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INTRODUCTION

The Viking Energy Facility of McBain, Michi-
gan, cooperated with the Michigan Energy

Wood fuel requirements for the facility
average approximately 600 tons of green fuel
per day. The primary fuel source is on-site
residues from forest management and tree
improvement activities, which include harvest
residues and trees of unmerchantable size.
Small amounts of manufacturing residues are
obtained from local sawmills. The facility
maintains an average on-site fuel supply of
7 - 10 days (4,200-6,000 tons).

Although most incoming fuel is stored for
less than 2 weeks, storage periods of more
than 2 months are sometimes necessary. The
objectives of this study were to evaluate
changes in temperature and moisture content
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storage time, and use of accelerated drying
systems.

MECP is a cooperative effort of the:
Michigan Department of Agriculture - Michigan Solil Conservation Districts - USDA Soil Conservation Service
Michigan State University's Agricultural Experiment Station and Cooperative Extension Service



PROCEDURES

Storage Piles

The facility constructed two experimental
fuel piles, a control and ventilated pile, to
monitor changes in wood moisture content
and temperature over a 3 1/2-month storage
period. The storage piles were constructedas
uncompacted cones, each about 20 feet high.
In one pile, a venting system was installed to
accelerate natural air-drying of wood chips
during outdoor storage. The vent consisted of
a culvert (30 ft. long, 2 ft. in diameter) placed
vertically through the center of the piletoactas
an exhaust stack. One-inch diameter holes
were drilled in the culvert to increase air flow
through the wood chips. Holes were drilled
more frequently throughout the lower section
of the culvert, where the pile was the widest,
than at the upper level. Screening material
was wrapped around the entire culvert to
prevent wood chips from entering.

The control pile had no modifications. The
size, shape, and species composition of the
two piles were matched as closely as pos-
sible. Species composition for the two piles
was at least 80 percent softwoods, primarily
red pine. The remainder was mixed hard-
woods, including aspen and red oak.

Temperature Samples
Temperatures within the pile were moni-
tored with thermocouples which were placed

at selected pile locations during formation
(Figure 1). Thermocouples were located in
four regions of each pile: ground level and
upper locations in both the north and south
aspects. Temperature sample gradients for
lower locations were approximately 3 ft. above
groundlevel at2-,4-, 7-, 15-, and 20-ft. depths
from the pile surface. Thermocouples for
upper pile locations were about 12 ft. above
ground level and were placed 2,4,7, and 10 ft.
from the pile surface. Eighteen temperature
sampling points were established for each
pile.

Each thermocouple was encasedina 1/2-
inch chlorinated polyvinyl chloride (CPVC)
tube. The interior tube ends were insulated
with expanding polyurethane foam insulation
to within 6 inches of each thermocouple sen-
sor. Insulation around each sensor ensured
that air temperatures were monitored from
specified depths of the pile. Type J, iron-
constant thermocouples with PVC coatings
were used. Temperature readings were taken
with a hand-held digital thermometer.

Moisture Content Samples

Samples to determine the fuel moisture
content were taken from lower pile locations at
depths up to 15 ft. from the pile surface.
Samples were taken on north and south as-
pects at depths of 1/2, 4, and 15 ft. from the
surface of each pile. Six moisture content
samples were taken at each sampling date.

Figure 1:

Temperature sample locations for control pile
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Temperature sample and vent locations for vented pile
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Surface samples were taken at a depth of
1/21t. from the surface to avoid sampling wood
chips that may have experienced uneven dry-
ing and wetting from atmospheric conditions.
Interior samples at 4 ft. and 15 ft. were col-
lected with a segmented steel probe that was
pushed to the desired depth with a front-end
loader. The probe included an end bucket
chamber to ensure that each sample was
removed from only one location. All specifica-
tions for the probe, including design of the
collection chamber were based on work by
M.S. White, et al. (1980).

Sampling Procedures

Piles were constructedin early September
1990 and monitored until December 1990.
Temperature and moisture content samples
were taken about once per week at the begin-
ning of the study and less frequently as the
study progressed. Samples were taken on
days 5, 12, 19, 26, 40, 57, and 96 of the 3 1/2-
month study.

RESULTS

Temperature

Temperature data is presented in Figures
5 - 8. Because temperatures of the north and
south aspects of both piles did not vary consid-
erably, only south aspect temperatures were
evaluated. Temperature results and sam-
pling locations are referred to in this bulletin as

interior (15-and 20-ft. depths), intermediate
(7-ft. depth), and surface (2- and 4-ft. depths).

Initial pile temperatures

Pile temperatures were greatest during
the first few weeks of the study, and then
decreased (Figures 5 and 6). The highest
temperatures of the study were recorded on
the first sampling date (day 5) at interior loca-
tions. At this sampling, temperatures ranged
from 100 to 120 degrees F greater than ambi-
ent (outside) air temperatures.

On the final sampling date (day 96), inte-
rior pile temperatures had decreased by as
much as 117 degrees F from the initial sam-
pling date.

For surface zones, temperatures de-
creased an average of only 49 degrees F from
the initial to the final sampling date of the study
(Figure 2, Graph 2). For the last 3 sampling
dates (days 40, 57, and 96) surface zone
temperatures closely matched outside airtem-
peratures.

Surface vs. interior temperatures
Temperatures within the piles varied con-
siderably early in the storage period. After 5
days of storage, temperatures at interior re-
gions were as much as 92 degrees F greater
than at surface regions (Figures 5 and 6). By
day 40, the maximum temperature difference
between interior and surface regions was
only 65 degrees F (Figures 5 and 6). This
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Moisture content sample locations for control pile
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temperature difference was only 46 degrees F
by day 96 of the study. The differences
between the tempsrature at interior and sur-
face regions decreased in both the control and
vented pile after extended outdoor storage.

Control pile vs. vented pile temperatures

Temperatures in the vented pile were con-
siderably warmer than in the control pile early
in the storage period. For the first sampling
date, temperatures at the 4-ft. and 7-ft. depths
were at least 50 degrees F greater in the
vented pile than in the control pile (Figure 6).
Initial temperatures were only moderately
higher for interior regions of the vented pile as
compared to the control pile.

During the 2nd half of the storage period,
interior temperatures were lower in the vented
pile than in the control pile. After 96 days of
storage, half of the pile was removedto reveal
a profile of the interior region (page 1 photo).
A thin vertical zone of saturated material par-
allel to the culvert suggests that precipitation
entered through the top of the vent. This
saturated zone represented a small percent of
the total pile volume. Lower interior pile tem-
peratures may have been a result of this
wetting.

Surface zones of the vented and control
piles followed similar temperature patterns
from day 26 to the end of the study (Figure 6).
Surface zones were generally 10 degrees
warmer than ambient air temperatures for the
final 3 sampling dates.

Molsture content (MC)

Moisture content changes were evaluated
for the north and south aspects of the control
and vented piles. Forthe following discussion
of moisture content results, surface samples
were located 0.5 ft. and interior samples 15 ft.
from the pile surface, respectively.

MC changes over time

The overall wood fuel moisture content
averaged 52.9 percent moisture content green
basis (MCGB) at the initial sampling date.
MCGB is the weight of water as a percentage

of the total weight of the sample (wood +
water). The average moisture content of sur-
face samples increased throughout the study,
while it decreased for interior samples.
Samples 4 ft. from the surfaces of both piles
exhibited moderate changes in moisture con-
tent (Figure 11). Wood chips at the intermedi-
ate depth of the vented pile became some-
what dryer as the study progressed, while
samples from the control pile showed that its
moisture content increased during this time.

MC variations within piles

After 12 days of storage, the moisture
content of wood chips sampled from the sur-
face region of both piles was already consid-
erably higher than at the interior locations
(Figure 8). For the remainder of the storage
period, the moisture content continued to in-
crease for surface samples and decrease for
interior samples. On the final sampling date,
the controf pile surface was 69.1 percent
MCGB while the interior sample was only 27.2
percent MCGB (Figure 10).

Control vs. vented pife MC

There was no accelerated drying effect for
interior regions of the vented pile as compared
to the control pile (Figures 10 and 11). Mois-
ture contents of interior regions were moder-
ately lower for the control pile than the vented
pile. Interior samples (15 ft. from the pile
surface) from the vented pile were apparently
not close enough to the culvert to be part of the
wet zone caused by precipitation entering the
vent,

Local Precipitation Records

Local precipitation records were obtained
from two weather stations, located about 10
and 15 miles from the McBain site. High
surface moisture on day 19 of the study was
the result of a recent rainfall of approximately
0.4 inches. High surface moisture on day 96
was influenced by mixed snow and rain fortwo
days prior to the sampling. It is unlikely that
interiormeasurements were greatly influenced
by precipitation events.



FiGure 11

Molsture content of wood chips in control and vented plles during 3 months of
outside storage at the Viking Energy Facility

Sampling Date (Days of Storage)

12 19 26 40 57 96

LocATION ———— Moisture Content (Green Basis)

C-L-S-0.5 52.1 59.8 55.3 64.8 63.6 69.1
C-L-S4 46.1 52.1 45.3 45.0 455 51.4
C-L-§-15 444 38.7 38.2 37.3 34.2 27.2
V-L-S-0.5 56.4 63.4 62.2 62.5 58.6 67.8
V-L-S-4 46.4 43.0 441 43.7 38.7 40.0
V-L-8-15 47.0 451 446 37.9 40.9 36.8

C: Control U: Upper
V: Vented S: South
L: Lower N: North

e | MSU is an Affirmative Action/Equal Opportunity In-
- | stitution. Cooperative Extension Service programs
d- | are open to all without regard to race, colox, national
- | origin, sex, handicap, age or religion..

lssuadlnMmmofCooperﬂNeEﬁmbnwmkhagﬂmﬂwaandhomemm acts of May 8, and June 30, 1914, in cooperation

with lhe U.S. Depariment of Agriculture, Dr. Gail Imig, Direcior, Cooperalive Extansion Service, Michigan Siale University, E. Lansing, M1
48824.

This information is for educallonal puiposes only. Reference 1o commercial producis or irade names does not imply endorsement by the
Cooperative Extension Service or bias against those nol menticned.  This bulletin becomes public property upen publication and may be
reprinted varhatim as a separate or within ancther publicalion with credit io MSU. Reprinting cannol be used 1o endorse or adveriise &
commerckal product or company.







SUMMARY

Overall pile temperatures were highest during the first few weeks of storage, and
decreased as the study progressed. Temperaturas within the pile varied considsrably
early in the study, with interior regions warmer than surface regions. Initially, the vented
pile was considerably warmer than the control pile; however, during the 2nd half of the
storage period, interior temperatures were lower in the vented pile than in the control pils.

Average moisture content tended to increase throughout the study for surface samples,
and decrease for interior samples.

Moisture contents of interior regions were moderately lower in the control pile than in
the vented pite. A high moisture content zone, which developed adjacent to the culvert of
the vented pile, was probably caused by precipitation entering the culvert.
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WooD ENERGY DEMONSTRATION PROJECT

The Michigan Energy Conservation Program has been established to help tarmers and
wood energy users reduce energy costs by practical conservation methods. Reduced
dependence on fossil fuels will enable more productive management of agricultural and
forest resources in Michigan.

The Wood Energy Demonstration Project is designed to help wood fuel users establish
wood energy systems, providing model demonstrations for other organizations. All busi-
nesses, governmental units, and not-for-profit organizations within Michigan were eligible
for the grant program. A total of $300,000 has been allocated to 8 wood energy demon-
stration sites. The Viking Energy Facility is participating in the program on a voluntary
basis. Their activities have included facility tours and the wood energy demonstration
project described in this report.



FIGURE 5

Temperatures of interior samples from control and vented piles of wood chips
during 3 months of outdoor storage at the Viking Energy Facllity

Sampling Date (# days storage)

5 12 19 26 40 57 96

(Sept 18) (Dec 18)
Location Temperature (degrees F)
C-L-8-15 141 126 118 117 89 89 61
C-L-8-20 154 141 135 133 110 105 84
V-L-S-15 15¢ 149 130 g6 72 68 42
V-L-8-20 1585 141 144 120 78 74 55
Alr temp 57 48 36 46 33 31

FIGURE 6

Temperatures of surface and intermediate samples from control and
vented piles of wood chips during 3 months of outdoor storage at the

Viking Energy Facility
Sampling Date (# days storage)

5 12 19 26 40 57 96

(Sept 18) (Dec 18)
Location Temperature (degrees F)
C-L-8-2 7% 46 67 66 45 34 38
C-L-S4 70 47 63 86 50 51 41
C-L-S-7 75 50 73 97 56 72 43
V-L-§-2 67 58 49 46 42 33 32
V-L-54 128 70 68 64 45 37 34
V-L-8-7 155 128 98 84 61 55 37
Air temp 57 48 36 46 33 31

C: Control U: Upper
V: Vented S: South
L: Lower N: North




Figure 7

Temperatures of wood chips in control and vented plles after 5 days of
outside storage at the Viking Energy Facility

Horizontal Depth from Surface (ft)

2 4 7 10 15 20
Region —  Temperature (degrees F)
C-L-§ 75 70 75 - 141 154
C-U-8 45 49 105 156 - -
V-L-S 67 128 156 - 159 158
V-U-$ 69 123 89 139 - -
Air temp 43

FiGURE 8

Temperatures of wood chips in control and vented piles after 96 days of
outside storage at the Viking Energy Facility

Horizontal Depth from Surface (ft)

2 4 7 10 15 20
Region —  Temperature (degrees F)
C-L-S 38 41 43 - 61 84
C-L-S 31 32 41 71 - -
V-L-S 32 34 37 - 42 55
V-U-S 31 34 34 36 - -
Alr temp 31

C: Control U: Upper
V: Vented S: South
L: Lower N: North




FiGURE 9

Moisture content of wood chips in control and vented piles after 12 days of
outside storage at the Viking Energy Facllity

Horizontal Depth from Surface (ft)

0.5 4 15
REGION Moisture Content {Green Basis)
C-L-S 52.1 46.1 44.4
C-L-N 59.5 442 44.2
V-L-8 56.4 46.4 47.0
V-L-N 60.9 481 443
FiGURE 10

Molsture content of wood chips In control and vented piles after 96 days of
outside storage at the Viking Energy Facllity

Recion
C-L-S
C-L-N

V-L-§
V-L-N

Horizontal Depth from Surface (ft)

0.5 4 15
Moisture Content {Green Basis)

69.1 514 27.2

67.7 42.3 35.6

67.8 40.0 36.8

60.6 42.0 343

C: Control U: Upper
V: Vented S: South
L: Lower N: North




