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ABSTRACT

Dow BioProducts Ltd. operates a strawboard manufacturing facility located near Elie,

Manitoba that has an annual waste stream composed of approximately 6,000 wet tonnes

(wt) of straw too wet to use in the process and 5,000 wt of f,rne process residuals (unders).

Composting is a viable alternative for managing this waste stream although limited

research has been completed on effectively composting a high carbon to nitrogen ratio

material such as straw.

To determine optimal compost recipe formulation, Phase I of this study utilized bench-

scale reactors to compost various recipes using straw, process unders, and a lagoon

mixture (nitrogen amendment) as feedstock materials at different moisture levels for a

nine-week period. It was concluded that water addition and the addition of unders to the

compost mixture increased degradability, while the added nitrogen source of a lagoon

mixture did little to enhance degradability.

Due to changes in the strawboard manufacturing facility's waste stream and the results

obtained in Phase 1 of the study, Phase 2 focused solely on the straw feedstock and

investigated the effects of straw particle size using four unshredded/shredded straw

combinations (by volume): (1) all unshredded straw, (2) 213 unshredded straw, 1/3

sh¡edded straw, (3) Il3 unshredded straw, 2/3 shredded straw, and (4) all shredded straw.

The recipes were composted in 140L rigid plastic containers for a period of 180 days at a

moisture content of 70o/o (wet basis). The rate and degree of straw degradation was

assessed by measurements of volume, volatile solids (VS), and lignocellulose fibre

(lignin, cellulose, and hemicellulose). It was found that VS degradation was greatest for

recipes containing both shredded and unshredded straw, with the recipe containing 213

shredded straw performing the best (35% VS removal). Pure unshredded and shredded



straw had VS reductions of 29'/o and 260/o, respectively. Total volume reductions ranged

from 80 to 90%o. Hemicellulose was completely degraded for all recipes by day 95. By

day 180 cellulose content had decreased from 3.75 glg ash to 0.75 glg ash for all four

recipes. By day i80, lignin degradation was greatest for recipes containing both shredded

and unshredded straw (reduction from 1 .0 glg ash to 0.4 glg ash) while lignin content

decreased from 1.0 glg ash to 0.6 glg ash for the other recipes. Based on the

experimental results it was concluded that recipes containing a mixture of shredded and

unshredded straw provided better composting conditions. These two recipes had both

greater overall removals and greater removal rates of volatile solids, cellulose, and lignin.
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1.0 INTRODUCTION

Dow BioProducts Ltd. operates a manufacturing facility located near Elie, Manitoba that

utilizes straw from the surrounding area to produce strawboard. Each year approximately

6,000 wet tonnes (wt) of straw become too wet for use as feedstock (i.e. >25% moisture

content). To date there is approximately 60,000 wt of unusable straw stored at the

facility in 1m x lm x 2mrcctangular bales. The manufacturing process also produces, on

average,5,000 wtlyear of fine process residuals (unders). Together, the wet straw and

unders represent a significant annual waste stream from the strawboard manufacturing

facility.

Composting technology has the potential of addressing this waste stream and diverting

organic material from a landfrll to produce a valuable soil conditioner. However, the

lignified fibre composition and high carbon content that makes straw an appropriate

structural material for producing strawboard also athibutes to the long composting times

needed to degrade it. Limited research has been completed in composting a high carbon

content material such as straw.

Therefore, to optimize the composting process, the selection of the correct feedstocks and

feedstock proportions is critical. Potential compost recipes would include the two

components of the plant's waste stream (straw and rt¡ders) a:td reqnire the adcl-ition of

water to enable an efficient composting process. As a nihogen amendment, a lagoon

mixture obtained from the James Valley Colony, a Hutterite village, was used in select

compost recipes to potentially decrease the duration of the active composting period.

James Valley Colony lies approximately six kilometres southwest of the strawboard

manufacturing facility and uses a lagoon which stores manure from its livestock



operations. This lagoon mixfure is used as fertilizer for the Colony's crops but also has

the possibility of becoming a nitrogen source for the composting of straw at the

strawboard facility.

The rates and degree of degradation as well as volume reduction are of great importance

for the design of a fuil-scale straw composting facility. However, the effects of particle

size on the composting of a high carbon material such as straw have not been well

documented and an assessment of how particle size impacts straw composting could

result in potential cost savings with regards to straw shredding.



2.0 LITERATTJRE REVIEW

Straws vary greatly in their chemical composition according to variety and age. The

approximate chemical composition of straw is 36% cellulose, 25%o hemicellulose, and

18% lignin @ykens, lg77). The remaining portions are composed of salts, insoluble ash

(silica) and various other organic compounds. The rates and degree of straw degradation

is therefore largely dependent upon the characteristics ofthe lignocellulosic structure of

straw.

Cellulose is a long chain of glucose molecules. The simplicity of the cellulosic structure,

using repeated identical bonds, means that only a small number of enzymes are required

to degrade this material. Hemicelluloses are branched polymers of xylose, arabinose,

galactose, mannose, and glucose. Hemicelluloses bind bundles of cellulose f,rbrils to

form microfibrils, which enhance the stability of the cell wall. They also cross-linl< with

lignin, creating a complex web of bonds which provide structural strength, but also

challenge microbial degradation (Laclisch et a1.,1983; Lynch,1992). Lignin is a complex

polymer of phenylpropane units, which are cross-linl<ed to each other with a variety of

chemical bonds. This complexity has impeded the understanding of its effects on

microbial ,ilegradation. However, some organisms, particularly fungi, have developed the

necessary en4imes to degrade lignin. Actinomycetes can also decompose lignin, but

typicatly degrade iess than 20 percent of the total lignin present (Crawford, 1986;

Basaglia etal.,1992).

Because lignin is the most recalcitrant component of the plant cell wall, the higher the

proportion of lignin the lower the bioavaitability of the substrate. The effect of lignin on

the bioavailability of outer cell wall components is thought to be largely a physical

restriction with lignin molecules reducing the surface area avallable to enzymatic



penetration and activity (Haug, 1993). Thus, the creation of composting conditions

which favour the growth of fungi, including adequate moisture and temperature as well as

an appropriate particle size to maintain a balance between available surface area for

enzymatic activity and available oxygen to maintain suitable aerobic conditions, all

appear to be important in encouraging decomposition and are essential for effrcient straw

composting. In addition, as straw is a high carbon material and slow to degrade, a

nitrogen amendment is usually added to the composting process to reduce the carbon to

nitrogen ratio and enhance the composting process.

Many researchers have observed the degradation of hemicellulose and cellulose in straw

composting @pstein, 1997; Eldind, 1998). However, the effects of particle size on the

cornposting of a high carbon matelial such as straw have not been well documented.



3.0 OBJECTIVES

Although the rates and degree of degradation as well as volume reduction are of great

importance for the design of a full-scale straw composting facility, an assessment of how

particle size impacts straw composting could result in potential cost savings with regards

to straw shredding during feedstock preparation. The specific research objectives of this

two-phase experiment were to:

o Determine the optimal feedstock proportions for straw composting by adding v/ater,

process unders, and nitrogen to the compost recipe .

o Evaluate the effects of particle size on compost degradation and volume reduction.

¡ Monitor the rate of degradation (measured by VS reduction) and degree of

degradation (measured by lignin, cellulose, and hemicellulose) over a typical

Canadian Prairie surnmer composting period.

Phase 1 of the experiment attempted to ascertain optimal moisture leveis in a purely

straw-based composting recipe. Also, the addition of unders to the straw feedstock

would not only utilize a by-product of the shawboard manufacturing process but

investigate the potential benefits to reducing the average particle size of the compost

matrix and increasing the surface arca available for straw degradation. The addition of

the lagoon mixture explored the potential benefits of adding a nih'ogen source to a high-

carbon material such as straw.

Upon completion of Phase 1 of the experiment, it was leamed that the historic waste

stream at the strawboard manufacturing facilþ þrocess unders and straw too wet for use

in the manufacturing process) had been eliminated. Process unders were now being

incorporated into the strawboard without any effects on the physical properties of the



strawboard. Additionally, better management practices were initiated in the stack yard

such as covering the straw stacks with tarpaulins and constructing raised gravel bases for

the straw stacks which eliminated wet straw from the annual waste stream. Therefore,

Phase 2 of the experiment focused solely on the wet straw stockpiled at the facility.

Using the moisture content results for the straw-based composting recipes from Phase 1,

Phase 2 of the experiment fuither investigated the effects of particle size on the degree

and rate of degradation during straw composting.



4.0 MATERIALS AND METHODS

Phase 1 of the research \¡/as a preliminary investigation that employed small bench-scale

compost reactors containing various recipes using three feedstock materials (straw,

process unders, and lagoon mixture) at different moisture levels in an attempt to gain an

understanding of composting effectiveness and to aid in the selection of several recipes

that could be used for Phase 2 research. The recipe variations used formed the basis for

comparing the impact of: (1) water addition; (2) unders addition; and (3) nitrogen

addition in the form of a lagoon mixture.

Phase 2 was a more in-depth study focused solely on the straw feedstock utilizing four

unshredded/shredded straw combinations (by volume): (1) all unshredded strav/, (2) 213

unshredded straw, 1/3 shredded straw, (3) 1/3 unshredded straw, 2i3 shredded straw, and

(a) ail shredded straw. Process unders were not included in this phase of the experiment

since process improvements at the strawboard manufactulring plant led to the elimination

of the unders from the waste stream. Specific objectives for Phase 2 wete to: (1)

investigate the effects of particle size on compost degradation and volume reduction; and

(2) monitor the rate of degradation (measured by VS reduction) and degree of

degradation (measured by lignin, cellulose, and hemicellulose) over a typical Canadian

Prairie srrnmer composting period to estimate the ultirnate degrada-bilify of straw

compost.

4.1 Materials

The straw used in Phases I and2 was obtained from the Dow BioProducts stack yard and

is mainly AC Barlie wheat straw, a predominant variety of wheat farmed in the 50-80 km

feedstock collection radius of the strawboard manufacturing facility. The stack yard was



estimated as 75o/o AC Banie wheat straw with the remainder composed of up to 15 other

wheat straw varieties. The straw bales in the stack yard all had common dimensions of

1mx 1mx2 m. StrawusedforPhase i was sampledfrom 1998 stoclconJune 18,

2001. Five separate straw bales from the 1998 stock were sampled and three straw sub-

samples (4-S L each) were collected from each straw bale based upon a randomly

selected position within each bale. The three straw sub-samples collected from each bale

were then combined to form a composite sample. The straw was shredded using a 3

horse poweï Chipper/Shredder, (Crary Bearcat Model 530, 'West Fargo, North Dakota,

USA) with a screen size of approximately 10 cm. Straw used for Phase 2 was sampled

from 7997,1998,lggg, and 2000 stock on April 10, 2002 from several locations in the

stack yar-d. A total of eight straw bales (two from each year) were used to obtain

representative straw samples following the method outlined for Phase 1 of the experiment

with the exception that the sub-samples were approximately 30-50 L each. Portions of

the Phase 2 straw samples collected from the stack yard were shredded using a 460

horsepower tub grinder (Haybuster Model Hl100E, Jamestown, ND, 58401, USA) that is

owned and operated by Dow BioProducts.

The process unders used for Phase 1 were obtained from the Dow BioProducts

strawboard manufacturing facility. The unders are removed from the strawboard

manufacturing process at the wet screens (0.3 x 0.2 mm slots) just before the dryers'

The lagoon mixture was obtained from James Valley Colony, a Hutterite farming colony.

Colony farming operations include livestoclc such as diary cows (approximately 55 head),

laying hens (approximately 14,000 head), and farrow-to-finish hogs (approximately 600

head). Manure from the chicken and hog barns flows by gravity to a collection pit and is



then pumped to a two-cell lagoon from which i9,000 m3 of the material is used annually

as fertiiizer on the Colony's frelds.

4.2 Composting Set-Up

The bench-scale composting peliod for Phase 1 was nine weeks in duration. Seven

different recipes were investigated in duplicate resulting in a total of 14 reactors. The

recipe descriptions are shown in Table 4.1. Recipes 2A to 2E were based on the

projected iong-term waste generation at the strawboard manufacturing facility in 2001

(6,000 wet tonnes straw/year, 5,000 wet tonnes process unders/year). The various recipes

were selected to answer three specific research questions for Phase 1. The questions and

recipes are summarized in Table 4.2.

Table 4.1.: Phase 1 Small Bench-scale Reactor Recipe Descriptions.

Reactor Recipe

Feedstock (o/o of wetweieht)
Initial MC

(%\Straw Unders
Lagoon
Mixture Water

1A i00 NA NA NA 57

1B 70 NA NA 30 70

2A 55 45 NA NA 40

2B 41 34 NA 25 55

2C 34 28 NA 38 62.s

2D 27 22 NA 51 70

2E 32 25 43 NA 62.5
Note:NA: not added

Ph l Reci Used for ComnarisonsaDle ase es or

Research Ouestions Recines Used for Comparison

Impact of water addition 1A and lB;2{to2D
Impact of under addition 1A and 2B; 18 and 2D

Impact of additional N source 2C and2B

4.2bt



Plastic 3.8 litre pails were used as bench-scale compost reactors and placed in an

environmental chamber (1.2 m x 1.0 m x L2 m) maintained at 55oC (Larsen and

McCartney, 2000) as shown in Figure 4.1. The compost reactors wele laid on the floor of

the environmental chamber with the reactor lids fitted loosely on top to minimize

moisture loss while still maintaining aerobic conditions. Open containers of water were

also placed on the floor of the chamber to increase chamber humidity and minimize

reactor moisture losses as shown in Figure 4.2. Reactors were mixed and readjusted to

taryet moisture contents on 3-4 day intervals. Initial amounts of dry material in each

reactor ranged from 80 - 150 grams.

Figure 4.L: Phase 1 environmental chamber.

10
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Figure 4.2: Phase 1 reactors inside environmental chamber.

Phase 2 of the experiment \¡/as a more in-depth study lasting a typical six-month

composting season in the Canadian Prairies. Four recipes of varying straw particle sizes

were composted in duplicate 140 L plastic containers as shown in Figure 4.3 (Schaefer

System lnternational Limited Compostainer Model, Brampton, Ontario, Canada).

11

X'igure 4.3: Phase 2 compost reactors.



Three oxygen/temperature sampling ports (1 cm diameter) located 10, 35, and 50 cm

above the container bottoms were drilled into two sides of each container. The containers

were placed in an environmental chamber where the average temperature and relative

humidity for the duration of the experiment was 42.6 oC and 41.7% respectively. Passive

aeration was used as opposed to forced aeration. The contents of each reactor were

mixed weekly to allow for water addition as needed to maintain a moisture content of

70Yo (wetbasis) and to reestablish the structure and pore space of the compost matrix to

allow for adequate distribution of air. Loads were placed on top of the reactor contents to

simulate a2.5 m depth within a windrow compost pile. The target moisture content of 70

Yo was chosen based on the results of Phase 1 of the experiment and to ensure that with

the simulated depth of 2.5 m, a free air space (FAS) greater than 30%o for all recipes at

could be maintained. FAS refers to the inter-particle voids in the compost matrix and is

discussed in Eftoda and McCartney (2002). The FAS level of 30% is recommended by

RynL (1,992). The loads needed were calculated by first running a series of tests on each

recipe to determine the wet bulk densþ in a large cylindrical container, or biocell

(Wizbiclry, 2002), with added loads of 3, 6, and 10 kPa. An equation from McCartney

and Chen (2001):

P¿: pw¡¿dg (McCartney and Chen, 2001) [4-1]

where P¿ is the stress at arry depth (lda); pwu¿ is the material wet bulk density (Lg *-t); d

is the material depth (m); and g is gravity (9.81 m/s2), was used to calculate depth so a

plot of compost pile depth versus FAS could be constructed (included in Appendix A).

The loads used for Phase 2 of the experiment (Day 0 - Day 119 only) werc 2.70,3.54,

5.41, and 6.88 liPa for Recipes 1 through 4, respectively which, using the average cross-

T2



sectional area of the compost reactoïs, translated into weights of 38.70, 50.75,77 -55, and

98.62 kg, respectively. A decision was made to remove the loads on Day 119 since they

were no longer compressing the compost material (volume and particle size reduction

were considerable at this point). The initial masses of unshredded and shredded straw

used in each recipe were calculated on a volume basis and are shown in Table 4.3. The

total masses of straw in Recipes 1 through 4 were 12.3, l9'8,27.3, and 34.8 l<g,

respectively.

Table redded used i Ph4.3: Masses of unshredded and shredded straw used in I'hase

Recipe

Mass of Straw (kg)
Shredded Unshredded

1

(unsluedded straw)
t2.3 0

)
(2/3 unsluedded straw,

1/3 sluedded straw)

8.2 11.6

^,J

(1i3 unshredded straw,
2/3 sh'edded straw)

4.1 23.2

4
(shredded straw)

0 34.8

4.3 Sampling

Initial samples were taken for both phases of the experiment. Phase i sampling

continued every 3-4 days thereafter - the weight of the reactor contents being recorded

following each moisture readjustment to track weight loss. Phase 2 employed a weeldy

sampling protocol in which the contents of each reactor \¡/ere spread out on atarp and ten

approximately equal random samples of 50 g each were taken to form a composite

sample. Quartering techniques were then used to obtain a 50 g sample for analysis. The

cumulative amounts of sample removed from each reactor throughout the entire

13



composting period ïange fiom 4.5 to 9.lo/o of the initial dry weight. Temperahre and

oxygen measuïements were talcen at a horizontally centered position in the composting

reactor using the three oxygen/temperature sampling ports. Reported values are aÍr

ayerage of measurements taken from the three sampling ports for each reactor.

Temperature measurements were taken daily from day 2 to day 56 only, at which time the

temperature profile for each compost reactor had reached a plateau. Pore space oxygen

measufements were made during a one-weelç period from day 13 to day 20.

4.4 Physical and Chemical Analyses

In Phase 1 of the experiment, moisture content was monitored every 3 to 4 days using an

Infra-red Moisture Balance (CSC Scientific Company, Inc., Fairfax, Virginia) with a 125-

watt infrared lamp (McCartney and Tingley, 199S). The 5-gram samples used for

moisture determination were retumed to the reactor.

The initial compost feedstock materials (shaw and manure) and the initial and finished

compost recipes were analysed for total solids (TS), volatile solids (VS), fixed solids

(FS), organic carbon (OC), total Kjeldahl nitrogen (TI(N), and fibre composition (lignin,

cellulose, and hemicellulose). Phase 2 included analyses of bulk density, particle density,

FAS, and particle size in addition to weeldy analysis of TS, VS, FS, OC, and fibre

composition. TS, VS, and FS were determined using standard methods 2540 B and E

(APIIA, 1995). The OC was calculated using Equation 2 where OC and FS are based on

the dry weight fraction. TKN analysis was conducted by following the "Micro-I(jeldahl

Digestion Followed by Steam Distillation: Without Pretreatment to lnclude NOz- and

NO3- Quantitatively" method (Carter, 1993). The C:N ratio was calculated using the OC

and TI(N results. For Phase 1, mass balances were conducted to detennine VS reduction

14



and N loss. Phase 2 fibre analysis was based on separate determinations of neutral

detergent fibres (NDF), acid detergent fibres (ADF) and lignin. ADF (I(omarek et al.

1993) and NDF (I(omarek et aI. 1994) were analysed using the ANI(OM Fibre Analyser

#F200 (Fairport, N\). The NDF fraction, that material which is not solubilised by

neutral detergent, is an estimate of total flrbre content (lignin, cellulose, and

hemicellulose), while the ADF fi'action, that material which is not solubilised by acid

detergent, contains cellulose and lignin. Lignin was determined on the remaining

material after ADF analysis and fufiher treatment with 72Yo sulphuric acid (van Soest,

1963). Results from NDF, ADF and lignin determinations were used to estimate contents

of hemicellulose OIDF - ADF) and cellulose (ADF - lignin). Bulk density was

determined using the procedures in method 07.01-A proposed by USCC (1997), with the

exception that the vessel used had a diameter of 25cm and a height of 57cm. Parlicle

density was determined using the water pycnometer method (Klute et al. 1986) with the

exception that a 1 litre volumetric flask was substituted for the pyconometer in order to

accommodate larger sample volumes. Details on FAS calculations can be found in

Eftoda and McCartney (2002). Particle size analysis was completed using the ASTM

standard method D 422-63 (1990). Hand sieving was used with sieve screen sizes of

37.5, 19.0, 9.5, 4.75,2.36, 1.I8, 0.6, 0.3, and 0.15 mm (1.5, 0.75, 0.375,0.187, 0.091,

0.0465,0.0236,0.0118, 0.00591 inches). Temperature and oxygen measurements were

made using an oxygen-temperature probe (Demista Instruments Model No. OT-21, Mt.

Prospect, Illinois, 60056, USA).

oc : (1- F^s)

1.8
(Haug 1993, Liao et al. 1995) 14-21
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5.0 RESULTS AND DISCUSSION

A summary of the pþsical and chemical characteristics for the raw feedstock materials

and initial compost recipes for Phases I and2 is presented in Table 5.1.

5.1 Phase 1 Composting

The final material characteristics of the compost recipes were analyzed to determine the

composting properties of each recipe over the entire nine-weelc composting period. Table

5.2 compares the final C:N ratios as well as the mass balance results for VS reduction and

N loss in each compost recipe.

Table 5.1: Phase I &2 Feedstock and Initial Bench-scale Recipe Material
Characteristics

l) Values shown are mean values (standard deviations shown in parentheses).

2) n.d. : not determined

Materials
VIN'{C
tdb)

%TKN
(db)

VoOC
tdb)

C:N

(wt:wt)
7' Lignin

(db)
7o Cellulose

(db)
7o Hemicellulose

rdb)

o
Ø(t

,É
o¡

Straw
57

(16.6)
t.43

(0.22)
45.3
(2.2)

28.5 n.d. n.d. n.d.

Unders l8 t.48 45.6 3 1.0 n.d. n.d. n.d.

Lagoon
Mixture

93
(0.2\

23.5
ti3.8)

13.9
(1.5) 0.6 n.d. n.d. n.d.

q)

(d¡
H

Recipe 1A 57
7.43

(0.22)
45.7
(0.1)

32.0 n.d. n.d. n.d.

Recipe 1B 't0 t.43
(0.22)

44.3
(0.6) 31.0 n.d. n.d. n.d.

Recipe 2A 40
1.29

(0.13)
44.8
(0.2\ 34.7 n.d. n.d. n.d.

Recipe 2B 55
1.29

t0.13)
44.5

10.1)
34.5 n.d. n.d. n.d.

Recipe 2C 62.5
1.29

10.1 3)
44.8
(0.3) 34.7 n.d. n.d. n.d.

Recipe 2D 70
1.29

10.13)
45.1
t0.4)

35.0 n.d. n.d. n.d.

Recipe 2E 62.5
l.55

10. I 8l
44.6
(0.0) 28.8 n.d. n.d. n.d.

c.¡
0)
Ø
(ü
,q
Ê¡

Recipe
1,2,3,4

70
0.76

(0.06)
48.9
(0.8)

64.2 tl.4 42.5 t9.6

Notes:
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Table 5.2: Fina Compost Characteristics of Phase 1 Rec

Recine
%VS

Reduction 7o N Loss
% Weight Reduction

ldrv basis)

Finøl C:N
Ratio

1A
45.8
t0.0)

1.7.0
(s.5)

39.3
(0.1) 20.9

1B
58.2
t2.0)

8.5
ß.2\

48.9
Q.0\

14.2

2A
46.9
o.L\

t7.t
13. l)

38.9
(2.8\

22.2

2B
sB.7
(0.2)

18.8
(0.4)

48.7
(0.1) r7.6

2C
65.9
Q.7\

23.4
fl.2\

55.4
(2.0\ 15.5

2D
7r.3
11.51

18.6
(4.7\

58.8
fl.6)

12.3

2E
69.9
t1.s)

32.4
t0.1)

57.9
11.0)

t2.8

ÑcnaracteristicsshownnereareaveragesofduplicatereactorSforeaclrrecipe(standarddeviations
shown in parentheses).

For the recipes consisting of only straw (14 & 1B), it was found that an increase in

moisture content resulted in greater VS reduction. A similar trend was seen for the

recipes including straw and unders - increased VS reduction with increased MC where

VS reduction reached a maximum of 7l.3Yo for Recipe 2D. Figure 5.1 more clearly

indicates the strong positive linear hend (RÍ:0.9983) associated with MC for Recipes

2A, 28, 2C, and 2D. Using Figure 5.1, comparisons between Recipes 1A & 2B and

Recipes 1B & 2D showed an increased VS reduction with the addition of unders to the

compost mixture. The increased VS reduction, an indication of increased degradability,

was likely due to better degradability of the unders material. Since decomposition occurs

on particle surfaces, the smaller particle size of the unders increases the surface area

available and therefore improves de gradability.

It was also possible to assess the potential advantages of adding a nitrogen source in the

form of a lagoon mixture by analyzing VS reduction. Recipes 2C and2B were compared

to make this assessment and their initial N contents and C:N ratios are shown in Table
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5.1. Figure 5.1 indicates that the added N source in Recipe 2E did not result in a

statistically significant advantage over Recipe 2C with respect to VS reduction. The

starting recipe characteristics shown in Table 5.1 indicate only a marginal difference in

initiat C:N ratio, which may have reduced the expected advantages of the nitrogen

addition.
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I

,",/

35 40 45 50 55 60 65 70 75
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Figure 5.1: VS reduction as a function of moisture content for Phase 1- recipes.

Note: Results indicate averages of duplicate riiji;ii,åî,Xlbars represent * one standard deviation of

Assuming the dry weight loss in the reactors was due to VS losses, the VS lemoval

profiles for the entire small bench-scale test period were calculateci. For Recipes iA anri

18, similar drops in % original VS occurred in the first 20 days but Recipe 18, with an

increased MC, showed a greater overall reduction for the remainder of the experiment'

This trend was similar fol Recipe s 2A to 2D. Simitar reductions of VS were exhibited

for the first 10 to 12 days of the trial but after this point, differentiation was noticed for

the remainder of the experiment with greater reductions of VS occurring for reactors with

1B



higher moisture contents. Comparisons of the VS removal profiles for Recipes 1A &,28

and Recipes 1B & 2D showed that the addition of unders to the compost recipe resulted

in increased reduction of original VS by day 10, once again indicating the greater

degradability of the unders when they are added to the compost mixture. By comparing

Recipes 2C &.2E it was noticed that Recipe 2E displayed a quicker initial reduction of

VS but after 15 days the decrease in VS for the two treatment recipes was similar. As

with the results shown in Figure 5.1, only a small advantage was noticed with the

addition of nitrogen to the compost mixture.

The N loss for each of the compost recipes is shown in Table 5.2. Comparison of

Recipes 1A & 1B (varying only in MC) indicated a smaller N loss for the recipe with a

higher MC (Recipe 1B). This comparison seems to agree well with conventional theory

- the higher moisture content in Recipe 1B would be expected to aid in preventing the

volatilization of nitrogen in the form of ammonia. No statistical significance was noted

between the straw-only recipes and the stradunders recipes. Additionally, there appears

to be no trend with respect to N loss as MC increases in stradunders recipes (Recipes 2A

through 2D). The N loss exhibited for Recipe 2E (containing an additional nitrogen

source) was greater than that for Recipe 2C. The greater N loss was expected since the

initial %TKN was greater for Recipe 2E (see Table 5.1).

5.2 Phase 2 Composting

5.2.1 Pørtícle Size, Møss, Volume and C:N Ratìo

The frnal material characteristics of the compost recipes used in Phase 2 of the

experiment are shown in Table 5.3. Results of the initial parlicle size analysis are shown

in Table 5.4. The particle size such that 10Yo of the particles are smaller than that size is
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denoted by Dro. D:o and D6¡ are defined similarly. The coefficient of uniformity (Cu)

indicates the range of particle sizes in the material (i.e. the higher the value of Cu the

larger the range of particle sizes).

Table 5.3: C Ch teristics of Phase 2 Reci: uomDost unarac

Recine

Dry BulkDensity
fks/m3)

Initial
FAS
(%)

% Weight
Reduction
(drv basis)

C:N Ratio
Initial Final Initial Final

1

(unskedded straw)
20.t 219.5

ß.2\
87

77.5
(1.9) 64.2 13.5

2
(2/3 unshredded straw,

l/3 shredded shaw)

31.4
327.0
(37.2)

79
73.6
(0.e)

64.2 11.1

ô
J

(l/3 unshredded straw,
2/3 shredded straw)

49.1
399.s
(43.4)

68
74.3
(0.2)

64.2 9.4

4
lshredded straw)

s8.0
225.7
(22.6\ 62

67.3
t0.3)

64.2 t0.7

ffihereareaVeIagesofduplicatereactorSforeachrecipe(standarddeviations
shown in parentheses).

Table 5.4: Initial Particle Size Ana of Phase 2

Recipe
Dro

(mm)
D¡o

(mm)
Deo

(mm)
Cu

(Deo / D:o)

1

lunsluedded)
1.5 3.6 8.0 5.3

,)
L

(2i3 unslredded, 1/3 shredded)
1.1 2.0 4.7 4.3

Ĵ
(1/3 unshred ded, 213 sluedded)

1.1 2.3 4.1 3.7

4
lshredded)

0.9 1.8 3.2 3.6

The initial dry bulk density increased for Recipes 1 through 4. This was expected due to

the decrease in particle size for each recipe. Initial FAS determinations are in agreement

with the dry bulk density and particle size analysis. Recipe I had the highest initial FAS

(57%) while Recipe 4 had the lowest initial FAS (62%). An analysis of the initial and

final dry bulk densities for each recipe indicated that the recipe with the largest initial

20



particle size (Recipe 1) attained the largest increase in dry bullc density (10.9 times the

initial) followed by Recipes 2 through 4 at I0.4,8.1, and 3.9 times their initial dry bulk

density. Weight reduction also followed this trend with the exception that Recipe 3

showed a greater weight reduction than Recipe 2. High initial C:N ratios of 64.2 were

reduced the most by Recipe 3 (frnal C:N of 9.4). The final C:N ratio was highest for

Recipe 1 (13.5) after the 180-day composting period.

The volume reductions for each recipe are shown in Figure 5.2. It should be noted that

the results shown are anaverage of duplicate reactors for each recipe and do not take into

account the amounts of materiai withdrawn for weeldy sampling purposes. Also, the

loads used to simulate a 2.5 m depth in a windrow compost pile were removed on day

119 of the experiment resulting in a slight "refluffing" of the compost material

represented by a mild peak in Figure 5.2. Volume reductions of 50% were observed by

day 50 of the experiment for all recipes. Recipes 2 and 3 showed similar rates of volume

reduction before stabilizing at approximately I\Yo of their initial volumes indicating that

the particles sizes (mixture of unshredded and shredded straw) were more conducive to

rapid volume reduction. Recipe 1 did not exhibit the same rates of volume reduction as

Recipes 2 and3 but finished at approximately i0% of its initial volume as well. Recipe 4

showed the least amount of volume reduction (81%) pelhaps owing to the smaller initial

particle size. The additional I0%o of volume reduction attained by Recipes I,2, anLd 3

would have important implications in the design of a firll-scale straw composting

operation.
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Figure 5.2: Volume reductions for Phase 2 recipes.
Note: Results indicate averages of duplicate reactors.

5.2.2 Tempernture flnd Oxygen

Temperature monitoring for each compost reactor continued until day 56, at which point

a plateau in the temperature prof,rle was evident as shown in Figwe 5.3. It was noticed

that the diminished mass of compost remaining in each reactor at this time might not

have been capable of heating itself to a temperature greater than that within the

environmental chamber. The average temperature within the environmental chamber was

42.6'C. Epstein (1997) reported on the work of others who studied the succession of

fungi in straw and grass compost. They found that both mesophilic and thermophilic

fungi decreased in population as temperature of compost reached 70"C. HoweveL, as

soon as the temperature decreased below 65oC, the thermophilic fungi resumed growth

and their population peaked at approximately 45"C.
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The temperature rise in actively composting wastes is a function of both the heat gain

from microbial exothennic reactions associated with respiratory metabolism

(Tclrobanoglous et al. 1993: Epstein, 1997), and heat loss due to ventilation. Recipe 3

exhibited the highest temperatures throughout the monitoring period perhaps indicating

the highest level of microbial activity and/or least heat loss. Temperature maxima wete

reached on day 4 for all recipes and gradually decreased thloughout the monitoring

period. Average temperatures for Recipes 7,2,3, and 4 were 46.5oC, 48.goc,50.0oC,

and 48.3'C for the monitoring period, respectively.

Oxygen levels within the compost reactols were only monitored from day 13 to day 20

due to measuring probe malfunctions. The contents of each reactor were mixed on day

18 restoring the pore space within the compost matrix. Average oxygen levels (%)
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throughout the monitoring period for Recipes 1,2,3, and 4 were 17.5, 12.9, 10.0, and

8.9, respectively. These results were expected since the supply of oxygen to compost

microorganisms depends on the porosity and particle size within the compost, its

moisture content and rates of diffusion and convection, the latter two being affected by

temperature (Joshua et al. 1998). As moisture content and temperature were constants for

all compost recipes, the particle size variations for Recipe 1 through 4 directly impacted

oxygen diffusion and convection throughout the compost matrix. All recipes exhibited

pore space oxygen levels above the minimum oxygen concentration of 50lo suggested by

Rynk (1992) to assure effrcient aerobic metabolism.

5.2.3 Volatile Solids R-eduction

A plot of volatile solids reduction for each recipe throughout the duration of the

experiment is shown in Figure 5.4. Volatile solids reduction was most significant and

rapid for Recipe 3 decreasing û'om 88% to a final value of 58% while Recipes I,2 and 4

slrowed volatile solids reduction to final values of 63%o, 610/o, and 65Vo, respectively.

Volatile solids began to stabilize after approximately 140 days. Comparatively, Eiland et

al. (2001) evaluated the composting of Miscanthus straw and liquid pig manure in both

open box and closed reactor systems. VS in the box system decreased from 7 5o/o to 680/o.

In tlre reactor system, VS decreased from 78Yo to 65%. VS sta"bilization was observed at

approximately day 120 in both systems. The VS reductions in the experiment reported

herein ranged from 25 to 30 o/o whereas the VS reductions in the Eiland et al. (2001)

experiment ranged from 7 to l3o/o. However, moisture content in the box and reactor

systems in the Eiland et al. (2001) experiment fluctuated as low as 53Yo in the box system

with final moisture contents of 80% for both systems. Also, temperatures in that
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experiment varied from 16'C to maxima of 65-70"C. The conditions in the present

experiment may have been better suited for straw composting. Temperature was stable

within the 40-50'C range (ideal for thermophilic fungi) and moisture content was

controlled at 7 0%o (15%).

Volatile solids degradation in Recipe I may have been slowed by a larger initial particle

size that inhibited microbial activity. Conversely, the smaller particle sizes (and pore

spaces) in Recipe 4 coupled with a high moisture content of 70Yo may have produced

oxygen constraints which limited oxygen transport (McCauley and Shell, i956; Miller,

1991; Hamelerc, 1992; Tseng et al. 1995; Richatd, 1996) and reduced the rate of

decomposition (Richard et al. 1999). Pore space oxygen measurements from day 13 to

day 20 seem to indicate that oxygen levels were adequate (>5o/o), however, the one week

of measurements only represented a small fraction of the nearly 2l-weekcomposting

period.
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Figure 5.4: Volatile solids reduction for Phase 2 recipes.

Note: Results indicate averages of duplicatereaciöi,Ti;J O.ts represent * one standard deviation of

5.2.4 FíbreDegradation

The degradation of straw fibres (remicellulose, cellulose, and lignin) during composting

is shown in Figures 5.5, 5.6, and 5.7 . Since the homogeneity of the composting material

increased (due to decreasing particle size) over the composting period, the within recipe

variability decreased with time, as indicated by the error bars presented in Figures 5.5 to

5.7. Additionally, Figure 5.5, showing tlie degradation of hemicellulose, appears to dip

below zero on the y-axis. The reason for this may be due to the analytical method used in

this experiment. Many complex polysaccharides that can be classed as hemicelluloses

are water-soluble and will thus not be estimated by this method. Secondly, some

hemicelluloses require a pH of less than zero to be solubilised and thus the ADF assay

will not remove all of them. Generally, fibre degradation was most rapid and complete

for the compost recipes containing mixtures of unshredded and shredded straw. Recipe 3

-e- Recipe 1 (unshredded)

-u- ReciÞe 2 (2/3 unshredded,
'l13 shredded)

-¡,-Recipe 3 (1/3 unshredded,
2/3 shredded)

---E- Recipe 4 (shredded)
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performed the best, followed closely by Recipe 2. Recipes 1 and 4 showed the slowest

rates ofdegradation.

Hemicellulose decreased from 1.72 g g-l ash to zero by day 90 for Recipes 2,3, and 4 and

by day 110 for Recipe 1. While hemicellulose was eliminated in this experiment, Eiland

et al. (2001) observed that hemicellulose content only decreased to 6Vo of the initial

hemicellulose content at the end of the composting period (190 days in the box system,

150 days inthe closedreactor).
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Figure 5.5: Hemicellulose degradation during Phase 2 composting.

Note: Results indicate averages of duplicatereaclîj,,Til; O"ts represent * one standard deviation of

In the experiment by Eiland et al. (2001), cellulose reached stable levels at day 50.

Cellulose final levels of 36% and 30|/o of initial cellulose levels were determined for the

box and reactor systems respectively. As stated previously in the discussion of VS

reduction, the conditions in the present experiment may have been better suited for straw

composting. The stabilization of cellulose was most rapidly achieved by Recipe 3 (day
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60), followed by Recipe 2 (day 95), and Recipes 1 and 4 (day 137). By day 137,

cellulose content had decreased from 3.75 g g-1 ash to 0.75 g g-1 ash for all recipes

representing a loss of80%o.

Additionally, work reported by Epstein (1997) determined that after 153 days of

composting, straw had lost approximately 33o/o of the hemicellulose and 50% of the

cellulose initially present. No change in cellulose levels was observed before day 24 and

the most rapid degradation occurred from day 24 to day 90. Results from the present

experiment show that rapid degradation of hemicellulose and cellulose began early in the

composting period (by day 4) and continued until approximately day 60.

Eklind (199S) evaluated the degradation of the fibre fraction as halflife times (50%

degradation). In that evaluation, straw composting exhibited half-life times for

hemicellulose and cellulose of 29 and26 daysrespectively. Eiland et al. (2001) observed

half-life times for hemicellulose and cellulose of 21 and 100 days respectively. Results

for this study were similar to the straw-only composting in Eldind's (1998) experiment

with halÊlife times for hemicellulose of approximately 20 days for all recipes, and

cellulose half-life times of 20 days for Recipes 2,3, and 4 and 50 days for Recipe 1.

Epstein (Igg7) reported on the biochemical changes that occur during the composting of

wheat straw. Cellulose and hemicellulose, constituting 45.3% and 35.7Vo of the initial

dry weight, decreased to 13.3o/o and 17 .\Yo of the original dry weight in 60 days. Also,

the straw had lost 50%;o of its initial dry weight after 60 days of composting, essentially

representing the loss of hemicellulose and cellulose. In the present study, cellulose and

hemicellulose decreased from 42.5% and l9.7Yo of the initial dry weight to 22 - 30Yo and

0.5 - syo,respectively after 60 days. All recipes had lost 50o/o of the initial dry weight by
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the 90tl' day of composting. After 180 days, cellulose had decreased to 30% of the initial

dry weight while hemicellulose had been completely degraded'

The microbial enz¡..rn es catalyzing degradation of hemicellulose and cellulose are

repressed by the presence of low-molecular weight carbon sources that are more easily

metabolizecl than hemicellulose and cellulose (Madigan et al. 2000). This explanation

supports results obtained by Eiland et al. (2001) where, while composting straw with

liquid pig manure, the metabolism of readily available carbon creating high metabolic

rates resulted in a period of high temperature where hemicellulose and cellulose

degradation was delayed until the eighth day. Howevet, hemicellulose and cellulose

degradation is noticed earlier for this experiment (day 4), indicating a lack of more easily

degraded carbon.
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Figure 5.6: Cellulose degradation during Phase 2 composting'

Note: Results indicate averages of duplicate reactors. Error bars represent + one standard deviation of
recipe duPlicates.
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The degradation of lignin was slower and less complete than hemicellulose and cellulose

degradation in this experiment. Lignin content decreased from 1.0 g g-t ash to 0.4 g g-t

ash for Recipes 2 and3, 0.5 g g-1 ash fur Recipe 1, and 0.6 g g-t ash for Recipe 4' Lignin

levels were approximately stable by day 140. In the work done by Eiland et al. (2001),

no degradation of lignin was observed. It was hypothesized that this was caused by the

presence of nitrogen in the final stage of the composting period, because iignin-degrading

enzymes are induced by nitrogen limitation. The initial C:N ratios wete 25 and 16 for

box and reactor systems respectively. The initial C:N ratio for Phase 2 of this study was

64.2,perhaps creating more ideal nitrogen-limiting conditions for lignin degradation.
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Figure 5.7: Lignin degradation during Phase 2 composting'

Note: Results indicate averages of duplicate reactors. Error bars represent * one standard deviation of
recipe duPlicates'
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6.0 SUMMARY AND CONCLUSIONS

phase 1 of the research was a preliminary investigation that employed small bench-scale

compost reactors containing various recipes using the three feedstock materials (straw,

process unders, and lagoon mixture) at different moisture levels in an attempt to gain an

understanding of composting effectiveness and to aid in the selection of several recipes

that could be ¡sed for larger-scale laboratory testing. The recipe variations used formed

the basis for comparing the impacts of: (1) water addition; (2) unders addition; and (3)

nitrogen addition in the form of a lagoon mixture. The Phase 1 smali bench-scale results

for this project indicated:

1) The VS reduction (indicating degradability) was greater for the compost recipes

containing unders suggesting the possibility that unders, having a smaller particle

size and thus a larger surface aïea, aÍe more easily biodegraded.

Z) A clear trend emerged indicating that VS reduction was aided by an increase in

moishre content for the shaw and stradunders recipes'

3) The advantages of adding a nitrogen source (in the form of a lagoon rnixture)

were limited when considering VS reduction. The N addition also resulted in a

greater loss of N throughout the experiment. No trend emerged with respect to N

loss with increasing moisture content for the stradunders recipes.

plrase Z was a larger-scale investigation focused on the composting of four recipes of

varying straw particle sizes. The objectives for this phase were to investigate the effects

of particle size on compost degradation and volume reduction and to monitor the rate and

degree of degradation over a typical Canadian Prairie summer composting period to

estimate the ultimate degradability of straw compost. Based on the analysis of the

observed data the foltowing conclusions were made:
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1) Degradation of volatile solids and lignocelluloses was most rapid and complete

for recipes containing both shredded and unshredded straw, with the recipe

containing 2/3 shredded straw performing the best.

2) Volume reduction reached approximately 90Yo for recipes containing either

unshredded straw only or a mixture of unshredded and shredded straw.
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7.0 RECOMMENDA.TIOI\SANDENGINEERINGSIGMFICANCE

The conclusions reached as a result of Phase 1 and Phase 2 of this experiment offer

insight for a potential full-scale operation attempting to compost a high carbon material

such as straw. The rates and degree of degradation as well as volume reduction during

straw composting are of great importance for the sizing and operation of a full-scale

facility. In addition, understanding the impacts of straw particie size could result in

potential cost savings with respect to feedstock preparation via straw shredding'

However, this research consisted of laboratory-controlled experiments to simulate

windrow composting of straw oveï a typical Canadian Prairie summer. Parameters such

as moisture level, humidity, temperature, and compost mixing can be controlled and

optimized in the laboratory, but challenges exist in replicating laboratory conditions at a

larger field scale. As a logical next step towards full-scale design, a pilot-scale freld hial

would be usefui in determining larger-scale composting conditions and, if possible,

provide conelations with the results of the completed laboratory-scale work'
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APPENDIX A _ PHASE 1 COMPOSTING PHOTOGRAPHS
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Figure A-1: Phase 1 composting' initial Recipe 1.

Figure,4.-2: Phase 1. composting, initial Recipe 2.
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Figure A-3: Phase 1 composting, initial Recipe 3.

Figure A-4: Phase 1 composting, initial Recipe 4.
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Figure A-5: Phase 1 composting, initial Recipe 5.

X'igure Ä-6: Phase L composting, initial Recipe 6.
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Figure A-7: Phase L composting, initial Recipe 7.

Figure A-B: Phase L composting, fÏnished Recipe 1.
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Figure A-9: Phase 1 composting, fÏnished Recipe 2.

Figure A-10: Phase 1 composting, fÏnished Recipe 2 (close-up).

42



Figure A-L2: Phase L composting, finished Recipe 4.
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Figure A-13: Phase 1 composting, finished Recipe 5'

Figure A-14: Phase L composting, fÏnished Recipe 6'
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Figure A-15: Phase 1 composting, fÏnished Recipe 6 (close-up).

ffi',i,t
1 composting, finished ReciPe 7.Figure A-16: Phase
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APPENDIX B - PIIASE 2 COMPOSTING PHOTOGRÄPHS
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Phase 2 composting, initial Recipe 1..

41

Figure B-2: Phase 2 composting, fÏnished Recipe 1.
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Phase 2 composting, initial Recipe 2.

B

Figure B-4: Phase 2 composting, fTnished Recipe 2.
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Figure B-5: Phase 2 composting, initial Recipe 3'

Figure B-6: Phase 2 composting, fÏnished Recipe 3'
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Figure B-7: Phase 2 composting, initial Recipe 4.

Figure B-8: Phase 2 composting, fÏnished Recipe 4.
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Phase 1 - lnltlal Sollds AnalYsls

Test Dato: August 23,200f
%oc=(100-%FSy1.8

Reâctof Cruc¡bl6 # Tare onlv (o) ârê+Materlal qlter 103qC (q' ef 550t; %MC O/"TS %FS

1a 91 100.422i, 91.749{ 6 t.0t 38.9¿ II-1 / 18.8!

T9 89, 97.490r 90.317! 57.8 42-1i a2-71 17.2(

T3 87.34r'J¿ 96.204( c1 .1 645 87.996, 43.11 82.8: 17.'tt
41.4( 82.24 17.7Í

a St- Dev. 0.9t o9:

b 74 85.5421 94.3 85.222t 86.22 41.9{ 81.51

nn 89.834Í s3.1754 90.4 59- 40.61 81.71

nn re 86.017( 94. 89.834( 86 57.f i 42.8i
58.20 Ã1 Ar F21 17.41 45.1

lhSt Dêv 1 .1i 11 o 0.4: 0.8t

rÊ 1 Mean a2-1t 45;,

.¡lne t .st- ory. lbetween 1a and 1b) o-o1 0.0!
%RSD = 0.1

Fleaclor Crucible # Târê ônlv loì Tar€+Matêríal (( Alter 1 03"L; After 550t lo -/oMU O¿TS %VS %FS l.il

la G 113.312 106.70S1 104.503€ 71.0i 28.91 81.8t 18.1:

J-8 st.s10r 101.484' 94.1 991 92.337{ /b.u: 23.91 81.33 18.

56 89.981 r cc 67'l s2.872! 90.60 25.8, 78.3t
72.4',. 27.5-, nn M-)

3.2( '1 It 1F 1.8t

¿b H1 90.80141 100.00/t 93.2644 7s.24 26.7Í 21-1

T5 88.613( 98.589¡ 91.0144 75.9: 24.( 20.6f

no handls 90.3(
74.5! 25 41 7S.1t 20.9( 43.f

1.9( 1ç 0.3r 0.3¿ 0.3,
7S.81 44,

ffi 1.01

%HSD= I

ñãctor Tõrucido #T Tat€oniy (st I Taro+Material (a) | After 1 03t (q) | After 550t (s) | %ML; %TS %vs

ta J-6 81.61 5: 87.2951 42.7 41.5t 58.44

7 89.3041 1 94.932, d¡stu 42.7" 57.2t

90.943i 100.77191 96.665, 92 4'l-71 58.21 a1 'la.6i

42.O" 1S.0¡ 45.(

ìâ St Dêv 0.61 0.6- o61 0.61 0.6

ìb R1 93.43131 103.2218 99.048 94,ã24t 42.81 t1 20.3Í

2 91 100.310t 96.747 92-793t 42.11 80.9t 19.1(

25 92.1 99.908r c67 93.050Í ¿i 7l BO-7i 1S.2t

Meân Ã1 9i 80.41 19.5( A¿

11f 'l.l { 0.7( ã7t o

80.6Í
0.3{

%RSD = 0.4

Reâctor Cnra¡filê # I ar€ onlv lol fârê+Mâlerlel After 103eC lo' êr 55O{ì lô %MC "/JS %VS v"oc

tâ 91.310; 95.045( 92 61.2t .41 6t

4S 90.948( 99.28li 94.362t 91-614: 59.0t 40 19.5t

A-11 89.160 93.626 46 '19.8!

58.0( 19.9! 44.,

381 0.5( 0.5( 0.5r

tb A-8 98.595t 90.2541 74.O, 80.34 1 9.6(

T8 2' 97.774¿ 04t 88.763: 61.2 80.61 19.3(

45 1 98.533 ã2( 90.029¿ M.6t 79.92 20.0t
36.4r 80.2! 197t 4t

9.5t 0.3f o3¡
80.1: 44-!
¡2( 0_11

o/"RSD = O.2l
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Phass 1 - lnltlal Sollds Analysls

Test Date: August 23, 2001

%oc=(100-%FS)/1 .8

Reactof crucrble # Tar€ onlv lo) fãrê+Material lol I Aíter 103I] (q) I Alter 5504j %MC Y"IS %VS /ooc; (dr

ta 57 91 r00.073f 94.61 11 s2.169i 64.4 81.0:

30 c4 1 102.525i 94.7464 66 33.61 79.22

18 go_ 144: 98.540t g3 90.707( 65 35.0( I 'f 9.1¡

34.7i 19.tii M;,
o-9i 0.9; 1.01 't.01 tn.

ib J-3 38021 98.55601 93.13681 90'89881 tjtt.zt 33.7i 81.1 18.81

1'1 103.907Í 1 13. 1 07-1491 104 titi.4: 19.3{

.t- 87.1 1 1r s7.37t( 90.20( a-/.1 64.3t 81.2Í 18.2

65.6( 81.01 18.9t

1.1( ¡( 0.3. fl 3¡ O-3¡

80.7t 44.¿

rê 5 St- Dev- lbetween 5a and 5b) 0.41 o.2f
%HSD = U.5:

Reactor Gruc¡ble il Tâfe onlv Tare+Mater¡al (ol fler 103"L; lol AÌet 55UU t( %TS ./.FS ì l.lh

ia 70 71.0101 80.1 1 5l 73.406( 71.401 73.6! 26.3' 41 16.5f

r2 88.'143, 97.14 s0.666, AÂ6111 7l.ct 28.0, .4f

nn:t/-F 71.630i 80. 74.O23f 721 20.01

ìa Mêan 72.78 81.61 18.3( 45.

0.87 0. 1.7 1

ib ãã-0q06[ s7.g2l¿l 91.23201 8s.126' 71.71 24. 81.2{ 18.74

94.083: 96.8091 94.tit 5{ 72.61 80.4t 19.

qn 71F 93.099( s1-184i 73.2! 80.31

72 27.4r 80.7{ 44.1

o.7, o-7t 0.41 04 0.41

Rl_l 45.1

ìeclpe 6 St. Dev. (between 6a and 6b) 0.64 | | u.3t
%RSD = 0.7(

Reaclor Crucible#llareonlv ïare+Male Afler 103Ð lo' After 550t ({ o/"MC v.I %FS t

7a J-4 90.856; 93.7621 c1 401 l 63.17 36 81-24 't8.7f

87.983( 90.9261 88 64.3t 80.2( 19.8(

91.625' Il 1t 94.41 8r 92-194f 65.8f 79.61 2î 3l

64.4i 80.3¡ 1C f 44.

tâ St Dêv 0.81 o8 0.Bt

rb 90.001 99.285( 93.4 90.633: A2 A1 37.19 81.7( 18.

J-7 92 102.8898 96 93.6441 67 81 32.1! 78.7 1

T1 Ã7 71 95.926! 90.46781 88.297t 33.0ì AO¿ 1S.5Í

Mêan 34.1 ! ao 19.7( 44.Í
2.6 1.4 1.4t 1.4t

Á!l

;tp" Z St. Oe". tæt-,ee¡ ZranO z¡) 0_0i oo
ToHUU =
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Phasê I - Ftnal Sollds Analysls

Tested Oclober31,2001
%oc=(100-%FSy1.8

Cnr.¡hlê # Tre onlv lol Târê+Mâleriel loì Aftêr 103ç {o) I After550'u %MC o/^Ts 7"t- s %oc tdb

a 56 89.981 s8.082( 93.83531 90.985( 52 4i 47.5, t3.9t 26.O'

J-8 s1.911t 102.534 s6.s9l( 93.2 52.1 47.81 73.1t 26.8'
26.6t57 91.596É 1 01-7S61 96.509' 92. 51.8, AB 1I

12 1! 47.F 73-5t 26.5( 4rì1

la Sl- Dev. 0. 0.3t 0.4 tì¿ 0.4

rb 74 85.5431 94.( s0.0t491 86 52.tit ¿7 ¿r 72 9-, 27

J-4 s0.8591 1 01.55/{ 9s.8571 | 92.',1651 53.2Í 46. 26.1

3 s0. 100.364r 52.4t 47.5t 72.9! 27 il
52.71 26.t¿ 40;,

lh St- Dêv- 0,At o.4t 0.5; 0.5Í 05,
73 3l 40_t

ã;ñ;-l-ãI Dw.tbetwm 1md 1b) 0.1 0.01

Cnrcihì6 # talmlv lol llare+Material (o) After 103t Allar 550'C loì 7"M(; "/.TS
O/"VS Y"FS lkoc

la T8 88.034r 105.2603 93.305ì s9.811( 69.401 30.6( 66. 33.71

A-11 AC't6 107.173( 94 91.070( 68.971 31.0i 65.8r 34.1,

¿5 8S_193t 105.690f 94.198t 90 69.6É 30.3, 66 n, 33-1

69.3¿ 30 6t 66 33.6;

¡â Sl- Dev. 0: 0.3! 0.4! o¿l tì 41

lb 7 89.30681 105.214 93.S46: 90.95791 /0.61 29.1 Ê4 41

30 94.156¿ f 1 2.31 6' 99.372t 96.031 712-, 35.S1

J-6 41.6 98.061 46.4 83.373C 7ll.) 29.2 63.51 âÂ ¿ç

71.01 28.9r â4 2! 35.ri 35.,
o 31 0. 0.2¡ 0.2!

65.2t

ìecloe 2 St. DÑ:lbehrean 2ããnd 2b) 141 0.8:

:lêaclor Cruc¡blo # Tere ônlv lol Tar€+Malerlal (o) Aftêr 103{] lol I Aller550t (o) i,/"MC ./JS o/ Fs ,AO(ì

,a w 88.635; 98.7401 94.73391 90.456: 39.61 60.3t 7ll1

91.062( 101.8151 97.56541 cracke( 39.5í 60.4

40 91 1 02.051 1 s8.03121 93.551( 38. 61.431 69.9I 30.01

29.St39.2t Aô 7I 7i
n5ç fl 5! 0-1 I 0.1, tì

tb H1 c3 491 102.4261 se.2f 7sl 95.22'll 35-91 64.01 69.7t 3i )i
G 104.015í 111 I 108.91631 105.1 37 -2t 62.721 70.0(

J-12 87.'1131 s4.437t 91.58491 88.4291 3A qr 61.Of 70-5f 29.4'
37 62.Ê21 70.1Í 20 g' 39(

't.5i r.521 0.4( o4t 0.4(

70.0{ 38.{

rs 3 St. DBv. fbÊtween 3a and 3b) 0.0( o.o:

Cruc¡ble $ Tar€ onlv (o) fare+Malerial lol Âltar l03{ì ldì Afler550t lo) '/^l\!1 7"VS %FS %oc (db

la T1 47.772 97.68S( s2.602i 89.512( 51.2S 48.7 63.9r 3Ê O'

94.081r 105.3 99.526t 51.51 48.4( 639

I 88.612í
q3 c65! 90.531/ 5l 5i 49 +.1 35.81

l.a 48.51 64.0r 3q q,

o.1t of ot o.1: 0.1

tb 7î 70.97661 80.84031 75.6191 72.611i 53.0( 47n 35.21

T3 F73 99.37/r 92.S321 89.3041 .4 46.5: 64.6! 35.3

TC 89.752t 97 93_475t 91 53.2i ¿Ê7 65 3Í
46.7- 64.9i 35.0i 3Ê

O.2t 0.3; o3l o
â¿ a-, 35.t

* 4 st- DM fbeMM 4a and 4b) 0.tt¿ 0.3(
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Phase f - Flnal Sollds Analysls

T€sted Octob€r 31, 2001

%oc=(1oo-%Fsy1.8

ìeactor nírc¡hla ü I Tâ16 onlv lo) Tare+Maler¡al (q) Atler 103'C lol Aftêr 550t (o) OI"MC ./JS ./"VS o¿Fs %oc

la
't01.764( 93.5981 90 60.1 t 39.8, 62 3t 37.6:

T4 87.4S '100.187{ 92.601 49.39/t 59.7t 40. 62.7i 37.21

102.098, 93-6S/t 90.2241 50-l 39.5' 63.321 36.61

60.1r lq Rr Ê2 A1 37.1 34.1

iâ Sl nav 0.3ì 0.4 o.4', 0.4

tb T11 I 87 99.8981 s2.a 89.719 38.3¡ 60.2t aaTt

94.9554 I 0s-1 74 100.493( 97.1 61.01 38.9r 60.121 39,

s7 -497t 89.188{ 86.01 1r 61.3' 38 6t 3S.4t
6't.3¡ 38.6t 60.3t 3q 6i 33.

0.3' 0.31 o. 0

61-5,

æ¡æ 5 St. ÞBv. (bâtween 5a and 5b) 1.7r 0.91

BâClOt Crucible # Târâ onlv lôì Tare+Mâler¡al lol After 550€ loì 7ôVt; ,FS

;a 1n s4.145: '107.691 98.0471 95.862 71.1Í 28.81 56.0r ¿4 0(

.l-6 It.606t s3.859( 85.200t 173( 70.6i 29 3: 56 Ai 4Íì.5t

7 492 102.4121 93 0221 90.936r 7t 5! 1' 55.91 44.0i
71 .1¡ 28.81 5Ê lÍ 43Í 31.'

ìâ St nêv 0.4( ôdf ot o.2f 0.2i

ìb J-4 eô 8ss4l 101.14691 93.n 92.1 1 9r 7t.5f 4 56./ 43.2i

s0.s39l t05.1 50 s4.c02( 92.664r 72.1 27.81 56.4f 43

74 85.538; 101.22201 89.8891 7.417i 72.2f 27 7¿ I 43.1

7t c! 2A 56.6t 43.3"

o3t 0-3: 0.1( n 0_tl

58¿ 31.í

Bcloê 6 St. Dev. lbetween 6a and 6b) 0.3{

Cruc¡blB il Ta16+Malerlal loì Allêr 103q-ì ldì Afl6r 5501 ./^^Àa O/"TS 7"VS %FS o/-ôC fdh'

ta T2 aa.1Mi 97.850, s1.s41 89.794f 60 881 39.f: 56.5, 43.4t

50 90.719: 94.051 c2.1 60.92 39.0{ 56 5:

H1 co Â¡ 10a.o72' c4 366 61.51 38r 55.4t 43.5"

61 38.8t 56.5 À3 Ál 31-

0.Jt o3t lì 0: o 0.c

7h 4S 90.94701 101.584, c5 20t 92.701i 60.0( ¿n nt 58-7 41.2i

A-7 9t -30s, '104.300r 96. 93.502r 59 7! 40. 58.0t 41.9:

a-8 8S.804Í t01 3 94.421f e1 72 60.1¿ 39.8t çA 3! 41

59.9f ¿o o, 58.41 41.5€ 32.1

î2' o2 0.3, 0.34 0.3,

re ? Mean I
57.4f 31.f

iããìiffiiõãil ttetwæn zrmd 7b) 1-3¿
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Phase 1 - Volatile Solids Summary
Reaclor Basls (standard deviations are for triplicate samples)

ìeactor lnitial %VS

rntltar ury
Weight (s) lnitial VS (s) Final %VS

Flnar ury
Weight (s) :inal VS {o)

-/o ñeUUCtlOr

of VS Masr

a a2.24 90.12 74.12 73.50 54.63 40.1 5 45.8

st.dev 0.93 0.93 0.4 1 0.41

1b 82.12 90.03 73.93 73.26 54.68 40.06 45.8

sl.dêv 0.83 0.83 0.52 0.52

2a 80.53 4o.27 64.64 66.33 42.12 27.94 56.8

st.dev 1.88 1.88 0.49 0.49

2b 79.10 80.51 63.68 64.23 39.98 25.68 59.7

st.dev 0.34 0.34 0.25 0.25

la 80.95 152.62 123.5 70.05 96.34 67.49 45.4

st.dêv. 0.61 0.61 n 14 0.1 4

ìb 80.41 155.06 1 24.68 70.13 91.74 4.34 48.4

st.dev. 0.70 0.70 0.40 o¿o

ta 80.01 1 14.30 91.45 64.02 58.73 37.60 58.9

sl-dev 0.56 0.56 0.1 0.12

tb 80.29 I 13.70 91.29 64.93 58.28 37.84 58.5

st.dev. 0.35 0.35 0.37 0.37

)a 80.38 96.49 77.56 62.81 44.46 27.93 64.0

st.dev. 1.01 101 o.47 ¡47
tb 81.01 s6.18 77.92 60.33 41.56 25.O7 67.8

st-dsv 0.34 0.34 0.25 0.25

ia 81.61 80.50 65.69 56.13 32.28 18.12 72.4

st.dev 1.7 4 174 0.25 0.25

;b 80.70 76.54 61.77 56.68 32.42 18.38 70.2

st.dsv 0.49 0.4I 0.1s o 1c

7a 80.35 96.30 77.38 ô_51 39.85 22.52 70.s

st-rlêv o.B3 0.83 0.03 0.03

7b 80.30 94.05 75.52 58.41 40.30 23.54 68.8

st.dev 1.48 1.48 0.34 0.34

Phase 1 - Volatlle Sol¡ds Suinmary
Basls (standard deviations are for

lecipe %MC lnitial %VS lnitial VS (g) Final %VS Final VS (q) % Reductior

1A 57 82.18 74.O3 73.38 40.10 45.8

st.dev. 0.09 013 o.'17 0.07 0.0

1B 70 79.81 64.1 6 65.28 26.81 58.2

st.dov 1_01 0.67 1.48 1.60 2.D

IA 40 80.68 124.11 70.09 65.91 46.9

st.dev. 0.38 0.80 0.06 2.22 2.1

2B 55 80.15 91.37 64.47 37.72 58.7

st.dav 0.20 o'1 1 064 o.17 0.2

lc 62.5 80.70 77.74 61.57 26.50 65.9

st.dev. 0.45 o.25 1.76 2.O2

ID 70 81.15 63.73 56.41 18.25 71.3

st.dev 0.64 2.78 0.39 0.18 1.5

2E 62.5 80.33 76.45 57.46 23.03 69.9

st.dov, 0.03 '1 .31 1.34 o.72 1.5
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Phasel-C:NSummary
Reactor Basls Reclpe Basis

ìeectôr lnitial C:N Final C:N

1a 31.7 21.8

tb 31.7 20.0

2a 31.7 15.2

2b 31.7 13.2

la 34.7 22.3

lb 34.7 22.2
la 34.7 17.6
1b 34.7 17.6

râ 34.7 tb.c
;b 34.7 14.5
a 34.7 12.4

ib 34.7 12.2

28.8 12.3
rb 28.8 13.2

deviations are for

iecioe ln¡t¡el c:N Final C:l
1A 31.7 20.9

st.dêv 0 1.3

1B 31.7 14.2

st.dev. 0 1.4

¿A 34.7 22.3
st,dev 0 0.1

2B 34.7 17.6

st.dev 0 0.0

:c 34.7 15.5

st.dev 0 1.4

ID 34.7 '12.3

st.rlêv- 0 o1
2E 28.8 12.8

st.dev. 0 0.6
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Phase 1 - Organic Carbon Summary
Fleactor Basis (standard dev¡ations are for

ìeactor lnitial %OC
lnitial Dry

Weioht (o)
ln¡t¡al mass

OC (o) Final %OC
Final Dry

Weidht loì
Final mass

OC (o)

76 Heducüon
in Mass ot

oc
1a 45.69 90.12 41 .18 40.83 54.63 22.3'l 45.8

st.dev 093 0.4

1b 45.62 90.03 41.07 40.70 54.68 22.25 45.8

st-dev 0.83 0.52

aa 44.74 80.27 35.91 36.85 42.12 15.52 56.8

st.dev 1.88 0.49

2b 43.95 80.51 35.38 35.69 39.98 14.27 59.7

st.dev 0.34 0.25

la 44.97 152.62 6S.64 38.92 96.34 37.49 45.4

st.dev 0.G1 o.l4

lb 44.67 155.0ô 69.27 38.96 91.74 35.74 48.4

st.dev. 0.70 0.4 0

a 44.45 1 14_30 50.80 35.57 58.73 20.8S 58.9

st.dev 0.56 0.12

tb 44.61 I 13.70 50.72 36.07 58.28 21.02 58.5

st.dev 0.35 0.37

)a 44.66 96.49 43.09 34.89 44.46 15.51 64.0

st.dev r ot Q.47

ib 45.01 96.18 43.29 33.52 41.56 13.93 67.8

st.dev 0.34 0.25

45.34 80.50 36.50 s1 .18 32.28 10.07 72.4

t.7 4 0.25

44.43 76.54 34.31 31.49 32.42 10.21 70.2

0.49 0.19

a 44.64 96.30 42.99 31.40 39.85 12.51 70.9

st.d0v 0.83 0.03

/b 44.61 94.05 41.96 32.45 40.30 13.08 68.8

st.dov 1.48 0.34

Phase 1 - Organic Carbon Summary
Recipe Basls (standard deviations are for duplicate rye9lgrs)Basls are

Recioe lnitial %OC
lnitial mass

OC lol Final %OC
Final mass OC

ln\ % Reduclior

A 45.66 41 13 40.77 22.28 45.8

st.dev. 005 0.07 0.09 0.04 0.0

1B 44.34 35.65 36.27 14.89 58.2

st-dev. 0.56 0.37 0.82 0.Bs 2.O

2A 44.42 68.95 38.94 36.62 46.9

st.dev 0.21 0.45 0.03 1.24

2B 44.53 50.76 35.82 20 58.7

st.dêv 0.11 0.06 0.36 0.10 0.2

2c 44.83 43.19 34.21 14.72 65.9

st.dev 0.25 0.1 4 0.98 12

2D 45.08 35.41 31.34 10.14 71.3

st.dev. 0.36 r .54 0.22 0.1 0 1.5

IE 44.63 42.47 31.92 12.79 69.9

st.dev. 0.02 0,73 0.75 0.40 1.5
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Phase 1 - % Nitrogen SummarY
Reactor Basls

Phase 1 - % Nitrogen SummarY
ReclDe Basls lstandard deviations are for duplicate reactors)

ìeâctor Start %N
Start Dry

Weioht lo)
Starl, mass N

lnl Finish %N
Finish Dry
Weioht loì

Finish, mass
N lo)

% Loss in

mass of N

1a 1.43 90.12 1.29 1.87 54.63 1.O2 20.7

st.dev. 0.23 0.13

lb 1.43 s0.03 1.29 2.O4 54.68 1.12 13.4

st.dev o23 0.1

2a 1.43 80.27 1 .15 2.43 42.12 1.O2 10.8

st.dev 0.23 0.13

2b 1.43 80.51 1 .15 2.70 39.98 1.08 6.2

st.dev o.23 0.36

la 1.29 152.62 1.97 1.74 96.34 1.68 14.9

sl.dev 0.13 0.08

1.29 155.06 2.00 1.76 91.74 1.61 r 9.3

sl.dev 0.13 0.03

ta 1.25 1 14.30 1'47 2.03 58.73 1.19 19.1

st.dav. 0.13 0.06

1b 1.29 1 13.70 1.47 2.05 58.28 1 .19 18.5

st.dev 0- 13 0.04

)a 1.29 96.43 1.24 2.12 44.46 0.94 24.3

st.dBV 0.13 0.05

ib 1.29 96.18 1.24 2.31 41.56 0.96 22.6

st.dov. 0.1 3 0.04

3a 1.29 80.50 1.04 2.51 32.28 0.81 22.0

st.dev. 0.13 0.05

ìb 1.29 76.54 0.99 2.58 32.42 0.84 15.3

st.dev 0.13 0.07

7a 1.55 96.30 1.49 2.53 39.85 1.01 32.5

st.dev 0.1 I 0.03

7b 1.55 94.05 1.46 2.45 40.30 0.99 32.3

st.dev 0.1 B 0.11

Basls (standard deviations are

Recipe Set %MC Start C:N Start %N

Start, mass N
lnl Finlsh %N

Finish, mass
N (o)

% Loss in

mass ol N

1A 57 32.0 1.43 1.29 1.96 1.O7 17.0

st.dev o.23 0.00 0.1 4 0.07 5.2

1B 70 31.0 1.43 1.15 2.57 1.05 8.5

st.dov 0.23 0.00 0.28 0_04

2A 40 34.7 1.29 1.98 1.75 1.6s 17.1

sl.dev. 0.13 0.02 0.05 0.04 3.1

IB 55 34.5 1.29 1.47 2.04 1 .19 18.8

st.dev. 0.1 3 0.01 0.05 0.00 0.4

)n 62.5 34.7 1.29 1.24 2.21 0.95 23.4

st.dev 0.1 3 o00 0.1 0.0 f 12

?D 70 35.0 1.29 1.01 2.54 0.82 18.6

st.dev 0.1 0.04 0.07 0.02 4.7

IE 62.5 28.8 1.55 1.48 2.49 1.00 32.4

st.dev. 0.18 0.02 0.08 0.01 0.1
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Reactor Weights

Heactor Basls Reclpe Basis (standard deviat¡ons are for duplicate reactors)

ìeactor 7" Reducl¡on

a 39.4
1b 39.s
.A 47.5
lb 50.3

la 36.9
Itr 40.8
la 48.6
th 48.7

la 53,9

5b 56.8
ìâ 59.9

ib 57.6

58.6
/b 57.2

Recioe % Reduction sl.dev.

1A 3S.3 0t
1B 48.9 2.O

2A 38.9 2.4

28 49.7 o1

2C 55.4 2.Q

2D 58.8 1.6

2E 57.9 1.0
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Phase 1 - TKN Anatysis for Feedstock Materials (July 4)

Standards:
mo N/L # ôf souares

75 79.5
50 68

25 40

10 18.5

5 11

Conversion Equation:

# squares/l.1946 = mg N/L

100

90

80

70

860
aú E^
:J ""
ET
lJ¡)40

30

20

10

0

Standards Plot

y = 1.1946x ./"
R. = 0.9049 -/

"./

"/

Y'.7

01020304050607080
Standard (mg/L)

sample srze
(ms) # of squares mq N/L

mg oI r\ ln

sample %N lwb) %TS %N tdbl %oc (db) C:N

1nc 2E 23.4 1.172 1.17 99

100 27 22.60 1.13C 1 .13 Ãc 92

10t 28 23.44 1.172 1.17 5€ 1.9S

20c 41 34.32 1 .71t 0.8€ 5É .41

20( 4î 36.0t 1.80r 0-9t 5f I -5.',

40t 84 70.32 3.51( 0.8t 5f 1.4t

40( 8f 7l oc 3.60( 0.9( 5f 1.5i

50( 93.t 78.2i 3.91Í 0.7t 5( 1 .33

50( 10Í 96.22 4.311 0. 59 1 .4F.

Average =
Std. Dev' =

Literalure Ranges (RYnk, 1992):

t.bi 45.2i 27.7

o.2t 2.1(
0.3-1 14 - 16f 48 - 15(

Notes:
1 ) Samples collected on June 1 8, 2001 .

2) Analysis completed on July 4, 2001.

:i Usei wet straw samples from Bale 3 (Mc = 41%) and calculated %N (db) using TS of material.

Notes:
1 ) Samptes collected on June 1 8, 2001 .

2) Analysis completed on July 4, 2001.

3) %N (wb) calculation: 1% TS = 10'000 mg/L.

4) Used liquid lagoon sample w¡th MC = 93.1%.

Sample Size

lmL) # of souares 1:5 d¡lution mo N/L ot le %N lwb' %N {dbl %oc (db) C:N

49 245 1025.41 6.9 1.4S 21.54

26Í 1109.16 6.9 1.61 23.3t

47 231 983.59 6.€ 1 .4î 20.6É

4E 24t 1004.52 6.€ 1.4Í 21.1(.

Average :
Std' Dev. =

Enviro-Test Laboratories Analysis Report (October 31 ' 2000)

1.4{ 21.6t 13.89 0.64

0.0r 1.1 1.sl
0.35 10.6
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y - 1.4479x t/
Hz=0.s83e /

,/

,z

Phase 1 - TKN Analysis for Feedstock Materlals

Standards:
mo N/L # of squares

75 106

50
25 39

10 24

5 7

Conversion Equation:
# squaresi1.4479 = mg N/L

Noles:
1 ) Samples collected on June 1 8, 2001 .

2) Analysis completed on August 20, 2001.

3) %N (wb) calculation: 1% TS = 10,000 mg/L.

4) Used liquid lagoon sample wilh MC = 93.1%.

Notes:
1 ) Samptes collected on June 1 8, 2001 .

2) Analysis completed on August 20, 2001.

Sj Useú wet slraw samples f rom Bale 3 (MC = 41%) and calculated %N (db) using TS of material.

4) %N calculated using TS of material.

Sample size (mg) # of squares mq N/L

mg or r\ rn

sample %N (wb) o/JS %N tdb) %oc (db) C:N

10c 21 14 5r o.728 0.73 2.2C

300 29.01 i.45C 0.48 Ji 1.47

40t 4t 33.15 1.658 0.41 3i 1.2e

50( 51 35.22 f .761 0.35 1.07

Average =
Std Dev. =

Literature Ranges (RYnk, 1992):

1.2( 45.27 35.85
0.2( 2.1t

0.3 - 1.1 14-16f 48 - 15t

sample srze (mL) # of squares :10 dilut¡or mo N/L %TS %N (wb) %N (db) %oc (db) C:N

l( 4i 45t 1 553.97 6.S 2.2! 32.64

I 7A 70( 2417.29 6.9 3.5( 50.77

1 4 43( 1 484.91 6.9 2.1 31.1

Average =
Std Dev. =

Enviro-Test Laboratories Analysis Report (October 31 
' 
2000):

2.64 38.2( 13.8S 0.3€

0.7t 10.91 2.691

0.35 10.(
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Phase 1 - TKN Analysis for Feedstocl< Materials'Summary

Straw

Values Used for Phase 1:

Date Tested %MC %TS %N (db) %oc ldb) G:N

Julv 4 41 59 Averaoe 1.5S 45.27 28.50

St. Dev 0.25 2.16

\uoust 20 67 33 Averaoe 1.26 45.27 35.85

Literature Ranqes
I St. Dev.
Rynk,1992):

0.24 1.70
0.3 - 1.1 14 - 165

Mixture
Date Tested %MC O/ TC %N (wb o/oN (db) %oc (db G:N

Iulv 4 93.1 6.S Averaqe 1.49 21.65 13.89 0.64

St. UEV 0.08 1.16 2.69

{uoust 20 93.1 6.9 Av 2.64 38.20 13.89 0.36

I St. Dev.

Enviro-Test Laboratories
Analvsis Report (October 31 , 2000):

0.75 10.91 1.50

0.35
.t0-6

lVaterial o/oMG %N (db) %oc (db) C:N

Straw

-agoon Mix.

Value 57 1.43 45.27 31.74

St.l- Dev.: 16 0.22 2.16

Value: s3.1 23.48 13.89 0.59

Slrl- Dev-: 0.2 13.75
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Phase 1 - lnltlal TKN Analysls

S+U %MC =
%TS =

S+U+L %MC =
%TS =

Gonverslon Equallon:

sQuares/1 .0124 = mO N/L

57 (avg. of composlte samPle)

43

62.5 (avg. of composlte samPle)

38

Standards

100

s0

80

70

,60
E
ss0
d
Ø40

30

20

10

0
40

StEndard (mg/L)

Slandards Plol

v- 1.0124x

Rz. 0.ss29 -¿,

./

-7

rle Sâmola S¡ze lm( # ol souares mo N/Llm0 ol N in sample %N %N ldbìl %oc tdb C:N

+U 1 004 13 12.81 o.642 0.6¿ 141

ì+u l 008 10c 12.8' o.642 06¿ 1.4€

+U 100C 'l0c 9.8t 0.49¿ 0.4( I

ì+lJ 3004 30c 2( 28.64 '1.431 0.4t 1.11

ì+U 3008 30i 34.57 't.721 0.51 1.3r

ì+tl 300G 30( 32.6t t.bJ( 0.5, 't.2(

3+U 4004 40( 4t 41.4( 2.07' 0.52 12(

ì+lJ 4008 40( 4e 45.41 2.27" 0.5? 1.3'

l+U 400(; 40( 4Í 44.4! 2.221 0.5( 12!
Average =

Std. Dev. =
%RSD =

i.2( 44. 34;,

0.0( 0.1Í 1.71

10.,

ìamDle Sample Slze (mg
'10(

J¡ of souares mq N/l- no of N ln samr %N %N tdt v"oÇ C:N

S+U+L 1 004 1 114: 0.5si o5f 1.58

S+U+L 1008 10 1Í 12.44 0.64i 0.64 1.71

ì+u+L 1 00C 10t 'lt 13 ai 0.69' 0.6ç 1.84

ì+U+L 2004 2C 2" 21.74 1.087 0.54 14!

ì+u+L 200C 20( 23 71 1.1 8: 0.5€ '1.5f

i+U+L 3004 30( 31 33.5t 1.ti7! 0.5t 14f

ì+u+L 3008 30( 32.6( 1.63( 0.5r '1.4!

i+U+L 300C 30( 2Ê 2A.6¿ 1 4i12 0.4t

Average
Std. Dev.

%FSD

1.5f 44.t 28.f

0.0i 0.18 1.71

11

Noles:
1) Analysls compleled on Seplembêr 13' 2001.

2) S+U = straw and under reclpe'

3) S+U+L = straw and under and lagoon mixture recipe,
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Phase 1 - Final TKN AnalYsis

Standards
s¡6 s¿l = 3.0

mq N/L # of squares
75 69
50 49
25 24
10
5 5

Conversion Equalion:
# squares/0.9402 = mg N/L

Standards Plot

= 0.9402x

Ra = 0,9972

./

100

90

80

70

Ø60I
550ú
Ø40

30

20

10

0

10 20 3%t"naul8 (rgfl-fo 60 70 80

ìeactor Sample

Sample Size
lmo)

#of
squares MO N/L

mgofNin
sample %N (wb) %MG O/JS %N (db

A 40r 69.1 3.¿ 0.8É 52 1.8t

''I a 40( 77.6¿ 3-882 0.s7 52 48 2.02

1a lil 400 65 63.1 3 3.457 0.8€ 52 Ào 1.8t
0.9c 1.8i

I â Ql nêrt 0.0€ 0.1Í

1b I 400 7Ê 80.8i 4.O42 1.01 5Í 41 2.1

1b il 40c 76.58 3.829 0.9€ 5i 47 2.O4

b ilt 4C 68 72.3i 3.616 0.9( 5Í 47 1.92

0.9É 2.O4

0.0¡ 0.11

ô^^i-^ I if^^á 1.9É

ffind1b) 0.11

ìeactor Sample

ùafIlPle ùl¿c
(ms)

*oI
squares mg N/L

mgolNrn
sample %N (wb) %MC ./JS %N (db

2a 40 56 59.5€ 2.978 0.74 3l 2.4(

Za II 40c 54 57.4i 2.872 o.72 6S 31 2.31

2a ilt 400 6C 63.82 3.191 0.Bc 6É 31 2.5'
0.7f 2.4i

lã Qì nôr, 0.04 0.1s

2b 40( 5t 53.1t 2.65€ 0.6( 71 29 2.2ç

2b il 400 b¿ 68.07 3.404 0.8¡ 71 2S 2.9î

2h ilt 400 6Í 67.01 3.350 0.84 71 29 2.8ç

0.78 2.7(
0.1c 0.3r

2.51

ffi¿z¡) u.t t

Reaclor Sample

iiample:ilze
(ms)

#oI
squares mg N/L

mgolNrn
sample %N (wb) %MC %TS %N (db'

,a 7t 82 4.148 1.O, 61 1.7C

IA il 40t 84 89.34 4.467 1.1 eo 61 1 ,8:

le ilt 400 78 82.96 4.14F 1 .0r 3€ 61 1.7t

râ f,tÂân 1.06 1.74

qt nê\, 0.0t 0.0t

tb 400 B3 88.2t 4.41t 1 .10 3i tli 1.7!

lb 40c 82 87.22 4.361 1 .0€ 3i NJ 1.7i

lb ilt 40r 8: s0.41 4.524 1 3i oi 1.7(

1.11 1.7(

0.02 0.0Í
1.71
0.01
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Phase 1 - Final TKN AnalYsis

Reactor Sample

ùafilpte ùr¿e
(ms)

#ol
squares mg N/L

mg oI rv ln

sample %N (wb) %MC ./JS %N (db'

4a I 7î 77.64 3.882 0.97 51 49 1.9r

4a il 40( 77 81.9C 4.095 1.Ot 51 49 2.0Ê

+À ilr 40( 74 78.7'l 3.935 0.9t 51 49 2.O1

0.9s 2.0î

tâ qt Tìêr, 0.0Í 0.0(

1b 400 72 76.5t 3.82€ 0.s6 53 41 2.O¿

4b il 40c 71 75.52 3.77(. 0.94 E' 4t 2.01

4b ilt 40c 7F.71 e ôer 0.9f 5Í 4t 2.0(
0.9€ 2.O!

lh QÌ ñôr, 0.02 0.04
2.04
0.01

ìeactor Sample

Sample size
(ms)

# ul
squares Mq N/L

mg ot r\ ril
sample %N (wb) %MC ./JS %N (db

la 40c 62 65. 3.291 0 6C 4( 2.

la Í 40c 65 69.1 Í 3.45i 0.8€ 6C 4( 2.'l

5a il 40t 64 68.0t 3.404 0.85 6( 4( 2.1

E^ tl^ 0.8¡ 2.1

5â St. Dev. 0.02 0.05

lb I 40t 6É 73.39 3.669 o.92 61 eo 2.3Í

ih il 40( 67 71.2e 3.563 0.8s 61 âc

ilt 40( 67 71-2C 3.56: 0.8ç 61 39 2.2t

ib Mean 0.9( 2.31

5b St. Dev. 0.0, 0.0r
2.21

ffib) 0.1

leactor Sample

Þampre ùlze
(ms)

foT
squares mo N/L

mgorNrn
sample %N lwb) %MC o/"ïs %N (db

A 400 59.56 2.97 o.74 71 2.5',

ìa 400 54 57.4 2.872 0.72 1 2S 2.4t

ia ilt 400 54 57.4r 2.872 0.72 71 29 2.48

o.7i 2.51

0.02 0.0t

âb I 40c 53 56.3i 2.8tS o.7c 72 28 2.52

ib il 40c 54 57.4i 2.872 0.72 72 2t 2.5(

ìb ilt 40c 5€ 59.5t 2.97t o.74 72 2t 2.6(

0.72 2.5t

:L Cr 0.02 0.0;
2-5¿

ffil 0.05

1) Analysis completed on November 1 6' 2001 .

2) %MC and "/JS values from final Phase I solids analysis.
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Phase 1 - Feedstock Gharacterization
Wet Bulk Density - Straw

Tested June 21, 2001

Used a 2 US gallon container to measure the wet bulk density

2 US gal = 0.007571 m3

2 US gal = 7.571 L

Notes:
1) All samples collected on June '18, 2001.

Samole Tare (ko) Tare + material (kq) Bulk Densitv (kq/m3)

Bale 1 0.4 1.22 108.31

Bale 2 0.4 0.75 46.23

Bale 3 0.4 0.79 51.51

lale 4 o.4 0.91 67.36

Sale 5 o.4 1.69 170.39

Mean =
Std. Dev. =

Literature value (Rvnk, 1992) =

88.8
51.7

134.7
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Phase 1 - Example of Moisture Content Adjustment Calculation Sheet

oriqinal mass of sample (weÐ =

taroet wet mass (calculated) =

ll'ìlllâl lVlU =
lar0et MU =

calculated dry mass =

Dry Mass Calculation:
dry mass = wet mass - (%MC/100).wet mass

Target Wet Mass Calculation:
target wet mass = calculated dry mass/(1 - target %MC/l00)
Water Addition Needed Calculation:
Water needed = target wet mass - or¡ginal wet mass

Water addition needed =

ML; = wet - dry)/wet

4S

5t

106.58
54.36

Fhìs number varies with each moisture test

126.41

at

19.8C

o
o

fhis number varies with each moisture test

tormL

desired wet mass (calculate

163.65 g =tareweight
400.08 g = tllâsS at start up (tare+materi
236.43 g = mâsS at start up (material onl

209.57 g = tllâss at start up (aíter sampli

400.08 g = tllâsS at start up (tare+material)
236.43 g = mâsS at start up (material only)

209.57 g = tllâss at start up (aíter sampling, malerial only)

373.22 g = ÍìâsS at start up (after sampling, tare + material)

290.06 g = proper mass after MC adjustment (tare + material)

number varies with each moisture

163.50 g

400.15 g

236.65 g

209.37 g

372.87 g

= tare weight

= frìâSS at slart up (tare+material)

= Rìâss at staft up (material only)

= mâSS at start up (after sampling, material only)

= rnâss at staft up (after sampling, tare + material)

290.03 g = proper mass after MC adjustment (tare + material)



Phase I - Mo¡sture Content Measurements

Notes:
1) All moisture contents ile indicaled in %.

2) AII moisture contents measured before moisture content adjustment (HrO addition)'

3) Moisture conter¡t on Day I as per recipe descrip'tion.

\ì
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Phase 1 - Molsture Content Losses

a"^kât nÞc^riôtiñn

)tfaw
MC = 57%)
itraw

Straw+ Unders (MU

= 55%)
ltraw+ Unders (MO

= 62 50/"1

uay
Â

la

>Üaw + unqers (Nlv
- aõo/^\

uay
11

t9

IJay

17

^Áa 
= Ê2 5ø/"

13

udy
21

1

2¿

Notes:
1) All moisture losses are indicated in %.

2) All moisture contents meæured before moislure content adjustment (H2O addition).

3) Moisture content on Day 1 as per rec¡pe descriplion.

Average ¡osses =
slãndârd Deviation =

11

tt

udy
tÀ

10

uay

7

uay

1-5

'F

6

Ìx

uay

f

o
1

15F

4

6.5
ils6s
I 57.s

2î4

l6

14

17

uay

5.5

T6s
T¡E-

t1

uay
ÀÀ

4

14

lÃ1 q

th

uay
Àa

14

26
335

uay
Ào

J

14

uay
51

\ì
(/J

<6

11

n

uay
Â1

A

t3

lJay
55

49

J /.5

t5

11

AE

udy
q7

2

t:l

to
12

5q

tx5

14

6f

11

4

uay
Âe

'I

Mean

'tI

B

4

ùt.
Dev.

1A

IU

4

Excluding Day 28

l1

q

l)

q

14

Aftet Day 47

2

11

1l

11

12

I

11

2

4

11

1

14

4

I

10

4

1 11



Phase 1 'Odour Observation Summary

Reactor
1a
1b
2a

DaV 1

2b
3a

1

3b

1

Ðav tt

4a

1

4b

1

1

5a

1

1

Day 21

5b

1

1

6a

1

1.5

1

6b

1

2

0.5

7a

1

2

7b

I

1.5

Scale:

1

1

1

1

1

1.5

-t.ci3
õ3
05

1

1.5

1

3
3

1

1

28

1

1

1

Agreeable Odour
1

1

1.5

1

1

0.5 I 1.1
I

0.5 I 1.

0.5 11

1.5

36
2

1

1

1

1.5TTT11

49

1.5

1

1

Dav 55

1I
1

1

T
2

1

1

i

{
.Þ

Disagreeable Odour
5

n6

I I 05

0.5

0.i
0.
0.
0.

1

Dav 63

1

nÃ

0.5

1

1

1TT
05--05

0.5

1

Averaqe

0.5

1

0.5

'l

1.1

0.5

1

0.9

0.5

1

1.0

0.5

1

'1.0

0.5

1

1.1

0.5

1

1.0

0.5

0.5

0.9

0.5

0.5

0.9

0.5

0.9

0.5

0.9

0.5

0.9
0.9
1.1

1.3



Reactor 1a - Straw OnlY (57% M

Dav Comments
1 oartiallv coarse straw

17 drv, indiv'rdual straw particles become smaller with mix

21 ruetter than 1b: soft. f luffv particles

24 lrv: smaller straw Particles
28 lrv
36 nont. sott, not much deqradation of straw particles

49 damp: softer than straw at starlup
55 oarticle like

63 evident straw particles; not crunchy

Phase 1 - Texture Comments SummarY

Notes:
1) Observations made before moisture content adjustments (H2O addition).

2) smaller parlicles size may be due to briltleness of dry reactor contents.

Reactor 1b - Straw OnlV (57% Mc)
Dav Comments

1 oartiallv coarse straw
17 ffiles become smallerwith mixing action

21 dried out and dustv; brittle straw particles

24 drv: smaller straw particles

28 less drv than 1a, softer than 'la

36 liohf soft. not much deqradalion of straw particles

49 lamp: softer than straw at startup

55 ¡article like
63 evident straw particles; not crunchy

15



Phase 1 - Texture Comments SummarY

Notes:
1) Observations made before moisture content adjustments (HrO addition).

2) Smaller particles size may be due to brittleness of dry reactor contents'

Heactor 2a - Straw Only (70% MC)

DaV lomments
,lretter straw. Iess coarse

17

ess ãgie partiõies than 1a, 1b; a lottle larger in size than 1 a, I b; wet feeling; crusty on

rutsides expeciallv on top: wet on inside (core)

21 rruncfrv on toÞ before mixing; weVsoft feel

24 wet', still longer straw Particles
28 r¡erv drv oarticles
JO wet, somewhat mushY

49 soft: drier oarticles qet very hard; some clumps formed

55 very wet, st¡cky, clumpy
bJ wet; more vtstþle panlcles lnan In ba,o; Iop layer tyil

Reactor 2b - Straw
DaV lomments

1 ¡retter straw. less coarse

17

less f-sslagile panìcbs ilhan 1 a, 1b; a lotlle larger in size than 1 a, 1 b; wet feeling; crusty on

oulsides expecially on top; wet on inside (core)

21 orunchv on too before mixinq; weVsoft feel

24 verv wet: initiallv crunchv on too; still lonq particles of straw

28 ¡erv drv particles; aqqlomerated chunks

36 ruet. somewhat mushv
4S roft drieriãrticles qet very hard; some clumps formed

55 ¡erv wet. sfickv. clumpv
63

^,õÎ; 
rnore visible pãniõles than in 6a,b; top layer of slrqu!! 3llttlejrung y

76



Phase 1 - Texture Comments Summary

Notes:
1) Observations made before moisture content adjustments (H2O addition)'

2) Smaller parlicles size may be due to brittleness of dry reactor contents'

Fleactor 3a - Stravr

--t

and Unders (40% Mc)_

Commenls
1 lrv. dustv mixture, fuller bodv (unders lill spaces oetween sraUlpe4!9lell

17

; some under in clumps on bottom (baked intc

corners)
21 l'rttle combin'ttlq of two materials; brittle straw particles

24
ffiþãrticles(coverstrawincoating)butalotofStraWparticleS
rncoated and crunchv; some unders clumped together; still dry

28 ffitraw
.1b soft, aufÍv, some instances of under clumping; very little degradat

49
@Styatfimes;someclumplsofunders;centercontainsmoSt
of moisture

55 still a mixture: liqht, dustv

63

Fleactor 3b - Straw ald Unders (40% MC)

DaV lomments
1 lrv. dusW m'txtt-ire, fÚiler body (unders fill spaces between straw particles)

17
@onbottom;someunderinclumpsonbottom(bakedint(
':ornersì

21 ittle combininq of two maierials; brittle straw particles

24

r straw in coating) but a lot of straw particles

uncoated and crunchv; some unders clumped together; still dry

28 ioht: fluffv: still seoarated unders/straw

36 softjhffv. some inslances of under clumping; very little degradqllq¡

49

clumpls of unders; center contains most

rf moisture

55 itill a mixture: liqht, dustv

63 @ers
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Phase 1 - Texture Comments Summary

Notes:
1) Observations made before moisture content adjustments (H2O addition)'

2) Smaller particles size may be due to brittleness of dry reactor contents'

Reactor 4a - Straw

-ãy-l

and Unders (55% Mc)_..-_-._-._\--..
Comments

1 less drv than 3a, 3b

17 less unders clumÞinq than 3a, 3b; wetlgr teel; longer sr
21 nãre of a m¡xture than 32, 3b; soft

24 r lot less "straw-like" mixture - actually forming a composteo m

28 'airlv drv: noteiceable straw particles

,JO iqht. soft; some noticeable straw part¡cles

49

drier - middle moist; still recognizable

material separation

55 more dense than 3a,b
63 :oft light; some harder straw Panlcles

Heactor 4b - Straw and Unders (55% MC)

Dav lomments
ess dry than 3a, 3b

17 rimilar to 3a. 3b but wetter
21 more of a m¡xture than 32, 3b; soft

24 same as 4a but drier
28 a little wetter and softer than 4a; more of q rn!lq!Igl!3! ig
36 rt. soft: some noticeable straw particles

49

rfacedrier-middlemoist;stillrecognizable
naterial seoaration

55 nore dense than 3a,b

63 soft; l¡qht; some narder straw panlcles
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Reactor 5a - Straw and Unders (62.5% Mc)
DaV lomments

1 less dry than 4a, 4b
feels more like "soil"; softer than 1,2,3,4i not just crunchy straw

soft, fluffy; wetter than 4a,4b; some larger straw particles

drier than 5b
very dry
some larger straw pafiicles but darker in color; soft, light, fluffy

very light; more dense mixture
denser than 4a,b
same as 4a,b; less hard straw particles

17

21

24
28
36
49
55
63

Phase 1 - Texture Gomments SummarY

Notes:
1) observations made before moisture content adjustments (H2O addition).

2) smaller parlicles size may be due to brittleness of dry reactor contenls.

Reactor 5b - Straw and Unders MC

DaV Comments
1 ess drv than 4a. 4b

17 :runchv like 3a. 3b: rather dry

21 softJluffv;wetter than 4a,4bi some larger straw particles

24 softer fhan 4aþ; more of a solid (thicker) material than 4a,b

28 verv dry
36 some larlrer strarv partrcles but darker in colojiqgll-llglllluffy
49 verv liohl: more dense mixture

55 more dense than 3a,b
63 same as 4a,b; less hard straw particles
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Phase 1 - Texture Comments Summary

MC)

Notes:
1) Observations made before moisture content adjustments (H2O addition)'

2) Smaller particles size may be due to brittleness of dry reactor contents'

Reactor 6a - Straw and Unders
Day Comments

1 ess drv than 5a, 5b
17 ffirscoEbined; wetfeeli

21 rnft. wet with some laroer particles

24 straw oarticles haven't decreased much in slze; more soll-llKe;wefier

28 ¿erv drv
.JO lamp: about the same as 5a,b

49 rrerv drv: hard: crunchv: some clumÞinq

55 crunchv on too: fairlv wet; chunkv unders
63 wet: olobules: little distinction between straw/unders in globules

Reactor 6b - Straw and Unders
Dav 3omments

1 less drv than 5a. 5b

17 combined; wet feeling espe

21 drier than 6a: crunchv Particles
24 ;traw oarticles haven't decreased much in size; more soillìke; wetter

28 ¡erv drv
36 lamo: about lhe same as Sa,b

49 ¡erv drv: hard: crunchv: some clumpinq

55 :runchv on top: fairlv wet: chunky unders
63 raMunders in globules
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Phase 1 - Texlure Comments Summary

Notes:
1) Observations made before moisiure content adjustments (HrO addition).

2) Smaller particles size may be due to brittleness of dry reactor contents.

Reactor 7a - Straw, Unders, & Lagoon (62.5% MG)

Dav lomments
;imilar to 5a. 5b

17 soft, as 5a
21 r little drier than 7b

24 irier than 7b: about the same as 5a,b

28 ¡ery dry
JO r better mix of materials than Sa,b; soft,damp

49 soft: fluffv
55 some clumos: a bit crunchv on top; qood mix

63

veryãfgmit more particle-like than Sa,b; less soft than sa,b; baslcally tne same as 5a,Ð Þu

darker in colour

Reactor 7b - Straw, Unders, & Lagoon (62.5% MGL
DaV lomments

1 rimilar to 5a. 5b

17 lrv. crunchv like 2 or 3 but with a uniform mixture

21 similar to 5a, 5b
24 same as Sa.b

28 not quite as dry as 7a

36 a better mix of materials than 5a,b; soft,damp

49 soft; fluffv
55 some clumos: a bit crunchv on top; qood mix

63

very=lEñlly rnore particle-like than 5a,b; less soft than sa,b; baslcally tne same as ca'o ou

darker in colour
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Reactor 1a - Straw MC)

Day 3omments
1 straw color

17 Lioht straw color
21 brown & darker beige par-ticles

24 liqht brown
28 medium brown

36 some liqht straw particles bui mostly darker

49 some darker and some liqhler brown

55 med brown
63 med brown, about same as 4a,b

Phase 1 - Colour Comments SummarY

Notes:
1) Observations made before moisture content adjustments (H2O addition).

Reactor 1b - Slraw
Dav Comments

1 straw color
17 liqht straw color
21 drv lookino straw; very light brown/beige
24 lioht brown (a little darker than 1a)

28 medium brown but a little darker
36 some liqht straw particles but mostlv darker

49 some darker and some lighter brown

55 med brown
63 med brown, about same as 4a,b
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Reactor 2a - Straw
Dav Comments

'l darker straw color
17 darker straw colour (more moist)

21 darker brown
24 dark brown (a little darker than 2b)

28 larker brown
36 dark brown
49 verv dark brown

55 dark brown
63 verv dark brown

Phase 1 - Golour Comments SummarY

Notes:
1) Observations made before moisture content adjustments (H2O addition).

Reactor 2b - Straw On

Dav Comments
1 darker straw color

17 darker straw colour (more moist)

21 darker brown
24 dark brown
28 darker brown
36 Jark brown
43 verv dark brown

55 dark brown
63 verv dark brown
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Reaclor 3a - Straw and Unders (40% Mc)
Dav Comments

1 lioht beiqe mix

17 drv. oale under/straw mix

21 drv straMunder mixture
24 lioht brown: oale
¿o lioht brown
36 nedium beiqe/light brown

49 lioht brown/beiqe
55 iqht brown
63 Lioht brown

Phase 1 - Colour Comments SummarY

Reactor 3b - Straw and Unders (40%

Day Comments
1 lioht beioe mix

17 drv, pale under/straw mix

21 dry straMunder mixture
24 ioht brown; pale

28 ioht brown
36 a little liqhter than 3a
49 lioht brownibeioe
55 lioht brown
63 lioht brown

Notes:
1)Qbservations made before moisiure content adjustments (H2o addition).
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Reactor 4a - Straw and Unders (55% MG)

Dav Comments
1 rlarker beioe mix

17 a little darker Ìhan 3a, 3b
21 rnore Lmiform colour of medium brown than 3a, 3b

24 larker brown than 3a,b
28 a little darker than 3a,b
36 medium brown
49 medium brown

55 me¿ to dark brown, some lighter straw particles

63 med brown

Phase 1 - Colour Comments SummarY

Notes:
1)Observations made before moisture content adjustments (H2O addition).

Reactor 4b - Straw and Unders
Day Somments

1 darker beige mix

17 verv drv like 3a
21 rnore uniform colour of medium brown than 3a,3b
24 darker than 3a,b but liqhler than 4a

28 r little darker than 3a,b
36 nedium brown

49 medium brown

55 med to dark brown. some liqhter straw particles

63 med brown
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Phase 1 - Colour Comments SummarY

Notes:
1) Observations made before moisture content adjustments (H2O addition).

Reactor 5a - Straw and Unders MG)

Dav 3omments
1 brown mix

17 darker than 4
21 a little darker brown than 4a,4b
24 about the same as 4a,b
28 a little darker than 4a.b
36 darker than 4a,b
49 med-dark brown
55 darker brown lhan 4a,b; lesser amounts dligil rtrqUlpêllcles
63 lark brown

Reactor 5b - Straw and Unders
Dav Comments

1 brown mix
17 between 3 and 4
21 a little darker brown than 4a,4b
24 larker brown than 4a,b
28 a little darker than 4a,b
36 larker than 4a,b
49 med-dark brown
55 darker brown than 4a,b; lesser amounis of light stra\Lpa4iqleq

63 dark brown
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Reactor 6a - Straw and Unders
DaV Comments

1 darker brown mix
17 darker than 1-5

21 darker brown than 5a, 5b

24 dark brown

28 medium brown/beiqe and a little darker than Sa,b

36 darker ihan 5a,b
49 pale brown
55 darker brown than 5a,b

63 ¿ery dark brown

Phase 1 - Colour Comments SummarY

Noles:
1) Observafions made before moisture content adjustments (H2O addition).

Reactor 6b - Straw and Unders MG

Day Comments
darker brown mix

17 darker than 1-5

21 brown as 5a, 5b
24 dark brown

28 medium brown/beiqe and a little darker Ìhan 5q'b

36 darker than Sa,b

49 oale brown
55 darker brown than Sa,b

63 verv dark brown
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Reactor 7a - Straw, Unders, & Lagoon (62.5% Nl

Dav Commenls
1 larker brown mix

17 larker. like 5a
21 a little liohter than 7b

24 same as Sa.b
28 darker than 3-6
36 darker than 3-6
49 darker brown
55 med brown
63 darker than 5a,b

Phase 1 - Colour Gomments SummarY

Reactor 7b - Straw, Unders, &

Dav Comments
1 Jarker brown mix
17 lrv. oale combination
21 same as 5a. 5b
24 same as 5a,b
28 darker than 3-6
36 darker than 3-6
49 darker brown
55 ned brown
63 larker than 5a,b

Notes:
1) Observations made before moisture content adjustments (H2O addition).
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Phase 2 - Straw Feedstock Moisture Content Analysis

2002

ìiÈog straw bales from Dow BioProducts stackyard were sampled (years 1997'

1998, 1999, and 2000).

2) Shredded slraw samples taken April 10' 2002.

3)%RSD = St.Dev./Mean x'100

Test Date: Mav 13, 2002

1) Unshredded straw samples taken May 2' 2002.

2) %RSD = St,Dev.iMean x 100

est Date:

iample Year fare onlv (o) Tare+Material (s) After 103'C (q) %MC
'1997 11.7 47.4 31.8 43.7

1 998 11.7 38,9 30.3 31.6

1 999 11.7 34.8 28.1 29.O

2000 11.7 44.5 30.0 44.9

Mean = 37.3
St.Dev. 8.2

%RSD 21.9

est Date:
Samole # I are onlv (q) Tare+Material (g) After 103t (s) %I\AC

Straw 2 11.36 23.52 20.96 21.1

Straw 2 11,33 24.77 22.32 18.2

Straw 2 11.36 26.29 23.17 20.9
Mean = 20.1

St.Dev. = 1.6

%RSD 7.9

Notes:

Test Date: MaY 14,2002

Notes:
1) Shredded straw samples taken April 10' 2002.

From Phase 1:
%MC

Straw Mean = 57.5
St.Dev. 16.6

%RSD 29.0
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ìamole Year Crucible #

fare I are + urv tlraw After 550 ",C (0) VS FS oc
loì (q) (o) (%\ (oal

1 997

'12 88.1 44Í s1.802C 88_5801 88.0f 11 .91

T3 87.328C 91.394€ 87.8134 88.06 1.9

14 87.4578 90.842t 87.930¡ 87.0e 12.91

Mear 87.74 12.2f 48.1

St.DeV 0.5€ 0.5s 0.5f

1 S98

T5 88.61 42 92.o15i 89.0501 47.17 12.8!

T1 87.772 91.372t 88.266( 86.3( 13.7C

T10 88.32 91.623t 88.750Í 87.1t '12 9(

Meaf 86.8t 13.11 48.í

St.Dev 0.4( 0.4[ 0.4(

1 999
J5 85.16s01 88.æq 85.6291 87.1 1 12.8(

56 89.966C 93.1 802 90.363( 87.61 12.3t

43 R3 748r 86. 1 434 84.0264 88. 1 1.ô2

Mean
óI 12.29 48.1

St.Dev, 0.6í tr-b¡ 0.6Í

2000
39 90.346f
T8 88.032t 91.0184 88.325t 90.1 € 9.81

T11 87.892t 90.9765 88.1 99 90.0t 9.9

90.1i o 50.1

SI.DeV 0.1r 0.1t 0.1

Phase 2 - Straw Feestocl< Solids Analysis

Test Date: April 22,2002

Notes:
1) Straw samples collected on April 10, 2002. 

.

åí óCtOig",fi. Câr-Uon) catculatãã using the following equalion: OC = (1-FSy1.8 (Haug 1993' Liao 1995)' where

OC and FS are based on the dry weight fraction.

Values Used for Phase 2:

%VS %FS %oc (db)

Straw Mean = ßÊ-'l 11 .9 48.9

St.DEV. 1.4 1.4 0.8
7^HSt ) = 1.6 11.8 1.6

Values Used for Phase 1:

%VS: ./.oc tdbl

Straw Mean = 81.0 45.0
s1_uev- 1.7 0.9

%RSD = 2.1 2.1

9I



Phase 2 - Straw Feedstock TKN Analysls

Test Date: APr¡l 23-25,2002

Conversion Equation:

# squarês/1 .3014 = mg N/L

1 ) Shredded Straw Samples taken April 1 0' 2002

2) Samptes were dried and grinded prior to TKN analysis.

ãj OC 1'Organtc Carbon) catãutated ¡s¡ng the following equatlon: OC = (1-FSy1 .8 (Haug 1993, L¡ao 1995), wher6 OC and FS are

based on the dry weight fraction'
4) %RSD = St.Dev./Mean x 100

From Phase 1:

Standards Plot

10 20 SBtandadd(mg/l$o 60 70 80

100

s0

80

70

o6o
E
5soú
6

,t0

20

10

0

./ç
y-1.3014x ,/
tl'Èu.sEsl .- ./

y'

ìtrâw Sâmnlâ Yea
samola Slze lmo)l # of Squares mo N/L N in samole %N (dbt o N/o ash %oc tdb) C:N

lmo) lmol ldru basisì ldrv basis)

1 997

100 21 16.14 0.807 0.81 0.07

100 20 5.3-t 0.768 0.77 ft.06

100 1 6.14 0.807 0.81 0.07

1 998

100 23 .67 0.884 0.88 0.07

100 18 3.83 0.692 0.69 0.06

100 20 5.37 0.768 o.77 0.06

1 999
100 18 3.83 0.692 0.69 o_06

100 19 4.60 0.730 0_73 0.06

100 21 16.1 0.807 0.81 0.07

2000
100 18 13.83 0.692 0.69 0.06

100 18 13.83 0.692 0.69 0.06

100 2'l 16.14 0.807 0.81 0-07

Averaqe = 0.76 0.06 48.9 64.2

SIíI. IJâV. 0.06 0.01 0.8

%RSD = 8.28 1.6

Notes:

%N (db) %oc (db) C:N

Straw Mean =
1.43 45.0 31 ¡

Sld Dev.: 0.23 0.9

%RSD =
16.2 2.1
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Phas6 2 - lnltltl Feedslock P6rtlclo Denslty Analysls

pp = púiclcdÐtiry(s/m'l = pw (W6- W6) / [(Ws- WE) - (Wsw- Wvr)]

py = dcnriryof Mèr (l 8/mr)
'Wr 

= *dghl of pFnomclù Pìus tMpìE (g)

Wã = dghl of Pyøf,omlta fillcd wiù ût (8)

W* = *¡gtrt o¡ pt-nomcls fillsd Nilì sÂmptê úd mrd G)

Ww = k¡8hl of lh¿ PFrôdcld ñllcd wilh Hld ot lcmPÈmNE olsdcd

1997 Subsâmples l9gg Subsamplos

18gg SubsomPles

Av€rao€ Mdlmum %MC lor 1997 - 2000 SlÉw

Nol€s:
l) Shredded SlEv SÂmplos collecled Âpr¡l 10' 2002

2ì UsEd 20 o samDl6s lor Ell Darllcls denslly t6sls.

ãí õrvl"J"rirt"" .-pl"s lor maxlmum mler ænlenl tesl was complelod ln a l03 t ovon lor 24 hours'

4i Foon lempsralure tor parllcle deslly lesl !%s21t.
5) %RSD. SI.DevJMsan x f00
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Phase 2 - Straw Feedstocl( Bulk Denslty Analysls

Shredded Slraw

Notes:
1) Small biocell used for analyses
2) %RSD = St.DevJMean x 100

Biôcell lD Tare lko) Volume {L) Tare+Slraw (kq) straw lko)

Wet Bulk Dens¡ty

lko/m3ì

Dry Bulk Dens¡ty

(ko/m3)

1 1.65 4.33 1.9'1 0.26 60.05 29.00 42.63

2 1.64 '1 .89 0.25 57 29.00 40.99

1.64 4.33 1.S0 026 60.05 2q n0 42.63

o.26 59.28 42.O8

1.33 0.95

I 999 %RSD 2.25 2.25
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Phase 2 - Straw Feedstock Bulk Denslty Analysls

1997 Unshredded Straw

2) Unshredded straw samples collecled on May 2, 2002 were used [or the analyses.

1997 Shredded Straw
: l\¡iav 'l.4.2002

'I ) Large blocell used for analyses.
2) Unshredded straw samples collecled on May 2, 2002 were used lor the analyses.

1) Large biocell used lor analyses.

95



Phase 2 - Compost Feclpe Bulk Denslty Analysls

Reclpe 1 - Unshredded Straw

1 ) Large blocell used for analyses.
2) Unshredded 1 997 straw samples were used for th€ analyses.

Reclpe 2 - 2y3 Unshredded Slraw, 1/3 shredded slraw (by volume)
Tested on: Mav 31.

2) Unshredded and shredded 1 997 slraw samples were used lor the ânalyses.

Reclpe 3 - 1/3 Unshredded Straw' 23 shredded straw (by volume)
on: Mav 31. 2002

1) Large blocell used for analyses.
2) Unshredded and shredded 1 997 straw samples were used lor the analyses

Reclpe 4 - Shredded Straw

1 ) Large blocell used for analyses.
2) Shredded 1 997 straw samples were used for the analyses'

1) Large blocell us€d for analyses.

Laroe Biocell

Volume of
al^ôêll /mgl

Volume of
Biocell lL) strâw ln Bioc€ll lko'

vvet Þu¡K

Denslty
rknlm3\ %MC

ury Þunf
Denslty
/knlm3ì

L1 0.3109 310.9 32.20 103.57 43.98 58.02

Noles:
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Phase 2 - Weekly Sollds Analysls
June 1, 2002 DaY 1

1 ) Feedstock volatile solids based upon samples analyzed from 1 997,1 998, 1 999, and 2000 straw stock.

2i OC (Organic Carbon) calculated using the followinj equalion: OC = (1-FSy1.8 (Haug 1 993, Uao 1 995), where OC and FS are based on the dry weight fr;

Phase 2 - Weekly Sol¡ds Analysis

\o{

1 ) OC (Organic Carbon) calculated using the fotlowing equat¡on: OC = (1-FSy1.8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight frl



Phase 2 - Weekly Solids AnalYsis

NOTES:

1) OC (Organic Carbon) calculated using the following equation: OC = (1-FSy1.8 (Haug 1993, Uao 1995), where OC and FS are based on the dry weight frl

\o
oo



Phase 2 - Weekly Sol¡ds AnalysÌs

\o

1) OC (Organic Carbon) calculafed using the following equation: OC = (1-FSy1.8 (Haug 1993, Liao 1995), where OC and FS are based on the dry weight frl



Phase 2 - WeeklY Solíds AnalYsis

OO

1 ) OC (Organic Carbon) calcutated using the foltowing equat¡on: OC = (1-FSyf.8 (Haug 1 993, Liao 1995), where OC and FS are based on the dry weight fri



Phase 2 - Weekly Sollds AnalYsls

1 ) OC (Organic Carbon) calculated using the follow¡ng equation: OC = (1 -FSyl .8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight frr



Phase 2 - l/VeeklY Solids Analysls

O
b..)

1)OC (Organic Carbon) calculated using the following equation: OC = (1-FSy1.8 (Haug 1993, Üao 1995), where OC and FS are based on the dryweightfr¡



Phase 2 - WeeklY Sollds Analysls
, -r--¡ê ^^^ô Dãv46

1

Notes:
1)oc(organiccarbon)calculatedusingthefollowingequation:oc=(1-FSy1.8(Haug1993,Uao1995),whereocandFSarebas€

O(!



Phase 2 - WeeklY SolÌds Analys¡s
53

OÞ

Notes:
1 ) OC (Organic Carbon) calcutated using the following equation: OC = (1 -FSy1.8 (Haug 1993, Uao 1 995), where OC and FS are based on the dry weight fft



Phase 2 - Weekly Solids Analysls

L}l



Phase 2 - Weekly Solids AnalYsis

Oo\

1 ) OC (Organic Carbon) calculated using the following equation: OC = (1-FSy1.8 (Haug 1 993, Uao 1 995), where OC and FS are based on the dry we¡ght frr



Phase 2 - Weekly Solids Analysis

{

Notes:
1 ) OC (Organic Carbon) calculated uslng the following equation: OC = (1-FSy1.8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight fr¡



Phase 2 - Weekly Sollds Analysis

O
oo

Notes:
t ¡ òC lOrganic Carbon) calculated using the following equation: OC = (1-FSy1.8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight fri



Phase 2 - Weekly Solids AnalYsis

\o

Notes:
1) OC (Organic Carbon) calculated using the follow¡ng equation: OC = (1-FSy1.8 (Haug 1993, Uao 1 995), where OC and FS are based on the dry weight fri



Phase 2 - Weekly Sol¡ds Analysis

1) OC (Organic Carbon) calculated using the following equation: OC = (1-FSy1 .8 (Haug I993, Liao 1995), where OC and FS are based on the dry weight frt



Phase 2 - Weekly Sollds Analysls



Phase 2 - Weekly Solids Analysls

Notes:
1 ) OC (Organic Carbon) catculated using the following equat¡on: OC = (1 -FSy1 .8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight frl



Phase 2 - Weekly Sollds Analysls

1 ) OC (Organic Carbon) calculated using the follow¡ng equation: OC = (1-FSy1.8 (Haug 1 993, Uao 1 995), where OC and FS are based on the dry weight frl



Phase 2 - Weekly Sol¡ds Analysís



Phase 2 - Weekly Solids Analysls

L¡I

1 ) OC (Organic Carbon) calculated using the lollowing equation: OC = (1-FSy1.8 (Haug 1 993, Liao 1995), where OC and FS are based on the dry weight frl



Phase 2 - Weekly Sol¡ds Analys¡s

o\

Notes:
1 ) OC (Organlc Carbon) calculated using the following equation: OC = (1-FS)/1.8 (Haug 1993, Liao 1 995), where OC and FS are based on the dry we¡ght fr¡



Phase 2 - WeeklY Solids Analysis

\ì

1) OC (Organic Carbon) calculated using the following equat¡on: OC = (1-FSy1.8 (Haug 1993, Liao 1995), where OC and FS are based on the drywe¡ghtfrl



Phase 2 - Weekly Sollds AnalYsls

co

1 ) OC (Organic Carbon) catculated us¡ng the lollowing equation: OC = (1 -FSyf.8 (Haug '1 993, L¡ao 1 995), where OC and FS are based on the dry weight fr¡



Phase 2 - Weèkly Solids AnalYsls
November 5.

\o

Noles:
1 ) OC (Organic Carbon) catculated using the following equation: OC = (1-FSy1.8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight fn



Phase 2 . Weekly Sollds Analysis

l.)O

1 ) OC (Organic Carbon) calculated using the lollowing equation: OC = (1-FSy1.8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight frr



Phase 2 - Weekly Solids AnalYsis
November 19.2002

1 ) OC (Organic Carbon) calculated using the following equation: OC = (1-FSy1 .8 (Haug 1 993, Uao 1 995), where OC and FS are based on the dry weight fri



Phase 2 - Weekly Solids Analysìs
November 27

l.)
N)

Notes:
1 ) OC (Organic Carbon) calculated using the following equation: OC = (1-FSy1.8 (Haug 1 993, Liao 1 995), where OC and FS are based on the dry weight fri



Phase 2 - Summary ot Weekty Volatile Sollds Analysls

b.)(/J



Phase 2 - Summary ol Wækly organlc carbon Analysls

t) Oc (Organic Carbon) calculated using the fofiowing equation: oc = (1-FS)/1.8 (Haug 1 993, uao I 995)' where oC and FS ile based on the dry weight fraction'

Phase 2 - Summary ol WæHy Volatile Sollds Analys¡s

b,.)À



Phase 2 - Summary ol Wæk¡y volat¡le Sollds Analysis

1) ShoM as avsEges of duplicate recipes

Phase 2 - Summary ol Week¡y volatlle Sollds Analysls

1) Shown as aveEgss of duplìcate recipes

t.)(/¡



'l) AIlwe¡ghts wero ¡e@rded aftêr molsture adlustment and smpl¡ng'
2) Tare + material welghl was not recorded for Day 180.

1) Atlreiqhts were recorded after mo¡sture adiustment and smpling.

N)o\



TlolnXTo"" 
"oo""r¡on 

ror mass of compost samplê removed lrom reaqtor weeldy (ì.e.removed sffiple weight ¡s added to wetweight of composl malerial)'

I)oltntåu0"" 
"on""tion 

tor mass of compost sample removed from reactor weekly (¡.e-removed sample weight ¡s added to wet we¡ght of compost material)'

t.){



1) Dry wolghts calculaled from wot wÊighls using 7" Molsbjre Content ' (wet weight ' dry wo¡ght)/wetwelght

Notes:
1) Dry weights cãlculaled from w€t welghts uslng 7o Moistur6 Content = (wetwe¡ght - dry welght)tuJet we¡ght

t..)
co



t) tncludes conecilon for hass of compost samplo (dry mass) removed írom reactor weekly (l.e.removed dry sample weìght is added to drywe¡gt¡t of @mpost materlal)'

zi Dry weights catculaled from wet weights using % Moisture Contsnl = (wetweight - dry weight)^tetweight

2i Dry weìghls catculaled from wet weights using % Moisture Content = (wel weight' dry we¡ght)/wet weigl¡t
lor ms ol compost

f..)\o



Phase 2 - Molsture Content Measurements

1 ) Values lndicâle moisture conlents of compost after moisture addition and müng.

(¡)
O



1) AII meæurements 4e ln cm meæured from top of composting reacton
2) Deplhs were mèasuæd wllh applied we¡ghts ln place and prior to mixlngy'sampl¡ng.

3) Weighlg wêre removed from compost reactoß on Day'119 lollowing deplh ñeasuremenl

'1) All meæur6ments úo ln cm'.
2) Muimum volume ol reactorc = 137,600 cmr.

UJ
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Phase 2 - Reactor and Sampllng Masses (wet basls)

t33



Phase 2 - Reactor and Sampl¡ng Masses (wet basls)
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Phase 2 - Reactor and Sampllng Masses (wet basls)

)ay Reactor
Tare

Welght lnltial Mass
lmalerlal+larel

lnitlal Mass

¡vta55 A¡ttst vvdrr

Addilion and
Sampllng

lmâlerlâl+lâreì

Mass Arter vvatet

Additlon and
Sampllng

/mâlar¡âl nnlv\
Mass

Samnlpd
Gumulative Mass

lkn\ flbl (ko) flbì (l(o) loì lo)

lãv 95 1A 12.64 405 s.73 40.3 5.62 54.2 744.80

fB 2.66 41.0 5.94 42.5 6.62 50.2 718.80

2A 12.96 44.O 7.O0 45.5 7.68 51.2 760.80

28 13.28 43.5 6.45 44.5 6.90 Ê1.2 759.80

3A 13.31 51 0 9.82 50.5 9.60 61.2 758.80

3B '13.27 51.5 1 0.09 5t.0 9.86 37.2 775.80

4A 13.10 580 '13.21 59.0 13.66 60.2 766.80

48 13.01 60.5 14.43 60.0 421 59.2 767.80

lâv 102 'lA 2.64 39.0 5.05 40.5 5.73 44.2 793.00

1B 12.66 42t| 6.39 41.5 6.16 50.2 769.00

2A 2.96 M-0 7ñO 43.8 6.88 52-2 813.00

2B 3.28 43.5 6.45 43.0 6.22 54.2 814_00

3A 3_31 49.5 9l 49.5 914 57,2 81 6.00

3.27 50.5 9.64 51 0 9.86 60.2 836.00

4A 't 3.10 57.5 t2 9¡l 57.5 12.98 58.2 825.00

4B 13.01 13.75 60.0 14.21 53.2 82t.00

)av 100 1A 12.64 3C.5 5.28 39.0 5.05 50.2 843_20

1H 12.66 39.8 5.37 40.5 5.71 51.2 820.20

2A t 2.96 2.3 6.32 42.5 6.32 e70.20

2B 13.28 42.O 57 43.0 6.22 870.20

3A 13.31 48.5 8.69 48.8 8.82 58.2 474.20

3B 13.27 49.0 8.S6 49.5 9.18 Éa.2 894.20

4A 56.0 12.30 55.5 12.07 58.2 883.20

¿B 13.01 58.8 13.64 58.0 13.30 61.2 882.20

ãv 116 1A 2.64 38.0 4.60 37.8 4.44 52.2 895.40

1B 266 39.3 5.1 40ã 5.71 492 86S.40

2A 2.96 42.0 6.09 41.5 5.86 58.2 928.40

28 x2A 41.0 5.32 42.5 6.00 58.2 928.40

3A 3.31 7.O 8.01 48.0 8.46 57.2 c31 40

3B 327 4A.6 8.73 4C.5 9.18 Ê22 s56.40

4A 3.10 54.0 1i.39 54.8 't -73 55.2 938.40

4B l3_ol 56.5 12.62 56.5 12.62 55.2 937.40

lav 123 fA 12 â4 36.5 3.92 4.71 49.2 944.60

1B 12.66 39.0 5.03 39.8 5.37 48.2 917.60

2A 12.96 39.5 4.96 41_5 5.86 57 985.60

2B f 3.28 41 3 5.43 43.0 6.22 56.2 984.60

3A 46.0 7.56 47.5 8.24 5S.2 990.60

3B 3.27 48.0 8.50 48.5 8.73 59.2 1015.60

4A 3'10 52.4 10.83 53.5 11 5C2 s97.60

4B 3.01 55.5 12.16 56.5 12.62 57.2 994.60

130 1A 2.64 36.0 3.6S 35.5 3.46 57.2 1001.80

1B 266 4.35 4.24 49.2 s66.80

2A 12.96 40.0 5.18 41 0 5.64 55.2 1 040.80

2B 13 2A 41.5 5.54 41,O 5.32 81 2 '1045.80

3A 13.31 46.0 7.56 47.5 a.24 53.2 I 043.80

óÞ 13.27 47.5 8.28 48.0 8.50 61.2 1076.80

4A 13.10 52.8 10.83 54.5 1.62 53.2 I 050.80

4B '13.01 55.0 tc4 54.5 56.2 1 050.80

lev 137 1A 12.84 34.0 2.74 36.0 3.69 47.2 I 049.00

1B r 2.66 35.5 3.44 37.O 4-12 50.2 1017.00

2A 40.0 5.18 41 3 442 1089.00

28 13.28 39.5 4.64 41.3 5.43 58.2 104.00

3A 3.31 46.0 7.56 47.O 8.01 54.2 1 098.00

3B '13.27 47.0 8.05 48.0 8.50 58.2 i35 00

4A 310 53.0 10.94 54.0 1 1.39 56.2 1 1 07.00

4B '13.01 52.5 10.80 53.5 't1.26 57.2 't 108.00
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Phase 2 - Reactor and Sampllng Masses (wet basls)

Day Reactor
Tare

Weight lnltlal Mass lnitial Mass

vtass Artet vvarer

Addilion and
Sampling

lmâtêrlâlllârêì

Mass AIler warer
Addit¡on and

Sampling
lmatarialnnhÀ

Mass
S¡mnlp¡l

Cumulative Mass
Samnlpd

fknì flbl fko) tibì lko) (q) fol

lav 144 1A 12.64 34.8 3.12 37.0 4.14 57.2 1 1 06.20

IR 't2 66 36.0 J.O/ A7î 4.12 52.2 1 n69 20

2A 12.96 41 0 5.64 40.5 5.41 56.2 45.20

2B 13_28 40.5 5.09 42.O 5.77 FLt 58.20

3A 13.31 463 7.67 47.O ao1 54.2 52.20

13-27 47.5 8.28 47.O 8.05 51.2 1 1 A6-2U

4A 13.10 53.0 10.s4 52.8 1 0.83 54.2 61.20

4B 3.01 52.5 10.80 53.5 1 1.26 52.2 160.20

lav 151 1A 2.64 36.0 3.69 35.5 3.46 55.2 16.1 .40

1B 2.66 JÞ.U 3.67 36.5 3.90 50.2 119.40

2A 2_96 39.5 4.96 40_8 5.52 562 201.40

28 3.28 1.5 s.54 42.0 4.77 54.2 '12.40

3A 3.31 46.3 7.67 47.3 8.12 532 205.40

3B 3.27 4Â5 7.42 47.5 8-28 55.2

4A 13.10 52.0 10.49 52.5 10.7 58.2 219.40

4B 13.01 52_5 10.80 52.0 10.58 51.2 211.40

lav 158 1A 2.64 31 0 't.42 1.S9 50.2

1B 12.66 32.5 2.08 33.8 2.65 46.2 1 65.60

2A 12.96 350 2.92 JO.ö 3.7'l 48.2 249.60

28 13.28 36.0 3n5 37.5 3.73 48.2 260.60

3A 13.31 43_0 6.19 44.5 6.87 54.2 259.60

3B 44.O 6.69 44.5 6.91 55.2 296.60

4A 13.10 4s.5 8.90 50.0 s.58 56.2 275.60

4B 3.01 49.5 9.44 s1.3 10.24 46.2 257.60

ev 165 1A 2.64 29.8 0.85 32.1 I C1 44.2 12s5.80

1B 26Ê 30.5 1.17 32.2 '1.S4 43.2 1 208.80

2A 2.96 31.8 1.44 2.79 45.2 I 294.80

28 't3 2g 33.0 1.69 50.2 t3t0 ßo

3A 3.31 39.3 4.49 41.0 5.29 51.2 1 31 0.80

3B a2 38.0 3.97 39.7 4.71 51.2 1947 Aî

4A 3.10 47.O 8.22 48.9 9.09 56.2 1331.80

4B 3.01 47.O 8.31 50.3 s.82 52.2 't309.80

)av 172 IA 2È4 30.0 0.97 32.8 2.25 53.2 13nC O0

1B 2.66 30.5 117 33.7 2.62 53.2 1262.OO

2A 2.96 320 '1.55 347 2.75 48.2 1 343.00

2B 13.28 33.0 16C 35.8 2.96 56.2 1 367.00

3A t 3.31 36.5 3.25 aoÃ 4.61 57.2 368.00

3B 13.27 35.5 2.83 38.1 4.03 53.2 401.00

4A 13.10 435 6.63 46.9 8.18 55.2 387.00

48 13.01 44.3 7.06 46.6 8.13 50.2 360.00

âv 180 1A 12.64 29.8 0.89 2.47 61.8 370.80

tÞ 12 Â6 302 1.03 2.70 58.4 320.40

2A 2.96 31.7 1 .43 3.03 61.8 404.80

28 3.28 112.6 1.48 2.97 64.8 1431 80

3A t.J I 34.5 2.34 4.08 64.4 1432.40

JE 3.27 34-1 2.22 3.81 62.5 1463.50

4A 3.10 40.4 5.23 7.53 62.9 1449.90

4B 3.01 41.6 5.86 8.30 66.7 1426.70
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Phase 2 - Cumulat¡ve

Reactor

lati

'tA

lnitial Dry Mass

1B

Sampli

2A

2B

lko)

3A
3B

Gumulattve
Sample Mass

Collected

4A

Notes:

^ t - Dry basis calculation assumes target moisture content of 7O/' maintained throughout Phase 2 experiment.

4.542

48

4.614

(o. wet basis)

b.E29
6.060

1370.8

S.tiiir

cumulative Mass oÌ
Compost Material

Removed for Samplinq

1320.4

9.288

'J404.8

9.684

1431.8

9.351

1432.4

{ko. wet basis)

1463.5
1449.9
1426.7

1.371
1.320

Cumulative Mass of
Compost Material

Removed for Sampling

1.405
1.432
1A32
1.464

lko. drv basis t)

1.450

UJ{

1.427

0.41
0.40

Total Compost
Material Removed

for Samplinq

o.42
0.43
0.43
0.44
0.43
0.43

("/"\

9.1v"
8.6%
7.2%
7.1%
5.O/"
4.7%
4.5"/"
4.6/.



Phase 2 - o/o Lignin (dry matter basis)

Feedstock Straw Sam

1) % Liqnin on Day 1 is an average of 1997, 1999, and 2000 strawsamples.

u.)
oo

19.0275

14.0142

19.1910



Phase 2 - % Cellulose (dry matter basis)

1) % Cellulose on Day 1 is an average ot 1 997, 1 999, and 2000 straw samples.

UJ
v

2.1111



Phase 2 - % Hemicellulose (dry matter basis)

1) % Hemicellulose on Day 1 is an average of 1 997, 1999, and 2000 straw samples'

ÞO

11.22109

4.511377

-1 .01 1868
0.43696

-3.17615 -4.4

-10.27879 0.538108

4.318566 -1 .41531 1

15688 -7.71 1



Phase 2 - g L¡gnin / g Ash (dry matter basis)

Notes:
1 ) % Lign¡n on Day 1 is an average of 1 997' 1999, and 2000 straw samples'



Phase 2 - g Cellulose/ g Ash (drymatter basis)

1 ) % Cetlulose on Day 1 is an average of 1 997, 1 999, and 2000 straw samPles

Þ
t.)



Phase 2 - g Hemicellulose/ g Ash (drymatterbasis)

1 ) % Hem¡cellulose on Day 1 is an average ol 1 997, 1 999, and 2000 straw samples.

With corection to elim¡nate negatìve hemicellulose results:

Þ
UJ



Phase 2 - Temperature Measurements

On Recipe Basis:

Note:
1 ) Temperatures recorded in "C.

ÞÞ



Phase 2 - Oxygen Measurements

Heaclor Recipe

Reeine 13 14 16 17 18 19 20 (Avo.) Avo.) lSt.Dev.)

1A NM 17.5 18.5 18.5 17.0 17.5 19.C 18.0
17.5 0.7

1B 16.5 18.0 18.0 18.5 13.5 15.0 19.C 17.0

2A NM 15.0 14.5 14.0 14.0 13.5 14.5 14.3
12.9 1.9

¿B 13.5 13.5 10.0 10.5 10.0 14.0 1 1.5 11.6

]A 12.0 8.5 11.5 10.0 7.O 12.0 10.5 9.9
10.0 0.1

]B 10.6 8.5 10.0 7.5 8.0 13.5 13.0 10.1

+A 9.3 7.5 9.5 9.0 8.5 7.5 8.0 8.3
8.9 0.8

+B 13.3 9.0 11.0 9.0 9.5 8.5 10.0 9.5

on this dav due to mo content adiustmentNM - Oxygen not
Notes:
'l 
) Oxygen level recorded for each reactor represents average from all three sampling ports.

ay

r45



Phase 2 - Flnlshed ComPost TKN Analysls

Test Date: February '1 1'15, 2003

1b

)ê 1 Mean

Conversion Equatìon: # squilevo.gi32 = mg N/L

1nn

2b

Ã1

49

ttft

51-4t

JA

53.66

3b

qî AÂ

49 28

1

f00
90
80
70

Ë60gs0
,H 40

30
20
10
0

1

T-1oo
I 100

l-- 1oo

4a

2.902

4Þ

LU7

-Mml

l6s
l---6?
163

Slândards P¡ot

Þo\

I

061
ôA7

Notes:
1) Samples collectsd atler 6 month composting period (Phase 2) end¡ng November 27' 2002'

2) Samples werê dried ild grinded píor to TKN ana¡ysis.

si oC (organic Carbon) catóutated uslng the foltowini equation: OC = (1-FS)/1.8 (Haug 1 993, Uao 1995), where oC and FS ile based on the dry weight fraction'

tnma tr trt

12

F71.1s I 3.5ss
I 7337 I 3.668

I 68.9s | 3.44s

r-85

345U-----ããõ'-

r.90

.067

î7

nÂo

a 12'l

.01

n oof

Final N ln

12

.073

30 40 50
Stãndard (mg/L)

t.O74
07a

44i'l

12

I L

2S

Nlôc<

1.56

1.67
1.45
tL2

443'l

| 0.085
I o-o87
I o.o82
I onR?

46flh

| 4Zt1
4it53

1

20

3.29
3.'12

| 7060
| 7060
I ?060
f-- 6Bf-

0.004

3.45

rtn¡5neo
e.N

F
=

¿ó

ð

).091
).090
).098

ìY

0.1s

I ,58

f-

I E4il5
I 8694
f- s1i5
I 2897

J.099
1 ñOE

I 7357
I 7io6

i-7îõ¡-
0.004

I /lub
I 7ra1

-1

t:{ h

| -r9.4b%
I -23.i4v"
| -1s.79%

f -1fl1.h

-11

654

| 1034E
I 9612
I 104s6

J¿,4

137

32.4

I 1n¿cl

I J¿.2
I sz.z

I 3¿33

-52 :lA"/^

| {0.trtj%
| 4s.27./.
f-ãtæ-

-
523

I -ds-o?"/"

I J5,ÞZ
I 36.24
I 36.24+-
I 3s.88



Phase 2' Finished Compost B¡¡lk Density Analysis

Test Date: November 28,2002

Recipe

1a
1b
ñ--:-^ 4 tt^^^

BiocelllD

2a
2b
Þanina D ft/la

Recioe 2 St.Dev.

1

1

3À

Tare

3b
D^^i^^ D f\ laan

lko)

1

1.64

^¡ina e Qt llar¡

'l

1.64

4a

Volume

4b

tL)

1

Recipe 4 St.Dev.

1.64

4.33

1.64

1

Mass
Tare+Compost

4.33

Notes:
t - Uses target moisture content of 70/"'
1) Small biocell (Volume = 4.33 L) used for bulk density analysis.

't

1.64

4.33

1

1.64

lko)

4.33

4.10
3.95

1.64

Þ\ì

Mass
Comoost

4.33

1.64

4.33

4.27

(kq)

4.41

2.46

4.33

Wet Bulk
Density

2.31

4.33

4.55
4.63

(kq/m")

2.63

568.1

2.77

Moisture
Content

533.5

4.14
4.09

2.91

("/"\

607.4

2.99

61.0

639.7

Dry Bulk
Densitv

59.3

2.50

(kq/m')

672.1

2.45

50.5

221.8

690.5

44.8

217.2

wet H'ulK

Densityl

2f 9.5

577.4

3.2

(kq/m")

45.1

300.8

565.8

37.7

739.3

353.3

724.1

327.O

731.7

37.2

58.1

368.8

10.8
1002.6

62.9

430_3

1177.7

399.5

I UgU.Z

43.4
241.7

123.8
1229.4

209.7

1434.2

225.7

1331.8

22.6

144.8
805.6
699.2
752.4
75.3



Phase 2 - Particle Slze Analysls

Test Date: March 12,2003

lnitial Compost Recipes - Part¡cle Size Analysls

ñãqs têlâ¡nea! 20.2

nass retained
nâçq nâssinõ

ta 5

mass oasslno

1A
18.4

, ôassrno

91-1

Notes:
1 ) Particle size tesls completed according 1o ASTM Standard Melhod D422 - 93 (1 990)'

17.1

lnltlal Compost Becipes. Coefflclents of Un¡form¡ty

CoeffÌcient of Uniformity: Cu = D6o/D1o

Coeff¡cient of Curvature: C2 = D23o/D6oD1o

1.5
16 C

nn
17

il9

100.0

Þ
oo

gtt x

tt {t
1 1.8

o1

Recipe

I O0-O

2ñ

17.O

14.8

t9

otì
1l a

4

100.0

3.4

16.

Dlo

4

l1 .4

4.1

61.6

t5

l-a

0.1

ll

18.8

11.7

1.1

1 1-6

992

47

6t H

Dso

362

3.6

1g

1.6
7.9

õt- ¡

l-ð

- higher Cu ¡ndicates larger range of particle sizes.

- a we¡l graded material has a Cz bewteen 1 and 3.

4.5

Dso

11 ft

f 1.9

0x
fìR

áo

4.1

J.O

41.5

1?

1

Cu

15

q9

o_3

Ì1

ã

'1.8

3_ti

cz

l-3
tla

1.1

f.¿

0.3

NH

o-4

1.0

il:l

1.1

o-a

lJ-2

0.1

to

o_3

1.8

0il

0.1
o5

il5

t, il

2.5

ã9

0.1
o-5

0.1

ila

0.1

o1



Phase 2 - Partlcle SIze AnalYsls

Test Date: March 12,2003

Þ\o

Notes:
ìii"rti.t" 

"it" 
t".ts comPteted according to ASTM Standard Method D422 - 93 (1990)'



Phase 2 - Partlcle Slze AnalysÌs

Test Date: March 12,2003

Finished Compost Reclpes - Coefticlents of Un¡form¡ty

Goefficient of Uniformity: Cu = D6o/D1o

coeff¡cient of curvature: Cz = D230/D6oD10

Recipe

2

Reactof

1a
tô

4

2h

Dro

1.0

ìâ

- higher Cu ind¡cates larger range of particle sizes.

- a well graded material has a Cz bewteen 1 and 3.

o
o-7

Dgo

4b

1.5

0
2

14

1

Dso

10

1-5

{:{

1_5

0
.0

)tl

2-1

UU

1?
3.0

{:l

(J¡

44

4 tt

+.1

4.O

4.O

A2

<9

40
4.4

U9

3.9

0.9
o9

h

ll /

It x



Phase 2 - Flnlshed Compost Particle Denslty Analysls

Tesl Date: February 13-15, 2003

pp +articledensity(s/cm3) PW = P, (W" - W") / I(W" - Wa) - (W"w- Ww)l

pw Jensity of water (1 g/cm3)

Ws = weight of pyconometer plùs sâmple (g)

Wa = weight of pyconometer filled with air (g)

'Wr* 
= rveight of pyconometer filled with sample and water (g)

'W* 
= *"itlr, of the pyconometer filled with water at temperature observed (g)

ìecipe Flask
w. w* w. w P* 0o

lol loì loì lo) lolcmoì lolcm3ì

lã 2 242.1 1227.O 292.1 1234.6 I 18

À J 234.3 1217.1 284.36 1225.6 1 .20

b E 272.8 1 253.1 322.8 1261 .6 'I .20

h C 220.5 1214.i 270.5 1223.2 'I .23

ìecine 1 Mêan 1.20

lcc¡ne 1 St- Dev, tì fì2

ED 226.2 12'tP'.'l 276.2 1226.4 .20

¿a B 226.1 12'1P..7 276.'l 1229.2 1.27

lb E 272.8 1 253.1 322.8 1266.4 1.36

2b c 220.5 1214.0 270.5 1225.7 1.31

ìecioe 2 Mean 1.28

ìecioe 2 St. Dev. 0.07

la B 226.1 218.7 276.1 122t.u 1 1.22

E 272.4 253.1 322.8 1262.7 1.24

lb 2 242.1 227.O 292.1 1240.1 '1.36

lf) J 234.3 2'17.'l 2A4.3 1229.4 1.33

lecinê 3 Mean 1.29

Rcnine 3 St. Dev. 0.07

le ED 226.2 218. 276.2 1223.1 1 1 11

te E 272.8 253 322.4 1256.3 1 1.08

tb 2 242.1 227.O 292 1 1233.0 'I 1.14

rb B 228.1 218.7 276.1 1223.7 1 1.1 1

ìecioe 4 Mean 11

ecioe 4 St. Dev. o.o2

Notes:
1) Particle density tests performed with 50 g compost samples.

2) Sample drying was completed in a 103e oven for 24 hours'

3) Room temperalure for particle density lest was 2'1.0 t.

151



the same as1 is statistica

Phase 2 - Statistical Analysis of Volatile Solids Analysis (Day 180)

Summary T-Test Results

Compare Recipe 3 to Recipe 4
0.021 4201 5

Compare Recipe 2 to ReciPe 3

0.010835272

Compare Recipe 1 to Recipe 2

0.1 09984806

Compare Recipe 2 to ReciPe 4
0.033804045

Compare Recipe 1 to BeciPe 3

0.04966786

Compare Recipe 1 to Recipe 4
0.096ô1 21 47

(^
t.)



Phase 2 - Statist¡ca¡ Analysis of g Lignin / g Ash (Day 1 80)

(ì
(/J



Phase 2 - Statistical Analysis of g Cellulose / g Ash (Day 180)

Rec¡oe I Mean

)e 2 Mean

ecipe 3 Mean

u.t34
g.t9

St-Dev

)e 4 Mean
rê 4 SÎ-Dev.

f-tesl HêSllltS tSnows ulu Pr

,nf

il

¡ 7541
I'

Compare RecìPe 1 to Recipe 2

a.o729427e5

o.{Jl3

Compare Recipe 1 to Rec¡Pe 3

0.o77525594

Compare ReciPe I to ReciPe 4

0.0679S01 19

Compare RecìPe 2 to ReciPe 3

o.297413632

(¡
Þ

Compare ReciPe 2 to ReciPe 4

0.023215271

Compare ReciPe 3 to ReciPe 4

0.o31775294



Phase 2 - Statistical Analysis of g Hemicellulose / g Ash (Day 180)

No Statlstical Analys¡s Performed on Hemicel¡u¡ose Data (All Values <0)

(J¡
(J¡



Phase 2 - Hemicellulose Determination

Technician: Janice Haines/Scott Chapman

Date: February 5, 2003

Samp
ID

Day
No.

Date % NDF
DM Basis

% ADF
DM Basis

Hemicellulose
%DM

1A 18 June 1 8/02 73.6682395 60.5729267 '13.09531287

1B 18 June 18/02 74.207179 56.8146216 17.39255741

2A 18 June 18/02 68.0195347 66.7912189 1.228315797

28 18 June 18/02 57.8378754 48.8176144 9.020260975

3A 18 June 1 8/02 62.6861 1 18 47.267651 15.41846084

3B 18 June 18/02 60.5043816 48.2128609 12.29152072

4A 18 June 18/02 62.129488 46.9600137 15.16947424

48 18 June 1 8/02 59.0590944 48.3375284 10.72156606

1A 46 Julv 16/02 62.3106268 59.5147997 2.79582712

1B 46 Julv 16/02 63.9670368 52.7459473 11.22108952

2A 46 Julv 16/02 52.6809759 42.4439476 1 0.23702833

28 46 Julv 16/02 46.8464526 42.3350756 4.51 137700S

3A 46 Julv 16/02 52.2611139 42.70842 9.5526938€

3B 46 Julv 16/02 42.2534408 34.1 51 1 343 8.1 4230649t

4A 46 Julv 16/02 50.8597693 42.8644687 7.99530061 1

48 46 Julv 16/02 53.2820903 44.994591 8.287499287

1A 74 Auo 13/02 60.204494 47.7294169 12.47507712

1B 74 Auq 13/02 58.2248728 54.02481 66 4.20005624

2A 74 Auo 13/02 48.1 384008 42.5332785 5.605122271

28 74 Auo 13/02 43.7444568 41.3759192 2.36853756i

3A 74 Auo 13/02 38.8983266 39.9101942 -1.011867595

3B 74 Auq 13/02 41.0102287 40.5732688 0.436959863

4A 74 Auo 13/02 51.8099703 55.5022182 -3.692247963

4B 74 Auo 13/02 55.4446895 53.3658461 2.078843333

1A 109 Sept 1 7/02 42.4307856 44.8487471 -2.417961471

1B 109 Seot 17102 51.5813808 50.3129232 1.26845759!

2A 109 Seot 17102 38.3723822 42.5831626 -4.210780402

28 109 Seot 17102 35.35852S 45.9719659 -10.6134368i

3A 109 Sept 17102 41 .8589152 49.8952338 -8.036318612

3B 109 Seot 17102 39.3868236 40.991 613 -1.604789339

4A 109 Sept 17102 48.6141579 51.7903077 -3.176149806

48 109 Seot 1 7i02 54.4912941 50.172728 4.318566044

i56



Phase 2 - Hemicellulose Determination

Technician: Janice Haines/Scott Chapman

Date: February 5, 2003

Samp
ID

Day
No.

Date % NDF
DM Basis

to ADF
DM BasÌs

Hemicellulose
%DM

1A 123 Oct 1/02 46.4543462 49.9198144 -3.465468194

1B 123 Oct'l/02 51 .663817S 45.89370s 5.7701 0884€

2A 123 )cI1lO2 46.7957693 40.7722034 6.02356586

2B 123 3ct 1/02 45.7266334 42.7597558 2.966873625

3A 123 Cct 1/02 43.9664454 44.8714067 -0.904961291

3B 123 Oct 1i02 38.7613771 49.0401 689 -10.27879176

4A 123 Oct 1/02 46.5797297 51.0429786 -4.463248933

48 123 OcT1l02 53.0438765 54.4591877 -1.415311257

1A 137 Oct 15/02 39.664833 41.7686499 -2.1038169:

1B 137 Oct 15/02 40.9936127 47.4504626 -6.45684995ç

2A 137 Oct 15/02 47.6396867 46.2699444 1.365742i

28 137 f,ct 15/02 45.5824026 47.144973 -1.5625704î

3A 137 3ct 15/02 47.1 699905 43.7050056 3.46498489

3B 137 Oct 15/02 41.2865047 40.7483964 0.5381 08273

4A 137 Oct 15/02 49.2037788 45.81 85234 3.385255343

48 137 Oct 15/02 51.8830956 45.5368521 6.346243564

1A 158 \ov 5/02 37.8090235 51.005087 -1 3.1 9606351

1B 158 \ov 5/02 42.0024328 48.4474608 -6.445028024

2A 158 Nov 5i02 36.7968872 45.32081 69 -8.523929719

28 158 Nov 5/02 40.3688389 45.5217013 -5j5286242

3A 158 Nov 5i02 40.481603 48.0625514 -7.580948442

3B 158 Nov 5/02 36.7985718 41.11426 -4.315688202

4A 158 Nov 5/02 45.9284304 49.501 1056 -3.572675177

48 158 Nov 5/02 47.1734171 48.2879188 1 .1 1450168€

1A 180 Nov 27102 43.6319303 50.0671577 -6.435227454

1B 180 Nov 27102 41.8345106 48.2540268 -6.419516143

2A 180 Nov 27102 43.9679687 46.7499945 -2.782025854

2B 180 Nov 27102 44.0693737 46.5340065 -2.46463276t

3A 180 Nov 27102 43.3182762 46.7094979 -3.39122174i

3B 180 Nov 27102 40.8'134593 48.5253717 -7.711912349

4A 180 Nov 27102 45.787561 6 50.5401 608 -4.752599186

4B 180 \ov 27102 45.7239865 51.0268757 -5.302889172

KWSTD 36.9425157 29.5068445 7.435671205

r57



Phase 2 - Cellulose Determination

Technician: Janice Haines/Scott Chapman
Date: February 5,2002

Samp
ID

Day
No.

Date ol ADF
DM Basis

% Lignin
DM Basis

% Cellulose
DM Basis

1A 18 June 18/02 60.57292666 15.6958286 44.87709803

1B 18 June 18/02 56.81462163 13.2472323 43.56738932

2A 18 June 18/02 66.79121885 17.6170369 49.17418193

2B 18 June 18/02 48.81761443 13.1455359 35.67207854

3A 18 June 18/02 47.26765058 14.1 692018 33.09844917

3B 18 June '18/02 48.21 286091 14.0835151 34.12934578

4A 18 June 18/02 46.96001 374 14.3527733 32.60724047

48 18 June 18/02 48.33752837 14.3345004 34.00302797

1A 46 Julv 16i02 59.51479971 16.5053494 43.00945035

1B 46 Julv 16/02 52.74594729 15.1915793 37.5543680¡

2A 46 Julv 16/02 42.4439476 1 4.1 040266 28.33992102

28 46 Julv 16/02 42.33507557 15.4709513 26.8641242e

3A 46 Julv 16/02 42.70841999 15.0184953 27.68992467

3B 46 Julv 16/02 34.1 51 1 342e 13.00991 21.14122424

4A 46 Julv 16i02 42.86446867 15.2737351 27.59073317

4B 46 Julv 16/02 44.99459101 15.860965€ 29.1 336251 5

1A 74 Auq 13/02 47.72941691 17.1931 61 5 30.53625545

1B 74 Auo 13/02 54.02481657 17.6035751 36.42124147

2A 74 Auo 13/02 42.5332785 14.7487011 27.78457736

2B 74 Auo 13/02 41.37591925 17.0398724 24.33604689

3A 74 Auq 13/02 39.91019417 15.'t296409 24.78055321

3B 74 Auo 13/02 40.57326881 15.7846916 24.78857724

4A 74 Auo 13/02 55.50221825 22.0074409 33.49477731

4B 74 Auq 13/02 53.36584613 20.6992819 32.66656422

1A 109 Seot 17i02 44.84874707 17.1289817 27.71976535

1B 109 Seot 17102 50.31292323 16.3861253 33.9267979

2A 109 Sept 1 7i02 42.58316261 16.0575546 26.52560803

2B 109 Seot 17102 45.9719659 16.8761452 29.09582068

3A 109 Seot 1 7/02 49.8952338 17.6521352 32.243098e

3B 109 Seot 17102 40.99161296 1 5.6229836 25.36862935

4A 109 Sept 17102 51.79030773 21.2619226 30.5283851

4B 10s Sept 1 7/02 50.17272804 21.2028648 28.96986325

158



Phase 2 - Cellulose Determination

Technician: Janice Haines/Scott Chapman
Date: February 5,2002

Samp
ID

Day
No.

Date % ADF
DM Basis

% Lignin
DM Basis

% Cellulose
DM Basis

1A 123 Cct 1/02 49.91981442 18.535703 31 .3841 1 145
'tB 123 Oct 1l02 45.89370901 16.6896889 29.20402016

2A 123 Oct 1/02 40.77220345 1 6.1 798691 24.55233436

28 123 Oct 1/02 42.75975977 15.1818535 27.57750627

3A 123 )cT1l02 44.87140673 16.2850414 28.58636532

3B 123 f,ct 1/02 49.04016889 16.90732S6 32.1 3283933

4A 123 )ct 1l02 51.04297861 21.9262994 29.1 1 66791 I
48 123 )cI1lO2 54.45918772 23.881458 30.57772972

1A 137 Cct 15/02 41.76864989 16.5813886 25.18726127

1B 137 Oct 15/02 47.45046265 17.9669217 29.48354098

2A 137 Oct 15/02 46.26994438 17.1941194 29.07582498

28 137 Oct 15/02 47.144973 16.3894889 30.75548408

3A 137 Oct '15/02 43.70500565 15.5136974 28.1 91 30821

3B 137 Oct 15/02 40.7483964 14.1476765 26.60071994

4A 137 Oct 15/02 45.81 852343 19.452041 26.36648244

48 137 3ct 15/02 45.5368520€ 20.549303 24.98754908

1A 158 Nov 5/02 51.00508704 18.1 15758€ 32.8893281

1B 158 Nov 5/02 48.44746082 17.9357852 30.51167561

2A 158 Nov 5i02 45.32081694 15.4811377 29.83967919

28 158 Nov 5/02 45.52170129 15.8877805 29.63392079

3A 158 Nov 5/02 48.0625514 15.9620145 32.1 0053686

3B 158 Nov 5i02 41.11426003 14.2056982 26.90856181

4A 158 Nov 5/02 49.501 10558 19.8066787 29.69442692

48 158 \ov 5/02 48.2879188 19.1 910191 29.0968997:

1A 180 Nov 27102 50.06715774 19.3266388 30.74051892

1B 180 Nov 27102 48.25402679 1 9.1 239849 29.13004194

2A 180 Nov 27102 46.74999451 16.7692412 29.9807533

28 180 Nov 27102 46.53400648 17.2145438 29.31946273

3A 180 Nov 27102 46.70949794 16.7574435 29.95205439

3B 180 Nov 27102 48.52537169 16.8257445 31.69962721

4A 180 Nov 27102 50.54016081 20.8878436 29.65231724

4B 180 Nov 27102 51.02687568 21.7822076 29.2446680e
(WSTD 29.50684446 5.05205799 24.45478647
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Phase 2- Llgnln Delemlnatlon

Technlclan: JanlcB Halnes
Datê: February 5, 2003

f----Erantrll"ooomfisl
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Phase 2- Llgnln Determlnallon

Technlcian: Janlcs Haln€s
Datâ: February 5, 2003

Blank Correctlon Factor

¡,/t Loss Fae¡ñr

ve¡gnt or

,4alerlal ln
Welght of Ba!
aftar Acìd Welght of

/v€rgnt ol
lonlainer + ¡/elght of ¡/elght Loss

'Acld lo Ash) ¡rl lôçs/Bâd W

{oì lol
i 522t 0.52661 33.002 0.{Jt o 521 o 99751 148:

05¡ 32.bt 32.5731
33.422/

o u.5 I nnl670ÊÂ!

0-6031 33.7SS; î î29'. o 1.O106

î 57îÍ o.57 33.617t 33 6229t O.005i 0.5651 n ccl

1.00u:J4b45¡
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Phase 2 - Neutral DeteÌgent Flbre (NDÐ Determlnatlon

T€chnlclan: Janlce Haines, So¡l Sclêncs

Dale: S€ptember 27, 2002

sampre
ldentificatlon

uay or

Experiment Date ol Sampl( Bag Wt WetWt Dry Wl + Bag Dry Wt - Blank % NDF %DM
% NDF (dry
matter basis)

Corected
%NDF

1A ,l|ne 4lD2 0.5644 o.5027 fl q55¿ i.3424 76.0692 95.3451 79t 77.62D9

1B Jvne 4lO2 0.5583 0.5016 o 9425 3756 74.8804 c5 741 0 74.1 76.0329

2A ,¡tnÃ 
^1112

o 546 o 5144 0.s226 o.3672 96-67/O 73.2681 71 1n5q

2B Jttna 4lO2 D 5721 0.5067 0.9448 o 3635 71-7347 96.8094 74 1ñ91 1.9409
6.86983A .funê 4/02 0.5731 0.5176 n c7c1 0.3s74 76-7774 q7 1¿74 79 o32t]

3B Júîe 4lo2 o 5736 o_s529 o.3707 73 SSOR 75.6045 73-4424

4A 4 June 4loz 0.5850
o.8721

.5044 0.9337 n 340t s7-1 903 69.3759 ã7 2137

4B 4 .llrnc 4l 0.5066 0.9437 o 3630 71.6542 97.0623 7A F229 I 6504

1A 25 June 25/02 0.5791 0.51 34 o 0.3356 65.3681 95 76CA 6A-2556 66.0935

1B Junø 25102 0.5774 0.5177 0.9391 0.3531 bð.ZUÒþ 70.8386 68.6764

2A 25 .¡na 25,1li.2 oss62 l 0.5126 0.9182 0.31 34 61.1393 96.6839 63.2363 Ê1 n742

29 ,lúnø 25102 0.5697 0.51 51 o 88' o_303/ qA 2¿n5 5S_OS54

3A June 25/02 o 0.3032 60.3503 c6 0474 62.4O77 60.6456

3ts 25 ,htîÞ 25ltl2 o-5044 0.8828 0.3085 61-1 g6.b24ti 63.3137 Â1 151Â

4A 95 .Ítnê .58S4 0.5025 N A55A o 2574 51.3035 96.7672 53 n17

¿B 25 Junø 25lÙz 0.5901 n 5n3n o a89t 0.290s 57.8330 95 7't4A 60 58.2601

fA Julv 30/02 n 563C 0.8316 0.2591 51 52.31 95 50.1 574

1B 60 .hrlv 3Ol 2 0.51 65 0.9094 0.30€ 192 s7.7535 60.7847 5Â Â2

2A Ân .hrlv 0.5692 0.51 44 n Â37Â 50.5443 98.3422 51 3q64

2B 60 Julv 30/02 n 5Â7Â n 51CC 0 0.2410 46.3551 c8, .2026 45.0405

3A 60 Julv 30/02 n 5659 o 978 o.2233 4J.54þZ 44.31 99 42.1578

3B 60 .lrrlv 30, 2 o 5924 0.8097 î zit 41.3841 98.4473 42.0368 AQ B7t

4A o 53.0798 96.5009 52.4424

Julv 30/02 0.5646 0.505s n 0.2860 56.5776 97 1 .2632 56.1 01 1

95 Seot 3/02 o 557Â It 5{th5 to t202 0.2540 50 't¿ß 51-4838 49.321 6

1B 95 Sent 0_51 25 0.8435 o 54_4545 9t-1btu 56.0521 538

2A c5 Seot 0.5596 0.51 03 n 7ßß3 o. 43.1315 98.3028 43 Ã7Ê2 41.714

2B 95 SeDt 3/02 n 56q7 o o-7659 0.1876 37.1853 37-4415 35.6793

3A 95 seot 3/02
o.5471

0.8128 0.2289 I 99.22 46.0831 43.9209

3B 95 Sent 3/02 0.5093 0.7317 n 1760 572 98.5891 15 05t Â 32 AA97

¿^ 95 Seot 3/02 0.5627 ft 5044 OF 0.2632 51.9747 qA 497'l 50.605ti

4B 95 SeDt 3/02 n 5714 o o 457 o.2769 Ã¿ 5401 98.4740 .3852 53.2231

shâw 2A04toz o 5911 0.s556 0.3559 94.9931 73.6792 1 5'171

gg9 sraw 0.9412 n 3618 72-1004 7F'9726 73 1104

1000 sùaw 22104102 0.5627 0.5032 0.9483 0.3770 74.9205 96.1 77.9474 75.7853

Blânk 10.57071 | 0.5E'll I n1n¿

10.58801 | 0.5948
Mean . 0.0086
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Phase 2 - Neutral Dêtergent Flbrs (NDF) Determlnatlon

Technlclan: Janlco Haines, Soll Science

Date: January 30, 2003

lffi---T---or-ii?I
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Phase 2 - Neutral Detergent Flbre (NDF) Determlnatlon

Technlclan: Janice Hâines, Soll sclenc6

Date: January 30, 2003

lffi--T--o"-iõ?l

Sample
ldentilicatlon

Day of
Expêr¡ment Dals of SamplÉ Bag Wt WetWt Dry Wt + Bag Dry Wt - Blank % NDF %DM

% NDF (dry

matt€r basls)

1A Oct 1 5/02 o 5705 o-5072 0.7803 0.1 s94 39.31 39 cc 1152 39.6648

'18 Oct 1 5/02 n 5251 o-5077 o.7429 î.2lJ74 40.8509 99.651 I 40.9936

2A Ocl 5lo2 o 0.5059 0.8374 0_23S6 47.361 99.4153 47-6397

2B Ocl 5102 o 0.5052 0.7659 o s 45.5067 99.8340 45-5A24

3A Oct 5102 n 56.4 0-5150 0.8157 o 1 47.OO97 99.6602 47.1700

Oct 5lo2 o 5ß:r 0.5035 0.8004 o. 41-0725 99.481 6 41.2865

4A Oct 5102 nt o.5'124 0.8334 o.2 t0 48.7900 99.1 591 49.2038

4A Oct 5l02 ñ s779 0-5005 0.8459 o.257 51.4685 99.2010 5'1.8831

1A Nov 5/02 o 4201 0.5074 0.8197 il 8S2 37.2881 98.6223 37.8090

1B Nov 5/02 n 0.5063 0.8474 o.2l18 41.8929 99.5964 42.0024

2A Nov 5/02 o 0.5034 0.7614 o-1 439 JO.CJ tO 99.2790 36.7969

28 Nov 5/02 o 0.5099 0.7930 i.204 40.1255 99.3972 40.3688

3A Nov 5/02 0.534 0_5052 o-7477 o. 40.0831 99.01 57 40.481 6

3B Nov 5/02 0.583 0.5089 0.7802 0.1 36.5691 99.3763 36.7986

4^ 158 Nov 5/02 0.5596 0.801 0 n 45.4635 98.9877 45-52A4

4B 158 Nov 5/02 0.5730 0.8180 o.2 46.5S38 98.7714 47.1734

1A 180 Nov 27102 0.6076 o 0.8359 Ît 21 43.4064 99.4830 43-631 S

1B 180 Nôv 27102 0.5580 o 0.77S3 0.2 41.5648 99.3554 41 -4345

2A 180 Nov 27102 0.5868 n 5082 0.8200 o.22 43.841 0 99.7112 43_S680

28 180 Nov 27102 0.6062 o 0.83S7 o.2 43.8483 99.4983 44-06S4

Nôv 27102 0.6052 n 5034 0.8331 0.2'1 5 43.2062 99.7413 43 31 83

'180 Nõv 27102 o.5737 n 0.7884 0.2043 r-6648 99.6358 40.81

4 180 0.592 1 o 5059 0_8334 0.230s Ê4'14 99.6809 45.78

4B 180 lÕv 271O2 0.5736 n 5n1 0.81 26 0.2286 5651 99.6525 45.72
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Phase 2 - Lab Dry Matter Determination

Technician: Janice Haines/Scott Chapman

Date: January 30, 2003

Samp lD Day No. Tube # Date Tìn Wt
lol

WetWt
loì

DryWt
Tin lo)

DryWt
loì

%DM

1A 18 1 June 1 8/02 18.0143 0.5130 18.5047 0.4904 95.5945

1B 18 2 June Bl02 17.6S13 0.5833 18.2542 0.5629 96.5027

2A 1B June 8t02 16.7100 0.541 I 17.2340 o.5240 96.6968

28 18 6 June 8102 17.4719 0.7674 18.2113 0.7394 96.3513

3A 18 13 June 18/02 19.4900 0.525'l 19.9924 0.5024 95.6770

3B 18 14 June 8102 17.0918 0.5s40 1 7.6705 0.5787 97.4242

4A 't8 15 June Bl02 18.3746 0.6172 18.5757 0.601 s7.3914

4B 18 17 June 8102 17.6455 0.6483 18.2755 0.6300 97.1772

1A 46 20 Julv 6102 20.1 668 o.6174 20.7637 0.5969 s6.6796

1B 46 27 Julv 6102 17.6582 0.5435 18.1876 0.5294 97.4057

2A 46 430 .lulv 6102 12.4840 o.7702 13.2388 o.7548 98.0005

28 46 32,A Julv 16/02 12.6582 0.7774 13.4063 o.74A1 96.2310

3A 46 32 Julv 16/02 17.4367 0.6748 18.O872 0.6505 96.3989

3B 46 378 ,lulv 16/02 12.6533 0.5496 13.1887 0.5354 97.4163

4A 46 39 Julv 16/02 19.7528 0.5759 20.3146 0.5618 97.5517

4B 46 40 Julv 16/02 17.2822 0.6873 17.9487 0.6665 96.9737

1A 42 At¡ 131O2 1 8.1 382 o.5411 '18.6643 0.5261 96.691 I
1B 74 428 Auo 13/02 17.6081 0.6253 18.2178 0.6097 97.5052

2^ 43 Auo 13/02 17.2925 o.7134 17.9922 0.6s97 98.0796

28 74 D Auq 13/02 12.5171 0.8489 13.3510 0.8339 98.2330

3A 74 436 Auo 1 3/02 12.0724 0.6902 12.7522 0.6798 98.4932

3B 74 OK Auo 13/02 17.6866 0.s721 18.6428 0.9562 98.3644

4A T Auo 13/02 1 8.6043 0.9463 1S.5302 0.9259 97-A442

48 74 813 Auo 13/02 12.6356 0.7395 13.3648 0.7292 98.6072

1A 109 B3 Senl 1 7/02 12.7425 0.6519 13.3835 0.6410 98.3280

1B 109 827 Seot 17102 '12.6006 0.7505 13.3423 0.7417 98.8274

2A 109 827 Seot 17102 1 8.0038 0.9199 18.9141 0.9103 98.9564

2B 109 J Sept 17102 17.6052 0.9876 1 8.5865 0.9813 99.3621

3A 109 R Seot l7102 17.5983 0.7433 18.3336 0.7353 98.9237

3B 109 F Sent 1 7/02 17.0290 0.6864 17.7145 0.6855 99.8689

4A 109 E Seot 17102 17.8728 0.6849 1 8.5526 0.6798 99.2554

48 109 G Seot 1 7/02 17.4400 0.5869 1 8.0202 0.5802 98.8584
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Phase 2 - Lab Dry Matter Determination

Technician: Janice Haines/Scott Chapman

Date: January 30, 2003

Samp lD Day No. Tube # Date Tn Wt
loì

WetWt
lo)

DryWt
Tin fo)

DryWt
lol

%DM

1A 123 Oct 1/02 18.0210 0.6795 1 8.6853 0.6643 s7.7631

1B 123 Octll02 19.5762 0.5543 20.1179 0.5417 97.7269

2^ 123 3A Oct 1/02 12.6929 0.631 1 1 3.3136 o.6207 98.3521

28 23 I Oct 1/02 14.5394 0.8030 15.3334 0.7940 98.8792

3A 23 19 Oct 1102 1 7.9698 0.7213 1 8.6852 0.7't54 99.1 820

3B 23 214 Oct 1/02 17.5525 0.6942 18.2M1 0.6916 9S.6255

4A 23 26 Oct 1/02 17.2259 0.7673 17.9845 0.7586 98.8662

4B 23 28 Oct 1/02 20.1275 0.6833 20.7980 0.6705 98.1267

'tA ôT 30 Oct 15/02 1 8.0605 0.5538 1 8.6094 0.5489 99.1 1 52

1B 37 31 OcI15lO2 17.8597 0.6032 18.4608 0.601 1 99.6519

2A 37 35 Oct 15/02 16.7326 0.5986 17.3277 0.5951 99.4153

2B 37 364 Oct 15/02 17.6370 0.6626 1 8.2985 0.6615 s9.8340

3A 37 368 Oct 15/02 17.4053 0.5003 17.S039 0.4986 99.6602

3B 't37 Oct 15/02 17.3362 0.6945 18.0271 0.6s0s 99.4816

4A 137 38 Oct 15/02 1 9.0669 0.8443 1 9.9041 0.8372 99.1 591

4B 137 41 Oct 15/02 1 9.6988 0.6633 20.3568 0.6580 99.201 0

1A 158 835 Nov 5/02 1 2.6666 0.5081 't3.1677 0.501 1 98.6223

'tB 158 836 Nov 5/02 1 8.0332 0.5203 ''I 8.55'14 0.5182 99.5964

2A 158 422 Nov 5/02 12.767( 0.7351 13.4974 o.7298 99.2750

28 158 M Nov 5/02 '17-173i 0.8793 18.0472 0.8740 95.3972

3A 158 P Nov 5/02 1 6.1 948 0.5994 16.7883 0.5935 99.0157

3B 158 o Nov 5/02 16.4588 0.6574 17.1121 0.6533 99.3763

4A 158 U Nov 5/02 17.4834 0_7310 18.2070 0.7236 98.9877

4B '158 0 Nov 5/02 17.7298 0.7244 18.4453 0.7155 98.7714

1A 180 't6 Nov 27102 20.2541 0.8318 21.08't 6 0.8275 99.4830

1B 't 80 25 Nov 27102 8.1 554 o.8222 18.9723 0.8169 s9.3554

2A 180 33 Nov 27102 9.466S 1.0043 20.4693 1.0014 99.7112

28 180 34 Nov 27102 7.9362 o.7574 1 8.68S8 0.7536 s9.4983

3A 180 44 Nov 27102 7.4891 0.6957 1 8.1 830 0.6939 99.7413

3B 180 46 Nov 27102 7.3522 0.6864 18.0361 o.6839 99.6358

4A 180 50 Nov 271O2 7.4177 0.8460 1 8.2610 0.8433 99.6809

4B 180 72 Nov 27102 1 6.S521 0.6618 17.61 16 0.6595 9S.6525

KWSTD Jan 30/03 1 2.3535 0.5436 1 2.8694 0.5159 94.9043

Jan 30/03 1 9.6473 1.0140 20.6092 0.9619 94.861 I
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Phase 2 - Acld Detergent Flbre (ADF) Delermlnallon

Technìcian: Janice Haines, Soil Science

Date: September 27, 2002

1:

Sampre
l.lênlificâtiôn

Day of
Êxner¡m6nt

Datê of
Sãmñlâ Bâñ WI WetWl Drv Wt + Baq nru Wt - Blank % ADF %DM

% ADF (dry matter
basisì

loì lol lo) lo)

IA 4 June 4/02 o 5950 0.sl 19 0.8869 0.2849 55.6505 c5 3451 58.3674

1B 4 .\na 4lO2 0.5911 0.5138 0.8893 0.291 56.6709 95.761 0 59.1 795

2A 4 ¿une 4loz 0.5906 0.51 02 0.8695 o.2719 53.2879 96.6770 55.1 196

28 4 ,\ne 4102 0.5769 0.5031 0.8488 0.2649 52_6486 96.8094 54.3838

3A 4 Juns 4/02 0.5683 0.51 07 0.8645 o.2892 56.61 93 flt.14/3 58.281 I
3B 4 .luns 4/02 0.5507 n 5054 0.8340 o.2763 54.6646 97.3233 56.1681

4A 4 June 4/02 0.6098 0.5161 0.9265 0.3097 60.0029 97-1 C03 61.7375

49 4 Jtrne 4lO2 o.5422 0.5037 0.8327 0.2835 56.2785 97.0623 57.98 t 9

1A 25 June 25102 0.6012 o.5127 0.8845 o.2763 53.8863 95.7696 56.2666

1B 25 Junê 25102 0.5676 n5117 0.8499 o 2810 54.9150 96.2830 57.0350

2A 25 ,\¡ne 251O2 0.5s3s 0.5133 O RÂ75 0.2666 51 9336 96.6839 53 71 4A

28 25 Jûne 25102 0.5527 o_51 12 o.7477 0.2280 44.5960 s6.2485 46.3343

3A 25 June 25/02 0.5s56 0.5032 o Â261 o.2235 44.4'167 s6.0874 46.2254

3B 25 Jrna 25102 0.5885 o 5052 0.8315 0.2360 46.7092 96.5246 48.3910

4A 25 June 25/02 0.5636 0.51 14 0.8158 o.2452 L7 941p s6.7672 49.5436

4B 25 Juna 25/02 o 5030 0.8589 0.2322 46.1 58 1 95.7148 4A.2245

1A 60 .hrlv 30/02 0.5891 0.5099 0.8329 0.2368 4Â.4356 s7.6200 47.5677

1B 60 Julv 30/01 0.5756 0.502s 0.8595 o.2769 55.0557 q7 7535 56.3209

2A 60 .hrlv 30/02 0.5588 n5110 ¡.7472 0,221 43.3219 s8.3422 44.l)522

28 60 Julv 30/02 o 5564 0.5063 0.7669 0_2035 40.1 8t 9Â.2045 40.9234

3A 60 .hrlv 30/02 0.5912 0.5020 o.7s18 0.1 936 38.5608 94.2522 39.2467

3B 60 Julv 30/02 o.Â01 6 0.5023 0.8021 0.1s35 38.51 98.4/.73 39.1 253

4A 60 ,lulv 30/02 0.6016 0.5150 0_8765 0.2675 52.01 46 96.5009 53.9006

48 60 Julv 30/02 0.5836 0.5134 0.8578 o.2672 /-l uti!

1A 95 Seôt 3/02 0.5510 o 5119 0_8066 0.2543 45.6777 97 51 _0008

1B 95 Sept 3/02 0.5677 0.5070 0.8177 0.2430 47 9241 c7.1E70 49.3264

2A c5 SeDt 3/02 0.6100 î 5144 0.8365 0.2195 42.6662 98 43.4028

28 95 sêot 3/02 0.5659 0.5047 0.7733 0.2061 40.8361 s8.2661 41.556/

3A c5 SeDt 3/02 0.5720 0.5086 0.8202 0.2412 47.4'194 99.2233 47.7906

3B 95 SeÞt 3/02 0_5839 0.51 57 0.8189 o.2337 45.3170 98.5891 45.9656

4A 95 SeDt 3/02 î.5127 0.8681 0.2ô29 51.2727 98.497 s2.0550

4B 95 SeDt 3/02 0.5715 0.5140 0.8509 o.278'l 54.1 051 98.4740 54,9435

f997 straw Aorl22l0z 0.5051 0.8307 ¡ 2442 48.341 I 94.9931 50.8899

1 ggg slrew Anril 221O2 0.5691 0.5045 o 8344 0.2583 51.1C43 95.7858 53.4466

2000 straw ADrll2u02 0.5690 0.5009 n 451 0.2751 54.91ô2 96.1 1 67 57.1349
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Phase 2 - Acld Detergent Flbre (ADF) Dete¡mlnatlon

Technlclan: Janlce Halnes, Soll Science

Date: January 30, 2003 lffi:õr161
Sample

ldenllficallon
Day of

ExDerimsnt

Date ol
Samole Baq Wt Wet Wl Drv Wt + Bao Dru Wt - Blank % ADF %DM

% ADF (dry
matter basls)

(s) (o) (s) (s)

1A 18 June 1 8/02 0.5734 0.5032 0.8864 o.2914 57.9044 s5.5945 60.5729

1B t8 lune 1 8/02 0.56S0 0.5163 0.8737 0.2831 54.8276 96.5027 56.8146

2A 18 June 1 B/02 o.5725 0.5072 n.9221 0.3276 64.5850 96.6968 66.7312

28 18 June 1 8/0i o.5767 0.5053 0.8360 o.2377 47.0364 96.3513 48.8176

3A 18 June 1 8/0Í o.5542 0.5083 0.8057 0.22S9 45.2243 95.6770 47.2677

3B 18 llrne 18/Oi a.5647 0.5175 0.8294 0.2431 46.9710 97.4242 48.2129

4A 18 h rne 18/02 0.5s32 0.5129 0.8494 0.2346 45.7350 97.39'14 46.9600

4B 18 h rne 1 8/02 0.5616 0.5162 0.8257 o.2425 46.9731 97.'1772 48.3375

IA 46 .lulv 16/02 0.5810 0.5170 0.9001 o.2975 57.5387 96.6796 59.51 48

1B 46 Julv 16/02 0.6170 o.5027 0.8969 0.2583 5-1.3776 s7.4057 52.7459

2A 4b Julv | 6/02 0.5682 0.5137 0.8035 o.2137 41.5953 98.0005 42.4439

28 46 Julv l6/02 0.5660 0.5132 o79Ê7 0.2091 40.73S5 96.2310 42.3351

3A 46 Julv 16/02 0.5768 0.5139 0.8100 0.21 16 41.1705 96.3989 42.7084

3B 46 Julv 16/02 0.5796 0.5034 0.7687 0.1 675 33.2688 97.4163 34_151 1

4A 46 Julv 16/02 0.5821 0.5000 0.8128 0.2091 41 .8150 s7.5517 42-8645

48 46 Julv 16/02 0.5441 o.5124 0.7893 0.2236 43.6329 96.9737 44.9946

1A 74 Auq 13/02 0.57'11 0.5059 o.8262 0.2335 46.1 504 96.6918 47.7294

1B 74 Ailñ 1 3/O2 0.5735 o.5127 0.8652 o-2701 52.6770 97.5052 54.0248

2A 74 Auo 13/02 o.5726 0.5019 0.8036 o.2094 41.7165 98.0796 42.5333

28 74 Arro 13i02 0.5866 0-5048 0.8134 o.2052 40.6448 s8.2330 41.3759

3A 1À Auo 13/02 0.5833 0.5100 0.80s4 0.2005 39.3088 s8.4932 39.9102

3B 74 Auo 13/02 0.5806 0.5146 0.8076 o.2054 3S-S096 98.3644 40.5733

4A 74 Auo 13/02 0.5871 0.5034 0.8821 0.2734 54.3057 97.8442 55.5022

48 74 Auo 13/02 0.5906 0.5100 0.8806 0.2684 52.6225 98.6072 53.3658

1A 10s Seot 1 7/02 tì.5933 0.5088 0.8393 o.2244 44.0989 98.3280 44.8487

1B 109 Sênl 1 7/O2 0.5735 0.5144 0.8509 0.2558 45.7230 98.8274 50.3129

2^ 109 Senl 1 7/O2 0.5829 0.5066 0.8180 0-2135 42.1 388 98.9564 42.5832

28 109 Sept 17102 0.5893 0.5039 0.8411 o.2302 45.6787 9C.3621 45.9720

3A 109 Sent 17102 0.5519 0.5103 o.8254 0.2519 49.3582 98.9237 49.8952

3B 109 Senl 1 7/02 0.5696 0.5134 0.8014 o.2102 40.9379 s9.8689 40.s916

4A 109 Seot 17102 0.5871 0,5'108 0.8713 o.2626 51.4047 s9.2554 51.7903

4B 109 Sent 17l0Í 0.5684 0.5062 o841t 0.2511 49.6000 98.8584 50.1727

1A 123 Oct 1/02 0.5168 0.5034 î.7841 0.2457 48,8031 97.7631 49.9198

1B 23 Oct 1/02 0.5636 0.5083 0.8132 o.2280 44.8505 97.7269 45-8S37

2A 123 Oct 1/02 o-5831 0.5134 0.8106 0.2059 40.1 003 s8.3521 40.7722

28 23 Oct 1/02 0_5681 0.5023 0.8021 0.2124 42.2805 98.8792 42.7598

3A 123 Oct 1/02 0.5755 0.5145 0.8261 0.2290 44.5044 qq 1 820 44.8714

3B 123 Oct 1/02 0.5692 0.5094 0.8397 0.2489 48.8565 99.6255 45.0402

4A 123 Oct 1/02 0.5701 0.51 16 0.8499 0.2582 50.4642 98-8662 s1.0430

4B 123 Oct 1/02 o-5797 0.5125 0.8752 o.2739 53.4390 98.1267 54.4592
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Phase 2 - Acld Delergent Fibre (ADF) Ðelermlnatlon

Techniclan: Janlce Haines, Soll Science

Dale: January 30, 2003 |- Biãñ[, o.ori6l

Sample
ldenlllicatlon

Day of
Exoerlmenl

Date of
Samole Bao Wl Wel Wl Drv Wt + Baq Dru Wt - Blank % ADF %DM

% ADF (dry

mattêr bâslsl

(s) (o) (s) lq)

'tA tJ/ Oct 15/02 0.5689 0.5014 0.7981 o.2076 41.3S91 99.1 1 52 41.7686

1B 137 Oct '15/02 0.5522 0.511 '| 0.8155 0.2417 47.2853 99.6519 47.4505

2A 37 Oct 15/02 0.5704 0.5043 0.8240 o.2320 45.9994 99.4153 46.2699

28 137 Oct 15/02 0-5303 0.5037 0.7890 o.2371 47.0667 99.8340 47.1450

3A DA Oct 15/02 0.5713 0.5071 0.8't 38 o.2209 43.5565 99.6602 43.7050

3B Oct 15/02 o.5472 0.5017 o.7722 o.2034 40.5372 ss.4816 40.7484

4A 37 Oct 15/02 0.5329 0.5009 o.7821 0.2276 45.4332 s9.1 591 4s.8185

4B 37 Oct 15/02 0.5306 0.5029 o.7794 o.2272 45.1730 99.2010 45.5369

1A 58 Nov 5/02 0.5814 0.5043 0.8567 o.2537 50.3024 98.6223 51.0051

1B Nov 5/02 0.6008 n.5077 0.8674 o.2450 4A-2519 99.5964 48.4475

2A Nov 5/02 0.5769 0.5049 0.8257 0.2272 44.9541 99.2790 45.3208

2B 158 Nov 5/02 0.5876 0.5034 0.8370 0.2278 45.2473 99.3972 45.5217

3A 5B Nov 5/02 0.5829 0.5030 0.8439 0.2394 47.5895 99.0157 48.0626

3B 58 Nov 5/02 0.5870 0.5100 0.8170 0.2084 40.8578 99.3763 41.1143

4A 158 'Nov 5/02 0.5751 0.5075 o.8454 o.2487 49.0000 98.9877 49.5011

4B 5B Nov 5/02 0,5606 0.5086 o.8248 o.2426 47.6947 c8_7714 48.2879

1A tÂn Nov 27102 0.5605 0.5087 0_8355 o.2534 49.8083 99.4830 50.0672

1B fRn Nov 27102 0.5917 0.5068 0.8563 o_2430 47.5430 ss.3554 48.2540

2A 80 Nov 27102 0.5671 0.5000 0.8218 0.2331 46.61 50 ss.7112 46.7500

2B 180 Nov 27102 o.5773 0.5021 0.8314 o.2325 46.3005 99.4983 46.5340

3A 180 Nov 27i02 0.5653 0.5020 0.8208 0.2339 46.5886 99.7413 46.7095

3B Nov 271O2 0.5595 0.501 | o.8234 0.2423 48.3486 9S.6358 4A.5254

4A 180 Nov 271O2 0.6009 0_5081 0.8785 0.2560 50.3789 99.6809 50.5402

4B 180 Nov 271O2 0.5563 0.5091 0.8368 0.2589 50.8495 99.6525 s1.0269
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Scott Chapman-Results

Technician: SC/JH
Date: Feb, 2002

Samo DaV Samo %NDF %ADF o/^ I innin %Cellulose %Hemicell %DM

ID No. Date DM Basis DM Basis DM Basis DM Basis DM Basis

1A 18 June 18/02 73.6682 60.5729 15.6958 44.877098 13.09531e 95.5945

1B 18 June 18/02 74.2072 56.8146 13.2472 43.567389 17.392551 96.5027

2A 1B June 18/02 68.0195 66.7912 17.6170 49.174182 1.2283158 96.6968

28 18 June 18/02 57.8379 48.8176 13.1455 35.672079 9.020261 96.3513

3A 18 June 18/02 62.686'l 47.2677 14.1692 33.098449 1s.418461 95.6770

3B 18 June 1B/02 60.5044 48.2129 '14.0835 34.129346 12.291521 97.4242

4A 18 June 18/02 62.1295 46.9600 14.3528 32.60724 15.169474 97.3914

48 18 June 18i02 59.05S1 48.3375 14.3345 34.003028 10.72156e 97.1772

1A 46 Julv 16/02 62.3'106 59.5148 16.5053 43.00945 2.7558271 96.6796

1B 46 Julv 16/02 63.9670 52.7459 15.'1916 37.554368 11.22109 97.4057

2A 46 Julv '16/02 52-6810 42.4439 14.1040 28.339921 10.237028 98.0005

28 46 .lulv 16i02 46.8465 42.3351 15.4710 26.864124 4.511377 s6_2310

3A 46 .hrlv 16/02 52.2611 42.7084 15.0185 27.689925 9.5526939 96.3989

3B 46 Julv 16/02 42.2934 34.151 1 13.0099 21.141224 8.1 423065 97.4163

4A 46 Julv 16/02 50.8598 42.8645 15.2737 27.590733 7.995300e s7.5517

48 46 Julv 16/02 53.2821 44.5946 15.86'10 29.1 33625 8.287499? 96.9737

1A 74 Auo 13/02 60.2045 47.7294 17.1932 30.536255 12.475077 96.6918

1B 74 Auo 13/02 58.2249 54.0248 17.6036 36.421241 4.2000562 97.5052

2A 74 Auo 13/02 48.1 384 42.5333 14.7487 27.784577 5.6051223 sB.07g6

2B 74 Auo 13/02 43.7445 41.3759 17.0399 24.336047 2.3685376 98.2330

3A 74 Auo 13/02 38.8983 39.9'102 15.1296 24.780553 1 .01 1868 98.4932

3B 74 Auo 13/02 41.0102 40.5733 15.7847 24.788577 0.436959S 98.3644

4A 74 Auo 13/02 51 .8100 55.5022 22.0074 33.494777 -3.692248 s7.8442

4B 74 Auo 13/02 55.4447 53.3658 20.6993 32.666564 2.0788433 98.6072

1A 109 Sent 17102 42.4308 44.8487 17.1290 27.719765 -2.417961 98.3280

1B 109 Seot 17102 51.5814 50.3129 16.3861 33.926798 1.2684576 98.8274

2A 109 Seot 17102 38.3724 42.5832 16.0576 26.525608 -4.21078 98.9564

28 109 Sent 1 7/02 35.3585 45.9720 16.8761 29.095821 -10.61344 99.3621

3A 109 Seot 1 7/02 41.8589 49.8952 17.6521 32.243099 -8.036319 s8.9237

3B 10s Seot 1 7/02 39.3868 40.9916 15.6230 25.368629 1.604789 s9.8689

4A 't 09 Seot 17102 4A.ü42 51.7903 21.2619 30.528385 -3.17615 99.2554

48 109 Sent 1 7/02 54.4913 50.1727 21.2029 28.969863 4_31856€ 98.8584

1A 123 Oct 1/02 46.4543 49.9198 18.5357 31.384111 -3.46546€ 97.7631

1B 123 Oct 1/02 51.6638 45.8937 16.6897 29.20402 5.770108€ 97.7269

2A 123 Oct'l/02 46.7958 40.7722 16.1799 24.592334 6.0235659 98.3521

28 123 Oct 1/02 45.7266 42.7598 15.18'19 27.577906 2.9668736 98.8792

3A 123 Oct 1/02 43.9664 44.8714 16.2850 28.586365 -0.904961 99.1 820

3B 123 Oct 1/02 38-7614 49.0402 16.9073 32.132839 -10.27879 99.6255

4A 123 Oct 1/02 46.5797 s1.0430 21.9263 29.'116679 -4.463249 98.8662

48 123 Oct 1/02 53.0439 54.4592 23.8815 30.57773 -1 _41531 1 s8.1267
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Scott Chapman-Results

Technician: SC/JH
Date: Feb, 2002

Samp Dav Samo %NDF %ADF % Liqnin %Cellulose o/^Hemicell %DM

ID No. Date DM Basis DM Basis DM Basis DM Basis DM Basis

1A 137 Oct 15/02 39.6648 41.7686 16.5814 25.187261 -2.103817 99.1 152

1B 137 Oct 15i02 40.9936 47.4505 17.S669 29.483541 -6.45685 s9.6519

2A 137 Oct 15/02 47.6397 46.2699 17.1941 29.075825 1.3657423 s9.4153

28 137 Oct 15/02 45.5824 47.1450 16.3895 30.755484 1.56257 99.8340

3A 137 Oct 15i02 47.1700 43,7050 15.5137 28.1 91 308 3-464S849 99.6602

3B 137 Oct 15/02 41.2865 40.7484 14.1477 26.60072 o.5381083 99.4816

4A 137 Oct 15/02 49.2038 45.8185 19.4520 26.366482 3.3852553 99.'t591

4B 137 Oct 15/02 51.8831 45.5369 20.5493 24.987549 6.3462ße 99.2010

1A 158 Nov 5/02 37.8090 51.0051 18.1158 32.889328 -13.1960e 98.6223

1B 158 Nov 5/02 42.0024 48.4475 17.9358 30.51'1676 -6-445028 99.5964

2A 158 Nov 5/02 36.7969 45.3208 15.481 1 29.839679 -8.5239! 99.2790

28 158 Nov 5/02 40.3688 45.5217 15.8878 2S.633921 -5.152862 s9.3972

3A 158 Nov 5/02 40.4816 48.0626 15.9620 32.1 00537 -7.580948 99.O157

3B 158 Nov 5/02 36.7986 41.1143 14.2057 26.908562 -4.315688 99.3763

4A 158 Nov 5/02 45.9284 49.5011 19.8067 29.694427 -3.572675 98.5877

48 158 Nov 5/02 47.1734 48-2879 19.1910 29-0969 1.114502 94.7714

1A 180 Nov 27102 43.6319 50.0672 19.3266 30.740519 -6.435227 99.4830

1B 180 Nov 27102 41.8345 48.2540 19.1240 29.130042 -6_419516 99.3554

2A 180 Nov 27102 43.9680 46.7500 16.7692 29.980753 -2.78202e 99.7112

28 '180 Nov 271O2 44.0694 46.5340 17.2145 29.319463 -2.464633 99.4983

3A 180 Nov 27102 43.3183 46.7095 16.7574 29.952054 -3.391222 99.7413

3B 180 Nov 27102 40.8'135 48.5254 16.8257 31.699627 -7.711912 99.6358

4A 180 Nov 27102 45.7876 50.5402 20.8878 29.652317 -4.752599 ss-6809

48 180 Nov 27102 45.7240 51-0269 21.7822 29.244668 -5.302889 99.6525

KWSTD KWSTD 36.627325 29.5068 5.0521 24.454786 7.4356712 94.8831
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