
c
S
A
E

s
C
G
R

The Journal of the CSAE (The Canadian society for engineering in agricultural, food, and biological systems)
La Revue de la SCGR (La societe canadienne de genie agroalimentaire et biologique)

CAE 40(3) 153-240 (1998)
CN ISSN 0045-432X

Soil alld Waler

MICROBIAL CONTAMINATION OF SUBSURFACE TILE DRAINAGE WATER FROM
HELD APPLICAT10NS OF LIQUID MANURE

D.M . Joy, H. Lee, C.M. Reaume. H.R. Whiteley ,1Ild S. Zelin . 153

SPATIAL INTERPOLATION OF SNOW DEPTH AND WATER EQUIVALENT
MEASUREMENTS IN PRINCE EDWARD ISLAND, CANADA

Linnell Edwards. B. Bcrnsdorf. M. Pauly. J.R. Burney. M.G. Salish and M: Brim3combe 161

ESTIMATES OF TILLAGE EFFECTS ON SATURATED HYDRAULIC CONDUCTIVITY
Y. Chen, S. Tessier and J. Gallichand .

Power Gild Machinery

UNIFORI\IIITY OF LIQUID I\IIANURE APPLICATION FROM
EXISTING LAND APPLICATION SYSTEMS

G.J. Wall, DJ. King, B.A. Grant. N.B. McLaughlin and P.H. Clarke .

DETERMINAT10N OF THE LETHAL HIGH TEMPERATURE FOR
THE COLORADO POTATO BEETLE (COLEOPTERA: CHRYSOMELIDAE)

Y. Pelletier . .

Energy ami Processing

169

179

185

DIELECTRIC PROPERTIES OF WHOLE, CHOPPED AND POWDERED GRAIN AT
VARIOUS BULK DENSITIES

M.S. Vcnkatcsh, E. SI-Denis, G.S.V. Raghavan, P. Alvo and C. Akyel 191

STORAGE LIMIT OF WHEAT AT 17% MOISTURE CONTENT
E. Schroth, W.E. Muir, 0.5. Jayas. N.D.G. White and D. Abramson .. 201

ENZYMATIC HYDROLYSIS OF FORAGE AND STRAW PRETREATED WITH AMMONIA
P. Savoie, D. de Hallcux. K. Bclkaccmi. G. Turcollc. P. Nadeau and J. Chiqucllc. 207

STATIC PRESSURE DROP THROUGH BARLEY GRAIN
S.A. AI- Yahya and H.M.M. Moghazi .. .

Information and Computer Technologies

USING OBJECT-ORIENTED DATABASE MANAGEMENT TECHNOLOGY
IN AGRICULTURAL DECISION SUPPORT SOFTWARE

L. Gauthier and R. Guny

ABSTRACTS ..

.. ..........213

.............................. ~9

227

Volume 40 Number 3 July/August/September 1998



CANADIAN AGRICULTURAL ENGINEERING
1998

July/August/September
Volume 40, Number 3

EDITOR

R.L. KUSHWAHA
Agricultural and Bioresource Engineering

University of Saskatchewan
57 Campus Drive

Saskatoon, Saskatchewan sm 5A9

ASSOCIATE EDITORS

S. TESSIER
(Power and Machinery)
Animal Industry Branch
Manitoba Agriculture
Winnipeg, Manitoba R3T 3S6

M.G. BRITTON
(Structures and Environment)
Department of Biosystems Engineering
University of Manitoba
Winnipeg, Manitoba R3T 5V6

S.F. BARRINGTON
(Waste Management)
Agricultural and Biosystems Engineering
Macdonald College of McGill University
Ste. Anne de Bellevue, Quebec H9X 3V9

H.STEPPUHN
(Soil and Water)
Semiarid Prairie Agricultural Research Centre
Agriculture and Agri-Food Canada
Swift Current, Saskatchewan S9H 3X2

S. CENKOWSKI
(Food and Bioprocessing)
Department of Biosystems Engineering

. University of Manitoba
Winnipeg, Manitoba R3T 5V6

L. GAUTHIER
(Information and Computer Technologies)
Departement des sols et de genie agroalimentaire
Universite Laval
Quebec, Quebec G1K 7P~

CSAEISCGR COUNCIL 1998-99

A. GHALY Vice-President (Technical)
Biological Engineering Department
DalTech, Dalhousie University
Halifax, Nova Scotia B3J 2X4

S.F. BARRINGTON Past President
Agricultural and Biosystems Engineering
Macdonald College of McGill University
Ste. Anne de Bellevue, Quebec H9X 3V9

B. KENNEDY Vice-President (Regional)
Alberta Agriculture Food and Rural Development
Box 97
Hughenden, Alberta TOB 2EO

REGIONAL DIRECTORS

Ontario

Manitoba

N. ZEMANCHIK Quebec
854 Gabrielle 0'Anneville
Beauport, Quebec G1C 7R1

A. MADANI Atlantic
Nova Scotia Agricultural College
Agricultural Engineering Department
P.O. Box 550
Truro, Nova Scotia B2N 5E3

D. HODGINSON
DGH Engineering Ltd
12 Aviation Boulevard
St. Andrews, Manitoba RIA 3N5

D. TRIVERS
Dayson Agricultural Ventilation Ltd
42 Roseview Avenue
Richmond Hills, Ontario L4C 1C7

D.G. FARRER Saskatchewan
Saskatchewan Agriculture and Food
Drinkwater, Saskatchewan SOH IGO

Alberta

TreasurerR.D. MacDONALD
AGVIRO, Inc.
367 Gordon Street
Guelph, Ontario N IG IX8

S.ROBERTS
Box 1096
Carstairs, Alberta TOM ONO

R.L. KUSHWAHA Editor
Agricultural and Bioresource Engineering
University of Saskatchewan
Saskatoon, Saskatchewan sm 5A9

D.I. NORUM Secretary
Agricultural and Bioresource Engineering
University of Saskatchewan
Saskatoon, Saskatchewan sm 5A9

J. MORGAN British Columbia
Resolven Engineering Ltd
979 Shavington Street
North Vancouver, British Columbia V7L IK6

President

President-ElectE.NYBORG
DNL Technologies
1410 Avenue Kingsley
Dorval, Quebec H9S IG I

J.S. TOWNSEND
446 Kingston Crescent
Winnipeg, Manitoba R2M OT9

Canadian Agricultural Engineering publishes papers covering the general fields of Agricultural, Food, and Biosystems Engineering that fit into one of the following
classifications: (I) a scientific paper based on original research; (2) a technical paper based on design, development, testing or analysis of machines, equipment,
structures, processes, or practice; (3) a general paper on education relative to curricula and philosophy or trends in science, on a surveyor investigation ofsome phase
of research or research methods, or on extension or extension methods.

Manuscripts for publication should be submitted to the Editor. The papers must be original and must have not been published elsewhere in a refereed publication
or copyrighted. Before publication, all authors must complete and Assignment ofCopyright to CSAEISCGR. The author(s), not CSAElSCGR is responsible for opinions
expressed. Information published in Canadian Agricultural Engineering may be quoted in whole or part provided that credit is given to the author(s) and to the journal.
Publication charges are S75/page plus cost of translation, if required. Reprint charges are Sl6/page for 100 copies.

All claims for missing issues must be made to the address below.

Central Office Address: Box 381, RPO University, Saskatoon, SK S7N 4J8
Published Quarterly

Canadian Publications Mail Product Sales Agreement No. 0466247
Return Postage Guaranteed

Subscription rate: Canada SSO.OO per annum
Outside Canada US$SO.OO per annum



ABSTRACTS OF PAPERS PRESENTED AT THE CSAE/SCGR CONFERENCE, VANCOUVER, BC, JULY 1998
Copies of papers are available for US$3.50 each for CSAE-SCGRlASAE members ($5.00 for non-members) plus $2.50

handling per order from ASAE, 2950 Niles Road, St. Joseph, MI 49085-9659.

98.101. NITRATE LEVELS IN SOIL, TILE DRAINAGE
WATER AND SHALLOW GROUNDWATER UNDER A
VARIETY OF FARM MANAGEMENT SYSTEMS
Rol. Fleming, M.C. MacAlpine and C. Tiffin, Ridgetown
College - University of Guelph, Ridgetown, ON

Twenty farms in southwestern Ontario were monitored for
three years. Between 1995 and 1998 tile water samples were
collected weekIy; groundwater samples were collected monthly.
Also, soil samples were analyzed and crop inputs and outputs
documented. The mean tile water nitrate-N, total P, and total K
concentrations were 17.0, 0.48, and 3.8 mglL, respectively.
Differences in nitrate, P, and K levels in water samples show
the relative impacts of tillage practices, crops grown, and
livestock vs non-livestock operations.

98·102. NITRATE NITROGEN CONCENTRATIONS IN
SUBSURFACE DRAINAGE WATER
A. Madani), R. Gordon2, T. Astatkie3and K. Caldwell't,
)Agricultural Engineering Department, Nova Scotia
Agricultural College, Truro, NS; 2Resource Stewardship
Branch, Nova Scotia Agriculture and Marketing, Truro, NS;
3Department of Math, Physics and Humanities, Nova Scotia
Agricultural College, Truro, NS; and 4Biological Engineering
Department, DalTech, Halifax, NS

The goal of this project was to monitor nitrate-nitrogen
concentrations in subsurface drainage systems under com over
a 3 year period in Nova Scotia, Canada. Drain discharge rates
were monitored and water samples were collected at least twice
daily during flow events for nitrate nitrogen analysis. Three
systems were evaluated: (i) 100 mm diameter drainage tile at 80
cm depth with a 12 m spacing; (ii) 50 mm diameter drainage
tile at 80 cm depth with a 12 m spacing, and (iii) 50 mm
diameter drainage tile at 50 cm depth with a 12 m spacing.
Average nitrate-nitrogen (N03-N) concentrations in tile outflow
throughout the investigation were similar for all three drainage
systems at approximately 10 mgIL. Drainage discharge rates
however, were significantly lower (P<0.05) for the shallow
drainage system compared to the two systems at 80 cm. As a
result, significant (P<0.05) differences in the overall N03-N
loss between the shallow and 80 cm drainage systems were
observed.

98·103. SEASONAL VARIATION OF NITRATE
NITROGEN IN A SOIL PROFILE IN A SUBSURFACE
DRAINED FIELD
T. Astatkie ', A. Madani2, R. Gordon3 and K. Caldwell4

'Department of Math, Physics and Humanities, Nova Scoti~
Agricultural College, Truro, NS; 2Agricultural Engineering
pepartment, Nova Scotia Agricultural College, Truro, NS;
Resource Stewardship Branch, Nova Scotia Agriculture and

Marketing, Truro, NS; and 4Biological Engineering
Department, DalTech, Halifax, NS

The goal of this research was to investigate the impact of
the application of nitrogen fertilizer on leaching of nitrate ­
nitrogen in the soil profile in a subsurface drained field in Nova
Scotia during the growing season over a three year period. The
field was divided into nine drainage plots. Soil samples were
collected at four depths: 10, 30, 50, and 70 cm from the soil
surface. The samples sere collected both before and after
fertilizing/seeding in the spring, in late June, in August, and
after harvest. Repeated measures analysis of the data suggested
that the magnitude of nitrate-nitrogen concentrations in the soil
depends on where in the field the sample was taken, at what
depth, at what time of the growing season, what type of
fertilizer applied (chemical vs manure), what crop was grown,
and the amount and distribution of rainfall.

98·104. PERFORMANCE OF A DRAINAGE LYSIMETER
FOR MEASURING WATER USE BY DWARFING
APPLE TREES
P. Parchomchuk', G.H. Neilsen2

, D. Neilsen2 and Eol.
Hogue3, 'Parchomchuk Research and Engineering Ltd,
Summerland, BC; 2Pacific Agri-FoodResearch Center,
Summerland, BC; and 3Hogue Horticultural Research and
Consulting Ltd, Summerland, BC

Crop coefficient curves of drip-irrigated dwarfing apple
trees (Gala/O.3) have been developed by measuring water use
of individual trees grown in drainage Iysimeters at the Pacific
Agri-Food Research Center at Summerland, BC. Water use
over weekly periods during 1996 and 1997 was determined
from the water balance of applied irrigation + rainfall +1- soil
water - drainage and crop coefficients (Kc) were calculated
from the ratio of water use to reference evaporation measured
with an electronic atmometer (ETGage Co.). Although both
water use and evaporation had begun to decline in mid-August,
Kc of mature trees continued to increase throughout the season
and reached 9.1 L-H20/tree/mm evaporation by early October,
However Kc of smaller one-year-old trees was approximately
1.0 - 1.3 and varied only slightly as the canopy developed over
the season, suggesting that direct evaporation from the soil
surface rather than transpiration through the canopy amounts
for much of the water consumed by young trees. Total seasonal
water use increased with tree size at a diminishing rate which
approached a threshold level as trees reached maturity. During
1997 full canopy sized trees consumed 3600 L-H20 whereas
newly planted trees used 400-500 L. With daily evaporation as
high as 9 mm/day during mid-summer, maximum potential
water consumption by mature drip-irrigated trees could be more
than 80 Utree/day and exceed the delivery capacity of some
drip irrigation systems. Based on seasonal water use,
evaporation, and Kc values measured at Summerland, it is
estimated that water application could be reduced by over 50%
by scheduling irrigation according to both the daily fluctuation
in evaporation and the seasonal variation in Kc rather than
irrigating throughout the season at a fixed rate.

CANADIAN AGRICULTURAL ENGINEERING Vol. 40, No.3 July/August/September 1998 227



98-105. EFFECT OF GROUND SURFACE
TEMPERATURE ON SOIL CAPILLARY RISE
S. Chieng, BioResource Engineering Program, University of
British Columbia, Vancouver, BC

A laboratory experiment was conducted to study the effect
of ground surface temperature on the capillary rise in the soil.
Temperatures at (25°C) and above (30 to 40°C) the normal air
temperature that can be experienced in Vancouver area were
induced by the use ofheat lamps. Capillary rises from different
watertable depths controlled at fixed levels below the soil
surfaces were measured. Two distinct phases in transient
capillary rise were identified. The rapid-rise phase occurs
during the first 90 to 100 minutes of transient capillary rise at
a rate of 2.2 mm/minute. The slow-rise phase follows until
steady state is established at a rate of approximately 0.5
mm/minute. The relationships between soil surface
temperatures, watertable depths, and the capillary fringe heights
are graphically established.

98-106. USING THE GOMPERTZ FUNCTION TO
EVALUATE CROP EMERGENCE
H. Steppuhn, H. Wang and Y. Gan, Semiarid Prairie
Agricultural Research Centre. Agriculture and AgriFood
Canada, Swift Current, SK

The number of crop plants emerging from seedbeds, their
rate of emergence, and their early survival often serve in
evaluating the .merits ofvarious prototype field implements, in
determining the advantages ofnew engineering practices, or in
specifying the effects ofadverse soil conditions. Although the
non-linear Gompertz function has been known since 1825, only
recent y has it been described as applicable to crop emergence.
Applied to the emergence ofdifferent forage crops from saline
seedbeds, the function provides three indicative parameters:
(l ) the asymptotic maximum taken as the maximum cumulative
emergence and survival attained by each crop at each specified
salinity level expressed in percent of the best experimental
total, (2) the empirical Gompertz shape parameter; and (3) the
Gompertz time constant. Four discriminating indices can also
be derived from the function: (I ) the time from seeding to the
inflection point of the Gompertz function, (2) the rate of plant
emergence and early survival which occurs at the inflection
point of the Gompertz function, (3) the time from seeding to
reach 99% of the asymptotic maximum emergence and
survival, and (4) the emergence and survival accumulated by
the time the Gompertz inflection point is reached. Although
Russian wild ryegrass (Psathyrostachysjuncea (Fisch.) Nevski)
is recommended for saline lands, adequate plant stands can be
difficult to establish. Swift and Tetracan. two varieties
specifically bred to ease establishment, were tested for their
inherent emergence and early survival in saline seedbeds
maintained at solution electrical conductivities of2, 10,20, 30,
40, and 50 dS/m. Canada's Salt Tolerance Testing Facility
provided the necessary controls for the tests. By applying the
Gompertz function in a non-linear regression fit to the test
results, the suitability of the equation parameters and indices
were demonstrated in evaluating forage crop emergence by
comparing the two wildrye varieties.
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98-107. VELPAR LEACHING ASSOCIATED WITH
WILD BLUEBERRY PRODUCTION ON COARSE
GLACIAL OUTWASH
P. Milburn l

, K.T.M. MacQuarrie2
, K. McCulIy3, R. Kingl,

M. Boden4 and M. Reeves2, 'Potato Research Centre,
Fredericton, NB; 2Departmert ofCivil Engineering, University
of New Brunswick, Fredericton, NB; New Brunswick
Department of Agriculture and Rural Development,
Fredericton, NB; and New Brunswick Department of
Environment, Fredericton, NB

The commercial herbicide Velpar (hexazinone) is an
effective product for controlling weed growth in managed wild
blueberry stands. Because this triazine product is known to be
somewhat leachable, and since it is often applied to blueberry
fields characterized by coarse, shallow soils, there have been
detections of Velpar in New Brunswick, Nova Scotia, and
Maine at concentrations about 1/100 the maximum drinking
water standard of200 ppb (USEPA). It has not been established
whether concentrations detected to date have been the result of
point sources (seepage around wells, spills around mixing
areas) or the result of recommended nonpoint application. To
determine the groundwater quality impacts of nonpoint source
application of Velpar, a network of 6 multilevel groundwater
observation wells was established on a 500 ha blueberry plain
and monitored for water quality and hydraulic head. To date,
nitrogen concentrations in groundwater throughout the site are
negligible. Corresponding Velpar concentrations of
approximately 3 ppb or less are widespread.

98-108. IMPACT OF RANDOMLY CLOGGED
EMITTERS ON HYDRAULICS IN MICRO-IRRIGATION
LATERAL
A.A. Ghaemi and S. Chieng, Bio-Resource Program,
University of British Columbia, Vancouver, BC

A field experiment was conducted to evaluate the effect of
different number ofpartially clogged emitters randomly located
along the lateral on the hydraulics of micro-irrigation lines.
Five 20-m laterals including 5 different patterns ofpartially (0,
5, 10, 20, and 30% of the total number of emitters) clogged
emitters were examined. Laterals were laid on flat, 3, and 7%
down and up-sloped terrain. Results obtained from the field
were compared with the theoretical results calculated by the
computer simulation program. Emitter flow variation, head
loss, pressure variation, coefficient of uniformity, and field
emission uniformity were evaluated. It is found that lateral­
slope was a major factor affecting the pressure variation along
the lateral but its impact on uniformity is insignificant. The
results indicated that the number of partially clogged emitters
was the most important factor affecting the coefficient of
uniformity (CU) and field emission uniformity (EU').
Relationship between the reduction of CU and EU' and the
percentage number of clogged emitters (C%) along the entire
lateral were established for different slopes studied. When the
number of partially clogged emitters is expressed as the
percentage ofthe total number ofemitters along the lateral, the
experimental results show that: (I) the coefficient ofuniformity
decreased about 0.9 to 1.3 times the C%, and (2) the field
emission uniformity varied by 1.7 to 2.4 times the C%. In all
five patterns of clogged emitter studied, the field data deviate
less than 8% from the theoretical results obtained from the
computer program.



98-109. CRYPTOSPORIDIUM AND GIARDIA IN
MANURE STORAGES
R. Fleming', J. McLellan2, D. Alves3, D. Hilborn4

, K. Pintar
and M. MacAlpineI, IRidgetown College - University of
Guelph, Ridgetown, ON; 20ntario Ministry of Agriculture,
Food and Rural Affairs (OMAFRA), Guelph, ON; 3Health
Management, OMAFRA, Fergus, ON; and OMAFRA,
Woodstock, ON

During the last decade, livestock operations have been
blamed for contaminating municipal water supplies with
Cryptosporidium. During 1997, 60 Ontario livestock farms
were studied to determine levels of Cryptosporidium and
Giardia in fresh manure and stored manure. Forty farms were
dairy and 20 were swine. In total, 20% of all swine manure
samples tested positive for Cryptosporidium, compared to 8.1 %
for dairy with solid manure, and 7.3% for dairy with liquid
manure. Corresponding numbers of Giardia were 8.4, 17.3, and
16.2%, respectively. For each of the three farm types, 50 to
55% of the farms tested positive for Cryptosporidium at least
once for the fresh manure samples (i.e. from young pigs or
calves). In contrast, 75% of the swine farms tested positive at
least once for a storage sample; 20% for dairy farms with solid
manure storages (plus runoff tanks); 0% for liquid dairy
manure storages.

98-112. IMPACTS OF CATTLE PENNING ON
GROUNDWATER QUALITY BENEATH FEEDLOTS
C.P. Maule aud T.A. Fonstad, Department ofAgricultural and
Bioresource Engineering, University of Saskatchewan,
Saskatoon, SK

The groundwater quality of five 20 to 35 year old cattle
feedlots about Saskatoon were investigated. A total of73 water
samples were obtained from 30 piezometers during three
sample times (February, June, and August of 1997). All
piezometers were located outside the feedlot pens but within
the feedlot area. The objectives of the study were to
characterize existing feedlots as to the presence ofsolutes from
manure in the underlying groundwater. Four ofthe feedlots had
sandy surficial soils, whereas one site was located in a heavy
clay soil. As no baseline study was available, it was necessary
to establish background solution chemistry conditions to
determine what solutes and what concentrations are indicative
of the presence of manure. From cores taken within feedlot
pens, soil solution properties that are indicative of manure
contamination are K\ CI-, N03-, NH/, and P. Of the five sites
investigated with water analysis from 30 piezometers, CI- ­
indicated the greatest number of elevated samples, then NO 3-'
then K+ and P, then NH/. With consideration given to
resolution of the analytical method and natural groundwater
chemistry between halfand two-thirds ofthe piezometers have
elevated solute values likely due to manure.

98-115. USE OF CONDITIONED CLAYS TO
POLYMERIZE NITRO AROMATIC COMPOUNDS
S. Desjardins l

, J.A. Landry2 and J.P. Farant l , IDepartment
ofOccupational Health, McGill University, Montreal, QC and
Department of Agricultural and Biosysterns Engineering,
McGill University, Ste-Anne-de-Bellevue, QC

It has long been known that clays and other soil factions can
catalyse the oxidative polymerization of several aromatic

contaminants. However, contaminants bearing deactivating
substituents (i.e. -N02 or -Cl groups) are reluctant to partial
oxidation. The objectives of the present research are to
condition clays to polymerize such contaminants. The
preliminary results show that the addition of metallic iron or
nickel, combined with the addition of hydrochloric acid to
various clay minerals reduces such organic contaminants.
Following reduction, the contaminants are rapidly polymerized
through oxidation. Results obtained from mass spectrometry
and HPLC indicate that the products formed - from reduction
loxidation catalysed by the conditioned clays - have molecular
masses ranging from 300 to 900. These products, by virtue of
their molecular masses, sizes, partitioning coefficients and
solubilities, are unlikely to migrate in soils. The efforts of this
research focus on the use ofenvironmentally safe conditioning
agents added to clays to transform any aromatic contaminants
into stable, non-mobile polymers. This paper is available on the
Internet at: http://agrenv.McGill.ca/staff/landry/research/clays.

98-116. SPECTRAL REFLECTANCE MEASUREMENTS
FOR ORGANIC MATTER SENSING IN
SASKATCHEWAN SOILS
H.R Ingleby and T.G. Crowe, Department ofAgricultural and
Bioresource Engineering, University of Saskatchewan,
Saskatoon, SK

Diffuse reflectance spectra, in the range from 250 to 2500
nm, were collected for soil samples taken from four
Saskatchewan fields. The four fields represented a range of
Saskatchewan soil zones and types, with organic carbon levels
varying between 0.55 and 4.04 %. The efficacy of two
previously published equations relating reflectance values at
specific wavelengths to the soil organic carbon content was
evaluated using these data. While one method resulted un a
coefficient of determination (r2) of 0.8 for all samples, neither
method was suitable for implementation in a soil organic matter
sensor. Further investigation into methods for determining the
optimum wavelength set for organic carbon prediction is
recommended.

98-201. PRELIMINARY TEST RESULTS OF THE
BEHAVIOR OF METAL TRUSS-PLATE
CONNECTIONS USING LAMINATED STRAND
LUMBER
K.J. Dick and M.G. Britton, Department of Biosystems
Engineering, University of Manitoba, Winnipeg, MB

This paper presents the results of a preliminary study that
investigated the behaviour of connections made with metal
truss plates and Laminated Strand Lumber(LSL). A total of45
(LSL) specimens were tested in four joint configurations to
obtain information with respect to load-carrying capacity and
failure modes.

98-202. MEASURING DYNAMIC PRESSURES IN FEED
STORAGE BINS
Q. Zhang, M.G. Britton and J.I. Bergen, Department of
Biosystems Engineering, University of Manitoba, Winnipeg,
MB

Model and field tests were conducted to measure pressures
in feed storage bins. The model tests were carried out using a
1.5 m high and 1.0 m diameter corrugated steel bin with a 45 0

CANADIAN AGRICULTURAL ENGINEERING Vol. 40, No.3 July/August/September 1998 229



hopper. A 2.44 m high and 1.77 m diameter corrugated feed bin
with a 60° hopper was used in the field tests. Both bins were
filled with pelleted feed for hogs. Diaphragm pressure sensors
were used to measure vertical pressures in the feed mass.
Measured static pressure was in good agreement with that
predicted by the Janssen equation for the model bin. For the
full-size bin, the measured static pressure was considerably
higher than the Janssen prediction and between the values
predicted by the Janssen and Rankine equations. Dynamic
pressures occurred in both the model and the full-size bins
during discharge. Measured dynamic pressure ratios ranged
form 2.15 to 2.60. The difference in the dynamic pressure ratio
between the model bin and the full-size bin was not statistically
significant. The dynamic pressure ratio for pelleted feed was
lower than that for wheat in the model bin.

98-203. CORROSION OF CONCRETE IN FARM
BUILDINGS
A. Idriss, S.C. Negi, G. Hayward and J.C. Jofriet, School of
Engineering, University ofGuelph, Guelph, ON

Corrosion of concrete in farm buildings is a problem
wherever manure is present. The major corrosive agent is H2S
from anaerobic fermentation. There are a number of solutions
that are capable of reducing the corrosion such as sulphate
resisting cement concrete (SRC), silica fume cement concrete
(SFC), fibre mesh addition to the concrete (FMC), and
treatment ofthe concrete with linseed oil (PCL). These various
treatments are tested in the field and in laboratory tests. The
laboratory tests examine the effect ofH2S on the six treatments
in three different tests, impressed voltage tests, electrochemical
potential tests, and diffusion profile tests. The latter will
provide diffusion coefficients for a number of numerical tests
on full scale structural components. Preliminary results are
presented in the paper.

98-204. A PROCEDURE TO EVALUATE HUMIDITY
SENSOR PERFORMANCE IN REAL LIVESTOCK
BUILDING CONDITIONS
S.P. Lemayl, H. Guol, E.M. Barber2 and L. Zyla1

, 'Prairie
Swine Centre, Inc., Saskatoon, SK and 2Department of
Agricultural and Bioresource Engineering, University of
Saskatchewan, Saskatoon, SK

Humidity sensors are affected by the air quality in livestock
buildings. New sensor models should be tested under actual
bam conditions to assess their long-term integrity. An
experimental procedure was proposed to meet this requirement.
After the initial static and dynamic calibrations in laboratory,
tested humidity sensors are installed in a livestock house and
operate continuously for an extended period of at least one
year. Meanwhile the sensors are taken back to the laboratory
and calibrated periodically for static and dynamic properties
including accuracy, hysteresis, linearity, and time response. The
calibrations are conducted in humidity control chambers
designed to assess the accuracy and time response of the
sensors at different humidity levels against a reference
hygrometer. A bank of72 TDK humidity sensors with different
filters and coatings was successfully evaluated with this
procedure for one year in a grower/finisher room. The drifts of
various static and dynamic characteristics of the sensors over
time, and the reliability and durability of the sensors were
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identified and the best treatment was selected. The results
confirmed the procedure and correspondent suggestions are set
forth as for the length of evaluation period in the bam,
calibration frequency, and the replicates of sensors.

98-205. INFRARED TUBE HEATING IN A SWINE BARN
R. MacDonald', T. Feldmann2, C. Montross3 and M.
Armstrong', lAgviro Inc, Guelph, ON; 2Animal Environment
Specialists, East Preoria, IL; and 3Union Gas, Toronto, ON

A naturally ventilated swine finish bam had one of two
forced air heated rooms retrofitted with an infrared tube heat
system. Temperature, humidity, energy consumption, and pig
performance for one crop were recorded through the winter of
1996-97. Performance appeared equal but energy savings were
significant for the tube heated room.

98-206. EFFECTS OF CARBON DIOXIDE AND OXYGEN
CONCENTRATIONS ON GROWTH PERFORMANCE
AND FEED CONSUMPTION OF BROILERS
R.H. McGovern, J.J.R. Feddes, F.E. Robinson, I. Edeogu,
Department of Agricultural, Food and Nutritional Science
University of Alberta, Edmonton, AB and M.J. Zuidhof and
J.A. Hanson, Alberta Agriculture, Food and Rural
Development, Edmonton, AB

The effects of carbon dioxide (C02) and oxygen (02)
concentrations on growth performance and the incidence of
ascites were studied in two experiments. In Experiment 1, 1200
male broilers (four pens of 150 birds) were subjected to LOW
CO2 concentration treatment (600 ppm at wk 0 increasing to
2500 ppm at wk 6) and four pens received HIGH CO2
concentration treatment (6000 ppm (19.7% 02) at wk 0
decreasing to 2500 ppm (20.7% O2) at wk 6). At 4 wk ofage,
the broilers subjected to the HIGH CO2treatment had a greater
mass (1297 g) than the broilers subjected to the LOW CO2
treatment (1276 g). By 6 wk of age, however, the treatments
had no effect on body mass. Total feed consumption was not
different between the two treatments. The birds in the LOW
CO2 treatment pens did not have a reduced ascitic score
compared to the birds in the HIGH CO2treatment. The RVA
was significantly reduced at the lower level of CO2, 0.47 and
0.50 cm2 suggesting more ascites syndrome present in the
HIGH CO2treatment. In Experiment 2, 600 male broilers (two
pens of 150 birds) were subjected to LOW CO2concentration
treatment (600 ppm at wk 0 increasing to 2500 ppm at wk 6)
and two pens received HIGH CO2 concentration treatment
(6000 ppm from wk 0 to wk 5 and decreasing to 2500 ppm at
wk 6). Body masses were the same for both treatments
throughout the trial. The rate ofgain did not differ between the
two treatments. There was also no difference between the
ascites score, right ventricle area, and right ventricle mass
between the LOW CO2and HIGH CO2 treatments. Mortality
did not differ between the LOW CO2 and HIGH CO2
treatments.



98-207. ZEOLITE AS MINERAL FEED SUPPLEMENT
TO REDUCE ODORS AND IMPROVE SWINE
PERFORMANCE
D. Choiniere and S. Barrington, Agricultural and Biosystems
Engineering, Macdonald Campus of McGill University, Ste
Anne de Bellevue, QC

Grower hogs were fed a ration supplement with zeolite and
their growth performance was compared to that of another
group ofgrower hogs, of identical initial weight, sex and breed,
but fed fine sand. The two groups of hogs were housed in
identical rooms, where the room temperature was maintained
at the same level. The experiment demonstrated that zeolite
should be supplemented at a rate increasing from 2% for hogs
weighing 20 kg to 5% for hogs weighing over 50 kg. Such
levels of supplemental zeolite improved the feed conversion
ratio by 0.33 kg of feed per kg of body weight gain for hogs
grown from 20 to 100 kg. This represents a net profit gain of
CDN$4.50Ihog grown, if the feed and the zeolite cost $250/ton
and $350/ton, respectively. The zeolite supplement had no
effect on the ambient air ammonia, carbon dioxide, and
hydrogen sulphide levels. But ventilation design and
management and fat crude protein level had a significant
impact on ambient air quality.

98-208. THE CONCEPTION OF AN AUTOMATED
DYNAMIC OLFACTOMETER
D. Choiniere and S. Barrington, Agricultural and Biosystems
Engineering, Macdonald Campus of McGill University, Ste
Anne de Bellevue, QC

The dynamic olfactometer is the most widely recognised
technology for the measurement of odour dilution rates. The
instrument built at the Department of Agricultural and
Biosystems Engineering is fully automated and can
accommodate 6 panelists at the same time. This instrument was
built according to the requirements of ASTM and the CEN. The
instrument is fully automated as the computer will, from a
given initial concentration, run a complete test, collect the data,
and calculate the odour units of the sample. The computer can
test all panelists using n-butanol, initially and then evaluate the
odour sample collected in a sample bag. The system can hold
up to four sample bags and test them one after the other. The
system can evaluate an odour sample in 5 minutes at the very
most and this time includes the n-butanol rating. The
instrument is also equipped with an odour rating signal. This
allows the panelists to rate the offensiveness of the odour using
a scale of -5 to 0 and 0 to +5, once the odour is recognized.

98-209. THE EFFECT OF APPLVING CANOLA OIL TO
THE FLOOR SURFACE OF A PIG BARN ON ODOUR
EMISSIONS
G. Qu, J. Feddes, J. Leonard and R. Coleman, Department
of Agricultural, Food and Nutritional Science, University of
Alberta, Edmonton, AB

Sprinkling canola oil on floor surfaces reduces odour
emissions from the ventilated space in grower barns as a result
of deceasing levels of airborne dust that absorb odourous
volatile compounds. This was demonstrated by experiments in
which canota oil was applied weekly at rates of 60 mUm2-wk
and 30 mL/m2-wk to the pen floor surfaces in a growing pig
facility. Air samples were collected from the ventilation
exhaust location of the building and measured for odour

concentration by an olfactometer (AC' SCENT, St Croix
Sensory, Inc, Stillwater, MN). A 40-ppm n-butanol sample was
used as the reference odour. The odour concentration was
reduced by 20% for the 60 mL/m2-wk application rate whereas
no significant differences were detected for the 30 mUm2-wk
application rate treatment.

98-210. PARTICULATE EMISSION CONTROL FOR
THE ALFALFA DEHY INDUSTRY
K.K. Chawla, L.G. TabU, Jr. and H. Qi, Agricultural Value­
added Engineering Centre (AVEC), Engineering Services
Branch, Alberta Agriculture Food, and Rural Development,
Edmonton, AB

Increased public awareness on air pollution issues has
pushed industries to make their emissions cleaner. The alfalfa
dehydration industry in Western Canada has been using
pneumatic conveyors to move dried and ground alfalfa
materials during processing of pellets. The alfalfa particles are
separated from the air stream using cyclones. The exhaust air
from the blower stacks contains high percentage of alfalfa
particles. Tests conducted in 1996 indicated that emissions of
cyclone stacks from three alfalfa dehydrators in Alberta showed
higher values than the Alberta Environmental Protection
standards which is 0.60 g particulateslkg of effluent. Thus, a
high efficiency cyclone was designed, fabricated, and tested in
1997 for particulates emission on one location in Alberta. The
cyclone was tested with 760 mm and 1372 mm gas outlet
length. Results indicated a lower emission with the 1372 mm
tube but it was still higher than the standards. Work is in
progress on other strategies for solving this problem.

98-211. UNIVERSITY PROGRAMS IN AGRICULTURAL
ENGINEERING SERVICING FARM.BUILDING NEEDS
M.G. Britton, Department of Biosystems Engineering,
University of Manitoba, Winnipeg, MB

Twenty years ago, eight Canadian universities offered
undergraduate engineering programs that prepared students for
careers in what was known as Agricultural Engineering. There
are only five such programs in existence today, and none focus
exclusively on the needs of agriculture. The remaining
programs have shifted their emphasis away from production
agriculture and the needs of industries like farm builders. This
paper attempts to summarize the situation from both historic
and current perspectives.

98-212. CHANGES IN THE NATIONAL BUILDING
CODES AND THEIRUWPACT ON FARM STRUCTURES
-AN UPDATE
J.C. Jofiriet, School of Engineering, University of Guelph,
Guelph, ON

The National Farm Building Code (NFBC) will be affected
by the many changes that will take place in the system of
Canadian model codes, which includes the NFBC. In the next
five years, all model codes will be re-written as objective-based
codes in which all requirements must be linked to specific
objectives. As well, the committee that maintained the NFBC,
the Standing Committee on Farm Buildings, was disbanded
when the number of standing committees was reduced from
fourteen to seven. The paper describes some of the changes in
more detai I and reports on the progress that has been made to
date.
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98-216. FARM BUILDINGS AND CONSTRUCTION _
PROVINCIAL ADVISORY SERVICES - WESTERN
CANADIAN PERSPECTIVE
D.E. Darby, Alberta Agriculture, Food and Rural
Development, Lethbridge, AB

This paper reports on the changing picture for government
engineering on the Prairies related to fann structures. Extension
Engineering services have played a major role in the evolution
of a high quality fann building technology in Canada. This
service has undergone significant change in staffing, direction
ofwork, and capability to contribute to needs in this field. The
major changes in structures engineering are: (I) downsizing or
redirecting government engineering programs, (2) rapid
expansion of intensive livestock operations, (3) increased
sophistication ofcontractors and availability ofknowledgeable
private engineering services for these applications, and (4)
concern by many sectors for assurances ofbuilding design and
construction quality and the corresponding absence ofbuilding
code jurisdiction for large fann structures. The need for
technical infonnation in fann structures is as great as ever. As
government engineering services relinquish their ability to
effectively provide this infonnation, new opportunities for
partnering with industry should be seized.

98-217. PROVINCIAL ADVISORY SERVICES - THE
ONTARIO EXPERIENCE
J.W. Johnson, Ontario Ministry of Agriculture, Food and
Rural Affairs, London, ON

Provincial advisory services continue to be a source of
innovation in fann structures. This paper will discuss how
advisory services in Ontario have changed and how new
linkages are working with a changed Canada Plan Service and
a more involved private consulting industry. The remarks will
discuss innovation in design, delivery ofservice, construction,
and layout.

98-218. CSAE - A KEY PLAYER IN DEVELOPING AND
EXTENDING TECHNOLOGIES FOR AGRI-FOOD
STRUCTURES IN CANADA
S. Barrington, Agricultural and Biosystems Engineering,
Macdonald Campus of McGill University, Ste Anne de
Bellevue, QC

CSAE is a society for the transfer of technology in
agriculture, agri-food, and biological engineering. CSAE must
constantly change its approach to keep up with the new trends
in employment opportunities and new branches and interests of
its membership. Thus, CSAE has been able to play a
predominant role in many areas, ever since 1958. In the field of
agri-food structures, CSAE can continue to be a key player in
the development and introduction ofnew technologies. CSAE
could perhaps fill the gap left by Agriculture and Agri-Food
Canada, when it decided to pull out of the extension service.
CSAE could fill this gap by publishing reference texts on
technologies specific to Canada. The texts available presently
are either from the US or from Europe and are seldom adapted
to Canadian conditions. Furthennore, CSAE can prepare lists
of agri-food fann structures experts in both the fields of
research and extension or consulting. This list would be
available for all research funding groups, builder and agri-food
enterprises looking for some fonn of expertise.
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98-301. ISOTHERMES DE SORPTION DE
CHAMPIGNONS
J. Giasson et C. Ratti, Soils and Agri-Food Engineering
Department, FSAA - Laval University, Sainte-Foy, QC

Les operations de transfonnation ainsi que l'entreposage des
aliments requierent de connaitre la teneur en humidite de
certains produits. Les isothennes de sorption pennettent de
predire les effets sur differentes caracteristiques chimiques,
physiques et microbiolgiques Le but de cette etude est de
caracterise les isothennes d'adsorption de differents
champignons sauvages et commerciaux (Shiitake, Enoki et
Morille) lyophilises, en fonction de la temperature. Ces
champignons sont prepares sous fonne de poudre et de
morceaux. La methode gravimetrique est utilisee pour
detenniner la relation entre l'activite de l'eau et la teneur en eau
des temperatures de 4, 13 et 27C. Une humidite relative
constante, dans un dessiccateur, est controlee par l'utilisation de
solutions salines satures (LiCl, MgC126H20, NaBr, NaCl). Les
resultats obtenus presentant des courbes d'adsorption
influencees par la temperature, 0 les champignons tudis sont
affectes par l'humidite; selon la varit, ils sont plus ou moins
hygroscopiques.

The aim of the present project is the experimental
detennination and modeling of sorption isothenns of
freeze-dried mushrooms. The sorption curves were obtained for
the following mushrooms varieties: Shiitake, Enoki, and Morels
at three temperatures (4, 13, 27°C). After being freeze-dried
for 72 h, the samples were equilibrated over saturated salt
solutions (LiCl, MgCI2 6H20, NaBr, NaCl). The equilibrium
water content was obtained when there was no appreciable
change in the sample weight. Different equilibrium models
commonly used in food science were tested in other to find an
appropriate mathematical representation ofexperimental data.
The constants required for each model were detennined by
non-linear regression analysis.

98-302. MASS TRANSFER PHENOMENA DURING
OSMOTIC-AIR DEHYDRATION OF CHERRIES AND
BLUEBERRIES
L. Yu l

, G. Mazza l and D.S. Jayas2, IFood Research Program,
PARC Research Centre, Agriculture and Agri-Food Canada,
Summerland, BC; 2Department of Biosystems Engineering,
University of Manitoba, Winnipeg, MB

Mass transfer phenomena during osmotic and air
dehydration of cherries and blueberries subjected to various
pre-drying treatments were investigated. Osmotic dehydration
was carried in 65 Brix sucrose solution at 45°C for 5 h. Air
drying was carried at 40, 60, and 80°C and 2.0 mls air flow
rate. The moisture diffusion coefficients (D value) during
osmotic dehydration were from 2.19xl0-11 to 8.39xI0-11 m2/s for
cherries and from 1.75x10-11 to 6.3IxI0-1I m2/s for blueberries.
For the air drying, the D value for steamed or non-steamed
fruits ranged from 7.89xI0-1I to 4.63xIO- IO for cherries, and
from 2.38xIO-11 to 1.28x10-9 m2/s for blueberries dried at 40,
60, and 80°C. Osmotic treatment reduced the air drying rate of
fruits by 2-12%. Steaming the sample before osmotic
dehydration improved both osmotic dehydration and air drying
rates.



98-303. FINITE ELEMENT MODELING OF OSMOTIC
AND AIR DEHYDRATION OF CHERRIES AND
BLUEBERRIES
L. Yu', D.S. Jayas2and G. Mazza', 'Food Research Program,
PARC Research Centre, Agriculture and Agri-Food Canada,
Summerland, BC; 2Department of Biosystems Engineering,
University of Manitoba, Winnipeg, MB

Two finite element models for 2-D axisymmetric sphere
with different boundary conditions were developed to predict
moisture content during osmotic dehydration and air drying of
food. In the osmotic dehydration models, sample shrinkage was
ignored. The air drying models have the potential of explaining
complicated coupled phenomena. The models were used to
solve osmotic dehydration and air drying of cherries and
blueberries. The simulation results from the heat and mass
transfer models agreed well with the experimental results.

98-304. DEHUMIDIFIER HEAT PUMP ASSISTED
DRYING OF APPLE SLICES
S.R Venkatesh ', G.S.V. Raghavan2, and R. Kittler',
'Department of Agricultural and Biosystems Engineering,
Macdonald Campus, McGill University, Ste. Anne-de­
Bellevue, QC; and 2Dectron Inc., Montreal, QC

The paper describes the development of a heat pump
dehumidifier assisted drying system that was designed to dry
agricultural products such as apple, onion, and grains. The use
of heat pump dehumidifiers in drying has been shown to have
many advantages in terms of both efficiency and the quality of
the product obtained. However, the safe and successful
continuous operation of the heat pump to synchronize with the
varying drying stages is a challenging task. In this study, a
commercial heat pump dehumidifier is modified to suit the
operation of drying agricultural and biological materials.

98-305. TEMPERATURE DE TRANSITION VITREUSE
DES PETITS FRUITS
S. Khalloufi' et C. Ratti2, 'Departement des science des
aliments et nutrition; 2Departement des sols et genie
agroalimentaire, FSAA - Universite Laval, Sainte-Foy, QC

La temperature de transition vitreuse des petits fruits a ete
mesure comme fonction de la teneur en eau. Pour les besoins de
cette etude, deux fruits ont ete choisis, soient la fraise et Ie
bleuet. La methode de la determination de la Tg est la DSC
(Differential Scanning Calorimetry). Deux modeles, pour la
prediction de la Tg en fonction de ]a fraction solide, ont ete
testes. La determination de la constante intervenant dans
I'expression de Gordon et Tayler a ete realisee par la methode
de la regression non-lineaire (algorithms de Marquardt­
Levenberg). Pour la fraise et Ie bleuet, les deux modeles
(lineaire et Gordon et Tayler) permettent une prediction
satisfaisante de la Tg en fonction de la fraction solide. La
combinaison du modele de GAB (Guggenheim-Anderson­
Boer) et celui de Gordon et Tayler nous a permis de construire
un modele mathematique pour I'estimation la Tg en fonction de
l'activite de I'eau (aw). Ce modele montre que la relation entre
aw et Tg est une fonction sigmo"ide. Toutefois, pour des
estimations approximatives, une expression lineaire pourrait
donner des predictions satisfaisantes.

Blueberries and strawberries were freeze-dried for 72 h
(Virtis FreezeMobile 25L). Powder samples of both freeze­
dried fruits were put in contact with five saturated solutions
(11.6, 33, 57, 75, and 84%) in order to have a wide range of
water content values in the samples. The glass transition
temperature of the samples was then measured in a Perkin­
Elmer DSC-7 (Differential Scanning Calorimetry). Different
models which represent the effect of composition on glass
transition temperature were applied to experimental data.

98-306. HEATED AIR DRYER PERFORMANCE
SIMULATION MODEL AND MANAGEMENT
STRATEGIES FOR COMMERCIAL PRODUCTION OF
NORTH AMERICAN GINSENG
S. Sokhansanj', E.A. Arinze', GJ. Schoenau', W.G. Bailey2,

Y.P. Guo2 and K.B. van Dalfsen3, 'College of Engineering,
University of Saskatchewan, Saskatoon, SK; 2Department of
Geography, Simon Fraser University, Burnaby, BC; and
3British Columbia Ministry of Agriculture, Fisheries and Food,
Resource Management Branch, Abbotsford, BC

North American ginseng root, used mainly as a medicinal
herb, is an important economic agricultural product exported
from Canada and United States to Pacific Rim countries. The
main production areas in North America are Ontario,
Wisconsin, and recently British Columbia. Appropriate full
scale dryers for commercial production of high quality ginseng
are still under development. As a temporary measure, tobacco
kilns are adapted or modified in some commercial ventures for
ginseng drying in Canada. To assist in the development and
management of suitable and appropriate commercial dryers, a
computer drying model for ginseng was developed in this
study. The model was adequately validated with measured
experimental data obtained from a scale model dryer and
laboratory thin-layer dryer for ginseng roots. The model was
subsequently used to simulate the performance of a full scale
ginseng dryer using both conventional and non-conventional
drying control strategies for drying air temperature and relative
humidity. The effect of re-circulating exhaust air as an energy
conservation measure and the effect of various drying
parameters were investigated. The simulation model can be
used as design and management tools for commercial ginseng
dryers.

98-307. THIN LAYER DRYING CHARACTERISTICS OF
HULLESS OATS (AVENA SATIVA. L.)
R. Hulasare', D.S. Jayas', W.E. Muir' and N.D.G. White2,
'Department of Biosystems Engineering, University of
Manitoba, Winnipeg, MB; 2Cereal Research Centre,
Agriculture and Agri-Food Canada, Winnipeg, MB

A laboratory thin-layer drier was used to obtain the thin­
layer drying and rewetting data of 70% hulless oats (Avena
sativa L., cv. 'AC Belmont') using air at constant temperature
and relative humidity conditions. The data were collected for
various combinations of initial moisture content (II to 22% dry
basis), temperature (15 to 36°C), and relative humidity (27 to
93%). Thin-layer drying and rewetting data were analyzed
using liquid diffusion, Lewis', and Page's equations. The
thin-layer drying and rewetting rates at constant relative
humidities agreed well with Page's equation. The effects of
temperature, relative humidity, initial moisture content, and air
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velocity were characterized by parameters k and n of Page's
equation. Temperature, relative humidity, and initial moisture
content had significant effects (p> 0.05) on k. Relative
humidity and initial moisture content had significant effect on
parameter n. Air velocity did not have a significant effect (p>
0.05) on drying or rewetting. Due to their nonlinear
distributions among the tests, k and n could not be correlated
with temperature and relative humidity for all the tests.

98-308. HEAT AND MOISTURE TRANSFER IN
CONTAINERIZED ALFALFA CUBES DURING
TRANSPORT
H. Khoshtaghazal

, S. Sokhansanj2, G.J. Schoenau3 and E.A.
Arinze3

, IAgricultural Engineering, University of Tarbiat
Moddarres, Tehran, Iran; 2Agricultural and Bioresource
Engineering, and 3Mechanical Engineering, University of
Saskatchewan, Saskatoon, SK

Alfalfa cubes are transported over long distances for export.
The ambient conditions that the cubes may be exposed to in
transit could vary from below freezing to in excess of40°C and
relative humidity up to 100%. Heat balance equations based on
bulk thermal diffusivities and natural convection were
developed. For prediction of the cube temperature,
temperatures of the head space above the cubes, and the
container ceiling were required. The moisture transfer within
the cube pile in the container was modeled assuming no
moisture transfer with outside air. The calculated humidity ratio
in the headspace was lower than the measured humidity ratio.
It was concluded that the source of extra moisture inside the
container was the outside moisture penetrating into the
container.

98-310. COUNTERFLOW DRYING OF CHOPPED
FORAGE
D. Hamel!, P. Savoie2and D. Desilets l

, Departement des sols
et de genie agroalimentaire, Universite Laval, Sainte-Foy, QC;
2Agriculture and Agri-Food Canada, Sainte-Foy Research
Centre, Sainte-Foy, QC

Counter-flow drying ofchopped forage has been proposed
as a lower cost alternative to rotary drying currently used in the
alfalfa dehydration industry. A series oflaboratory experiments
were conducted to determine drying parameters of a thin layer
(120 mm) ofchopped forage at three air temperature levels (60,
80, and 95°C) and at three air flow rates (185, 460, and 915
m3 /m2of dryer floor/h). Drying time to reach the equilibrium
moisture content varied between 2 and 9 h. The drying
parameters will be used in a simulation model to optimize
forage flow rate (or residence time), bed thickness, air
temperature, and air flow as a function of the incoming forage
moisture content. A large scale counter-flow dryer built by
Maski Cube in Louiseville, QC will be monitored to validate
the simulation results.

La deshydratation du fourrage hache dans un sechoir a
contre-courant pourrait etre plus economique que Ie sechage
dans les tambours rotatifs. On a mene une serie d'essais au
laboratoire pour determiner les parametres de sechage d'une
couche mince (120 mm) de fourrage atrois temperatures (60,
80 et 95°C) et a trois debits dair (185,460 et 915 m3/m2 de
placher'h). Le temps pour atteindre la teneur en eau aI'equilibre
a varie entre 2 et 9 h. On compte utiliser les parametres de
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sechage dans un modele de simulation pour optimiser Ie debit
de fourrage (temps de sejour), I'epaisseur de la colonne de
fourrage, la temperature et Ie debit de l'air en fonction de la
teneur en eau initiale du fourrage. Un sechoir aconte-courant
de grande dimension construit par Maski Cube a Louiseville
(QC) fournira des donnees de validation pour Ie modele.

98-311. MECHANICAL COMPACTION OF FLOUR ­
THE EFFECT OF STORAGE TIME
S. Cenkowski l

, M.C. Scanlon2and J.F. Dexter3, IDepartment
ofBiosystems Engineering, University ofManitoba, Winnipeg,
MB; 2Department of Food Science, University of Manitoba.
Winnipeg. MB; 3Grain Research Laboratory, Canadian Grain
Commission" Winnipeg, MB

The objective of this research was to investigate the effect
of mechanical compaction of flour on functional and
rheological properties of flour and water-flour dough. Flour
was milled from Grade No.1 Canadian Western Spring Wheat,
mechanically compacted to a volume reduction of 55% and
stored for 12 months at three different temperatures of 20, 30,
and 40 °C. The analysis involved determination offat acidity of
compacted and control flour and functional properties
(Farinograph and Alveograph) of dough. Also, imitative
rheological tests (using capillary rheometry) were conducted on
dough from the compacted flour and the results were compared
to the extrusion characteristics obtained for the control flour.
The effects offlow behaviour index on the velocity profile and
the consistency coefficient on the apparent viscosity coefficient
of dough were simulated and the results presented in a
graphical form.

98-312. IMPACT DAMAGE TO PEAS AND BEANS
DURING FREE FALL
K.K. Chawla, L.G. Tabil, Jr. and S. Likhyani, Agricultural
Value-added Engineering Centre (AVEC), Engineering
Services Branch. Alberta Agriculture, Food and Rural
Development, Edmonton, AB

Tests were conducted to determine the extent of physical
damage to peas and dry beans due to impact caused by free fall.
The extent of physiological damage was also determined by
measuring the germination. Four independent variables were
used in the test, namely: a) contact surface (concrete, metal, and
seed-on-seed); b) drop height (4.26, 7.31, and 16.46 m); c)
temperature (-15 and 22°C); and d) seed moisture content
(11.13, 15.39, and 21.38% wb for beans; 12.81, 16.86, and
20.48% wb for peas). Seeds dropped onto a metal or concrete
surface incurred significantly higher damage than seeds falling
onto seeds. Higher physical damage to seeds was observed at
-15°C than at 22°C. Increased drop height caused an increase
in physical damage of seeds. Increased moisture level caused
a decrease in the physical damage to both beans and peas. The
type ofcontact surface did not affect the germination percent of
the tested seeds. As the drop height increased, the percent
germination increased in both beans and peas. Percent
germination was higher at lower temperature for beans,
whereas it was lower for peas. In beans, increased moisture
resulted in decreased germination. Moisture did not affect the
percent germination of peas.



98-315. DEVELOPMENT OF A PERMITTIVITY
ANALYZER TO OPERATE AT 915 AND 2450 MHz
USING CPT
M.S. Venkatesh, G.S.V. Raghavan and S.A. Sotocinal,
Department of Agricultural and Biosystems Engineering,
Macdonald Campus, McGill University, Ste Anne de Bellevue,
QC

Interest in the electrical properties of agricultural products
dates back more than 80 years. Today, research focuses on the
measurement of dielectric properties (permittivity), the
development ofsimple techniques, and electro-technologies for
thermal processing applications using RF and MW energy.
Existing measurement technology is quite expensive and the
applicability to certain types of agricultural and biological
materials has been questioned. The main objective ofthis study
is to develop a less expensive and flexible system to determine
the dielectric properties of agri-food materials at f = 915 and
2450 MHz using cavity perturbation technique.

Les proprietes electriques des mateiaux agricoles sont
d'interets depuis plus de 80 ans. Aujourd'hui, la recherche
s'interesse it la determination des propriete dielectriques
(permittivity), ainsi qu'au developpement de mehodes de
mesure simples. et au developpement d'applications thermiques
des electro-technologies telles les frequences radio et les micro­
ondes. Les methodes de mesure existantes sont tres
dispendieuses et leur utilite pour la mesure de certains
materiaux biologiques et agricoles est discutable. L'objectif
principal de cette recherche vise Ie developpement d'une
methode de mesure plus abordable, et plus flexible pour la
determination des proprietes dielectriques de materiaux agro­
alimentaies, aux frequences de 915 et 2450 MHz, en utilisant
la methode de perturbation de cavite.

98-402. EXTENDED OCTAGONAL RING (EOR)
TRANSDUCER SENSITIVITY UNDER DIFFERENT
LOADING SCENARIOS
N. McLaughlin, Eastern Cereal and Oilseed Research Centre,
Agriculture and Agri-Food Canada, Central Experimental
Farm, Ottawa, ON

Loading and support fixtures were developed to apply
vertical loads at two points with varying spacing on the face of
an Extended Octagonal Ring (EOR) transducer. Calibrations
showed a small decrease in EOR sensitivity as the spacing
between the loading points increased, but were still confined to
the thickened central section. A substantial decrease in
sensitivity of up to 40% was observed when the loading points
were over the ring sections. Simulations ofwarped loading and
support fixtures showed that the bending moment applied to the
thickened central section by mounting bolt clamping force had
a very small effect on the EOR sensitivity, but created an offset
equivalent to about 10% of the EOR range.

98-404. QUANTIFYING GRAIN DRYER NOISE TO
PREVENT HEARING LOSS AND NUISANCE
COMPLAINTS
S. Clarkel, M. Toombs2

, S. RambieJ and R. RichardsonJ,

Ontario Ministry of Agriculture and Food, 'Kemptville, ON;
and 2Guelph, ON; 3School of Engineering, University of
Guelph, Guelph, ON

This study quantitatively describes the hours of operation,
duration, and noise levels of grain dryers commonly in use in

Eastern Ontario. Average noise levels ranged from 85.3 dBA
for portable batch dryer with a centrifugal fan to 112 dBA for
an overhead batch dryer with an axial fan. Orientation ofdryer
fans had a very significant impact on noise levels for some
batch dryers types. From the average noise levels generated,
preliminary separation distances were produced for each dryer
type and dryer orientation to prevent noise complaints. Further
study is required to obtain more definite distances. In addition,
recommendations on the wearing of hearing protection were
made on dryer type.

98-405. METHODOLOGY FOR GENERATING AND
FOLLOWING OPTIMUM FIELD COURSES
R.J. Palmer and C. Schiller, Electronic Systems Engineering,
University of Regina, Regina, SK

Manually driven fields suffer from overlap which results in
a longer course to cover the field. An optimum course is one
that is the shortest in covering the entire field. This paper
describes the steps in generating and following such a course.
The course is designed with application control embedded in it.
Using these techniques could lead to a reduction in resources of
15%.

98-406. DESIGN AND DEVELOPMENT OF A SINGLE
UNIT TILL-PLANTING SYSTEM
M.T. Afifyl, R.L. Kushwahal, W.G. Milnel, Z.A. EI­
Haddad2 and M.Y. EI-Ansary2, 'Agricultural and Bioresource
Engineering Department, University of Saskatchewan,
Saskatoon, SK; 2Agricultural Engineering Department,
University of Zagazig (Benha Branch), Egypt

A till-planting system can be considered as an alternative to
no-till system in dry and hard soils. This paper describes
design, construction, and testing ofthree prototypes ofa single
unit till-planting system suitable for the Egyptian environment
with the following requirements: i) limit the row cultivation to
a strip of 150 nun width, ii) till and pulverize soil strip to that
width, iii) place seed at proper depth, iv) place the fertilizer
with separation below the seed, and v) cover seed and pack the
furrow. Tests were conducted in an indoor soil bin facility at
three speeds, three depths, three levels ofcompaction, and three
levels ofmoisture content. Measurements were taken for draft,
area ofsoil disturbance, and position ofthe fertilizer relative to
the seed. Results indicated that the unit three gave the lowest
values of area of soil disturbance, specific draft, and power
requirement. But in terms of the vertical separation between
seed and fertilizer, it gave the lowest values compared with unit
one and unit two. Based on these results, a new combination of
tools was proposed for a suitable till-planting unit for Egyptian
conditions.

98-407. SIMULATION OF SOIL BEHAVIOR USING
NEURAL NETWORK
Z.X. Zhang and R.L. Kushwaha, Department of Agricultural
and Bioresource Engineering, University of Saskatchewan,
Saskatoon, SK

Radial basis function (RBF) neural network was applied to
simulate the soil freezing and thawing process. The air
temperature, soil depth, and time were used as the input to the
neural network, and the soil temperature as the output. Soil
temperature relating to air temperature, the elapsed time, and
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the depth was learned from the experimental data by training
the RBF network. The trained network can predict the soil
temperature for the new input of depth, air temperature, and
time. In the second example, the RBF network was employed
for simulation of the behaviors of frozen soil strength
dependency on confining pressure, strain rate, and soil
temperature. With comparison ofexperiments, the network can
yield a very satisfactory generalization of the frozen soil
strength as a function ofsoil density, confining pressure, strain
rate, and soil temperature.

98-408. TILLAGE ENERGY REQUIREMENTS UNDER
DIFFERENT SOIL N AMENDMENTS
N.B. McLaughlin, L.M. Dwyer, B.L. Ma, E.G. Gregorich
and G.C. Topp, Eastern Cereal and Oilseed Research Centre,
Agriculture and Agri-Food Canada, Central Experimental
Farm, Ottawa, ON

Long term nitrogen amendment treatments for com
production were established at the Central Experimental Farm
in Ottawa in 1991. A subset of the treatments focused on
continuous com with seven different nitrogen applications:
unfertilized, 100 and 200 kg N/ha inorganic fertilizer, 50 and
100 tonnes (fresh weight) stockpiled and rotted dairy manure.
The manure treatments were applied annually and moldboard
plowing was done immediately after manure application.
Moldboard plow draft measurements were made in 1996 and
1997 using Agriculture and Agri-Food Canada's instrumented
research tractor. The nitrogen treatment effect was highly
significant for both moldboard plow draft and fuel consumption
in 1996, but was not significant in 1997. The general trend was
for lower draft and fuel consumption for the manure treatments.
Although the treatment effect was not significant in 1997 when
the plowing was done under adverse conditions, the ranking of
the 1997 plow draft and fuel consumption data was similar to
that in 1996. The measurements clearly show that changes in
soil structure and organic matter associated with the manure
treatments are manifested in lower tillage energy.

98-409. SOIL MOVEMENT BY NARROW TILLAGE
TOOLS AT HIGH SPEEDS
K. Sharifat and R.L. Kushwaha, Department ofAgricultural
and Bioresource Engineering, University of Saskatchewan,
Saskatoon, SK

Soil movement by narrow tillage tools at high speeds of
operation were measured in soil bin facilities ofthe Department
of Agricultural and Bioresource Engineering, University of
Saskatchewan. An apparatus using a simple pendulum principle
was fabricated to provide high speeds up to 25 km/h for tillage
tool operation. Four narrow tools with different shapes, 45°
triangular, 90° triangular, flat, and elliptical were used at four
levels of speed, three compactions, and three soil moisture
levels. Small plastic blocks were used as tracers for soil
movement measurements. Soil movement and energy used in
the process of tillage tool movement in the soil were
determined. Results indicated a good correlation between tool
shape and operational speed on soil movement.
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98-410. LOGICIEL POUR LA DISTRIBUTION
OPTIMALE DES CHARGES DE LESTAGE SUR LES
TRACTEURS AGRICOLES
J-A. Landry, S.E. McKyes and T. Bernier, Departement de
Genie Agricole et des Biosystemes, Macdonald Campus,
McGill University, Ste Anne de Bellevue, QC

Durant la derniere decennie, les unites motrices a usage
agricole ont evolue en de larges tracteurs a quatre roues
motrices ou atraction assistee al'avant ou encore atraction aux
quatre roues. Toute l'attention aete portee aI'amelioration des
perfornaances mecaniques des tracteurs et de l'interaction avec
des outiis aratoires. Les performances tractives ont ete de ce fait
considerablement ameliorees. Malheureusement, Ia capacite
tractive des nouveaux tracteurs aquatre roues motrices n'est pas
utilisee ason plein potentiel ni asa pleine efficacite, ce qui
resulte en d'importantes pertes de temps et d'energie fossile. Le
projet presente vise adevelopper une methode comprehensible
et rationnelle pour la determination de la distribution optimale
des contrepoids, en utilisant les theories existantes. Cette
methode fut ensuite integree dans un logiciel simple ainterface
graphique (Windows™) qui servira d'outil pour l'evaluation de
la distribution des charges. Le logiciel, simple a utiliser,
presente une serie de panneaux pour l'entree des donnees propre
aun systeme agraire, tels que: Ie tracteur, Ie sol, les pneus, et
l'outil aratoire. Une base de donnees contient des composantes
populaires et permet al'usager d'inscrire ses propres donnees.
Le logiciel effectue les calculs suivants: la force de tire vs. Ie
glissement en fonction de la distribution des charges, I'efficacite
tractive vs. Ie glissement en fonction de la distribution des
charges, la distribution optimale des charges, la force tractive
maximale a 15% de glissement, la vitesse maximale sous une
force tractive specifique, ainsi que plusieurs parametres
intermediaires. Les sorties sont produites sous forme de
tableaux ainsi que sous forme graphique. Le but du projet etait
Ie developpement d'un outil pour les ingenieurs du service de
l'extension, mais il s'est avere tres facile d'utilisation et est
accessible atous. L'outil est utile non seulement pour Ie lestage
des tracteurs mais aussi pour la selection d'equipements
agricoles en executant des tests comparatifs. Le logiciel est
distribue sans frais aux agriculteurs quebecois et comme
partagiciel en contactant l'auteur. Ce papier ainsi que Ie logiciel
sont disponibles sur Internet a: http://agrenv.McGill.ca/agreng
/staff/landry/research/lestage

SOFTWARE FOR OPTIMUM BALLASTING OF FARM
TRACTORS

Over the last decade farm tractors have evolved into large
four wheel or front assist machines. Much effort has been put
towards enhancing mechanical performance and interaction
with the attached implements and the net result is undoubtedly
a marked improvement of the tractive performances.
Unfortunately, ballasting weights on farm tractors are rarely
distributed optimally and when they are it is for only one ofthe
many tasks at hand. The need for a comprehensive and concise
method to optimize farm tractor ballasting has initiated the
development of a friendly software that incorporates existing
theoretical and empirical models. The Windows™ based
software provides a collection of data entry panels for system
component characteristics such as tractor, soil, tires, and
implement. A database contains data for commonly used
components and users can add their own. The software



perfonns calculation of pull versus slip, tractive efficiency
versus slip, optimal ballasting, as well as several other factors.
Results are presented in tabular and graphical fonnats. The aim
of this project was the development ofa software tool to assist
extension officers in their consultation with producers.
However, it is so easy to use that any producer with minimal
knowledge can use it provided they have data about the various
components. This tool can also be used in the difficult task of
purchasing fann equipment by performing "what if' trials. The
software will be distributed freely to Quebec producers by
MAPAQ extension officers and available as a shareware from
the author. This paper and a copy of the software are available
on the Internet at: http://agrenv.McGill.ca/agreng/stafflandry
/research/lestage

98-411. THE McLEOD HARVEST METHOD
D.R. St. George and R.H. McLeod, McLeod Harvest Inc.,
Winnipeg, MB

This paper summarizes the field testing and economic
analysis completed in 1997 on a new grain harvesting method
known as the McLeod Harvest Method. This method essentially
involves separating the threshing and cleaning functions ofthe
combine harvester into two separate machines. The threshing
of the crop occurs in the field while the cleaning of the grain
occurs in the fann yard. The straw is separated from the crop
and left in the field. The remainder of the crop is transported to
the fann yard where it is separated and cleaned. The advantages
of the method include collection of crop residue that has
livestock feed value, removal ofweed seeds from the field, less
grain loss to the field, grain cleaned to export standards, and
reduced equipment costs. The economics indicate an annual
benefit of $35, 100 to a 1,000 acre farm.

98-412. EFFECT OF FIELD MACERATION ON THE
FEED QUALITY OF FORAGE CUBES
P. Savoie) and G.F. Tremblay2, Agriculture and Agri-Food
Canada, 'Sainte-Foy Research Centre, c/o Departement des sols
et de genie agroalimentaire Universite Laval, Sainte-Foy, QC;
2Agriculture and Agri-Food Canada, Research Farm,
Nonnandin, QC

Six fields containing grass, alfalfa, or mixed forage were
mowed in 1996 and 1997 at two stages of maturity (early and
late) and conditioned either with an experimental macerator or
with a conventional rubber roll conditioner. Forage was
harvested in round bales, chopped, further dehydrated at 8%
moisture content (m.c.). and cubed (30 mm x 30 mm x 50 mm)
at a commercial plant. Maceration reduced average m.c. of
bales arriving at the plant (19.3 vs 24.7%). Macerated forage
had slightly higher concentrations of crude protein and fibre
cost than conditioned forage. There was little difference in the
effective rumen degradability of dry matter (59.4% for
macerated forage vs. 60.2% for conditioned forage). It was
concluded that maceration might reduce the cost of artificial
drying at a cubing plant but is not likely to improve the feed
value ofcubes.

On a fauche six champs de fourrages (graminees, luzerne,
melange) a deux stades de maturite avec un conditionneur
conventionnel a rouleaux ou avec un surconditionneur
experimental. Apres la recolte en balles rondes, Ie fourrage etait
hache, deshydrate a 8% de teneur en eau (t.e.e.) et agglomere

en cubes aune usine de deshydratation. Le surconditionnement
a pennis de recolter des balles legerement plus seches en
moyenne (19,3 vs 24,7% t.e.e.). Le fourrage surconditionne
avait des concentrations de proteine brute et de fibre plus
elevees. Cependant il y avait peu de difference au niveau de la
degradabilite ruminale (59,4% pour Ie fourrage surconditionne
vs 60,2% pour Ie fourrage conditionne). Ainsi Ie
surconditionnement peut reduire les couts energetiques pour Ia
deshydration mais il n'ameliore pas la valeur alimentaire des
cubes.

98-413. CONTAINERIZED BALED HAY AND ITS
SUSCEPTIBILITY TO SPOILAGE AND SPONTAN­
EOUS HEATING: A REVIEW
S. Sokhansanj and A. Opoku, Agricultural and Bioresource
Engineering, University of Saskatchewan, Saskatoon, SK

This paper outlines the harvesting and collection
requirements, processing, packaging, and shipping of
compressed hay bales. Typical atmospheric conditions
encounter during the storage and transportation of alfalfa hay
cubes in a container are related to the conditions that are
expected to be encountered during the shipment ofcompressed
hay bales since the products are related. Plant respiration,
micro-organism metabolism, and chemical reaction are the
three processes required to raise the temperature of hay to
spontaneous combustion or self-ignition. Two minimum
ignition temperatures, 200 and 250°C, have been reported in
literature. Internal bale temperatures of stored hay did not rise
above 64°C as reported in literature. The necessary conditions
for a baled hay to mold are suitable temperature, high relative
humidity, nutrient availability, high moisture content, length of
storage, and the mold species present. Hay stored at a relative
humidity of70% or less and at an equilibrium moisture content
of 15% or less is not likely to become moldy for a longer
period oftime. Application ofchemical additives reduces mold
growth, bale temperature, and improves the hay quality.

98-414. YIELD FROM HAND AND MECHANICAL
HARVESTING OF HIGHBUSH BLUEBERRIES IN
BRITISH COLUMBIA
K.B. van Dalfsen and M. M. Gaye, British Columbia Ministry
of Agriculture and Food, Abbotsford, BC

Interest in the mechanical harvesting of high bush
blueberries in British Columbia is increasing due to the
expanding acreage and rising costs of hand-harvesting. The
blueberry yield from mechanical harvesting and hand­
harvesting over two entire harvest seasons was assessed. There
were no significant differences in the yields from three different
mechanical harvesters. The yield reduction of mechanical
harvesters compared to hand-pickers was 30 and 16% in 1996
and 1997, respectively. The green fruit harvested was 3.6% of
the harvested yield for mechanical harvest and 0.2% for hand
harvest over the two years of study. Comparing the yield of
mechanical harvesters to hand-harvesters over an entire season
gave the most accurate measure ofberry loss (yield reduction).
Data on yield reduction is required when evaluating the
purchase or use of mechanical harvesters.
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98-415. FLAMING FOR CONTROL OF WEEDS, PEST
INSECTS, AND PLANT DISEASES IN SASKAT­
CHEWAN HORTICULTURE CROPS
M.R.L. Bantle, Bantle Engineering Research, Saskatoon; D.
Waterer, Department of Horticulture Science, University of
Saskatchewan, Saskatoon, SK

Flaming is a potentially environmentally friendly method of
weed, pest insect, and plant disease control and is well suited to
organic growers. Recommendations, including appropriate
application rates at various stages of growth, exist for the
control of many common weeds. Fewer applications exist for
flaming to control pest insects and plant diseases, however,
some successful applications have been identified. Flaming has
been successfully applied for weed control in a range of
vegetable crops. An efficient, high capacity flamer was
developed based on the most current scientific data. An
experiment was conducted to remove leaf litter in a saskatoon
berry orchard to control the fungal disease entomosporium leaf
and berry spot. Treatment of the leaflitter at 45 kg'ha- I and 90
kg'ha- I propane had no effect on the leaf litter. An application
rate of265 kg propane ha- ' was required to burn the leaflitter.
At this application rate, stem damage occurred and on occasion
an irrigation line caught fire. Flea beetles (Phyllotreta sp.) are
a problem for many Saskatchewan vegetable growers. Eight
trials were conducted to compare the effectiveness of flaming
relative to a chemical control Decis (Deltamethrin) and no
treatment (control). The flaming treatment was applied at 48
kg'ha- I and 72 kg·ha- I

. The flea beetles were not controlled by
the project developed flamer, however, the chemical control,
Decis, was effective in controlling flea beetles in most of the
trials. Three thermal weeding experiments were conducted to
measure the effectiveness ofdiffering propane treatment rates
(48 kg'ha- I

, 72 kg'ha- I and 97 kg'ha- I
) of thermal weeding on

weeds at different growth stages. Flaming is effective and
economical «$23/acre) for controlling newly established (0-3
leaf number) weeds particularly portulaca and some treatment
effects are evident 28 days after treatment. Flaming is much
less effective in controlling larger weeds (4-10 leaf number).
The limited field success demonstrated in this project raises
doubts about the viability offlaming as an important alternative
to chemical pesticides.

98-501. ENVIRONMENTAL ISSUES IMPACTING ON
SWINE PRODUCTION UNITS: A REVIEW ON ODOURS
AND THE DEVELOPMENT OF A DATABASE
S.P. Lemay, L. Chenard and L. Whittington, Prairie Swine
Centre Inc., Saskatoon, SK

Associated with the growth ofthe pork industry is a concern
which producers and others in communities share regarding the
potential impact on the environment of current an~ proposed
intensive swine production facilities. To address thIS concern,
an extensive review of the literature on environmental issues
and legislation affecting the establishment and expansion of
pork production units has been ~nitiated for Onta~o s~ine

producers. The collected informatIOn has been orgamzed mto
14 separate chapters dealing with environmental issues. Main
issues that have been identified for the swine industry are
odour, gas emissions, manure management, nutrient
management, water, soil conservation, siting, dust, noi~e,

traffic, dead animal management, human health, commumty
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relations, and legislation and regulation. Each chapter includes
a technical analysis and the list of references related to it. The
analysis and references are part of a database which is
accessible on the internet. This paper presents a review of one
important environmental issue (odour emissions) and also
provides information on the operation and the availability of
the database.

98-502. A MANURE MANGEMENT SPREADSHEET
TO FACILITATE AN EXTENSION PROCESS IN A
REGULATORY ENVIROMENT
B.D. Campbent and E.S. Patrick2

, ISaskatchewan Agriculture
and Food (Livestock and Veterinary Operations), Yorkton, SK;
2Saskatchewan Agriculture and Food (Extension Service),
Kelvington, SK

Saskatchewan is entering a new era in livestock
development. Rural communities are grappling with the
phenomena of the large livestock operations, offering
diversification opportunities, and related wealth. At present
this is most viable in the hog industry. The development of600
to 2400 sow (farrow to finish) operations is becoming
commonplace where 15 years ago none existed.
Saskatchewan's massive land base and low population provide
an opportunity to the livestock industry. Saskatchewan has:
human population: 1.0 million; beefanimals including calves:
2.8 million; sows and gilts: 89,000; sheep and lambs: 86, 000;
cultivated acres: 49.6 million acres; improved and native
pasture: 15.6 million acres. These numbers reflect very low
densities for both people and livestock and yet there is focused
opposition to the construction of large new or expanded
livestock operations. Large hog barns experience the greatest
opposition, despite the fact that the density of hogs in
Saskatchewan is only 12 animals/mile2. This is comparatively
low when compared to the density of625 hogs/mile2in Quebec
or 1012 hogs/mile2 in North Carolina. Only 22% of the
population lives in rural Saskatchewan, yet proponents often
find it difficult to find a site that satisfies the public when the
public is asking for separation distance of three miles or more
to neighbouring houses.

98-503. pH AS A REAL TIME CONTROL PARAMETER
IN SWINE WASTEWATER TREATMENT PROCESS
N. Cheng and K.V. Lo, Department of Chemical and Bio­
Resource Engineering, University of British Columbia, BC

A laboratory scale research was conducted to evaluate the
possibility of using pH as a real-time control parameter in
swine wastewater treatment. This real time control technology
was implemented into a two-stage sequencing batch reactor
process for the removal of carbon, nitrogen, and phosphorus
pollutants. Track analyses were done to identify control points
on the pH curve. Consistent patterns in pH, ORP, and DO were
produced throughout the research. With real-time control, a
high treatment efficiency in BODs, COD, TOC, NH4-N P04-

3
,

TSS, and TVSS of over 90% were constantly achieved. The
final NO -N concentration was also maintained at
approxima;ely 4 mg/L. Test results in this study ~ugg~sted ~hat
pH can be a effective real-time control parameter In a bIologIcal
nutrient removal process.



98-504. BREWERY WASTEWATER TREATMENT
USING SUSPENDED AND ATTACHED GROWTH
SEQUENCING BATCH REACTORS
L. Q. Ling and K.V. Lo, Department of Chemical and Bio­
Resource Engineering, University of British Columbia,
Vancouver, BC

Laboratory-scale aerobic sequencing batch reactors in both
suspended-growth and attached-growth modes were used to
study the treatment ofbrewery wastewater. A Ringlace material
was selected and employed for the attached-growth reactors.
Experiments were conducted over a wide range of hydraulic
retention time, from 0.56 to 6.06 days. Test results
demonstrated that brewery wastewater could be successfully
treated using both the suspended-growth and the attached­
growth aerobic sequencing batch reactors. Treatment efficiency
in terms of TOC, BODs, COD, and SS removal of over 90%
could be consistently maintained, with the suspended-growth
reactors performing significantly better than the attached­
growth reactors.

98-505. BIO-REMEDIATION OF OIL-CONTAMINATED
PEAT
A.E. Ghaly and J.B. Pyke, Biological Engineering
Department, Dalhousie University, Halifax, NS

In this study, the effectiveness of in-vessel bio-remediation
of the oil contaminated peat was evaluated. Evidence of three
microbial populations (psychrophilic, mesophilic, and
thermophilic) in the bioreactor demonstrated the potential of
the in-vessel bio-remediation process to achieve a much higher
oil degradation efficiency at a lower cost compared to biopiling
and land farming. The warming ofthe material in the bioreactor
and the increased moisture content were signs ofthe conversion
ofcomplex organic carbon by these microbes into energy, CO 2
and H20. Higher temperatures caused by mesophilic and
thermophilic activities resulted in a higher conversion rate. The
moisture content, pH, and the aeration rate were within the
optimum range for the bio-remediation process. The poultry
manure provided all the required nutrients for microbial growth
but nitrogen appeared to be the limiting factor. The bio­
remediation process achieved 56.07 % reduction in oil content
in about twelve days. Addition ofa nitrogen source would have
resulted in a much higher reduction percentage. The original
humic mixture was reduced to a denser but porous material that
looked like a garden soil with a dark brown color and no oily
odour.

98-506. FARM SCALE BIOGAS/COMPOSTING
FACILITIES FOR A MEDIUM SCALE DAIRY
OPERATION
A.E. Ghaly and J.B. Pyke, Biological Engineering
Department, Dalhousie University, Halifax, NS

A farm scale anaerobic digester, solid/liquid manure
separator and composting facility were designed, constructed,
and tested. In order to make the anaerobic digestion
economically viable under Canadian climatic conditions,
design, installation, and operation of the system in conjunction
with the dairy cow operation at Putnam Farms were based on
advantages gained from the digester as a component ofthe total
farm management system. In addition to the biogas production,
benefits related to manure handling and storage, environmental

quality improvement through odour control and water pollution
reduction, fertilizer nutrient recovery, water recycling, and
animal feed production were considered. The layout ofthe farm
was modified to provide solutions for four environmental
problems related to fuel storage facility, location ofcalfhutches
and the associated manure disposal problems, disposal of milk
house wastes into the fire pond, and overflow from the manure
storage facility into the fire pond.

98-507. DEVELOPMENT OF A LIQUID SWINE
MANURE COMPOSTING SYSTEM
R.J. Fleming, M. MacAlpine and J. Morris, Ridgetown
College - University of Guelph, Ridgetown, ON

A farm-scale system has been designed and constructed at
Ridgetown College to allow for the composting ofliquid swine
manure. The manure is mixed with straw or another source of
carbon. A mechanical turner is used as well as forced aeration.
Each of the three channels has a different aeration floor.
Objectives of the study are to develop a recipe for composting
liquid manure that can be used by swine farmers and to
evaluate nutrient transformations and reductions in odour
compared to traditional manure handling and storage systems.
Results of the first three months ofoperation are presented.

98-508. SIMULATION OF SUBSTRATE
DECOMPOSITION AND NITROGEN LOSS IN
COMPOSTING
Y. Liang" J.J. LeonardI, J.J. Feddes', W.B. McGiII2 and
N.G. Juma2

, IDepartment ofAgricultural, Food and Nutritional
Science, University of Alberta, Edmonton, AB; and
2Department of Renewable Resource, Univiversity of Alberta,
Edmonton, AB

A mathematical model was built to simulate the processes
of substrate decomposition and ammonia evolution during the
high rate stage ofcomposting. The model links the dynamics of
microbial populations to the transformation of carbon and
nitrogen during composting. The model describes microbial
growth, metabolism, and heat production on substrates using
Monod kinetics. Substrates were partitioned into three types
depending on CIN ratio and soluble C content. The model
simulates ammonia evolution, water loss, and temperature
according to user-specified feed stocks characteristics. The
simulation results of temperature, moisture, oxygen
consumption, biomass growth, and ammonia emission are in
general agreement with experimental data in this area. The
effect of constant aeration, CIN ratio, and moisture content on
the peak rate and cumulative amount ofammonia volatilization
were investigated using the model and are discussed.

98-509. MEASUREMENT OF FRICTION
COEFFICIENTS FOR COMPOST MATERIALS AT
DIFFERENT MOISTURE CONTENTS
J.J. Leonard, Department of Agricultural, Food and
Nutritional Science, University of Alberta, Edmonton, AB

Using an inclined-plane apparatus, friction coefficients were
measured for three composts, chopped barley straw, and peat
moss, at moisture contents from 20 to 60% (wb), sliding on
wood, rubber, and galvanized steel. In all cases, coefficients of
friction increased with moisture content and ranged from
approximately 0.3 to 0.8. No consistent relationship was
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observed between results obtained on the three ramp materials.
A linear regression analysis indicated that, of the materials
tested, the friction coefficients for compost made from
municipal solid waste (MSW) and sewage sludge were most
sensitive to moisture content, while those for peat moss were
the least sensitive. Third order polynomial equations fitted the
data better than linear relationships and indicate the possibility
of a sigmoidal relationship between frictio~ coefficient and
moisture content.

98-510. INSTIGATION OF COMPOSTING PROCESS
CONTROL STRATEGIES
B.S. Fraser and A.K. Lao, Department ofChemical and Bio­
Resource Engineering, University of British Columbia,
Vancouver, BC

Composting is an alternative method for organic waste
disposal, as well as improving soil fertility. However poor
compost quality and odour emission are often significant
problems in the composting industry. Composting process
control can potentially help reduce both of these problems. In
spite of the recent development ofa number ofprocess control
strategies, very few direct comparisons have been made
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between these, particularly in terms of compost quality and
odour emission. To help address this need, a series of
experiments was conducted to evaluate the effects ofseveral in­
vessel process control strategies on compost quality and odour
emission. The strategies tested focussed on aeration control.
Fixed aeration, temperature feedback, oxygen feedback, and
combined temperature/oxygen feedback algorithms were tested.
A modified algorithm called linear temperature feedback was
also developed and tested. Results showed that many quality
parameters such as C:N ratio and organic matter loss were
similar between process control methods. However, oxygen
content was maintained more consistently using oxygen
feedback or linear temperature feedback algorithms; these
methods may also provide greater nitrification and lower
phytotoxicity. Linear temperature feedback is preferable to
oxygen feedback in that it does not require oxygen sensors to
operate. Mass emission rates of odorous gas were typically
found to increase with higher aeration rates, such as those used
to limit temperature, though the gas concentration was lower.
For maximum retention ofnitrogen, adequate supply ofreadily
biodegradable carbon in the feedstock is vital.
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journal, may be used as a reference. Private communications and
unpublished reports should be referred to in parentheses in the text.
Private communications should include the person's title and address.
Avoid the use of footnotes. Use the author-date system in the manu­
script when referring to articles in the Reference section.

Tables

Designate tables at the top by table number (Roman numerals) and
title, in upper and lower case letters. All headings and other informa­
tion in tables are to be in lower case except first letter of first word.
Keep the table compact and place it across the page wherever possible.
Do not use vertical lines.

Measurements

Only metric system (SI) units are to be used.

Equations

Equations and formulas must be set up clearly. Use capitals for sym­
bols as much as possible and lower case for superscripts and
subscripts. Greek and other characters should be identified clearly.
Equations should be numbered on the right-hand margin and in line
with the center of the equation.

Abbreviations

Abbreviate units of measure only when used with numerals. Use
correct SI unit abbreviations. Do not use abbreviations in the title.

ILLUSTRATIONS

Either original drawings or glossy photographs are acceptable for
illustrations. An illustration should be planned to fit, after reduction,
into a space 90 mm wide (one column) or 183 wide (two columns).
The original should be not more than three times the size of the final
figure. For identification, the figure number and author's name should
be written on the lower left corner with soft pencil.

Line drawings should be machine produced on white drawing paper
or tracing paper. Authors are encouraged to produce drawings using
one of the commonly used computer packages. Letters, numerals,
labels and axis captions should have only the first word capitalized.
Axis captions should be followed by a comma, the symbol in italics,
and the units in parentheses [i.e. Acceleration of particle, Ap (m/s2

)].

If a symbol is not used, omit the comma. Letters and numerals must be
at least 1.5 mm high and preferably 2 mm high in final form. Curves
on graphs must be 0.3 mm wide after reduction. Axes and grid lines
should be clearly visible but inconspicuous; a width of 0.2 mm after
reduction is suggested. Figure numbers and captions should be typed
on a separate page, not on the original illustrations. When a paper is
submitted for publication, the original illustrations need not be pro­
vided so long as the copies are of such quality that reviewers can
understand them. Original drawings must be provided when the paper
is accepted for publication. If a drawing has been produced by a
computer package, a copy ofthe file should be submitted on disk at the
time that the manuscript is submitted on disk (JPEG format preferred).

DISCUSSIONS

Discussions may be submitted on any paper or technical note published
in the Journal for a period of not more than four months following
publication. Discussion ofa paper or technical note is open to anyone
who has significant comments or questions about the content of the
paper/technical note. A discussion will not be accepted for publication
if it contains material readily found elsewhere, is purely speculative,
introduces personalities, or otherwise falls below the standards of a
technical paper in a professional journal. Authors will be given an
opportunity to reply to discussions.

The format for discussions differs from those of papers in that
figures are to be identified by capital letters to avoid confusion with
the original paper. The discusser should refer to him/herself as lithe
writer" or "I" and to the author of the original paper as "the author."
The first page shows the title of the original paper with a footnote to
identify the author, volume, page, and date. Name and address of the
writer of the discussion follow the title.

Discussions will be reviewed by the Editorial Board and possibly
the reviewers of the original paper. The length of a discussion is
restricted to one journal page. Lengthy discussions will be returned for
shortening, or the writer may be encouraged to submit a paper or
technical note.
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