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ABSTRACT . .

The Tran<po;fatlon Problem -of Linear Programmlng is applied to the

‘ L}

emplrzgal study of the Canadlan Wheat Board dellvery patterns for Canadlan

Western Red Sprlng Hheat from the Canadian Pralrles to export’ p051t16n1ng

-

. v : The analy51s is conflned to the shlpplng costs from produc1ng reglons on

" the Canadlan’anirie to the export terminals ‘of Thunder Bay, Churchill,.

Vdncouver . and Prince Rupert. Transportation cost minimization as -

determined by the Crow's Nest Pass Freight Rates is the explicit criterion

R ) of ° evaluation. ..Three possible _sources of suboptimality' . were
. . - . ‘A .

;ihvestigated: ‘the“ additional transportatioh costs" associatee withf
supporting a system of multiple grades"ofﬂ CWRS .wheat; suboptimality -
Varising'troh_exclhsive Canadian Natiohal and Canadian Pacific Railways
"seivice’ ereas; and the‘edditionEI ttansportation costs asso;}ateé with
short term planning at the expense of ldsg term eff1c1ency Although the-

actual de11very patterns show a large number of crosshauls, the assoc1ated

tosts of this apparent 1neff1c1ency do not welgh heav11y in the objective
functlon The 1opt1mal dellvery patterns for, one comprehensive grade .

Y] . .

xreallocated a total of 4,568,226 tonnes ‘' of wheat to different
' : e oL b ° -

destinations. This tonnage represents 31% of the total tonnage handled,

howbyer,: contributed a saving of only 1.86% of the total shipping bill.

‘There is no incentive_for the Canadian Wheat Board to operate.efficiently

‘ because- the additional transportation costsiassociated with inefficiency

‘



. - b N [ R
-aré ‘insignificant in terms of the findings. It can be concluded that the

transportation tariff structure does not reflect a significant' price -

differential »between "attractive shipping routes ﬁed more. costly

\

del1ver1esu——The—tar1ff—structureadoes not—appear—to— encourage ef~*cient——f:
, . i .
~use of limited_ transport services. ‘The dual solution has limited

. - ‘

51gn1f1cance with respect to productlon patterns in the produc1ng regions
g’because the grade of wheat produced is go\erned by the uncontrollable
variables of environment and weather.',The‘producer always;strives to

produce the highest quality of wheat, however, is constrained by the

impacts of environmental and climatic variables upon the ultimate grades~

harvested.’ ‘The dual objective function indicates that ‘the present

- -

transportation tariff sttucture favours ‘increased handling capacity at
Churchill.  Churchill, -however, is subject to ‘serious constraints
" limiting its ‘ability to increase -haudling capacity. Thunder Bay

represents the second most attractive destination at which to increase

3

demands. The - favourable 1nternat10na1 price differential for wheat at

Vancouver outweighs the attactiveness of Thunder Bay based on the Crow

Rate structure. The transportation cost matrix,can be‘weighted to divert
grain delhveries from congested ports such as Vancouver and from Churhcill
- . . —— . R . .

which has its own. unique constraints. The. . mpdel does 'not consider
international oceanic transportation tariffs, nor specific destination

patterns..
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1.0 INTRODUCTION

N

- . ' v
/

Since the turn of the niheteenth‘century Canadian'Western Red Spring
v(CWRS)'wheét has served to set the;in;ernatiohai standard of quality for

the most fabourabie.milling wheats for bread flours. The Cénadian wheat

grading system evolved during the early decades of the twentieth century
to meet the éxpecﬁations of‘Europédn millers and bakers who repfesented'

‘the predomiﬁahf broportidn of Canada's international wheat market. .CWRS

<

wheat remains the most important internationally traded-graih;ip Canada o

' ac@dunting for 'approximately' 80 per cent of  grain traded'du;ing fhe

. 1980-1981 crop year. o /’:-.

The responsibility for the coordination and shipment .of wheat and grains

from the producing areas ‘to export ‘position lies with the Canadian Wheat

' Board (CWB), a chﬁn cofporation'espdblished in‘1935. In_this.fesearch

\

the tranportation coordination effbrts of the CWB are evaluated on the . -

bésis'ofvthe annual wheat delivéry‘patterh$ from Pfairieﬁpbinﬁs from July

1980 - to June 1981. Transportation cost minimization is the explicit

‘criterion -.of evaluation. The transportation costs associated with the-

aétuaildelivery-patterné from producing regions to demanding ports'aré

- compared to the minimum Cos;'solutidns_dérived frdm_the;appliCQtion of the:

Classical Transportation Problem of Linear Programming.

’
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The Transportation_Rroblem ismapplied_to_the pattern_of_shipments observed

Ay [
e

over the 1980-1981 -crop year ‘.The analysis of shipping - patterns

.

) aggregated over time1Wi11 gemonstrate the additional transportation costs
aSSOeiated with the entire' grain xtranSportationfsystem for the study‘
" period. = The model assumes that the CWB has a complete knowledge of the
availabilities of grain types throughout the Prairie region, allowing.
supplies to be'drawn from the produCing areas at any time ‘to meet exporth

COntraets. This assumption allows the'applieation of the economic man

!

assumption. of normative economics to'the shipping problem, ignoring the'
’constraints imposgd by changing rail car availability, vessel arrivals,
- current elevator stocks and enV1ronmenta1 conditions Shipping schedules

_are’ organized weekly by the CWB to meet these changing circumstances.

Consideration 'of these‘ temporal 'constraints_ is expected 'to' lead to

hoderatelv efficient shipping patterns required to meet the immediate

export demand-requirements. When the scheduling of deliveries occurs on a

weekly basis, the shipping patterns become responsive to the current .

inventories of railcars and grain at hand at country elevators as these

. constraints -become increasingly dominant in  determining .efficient

shipping schedules required te meet vessel arrivals.

The existing procedures of the CWB_do not - forecast or anticipate demands

on ' terminal '_elevatof" stocks, _country ‘elevator stocks, -~ railear
T T~ .

. availability nd delivery requ1rements for more’ than one week at a time in

; e
the ‘six week Block Shipping planning cycle -‘The fact'that each Week is

vtreated:as a'separate planning problem yields short term suboptimality at®

N

Fl
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the expense of long term_efficiency. Recommendations have been made to

.emphasize the 'long term goals (Booz,-Alien and Hamilton, IX-15) in order

to increase the Wheat ' Board's effectiveness in meeting delivery

' requirements. The cost of meeting these temporal constraints on a weekly

basisfcan'be’measured by’determining'the optimal delivery patterns over .

the course of the crop year requlred to meet the annual export demands but
,‘ \ \\

‘ confounded with pure shlpment 1neff1c1encu///
- ) \ - VN

\ . ’
\ 2

price, ‘tax ' deferral \programmes, ‘environmental conditions, producer
delivery.preferences-and\eleyatorAcapacity'1eads to major constraints in

determtining shipping'écheaules. AIn.order to‘evaluate the cost of these

\

volumes to be delivered shoufﬁ be utilized'to assess the efficiency of.the

_lxactual shippiné scheduies.t It is therefore the obJectlve of thlS study to

v7d termlne the total additional shlpplng costs 1ncurred by meetlng the

current _elevator Stocks and: envir nmental conditionsL The addltlonal

shlpplng costs partlcularly associated ‘with grade mu1t1p1c1ty w111 be

addressed specifically by'reorganizin

-segre ations-into,alternhtive grading schemes. - The Crbw RhteS' overnin
greg ; g b4

the transport tarlff structure are defln d by fednral statute for the .

‘grain produclng areas of Western'Canada;' Th Crc -5 will be used to,

The/de%ivery patterns provided by the Canadlan Gra1n Comm1551on (CGC)"f
spec1fy the annual export contract demands that must be met. - The fact

that availabilities Vary over the.year‘depending‘upon country elevatorA

.- ‘constraints in Ameeting the\ predetermined export demands, the overall

"”:”f ."constralnts 1mposedlby.chang1ng ra'} car avallablllty,~Vessel'nomlnatlon,

grades, sub-grades, andnproteinf'



N

*“analyses performed.

dﬁfinﬁ~tpansporﬁucosi_minimization_serﬁing_as_the_basis_for;the,optimality

;-
.

.
.

-The underlyihg éssumptions behind_the‘CWB's raii@af allbcation'decisiqns

- are not expiicitly defined. Generallf, weekIy patterns emerge whicﬁ seek
to ﬁinimize the<traﬁsp6rtation costS associated with eaqh of the reqﬁined
' del;veriesl Neéertheles§, thére ‘is no certaih bbjectiyevtd which the
_Bpard strivés, nér any.quahtitative meésurement available{to asseés ghe
éxtent to Whiqh.it'is achieved or tO/what extent other objectives have -

" been comprdmiéed'(Booz,-AIIEn and‘Hémilton, 1979, p.179). It is expected'

thatﬁsubéptimality will be‘revéaled by the analyses. Sgbpptimality can

arise from at least three sources.

|

1. The Canadian National'(CN) and the Canadian Pacific (CP) Railways each
. - .' - L . : - : 4

operate exclusive railroad service systems. .This exclusiveness is

characterized by, the fact that’ eéach country elevator -station is

: segvicéd by one railway company. Loadings at CP_cohntry elevdtors are’

delivered to the CP terminal elevators of Vancouver and Thunder Bay

exist at Prince Rupett or Churchill CP deliveries.to these points are

A

\ s

dictates. As a. result, the restricted nature df: the . CN and CP

-

o W? re]CP marshéllihg yards:axé'lqcated. Bedause’CP fécilities dd‘ndt.

ot‘permitted. Ldadihgs from CN points'can be delivered to any_of»thé S
'ifour terminal-lépatidns as fhey‘eéch'haVQVCN'facilit;es.' The:efore:
| supplies of wheat at CP statigﬂé"near,?;ince Rupert 6: Churchill must *

be shipped farther to Vancouver or Thunder . Bay as ‘the situation-
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to inefficiency.- o . .

-‘unloadrng facilities, rail lines and) country loading stations is

Ay

expected to cause suboptimality. the optimal shipping patterns are

detérmined for each transportatlon company by using its unique

]

network’ structure.. 0pt1ma1 patterns are also determined for the

combination of the two networks in ogder allow flows from CP origins
: , D

: } oo D o

to exclusive CN -destinations. * Total .shipping optimization ,k is

therefore permitted in the model to.assess the additional-transport‘
: - e T DI »
costs associated with railway restrictions.

a

. As suggested by the Canadlan Gralns Counc1l (1978) the relatlonshlp

between the number of grades and the trénsportatlon of wheat may be

“

indirect _but; nevertheless. imporfant K Essentlally, ;each' grade'

represents an 1nd1v1dua1 commodlty Wthh must be stored-tr§nsported

and pr0cessed separately As  the number off grades rncreases;.
- . 2

i H ' L
<transportatlon coordlnatlon becomes more d;fflcult _perhaps leading

ar

)
E

El

each grade annually Producers support the concept of-a large numbe? L

-

- The Canadlfn Graln Comm1551on establlshes the characterlstlcs for :

Of'grades to.maximize_their!ﬁ#ﬁuﬁunity to receive a higher return.fork

o N

a marglnally superior product The producer always strlves to produce

.'the hlghest qualrty of wheat however, en1vronmenta1 and c11mat1c

' varlables ultlmately dictate the grade harvested It is, therefore;

'bill. All-grain'is originally graded at countryvelevator stations and

difficultito alter.productron patterns to minlmlze the total shipping'
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7 * ' :
is dellvered by grade _to. spec1f1ed termlnal elevatorsu__Mlsshlpments

e -
occur-when a different grade isfdelivered than that which was ordered.

-Tough and damp grains are not trea}ed as specific grades during the
. . L “.‘!- .

o

s

delivery processﬁ and are_  substituted for . requests for stralght

o,
. s

grades. Once the gralnjarrlves at the term1na1 elevator, a final

grade and. value rs determlned The grain is then blended;w1th other

‘ grain of}varying grades to prepare a product to meéet the precise

CA e

‘specifications .-of each vess%l. requirement. This fact' alone

& ~

underminesv the ratiodal of the country grading system. Incorrect
. B S

‘shlpments and unnecessary long c;oss hauls may occur in- order to meet'

i

-

.the dellvery requlrements’of spec1f1c grades because the locatlon of .

L-« X

the supplles requesmed must. be determined on a weekly basis. As
v‘,' d’

1nd1cated, thls 1nformatlon 'is not always avallable or accuratelj{

" ¥ received from country” loading.stationsr
B v ’ . - [ : .

w
& . i ) Lo

S . ‘ ‘ it ' o ,
Thes optimal transportation - costs -will be defined for one :grade -

ot o . . -

encompassing‘all'the~speoific.grades shippedl This will serve as a

7( .

f'yardstiék"against whlch to measure the transportation, costs

2‘ .

gassoc1ated w1th the mu1t1p11c1ty of " grades and the locatlon of -

Y

supplies‘in the system. The ana1y51s w111 also be undertaken for a .

N,

‘\

o system free of CP and CN dlfferentlatlon 1n order to assess the costs

o

'1mp05ed by rallway 1ncompat1bi§1ty in- thls context

'The CWB treats each each week as aJseparate transportation problem.

that may compromise’ short ‘term optimality. in fayour of long term

s

Sy . B . o : - o
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efficiency. -<Country elevator stocks are influenced by a - weekly -
delivery “'quota system, reflecting the specifications. of required
supplies of grain by élevator station. Quotas are set weekly by

grade, settlng'the total number of tonnes that can ‘be delivered[to~

4

‘country elevators by each producer. Thls.pollcy prov1des a system of

e

o equlty whereby each producer has the opportunlty to dellver the

required grains to country points Whenvrequested. Whereas the quota'

. - e .
[

system sets the max1mum dellverles to country elevators, these are not’

(A‘

_ often met by the producers, leav1ng elevator stocks dependent upon ‘the
varlables of prlce and producer dellvery preferences, whrch may ‘not

; meet‘the‘requ;rements'expected to6 be on hand. LThe CWB'depends upon.a

- weekly mail 1nformat10n system to malntaln country elevator,stock ;

'inventory. Because the CWB cannot exp11c1tly deflne or determine the
§ , . (\ R

» f supplles of graln avallabﬁe at country elevators, shlpplng schedulesy :
must be organlzed to load graln where it. 1s known to be avallable .

Incorrect shlpplng patterns may arlse\?rdm the 11m1tatlons 1nherent

by I "

. in the known schedules of demand for gralns and supplles avallable to."

N
AN N

the CWB om a weekly ba51s The Transportatlon Problem derlves the
: /

Qoptimala shlpplng patterns for- theiﬂentire schedule of.demandS»and-

supplles ~on'  an annual basis as thls is the best 1nd1catlon of the-

e supplies,,both\elevatorvand‘onifarm,<that are available. o

: Ihe Classrcal Transportatlon Problem seeks the ‘minimum- cost dellvery

pattern ‘of glven »sdbplles of_,a homogeneous‘ commodlty to. demand,:,

L

_destlnatrons off’a spatlally ‘organized system. The geographlcal'
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implications‘of determining minimum transportation costs are of profound’

3\

+ 5

" importance in overcoming the friction of distance and assessing the costs
that spatially separate supply and demand points - generate. This is

especially critical in the agricultural industry where production occurs

~in sparsely' settled regions serving concentrated"points' of demand.

Reduc1ng the costs of. overcomlng dlstance has 1mportant geograph1ca1

’lmpllcatlons for’ trade. Whereas ‘the prlce of transportatlon dlrectly

~affects the. final wvalue of the ‘cOmmodity, it " is: "also critical to

'.efficiently-utilize the.availablevsnpplies of shipping servicesyﬂ Weekly,h

the CWB 1s a551gned a preclse number . of rallway cars and 1ocomot1ves w1th

o

Wthh to coordlnate th& dellvery of gralns to termlnals to meet dbmestlcv

and 1nternat10na1 sales contracts ‘ HOWever, the.allocated‘supplies of
l/ : L

rallcars usually represents a shortfall from those requlred herefore,

B4

the movement of the largest p0551b1e voluhes of supplles each week 1s;

e T

‘critical; This ‘reSearch isv important.,in'.understanding -the} spatial

efficiency’of the'Canadian wheat‘transportation.system.,
. oo . ! R . .
T RIS S . T

N

For: every .cost minimization .SOIution to' the'Classical‘Transportation“

-

sProblem there is a. correspondlng max1mlzatlon solutlon known as the dual

yv...—.

: solution. The varlables known as ui and VJ represent the buylng prlce of
one unlt of the commodlty at the or1g1n and the selllng prlce of thelf

.commodlty at the destlnatlon 'The solution to the dual problem maximizes

. the differencé between the huyingband selling.pricesf fThe'difference:is

"equal to’ the transportatlon costs. The dual varlables prov1de a bas1s of L

'economlc 1nterpretat10n of the prlmal problem whereby the relatlve'




savings or costs 1ncurred by alternatlve shlpplng schedules can be"‘

~determined. .High values of ui are located at supply regions hav1ng a
. . 4;,, “

- favourable .locatlonal advantage- as reflected by the. lowest shrppxng

charges = to. . the 'neareSt destination. erew1se,' vj"represents' the

'comparative'iadvantage of the demand 'points"competing ‘for 11m1ted:'
resources‘ Places w1th low values of VJ are favourable locatlons at whlch‘:'

7'to 1ncrease handllng Increased dellverles should occur from places wlth;

Lhigh values' of7ui- tO'places with low valueS‘of‘vj. The conVentiohal
appllcatlon of the dual solutlon 1nd1cates suppl& reglons that are best

/

e located for meetlng demands as deflned by the transport cost.. Because the-r
'final grademproduced,is‘1arge1y_determined by environmental and climatic:=_
Variahles; it_'is,ulrtuall§ lmoosslbledto'alter'productlon'patterns:tof
1dé¢réase 'shlpplng costs The::lnteroretation'fof the dual solution‘lsi-

' “therefore 11m1ted w1th respect to the produclné reglons lNThe} dual_

.1solut1on is 1mportant 1n thls dppllcatlon for 1dent1fy1ng demand porntsrgi

that are- attractlve places at Wthh to. 1ncﬁbase demand levels on the ba51s

f'of the reg10nal transportatlon cost structure.

;Thls 1nvest1gatlonvseeks to. determlne a quantltatlve measure whereby thef
73Canad1an Wheat Board can evaluate the rallcar allqcatlon orogrammes in the
‘short'runv ThlS examlnatlon"of sh1pp1ng patterns does not address thef"
. causes underlylngrthe—varlables of rallcar avallablllty, vessel arrlvals,”
leleuator stocks and env1ronmenta1 condltlons related to agrlculturalh

._“production» The goal of transportatlon cost mlnlmlzatlon is the expllclt*

crlterlon of evaluatlon as measured by the Crow Rate structure " 'The .

.




10 -

«

agg‘rega.tion.'-'. of grades of CWRS wheat’ refly,ec'ts‘ the additional

transportation costs associated with a high - degree. of structure and

- .

~—— ~

" 'multiplicity in the grading system.. The significance of the potential

savings derived from the simplification of the grading structure i$.

measured. -The results ‘are presented -in order to contribute to the

understanding_\of‘ the transportation costs associated with ‘the wheat

, 'grading and wheat export tr,a'dev_.ir'l Canada.-

{
.

s



2.0 THE WHEAT INDUSTRY OF CANADA

2.1 THEIMPORTANCE(N’GRAHJEXPORTSIN CANADA .; =

(o

The eaport of graln from Western Canada is v1tally 1mportant to the entlre
o Canadian economy. The graln 1ndpstry supports approx1mate1y 160 000
: . ,/

"produéers Total Canadian productlon of all gralns ;n the 1980 1981 crop

"year‘ Wthh 1nc1udes barley, oats, rye flaxseed -and rapeseed amounted to
”;33h9 million tonnesr _.Of’this yield,‘56é was:wheat accountlng for 19.1
.miilion .tonnesi lCanadianr Qestern' Red -Spring 'Wheat; “intérnationally
f(renownedifor*its dnsnrpassed'bread making‘qualitres aeconnted.fOr;Ss.SZ
i;(lé 3 mllllon tonnes) aof the Canadlan‘wheat productlon in 1980-1981

i

crop year 87% of CWRS wheat crop (14 'm11110n‘tonnes)lwas exported

(Canadian: Wheat Board Annual - Report: 1980-1981, p. 7). In terms of

foreign ‘trade in wheat, Canada ranks second "as an exporter -of wheat,

_ contributing 18% of the internationally traded tonnage. The wheat trade = °
: § *0e 0L L iolatly : ‘ ‘ eat t

) . . . ) ey B . o ) o . . . . o ) . ’
thus dontributes 3% to the total value‘of international trade.in Canada. -
Only lumber and mlneral products contrlbuted to forelgn revenue in 1arger.

.

» degrees over the study perlod (Canada Yearbook 1980 p. 413)

The importance of the grain trade has generated much interest in the
industry. Transportation and grain handling has been the'subject~of
;numerous studies seeklng pract1ca1 solutlons to the problems of mOV1ng‘

grain from farmslto walt;ng vessels’ to meet sales contracts; AIthough a’

\,
Cw

‘ll"'
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wide variety of 'issues have been addressed by ‘these inVestigatibns, a

[}

cfi&ical evaluation of the transportation coordination systém of the CWB
” ' Lo ' :
has yet/ to be undertaken in Canada. This thesis evaluates .the

coordination efforts of the CWB in moving CWRS wheat from country’

elevators to terminal port elevators and indicates the the transpoftatioh

v,

‘ - .
costs associated with the grade multipicity of the system. The

;ranSportation of CWRS wheat has been selecped:fo; analysis in light of

kCanéda's unsurpassed international reputation and demand for high and:

>”bakérs.:

h Y

f

consistent quality of hard red wheat.

W
- e N\
2.2 THE IMPORTANCE OF GRAIN ‘GRADING
- T - . . . o S
The Canadian Western Red Spring wheat grading system has achieved the most

. distinquished reputation  in international markets. This reputation is

‘based - upon the cénsiﬁ}eﬁt”'adhérence"to established grading sﬁandards
which evolved to meet the requirements and expectations of millers and

o

‘Wheat isxbgught in a wide fangg of qualiéies feflecting grain variety'andf

. .a. combination -of environmental characdteristics such - as soil,

v

“feftilizatidn‘andeeather, Effective marketing of grain'depehds upon the.

»knan'and consistent variation of quality within each grade in order for
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the cusfdh@r to effectively assess his requirements. -

)

s

The importance of dependable'quality of hard spring wheats'lies in the

milling and béﬁing requirements. ~Improvements in milling methods have

v
n

bgen 1argely responsible.lforﬂ the fine quality offlbread todﬂy,

necessitating . the. corresppnding production of suitable wheats. Hard

Qheats';re ﬁptédofor.the ph&sically,hﬁrd_wheat kernel, rich in prétein.

The aesirability of protein fér Baking arises f;éﬁ its positive effect on 

~ loaf yoluhe and fe#ture. The_glptén'éf_prqtein'makes'theVBread dough

elastic:engbliﬁg_it to éxpand'andbhél& bubblesvof gés:forméd.by‘the‘yeast.
i S L '

The value of protein in wheat is demonspréted by the premium paid for

deliveries of protein wheat exceeding 13.5% in Canada (Canadian Grain

Comhiésion, Grain Statistics Weekly Crop_year‘1980/1981: SlstJWeék, P.

14).

o PN

. Sy
,
~ ;

- 2.2.1 The importance of Wheat Grading Fa_ctdrs

A

" During the ninéteengh‘;entury, thelwﬁeat{prpdﬁcing régi?ns of 6anada and
the United Stafes Qére well éuifed‘for the éultivatién‘bf hardlwhéats'for
the EﬁrOpeanlﬁilliﬁg tgchhology4dgveiopea-iﬁ;Hﬁng5ry. Several quality
criteria wéfe‘:estabiished, _the"moét importa$t<'bf.lghich wére coléﬁ;,
. hardness,t'QitréodSness, and pﬁQhél--weight. .Lafér} in .recognitio; of

v,
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additional quality criteria, 'protein‘ quantity and dquality became

important _grading factors. Canada's original grading . system was

organized‘ and egtended _to meet these specifications'of European,bread
making technologyr These‘criteria have»endured‘ouer timew

The gradlng system 1h Canada accommodates the flour mlller who‘seeks a
sound, clean kernel w1th relatlvely low molsture, and’ unlform shape Wthh
- milis high yields‘easily when properly conditioned. The baker is also -
A accommodated by thlS gradlng system whlch w111 produce flour hav1ng a hlgh
.flevel of water absorptlon, relatlvely short m1x1ng tlme and capable of
produclng bread‘of good quallty, con51stent 1n.volume and texture Thesev
' propertles should,be kept unlform by the producers‘.gradlng system over
trme;~ : ':'A | o _‘l7 ﬂ‘: _“h o i"' . B
'The,fwheat‘.kernelitis‘oVoid-in shape, rounded at both ends as shown on .
jFigure i.on’page.ls.‘ The germhls promlnant at one end and-a tuff of fine
hair»at:the other. Along the ventrlcal 51de of the kernel is the crease,'
an 1nfold1ng of the bran and all coverlng layers The presence of the~
-crease compllcates any mllllng processv Wthh aims %at separatlng the
s endosperm,;»the source- of'whlteqflour, from'the enc1051ng layers 'The.A

' endosperm‘reoresents ?PProximately_BS of _the kernel ' The maximum yield'b
.of flour;obtainable from nheat kerneis by milling is denendent unon:the )
content of the endosperm and this is affected by the size and shape of the
kernels and the thlckness of the bran (Kent 1966 p 69) Up to‘SS%'of :

the endosperm can be recovered by sultable mllllng condltlons
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2.3 WHEAT GRADING FACTORS

In Canada both external and intrinsic quality criteria have been added to_

the wheat grading sys;émﬁ Today grain grading is bésea upbn the_official

¢

definitions of grédés“established by Schedule I of the Canadian Grain Act,
oo o ' ’ ‘
amended to August 1,

i97? and from Schédule'IIIléf the'anadién Grain
Regulatioﬁs aﬁended;té‘Febfuary lst, P978; pértaiﬁing t; grains groﬁn,in
Western lCanada.. Maxihgm 'to1er§nEe  1eVé1s éfl grading  faétdrs"are
estaBlished.é@hually.by'tHe Western Grain Staﬁdardization B6a¥d éf;thé‘
.Cénééian Graiﬁ CommiséiOn.' -

_This sec;ioﬁ  dﬁfli#és -thgﬁ grading cripé;léﬂfor CSRS whea; iQ‘Westernw
'Caﬁadéu Q’Alghough‘lmaqy of the; factors ihﬁipdéd . have infréq;énp'
apblications; their‘discussioﬁ’iﬁ'included fof the complépeiprésehtatioh'
. of.th§~grading éystéﬁ. In‘édd§tibn, the{faetbrs Qutlinea.ﬁeléw:méy appl§
to'ail;bf the We;térn:Canadiahigréins-(Wifh'vériations'of sbecificatipns).’

‘ and may have only minimum application to wheat. >

Official;grading of Western grains'by the inspectors of the Cahadign Grain’ e

Commission occurs at the';e:miﬁal?elévgtbfs, shown~bn_Figuré 2.on_pagé 18
. at Vancouver; ffince Rupegt; Thﬁﬁder”Bay'énd-Churchiil and at theiinlaﬁd'-
terminals- of,Calgafy, Edmontbn;'Lethbridge,»Saskaﬁoén and Weyburn for :

- domestic. requirements. Grain samples are cleaned of dockage prior to

‘grading thfough_the:use'of‘appfoﬁed cleaning equipment.. Dockage includes

-



',- . . e i7

- all forelgn materlals which can be removed from the sample of graln before
G
gradlng -The percentage of dockage is assessed and noted in official

grading records.

A,

. -« 1 <
'Grading 'Specifications can be divided into two sections. The first
section,,of 'criteriahﬁrefer‘ to .rhet‘geperal .standard.of'qnality_of the
samol|. ,'The second' seto;of;fcriteria deal specifioally with ‘maximnn
'1t01é;2ncg leyelsjof.eaoh-grading factor. Maximum grading toleranEes are:
lneasnred bynthe pereentage of kernels in the samplé’with‘the_partioﬁlar‘
condition‘or the aotual nnmber_of kernels:or kernel,pieoe53in>560 grans
‘h;noted'asuvariable JK}.: lhls neoessltates an_actual kernel connt‘of the-

‘sdmple to determine the appropriate percentages.

I L - nv.

. . » R i . - T
'VThe Canadian Grain Commission is respon51b1e for malntalnlng quallty

control of wheat for domestlc and export marketlng‘pu:poses ‘ Durlng the
1981 1982 crop year the CGC establlshed twenty three gradlng factors for
K CWRS wheat These factors _1nclude m01sture and proteln levels The .
Comm1551on has seventy 51x off1c1a1 grade cla551f1catlons for CWRS wheat
produced in 1981 1982. Wheat samples that do not. quallfy for spec1f1c
grades fall 1nto the reJected or ! sample grade claSSLflcatlons . Red .-
Sprlng Wheat whlch does not ‘meet. the expectatlons of CWRS grades fall 1nto

Canada Feed Wheat Utlllty Wheat or Mlxed Graln c1a551f1catlons whlch have =

less rlgorous_spec;flcatlons.

" The country ' eleVator_manager”grades grain whentittenters the licenced
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. . \ _ .
elevator §ystém}. When +the . grain- .is delivered) to inland or export .

- terminals the qhélity stdﬁdérds.@%e‘checked by the CGC'licéncedfinspecfbf.

‘at the point of unloading. Offiqiél grading of wheat is baéed uponfthé-v‘

following two‘types of criteria: o o . s

¢

'Standard of Quality Criteria;
a.. variety
b. test weight
'¢;  percentage of hard vitreous kernels | =

d. dég#eg,of-Soﬁndnéss of«the:kérhel

.7 Maximpm Tolerances; -
‘\ . ‘:" ‘ ,V‘ A .
S a
a. - foreign material other than wheat.
L e TS
~b. ‘wheat of'qtherA¢lassesvor;varietieS}j'
c. sprouted kernels
d. heated kernels . .= . -
e. . severely binburnt kernels, including mildewed -
" f. fireburnt kernels
g, 'odourl _
" h. dark immature kernels
- i. . ergot
. j. sclerotinia sclerotiprium

 k...shrunken or broken kernels
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. ' fo . -
i

1.  stained kernels

m. -snudge o j _
W BN . . - . :
I - n. blakk point '
v 1 ' =

.‘ . . '/ - .
0.7 stones
insect, damage

0

’ ,'“. - . - ) : . " .t e . . ,"v' a I . .
Quality Criteria» and Maximum Tolerances-specificatlons for CWRS wheat

grades are presented on 'Table 1 on _page 21 and Table 2 on: page 22

'respectlyely. he tables 1nd1cate that as the grade changes from No R SRR

through “No. -3, the spec1f1catlons, become

less';strlgent /thereby

, 1n¢rea51ng the varlatlon of kernel quallty 1n the lower grades 'The

successful lnternatlonal Parketlng depends upon the malntenance of these

.‘quallty standards

The folloﬁing:deSCriptionsﬁoutline‘the Wheatsgrading factors'and‘their.‘

» raison 'd'etre ~ The

information regarding3 grading Acriteria ‘has been :

:5 collected from the ‘Grain - Gradlnngandbook for Western Canada. Effectlve

‘to cereal technology is documented 1n Kent

'“'Pomeranz. (41971, 1978) and Qu1senberry (1967)

rv‘vAugust lst 1980. The standards for gradlng factors and thelm 1mportance

(1966), Sp1c1er (1975),

These references have been

.utilized throughout the follow1ng descrlptlons as wheat is; appralsed -

N

"'throughout the world on the ba51s of 51m11ar characterlstlcs pertalnlng to;h

“mllllng and bread maklng standards

a »
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' MAXIMUM TOLERANCES OF GRADING 'FACTORS FOR CWRS WHEAT
» .. .
GRADING CRITERIA GRADE NAME
No. 1 CWRS 'No. 2 CWRS  No. 3 CWRS .

'Forelgn Mater1a1 Other

' }W -

than Wheat’
-matter other than . " .-practically -reasonably ' -reasonably
cereal grains free - - free . free o
‘ : . -about. 0.75% .  -about 1.5%  -about 3.5%
D Wheats of Other Classes_r' N
. ..or Varieties ' R ' L . DL
* -durum’ and constrastlng : -about 1.0%.  -about 3.0% ., -about 5.0% '~ -
classes o S R B
. -total, 1nc1ud1ng durum “-about 3.0% - .-about 6.:0%  -10% =
"and other varieties B ' L Lo e
) S S o
“j_”;_’“‘Sprouted ‘ S 0M5% C1.5% 0. 5.0% .
.. .. Heated, 1nclud1ng Severely S 0.1% O 750 s 2.,.0%:
-Binburnt : . o ‘ lo
Severely Blnburnt, 1nc1ud1ng 2K : 5 K 10 K
. Mildewed Kernels ‘ e S
Fireburnt’ : Nil.’ : Nil - .- Nil B
_..Dark Immature Kernels 1.0% 2. 5% o 10% 1.
‘Ergot - . 3K;;-,//}K 2K
- Sclerotina; Sclerotlorlum 3K .~ 6K. 24 K-
- Shrunken and Broken (Total) 7.0% 110 % g*-- ,
Shrunken"' . v76, % v‘_I0.0%ﬂ,‘ 15. 0%;
" Broken 6.0% - - 10.0% .-
']Stalned Natural . 0.5% . 2.0% . C5.0% .
S : = Grass Green ©0.75% .- - 2.0%. ©.10.0% . :
: - Pink " - 1,5% 5.0% S 10.0%
R - Art1c1f1a1 Nil .- 5K - 10K -
Blackp01nt - 10% o C15% L 35% .
Smudge." 30K - 1.0%7 - 5.0%
* Stones' 3K 3K 5K '~
. Insect Damage o : AT S
Sawfly and Midge 2.0% . 8.0% - - 25.0%
CtLo% 3.0% 8.0% .

. Grasshopper/Army Worm

From:

;Graiﬁ_Greding‘H,ndbc .
August-1, 1980.

¥ for Western Canada Effective

v Canadian Grain Comm1551on Wlnnlpeg,
B Manltoba pp 21 23 24 26 .
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Standard of Qualitx Criteria

P

«

'Variety‘. ‘

‘~Test Welght

The"variety of wheatfis an important~grading faetdr; The

phys1ca11y hard red sprlng wheat kernels are most sultable for‘

'hlgh quallty bread maklng because they yleld a strong flour r1chh‘

dvln-gl%;en_and protelns The hlghest grades must be equal to orh
‘.snnerlor to the qualltles of the Marquls wheat For seven
',decades Marquls wheat has been produc1ng the hlghest quallty ofd
_ijhreadihaklng,flour., ;t,eontlnues:tofbe_the 1nternat;ona1_standard :

' fer. hdilrngf and”;baking reduirenentsfﬁiﬁarduisfvwheat ’has heen"e‘

.repiaeed ‘over..the yearsvby higherthelding,.earlier maturing;h

: rust re51stent varletles N This,wariety, however, eentinﬁes'td
set, the 1nternat10na1 standard for.. hard red sprlng wheat due toﬂ'ff‘

1ts eXceptlonal mllllng and baklng characterlstlcs,

Degrading - occurs' if the sample 'contains- ekceSsive amounts7df '

o

other ciaéses'of'varieties'of wheat Table lon. page 21 1nd1cates.

vthat No 3 CWRS wheat may be any red sprlng wheat of falr mllllng ‘i-;~

K Auallty, wh11e Marquls or a comparable varlety is spec1f1ed for‘

- No 1 and 2

The test welght of wheat per hectolltre of kernels estlmates .
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- the weight of a fixed velume4of‘grain'and_gives a rough indication °
N . T P N : . v - .

B : . \ . - . ! v B ( ' : :
"of kernel 'size ‘and shape. Wheats of a 'high test weight are

.-,usuaii§ﬁ:¢ons%deted‘ to .mili 1more /easi1y and‘have hiéhereflourl'
'y'i'eld's-,"'thu's‘ e;pi'aining ‘the h.i‘ghe’st t,eSt v.iei,ght' .f_‘o'r. ‘csz No.1 ‘on
'Table 1 on page 21. The'highhtest weight'refiects a;lowfmoisture
jlevel in the sample of whole, Unshruken kernels waﬁhoistﬁte“

:—,cehtent in milling‘wheatsﬂis most'favoprahle fot.beth steragezaha

h’ibread maklng act1V1t1es NeQertheiess,'these measurements tan be. o

mlsleadlng as weak mealy wheats have hlgh test welghts

] .
~

i Peteehtage of HardjVitreousiKetnels
'{Thevhardaess ahd\softnesshof:a-kernel.refersﬂtehtheﬂway in’ -
whlch the endosperm breaks down 1h the mllllng ptocess '-Vitteeus‘
'i7kernels arej.whoie,‘ reasonably sound» kernels shew1ng fc1ear'1
1‘evadenCe.e£.hard;hess Natural v1treou51ty, or hardlness, refers“
te:the-teddish=cevetlng'of the»kernel wh;ch xnd;cates.hardlnesse
:_Qithoﬁthdieectionioffthe‘ketnel. -
'it"thefshffaeeFBff.theA;heatfketnei'ais'ho;stenea'iiéhtlyvand
.Hffunlformly durlng an abra51ve: ptecess ~in -m1111ng kno&hh as','
ipearllng, the outetilayer of- the'btah quackly absorbs m01stare.
The seed-coat 1s relat1ve1y'1mperv1ous and'hlnders the dlffu51on .
jpteeess of m01sture from the bran to the endosperm exceét in the :
'v;c1n1ty -of.‘the germ " 'When the kernels a;e allowed to’ dry; a.
ﬁatterhliefﬂetachsiappea;s fol{ew1ng the l;nes:of the;endospexm .
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' cell hgpndaries. Hardness affects 'the ease of- the detachment of

o o LTI - : g
the endosperm from the cracked layer of bran. The endosperm cells
p . T ) -

N

of hard wheat' can be removed more easily and remain more intatt

than ﬁhose'of'softer‘wheatf.-v

Hardness also refers to the way in which the endosperm fractures

} during the milling processﬂ A hard'nheat kernel fractures into

regularly shaped free flowxng partlcles Wthh ‘sieve ea511y
Slev1ng occurs: before grlndlng or reductldn of the” endosperm in
horder‘tonseparate the bran from the endosperm; ,At the initial
'stageszof the milling procesg; roller mills With flnted rolls.onen:,
'ltﬁe kernel tofeXpose theAendosperh;'iThe:percentageeof‘endospermi

'recovery depends upon the individual'kernel.' The»endosoerm of

Aidhard_vitreous kernels is'easily and mqst5cohpletely recovered.

-The top'grade speclfies”the highest'lehels of.VitreonsTkernelsias
" ‘noted ondTablevl on.page 21.

Non V1treous kernels are relatlveﬂy hlgh in starch as 1nd1cated

. by the pale starch spot in the kernel, v151ble through the bran

ngh starch content 1ncreases the water absorptlon rate of the

‘;..flour in bread maklng The net effect 1s low bread ylelds

Ndh-vitreous .kernels also 1nclude broken -and badly damaged:

-.kernels and all kernels of contrastlng classes .. Broken and

damaged kernels affect the removal of /he. . germ and‘mdisture

VabSorption ‘durlng’pearllng. The exposed endosperﬁvof a broken .

.
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kernel 'absorbs the pearling liquid and becomes damp. The
[ ' o '
‘endosperm, however, should . retain its low moisture level for

4_Th4 gradihg hfacrers‘ included ' in determining the ‘general degree of

mIIliﬁg.: In addltlon, 1f the gern is not completely ‘removed the
"fldur‘ colour :and quallty is compromlsed. There is ' no m1n1mum
"’specifieation' for vitreodsj'kerneis for No. 3 CWRS, suggestlng

that the kernelsv are non- v1treous and possess less desirable

‘characterlstlcs.

d. Degree of Soundness

Degree of soundness refers to the maturlty and condltlon of

the‘kernel. ,Proper maturity of the kernel ensures the expected

proteln level Mature kernels are the most sultable for mxllxng'

o high ylelds of flour whlle proteln affegts_\\e yield of the flour

. 0

in bread making. The hlghest grade spec1f1es the Well matured and

o

damage free characterlstlcs

a

' ¢ Bleached kernels resdlt fromva_variety of conditibns. Bleached
kernels affect the colour of the flour. :Frost and wed{her damage

are .alsb,‘gpnsidered ‘in assessing the overall soundness of the

I

/Soundness specifications are detailed further under the maximum tolerance

o

. levels in order to determine the most suitable grade, ' N :




B )

L : - ‘ 27

'2.3.2 Maximum Tolerances of Grading Factors

S anee

‘i

. ~
!
1

|

“

Table 2 on page 22 specifies the‘maximum tolerances for the remaining

grading factors. Below, each factor is éxplaiqed fﬁrther.‘

’
e

. . ’ N

. a. Foreign Material other than Wheat -
Foreign material is all material ‘in the\Samplélother than the

- Lo A ( , . .
' same class of wheat remaining in the sample after dockage has been

PEPN

“removed. .Foreign material is classified into two categories:

P

—_ maﬁter‘ other than cereal  grains' in the grade 
definition includes largé seeds and seeds of othérv,

grains such as domestic buckwheat, peas, corn, beans
. - \ N -

and weed seeds. : AN

N

.-__~' o ‘ |
wheat ‘refer to rye, barley
Co _ N\

— cereal‘g;ains nyei‘than

. o ) and oafs; | |
»Table‘z on page 22_ihdic§;ésﬁthat tﬁé highest qhality'grad§§3qf
| Qbeap_are yifﬁually‘void"qf‘otﬁer.@atéEialéf‘vSpecific>toierances
Qf»%ﬁesg:fac?o?s-?éry;for the 1§wéf gréaésﬁ to é maximuﬁ'bf 3.5%"
:ofrcgréal grains othe:zﬁhan,whéat based on the;ﬁéightV(pérvsool

.grams)’of_the sédple;“

T
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Wheats of Other Classes or Varieties
' '

Standard of quality criteria indicate the varieties of wheat
_ which cen be considereﬂ'fer eech grede as sho&n on,Tab1e>2 on page»
22. Kernels which ere considered.wheets of contrésting ciéSsee
'a;e‘ counted - and indicated'»as a percentage of .the veample:
Constrasting varieties are not a serious degreding facter,
'honever;"kernels ef.‘other Verieties a:e noted in  tne ‘grade4
'speeificatien. In additienvthere are COnfraSting classes such as
. Red Wlnter, Soft Whlte Sprlng, Ambur Durum, Ut111ty and Canada
"Feed Wheats. \Thls spec1f1catlon ensures the rellablllty of the;
buyerjs‘expecfatidn of each grade.
Séroﬁted.KexneLe E
.. Kernels are classed as. $prouted wﬁere there is elear’evinenee
. , - \ e s ] .
ef germination'ac;iyity¢within theekernel; ' The bran becomeS‘splitv 3
. due ‘noe‘gndafh['ﬁDisceléufation- §£1the'endospern'occﬁrs during -
Spfonting, éffecting 'flour,,colbnr; The sproutlng act1v1ty of 
v_germlnatlon also alters the enzymes of the’ endosperm creatlng a-
sticky dough negatively affecting bread making qualities; Table

2 on page 22 notes fhe\;eximumvfolerances of sprouted kernels in-
de. 1 CWRS is O. 5%,,rang1ng to S 0% for No.3 CWRS. Ke:nels W;th
eiightly -swollen germs or- w1th a sprlt bran'witheut'apnefen;H
‘sprouting'activipy'ere noi egnsidered esfsprented.va |

K

ﬁeated,Kernels,'including Severely Binburnt Kernels
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' Heated kernels have the typ1ca1 colour, taste and odour of

wheat that has been heated in storage Heated kernels may include

rotted, mouldy or badly mlldewed kernels Rotted and- mouldy']

_kernels are recognlzed by thelr dark colour and obJectlonable

0 P

odour. In addltlon bacterla alter the chem1ca1 constltutlon of.

the endquerm.' If rotted‘kernels are in excess of 10%.of the

sample the term 'rotted :kernels' is applied to the name' for

grading purposes. Heated kernels tend‘to}haveba‘toughening affect

on,the'gluten, reducing yields and producinghpoer,crunb,texture.-

<

Heated kernels have tolerances ranging from 0.1% for No. lbto 2.0%

- for No. 3 CWRS.

.\;

hThe graddng'teleranees.i3> heated‘kernels.canlinelnde s?verely‘_'
.binbnrntd'ﬂkernels and ~ are,' included ln the 'tolerance
"sneclflcatlons Severely binburnt kernels haQe spec1f1catlonsi
‘ranglng from 2K to 10K. The»seterely‘blnburnt clas51f1cat10n _
applles whenlablnhurnt kernels are in » bmbination with heated]'

"kernels.ln excess of 10%.

AL

Severely Blnburnt Kernels, 1nclud1ng Mlldewed Kernels

,Blnburnt‘kernels have'been heated'ln’storage. Thls generally

Foeeurs “from the heat generated from- the metal storage drums
,\Rotted, 'mouldy and badly mildewed_kernels blackgned.throughoutb

are classed as binbnrnt; Unfavourable taste and odour result in

addition to discolouration, cdmpromising flonr quality.

oy
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_ Mlldewed kernels usually have dark grey streaks on the 51des of

’ the kernel toward the brush end Mlldew is a very slow growrng,
vharmless mould. Its degrading faotor is based upon_the\kernel
appearance. Samples'containing'mildewed‘kernelsvwill be degraded .
ﬁ on the 4incidence' and‘ severity ;of' kernel damagel.by mildem:‘
Sevé?61yl mildemed kernels; blackened throughout; are graded as
seyerelyibinburnt,. o | |
fireburnt Kernels

- Kernels scorohed by fire‘ are. classed'.as fireburnt; Such
kernels are notlceably black w1th obJectlonable odour | BecauSe_
1t 1s not, poss1b1e to separate a11 the kernels affected by smoke

'v"or heat in wheat whlch has been damaged by flre,.ail regular

-4,:grades of wheat must be free from a11 flreburnt odour and kernels

odowr Lt

Wheat that has a dlStlnCt ‘odour other than that assoc1ated--"'

w1th heated or flreburnt kernels w1ll be graded reJected‘,"
'faecountvof'odour,u.Top_grades of wheat are v1rtual1y free'fromhany.
'kernels haydng"unnatural’or objeétionable‘odours: Samples having

"a smutty odour are classed under this grading factor.

. - Dark Immature Kérnels
The term 'dark immature' is used to deécribe darkened kerriels

~which are also referred to _as~ﬂ'swath.heated"kernels,':These o
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- kernels are similar-“in_appearance to'heated-kernels,qhowever,

they are sound throughout without~the'associated heated taste.and

odour. The 1mmature nature of the kernels and their colour affect

‘milling and bread colour and quallty The toleranees for dark "

1mmature kernels range from 1 0% to 2. g for‘No 1 CWRS and No 3

CWRS, respectlvely,'

Ergot

Ergot is a minor disease in'wheat. It 1s, however p01sonous

“to man and domestic animals Therefore kernels affected by ergot‘=

o degrade a sample apprec1at1ve1y for medlcal reasons. ’Maximum

tolerances are expressed by percentage or. by the number of kernel

’“51ze pleces of ergot in 500 grams. For No.{3 CWRS-the’maXimum isn .

24K or o 25%. ";l.,

Sclerotinia-Sclerotiorium. B

- Sclerotimia sclerotiorium. is a disease, similar to ergot,.

<

which produces fungous hodfes.. Itsfbacteria_leads to-digeStive“.'

.

disorders in livestock: and. humans. "Natural immunization from -
" this bacteria is common, . however, not international.' Therefore,
‘internatiOnal diStribUtionv of this condition is minimized. As. .

“with ergot simllar tolerances are applled a maximum.limit‘of :

j-o;zse or 24 X for No.. 3 CWRS

"Shrunken and Broken Kernels . . . ﬂv.l_



Shrunken kernels  are whole kernels -that .are otherwise '
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'.reasonably'soﬁndl .Broken -kernels inhibit the proper completion °

. of . the temﬁering process where the germ  is removed from the .-

endosperm 'before<'mi11iﬁg; Sﬁrunkeh kernels . also’ éffeet ithis

‘procéss as.thefwfinklédvnéture ofsfﬁe'bran inhibits the affect df

tempering ‘or peafling-~' Shrunken'»and brokeh'\kernels are, .

tﬁerefofe; less su1tab1e for m1111ng than whole, sound kernels '

| Maximin ‘limits for No. 1 CWRS is, 6 o,o,.No., 2 CWRS is 10.0% and

15.0% for No. 3 CWRS.

. vStaiﬁedzzernels‘ :;5 .

" ~Kern

with}fereigh.sebstaﬁcesssﬁch as.weed‘steip:e'Akstained apéearaﬁce;‘
of a kerﬁel eCCﬁrs-Qhen-Wheat;eoheseinﬂcéﬁsécs withrfhe-sap'ffem.» ﬁ
T'green foliage of a varlety of plents' Naturaliy stelsed kernels]f
‘must meet the maximum tolerances 11m1ts ranglng frem 0 S% for‘No”..
: 1 CWRS to' 5. o% for No. 3 cwns.' Up to 2. 5% of Grass Graen and P1nk.'

"kernels may be removed and assessed .as. dockage to 1mprove the’,

- "sample . Rema1n1ng material must meet maximum tolerances noteH on"

.Table 2 on page 22

Othér types of staining occur when kernels.are in- contact with
rner b ? 5 06 WHSL  ERINeSS. are. A act witr

"0il,. grease, paint, soil and soot. It is a degrading factor known

as 'artifical' as staining affects flour colour. e

is'gcan:fbecqme ‘naturally stained by coring in contact

6



-~ Smudge .

Cn

" Smudge refers to a black or dark brown dlscolouratlon -or staln '

: 51m11ar to blackp01nt however, extendlng beyond the germ area of
_the kernel. ltl'can 'alsol be 1dent1f1ed by the reddlsh
ildentlflcatlon assoc1ated W1th some plant dlseases ﬁaximum
;tolerances spec1f1ed for snudge, 1nclud1ng blackpolnt range from‘

10% to 35%

'g'Penetratlng smudge 1s dlscolouratlon extendxng throughout the-
'endosperm ThlS is usually caused by a serlous 1nfestatlon ofra

hfungous plant dlseases

‘r""
«

;Blackp01nt Includlng Smudge

Blackp01nt is" a’ dark brown or: black dlscolouratlon caused by_ -

‘plant dlseases (helmlnthosperlum satlva) ‘ Max1mum tolerances*~ "
apply to a moderate degree of dlscolouratlon conflned to. the germ<~‘a
'end.i Tolerances may be reduced accordlng to the severlty of the

zstaln and 1n con51derat10n of the overall quallty of the sample

. Stomes -~ - ..

' ‘Stonesfinclude‘hard shale; coal 'hard'earth'pellets”or otherf-

"materlal -of 51m11ar con51stency exceptlng fertlllzer pellets

"Any mater1a1 that 1s readlly removed by ordlnary cleanlng methods'

’:may be assessed as. dockage Grade~tolerancesvfor'materlal classed

as stonese are .established,_forv material'_thati’iS'7not'.readlly.’

-
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separable. Tolerances ‘are expressed in number of stones’ per 500

[

grams, ranging from' BK' for No 1 CWRS 't‘o“‘SK_fo"r“"\Io 3 CWRSTJheat
4Wh'e‘re it' is ‘not pract1ca1 to use count quantlty of stones is

expressed by percentage Welght

p- ' Ihse'ct Damage . - -

Insect damage can 1nclude Sawfly, Mldge, Grasshopper or Army

”-.'WQrm '1nfestatlons. Sawfly and Mldge damage \;s c-haracterlzed by

sh.ri.velied.' 'or. distorted kernels. Grasshopper _ and Army Worm' ,
.damage is characterlzed by kernels that are chewed~ usually on the 4

.sldes. The tolerances noted ‘on Table 2 on page 22 -are not' R

\ .

Y

the sample

233 ‘ fRejectedv'- and 'é“ajrnple"- Gr'ades”- L

.‘.\ ..

A wheat sample may seem to quallfy for a partlcular grade however there T
"may be unfavourable characterlstlcs that w111 exce551ve1y degrade the .

sample. In thls‘-clrcumstance the term re_]ected vis added to the grade‘

"(:

"name for - whlch 11: would otherw1$e quallfy w1th -a notatlon of the__.

_ass‘oc1at'ed d_eg'radlng_, factor. : Such grades -_can -be riurther' cleaned' or

' absolute. maximum vtoler‘ances The a551gned grade _ takes ~into o

\account the varylng degree of damage and the overall quallty of . o
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C W

reJected““ls“made part‘of the grade “rame- to 1nd1cate an ﬁOff grade e

',h.Class III» grade because of 1nseparab1e mlxture or condltlon other than-

o mOisture that‘is hot,permitted“in Class‘I‘(Statutdry'Grades):or Class II, s

(Special) grades. .

'

A

‘IWheat ‘that does. not’ quallfy for any grade, 1nclud1ng a.’ reJected grade is,

‘.4to the major. degradlng factor When a shlpment of}graln has reason to be

‘graded samplej, The term sample is added to the grade name in. addltlon

,classed 'sample' in addltlon\ td reasorns fbr'whieh'it could be termed

'rejected' the whedt assumes the classification of 'sample'.

~

A precise order of preeedenée‘is‘given by- the CGC~injorder‘td_determine

the primary and secondaryfdegrading_factors."-Thegorder.of precedehcegief

'.as.fqlloWSi5'

’f,_.salvaged Qﬁéatlf‘
:Firehﬁrnt..
;;_}Excreta
'1 Ergot ‘
U:OdOur'VT” ;”‘
1.Rotted Ké:ﬁéis'
Heated{Kerﬁels
' Milde?edhKerheis"
'Damaged_Kerrneieub'v -: o '%;?T ;: e .'ﬁ.z\tfgﬁ

 Stained Kernels

blended with. ether wheat in 'erder tb-'standardize ,quality The term .
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Sprouted Kefnéls

‘_ DfiediKernels*J" e - -
Admixtufe ‘ R oL o o -
Stdne§[

‘When there are two or more reasons for classifying wheat 'rejected' or-

" 'sample’ .only the primary factor is included in the grade name: ~Secondary

- .reasons are noted.

2.3.4 .N‘I‘oistu're Testing

‘Moisture. content-,éffec;s 4both‘_the ‘grinding and sifting opératiohs of

milling. - Génefally; anthexmdiStune content' of the kernel increases; the.:
_brénybe;omes_tdughtand less brittle while the endosperm becomes mellow.and
moré'friable.' Howevér, fhevcohesioh betweénAthé bran and ﬁhé'énddsperm j

" becomes Stronger, SC’thatﬁthé'endogpefm'isfmote difficult to femqvé from -
. fhé bfan,‘5As vhdistﬁ:é level inc:eééés; the!séphration'bfvthé particles
by sieving also becomes more difficult.ﬁ

Moisture- testing  is 'pérformeg in accordance with the CGC inspection”

«

Q'guidelines.‘ Offiéial'moiSturé meters are used to‘détermine the percentage: LT

of moisturesin the sample. When wheat contains excessive, moisture, an
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approprlate term 1s added- to'the grade for Wthh it quallfles, -Samples~

-

w-——~‘~—-~—~-—are graded—~tough—~when m01sture content—ranges*between‘14“ and*i/” Y

o7

Damp .samples have an excess of_17. °% moisture content. . - = 4

- i

There are-‘natural and artifacal*processes utilized'to reduce moisture
: S . B ‘
1evels for storage and mllllng purposes ‘Natural heatlng 1s achleved when

dry wheat is m1xed ‘with kernels of hlgh m01sture content and stored The L
‘sample m01sture level 1s reduced over time. The endosperm is4nOt effectedi
:by thls drylng purpose MechaniCalfdryers can also-he used to dry wheat;v
’Although damage can result from thlS process, 1t.lS 11§requent The a
.reJected and sampie degradlng factor termed dried refers to damage -
-deaused by art1f1ca1 drylng procedures Less elastlc and’ exten51ble bread
- douéh 1s-caused.hytsevere‘heat‘treatment.of wheat'wh}ch tends‘to mike thep; -
,t " glutten harSher:and toughef;fypldur yreld’and;crumh.texture are therefore . !

affected.

' 2.3.5 Protein Testing

Proteinrlevel'is not defined as'a grading’factOr, however, it is assessed
‘- because of premlum prlces :paid for hlgh proteln wheat Protein is‘not a o
nfactor determlnlng m1111ng quallty except 1nsofar as the proteln content

.'tends to be higher in vitreous kernels. ;The Strength of the flour'refers.



I .__m--the f lour

of the gluten.’ ﬁﬂ'vyfﬁl. Lo

~_When wheaten flour water yeastland salt are comblned 1n the bread maklng

o

. 38"

: : ‘ :
. to. the baklng character and 1s hlghly dependent upon the proteln level of '

e

L Flour proteln content is ‘an extremely 1mportant baklng property because,

all other propertles are a. functlon of proteln qual1ty These propgrtles

'rnclude, water ‘absorpt10n,‘.m1x1ng ‘requlrements; dough handllngfv loaf

K

volume and bread crumb. Bread quallty is measured by the water absorptlonﬁ

capac1ty of the flour and the power of the flour to produce large well

< A ot

s-shapedeloaves.' The’productlonfof well shapedrloaves depends upon‘the-gasf

fproduction, gas-retentionfand'thebphysical'extensjbilitjland‘resistence

-

- - c-

o ow

.-

’process)» the proteln in the flour beglns to absorb the water &o’ formr~

PN ) tl s

- gluten. - Starch also absorbs water The amount: of water absorbed to make
”a dough of standard con51stency 1ncreases in proportlon to the content of

wprotein and,damaged starch present Only damaged or broken starch cells

can:absbrb'Water' Damage to the starch cells occurs durlng the grlndlng
process'of\millingu' Flourjemzymes~are;ab1e 'to attack only the'damaged3

.
. .

- starch. - It is, .therefore, .essential that‘athe flour contain adequate:- =

vl\\‘

'damaged starch'to supply sugar“during fermentationﬂ Severe over grinding :

a’

durlng the m1111ng process causes’ exce551ve starch damage ThlS has the.F

effect of reduclng bread volume because of exée551ve water absorptron

)

-

The protein in the  flour ‘combines»'withf-water to form the extensible
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vfglnten.“vThevactdpnvofzglucose and frnetose emzymes of flour on thehwater.’
;“_r_;“;rrmeandrstarchmproduceéaearbonmdiogideewhiehmaerates_themdhughq:_Themanonnt»dfwm;__;“m_
fgas'nroduced depende‘npen therquantity of soluhde sngars in the'flour.v-If
‘there are net enengh.damaged‘starch eells, emzymes'eannotlgenerate enough
'gasb for quallty yleld and texture >G1nten; while'being suffieiently
’bexten51b1e to allow the loaf to rlse must be strong enough to prevent gas
from escaplng too readrlyvas thls would,lead to ;oaf collapse. Therefore;
y'adeQuate bnt nbtf exceesiVe gas mnstvbe‘produced during.fernentat;on,
otherwise' the,loaf'wilfﬂnot‘dnriate'suffieiently ‘The valne of hrgh
prdteln wheats rs reflected by the hlgher prlces recelved at the Wlnnlpeg.r

'Commodlty Exchange CWRS is sold at proteln levels of 11. %, 12. %. and -

13.5% (Grain-Statistlcs»Weekly: Crop-Year 1980-1981 Slst Weeﬁ cpLo14).

ExtrabNo;'i andIExtra Nb.'2 CWRS wheat grades were establrshed for the

crop year under study for wheat 1n excess of 13 5% proteln content

... 2.4 CONCLUSION

. /f" : . .
‘Canada s reputatlon as a dependable and con51stent producer of the hlohest;f‘

7

: quallty of CWRS . wheat 1§ derlved from the r1g1d adherence to the gradlng”:‘- .

+

cr1ter1a ‘and Spec1f1cat10ns establlshed by the CGC The many criteria

<acon51dered in determlnlng the approprlate a551gnment of wheat produces

‘grades w1th con51stent quality and a hlgh level of unlformlty exlstlng

s . - ) . ) . ’ . - Sess
. - : T .
E— . . K (.Q_ b

i . . N . Y

., o . . . o - : ) ) , i, . L . . » .
R . - . . oL .



. within each grade. )

During'the'mid¥n§neteenth century'the steamvpowered rollermilling method
was deveioped .for grinding*_grain ‘hetweer .oIllers. hThis method was
Vpartioularly suited to the niildng of hard wheat‘varieties; capable of
produc1ng h1gh quailty leavened bread The process was successfuily
_’developed 1n Hungary and‘by the Lnd of the century had been established

»Athroughout North Amerlca

flours produced in'milling_are'classified as 'strong' or 'weak' depending .
;upon the'nature of the wheat from which they.are milled. A'stronggflour
'has the'capac1ty to’ produce large porous loaves of fine and evenltexture
| ngh strength 1naflour is related to hlgh ‘gluten content, providing h1gh
elastlcrty- and h;gh ten511e.strength (Petersen,_1969,rp. 113). Strong
wheatS‘are usually rrbm‘the_hard'endosperm warieties, howeverf notrall

hard wheats have strong flour. Strong wheats with strong~g1uten are .

partlcularly suited to the productlon of hlgh quallty leavened bread

"_Canadlan grain marketlng efforts are based upon the productlon technology

N

‘1‘for high quality' wheatén bread. This emphasrs is respon51ble for the
present':grading ‘system forihardhredAsPring wheat. Any'of:the éactors’
'fgtaken by 1tself glves a guarantee or assurance of either m1111ng quallty,
. of the wheat or - the baklng quallty of the flour - Overall, however, these
‘eriteria establish grades that arevhlghly favourable for bread making.
- fhefimoortance-of the high'protein:level'and the strong giuten'content ig .

-

critical -tor:~the' successful marketing of CWRS wheat to specialized



Y

o international markets.

The bread loaf size and texture is related .to the numberfgf damaged starch

. eelis in the flouf} Starch granules which are detached from the protein

+of the;kernel are extremely'difficult to damage'mechanically. Hard wheatri
. oo S N T v C 4 ’ R . L . :‘:.\"\:,':
kernels are initially split alohg the cell walls. The increased pressure .

“of the follermills ‘cracksv the ‘starch ‘granules, thereby creating the.

damaged ‘starch ceils'necessary for the production of leavened bread. 'In

o

_ gonttast;'the stafch granules of the cells of a soft endosperm are not
s ‘damagedvBy'follermilling]action.' The harder wheatsvcan produce the most. = -~
v » --de51rab1e amount of damaged starch cells, thereby regulatlng the water

'absorptlon rate of the flour for the productlon of a spec1f1c load shape

P

. and size.-

*  Since the 1950'5'andfpariCulariyv;ince’theﬂmid 1960's the export market -
‘~for CWRS wheat: haa ;hahged quite noticeablyh(Tipples,'19763‘p._48§).

- . ' " E N 2 - . - A . “' RN . L
Total éxport trade_ haSu been increasing, especially trade with ‘Asian- - -
A : . ' ) . ~ - i

countries. European trade, hOWever, has decllned The international

productlon of soft wheat is steadlly 1norea51ng, meetlng the}égmands for.

'~wheaten products -in developlng natlons.- Whlle the 1mportance of bread 1n

oy pe — e A

‘Qj‘ total - food coﬁsumption ,ih: developing nations jisilincreasing it is 4

‘decreasing component -in’  European.and North American diets which have
historically formed the traditional Canadian export warkets. ... - ° S

¢ ~ ©

N e S ; . . . o
- Canada's major, international trading partners. for the soft wheats used for.

¥ -
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cake and cookie production include developing natidns. Production and

trade in the softer wheats is increasing worldwide.. This is directly

.associated with " the charnges in wheat technology- 6ver the past twensy

fears. Fhe. recent development ‘of Chorleywood bread making . process

requlres less hard. wheat and a correspondlng increase in the proport1on of

e . R

1

soft ‘weaker wheats_.of lower -protein. Soft wheats ,are domestically‘
produced in ”manyf?of'fcountries which import.hardfwheat ~Despite .this

Qchange in technology, ‘Canada has opted to contlnue its empha51s on the 'k

‘.

dproductlon of hard wheats, whlch when blended W1th weak flour ‘has the"
capacity'to produce porous loaves of Satisfactory-yolume; with‘evenband

fine Erumb texture. Canadian CWRS wheat was formally;used'predominantly'l
v Europeanh markets, - usually in blends"with ,weaher; wheats for"bread
e o 3 R R S PR S ‘ ' ‘
. . producticn (Tipples, 1976, p. 485). .. -* - . SRR b

:

: Thisvanalysisgmeasures‘the COst.associated with the‘grain'transportation

System in'Canada. The quantltatlve measurements are compared to the cosﬁ-“

b}
'assoc1ated w1th aggregated gradlng s%stem Aggregration>of the'numbér?ﬂi

- A .
grades 1s expected to decrease total costs assoc1ated w1th the dellvery‘
:patterns However,?the relatlve_sav1ngs-must be.ldentlfled as-51gnificant,

;1n order for the present gradlng system to be cr1t1c1zed on the ba51s of

o
» ) :

" the analy51s presented 1n thlS 1nvest1gatlon

.



“3.0 THE WHEAT TRANSPORTATION SYSTEM IN. CANADA -

3.1 SYSTEM-OVERVIEW-— oot

[
e

The‘-wheat,7transportation,'system repreSent a.process'whereby grain_is

»

harvested 'by produCers,' dellvered to & untry elevators by means of

&

producer dellvery quotas 1mposed by the; WB and forwarded, Vla.reglonal‘

: rallway’networksa to export termlnals, where it is cleaned andgloaded'ontof
.fvessels}. The Block.Shipping System is. the mechaniSm‘utilized to implement'
~ the positioning of grain for loading onto vessels at éxport ‘terminals.

o ' ‘ , e S , ‘
‘.vDuring.théh1969jl970fcrop'year the Block?Shipndng'System was?introduced to
providebga method ﬂbf allocating‘ empty railcars“and hopberlcars:among,“
‘spatlally separated produc1ng\reglons and graln companles uhereby train
:fa-l-" ‘, runs could be scheduled to eff1c1ent1y dellver graln to‘export termlnals
Hence the .grain “produclng areas of the Pralrles were. dlvrded 1nto o
'forty;nine blocks , each of which serv1ces.approulmately:four hundred_
:_ mlles of.track of one rallway company and one hundred country elevators‘

-among'forty delrveryup01nts.'l

U e _ ) o .
The, "block' is based upon the rallway s tra1n ‘schedules by subd1v151on so

that the rallway company can provide flex1b1e service on a weekly basis to '

[

. the entlre subvnetwork The block shlpplng system resudts 1n the weekly;ﬂ

allocatlon of. ra11cars to sh1pp1ng blocks and to graln companles for'.u ‘

'43._.-

a
&
2



- ) R G
delivery_to;specified ports. The CWB is responsible for implementing the

' six _week planning cycle ~of the coordinating program. Programs for

succesSiye‘weeks_evolvé Simultaneously so that the railways, the CWB and
. . - : - . , L B
v the grain _companies are'continuously ehgaged'In:seyeral,stages of the
'process' at Aﬁy_ particular time._ Figure 3 onxpagekésl represents thej
"inforﬁatron-inWS1that"are‘invoivedﬂin thejcar‘aliocation'processL "Each
weekdof'the crop’year is'identified by}itsvchronological weeh‘number;:fromi
one.to;fifty-twor The firstvweek.dn August,is.Week‘l.of the‘crop‘year.
‘,‘Theptiking of events‘which occur ‘in order to»qeet theArequirement51ot thé'
program;neek are'included;on:the Figuré'(Booz; Allenhand‘Hamiiton,,19725

Apﬁﬂ N) -

- The 1n1ta1 step in-' the planning cycle is,to ascertain'the demand‘forvg

Board- ‘Non-Board and Off Board bralns ' Statutoryy’grades;r listed in -
. o KN Lo - - . -

¢

;Schedule I'of-the Canadlan‘Gfaln Act are’ kﬁ&wﬁ as~Board'Grains;.traded'

- only by CWB . subJect to the Crow Rate frelght structure Off-Grades apply

... to gralnvthat-cannot be gradéd 1nto Statutory Grades because of condltlon'

or adnrnture. Non Board gralns‘;areA~those rgralnsi that are traded

o independently and.'free"from the' CWﬁ The demand for. Board gralns 1s"
estinated_'hy grade and type on the ba51s of the export sales programs_f‘
4‘agreed~ upon; Reflnements to the est;mates are made for the ports of‘

Vancouver Thunder Bay, Church111 and Prlnce Rupert

* Once the demand haslbeEn7formulated the potent1a1 stocks expected to be
Vo . s e

" in export p051t10n dur1ng Week 6 are determlned Informatlon regardlng
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terminal StOcks, unloads; cars on hand, cars en route, .country'loadings"

;and cars ordered are consxdered The shortfalls between the ekpectedl

demand and the expected stocks at the termlnal elevators represent the

quantltles of.gra1ns.by type and gradehthat‘must-be dellvered-to meet the -

erpectations of Week 6.

Durlng Week 2 prellmlnary estlmates are made of the quantltles of graln
that w111 ‘be drawn from each of the forty nine shlpplng blocks to 3
determlne the number of cars necessary_toldellver.the-requ1red grains from

thé country to termlnal posltlon The instructiOns~regarding'the block'
- . of

, type and grade of graln to. be’ 1oaded for dellvery durlng Week 5. .are’

prepared for -dlstrlbutlon to .the rallways, elevator' companles and'“
elevator agents These dec151ons are based upon the elevators managers
reports of shlpable stocks by type and grade malled weekly to the. CWB

‘e

Durlng Week 3 a flnal p051t10n statement 1s prepared of. the requlred cars?

at each destlnatlon in Week 6 by type grade and proteln level The Graln‘.4"'
*Transportatlon _Authorlty meets’ w1th the. rallway representatlves to.

negotlate' the"car Vsupply that w111 be ‘made_ avallable-“iordftheil”‘

-

o transportatlon of Board and Non Board gralns The CWB then allocates allisz

.cars handllng Board graans and Non Board gralns to elevator companlesj
ZW The type of graln, Board or Non Board Ais speclfled.for'each delivery'
Each elevator company determlnes Wthh blocks Non- Board grain cars w111 betd"

“7jfspotted and at whlch prlmary elevators In the case of Board gralns the;f

CWB has the respon51b111ty to allocate the avallable rallcars to elevatorﬂd»



q

= companies‘:by SpelelC shlpplng block In border‘ to 'perform this,

respon51b111ty, however, the CWB is dependent upon the graln companles to'

o the block over the preV1ous year

: prov1de‘current 1nformatlon‘on-stock p051t10ns; to alloCate cars to.their

eleﬁators for the purposes of shlpplng a specrfled graln grade and to

e - A

comply w1th the allocatlon once ordered ," Co “h'. S

. v
K L

The _members “oﬁ-'the CWB].Transportationx,staff'zmeet‘ nith'.railway

‘ represenﬂatives to determrne the spottlng of cars: by block whlch w1llf

‘h'.

minimize the’rallwaysioverall.costs.' Where pdssible the-reaSsignment Of'

fcreWSa to other subd1v151ons and tbb runnlng of extra tralns runs- are

'av01ded o z‘azif‘g;:,'T:f "" - Ry :.j,.T .

'Once the bplk allocatlons of rallcar are determlned for each shlpplng-"

‘ block “the. CWB and the rallway companles determlne the bulk allocatlon off

7cars'to:e1evator companles. The Bracken formula is used to allocate the

e e A ) . ‘
railway carl‘supply among ‘the- e1evator~ companies in each block The

'"formula is . based upon the company s share of bu51ness of Board gralns 1n_

t»\

Ve Durlng Week 4 the elevator managers are 1nformed of the authorlzed number_""

“lland type of shlpments to be made ‘the follow1ng week The rallways are =

. Alnformed 'of ,the spottlng jlnstructlons by type and grade,- and - the..»”'

: destlnatlon of the graln to be loaded The spottlng and loadlng of cars;

at prlmary elevators occurs durlng Week 5 The shlpment of graln to port

Y

T

r',-termlnals is to. be completed durlng Week 6. ' ;llhvkv‘.li ,' ““”.;tf wa
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fDesplte thls plannlng program, ‘this study presents an annual analy51s of

the overall transportatlon coordlnatlon eff1c1ency because a 1978 survey A

'over three months of.‘grain unloads 1ndlcated that only 38% of graln,

ordered was unloaded w1th1n the six week plannlng cycle ‘period. Booz

_Allen-and hamllton (1978, IX-2) suggest , at orders are filled usually .

. seventh week 16A arr1v1ng in the elghth week, 8% arriving in the ninth
"Week and\\ll arr1v1ng durlng the. tenth week or later Thls makes the

.‘analys1s of transportat1on coordlnatlon dlfflcult and for thlS reason the .

A

over a period of'eleven'to twelve weeks,'277 of orders arr1V1ng in thefﬂ

“a

.

annual avallabllltles and requlrements are addressed in thls ana1y51s

‘the Cla551cal Transportatlon Problem model to der1ve the mgnlmum cost

Jsolutlon whlle fulfllllng the shlpment requlrements ‘f,j T

3.2 ;QleG"I'N‘S‘_‘

' forty nine geographlcal areas known as blocks 0 These fdrty nine blocks:

o

',In order to apply the Transportatlon Problem to the dellvery of CWRS'

wheat the system must be represented as a set of~ supplles, demand and' ‘

shipplng costs These thr é 1nput parameters deflne the system and enable

1"

-4

The CWB has organlzed the Western Canadlan rallway network 1nto a set of -

v

are,;utlllzed ‘to coordlnate the transportatlon of graln to -export R



',terminals.' Each block 'repreSents' the - geographlcal area serviced

'exc1u51vely by one of the operatlng rallways._ The Canadlan Nat10na1

‘n—.i

. network is presented on Flgure 4 on page SO The Canadlan Pac1f1c network
is presented on Flgure S on- page 51 In 1981 the’ Northern Alberta
Rallway, wh1ch 1nc1udes blocks 90, 95 97 and 98 ‘became part of Canadlan

0 L o

Natlonal Rallways allow1ng access to Prlnce Rupert ‘ These figures Show'

jthe CN and cp blocks on dlfferent maps as the reglons served overlap where,:'

'the competlng rallways are. nearby each other The rail llnes that form_"”

" each” of the forty nine blocks were. 1dent1f1ed (Graln Dellverles from

Prairie Points: Crop Year 1980/‘19_81).__ AR

:-fThe block system represents a 1og1¢a1 and.practlcal system to. Utlllze in
_thls analy51s as rallcars are 1n1t1ally allocated for loadlng by block '
'AThe dlstrlbutlon of rallcars among elevators w1th1n blocks 1s determlned
.by elevator companles, whlch represent dec151ons made external to the CWB“

'”.and to: the system presently under 1nvest1gat10n
. ‘

’ . ERTERI L ‘ , : o
'.‘Although the orlglns of commodltles may actually constltute reglons, they ’

."must be represented by p01nts in the framework for analy51s The shlpplng

.costs between each or1g1n and” destlnatlon pa1r must be a 51ngle value
) . Ly .
ThlS e11m1nates any varlatlon 1n costs wh1ch may ex1st among the country

§ .
_ ' o A
elevator p01nts w1th1n the reglon represented by -a partlcular block

“ " }‘ .

v "-l Each block was a551gned a centr01d whlch 1dent1f1es the m1d p01nt ‘of the'

‘networkwlt represents,. The m1dp01nt was selected by measurlng the rail

h
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JThe availabilities of supplies at origin points is determined by the _

origins

52

centroids, -as shown on Figure' 6 on’page 53.represent the 49 shipping

s

delivery quota system;'the primary instrument utilized by‘the‘CWé through

_elevators. The‘systemﬁwas designed to provlde an orderly flow of‘required

,»types and grades of graln to meet sales commltments ‘and to prov1de equity

"of dellvery opportunltles to all producers

v,

' Delivery_quotas'are set weekly by type-of‘grain’and_grade.in each blotk

according to the CWB'sjknowledgelof availabilities of grains and upcoming

sales'contracts Once the,overall demand for gralns has been establlshed

the . CWB must determlne where 1t can collect and dellver the necessary

/,“t

-which required 'grains are' delivered ‘from ‘farm storage " to country .-

tonnages., Dellvery quotas are then set based upen ‘a tonnage per acre per,

:producer-for spec1f1c.gra1ns The block shlpplng system is utlllzed at’

"3,\ L : 4

thlS p01nt to allocate rallcars to the elevators companles by block

specifying the grain type, grade and flnalxdestlnat;on.‘.The raxlcars are

then allocated to country:elevators Withinﬁthe.block,yassuming that. the

-

.'delivery quotas:will‘be met atteach primary elevator.- Those elevators

that w111 be loadlng rallcars recelve dellverles from producers based upon '
‘the dellvery quotas set for the week : The‘rallcars.are ﬁhen loaded w;th

- the’ spec1f1ed grade and forwarded to the.pre-arranged'destination:,

.

"lines within each block (Guy TombsQ 1971). The .resultin set of'49h
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-}

‘meet the ship arrivals estimated at these'ports.

-transloadlng characterlstlcs of Thunder Bay 1ncrea5es the plannlng cycle

R b 'the'off4loading of'grain'fromfrailcafsito lakers at Thunder Bay;

-
Four destinations are used  in ‘this study: the export terminals of

v

Vaneouher;_Prinoe Rupert, Churchill and Thunder Bay, as shown on Figdre 2 ,"/4//

on page 18.° . | o

The demand,fOr Board grain to' be deliveredﬁto thesé ports is initially .’

'3estimated -on 'the _basis of monthly‘ sales programs The -demands atA"

-6

'Vancouver, Prlnce Rupert and Church111 are deflned in terms of vessel

Ty

rnominations."Therefore, the CWB_must‘organlze its del;very patterns to

N

v

~ Vessel nominations are'not aﬁsignificant'factor in'determinrng demand at

Thunder Bay, as demands are. hlghly dependent upon the requlrements set at

-~ T f’a'

'the St Lawrence ports (Montreal Quebec, Bale Comeau Port Cartler) and . i

-

the Atlantlc ports (Salnt John and Hallfax) durlng the winter months -The

by-tWO weeks to aceount for_

L e . . . s ~

v
. \
. . Y

. A

B . o _ N R “_ “J‘v " N N ) v. . .
2. ‘transit time from Thunder-Bay to St. Lawrence ports; -

)

3. the disehargeVand,distribution‘of grain among river port elevators;
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Deflnlng the demand for grains _at all ports is - dependent 'upon the’
: 2 “r ) . A
1nformat10n on the avallable stocks,

'unloads,. ‘car's en route, country
loadings and cars '-ord'ered'

, Stock 1nformat10n 1s avallable from the
following sojjfeess "o @ . L, - ' .
. R Y "
. -‘, Qﬁ"‘ IR

RO Termlnal Stocks are avallable fro? Qh$ Caipadlan TransPort Comm1551on A
--.“r‘~ W,v{ RN
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a

¥ *" Céordmégbr and the. Gram Commlssm‘fléi, 4 : T
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’

Transport ‘Commission-Coordinator; )

. . . -
) L. o . - o ot : - - ! |
N YR y e

3 Cars .en Route are avallable from the rallway companles

v

vand the ...

: Canadian "Ifr'anspor_t’ Commiss_ion Coordinator; s e T .
- P , LA . -:‘ ‘ ' '."‘\. . . ' - N .
. ". o B ) B S. /\. R _' N ) -~ - - N N y L R R -
s\__t -, Country Loadlngs -are. avallable from the graln companles and rallway
companles{‘» L v e e
« R ‘ T - . N N : ’ . - ' ", ,’ . ’ H - . L ' .."..
5. Cars Ordered are-.available from the Canadian Wheat Board
y . . . 5 RER
The avallable stocks, poﬁentlal stocks and estlmate stocks are compared to
E ,,;#., N e, . . _',.
the demand formulated for each oﬁ the port dest:,natlons.; Vancouver, K
-P,rince Rupert, Church111 and Thunder an ‘The shortfall between the o
_' -' o o . oL - Q{ :..'_ g«,"',_»‘ . i Co .
: L - ) T Sl " ! ‘_t . - o : . . : ' .--.'»' \
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i

stocks expected to be in vessel loadlng p051t10n ‘and the requlred stocks

. : R fgﬁpr
-.transportatlon,cost matrlx utlllzed in the Transportatlon.Problem model‘x
: o Ve e

18 determlned; The CWB then sets dellvery quotas An order to move ﬁ].

N

requlred gralns to p01nts of loadlng for transportatlon to termlnal ports

These demands form the baSis for determining the deliveries,from country

elevators. -

.c'. . . (‘,é‘:: - S ‘
3.4 TRANSPORTATION COSTS .

T

3

5

Duringithe 198041981'crop season, thevtranspOrtation‘costs of shipping

graln for export was hegulated by the Crow s . Nest Pass Frelght Rates
e ‘

'These Crow Rates are used to determlne the minimum cost solutlon to the

transportatlon problem. - The Crow Rates from each block were collected{

4.

from the serles of maps presentlng the Crow shlpplng charges from CN and

L ”

'_CP 11nes to the export termlnals avallable from Transport»Canéd% (19§7)

m N

’

The average rate 1n each block was obtalned and tabulat%?fpo represent

‘ KR

¢

cents per tonne og,graln Téﬁle 3 ‘on page 57 llsts the'ratesffrom all CN v

7y

. -origins to the four term1na1 pqrts and from CP orlglns EO'ﬁﬁhnder ﬁa Aand'

~
-

- . coa .. . . 5 .
- . . e w b \_—4_\" ~~\;.
. ” R P - e
B g - - ’ ‘,)' !

N i

Yo g

.fRates, establlshed by thg Fe

\
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—— TABLE 3 ) AU 57
CROWSNEST PASS FREIGHT RATES o ' o
FROM PRAIRIE POINTS TO EXPORT TERMINALS :
© .. . (dollars per metrlc tonne) : —
Origin Block Block Name ' Thunder . Churchigll Vancouver Prince
- ‘ ' : Bay . I Rupert
.01 - 01 ' Winnipeg North ~ . 3.41 .  5.18 .. . 7.39 ©7.39
02 ‘03 Winnipeg South 3.31 .'5.18 7.61. .. -7.61
03, ° 05 . Winnipeg West 3.53 . 4.96 . .7.28 7.28 ‘.
04 07 Brandon North '3.57 4,74 6.83. 6.83 .
05 ° 09 . .Brandon West 3.86 5.07 - 6.83  6.83
06 11 ' Melville - 4.08 4.30 " 6.72 6,72
07 . 13 Dauphin C 4.300 4.30 0 6.72 76,72
08 . -15  Kamsack: 4.63 4.07. 6.61 . 6.6l
09 17 - Saskatoon Main L 4.74 4. 74 5.73 5,73
10. 19 Saskatoon South -5.07 . :4.96 .5.62 " 5.62 ,
11 21 Saskatcon West. 5.18 4.96 540 ' 5.40
12+ . .23  Saskatoon North +4.96 . 4.63 ° 5.400 . 5.40.
13 25 . Prince Albert East 4,85 . 4.18 5.95 '5.95
¢ 142 7 27 Prince Albert South 4.89 . 4.41 5.62 - 5.62
15 .7 129 - Prince Albert West 5.34 7 4.74 5.40 ©  5.40 .
16 - . 31 ~Saskatoon East - 4:63 . - 4.85 '5.95 . 5.95.
.17 33  Regina South . 4.30 - 4.85 6.28 6.28
18 ° 135 ,Regina West 4,63 5.07 6.17 1 6.17
19 _'.37'f_31ggar North - ~5.29 - 4.96 . 5,18 - . 5.18
- -200 . 39 Blggar West . 0 5.29 . 5.07 - . .5.29- - 75,29
21 41-  Edmonton North: - 6.39° .. 5.84 [ab.63 4,63
22 " © 43 - Edmonton South 5.62° 5.51°  :4.63 - 4,63
23 45.  Edmonton West - 6.17 5.73 . 4,52 4.52
24" 47  Hanna South . 5.0 5.40. 4.74 - 4.74
25 . 49  Hanna West s 5.84 . 5.62° AT bTh
26 61  Keewatin. 3.31 7.83 i '
27 62 La®Riviere 3.53 , 7.39 . ¥
. 28 63 . Carberry 3.64 . 7.39 .
29 . 64 . Brandon 3.97-- 6.72"
30 " +71  Weyburn : 4,30 6.50
31 - 72 > Pasqua .. . - 4.18 6.06
32 73  Bulyea . . 1 4.52- 6.17.
33 74 . Bredenbury. oobl52 o 6.61 -
' 34 " .75 < Saskatoon . 4.85 - 6.06 T°
.35 0 76 Wilkie . 5.89" ©.5.29 -
L 36 . 77 Assiniboia _ ~4.96 -5.62. )
i 37 78 -+ Swift Current : 4,74 '5.95
=38 . OQutlook. -~ . 4.96 - :5.51
39 81 %gﬂed161ne Hat - 5.18. . 5.18
| 400t B2 prooks o 5.62 - 4.74
7 1 41, . 83 Lethbrldge R o~ 5.51 4.96
42,7 .84 Vulcan "5.73 . 4.63
. 43" 85 Calgary 6.17. - - 4.63
SRV .86 'Red"Deer*. ' '5.84 4.63
165 87 .. Edmonten .- . - © 584  4.85
46° . 90 :N.: Alberta R.R. West . 5.95 '5.07
47 7 .° .95 N. Alberta R.R. East = 5,95 5.07
British Columbla R.R.  5.95 ) 5.07
Great Slave R.R. 5.95 5.07 °
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. statute 'entitled theb Crow's. Nest Pass Agreement of 1897, no. longer

= 4.,._.

~ Vl' N N

e

o destlnatlon .~ The . rall Lrﬁéz?

the use of a computer program employ&s-t_;

compensate the rallways for the actual shlpplngmpoets associated w1th the

prOV1s10n of ‘service. Repeated studles,- 1nc1ud1ng the Macpherson

Commission Cl960); Snavely Commission‘(1974 1977, 1980) and the Hallﬁa

Comm1551on (1977), have concluded that the Crow Rates do not reflect theh

actual. costs of'proyiding rail service from'Prairie points to terminal

:elevators..3The Snaveiy-andiﬂall Commissions conclude fhat.the'Crow rates-

AN

represent"approximately'TQO%” of thp -actual cost of"prowiding the
<

o

trans ortatlon servﬂ 3 Nevertheless, the rallwa s charge'these rates tOz:
P Y 8

the graln companles for graln dellvery and they are used in thls study to

demonstrate the actual costs,oftflows in the transportatron system. It is

‘interesting to note, however, the association of the Crow Rates between|

"* origin and destination pairs and the minimum.rail line distances.

P

B

' Pearsons Product,MomentvCorrelation test was.applied.to the Crow Rates per
‘tohne ofvwheat and the raiI distances between supply andjdemand points,

" The dlstances between all orlglns and all dest1nat10ns were determlned by

r‘

ca&culatlng the shortest path éﬁalway mlleages between each or1g1n and .-
' .

N

q.»
A
¥
=
A

ﬂ page 60 are those 1dentsﬂ;ggﬁss the Ba51c Network by the Hall CommlsSLOn'

(1977) : These links. 1nc1ude bpth CN and cp 11nes The connectors in the" B

11nk data represent the Junctlons of the CN.epd CP ra11 networks , Through -
Cascade algorlthm,"the,‘

..
~ . » - .

shortest paths were’ generated (Farbey, B.An¢ \,J );«,No dlstlnctlon_

g R ‘1“'".~
exists betWeenvCP and CN in determlnlng the shortest paths . Table 4 on

s ' R

uded in the network shown on Flgure 7on .
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i

page 61. presents the- shortest‘ rail, line' distances. -generated between

presented on,Table 5‘on-page 62 demdnstrate ‘that rate schedules on‘both‘CN

‘probably represent some

" Yet, there are -oth€r

“origins and destinatioms. . '

The relationships between Crow Rates and the actual” rallway distances were

.investigated for all origins (both,CN and CP) and exclu51ve1y for the CN

'_destinations of Churchill and Pfince Rupert Rates from CN and CP. origins

A‘\' .
to Thunder.Bay'generated a correlation coefficient of-0;9123. ‘Rates from

L “ s

CN and CcP origins to,Vancouyer;generated'a'reSult'of 0.9053. The reSults,  “

.-

‘and CP llnes to all eXport teminals are hlghly associated w1th the rail .
‘iine dlstances and explain approx1mately-~8 m_.Of the\ variabllity
'~FTherefore;.it.can be conoludeﬂ,thatlthe Crow Rates are«highly reflectiVe

of,the‘deliuery,distances_required:to,bring_wheat.to export terminals.

t ~ : T
T .

-

Although the coeff1c1ent varies w1th the origin/destination set under
1nvest1gatlon there is no. 51gn1ficant favourable bias 1nd1cated towards

any of the export terminals or the railway compaines for shipplng rates

'The highest regreSSion coeff1c1ents ‘were generated for CpP origins to

Thunder Bay‘ (0 99) and ,CN origins‘ to. Thunder Bay QO 9873) The

coeff1c1ent of 0 8649 was generated for all origrn to. all destination

pairs. . - . o " . L

. Coa . . s s

ey

The - results of thlS regre551on analy81s 1nd1cates that the Crow rates'

- r?,,,' -

‘,
.

v%'

ol
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SHORTEST PATH DISTANCES BETWEEN ORIGINS AND DESTINATIONS. B

TABLE 4

4

(Dlstance in mlles)

Origin Block . Block Name ',Thunder Churchillf Vancouver Prince- f
S S © - Bay’ o - Rupert
01 - 01  Winnipeg North . 433 1010 1483 1796
.02 03 Winnipeg South 487 002 1435 . 1754
03 05 . Winnipeg West - 5217 ¢ 888 1437 . 1707
04 07 ° Brandon North .- 1583 . 840 -71389 - 1659
05 09 Brandon West 623 976 1259 1620
06 11 Melville. 666 777 1237.° . 1529
07 ' -13 . ‘Dauphin ' 693 - . 737 ‘1130 - 1600
08. . 15  "Kamsack ° . 811 ... 598 °1276° - 1531
209 . .17 -Saskatoon Main. ,823 . 1823 1102 - 1372
10 . 19  Saskatoon South - 991 /942 987 . 1372
.11 -~ .21 Saskatoon West = 970~ 919 955" -~ 1310 .
12~ 23 Saskatoon'Northo 1892, TB. 816 © 1058 1324
'13' . 25  Prince Albert East | 866" 704 ©. 1188 1443
S 14 27 Prince Albert South" 871 ) <,'709 1193 - 1448
.15 .29 Prince Albert West - 1035 - - 910 - 1138~ 1331
16 31 Saskatoon East ' 844 920 1129 1399
17 °. 33 _ Regina South 751 - 891 1159 . 1520
- 18 35 . Regina West - 811 . . 887 - 1071 . 1448
19 37. Biggar North - - . 1025 .. 938 - 998 - . 1191
.20, ' 39. Biggar West = . ‘% 1999 948 997 1196
21 41.  Edmonton North- 21320 .0 1254 ¢ 967 1099
.22 43 - Edmonton South: 1168 - 1105 = . ° 855 . 1027
23 - . 45 Edmonton West - 1250 - 1184 897 "1029
24y 47, Hanna South ' ‘1148 . 1097 777 012120
.- 25 :,7.49. Hanna West' 1216 . - 1165 770 '\* 1088
26 1 . Keewatin , 416 993 1466 1779 o
C 27 " La Riviere - - 534 - 1062 - gy 1795 % -
28 63 . Carberry 493 C944 - 1702
- 29. .64  Brandon 595" 933 . wL646
30 71 © Weyburn " %bvszz, 929 - ¢ 1540
~31%. 72 ~ Pasqua 769 - 845 1474
32 73°  Bulyea - -~ 789 .- 838 . 1433 L0
33 74 .- Bredenbury 742 . 760 1464
. 34 . .75 - Saskatoon 885 . 834 1310
35 1 96 Wilkie . . 981, - '930. 1217
© 36" .71 Assiniboia . 961 . 1037 1589 .
37,78 Swift Current 856 - 932 © 1493
38 .. 79 Outlook - 908 921 1351
..~ 39" . 81 Medicine Hat - 982 . . . 1058 1399 .
40 . 82" ‘.Brooks £ 1157° |0 12330 25 1285
41- .83  Lethbridge - 21191 .7 - 12677 87 1347
42 - ° .84 Vulcan .= , 1230 -~ - 1302 J10 0 1270 0
43 -85  Calgary ™ ., - | 1299 1258 - 699 1143 S
‘44~ 86 Red Deer - " - 1142 - 1091 832 11162 L
45" - '87 . Edmonton - 1664 -+ 1060 942 1074 . -
46°. ° 90 'N. Alberta R.R: West . 1664 . 1060 9420 0 936 . g
47 .95  N. Alberta R.R: East . . ~1448. . 1598 1095 1152 ¥
.- ~48 " 97 British Golumbia R.R.‘ 1871 11805 - [izza' T.729 .
49 95”:‘Great Slave R.R.. = 1756 1690 1217.. 1218,
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PRODUCT MOMENT TESTS OF ASSOCIATION BETWEEN -
~ CROW RATES AND RAILROAD DISTANCES

Set'of Origin Points "

‘Destination

~ Correlation

Coéffi;ient

oN:

N

o

oN

CN
" cp
‘CN

CP

qugks'

Blocks

“and CP.Biqcks L o

‘and CP Blocks 7

Blocks"
~B}ocks“

Blocks

Blocks

" Churchill

.Prince'Rupert

"~ Vancouver .

' Thinder Bay

i¥.Thuhdér Bay.

‘Vancouver

Vancouver

Thunder Bay’

",

10.973

©0.987

0.938

01977 -

O

X

B S

r':‘“ L -.
o
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Costing studies have been carried out by the Northern Alberta Railway, CN-
. ’ Joo .
“‘f——ffffwand -CP- Railways asmsumeSSionS“to royal‘commiSSions de 1i ' with—railway‘“*‘f“*ﬁ‘_

-

costing.and‘prnﬁing. There_is a common tendency to aggregaze the costs: to
the system wide.level, without'dealing Withtlinelrelated'costs:in a
-comprehensive.vmanner;v The COncern with .branch line ‘ahandonment has ii:zﬁ”
'generated.costing research on grain dependent lines, however, there has
Tbeen ‘no differentiation- established between the.costs associated with
"'differences.in terrain. grade, the capaCity of linksﬂor the multiple.use
.land shared costs of other lines which can be applied to speCific links in .

":the.network, These characteristicsfof the costing studies of the Canadian
" ! e .

h'wheat 'transportation.indusziy’eliminate-thequssibility of determining'

ki“the actual COsts'Of a delivery for the~purposesiof this analysis.‘ Indeed,

. the problem of the adequacytbf this field ‘of research is recogqmzed

T

.i'Because of the unique nature of the Canadian system further research must

' evolve‘from Qanadian interest. Application ofArailway costing_from_other

~

“'grain;produCing regions is highly discouraged (Hall,’197731

The Crow Rates vary directly With tonnage shipped In addition, the‘rates"

jdo not distinguish between the type grade or: value of-grains.'iTherefore,

'fall grains are moved at. the same rate dependent upon weight ekiminating

'the need to vary the rates for commodities of varying value . This fact_is‘
' impbrtant in asseSSing‘the;importance of shipping costs to the_equrt

~—
I3

trade of wheat. -

- . : w7

»¥;?The’CWBvoper§;2s:its_delivery programs'withvayfixed supply'of railcarsfv



% o .. . SRR

Kallocated by the' Grain ’Transportation Authority. The number of cars

Q

3.5 E’XC.LUSIVEf RAILWAY. SERVICEMAREA_S

5 effect;vely.

allocatedausually represents -a— shortfall—from the tctal~number requested~—¥m

'In llght of thls faet, it is partlcularly 1mportant for the CWB to

eff1c1ently program its deliveries. . Long. cross-haulsu are . therefore
F 2
partlcularly costly to the CWB because rolllng stock is not belng used

S

v

'.ﬁThe Canadlan Natlonal Rallway and the Canadlan Pac1f1c Rallway are the two'

’flrms handllng the rall transportatlon of graln for export The block

shlpplng system is organlzed about mutually exc1u51ve serv1ce areas. The
o N e . s '\8 .

1ﬁpact5'of,th15_exc1usxveness resolt in the restrloted use of the ports of =

.Churchillvandvﬁrince'Rupert by CN only.v'These_reStricted:éeliveries'are’

LN

_known as’ 'direct 'nanreciprocal shlpmentsﬁggaébducers, therefore..must"
N B . R “ 4.3 R )

"operate through CN elevator p01nts 1n order to have thelr graln shlpped

out of Churchill and Prlnce.Rupertu Dellverles,to elevatorsvon CP ‘lines

" do ﬂbt " in normal Circumstahces, deliver.to ChurchillfOr'Prince thert

fregardless of the, contract demands or proxlmlty to these termlnal ports

'In-fact;‘dlrect,nonfrec1proca1 trafflo a¢countedffor‘93;9m of-stetutory -

. grain unloadings in 1980. -



..6“

-

s

" During the study period of 1980-1981 the railways transported grain under

three_other_shipment_categOLiesw—;Ln;l9lllthe~railrdads_beganwtoftransport~~;~fmf~——

‘e

--grain under reciprocal agreementsﬂ Such grain is'interchanged_between.CN
and CP lines for movement to.statutory rate destinations.’ Approximately

one- half of the reclprocal trafflc is loaded in CN cars at country

’

,elevator p01nts on CP 11nes or. the Northern Alberta Rallway (NAR) and

1nterchanged at Edmonton for delrvery to Vancouver or, Prlnce Rupert The

remalnlng one- half is’ loaded on CP cars at. CN poxnts and 1nterchanged w1th

" cp at Calgary for dellvery'to Vancouver. ThlS type'of traffic accounted‘
for 998 607 tonnes or 3.7% of the total statutory grain. tonnage in. 1980 = '
’The tran51t'traff1c categoiy déscrlbes graln that is. stopped and unloaded -
at 1ntermed1ate p01nts forlc%ean1ﬁ§} storage or' proce551ng and reloadedH
for movement to- the term1na1 elevator In 1980 tr%§51t trafflc accounted f'.~ R
© for ~$19 711 tdnnes or 1.9@ of Statutory gralnrdellvered: In 1980 the
Churchlll Agreement took effect to. faC111tate the movement.of graln fromnﬂi
the. Saskatoon area to Church111 | Under thls agreement CN . cars werex
1loaded by cP at CP elevator statlons and dellvered to Church111 ThlS‘
trafflc amounted to 137 098 tons, representlng 0. 5% of total 1980 tonnagef
and 41 8% of the Church111 tonnage (Snavely, 1982 p 23). That thrs,
'.!programA has_fnot beenr extended and will: probably' neyer.xbeirepeated”’”
. indrCates: thatpCN/CPfrailmayjservice‘exclusiveness miiifcontinue.‘ The
costs; of:tmaintaining.:this .Situationfbwilld_be“addressed 'usingtithet

Transportation Problem. = -

P |
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3.6 CONCLUSIONS., *~ . PR

_Despite the "complex and rigorous. struotureb of the grain grading_and : f
_l‘transportatlon system descrlbed there-is room torfa~eonSiderable'degreet'i ‘
.-of competltlon between dellvery points - and among elevator agents at
bdellvery p01ntsayhere more than one company is represented (Key Issues ln‘

e
.

‘ Canadlan Graln Transportatloni:p; '53 ‘and Booz-Allen.~and.Ham11ton, 1979,

+ " Appendix S). "

In effeet the result is that the faCtors defined as'standard criteria.for
8 ;dlng may be 1nterpreted dlfferently among elevator companles and -~

;The Canadlan Gra1n~-Comm1551on‘ agplles Tt he’ most

'1

off1c1al gradang The r1g1d appllcatlon of specrflcatlons as set forth 1n'g

the annual publlcatlon Graln Gradlng Handbook for. Western Canada by thej‘h

1fWestern Graln Stablllzatlon Board of the CGC can- result 1n the renamlng of
. , . é.
the graln grade from the initlal grade assrgned by 1nd1vrdua1 country

...

A3

-elevator .agents The varlance 1n grade deflnltlon between gradlng at

AR

country elevators and the offlcal gradihg at- termlnal 'elevators fisb'
"supported by the ev1dence prov1ded by Booz Allen that 31% of the unloads
over ,a 12 week perlod were e1ther one grade (17%) or two grades (3%)n :
‘l dlfferent from that ordered or a totally dlfferent type of graln (1%)b:

(Booz Allen p VI 16)

.-
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The,initial,visual appearance'of the grain»sample in addltlon to the test

O

____ngw__welght constltutesmthe overall extent of. the. gradlng at.country. elevators‘_usrr_l_;l

.. coordination system; “Moisture' levels‘4are_ important.gfor ’storage

g the graln transportatlon system The transportatlon costs, varylng w1th

’-_.contracts These characterlstlcs of the coordrnatlon and transporatlon

,system ‘mayj-provide_ evidence\.to"consolidate.and,aggregatevthe grading»ﬂ

.Prote;n testing is not unlversal among eleVators-and‘producers and is
. ‘ 4‘ . . . . - .. . ) . '\\ ' ‘ .
therefore not explicitly incorporated into. the transportationpsystem

L8 - ) . v’;. . ) . e
, 3

) ' : ‘ S X
: S i ; . _
arrangéments but requests for’ dellverles“bf gravns are not subJect to\ ./kl'

A )
*‘_;, [ . ] oo

moisture‘considerationsh' Penalities are assessed by the CWB in'the form‘

-

of decreased rall car allocatlon 1f the grade unloaded does not meet the

“~-w

grade requested. Shlpments of tough or damp gralns are not penallzed when

unloaded at term1na1 ports expectlng to be at normal m01sture levels

.

. Cy . N E . oL
.. A oo A .

The transportatlon system has been represented as a set of orlglns and -

.

destlnatlons, w1th a unlque cost assoc1ated w1th the Q&lgln destlnatlon '

o transportation’patterns. These threelinput parameters are.utilized»by~the'

"transportatlon problem to determlne the m1n1mum cost ‘delivery. patterns

for the glven supplles and: demands v ’ :‘,-”‘ _ . :fi. .s;’“'

‘-

The transportatlon system is weLl represented for appllcatlon to the

Transportatlon Problem for several _reasons. The forty nlne shlpplng

blocks and the four termlnal ports represent the actual organlzatlon of

tonnage shlpped are flxed. between all or1g1n destlnatlon palrs : The

. U S A Y
dellvery patterns are subJect to tlme constra@nts in order to meet sales y

W . e ; . B '-’ﬂ.-,

L
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" For _demonstrative‘ purposes, it will be assumed that al} grades can be

o Total shlpplng costs are expected to be lower for ‘an aggregated,

. cost eff1c1ency.. o S A“g‘ : :j;

T

\

B categorized'intolone homogeneous.commodity. The Transportation Problem

can prov1de the m1m1n1m shlpplng patterns for this- aggregated system

§

gfadlng

0t
L& r')l’t.
U

‘,system,‘reflectlng the transportatlon costs assoclated wlth'ehe ptesent
. gradxng, system and the 11m1tat10ns of the transportatlon coordlnatlon

_systemQI' The - addi: 1onal shlpplng costs attributed to the cost of

supportlng the gradlng structure must be evaluated agalnst the beneflts of

- malntalnlng thlS rlgorous system The CNR/CPR 1ncompat1b111ty problem is

\an add1t10na1 component to con51der in thlS ana1y51s of transportatlon
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ﬂe framework in 1791‘ Anvapproach is
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problem formulatlon seeks ‘the mrnlmum buylng prlce of the resource at the n
& d . supply f@ﬁion. and the maxlmum selllng price at demand p01nts w1thin a. V'J
- Ry M ., .‘~",\ o, ¥
! ;‘~ system. I% thls context maxlmlzlng the return for the commodlty b
) [ o A v C 7
. at the point of expoft is accompﬁlshed by mlnlmlzlng ‘the transportaq;on
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M wit‘

only varlables under;investrgatlon transportatlon qost lelmlzatrOnél

1

e “fb't the eXplltlt crmterlon of evaluatlon.. A trader Szproglts are. measured by
. : : " v.x'&'}, TS ]

HR ;he greatest dlfference between the buylng prloe and the selﬂlng prlce._

"

o \ R
Proflts do not therefore, result when the dlfference between the buylng

Lo LR e e : .
‘ o -and selllng prlce are’ exactly equal tQ th%*tranqugtatlon costs. By-a

i ,

»

e fundament&%,theorem of Llnear Progfamﬂing, ‘t e‘max1mlzatlon of the duaﬂ

RN R

problem wmll be equal to the mlnlmlzatj%fJ
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[ o préf1t§ w1fl not result from sh1pp1ng the commod

'm Neverthel ss, the
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*ffﬂ*- ‘ attempt to- égroflt from prov1d1ng transportatron serv1ces leads 'go the‘
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L N o R 1s the ob_]ectlve functlon representmg total transpo‘z‘tatlon
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A . .1 [ CQStS’ . ) ] o . . 5751 N , L. )
" : . : o B . g B . e . .
‘m-. 15 t.he'~mim_ber of supply pointsy . = ... < I ‘
‘n ~ is the number of demand p01nts, . ‘ .
. W X - :
Xij 11s the solut;on varlablq‘determlnlng the amount&of commodlty .
» T ’ R s "‘\b , .:‘: . % . v ) . )
. : X shlpped from or1§1n i “- destlnatlon _], R 0
e ) .oe
- Cij 1is the transportatloxt cost og, shlppmg one unit of '" ‘
: v I . o
the commod-lty from or1g1n 1 to destlnatlon J '
< . . .
N - ; : PO A : RS S “a : . ) . | A e e .
’ ‘,' . _ m ., ' ." . , . . \4”7‘ ?‘ AT L " - ‘E:_ . ii " “j
S T2y § Xij<si 0 P ahm L
N . \: . . .3 )
whlch spec1f1es that the total amount of the commodlty shlpped from or1g1n
1, must not excéed the supply of ‘the commodlty at, the §.ource, P ._';J, o
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R Whl-Ch' spec1f1es that the total amount of 'the c'ommodlty shlpped to )
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least meet the 8emand for the commodlty at J The' -'
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that’ no; negathe Sh",h v Lnt_s" are, a"il’oﬁle‘d:‘
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shlpments requlred to meet the demand. constramts sub_]ect to available

LN

The"?v"solution -to' the 'p,r,,im‘al'l problem 'pro’vides the least cdst, pattern of

supply. The. optlmal pattern 1eads to the minimum- Value of thg ob_]ectlve
v B

- ‘funtion, ‘Z whlch mdlcates the total" cost of dlstrlbutlon The measure
used to determlne costs depends upon the .appllcat1on or the type of data
avallable.- D1‘Stance,, actual productron and .transportatlon costs and

- 'frelght Yates’“can:'be used.n l~n thlS appllcatlon the goal lS to mlnlmlze‘

* oo, . ©

the "to't_alll‘ "Q)plng blll and therefore the transportatlon tarlffs charged-

A

. by the _’ral way companles (the ‘Crow Rates) are . used to determ:me the
minimum cost solution. A - T

“r ‘\_»v(,»; h L R
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" In order t0‘app1y.'the' Transportatlon, Problem the system must be
. E] . ..Kvl ) "‘ !

¢l

PN

sets of 1nput parameters deflne

o ‘u ; \gf L
; system and enabl,e.\..ghéi Ciis

‘ Jyfn‘lon whlle

Transportatlo’n Problem model to d

. represented by a set of supplles, demands and" shlpplng costs. These three"

fw’lfllllng the Sl’llpment requlrements e emplogmen% qof' parameters to .
R Pl . . : : Y o . .
.. B )
oL ‘deflne tbe Transportatlon Problem' ' fraggwork . requrles a :nu?ﬁ?er . of
. . A e T s : . X . 'y -" - ' L
\-51mp1.1fy1ng assumptlons N T T
LI _ -‘,_W“N‘ - y \'}:_ - . ... .. . . . . . . .
™ Although orlglns and de

PR .

\,- - they must' bearepresented by p01nts m the 'framework | Therefore the

. vooe
.'.e. - . . R !

b,

< e . “ 3

7
thu_;’} appllcatlonxthls ellmlnates any varlatlon 1n coS]:.s whlch may exrst\

~ ."" &

’j‘ The forty nln‘%shlppl%g blocks and the four term1na1 ports of
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shlpplng cost between each orl,gm destlnatlon palr is a srngle value . For -

ES - R K l . -
d% the count!ry elevator p01nts.,W1th1n the reglon represented by. orlgm '
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Vancouver, Prince Rupert, ,Churchillﬁhand, Thunder -Bay represent the m ;-

- N . N - ) : . l . ) . . . Lo N “
origins'and.the n destinations respectively. o
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The model‘assumes that'any'pne-unit,Ofwthe commodity may be,subsfitdtedf_
. e ) ] s . e - _

for any:other unitfof-the commodi€Y'regardiess of7the'supp1ying-region or
k3 e S
thevsource'(ifeg‘hOmogenous commodity)‘ In thlS appllcatlon, each gfﬁae

- r@ﬁ% s

of CWRS wheat Sis treated as a separate'ﬁbmmodlty and hence requ1res

o~ .,w o . . &

>

D . ) " F,
solution of a separate Transportatlon Problem ---__ B

L ) ' "'.‘ﬁ,‘ % . o ‘ } ,O
. . : s ‘ . ' M e -
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In~the Transportatlon Problem, the transportatlon cbsts per unit of the

commgdlty must 6§P constant~ w1th respect to quantlty shlpped thereby“

o’ -

‘establlshlng a llnear mlnlmlzatlon function. - ThlS assumptlon does not

v, P . i _.'

-

allow for produgtion etonomies of scalea hence 1gnor1ng the advantage of_

,:;1 o

l

shlpplng.a full trucé?or raﬂ@ycar Since.the,erw Rates rePiQEEEE:a fee?

1

Whian
o

-

schedule which. 1s a llnear functlon of toTneﬁlshlpped thlS assumptlon is

qUIthIeallsth dn’ the Canadlan transport contigt Thrs rate structure

%11i comprlse the cost matrlx 1nput 1nto theJTransportatlon Problem modelj

o n, 4.
Sl {\g

A

)' 4
the Canadlan Wheat Board is. free" to Shlp ‘a commodrty from any - supply

& .
Ve

point to_any demand point, 1n order to m1n1mlze the transportatlon costs

. . P !v
N . : . v,

3 transportatlon césts for shlpplng requlrements Ehevcoordlnatlng agency,
/

- and 'optrmize' the system’ as.};uwhole,f Therefore, their~prohlem isrtof

M S, v

¢ ~

s

determine the" §hipment- patternf'froqfforigins to destinationgégwhich'
I v PR ‘ ¥

-manlmlzex,total Theoretically,.. the railcar
. =
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_allooation of the Canadiam Wheatﬁhoard is determined on the ‘basis of-a”

complete <knowledge' of the system, as the assumption implies. The

B appllcatlon of’the Transportatlon PEoblen w1ll determlne how well the CWB

oy achleves thls transportation cost m1n1mlzatlon standariqy
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4.2 ' THE DUAL PROBLEM
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. . _ T s : : .
_ ' The function of the dual preblem is to set commodity pri€gs at sources and
.destinationsf so aS' to maximize the'femt.obtained fromltransportatiomy_

v ' . ' . Al

‘ services performed whlle. not creatlng prlce dlfﬁprentlals along an
R : - o

L : : .
ce - roites. which exceed}transportatioh costs. lhe duallty theorem of llnearu

Vo e s
3 .

- programmihg»states"that the optimum value of the.dual occurs when che
¢ \ .
) . b e *
pattern of shlpments is optlmal w1th respect to the transportatlon costs’ QP

’-'The mlnlmum value of the prlmal problem is therefore equal to the max1mum'

v

PYIRERY

"“5_ ; value of the dual problem 'Thafgual problem provrdes a useful tool for'li

Fanaly51ng the prlmal solutlon ".The :dual.'is generally used' for 1the
i . . ' - S

< -

';economlc 1nterpretat10n of the prlmal problem ' The/gual varlables are -+

o
P a . .4'

2 . ‘transportation costs.. . [* .. ." T
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' Mathematically;'ither dual 'of the tﬁgnéportationi problemtmaximizesfthe
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where . v - o

z' “"is-the'value of the dual objective'functioh, 

Vi .'represents the selllng pr;ce of the commodlty X at

: destlnatlon j reflectlng the 1ncreased cost 1n the R !

objectiVé‘fupctiod,resplting from an increase'of one
. S unlt of demand at destlnatlon J, Lo '~j,f

_'Dj 1s the total amount of the c0mmod1ty shlpped to o
,destinatlon J, Co ; '
. o N 4 : S

) .ﬁi_A'fepresents the buylng prléb ofﬁcommodlty X at o :;i--fh

S PR § ¢ \ ) _‘-'n.‘
/’//f" . " :origin i reflectlng‘theJ;eduCed cost-to the_t, _ :
e 'objective fuhction,reshlting‘from-an T Y R
S _,,;,'1ncrease of one unlt of supply at orlgln 1, '
" - S1i is’ the ava11ab111ty of the commodaty at or1g1n 1. TR P
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‘.ﬁﬁ're Cijf is. the total cost vuf
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vj and ui 2 0 o "(i=l...m.and j=1...n) =

'The dual variable ‘ui represents the comparative advantage of producing in
. } . ; ‘_ . . ’ ‘ L . " * "O“v
region i resulting from spatial competition-derived~from its proximity‘to
- ! . Lo - : .

v
3

' “demand :points. Likewise, wvj’ measures the comparative<cost of demand

) L points competing for limited'resouroesL In general ui can be\con51dered

‘as the marginal value and VJ the marginal cost associated w1th .an

'addltional unit coming out of orlgin i and nto destination j A hlgh

' value of ui 1s associated wath supply regions located in close prox1m1ty

.
! )

to .a demand pOint. Places W1th ﬁig values Of»&l areusubject to low

[

v tranportation charges to the optimal

-'_iﬁé'fatthest supply

ey

points have relatively 1ow values of ﬁl,

‘relative 'attractiveness of. market «poi”tsj.

.

oo . . . . . @ '\:
T destination are most favourable because low values of VJ are less costly

N . 4 . . L
. e ;

;jfﬁomthé entire system than deliveries to places of higher values of vi.

The relﬁtive costs of changing the demand capac1t1es among destinations

- » PN _mi A ) B C < A’ P )
, can be d%termined-by»calculating,the differeﬁces between‘the vj.valugs,of”
. BRI ¢ 9 . e . : (’-’ ; ‘, i - , EAS E o . .ot . ’
5, 2 . Ce R o - LD

deétinations under considerationw

e
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The constraints”of the dual problem assess the des;'}_rahility of “the
- . ,‘ . " . "‘ . 'u . - . . '.
0 -delivery of an additional unit of .resource from i t_o j- If an extra un1t

'*f_—~“of supply 15‘—added*‘1nto the‘resource*allocatlon‘and"a un1t 1rshipped from————

-~

i to J, then thefe w111 be an addltlonal transportatlon cost per un1t

,-vCij. . H‘owever, 'this will reduce'the need to bath ship. that ' unit out of

Lo . A L N ‘ ‘ e o ‘ . . R
» . source ‘i, saving ui in cost,.and to ship that unit to destination j,
’1‘:_ . ™ . . . ©T . N : ' . .. v N

'saving vj: The net change’ in cost is. : @ | o -,

(7)o cdf - (vi-ui).

The constralnt expressed m;' equatlon (6) states that 1f thls change is

v v

negatlve then. the dlrect shIpment from i to _] is attrﬂctlve and can be .

SR -,added to the solution. ST . T . S
5 ™ ® . L. v X W
w ‘;’ |“‘ o T ’ "’.s:m‘;‘{-v L
:’3‘ . S’ & v . : )@'
o

. : S T
Supply reglons w1th hlgh‘ﬁlues of ui are more . favourably located %

productlon in terrﬁ of the cost of sendlng the product to market than t e

¢ .

- regions . w1th low: .values, _T_h’j_.Sy transportatlon cost advantage is

_undermined hOWever, by the lack 'of additional ,capacity : nroductidn’

'ava able “in a spatially organlzed agr1cu1tura1 system‘ The pfoducing'

"1areas located nearest the market are the most. de51reab1e lands and

'_ . . . . oy .’ . )
therefore the 'mostv costly The land is cultrvated to achleve the hlghest ’

-Zylelds thereby max1mlzlng the benef:.@ of the locatlonal advantage Tpe

K2

»d1fference be;:ween the values of u1 at two spatlally separated supply

'reglons 1nd1cates the transportat‘lon cost“ or sav1ngs of sh1pp1ng an




The value-oﬁAul‘and vj are generdted from the transport cost structire.’
- : L . e . o . o

The difference-between the. value of ui and vj in the optimal solutlon'is

“}

<

. 'variables canibe.utilized-;n{sensitivity-analyses.'

EERRIT e PR ', ) R

model SpeC1fy that the value of ui and vj cannot exceed the transport

costs from 1 toj. The value of ui 1s ‘highest atuthe supply reglon w1th'

o . . L
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’ehualuto_the%transportationfcosts~between<i—and—jr——The‘constraints_of—thef*“—-

.

3
the most favourable locatlonal advantage because 1t 1s subJect to the-“‘
S

‘.

lowest ,transportatlon cOsts*_ihence the hlghest locatlon rent. If an

ﬁ;"

add1t10na1 unit of supply was shlpped from u1 the 1mpact on the obJectlvebi

R

functlon would ‘be -the smallest The'farthest-locatlon is subJect to the

Iy

poorest- locational advantage, having the highest shipping coSts;:hence a
R Cot , L T ' . o R

corresponding 10w value of ui reflecting a:low value of-location rent. In

)

/"
the event of an addltlonal unit of supply shlpped from that locatlon the

addltlonal cost to the obJectlve functlon would be relatlvely large‘% The'

most attractive reglons for 1ncreased productLon_are-situated at places

a ‘ “ -
°-)

Wlth hlgh values“of ui relfectrng high locatlon rent and relatlvely 1ow“

1
° .

transport costs to market.

a

- r
aky

that.Lresource' ava11ab111t;es are’ -gig ;t;ﬂ:therev'is, frequemtly

1“.‘;.‘

M flexibility in the" resource’ allocatiory ;
a . . ¥y &

~
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o I X e :
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Lﬁcation;rent.surfaces-can_be'generated (Steven, 1960) in order'to easilyf

-

3

‘*-elative costs or~sav1ngs -



idéntify favourable productlon and cepsumptlon reglons Supplles should
gk

;h’-." - Y

be incréased in areas of’ hlgh values of ui because transportatlon costs
. i

P L | ?
S — w1ll_nbe__lessnﬂthanmmlncreased wpJ:oductlon_l1nmothe1:._.reglons. Slmllarﬁy,m___
)

fe 0N .

demands at p01nts w1th low values of vj. should be 1ncreased because it is: K

‘least costly to the“entire'syStem. ‘The dellvery from supplylng reglons of

*

. - high ui to destinations of ‘low vj are. most attractlve for maxlmlzlng the

Y R A : S » AL D
rduagiobjeotiveAfunCtion. : S A , A . :
R The 1nterpretatlon of the dual varlables allows a comparlson w1th the’ dual%
: ) : ~

prxce thUCture to. determtne the extent to whlch the actual transportatlon &

5

Generally, Gecation rents”e\

LA

the shlpper to operate w1th spatlal eff1c1ency

ggﬁre crltlcal to the analys1s of spat1al eqonomles Although theyi’x
x, . *," W gt
spendent upon the actual transportatlon costs determlned by-the ent@fﬁ EY
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" The Transpor'tation ) roblem of Lmear Programmlng can be solved by manual

. * ) ". (,'-.J
or computer methods. In each case an 1n1t1al fea51ble so’lutlon is’ f.

__-_',;_mr_-_--determlned and- then evaluated ..... While- several-»solutlon methods_have beenw_—i-
developed the UV Algorlthm is used in this research to obtam the pr1ma1
and dual solutlons to the problem at hand The mathematlcal computat10na1

' .

package used in thlS study known - as LPTRNS was. develdped ‘by Sm1111e

EY Ty

(1971) It utlllzes the dual solutlon to solve the Transportatlon Problem -

.-1n.',"~equ’a11ty‘ form.—r' The. constralnts of the problem spec1fy that total
~.supplies must equal total.demands-. L AR . 'v"ﬁ'“ L “ .

The ‘UV.algorithm maximizes the’ dual-' objectiv'e f"u’rrct"fioﬁ‘af}:er anginitial
feasible :'-'sél'ution"'-is-,génera,ted.' Other solutlon algorlthms minimize the
. . i 4* . .

prlmal functlon of the "problem ‘to determme the least cost shlpplng

L.

' ' 'r‘iﬁatte‘rns." Both types of solutlon methods operate on an 1terat1ve ba51s

s A \ptll the functlon 1s m1n1mlzed or max1mlzed
- ; o #;, . L L Lo

v..{"-ffT_". 'A‘

: m+n-l IiOWS .'and. mn+m+n+1 columns
: . ¢ O

_ o Tr'ansportatlon Problem, however, 1s a. spec1al

‘u? “ o o :
o As such th'e supply and demand spec1
. - -‘- Q P
,.,’ . .
- R 3 X
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. ot

ST the orlgln and demand constralnts produces a snorce matrix contalnlng only

"m X n cells. Hadley (1965) dlscusses tb algebra theory behlnd

,__r_m____thls‘_unlque_”matrlx,ﬂrknown-_as A, Wthh . »ed the. development of .

eff1c1ent algorlthms to solve the Transportatlon Problem 'The results of

0 5 . -

“T thlS approach 51mp11f1es the Transportation Problem to a. matrlx of m

A S

l,%_ or1g1ns and n destlnatlons rather than the 51mplex tableausof m+n 1 Tows

and mn+m+n 1 columns The matrlx of\m or"glns and n destlnatlons is ‘known

.as the Transportatlon Tableau as presented on Flgure 8 on‘page 82

* number 'of Iinearly indepe s
~source and destination~has:”

'

"d-eqhations specifies the »solutlon of the f1na1 equatlon The f1na1

'eqnatlon ‘is ‘a 11near comblnatlon of the other equatlons and therefore

Py

:"j‘redundant to.the,syste',of linear equations.;j T

PR RN RN A
"*Aﬁy,!sqlﬁﬁiah\ tozith ~ﬂproblem5voonsists of both ba51c and non-b§51c

. - . ‘ . . - ;(" ; :
".-variables. The dlff_rence between thefha51c and n ba51c varlables are 1

2 S
_ atLon Tgbleau representlng

4\,

B




'-’FIGURE 8

THE GENERAI. TRANSPORTATION

PROBLEM TABLEAU
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. current solution. - - . [

.

3 A}

\

“allocation of the resource.

E—

In this appllcatlon of~the transportatlon problem there are forty- n1ne‘

Y [P

! orlglns and four destlnatlons, the total number of variables in the model

N, equals. =~ .

\

. ' . . : . . * . . . .
The total-number of linearly independent constraints equal to m is

-

49 + 4. - 1=752.

4l

M=m+n-1
4 X \ "‘

.

A basic solutlon to the general transportatlon problem 1s obtalned by

' L4 . -

settlng N-M varlables (196 - 52 = 144)'equal'to zero and'501V1ng for thew

I

’remalnlng M Varlables (m +n - 1 = 52)' The‘fifty-tWO Variablessreferred

v

" to as the vector M are known as the ba51c varlables, formlng the solutlon

basis. - Each ‘variable of the basis' provides the orlgln-destlnatlon

4

An 1n1t1a1 ba51c fea51ble solutlon con51st1ng of m+n 1 p051t1ve XlJ s can

t

be determlned by several methods espec1ally adapted to the Transportatlon

Tableau The Northwest Corner rule has been dlscussed by Charnes-(1961),

Dant21g (1963) and Hllller and Lelberman (1967) The procednre begins_at'

aséigned to the first oell satisfying an origin or demand requirement.

B . ..-f,

the northwest corner’ of the transportatlon tableau " An alloeation is -7

&
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P
The .'rims' of the .Transportation Tableau ‘specify the total supplies

avaiIable at each origin and demands required at each destination. The

' o0 N i

~

n‘computers are avallable and are utlllze& to qulckly and cheaply determlne

: - ; A.".’ e : . L

“value assigned to any cell will contribute to satisfying the constraints

but never exceed the rim requirements. The final allocation, which is
dependent upon the prior assignments meets the entire system of

o
1

availability - and : capacity 'constraints-nwith exactly . m+n-1 oositive

.shipmenps; : , ‘ o el \

v, . . . . -

. R , T - T S
'Ihe Northwest Corner, procedure_is a fast method to obtain-an initial

. fea51ble//sofutlon, however, the allocatlons can be'far from optlmal‘

i
v S

Other methods of selectlng a less costly’ 1n1t1a1 fea51ble solutlon.are

‘ dependent upon;intuition‘and-an'evalpa;ion of'shippingvcosts. The actual

shipping pattern méy'be'inoo;porated3intd the initial feasible solution.
Intuitive “evaluations'and'computational problemstassooiéted with large -

Transportatlon Problems render these technlques less eff1c1ent when large :

a

the. m1n1mum sh1pp1ng cost solutlon from an rnltlal fea51ble solutlon thatvf.

. -~
may be far from optima}.

e ) . N . . : . i

N

-

'1‘ b f:' . S o T ' . . . ‘ - i .
- The Stepping-Stoné solution algorithm was introduced by Charnes and-

‘-
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Cooper (1954) to detcrminé the solution to the Transportation Problem. "It -

solves the primal problem of -the Transportation Problem and is based upon

;‘§

-vproblém'téblgap and ;hé set of m+h’dua13Variab1es:ﬂ The dual Vvariables,

'the reduced Transportaffdﬁ“TﬁbléaﬁT“Thé_Stéppiﬁg“Stcne‘ﬂigorithm‘isma——-

ay

simple, manual solutdion method involving the addition and subtraction of

allocations among cells given an initial feasible solution. It is derived

~ from the gencral simplex method applicable[to the solution of the general

EENEN N

Liheqr Programming problems, incorporating the simplified nature of the .

.Transportaiion Tableau.

, .
i .-
J : ~
. . ~ ~

A
*

'\Danpzig,(i951)_pre$entéd é method; the UV algorithm, for determining the

" optimal solution which”is.simpiér than the'Stepping-Stone‘technique.: It

is based upon the consideration of the m+n equatibﬂS'of the transportation

“u o,

represented by the fow v?ctor D-= (ui,u2,...um,vi,v2,...vn), are

.asstigfgd with each"qu"and column of the tableau. Smillie's (1971)

version of the. UV Aﬁgorithm is based upon the equalify formulation of the

Transéortgpioni?rqblem. The procedures used to the solve the problem are

' ﬂ p;eéented by Hadley (1962) and Gass'(léZS),

A . ~ : -
[

. S~ £ . b ., . P S1 1
“Once the Northwest Corner procedure has determined an initial -feasible

solutior the UV algoritﬁm i; used to test whether the solution is optimal.

-,

The procedure‘ is based wupon the dualf:constrginth of the equality

‘formulation of the linkar programming proSlem , ///\\j\

B G

_(8) ui +vj -cij £0 - . N\ /
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The value of the first ui, ©l, in the initial feasible solution is set to

zero. Because. Cij are known for all the cells, the value of vj can be-
( :

o

determined—to—meet—the—constraint—ul+vi=Clj—for—cells—in—the—basic
solution. These known values are then substituted in the equation
ui+vj=Cij to solve sequentially for the ui and vj corresponding to the

cells in the basis.

The next step is to calculate the indirect costs by Calculatihg uitvj-Cij
for each cell not in the initial feasible sdlution. .If all these indirect

L}

costs, ui+vj-Cij, are less than zero then the solution is optimal and the. ¢
N «

.
0

procedure terminates. If one or more indirect costs afc equal to or
greater than zero a better solution exists.. The indirect cost ‘indicates
‘which cell . is the best.to,Sring into the basic solution. The largest
value ‘df’ui+vj-Cij is' identified a§ the pivot, the cell to enter the
solution. The roQ.and column of the attractive cell idenitifies the pivot
row and the pivot“-column. If it attractive to“ship one unit of the”
commodity between the origin and destination, then it is profitable to

»¥ - . . . .
ship as much as possible over the attractive route.

PR Y

i
|

\

|

The value of Xij to enter the allocation is chosen by determining the
. . - i

smallest variable which appears in the pith row and. column. This cell
\ will leave the allocation by losing the value of Xij thereby driving the
\ variable to zero. In order to maintain the rim requirements, the value of
\Xij must bé added to an allocation in either the corresponding row or

|
\column:‘ The value of Xij is added and subtracted to each cell in the loop

\,,~ 2

!

4
I




87

« : .
maintaining?the rim requirements until it is added to the cell which is to
Co ~y ,

.
.

enter the allovation. Hadley (1962) discus§fs the linear indepondenée of
, : ’

the 'loop which results in the reallocation of Xij to obtain a better

\ N

solution of m+n-}l.allocations while maintaining the rim requirements.
./ .

NG

"Once the improved solution has been determined, the values of all the uji

and vj are again calculated for each éell nbt in the basic solution. The
first value of ub is again set to zero and ‘the procedure to solve for the
rémaining ui ana vj values continues until. completed. The values of.the
indirect cQsts, ui+§j-C{j, are then calculated for qli cells not in the -

solution. If- all ui+vj-Cij<0 the solution is optimal and the process
- ) .

terminates. Otherwise, the procedure repeats itself until all
“

ui¥vj-Cij<0..}Tge'resﬁlting allocation providcs_tﬁe optimal solution to
both" the ér;mal and‘dual problems. For all allocatiihs in.tﬁe;op£ima1_
so&ptién vj-ui=Cij indicating that the difference between the buying
price at the'origih and the Selliné price at the destination is exactly

equal to shipping costs.
. -

" - 4
L

In the equality formulation of the Transportation Problem ui represents

.;he increase in cost to thg entire system in the event of an increase in
sﬁpplies at i and vj‘represents the increase in coét to the entire system
in the event Of an increase of demand'a£ destination j. Conventionally
the UV algwrithm is solved by evalﬁating the cg@sts associated with the
capacity constraints, ui, and the savings associated with increasing

demand at destinations considered attractive by wvirtue of the

. -
¢ S
K - T
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corresponding transportation rates. This interprotntion‘ bascd upon
the inequality formulation of~the Transportation Problem. Because' the

interpretation of the dual variables subject to equality constraints is

different from the interpretation based upon the inequality :ormulation
o{ the problem the duaIAQaribleé determﬁned by the algoriLh& Ined 1n this
. study were arithmetiéally altered té allow conventional interpreéation.
In the inequality formulation of the supply constréint is multiplied by -1
to reverse the inequality sign to be cénsistent with the balance of the
constraints. This results in ui being the reduced cost_tolthe objective
function in the event of an increase in>Si. In order to reflect fhis in
the eéuality formulation of tﬁe model the values of ui were multiplied by
-1. The smallest valﬁe.of ui, (the most negative value) was thé; géd%d to
each value o} ui and vj so that the relative values remain constant and
that all values are positive. The resulting set of dual Qariables are
consist with Stevens (1961) explanation of the interpretation of the dual
solution whereﬂthe-highest value of ui is locatéd nearest the optimal
demand point and fﬁé lowest value of ui is located at the farthest supply

point required to meet the specified demands. The conventjanal

interpretation of the dual solution is therefore possible.

;

4.4 EMPIRICAL APPLICATIONS OF THE TRANSPORTATION PROBLEM .
) : '

v

&

1
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The Classical Transportation ‘Problem represents an entire class of Linear

Programming problems pertaining to a variety of econohic applications:

Its relevance to the geographer is its capacity to evaluate locational

limitations of productien capacity, distributjon allocation schedules,

e, .
L ma
’ 3 /

ne;work désigns, cost tariffs and the effect of the multiplicity of’

» . I3 ) * .
commodities on increased transportation costs. The. Transportation
Problem has been applied to a .wide variety of coordination issues

. ‘ [y

involving a large amount of transportation,required to ship products to
market and where the cost of shipping is an idbortant component of market

value. The Transportation Problem is 'phrticularly relevant - to

l
{

geographers because it ¥ocuses entirely upon the costs associated with

overcoming the friction of distancec in pursuit of interregional trade.

The €lassical Transportation Problem can be extended by a variety of
4methods to improve the model's representation of actual circimstances. It
can be modified to include many commodities or a variety of transport.

modes. . Each of these expansions can incorporate transport capacity on a

link basis. Varying .production costs can be included in the_modellto
™~ 2 -

assess the impacts of transportation and production cost relationships. in

a spatial system. The following ;eview of appliéations of the genefal

Aproblem‘Ahighlight the model's .uii%ity in assessing a. variety of

. \\ s
transportation issues.

.

. . '

The dual solution of the Tranpoftation Problem has been used to identify

regions which should change ‘their production levels. in order to take
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s
N

advantage of favourable transport tariffs thereby increasing spatial
cfficiency in meeting demands. Goldman (1958) investigated the least cost

transportation requirements. for the production and distribution of steel
. . . ey

in the northeastern region of the United States. Changing the
: . _ ) - ‘

geographical distribution of steel_productiqn has the effect of reducing
[ . -
the numbcffbf empty coal freight car movements while producing the finﬁl
product closer to. the market5u;‘The net cffec; is the production and
distribution of, more syee} Qith the same amount of transportation -
equipment through the improved utilization of rolling stock. Ghosh (i965)
studied the dispefsal of thcAIndian cemeng industry in order to identify:
regionf which should ianeasé‘théir~produqtion capacity to reduce lpng
distance’ -hauls. The present. pro@uction ~areas located near well
.establishéd economic activity -was détrimentél to the national economy

because o{ the associated excessive transportation ‘costs. Dispe¥sion of

the industry was recommended.

The _Transportatign Problem can be used to model potential market
catéhments. Spatial equilibrium prices are determiné? by the dﬁal
;o}u%ion whefeby atggégtive market regions are defined. The production
and transport costs are incorporated into these models. Jﬁdge and
-Wéllace (1958),appiied‘the model to beef prices in the United States to
demonstrate how changeé .ip‘ lranspor;ation costs, the geographic
distribution of'the population, regional income ;nd beef supply alter
prices and ﬁhereby _the market. Koch and Snodgrass (1959) applied.the

v

model to the tomato processing industry in the United States. The

r~
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changing production capacities-of the threec main processing regions had

-

increased total processing and transportation costs of. delivering the

finished products to the domestic markets. Their conclusions indicate

)

which producing regions should increase capacity in Order to minimize¢ the

.

"-aggregate costs of meeting demands. Boehm and Conner (1977) attempted to

determine delivery patterns of raw milk from production locations that
would minimize the combined costs of assembling and processing raw milk

produced in each geographic region in the United .States.. The results

o .
i )

indicated a necessary trade-off between a large numbegr of small production
y g e P

plants operating at high cost and fewer plants associated with higher

transportation costs.

"The Transportation Problem can be utilized to simulate distribug}on

patterns under alﬁernative shipping tariff- scheduleg. Morrill and
Garrison (1960) applied the model to wheat and flour distribution in the
United States. Assﬁming that .the location of the market did net influence
location of production, the dual variables were qsed~to indicate how
transport pricing ‘affects interregional distribution patterns. Fedler

and Heady (1976) also applied the Transportation Problem to interregional

.
L]

grain transportation,in the United States. The least cost copfiguration

of transportation and production costs undér alternative transport

networks and distribution systems were emphasized. Actual costs of
-~ : R :

transportation, rather than freight'rates charged were used to indicate

- the impact of alternative rate structures on interregionall flows.
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the most,.poptlar application of the Classical Traﬁsportation

"Problem is the evaluation of shipping programmes. Barr (1970) applied the

model to the interregional distribution patterns of lumber and roundwood '

Py

in the

administrative organization
the shipment of commodities.

in add;tien #0\ shipping costs,

programmes
industry.

to markets

—Soviet——Unions The—centrally

rd

/

/

f
\

N
11

W

controlled—-transportation———

\

was shown to be inefficient .in coordinating
Barr ‘concluded that other location factors,

such as regional economic development

/ : '
explain the spatial 'location of the Soviet wood processing

-

Dént (1966) investigated the actual flows of wool from growers

|

f

in Australia. Transport costs, a significant component of wool

£ S

marketlng ?osts. were determined by road and railway. Discrepancies

'

between minimum cost patterns and the cost of the actual shlpplng patterns

t

"may be regarded as a, measure of the influence of other criteria §uch as

backhaul rates,

°

family tradition and personal preference.

There have been several applications to the agricultural industry. Kondor

(1966) studied the processing and distribution patterns of sugar beets in

Hungary.

The results indicate that significant transportation savings

"~ coulad accrue to the improved coordination of railcar allocation. Haaland

(1977) applied the Transportation Problem.to distribution of grain'stoeks

subsequent to a nuclear attack in the United States. The solution to the

hypotheticalvéroblem can be infeasible because'{ae precise location and

degree of damage to the transportation network is unpredictable.

Stewart and Ittman (1979) invesfigated the production and distribution
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patCCrns of maize in South Africa. The»anplication of the Transportation
Problem resulted in a large number of solutions where rail costs are
minimized. ‘Monanu * (1980) applied the Transpo'rtatinn Proble‘o the

shipment of cocoa dnd palm kernels in Nigeria to export ports. The

results indicated that transportation utilization could be rediced if

» actual deliveries were altered to represent the least cost pattern. In
w

Canada, Tychniewicz and Tosterud (1973) inQestigated the impaét of
rnilway branch line abandonment and grain elevator rationallzation on
m1n1m121ng R?e total cost of collectlng, han ling and shipping grain to
Thunder Bay from the Boissevain reglpn qf Manitoba. The actual flows
indicated that farmers chose .delivery noints for reasons other than
minimum transport cost consideratibns. "Nevertheless, the results'

~indicate that railways could realize savings in a rationalized system.

Dunbar and Mehring (19¥8) applied tHe.Transportation Problem to thé'costs

assoc1ated with supplylng coal to coal-burning plants -in the United
$8ates The model was equ1ppé@ to satisfy demands shifting between fuels.

, :
The transportation cost stnmcturesZWere altered to determine optimality

\\ ;:.3’—:" e _\}4 -
Yinder varlQus schéﬁyles Henderson (1958) 1nvest1gated shlpment of coal

from ptodpcln Yo markets in Great Britain. Because partlcular

supplylng thined underutilized capacity, transportatlon costs
gy ‘ L <
fﬁ"wéxe 'ﬁoré"‘~; ;iﬁf' _ than ~necéssary. .Land (1957) investigate&' the

- N\ X B SN

tnang ortatloﬁfﬁgosts associated w1th supplylng a homogeneous grade of

7
coklng'coal to coke ovens in England and Scotland The results indicate

that significant savings could result from altering the ‘distribution

L4
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~ ,
patterns. Land suggests, however, that the simplifying assumptions may be
responsible for over-estimating the potential ‘'savings, the most serious.

of which is expected to be the assumption of homogeneity of the resource:

I

As Land's research suggests, the assumption of homogéneiﬁy of the
commodity must be addre;sed in transportatién coordination modelling.
Commodities ﬁay répresént distiﬁét categofies'or may be amalgahated into
one classification. The ~impact of‘grade multiplicity is particulérly
important for low wvalye, high bulk resources. ‘Abouchar (1971)
investigated the transportation and production costs assoéiatedAwith the’
seventeen grades of cement processed in the Soviet“Union; T@e shipping
patterns departed slightly fipm the least cost pattern. He iémbined the
seventeen g;ades of cement into one high quélity gréde analasﬁlied the
transportation problem to the set of 'asgociated‘ production and
transportation costs. The resulté indicated a s;gnificaﬁt savings in both
‘production costs and~£ransportation utilization.

v

The present research investigates the short term .efficiency of the

.
-
.

Canadian Wﬁeat Board's rail Ca; allocation schedules for the delivefy'of
Canad;an Western Red Spriné qhea? to the éxport terminals of fbunder'Bay,
Churchill, Prince Ruqut and.iVanCquer. ’This,.invéétigation is not a
schgduling .problem‘ per - se, constréinéd by train size, railway link
cap;cityf or payload tonnages! Rather, . this is én evaluation of the
general level of efficiency’achieved by thé CWB over a study period. The

transportation of wheat is,6 internally constrained by the system's

. \

i . '

-~
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operational characteristics such as the number of railcars, locomotives,

-

elevator handlin'g capacity, contractual commitments and agricultural
. ] . : ,

production levels. The transport rates per tonnage shipped are governed

by the Crow rate structure as they apply to exclusive Canadian National

and Canadian Pacific service areas.

The goal is to minimize the total transportation-costs thereby maximizing

the amount of transportation service provided for the given supply of
il

railway cars: The relationship between the number of grades shipped .and

the additional transportation costs associated with gradelﬁultiplicity
e

are determined. Increased production should be encouraged in regions
. ‘ P

closest to demand points as this would result in the lowest shipping

éharge requéred to meet increased demand. Similarly, inéreasing demand at
points with high values of vj would fesult in the greatest savings in
transportation charges. In thé event of ‘inéreased supplies thé most
attractive delivery gﬁhedules are between origins of high values of ui and.

\
low values of vj. ' ' ' ;
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closest to demand points as this would result in the lowest shipping

éharge requéred to meet increased demand. Similarly, inéreasing demand at
points with high values of vj would fesult in the greatest savings in
transportation charges. In thé event of ‘inéreased supplies thé most
attractive delivery gﬁhedules are between origins of high values of ui and.

\
low values of vj. ' ' ' ;



operational characteristics such as ‘the nun

. ' ’ \ . h
elevator handling capacity, contractual
production levels. The transport rates pe:

by the Crow rate structure as they apply t

and Canadian Pacific service areas.

The goal is to minimize the totéi transport
the amount of.transportation service pros
railway cars: The relationshié between the
the additional transportation costs assoc.
are 'determiﬁed. Tnéreased production she
closest to dehand points as this would
éharge requéred to meet increased demand. S
points with high values of vj would ?esul

transportation charges. In the event of
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oo TABLE 6 .

A T
\ ) .

GRADES OF CWRS WHEAT UNLOADE AT TERMINAL EL_E\(A,TOR}? ‘

# Lo oA

Official Canadlan Grain Comm1551on Total Tonnage

Grade Descrlptlon . o Handled.
Code - - S : o
A
10 . Extra No. 1 CWRS +13.5% B S A E 7,620,330 .
20 . Extra No. 2 CWRS +13.5% U N © 930,125
100 - No..1CWRS - oy 2 . 141,860
115 No. 1 CWRS +11.5% . I 254 " 14,741,875
125 No. 1 EWRS +}2.5% . . - . 21,767 1,445,723,995.. :
135 No. 1 CWRS +13.5% - ~ <+ 63,977 4,260,219,980 . ’
145  No. 1 CWRS +14.5% . o . - 8,041 541,192,150 i
200 ... No.-2 CWRS . 1 54,740 .
- 215¢  No. 2 CWRS 11.5% _ -~ '~ - =~ 6,815 407,906,825
225 ° No. 2.CWRS 12.5%- ~ .. . ;23,798 1,581,478,685
235 No. 2 CWRS 13.5% . - - / 28,242 1,896,919,785
300, No. 3:CWRS. ' . R 67,175 - 4\ 367 ;374,460
1010 . 'Tough Extra No. 1 CWRS +13.5% o 1 56,790
1125 Tough No..1 CWRS'+12.5% - 32 2,064,345
1135 _  Tough No. 1 CWRS +13.5% ST - 24
1145 . Tough No. 1 CWRS +14.5% - ‘ 2
1215 - Tough No..2 CWRS 11.5% . o 50:
1225 - Tough No. 2 CWRS 12.5% - : 162
1235 Tough No. 2 CWRS 13.5 -~ 261 -
\ 1300 -~ Tough No. '3 CWRS" 3 12,430 ,
5125 Damp No. 1 CWRS 12.5% - T 1
- 5225 Damp No. 2 CWRS 12.5%" S S 3 - 0~
5235 Damp No. 2 CWRS 13.5% - 1 :
5300 . Damp No. 3 CWRS T ' 303°
8100 Rejected No. 1 CWRS (Stones) , 1 .
8135 - Rejected No. 1 CWRS (Stones) 13.5% 1
8145 . - Rejected No. 1 CWRS (Stones) 14.5% 1
8225 . Rejected No. 2 CWRS (Stones) 12.5% 1 .
8235 - Rejected No. 2 GWRS (Stones).13.5% 2
5 290,970 -

8300 =~ Rejected No. 3 CWRS (Stones)

0y
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. : //r/
5.1 WHEAT GRADE AGGREGAT’Iﬁm REORGANIZATION

\ S

Grain grading activities at country elevators operate independently from
the official grading procedures at terminal elevators. Due to space

limitations related to the diverse utility of country elevators, CWRS

wheat is‘ stored in bins diff‘erentiated on the following basis;
a. CWRS Extra No. .1
b. CWRS Extra No. 2 g
c. CWR? No. 1
d. CWR.SNo._?T‘ o o S
e 'CWRS No 3
.f. Caﬁada Utility .. : 4
g’.. Canada. Feed

Canada Feed axid Utility grades are usually admixtures of other grains and
’ . - N : '
varipieg} and are not included in this analysis. The emphasis of this

study is 5n the straight grades of CWRS, listed above as the first five
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categories.

At the point of unloading a sample of the delivery is assessed by the
official inépectors of the CGC. It is at this point that the thirty
grades - are differentiatéd from the original five grades shipped from

country elevators. The thirty grades established allow the CWB to blend

\

\ .
grains to meet specific export commitments. Country elevators are not

equipped nor adeqkqgely informed of requirements to undertake this level .
\ . .

of differe‘ntiation.\

\

\
For this analysis<the thirty grades are aggregétéd into one CWRS grade.
This aggregation Qill\\démonstrate the additional transportation costs

associated with grade multiplicity. This extreme grade aggregation may or

may not be a practical ‘marketing solution. To this end the official
-

thirty gradeé are regro Fed into the three main grades .traded
internationally, naméi& CWRS\ o. 1, No. 2 and No. 3, as presentéd on Table
7 on pagé>102; Tﬂe aggregat?SQ of grades into the main gr;des ma;keted
‘internationally was cdnductéd ts défermine the optimal shipping costs for

a set of three types of grain {awn from the producing areas. It is

.

'expected that the transportation. costs fequired to suppért a syétem of
thirty grades will be more éxpenéive than that required for a system of
 £hree grades. Once the thir;y grades arrive at fheir destiﬁations they

aré mixed with other wheat in its grgde and with wheats of other grades to

standard as required by the

blend the grade down in standard or up i

‘specific sales contract. The analysis may be - to determine -the



»
101

X

transportation costs associated with maintaining a strict grading regime

in the ﬁroducing areas. that wultimately faces blending at terminal
elevators.\’Since the 1?80-1981 crop year Extra No. 1 and Extra No. 2 have
" been eliminated from the grading structure and replaced with a.premuim
payment on country deliveries of wheat in‘exces;'Of‘13.5%‘protein. As ;

result, CWRS Extra No. 1 and CWRS Extra No. 2 have been absorbed by CWRS
]

7 2 respectively.

3

No. 1 and CWRS No

The component grades of each of the three new classifications are based

upon the standard of qhality criteria specified on Table 1 on page 21.

\

The official grades in each of the ne; categories are distinquished by
protein and moisture levels. ifrotein, levgls are not universally
ascertained at country elevators because of the costs involved in the
acquistion of testing equipment and the sﬁbsequent requirement for an
additional number of storage bins in the elevators. Tough.and damp _
grains, on thé‘othef hand, are tested at_country elevatqrs. Presently,
however, the gra&n tfansportati&n'systgm~doe$ not distinéuish petween
ordered moisture| levels and the deliveréd load. in,ﬁéct,.if the CWB.
orders grain’ to qeet export contraéts,_it maf re;eiv$ unloads.of ail tough
and damp grades/that must be dried before lvessel loading. Besides .the
protein and moiéture levél differéhtiation, pnly eieven rail car unloads
were graded 'rejected" on account of excessive.stoﬁe éontent: Stone
content can be reduced by appropriate sieving to méet-thg straight grades,
eliminating the term 'rejected"from the grade name. The resulting three

categories of grades represent a practical disaggregatioh of CWRS wheat

)

!
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TABLE 7
RECLASSIFICATION OF OFFICIAL GRADES OF CWRS WHEAT

\ )

*~

Grading Scheme Used Official C.G.C. érading Scheme and Description
in the Analyses . ‘ :

i
'

CWRS New No. 1 10  Extra No. 1 CWRS +13.5%
- 100  No. 1 CWRS )
115 No. 1 CWRS +11.5% - -
125  No. 1 CWRS +12.5% , - -
135 No. 1 CWRS +13.5% - :
145 No. 1 CWRS +14.5%
g L ' 1010 . Tough Extta No. 1 CWRS +13. s%
' 1125 Tough No. 1 CWRS +12.5%"
1135 . Tough No. 1 CWRS +13.5%
1145  Tough No. 1 CWRS +14.5%
5125 Damp No. 1 CWRS 12.5% '
8100 Rejected No. 1 CWRS (Stones) .
8135 Rejected No. 1 CWRS (Stones) 13. 5%
8145 Rejected No. 1 CWRS (Stones)’'14.5%

Yo

CWRS New No. 2 20 Extra No. 2 CWRS +13. 5% ;

200 No. 2 CWRS -
215 No. 2 CWRS 11.5% . ,
225 No. 2 CWRS 12.5% e 3

235 No. 2 CWRS 13.5% .
1215 Tough No. 2 CWRS 11.5% ',
1225 Tough No. 2 CWRS 12.5%@ '
1235 Tough No. 2 CWRS 13.5 : ,
5225 Damp No. 2 CWRS 12.5% . ST <

aa

5235 Damp No. 2 CWRS '13.5% o .
- 8225 Rejected No. 2 CWRS (Stones) 12. 5% S Tv

8235 ReJected No. 2 CWRS (Stones) 13.%5% .

CWRS New No. 3 “" 300 N3 CWRS S ; o
. 1300 Tough No. 3 CWRS . )
5300 Damp No. 3 CWRS . ; .

8300 ReJected No. 3 CWRS (Stones)

" One Grade ' . All‘Above‘Grades
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5.2 SUPPLIES AND DEMANDS -
. : o 8

w
&

3 . <

In this appllcatlon of the Transportatlon Problem the total supply of CWRS
@
wheat is equal to the total«demand as determined by export contracts

' Supplles that are mnot Shlpped do not enter this data base of the CGC and

Q
z\

therefore represbnt carry over stocks*nbt addressed in this study. The

producers were able to dellver all xhe CWRS wheat they wished during the
e

: ﬁy_ year_,(CWB Annual Repbrt 1980/1981, p. 14).

N J ¥ s ’

o
e

o 4
p S

‘ Thef'annnalxtonnaées of each of the thirty grades .delivered from each’

N

: T L . :
origin block, were calculated. Likewise, the tonnages of each grade
oo . ® ' : . ‘
delivered to each of the four terminal elevators were calculated for the
% . 1'4“ .

entire crop year. These dvailabilities and demands for each of the thirty

-
. &

y. a “. . ; R R . N
~official grades represent the raw data input into the Tramsportation -

w )

Problem¢ The tonnages of each of the thirty grades can be reorganlzed

’ "\

into the'grading schemes addressed.
Ao :

_4") : ‘ T RN

% -
LR

In order to evaluate the actual transportation patterns &against the

optimal solutions, origin and destination matrices were constructed for

~each grade. These matrices can be combined to evaluate savings accruing
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from grade aggregation. Each element of the tonnage matrix is multiplied

~————Dby—the-corresponding—element—of-the-cost—matrix—to—ascertain—the-total-

actual costs of the delivery programs.

In this application of the Transportation Problgm-mathematical problems
relating to the maximum dimensions of the model and the significance level
have arisen. In terms.of the di&ens}ons, the resource availabilities and
demands must be specified as integers. Therefore the maximum number of
kilogramsqallowed as input szt bé less than 2%%32 or 4.295E9. Because of
the‘high bulk nature of.the grain transportation industry and the‘use of
. cents for traqsportation tariffs instead.of dollar decimal notatidh, this
ﬁaximum valueihas been found to occur in many cases particularly for the

*

grade aggregation anaiysis. In addititn, the aldorithm used .in this
& - T Ji
; -

analysis requires fhat total shpplies must equal total demands.
These restrictions %esulted ;n‘soﬁe’changes to’ the model tq.allow for
storage And“manipulatiQn of the Aata. For the cases of CWRS No. 3 and No.-
1 at i3.5% protein (Grade;VSOD and 135, respectively) and for each of the
aggregated grades (A1l Gradgst New No. 1, New No. 2 and New No. 3) a minor
, a&justment‘ had to be made. The model is equipped to read a series of
origin-destinatign matriées> aerived from the CGC compute§’ tape of
deliveries. The inputed sums of the availabilities aﬁ&ﬂghe demands were,
divi@ed by fén inve;ch‘of these identified cases. This resulted in the
sum of the-demandsvexceeding'the sum of the supplies due to.rounding error

in the cases presented on Table 8 an page 106. This fact is contrary to

-

+ .
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the specifications of the general TransportatioﬁfProblem as the demand

constraints can never be met thereby terminating the models functions.

A\

g

-

‘ To solvé this problem the difference between the sum of the demands and
the sum of the supplies were determined. This difference had to be
subtracted from each of the demand constraiﬂts. To achieve this, the
proportion of the total. tonnage handled at eaqh of the termingls was

_calculated.. The appropriate percentages of the calculated difference was
subsequentiy"subtracted from each of the demand constraints. This
resulted in a set of input parameters that would meet the specifications
of the model and allow it to prgform. The ?fgnitude of these distbrtions
relative to the total tonnages handled are not expected to be significant
in the solution represénting a very sméll proportioﬁ'of the total tonnages
handled. Ih. addition £he exponential Aotation, significahg to'seven

. digits, usea to calculate‘ the 'total cost .as .determined by the
Transportagion Pgoblém tends to minimize the effect of small differences.
The use of exponential notation el}miﬁates thg possibility of determining‘
small diffe;énces inl transportatidn " shipping pattefns. This is
eépecially criti;al for the evaluation of optimal pattern;‘derived frém
the exélusivg CN and CP networks and the combineﬁ.network.' In‘essence,
the uée -of expoﬁential .notationv'directs one's<.a€fen£ion to somewhati

2
significant differences.

Demand points not receiving deliveries were assigned a demand of one in
: ' : , o ,
order for the algorithm to assign a value of the ‘dpnal variable vj for

-
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TABLE 8.

GRADES AFFECTED BY

'DIMENSION AND ROUNDING ERRORS

Grade Tonnes Subtracted Total Tonnages
From the Total to : - Handled
Match Availabilities :
and Requirements

135 . ' 1.102° 4,260,221

300  1.565 g 4,367,376
New No: 1 2967 .. 6,287,567
- New No. 2 3.110 | | ,3,913,62'4
New No. 3 " 2.590 _ 4,543,161

One Grade . 8.667" s 14,749,442
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evaluating the solutions. The closest supply was increased by one unit to

meet the increa‘\sed demand. The additional transport costs to the primal

ob&éctive function were subtracted from the total cost of the allocation
and the allocations Aisregarded from the analysis of aégﬁal patterns.
'Howevef, the value of vj\ éssigned to the‘ destinations provide a-measure to
evaluate alternative demand'patter.ns. The t;ransport'ation costs to Pr.ince
Rupert are the same as the costs'to'Vancouver. The difference in values.
of v'j r‘eflec_t the éttractip_n of tﬁe non—utilizga pox“t fbr incr.eésed'
‘Business. The value. of vj at dll;s‘tinat»i"ons without any actual demand are
- . )

equal to the transportation costs from the origin supplying the one unit

of demand. ‘ ‘ L 4 S

5.3 SHIPPING COSTS

The Crow Rate structure is utilized to derive theiminimum cost shipping
pattern of grain deliveries by rail- in Western_‘Canada.' Grain freight
rétes are. e.s:t"ablis.hed by 'federali government statute.- Crow Rates to
_Churchilll“ a.nlerince kuperf: are established only Afor‘ delivér‘ies f‘rom CN

elevﬁtor-.points_. Therefore, CN monopblizgs all grain deliveries to

Churchill and Prince Rupert.

»

-

To determine the efficiency of the actual delivery pattern ‘the costs
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associated with the restricted links from CP shipping blocks to Churchill

and Prince Rupert are set at a very high rate per weight. A high cost will »

N

force the solution algorithm to seek a lesser cost route to solve the
_pertaining sppply and demand constraints. The cost matrixvapplied_to the
delivery of CWRS wheat for export‘representiné exclusive railway serpice
areas,-hereby referred-to as the EXCLUSIVE transportation cost matrix, is

-.presented on Table 9 on page 109,

~ .
e

Nevertheless, examination of the Transport Canada Crow Rate maps can
provide a basis for reasonably accurate' estimates applicable to a
theoretical analysis. -In ~order to perform ‘CN and CP rail line

compatibillty analyses Crow Rates from CP elevator p01nts to Churchill

\

'were drawn from. the Trans ort zhanada _map of Crow Rates to Churchill
‘ P

‘These rates represent a close approx1madion of the expected rates, as CP

elevator points - are not included on Transport ~ Canada’ s. graphic‘

presentation of rates. Freight rates to Prince Rupert, however, are

similar to the rates from all Prairie points to all PacifiC‘terminals.

The transportation cost matrix from all shipping blocks to all terpinal

ports based upon Crow Rate structure, hereby referred to as the COMBINED

N

transpOrtation»cost»matriX'is presented on Table 10 on page 110.

t

Despite the exclusive service areas operated by the two railroads, the’

. o ) . . f‘il e
shipment categories. addressed “above allow divergence ' from strict

adherence to the system. Direct.Shipment, non-reciprocal deliveries are

»

by far the dominant types of deliveries, shipping grain froELCP lines to

¥
S



TABLE 9: EXCLUSIVE TRANSPORTATION COST MATRIX

(cents per metric tonne)

Origin Block Block Name

Thunder Ciin‘;'rchill Vancouver Prince

109

- Bay Rupert
01 01 Winnipeg North 341 518 739 739
02 03 Winfiipeg South 331 518 761 761
03 05 "Winnipeg West 353 496 728 728
04 07 ‘Brandon North 357 474 683 683
05 09  Brafidon West 386 507 683 683 ,
06 “11° Melville 408 - 430 672 672
07 13  Dauphin 430 430 672 672
08 15  Kamsack + 463 407 661 661
09" 17 Saskatoon Main ’ 474 474 573 * 573 .
10 19  Saskatoon South 507 496 562 . 562 ,
11 . - 21 Saskatoon West 518 496 540 540 o
12 23 Saskatoon North 496 " 463 540 " 540" :
13 25 Prince Albert East 485 418 595 595
14 27 - Prince Albert South 489. 441 - 562 562
15 29  Prince Albert West 534 474 540 540
d;g’ 31, Saskatoon East 463 - 485 595 595
17 33  Regina South 430 485 628 628
18 35  Regina West ' ° 463 507 617 1617
19 37 Biggar North 529 -, 496 518 518"
20 © =39  Biggar West 529 507 529 529
21 . 41 - Edmonton North 639 . 584 463 463
22 . 43 Edmonton South 562 - 551 463 463
- 237 45 Edmonton West 617 :573 452 452 -
24 47 . Hanna South 540 ‘gao 474 . 476
25 . 49 Hanna West 584 -~ - 562 474 . 474
26 61 Keewatin - 331 783 :
27 62 La Riviere 353 739
28 63 Carberry: 364 739 -
29 64  Brandon 397 . 672
© .30 71  Weyburn 430 650
31 72  Pasqua 418 606
32 737 Bulyea 452 617 .
.33 74  Bredenbury - 452 661
34 75 Saskatoon 485 ° 606 g
'35 76  Wilkie 529 529
136 77  Assiniboia - 496 562
37 -78 ° Swift Current 474 595
38 -~ .79 " Outlook 496 551
39 81 Medicine Hat 518 518
40 82 Brooks | 562 474 .
41 83 - Lethbridge 551 496 -
42 84  Vulcan 573 463
43 . 85 Calgary 617. 463 :
44 86 Red Deer . 584 463
45 87  Edmonton - 584 485
46 .90 - N. Alberta R.R. Wes '595 507
47 95 N. Alberta R.R. East - 595 . 507
48 97  British Columbia R.R. = 595 507
49 507 .

98

-Great Slave R.R.

. 595



o ‘
TABLE '10: COMBINED TRANSPORTATION COST MATRIX
P (cents pef metric tonne) )

Origin Block . Block Name

Bay Rﬁpe:t
———01——— 01 Winnipeg-North 341 518 739 739
02° 03 Winnipeg South 331 518 -761 761
03 " 05 Winnipeg West 353 496 728 728
04 07  Brandon North 357 474 683 683
05 09 Brandon West 386 507 683 683
06 11 - Melville . 408 430 672 672
07 13 Dauphin . 430 430 672« 672
08 15 “Kamsack 463 407" 661 661
- 09 17 = Saskatoon Main 474 474 © 573 573
10 19 Saskatoon South 507 496 562 562
11 21' Saskatoon West 518 496 540 540
12 23  Saskatoon North 496 463 .. 540 540
13 25 Prince Albert East 485 418 595 595
14 27 Prince Albert South 489 441 562 . 562
15° 29 Prince Albert-West 534 474 540 540
16 31 - Saskatoon East 463 - 4BS 595 595
17 33 ° Regina South 430 485 628 628
18 . . 35 Regiha West " 463 . . 507 617 617
19 37 -Biggar North 529 496 518 518
20 39 Biggar West 529 507 529 529
21 .41  Edmonton North 639 584 463 463
22 43  Edmonton South . 562 551 463y 463
23 45 , Edmonton|West 617 573 452 452
24 47 = Hanna South 540 540 474 474
25 49 _Hanna West. 584 562° 474 - 474
26  61° Keewatin 331 . 533 783 783
27 62. "La Riviere 353 . 533 739 739
. 28 63: Carberry 364 " 489 739 739 .
29 64  Brandon 397 467 672 672
30 71 Weyburn 430 511 . 650 650 '
31 "72  Pasqua 418 489 . 606" 606 o
32 73  Bulyea 452 489 617 617"
33 . 74 . Bredenbury 452 bbb 661 - 606
" 34 .. 75 - Saskatoon 485 467 606 606
35 76  Wilkie 529 511 529 529
36 - 77 Assiniboia 496 533 - ‘562 562
37 78  Swift.Current | 474 511 595 595
38 79 Outlook 496 489 .551 551
© 39 81 ~. Medicine Hat 518 533 518 518
40 82  Brooks - - 562 578 474 474"
41 ©83 Lethbridge 551 600 496 496
.62, 84  Vulcan 573. 578 463 463
Co 43 85. Calgary 617 600 , . 463 . 463 .
- 44 . 86. Red Deer 584 578 463 - 463
45 - 87 Edmonton - 584 578 - 485 485
. 46 90. N. Alberta R.R. West. 595 595 507 507
47 95 " N. Alberta R.R. East 95 595 507 507
.48 99  British Columbia R.R. W75 595 507 507 -
507 507

. 49

98

Thundef Churchill Vancouver Prince

110

Great Slave R.R.

E4al

595

595
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CP port faéilities and similarly for CN. Howe\}er. the otfher"categoriés of .

deliveries, namely direct shipment reciprocal, direct shipment to

Churchill and transit traffic result in deliveries from cp B‘loc_ks to the’

ports of Prince :Ruperﬁ ana Chur_chill. It is .“importan;l “go remember,
vhowev'er, 'that‘ in‘ 1981 thé Nor'thern Albe.rta‘Railway became part ‘of 'Clanadian>
‘Nation kailwqys." The total of 2.04,.318.», tox;nes o'f.th'es‘e.irregulsi.r"'—shipments
‘représer;.t:s 1.3% 6f the total tonﬁégeé, uﬁder_ i;ui:fent investigation. _Th_ezse'
deliveries interfere with x_*.he aﬁal‘ysis _c:or;;paring tﬁe costs associéfé&
with th?: ‘gxcl‘usive‘ railway netw'orl‘(s to the competéij:ive ﬁeVJork. "The
éxistenée of this pr‘oblem is meritioried .w,'heré- this si_tuatio'n"becomes
A )

apparent. The tonnages delivered: from CP blocks to.CN terminal elevators -

. are presented‘ on Table 11 on page 112. 5
.'~ . . . ) l N ’ .A. . '
A \_ /.

The transportation tariffs do not vary among commodities despite ‘the

varying value of different grains and grades:;t';."rgferefovre, C\JRS Ng. 3 wheat,.
©is shippea a the samératé as Extra CWRS :No. 1 which‘ has ‘a higher rﬁarké£
value. This"type of sez_‘v‘ic-e 1s convenient for the purpdses of thls
.inve;sAtigat_ior.l. ﬁe .transportation tar?'.f.fs_ contained in tk_le_ matrices
- repx}eéent cents per‘ 1000 .kilograms, The model requi‘i’se’s.integer input
.'necessitating a‘,r;ranuél ladjﬁstment to determine theloptimal ‘costs and

4

potential savings.

»
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TABLE 11

5

DELIVERIES FROM CP ORIGINS TO THE -CN DESTINATIONS OF

PRINCE RUPERT .AND CHURCHILL I
Origin Destina_«t'ion. ) Grade Tonnage -
74, Churchill - - 125 2,244
75  Churchill .° . . 125 6,147 '
76  Churchill oo d2s 21,437
86 rince Rupert e 215. 454
87. i Rupert Co215° 4,185
74 ghurchill 225 . 12,52%
75 * [hurchill B 225" 12,185
76 '[Churchill ) 225 22,382
74 Ghurchill © 300 19,283
75  .Churchill - 300 11,770
76 ‘Ghurchill 300 9,018
82 Prince Rupert. 300 164
86 Prince Rupert © 300 6,208
87 ~ Prince Rupert . 300 75,839
74 Churchill . 1300 . .59
86 Prince Rupert . 1300 117
87 Prince Rupert 1300 221 .
Total To Churchill . 117,050
Total To Prince Rupert . 87,259
i /
TOTAL ' " 204,309
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5.4 ANALYSES o | | .

v
e

“The efficiency of tﬁé'.Canadian grain transportation system will be
determinéd by comparing the empirical total shipping/dosts to the results
obtained by perforping the Trgnspo;tation Problem of Lingar Programming
én the data base. The comparisions will be Compfgggg;kor the year as a

total. The analyses, therefore, necessitate the following applications

of the Transportation Problem;

a. Total .tonnage delivered over the study year classed as one
commodity type charged Crow Rates as they apply to railway company

exclusive service areas. : o

b. Total tonnages deliyered over .the study year classed' as one
commodity tyﬁe'charged according to shipping rates as they would’
‘apply fo a competitive railway transportation network.

c. Delivered tonnages by grade.over the study year charged-Crow Rates
as they apply td faiiway‘company exclusive servicé_a;eas.

o

d. Dgfivered'tonnages by grade over the study -year charged‘shippiné

-

rates as they would apply to a competitive railway transportation

network.
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~— .

\
Thé»d@ta parameters utilized in this study are therefore, commodity type,

supplies, ‘demands and transportation costs. These:rdata parameters are

used to determine the efficiency of the delivery pattern§ based upon the

'

premise that sub-optimality arises from the following sources:

1. Exclusive Canadian National and .Cahadian Pacific railway service
areas and service networks.

2. The additional costs of transportation resulting from the’' grade
multiplicity.

3. The cost of short term suboptimal planning in response to_bperatidnal
‘constraints of the transportation and handling system at the expense

,  of long term efficiency. ‘ N .

The causes of suboptimality are discussed in Chapter One. The analysis
and the occurance of suboptimality arising from these causes is presented

in the followingfchapter.

I



6.0 TRANSPORTATION PROBLEM ANALYSIS

A

v
a

The Transportation Problem ‘o~f oszir;eax-:j Pfogramming as béen épplie;l to the
, / 3 , ' .
set of given supply and demand constraints to -deteminve the pattern of
shi;ﬁ'meﬁts’ between ‘origins and destinations that,K minimizes the total
tranépog_gatién bili in such a way tﬁat cqnﬁracpual commitments are met.
The Transportatibn Pfoblerﬁ derives an efficient result by specifying that
uthe' prescribed set of derr{andé, as given by the Canadian Grain Comniission
in tﬁié case, cannot be met at a IIOWer total cost. The effi~cient pZtterns
determined by the'-Tra_ns_portation Problem are compared to the. al;tual
shipment };atterns as provided by the Canadian Grain ACo'mmission for the
' 19§0-19,81 study year. Thg actual and optimal patﬁex;ns for 'each of the

grades of wheat discussed below are presented on.origin-destination

matrices in Appendix A.

6.1 ACTUAL TRANSPORTATION COSTS.

\
(.

Actual transpértation costs for shipping CWRS wheat to export terminals’
was determined by ‘multiplying each element of the origin-destination
tonnage matrix by the corresponding element of the Crow Rate cost matrix

© 115
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‘ that is presented in the previous chapter. The actual shipping charges
fdr the delivery of each grade, and the grade aggregation s?stems.are
——“*~‘~*“prcsentcd*on—TabIe"12fon~page_1&77—_The—tota1~cost-of—tranéporting‘&477—~-;—~——
million tonnes of CWRS"wheat was $70,130,875. The following analyses will-

demonstrate how this cost can be reduced by efficient shipping schedules,

grade aggregation and unrestricted commodity flows from all.origins to all

' \ .
\\\ destinations.

6.2 PRIMAL SOLUTIONS TO THE TRANSPORTATION PROBLEM

-

-

The éptimal ‘separate costs of transportation as detérmineq by by;the
.COMBINED 'transportaﬁion cost métrix f#r each.of the thi;ty commodity
g;ades yie}dsﬁa tot51 minimum cost, represeﬁted ds Z1, of $68,848,S86.'
~ This rep;eéents a sgying of $1,282i289.(1.8 %) from the‘actﬁal ;hibping

pattern.

.The oﬁtimal>miﬁimﬁm cQst‘for shipping one qompreheqSiVe,gféde, Z3, which7-
includes 'ﬁhe'_éggregafion' of 'all ﬁhirty ‘grades is '$68,562;410. This’
repregénts a Saving gf $286,176 :or 0.42% from the optimum qosﬁg.of

'shipéing thirty_ different grades; fhe -minimum c?St resﬁlting_ from-

. . ) . K # . . v
complete grade aggregation is 2.2% less than the actual.shipping costs
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realized. A total of 4.568 million tonnes of wheat (31% of total tonnes
- handled) were reallocated to optimal destinations. The magnitude of this

reallocation based upon the COMBINED cost matrix does not appéar to be

reflected in the objective function.

The optimal minimum éosts resﬁlting from an aggregation of the thirty
grades into three major comﬁédity gréﬁps yields a total: minimum cost,
represented as Z2, of $68,623,4§0. This représents a saving of 2.15%4from
the actual shipping costs or $1,507,385. Tﬁis level of aggrégation leads
to a 0.33% éaving (32254096) over the optimal-allocation of the system of

‘thirty grades. Alternatively, three grades of the commodity result in an

additional cost of $61,080 or 0.09% over the system of one gradé.

A(ﬁig§ level of efficiency.has béen shown to exist in the transportation
éoo;dinationﬁprqgr;mmés 9f fhe'Canadian Wheaf Board;' Efficiency can be
‘aﬁtributed.to the'foilowing reasons;

1. An-intqitive understanding of the location of supplies of grain
g:édeé gathered by historicai precédeﬁt and the appli;ation of this
intuitive knowlgdge»fo the;aIiocation schedules. ‘ 0

) 2. - ‘-Thé objeqti&e of the CWB is to cégédinaﬁe traﬁépo;ﬁa&ion to move "

gfain from’the nearest suppiyiné.fegiﬁn from the demahding terﬁinal
2%}B$bz Alien, 1979). Thié ébjective. appeafé to be ,achievedfén.é

N

5 P .
’consistent basis.
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3. The transportation costs from all points on the Prairie are equal

to both Vancouver and to Prince Rupert. Therefore, the locational

advantage of supplying grain nearby Prince Rupert may be undermined

when grain is shipped to the farther port of Vancouver at the same
cost to the CWB. Inefficiencies in operations are not, therefore,
consistently or appropriately manifested in monetary terms to the CWB

and to the transportation system as a whole.

b  The Crow Rates do.not effectively indicate the real costs of

providing the transportation service. The small difference between
.the 1least expensive rate and the highest rate may lead to a large

numbe® of inefficient “deliveries resulting in only small overall

additional costs to the system as a whole.

' z

-While there éppears to be only minor inéfficiencies in the actual shipping
'patterﬁs as measured'by the total shipping cost, the allocations given by

- the Transportation Problem appear to be much more efficient. Delivery

patterns can be represented as desirelines on maps indicating-

_inefficiencies of shipping schedules highlighied.by the,crosserrs of

desirelines. Although desifélines do not‘show .volumes they indicate that.

‘all'sﬁpplies are shipéed. Actual shipment patterns can be compé;ed to the

.l . . '. s .. f‘
optimal. patterns represented as desirelines. The suboptimal shipping

. patterns ‘can be easily identified by comparing corresponding maps. In
_most cases the actual shipping patterns are efficient for.each of the

"' thirty grades in su n'way'that the Transportation Problem could not

n
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generate a lesser‘cést solution. In these situations the total tdnnage
handled is small and therefore the opportunity to achieve efficiency is

maximized.

Figure™ 9 on page ‘121 represeﬁts the aétual delivery pa;terns'undef'a

system of one grade..:The map Eho&ing the desireliﬁes for ﬁhe actual
X pattefns wasfgenerated by noting'all dgliverieé from all sﬁpply'points.‘
ﬁTheahmultip}? c:osgovérsv of desirelines indicate ihefficiency. THe

optimal 'alloéétions clearly define supplying regions that repfesent.

commodity hinterlands dependenﬁ‘upon tariff structures to export ports.’

.
i

Origins 39,'76 and 8i,répresent.supply regions having equal transpoftatioﬁ
iéagts to ihunder Ba&; Vaﬁcouver and Prince Rupert with lowe; rates to
.Chﬁrchilf. Thérefore..thé’Pécifig Co;st caﬁ only réalistica}ly expect to
handle. ;he érain from Alberta'and perhaps the most Western points of

Saskatchewan based upon- the given demand structuré and transportation

. R . .
. \\ . 1

cost structure. .. . T

Aépual hauling costs relatiVe"tO' eaéh ‘delivery route may 'suggest
altérnative‘suppfying'regions. “The actﬁal'hauliné costs should be.used to
determine the best o;igin-destinatioh patternglofAdelive:y.: On therbgsis‘ﬂ
of actual cpét;‘tﬁé 9Wﬁv§9g1d atpemét to mihiﬁizé.the ové;a}i.cosﬁs to thé
,railways.and'ﬁo-thé éhtire system as a.wholé.rathértthanvmini;izing the
'1qsées Fd‘the;thvas,rgfiécied and'measured}by thg'Croﬁ’Rates éharged to
the Board as ;ompénsatibn for transportatién services. Canédian failway

costing . systems do not provide line-related costs for grain
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transportation except on grain dependent spur lines. o 9

I

- There are cases where the CWB ciearly does not follow the guidelines

promcting ef_f—i‘é"ien'cy where grains are/shippedﬂt’tf“fhe closest port. ‘ In the
cases or_ CWRS No. 2 at 13.5% protein (Grade 235), fer example,..d.eiiveries
are made from acress the Prairies to Thunder- Bay as shcwn on Figure 10 o,n
' page 1'23. Savings- cannot be ‘generated by an improvedvallocatien schednle'
'.b"ecaus.e\\ Thunder Bay is the only’ demand point, rend‘ering the'probl.e’m.
trival. .The total tonnage of CWRS‘NO. 2 at 13.5% pro‘tein.wiheat handled
represents 11..;8?; of thelbtotal s’hiééing ccsté\‘and. 1‘2"9% cf’the total
'tonnag_e‘handled. B

'Sim'ilarly in the case of - CWRS No 1 at 11 5% protem (Grade 115) all
shipments are- destlned for Pr:ane' Rupert except for one shlpment to i.
Thunder', Bay as' shown' on Fignr_e _'ll'on ,'page.124. The_ sav_ing‘s of* $23.00
‘results from ‘shippi‘ng from o\rigin"33f. 'ﬁo Thunder Bay rather than rrom-_

.origin 35 to Thunder Bay..

CWRS No: 1 at 13.5% proteln (Grade 135) represents the largest cost to the

°

system in- terms of transportatlon charges at 29 8% of the total ‘actual

B _costs. 'I‘he pattern 'cf actual d_ellve_ries_ 's_ugge‘sts anv opp’ortuni.ty_-'t_o.
:Vinc‘rease. effici.en;cy ‘;as. shown".cn'ifigurel'lz ‘on page 126 In fact, the
cptir‘nal .delivery patte(r:ns WOu-ld resnlt .» in a 'sa‘v’i'ng of '1-.:8‘6"/; frorri the
- actual ‘costs of shlppmg thlS grade representlng a decrease in cos‘ts of =

L 53825835.' -This grade contrlbutes 28.9% of the total tonnage handled over -
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FIGURE 11 CWRS No. 1, 11.5% PROTEIN (Grade 115)
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the 'study period. Possible cdst savings for this grade represent 29.9% of
- - . ' ]

ihe.total possible savings undér é system of thirty grades. In terms of
market valge, CWRS;NO. 1 at 13:5%‘pgo£ein'genefétés the highest return of
all Canadian wheaés traded intérnationail&. It is EntereStiné to note
* that possible sqvings.in the deliQer&:allqtations:ofuthis grade fepresent
the most inefficient scheduling with the exception of CVRS No. 3 which is
ma;ketéd at a lower price. , . g ‘:'- ‘<'.

. . ‘ )

. ) . .
CWRS No. 3 (Grade 300) représents the léwesp gfadg of Fed Spring'wheat.;n‘
Canada and is often marketed as a feedor uEilit; wheat or fgrfblenéing
ﬂown.highe: qualityigrqdéstujlt.ﬁas, fﬁerefore,'a\ go?tﬁqundingly }ower
market valuéif-Névgr;héless it repreéénts 29Héi?offfﬂerpoﬁﬁéég»tréaéd,dve;.

- the study year and 28.8% ‘of the- total' actual "transportation costs.

/
!

Because the Crow Rates are applied to all.commodities on a tonnage basis,

transportation <osts represent a relatively higher. proporticn of the

total market value of CWRS No. 3 wheat. In addition this grade is

charadﬁerizéd by-the_pobreét élloc;:>&g/2thedule as‘e?ident on'Figufe‘13 )
on page 127. Inefficiencies' in shipﬁing CWRS'Nq. 3 whéat éccpﬁﬁt for
34.25% of the possible sav;ngsvin a system of thirty grades.. As a re;u1t;
'_transbortation costs repre§ent an even large£ proporfion of the value of

this commodity. Optimal shipment patterns could reduce the total shipping

bill by 2.2% at a saving of $439,130;- This would lead to a total optimal
cost of shipping this gréde of $§19,742,740. o
The shipment spattern of Tough CWRS No. 3 (Grade 1300) represents the third

A

v
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FIGURE 12 CWRS No. 1, 13.5% PROTEIN (Grade 135)

Actual Allocations

To .
Prince | - - °
" Rupert Churchill
® 4
® 98
90 95
.
. 41
45 87
2 25
78 5o
! 62 To -
To Vancouver = Thunder Bay
. .g‘
To - Optimal COMBINED Allocations
Prince o _ ) L .
Rupert ' R - Churchill
® B .
' @98

"W% |

To Vancouver

Thunder Bay




. 127

FIGURE 13 CWRS No. 3 = (Grade 300)
, Actual Allocations
T
] P:Ince .
Rupert Churchill
® 98
To Vancouver 62 v To

To
Prince
Rupert

To Vancouver

Thunder Bay

Optimal GOMBINED Allocations

K4

Churchill- _

Thunder Bay -




T 128

‘

largest opportunity for cost reduftions underfoptimal'deliVefy-scheduling
“__—“—*“753“shpwnfén‘Figure*IA“on“page‘TZ9j“‘Thefactual“gdst—of—delivery?cou&d—be—“~—~u~;‘~

| feduced by 33.9% or $224,886. Possible"savings  érom' the’ efficient

deliVer§ of thi§ grade accounp.fof'17:54% of the total savings in a.system

of thirty %fades. " This grade, however, does not represent a large

-confributiqn to the total.cos;s‘bflghé tranSquﬁation éystém despite the'

~ . ’

opportunity for a significant reduction in transportation costs.

Wheat claésed as Tough CWRS-ANd;. 1 at 12.5% protein (Grade 1125)

demonstrates the CWB's success in optimizingwitS'shipment scheduling. as
‘:r_/ [ - < .

shown on Figure 15 on -page 130. Tfansportation costs to Thunder Bay are

the same from "the  origins of 19 and 79, however, there‘ére greatest
savings from .shipping supplies from origin 79 to Vancouver rather than
- . T ' L

from origin 19. “This situation illustratés.the.problems ofAutilizihg

4 points to represent Supplying'regions. O:igihii9.is‘west of origin 79 yet-

the éverage transportation cost from 19 are less than the average from the

. area represeﬁted by origin 79.

- : ' . CET T
i . .

ot

"6.3 EXCLUSIVE RAILWAY SERVICE AREAS

| The 'Trahéportation‘.PrOblém was appliedﬁ'to the supply and demand
constraints wusing both the EXCLUSIVE and COMBINED cost matfices to

o



. FIGURE 14  TOUGH CWRS No. 3 (Grade 1300).
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Ve

determine the additional shipping costs ‘associated with the use of

exclusive railway networks. Thee EXCLUSIVE transportatiog‘ cost matrix
represents the7 possibilities of deliyeriesi within:the'conteXt of the
~exclusive CN:and CP networks. Operationally this suggests that.loadings
from CN origins can'be delievered to any of the four.terninal eievators
_and that loadings‘.at CP orlglns may proceed only to Thunder Bay‘or
Vancouver. The COMBINED transportatlon cost matrix allows dellverles
between all origins and all destinations, Possiblegcost.savings Qould
‘suggest that inefficienc& results becausefgrain from CP‘points must be
- . : ; A
delivered tohthe;fartherxports;of Vancouver and Thunder Bay requiring
hrgher transportation charges than,deliveries to closer places.
In all\but two cases the results of the Transportatlon Problem 1nd1cate
that savrngs would not result from a comblnatlon of two rallway faC111t1es
on the ba51s or the glven transportatlon tarlffs : One_case refers_to
’:CWRsbNo.AZ shlpments of 11.5% proteln (Grade 215)as presented on Frgnre'16.

on page'132{'

:The‘ actual shlpplng costs for‘CWRE No;_Zfat.liLS%"protein 1e§e1«nas
$2 205 742 ThlS 1nc1uded the dellvery of 4720 tonnes from CP orlglns toi‘ v
:rPrince Rupert Under the restr;cted EXCLUSIVE netWotk dellverles from CE
orlglns‘ were. optlmally shlpped to Thunder Bay at a total cost of
_.$2 216, 207 representlng $10 785 1n addutlonal transportatlon costs in'p.’

the optlmal solﬂtlon of the COMBINED network wheat from CP orlglns is

‘best shlpped to Prlnce Rupert to mlnlmlze ‘the . total dellvery costs

a



\

FIGURE 16 AFFECT OF EXCLUSIVE NETWORK
‘ CWRS No. 2, 11.5% PROTEIN (Grade 215)
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Savings of $9,745 result from the efficient utilization of the COMBINED

network ~ bringing the total transportation costs for this grade to

§2,195,997.

Similarly, the.actual deliVerj natterns of CWRS No.,2 at 12.5% protein
-1eve1 are characterlzed by shlpments from CP origins to Churchlll as shown
on Figure 17;on page 134, The actual shipping costs were $7, 604 146. Q‘
1mproved efflclency u51ng the restrlced EXCLUSIVE network could reduce
the total shipping b111 by $143, 147 to §7, 460 999 _Such an allocation
does not include the dellvery of graln from CP orlglns to Churchlkl as4
aiternatlve supplles are avallable at an- overall lower total cost. ‘AThe‘
use of the COWBI\ED network brlngs the cost of dellvery to- §7, 434 994j
1nd1cat1ng a further reduction of_Sé,OOS by aIIOW1ng the oellver;es from
CP origins to Churchill. |
| 0f " the thlrty grades, ‘the four grades .of CWRS No. 1 4t 11. 5%, 12:&%
. proteln, CWRS No. 3 and Tough CWRS No. 3 “(Grades 115, 125,}3bo;'13oo
respectiuelyj had deliveries from CP,origins to CN destinagionsr"ln'each
"case the EXCLUSIVE *network uas abie‘ to. efficienti; reaildcate -the

deliveries from CP or1g1ns to Vancouver or Thunder Bay at an opt1ma1 cost

less than the actual costs In each of these four cases the use of the .

COMBINED network 1nstead of the EXCLUSIVE network d1d not result ‘in -

further.sav1ngs in transportatlon costs. = - '_" L e
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FIGURE 17 AFFECT OF EXCLUSIVE NETWORK
B ' CWRS No. 2, 12.5% PROTEIN (Grade 225) '
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6.4 INTERPRETATION. OF THE DUAL SOLUTIONS

The dual variables associated with each origin.(ui) and each destination(

(vj) provide a method to evaluate the relative costs of shipping a unit of .

the Commoditxb'between alteruative ,Subplyédémand' pairslﬁ.It is . the

difference between the ui and vj values of the‘origih-deStination;rdute

.-~

- under- review.relative to the actual transportation costs from i to j that

" is important in determining how supplies can meet demands at least cost™in

o

a spatial system.

-

-Smillie (1971) has solved"the-_ﬁPTRNS_ equality formulation_lof the

‘Transpottatlon‘\gngglem[ usiﬁglxthe_‘UV] algorithm.: The“-redundantf ui

constralnt of the system of llnear equatlons is set to zero to determlne )

the"remalnlhg ui's and vi's. As the dlscu551on of the dual model .

‘indicates} the” ui's and: vj’s -can be-.altered to prov1de a system of~

varlables ea511y 1nterpreted on: the bases of thé 1nequallty formulataon of

‘the ‘model by multlplylng all the ui varlables by -1 and subtractlng the

»

;smallest,value'of ui from'all.the_ulus and adding the smallest value;of ull

-

to all of the vj's- The.results-of:this manipulation indicate'that the"

4' i

supply reglons w1th hlgh values of ui are more favourably located for

©

productlon ‘than - reglons with low values of ui. Increased productlon .

l should occur in reglons haV1ng a hlgh‘ul value as this’ would result in the_

lowest shlpplng charge requlred to meet 1ncreased demand Slmllarly,,

1ncrea51ng demand at points w1th low values of VJ would result in the
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lowest additional costs for transportation charges to thé entire system.

Increased supplies of the commodity are best delivered between-origins

consistent with Steyensi(i960)_approach to theée dual variablesw

The economic rmpllcatlons of the. . dual solutlons can only‘be lnterpreted
from the COMBINED solutlons of . the Transportatlon Problem The EXCLUSIVE
cost matrix has extraordinarily high rateSffrom CP origins to Prince
Rupert nnd Churchlll so that the algorlthm w1ll f1nd a lower cost route to
brlng the: supplles to market The'solntlon-to1the dual prov1des veryﬂlow

values of ui:at'CP.-origins'and;highlvalnes of.vjnat.Prince Rubert and-
'_Churchlll thereby dlscoura01ng shlpments between these orlgln destlnatron
pairs. "The.'unreasonably high transbortatlon .costs affect the dual

_variables in such away that their interpretation is_limiteq.

‘Demand points not ‘recéiving deliveries were assigned a demand of one in.

,‘order. for the algorithm to. assign 'a valne_fof. Vj _for_evaluating the.

-

bsolutions.' The closest supply washvincreased by one’unit to meet the
1ncreased demand The addltlonal transport costs to the prlmal obJectlve

function. was subtracﬂed from the total cost of the allocatlon and the

=
vy

;allocatrons dlsregarded from the analy51s of.actual patterns However,a:
;~the.va1ue of VJ a551gnedéto the destlnatlons prOV1de a measure to evaluate
alternative demandvpatterns. The»transporti>ioncosts to:Prince Rupeff
hare:tﬁe,game as:the~cqits,t9~Vanconver.i Theidlfference'ln yalneslof;njﬁ?v

Teflect the attraction of the non-utilized port for increased.business.

: withw—high—valuQS~~of_ui;and—low_vaers—ofnaqﬁ;umhisainterpretationeisaw_"_ﬁﬂ
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The value of vj at destinations without any actual demand are equal to the

_transportationicosts from thenorigin‘supplying the’one unit ‘of demand.

137

The”occasional'delivery trom CP;originstto-the CN ports of Churchill and
'Prince Rupert that;are.included,in.the optimal “o]utions of the'EXéLUSIVE
Anetwork distort the dual solutronS;further aslalternative.CP terminals are
. not available | Because each of xthe. thirty grades »represents‘only a
proportlon of the system.as a. wholek the dual solutlons do not prov1de a

yaluable contribution to the}entire system. However, solutions for each

of the - thirty graaesAand the alternative gradingﬁoptions can be used to

~indicate favourable delivery routes. The usual interpretation of the dual.

variables.are, however, subject to two major constraints in this study".
: . e S , et LA

\

Flrstly, the. supplies ‘of"different grades are“,primarily subiect';tO»

.vf-env1ronmental condltlons that determlne the type of. graln produced and the
' yleld harvested The reglon of Southern Saskatchewan known as . the

'fPalllser Trlangle is best sulted for the productlon of No 1 CWRS wheat of

:1'h1gh proteln because of the favourahle 5011 and cllmatlc condltlops The:

.quallty and proteln level of wheat generally decllnes w1th dlstance away

frdm the" Palliser Triangle. The productlon of partlcular grades in

¢

- spec1f1c areas is therefore dlfflcult to achleve : In genéral,'producers -

- strlve to cultlvate the hlghest quallty of. CWRS wheat. The’finalfgrades

. . g ' ol o
'~harvested 'are usually a_result of poor,env1ronmental conditions rather

than an

5exp11c1t 1ntentlon . The production of-grain grades in Western

Canada: 1s ‘not " affected by transportatlon rates because producers ‘are’

&

AN
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financially protected by price supports and the guarantee ¢f - equal

1

opportunltv for producers to sell their harvest to the CWB for export.

lf‘!

pi

The environmental effects on grain, production represent the most

fundamenbal concern of the‘producer rather than the transportation costs
of moving the commodity to market:. Further, the Crow Rates apply to all ...
| . i Lo . @ LA

grain on a tonnage basis regardless of grain'grade'or protein level.

A long hdrought affected production during the study year. Although

Alberta. received. above average precipitation during the spring;

“

' Saskatchewan and Manitoba receiyed below average precipitation. The net-

results were that Saskatchewan and Manitoba produced ylelds below the

'previous ten year average but higher than.expected. Yields in Mlberta

‘were close to record levels. The overall 'quality of the] crop was

N con51derab1y lower than the 1979 1“80 crop, however, the average protein

o/

Acontent“of 13. % was hlgher than the 13 4% average in 1979 1980 crop year

:

j'(CWB Annual Report 1980 1981, PP- 19- 20) Because.of changing productlon,

patterns the value of u1 s and VJ ‘s for each grade cannot effectively‘

-/

. suggest production trends The Transportation Problem has been used in

_other applications to direct production in areas best sui d for the” -~

'activity.

- . BN B N . e . e H

35 W

The second factorithat affects the interpretatibn of the dual solution in '
-, . ]

-

PR ; . /

.spatial system under 1nvest1gation The dual- solution prov1ded by this

A

' this application is the fact that demand for wheat at export terminals 1sv

-

N / i : "v"

igenerated by factors external to the Canadian grain producer and the. -

|
i K

"""va:, ﬁg ‘ o - l& N E ' :;4

“ \.‘:l) o . /’_“ .
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analysis can only be interpreted within the Canadian Prairie’ context as

transport rates for grain are f.o.b. West Coast, Churchill and Thunder

“Bay. Because grain is subject to a number of. additional costs before

reaching the final destination the value of the vj's cannot be effectively ' -
utilieed ‘to determine the best locations at which to increase demand.
Terminal handling costs, dockage, demurrage, St. Lawrence ‘and other
canals, trans oceanic and unloading costs must also be con51dered in

assessing-thefmost desirable‘locations at which to increase demand. " The

fact that demands are, exogenous to the system under 1nvest1gation and

‘1ndeed to the Canadian ‘grain producer ‘undermines the use of- the values of

vj derived from the regional Canadian transportation tariff structures.

Nevertheless, with the nature of theselconStraints identified, the dual

-
<.
BN

solution. dan provide the basis for interpreting the nature of the;grain
E - _ T . ™ .

.
-

‘ A . :
transportation system in Canada.
2 3
A
r .

Assuming that the dlstribution of wheat production for ‘the study yeaﬁ-

J' = 2 -
represents an average situation, the" dual variaFles may be meaningfulI§Vf_p
1- . ©
interpreted. "The §tructure of  the capacity constraints at the,supplying
regions are for the’most part similar for all grades under review. This.

similarity suggests .common characteristics of the grain transportation .

system. The dual solution for one comprehensive grade on the basis of the

"entire shippinglschedule is presentedlen Figure 18 on page 140}

- . . o . . . . R ~

S Vv . .,}‘. N . - . ) -. ' .
In general theb_highest values of ui occur nearest the demand points.

. . 3 S »
Usually the highest values occur in -eastern Manitoba, as in this example, -
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as the largest\demand for all -grades is concentrated at Thunder Bay. The

value of uiat orgins 3 and 61 is the highest in the solution at 187. This.

- at Prince Rupegt.

indicates that the transportation cest‘ﬁtpm_o:igihs 61 an§‘3ito Thhnder
Bay are vj-ui=51§-187=331ﬂ. in ‘fect ‘the cost mattikfsets‘the cost of
shipping between'these origins end Thunder Bay‘atT$3h31 pet tohne:H‘Théﬁ.
calculatipn of this cost"is.defiveajfrom_the constraint specificatiOns,of
the optihem dual soiptionlCijﬁpj-ui. ,The capeCity constraint at opigin 61
is’calcuiated‘as the difference between'the values of ui at alternatdve
supplyqp01nts in the- prlmal solutlonv *for etample >the additionalaeosés
1ncurred by shlpplng graln from orlganZI to Thunder Bay is u3- u21f187
The cests or sav1ngs assoc1ated w1th alternat;ve‘supply po;nts 'in the
optimal ailocatioh‘eChedule‘cad Be'determined in:thishmannerf"RelatiQe
cests 'of shlpplng to one destination from any supply .p01nt can be
deterﬁined by SOlVlng~C1J-(VJ'UJ). If the sum of the dual Varlables.
(vj;ui)xfot the route under ihvestigatiOn;isfgreater‘than the cost Cij

then the result is negative and the delivery is attractive.

v In the case of CWRS No 2 at 11 5% protein (Grade 215), theihighest-valueé.

of ui occur nearest Prlnce Rupert ‘as shown on Flgure 19 -on’ page 142 where,

94% of the total_tonnage of this grade'is~hand1ed. The remaining 6% is

handled at “Thunder Bay. Thevhigh level of demand,atvPrihcesRupert causes

the high values of. ui near this port,because:ef'the'neeessityltq ship .

wheat from as far away as eastern-Saskatchewan to meet demand requirements: .-
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In'the case of CWRS No. 2 at 13.5% (Grade'ZdS), all'shipments are made to.
Thunder Bay as shown on Flgure 20 on page 144 The lowest value of ui is .~
f““——_——-——iocated“at"or1g1n~&l~from wh1ch~transportat1on costsmto—Thunder Bay—are~w¥~_—-‘-~—
the highest. The_value‘of ui near the demand'polnt represents a high’ cost, »
associated 'wlth' the:*capaoity. constraints at the. Supply regions -
nece351tat1ng. the. shipment of Wheat from farther‘.place at .higher
transportatlon costs.to meet the prescrlbed demands ‘ | |
Inhthe case where wheat-is<demanded.at_all;destinations; the.ualues‘Ofvui-
A»_ decrease,>towaﬁds Saskatehewan"where transport\ costs-to‘all<ports‘are.
- hlghest | SaSkatchewan ‘represents' the ;most unattractive'supply'region
from whlch to Shlp graln because the re°1on is subJect to the hlghest ' '. (;
tranﬁportatlon costs to- neet 1noreased demand requlrements - This holds’
. for increased demands at allsportst'.Where,demands are;toncentrated.at‘one
‘ port the 1onest Values of.ui are'located indthe areas most renotelfrom theil.:l. e

A .
demand p01nt as in the case of CWRS No 2 at 13 Sm.

Although graln isf subject vtov‘environmental oonstralnts' and 'démandéh,

generated exter;al to the system there are notable trends to 1dent1fy
T’Each of the four termlnal ports handle all of the three maJor grades known=
L Eas CWRS No l;:ho} 2 and No -: Prlnce Rupert is. characterlzed by the'”.
hlghest level of"spec1a11ty by wheat grade Almost 70 (922 009 tonnes):i
of the total- tonnage handled at 1n-Pr1nce Rupert (1 323, 451 tonnes) is

CWRS No: 3.“ Thls.represents‘z % of the total tonnage of CwRS No 3 traded[‘

“over thegstudy'period; jlts,proportlon”of the}overall tonnage handleduls'w.
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smalliat}6%. Low‘gradesuof'grain exported to the Peoples'pRepublic of

China are delivered to Princé Rupert in order to maintain trade strictly

_between = governments " ‘without involment of ~ intermediaries. The
‘concentration of - trade at this port is governed by political'
. considerations and therefore the -capacity constraipts of the supplying

regions nearest Prince Rupert are subject to changing political attitudes

&

~ and decisions especially in light of the fact that the terminal at Prince
. . e ) ' . P - e R

conéentration ’in’ a large .measure Thunder Bay handles all grades 1n

%o
s

‘Rupert has 'been recentlyr‘purchased"from the Canadian:Government by a

cOnglomerationnof,international grain trading companies.

S ' N

Of the total tonnage of . gra1n handled at Vancouver,-SS% was»CWRS'NoL 1,

representlng 16%.of the total tonnage handled durlng the study perlod

; Vancouver s remalnlng tonnage lS d1v1ded equaly between CWRS Vo 2 and No

1

3. ”Japanese ‘requirements for CWRS No l‘ account 'for the level of

b

'51gn1f1cant proportlon CWRS No. 1 comprlses\AS' (3 893 668 tonnes) of.

| L o
vthe total tonnage handled (8 741 869 tonnes) whlle CWRS No 2 and No 3 T

'*represent 27% and 28% of the port tonnage respectlvely Thls is a result

of the fadt that Thunder Bay handles almost 60 of a11 CWRS wheat exported\“.

v'to a w1de variety ofpbuyers and markets Church111 s maJor grade is CWRS7

No. 2 ‘at 44% with 42@chRs'No 3 and 14% CWRS No 1 Churchlll however,l,

.';handles less thans7 of the total tonnage handled over ‘the study perlod

L : b

.'The nature of the generallzed demand constralnts suggests that there 1s a

lack of an ObV1OUS demand pattern ev1dent from the shlpplng patterns that

’
[l

” :
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/

can'stimulg\e;changlng productlon patterns if this wére 1ndeed possible.

» V

The fact that Vancouver handles 99% of the CWRS No. l requ;red on the West

Coast is the only unlque characterlstlc of the dellverv(patterns. The low
- L N - g e N . & .hv‘i '.

grades delivered to Prince Rupert are, as suggested, subject to-change in

the future. - : S

The ‘relative attractiveness of :hternative'destinations is indicated by

“the ‘values of vj:for each port. A low value of vj is most attractive

reflecting‘the,lowest increased cost to the objective function resulting. ‘
. . . . ’ . i . . 1 .

from shippiné an additional unit of the commodity into the,destination‘jﬁl

.Alternatively, the. highest value of Vj represents"the costliest

destination at which to increase demands The hlghest values of VJ (340)

~ occur at Prince Rupert and Vancouver These are followed by Thunder Bay

‘ optlmal allocatlon, dellverles between the CN orlglns of 15, 19, 21 23 f

"Churchill.have thelmostvfavourable rate.v'Unfortunately, the volume‘ofnr

(318) and flnally by Church111 (431) The West Coast termlnals have hlgh"

values of VJ suggestlng that Vancouver and Prlnce Rupert are the least

_attractive destlnatlons at which to_1ncrease demands because increased
transportation costs to these destinations’would be most costly t0vthe

‘entire system.

’ Churchlll has the lowest value of vj 1nd1cat1ng that this" is- the most

.

Jfavourable p01nt at whlch to 1ncrease de@and Increased supplies can bev‘

' delivered to Churchlll'at least cost tod the-objective functioni' In‘the

' 25.l29;; 3,.37,‘and,39 and between the CP orlglns 74, 5 76 and 79 to]

'

v <

s
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trade at Churchill preGents the best use of the faciltiy as determined by

shlpplng charges The?relatively low transportation costs to- Churchill -

, suggests that its demand constraints are most costly to the system.

¥
| -

There are problems~as§ociated_with expanding the volgme»of business“at -

Churchill. Thebe conderns are specifically. related to the three month

shipping season (August, September and October), the restricted marketing

opportunities; the laek of adequate backhaul shipping, the poor railway

N .“V‘ ) : ! . ' : ' ol ' ." "
bed conditions preventing the use of coverpd hopper cars, excessive marine

" insurance dnd the requiremehtS‘of marine technology due to the hazardous

weather conditionsl(Booz; Aiien.and Hamilton, 1979; p. VII).

.
The problems assoc1ated w1th trade at EEEEEblll can be 1ncorporated into
the model by u51ng a welghtlng factor in the cost matrix to reflect ‘the

[

g additional‘ costs incurre&\vfrom ralllng grain to Hugs;n Bay. Such a

welghtlng system may have the effeCt of 1ncrea51ng the value of vj so that’

Churchlll may  no longer ‘be attractlve -on thlS ba51s ThlS type of

,alteratlon. can be applled to any orlgln/destlnatlon pa1r in the cost

\.

<

’
t matrix.. For example, a capaC1ty cost could be addep to shlpments to
: . \ _

Vancouver'to- direct_tonnages to an otherwise more attractlveﬂtermlnal

port Such welghtlngs also show the1r 1mpact in the optlmal allocatlons

Va derlved from. the solutlon to the prlmal problem of tﬁe Transportatlon

i - =

,_Problem,- e

:

"

fgﬁf

o

Thunder Bay has a sllghtly hlgher value of vi. Whlch makes it a faVOurable

A
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place atzwhich,to_incfease,demand levels. The mosts favourable points at

]
v

which to increase production, because of relatively low transportation

)

costs in the_regions'located in Southern Manitoba nearest Thunder Bay.

’.3

e

The high' values of uf nearest Thunder Bay indicate that Thunder Bay

handles the largest tonnage and-is the overall optimal demand point.

Transportation costs to the final international destination are incurred

in addition to the‘Crow1Rate for shipment of grain in Western Canada. The

best transportation alternative depends upon globalrtransportatioh rates.
. . B : ¢ o I
As a result the 'TranSportation ‘Problem_ cannot be  used to recommend

.dlrectlonal flows of graln on the Canadlan Prairie because of the external

hd v

.factors affectlng 1nternatlonal shlpplng The solution, however, can bef

, used to ldentlfy a major 1neff1c1ency in the graln tranportatlon system.

the international forces affecting market economies; however, CWRS wheat

destined. for export :markets'.is not traded on 8ommodity4markets; The
international priceﬂ‘fort CWRS wheat ‘is determined c.i;f;’:Ahtwerp;b
‘Rotterdam or Amsterdam. Because the transportatlon rates vary betWeen
_Canadian terminal elevators'and the Europeam'freeports, the price of CWRS
. wheat 'varle@ among termlnal elevators The. average 1980 1981 ocean”

transportatlon charges for wheat to Rotterdam" via Pac1f1c Coast was $15 24

- \

The Cahadian price for CWRS wheat is influemced by security markets and

per tonne compared to $22 89 for»dlrect overseas shlpments from Thunder__f

Bay. Transhlpment of graln from lakers to ocean vessels at §t Lawrenceﬁ

" or ,Maritime portsr'increasef'ﬁhe costs via Thunder Bay vfurtheru
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‘“Trans-Atlantic oceanic rates to’Antwerp/Rotterdam via St. Lawrence ports
is $§10.15 per tonne,’via Maritime ports is $10n06 and via Ch: ~chill is "

‘ 54.42 per tonne. The rate to Japan via the West Coast is $20.58 per tonne

" (Canadian Gralns “Industry statistical Handbook 1982, p. 1927,

The transportatlon cost d1fferent1a1 has the affect of settlng a hlgher
prlce for wheat at Vancouver than Thunder Bay The pr1ce of CWRS \o 1, -

13p5%_protein on July 20th 1981 was $225 07. at Thunder Bay and 5248 81 at

.'Vancouver, (Grain Statistics. Weekly, - Slst week, 1981). TheJCWB could
yattempt to maximize itsfprofite by shipping nore wheat:through3the'West
'CoaSt. ‘Thunder Bay handlea.approximatelyrob%‘ofaall CWRS,Qheat.traded on
an annual'baéis‘because.of'aevere capacity congtraints.on_the:voiume of .
throughput ‘at the. Vancouveriterminals. The strongvattraction-to sell
graln at Vancouver is compromlaed oecause graln rs dlverted to the Thunder'
Bay termlnals. Desplte the hlghest values of VJ .at’ Vancouver, the‘
dlfference between the Qvalues of VJ‘ at. Thunder Bay and Vancouver
(540 ~-518=22) does not exceed the actuaﬁ price per tonne of wheat avallablep
~at VanCOuVer.(5248:81—$225.07=$23.74)7 As_a resuTt, the favOurable prlce“
dirferential at Vancouver outweighslthe additional co;ta;of,transporting
o wheat from the producing;areas'to the‘Pacifrcvcoaet rather than Thunder
. Ba:y- | ’
‘.The'Adeairahility of hincreased,demands.at Vancouver can,ytherefore; be

considered despite the ‘values ‘of _ vj., The poasibility -of,'expanded':;

*gkthroughput at Vancouver is limited, hovever,.by'thegfactbthatvoperations
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have almost'reached_the maximum potential capacity because of the system's ’

' operating charaCteristics.f The problems that must be overcome to increase

thé handllng capacxty .are varlous, ‘ranging fromfthe,railway capacity

Lhrough*rthe—MWest“-Coast mountalnv~ranges to~—the»1nab111ty of—rellably—;———~;—¥f
'estlmatlng shlp arrlvals at Vancouver loadlng docks The loglstlcs of the:
lsystem’act as’ a constralnt on actual sales of graln at Vancouver becausef
of the Uncertalnty of belng-able to meet throughput requlrementst‘.fhe
'recommendatlons to 1ncrease throughput capac1ty' at Prlnce Rupert i§;7

3 therefore, a. de51rab1e and favourable pollcy obJectlve supported by the,

: results of this ana1y51s if the dlfference between the values of VJ “and

caeg)

;Thunder Bay at the Pacific Termlnals contlnues ‘to be outwelghed by the_: :

'v1nternatlonal prlce dlfferentlal.

-

6.5 CONCLUSIONS -

"._The un1versa1 gradlng scheme has been shown to decrease the total shlpplng:_d

"'b111 by 2 3% in the amount of $1 568 590 w1th a correspondlng reallocatlonf.f'“';o.

iof 4. 568 m11110n tonnes of wheat representlng 31% of the total tonnage SO
'handled over the study year ThlS would brlng the actual cost ofil'h"-l

dellverles to $68 562 406 Optlmal allocatlon of the sytem of thlrtyh_T:-'

grades would reduce the actual costs by an addltlonal 1 8 or $1 282 289
@

s U‘The system of three grades ‘would reduce the actual costs by 2 15% or

~
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$l,507,385. Onvthe basis of:the,given transportation-cost structure; it;
h,rcan therefore be concluded that grade multlpllclty is: suppormed at a

-nom1na1 cost to. the CWB ThlS conc1u31on is 1ntu1t1vely contrary to the

expectat10n-thatu~as the number of grades oﬁ_the commodltyr1ncreasesqu_w_h_‘___

.transportatlon coordlnatlon becomes 1ncrea51ngly dlfflcult and expen51ve fiﬁ -5

’

' : : / ; . : - R R
. o . . ! B : -
! . . y s

: A. hlgh level of efflclency has been found to exist . 1n the transportatlon {' iy ij;
R o "
coordlnatlon schedules of the CWB on the ba51s of the transportatlon . I

_chargeSI“ The average' addltlonal cost perf rallCar accrulng fromh 701”
’1neff1c1ent dellvery -schedules amounts to $5 70 (total saV1pgs/tota1
-number of dellverles) . The .average., cost per dellvery is $313 32 (total

: '\’(3.,_». .
ijactual cost/total number of dellver1es) On the ba51s of}the glven Crow o

"patterns account for 1'8% of .. the total transportatxon charges per n
delivery; It can be concluded that the transportatlon tarlff structure - f:

It “, . .; .

f-,does not prOV1de any 1ncent1ve _for efflclent use of transportatlon

- . L . " ‘
7

_serv1ces as the savxngs accrulng from the opt1ma1 use of the system are

nbmiﬂal;
o R o ° ,. RA - . . 'b'.-,‘.' \‘«

'aldocation patternsL _‘;_ ST L T .5j‘,v~“i”, ' S

)

f3‘fWh11e the solutlons to the Transportatlon Problem do not present maJor‘

;»Opportunities for cost sav1ngs,1they pmesent obV1ous supply reg1ons 1n

,'relatlon to each of the termlnal destlnatlons

. t
) :




2 ‘entire’ syStem, ‘rather than minimizing those costs charged directly to the

-\44 . P ~

cwB. . T - oA .

S . SRERPE R oo :
It has\been"shown ‘that the CP and..the CN exclusive rdilway networks do not
impose _any’ additional.actual 'costs' to the entir_-e system. This conclusion,

however, is only determ1ned on the bas:.s of the Crow Rates which o longer

~
he .

.cover,the ref cost bf provldlng tranSportatlon sérvices. Whlle 1t‘

»

appears that future cooperat.vo 1ll$§occuv§, etween the two ra:.lways,
. o Y - A .
. N "f‘, | . ;
except for the rec1proca1 trafflc (amg)tmt n,g,t,o less than 5/0 of total
e .,‘; Pl e A '\, ""‘ S
S tonnag§ handl@ '1n 1980), thlS conclusua‘n },ﬁ.,SubJect to ofurther scrutlny
" .
: ) B )

' .

a5

the costs to the entlre system can be determlned '

< . . - ~ -/‘ ‘ . ' . L s
b . . Yo

LEE
L

PN

R

s destmatlons at whlch to 1ncrease the 1eve1rof demand However, increased

-, '
.

handllng at Church111 is sub_]ect to ma_]or problems reIated to its Shlpplng

w -

jseason,A rallway accessrblllty and the lack of addltlonal marketlng
~

, opportunltles It is expected that westward dellverles W111 be 1ncrea51ng
D ¢

"y

_'_ at .a faster rate than eastbound dellverles (Booz, Allen and Hamllton,

1978,__ III 2) The CWB could max:unlze its ret‘urn by selhng wheat at
‘. . \ < ‘9‘

Vancouver where the hlghest 1nternat10na1 prlces are E‘dld for the g

4 "

commod:.ty The dual solutlon suggests that this trend will be most costly 5

'I'he operatlng characterlstlcs of: the gram,’trafflc must be analysed before L

The ~dual-. solution’ ind'lcates that Church111 ‘is "the--‘most'l f:.,avvohrvable

_ to the‘ system on the ba51s of the present transportatlon tarlff structure-.r‘-" '
‘.{ ' ’3., - - Lk

The 1nternat10na1 prlce of wheat at, Vancouver outwelghs .the advantage of

- - ,.
. .“ R . p‘

'I'hunder Bay as: a p01nt to 1ncrease demand as determlned by . the Crow Rate

. Pl .
L ' . A - .~ -
: R s . 0 (, [ . o -
’ . e - N . . T ;

e U
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transportation cost- schedules. Indeed, this concl‘usion is significant

A

shippi'ng costs ha've a small- variatio'n'. In this partrcular"application the

o ra

: suboptimal solutions would be: almost as good as any optimal solution

.prov1des a large number. of alternative solutions to the primal shipping

}indeed, Smillie and Bar (1972) suggest that,suboptimal_ solutions must’be

.consider“ed in delivery 'problems "because the weather, ,accidents and

with respect to Vancouver and Prince Rupert'. ' o oo ’

The E}'ucture of the grain transportation cost tariffs in Western Canada

problem of- Linear Programmi_ng .because shipping cost_s ‘to Vancouver-'and'

4

" Prince Rupert are equai from ‘all "%gins. ‘Itl-vis exp.ected that 'numerous

. B 0
suboptimal solutions muld also be generated by the . model because the

resource 1is homo_geneous and distributed throughout a region where

P

equipment failure introduce the element of uncettainty into the planning
. . o . . ] .

. process. The inherent constraints and limitations of the coordiflating‘

are not conSidered here because of the’ large number of\\a} ’efnat':tves to

o occur Although‘alternative optimal solutions are proba"(d‘gy‘_

_general level of’effic1ency <A high level of efficiency has i en

.group .results__ in 'the"'.sche_‘duling of deliveri'es that are: con51dered'

L . P ) . * //' ,"
suboptimal " however, under the c@s contribute on‘Ij small

‘e

;'> - - '- A / .

1ncreases to the overall total shipping cost The optimal gdlut{ons for
,Q ) f

"X IR ’

’ 9“*\

_‘the CWB s schedulir‘hg represent,s a benchmark from Wthh to ésce;‘tain ,the

T

‘Ai-b. 4..

I .o - . . 3 \"“‘ ( . K i f‘ a
.. . .. - . . d \~ IR, VO R 0 -
already prov1ded. B Lk ;—-/ T , »
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7.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

v

‘_.‘,

Canadian Western Red Spring wheat ,is the most important internationally

traded 'grai‘nl in ‘Canada. The Canadian Wheat Board is responsible for -

coordlnatlng the dellvery of wheat from producmng areas to export termlnal

© ports., The transportatlon coordlnatlon programs of the Canadlan Wheat -

ilBoard have been evaluated from July~lst, 1980 to June 31st, 1981. yTheA

Vv
.

locatlon of demands is determlned by 1nternat10na1 customers who nomlnate-

w
4

.\shlps to: collect the wheat ,at- a spec1f1c Canadlan export termlnal

«-Demands therefore, are based totally upon customer preference§

BRY

‘The plannlng programs of the Canadlan Wheat .Board treat each week as a
® .

separate Transportatlon Problem ThlS 1nvest1gat10n has evaluated the .

o . ® e

programs of the flfty two weeks in the sfydy year as one transportatlon'

! ;
W

problem 1n order to determlne the level of suboptlmallty reallzed by short

i Ay

Do

' term plannlng at the expense of long term eff1c1ency Transportatlon cost

mlnlmlzatlon is the expllclt crlterlon of 1nvest1gatlon
Lo . ‘..,Q ;

> . .

The T‘ﬁgsportatlon Problem assumes that the coordlnatlng agency, 1n this ..

lase tﬂe Canadlan Wheat Board, has Complete knowledge of the 1ocatlon and -

] .
ﬁﬁlevel;.of supplles and demands upon to’ whlch to determlne sh1pp1ng
ey

'1sched#1es Whlle ‘the ver51on of the model used in .this. analy51s 1s'

/ ;d

unconstralned w1th regard to network capac1ty, the nature of the Canadlan'\ Ny
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e

]
wheadt transportation’ and handling system indirectly~ imposes critical

constraints.

The level of'supplies at country elevaters,'fot_eiamﬁley is affected hy

elevator price, pfoducer delivery quotas; taxiideferral .programs, .

environmental <conditions, producer delivery preference and elevator

.capacity; »The actual'supplies'usedbin the‘analyses are dependent upon‘

what is actually drawnﬁftom.eaph origin and does not»consider‘on~farm-

stocks, elevator stocks,.terminal stocks and'gra{plen route.
(R . . NS R L

- . vy

> e

. el L " PR . .
. : . 1;‘,. . :
. . . . F

The analyses evaluate the transportatlon patterns of actual- dellverles 

“which are constralned by rallcar avallablllty, vessel arrlvals, termlnal

a .
e,

’elevator capacityﬁ ‘ COuntry‘ elevator‘ stocks, labouf prqblems,

env1ronmental and phyS1cal damage to ‘the- transportatlon network Demand

//\\
=

is prlmarlly a functlon 6Y wessel ‘arrival. The destlnatlon of wheat is
constralned by the locat1on of the vessel arr1va1 whlch is the dlscretlon_
of the buyer BecaUse mlsshlpments.occur from the produc;ngtareas, the~*

unloads “of grain at termlnal elevators could be dlfferent from what was

ordered to meet the requirements ogfggf expected vesse1”¢




':2. Grade Multiciplicity, and,‘
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=

C pe e

any f1nanc1a1 beneflt:

. Network Exclusiveness.

The actual transportation costs of ahe.observed delivery patterns have

¥ i
been compared to the optimal solutions derived from the Transportation

“Problem. . The interpretation of the dual solution is limited due to the’
global factorsyaffectihg the Prairie wheat production andptransportationf'

'costs;' The,dual'solution provides a system to evaluate the relative costs,

or. savings of shlpplng between alternatlve p01nts The SOlution totthe_

Transportatlon Problem modelllng has prov1ded 1nformat10n regardlng the

'~costs assoc1ated w1th the three sources of subopt1ma11ty 1nvest1gated

The actual patterns and costs of the dellverles for each of the thlrty‘_

grades of CWRS wheat were determrned and compared to the optlmal costs and

'allocations. The actual and opt1ma1 patterns were mapped 1ndicat1ng-a'

hlgh level of 1neff1c1ency assoc1ated w1th the actual patterns compared to

..the obv1ously eff1c1ent patterns assoclated w1th the opt1ma1 allocatlons
A total of‘4.568 mllllonvtonnes of wheat,-representlng 31/ of a11 tonnage

a handled were reallocated to opt1ma1 destlnatlons In some cases}'demand'

1

for a grade, of wheat at one port requlred dellverles from across the

- N

“j'jPraarre reglon.. In other cases, the elevator company shlpped wheat to 1ts

./w

own fermlnal elevator at a hlgher‘transportatlon cost in order to protect*

prOducer. Dellverleswto
. ,:,'
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necessitates the sale of grain 'at[dockside for thefgoing price.' The

;P_n__;_urnobjectiverufunction,;_however;;_did“_not“_indicateura_significant_pOSsible»
saving associated with improved‘shipping.Schedules; The.posSible sayings;

“in a.system'of thirtyhgrades represents 1.83% of theuactual cost.

The system of thlrty grades of wheat was comblned 1nto one . comprehen51ve

grade; in ordert to determlne the add1t10na1 costs of transportatlon

~resuiting. from the complex coordinatidn_involved with;meeting specific
"demarid - requirements for’ each grade. Orlglnally, theu’additionalv
' i . ’» .

transportatlon qpsts assoc1ated w1th grade mult1p11c1ty were expected to ’nsfa

P - . . B

be- 51gn1f1cant. mThe‘ Transportatlon Problem for 'a‘ system of _one.‘

comprehen51ve grade determlned an obJectlve functlon that represented a ,”p;

2{29% decrease 1n the actual total costs as’ measured by the Crow Rate

structure SaV1ngs from the opt1ma1 allocatlon of on@‘grade represhgk “"”
: PR N . :
_ mere 0 46@ sav1ng ‘over opt1ma1 dellvery of thlrty grades

BN

yeo

The opt1ma1 allocatlon of supplles to ‘demand-‘points.fprOVide-.clearv'v

opportunltles to 1ncrease eff1c1ency by establlshlng hlnterlands for each

5»,1‘

spec1f1c port The‘ optlmal allocation patterns dellver wheat to the o T

N YN l

. TS
nearest termlnal capable of handl

%he caﬂhc1ty Alberta and the far_;'

western portlon of Saskatchewan are’ optlmally serv1ced by Pac1f1c s e

Ty

E . ¥ -
terminals. 'The remaining'areas areubest'serv1ced by:Thunder Bay and;theref_
fjﬁg?iﬁ Q><azg:e shlpments from one orlgln to Churchlll In effect;’the 1east cost

allocatlon 1nd1cates that shlpments should not occur between Alberta and

Thunder Bay, dellverles wh1ch are known to occur

T

v;v ; i .« 7 o . .. - o L



The actual distribution patterns
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the crossover of desirelines,. héwever, the objective fun¢tion does not

'udicate a high level of”iu fficiency by

Loy

indicate any significant savin

support of the ‘grading sysfem are not obVious or measurable from the

\ results of the'analysis. Un il'these‘costs;can be ascertained' any chaage

to the gradlng system may undermlne the Canadlan reputatlon for con51stent

. T T

the problem may. be minor and that change may be detr1mental from . the

-provadlng thebserv1ce;‘-Uhder the statutory-Crow Rates; the difference.

o
standpoint of_lnternatlonal’wheatftradlng,

4

'The fact that these costs do not welgh heav11y in the obJectlve functlonb"

‘ﬂleads to- questlonlng the accuracy of the cost matrlx Eurthermore,'the

W? *

_factual tfansportatlons charges do. not reflect the actual . costs, of .

;y; 3 . - .v‘

o~

"begyeen the cheapest and the most expen51ve transpo&tatlon rates are not

.government.

x'large As a result the Canadlan Wheat Board cannthlrespond to the;t

. \ ‘ ‘\’-.‘“a" B
1neff1c1ency because the monetary costs are not obv10us enough tdBPrOV1de

“1ncent1ve .to reduce : suboptlmallty The . costs ~,&SSOC1&ted w1th‘

‘ suboptlmallty are absorbed by other partles 1nvolved in the Canadlan wheat“

Vtransportatlon‘.system,’ namely the rallway companles and the ﬁederal-

o1

‘The ' Canadian National and ‘the Canadian®Pacific Railways each operate
‘exclusive railroad service networks.. The results of the’TraﬁsportatiSQj-

Problem analyses demonstrate ‘that under -the Crow’ Rate’ structureuthe’

o

The transportation costé related to the !

and dependable hlgh quallty red sprlng wheat These results suggest that-'_‘
) At‘

o
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add1t10nal transportatlon costs assoc1ated w1th exclu51ve rallway service’

.\systemS'are negllble;” In-fact the actual patterns 1nd1cate that graln

was -moved from .CP origins to ‘éxclusive . CN destinations"under_ the

reciprocal traffic agreement at a higher cost than necessary under optimal

’

eliVery scheduling. -
e model 1s subJect to a maJor problem 1n 1nvest1gat1ng the costs of

A ef%lusive serV1ce systems because Crow Rates to’ Vancouver and Prlnce

*

- 'w Rupert hare' equal thereby'eliminating any advantage‘of'shipplng‘tO'the ‘
c osest port ' In addltlon, the tonnages handled at Churchlllﬁare small

,\
R

‘ and Yherefore are not 51gn1f1cant in, terms of p0551ble sav1ngs to the _

. entire syStem.*'.It 1s' expected hOWever3 that under a; cost matrlx'

- \ ' = )]
’ ‘l?refle&tlng the true costs“ of serv1ce that the effect of rallway

N i . . ol

\hxclus'veness may prov1de more mean1ngfu1 results

\
Vo

The Transportatlon Problem model used in thlS ana1y51s 1s an unconstralned

. i o : si,, (% !
del that does \not v1de ‘an 1nd1cat10n of networ ' cbn estron
) i ng Y 6 8

\

Bottleneck problems ‘at’ term1na1 elevators, espec1a11y at Vancouver, are h

A
|

".1nA}&ectly con51d red in the modﬁ} because the demand at Vancouver is:
'fdlreﬁtly related to the handllng capaclty at rallway marshalllng yards

m:

v x;:'-

"‘The western portlon of the Canadlan Natlonal malnllne follows -an, allgnment.

v

T‘thz:ough Jasper and the Yellowhead Pass meetlng the Canadlan Pac1f1c llﬁ@f

\

."at Kamploops, ,Brltlsh Columbla, follow1ng a S1m11ar alignment -as the :%f‘l/

Lo

- e

.:Canadlan PalelC ma1n11ne through the Fraser Rlver Valley to Vancouver(

' 4 . . . ‘ - Yom
.év « . _\\\ o S L . . X A . . 1 Y

0 (.1:
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From Calgary the northern CP line passes,through Rodgers Pass_afd . the
o . o '_ ) ‘ ~ .,
‘SOUthern'line.passeS“through the-Crow's Nest -Pass. The CP.lineslconnect

at. Hope, Brltlsh Columbla and proceed to Vancouver : It has been suggested
that the CN and CP 11nes through the Fraser Rlver Valley be coordlnated’to

.allow un1d1rect10na1 flows- onr eaqéivifné.' ThlS would‘ result in all - "'b;'v
-'westbound .trains using the CP line, for example, and eastbound trainsf: -
AZJuSing}the CN line,_eliminating theipresent.bottieneck problems-associated

‘juith'one track foraeach‘radlway.and the’neceSSity of;the trme-cohsumingi,\'w

sidfﬁg of trains.

» 1 he interpretation‘of the dual solut}oﬁ is limited. The major finding is

krelated to the favourable tran%por»afio

.costs to-Churchill from several

/////'CN and CP orlglns "In addltlon,“'ipm t§ are presently dellvered to‘

~jd4 Thunder Bay at hlgher costs éhan delryerles to Vancouver due-téwihev..
h_h operatlng capac1ty at Vancouver - Thev dual solutlon suggests‘ that "
.?;1ncreased capaC1ty at the port of Churchlll would result in the greastestn
sav1ng'vto the _system. | Church111 : however, -is subJect to serlohs :

bﬂconstraints Iimiting its. ab111ty to increase volumes‘handled."Thunder Bay :

Trepresents the second best locatlon -at wh1ch to 1ncrease‘hand11ng by:;
'Vlrtue_ of theb dual varlables . The attractlveness of Thunder Bay is’
~underm1ned by the hlgherr prlce )for wheat. obta1ned @E Vancouver The -
»favourable 1nternatlona1 pr1ce dlrferentlal at Vancouver outwelghs the,3‘
attractiveneSS"of‘Thunder Bay as a locatlon at vhlch‘to 1ncrease demandd-

jTh transportatlon costs through the St : Lawrence 'Seaway and ‘the _

assoc1ated st e and transhlpment Charges are sllghtly hlgher that the

‘I
RN
oY

7
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- q S R
grade, Vancouver represents - the most attractive location at which to

B %/ o : o ‘4 ._ 1'51

price difference ‘for wheat obtainable at-Vancouver. For the system of one

.increase demand, h éever this advantage is only marginally significant.

This _concluv' is important in light of the fact that wheat trade

opportufiities out of Vancouver are refused due to the limited-handling

: capac1ty The dual solutionnhas-1imited.significance‘With respect to the

productlon patterns in the produc1ng reglons because the grade of wheat
(l’ .

w

harvested is governed by the uncontrGllable varlables of]env1ronment and

Qeather.‘ The producer alwaysﬂstriyes to produce the hlghest qualrty[of

0

wheat however, is cdnstralned by the 1mpacts of these varlables Because‘

‘\

N of the ‘changlng annual productlon patterns the values of ui cannot:

' effectlvely suggest attractlve productlon trends to m1n1mlze the t%tal

..

transportatlon b111

R BN
B ey A ‘v‘.'

a

1,The data provrded for the analyses 1s on ‘a- tonnage basrsg rather than by

& - .
?number of;‘carloads. . Each’” carload 1s sdeect to rits unlque capac1ty,

'dependent upon the type of car and the rallway llnes over whlch it w111

htravel lthough the use of the number of carloads does not xeflect the.“

. l-}‘
-actual tonnage of the dellverles, it would Be%ﬁgﬁuable to equate the

lmproved transportatlon eoordlnatlon programs wrth the number of cars7'

o

~--neceSSary to complete the program.“ There is’ ev1dence to suggest that the -

a

‘graln‘ transportatron problem is compllcated by far too many rarlcars-

rd

congestlng port areas,'partlcularly Vancouver The 1hproved ut111ty of

. a

«rolllng stock 1s a de51rab1e obJectlve, however, thlS ana1y51s is unable

i}

to prov1de any meanlngful 1nformatlon related to thls problem

/
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>\”\The link capacity is not explicitly defined in this model, however, demand

4 . . . A 1 b

dapacitiesl-are directly determined by line and-railway»capacity. " The

associated_with the delivery»prograQS.h<

:The_.Transportation-'Problem " is ,Subject ‘to theQ economice man axiom of

‘ Braken Formula_for rallcaryallocatlon. :The formula glves faVOurable.blas

multiple commodity fiature of the Canadian rallways“coﬁpl;cates the

possibility of establishing link capacities tor‘grain'especially When
shipments.are based:uponra tonnage basis rather than-nunher'of carsr The
transportation of‘all commodities is subject to seasonalevariation and
international factors which -are ‘alnost impossible. to forecast” or

anticipate and therefore difficult to model. . #

“*

. The actual dellvery schedules used in. thlS ana1y51s were determlned by ‘the

’

offlcal grade and tonnage at the p01nt of unloadlng at termlnal elevators

" i

ks

'<resu1t the mlsshlpped grades may bE71ncluded in the analy51s of another

-t

‘termlnal elevators. /ﬁn/elevator company whlch mlsgrades a shlpment 1s

penallzed by' a reductlon of one rallway car’ for the follow1ng week s
: —

o . ' ' N
: allocatlon. In the event that the mlsshlpments represent a 51gn1f1cant\

proportlon of the dellverles it would be expected that the resul s of theﬂ

Transportatlon» Problem would exaggerate the 1eve1 of 1neff1c1ency

economics The Canadian Wheat Board must however reach‘its'mandate-to

. provide equlty of opportunlty' to all producers as exempllfled by the

. .
-

s

‘The data does not reflect the nature or frequency of mlsshlpments As a -

,grade‘ than- that requested Tough and damp grad?s requlre drylng at';'
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to country elevators reaching 'capacity andr:aLSOv requfres that all

P producers have an equal oppOrtunlty to sell produce to the CWB ‘This

%‘““"—"rr———assumpt1on—~of—the model—isucontrary to—t the_operatrons of—the— Canad1an»~—~-*~—-~
Wheat'Board but not to the problem under investigation. Assumingfthat
the allocatlon schedules for the study year reflect the CWBls ablllty to . ' u_L

LpprOV1de ‘equlty of opportunlty to produpers the Transportatlon Problem'édhaa‘jf‘v
determines"the'_mlnrmum _transportatlon, cost solutlon:.assocrated with |

;p} - ;:Abringlng the commoditieS'to thevmarket place‘-'The Transportation‘ProbIem

- mode also assumes thatithe coordlnatlng agency has full and complete
vknowledge of the characterlstlcs of the demands and supplles It is the

intentdonfof'the Board to operate with the,full knowledge'of the dynamiEs

of‘the‘systemL' The actual dellvery patterns suggest that the CWB does not S

fate w1th complete knowledge ‘and encourages the Board to con51der the

‘ ; “wal demands on Ege system to lengthen the plannlng hog;zon beyond the
RS f;ﬁﬁv AR o ‘ e S : '
: 4 weekly shlpplng schedules D : _;~-- S ST e

.' .

;The Canadlan Wheat Board has made a conscience effort to 'increaSe- ’
;productlon of Canadlan Western Red Sprlng Wheat for export desplte ‘the -
. -
B dlstlntegratlon of her trad1t10na1 forelgn markets and the changlng
.requlrementS' of bread maklng technology favourlngyag\lncréuse 1n the‘.,”‘
‘;softer'wheats accompanled by a- correspondlng decrease 1n the tonnage of

5h1gh quallty hard wheat The ever 1ncrea51ng marketlng opportunltles for f

'?Usoﬁterawheats in both developlng and developed natlons is not avallable to v

e

-fCanadlan producers because of ‘the empha51s of hard wheat productlon ThlS
.,marketlng dec131on has an 1mpact on the entlre agr1cultura1 sector of the
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transportatlon systems for the purposes of 1nternat10na1 lnarketlng and
R

1.
>,
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: economy;~ in particular the. costs oftmaintainrng.the'CWRS grading“andﬂ

._>_“;_m__the constralnts 1mposed-uponwotherccommodltymtypes _____ The fact_that“the_

o
grades of wheat are blended at the term1a1 elevators to meet the speC1f1c
: . A . -
requlrements of awa1t1ng vessels questlons the rat10na1 of such a rlgorous
o , v, .

gradlng system The producer does, however recelve hls compe%satlon for

R

} O [ W ) i
o the quallty produced at the pornt of de11ven9 to the rountry elevators
ﬁ&w; ‘ Desplte the fact that thlS appllcatlon of’ the Transportat1on Problem is

t,v‘w

g marketlng opportunltles The Canadlan Wheat Board however contlnues to

sell -as much wheat that can reach the term1na1 elevators "Ingfact,vsome;

R

'contracts »cannot be met because of the lcongestlon rat"'thej port- of'

Vancouver f It .is’ the 1ntent of the ctors ;in the ﬁ?anadlan graln‘

transportatlon system to 1mprove the throughoutput of the system to ensure

‘e
g

"»that total sales rlse and that all opportunltles can be capltlzed upon

-

'/:_'

The Transportatlon Problem analyses conducted in- thls research is. subJect v

to maJor theoretlcal and operatlng constralnts The orlglnal obJectlves';f

'-x to ascertaln the add1t10nal transportatlon costs assoc1ated Wlth three

p0551b1e cduses. of suboptlmallty were severely compromlsed by the nature’

o of the-cost matrlx whlch—wastcrltlcal for meanlngful results Although‘

CWB, operates,l the obJectlve functlons were unable to prov1de any R

N B -

mean1ngfu1 measure of 1neff1c1ency in transportatlon coordlnatlon or 1nf-'

o

e Ty

e

unable to 1dent1fy the actual costs of supportlng the system the gradlng “lAV

35_ system should be rev1ewed in llght of 1nternat10nal trends 1n agrlculturalb .

the flow dlagrams prov1de an 1nd1cat10n of the eff1c1ency w1th whlch the‘ “l'




s

the subopt1mal use of system resources. :Crosshauls Were'found'to exist in

each of the three p0551ble causes of suboptlmallty, however ‘the dosts."

€

193

-reflect the actual cost of serV1ce in - order to provlde a measure;whereby

ﬁtechlnques in Canada It has been suggested that the current proposal to:

165

a '.f.

d'assoc1ated Wlth these crosshauls are:not 51gn1f1cant1y reflected in the'

\

,objeCtive function. Lo e ':-'\gg o

‘The recommendatlon of thls the31s is to establlsh Shlpplng charges ‘that

the CWB can respond to 1neff1c1ent expendltures Any meanlngfﬁl changes:

to the Crow Rate structure requlres the advance of rallway costlng .

','abollsh the Crow Rates w111 generate an 1mproved~eff1c1ency from the CWB

_:The results of thlS ana1y51s clearly support the e11m1natlon of the Crow ;

i-Rates for the purposes of fre1ght charges as: they dlstort the economlc.

,,'prlnc1ples of pr1c1ng and thg.eff1c1ent use of scarce resources

R . . . R
. L et . R | . .

’ S R BN L P M
o . W i
" '.

_Th1s appllcatlon of éhe Transporgatlon Problem model has effecgtlvely'

i’

“1nf1uence that transportatlon costs have on dellvery schedu1e§ and the

S

nature of the cost matrlx used 1n thlS ana1y51s demonstrates the crluhcal

importance of shipping-rates“to’reflect the real costslof”servlce.

7fWhereas thlS ana1y31s has been restrlcted to the Canadlan’traﬁsportatlon

*demonstrated 1ts ut111ty ‘as a tool to evaluate shlpplng schedules. Thev
i?presentatlon of a complex transportatlon system by the parameters 3& the -

jmodel 51mp11fy the system to a level that is. p0551b1e to evaluate \ﬂhe~h

-

system, 'th demand p01nts 'could be altered to reflect the flnal

ot

E;:ﬁ - e
. Ty 2 ..
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- application.
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appllcatlon§ .
.‘{, ), T e - L
addltlonal costsv of trénsportatlon caused by the three
. s . (’ : L . ,,,. . _;s_ . . .

suboptlmallty under an ﬁpproplate tqgnspdiﬂatlon cost matrlx;j”-\
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' OPT1MAL ALLOCATWONS ONE GRADE ;
(metrlc tonnes) '
. Origin Name =~ ' Thunder_ Churchill Vancouver Prince .. TOTAL
: ‘ )  Bay . <~ . Rupert  'SUPPLIES
-01 W1nn1peg North 66,459 - A 66,459 e
03 Winnipeg South 159,594 : Q T 159,594
05 Winnipeg West . 172,206 .. : R 172,206
07 Brandon North 99,152 IR v - T 99,152
09 Brandon West = - - 269,281 = R . 269,281
11" Melville - 216,260 T T 2167260—————
13 Dauphin ... 363,913 e ™ 363,913
15 Kamsack . 281,568 . . i 28%,569"
17 Saskatoon Main- .- 379,299 . IR P 379,299
19 Saskatoon Sputh - . 277,354 : o : 277,354
21 Saskatoon West - - 75,005 ' . 278,372 .7 . 353,377
. 23 Saskatgon North - 319,526 ST 319,524
- /25 Prince?Albegt East 45,316 -~ .'310,769 . ... - 356,085
27 'Prince Albgrt South  333,214° RREEE S S .%333,214
29 Princeé AlBgt West , .. . ... ..339,354" . - 339,354
31 Saskatoon East 215,593 S e 215,593
33 Regina South 619,195 SR T 619,195 ¢
35 Regina West : . 343,911 o S 343,911 %
.37-Biggar, North: - N .. 295,820 -~ . 295,820 .- %
. 39 Biggar West- . . o : -~ 489,839 - - 489,839 - A,
41 Edmonton North V. s o 189,540\ emwg, v 189,542 %
“43 Edmonton South o o S 322,726 4 N 322,726 L
' 45 Edmontort West ‘ Lo ‘ 122,567 §E e 22,567
47 Hanna South e S . 515,888 QMM . \: 515,888
-~ 49 ‘Hanna West IR S ‘ 261,861 . e '\ 261,861
61 Keewatin = - 155,229 - T 155,229 ..
62 La Riviere - 273,115 o) 273,115
63 Carberry~ . . - 224,944 . o 224,944 0
. 64 Brg 007 356,501 .- e e T 356,501 Y
71 422,567 R 422,33uh S
72. 381,783 . S S 387, 783B RN
73 415,328 TR D  451,328°
A X .. 331,749 7 T CrL T 331,749, 7
‘75 saskatoon 313,520 - T 313,520»
76 Wilkie . - S T L 572,911 > 572,911
77 Assiniboia - -~ 710,832 R : '710,832
.78 Swift Current - - 607,230 - "%07,230
79 Outlook . - 312,230 . - - D 312,230 ..
81 Medicine Hat * = - . Lo k58,977 T * 458,977 .
82 Brooks  * .\ T L BW5,454° - 345,454 .
- 83 Lethbridge . . 38,634 ¢ .445,705- " 484,3Q%-
84 Vulcan - i ; : R 3‘84;1644‘w 384,164
85 Calgary ' o © U 1376585 0 17,655
. 86 Red Deer - DR oL 91,868‘ﬁ. 191 808~
" . 87 Edmonton - T . 241 3940 | N L _
90 N. Alberta RR West: )., = f;’q=,~'_' Pt 782, 922»1: .
- 95°N. ‘Alberta RR East’ \_\.“3';~;-"¢,ﬂ-fh o ' ;~‘f 31743 *
,_97 Brltlsh Columbla RR | S R '_'ﬂ R 58, 088 .
98 Great Slave RR e el B ; 21, 368 -

. TOTAL:DE_MANDS- -8, eT1 310,769 .-'4,,373,3&1 1,323,453 14,,749.,‘434’-*

A B el s Lt o : Ca . . Lo : o e,
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, 4, ACTUAL ALLOCATIONS ONE‘GRADE ¥ -
o : . (metric tonnes) IR ' -
. yo . i .
oo ' Origin Name - . u Thunder " Churchill Vancouver Prince * - TOTAL
ST ’ T Bay o S Rupert ;ﬁ”SUPPLIES
01 W1nn1peg North 66,3392a - 120 - , 66, 459
03 Winnipeg. South - 159,463 ' 79 159, 394 R
05 Winnipeg West 171,943 . 89 172,~06p.” o
07, Brandon North 99,152 S © . %995152 ¢ S -
: © 09 Brandon West.: 264,804 4,091 70 269 281
B % Me1v111e;-ﬂ————~——————211~458' 45802 216, 260w~—_—-_
o 13 Dauphin. - 325,983 .37,822" ~60- 363,913
15 Kamsack - 248,953 . 32,560 . 56 281,569 "
17 Saskatoon Main 233,546 - 8,402 % 37,824 379,299
19 Saskatoon South 220,784 | 1248 - . 12,078 . 277,354
. 21 Saskatoon West’ 252,201 7,717 85, 652 7,807 . 353,377
. 23 Saskatoon North . 201,446 . 18,684 . 15,076  ..84,318 319,524
W - . 2%.Prince Albert East, = 108,143 33,101 X 1,117 U213,724 . 356,085
g;,{’“;. TZZqulnce Albert: Soutli. 103,247 - '6,446 - ' 18,200 - 205,320 333,213
7kft' 29 ﬁxlnce ‘Albert West 116,172. 19,250 - 16;107,‘v'187 ,825 339 354
31"Saskatoon East 138,410 .. 77,005 0178 215,593
o .. 33 Regina South 568,381 . 4,998 . . 8,268 . 37,548 ,619,195:
“f. 7 w3% Regina West ' | 326,539 . --16,321 . 1,051 343,911
e gxi \37 'Biggar North® - 31,437 13,030 . 167,078 .. 84,275 @ 295, 820
;7% 39 Biggar West - 25,7757 2,464 395,440 | 66,160 " '%89,839
qqu. ﬁkal-sdmonton North. - 7,223 100,917 sf‘ho3 . 189,542
o 43 Edmonton -South 4,724 176, 2284~ -%141,773 322,725

+ - .45 Edmonton West. 2,180 . 17,583 ;. 2,804 ¢ 22,567

z) h7 Hanna Southu- 7,985 : :491,817;“ 16,086 = 515,888.
Hanna-West = ', 12,926 50 ‘211;613@ 47 322 261,861 °
61!Keewat1n_" - 155 229;;? L “o 155,229

‘-“ 62 La.Riviere = : 273,115‘1 ST - 273,115,

763 CHberry 222,856 88" 224,944,
... 64#Brandon .o 356,431 - 70 356,501,
w0 . 771 Wegburn - 413,838 8,729 " 422,567
'j]-;"' 72 Pasqua® .. 351,085 : f;so 698,f~ ; 381,783
L 73 Bulyea 415,328 Y - <o SR A 415, 328

”,‘v,74 Bredenbury - - 297:,583 34 113 53 ,331,749. }

.. ..75 Saskatdon 274,023, 30,104 © . 9,393 313’520‘ Ry
76 Wilkie - 450,041 52 839 ._;70;031' o 572,911 ’
.77 Assiniboia. 665,570 45,262 , "710,832

.78 'Swift Current . .. 512,728 S 94,502 - 607 230"'_
. 79 Outlook . - 237,762 74,468 312,230
- 81" Medicine Hat: »--'»T 171,830 287,147 © - 458,977
- 82, Brooks el 9,010 336,380 - 164 345,45k
.. -+.83 Lethbridge, - . 2,187 . oo 482,152 el oo 484,339
% . 8&Vulcan - °© i, 2’747f STl 381,617 T TR T 384,164
. 85 Calgary . 568 - . 17,087 @2 (17,655
© o 86 Red: Deer . : Gk, 299- Se 0 7180,729 0 - 86,780 3;191j808 o
8 . .87 Edmontom: . S 7,398%.0 -0 T+ 153,281 ,@§§%§,§IB 241,394
SRR (17 N. ;Alberta RR»West =G 659‘,n ST 135 440.”c£*;'> A‘f35152 922
N 1Iberta RR:East * ‘ 5,645 - S 51,743, .
.. 97 British Columbia RR L2681 .. 58,088 7 .
L vé RR - ,905“v L 21,368
I NDS 8,741q871.’ 10, 14;749;434



OPTTMAL ALLOCATWONS

(metrlc tonnes)

NEW NUMBER ONE CWRS

178

 Origin Name 'vThunder‘ _Churchill ,Vancouverf”?rince"‘ - TOTAL
- : Bay L Rupert SUPPLIES
01 Winnipeg North. 2,119 - ' 2,119
03 Winnipeg South 125,760 - N 25,760
05 Winnipeg West. - © 18,488 18,488,
07 Brandon North, - 6,197 p 6,197
‘ . 09 Brandon West . 34,492 . "34,492
——~—~___—ll Melville .. - 10,089_.. ' 10,089 .
13 Dauphin - 8,291 - R 8,291
: 15 Kamsack 18,741 . 6,712 . 25,453
g . 17 Saskatoon Main .7157,723 ..~ = 157,723
19, Saskatoon South 231,575 - .~ + 231,575
21 "Saskatoon West 251,280 . .-251,280 -
- %3 Saskatoon North: 102,651, ‘ . 102,651,
25 Prince Albert East R - 3,420
29 Prince Albert South 41,552 S 41,552
29 Prince Albert-West = = . - sl 133,372
31 Saskatoon East- 176,685~ " .ot RN Y 176,685
33 Regina South 261,846 - o 261,846-
35 Regina West 308,833 - - wi 308,833
37 Biggar North > 3?‘&78 o _ " 33,478
© 39 Biggar Wgaie . . 7238, 182" ©228,182
41 Edmonté - o T 0,692
43 Edmont - e feen 9,731
' 45, Edmont o L , . 200
. 47 Hanna B o ‘288 905 . -
49-Hanna Wes, ~ o -78,866 - V. "4
.61 Keewatin ‘ . 4173
62 La Rivier& - - . r_ 32 250 -
‘.. ' 63 Carberry e L *.12,773
: 64..Brandon ' I 45,093,
. 71 Weyburn o , .7 189,820 -
s 72 Pasqua - - ] - . "' 138,165
St 73 Bulyea . 209,687 . ’ _ . 2093687
. .74 Bredenbury = « 23,739 -, .. o~ 23,739
75.Saskatoon ' 092,237 e s e 192,237
-~ 76 Wilkie - 3,406 - /286,870 290‘276'
77 Assiniboia S 654,123 ' - ! 654,123,
© 78 Swift Current U 564,732° 7 . % 564,732
79 Outlook . 267,149 7 267,149 7
.. 81 Medicine-Hat e "426;551 '
A .. 82. Brooks EEP I c : 2225265 -
' 83"Lethbridge . . . -~ T _ ,,,’43 g772"' s
84 Vulecan T SRS T g5 ,081 .
;. 85 Calgary - n 23 s, L -*:_ 5,323..%. "
N .86 Red Deer: e RERi - , 011,524 '~=61;084“_],"
' 87-Edmonton . . o o 1 e 10,315 -
<.90 N..Alberta RR West: .. =", o B 2,383
1095~ Na Alberta RR East v PR ;i' .
o 97! Brltlsh Columbla RR IR Y AR S
- 98 Great Slave RR "'f‘*;‘-ﬂyb ;? e
; o . - o o L ) '» e
; : 4 ' TOTAL DEMANDgp 3 893 669 »«43 504 2 335 791 K-ia;”' ’
U .;gng;ff*,;u zr‘j S eN KL.,,'“' LT




ACTUAL

v

G " R 5 . .
© Origin Name -

01 Winnipeg North

03 Winnipeg South
05 Wlnnlpeg West *.

07 Brandon North.

09 . Brandon West
“11 Melville

.ALLOCATTONS

(metrlc tonnes)

"Thﬁndér‘

- Bay

2,119

. 25,760
18,488

6,197
34,139
9,753

‘zChurcHill“

Vancouver

274 - 79

NEW NUMBER ONE CWRS

Prince
Rupert

179

TOTAL

v SUPPLIES

2,119
25,760
18,488
6,197
34,492

10,089

‘13 Dauphin =~
'15 ‘Kamsack = .
-17 ‘Saskatoon Main -

.19 ‘Saskatdon South.

31" Saskatoon Eaﬂt T

';37 Biggar Norﬁh

23 Saskatoon North
25 Prlnce Albert East’
27 Prlnce'Albert South.

21 ‘Saskatoon West

29 Prince Albert West’

33 Regina SOUt
35 Regina Wests;

ﬁ ‘
o
4

.. 39 Blggar West
41 Edmonton North .
43 Edmonton ‘South

45 Edmonton West

" 47. Hanna South. _\~””'
_-49 Hanna West

61 Keewatln e
.62 La Riviere
* . $3.Carberry -

.64 Brandon - -

71 WeYburn,‘
72.Pasqua ’
73. Bulyea

74 Bredenbury

-75° Saskatbon

76 W1lk1e','ﬂ ,

" 77 Ass;nlbola !

- 78 Swift Currenpw-V;Q'
.79 Outlook : S

~81 Med101ne Hat

. B2 Brooks

:i,83 Lethbrld:e'i

7’¢85-Cai .
.86 Ked Deer-

- 87 Edmonton > e

- '90<N. -Alberta RR West: f“,f
-95 'N.. Alberta R East}““

84 Vulgan-
ry o

S

&

. D

;8,291

125,355

112,916

.+190,071
-192,972
98,377 -
3,055

“37,516

23,841

114, 9%8
".258,123
..7292,976

788
11,107

i 190
%5173

32,250
45,093

133,483

1,098

12,773 .,

“'Y1187,107;7

209,687

21,494

. 83,823 .

"-235,944

612,036

477,490

.-7,188"

o177
2,465

6,074

21,438 - °

“ s

7’..663f5:;ofi5f f;'

- 2,176 ¢

'2,245

336 - .-
99 Lol
41,810
40,506
57,900 "

. 769

193, 0 T o

727 - 857

2,447
61,727 - -
2,758 -
15,7985

129,291 -

©9,213,930

S 692

. 7;665 .
+.2000 ¢

38
1,175

R AR

4,682
42,267
32,894 .
42,086

6 ’ 147 g

: _,;u,zaggsp
s = 215!
- 438,

" 1,084
10,263

287,665
78,405 . -,

ff‘f?;. -2 Y S

2,

1

821

P

965 ..

"2,
1

'2

]

h L e 202 53
T . 203,168, vk 63,981 s

'f;157 155

N ' ﬁu»_ : 443'.:'-;."‘

142

¥

998

291
,0407
172
452
1,010, . .
176,685
261,846 -

251,280
102,651 -
3,420 ¢

39

361 °
¥

066

-

T ly .

;‘:"O

'”234 498 -

“;‘;?' 5,175 el

778,291
25,454

157,723 -
© 231,575

+ 41,552
33,372

308,833
133,478

228,182,

692
9,731

' 200
288,905
~ 78,866
‘4,173

i

32,250 "

12,773

45,093

189,820

138,165

209,687
© 23,739

..925237"

290 ,276 -

654,123 -
- 564,7327 .
267,149

426, 552” ER

222,266

439,772,
e 255 081 -
U5 3%
' 961,084

10;315
+2,383
o k3.

T ﬁ97 Brltlsh Columbia RR

. 5 _‘:,“:_' 340“'“”’*fjf ;Sf,f::34oa(
Q 98 GreatVSlave RR < : fuuﬁ-t f,”"ﬂ ; U‘J . .f'.fl,fﬂaﬁigfﬂ‘ R
' :1_-?,$f;4:"',p L L '”5';‘ I A TR
o - 3,893,669 'ﬁ43 504 ‘2, 3 792\ 14 ggo 6, 287 654
RPN P S %31 g0 s e
' "‘3 K "" R " { o -'.., . .V i b ‘ : .;‘ ‘

’

TOTAL DEﬂANDS




b S : 180
o e OPT1MAL ALLOCATTONS NEW NUMBER TWO CWRS
e ' (metrlc tonnes) b
Origin Name = - Thunder  Churchill Vancouver Prince: . TOTAL -
o S Bay © " Rupert. SUPPLIES
. . . B - . . r‘ N .o .
" .01 Winnipeg-North =~ @ 16,108 Lo e 16,108
03 Winnipeg South 49,317° . - . L 49,317
E 05 Wignipeg West a .. 48,770 ‘ . - 48,771 .
.~ 07 Brandor North, '. 18,886 L ! - 18,886
" 09. Brandom: West * 124,006 . S : ‘ 124,006 .
11 Melville - 86,928 - o , '36,928
13 Dauphin © . 93,890 1 - . 3,890
15 Kamsack ' . 98, 1223 - 42,120 _ . 140,342
+ 17 Saskatoon Main 144,985 ™. k 144,985
.19 Saskatoon South 24,822 : " . 24,822
21 Saskatoon West, . ' ' - 1,519 62,227 63,756
23 Saskatoon North - *. 9,662 . 155,530 - © 165,192
25 Prince Albert East -~ ~__ 95,997 . e 95,997
QZ Prince Albert South 160,149 =~ - - ) ' . 160,149
‘. 29 Prince Albert West e , 81,802 ‘ 81,802
31\Saskatoon East 27,391 ' 27,391 _
33 Régina South. 247,167 : : a , 247,167, "
35 Regina West - - 128,746 , - o 28,746
37 Biggar North . : 128,481 - 7 128,481
39 Biggar West, L v 142,963 142,963
. 41 Edmonton North = - N . 41,951 ' © 41,951
43 Edmbnton South © \\'" 102,099 . 102,099
45 Edmonton West - - R 2,265 o . 2,265
47 Hanna South ' T . 142,565 142,565
i 49 Hanna\West . B . 51,963 ¥ . 51,963
| 61 Keewatyn =~ * 42,665 _— ' 42,665
62 La Riviere S 101,872 ' o o 101,872 '
'-63 Carberr ' 61,411 ' : R - 61,411
64 -Brandon - . .143,780 . - . 143,780
, 71 Weyburn 155,593 . y o 155,593
— 72 Pasqua 152,914 o o ' 152,914
73 Bulyea 140,360 _ R - 140,360
-\ /74 Bredenbury 126,720 o o . '126,720
(’75 Saskatoon- 131,900 ° ‘ T - " 131,900
6 Wilkie : 141,288 S 1413288
77 Assiniboia 47,224 ' o 47,224
78 Swift Curren 28,805 . ' R ' 28,805
79 Outlook ‘ 28,253 T ‘ . 28,253
.'81 Medicine Hat. o : 26,933 26,933
- BQ\grooks ‘ 71,257 . 71,257
83 @thbridge 38,184 38,184
: 84 Vulcan' 102,660 102,660 ~-.:
. 85 Ca}ga ry 7,270 7,270
' 86 Red De 39,535 39,535
87 Edmonton 60,767 - - " 60,767
90 N. Alberta\RR West ' o 25,278 25,278
95 N. Alberta RR Eas ' 8,555 8,555

97 British Columbia KR o | 4,364 4,364
. ’ 98 Great Slave RR 491 491

TOTAL DEMANDS , 2,340,548 138,117 1,053,203 386,754 3,918,622



‘ . e a8l
-ACTUAL ALLOCATWONS 'NEW NUMBER TWO CWRS

(metric tonnes)

: Or{giﬁ Name : Thunder Churchill Vancouver -Prince . TOTAL

Bay , Rupert SUPPLIES
01 Winnipeg North 16,107 : ' o . 16,107
03 Winnipeg South - 49,186 52 79 49,317
05 Winnipeg West . 48,688 "« 83 48,771
07 Brandon North © 18,886 _ . 18.886
09 Brandon West 1217502 2,504 124,006+
11 Melville ' 85,146 1,782 . ~ \ 86,928
13 Dauphin ' 85,990 7,899 . 93,889
15 Kamsack - 119,377 20,965 .+ 140,342
17 Saskatoon Main 72,428 4,865 53,103 14,589 144,985
19 Saskatoon South = 16,513 188 2,380 5,741 24,822
21 Saskatoon West 31,459 5,711 25,019 1,566 63,755
23 Saskatoon North 78,968‘ - 11,811. 13 284\ 61,130 = 165,193
25 Prince Albert East 35,043 13,582, 419 46,953 95,997 *
27 Prince Albert South 47,632 2,866 15,396 94,255 - 160,149
29 Prince Albert West 23,062 6,043 6,290 46,407 81,802
31 Saskatoon East’ 15,155 : 11,710 . 526 27,391
33 Regina South 218,419 3,424 2,910 22,415 247,166
35 Regina West , 27,488 373 885 28,746
37 Biggar North . - ‘12,556 8,209 80,245 27,471 128,481
39 Biggar West . 8,751 1,175 120,138 12,899 142,963
"41 Edmonton North . 69 35,921 5,961 41,951
43 Edmonton South ‘ 65,952 36,147 102,099
45 Edmonton West: . 2,265 \ : 2,265
47 Hanna South . 594 : 140,980 991 © 142,565
49 Hanna West 2 71 47,873 4,019 51,963
61 Keewatin 42,665 » ) o 42,665
62 La Riviere 101,872 ' 101,872
63 Carberry . . 61,411 ‘ ' _ 61,411
64 Brandon v 143,780 : " 143,780
71 Weyburn - ' 150,317 *5,276 155,593
72 Pasqua - 137,492 . : 15,422 : 152,914
73 Bulyea ‘ 140,360 - - . " 140,360
74 Bredenbury . - 114,195 - 12,525 ‘ . 126,720
75 Saskatoon © 113,005 - 12,186 6,709 131,900
76 Wilkie 99,884 22,382 . 19,022 o 141,288
77 Assiniboia 44,611 2,613 C 47,224
78 Swift Current 23,190 _ 5,615 28,805
79 Outlook 21,185 " 7,068 . 28,253
' 81 Medicine Hat . ° . 11,363 ‘ 15,570 . 26,933
82 Brooks .. 669 , - 79&588 ‘ 71,257
83 Lethbridge . 421 S 37,763 38,184
84 Vulcan 419 : - 102,241 : 102,660
"85 Calgary | 7,271 7,271
86 Red Deer . 89 38,992 " 454 39,535
87 Edmonton . 128 . . 56,454 4,186 60,768
90 N. Alberta RR West 271 24,927 80 25,278
95 N..Alberta RR East _ , 8,555 - ""8,555
97 Brltlsh Columbia RR 51 - - 4,313 . 4,364

' 98 Great Slave RR 80 410. o C 491 .

TOTAL DEMANDS 2,340,548 138,117 '1,053,203 386,754 3,918,624

—_—
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OPTIMAL ALLOCATIONS: NEW NUMBER THREE CWRS

(metric tonnes)

Origin Name ' Thunder Churchill Vancouver Prince TOTAL
' " Bay - Rupert SUPPLIES
01 Winnipeg North - 48,232 ‘ 48,232
03 Winnipeg South . 84,516 84,516
05 Winnipeg West 104,947 ' - . 104,947
'07 Brandon North . 74,068 74,068
09 Brandon West 110,784 . 110,784
11 Melville . 119,244 ' ’ 119,244
‘13 Dauphin 261,733 . | . . 261,733
15 Kamsack 115,772 .o 115,772
17 Saskatoon Main 76,591 . : T 76,591
19 Saskatoon South’ 20,957 " : . 20,957
21 Saskatoon West - o ~ : 38,341 38;341
23 Saskatoon North . . o 51,680 - 51,680
25 Prince Albert East 127,520 129,148 256,668
27 Prince Albert South 131,513 ; ' 131,513
29 Prince Albert West : © 101,992 122,188 224,180
31 Saskatoon East ‘11,517 . . : 11,517
33 Regina South 110,181 110,181
35 Regina West " 6,333 : . 6,333
37 Biggar North ‘ 133,861 - 133,861
39 Biggar West : 118,694 118,694
41 Edmonton North - ' © 146,899 : 146,899
43 Edmonton South . ' 210,896 210,896
45 Edmonton West . ‘ 20,103 ) 20,103
47 Hanna -South : ) 84,418 : 84,418
49 Hanna West , 131,034 . - 131,034
61 Keewatin - . 108,392 i 108,392
62 La Riviere 138,99 ' '138,993
‘63 Carberry ‘ © 150,76C - 150,760
64 Brandon - - T 167,627 .0 , 167,627
71 Weyburn ) 77,154 ' 77,154
72 Pasqua 90,703 90,703
73 Bulyea 65,281 AR 65,281
74 Bredenbury . 181,291 ‘ ' . 181,291 °
75 Saskatoon : 89,383 ’ ' 89,383
76 Wilkie ‘ . 141,347 141,347
77 Assiniboia - 9,485 9,485
78 Swift Current 13,693 o ‘ - 13,693
79 Ontlook. 10,985 , 5,844 16,829
81 Medicine Hat ' R \ 5,493 5,493
82 Brooks - _ 51,932 51,932
- 83 Lethbridge ’ . 6,383 6,383
84 Vulcan o 26,423 26,423
85 Calgary _ _ 5,061 5,061
- ‘86 'Red Deer : : 91,189 91,189
87 Edmonton ' ' 170,312 170,312
90 N. Alberta RR West . _ : ‘ 125,261 = 125,261
95 N. Alberta RR East ¢ 42,746 1 42,746
97 British ‘Columbia RR . © 53,394 ' 53,394

98 Great Slave RR 20,877 20,877

TOTAL DEMANDS 2,507,655 129,148 984,346 922,010 4,543,158



ACTUAL ALLOCATIONS:

NEW NUMBER THREE CWRS

183

’) . (mctrxc tonnes) '

E Origin Name Thunder . Churchill Vancouver Prince TQTAL
Bay ' Rupert SUPPLILES

i 01 Winnipeg North 48,113 120 P2 48,233

03 Winnipeg South 84,516 v 84,516

05 Winnipeg West 104,767 91 , 89 J04,947

' 07 Brandon North 74,068 : 74,068

—————“—_“——09 Brandon—West 1095164 17313 237 70 1105784

11 Melville 116,560 2,684 ' 119,244

13 Dauphin 231,702 29,922 ' ) 49 60 261,733

15 Kamsack o 104,121 11,596 56 115,773

17 Saskatoon Main 48,202 1,361 4,623 22,404 76,592

19 Saskatoon South 14,199 60 1,358 . 5,340 20,957

21 Saskatoon West 27,770 1,888 2,733 5,950 38,341

_+ 23 Saskatoon North . 24,101 4,407 1,023 22,148 51,679

' 25 Prince Albert East 70,045 19,326 699 166,598 256,668
’ 27 Prince Albert South - 18,099 2,853 1,947 108,613 131,512

29 Prince Albert West 69,269 7,133 7,370 140,408 224,180

31 Saskatoon East 8,297 ) 3,041 179 11,517

33 Regina South 91,840 1,575 2,599 14,166 110,182

35 Regina West 6,075 150 107 6,332

37 Biggar North 17,093 4,784 57,541 54,443 133,861

39 Biggar West 5,916 114 61,372 51,290 118,692

41 Edmonton North 7,154 64,303 75,441 146,900

43 Edmonton South 4,725 102,610 103,561 = 210,896

45 Edmonton West 2,180 15,119 2,804 - = 20,103

47 Hanna South » - 6,293 . 63,172 14,953 84,418
49 Hanna West . 2,667 85,335 43,032 131,034 .

61 Keewatin L 108,392 108,392

62 La Riviere . 138,993 138,993

| 63 Carberry 150,672 89 150,761

64 Brandon 167,557 70 167,627

71 Weyburn . 76,414 740 77,154

72 Pasqua 80,110 10,594 90,703
73 Bulyea 65,281 65,281 '

,7 Bredenbury 161,894 19,342 53 181,289

75 Saskatoon - 77,194 11,771 ’ 417 . 89,382

76 Wilkie - 114,214 9,019 18,115 - 141,348

77 Assiniboia - 8,922 563 9,485

78 Swift Current : 12,158 1,536 13,694

79 Outlook = 13,410 3,419 16,829

81 Medicine Hat 3,313 2,180 5,493

82 Brooks . 1,153 50,614 165 51,932

83 Lethbridge 920 5,463 ‘ 6,383
84, Vulcan 1,665 24,758 26,423

85\ Calgary : 420 4,641 5,061

86 |Red Deer 4,211 80,652 6,325 91,190

87 Edmonton 7,667 86,584 76,061 170,312

90 N. Alberta RR West 9,329 108,189 7,7ﬁ2 125,260

=95 N. Alberta RR East 5,645 e - 37,101 42,746

97 British Columbia RR 190 53,194 53,384
? 98 Great Slave RR 995 19,882 20,877

TQTAL DEMANDS 2,507,655 922,009 4,543,158

|

|
i

129,148 984,346
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OPTIMAL ALLOCATIONS: CWRS NO. 1, 11.5% Protein (Grade 115)
y . (metric tonnes)
. , ey
Origin Name Thunder Churchill Vancouver Prince TOTAL
Bay Rupert SUPPLIES

Lo ) ' ) . ’
.01 Winnipeg North, -
03 Winnipeg South
05 Winnipeg West .
‘07 Brandon North

09-Brandon-West

11 Melville .

13 Dauphin

15 Kamsack , cll .

17 Saskatoon Main : 821 . 821
19 Saskatoon South ‘ " 997. 997

21 Saskatoon West 291 . 291

23 Saskatoon North : . 1,041 1,041

25 Prince Albert East ) 172 172

27 Prince Albert,South - oo 2,452 2,452

29 Prince Albert West c 1,010 1,010

31 Saskatoon East - ' ‘

33 _.Regina South . 52 913 965
,35 Regina West _ 4 111 111

37 Biggar Nortlh . ' 2,361 2,361

39 Biggar West : : 1,970 1,970
" 41 Edmonton North, : .

43 Edmonton South : ’ 2,066 2,066
45 Edmonton West '

47 Hanna South - . - ’ - 142 ' 142
49 Hanna West ¢ =+ .. ‘ - 27 271

61 Keewatin ' ' ' : ' o '

62 La Riviere o .

63 Catberry : ' ‘

64 Brandon — . )

71 Weyburn .

72 Pasqua

73 Bulyea

74 Bredenbury

75 Saskatoon

76 Wilkie

77 Assiniboia

78 Swift Current

79 Outlook .

81 Medicine Hat

82 Brooks

83 Lethbridge

84 Vulcan

BSVCaIgary

86 Red Deer :

87 Edmonton - ‘ ’ . 72 72

90 N. Alberta RR West : : :

95 N. Alberta RR East )

97 British Columbia RR ~

98 Great Slave RR ‘

TOTAL DEMANDS 52 14,690 14,742



cod
Lo - 4
. \ [ , N .
ACTUAL ALLOCATIONS: CWRS NO. 1, 11.5% Protein (Grade 115)

(mctr%c tonnes)

¢

Origin Name : Thunder  Churchill Vantouver Prince - TOTAL
L ~ Bay Rupert., SUPPLIES

01 Winnipeg Nor\:h_,/ . L . ‘

03 Winnipeg South
05 Winnipeg West
07 Brandon North

09_Brandon West__ b

11 Melville ‘ . s

13 Dauphin :

15 Kamsack |

17 Saskatodn Main : . ‘ 821 821

19 Saskatoon South ' _ . 4997 - 997

2] Saskatoon West ' ' ‘ 291 - 291

23 Saskatoon North' o 1,041 1,041

25 Prince Albert East 172 172

27 Prince Albert South 2,452 . 2,452

29 Prince Albert West ' ' 1,010 1,010

31 Saskatoon East .

33 Regina South , 965 ' 965
. 35 Regina West 52 59 111

. 37 Biggar North . : 2,361 2,361
39 Biggar West « 1,970 1,970
41 Edmonton North o : .

. 43 Edmonton South - . 2,066 2,066
45 Edmontonh West __— _ . -7
47 Harina South ‘ _ - 142 142
49 Hanna West ' : 271 271

61 Keewatin
62 La Riviere
63 Carberry
64 Brandon - _
71 Weyburn ”
72 Pasqua

73 Bulyea

74 Bredenbur}

75 Saskatoon

76 Wilkie .

77 Assiniboia . .
78 Swift Current : o ' .
79 Outlook .

81 Medicine Hat .

82 Brooks ) : — : .
83 Lethbridge ' PR
84 Vulcan

85 Calgary )

86 Red Deer & . o
87 Edmonton : N : 72 72
90 N. Alberta RR West : v : .

95 N. Alberta RR East )

97 British Columbia RR ~ = X N

98 Great Slave RR ' ‘ St

TOTAL DEMANDS . | 52, ~ 14,690 | - 14,742



OPTIMAL ALLOCATIONS:

-

CWRS NO. 1, 13.5% P

(metric tonnes)

rotein (Grade 135),

186

-

1,797,921

Origin Name Thunder 4 Churchiilv’thcouver Prince TOTAL
' ' (Bay Rupert SUPPLIES
01 Winnipeg North 1,228 1,228 °
03 Winnipeg South ~ 16,779 ’ 16,779
05 Winnipeg West 5,664 ' 5,664
07 Brandon North 1,491 1,491
09 Brandon MWest 21,002 21,002
11 Melville 3,210 3,210
13,Dauphin;g““f'%} 4,089 4,089
15 Kamsack .’ 16,972 16,972
17 Saskatton Main 108,546 108,546
19 Saskatoon South 127,274 . 127,274
21 SaskatoanWest 75,865 73,315 149,180
23" Saskatdon North 34,761 34,761
25 Prince ‘Albert fast -~ 522 522
27 Prince Albert South 11,498 . 11,498
29 Prince Albert West - 9,937 9,937
31 Saskatoon East 117,415 117,415
- 33 Regina South 142,412 142,412
35 Regina West 207,418 S 207,418
37 Biggar North. _ "¢ 18,952 - 18,952
. 39 Biggar-West w 142,137 142,137
41 Edmonton North . 376 376
43 Edmonton South . 4,578 4,578
45 Edmonton West 200 . 200
47 Hanna South 255,727 255,727
49 Hanna West oo 62,354 62,354
61 Keewatin 2,431 ' 2,431 -
.62 ‘La Riviere 24,238 24,238
63.Carberry 3,991 . ) 3,991
64 Brandon . - 28,468 A 28,468
71 Weyburn 144,075 " 144,075
72 Pasqua . 54,469. 54,469
73 Bulyea 151,647 151,647
74 Bredenbury 14,954 i 14,954
75.Saskatoon 53,806 . 53,806
76 Wilkie , 139,222 139,222
77 .Assiniboia 513,046 - 513,046 .
78 Swift Current 417,519 g 417,519 -
79 Outlook 157,509 y : 157,509
81 Medicine Hat ' 360,758 360,758
82 Brooks e 151,259 151,259
- 83 Lethbridge | —— . 331,790 331,790
84 Vulcan S \if\\\~~\ i 187,749 - - ... ..~ 187,749
85 Calgary 4,387 4,387
‘86 Red Deer -~ 46,808 46,808
87 Edmonton WS 7,157 7,157
90 -N. Alberta RR West. 638 638
95 N. Alberta RR Eést {237 237
97 British Columbia RR -. 340 340
98 Great Slave RR .
TOTAL DEMANDS 2,462,299 4,260,220



- : . 187
/ ACTUAL ALLOCATIONS: "CWRS NO. 1, 13.5% Protein (Grade 135)

‘ (metric tonnes) - '
Origin Name Thunder  Churchill Vancouver Printe _,TOTAL
"Bay Rupert SUPPLIES
01 Winnipeg'North 1,228 1,228
03 Winnipeg South 16,779 16,779
05 Winnipeg West 5,664 5,664
07 Brandon North . 1,491 1,491
09 Brandon West 20,923 - 79 21,002
11 Melville 3,210 3,210
13 Dauphin 4,089 4,089
15 Kamsack . 16,972 . 16,972
17 Saskatoon Main 172,948, 35,598 108,546
19 ‘Saskatoon South 96,647 30,627 127,274
21 Saskatoon West 98,693 50,486, 149,179
23 Saskatoon North 34,137 624 34,761
25 Prince Albert East ~ 522 522
27 Prince Albert South 10,827 671 11,498
" 29 Prince Albert West 9,003 934 9,937
31 Saskatoon East 71,630 45,785 117,415
33 Regina South 140,384 2,028 142,412
35 Regina West 193,301 14,116 207,417
37 Biggar North 993 17,959 18,952
39 Biggar West 6,514 135,623 142,137
41 Edmonton Neorth 376 376
43 Edmonton South 4,578 4,578
45 Edmonton West 200 200
47 Hanna South 593 255,135 255,728
49 Hanna West 72 62,282 62,354
61 Keewatin 2,431 2,431
62 La Riviere 24,239 24,239
63 Carberry 3,991 ‘ 3,991
64 Brandon ~. 28,468 28,468
71 Weyburn ' 142,037 2,038 144,075
72 Pasqua 51,115 3,354 54,469
73 Bulyea 151,647 : 151,647
74 Bredenbury 14,954 14,954
75 Saskatoon 51,873 1,933 53,806
76 Wilkie 117,408 21,814 139,222
,77 Assiniboia . 472,238 40,808 513,046
78 Swift Current . 342,931 74,588 417,519
79 Outlook 117,306 40,203 157,509
81 Medicine Hat, 128,914 231,845 360,759
82 Brooks " 5,096 ¢ 146,163 151,259
83 Lethbridge 396 331,394 331,790
84 Vulcan 488 187,261 187,749
85 Calgary 148 - 4,239 4,387
86 Red Deer 46,808 46,808
87 Edmonton . 7,157 7,157
90 N. Alberta RR West < 639 639
’ 95 N. Alberta RR East - . 237 237
97 British Columbia RR 340 340
98 Great Slave RR :
2,462,299 1,797,921

. TOTAL DEMANDS

4,260,220



OPTIMAL ALLOCATIONS:

(metric tonnes)

,3Churchili Vancouver. Prince

188

CWRS NO. 2, 11.5% Protein (Grade 215)
COMBINED Transportation Cost Matrix

TOTAL DEMANDS

23,201

Origin Name Thunder TOTAL
Bay Rupert SUPPLIES
01 Winnipeg North 365 365
03 Winnipeg South 79 79
05 Winnipeg West 561 - '§61
- 07 Brandon North 1,449 1,449
- .09 Brandon” West 225 225
11 Melville 827 827
13 Dauphin 1,384 1,384
15 Kamsack 2,263 2,263
17 Saskatoon Main v ' 14,687 14,687
19 Saskatoon South 5,741 5,741
21 Saskatoon West . 1,663 1,663
23 Saskatoon North _ 61,342 61,342
25 Prince Albert East 47,475 . 47,475
27 Prince Albert South 94,420 94,420
29 Prince Albert West 46,225 46,225
31 Saskatoon East + 526 526
33 Regina South 9,753 12,967 22,720/
35 Regina West 1,336 1,336
37 Biggar North 27,547 27,547
39 Biggar West 12,820 12,820
41 Edmonton North 5,961 5,961
43 Edmonton South 35,377 35,577
.45 Edmonton West ' J -
47 Hanna South 949 “949
49 Hanna West 3,975 3,975
61 Keewatin 8§27 827
62 La Riviere 351 351
63 Carberry 3,815 3,815
64 Brandon 540 P 540
71 Weyburn 212 -/ 212
72 Pasqua 1,326 1,326
73 Bulyea 271 271
74 Bredenbury 550 550
75 Saskatoon : 2,818 2,818
76 Wilk'ie 2,111 2,111
77 Assiniboia
78 Swift Current 132 132
79 Outloock 117 117
81 Medicine Hat
82 Brooks
83 Lethbridge
84 Vulcan
85 Calgary C
86 Red Deer 454 454
~ 87 Edmonton o T 4,186 4,186
2 90 N. Alberta RR West 80 80
=D © 95 N. Alberta RR East v
97 British Columbia RR
98 Great Slave RR
384,706 407,907
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OPTIMAL ALLOCATIONS: CWRS NO. 2, 11.5% Protein (Grade 215)
- EXCLUSIVE Transportation Cost Matrix

(metftic tonnes)

"Churchill Vancouver Prince TOTAL

Origin Name Thunder
$ Bay' Rupert SUPPLIES
01 Winnipeg North 365 365
03 Winnipeg South 79 79
05 Winnipeg West. 561 561
07 Brandon North 1,449 1,449
09— Brandon—West 225~ 225
11 Melville . 827 827
13 Dauphin / 1,384 , 1,384
15 Kamsack / 521 . 1,742 2,263
17 Saskatoon Main | 14,687 14,687
19 Saskatoon South’ 5,741 ., 5,741
. 21 Saskatoon West| ¥, 1,663 1,663
23 Saskatoon Nort 61,342 61,342
25 Prince Albert [East 47,475 47,475
27 Prince Albert/South 94,420 94,420
29 Prinee Albert/West 46,225 46,225
31 Saskatoon East 526 526
33 Regina South 22,720 22,720
35 Regina West ( . 1,336 1,336
37 Biggar North 27,547 27,547
39 Biggar West | 12,820 12,820
41 Edmonton North 5,961 5,961
43 Edmonton South 35,577 35,577
45 Edmonton West '
47 Hanna South 949 949
49 Hanna West 3,975 3,975
61 Keewatin 827 : 827
62 La Riviere 351 351
63 Carberry 3,815 3,815
64 Brandon 540 ) 540
71 Weyburn 212 212
72 Pasqua 1,326 1,326
73 Bulyea 0271 271
74 Bredenbury “850 550
'75 Saskdoon 2,818 2,818
76 Wilki 2,111 “Z,111
77 Assiniboia
78 Swift Current 132 132
-79 OQutlook 117 117
81 Medicine Hat
82 Brooks .
83 Lethbridge
84 Vulcan
85 Calgary
86 Red Deer 454 454
87 Edmonton 4,186 . 4,186
90 N. Alberta RR West 80 . 80
95 N. Alberta RR East .
97 British Columbia RR
98 Great Slave RR
384,706

TOTAL DEMANDS ’ 23,201

i

407,907
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95 N. Alberta RR East
97 British Columbia RR
98 Great Slave RR

TOTAL DEMANDS 23,201

ACTUAL ALLOCATIONS: CWRS NO. 2, 11.5% Protein (Grade 215)
(metric tonnes) "
- ) ' "‘
Origin Name Thunder Churchill Vancouver Prince TOTAL
Bay Rupert SUPPLIES
01 Winnipeg North 365 365 -
03 Winnipeg South 79 79
05 Winnipeg West 561 . ‘ 561
07 Brandon North 1,449 ' 1,449
.09 Brandon West 225 225
T Melville 827 827
13 Dauphin 1,384 . 1,384
15 Kamsack 2,263 2,263
17 Saskatoon Main 176 14,511 / 14,687
19 Saskatoon South 5,741 5,741
21 Saskatoon West 96 1,567 1,663
23 Saskatoon North 439 60,903 61,342
25 Prince Albert-East 847 46,598 . 47,475 .
27 Prince Albert South 371 - 94,049 94,420
29 Prince Albert West 223 46,002 46,225
31 Saskatoon Eakt ‘ 526 526
33 Regina South 305 22,415 22,720
35 Regina West 451 885 . 1,336
37 Biggar North 119 ‘ 27,428 27,547
39 Biggar West : . 12,820 12,820
41 Edmonton North 5,961 5,961
43 Edmonton South -~ 35,577 35,577
45 Edmonton West. . p
- 47 Hanna South 949 949
Hanna West 3,975 3,975
61 Keewatin 827 - 827
62 La Riviere . 351 351
63 Carberry 3,815 3,815
64 Brandon 540 540
71 Weyburn jgi%:‘ 212
72 Pqiqua 1,326y ) 1,326
73 Bulyea 271”}\} 271
74 Bredenbury 5504 550
75 Saskatoon 2,818, [ 2,818
76 Wilkie L\ T 2,111
J7 A551n1b01a;? B 2
78 Swift, nt' o 132 ’
79 Outlooki X . 117
81 Med1c1ne H&t >
82_Bfgoks Ju g
834M$ﬂﬂ&idg@xy; ’; e ~
84 Vuli an Sl
85 Calg®ry \gs ,
86; Red Depr P . 454 454
87<Edmonton > 4,186 4,186
90 N. Alberta RR West .80

80

384,706 407,907
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OPTIMAL ALLOCATIONS: CWRS NO. 2, 12.5% Protein (Grade 225)
COMBINED Transportation Cost Matrix
(metric tonnes) )
Origin Namc Thunder Churchill Vanéouver trince TOTAL
' Bay Rupert SUPPLIES
.01 Winnipeg North 5,653 5,653
. 03 wWinnipeg South 8,587 8,587
05 Winnipeg West 15,444 15,444 0
07 Brandon North 8,882 - 28,882
09-Brandon-West 195651 { 195651
11 Melville 16,945 v ' 16,945
13.Dauphin 38,236 38,236
15 Kamsack - 45,093 45,093
17 Saskatoon Main 61,826 ’ ' 3,619 65,445
19 Saskatoon South 4,336 ° 4:336
© 21 Saskatoon West 35,004 35,004
23 Saskatoon North 39,821 39,821
25 Prince Albert East - 28,552 28,552
27 Prince Albert South 34,519 ) ' 34,519
29 Prince Albert West 19,298 19,298
31 Saskatoon East . 12,041 ° - . ) 157841
33 Regina South 25,758 D 25,758 °
35 Regina West 4,458 ) 4,458
37 Biggar North 91,720 . 91,720
39 Biggar West 121,233. 121,233
41 Edmonton North s 35,235 35,235,
43 Edmonton South’ 65,561 657561
45 Edmonton West 2,265 % | 2,265
47 Hanna South . 140,536 .140,536
49 Hanna West 47,695 © 47,695
61 Keewatin 13,289 13,289
62 La Riviere 14,887 14,8
63 Carberry 25,555 . ‘ 25,55
64 Brandon 14,050 14,050
71 Weyburn 15,830 15,830
72 Pasqua ' 52,055 52,055
73 Bulyea 15,831 0 15,831
74 Bredenbury 18,271 . 682 ) 18,953
75 Saskatoon . 29,176 : ' ‘29,176
76 Wilkie 59,003 59,003
77 Assiniboia 6,606 . 6,606
78 Swift Current - 8,454 8,454
79 Outlook ‘ 9,887 9,887
81 Medicine Hat A 16,199 16,199
82 Brooks , 70,469 70,469
83 Lethbridge 37,693 37,693
84 Vulcan © 101,764 101,764
85 Calgary 7,271 7,271
86 Red Deer 38,992 . 38,992
87 Edmonton 56,279 56,279
90 N. Alberta RR West . 24,801 24,801
95 N. Alberta RR East . 8,497 , 8,497
97 British Columbia RR 3,616 3,616
9% Great Slave RR ' 354 354
395,703- 138,022 1,047,754 1,581,479




Or

01

03

05
07
09

b

OPTWMAL ALLOCATIONS:

L]
igin Name

Winnipeg North
Winnipeg South
Winnipeg West

Brandon North

Brandon_West

11
13
. 15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
. 45
47

49

61
62
63
64
71
72
73
74
75
76,
77
78
79

© 81
2 Brooks

8
g3
84
85

' 86
87
90
95
97
98

Melville
Dauphin

Kamsack
Saskatoon Main
Saskatoon South
Saskatoon West
Saskatoon North
Prince Albert East
Prince Albert South
Prince Albert West
Saskatoon East
Regina South
Regina West
Biggar North
Biggar West
Edmonton North
Edmonton South
Edmonton Wést
Hanna South
Hanna West -
Keewatin

La Riviere
Zarberry
Brandon

Weyburn

Pasqua

Bulyea
Bredenbury
Saskétoon
dWilkie
Assiniboid
Swift Current
Qut look
Medicine Hat '

Lethbridge

Vulcan

Calgary

Red Deer

Edmonton

N. Alberta RR West
N. Alberta RR East

British Columbia RR

Great Slave RR

TOTAL DEMANDS

CWRS 'NO. 2,
EXCLUSIVE Transportation Cost Matrix

12.5% Protein (Grade 225)

(metric tonnes)

192

Thunder Churchill Vancpuver Prince TOTAL
Bay" Rupert SUPPLIES
5,653 ] . 5,653
8,587 8,587

15,444 15,444
8,882 8,882
19,651 19.651
16,945 , 16,945
8,378 . 29,858 ; 38,236
45,093 ) 45,093
61,826 o 3,619 65,445
4,336 4,336
‘ 35,004 35,004
39,821 39,821
28,552 28,552
34,519 : 34,519
: 19,298 19,298
12,041 12,041
25,758 25,758
4,458 4,458
. 91,720 p ‘91,720
121,233 121,233
: 35,235 35,235
65,561 65,561
2,265 2,265
140,536 140,536
, 47,695 47,695
13,289 13,289 .
14,887 14,887
25,555 ©25,555,
14,050 14,050
15,830 . 15,830
52,055 . 52,855
15,831 _ 15,831
18,953 T 18,953
29,176 - 29,176
.59,003 59,003
6,606 " 6,606 1
8,454 8,454
’ 9,887 93887
16,199 - 16,199
70,469 70,469
37,693 37,693
101,764 101,764
7,271 7,271
38,992 38,992
56,279 56,279
24,801 . 24,801
8,497 8,497
3,616 3,616
354 354
395,703 138,022 1,047,754 1,581,479
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. . ACTUAL -ALLOCATIONS: CWRS NO. 2, 12.5% Protein (Grade 225)
v . L : (metrip ﬁonngs) ' .
+ Origin Name . . - Thunder Churchill Vancouver Prince TOTAL
: ' - - ‘Bay . . Rupert SUPPLIES
# 0l Winnipeg North - . 5,653 3 L : © 5,653
" 03 Winnipeg South 8,535 - ’ 52 8,587
05 Winnipeg West - 15,361 83 : 15,444
07- Brandon North . . 8,882 . o : ' 8.882
" 09 Brandon West : 17,147 - 2,504 . . 19,651
11 Melville L 15,163, 1,782 o 16,945
13 Dauphin , . ° - 30,432 7,804 _ N 38,236
15 Kamsack b 24,129 20,964 : ' 45,093
17 Saskatoon Main =~ 8,767 4,865 51,813 . 65,445
.19 Saskatoon South" 11,768 - 188 . 2,380 ! 4,336
21 Saskatoon West | 4,315 5,712 24,977 ' 35,004
23 Saskatoon North" 14,726, 11,811 13,284 « - 39,821
25 Prince Albert East 14,551 13,582 419 ‘ 28,552
27 Prince Albert'South = 16,257 . 2,866 15,396 34,519
29 Prince Albert West 6,965 6,043 6,290 © 19,298
31- Saskatoon East = 329 . . 11,710 : 12,041
33 Regina'South 19,425 3,423 2,910 . - 25,758
35 Regina West: 4,085 373 S ' 4,458
37 Biggar North 3,266 . 8,210 80,246 91,721
39 Biggar West My 182 1,175 119,877 : 121,234
.41 Edmonton North ™ = -~ . N o 35,235 ) 135,235
" 43 Edmonton South ' o ) 65,561 - o . 65,561
45 Edmonton West . L ©2,265 A 2,265
" 47 Hanna South L 279 . 140,257 ' 140,536 .
49 Hanna West * : . 47,695 oL 47,695
61 Keewatin © 13,289 o i 13,289
v .62 La Riviere . 14,887 : i . 14,887
63 Carberry - . ~25,555 o : . : ‘o 25,555
64 Brandon - 14,050 ' B 14,050
71 Weyburn ‘ 10,554 , 5,276 . 15,830
72 Pasqua 36,633 ' 15,422 52,055
73 Bulyea - © . 15,831 . o ' 15,831
74 Bredenbury =~ - 6,428 12,525 B ‘ 18,953
© 75 Saskatoon ' . 10,281 12,186 6,709 - 29,176
76 Wilkie . 17,656 22,382 18,965‘ 59,0Q3
* . .77 Assiniboia * . 3,993 o 2,613} : 6,606
778 Swift Current : 2,839 - | 5,615 - 8,454
79 Outlook - 2,819 " , 7,068 , © 9,887
. 81 Medicine Hat . ° - 629 - 15,570 16,199
- 82 Brooks L . 70,469 . 70,469
‘83 Lethbridge ‘ o ) 37,693 . © . 37,693
84 Vulcan . E : . - 101,764 : 101,764
85 Calgary : ' ' 7,271, 7,271
86 ‘Red Deer S : . 38,992 - - 38,992
" 87 Edmonton - S ‘ 56,279 56,279
90 N. Alberta RR.West 42 , 24,759 24,801
' 95 N. Alberta RR East y , 8,497 - 8,497
97 British .Columbia RR : : 3,616 ) ‘ 3,616

98 Great Slave RR S ‘ 354 E 354

TOTAL DEMANDS 395,703 138,022 1,047,754 . 1,581,479
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ACTUAL AND OPTIMAL ALLOCATIONS:
CWRS NO. 2, 13.5% Protein (Grade 235)

(metric tonnes)

Origin Name ° Thunder Churchill Vancouver Prince TOTAL
' : Y Bay , Rupert SUPPLIES
01 Winnipeg North 9,632 9,632
03 Winnipeg South © 38,946 38,946
05 Winnipeg West 31,572 - ' 31,572
07 Brandon North ' 7,673 . ' , 7,673
09 Brandon West 103,849 o 103,849
11 Melville ' '67,102 . . 67,102

. 13 Dauphin 49,836 . ' . " 49,836
15 Kamsack 907678 : 90,678
17 Saskatoon Main 61,2%9 , 61,249
19 Saskatoon South 14,745 - o o " 14,745
21 Saskatoon West 26,990 26,990
23 Saskatoon North 63,744 63,744
25 Prince Albert East 19,426 T 19,426
27 Prince Albert South 30,906 ' 30,906
29 Prince Albert.West 15,874 15,874
31 Saskatoon East 14,771, - ' 14,771
33 Regina South 198,256 : . 198,256
35 Regina West © 22,892y . _ 22,892

.37 Biggar North rx -9,1701 : e 9,170

. 39 Biggar West 8,569 o . = 8,569
41 Edmonton North L , : . 69
43 Edmonton South o : Wt
45 Edmonton West . . ) : ,
47 Hanna South’ 315 315
49 Hanna West : 71 ‘ o 71
61-Keewatin 26,457 ’ o 26,457
62 La Riviere 85,646 ' 85,646
63 Carberry .. 31,539 . , 31,539
64 Brandon . ©128,891 ' : 128,891
71 Weyburn 139,254 139,254
72 ‘Pasqua . 99,473 . | 99,473
73 Bulyea 123,373 ' ‘ 123,373
74 Bredenbury ' 104,979 : 104,979
75 Saskatoon ‘ : 99,730 99,730

‘76 Wilkie 79,718 - ‘ 79,718
77 Assiniboia . - . 40,428 L : ’ 40,428 -
78 Swift Current ‘ 20,160 : : " 20,160
79 Outlook ‘ 18,208 , 18,208
81 Medicine Hat . 10,734 v 10,734
82 Brooks : 669 _ , 669
83 Lethbridge . 421 , 4 - 421
84 Vulcan ! 327 : 327

" 85 Calgary _ '

" 86 Red.Deer ~ 89 : , 89
87 Edmonton 128 . 128
90 N. Alberta RR West 229 - : 229 .
95 N. Alberta RR East
97 British Columbia RR 51 , ' 51

‘98 Great Slave RR 80 ‘ . 80

TOTAL DEMANDS 1,896,919 * 1,896,919
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OPTIMAL ALLC -ATIONS: CWRS NO. 3 (Grade 300)

\ (metric tonnes)

Origin Name Thunder Churchill Vancouver Prince TOTAT.
\\ Bay - ) Rupert SUPPLIES
\ . :
01 Winnipeg North 43,455 43,455
03 Winnipeg South 81,230 . 81,230
05 Winnipeg West 94,555 ' 94,555
07 Brandon North 66,778 66,778
09 Brandon West 107,014 . . 107,014
11 Melville 111,427 ‘ 111,427
13 Dauphin ‘ 229,319 : : 229,319
15 Kamsack 104,617 ' ' 104,617
17 Saskatoon Main 68,784 . 68,784
19 Shskatoon South 20,759 . 20,759
21 Saskatoon West : ~ 37,920 37,920
23 Saskatoon North 51,277 51,277
25 Prince Albert East 124,642 128,877 253,519
27 Prince Albert South 130,079 © 130,079
.29 Prince Albert West 93,244 126,314 219,558
31 Saskatoon East 11,350 : ' 11,350
33 Regina South . 105,726 ‘ 105,726
35 Regina West 6,287 6,287
37 Biggar North : ,//// 133,598 ~133,598
39 Biggar West _ 118,345 118,345
41 Edmonton North ‘ 143,908 145,908
43 Edmonton South 209,082 L 209,082
45 Edmonton West ' ' 16,626 . 16,626
47 Hanna South . 83,861 83,861
49 Hanna West : © 130,746 130,746
- 61 Keewatin 101,003 ) R 101,003
62 La Riviere 129,979 o ) 129,979
63 Carberry : 144,288 . . 144,288
64 Brandon _ 163,906 ) 163,906
71 Weyburn 76,865 76,865
72 Pasqua -.88,537 88,537
73 Bulyea - 61,617 61,617
74 Bredenbury 173,244 : . 173,244
75 Saskatocon . 86,448 86,448
76 Wilkie _ © 140,382 140,382
77 Assiniboia 9,262 ' o 9,262
78 Swift Current : 13,293 : : i : 13,293
79 Outlook 5,187 11,463 16,650
. 81 Medicine Hat ° , 5,493 5,493
82 Brooks 51,761 , 51,761
83 Lethbridge - _ 6,239 6,239
84 Vulcan 25,254 25,254
85 Calgary . - . 5,061 5,061
86 Red Deer 89,124 89,124
87 Edmonton . ‘ : 168,757 ) 168,757
90 N. Alberta RR West _ : . 121,835 121,835
95 N. Alberta .RR East 41,691 41,691
97 British Columbia RR ' . 48,153 48,153

‘98 Great Slave RR _ 18,712 18,712

TOTAL DEMANDS‘ 2,359,651 128,877 964,569 914,277 4,367,374



ACTUAL

ALLOCATIONS:

(metric tonnes)

CWRS NO. 3 (Grade 300)

196

Origin Name Thunder Churchill Vancouver Prince TOTAL
- Bay Rupert SUPPLIES
01 'Winnipeg North 43,455 43,435
03~ Winnmipeg South 815,230 81,230
05 Winnipeg West 94,375 91 ' 89 94,535
07 ‘Brandon North 66,778 66,778
09 Brandon West 105,394 1,313 237 70 107,014
11 Melville 108,744 2,683 111,427
13 Dauphin 199,499 29,711 49 60 229,319
15 Kamsack E 92,965 11,596 56 104,617
17 Saskatoon Main 41,434 1,361 3,787 22,202 68,784
19 Saskatoon South 14,000 60 1,358 5,340 20,758
21 Saskatoon West 27,446 1,889 2,634 5,950 37,919
23 Saskatoon North 23,833 4,407 1,023 22,014 51,277
25 Prince Albert East 68,106 19,326 699 165,388 253,519
27 Prince Albert South 17,781 2,853 1,947 107,498 130,079
29 Prince Albert West - 65,706 7,134 . 7,370 139,348 219,558
31 Saskatoon East 8,209 ’ 2,962 179 11,350
33 Regina South 87,427 1,574 2,558 14,167 105,726
35 Regina West " 6,030 150 107 6,287
37 Biggar North 16,975. 4,784 57,542 54,297 133,598
39 Biggar West 5,760 113 61,181 .51,291: 118,345
41 Edmonton North 6,672 63,190 74,046 143,908
43 Edmonton Socuth 4,550 f 101,881 102,651 209,082
45 Edmonton West - 1,119 ' 13,376 2,131 16,626
47 Hanna South 6,293 62,783 14,785 83,861
49 Hanna West 2,667 85,104 42,975 130,746
61 Keewatin © 101,003 s 101,003
62 La Riviere 129,979 129,979
63 Carbarry 144,199 . 89 144,288
64 Brandon 163,836 70 163,906
71 Weyburn 76,125 740 76,865
72 Pasqua 77,997 10,540 “ 88,537
73 Bulyea 61,617 61,617
74 Bredenbury 153,907 19,284 53 173,244
75 Saskatoon 74,261 11,770 417 86,448
76 Wilkie 113,248 9,019 18,115 140,382
77 Assiniboia- 8,699 563 9,262
78 Swift Current 11,757 .1,536 13,293
79 Outlook 13,291 3,359 16,650
81 Medicine Hat 3,313 2,180 5,493
82 Brooks 982 50,613 166 51,761
83 Lethbridge 920 5,319 6,239
84 Vulgecan . 1,072 24,182 25,254
85 Calgary o~ 420 ° 4,641 - 5,061
86 Red Deer 3,885 79,030 ~6,209 89,124
87 Edmonton : 7,161 . 85,757 75,839 168,757
90 N. Alberta RR West 9,063 1@5,353 7,419 121,835
95 N. Alberta RR East 5,332, 36,359 41,691
97 British Columbia RR 140 48,013 48,153
98 Great Slave RR 994 17,718 18,712
TOTAL DEMANDS 2,359,651 128,877 964,569 914,277 4,367,374



\ ‘ ' 197
. OPTIMAL ALLOCATIONS: TOUGH CWRS NO. 1, 12.5% Protein (Grade 1125)

(metric tonnes)

Origin Name Thunder Churchill Vancouver Princé TOTAL
% Bay Rupert SUPPLIES .

01 Winnipeg North

————03-Winmipeg South 361

361
05 Winnipeg West ’ 502 . \ 502
07 Brandon North 242 242

e

09 Brandon West
11 Melville
13 Dauphin
15 Kamsack \
17 Saskatoon Main N
19 Saskatoon South 59 59
21 Saskatoon West : '
\ 23 Saskatoon North
25 Prince Albert gast 44 . : INA
‘ 27 Prince Albert Sputh R :
1 29 Prince Albert West
31 Saskatoon East \
33 Regina South \
-35 Regina West \
37 Biggar North
39 Biggar West \ .
- 41 Edmonton North -\ 80 80
43 Edmonton South \ ' ' '
45 Edmonton West \
47 Hanna South$ \\ .
49 Hanna West ' S \\
61 Keewatin \ . . '
62 La Riviere \ 71 - ' 71
63 Carberry 409 o . o 409
64 Brandon L \
71 Weyburn .. T \
72 Pasqua
73 Bulyea
74 Bredenbury
75 Saskatoon
76 Wilkie
77 Assiniboia
78 Swift Current 89
79 OQutlook :
81 Medicine Hat
82 Brooks
83 Lethbridge
84 Vulcan
85 Calgary
86 Red Deer
87 Edmonton )
90 N. Alberta RR West .
95 N. Alberta RR East
. 97 British Columbia RR
” 98 Great Slave RR

89

s8 ’ 58

TOTAL DEMANDS - . - 1,777 28¢ Y 2,065




ACTUAL ALLOCATIONS:

Origin Name

01 Winnipeg North

198

TOUGH CWRS NO. 1, 12.5% Protein (Grade 1125)

(metric tonnes)

Thunder * Churchill Vancouver Prince " TOTAL

Bay

Rupert SUPPLIES

03-Winnipeg—South
05 Winnipeg West
07 Brandon North
‘09 Brandon West
11 Melville

13 Dauphin ;
15 Kamsack

17 Saskatoon Main
19 Saskatoon South

21 Saskatoon West

23 Saskatoon North

25 Prince Albert East
27 Prince Albert South
29 Prince Albert West
31 Saskatoon East

33 Regina South

35 Regina West

37 Biggar North -

39 Biggar West

41 Edmonton North

43 Edmonton Sduth -
45 Edmonton West

47 Hanna South
49 Hanna West
61 Keewatin
62 La Riviere
63 Carberry

64 Brandon

71 Weyburn

72 Rasqua -

73 Bulyea

74 Bredenbury - f
75 Saskatoon

76 Wilkie

77 Assiniboia

78 Swift Current
79 Outlook »

81 Medicine Hat
82 Brooks

83 Lethbridge -
"84 Vulcan
85 Calgary
86 Red Deer
87 Edmonton
90 *N. Alberta RR West-
95 N. Alberta RR East
97 British Columbia RR

98 Greatszéve RR
" TOTAL “MANDS .

4

361
502
242

59

44

71

409.

89

1,777

rS U1 G
S o
N N =

80 - - ~80

71
409

S S 89
59 | : 59

58 58

91" . - 91

288 . ! 2,065,



‘ - 199 -
OPTIMAL ALLOCATIONS: TOUGH CWRS No. 3 (Grade 1300) 7

(metrlc tonnes)

M Origin Name . _ Thunder | Churchill Vancouver Prince TOTAL
: Bay ‘ o Rupert SUPPLIES
01 Winnipeg North  4;560 : ' 4,50
— 03_Winnipeg-South 3,286 S 3286
05 Winnipeg West 9,481 » ' 9,481
: ,07 Brandon North ‘ 6,645 et - 6,645
: 09 Brandon West . 3,322 v 3,322
85 7 11 Melville 7,210 . . 7,210
' 13 Dauphin 29,068 . . 29,068
15" Kamsack ~ 10,720 © e ' 10,720
17 Saskatoon Main 5,814 . " : v 5,814
19 Saskatoon South S , ¢
21 Saskatoon West 323 -. - , . . , 323
23 Saskatoon North - 345 . T - 4345
. 25 Prince Albert East 2,592 271 S ‘ : © 2,863
27 Prince Albert South 1,434 S i : o 1,434
29 Prince Albert West 2,924 T 1,233 Y 4,157
\ - 31 Saskatoon East ©167 . o 167-
33 Regina South 2,758 o , - : 2,758
35 Regina West . .46 . ' : 46
37 Biggar North _ 264, © i , 264
39 Biggar West 349 - 349
‘41 Edmonton North ‘ ' 2,750 ¢ R © 2,750
43 Edmonton -South 1,614 P 1,614
45 Edmonton West . = . . © 1,331, © 1,331
47 Hanna South ' 557 . 557
49 Hanna West ' S 287 S 287
61 Keewatin 7,388 - Lo R 7,388
62 La Riviere . 8,019 ces ) - , .. 8,019
63 Carberry o, 5,584 - o © ¢ 5,584
64 Brandon 5 3,205 - : b 3,205
71 Weyburn - 289 : . ° L2897
72 Pasqua 1,996 o ' o 41,996
73 Bulyea : 3,085 o R ﬁ“ - *3,085
74 Bredenbury - 7,314 - ‘ . e 7,3k o
75 Saskatoon 2,822 : , o : 2,822 SR
76 Wilkie . . - 965 . ® . 985
77 Assiniboia 223 _ " ' 223
78 Swift Current 310 ‘ f ' ’ T e 310
79 Outlook , ‘178 . : B 178
81 Medicine Hat ; ' : ce o
- 82 Brooks’ ""fa o o ' - %
83. Lethbridge : " ‘ i IR ,
84 Vulcan ‘ o : 11,169 . 01,1697
85 Calgary ‘ N T . o ‘
86 Red Deer : . . . 71,360 C 1,360
87 Edmonton - . . 1,166 ' - 1,166
" 90 N. Alberta RR West ; A - o 3,373 : 3,373
95 N. Alberta RR East - - - S 940 ) 940 -
. 97 British Columbia RR 7 B 221~ 5,010 © ~ 5,231
' .98 Great;Slave RR - ‘ T 2,164 2,164
TOTAL DEMANDS -~ 131,108" 271 17,579 7,174 . 156,131
“ =



k

(9'

200
ACTUAL ALLOC}FIONS TOUGH CWRS NO 3 (Grade 1300)
wgﬁ_ (metric tohnes)
Origin Name ThUnder‘ Church;ll Vancouver - Prince TOTAL
« Bayy : . Rupert SUPPLIES
. T ‘,;:1;';'" )
01 Winnipeg North .. 4,441 % 4 C 119 4,560
-03_Winnipeg_ South¥ IR 3,286 3,286
05 Winnipeg West 9,481 9,481
07 Brandon North 6,645 B 6,645
09 Brandon West 3 322 , 3,322
11 Melville g 7,210 7,210
13 Dauphin . 28,857 211 29,068
15 Kamsack N 10,720:. - 10,720
17 Saskatoon Main . . 4 9&ﬁ 627 203 5,814
19 Saskatoon South s
21 Saskatoon West 323 323
23 Saskatoon North- - 211 , 134 © 345
25 Prince:Albert East . :'1,711s =~ - ¢ 1,152 2,863
27 Prince Albert South ' 319 ‘ 1,115 1,434
29 Prince Albert’ West 3,097 @ 1,060 4,157
31 Saskatoon East - 88 . 79 167
33 Reglna South 2 715 42 4 2,758
35 Regina West .~ 46 . 46
37 Biggar North | s 118 2 146 264
39 Biggar West ® 157 o - 192 349
s 41 Edmonton North 319 - 1,113 1,318 2,750
43 Edmonton: South e 53 651 910 1,614
45 ‘Edmonton’ West4ﬁ 118 - 962 251 1,331
. 47 Hanna South & o .. 389 168 557
49 Handa West ° R A ©o231 56 287
61 Keewatin - 4 7,388 ‘ . 7,388
K 62 La Riviere " ,8,019 8,019
- ®3‘tarbprry . ¢ 5,584 5,584
64 “Brandon o - 3,2@5‘\, 3,205
- 71 Weyburn o 289" 289
~ 72 Pasqua - e 1,943 7 53 1,996
" 73 Bulyea’ SR 3,085 3,085
74 Bredenbury ' 7,254 ¢ 60 7,314
s 78 saskatook 2,822 2,822
76 Wilkie . 965 965
. a7 A551n1b01a; i 223 223
78,Swift Cyrrent. 310 » - 310
79 Out ook’ : 118 60 178
81 Medicine Hat ' o ' LA
82 Brooks N d
83 Lethbrldge " . , -
84. Vulcan - 593 N 576 - 1,169 .
. 85 Calga,,ry ) _ : '
86 Red Deer = 60 1,184 116 . 1,360
87 Edmonton 453 ‘ 492 221 . 1,166
“"9h N. Alberta RR West 211 Y . 2,838 324 . 3,373
95VN. Alberta RR East 314 ) .626 - 940
97 Brltlsh Columbia RR 51 5,180 5,231
98 Great Slave RR : 2,164 2,164
TOTAL DEMANDS 131,108 271 17,578 7,174- 156,131 "



