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INTRODUCTION

This Technical Summary Report documents area source emission tests conducted by the
Califomia Integrated Waste Management Board (CIWMB) and supported by the South Coast Air
Quality Management District (SCAQMD) on greenwaste composting operations. The tests were
conducted to evaluate Best Management Practices (BMP) for greenwaste composting operations .
that would result in reduced air emissions. Test procedures were designed to evaluate feedstock
blends and aeration techniques and to determine how changing these variahles affects air
emissions from the compost. In addition to feedstock blends and aeration techniques, there are
numerous operating variables in the composting process that can affect air emissions such as
temperature, moisture, pH, and pile shape and size. However, due to the difficulty of isolating
variables, the costs agsociated with testing source emissions, and limited finding, feedstock
blends and aeration techniques were chosen as common variables that greenwaste composters
could control. An effort was made to hold all other variables constant as much as possible,

DESCRIPTION OF TESTS

The tests were hosted by Tierra Verde Industries (TVI), a greenwaste composting facility located -
in Irvine, California. TVI constructed custom windrows and followed prescribed operating
procedures during the test to simulate various composting environments, Emissions testing were
conducted on four standard sized, full-scale windrows. Figure 1 shows two of the test windrows.
Feedstock materials for the windrows were prepared and weighed on October 25, 2002,

windrows were constructed on October 26, 2002, Table 1 provides a description of each
windrow. (Note that the test conditions are not reflective of TVI's normal operation and

therefore emission results from the tests have no relationship to expected emissions at the TVI

facility.)
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Figure 1; Two test windrows at Tiemra Verde Industries
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Carbon-to-Nitrogen Ratio

Test variables included feedstock blends, aeration techniques, and test pile age. Feedstock
blends were controlled by the amount of grass clippings (curbside greenwaste) and the amount of
~" ' woody waste (some grass clippings, but mostly leaves, brush, and wood) that were mixed
together before composting. Feedstock blends were characterized by measuring the carbon-to-
nitrogen ratio (C:N) in the mixture of materials. Two altematives of feedstock hlends were
tested: high C:N materials and low C:N materials. To achieve a high C:N blend of matetials,
TVI mixed predominately woody waste with some grass clippings. To achieve a low C:N blend
of materials, TVI mixed predominately grass clippings with some wood waste.

Aeration

Two agration techniques were evaluated during the tests, static pile and turned pile. Two static
pile windrows were formed to standard, full-scale dimensions and then were allowed to self-
acrate by natural convection only for the entire composting life cycle. Tumed pile operation
involved two windrows that were constructed to the same shape and dimensions as the static pile
windrows but wete o - . .
turned with & Scarab to “WM“;T@WWWW o il
provide acration. The g W@“ W pREeRh il il

tumed windrows were @ﬁwﬂw e

turned approxjmately
three times per week
dependent on
temperature. Due to
the decrease in
windrow temperature
~ that occurs during
turning, timings were
conducted when
windrow temperatures
were high enough to
withstand turming and
still maintain 131°F
needed for pathogen
reduction requirements.

Figure 2: Scarab tuming test windrow.

Pile Age

The four test windrows were allowed to remain in place for a nominal 100-day life cycle. Area
source emission tests were concentrated on the initial phase of composting where emissions were
expected to be higher. Since life cycle analysis of emissions was not the intent of these tests, not
enough data was collected to complete an accurate analysis of how emissions change over the
entire 100-day compost cycle. Rather, emissions from the first week of composting (Day 3 and
Day 4) can be compared to emissions from the second week of composting (Day 11 and Day 12).
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_Table 1: Description of Test Windrows

Designation Aeration Description Feedstock Blend Description
Technigue

Row 1 Static Not turned; natural Low C:N Greenwaste,
convection only s clippings

Row 2 Tumed Mechanically turned; Low C:N Grecawaste,
Scarab, ~3 times/week s clippin;

Row 3 Static Not tumed; natural High C:N Woody waste
convection only

Row 4 Turned Mechanically turned; High CN Woody waste
Scarab, ~3 times/week

Windrow Dimensions and Weight

The four test windrows were constructed to approximately the same dimensions in rough
trapezoidal shapes that were 105 to 120 feet long, 13 feet wide, and 6 feet high. Feedstock
materials were blended together to fonn two compost windrows with high C:N ratios and two
compost windrows with low C:N ratios. Feedstock materials in the blends included: grass
clippings from curbside collection, fines collected after grinding curbstde greenwaste, mulch-
type materials from landscapers, and wood wasie. Prior to construction of the windrows, the
feedstock blend for each windrow was weighed at the scale house. The two windrows with low
C:N ratios were comprised of roughly 50% curbside fines, 40% grass clippings, and 10% wood
waste. The two windrows with high C:N ratios were comprised of 50% landscapers mulch

materials and sovm amount of matetial in each of the four windrows .
weighed between %) . or approximately 73 tons. CTWMB staff observed the

construction of the test windrows on October 26, 2002, Figure 2 below shows informationon

the dimensions and the amount of material placed in each windrow.
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~ Row 1 = 50% curbside fines, 40% grass clippings, 10% wood = 146,570 |bs
Row 2 = 50% curbside fines, 40% grass clippings, 10% wood = 147,610 Ibs

. 1' i S e
Rogﬂ Row2 - =
Static Gresn Turned Gresn

1206

Row 3 = 50% mulch, 50% wood = 146,080 Ibs
Row 4 = 50% mulch, 50% wood = 147, 570 Ibs

13

Row 3 :
Static Wood/Green Turned Wood/Grean

Figure 3: Diagram of Windrow Diﬁlensions and Amounts of Materials

Emissions Testing

Source emissions tests were conducted to determine if there is a reduction in emissions from
greenwaste compost windrows by controlling feedstock blends (high vs. low C:N ratio) and
aeration techniques (static vs. turned). All four windrows were tested at mulfiple locations
during the first week of composting and during the second week of composting. Tests were
conducted on Day3/Day 4 and Day 11/Day 12. Each windrow was tested at 6 locations, which
included the windrow ridge-top or vented locations and windrow sides or non-vented locations.
Ammonia, volatile/semi-volatile organic compounds (VOC/SVQCs), and odor were sampled to
describe air emissions from the test windrows. The air emission tests were performed by Dr.

C e -
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Chuck E. Schmidt, an independent consultant contracted with CTIWMB, and samples were
analyzed af independent laboratories. The SCAQMD also provided laboratory analyses for some
. of the air emission samples
including fixed gas analyses on
the windrows and for
performance evaluation samples.
Mr. Mike Garibay, SCAQMD
Senior Air Quality Engineer and
other SCAQMD staff observed
parts of the testing.

Figure 4: Isolation flux chambers test emissions at multiple locations.

Solids Testing

Compost materials were tested in the windrows to determine the C:N ratio of the feedstock
blends and to measure other physical characteristics of the solid materials such as bulk density,
moisture content, total solids, and volatile solids. All four windrows were tested at multiple
locations during the first week of composting, during the second week of composting, and at the
end of the composting life cycle. Tests were conducted on Day3/Day 4 and Day 11/Day 12 and
Day 101/102. Each windrow was tested at 4 Iocations spaced evenly across the length of the
windrow. In addition, a Solvita Maturity Index was performed on end-of-life-cycle product (Day
101/102) to determine relative completion of the composting process for each of the four test
windrows. Results from the solids testing were used to track the changes in the characteristics of
the compost matenials across the entire life cycle.

TEST PROTOCOL

Prior to conducting the tests at TVL,  test protocol was developed. The test protocol clearly
identified the purpose of the tests in evaluating Best Management Practices (BMPs) for
greenwaste composting opetrations, the test variables to be considered and how those variables
would be adjusted, the sample schedule, test methodology, and laboratory analytical methods.
CIWMB conducted meetings with SCAQMD staff in October 2002 and submitted the test
protocol on Octaber 15, 2002, prior to the start of the tests, for their review. SCAQMD reviewed
and approved the test protocel on October 25, 2002. The test protocol included the following
constituents that were measured to determine if the BMP variables had an effect on emissions.

s Volatile Organic Compounds (VOC) - sampled using USEPA isolation flux chamber,
analyzed by trap/canister collection and AQMD Method 25.3 (GC/FID)
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TEST RESULTS
~ . Table 3 through Table 7 show the test results. Samples were taken on October 29, 2002 (Day 3),

October 30, 2002 (Day 4), November 6, 2002 (Day 11), November 7, 2002 (Day 12), Febrary
4, 2003 (Day 101), and February S, 2003 (Day 102). Test results are shown by either calendar
date or compost age, e.g. Day 3. All of the solids data and the compost quality results are shown
in Table 3. The air emissions or flux data are shown in Table 4 for the static windrows tested on
Day 3, Table § for the tumed windrows tested on Day 4, Table 6 for the static windrows tested
on Day 11, and Table 7 for the tumed windrows tested on Day 12, For the air emission data, the
CIWMB contractor Dr. C. E, Schmidt prepared a Technical Memorandum, which is included in
the Appendix of this Technical Summary Report. Although the air emission data is summarized
here in Tables 4 through 7, additional details are available in the Appendix. Also included in the
Appendix are sample data sheets, lab data sheets, and chain of custody for the solids samples.

e s e
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[Takis 3: Summary of Sollds Sample Collection Data 3.4, 11, 12, 101, 102)
Pato_ | Time SorT | _GIN | Sampla O] C/N | ButiDensity | Mojsture | Tot Sallds | Vol Solids | Solvita
Ratlo {iblcy) wi%h) | (mphkg) | (mglkg)
10/29/2002] 842)3 Day  |Static  |Low SPL1 20 400 92 620000 410000
 [Ty0r20/2002] _852(3Day |Static Jlow __|SPL2 16 aad 42 560000] - 370000
" [ 10/26/2002] 900[3Day _[Static [low _ [SPL3 18 380 37 510000 380000
pwzwzm:z 995/3 Day  |Static |Low __ |SPLA 20 ~ 810 52 440000 260000
Ave 18.5 430 4 557500 350000
10/29/2002] _ 945|3 Day _ |Static _|High _[SPH1 51 510) 565 480000 440000
10/20/2002] _ 950/3 Day  (Static [High _ |SPHZ s 580 60 480000 450000
q0/29/2002[ 1011[3Day _[Skatic [High _|SPH3 58 570 56 490000 450000
10/2972002] 1020[3 Day _[Static [High  |SPHM4 51 610 51|  _ss0000 500000 )
Avp 54.25 568 58 680000 480000 .
[{0/30/2002]  848|4 Day [Tumed |Low MPL1 26 S20 50 540000 350000
10/30/2002] " 854|4 Day _ [Tumed |Low MPLZ 25 420 50 550000 350000
10/30/2002] 8584 Day | Tumed [tow MPL3 26 450 48 600000 370000
T 10/30/2002] 900{4Day |Tumed |Low MPLA 28 440 44 570000 350000
AVE 26,25 458 43 &85000] 357500
10/30/2002] 9054 Day | Tumed |High__ |MPH1 64 430 43 1200000] 1100000
10/30/2002] 906/4Day_ [tTumed [High _[MPH2 €5 470/ - 38 640000 500000 "]
10/30/2002]  911(4Day _ |Tumed [High [MPHI 100 410 3 §60000 610000
10/30/2002] _915/40ay_ [Tumed [High MPH4 68 460 35 580000 540060
Ave 7425 443 38 770000 712600
T1/672002| _1020]11 Day |Static  |Low  |SPL1 17 1100 39 490000 290004
11/8/2002] 1030(11 Day |Static  |Low P2 18 1200 38 480000 250000
11/6/2002] 103511 Day [Static |low _ |SPL3 18 1300 36 530000 350000
11/6/2002] 104011 Day_|otatic__ |Low 5PLA 20 1100 51 620000 350000
_ Ave 18.25 175 41 506000 320000 R
T1/6/2002]  955[11 Day_|Static |High  |SPHY 73 720 38 §10000 480000
11/6/2002] 100511 Day [Static |High  [SPH2 83 770 38 500000 470000
11/6/7002| _4010[11 Day |Static |High_ |SPHS 50 780 40 540000 510000
T 11/6/2002] 1015/11 Day |Static__|High  [SPH4 70 710 39 450000 450000
[ Ave 6.5 745 30 S07500 472500
117772002) 90512 Day |Tumed |Low MPL1 26 760 45 470000 280000
172002 912[32 Day [Tumsd [Low MPL2 28 770 a4 510000 310000
T1/7/2008]  915/12 Day [Tumed |Low MPLY | 27 560 45 £50000 350000
11772002 020[12 Day |Turned [Low MPLA p=] 760 3g] 590000 380000
| Ave 26 738 &3] 632500 328000
T12002] 92512 Day [Tumed |High _ |MPH1 72 760 42 5B000D 520000
1172002]  925[120ay |Turned |High  |MPH2 75 ) 48 £00000 560000
13/7/5002] _©23|12 Day [Turned |High |MPH3 74 56D 42 540000 500000
117/2002] _930/12 Day |Tumed |High  |MPH4 [ 550 46 620000 580000 _
Ava 71750 633 a5 505000 SALU00
2/4/2003| _1050[101 Day [Static__|Law SPLA 14 §a0 40 710000 380000 7
274/2003] 1055|101 Day [Static_ [Low SPL2 22 400 37 730000 390000 7
2/4/2003] 1100/101 Day |Static  [Low SPL3 14 830 43 730000 360000 7
B/4/2003]  1105]101 Day |Static |Low SPLA 15 700 40 720000 7
Ave 1625 530 40 722500 377600
2420038 1110[101 Day |Static__ [High ___|SPH1 54 B20 66 600000 570000 7
[ 2/a/2003] 1143[101 Day [Static _|Hi SPH2 54 — 750 85 810000 ST0000 7
204j2003) 1116[101 Day |Swfic _[High  |SPH3 54 870 64 B0GD00 560000 7
2/412003] 4120|101 Day |Stetle _|High __|SPH4 a7 700 85 600060 570000 7
Ave 57.25 785 &6 602500 587500
I 5/4/2008| 1137101 Day [Tumed |tow _ [WMPLY 18 1200 89 710000 “370000 6
2/4/2003{ _1140)101 Day |Turned |Low MFL2 15 1300 54 640000 350000 5
|~ 2/6/2003]  1143]101 Day [Turned |Low WFL3 18 500 [73 540000 410000 5
—2/4/2003| 1146]101 Day [Tumed ltow  [MPL4 17 1300 58 #50000 420000 7
Ave 18.5 1325 88 560000 387500 )
22003 1124101 Day |Turned_|High ___|MPH 62 80D 86 510000 530000 7l
2(4/2003] 11271101 Day |Tumed |High _ [MPH2 53 760 &7 580000 S50000 7
24/2003] 11301101 Day [Tumed _|High __[MPH3 53 970 &7 520000 580000 7
2/4/2003] 1133101 Oay |Tumed |High _ [MPHA 56 960 64 620000 H70000 7
Ave 56 T &8 616000 557500
2I5/2D03 402 Day |Turmnsd _[High Sampla 1-Rowd: S
2/5/2003 102 Day [Stalic _{High  |Sample 2-Row $ 5
252008 102 Day |Turned |Low ___ |Sample 3-Row 2 4
2/5/2003 102 Day [Static _ [Low Sample 4-Row 1 3

10
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Tahis 4 S of 3 Static Pils Flux Data —
Posltion | AGE| SorT | ON FiID CO | Tracer | Adwect NH3 TNMHC Odor_| (NT)1000f2, w1
Ratlo | m/MQ00fi2 hed CF 1 DT
Lowast |3 Day |Statie [High 00088 4 184 1. NA ___|NA
Middle 3 Day [Static 00051 108[ 183 1.9/ 0020 NA _ [NA
‘Top 3 Day |Static _|High 0.14 42 1 44 NA
Lowest I3 Static  {High [ X 132 1 1. AR 00020 NA
Middle |3 Day[Satic (High o4 123 183 1.6 NA__ [NA -
Top 3 Day |Stalic  |High 045 o 1839 47 .08l 15,000 )
Ave 0. 1 a3
1 1l
Lowest |3 Day [Stafic_[Low a0 136 184 1 NA
Mddle |3 Statle  JLow 0.0025] 168 163 11 NA
T 3 Day [Static_|Low _026] _6A[ _183] 1] 047 NA
Top 3 Day [Static_ [Low 0014 177 1684 1.0 0.0288 300) 1.6
Mddle 3 Static  ILow 0.021 177 183, 1.1 IR 00637 - 0.03% NA
Lowsst [3Day [Static  |Low 0.011 14,6 1 13 0, NA
Ave 1 0.050] | - K
—\
Gao2'®’
Table 5: Summmr of 4 Yumnd Plle Flux Data
Postion ] AGE | SarT] OMN 0| €O | Tracer]| Advact NH3 TNMHC Odor | {D/MO0CUN2hrA |
Ratio n.:m:u hr-1 mv) CF cooftznrd | 1nM0; he-1 DIT
Middle |4 Doy | Tumed [H 0.0037 168] 184 1.1 15 A NA
st |4 Day |Tumed [High 0.00032 173 183 1.1 __{ _DLO2PENA NA
T 4 Day (Tumed [High 042] __ sief 199 35 A _L-on‘ 65,000 90
To, 4 Day |Tumed |High 0.00¢1 145] 183 13 ot X NA
~ [Lowest J4Day [Tumed [High o0 57| 18 3z 5 NA
Middle |4 Day |Tu High 0.0021 18] 184 1.7 15 0.0JNA NA
Ave 0018 40
Lowest |4 Day | Turned {Low 0.0064/ 3 183 1.4 020 ' 0. A NA
[Middle |4 Day _|Tumad |Low 0022 130] 184 14 ] 0ANNA NA
Top 4Day [Tumed |Lew 0.13 8 199 3.7 NA
Top 4 Day {Tumed [Low 0.0691 135 183 14| 400020 [X a 21
Middie |4 Day |Tumed |Low 0.z2] 3021 199 5.¢| 00020 8 NA
Lowest |@ Day |Tumed (Low 0316 141 184 13 20 31 NA _J
Ave — | (i} x . | p]
‘Avarage Camection Factor for Advective Flow: Static Files 2.6 (High C:N), Static Piles 4.7 (Low C:N) i
Average Comectlon Factor For Advective Flow: Tumed Piles 2.0 (High C:N), Tumed Piles 2.6 (Low C:N) , ] “
FID (ppmv)(16/25 mol wt){0 005m3)(110 13m2)‘(ppmv)(0 OZS)(GF)‘=FID (mg/m2,min-1) L_ ; ]
NH3 (ppravi(18/25 mol wA)0.005F3)(1/0, 13m2)= (pomviiD.028) CF F=NHa(ma/ma. min-1) ¥ L
‘Flux Coversion: (mg/mZ,min-1 )(1 9/1.600mg¥0.0020m2/12Y(1 | Wv4549)80 min/1 hr)(1,00012) = (mglmz mln-1)(0 0122) (lhl1 .000 3_,2_. j
‘Highasi waiue for a roplicate pair used rather than averags valus. ] I . — e e
‘Single Walua used fof ‘average' reparting per graup of data. o L B
‘Odnr (Dﬂ_’)_(?_(_)pﬁmalmm)((o 13m2)-(Dfl)(0 0385)(CF)-Odor (DITYmZ rnm-‘l ] i ) o . '
:NH3 MDL- (0. 1up/mi}25miV/(@.008ma)= 0.3 mg/ms, (o k) rng/ma)(wzs mol wtj= 0. za PP o : :
‘Average \alues use MDL if ND rspmted i J !
- ; | T
o.olq9¢ ‘b p
16008¥Fher M 73 torswetr = OO 5
~ -
Y >0oui
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Table 6; Bummary of Oay 11 Static Plis Flux Data
Position | Age [§orT] CN FID_ —CO | Tracer | Advact NH3 TINMHC | Oder Ho00fZ.hr1 ]
~— Ratlo| 1b/40001¢2,hr-1 CF - | ib/ocon2 br-1 | loMooon2he-t | DIT
op 1 DayStatic THigh 0.0014] 166 162 1.2]<0.0n012 0.0120|NA NA
‘|11 DayStatic [High 0.M1] 586 184 3.1/<0.80012 0.0213] 3,900 5.8
Middle 11 DayStatic [High 0.0021 126 182 1.5{<0.00012 . 8.0107|NA NA
Lowest |11 DaySwtic [High a.ooia] 108l 191 1.6/<0.00012__ B.0121]NA NA
Lowest  [11 DayStatie [High 0.00032 [ 191 2.1]<0.00012 0.0187|NA NA
Midtdle |11 DayStalic |High 0.00082] 113 192 1.7]<0,00012 0.0134|NA NA
Ave 0.00; 1. X 0.01 . 5.8
To 11 DayStatic [Low 0.011 139 192 1.4[<0.600 B.MIG!MIA NA
" [To 11 DayStatic [Low 0.028] 447 184 4.1[<0.00024 0.04B61NA NA
Middle |11 DayStatic |Low 0.0072] 155 184] 12}<0.00024 0.083|NA NA
Lowest |11 DayStatic |Low 0.0012] 149 192 1.3]<0.00024 0.0082|NA NA
Micdie |11 DayStatie JLow 0012] 150 192 1.3|<0.00024 0.0224|NA NA
[owest |11 DayStatic Jlow | o054 101 191 1.9][<0.00024 0.0139]NA NA
Ave | [ 0.018 4:%. <o: 00024 i;§z7|
Table 7: Summasy of Day 12 Turnad PHe Flux Data
Position &g SorT| €M | — FID CO [Tracer[ Advect NH3 TNMHC Odor 1000R2Z hr-1
Ratio | Ib/1000#2,he-1 | (ppmv) CF__[Ibrio00fe2hr-1{ /100012 =1 | ODIT
T 12 Day|Turned {i-igh 0.029 38.7] 184 5.0{<0.00012 1.51] 12,000] 28
To| 12 Pay|Turned |High 0.0008% 1357 192 1.4}<0.00012 0.120[NA__ |NA
Middle |12 Day|Tumed [High 0.00037 110] 192 1.7|<0.00012 0.084INA _ INA
Lowest |12 Day|Turned \High 0.0014 84.8] 11 2.3[<0,00012 0,194|NA NA
Lowest |12 Day|Turned |High 0.0020 88.3| 181 2.2[<0,00012 0.0313INA _ [NA
Middie |12 Day[Turnad |High 0.0014 128 182 1.5[<0.00012 D.0287INA  |NA
~— |Avarage-. 0.0058/ 23 0012 0.328]
|
Top 12 Day] Jurned |Low 0.22 532 184 3.5]<0.00024 0.60]MA _ INA
Top 12 Day|Turned [Low 0.053 128] 182 1.5]<0.00024 0.158]NA
Lowsst |12 Turned [Low 0.032 1268] 191 1.5[<0.00024 0.0160]NA__[NA
Middie 12 Day|[Turned [Low 0.0029 141 162 1.4]<0.p024 [ NA NA .
Middie |12 Day[Turnad [Low 0.0028 104] 192 1.8]<0.00024 D.088INA INA
Loweat |12 Day|Turned JLow 0.12 18.4] 184 10[<0.00024 048|NA~ |NA
Average D07 3.3]<0.00024
QC NA __|NA NA NA NA NA 2.8]<0.00022 0.040[NA_ [NA
':g NA__[NA lNA NA INA NA 2.8/<0.00022 D.085NA___|NA
[ 1 I I

Average Comection Factor For Advective Flow: Static Piles 1.8 (High C:N), Static Pies 3.6 (Low C:N), Average 2.8 . . .
Average Comection Factor For Adveetive Flow: Tumed Plles 2.3 (High C:N), Tumed Piles 3.2 (Low C:N), Average 2.8

FID {ppmv)(16/25 mal wi)(0.005m3) 1/0.13m2)=(ppmv)(0.025)(CF)=FID (mg/m2,min-1)

NHA (ppmv){18/25 mol wiN0.005m3){1/0.13m2)=(ppmv){0.028)YCF)=NH3(mg/m2z,min-1)

Flux Goversion: (mg/mz2.min-1)(1 g/1,000mg)0.0920m2/4hz)(1 I/454g) (G0 mirv4 hry(1,006H2) = (mglm2,min-1)(0.0122) = (114,000 f12,r-1)
Highest value for a replicate pair used rathar than average value.

. Single valua used for ‘average’ reporting per group of data.

Odor (D/T)0.005m/min)/(0. 13m2)={D/T)(0.0385)(CF)y=0dor (D/TYm2,min-1

NH3 MDL- (0.1ug/mi}(25m1)/(0.008m3)= 0.3 mg/m3, (0.3 mg/m3)(18/25 mol wi)= Q.23 ppmv

Avarage values use MDL if ND reported
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DISCUSSION OF TEST RESULTS
~ An evaluation of the test results considered the test variables of feedstock control as measured by

the C:N ratio and aeration techniques, i.e. static windrows versus windrows mechanically turned
with a Scarab. An additional variable that can be evaluated inchides compost age since sorme
temporal data, although limited, was taken that can be used to consider compost life cycle
effects. The emissions relative to the geometric location, or windrow zone, where the
measurement was taken can also be studied. Finally, evaluation of measurement techniques for
VOCs can be considered for the inexpensive, hand-held FID method (Plame Iomzauon Detector)
compared to the costly isolation flux chamber method.

Ammonia Emissions

Ammonia (NH;) emissions were measured on the four test windrows using the isolation flux
chamber at 48 locations. Test results include NH; emissions for static windrows, turned
windrows, high C:N (woody) materials, Jow C:N (grassy) materials, the first week of
composting, the second week of composting, and various windrow zones (lowest, middle, and
ridge top of pile). Of the 48 test results for NH» emissions, all of the data is less than the
detection limit of 0.1 ug/ml or 0.23ppmv with the exception of onc ssmple. The flux data for
NH; shown in Tables 4 through 7 reflect the non-detection of NH; by showing fluxes <0.00037
Ib/1,000f12br. With 98% of the emission data below the detection limit for NHz, NH; isnot &
concern. Therefore, the subsequent discussion of test results and graphs of the data do not
include NH;. For greenwaste composting operations, NH; emissions should not be a regulatory
concem.

Effect of Feedstock Control

The effect of feedstock control on emissions was measured by C:N ratio in the windrow
materials. In all cases except one, emissions of VOC decreased with increased C:N ratio in the
feedstock materials, The average C:N ratio for windrows constructed of predominantly woody
materials ranged from 54 to 74 with an overall average of 63 C:N. The average C:N ratio for
windrows constructed of predominantly grassy materials ranged from 16 to 26 with an overall
average of 20 C:N. Figures $, 6, 7, and 9 show a decrease in VOC emissions with increased
C:N. VOC emissions were decreased by 34 to 80%. Figure 8 shows a reverse trend of increased
VOCs with higher C:N feedstocks. A plot of the overall averages for VOC emissions and C:N
feedstocks is shown in Figure 9 which shows a 63% decrease in VOCs for high C:N ratio of 67
versus a low C:N ratio of 22. The control of feedstock blends as indicated by C:N ratio appears
to be effective in reducing VOC emissions and would be a feasible Best Management Practice
(BMP) operating variable for greenwaste compost facility operators to use to control VOC
‘emissions.
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— . Effact of C:N on VOC

(Day 3, Static Windrows)

0.180

e
-
Q
o

TNMHC Emissions,
ib/1,000f2hr
o
[=]
N
o

0.000

0 10 20 30 40 50
Carbon:Nitrogen Ratio (C:N) —-+TNMHC

Figure 5: Reduced VOC Emissions for High C:N — Day 3, Static Windrows.

— Effect of C:N on VOC
(Day 4, Turned Windrows)

{ons,

tss
Ib/1,000ft2hr

TNMHC Em

0 20 40 60 BO
Carbon:Nitrogen Ratio (C:N)
{Note - NH3 Emissions were Non-Detect.) —+-TNMHC

Figure 6;: Reduced VOC Emissions for High C:N — Day 4, Tumed Windrows.
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N : Effect of C:N on VOC

~ (Day 11, Static Windrows)
0.0400 ‘
0.0300
0.0200
0.0100

0o 20 40 60 80

Carbon:Nitrogen Ratio (C:N)
{Note - NH2 Emisslons were Non-Detect.) -+ TNMHC

Figure 7: Reduced VOC Emissions for High C:N — Day 11, Static Windrows.

TNMHC Emisslons,
1b/1,000fhr

Effact of C:N oan VOC

—_ (Day 12, Turned Windrows)

a
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0 é.'o ' N 40 . SO | 80
arbon:Nitrogen Ratio (C:N)
(Note - NH3 Emissions were Non-Detect.) ~+- TNMHC |
Figure 8: Increased VOC Emissions for High C:N — Day 12, Turned Windrows.
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Effect of C:N on VOC
(Average - All Days, All Windrows)

TNMHC Emissions,
ib/1,000fH2hr
©Co0oo0oo0oo o

Q N W a h O

0 20 40 60 80
Carbon:Nitrogen Ratio (C:N) [+~ TNMHC]

Figure 9: Reduced VOC Emissions for High C:N — Average of All Days, All Windrows.

Effect of Aeration
Emissions were measured on Day 3 and Day 11 for static windrows, i.e. windrows that were not

N~ tumed but allowed to acrate via natural convection only. Emissions were measured on Day 4
and Day 12 for windrows that were mechanically turned with a Scarab, Figure 10 shows VOC
emissions for static windrows compared to tumed windrows. The data for Figure 10 shows the

- average of 12 emission measurements for static windrows on Day 3 of 0.103 Ib/1,000ft2br

compared to the average of 12 emission measurements for turned windrows on Day 4 of 0.966

~ 1b/1,000f2hr. There is an order of magnitude increase in VOC emissions for tarned windrows.
A similar pattern is observed for data collected on Day 11 and Day 12. Figure 11 shows VOC
emissions for static windrows compared to turned windrows for the second week of testing. The
data for Figure 11 shows the average of 12 emission measurements for static windrows on Day
11 of 0.022 1b/1,000fi2hr compared to the average of 12 emission measurements for turned |
windrows on Day 12 of 0.286 1b/1,000fi2hr. Although emissions for both static and turned
windrows have decreased by an order of magnitude compared to the previous week, there again
18 an increase in VOC ermissions for turned windrows compared to static windrows at roughly the
same age. Without data that defines a full life cycle analysis for emissions over the entire
composting cycle, it is difficult to determine based on two points in time if overall emissions are

increased, decreased, or the same for static windrows versus turmed windrows.
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Effect of Static vs Tumed Windrows on VOC Emissions
' (Day 34)

PEN
-

1,
L] g 08

5 8 08

O 04

§30;

- 0 -

Static Tumed
Type of Windrow Asration

Figure 10: Increased VOC Emissions for Turned Windrow — Day 3 and Day 4.

Effect of Static vs Turned Windrows on VOC
Emissions (Day 11-12)

oleaf
™~ N
Nmm?ﬂo

TNMHC Emissions,
1/1,000ft2hr
=]
&

0.1
0.05
O an!
Static Turned
Type of Windroaw Aeration TNMHC

Figure 11: Increased VOC Emissions for Turned Windrow —Day 11 and Day 12.

Effect of Pile Age

P, 05/15
Bo22/056

The data for two points early in the life cycle during the first twa weeks of composting would
suggest an increase in VOC emissions for turned windrows as shown in Figure 12. However,
this phenomenon may be an indication that aeration increases emissions early in the life cycle by
providing a more optimal environment for aerobic reactions, while static windrows resultin a
steady release of emissions across the entire life cycls of composting. Figure 12 also supports
the theory of higher VOC emissions early in the life cycle with emissions tapering off faster for
turned windrows. Figure 13 is & conceptual plot that demonstrates this idea. To determine the
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relative emissions for the two scenariog, the amount of VOCs emitted for each curve must he

L summed for the entire life cycle, or in other words, the area under the green curve (tumed) must
be compared to the atea under the red curve (static). As shown in the hypothetical curves, it may
be possible to have significantly higher emissions at Day 3/Day 4 for the tumed windrows
compared to the static windrows; higher emissions at Day 11/Day 12 for the tumned windrows
but starting to approach the emission levels of the static windrows; and lower overall emissions
(area undez the curve) for the turned windrows compared to the static windrows.

Effect of Pile Age on VOC Emissions
for Statlc vs Turned Windrows

- Static
—e-— Tumed

oo

. -
Ao aal

o

e

TRKMHC Emissions,
b1,000f€2hr
N

01 2 3 45 6 7 8 9 1 11 12 13
Type of Windrow Aeration

Figure 12: Decreasing VOC Emissions over Time.

Conceptual Plot — Hypothetical Emissions for Static vs. Turned Windrows

Turned

Age of Compost for 100-day Life Cycle
0 10 20 30 40 50 60 70 80 90 100

Figure 13: Conceptual Plot of Life Cycle Emissions
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the effects of pile age on bulk density. Figure 15 shows the how the volatile solids change over
time. .

Effects of Pile Age on Bulk Density
for Low C:N and High C:N Materlals

1200
1000

800

800 (—0—- Low C:N (Grassy)

|~ High C:N (Waody)

400
200

Bulk Density, lhicy

o
;

0 50 100 150
Days in Compast Life Cycle

Figure 14: Effects of Pile Age on Bulk Density.

Effects of Pile Age on Volatlle Solids
for Low C:N and High C:N Materials

700000
600000

B 400000
300000

—o—Low C:N (Grassy)
——High C:N (Woody)

200000 |
100000 4

Volatile Solids, m

0 50 100 150
Days in Compost Life Cycle

Figure 15; Effects of Pile Age on Volatile Solids.

Product quality tests were also conducted to evaluate the quality of the compost product near the

end of the life cycle. Samples were taken on Day 101 and Day 102 and analyzed for 2 Solvita
Maturity Index, an indicator of finished compost. Data for Solvita tests are shown in Table 3,
The average Solvita Maturity Index for static windrows was 5.9 while the average Solvita
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Maturity Index for tumed windrows was 6.6. A Solvita test result in the 5 1 6 range indicates
active compost moving into the curing stage. A Solvita test result in the 6 to 7 range indicates
curing compost moving into the finished product stage. Since turned windrows have a higher
average Solvita that approaches the finished product stage, this would indicate that the static
windrows required a longer life cycle to complete the coraposting process. This is consistetit
with the conceptual plot of life cycle emissions discussed in Figure 13 but wonld need to be
confirmed with more data. Field observations during product sampling on Day 101 and Day 102
also indicated that the static windrows contained evidence of white strands or filaments
characteristic of actinomycetes and fimgi that were still actively composting organic materials.
The tumed windrows did not contain visual ¢vidence of these organisms. See Flgm'e 16 fora
photo of the compost product at Day 101 for the static windrows.

N’

- Figure 16; White ride, ceniter of photo, indicates active compost for static w. Day 101.

Emissions Relative to Windrow Zone
Each windrow was tested at 6 locations when emission samples were taken with the isolation
flux chamber. The test locations included the windrow ridge-top, the sides of the windrow
halfway between the ground and the top of the windrow, and the base of the windrow near the
ground. The reason for testing for emissions in different windrow zanes was to identify
directional movement of air intake and emissions outflow, The theory was that for a classic
trapezoidal shaped windrow, airflow in would occur at'the base and sides of the windrow while
~ cmissions out of the windrow would happen on the ridge-top locations. By comparing the
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relative VOC fluxes for given windrow zones, directional movement can be determined and
venting locations vs. non-venting locations can be identified. Figure 17 and Figure 18 show
emissions for the various windrow zones. As shown in these figures, emissions are greatest for
the ridge-top locations with the base and side locations of the windrow contributing substantially
lower overall emissions. This data confirms the model directional airflow of air intake at the
base and sides of the windrow and emissions out of the ridge-top of the windrow. This
information can be used to proportionally weight emission factors for trapezoidal windrows
when evaluating absolute pounds of emissions from a given windrow or facility. For the data
shown in Figure 17 and Figure 18, 22-33% of the total emissions for the windrow are coming
from the base and sides while 66-76% of the total emissions are comiug from the windrow ridge-
top. Figure 19 shows the total emissions by windrow zone as the average of all of the data for all
days and all windrow types. This profile shows mare of a 50/50 split of emissions from the tops
and sides of the windrows, with 53% of the total emissions for the windrow coming from the
base and sides whilc 47% of the total emissions are coming from the windrow ridge-top.

Emissions Relative to Windrow Zone
for Low C:N Materials (Grassy)

Day 3, Static
0.50
OLowest

— M Middle
< 040 W Top
2,
S 0.3 MTop
s 030 W Middle
-} OLowest
G 0.20 [ 2o
X
-
z
= 0.10

Windrow Zone Wheare Sample Wés Taken

Figure 17: Emissions Relative to Windrow.Zone for Low C:N Windrows

21



N

Emissions Relative to Windrow Zone
for High C:N Materials (Woody)
Day 3, Static

0.100

TNMHC, 1b/1,000 f2 hr

Windrow Zone Where Sample Was Taken

Olowest
B Middle
BTop
WTop
B Middle

OLowest

Figure 18: Emissions Relative to Windrow Zone for High C:N Windrows,

Emissions Relative to Windrow Zone
(Average - All Days, All Windrows)
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1 o
E -]
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- B Top
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Figure 19: Emissions Relative to Windrow Zone for Al Windrows.
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FID Correlation to Flux Chamber Measurements
The cmission results for FID method measurements can be compared with the emission results
for the isolation flux chamber samples analyzed by Method 25.3. The reason for evaluating the
correlation hetween these two methods is to identify an inexpensive method of testing for
cniissions where a substantial amount of data can be gathered for a wider range of operating
variables. The FID method 15 a hand-held instrument that can be used in the field to obtain a
concentration of hydrocarbons emitted from the surface of a windrow. . For these tests, an FID
reading was taken from the isolation flux chamber. A gas samplc was also collected from the
flux chamber in a canister and sent to the lahoratory for VOC analysis by Method 25.3. The two
© results, FID and Mcthod 25.3, can be compared to see if there is a consistent relatiopship
between the techniques and delermine how well they correlate with each other. Figures 20
through 23 show the corrclation between FID and the flux chamber/Method 25.3 for measuring
emissions. The data was sorted for feedstack blends and Figure 20 and Figure 21 show the
correlation for high C:N and low C:N windrows respectively. The data was re-sorted for
aeration technique and Figure 22 and Figure 23 show the correlation for static and turned
windrows respectively. As can be seen from these figures, the R? factor is between 0.47 and
0.55 meaning that 47 to 55% of the data can be predicted using the exponential or power trend
cquations shown on the graphs. This indicates that only 2 moderate correlation can be drawn
between the FID and the flux chamber/Method 25.3 results. Without a better correlation
between measurement methods, the FID method would not be a good tool to predict the
cmissions that a flux chamber/Mcthod 25.3 would identify.

FID Correlation with Flux Chamber/Method 25.3 - High C:N
(All Days, Static & Turned) y = 0.9857x%%%
R? = 0.4699

Ib/1,000f2hr

TNMHC Emissions,

0000 0.020 0.040 0060 0080 0.100 0.120 0.140 0.160
FID Flux, 1b/1,000ft2hr

Figure 20: FID Correlation with Flux Chamber/Method 25.3 for High C:N Windrows
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— ' FID Correlation with Flux Chamber/Method 25.3 - Low C:N
(All Days, Static & Turned) y = 0.045¢"%5%%
R® = 0.4899

TNMHC Emissions,
- 1b/1,000ft2hr
O = Nt s oD

0 0.05 0.1 0.15 0.2 0.25 0.3
FID Flux, 1b/1,000ft2hr

Figure 21: FID Correlation with Flux Chamber/Method 25.3 for Low C:N Windrows

FID Correlatian with Flux Chamber/Method 25.3 - Static
(All Days, All C:N) y = 0.021 Gg12674x
— R?=0.5318
n_ .
5 N 0.5
B é 0.4
IE S 0.3
2% 02
£ 0.4
-
. 0 ;
0.000 0.050 0.100 0.150 0.200 0.250 0.300
FID Flux, Ib/1,000ft2hr
Figure 22: FID Correlation with Flux Chamber/Method 25.3 for Static Windrows.
.
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FID Correlation with Flux Chamber/Method 25.3 - Turned
(A“ Days, Al C:N) y= 0'0807317244!

R? = 0.5461

TNMHC Emissions,
Ib/1,000f12hr
O = N W & 0 O

0 0.05 0.1 0.15 0.2 - 025
FID Flux, 1b/1,000ft2hr

Figure 23: FID Correlation with Flux Chamber/Method 25.3 for Tutned Windrows.

Emissions Per Ton of Feed ' :
The VOC emissions for each windrow (for the first two weeks of composting) can be calculated
based on the amount of feedstock materials in each of the four test windrows. The amounts of

~ materials were weighed prior to constructing the windrows. Table 8 shows the VOC emissions
measured for each windrow as a flux measuternent in 1b/1,000A2, hr'!. The VOC enissions
shown are the average of all of the flux measurements taken for each windrow during the first
two weeks of the composting process. It shouid be noted that emission rates during the first two
weeks are likely at the highest values and drop off significantly after the initial peak. To
determine accurate total emission rates over the entite life cycle of the composting process,
additional emission rates that are age-dependent are essential.

Also provided in Table 8 are windrow surface areas, the weight of materials in each windrow,
and the calculated emission factors in Jbs YOCs per day per ton of feedstock materials. The
average VOC emissions were 0.344 1b/1,0008°, hr" for flux measurements and 0.247 Ib/day/ton

of feed for emission factors.

25



JAN-31-2008 THU 02:49 PM SANJOAQ VALLEY AIR DIST FAX NO, 2095578475 ' .moPsl'AllsélS'

was Vs &UVO LDiGl TAA Lavoald

Table 8: VOC Emissions for Each Windrow
Row Designation VOC Emission Windrow Windrow Amount- | Lbs VOC par Day/
Flux* - Surface Area-ft2 Ibs Ton of Feod"®
1b/1000ft2,hr-1

Row 1 Emissions

(Static, Low C:N) = 0.078 2140 . 146570 0.055
Row 2 Emissians

Tumed, Low C:N) = 0.929 2140 147610 0.e48
Row 3 Emissions ‘

(Static, High C:N) = 0.047 2365 146080 0.038
Row 4 Emigsions \
(Turmed, High C:N) = 0.323 2365 N 147570 0.249

Ave = 0.344 0.247

*Emission flux and emission rates arc based on the VOCs measurced during the initial firss two woeks of

camposting. These rates are not represeatative of the lifs cycle emission rate which would result in an average

emission rate that is significantly lower than the average of the first two weeks of emmssions.

CONCLUSIONS
The following conclusions summmarize the findings presented in this Technical Summary Report:

» NH; emissions are not a concem for greenwaste compost facilities. Emission levels were
non-detect in 47 of the 48 test results, equating to 98% of the test data below the
detection limit for NH;. )

-
e VOC emissions decreased with an increase in C:N ratio in the windrow materials.
Overall averages indicate a 63% decrease in VOC emissions for a high C:N ratio of 67
compared to a low C:N ratio of 22,

¢ Control of feedstock blends, as indicated by C:N ratio, is a feasible BMP operating
vaniable for greenwaste compost facilities to use for minimizing VOC emissions.

» During the early stages of composting, turned windrows emit higher VOC levels than
static windrows by an order of magnitude, i.e. 0.965 vs. 0.103 1b/1,000f, hr™ for the
first week of composting and 0.287 vs. 0.0227 1b/1,000f2, hr* for the second week of
composting.

* VOC emissions peak during the first week of composting and decline by an order of

magnitude during the second week of composting, e.g. 0.103 reduces to 0.0227
1b/1,0002, hr’! for static windrows and 0,965 reduces to 0.287 1b/1,000f%, hr' for tumed

windrows.

s A full life cycle analysis for emissions over the entire composting cycle ia needed to
determine the averall effects of aeration technique on total VOC emissions. It is difficult
to determine if turned versus static windrows emit the more, the same, or less VOCs.

f— » Tumed windrows achieve compost product qualities over a shorter life cycle than static
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. windrow as evidenced by Solvita Maturity Index results taken at Day 101. The average
L Solvita test for compost in turned windrows was 6.6, which indicates curing coropost
moving into the product stage. The average Solvita test for compost in static windrows
was 5.9, which indicates active compost moving into the curing stage. Therefore, the
static windrows needed more time to complete the composting cycle.

s Emissjons vary relative to windrow zone on the surface of the pile. Typically, the
emissions are higher for the windrow ridgetop than for the base and sides of the windrow
with 50 to 80% of the total emissions coming from the windrow ridgetop.

¢ Only a moderate correlation can be drawn between the FID and the flux chamber/Method
25.3 techniques of measuring VOC emissions. Although it is significantly less
expensive and casier to operate, the FID would not be a good tool to predict the
emissions that a flux chamber/Method 25.3 would identify, due to the low prediction
accuracy of 47 to 55%.

¢ The average VOC ennsswns for the test windrows for the first two weeks of composting
were 0.344 1b/1,0008, hr! for flux measurements and 0.247 Ib/day/ton of feed for
emission factors.
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