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WE'RE MAKING A CHANGE
D.I. Norum
Past-President

By now you may have noticed that this issue of the Journal has a
slightly different appearance than previous issues. This is our first
issue produced by "desktop publishing". If you haven't noticed the
difference in this issue then that's good! We've attempted to keep the
appearance as close to that of the previousissues as possible. Making
this changehas resulted in something that you probably have noticed;
this issue is a bit late because it took some time to make the change
over. If you haven't noticed this then that's bad! We would hope that
you anxiouslyawait each issue so that you can get updated on the most
recent research in Agricultural Engineering in Canada and elsewhere.

Why the change? Costs for publishing by "traditional" methods
have been increasing over the years to the point where we considered
it necessary to take a hard look at our method of publishing. Virtually
all papers that are submitted to the journal have been keyed into some
type of word processing system initially. It hardly seems reasonable
to have this typing repeated at the publishing stage. It is anticipated
that this methodof publishing will mean that the cost of producing the
Journal can be kept to the level where page charges and/or subscrip
tion rates will not have to be increased further for some time. At the
same time we still expect to have a top quality production.

Do you have any comments or suggestions about the publication of
the Journal? Should we be looking more closely at a "paperless
society" where our publications are no longer produced as "hard
copy" but only available by electronic means or on computer diskette?
Let us know; we're most willing to listen, to assess, and to take
appropriate actions.

CanadianAgriculturalEngineering publishes paperscovering the general field of Agricultural Engineer
ing that fit into one of the following classifications: (1) a scientific paper based on original research: (2)
a technicalpaperbasedon 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 survey or investigation of some phase of research or research methods, or on extension or
extension methods. The Editorial Board may also publish abstracts published elsewhere and interesting
news items from members of Agricultural Engineering.

Manuscripts for publicationshould be submitted to the Editor. The papersmust be originaland must
have not been published elsewhere or copyrighted. The author, not the CSAE, is responsible for opinions
expressed. Information published in CanadianAgriculturalEngineeringmay be quoted in whole or in part
provided that credit is given to the author and to the journal. Publication charges are $75/page plus cost
of illustrations etc. Reprint charges are $16/page for the first 100 copies and $6/page for each additional
100 copies.

Central Office Address: Suite 907,151 Slater Street, Ottawa, Ontario, Canada KIP 5H4
Published Semi-annually (January and July)

Subscription rate: $45.00 per annum, single issue $23.00



ABSTRACTS OF PAPERS PRESENTED AT THE CANADIAN SOCIETY OF AGRICULTURAL ENGINEERING
CONFERENCE, PENTICTON, BC, JULY, 1990.

Copies of papers are available for US $3.50 each for CSAE/ASAE members ($5.00 non-members) plus $2.50 handling per
order from American Society of Agricultural Engineers, 2950 Niles Rd., St. Joseph, MI 49085-9659, USA.

90-110. THE ROLE OF THE ENGINEER IN SOLVING
AGRICULTURAL WASTE MANAGEMENT PROBLEMS
S. Gariepy, A. St-Yves, P. Valine and C. Emond, Ministfere
de TEnvironnement du Quebec, Sainte-Foy, QC.

Studies have shown conclusively that agricultural produc
tion activities discharge substantial amounts of different
pollutants into the environment. People thus realize that agri
culture is an important source ofenvironmental problems. This
perception also results in part from the relative success of
pollution abatement programs focused on industrial and
municpal sources. As these other sources have reduced dis
charges, the relative share of remaining pollution problems is
dominated increasingly by agricultural sources. In this con
text, the engineer involved in agriculture will be required to
play an important part. However, his ability to contribute will
be proportional to his capacity to adapt to new approaches
where the total agroecosystem is taken into account and to a
multidisciplinary framework integrating technical, economic,
social and instutional aspects.

90-111. B.C. METHOD OF ADDRESSING AGRICUL
TURAL ENVIRONMENTAL PROBLEMS
RJ. Van Kleeck, B.C. Ministry of Agriculture and Fisheries,
Abbotsford, BC.

The legal requirements are discussed as they relate to envi
ronmental problems including, local government bylaws,
provincial and federal requirements. Three unique B.C. non-
regulatory programs: Agricultural Envrionmental Service,
Best Agricultural Waste Management Plans and ALDA are
explained. The procedures that are followed to address the
different types of environmental problemsare also explained.

90-112. A HYDROGEN SULFIDE MONITOR FOR
SWINE FACILITIES
G.L. Hayward, School ofEngineering, University of Guelph,
Guelph, ON; and R.D. MacDonald, OntarioHydro,Waterloo,
ON.

A semiconductor sensor system was constructed and used to
measure the hydrogen sulfide concentration in three swine
confinement buildings during the agitation and pumping of
manure from under floor storage pits. In all three barns, the
H2S concentration rose quickly with agitation and cleared
quickly whenthe agitationstopped.Typical rise and fall times
with the ventilation configuration used were 1 and 5 minutes
respectively. This indicates how quickly hazardous H2S con
centrations can develop during pit cleanout. The use of a
sensor connected to an alarm to warn the operator of H2S
release is recommended.

90-114. PERFORMANCE OF PIGS FED A SWINE
WASTE INDUCED FERMENTATION PRODUCT
A. Robles, Department of Agricultural Engineering, Univer-
sity of Alberta, Edmonton, AB; and G. Iniguez,
CINVESTAV-IPN, Mexico, D.F.

Confinement hasresulted in a more efficient production of
pork, but it hasintensified thewastedisposalproblem. Refeed-
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ing some of the manure would reduce the amount of waste
requiring handling, while improving the overall feed effi
ciency. Fermentation is a process in which bacteria use soluble
carbohydrates to produce lactate and other acids lowering the
pH of their medium restricting the growth of unwanted organ
isms. 0,15, 30 or 45% of a fermented mixture of swine waste
and sorghum (45:55) was included in the diet of pigs (27 kg)
on a 98 day feeding trial. No difference in daily gain was
observed up to inclusion levels of the mixture of 30%, but 45%
inclusion depressed rate ofgain (P<.05). Feed intake increased
up to 30% inclusion (P<.05), but no difference was found
between 30 and 45% inclusion levels. Feed to gain ratio fol
lows a linear relationship (P<.05), at increasing levels of the
fermented mixture in the diet. Fermentation of a mixture of
swine waste and ground sorghum (45:55) gives a product that
is palatable for the pig with no detrimental effect on perfor
mance when the fermented mixture is included in the diet of
growing pigs up to 30%. Factors such as economics and the
potential of drug residues in the mixture will have to be
considered. If disposal is a problem refeeding swine waste is
an alternative.

90-115. THERMOPHILIC AEROBIC DIGESTION OF
SWINE MANURES FOR FEEDING
S.F. Barrington and R. Cap, Department of Agricultural
Engineering, Macdonald College, Ste. Anne de Bellevue, QC.

Swine manure slurries were treated by means of a thermo
philic aerobic digester and tested in order to determine their
feed quality. Operated above 75°C, thetreatment successfully
destroyed most, if not all, parasites and pathogens of the
inoculated waste. The digested swine manures were found to
be rich in crude protein and minerals. Ammonium was found
to make up 70 to 80% of this crude protein. Thus, treated swine
manures could best be used by ruminants as a protein and
mineral supplement. The operation of the digester was easy
and required little supervision from untrained personnel. But,
the high temperature ranges obtained with the digester could
not be linked to high counts of thermophilic bacteria.

90-116. THE FATE OF NITROGEN COMPOUNDS IN A
SEQUENCING BATCH REACTOR FOR TREATMENT
OF LIQUID SWINE MANURE
L. Fernandes,Department of CivilEngineering, University of
Ottawa, ON; and E. McKyes, Department of Agricultural
Engineering, McGill University, Montreal, QC.

Screened liquid manure was treated in a laboratory scale
sequential batch reactor (SBR). Nitrification and denitrifica-
tion were carried out by alternating aerobic/anoxic conditions
within the same reactor. Anoxic operation did not affect the
activity of the nitrifiers. Actually the average [NO*] ranged
from 74 to 230 mg/L undervarious operating conditions. The
reduction of [NH3 - N] was in the order of 99%. As a result of
denitrification the removalof inorganicnitrogenwasbetween
80 and 93%.
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90-117. THE DEVELOPMENT OF AN ECONOMICAL
SOLID DAIRY MANURE STORAGE FACILITY
S.F. Harrington and R. Cap, Department of Agricultural
Engineering,Macdonald College, Ste. Anne de Bellevue, QC.

Liquid manure systems have gained popularity with the
dairy farmers of Quebec. This gain in popularity is supported
by the fact that liquid systems are more practical and econom
ical than solid systems. To reverse this trend an economical
cover has been developed for solid manure piles. This geotext-
ile cover requires no supporting structure and is one-tenth the
cost of a conventional roof. Research is required to define
some of the design parameters.

90-118. DEVELOPMENT OF A COMPUTER PRO
GRAM TO HELP ANALYZE THE COST OF
MANAGING DAIRY CATTLE MANURES
P. Caouette, C. Dutil, J.P. Dutil, and G. Gagne, Les Consul
tants BPR, Quebec, QC; and P. Valine, C. Emond, and S.
Gariepy, Ministfere de l'environnement du Quebec, Sainte-
Foy,QC.

Software has been developed to assist professionals in the
agricultural field to evaluate the different procedures with
regard to the disposal of dairy cattle manure. The software
takes into consideration the engineering, agronomic, eco
nomic, and environmental aspects of the operation. It was
designed basedon an evaluationof the massbalanceof animal
excretions produced. Therefore, the total volumes manipu
lated, stored, and spread are calculated from the number and
weightof the animals, their schedule of confinement, and the
bedding used. The mass balance can also be used to establish
and calculate the loss of fertilizing elements in order to evalu
ate the agronomic efficiency and the overall performance of
thechosenprocedure. The specific conditions of the individual
dairy operation and the regional conditions are taken into
consideration in order to custom-tailor the results so that they
apply to each individual situation.The softwareenablesone to
make a rapid comparison of the different simulations and to
choose the most efficient procedure both for the farm opera
tion and for the environment. This software runs on IBM-PC
and all compatibles.

90-121. THE EFFECT OF MISTING AND VENTILA
TION RATES ON AIR QUALITY AND BIRD
PERFORMANCE
B.S. Koberstein and JJ.R. Feddes, Department of Agricul
turalEngineering,University of Alberta,Edmonton,AB; F.E.
Robinson, Department of Animal Science, University of Al
berta, Edmonton, AB; and C. Riddell, Department of
Veterinary Pathology, University of Saskatchewan, Saska
toon, SK.

Four environmental chambers each initially housing 75 torn
turkeys were used to determine the effect of ventilation rate
and misting on dust particle size distribution; bird health and
performance. The chamberseither were mistedor non-misted
and ventilated at winter or summer rates (Latin square design).
Body weights, feed consumption, dust and ammonia concen
trations along with relative humidity were recorded. A number
of birds were removed every 4 weeks for the purpose of
scoring their lungs for severity of lesions. Increased air ex
change resulted in increase bird performance (14.1
kg-summer, 13.3kg-winter) and health (weighted lesionscore
23-summer, 51-winter) whereas misting had no effect.
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90-122. PRINCIPLES FOR NATURAL VENTILATION
OF WARM LIVESTOCK HOUSING
Y. Choiniere, Alfred College, Alfred, ON; and J.A. Munroe,
Animal Research Centre, Agriculture Canada, Ottawa, ON.

This paper presents guidelines for the use and management
of natural ventilation for warm livestock housing. It covers
many aspects of natural ventilation including basic principles
of air movement and changes thereof due to season, the use of
chimneys versus a continuous ridge opening, the performance
of different types of sidewall openings, and preferred thermo
stat location. It also considers other factors such as wind
direction, building length, and ceiling slope.

90-123. REDUCING DUST LEVELS IN A LIVESTOCK
BARN BY THE ADDITION OF CANOLA OIL TO THE
FEED

R.A. Welford, Department of Agricultural Engineering, Uni
versity of Saskatchewan, Saskatoon, SK; JJ.R. Feddes,
Department of Agricultural Engineering, University of Al
berta, Edmonton, AB; and E.M. Barber, Department of
Agricultural Engineering, University of Saskatchewan, SK.

Dust particle counts, airborne dust mass concentrations, and
amounts of settled dust were monitored during a twelve-week
study in a pig feeder barn. Particle counts were converted to
particle production rates per kilogram of pig mass to account
for changes in ventilation rate and number of animals. The
effect of adding canola oil to the feed and two flooring types
(partially slatted and fully slatted floor) were investigated.
Dustproductionrates indicateda high degreeof variationover
time. There was no significant decrease in airborne respirable
particle production rates when canola oil was added to the
feed. There was a significant decrease in the dust mass concen
tration and in the amount of settled dust when canola oil was
added to the feed. There was no significant difference in dust
levels between the two types of flooring.

90-124. AIR INLET AND OUTLET ZONES BASED ON
PRESSURE COEFFICIENTS FOR A LOW-RISE NATU
RALLY VENTILATED BUILDING FOR LIVESTOCK
HOUSING
Y. Choiniere, Alfred College, Alfred, ON; J.A. Munroe,
Animal Research Centre, Agriculture Canada, Ottawa, ON; H.
Tanaka, Department of Civil Engineering, University of Ot
tawa, Ottawa, ON; A.M. Suchorski-Tremblay and S.
Tremblay, Alfred College, Alfred, ON.

Measurements of pressure coefficients around open and
sealed 1:20 scale models of a low-rise, naturally ventilated
building with a gable roof for livestockhousingwere madein
the National Research Council of Canada 1.8 x 2.7 m low
speedwind tunnel. Tests were performed using three typesof
roof openings, and large wall opening areas with seven wind
angles of incidence. All structural configuation changes on the
buildinghad an effect on the air inlet and outlet zones.As well
there was considerable difference between results for the
sealed versus open models especially at the ridge.

90-125. A LUMPED-PARAMETER MODEL FOR PRE
DICTING AIRBORNE DUST CONCENTRATIONS IN A
VENTILATED AIRSPACE
CM. Liao and JJ.R. Feddes, Department of Agricultural
Engineering, Universityof Alberta,Edmonton,AB.

This paper describes a laboratory project used to evaluate
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the accuracy of a lumped-parameter model developed to pre
dict airborne dust concentrations at any location within a
ventilated airspace. Talcum powder used as a test dust was
characterized in an environmental chamber by measuring its
equilibrium particle concentrations over a range of ventilation
rates. The transient behavioral response of talcum particles
was evaluated at one sampling point and monitored as a func
tion of ventilation rate. The model calculations were solved as

a 3-D lumped form of control volume that represented conser
vation of airflow rate. Good agreement was obtained between
measured results and those predicted by the model; however,
at low ventilation rates, some disagreement between predicted
and measured results occurred.

90-126. POTENTIAL ENERGY SAVINGS OF NATU
RAL VERSUS MECHANICAL VENTILATION FOR
LIVESTOCK HOUSING IN ONTARIO
Y. Choiniere, Alfred College, Alfred, ON; J.A. Munroe,
Animal Research Centre, Agriculture Canada, Ottawa, ON;
A.M. Suchorski-Tremblay and S. Tremblay, Alfred Col
lege, Alfred, ON.

A model based on ventilation rates was prepared to evaluate
the energy requirments for mechanical ventilation for dairy,
swine and poultry operations. These types of production were
selected since they are readily adaptable to natural ventilation,
which has negligible energy cost. The model was tested using
long term on-farm measurements of energy consumption in
two hog finishing barns and indicated good agreement. The
predicted biggest user of energy for mechanical ventilation
was the dairy industry, followed by operations for growing-
finishing hogs and gestating sows, then turkeys and broiler
chickens. For Ontario, there is a potential energy savings of
194 million kWh per year if natural ventilation were used
instead of fan ventilation. This would represent a cost reduc
tion of $9.2 million for Ontario farmers.

90-127. COMPARISON OF THREE CONTROL SYS
TEMS FOR ELECTRIC HEATERS
Y. Zhang, RJ. Ford and E.M. Barber, Department of Agri
culturalEngineering, University of Saskatchewan, Saskatoon,
SK.

There are at least three problems raised in using common
electro-mechanical temperaturecontrollers for livestock heat
ing systems: poor temperature response, low service life, and
possible high supplemental heat consumption. Three heating
control systems were set up: Honeywell (electro-mechanical),
Chromalox (electronic) and Omega (microprocessor). Tem
perature responses of all systems were tested both in a
laboratory chamber and swine barns. Energy consumptions
and durabilities of the systemswere comparedin three identi
cal farrowing rooms. The Chromalox systemhas an excellent
future in application to livestock buildings.

90-201. COMPARISON BETWEEN 2-D AND 3-D FI
NITE ELEMENT ANALYSIS OF SOIL FORCES OF
TILLAGE TOOLS

L.Chiand R.L. Kushwaha, Agricultural Engineering Depart
ment, University of Saskatchewan, Saskatoon, SK.

Soil failure with narrow tillage tools is a 3-D problem.
However, 3-D finite element analysis requires a main frame
computer and long computing time which results in a high
cost. A2-Dfinite element analysis, on theother hand, requires
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much less computing time and can be carried out on a micro
computer. This paper investigates the possibility of using 2-D
finite element model to predict soil forces on tillage tools and
compares the soil forces with the results obtained from 3-D
finite element model and soil bin tests. The results show that

the 2-D finite element model under-predicted the soil forces
for a narrow tillage tool because the model ignored the soil
side effects. For a 5 cm wide blade operating at 10 cm depth,
the predicted soil force from 2-D model was only 50% of the
actual value. For a wide soil cutting blade, the relative predic
tion error with the 2-D model was reduced considerably.

90-204. AN UPDATE ON BRITISH COLUMBIA'S OR
GANIC WETLAND DEVELOPMENT PROGRAM
R.D. Merz and K.B. van Dalfsen, B.C. Ministry of Agricul
ture and Fisheries, Abbotsford, BC.

The demand for increased forage production in the Caribou-
Chilcotin area of British Columbia has prompted the B.C.
Ministry of Agriculture and Fisheries to continue an organic
wetland development program. Electronic (total station) sur
veying equipment combining electronic distance measurement
and theodolite is being used to carry out topographic surveys
of the wetlands. This equipment has enabled accurate surveys
of these wetlands under adverse conditions. A breaking plow
for use on organic soils was developed and demonstrated for
use in improving organic wetlands for forage production. The
development of this plow and how it is being promoted is
discussed.

90-205. GRAIN SEPARATION AND DAMAGE FOR AN
AXIAL-FLOW COMBINE
H.P. Harrison, Department of Agricultural Engineering, Uni
versity of Alberta, Edmonton, AB.

The grain separation pattern for the concave and separating
grate for an axial-flow combine along with the grain damage
were determined for two feed rates of barley at three moisture
contents, three helix angles of the transport vanes, two rotor
speeds, and concave clearances. The separation pattern was
skewed towards the front of the concave and to the right side.
The percentage of skinned and broken kernels was small,
rarely exceeding 5%.

90-206. A MATHEMATICAL MODEL AND NUMERI
CAL SOLUTIONS OF THE EQUATIONS FOR HEAT
AND MASS TRANSFER IN CORN-ZEOLITE MIX
TURES

Z. Alikhani, G.S.V. Raghavan and S.O. Prasher, Depart
ment of Agricultural Engineering, and A.S. Mujumdar,
Department of Chemical Engineering, McGill University,
Montreal, QC.

Luikov's model and its application to adsorption drying of
corn by mixing in granules of zeolite are discussed. Thesys
tem ofdifferential equations ofheatandmass transfer, coupled
at theboundary, arepresented.Thesedifferential equations are
solved by using differential systems simulator, version 2
(DDS/2), a mathematical software,whichemploys the numer
ical method of lines (NMOL). Typical calculated values of
corn temperature and moisture content as a function of time
and spatial coordinate are given.Calculated values of average
corn moisture content and surface temperature are in good
agreement with the observed values.
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90-207. ENGINEERING ASPECTS OF FORAGE PRO
CESSING FOR PELLETS, CUBES, AND DENSE BALES
S. Sokhansanj and H.C. Wood, College of Engineering, Uni
versity of Saskatchewan, Saskatoon, SK.

Forage processing into transportable forms such as pellets,
cubes, and densified bales is re-gaining popularity as the ex
port markets for hay products expand. An investigation of
commercial pelleters has shown that the die L/D ratio and
conditioning temperature were the major factors affecting pel
let durability. Superior quality and storage stability of forage
cubes were directly related to the low moisture content, low
temperature, and the amount of conditioning water added to
the chopped hay prior to cubing. Uniformity of densified bales
depended upon the uniformity of material and drying temper
ature of the loose bales prior to compaction.

90-208. PROFIL DE TENEUR EN EAU DANS UN AN-

DAIN DE FOIN

D. Desilets, P. Savoie et S. Beauregard, Departement de
genie rural, Universit6 Laval, Quebec, QC.

Le profil de teneur en eau h rintfrieur d'andains de foin de
legumineuses et de graminSes a 6t6 mesur6. Les effets du type
de foin ainsi que de l'epaisseur de l'andain sur le coefficient
de sfichage ont 6t€ calcul6s. Sur une p6riode de 8 h, les
gramintes s6chaient 67% plus vite que les legumineuses. Le
coefficient de s6chage de la couche sup6rieure 6tait en
moyenne 3.7 fois plus 61ev6 que la couche s6chant le plus
lentement. Le profil de teneur en eau fitait plus marqu6 dans les
andains de legumineuses que dans les andains de graminees.
Les gramin6es matures avaient des profils verticaux de
sechage plus homogfene que ceux des gramin6es plus jeunes.

90-209. IDENTIFICATION OF MECHANICAL INJURY
OF POTATOES ON PACKING LINES
G.C. Misener, CD. McLeod, and L.P. McMillan, Research
Station, Agriculture Canada, Fredericton, NB.

The level of mechanical injury of potatoes was measured in
a surveyof table potato packing companies. Four packinglines
were monitored during a two-year study with samples taken at
eight locations on each line. The sampling procedure was
repeated three times during the first season and once during the
second year. A damage index that included black spot and
measures the severity of injury sustained by the potatoes was
calculated for each sample. The potatoes at the on-farm stor
ages had an average damage index of 490.6 whereas the
indexes of the graded potatoes packed as count boxes, Canada
No. 1 and Canada No. 2, were 529.4,594.1, and 591.7 respec
tively. Parameters considered to influence the damage levels
during the handlingand grading process were comparedwith
theinjurylevelsof thepotatoesat each sampling location. The
parameters found in the analysis to have a direct relationship
to damage levels were the accumulated drop heights and the
number of drops occurring on the packing lines.

90-210. MEASUREMENT OF PESTICIDE RESIDUE IN
SEEDING OPERATIONS
R.C. Maze, and R.P. Atkins, Alberta Farm Machinery Re
search Centre, Lethbridge, AB; and P. Mineau, and B.T.
Collins, Canadian Wildlife Service, Hull, QC.

The percentageof total seed or granuleson the soil surface
following seedingoperationswasevaluated.Implements seed
ing cereal and rapeseed crops were evaluatedunder different
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soil conditions. Overall percentages of seed or granules re
maining on the soil surface varied from 0.077% to 6.960% of
applied. Conclusions were drawn from analysis of the results.
Recommendations were made for decreasing the hazards to
wildlife of chemically treated seeds or granules left on the soil
surface.

90-303. A METHOD OF COMPARISON OF NON-POINT
SOURCE POLLUTION MODELS
E.L. von Euw, Crippen Consultant, Vancouver, B.C.; W.T.
Dickinson and R.P., Rudra, School of Engineering, Univer
sity of Guelph, ON.

A comprehensive method has been developed to evaluate
non-point-source pollution models. The method considers
both subjective and objective attributes. Subjective attributes
include documentation support, input program utility, model
sensitivity, and output. The objective attributes include model
collaboration, model testing, and time use. The comprehensive
procedure has been illustrated with an example.

90-304. INTRODUCING NEW TECHNOLOGY ON A
LARGE SUBSURFACE DRAINAGE PROJECT IN
EGYPT
J.F. Metzger, C. Konecki, J.S.A. Brichieri-Colombi, and D.
Pulgar, SNC Inc., Mansoura, Egypt.

This paper discusses the introduction of new technology on
a Canadian-assisted agricultural development project in
Egypt. New technologies introduced are described and include
drainage materials (plastic pipe and fabric envelope), or-
thophoto mapping, electronic surveys equipment, computer
aided design and drafting (CADD), lasers for construction,
drainage installation equipment, irrigation canal gate automa
tion, a geographic information system (GIS), and agricultural
extension programs. The technology transfer process used is
summarized. Successes and difficulties encountered are dis

cussed.

90-310. POTENTIAL EVAPOTRANSPIRATION COMPU
TATIONS FROM AVAILABLE CLIMATOLOGICAL
DATA FOR THE LOWER FRASER VALLEY
Y. Gao and S.-T. Chieng, Bio-Resource Engineering Depart
ment, University of British Columbia, Vancouver, BC.

Three energy balance based equations (i.e. Penman,
Hargreaves, Priestley-Taylor) were used to compute the poten
tial evapotranspiration (ET) for the Lower Fraser Valley of
British Columbia. The correlation between the extraterrestrial
and global solar radiation was established and verified. It is
found that the global solar radiation, used in the computation
of the potential ET, can be generated from the extraterrestrial
radiation when the measured data are not available. The esti
mated global solar radiation was used for the computation of
the potential ET. The results of this study suggest that the
Penman and Hargreaves methods give very similar potential
ET values. The potential ET values computed by using the
Priestley-Taylor equation are much lower than the Penman
and Hargreaves methods.

90-311. ALFALFA YIELD PERFORMANCE WITH IM
PROVED SURFACE AND SUBSURFACE DRAINAGE
OF FINE TEXTURED SOILS
C. Weil, S. Natho-Jina, and R. Chambers, Alfred College,
Alfred, ON.

Three drainage systems were installed on a 20-hectare field
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in a completely randomized block design layout. Water table
fluctuations were monitored and the yield ofan alfalfa-timothy
forage was measured. The three systems were—land shaping
into crowns (subsurface drainage), subsurface plastic pipes
(subsurface drainage), and a combination of both. The site is
located near Alfred, Ontario and is representative of the fine
textured soil (Bearbrook clays) of the region. The systems
achieved proper control of the watertable in summer. In the fall
high phreatic levels were observed for excessive length of time
(>48 hours) in the plots where tile drainage alone (control
plots) was installed. No significant difference in yields was
observed between the surface and the combined surface and

subsurface drainage systems. With both treatments yields were
significantly higher than those obtained with a subsurface
drainage system alone. In fine textured soils land shaping into
crowns was found to be essential to improve the yield and
persistence of an alfalfa forage crop.

90-313. SENSITIVITY AND UNCERTAINTY ANALY
SES OF SUBSURFACE DRAINAGE DESIGN
G. Wu and S.-T. Chieng, Bio-Resource Engineering Depart
ment, University of British Columbia, Vancouver, BC.

Sensitivityanalyses are carried out on the Hooghoudtequa
tion to identify the most important design parameters. First and
second order analyses of parameter uncertainty are applied to
subsurface drainage system designs. Applications of the
methodare presented for the situation of two-layered soil with
drains at the interface. Examples are given to show how the
sensitivity and uncertainty analyses can be used to guideprac
tical investigations and to establish interval of confidence
about the performance of a drainage system.

90-315. IRRIGATION RISK ANALYSIS FROM EVAPO
RATION RECORDS

P. Parchomchuk, Agriculture Canada Research Station,
Summerland, BC.

Twenty-six years of class A pan evaporation records from
the Agriculture Canada Research Station, Summerland, BC
are used to simulate a continuing seasonal soil moisture bal
ance for 5-, 10-, 15-and 20-day applicationintervals. Risk of
depleting the moisture storage was determined for a range of
water applications relative to the peak use amount for the
intervals. No risk of depleting moisture storage wasobserved
for relative applications as low as 16% in May to 79% in
August. The results suggest a convenient method of schedul
ing irrigation applications by adjusting application rates
monthly so as not to exceed a desired risk level. Such a
procedure is capable of reducing seasonal water useby 34 to
40% relative to application of the peak use amount at each
interval.

90-316. BACKFLOW PREVENTION IN B.C. AGRICUL
TURE

T.W. Van der Gulik, B.C. Ministryof Agriculture and Fish
eries, Abbotsford, BC; and S.T. Chieng, Bio-Resource
Engineering Department, University of British Columbia,
Vancouver, BC.

Increased usage of chemical application through the use of
irrigation systems has led to an assessment of backflow pre
vention laws, standards, and procedures as they pertain to
agriculture. The degree of hazard, method of chemical injec
tion, type of irrigation system, topography, andjurisdiction all
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to some degree have an impact on the type of equipment that
should be used. The need for a provincial or national standard
that can be applied and more specifically enforced will be
come more evident as agriculture moves into the
environmentally conscious 1990's.

90-401. MONITORING ON-FARM ELECTRICAL
POWER QUALITY IN ALBERTA
Z J. Licsko and J J. Leonard, Department of Agricultural
Engineering; and D.O. Koval, Department of Electrical Engi
neering, University of Alberta, Edmonton, AB.

A total of 23 farm sites across Alberta were monitored for

two-week periods to determine the frequency, severity, and
types of voltage disturbances occurring in their electrical
power systems. Monitoring was carried out using a recording
voltage monitor which was used to detect line-neutral distur
bances on 120-volt circuits. Neutral-ground disturbances also
were monitored at 10 sites. Sags, outages, and undervoltages
were recorded at 91% of sites; fast transients at 61% of the
sites; surges and overvoltages at 30% of the sites; and fre
quency deviations at 26% of the sites.

90-402. DEMAND AND ENERGY MANAGEMENT ON
LARGE FARMS

R.E. Boris, Manitoba Hydro, Winnipeg, MB.
Research conducted over a four-year period on Manitoba

Hutterite colonies has resulted in determining energy con
sumption, demand profiles, and energy costs. Demand and
energy management systems have a simple payback in the
order of one to two years. Demand and energy management
equipment for electrically-heated colonies result in peak de
mand reduction of 21%. Dual fuel heating systems, propane
and electric, complete with demand and energy management
systems are considered the way of the future for Hutterite
Colonies in Manitoba.

90-403. PERFORMANCE OF NATURAL AIR DRYING
IN EAST CENTRAL ALBERTA
D.Milne and R. Brad, LakelandCollege,Vermilion, AB;BJ.
Kennedy, Alberta Agriculture, Vermilion, AB; and M.V.
Elliason, Alberta Agriculture, Edmonton, AB.

To establish a data base for the performance of a natural air
grain drying system, a cooperative project between Alberta
Agriculture and Lakeland College was established in 1986. In
the fall of1986 tough wheat was placed in three 65 m3 grain
bins with totally perforated floors and ventilated at 7.8,11.7,
and 15.6 L/s/m . Airflow, static pressure, moisture contents,
and temperatureswere monitored until the grain dried. In 1987
tough barley and wheat were placed in four bins and ventilated
at airflow rates of 14-16 L/s/m3. Fans were controlled by
humidistat, thermostat, and manually. In 1988and 1989these
tests were repeated. The equipment used and test results are
discussed in this paper.

90-404. RESISTANCE TO AIRFLOW THROUGH BULK
FLAX SEED AS AFFECTED BY THE MOISTURE CON
TENT, DIRECTION OF AIRFLOW, AND FOREIGN
MATERIAL

D.S. Jayas, K. Alagusundaram, and D.A. Irvine, Depart
ment of Agricultural Engineering, University of Manitoba,
Winnipeg, MB.

The resistance to airflow in the range of 0.036 to 0.25
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3 2m /(s.m ) through bulk flax seed was determined using labo
ratory apparatus. The effect of seed moisture content, direction
of airflow, and the amount and type of foreign material on the
resistance to airflow was quantified. Airflow resistance data
were analyzed using Shedd's and Hukill and Ives' equations.
Both equations describe the airflow resistance data equally
well. The resistance to airflow decreased with an increase in

moisture content for horizontal airflow direction but did not

change for vertical airflow direction. The resistance to airflow
in the horizontal direction was 38 to 65% of the resistance to

airflow in the vertical direction. Addition of foreign material
resulted in an increase in the resistance to airflow of flax seed.

90-405. MOISTURE CONTENT DETERMINATION
FOR FLAKED GRAINS
G. Durivage and D. Desilets, Departement de genie rural,
University Laval, Sainte-Foy, QC.

A prototype system for moisture content measurement for
flaked barley, oat, and corn and for micronized and flaked
soybean was designed and built. This system permits the oper
ator to obtain an accurate reading in less than five minutes. The
meter reading is a linear function of temperature and of mois
ture content with R2 of0.98 for barley, of0.97 for oat, of0.99
for corn, and of 0.69 for soybean. The mass of flakes and the
meter settings were also determined for an acceptable range on
the meter scale. The prototype will undergo an on-site evalua
tion before the final calibration.

90-406. EQUILIBRIUM MOISTURE CONTENT - EQUI
LIBRIUM RELATIVE HUMIDITY RELATIONSHIPS
OF SUNFLOWER SEEDS, HULLS, AND KERNELS
G. Mazza, Agriculture Canada Research Station, Morden,
MB; and D.S. Jayas, Department of Agricultural Engineering,
University of Manitoba, Winnipeg, MB.

The equilibrium moisture content (EMC) of sunflower
seeds, hulls, and kernels at 10, 25, 40, and 55°C were deter
mined by equilibrating the samples to known relative
humidities above saturated salt solutions. EMC of the hulls
was higher and EMC of kernels was lower than that of seeds
at all temperatures and equilibrium relative humidities (ERH).
Equilibriummoisture curves of seeds of three hybrids with oil
contents ranging from 34.9 to47.5% (dry basis) at 25°C were
practicallycoincident when the moisture contents were calcu
lated on an oil-free basis. At 55°C equilibrium moisture
contents of three hybrids were not affected by oil content.
Fitting of data to four sorption models (Henderson, Chung-
Pfost, Halsey and Guggenheim-Anderson-de Boer) revealed
that the GAB equation gave the best fit to the experimental
data for individual temperatures. But for the consideration of
temperature dependence, the Halsey equation was an accept
able model for describing EMC-ERH data of sunflower seeds,
hulls, and kernels.

90-407. EQUILIBRIUM MOISTURE CONTENT OF
CANOLA
L. Otten, R. Brown, and K. Vogel, School of Engineering,
University of Guelph, ON.

Preliminary EMC-ERM results for canola are presented for
25,50, and 75°C and a humidity range of 12to 88%.Data were
fitted with the Chung-Pfost and Henderson equations. The 25
and 50°C datagave acceptable fitsbut the75°C didnot.
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90-408. LATENT HEAT OF VAPORIZATION FOR
MAIN CROPS AND SELECTED FOODS
C. Cenkowski, D.S. Jayas, and D. Hao, Department of Agri
cultural Engineering, University of Manitoba, Winnipeg, MB.

Mathematical models of drying of agricultural and food
products are widely used in research to predict and compare
performance of different drying systems. To solve mathemat
ical models one requires data on physical and thermal
properties of the material to be dried. Latent heat of vaporiza
tion of water from moist product is one of these properties.
There are no data available on latent heat of vaporization for
many crops and foods. The equation for latent heat of vapor
ization was established based on published equilibrium
moisture content curves for main crops and selected foods.
The predicted results are presented in the paper.

90-409. CHLOROPHYLL CONTENTS OF CANOLA AT
DIFFERENT STAGES OF MATURITY
S. Cenkowski and D.S. Jayas, Department of Agricultural
Engineering, University of Manitoba, Winnipeg, MB; J.K.
Daun, Agriculture Canada, Winnipeg, MB; and P. Shatadal,
Department of Agricultural Engineering, University of Mani
toba, Winnipeg, MB.

A standing crop of Westar canola (Brassica napus L.) was
sampled at 1-day intervals beginning from 50% seed moisture
content (wet basis) and continuing until the ambient tempera
ture dropped below 0°C a second time. Small portions of
canola were swathed at 3 different stages of maturity. Chloro
phyll contents of swathed seeds were measured at 2- to 3-day
intervals and compared with chlorophyll contents of seeds
from standing crop. Samples of canola seeds from the standing
plants were conditioned in a thin-layer dryer for 24 h with air
at 25°C and 90% relative humidity. Chlorophyll contents of
the conditioned seeds were measured and compared with un
conditioned seeds. The preliminary analysis of data indicates
that forcing high-humidity, low-temperature air through can
ola reduced its chlorophyll content.

90-410. RANCHING THE ROACH—A SYSTEMS AP
PROACH TO INSECT FARMING
R. Kok, Department of Agricultural Engineering, Macdonald
College of McGill University, Ste. Anne de Bellevue, QC.

Insects can be grown for two main types of uses: 1) as a
source of products and 2) for employment in applications.
Products include food, feed, and raw materials; applications
are possible in a wide spectrum of areas such as pest control,
education, waste treatment, art, and recreation. The intentional
mass production of insects is an agricultural activity and will
takeplace on farms. In most of the world there is no infrastruc
ture to accommodate insect farming, and there is no
industrial-scale technology available for the design, construc
tion, and operation of insect farms nor for the processing of
insects into end products or for their utilization. The objective
is to create such technology and have it operate as part of a
stable agricultural production system.

90-501. INFLUENCE OF CLIMATE AND WINDROW
INVERSION ON HAY DRYING AND QUALITY
P. Savoie, D. Desilets, and S. Beauregard, D6partement de
g6nie rural, University Laval, Sainte-Foy, QC.

Windrow inversion is a relatively new technique of hay
manipulation to enhance drying. The inverter lifts the wind-
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row, turns it horizontally by 180° and drops it back on the
stubble in an inverted, upside-down position. The wet bottom
layer can dry more quickly in the process. The present study
reports on the effect of inversion on drying and quality of
timothy and alfalfa hays. Inversion increased the drying coef
ficient ofalfalfa by an average of0.022h"1 or28% for aperiod
of 25 daytime hours after treatment. Timothy also dried faster
on average but showed no benefit when inverted at a moisture
content below 50% (wet basis). The greatest drying increase
occurred when the windrows were inverted at a moisture con
tent between 67 and 71%. Timothy fibre concentration
increased daily by 0.4% for acid detergent fibre (ADF), 0.8%
for neutral detergent fibre (NDF), and by 0.13% for acid
detergent lignin (ADL). Daily alfalfa fibre increases were
0.6% ADF, 1.0% NDF, and 0.18% ADL.

90-502. RAPID HAY DRYING WITH SUPER-
CONDITIONING
P. Savoie, S. Beauregard, and C. Lague, Universite Laval,
Departement de g6nie rural, Sainte-Foy, QC.

Fresh alfalfa was superconditioned by shearing through a
series of macerating rolls and by compression into a thin mat
of thickness ranging between 5 and 14 mm. The total time for
the forage mat to reach 20% moisture in laboratory conditions
similar to sunny outside climate varied between 6 and 17h
depending on forage density, maturity, and to a lesser degree
on growth cycle (second or third cut). Minimum maceration
and mat compression pressure were adequate to reach rapid
drying. In order to dry hay in a day the density of the forage
mat should not be greater than 0.45 kg dry matter/m2 for
young, prebloom alfalfa and 0.70 kg DM/m for mature, full
bloom alfalfa.

90-601. NEW DESIGN CODES—IMPLICATIONS FOR
FARM STRUCTURES (CAN/CSA-086.1-M89: ENGI
NEERING DESIGN IN WOOD) (CANADIAN FARM
BUILDING CODE -1989)
D.E. Darby, Alberta Agriculture, Lethbridge, AB; P.D.A.
Johnson, Morrison Hershfield Ltd., Edmonton, AB; and D.I.
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Masse, Animal Research Centre, Agriculture Canada,
Ottawa, ON.

New codes that affect structural design of farm buildings
were introduced in Canada in 1990: CAN/CSA-086.1-M89:
Engineering Design in Wood and the Canadian Farm Building
Code. This paper discusses the details of these codes that affect
the most common elements of farm building design. The main
changes to the Wood Code are new strengths, new size resis
tance, and load duration factors; redefined species
combinations; and a single equation for computing factor com
pressive resistance. A summary of these changes is provided.
The major structural change to the Farm Building Code for
1990 is the requirement to design for unbalanced loads for
slopes >15 degrees, new "slippery roof factors, and greatly
increased loads for horizontal silos.

90-603. TIRE AND SOIL DEFORMATIONS PARAME
TERS AND MODELIZATION
P.F.J. Abeels, Genie Rural, Faculte des Sciences
Agronomiques, Universite Catholique de Louvain, Louvain-
la-Neuve, Belgium.

The deformability ofagricultural and forestry tires is related
to the effects induced in the soils. An electro-mechanical

device, computer driven, has been build at the Agricultural
Engineering Department for the direct measurement of the
deflections of the tires when loaded on various soil support and
in different conditions. It gives direct recording showing the
typical deformations and prints the flattening and the squash
ing ratios, the level of maximum deflection, and the sinkage of
the wheel into the soft soil. Penetrometer measurements along
and across the tire footprint allows comparisons between de
formation and induced effects. Therefore, the tool is useful for
the choice of a tire and for the building calculations of a tire
fitted to the supports. Due to such analysis it has been shown
in many conditions that traction is significantly improved and
damages are reduced. The data obtained are used in a model
fitted to represent the inter-relations tire-soils.
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NOTES TO CONTRIBUTORS
The Editorial Board will assess suitability and essential detail of
papers submitted for publication in Canadian Agricultural Engineer
ing. One or more reviewers will be used. Their comments and
suggestions will be compiled and submitted to the author. The review
will ensure that:

1. A research paper presents a piece of research carried to a
well-defined stage ofadvancement and the conclusions are adequately
supported by the experimental results.

2. A technical paperpresents a clear, concise, and factual outline
and interpretation of thedevelopment, design, test, or analysis under
consideration and that it is a contribution in the field of agricultural
engineering.

3.Ageneralpaper oneducation, research, orextension ispertinent
to major changes in curriculum, research, or extension or to forward-
lookingdevelopmentsin these areas.

4. A technical note, of one journal page or less, on equipment
development, technique of measurement, or method of analysis will
have an application for other workers in the field of agricultural
engineering.
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words that can be used for computer-indexing.

ORGANIZATION
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Sub-headings - Start at left-hand margin, in lower case except first
letter of first word, and underline.
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follow the Council ofBiological Editors Style Manual, 5th ed., pub
lished by the Council of Biology Editors, Inc., Bethesda, MD 20814.

References

List references alphabetically by authors at the end. Include year of
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referred to in parentheses in the text. Avoid the use of footnotes. Use
the author-date system in the manuscript when referring to articles in
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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.
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Measurements
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Equations
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