sets are used in
comparing the efficacy of the mitigation alternatives. The firsi.getthe emission

factors calculated for the control area using weighted averaging of cold and hot emissions,
is to compare the Control, Biofilteand Interactive and Small windrows (Tall)e The

second set utilizes emission data obtain only from the hot points since the irrigation
windrow was only sampled from the hot points (T&)leln this case, i.e., the
calculationsarebased on the hot points, the entire windrow surface was assarbed

emitting at the same rate of the hot point emissions. The results presented on Table 5 are,
thus, considerably higher than the values presented on Table 4.

Table 4. Total gas emission

Windrow CHq (g/kg) | VOC (g/kg) | N2O (g/kg)
Control 100.5 7.4 0.6
Biofilter 199.1 2.9 4.3
Interactive 155.7 6.4 1.0
Small 365.3 15.7 14.4

Table 5. Total gas emission from different windretv

CH, (g/kg) | VOC (g/kg) | N2O (g/kg)
Control 206.99 16.40 2.27
Biofilter 642.52 5.56 5.67
Interactive 392.32 13.69 3.69
Small 359.69 12.44 3.27
Before irrigation 502.79 13.05 7.33
Irrigation | After irrigation 425.66 6.83 7.92
Open chamber 14.88 3.62 3.57

* pbased on hot point emissions only.

The comparison shows that control windrow emitted the lowest ambumgthane; the
metha® emissions were almost doubled (increased by 93%) from the biofilter windrow
and increased by 50% from the interactive windrow. The small windrow has resulted
2.52 times higher methane emissions compared to the control windirethigher

methane emissions from the psedulofilter and interactively managed windrows can be
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explained by the oxygen availability. The application of finished compost layer, in a way,
seals the windrow, thus, limits the diffusion of air into the pilbe Thteractively

managed windrow wasirnedover (aerated) for fewer times that would also increase the
development of anaerobic conditions.

On the other hand, the biofilter filter has resulte@0rB8% lower VOCemissionwhile
the interactively managesindrow hasyieldedonly 13.5% VOC reduction.In earlier
studies, we had shown the efficacy of psehubdilter idea for VOC reduction on both
laboratory and field scale. This present works affirms toffieaey of the pseudo
biofilter blanket to reduce VOC emissions resulting from greenwaste composting.

The small windrow, similar to the methane emissions, had twice as much VOC emissions
than the control windrowThe interactively managed windrow showed a considerable
nitrous oxide reduction at 44% while the biofilter windrow has resulted in 21% nitrous
oxide reduction. The smallindrow emitted more than 5 times nitrous oxide than

control windrow.

It is clea that the reduced size windrow has resulted in considerably higher emissions for
all three emission types; therefore, no further discussion is made. When we look at the
emission results from pseudbiofilter and the interactively managed windrows, we see

that elevated methane and reduced VOC and nitrous oxide emissions. Therefore, it is
necessary to look at the GHG potency of these emissions.

The potencies of methane and nitrous oxide are reported to be 21 and 310 times the

carbon dioxide. However,tven it comes to VOC emissions, their GHG potencies have

not been established Yeeven though there are severatgoing studies.Since their

potencies have not been established, we are going to assume them as potent as methane to
allow us make comparisorit should also be noted that the carbon dioxide emissions and

their effect on the GHG emissions are omitted her8ince, it is impossible to make a

complete comparison based on the GHG potency of the emissions, it is omitted from the
discussion.

Theinteractively managed windrow was monitored for moisture, oxygen, nitric oxide,
sulfur dioxide, and LEL on sampling days and compared to the control windrow. In most
cases, oxygen content in both windrows was verglalose to zero. There was no clear
trigger point observed to decide turning events; the results required considerable
interpretation of what was possibly happening. Even thaighificant reduction was
observedthereis potential to make things worse by misinterpretation of the readings

from the instrument. Thus, the operators are cautioned when applying this mitigation
alternative.
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As explained above, Tabfeutilizing data only from the hot padisis used to determine
the effectiveness of the irrigation for lowering emissionkere were three samples
collected at the hot spohdhe surface; these were (i) before the start of irrigation, (ii)
after 20 minutes of irrigation with a standard isolation flux chamber; and (iii) after the
irrigation with an isolation chamber without the dome cover. The use of the isolation
flux chambe without the dome cover was to see the effect of irrigation during the
irrigation process The irrigation windrow seemed to emit considerably more methane
and VOCs, while the nitrous oxide emissions were sinlhen there was no irrigation
compared tolte control windrow. On the other hand, the after the irrigation, the
emissions were reduced by 15% and 48% for methane and VOCs, respectively, compared
to the emissions prior to the start of irrigation. Nevertheless, it should be noted that
methane emissn was still twice as much as the control windrow; while the VOC
emission was 20% less compared to the control windrow.

The significance of the irrigation as the mitigation alternative apgsrentor samples
taken during the irrigation event with open ismatflux chambers. In this case, the
methane and VOC emissions were both reduce@BBly and 78%, respectively,
compared to the emissions from the control windrow. The nitrous oxide emig&oms
increased by 57%.

In summary, the irrigation of the windrow had increased the emissionsashgraring

the before and after irrigation event®n the other hand, when the emissions duitiirey
irrigation events are compared to the control, tiesesubstantial reductiosf both

methane and VOC emissionghe reductions sedor both methane and VOCs

emissions can be attributed to the solubility of these compounds in water. Most VOCs, if
not all, generated and/or emitted during the compostingegeoare water soluble

chemical s. Met h ane 6s Niwwoastodde is alsp la hidhly $oluttley i

gas in water.lt was expectedtseesuch amajor reduction in emissionsin order to

make the effect of irrigation on emission more compeen di bl e, an anal ogy
scrubberso can be made. Wet scrubbers are

commonly used for removal of water soluble pollutants from air streams. Another way to
explain this is the fresh feeling of air after a [pé@ation event.

On the other hand, the irrigated windrow had substantially higher emissions compared to
thecontrol windrow when it was not irrigated. This can be explained by the over

watering of the windrow. The application of irrigation was in addito the regular

watering events by the facility. Therefore, any additional water applied by the irrigation
events had caused over watering. The overwatering caused by the irrigation was visually
apparent on the field. Nevertheless, in order to sesffiect, the irrigation scheme was

not altered.

It is likely that if the watering is managed by a continuous irrigation system, the
emissions can be reducelt should be noted that a similar system is already used by a
commercial composting facilitypcated in Southern California for watering the windrows.
According to the facility owner, the use of an irrigation system, in fact, costs less than
running a water truck. Therefore, the use of an irrigation sylstéds a good promise as
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a best managemepractice. However, further research is needed to determine the
intensity of irrigation to provide enough watering and reduce emissions.

Effect of Turning on Windrow Size
In select days, the effect of turning wimdrow dimensiongTable6) were also
investigatedor select windrows The volume change ranged from 1.74 to 12.3% for the

control windrow and 2.21 to 5.25% for the interactive windyailvat is attributed to the
fluffing effect of turning event.

Table 6. The effect of turning on windrow volume

Control Windrow Interactive Windrow
. Volume (m°) Volume (m°)
Before After Change (%) Before After Change (%)
July 6 134.16 143.95 6.80 133.31 140.33 5.00
July 18 126.79 129.04 1.74 114.94 121.31 5.25
July 27 115.81 121.69 4.84 111.89 114.41 2.21
August 24 91.09 103.87 12.30 95.95 102.12 6.04
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CONCLUSIONS

Based on the findings of this investigation, we have drawn the followanglusions

T

The thermography technique can be effectivelgd to determine the sampling
locations on windrow to improve the accuracy of the emission sampling.

The smaller windrow resulted in substantially higher emissions of all glaiee
emissiongnvestigated in this study.

Pseudebiofilter application can ® effectively used for control of emissions.

Windrows can be managed interactively to reduce the emissions; hotiever,
requires experience in interpretitige data.

Use of an irrigation system continuously for watering can substantially lower the
emissions; however, further research is needed to determine the effect of
irrigation intensity on moisture content and emissions.
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Appendix A. Field Emission Dataand Flux Calculation

He(%)

SOURCE Sample ID Ceylinder Ccanister Ccanister-convertedA Total Flow(lpm) y
DAY 1

Pesudo Biofilter Pile - cold 15-42-1C 9.88 2.05 2.55 14.35
Pesudo Biofilter Pile - hot 61-71-1H 9.88 1.11 1.83 21.98
Irrigation Pile - cold 35-49-2C 9.88 0.78 1.02 43.20
Irrigation Pile - hot 51-77-2H 9.88 0.63 0.99 44.82
Control Pile - cold 68-9-3C 0.88 0.92 1.35 31.61
Control Pile - hot 64-39-3H 9.88 1.13 1.75 23.30
Interactive Pile - cold 56-5-4C 9.88 0.18 0.38 126.40
Interactive Pile - hot 38-63-4H 9.88 0.28 0.48 98.72
Reduced size Pile - cold 62-3-5C 9.88 0.15 0.23 213.58
Reduced size Pile - hot 36-22-5H 9.88 0.88 1.10 39.75
DAY 2

Pesudo Biofilter Pile - cold 60-8-1C 9.88 0.43 0.67 69.25
Pesudo Biofilter Pile - hot 22-18-1H 9.88 0.46 0.78 58.23
Irrigation Pile - hot (open Chamber) 67-40-2 -- -- -- 304.33
Irrigation Pile - hot (before irrigation) 66-61-2H 9.88 0.27 0.47 99.40
Irrigation Pile - hot (after irrigation) 21-52-2H 9.88 0.09 0.16 304.33%
Control Pile - cold 27-21-3C 9.88 0.74 1.23 35.19
Control Pile - hot 20-29-3H 9.88 0.62 1.02 43.37
Interactive Pile - cold 17-68-4C 9.88 0.49 0.79 57.35
Interactive Pile - hot 4-38-4H 9.88 0.74 1.09 40.14
Reduced size Pile - cold 7-12-5C 9.88 0.64 1.04 42 .40
Reduced size Pile - hot 70-47-5H 9.88 0.66 1.08 40.90
DAY 3

Pesudo Biofilter Pile - cold 73-19-1C 9.88 1.02 1.68 24.46
Pesudo Biofilter Pile i hot 71-2-1H 23.85 9.88 1.09 1.71
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)

SOURCE Sample ID Ceylinder Ccanister Cecanister-converted Total Flow(Ilpm)
Pesudo Biofilter Pile 1 hot 71-2-1H 9.88 1.09 1.71 23.85
Irrigation Pile - hot (open Chamber) 58-46-2 -- 58.59%
Irrigation Pile - hot (before irrigation) 75-55-2H 9.88 0.65 1.03 42.89
Irrigation Pile - hot (after irrigation) 79-23-2H 9.88 0.48 0.78 58.59
Control Pile 7 cold 74-30-3C 9.88 0.34 0.50 93.88
Control Pile T hot 26-76-3H 9.88 0.70 1.10 39.76
Interactive Pile - cold 72-33-4C 9.88 1.59 2.49 14.88
Interactive Pile T hot 76-27-4H 9.88 0.47 0.77 59.12
Reduced size Pile 7 cold 81-15-5C 9.88 0.30 0.42 111.52
Reduced size Pile 7 hot 78-6-5H 9.88 0.40 0.66 70.33
DAY 5

Pesudo Biofilter Pile 1 cold 25-48-1C 9.88 0.83 1.14 38.16
Pesudo Biofilter Pile i hot 57-79-1H 9.88 0.90 1.53 27.33
Irrigation Pile - hot (open Chamber) 2-11-2 -- 145.36%
Irrigation Pile - hot (before irrigation) 30-56-2H 9.88 0.43 0.71 64.86
Irrigation Pile - hot (after irrigation) 47-31-2H 9.88 0.22 0.33 145.36
Control Pile T cold 43-45-3C 9.88 0.46 0.73 62.24
Control Pile i hot 1-1-3H 9.88 0.32 0.47 99.22
Interactive Pile - cold 5-72-4C 9.88 0.24 0.43 109.03
Interactive Pile 1 hot 24-44-4H 9.88 0.25 0.36 131.36
Reduced size Pile 7 cold 41-54-5C 9.88 0.05 0.09 573.93
Reduced size Pile 7 hot 37-50-5H 9.88 0.06 0.08 600.16
DAY 7

Pesudo Biofilter Pile - cold 32-70-1C 9.88 1.35 2.19 17.57
Pesudo Biofilter Pile i hot 65-26-1H 9.88 1.28 2.09 18.68
Pesudo Biofilter Pile i hot 71-2-1H 9.88 1.09 1.71 23.85
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)
SOURCE Sample ID Ceylinder Ccanister Cecanister-converted Total Flow(lpm)
Irrigation Pile - hot (after irrigation) 10-74-2H 9.88 0.30 0.48 98.15
Control Pile i cold 16-67-3C 9.88 0.38 0.61 75.68
Control Pile T_hot 55-73-3H 9.88 0.08 0.13 389.24
Interactive Pile - cold 18-60-4C 9.88 285.85 0.73 62.35
Interactive Pile i _hot 59-25-4H 9.88 56.33 0.13 369.15
Reduced size Pile i cold 46-62-5C 9.88 0.11 0.17
Reduced size Pile i hot 50-32-5H 9.88 0.51 0.81
DAY 10
Pesudo Biofilter Pile i cold 11-75-1C 9.88 1.10 1.84 21.80
Pesudo Biofilter Pile i hot 42-4-1H 9.88 0.75 1.23 35.05
Irrigation Pile - hot (open Chamber) 39-17-2 - - - 66.24%
Irrigation Pile - hot (before irrigation) 33-20-2H 9.88 0.28 0.48 98.33
Irrigation Pile - hot (after irrigation) 23-66-2H 9.88 0.42 0.69 66.24
Control Pile 7 cold 12-36-3C 9.88 0.44 0.72 63.61
Control Pile 7 _hot 31-34-3H 9.88 0.49 0.79 57.32
Control Pile (after turn over) 70-41-3 -- - - 103.50*
Control Pile (2nd sample after turn over) | 38-16-3 -- - - 109.57*
Interactive Pile - cold 8-78-4C 9.88 0.14 0.25 190.33
Interactive Pile i hot 82-14-4H 9.88 0.61 0.99 44.67
Reduced size Pile 7 cold 34-37-5C 9.88 0.04 0.07 753.51
Reduced size Pile T hot 3-53-5H 9.88 0.06 0.11 444.45
DAY 15
Pesudo Biofilter Pile i cold 68-97-1C 9.88 0.10 0.16 297.49
Pesudo Biofilter Pile i hot 71-94-1H 9.88 0.39 0.63 73.01
Irrigation Pile - hot (open Chamber) 7-85-2 -- -- -- 201.97*
Irrigation Pile - hot (before irrigation) 20-88-2H 9.88 0.32 0.50 93.77
Irrigation Pile - hot (after irrigation) 17-102-2H 9.88 0.52 0.76 60.02
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)
SOURCE Sample ID Ceylinder Cecanister Cecanister-converted Total Flow(lpm)
Control Pile - cold 64-104-3C 9.88 0.34 0.55 84.36
Control Pile - hot 76-91-3H 9.88 0.09 0.15 314.77
Interactive Pile - cold 61-96-4C 9.88 0.04 0.07 681.83
Interactive Pile - hot 79-92-4H 9.88 0.12 0.19 251.13
Reduced size Pile - cold 73-100-5C 9.88 0.04 0.07 739.47
Reduced size Pile - hot 74-105-5H 0.88 0.06 0.09 528.34
DAY 22
Pesudo Biofilter Pile - cold 46-83-1C 9.88 1.32 2.20 17.48
Pesudo Biofilter Pile - hot 3-93-1H 0.88 1.01 1.80 22.39
Irrigation Pile - hot (open Chamber) 30-89-2 -- -- -- 114.56%
Irrigation Pile - hot (before irrigation) 34-84-2H 9.88 0.15 0.24 202.46
Irrigation Pile - hot (after irrigation) 47-109-2H 9.88 0.25 0.41 114.56
Control Pile - cold 65-106-3C 9.88 0.15 0.26 182.20
Control Pile - hot 54-99-3H 9.88 0.27 0.42 114.01
Interactive Pile (after turn over, 1st . _ .
sample) 35-95-4 26.23*
Interactive Pile (after turn over, 2nd . . .
sample) 51-87-4 31.41*
Interactive Pile - cold 31-101-4C 9.88 0.37 0.62 74.41
Interactive Pile - hot 11-82-4H 9.88 0.17 0.28 168.45
Reduced size Pile - cold 24-110-5C 9.88 0.14 0.23 211.77
Reduced size Pile - hot 8-98-5H 9.88 0.12 0.20 238.18
DAY 29 (06 July)
Pesudo Biofilter Pile - cold 21-169-1C 9.88 0.82 1.25 34.53
Pesudo Biofilter Pile - hot 72-168-1H 9.88 0.41 0.65 70.71
Irrigation Pile - hot (open Chamber) 62-160-2 -- -- -- 247.61*
Irrigation Pile - hot (before irrigation) 4-165-2H 9.88 0.16 0.30 162.08
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)

SOURCE Sample ID Ceylinder Cecanister Cecanister-converted Total Flow(lpm)
Irrigation Pile - hot (after irrigation) 56-159-2H 9.88 0.20 0.31 154.82
Control Pile 7 cold 78-166-3C 9.88 0.29 0.49 95.52
Control Pile i hot 22-167-3H 9.88 0.09 0.15 318.51
Control Pile (after turn over) 63-153-3 -- -- -- 51.53*
Interactive Pile T cold 15-161-4C 10.10 0.18 0.29 170.50
Interactive Pile i _hot 26-164-4H 10.10 0.12 0.21 241.24
Interactive Pile (after turn over) 27-152 -- -- -- 72.67*
Reduced size Pile T cold 67-151-5C 10.10 0.04 0.06 828.47
Reduced size Pile T hot 58-158-5H 10.10 0.07 0.12 430.49
DAY 36 (July 13)

Pesudo Biofilter Pile - cold 28-196-1C 10.10 1.26 1.94 21.02
Pesudo Biofilter Pile i hot 53-186-1H 10.10 0.97 1.46 29.51
Irrigation Pile - hot (open Chamber) 43-192-2 - -- - 101.38%
Irrigation Pile - hot (before irrigation) 48-189-2H 10.10 0.11 0.19 261.61
Irrigation Pile - hot (after irrigation) 42-183-2 10.10 0.28 0.47 101.38
Control Pile 7 cold 14-187-3C 10.10 0.44 0.75 62.23
Control Pile i hot 7-195-3H 10.10 0.21 0.37 133.02
Control Pile (after turn over) 66-193-3 -- -- -- 70.72*
Interactive Pile (after turn over) 75-191-4 -- -- -- 62.63*
Interactive Pile i cold 74-180-4C 10.10 0.07 0.12 412.45
Interactive Pile i hot 23-199-4H 10.10 0.26 0.43 113.04
Reduced size Pile T cold 19-190-5C 10.10 0.07 0.11 450.93
Reduced size Pile T hot 38-188-5H 10.10 0.07 0.13 394.20
Day 41 (July 18)

Pesudo Biofilter Pile - cold 15-184-1C 10.10 1.04 1.65 25.69
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)

SOURCE Sample ID Ceylinder Cecanister Cecanister-converted Total Flow(lpm)
Pesudo Biofilter Pile i _hot 21-197-1H 10.10 0.30 0.53 90.12
Irrigation Pile - hot (open Chamber) 73-214-2 -- -- -- 82.75%
Irrigation Pile - hot (before irrigation) 62-210-2H 10.10 0.11 0.18 271.55
Irrigation Pile - hot (after irrigation) 56-219-2H 10.10 0.35 0.58 82.75
Control Pile i cold 4-209-3C 10.10 0.80 1.32 33.12
Control Pile i _hot 22-208-3H 10.10 0.20 0.34 145.21
Control Pile (after turn over) 58-203-3 -- -- -- 55.29*
Interactive Pile i cold 78-216-4C 10.10 0.35 0.62 76.60
Interactive Pile i hot 26-207-4H 10.10 0.13 0.23 216.95
Interactive Pile (after turn over) 65-202-4 -- -- -- 54.98*
Reduced size Pile i cold 72-215-5C 10.10 0.07 0.12 417.11
Reduced size Pile T hot 67-213-5H 10.10 0.15 0.26 191.64
Day 50 (July 27)

QC Blank Sample 37-201-B 10.10 6.42 10.08 0.01
Pesudo Biofilter Pile - cold 50-205-1C 10.10 1.00 1.47 29.37
Pesudo Biofilter Pile i hot 35-200-1H 10.10 0.33 0.56 84.77
Irrigation Pile - hot (open Chamber) 51-236-2 - -- - 357.95
Irrigation Pile - hot (before irrigation) 11-194-2H 10.10 0.07 0.12 433.90
Irrigation Pile - hot (after irrigation) 54-235-2H 10.10 0.08 0.14 357.95
Control Pile i cold 3-204-3C 10.10 1.42 2.40 16.08
Control Pile 7 hot 76-198-3H 10.10 0.43 0.66 71.44
Control Pile (after turn over) 30-211-3 10.10 0.15 0.27 179.78
Interactive Pile i cold 13-237-4C 10.10 0.25 0.45 106.74
Interactive Pile i _hot 82-238-4H 10.10 0.20 0.35 141.02
Interactive Pile (after turn over) 32-212-4 10.10 0.12 0.21 235.35
Reduced size Pile 7 cold 8-231-5C 10.10 0.05 0.10 506.88
Reduced size Pile T hot 59-230-5H 10.10 0.21 0.34 141.41
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)
SOURCE Sample ID Ceylinder Ccanister Ceanister-converted Total Flow(lpm)
Day 64 - (August 10)
Pesudo Biofilter Pile - cold 14-314-1C 10.10 0.40 0.69 67.83
Pesudo Biofilter Pile i hot 42-315-1H 10.10 0.25 0.46 104.90
Irrigation Pile - hot (open Chamber) 55-308-2 -- -- -- 325.44%
Irrigation Pile - hot (before irrigation) 70-302-2H 10.10 0.53 0.90 51.06
Irrigation Pile - hot (after irrigation) 17-300-2H 10.10 0.09 0.15 325.44
Control Pile i cold 18-316-3C 10.10 1.03 1.63 26.04
Control Pile T_hot 7-303-3H 10.10 1.19 2.12 18.78
Interactive Pile i cold 66-317-4C 10.10 0.96 1.56 27.43
Interactive Pile i _hot 19-319-4H 10.10 0.39 0.69 68.54
Reduced size Pile i cold 43-310-5C 10.10 0.88 1.47 29.31
Reduced size Pile T hot 23-301-5H 10.10 0.10 0.17 286.44
Day78 (August 24)
Pesudo Biofilter Pile - cold 76-350-1C 10.10 0.19 0.30 161.62
Pesudo Biofilter Pile i hot 54-357-1H 10.10 0.34 0.60 79.83
Irrigation Pile - hot (open Chamber) 4-354-20P -- -- -- 223.46%
Irrigation Pile - hot (before irrigation) 16-355-2H 10.10 0.16 0.28 172.75
Irrigation Pile - hot (after irrigation) 3-309-2H 10.10 0.13 0.22 223.46
Control Pile 7 cold 15-356-3C 10.10 0.72 1.31 33.62
Control Pile i hot 30-351-3H -- -- -- --
Control Pile (after turn over) 63-318-3 10.10 0.31 0.55 87.60
Interactive Pile - cold 13-358-4C 10.10 0.26 0.48 100.90
Interactive Pile - hot 53-353-4H 10.10 0.10 0.18 268.27
Interactive Pile (after turn over) 51-312-4 10.10 0.21 0.38 128.69
Reduced size Pile - cold 35-305-5C 10.10 0.09 0.16 305.53
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Appendix A. Field Emission Dataand Flux Calculation (cont.)

He(%)

SOURCE Sample ID Ceylinder Ccanister Ceanister-converted Total Flow(lpm)
Reduced size Pile i hot 27-306-5H 10.10 0.07 0.11 442.69
Day99- (SEP 14)

Pesudo Biofilter Pile - cold 78-400-1C 10.10 0.82 1.42 30.63
Pesudo Biofilter Pile i hot 23-411-1H 10.10 0.74 1.38 31.63
Irrigation Pile - hot (open Chamber) 14-403-2 -- -- -- 312.20%
Irrigation Pile - hot (before irrigation) 7-401-2H 10.10 0.16 0.28 172.91
Irrigation Pile - hot (after irrigation) 11-414-2H 10.10 0.09 0.16 312.20
Control Pile 7 cold 70-413-3C 10.10 0.07 0.10 492.84
Control Pile i hot 28-402-3H 10.10 0.07 0.12 429.31
Control Pile (after turn over) 66-407-3T 10.10 0.43 0.71 66.38
Interactive Pile i cold 37-415-4C 10.10 0.07 0.12 418.75
Interactive Pile i hot 55-405-4H 10.10 0.40 0.65 72.33
Interactive Pile (after turn over) 82-417-4T 10.10 0.05 0.09 566.92
Reduced size Pile i cold 59-416-5C 10.10 0.06 0.11 447 .65
Reduced size Pile i _hot 10-406-5H 10.10 5.70 0.08 656.69

& Assumethe same flux agafter irrigatioro.

Pf'Po
Cc.=C,* —=2
R-R

C., = average of duplicate measured concentrations from TCA analysis, ppmv

* Flux was calculated based on the trace gk €oncentration.

Where C, = end of sampling canister concentration, ppmv

P; = canister pressure after pressurization, mmHg

P, = return pressure in mm Hg

A Calculate theonverted concentration of component in the canister using the following equation:

a7




P, = evacuated canister pressure in mmHg
y Theemission flowrate can be calculated based on the air flow and tracer concentration in the air (mostly Helium and sormétsaD2biés:

C )
QEmission = QAir 3 (M - 1)

CHe,canister

Where Qai = sweep air flow re, L/min
Chie,cyiinder= % 0f He in sweep air
QEmission= compost emission flow from compost, L/min

Che caniste— He concentration in canister, %
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Appendix B. Field Emission Data for CH; and N,O

CH4 N.O

Total Flux Flux

Flow C, Avg Cchsa | (Mg/m*- Avg Cnzo | (Mg/m*-
SOURCE Sample ID (Ipm)& Ci(ppmv) | (ppmv) (ppmv) min) A Ci(ppmv) | Co(ppmv) | (ppmv) min) A
DAY 1
QC Blank Sample 63-65-B 0.00 1.46 1.33 1.39 0.06 | ND ND ND ND
Pesudo Biofilter Pile - cold 15-42-1C 14.35 1.77 1.61 1.69 0.20 0.45 0.45 0.15
Pesudo Biofilter Pile - hot 61-71-1H 21.98 1.48 1.67 1.57 0.35 28.37 28.45 28.41 17.56
Irrigation Pile - cold 35-49-2C 43.20 1.54 1.55 1.55 0.49 | NA 0.31 0.31 0.28
Irrigation Pile - hot 51-77-2H 44.82 1.29 1.30 1.30 051 0.86 0.79 0.83 0.89
Control Pile - cold 68-9-3C 31.61 6.33 7.10 6.71 1.82 28.99 27.94 28.46 21.24
Control Pile - hot 64-39-3H 23.30 5.65 5.73 5.69 1.25 18.66 11.75 15.20 9.18
Interactive Pile - cold 56-5-4C 126.40 1.88 1.97 1.92 2.65 23.30 23.56 23.43 88.86
Interactive Pile - hot 38-63-4H 98.72 2.38 2.52 2.45 2.14 19.99 20.86 20.42 49.02
Reduced size Pile - cold 62-3-5C 213.58 3.13 2.23 2.68 4.50 7.11 5.38 6.25 28.78
Reduced size Pile - hot 36-22-5H 39.75 2.19 3.06 2.62 0.74 6.76 7.81 7.29 5.64
DAY 2
Pesudo Biofilter Pile - cold 60-8-1C 69.25 1.53 1.66 1.60 0.92 2.00 2.73 2.37 3.73
Pesudo Biofilter Pile - hot 22-18-1H 58.23 5.25 5.16 5.21 2.84 13.96 15.46 14.71 22.10
Irrigation Pile - hot (open Chamber) 67-40-2 304.33 1.39 1.48 1.44 3.71 0.35 0.00 0.18 1.25
Irrigation Pile - hot (before irrigation) 66-61-2H 99.40 4.08 5.15 4.61 4.20 19.20 20.99 20.09 50.33
Irrigation Pile - hot (after irrigation) 21-52-2H 304.33 1.98 2.03 2.01 5.25 6.04 5.00 5.52 39.76
Control Pile - cold 27-21-3C 35.19 7.06 7.12 7.09 2.40 8.54 0.00 4.27 3.97
Control Pile - hot 20-29-3H 43.37 6.87 6.88 6.88 2.74 4.38 4.51 4.45 4.87
Interactive Pile - cold 17-68-4C 57.35 1.17 1.42 1.29 0.65 0.59 1.37 0.98 1.36
Interactive Pile - hot 4-38-4H 40.14 2.36 2.15 2.25 0.76 5.07 9.96 7.52 6.97
Reduced size Pile - cold 7-12-5C 42.40 2.08 2.08 2.08 0.81 10.80 7.68 9.24 9.94
Reduced size Pile - hot 70-47-5H 40.90 1.82 1.97 1.89 0.71 7.10 6.27 6.68 6.90
DAY 3
Pesudo Biofilter Pile - cold 73-19-1C 24.46 1.88 1.84 1.86 0.45 0.15 0.29 0.22 0.15
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co(ppmv) | (ppmv) min) C1(ppmv) Co (ppmv) | (ppmv) min)
Pesudo Biofilter Pile - hot 71-2-1H 23.85 3.83 3.53 3.68 0.84 0.58 0.77 0.67 0.42
Irrigation Pile - hot (open Chamber) 58-46-2 58.59 1.59 1.82 1.70 0.88 0.36 0.00 0.18 0.26
Irrigation Pile - hot (before irrigation) 75-55-2H 42.89 21.58 19.53 20.55 7.90 1149 | NA 11.49 12.14
Irrigation Pile - hot (after irrigation) 79-23-2H 58.59 44.99 46.37 45.68 23.74 13.98 14.24 14.11 20.17
Control Pile - cold 74-30-3C 93.88 1.75 1.75 1.75 1.28 0.39 0.19 0.29 0.58
Control Pile - hot 26-76-3H 39.76 22.46 23.14 22.80 8.15 | NA 4.28 4.28 4.21
Interactive Pile - cold 72-33-4C 14.88 3.82 3.64 3.73 0.58 1.66 1.87 1.77 0.76
Interactive Pile - hot 76-27-4H 59.12 3.85 4.17 4.01 2.12 1.89 141 1.65 2.39
Reduced size Pile - cold 81-15-5C 111.52 6.54 6.46 6.50 5.31 0.75 0.56 0.66 1.47
Reduced size Pile - hot 78-6-5H 70.33 3.88 3.59 3.73 2.32 1.70 3.52 2.61 4.47
DAY 5
QC Blank Sample 13-24-B 0.00 1.15 1.25 1.20 0.06 | ND ND ND ND
Pesudo Bidfilter Pile - cold 25-48-1C 38.16 83.05 81.61 82.33 24.52 | ND ND ND ND
Pesudo Biofilter Pile - hot 57-79-1H 27.33 3223.16 3176.08 3199.62 881.78 23.78 22.68 23.23 17.61
Irrigation Pile - hot (open Chamber) 2-11-2 145.36 7.97 7.82 7.89 10.17 0.59 0.40 0.50 1.75
Irrigation Pile - hot (before irrigation) 30-56-2H 64.86 119.79 119.01 119.40 68.55 7.21 9.87 8.54 13.49
Irrigation Pile - hot (after irrigation) 47-31-2H 145.36 113.34 112.14 112.74 126.11 14.82 9.26 12.04 37.03
Control Pile - cold 43-45-3C 62.24 3.04 2.77 291 1.57 0.27 | NA 0.27 0.40
Control Pile - hot 1-1-3H 99.22 86.68 86.37 86.52 67.34 4.22 3.77 3.99 8.54
Interactive Pile - cold 5-72-4C 109.03 10.57 10.53 10.55 11.06 1.01 0.96 0.98 2.83
Interactive Pile - hot 24-44-4H 131.36 34.42 34.54 34.48 34.58 3.17 3.02 3.09 8.53
Reduced size Pile - cold 41-54-5C 573.93 5.54 5.45 5.50 25.01 0.32 0.27 0.30 3.69
Reduced size Pile - hot 37-50-5H 600.16 47.84 47.53 47.69 207.91 0.91 0.82 0.87 10.40
DAY 7
Pesudo Biofilter Pile - cold 32-70-1C 17.57 85.40 83.91 84.66 15.64 0.39 | NA 0.39 0.20
Pesudo Biofilter Pile - hot 65-26-1H 18.68 2904.95 2898.83 2901.89 561.73 4441 39.39 41.90 22.30
Irrigation Pile - hot (open Chamber) 54-57-2 98.15 3.80 3.85 3.82 3.13 0.22 0.14 0.18 0.40
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co(ppmv) | (ppmv) min) C1(ppmv) Co (ppmv) | (ppmv) min)
Irrigation Pile - hot (before irrigation) 6-51-2H 130.82 268.62 263.13 265.88 317.43 14.57 11.04 12.80 42.04
Irrigation Pile - hot (after irrigation) 10-74-2H 98.15 257.64 253.29 255.46 209.08 19.28 13.98 16.63 37.44
Control Pile - cold 16-67-3C 75.68 16.27 14.97 15.62 10.16 0.85 0.53 0.69 1.23
Control Pile - hot 55-73-3H 389.24 13.24 11.88 12.56 37.18 2.06 1.43 1.75 14.21
Interactive Pile - cold 18-60-4C 62.35 97.29 101.20 99.25 51.78 0.77 0.96 0.87 1.24
Interactive Pile - hot 59-25-4H 369.15 45.28 45.37 45.33 142.97 0.59 0.65 0.62 5.41
Reduced size Pile - cold 46-62-5C 285.85 114.63 112.31 113.47 266.32 0.75 0.51 0.63 4.05
Reduced size Pile - hot 50-32-5H 56.33 487.87 479.83 483.85 237.02 0.94 1.47 1.21 1.62
DAY 10
Pesudo Biofilter Pile - cold 11-75-1C 21.80 162.21 161.28 161.74 36.54 | ND ND ND ND
Pesudo Biofilter Pile - hot 42-4-1H 35.05 5614.22 5543.42 5578.82 1840.00 8.60 7.33 7.97 7.23
Irrigation Pile - hot (open Chamber) 39-17-2 66.24 12.40 12.20 12.30 8.19 0.25 0.41 0.33 0.61
Irrigation Pile - hot (before irrigation) 33-20-2H 98.33 393.29 386.28 389.79 340.85 1.76 1.32 1.54 3.71
Irrigation Pile - hot (after irrigation) 23-66-2H 66.24 1037.30 1014.27 1025.79 607.62 5.24 4.38 4.81 7.83
Control Pile - cold 12-36-3C 63.61 26.85 26.49 26.67 15.24 0.38 0.48 0.43 0.68
Control Pile - hot 31-34-3H 57.32 625.14 620.26 622.70 314.90 6.93 | NA 6.93 9.63
Control Pile (after turn over) 70-41-3 103.50 426.87 421.32 424.10 367.01 6.80 6.23 6.51 15.50
Control Pile (2nd sample after turn
over) 38-16-3 109.57 272.64 267.80 270.22 250.55 9.26 11.61 10.44 26.61
Interactive Pile - cold 8-78-4C 190.33 236.28 236.63 236.46 410.71 0.64 0.41 0.53 2.53
Interactive Pile - hot 82-14-4H 44.67 412.30 418.11 415.21 169.78 1.90 | NA 1.90 2.13
Reduced size Pile - cold 34-37-5C 753.51 173.68 169.34 171.51 1081.92 0.27 | NA 0.27 4.75
Reduced size Pile - hot 3-53-5H 444.45 363.05 353.67 358.36 1414.26 0.57 0.52 0.55 5.93
DAY 15
Pesudo Biofilter Pile - cold 68-97-1C 297.49 30.51 30.18 30.35 76.50 0.22 0.22 0.22 151
Pesudo Biofilter Pile - hot 71-94-1H 73.01 537.96 539.52 538.74 342.38 1.13 1.20 1.16 2.03
Irrigation Pile - hot (open Chamber) 7-85-2 201.97 10.87 10.53 10.70 18.66 0.27 0.21 0.24 1.15
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co(ppmv) | (ppmv) min) C1(ppmv) Co (ppmv) | (ppmv) min)
Irrigation Pile - hot (before irrigation) 20-88-2H 93.77 1002.83 986.43 994.63 769.16 2.78 1.55 2.17 4.61
Irrigation Pile - hot (after irrigation) 17-102-2H 60.02 1532.27 1490.77 1511.52 724.09 4.58 3.99 4.29 5.65
Control Pile - cold 64-104-3C 84.36 361.95 359.52 360.74 265.47 1.76 1.67 1.72 3.48
Control Pile - hot 76-91-3H 314.77 434.35 433.93 434.14 1185.91 2.98 271 2.85 21.38
Interactive Pile - cold 61-96-4C 681.83 17.80 17.71 17.76 99.80 0.23 0.29 0.26 4.07
Interactive Pile - hot 79-92-4H 251.13 428.48 429.56 429.02 899.79 0.58 0.58 0.58 3.35
Reduced size Pile - cold 73-100-5C 739.47 14.25 14.52 14.39 85.58 0.32 | NA 0.32 5.24
Reduced size Pile - hot 74-105-5H 528.34 1275.38 1246.68 1261.03 5420.90 0.38 0.38 4.54
DAY 22
QC Blank Sample 32-105-B 0.00 1.56 1.55 1.55 0.06 0.32 0.31 0.31 0.03
Pesudo Biofilter Pile - cold 46-83-1C 17.48 340.36 330.40 335.38 63.19 0.16 | NA 0.16 0.08
Pesudo Biofilter Pile - hot 3-93-1H 22.39 6150.19 6049.74 6099.97 1498.00 3.43 3.65 3.54 2.39
Irrigation Pile - hot (open Chamber) 30-89-2 114.56 95.84 94.03 94.93 103.08 0.25 0.20 0.22 0.67
Irrigation Pile - hot (before irrigation) 34-84-2H 202.46 1907.64 1877.95 1892.80 3159.56 0.66 | NA 0.66 3.05
Irrigation Pile - hot (after irrigation) 47-109-2H 114.56 63.07 61.22 62.14 61.23 0.24 0.20 0.22 0.60
Control Pile - cold 65-106-3C 182.20 57.46 56.58 57.02 95.24 0.16 | NA 0.16 0.75
Control Pile - hot 54-99-3H 114.01 948.43 931.56 939.99 877.42 1.28 1.10 1.19 3.05
Interactive Pile (after turn over, 1st
sample) 35-95-4 26.23 545.40 534.95 540.18 148.04 42.17 39.52 40.84 30.78
Interactive Pile (after turn over, 2nd
sample) 51-87-4 31.41 520.75 506.93 513.84 166.58 52.33 36.88 44.60 39.77
Interactive Pile - cold 31-101-4C 74.41 823.26 812.41 817.83 543.50 0.89 0.66 0.78 1.42
Interactive Pile - hot 11-82-4H 168.45 707.69 691.44 699.56 1022.60 0.66 0.68 0.67 2.69
Reduced size Pile - cold 24-110-5C 211.77 1600.85 1570.54 1585.70 2910.85 0.35 0.39 0.37 1.87
Reduced size Pile - hot 8-98-5H 238.18 464.20 458.12 461.16 980.34 0.45 0.40 0.42 2.48
DAY 29 (06 July)
Pesudo Biofilter Pile - cold 21-169-1C 34.53 331.13 323.26 327.19 99.12 0.39 0.43 0.41 0.34
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co(ppmv) | (ppmv) min) C1(ppmv) Co(ppmv) | (ppmv) min)
Pesudo Biofilter Pile - hot 72-168-1H 70.71 6457.08 6367.28 6412.18 3848.36 4.19 4.36 4.28 7.06
Irrigation Pile - hot (open Chamber) 62-160-2 247.61 83.44 82.85 83.14 160.96 0.26 0.15 0.21 1.10
Irrigation Pile - hot (before irrigation) 4-165-2H 162.08 1047.40 1038.14 1042.77 1612.93 | NA NA NA NA
Irrigation Pile - hot (after irrigation) 56-159-2H 154.82 2272.20 2077.02 2174.61 2730.47 2.34 1.45 1.90 6.55
Control Pile - cold 78-166-3C 95.52 4.68 4.34 4.51 3.85 0.18 0.27 0.22 0.52
Control Pile - hot 22-167-3H 318.51 266.07 259.02 262.55 732.18 0.75 0.79 0.77 5.93
Control Pile (after turn over) 63-153-3 51.53 204.98 201.84 203.41 98.14 17.65 2.09 9.87 13.10
Interactive Pile - cold 15-161-4C 170.50 491.92 501.68 496.80 689.48 0.87 | NA 0.87 3.34
Interactive Pile - hot 26-164-4H 241.24 1585.83 1554.94 1570.39 3219.26 1.14 1.03 1.08 6.11
Interactive Pile (after turn over) 27-152 72.67 1035.38 1023.82 1029.60 662.34 28.46 21.77 25.11 44.43
Reduced size Pile - cold 67-151-5C 828.47 485.05 473.73 479.39 3295.82 0.27 0.37 0.32 6.07
Reduced size Pile - hot 58-158-5H 430.49 626.72 616.30 621.51 2238.20 0.34 0.35 0.35 3.42
DAY 36 (July 13)
QC Blank Sample 60-185-B 0.00 1.90 1.88 1.89 0.08 | ND ND ND ND
Pesudo Biofilter Pile - cold 28-196-1C 21.02 540.66 521.74 531.20 107.42 3.10 2.05 2.58 1.43
Pesudo Biofilter Pile - hot 53-186-1H 29.51 | 14615.20 | 14439.80 | 14527.50 3808.99 6.28 | NA 6.28 4.53
Irrigation Pile - hot (open Chamber) 43-192-2 101.38 22.37 21.51 21.94 19.27 0.17 0.00 0.08 0.20
Irrigation Pile - hot (before irrigation) 48-189-2H 261.61 4962.53 4996.83 4979.68 | 11349.33 1.07 1.63 1.35 8.45
Irrigation Pile - hot (after irrigation) 42-183-2 101.38 6619.27 6422.52 6520.89 5825.40 1.39 1.24 1.31 3.23
Control Pile - cold 14-187-3C 62.23 1058.89 1040.34 1049.61 604.34 0.67 | NA 0.67 1.05
Control Pile - hot 7-195-3H 133.02 1275.53 1242.66 1259.09 1489.29 0.92 0.99 0.95 3.10
Control Pile (after turn over) 66-193-3 70.72 303.13 299.38 301.25 198.87 8.17 7.78 7.97 14.48
Interactive Pile (after turn over) 75-191-4 62.63 300.47 255.61 278.04 168.20 8.57 6.63 7.60 12.64
Interactive Pile - cold 74-180-4C 412.45 370.08 362.87 366.47 1284.71 0.50 0.43 0.46 4.47
Interactive Pile - hot 23-199-4H 113.04 1944.70 1904.19 1924.45 1891.88 0.75 0.77 0.76 2.06
Reduced size Pile - cold 19-190-5C 450.93 470.47 470.47 1780.61 0.51 0.50 0.51 5.27
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co (ppmv) | (ppmv) min) C1(ppmv) Co(ppmv) | (ppmv) min)
Reduced size Pile - hot 38-188-5H 394.20 553.74 542.82 548.28 1915.60 0.48 0.52 0.50 4.78
Day 41 (July 18)
QC Blank Sample 27-206-B 0.01 6.95 8.25 7.60 0.27 0.17 0.14 0.15 0.01
Pesudo Biofilter Pile - cold 15-184-1C 25.69 1628.74 1599.57 1614.16 393.29 1.97 1.89 1.93 1.29
Pesudo Biofilter Pile - hot 21-197-1H 90.12 | 10356.00 9950.95 | 10153.48 8504.32 3.70 3.24 3.47 7.98
Irrigation Pile - hot (open Chamber) 73-214-2 82.75 168.32 168.69 168.51 121.81 0.10 0.00 0.05 0.10
Irrigation Pile - hot (before irrigation) 62-210-2H 271.55 1374.35 1353.46 1363.91 3158.71 0.94 0.00 0.47 3.00
Irrigation Pile - hot (after irrigation) 56-219-2H 82.75 4626.93 4580.93 4603.93 3314.81 1.90 1.48 1.69 3.35
Control Pile - cold 4-209-3C 33.12 776.59 755.96 766.28 243.95 | NA NA NA NA
Control Pile - hot 22-208-3H 145.21 2066.35 2027.49 2046.92 2650.68 1.08 0.97 1.03 3.66
Control Pile (after turn over) 58-203-3 55.29 580.84 578.35 579.60 294.44 10.76 15.38 13.07 18.26
Interactive Pile - cold 78-216-4C 76.60 2378.48 2375.68 2377.08 1706.46 0.85 0.70 0.77 1.52
Interactive Pile - hot 26-207-4H 216.95 2112.31 2062.42 2087.37 3980.84 0.74 0.73 0.74 3.86
Interactive Pile (after turn over) 65-202-4 54.98 298.84 287.10 292.97 149.37 8.55 7.40 7.98 11.18
Reduced size Pile - cold 72-215-5C 417.11 534.49 535.16 534.83 2046.51 0.21 | NA 0.21 2.20
Reduced size Pile - hot 67-213-5H 191.64 860.83 840.33 850.58 1423.70 0.59 | NA 0.59 271
Day 50 (July 27)
QC Blank Sample 37-201-B 0.01 4.30 4.06 4.18 0.17 0.33 0.21 0.27 0.03
Pesudo Biodfilter Pile - cold 50-205-1C 29.37 70.80 70.80 70.80 18.07 0.59 0.81 0.70 0.49
Pesudo Biofilter Pile - hot 35-200-1H 84.77 5212.42 5214.60 5213.51 3963.65 2.88 2.98 2.93 6.13
Irrigation Pile - hot (open Chamber) 51-236-2 357.95 10.95 10.29 10.62 29.01 0.37 0.35 0.36 2.72
Irrigation Pile - hot (before irrigation) 11-194-2H 433.90 389.22 390.21 389.72 1488.51 0.33 0.28 0.31 3.22
Irrigation Pile - hot (after irrigation) 54-235-2H 357.95 649.78 648.96 649.37 2027.01 0.39 0.38 0.38 3.29
Control Pile - cold 3-204-3C 16.08 188.71 187.64 188.18 33.73 0.55 0.33 0.44 0.22
Control Pile - hot 76-198-3H 71.44 1924.82 1922.65 1923.74 1138.75 0.66 0.96 0.81 1.32
Control Pile (after turn over) 30-211-3 179.78 67.16 66.65 66.91 111.90 3.11 2.18 2.64 12.17
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co(ppmv) | (ppmv) min) C1(ppmv) Co(ppmv) | (ppmv) min)
Interactive Pile - cold 13-237-4C 106.74 6.16 6.20 6.18 6.18 0.28 | NA 0.28 0.76
Interactive Pile - hot 82-238-4H 141.02 1735.54 1736.26 1735.90 2170.87 1.03 0.11 0.57 1.96
Interactive Pile (after turn over) 32-212-4 235.35 150.35 152.01 151.18 316.63 6.61 4.14 5.37 30.94
Reduced size Pile - cold 8-231-5C 506.88 13.87 13.96 13.91 66.83 0.45 0.45 5.89
Reduced size Pile - hot 59-230-5H 141.41 300.02 300.25 300.13 357.91 0.54 0.39 0.46 1.52
Day 64 - (August 10)
QC Blank Sample 48-313-B 0.02 2.72 2.10 241 0.11 | ND ND ND ND
Pesudo Biofilter Pile - cold 14-314-1C 67.83 62.89 63.05 62.97 40.35 20.73 21.15 20.94 36.90
Pesudo Biofilter Pile - hot 42-315-1H 104.90 711.20 711.25 711.23 715.60 13.00 | NA 13.00 35.97
Irrigation Pile - hot (open Chamber) 55-308-2 325.44 7.01 8.97 7.99 22.11 0.24 | NA 0.24 1.81
Irrigation Pile - hot (before irrigation) 70-302-2H 51.06 397.93 396.58 397.26 189.14 | NA NA NA NA
Irrigation Pile - hot (after irrigation) 17-300-2H 325.44 237.40 235.60 236.50 638.35 1.77 1.74 1.75 13.02
Control Pile - cold 18-316-3C 26.04 104.57 106.21 105.39 25.89 0.60 0.35 0.48 0.32
Control Pile - hot 7-303-3H 18.78 2236.17 2235.20 2235.69 475.80 1.09 0.81 0.95 0.56
Interactive Pile - cold 66-317-4C 27.43 48.54 46.98 47.76 12.59 0.22 | NA 0.22 0.16
Interactive Pile - hot 19-319-4H 68.54 1430.01 1432.01 1431.01 940.16 1.58 0.99 1.28 2.32
Reduced size Pile - cold 43-310-5C 29.31 502.90 501.25 502.08 145.47 1.08 1.16 1.12 0.89
Reduced size Pile - hot 23-301-5H 286.44 112.57 111.36 111.97 278.70 9.80 9.14 9.47 64.81
Day78 (August 24)
QC Blank Sample 50-352-B 0.00 4.10 3.96 4.03 0.17 0.16 | NA 0.16 0.02
Pesudo Biofilter Pile - cold 76-350-1C 161.62 366.18 367.16 366.67 495.17 8.25 6.61 7.43 27.60
Pesudo Biofilter Pile - hot 54-357-1H 79.83 780.00 781.25 780.63 578.52 8.73 13.79 11.26 22.95
Irrigation Pile - hot (open Chamber) 4-354-20P 223.46 10.31 10.21 10.26 18.03 10.51 0.00 5.25 16.94
Irrigation Pile - hot (before irrigation) 16-355-2H 172.75 170.33 171.35 170.84 265.74 4.09 3.83 3.96 0.53
Irrigation Pile - hot (after irrigation) 3-309-2H 223.46 186.73 184.56 185.65 359.12 6.44 6.96 6.70 35.65
Control Pile - cold 15-356-3C 33.62 861.11 859.65 860.38 301.87 0.63 0.47 0.55 5.38
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Appendix B. Field Emission Data for CH, and N,O (cont.)

CH4 N.O

Total Flux Flux

Flow Avg Ccha | (mg/m*- Avg Cnzo | (Mg/m?-
SOURCE Sample ID (Ipm)& Ci(ppmv) | Co (ppmv) | (ppmv) min) C1(ppmv) Co(ppmv) | (ppmv) min)
Control Pile - hot 30-351-3H - * 1124.48 1123.65 1124.06 --* 1.43 1.29 1.36 --*
Control Pile (after turn over) 63-318-3 87.60 49.46 48.62 49.04 40.14 8.02 | NA 8.02 18.05
Interactive Pile - cold 13-358-4C 100.90 6.33 6.20 6.27 6.09 0.76 0.61 0.68 1.83
Interactive Pile - hot 53-353-4H 268.27 70.90 70.96 70.93 173.23 5.23 2.83 4.03 27.09
Interactive Pile (after turn over) 51-312-4 128.69 39.21 38.65 38.93 46.38 30.75 38.71 34.73 113.79
Reduced size Pile - cold 35-305-5C 305.53 3.99 4.01 4.00 11.39 2.04 | NA 2.04 16.00
Reduced size Pile - hot 27-306-5H 442.69 27.19 28.56 27.88 105.40 6.82 9.24 8.03 83.48
Day99- (SEP 14)
QC Blank Sample 2-412-CTRL 0.01 6.78 6.68 6.73 0.30 0.28 | NA 0.28 0.03
Pesudo Biofilter Pile - cold 78-400-1C 30.63 36.46 36.07 36.27 11.25 1.49 1.29 1.39 1.19
Pesudo Biofilter Pile - hot 23-411-1H 31.63 84.98 83.49 84.23 28.82 61.59 55.74 58.67 55.20
Irrigation Pile - hot (open Chamber) 14-403-2 312.20 20.96 20.04 20.50 52.47 1.11 | NA 1.11 7.82
Irrigation Pile - hot (before irrigation) 7-401-2H 172.91 309.47 303.21 306.34 498.90 16.50 15.92 16.21 72.59
Irrigation Pile - hot (after irrigation) 11-414-2H 312.20 298.47 287.46 292.97 818.66 17.78 12.76 15.27 117.36
Control Pile - cold 70-413-3C 492.84 93.47 92.00 92.74 362.36 0.28 | NA 0.28 2.99
Control Pile - hot 28-402-3H 429.31 115.34 120.43 117.88 435.85 0.30 | NA 0.30 3.02
Control Pile (after turn over) 66-407-3T 66.38 64.92 64.74 64.83 38.63 5.62 3.34 4.48 7.35
Interactive Pile - cold 37-415-4C 418.75 50.38 50.04 50.21 189.84 0.29 0.34 0.32 3.28
Interactive Pile - hot 55-405-4H 72.33 501.99 494.07 498.03 316.44 0.76 | NA 0.76 1.33
Interactive Pile (after turn over) 82-417-4T 566.92 29.20 28.81 29.01 139.34 82.17 102.35 92.26 1218.80
Reduced size Pile - cold 59-416-5C 447.65 15.71 15.52 15.62 62.05 20.74 23.06 21.90 239.27
Reduced size Pile - hot 10-406-5H 656.69 36.72 36.45 36.58 202.08 23.06 13.73 18.40 279.45

* Trace gas helium was not detected in the sample and therefore the flux cannot be calculated.

& Copied from Appendix A

NA i Run out of sample for analysis

ND i Not detectedthe concentration is too low to be detected)
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AThe gas emission (GHCO, and NO) flux mi in terms of mg/fmin can be calculated according to the following equation:
3 3103
Ci,emi:;sion QEmission 10

A&hamber

where  Ciemission= the gas i concentration in emission, my/m

m:

QEmission= compost emission flow from compost, L/min

Achamber= bottom area of gas chamber, 0.£3m

Ciemission Can be calculateobhsed on:

C = C QAir + 1)

3 (
i Yemission i,canister
Emission

where G caniste= the gas i concentration in canister, mi/m

Convert sample concentration in ppmv to myirsing the following equation:

=C ms 103
RT

mg/m3 ppmv

where

Crmgms= end of sample concentration in mg/m
Copmv = €nd of sample concentration in ppmv
R = universal gas constant, 8.31MR3K-mol

P = atmospheric pressure, 101325 pa

T = temperature, 298 K,

M = molecula weight of gas component
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Appendix C. Field Emission Data for NMNEOC

NMNEO Canister NMNEO Trap TNMNEO
Total Gaseous Flux
Flow C C: Avg CNMNEO Cconv_erted VOC N (mg/mz-

SOURCE Sample ID (Ipm)®* | (ppmv) (ppmv) (ppmv) as C’ TOC (mg/l) (ppmv) * Ctotal (PpmMC) | min)

DAY 1

QC Blank Sample 63-65-B 0.00 1.60 2.75 2.17 2.95 55.21 41.12 44.07 0.83
Pesudo Biofilter Pile - cold 15-42-1C 14.35 3.89 7.01 5.45 5.63 148.17 104.65 110.28 8.05
Pesudo Biofilter Pile - hot 61-71-1H 21.98 7.46 8.14 7.80 10.68 130.44 136.28 146.96 14.97
Irrigation Pile - cold 35-49-2C 43.20 4.02 4.98 4.50 4.91 173.30 152.03 156.95 28.56
Irrigation Pile - hot 51-77-2H 44.82 5.64 8.41 7.02 9.09 230.59 142.67 151.75 28.54
Control Pile - cold 68-9-3C 31.61 34.68 34.72 34.70 42.28 376.88 347.10 389.38 53.82
Control Pile - hot 64-39-3H 23.30 38.83 35.34 37.09 47.32 516.60 502.20 549.52 58.72
Interactive Pile - cold 56-5-4C 126.40 8.56 10.30 9.43 16.27 169.06 180.12 196.39 97.42
Interactive Pile - hot 38-63-4H 98.72 33.28 24.17 28.72 39.74 544.63 529.86 569.60 223.04
Reduced size Pile - cold 62-3-5C 213.58 20.94 23.19 22.06 27.81 324.68 295.13 322.94 266.48
Reduced size Pile - hot 36-22-5H 39.75 23.54 28.74 26.14 27.04 501.21 346.97 374.01 63.18
DAY 2

Pesudo Biofilter Pile - cold 60-8-1C 69.25 4.00 4.00 4.00 5.09 21.48 19.29 24.38 6.83
Pesudo Biofilter Pile - hot 22-18-1H 58.23 8.69 11.78 10.23 14.54 65.92 73.37 87.91 20.98
Irrigation Pile - hot (open Chamber) 67-40-2 304.33 1.75 2.33 2.04 2.79 14.95 13.84 16.63 19.42
Irrigation Pile - hot (before irrigation) | 66-61-2H 99.40 34.27 42.76 38.52 55.25 618.20 597.38 652.63 257.21
Irrigation Pile - hot (after irrigation) 21-52-2H 304.33 13.77 18.14 15.95 22.21 181.61 178.36 200.57 234.21
Control Pile - cold 27-21-3C 35.19 41.50 46.12 43.81 60.63 343.28 290.61 351.23 53.29
Control Pile - hot 20-29-3H 43.37 16.19 22.45 19.32 26.13 222.40 217.16 243.29 44.43
Interactive Pile - cold 17-68-4C 57.35 4.00 4.60 4.30 5.71 143.12 140.07 145.77 34.31
Interactive Pile - hot 4-38-4H 40.14 23.91 27.09 25.50 31.33 447.25 406.11 437.44 74.55
Reduced size Pile - cold 7-12-5C 42.40 4.12 5.72 4.92 6.67 103.40 98.61 105.28 18.84
Reduced size Pile - hot 70-47-5H 40.90 4.99 6.91 5.95 8.00 113.77 107.55 115.55 20.02
DAY 3

Pesudo Bidfilter Pile - cold 73-19-1C 24.46 5.24 3.87 4.56 6.17 9.61 8.89 15.06 1.68
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Appendix C. Field Emission Data for NMNECOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO
Total Gaseous Flux
Flow C1 C2 Avg Cnmneo Ceconverted vOC (mg/mz'

SOURCE Sample ID (Ilpm)* (ppmv) | (ppmv) | (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)
Pesudo Biofilter Pile - hot 71-2-1H 23.85 2.68 2.68 2.68 3.48 11.34 10.56 14.05 1.53
Irrigation Pile - hot (open Chamber) 58-46-2 58.59 1.75 2.24 2.00 2.67 16.50 16.93 19.59 4.70
Irrigation Pile - hot (before irrigation) | 75-55-2H 42.89 27.40 29.50 28.45 37.53 271.52 268.07 305.60 55.25
Irrigation Pile - hot (after irrigation) 79-23-2H 58.59 58.23 59.55 58.89 79.12 417.24 411.71 490.83 117.83
Control Pile - cold 74-30-3C 93.88 3.15 3.88 351 4.27 111.48 93.73 98.01 36.58
Control Pile - hot 26-76-3H 39.76 16.18 16.18 16.18 21.24 139.18 146.85 168.08 28.40
Interactive Pile - cold 72-33-4C 14.88 12.55 12.90 12.72 16.43 226.30 200.51 216.94 16.28
Interactive Pile - hot 76-27-4H 59.12 2.60 3.99 3.29 4.46 69.40 7191 76.37 18.49
Reduced size Pile - cold 81-15-5C 111.52 3.73 5.82 4.77 5.50 260.32 195.67 201.17 88.49
Reduced size Pile - hot 78-6-5H 70.33 10.09 12.68 11.39 15.46 239.40 253.41 268.87 76.47
DAY 5

QC Blank Sample 13-24-B 0.00 | ND ND ND ND 22.94 21.31 21.31 0.40
Pesudo Biodfilter Pile - cold 25-48-1C 38.16 151 151 151 1.71 12.41 9.64 11.35 1.85
Pesudo Biofilter Pile - hot 57-79-1H 27.33 18.09 19.94 19.02 26.65 94.65 98.97 125.62 15.33
Irrigation Pile - hot (open Chamber) 2-11-2 145.36 1.61 1.61 1.61 2.27 15.69 16.30 18.57 10.54
Irrigation Pile - hot (before irrigation) | 30-56-2H 64.86 12.61 14.37 13.49 18.23 344.70 414.02 432.25 113.99
Irrigation Pile - hot (after irrigation) 47-31-2H 145.36 7.11 8.78 7.94 9.72 154.00 153.83 163.54 92.83
Control Pile - cold 43-45-3C 62.24 1.46 2.21 1.83 2.42 17.23 16.46 18.89 4.79
Control Pile - hot 1-1-3H 99.22 12.12 14.89 13.50 16.58 220.90 198.39 214.97 84.57
Interactive Pile - cold 5-72-4C 109.03 1.88 3.33 2.61 3.94 49.91 53.48 57.42 24.72
Interactive Pile - hot 24-44-4H 131.36 5.34 6.55 5.95 7.19 22.94 23.53 30.73 15.82
Reduced size Pile - cold 41-54-5C 573.93 3.00 3.67 3.33 4.30 45.50 41.31 45.61 99.69
Reduced size Pile - hot 37-50-5H 600.16 4.65 5.93 5.29 6.26 82.90 74.63 80.90 184.81
DAY 7

Pesudo Biofilter Pile - cold 32-70-1C 17.57 2.07 2.07 2.07 2.79 7.73 6.86 9.65 0.82
Pesudo Bidfilter Pile - hot 65-26-1H 18.68 20.08 19.64 19.86 26.69 157.10 167.96 194.66 17.40
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Appendix C. Field Emission Data for NMNEOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO
Total Avg Gaseous Flux
Flow C1 C2 CnmMNEO Ceconverted vOC (mg/mz'

SOURCE Sample ID (Ilpm)® | (ppmv) (ppmv) (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)
Irrigation Pile - hot (open Chamber) 54-57-2 98.15 ND ND ND ND 11.55 9.67 9.67 3.76
Irrigation Pile - hot (before irrigation) 6-51-2H 130.82 7.23 8.81 8.02 11.59 223.40 276.01 287.60 147.46
Irrigation Pile - hot (after irrigation) 10-74-2H 98.15 7.13 8.73 7.93 10.35 35.70 36.86 47.21 18.38
Control Pile 7 cold 16-67-3C 75.68 351 4.75 4.13 5.48 221.30 220.60 226.08 68.86
Control Pile 7 _hot 55-73-3H 389.24 3.36 4.58 3.97 4.90 189.60 193.21 198.12 294.86
Interactive Pile - cold 18-60-4C 62.35 1.75 231 2.03 2.59 16.37 13.01 15.59 3.96
Interactive Pile i _hot 59-25-4H 369.15 1.58 2.04 1.81 2.51 56.10 56.60 59.11 83.49
Reduced size Pile i cold 46-62-5C 285.85 1.73 2.59 2.16 2.86 78.10 76.13 79.00 86.74
Reduced size Pile i _hot 50-32-5H 56.33 4.74 5.37 5.05 6.63 165.00 180.66 187.29 43.36
DAY 10

Pesudo Biofilter Pile i cold 11-75-1C 21.80 1.62 1.70 1.66 2.30 4.74 4.64 6.94 0.70
Pesudo Biofilter Pile i hot 42-4-1H 35.05 13.48 21.39 17.44 23.61 331.50 405.23 428.84 64.84
Irrigation Pile - hot (open Chamber) 39-17-2 66.24 1.78 1.67 1.73 2.65 8.78 9.39 12.04 3.24
Irrigation Pile - hot (before irrigation) 33-20-2H 98.33 4.72 7.34 6.03 8.39 243.10 272.41 280.80 109.54
Irrigation Pile - hot (after irrigation) 23-66-2H 66.24 9.01 12.88 10.94 14.96 158.33 171.74 186.71 50.21
Control Pile i cold 12-36-3C 63.61 1.94 2.14 2.04 2.79 25.66 26.87 29.66 7.68
Control Pile’i hot 31-34-3H 57.32 9.77 13.06 11.42 15.23 313.90 397.15 412.38 97.01
Control Pile (after turn over) 70-41-3 103.50 58.15 62.70 60.42 79.24 1254.74 1412.80 1492.04 611.16
Control Pile (2nd sample after turn over) | 38-16-3 109.57 33.56 29.55 31.55 41.98 868.50 937.62 979.60 423.71
Interactive Pile - cold 8-78-4C 190.33 2.26 2.22 2.24 3.27 35.52 38.18 41.46 30.57
Interactive Pile - hot 82-14-4H 44.67 551 6.75 6.13 8.30 84.70 93.79 102.08 19.14
Reduced size Pile - cold 34-37-5C 753.51 1.68 2.36 2.02 2.76 55.50 57.95 60.71 173.84
Reduced size Pile - hot 3-53-5H 444.45 4.04 4.85 4.45 6.42 86.00 96.03 102.45 173.83
DAY 15

Pesudo Biofilter Pile - cold 68-97-1C 297.49 0.00 7.58 7.82 7.82 8.93
Pesudo Biofilter Pile - hot 71-94-1H 73.01 1.57 1.55 1.56 2.09 9.39 9.33 11.42 3.36
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Appendix C. Field Emission Data for NMNECOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO

Total Gaseous Flux

Flow C1 C Avg Cnmneo Ceconverted vOC (mg/mz'
SOURCE Sample ID (Ilpm)® | (ppmv) (ppmv) (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)
Irrigation Pile - hot (open Chamber) 7-85-2 201.97 | ND ND ND ND 10.30 11.14 11.14 8.71
Irrigation Pile - hot (before irrigation) | 20-88-2H 93.77 2.37 3.66 3.01 3.88 72.40 88.60 92.47 34.48
Irrigation Pile - hot (after irrigation) 17-102-2H 60.02 4.68 5.40 5.04 6.11 30.86 33.03 39.14 9.61
Control Pile - cold 64-104-3C 84.36 1.69 1.97 1.83 2.48 67.09 68.98 71.46 24.11
Control Pile - hot 76-91-3H 314.77 3.46 5.18 4.32 6.06 159.10 221.14 227.21 274.27
Interactive Pile - cold 61-96-4C 681.83 | ND ND ND ND 8.87 9.34 9.34 24.21
Interactive Pile - hot 79-92-4H 251.13 4.65 4.69 4.67 6.29 73.62 93.64 99.93 96.62
Reduced size Pile - cold 73-100-5C 739.47 14.25 14.52 14.39 18.90 12.21 12.79 31.69 89.08
Reduced size Pile - hot 74-105-5H 528.34 1.57 1.88 1.72 2.28 23.00 26.36 28.64 57.66
DAY 22
QC Blank Sample 32-105-B 0.00 | ND ND ND ND 3.46 3.33 3.33 0.06
Pesudo Biofilter Pile - cold 46-83-1C 17.48 1.73 1.73 1.73 2.39 5.78 6.21 8.60 0.73
Pesudo Biofilter Pile - hot 3-93-1H 22.39 4.60 5.65 5.13 7.56 82.67 102.82 110.38 11.41
Irrigation Pile - hot (open Chamber) 30-89-2 114.56 | ND ND ND ND 4.55 5.09 5.09 2.30
Irrigation Pile - hot (before irrigation) | 34-84-2H 202.46 1.87 2.42 2.14 2.84 70.63 82.13 84.96 66.54
Irrigation Pile - hot (after irrigation) 47-109-2H 114.56 1.43 0.90 1.16 1.58 20.46 21.99 23.57 10.64
Control Pile - cold 65-106-3C 182.20 1.35 1.23 1.29 1.89 19.10 21.44 23.33 16.49
Control Pile - hot 54-99-3H 114.01 3.67 4.75 4.21 5.42 102.81 117.65 123.08 55.29
Interactive Pile (after turn over, 1st
sample) 35-95-4 26.23 31.32 28.56 29.94 43.20 842.21 1183.77 1226.97 144.64
Interactive Pile (after turn over, 2nd
sample) 51-87-4 31.41 18.85 19.63 19.24 28.17 751.62 1016.22 1044.39 143.53
Interactive Pile - cold 31-101-4C 74.41 4.21 4.69 4.45 6.12 100.08 128.28 134.40 40.29
Interactive Pile - hot 11-82-4H 168.45 9.52 10.15 9.83 13.62 192.89 229.80 243.42 159.39
Reduced size Pile - cold 24-110-5C 211.77 1.19 1.19 1.19 1.66 47.60 53.97 55.63 45.53
Reduced size Pile - hot 8-98-5H 238.18 1.21 0.68 0.95 1.36 13.29 13.64 15.00 13.77
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Appendix C. Field Emission Data for NMNECOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO
Total Gaseous Flux
Flow C1 C2 Avg Cnmneo Ceconverted vOC (mg/mz'

SOURCE Sample ID (lpm)® | (ppmv) | (ppmv) | (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)

DAY 29 (06 July)

Pesudo Biofilter Pile - hot 72-168-1H 70.71 7.54 8.11 7.82 10.19 115.70 166.65 176.84 50.55
Irrigation Pile - hot (open Chamber) 62-160-2 247.61 3.08 3.08 3.08 3.88 7.04 6.58 10.46 9.97
Irrigation Pile - hot (before irrigation) | 4-165-2H 162.08 1.57 1.57 1.57 2.39 27.42 31.76 34.15 21.54
Irrigation Pile - hot (after irrigation) 56-159-2H 154.82 2.08 2.08 2.08 2.68 7.82 8.25 10.93 6.60
Control Pile - cold 78-166-3C 95.52 1.57 1.57 1.57 2.19 5.39 5.81 8.00 3.04
Control Pile - hot 22-167-3H 318.51 2.40 2.40 2.40 3.40 25.70 29.96 33.36 40.74
Control Pile (after turn over) 63-153-3 51.53 8.90 9.83 9.37 13.14 253.40 329.91 343.06 73.21
Interactive Pile - cold 15-161-4C 170.50 1.52 2.07 1.79 2.33 35.65 37.17 39.50 26.17
Interactive Pile - hot 26-164-4H 241.24 3.21 2.93 3.07 4.20 60.55 73.26 77.47 72.01
Interactive Pile (after turn over) 27-152 72.67 8.06 9.29 8.68 11.82 187.10 243.08 254.89 74.74
Reduced size Pile - cold 67-151-5C 828.47 1.66 1.66 1.66 2.25 5.82 5.90 8.15 25.65
Reduced size Pile - hot 58-158-5H 430.49 3.65 3.62 3.64 4.94 10.64 11.71 16.66 27.39
DAY 36 (July 13)

QC Blank Sample 60-185-B 0.00 8.15 2.50 5.32 7.58 3.43 3.54 11.12 0.21
Pesudo Biofilter Pile - cold 28-196-1C 21.02 1.98 1.98 1.98 2.52 4.33 4.02 6.54 0.64
Pesudo Biofilter Pile - hot 53-186-1H 29.51 6.17 6.00 6.09 7.60 82.90 89.11 96.71 12.60
Irrigation Pile - hot (open Chamber) 43-192-2 101.38 | ND ND ND ND 3.32 341 341 1.37
Irrigation Pile - hot (before irrigation) | 48-189-2H 261.61 3.26 2.68 2.97 4.18 61.80 79.93 84.11 84.65
Irrigation Pile - hot (after irrigation) 42-183-2 101.38 6.34 4.86 5.60 7.73 50.30 61.20 68.93 27.68
Control Pile - cold 14-187-3C 62.23 2.85 2.68 2.76 3.89 45.75 50.99 54.89 13.93
Control Pile - hot 7-195-3H 133.02 3.98 5.00 4.49 6.33 97.43 117.74 124.06 64.64
Control Pile (after turn over) 66-193-3 70.72 4.97 4.56 4.76 6.83 127.50 160.25 167.08 47.76
Interactive Pile (after turn over) 75-1914 62.63 4.45 5.36 4.90 7.21 151.80 218.73 225.94 57.69
Interactive Pile - cold 74-180-4C 412.45 | ND ND ND ND 55.45 62.75 62.75 98.89
Interactive Pile - hot 23-199-4H 113.04 3.46 3.68 3.57 4.89 67.19 80.51 85.40 38.05
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Appendix C. Field Emission Data for NMNECOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO
Total Gaseous Flux
Flow C1 C2 Avg Cnmneo Ceconverted vOC (mg/mz'

SOURCE Sample ID (Ilpm)® | (ppmv) (ppmv) | (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)
Reduced size Pile - cold 19-190-5C 450.93 1.69 1.69 1.69 2.30 20.72 21.14 23.44 40.35
Reduced size Pile - hot 38-188-5H 394.20 1.87 1.87 1.87 2.69 28.56 33.68 36.37 54.82
Day 41 (July 18)

QC Blank Sample 27-206-B 0.01 | ND ND ND ND 15.58 13.09 13.09 0.25
Pesudo Biofilter Pile - cold 15-184-1C 25.69 1.14 1.14 1.14 1.48 28.60 28.82 30.30 3.51
Pesudo Biofilter Pile - hot 21-197-1H 90.12 5.46 7.18 6.32 9.15 11.10 13.08 22.23 7.98
Irrigation Pile - hot (open Chamber) 73-214-2 82.75 | ND ND ND ND 21.88 23.01 23.01 7.62
Irrigation Pile - hot (before irrigation) | 62-210-2H 271.55 | ND ND ND ND 40.90 42.60 42.60 44.48
Irrigation Pile - hot (after irrigation) 56-219-2H 82.75 1.30 1.73 1.52 2.04 30.12 35.81 37.86 12.54
Control Pile - cold 4-209-3C 33.12 | ND ND ND ND 15.97 18.16 18.16 2.61
Control Pile - hot 22-208-3H 145.21 2.07 2.07 2.07 2.93 77.70 97.53 100.46 56.97
Control Pile (after turn over) 58-203-3 55.29 5.96 5.96 5.96 8.26 175.20 240.15 248.41 56.54
Interactive Pile - cold 78-216-4C 76.60 1.19 1.19 1.19 1.73 60.33 74.41 76.14 23.45
Interactive Pile - hot 26-207-4H 216.95 1.33 1.32 1.32 1.87 34.30 41.67 43.54 36.48
Interactive Pile (after turn over) 65-202-4 54.98 1.96 3.30 2.63 3.68 75.80 100.45 104.12 23.58
Reduced size Pile - cold 72-215-5C 417.11 | ND ND ND ND 8.80 10.82 10.82 17.24
Reduced size Pile - hot 67-213-5H 191.64 | ND ND ND ND 20.90 24.26 24.26 18.01
Day 50 (July 27)

QC Blank Sample 37-201-B 0.01 | ND ND ND ND 8.91 8.50 8.50 0.16
Pesudo Biofilter Pile - cold 50-205-1C 29.37 | ND ND ND ND 18.32 16.97 16.97 2.20
Pesudo Biofilter Pile - hot 35-200-1H 84.77 3.16 3.14 3.15 4.38 69.30 99.98 104.36 35.37
Irrigation Pile - hot (open Chamber) 51-236-2 357.95 | ND ND ND ND 25.56 24.15 24.15 33.09
Irrigation Pile - hot (before irrigation) | 11-194-2H 433.90 | ND ND ND ND 11.10 13.28 13.28 22.01
Irrigation Pile - hot (after irrigation) 54-235-2H 357.95 | ND ND ND ND 74.38 90.80 90.80 124.41
Control Pile - cold 3-204-3C 16.08 | ND ND ND ND 29.51 31.79 31.79 2.53
Control Pile - hot 76-198-3H 71.44 1.85 2.32 2.09 2.66 10.10 10.33 12.98 3.75
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Appendix C. Field Emission Data for NMNECOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO

Total Gaseous Flux

Flow C1 C2 Avg Cnmneo Ceconverted vOC (mg/mz'
SOURCE Sample ID (Ilpm)® | (ppmv) (ppmv) | (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)
Control Pile (after turn over) 30-211-3 179.78 2.30 2.76 2.53 3.77 93.90 125.64 129.41 90.27
Interactive Pile - cold 13-237-4C 106.74 | ND ND ND ND 18.44 21.84 21.84 9.21
Interactive Pile i _hot 82-238-4H 141.02 | ND ND ND ND 20.07 25.65 25.65 14.14
Interactive Pile (after turn over) 32-212-4 235.35 2.56 2.50 2.53 3.62 77.00 104.91 108.53 98.48
Reduced size Pile i cold 8-231-5C 506.88 | ND ND ND ND 9.51 11.74 11.74 22.68
Reduced size Pile i _hot 59-230-5H 141.41 | ND ND ND ND 34.70 39.46 39.46 21.81
Day 64 - (August 10)
QC Blank Sample 48-313-B 0.02 | ND ND ND ND 8.07 8.04 8.04 0.15
Pesudo Biofilter Pile - cold 14-314-1C 67.83 | ND ND ND ND 19.40 21.22 21.22 5.84
Pesudo Biofilter Pile i _hot 42-315-1H 104.90 1.31 1.31 1.31 1.97 11.79 14.82 16.79 6.97
Irrigation Pile - hot (open Chamber) 55-308-2 325.44 | ND ND ND 13.02 13.11 13.11 16.35
Irrigation Pile - hot (before irrigation) | 70-302-2H 51.06 1.28 1.28 1.28 1.79 31.30 36.88 38.67 8.19
Irrigation Pile - hot (after irrigation) 17-300-2H 325.44 1.22 1.22 1.22 1.63 | NA NA NA NA
Control Pile 7 cold 18-316-3C 26.04 | ND ND ND 17.83 22.53 22.53 2.64
Control Pile 7 _hot 7-303-3H 18.78 2.09 2.09 2.09 3.08 12.10 13.87 16.95 1.52
Interactive Pile i cold 66-317-4C 27.43 1.17 1.17 1.17 1.56 17.22 17.97 19.52 2.39
Interactive Pile i _hot 19-319-4H 68.54 141 141 141 2.07 35.50 46.20 48.27 13.40
Reduced size Pile i cold 43-310-5C 29.31 | ND ND ND ND 16.97 18.60 18.60 241
Reduced size Pile i _hot 23-301-5H 286.44 | ND ND ND ND 27.00 32.96 32.96 36.26
Day78 (August 24)
QC Blank Sample 50-352-B 0.00 | ND ND ND ND 6.71 6.85 6.85 0.13
Pesudo Bidfilter Pile - cold 76-350-1C 161.62 | ND ND ND ND 25.60 27.96 27.96 17.59
Pesudo Biofilter Pile i _hot 54-357-1H 79.83 | ND ND ND ND 26.90 32.89 32.89 10.53
Irrigation Pile - hot (open Chamber) 4-354-20P 223.46 | ND ND ND ND 6.87 6.50 6.50 5.61
Irrigation Pile - hot (before irrigation) | 16-355-2H 172.75 | ND ND ND ND 16.00 19.36 19.36 12.99
Irrigation Pile - hot (after irrigation) 3-309-2H 223.46 1.18 1.18 1.64 11.45 13.70 15.34 13.23
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Appendix C. Field Emission Data for NMNECOC (cont.)

NMNEO Canister NMNEO Trap TNMNEO

Total Gaseous Flux

Flow C1 C2 Avg Cnmneo Ceconverted vOC (mg/mz'
SOURCE Sample ID (lpm)® | (ppmv) | (ppmv) | (ppmv) as C TOC (mg/l) (ppmv) Ciotat (ppmC) | min)
Control Pile 7 cold 15-356-3C 33.62 | ND ND ND ND 9.69 10.88 10.88 1.59
Control Pile 7 hot 30-351-3H - * ND ND ND ND 42.00 53.30 53.30 --*
Control Pile (after turn over) 63-318-3 87.60 1.65 1.65 1.65 2.40 61.90 77.93 80.33 28.08
Interactive Pile i _cold 13-358-4C 100.90 | ND ND ND ND 7.50 8.98 8.98 3.59
Interactive Pile i_hot 53-353-4H 268.27 | ND ND ND ND 24.14 29.53 29.53 30.46
Interactive Pile (after turn over) 51-312-4 128.69 | ND ND ND ND 24.50 29.70 29.70 14.99
Reduced size Pile i cold 35-305-5C 305.53 1.29 1.29 1.29 1.94 9.92 11.90 13.84 16.22
Reduced size Pile i hot 27-306-5H 442.69 1.34 1.34 1.34 1.86 9.81 10.70 12.56 21.22
Day99- (SEP 14)
QC Blank Sample 2-412-B 0.01 | ND ND ND ND 7.50 8.63 8.63 0.16
Pesudo Biofilter Pile - cold 78-400-1C 30.63 | ND ND ND ND 12.34 13.50 13.50 1.82
Pesudo Biofilter Pile i hot 23-411-1H 31.63 1.22 1.00 111 1.70 8.23 9.83 11.53 1.59
Irrigation Pile - hot (open Chamber) | 14-403-2 312.20 | ND ND ND ND 7.11 7.08 7.08 8.47
Irrigation Pile - hot (before
irrigation) 7-401-2H 172.91 1.26 1.19 1.22 1.84 3141 38.59 40.43 27.16
Irrigation Pile - hot (after irrigation) | 11-414-2H 312.20 | ND ND ND ND 9.24 10.91 10.91 13.06
Control Pile i cold 70-413-3C 492.84 | ND ND ND ND 8.14 8.23 8.23 15.46
Control Pile’i hot 28-402-3H 429.31 1.32 1.15 1.24 1.73 17.70 20.66 22.39 36.71
Control Pile (after turn over) 66-407-3T 66.38 1.53 1.31 1.42 1.95 21.90 24.90 26.85 7.23
Interactive Pile i cold 37-415-4C 418.75 | ND ND ND ND 9.56 11.49 11.49 18.37
Interactive Pile i_hot 55-405-4H 72.33 1.07 1.40 1.24 1.67 9.35 10.04 11.71 3.42
Interactive Pile (after turn over) 82-417-4T 566.92 1.74 1.36 155 2.14 28.70 33.10 35.24 76.10
Reduced size Pile i cold 59-416-5C 447.65 | ND ND ND ND 9.45 10.85 10.85 18.55
Reduced size Pile i _hot 10-406-5H 656.69 1.24 1.24 1.24 1.70 25.00 26.58 28.28 70.64

*Trace gas helium was not detected in the sample and therefditextbennot be calculated

& Copied from Appendix A

NA i Run out of sample for analysis
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ND 7 Not detected

ATHe total VOC as equavalent to gaseous carbon is the sum of VOC from condensation trap water and VOC fronTbardsteunt of organic carbas part per million by volume (ppmv) as

gaseous carbon in the condensation trap is calculated using the following equation:

_ G3Vi® PR3V
" VR(R-R)EA
where

A. = atomic weight of carbon (12.01 g/mol)
Cw = gaseous concentration of TOC as ppmv as carbon in csaidetrap water
Ci = TOC concentration ing/ml of condensate trap
(Assume TOC concentratiorg/g =ng/ml at 4 C)
Vi = volume of condensate trap water in ml
Viq = volume of ideal gas per mole at £5(24.4652 I/mole)
V.= volume of the Summaaaister in liters (6L)
P,= atmospheric pressure in mm Hg (760 mmHg)
P, = return pressure in mm Hg
P, = evacuated canister pressure in mmHg
y The total VOC as equivalent to gaseous carbon is the summary of VOC from condensation trap water and ¢@tstesnit should be noted that the VOC from canister (Equation 2) is
expresses as ppmv of butangHg), and therefore it needs to be converted to ppmv as carbon before the summation based on the following equations:
c =c> MW (4C)
MW(C,H,)
where
Cc-c = end of VOC concentration in canister as ppmv carbon

MW = molecular weight (C: 12 g/mole48.q: 58 g/mole)
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Appendix C-a. Pressure readings of canistefs before, after sampling and prior to
analysis; and condensaté&rap volumes after each sampling.

SOURCE Sample ID | P (mmHgQ) NMNEO
Trap
Po P, Ps V (ml)

DAY 1 (June 08)

Control 63-65-control -738.89| -190.00 162.00 1.58
1-Cold 1542-1C -740.66 -17.00 162.00 1.98
1-High 61-71-1H -738.89| -200.00 153.00 2.18
2-Cold 3549-2C -741.43 -61.00 157.00 2.31
2-High 51-77-2H -739.65| -174.00 145.00 1.36
3-Cold 68-9-3C -738.12| -141.00 141.00 2.13
3-High 64-39-3H -740.66| -161.00 153.00 2.18
4-Cold 56-5-4C -738.89| -314.00 147.00 1.75
4-High 38-63-4H -738.89| -209.00 147.00 2.00
5-Cold 62-3-5C -738.12| -157.00 147.00 2.05
5-High 36-22-5H -740.66 -28.00 150.00 1.91
DAY 2 (June 09)

1-Cold (with biofilter) 60-8-1C -738.89| -157.00 155.00 2.03
1-High(with biofilter) 22-181H -737.11| -214.00 161.00 2.26
2-Open Chamber, after 10 min irrigation | 67-40-2 -738.12| -197.00 159.00 1.94
2-High (before irrigation) 66-61-2H -738.12| -224.00 153.00 1.93
2-High (after 10 min irrigation) 21-52-2H -740.66| -210.00 152.00 2.02
3-Cold 27-21-3C -737.11| -206.00 151.00 1.74
3-High 20-29-3H -738.12| -188.00 161.00 2.08
4-Cold 17-68-4C -737.11| -179.00 158.00 2.12
4-High 4-38-4H -739.65| -135.00 158.00 2.13
5-Cold 7-12-5C -737.11| -196.00 150.00 2.00
5-High 70-47-5H -738.89| -193.00 148.00 2.00
DAY 3 (June 10)

1-Cold (with biofilter) 73191C -738.89| -189.00 161.00 1.97
1-High(with biofilter) 71-2-1H -738.12| -169.00 156.00 2.05
2-open (after 20 min irrigation) 5846-2 -742.19| -184.00 158.00 2.22
2-High(before irrigation) 7555-2H -738.12| -181.00 150.00 2.13
2-High(after irrigation) 79-23-2H -738.89| -192.00 149.00 2.09
3-Cold 74-30-3C -738.12| -129.00 157.00 1.98
3-High 26-76-3H -737.11| -174.00 156.00 2.30
4-Cold 72-33-4C -741.43| -169.00 152.00 1.97
4-High 76-27-4H -738.12| -195.00 150.00 2.18
5-Cold 81-155C -738.12 -47.00 224.00 2.01
5-High 78-6-5H -738.12| -196.00 151.00 2.22
DAY 5 (June 12)

Control 13-24-Control -739.65| -255.00 151.00 1.75
1-Cold (with biofilter) 25481C -738.12 -91.00 149.00 1.95
1-High(with biofilter) 57-79-1H -738.89| -214.00 150.00 2.13
2-open (after 20 min irrigation, Low P) 2-11-2 -737.11| -212.00 157.00 211
2-High (before irrigation) 30-56-2H -740.66| -194.00 152.00 2.54
2-High (after 20min irrigation, P low) 47-31-2H -739.65| -135.00 154.00 2.34
3-Cold 43-45-3C -743.97| -184.00 151.00 2.07
3-High 1-1-3H -739.65| -140.00 150.00 2.09
4-Cold 5-72-4C -737.11| -247.00 158.00 2.04
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Appendix C-a. Pressure readings of canistefs before, after sampling and prior to
analysis; and condensate trap volumes after eacdampling. (cont.)

SOURCE Sample ID | P (mmHgQ) NMNEO
Trap
DAY 5 (June 12)(cont.) Pg P, Ps V (ml)
4-High 24-44-4H -737.11| -130.00/ 150.00 241
5-Cold 41-545C -738.89| -164.00/ 159.00 2.02
5-High 37-50-5H -738.89| -113.00/ 157.00 2.18
DAY 7 (June 14)
1-Cold (with biofilter) 32-70-1C -739.65| -190.00| 154.00 1.89
1-High(with biofilter) 65-26-1H -738.89| -191.00/ 151.00 2.27
2-open (after 20 min irrigation) 54-57-2 -743.20| -169.00 161.00 1.86
2-High (after 20min irrigation, P good) 10-74-2H -738.12| -169.00 159.00 2.28
2-High (before irrigation) 6-51-2H -737.11| -228.00 152.00 2.44
3-Cold 16-67-3C -740.66| -180.00| 158.00 2.17
3-High 55-73-3H -739.65| -135.00/ 162.00 2.39
4-Cold 18-60-4C -740.66| -162.00/ 150.00 1.78
4-High 59-254H -738.89| -198.00| 167.00 2.12
5-Cold 46-62-5C -743.97| -187.00| 149.00 2.10
5-High 50-32-5H -740.66| -175.00) 157.00 2.40
DAY 10 (June 17)
1-Cold (with biofilter) 11-751C -740.66| -207.00| 153.00 2.02
1-High(with biofilter) 42-4-1H -745.74| -194.00| 157.00 2.61
2-open (after 20 min irrigation, P high) 39-17-2 -738.00| -253.00 162.00 2.01
2-High (before irrigation) 33-20-2H -738.89| -209.00 152.00 2.30
2-High (after irrigation) 23-66-2H -741.43| -200.00| 153.00 2.28
3 (after turn over) 70-41-3 -738.12| -177.00| 151.00 2.45
3(2nd sample after turn over) 3816-3 -738.12| -182.00 156.00 2.33
3-Cold 12-36-3C -739.65| -200.00| 153.00 2.19
3-High 31-34-3H -738.12| -186.00| 152.00 2.71
4-Cold 8-78-4C -737.11| -231.00| 157.00 2.11
4-High 82-14-4H -738.12| -192.00| 155.00 2.34
5-Cold 34-37-5C -740.66| -201.00| 151.00 2.18
5-High 3-53-5H -738.12| -225.00| 157.00 2.22
DAY 15 (June 22)
1-Cold (with biofilter) 68-97-1C -730.76| -197.00| 153.00 2.14
1-High(with biofilter) 71-94-1H -737.62| -175.00f 173.00 2.17
2-open(after 20 min irrigation) 7-85-2 -738.38| -208.00 149.00 2.22
2-High (before irrigation) 20-88-2H -738.12| -162.00 158.00 2.73
2-High(after 20 min irrigation, P medium)| 17-102-2H -739.65| -138.00 141.00 2.50
3-Cold 64-104-3C -738.00f -194.00| 152.00 2.17
3-High 76-91-3H -728.98| -204.00| 162.00 2.83
4-Cold 61-96-4C -738.89| -189.00| 155.00 2.24
4-High 79-92-4H -737.62| -192.00| 150.00 2.69
5-Cold 73-1005C -740.92| -169.00| 167.00 2.32
5-High 74-1055H -738.12| -181.00| 154.00 2.47
DAY 22 (June 29)
Control 32-105-cont -738.38| -174.00| 154.00 2.11
1-Cold (with biofilter) 46-83-1C -738.38| -205.00| 150.00 2.22
1-High(with biofilter) 3-93-1H -740.16| -214.00| 197.00 2.54
2-open (after 20 min irrigation) 30-89-2 -739.39| -242.00 158.00 2.16
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Appendix C-a. Pressure readings of canistefs before, after sampling and prior to
analysis; and condensate trap volumes after each sampling. (cont.)

SOURCE Sample ID | P (mmHgQ) NMNEO
Trap

DAY 22 (June 29 (cont.) Pg P, Ps V (ml)
2-High (before irrigation) 34-84-2H -734.06| -176.00 158.00 2.51
2-High(after 20 min irrigation, P good) 47-109-2H -738.38| -197.00 148.00 2.26
3-Cold 65-106-3C -740.16| -238.00/ 150.00 2.19
3-High 54-99-3H -739.39| -168.00/ 151.00 2.53
4 (after turn over, 1st sample) 35954 -737.62| -228.00 151.00 2.78
4 (after turn over, 2nd sample) 51-87-4 -738.12| -235.00 152.00 2.64
4-Cold 31-101-4C -740.16] -206.00| 148.00 2.65
4-High 11-82-4H -739.39| -207.00| 152.00 2.46
5-Cold 24-1105C -734.06] -208.00/ 151.00 2.31
5-High 8-98-5H -740.16| -204.00| 191.00 2.13
DAY 29 (06 July)

1-Cold (with biofilter) 21-1691C -738.12| -162.00) 139.00 2.19
1-High(with biofilter) 72-1681H -738.89| -170.00| 157.00 3.18
2-open (after 20 min irrigation) 62-160-2 -738.89| -161.00 141.00 2.09
2-High (before irrigation) 4-1652H -741.93| -195.00 264.00 2.46
2-High(after 20 min irrigation, P good) 56-159-2H -737.62| -176.00 139.00 2.30
3 (after turn over 15 min) 631533 -737.11] -211.00f 155.00 2.65
3-Cold 78-166-3C -737.11] -217.00f 141.00 2.17
3-High 22-167-3H -737.62| -217.00] 154.00 2.35
4(after turn over 15min) 27-152 -738.12| -202.00f 144.00 2.70
4-Cold 15161-4C -738.89| -175.00f 147.00 2.28
4-High 26-164-4H -738.12] -206.00] 142.00 2.50
5-Cold 67-151-5C -738.89| -180.00f 177.00 2.20
5-High 581585H -739.65| -203.00f 142.00 2.29
DAY 36 (July 13)

1-Cold (with biofilter) 28-196:1C -749.30] -170.00f 145.00 2.09
1-High(with biofilter) 53-186-1H -723.90| -147.00f 147.00 2.40
2-High (before irrigation) 48-189-2H -731.52| -206.00 161.00 2.63
2-High(after 20 min irrigation, P good) 42-1832 -736.60| -204.00 152.00 2.51
2-open (after 20 min irrigation) 43-192-2 -711.20| -185.00 152.00 2.10
3 (after turn over 15 min) 66-193-3 -736.60| -227.00] 146.00 2.48
3-Cold 14-187-3C -711.20| -208.00f 145.00 2.17
3-High 7-1953H -716.28| -211.00f 144.00 2.37
4(after turn over 15min) 751914 -741.68| -214.00f 196.00 2.95
4-Cold 74-1804C -711.20] -201.00f 140.00 2.24
4-High 23-1994H -731.52] -203.00f 143.00 2.45
5-Cold 19-1905C -756.92| -207.00f 150.00 2.17
5-High 38-188-5H -749.30] -239.00f 138.00 2.33
Control 60-185-contrl -731.52] -217.00f 154.00 2.06
Day 41 (July 18)

1-Cold (with biofilter) 151841C -740.16| -186.00] 134.00 2.16
1-High(with biofilter) 21-197-1H -742.70] -241.00f 135.00 2.29
2-High (before irrigation) 62-210-2H -739.39| -197.00 163.00 2.19
2-High(after 20 min irrigation, P good) 56-219-2H -739.39| -203.00 135.00 2.47
2-open (after 20 min irrigation) 732142 -742.70| -204.00 139.00 2.20
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