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The obiécfnvo of the study we;c to develop a model that ‘f' s

Fél
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i
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would "he’ uuePul in controlllng Phoaphnfe Rock 1nven+0ry 1evelq at“";j l-"’"”ii P

optimym. valuef under preqent apd futurc contraot for a variety of. - RN

eooncmic qituatlons. Iﬁ addition, the opportunity wa< faken.to A
A i '
qués? a?tornatlve .supply strategies that could havg‘ 1mpact\on S 4
. L . .. Lo T N N ‘ . .
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-h1°torocal data assoc1éf@d vnth the preqent supply\éhaln and. usfng

e
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future contracts. - k\“\\\ , ‘ 511
| :4 ‘i. mhe rlek and ooportuﬁ}t;eo assoc1ated wlth various .*:
" ) ’_ ‘1nvertory m&naﬂement stréiegaes can be ouantlfled . j fuf‘;ﬁﬁféfgi
» oend as a conseouevce S practlcoi.mothematical model o;n ,\:‘.’ ~ﬁﬁ

- "L 5}; Y . .
“be us ed as a tool An 1nventory managemént dec151ons. e
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-2 ~“he costs asqoclated vnth current 1nventory“management )
_DOllCles are not expllclt 1nsofar as a s%ewardsh;p , B
U S
= L - N VN R e
3R : \\_ : /
S - R
. < S
' . _x'f ' [
o . SF ey
- iv- e
¢ I3
t . A2 ’-.‘ °



e

i

functionliswcohcéfned.‘\The costs' associated with
¥ N ‘ :
current polgéies,are*shown to be high thus emphasizing

I

~ the need for ‘cgst accountability and explicit decision’

ok |
ruleSg*--j;-:-w T e s s e

\ Fy

,Fﬁfﬁhef‘re£ine@ent~éf‘thé model‘couid be carried out

toitig-it'dinegt;y to market forécasts\but Sﬁch a

" refinement is probably unwarranted due to the relative

igéenSitivigy of the model to market changes.
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. TITRODUCTTON ’ R '
', The Prohlem R S LT, e
| _ Fsso Chemical Canada, a Division of Imperial Oil Enterprises-f
. 1td., owns .operates. e—fertili~er p}ant~near Reﬁwater——ﬁlhertaa

Oné ofathe raw materia]s used ih the process is Phosphate Rock which
R+

,i° currently’ imported from Florida, U S A., Tt hag been and remains

tho practice of the fertilizer plant tp maintain relatively large \'

inventoriee of this material to minimi7e the riQR of a "ran out"

positionland cOnsequent plant shut-down and loss of profit. Judge— .

ment YnowFedge of the security of supply based on past experience,_
N

relathve inflexibility of th§5supply chain and .cost considwratibhs f“[.'"

‘have dictated the level of supply that was to be maintained..i

The impetus for the study arose simply as a result of observance '

of Phosphate Rock inventory levels ‘at Beamer and at Neptugg Términals, . e

*hese are summarized in TABLV 17. ' ) n

-
v o

.Ehosphate Rock inventory Tewels hava’reached very high levels

thus potentially providing a large incentive to develop an

5 optimization mode1. eege A red%,tiOn in inventory levels of oniy

T

10 OOO short tons would nesult in an annual saving of more than ,
‘850, 000 in carrying costs ‘based on a cost of capital of 124 and -
a Fhosphate Rock cost of $Lh/short ton (FoB Beamer)

In order to assess the appropriateness of the current strategy

_rr

1t is necessary’ t0 review in ‘detail the st performance of the-‘

.

e
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. ¢ . OPTIMIZATION OF INVENTORY L LS WITH-

v
L N

_ yeér, Fach’ Shlp carries, approx1mate1y 28, 000 short tons.

_CHAPTER 1 |,

o o '_ PRESENT CONTRACTUAL OBLIGATIONS

A Background Data

,1:’ Supply Chain
]
e Figure I depicts the present supply chain. 'Contracts exist

' w1th tuo ﬁhosphate Rock suppllers Mobll ‘Chemical Company D1v131on of

\
Mobﬂ‘ Dil Corporatlon ‘and S‘.nft Agrlcultural Chemlcals Corporatlon. !

i ~

Both snppller have mines in F10r1da U, S A. and are respon51bleofor
V -

dellVarv of sphate Rock to Tampa, F10r1da as well as ship loadlng
-at Tampa., Movement of Phosphate Rock from the mine 31tes to Tampa is .

by 1ndependent rail and 1s a dxstance of some fifty miles., The - -

S

contracts between the two companies and Esso Chemlcal Canada are

‘essentlally identlcal wath each company supplylng 504, (+5%) of Esso

ChemLcavaanada s requ;rements up to a maximum of 400, OOO short tons

| “in any contract year. (1.e. up to a total maximum of 800,000 short tons)

A contract ex1sts between Star . Shipplng A/S and Esso Chemncal

:Canada-to move-Phosphate Rock by Shlp, from Tampa, Florida to

3

Vancouver, Britlsh Columbla and unload the material at Neptune

-

Terminals, No mi nimum amount of. Phosphate Rock: movement is st1 ted

but a’maximum of 1 , 008,000 short tons is allbwable'in any contract .

A contract- exists between Neptune Phosphate Termlnals

..44"1

lelted and Esso Chemical Canada to receive and store Ph0sphate Rock

' recelved from gtar “hipping- A/S and load Canadlan National Railway

b
]

;o



cars destined for Esso Chemical Canada{s fertilizer plant apon reodest._
Sd%os having a storage caoacity of 60;000 short. tons existvat Neptunep
Terminalse Neptune Terminals is prepa;éd to feeeive andihandle up. to,
1,200 short tons/hour, twenty=four. hours per day exclusive of Sundays
and holidays. Fsso Chemical Canada shall supply a minimum of 190, OOO
short tomns to Neptane Terminals in any contract year or be-assessed\\\
penalties” as apreed to in the contracg;. ;
© A contract exists between Canadian National‘Railways and

Fsso Chemical Cahada to move Phosphate Roch, by'rail} in unit trains
“of 85 to 101 cars, from Neptune @enninais at Vahcouver, British
| Columhla to Esso Chemical Canada's fertlllzer plant at Beamer, Albertas
Canadlan Natlonal R51lways guarantees to move a manlmum of 816 000
‘short tons in any contract year. FEsso Chemical Canada shall supply a
m1n1mum of 71h,OOO short tons to Canadian Natidnal Ra1lways in any
icontract year or.be assessed penaltles as agreed to in the contract.

A In summary, two suppliers supply Phosphate'Rock from mines
in Florida that 1s transported by 1ndependent rail to a port at‘Tampa,
Flor;da. .The Phosphate Rock 1s then moved by sh1p via‘the Panama

Canal to Vancouver, British Columbla and subsequently moved by rail.

\'\ B

o

“to Esso ‘Chemical Canada s fertillzer ‘plant at Beamer, Alberta.

2. Significant C°“EI§?t Details

a)  Contracts with Mobil and Swirt 17 2 N -

~ Each contract is a five year'cOhtraci and ends on June 30

1977, . S o /

/

- Each supplier will supplylso% (+5%) of Esso Chemical




" - Canadats requirements up,to a maximumﬁof EOO 000 short. tons

-Canqda will- generally require between- 225,000 short tons

in any contract,year ($uiy 1 to June 30). No minimum amOunta

are specified althOuph it is stated. that Esso Chemical

,fand 250, OOO short tone from each supplie per contract year.

1
- Normal "Force Majeure" clauses ex1st to protect,both

.

\ \~part1es from penalties résulting from natural ‘and unnatural ‘

1977, N

calamdties-

Contract with Star Shipping - . ' o

- The contract ia a two.year contract that ends on June 30,

\

- The contract states thab the normal amount of Phosphate

Al

Rock to be maved in any contract year (July 1 to June 30) B

~will be between 781,000 and 1,008,000 short tons. The

“ N

maxct mum quantity-that-may bhe shipped is 1,008,000 ‘short tons

in any contract year., No minimum'amount is.soecified. .

\

. = The maln feature -of this contract 1s the relatively

"elaborate procedure for schedullng shlp mo;ément. The basiec

e

requirement that is significant to. this study 1s as £Q\\ows'
A schedule is prepared’ by Esso Chemical Canada, at least R
three months in advance of any contract year, for the coming
contract year. \ftar Shipping, ‘upon acceptance of the'\

schedule for the \contract year, agrees to supply shlps on -

"lthe commencement dates,(ilo days)s However, Esso Chemical

‘AY'.'Canada' has the right to change.any commencement date by

o .
'

LEY
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© o)

'for any means whatsoever elther party will have the rlght

\

be subjedt to penaltles descrlbed in the contract.

p1v1ng -at 1eaat L5 days notlce to Star Shipping.

- In the event that the Panama Canal passape is reatrlcted

to suspend the agreement. In the ‘event. that neither party

elects to suspend the agreement vessels shall proceed to
the discharge port by the most, economical»alternative route. *
Addltlonal costs 1ncurred w111 be borne by Esso Chemlcal .

Canada at rates spec1f1ed in the contract.

.~ Vessel loadlng will be at minimum rates of 16 800 short

- tons pen.2b hour, day (Sundaf? and holldays included excepting ;é

Christmas,. Wew Years, July Lth and Labour Day) commencing on

the commencement date spec1fied by 6 days of notice. - Sw1ft

.

or Mobil w1ll pay any penaltles for any de ays not associated

Rl

w1th weather conditions. - o . -;

~ = Normal "Force Majeure" clauses exist to p\\tect b L

parties frompgenaltles/resulting fromlnatural and unnatural ‘
' ‘0 . ) . g3

'calamitiea{Av.

-

Contract with Neptune Phosphate Terminaly “

Y

- Thle contract is a flfteen year contract that ends on

June 1, 198L.
- Fsao Chemlcal Canada shall supply to Neptune Terminals a
mlnlmum of 190,000 short tons in any. accountlng period untllv

“a total supply of 2 850 OOO short tons‘has been achleved or

- Vessel unloadlng rates will be maintained up to. 1 200 tons - ‘



¢‘J§-

f short tons of Phosphate Rock and

o
\
\

' Terminals. (Sundays and holidays excluded)

', in order to maintaln the Phosphate

be borne by Neptune &

R o f

.- Neptune Termlnals ~shall prbvide'storage for up to 69,

.2'rate the dehuﬁidifier*

ck in a dry condition.

- Neptune Tenmlnals shall operate 1t' facilltles as requested
to accomplish the ‘entire operation of\IOadlng, welghlng and
assembling 50 ra;lway cars within the¢per10d of one 8-hour
shift, . : ‘df' o f o ,
‘Fsso Chemical Canada can at any time suspend this agreement
by-p1v1ng three month's notlce in wrltlng to Neptune Termlnals
prov1ded the contract tonnage: obligation of 2,850,000 short.

tons has been surpassed.

_- A normal "Force Majeure" clause.ex1sts ‘to protect both

5. .

parties from penaltles resultlng from natural and unnatural

calamltles.,'

.d),_COntract with Canadlan Natlonal Railways’ E

»

~ This. contract becane effectlve on November 15, 197K and
ends on June 30, 1977 ) o s
- Esso Chemical Ganada,'through‘its agent»Neptune Termé%als

" must load 85 car tralnloads in 24 hours -or be subject to v

- 2

demurrage. e e
- Canadian Nationzl Railways guarantees a supply Of'eight

unlt tralns of 85. cars each (lOO short ton capacity) per

month i.e. 816 OOO rt tons per ‘year. Thls total can be -

[




e)

“

oo ) B -‘.‘A‘ L :
increased by negotiation by 100,000 short tons per year.

'~ Esso Chemical Canada pudrantees a minimum supply of

Phosphate Rock of 51,000 'short tons per month and 714,000

short tons per year.

‘= A normal "Force Majeure" clause exists to protects both |

* parties from penalties”resulting“from,natural and unnatural

calamities.

Contract Sunmary and Dlscussion

Phosphate Rock requlrements at the fertllizer plant w1ll
be betueen 400,000 and 800 000. short tons, the variatlon A

belng larpely dependent ‘upon fertllizer market requlrements.

"As a result it is apparent that all contracts gglow for the

~'max1mum requlrements of Esso Chem1ca1 Canada (TABLE l) The
'-reoulrement of 2 850 OOO short’ tons w1th Neptune rT‘erm:.nals

~has been surpassed s0-1is no longer 3 con51derat10n. There—

fore only the Canadlan Natwonal Railway Contract is of any
concern in carrvlng out an~1nventory management pollcy. il.ee

In tlmes of a soft market 1t becomes necessary under the

Canadlan Natlonal Rallway Contract to eltier bulld inventory

or pay avpenalty of $0.85 per short’ ton o -contract
underrages. -

Another area of interest is the degree of inflexibility

o

that exists with the contracts as a whole but partlcularly'

vith the Star Shlpping and Canadlan National Railway

Contractse . In the case’ of the former a schedule for the

(
"W



next cﬁn&ract year must be prepared and agreed to three

months &n‘advance of the\contract‘vear. Changes can then be

P

made by Fsso Chemuca] Canaaa to any voyage 1f L5 days notlce '

. is prov1ded. HOwever, de31red schedule changes do not
necessarily occur automatlcally. i.e4 Requests for addltlonal

tqnnage would’ he dependent upon the avallablllty of shlps.

10

-

Also o@he 1ntent of the schedule is to provide as even a

. flow of Phosphate Rock as possible, Disruptlons (l.e.'

f<ean%e11at10ns) could result’'in lost revenue to Star Shlpping

and be detrlmental to future requests.

In the case of the Canadlan Natlonal Rallway Contract
/
-mlnlmum rates are actually spec1fied on a monthly as well v

as an annual ba51s. Thls restriction makes it dlfflcult to -

adjust inventories downward rafa'i'd;/y without incurring
penaltiess = . RO |
The last" area of interest is the fact that a1l contracts
end or can-be terminated on June 30, 1977.
In summary, the Contracts as they stand do not negate the
poss1b111ty of Inventory Management. However, the system is

relatlvely 1nf1ex1b1e in any short term and thus places a

falrly signlficant onus on marketlng forecasts for fertlllzer

products,



[VY N

. mth Pho:phate Rock supply. 'T’he obvious data for thn.s type of

analysis is historical data. Two quéstions therefore had to be

Y

answered:.

;

- Was data ava11ab1e"

1.

. e

N,

- If thel data was avallable could it. aotually be considered T

to =be suitable for predlc‘tlng the future?

Data Availabllity o . _ , S

’I‘hree ‘types of historical data were found to be, avallable

Ed

‘and thoupht to be appropriate for thls analy31s. ' B _
‘= Ship ‘s¢heduled arnval time at Tampa, Florida vs. planned %

arrival time. ’ - : —— , .
The con‘tr‘act calls for an agreed to arrival date +10 days.
}he ab111ty of‘ Star Shipp:mg*o meet the planned dates was

deemed to be 1mportant. This information is summarlzed in

v.

i

TABLE 2. -,

- ].ilaps'ed time between the commencement of ship‘loading in .

o-

Tampa, Florida ‘and the compietion_'of ship unloading ip

Vancouver, B.C.

1._!

.the’ cause of most d‘el‘ys. This _1r,4.formation is s_ummanzed .

'I‘hls 1nformation tends to capture a rmmber of 10gistics

‘ operations but additional information exists to. identlfy

in TABLE 3. -



£ L ’ o . ' ,. 12 \
®
- Elapsed time between loading commencement of railway cars
at Vancouver, B.C. and the completion of car unlbadinp at

: o ' . e ple ar sat . |
\\\\\\\ ) :;: ' Bbamer, Alberta. ' S L s o

NG }\\\\ Thlq area was qeparated qince thp h]ock movement ‘was - S
\

diffe\gmt from the previous movement (i.e. 28 y000 short ton

ships vq:\B 500 short, ton unit trains) and 51nce “the

o N R . .

N in TAELE 1.
' é“%sutabilitv

labor problems.

Also, one-majo

_of'PthBpate'Rock.

'b) An ekg:_lnétion of TABLES 2,



C.
\\\\\\ : TN - N
\‘_\\_\ \ ,..
i),y . ™o . . .
\ greatest degree of cert.aint.y 15 associated with the ship
\\_k [y . .
- arriva‘l times at Tampa re iVe to the planned . arrival times. v
N - . .
) ) A review oi‘ the ﬁata for voyages »t.o 112 revealed that .- -. 7.
. B | | . . T _\_\ i }\\ t) hi s pe!iod | | » | N . . , .
\ - : g T incluﬁ?x&strike .at. Ne une Terminals oo
. R B - was ‘a period when Phosphate Rock was in short supply
™~ . e ;o )
- . " -~ was a time of Shlp congestion at Tampa. '\ ‘_\"'"

.\ W

: ,Ship schedules were thus modifled ‘.tnt.entionally to avoid

' . RN

= f \ high demurrage costs.’ ~~~~~~ “~,~¥_.._,__ o v |
' L, = A m:-ther examnatlon £ TABLES“%,Q and 4 indicates the - ‘
. cree of vanablimtm\gngest iE‘g« Qf £he trip. \

- of the tnp revea‘led the following'

!
7

= The Seabtfa”rd Coast Line is the railway handling

L ,Phosphate Rock from the two"_ orida mires to the shipe-
. at 'ra:Qa 'I'he rallroads' respons:. ities include
R e \ rallnoading, welghing and tenninaJJ.ing. j alternative_:';'
' L o ) rail line from the mines to Tampa existse b -
- ‘ ' S Three temnals are located at .Tampa., Roc ;
. S o Terminal is a public teminal and the

.\.which ECC Phosphate Rock 15 ; ;




v

at this'terminal the InternatiOnal Longshoremans

| Association (ILA) and the Internatlonal Longshoremans

have typically been three year contracts, the current

ones expiring September 30, 1977. Strikes_lasting as.

\\

“

+long as 90 days have occurred. Y.,'”ﬂ'< ' ‘ N

Eastern Assoqiated Terminal is % pr1Vate terminal

- /not used/by the two Phosphate Rock suppllers. It uses

non-union labor. ; . L

//International Minerals Corpor tlon Terminal is not
/ v . ]
/used for Phosphate Rock.-u T \ _

~ Star Shipping”employees are nonduniongted 80 no_

vpotential strike problems ex:lst. Steaming time from

: inventory. Lo e - l~~_ Doy

Tampa to Vancouver has been relatively invariant. Even

if problems occurred at the Panama Canal it would be to.

the mutual benefit of both parties to agree to an

alternative route. rThe addltional steaming time would

‘not be signiflcant glven even. minimum levels of

“ "

%

The agreement with StarnShipping 13 a backhaul R

arrangement and present ‘demand for essels is. slack

and predlcted to remain s0 for som time. Star Shipplng,
therefore, has’ seldom had a problem meeting planned A |
‘ arrival dates at Tampa and w1ll have no additional i

blems in the. near future. The “numbers determined'ini

'7A33001ation Termanal (ILAT). Contracts w1th eacﬁ uniOn"f

—
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TABLE 2 fhus do not repreqent real delays in arrival

.at Tampa but normally represent requests from EC C to

- deiay the arrival times of vessels. - Y

P Stgyedores and longshoremen at Neptune Terminals are

unionized and both have annual contracts that expire on'
Januarv l. These unibns are strong and haue a history
of strikes.but it is worthwhile to recognize that wages
paid to these groupa are a small percentage of the
value of any cargo and that the economy of Canada would
suffer tremendously with any e«tended strike and thus

it is unlikely that a strike would be allowed to

‘ntinué «i‘or a lepgthy period of time.

~' Canadian National Railways can’ and have had bu31ness
interruptions due to slides and things of that nature
but these events occur very seldom, can normally be ‘
remedied in falrly short. order (a few days).and

alternative railroading via the Canadian Pacific

Railway will always provide some a.lléviatioa. R

| The CuN.R. has to deal with some fifty unions that
could disrupt business but as with Neptune Terminals f
it is unlikely that the Federal Government would allow
any strike. to carry en for an extended period of time,
Car- availability},s always a factor but this s
accounted for in the stdatistical data and as well the

. contract for unit trains has some advantage over

o

RN

s .
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,normél-rai1rond;nn. -
+In ﬁﬂ;naryl,it is apparent that'the data collecged can be .
’ separeteé into tuwo different claeﬁifications.. Ffrst, voyages
100 to 117 ‘“inclusive represent a period of»turmoil/céueed by
" three factors - Phosphate Rock supply problems, a strike at
ﬂnptune Tefminele and ship congestio; at Tempa.‘ Second,
vov%wee 112 to 132 Jnclquve (evcludlnp voyage 131) represent
>w%1t€could he coneldered to he "nmormal" conditionse

Further assessment will therefqre_be coneerned with 2
ri rorous analya{s of the second:ckgsgificatiop to determine
optimum inventory ]evelsveAAer "hérmal"yconditngg,;;An -

R N
averall stratepy is ther proposed that is cognizant of -the

P

renlities of the former classification.

Data-Assessmcnt for "Hbrmal"‘Conditions oo . -

THe assessment of the data falls 1rto tiro areas, flrstly,
the specificatior of the nrobablllty dlstrlbutlor from whlch .

the sample was drawn and secoudly,_the quantification of the

variabilitv of the datae - - . ‘ <.

- T

6
Goodnese of Fit Teﬁt

A review of the déta and a krowledqe of the actual

-eituation 1pd1cated/f/et the data was probably normally
“'—v—ﬁ“ —_—_— e
distributed. he follow1ne testlng procedure vas employed"

Ho:. Sample data (trlp duratlons) are normally dlstrlbuted

rith mean/u = 38,7 davs and standard deviation o =

. 6 51 (cee Appendix I and TABLE 5 for: calculatlons of .

s
.‘f"-
g \
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g

b)

. A and O

Hi: Sample data (trip duratlon ) come from some other
j .

distribution *

° - . 2 - . .
Test Statistic: 2. & (fa -+ # S
St X éigft:fl ™
. . . ' f Foed - g .
Decision Rules: Aecept Ho if' A" & X4
Reiect Ho if  x® > x% .

In order to test the data it vas prouped 1nto‘hlockq of

.
&

ten days. -Fipure 2'qummar1 zes the data in +he form of a

hiqtbpram; TABLE 7 @ummar17e the detalls of the calculatlonq

-

emp]oved in the testing procedure. From these calcuiatlons

it ie determined that xX°- 3.015'which means that ethe null

hypothesis is accepted at a level o? swgnlflcanoe of 0,01 * .

S (XE,, = e 8/2) L o,

Confidence Intervals

TA%}E'B summarices the variability dat@,for the trip .
durations from Tampa to Bee ers” The important eleMent to

¢ . 2

examine insofar as this ana1y51s is concerned is: the p051t1ve

L4

deVﬁatﬂor from tﬁe meane iece SthS are scheduled on a.

-repular basis and on average an elapsed tlme‘of 38; 7L days

from the planned arrival date of;the shlpvat Tampaﬂuntll the.

Junit trains arevcompietely unloaded'at'Beamer. Therefbre,

the oésltlve dev1at10n Prom uhl% mean value is the value ‘; o

uhat dictates the level of 1nventorv that should be maln-

talned ‘at Beamer. o . .

~ o . 1

P

"
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.Y Xow Points Relative to Data Assessment

A rumber of poairte are’vorthy of further comment as

ther 11 be important in the subseruent analysis,

~ The analydie af "Miarpal" conditions included all three

2
f

varace elemert o oricirally identified, ieee The trip.

1ahelled *Mamps = Reamer' ic the time of travel based or

the . oririral planned arrisml time of 2 chip at Tampa

. ' ) . - - N [ ’
\\\\\\\ rother bhar the actualrsaydival time of » ehip ~t Tampa.

f

Recoure Tt ds rhoem to ke sirnificant ond tecause it allows

Cr ’ . . . '
the suhzement model that is developed to be used on a
RaY

nlarned boaie,

~ The mear trip time Trom "ampa to Reamer is calculated

. . . ) o / .
cr b0 be 28,7 days. This figure obviously does not compare
very rell with the fimure of 27 days obtained by summing

the cverafe time in FIGURE 1. (24 17 +.2 + 1 + L +- 1),
. ; | AT 28

oL - L. v
A numter of reasonc exist to -evplain this discrepancy.
N . . ) . . . $ - s

. A .
First, the arnlysiec used captures the time difference

. ﬁ‘ o . \ . ) ) )
hetrrern 2ctual and planned arrival times of ships at

~

o

Tampa. Second, the numbers uczed in FIGURT 1 are fipgures

hased on normally evpected good times once any particular’ -

operatior ies initiated. Third, and most important,.is -
: LA : e .
+hat the last leg of the-trip from Vancouver 'to Beamer is’

cho'm to require 5 Aays (/ days +, . day for pnloadihg) in

FIFURE 1, However, this is the time requirefl to move only

»

v

12,



one unit train, Mearly four unit trains are required to

transport the contente of any one shln from V1noouver to

’ - . .
Zeamer and this was the hasis for the "Pseudo Voyage"
{
oririnally <ddentified in TABLE /. RO

-~
N

~ It is.important to recogniZc thht the subseouent, *

an2ly=is (nevt section) is in no way dependent on’the

mear times  The variakility of the ‘trips ic the important

I
factor since the Variahility is esqentlally the measure

of.f{nk as oolatvd 'n+h any strategy. In this analysis
the stananrd deviation‘is used, The three elements
chosen previously were chosen in a purbcqoful w2y so that
the total vnrlatléﬁ would be cantured hy any model- that
vas déveléped.

= It cen te arrmued that with the last leg of the trlp
B :
" (Vancouver to I camer\ e need only be concerned with the

time remuired for the first train to arrive at Beamer as

this 1= xhat will determire if a runou»‘ﬂo\;tlon will

L occur at Beamer. However, an analysis on this basls would
be unacceptable for a number of reasons, Vlrst, as stated
beforc only the trlp varlance is 1mportant and not the,a

mean of the trlp. mhuc an analyq1q on the basis of 51ngle

«

) -

train movements would bo concerned with the varlance
hY

acsoc1ated vith those tnlps rather than the mean- tlmes.

“t

C W
Second, usine 51ngle tr1p tlmes as

<

1s would be ‘ .

1naopronr¢ﬂ*e since the variance a55001ated with unit

/

10

o



v 22,71 and. 8,32 respectivelys .

. "\ _ :
treie sekedulinge could ot be o captured.. Third, it ie not
‘ S ; -

porcitle to associzte one particular unit train wdith »
< T
chin'e arrivel due o he °u“ro c“pﬂcﬂt" e¥is 1nL at

Tepture Terminalce,
. ;

T
T

The 2nalrsic used hern of identifyin~ 2 "Pseoudo Toyage®
iz much more appropriate sirce the movemert of four unit

frainc. cor more readily be associated with cne particular
shir and eince the variancéc associated with Yoading,
travelling, uhloading and rcheduling are 211 captured in

‘ o

2 sircle rumbter,

- A4 review o"the duba in TARLE £ is interesting since

for incdependent ra dom variables the fo¢low1 2 relationships

[ —

hold:! ‘ A o

(’) Mean(Wplg - < —+ X, )= Mear(:{., +Hea r(xt)+---+'1ear,(,( )y

e

{(?) Variarce (¥ 41 4 == ==Y )rVa'ia‘ce( , AVarian ce(X2,+:-—?-

+Varian e(“n,

T the three clemente were iﬂdepeﬁdént the mean and

m

tandard deviatior for the sum (Tampa =~ Reannr) would be

The 1o”er value of 6,51 for the standard deviation

.

Lirdicates a degree of dependency zmong the three elements.

This esse ally ver1P1e° a fact knowm from observation,

i,e. If 2 dela" occurs on any leg of the tr1p addltlonal



&ffort 'rill be

ary sibsecuent

.ep of n trip,

. . L. \

\

ade to reduce the time assocfated with




CO?ts etc, and loqt caleq costr th“t are relafed to the, loss of

C. Inventory Model for "Miormal® Conditions

. Wa,is for Model . . . ‘

;

Inveﬁtory thPOry}OlS concernod with.two different cases; the

determinictic cases in > which nJl demiﬂd and supply rates are fixed .
: o ! o
ntoconntant values arid the probabalistic cases in which at least one.

ﬂomponent is variahle in a nrohabilistic fashion. The most general .
v A\ T ' ' -

/ ‘
care occurs vhen both a prob H listic supply function and 2
toag . -

ﬁroh hilistic demanﬁ function eﬂlst.
: 'y sl k - ) . . N
CAncwers Lo two main nueouions are generally sought; when to
: \ ,

order and how much to orders Two main issues can exist if in ventormes

.arc completely depleted; fulfillment of orders c¥n he delayed giving

rice to the "Nack Order Oase" or sales can be lost forever giving

rice o the "lost Sales Case". : C
Compesing costs involved in.any analysis can include 6rdering

,

corts that are generally related to'the size of the order, carrvlng

52

/

cozts that are rela+ed fo uhe 1ost opportunlty coqt warehou51ng

«
.J

nrof atahllﬁtv and goodv1ll.

.

it this general backeround it is possible to turn to the

specific case at hand. FIGURE B:depicts the type of‘invéntory 

‘situatior that is being analyzed. 'mhe followirig p01nts serve 40

clafify the tacses for ths model and also 1oent1fy 1ts llmltatlonq.

~ The model is not typical of the classical inventdry'modei-

due to the relatively long mean delivery time'Compared to thé

e o S S : Ty K o
consumption rate. i.e. line r indicates the reorder point ;

Q‘ .

L
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% ' '
and e the mear trnvel tlme from time of ordo“ to dellvery

at. Weamar, Alh@rtn (/a. 7. dan)wwheroos T ic the time

_roqu;red,tovcompletely consume the cortents of one ﬁhiﬁ (10
28 davs dependert on the ratebchoqén fér analysis). |
~ The order cuantity, 2, ic fixed ab tbel?alue of one ship
careo her cortract." i iz taker as a constant ét'Qé,OOO short
torr.' The emn2ll amourt of varinbilit§ in the sires. of Ship

carpoes will not sipnificantly affect the analysis. Also,

cince the quantity, Q, is constant the ordering cost is.also

constant ard does not affect subsequent analysis in the
. / ‘ .

normal fashione i.r. It in included as part of the purchase
N | ~ R ' .
cost of inventory and thus has an impact on carrying cost.

@

, . - ' Ve ,
of cycles. pér year are ecuivalent to the number of ships per

.

~ The ewpply function is probabilistic as shown in the

prevjous section, dees It is a norma llj dlstrﬁbuted functlo“
/

"mth mean /u = 38 7!.. and standard dev1at10 = 6451, ;hus,.

on average the supply of. Phosphate Rock will be replenlqhed
138.7A days after the ordnr datb has been fixed. Another‘s/u
days (nhere s is the oaletv otock and u is the concumptlon

rate) can pass before the inventory.is compleutly depleted.’

The probability of a ghip arriving aftgr‘ZA + s/u_day$ does

exist and is the probability that 2 .runout of Phosphate Rock

cqq . , \
will occur in any ¢ycle.

~ A cycle’ iz deemed to occupy time period Te i.ce The number



= The risc in inventorr at Reamer is sho'm as a vertical

5

. . ; . . ° !
rice ir FIGURT 2 of 28,000 chort torns. Thir ic an over—

rimplificatid% sirces -
- vUniaaﬂirﬁ at Bcamcr_cnnn;t occur instnnﬁanedusly.
- Arrival of Phosphate Rocl: at Deamer ie in 8,50C short
tOh‘lots'rather thar 28,QQO,ﬂhorﬁ toprlots;
Bihs neine thir cihplificatiog a simple formulalcan, hoever,
Bc dcrivod for the averace invqntofv T. _The actpzi f;;uro
4.{11 te lece fy 1C,OCQ thft tdff ai mosﬂ; (28,000 E\? minus

8,500 ~ 2) and thus merely adds o dorrec of conservatinm to
* . N .

. Lhe rodel), However, it iz likely that usc of the model would

rot e st 21l dmpaired Vi ihis glimplification 2z it would ke

'

rrrier 4o rheard 1o 2 level of © rether than to o level of

132

- The corrumption rate or demand rate is shom as being
4 : . '
.. linmeor. The zctual consumption.-rate is probabilistic (i.e.

A funciior of demard for finiched product) but can be taken

2c 2 congta

)

nt for purpocec of arnalysis. This is & result of

{
i

the cencoral demand “or finished product that necessitates.
~the carryirg of large finiched . product -inventories. Thus

the demand in ,any cuarter $s simply the planned production
3y o pLYy P p
rate for that cuarter that is dictated by market predictions

and ir o constant or 1% leact can be averaged for any -

. /
. . .

‘e

‘.D
3
}.J
@]
£
£
1
S
=1
Ka
o
"
.e

«ut

~he demard or z daily hasis t7ill naturally te variable due

- : . . . .
i . - N
! - . .
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to Yo'h scheduled and ung rcheduled chut 60vn" rut - tho 1V8r150

i 0

demand remnirs constant until ner market ’orccugts are

f ', *

prepared,

4

r ’ /
Model "01or171~ﬂ+Lo" ~ufficient to allon rec1lculat10g of

optimun invantory. TPVOT" in light of chﬁﬁpcd market demands o '
; .

in 211 thet ie ner"*“ry to 1ccomod1te the: "Drobabﬁll tld“

cemand functior, ‘ : E : . .
- The.model can e de:cri%cd neither as pure "Dack Order
Cace™mor 2 purc "Tos t Snles r‘We" due to the qcasona] demand

Tor fi ‘1°hcd nroduCu and. alco duc to the cyclical demand for

finiched producﬂ over eilohger time frame (54 to 10 years)

ises “hen demﬁnd‘iﬁ such that all the product produced ty

the plant fhfouaheut the vear'can be 50ld and sold*at.a : N
profit then ory- losc of production ecuath to‘za> t“ue "Lost

fales Cosze", uovevor,‘nhen demand for fin 1¢hed products 19

less Yhan - maximum r nt throuvhpuf then any loss of-production,

B -

if not encessive, carn Yo made up at a later time by running
L higher rates,

posts ircurred in the two different modes of operation

will t‘me be . d;ffnrpnt. In the case of max&mum demand the

costr ,N*l be large vhlle in the case of lowr demand the costs

CeAll re small, Tt ig interesting to noteﬂ@hat the‘costs in

[y
-

the latter case are not n eceqsarﬂly mero sined unscheduled

uhutdowns can have numerous unplanned varlable COot associated

ith them 1nc1ud¢ng poor energy and’ man pOfer utilization plus

~
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. . _ -
. N . . . =
the potential for mecharical damage that is more . prevalent

under shutdowm and startup conditions.
In order to accomodate the tro eriremes that can occur

" the mrdel war rencralized bty determining pptimum inventory

°
LY

are’

levelr under » variety of shutdorm costse These numbers
- - ) |
Aircurced “urthgr after the development of the mathematical

o i °
model,
The Fasie for the model can thuc heisummariréd as follows:

‘

Order muantities and ordering costs. can be treated as constantse -

The cupply functfon is probahiiistic'and shovm ‘o he normally
distyibyted, The demand function is probabilistic but carn
/leui C ~ A :

he treated Aoz 4, The circumstances carnnot be classed

as » "Mack Order Case" nor 2 "Lost Sales Case". A generalized
colutinr czn thus be ohtained by treating u (the demand for
Phosrhote Rock) and % (the lost production cost) a3 constants

during any cuarter hut variable in the longer term.

1Mode1.Dcvelonment ' o

Two coste.2re considered to be important in the analysis.
They .ere the Carrying Cost of Inventory (normally referred to

as the Holdire Cort) and Lost Production Cost (normally '

referred to as the Stockout Cost.) Lo ' .

S

(1) Total Cost(TC)=Carrying Cost of Inventory(CC) + Lost

_Production Cost (LPC)

3

‘ 26
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'Wﬁe optimum inventory level, .of course, will occur at a
level that ﬁinimi?és the vaiue of the Total Cost.Functipn,v
(Hhor costs exist huts arc 1{norcd for Various reasons.

- 7 ,.N.Q. contract ca]ls fnr a nenaWtj of %0.85 per

short ton for\lesf than contract tonnqwos (51,000° 1hortv\'

tons per month nnd ?\L,OOO °hort tonq per Vear) ThlS ;

contract ends June 20, 19 7 gnd must be rcnegotlated as :f\\ft\\\“‘**\

it is far too restrictive. i.es Such a penalty virtually |
desffoys any obpbftunity.to oﬂtimize in?entory levels -

&

during tlmes of- 70" demund for flnnshcd products.

Thisg peralty was thus 1gnored as 1t is assumed that

reregotiation ¥11 have_to.take place.

N . HA
- Ordering costs as mentioned Dreviously are constant

. ahd thus reflectcd in_ the value of.*nventory and the
_ \ ‘ '

~

Lttendent Fﬂrrylnc Coste N

N

eﬂ Costs‘assoc1ate6 rith wlnd losses ahd handllng are both
ignored for‘simplic1ty. Incluslon.would only-tend to
lower the calculated Optlmum Inve tory Levels and‘thps

exclusion.adds 2  defree or conservatl m to the results.‘
i.es Both costs increase w1th increa51ng levels of 1nventory.
mhe rusntlflcatlon of the two costs being assessed is as follows:

2 - ) -
. ,\ » ) "

3

The equation simﬁly says fhat.the:csrrying Cost of Inventory is

i
,
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eaquivalent to tha LOat Opportun by _Cost for other ventures of : ~

vomonrab1e rJQP.,

' o T '\” i l o ,v_,.N*,;..e“é ‘ ".:X‘.
U°inr the CO°t of Capltal (r) to evaluate ;;;\;;;;§ihg Cost, ”

© - ascumes that the cornoratJOn ig not“"cash pOdr". iece It assumes

>

that other onnortunltln" with comparable risk and higher returns

are not /;/gé pacsed bv dﬁg to lﬁck of fundu.11

TN RS ' - \ ‘3Q\§>,
o o -, | “‘__w ’ ) o '
LA - s . .

[

| //,\(3) 1°e = 36k (k] [z - _)] fdx . -
S A5 I - ) . : v ]
- ’ "). .‘a‘ <

h,, eﬁubulo% in ;ordr -says” thif thc Lc st Product1on Cost is
‘eﬁual to thc mrohah;lltv ;0f runnlpv: 2t of Phogohatc Rock in any .

glveracvcle time* g}e cost of‘runnlng out of Phos phate Rock tlmes

‘r: ~the umbpr,o° CVClc" 1& g vea?.é €. Fqu*iaon (3) ap composed of ‘the o .
H“’P o‘nmnht: decpwwbnd by noua+vdn= (), ( and(4) that follow,

(l) un“er'cf Cyclel per year = 262u,' S
. . Q .

. - ‘ Q
(5) Probability of the Cargo arriving on the X th day = £ (%) .

o«
¢ >

. a¢Hc mrobabllltv ’unctlon in thls case has been shown prev1ously

to bc Iormal. o R

o

\ ! . : o

" (6) CSst of Running)Out‘of Rock = k"[?(-6;14 i{l_ﬁ- o .

E - R . .
LT . - ) Ty s

. :Beyohd day M+ s/u a probgbility = runout -exists; hence the " RS

rd

1S
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“reason for the integral ]fﬁiﬁq. Thercfore, -as well, for X >u

-

/

+ s/u the erreyulo“ g& hrackets gives the numbher bf days *for

v : : ’

- which n probability of stockout does exist.. The constant k, as

previously dis chBed, represents the daily cost of a rﬁnout.

v

situation,.

Inépéction of FIGUﬁE;3 yicids the followxnp e: pres sion for the:

averare inventory, I % : . T »

Y T8 C

This expression is not completely valid for two reasons:
L. . ¥ : . i - , .
= As discussed previously the inventory at Beamer does-not
. . -
‘increase ipstantaneously by a value of Q. Howéver, this,
s \

- A
simply addq a degree conservatlew of tetween zero: 3Q§ lO OOO

.

ohort tone to: the flhal determined oﬁtlmum 1nventory levél.
,’. /Kr -

- Since the moﬁtl plans for the inventory level to fall below

?

rero at t1me° the value determlned by eouatlon (7) will be

lowver than the actual average level, This offSets,to a

a a

; deorce the previously.discussed error, however, ﬁhe adjustment
to be made 1scmall and thuq not vorth con51der1ng.,

, €efe For valuef of- S and u of 36 000 short tons and 2 ,§00.
short tons/day reopectlvelv (This value of “is shoun

. 1o be near optimim by subsequent analysis and Ehe'l :

value of-ﬁ of Z,COO is‘near maxdimum) the follgwing

-, . o . .(J. ) N . L ) 5 \

8

e I
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Tay pornosec af refere-er and salveie it oons felt 1o bho [
- - £ + » .
P L . n . .

appropriate Yo nee the above cwintiome to prenare 3 gereraldned

AR , e . N . v .
eolutiong’ This wnelaeeamplfehed Ty ucivie v numher, of ‘valurs |
Tor the povameters ir the deried cvnrecsions to produce A
e ‘ ~ . )
vlot af ap*imam iy vantors lerel e yeraus nlant demansd rate ot
- g i . . - - P 1

‘vartoue Yoct nroductior nenaltiecs, 5, ronrnd O oare relatively

,_ :
Trusiant Ix the chart termcand aere fhug held corstant, 4, ~nd

. . . .
opre wanicd Faoobhniv Yhe decired resnlice,
' 0 o .

: C L Afediseunced rreviosucly ‘he cost 97 runnires out of Phosphate

Poele (1Y cor yary fromon overr laree value wher the full plant
\ . - ) ' .
» demarded Yo oavery emall valus en bhe demand

Cenpacitye 3
NI
N < .
B [ . . .
for £iriches rhaﬁ*/f ir dar (i.0, lese than nlant capacity).
. for firdnl rrocuft. ic Lo (dee. less than plant ong
. .. . R .
A . ' . o i . .
"™ar favmier cort A oear’te edimply determined hy assessirs the
. B . - - i M [t - -
/ . ‘ . _ . A
Tact eoPtritutiaeg to curringe that recultc from & plant
: ]
N N ¢ . ’
chrtiom. {Product et et minie Variable Cost),  This ‘cost
2 . R 3

2}

vars defmrdent or the market block ir which the

. . Y . N . P .
iteremsrtsd fomnare i~ sold and the profitability associated

"

itk fertilicer eale ot anp point In time. The latter costs,

ne preoviourly discunced, cre associated with the irability to

-

urplanned shutdorms and the rreater

rotertifl for mechanical damage astaciated with shutdowm

- <

and wiartup situations, _
Tn order to! determine a rance of Lost Procduction Costs

©T /thc current marginz ir the warious market blacks based on a
. weishted product mix usine the Spring Finarcial Forecast for
—~ . ‘
. J =
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- 107 wepesdebarmized, Pagsed orn this analvsic losces of

?]O’(KKM@NWW‘ﬁSD,OOO/HfY ard ?R0,00ﬂ/dny nuere assesaed since.

>

< ther would eesentially erceompnes all demand and market block

P
cnreidepstinre,
‘

“he wlord demend (1) +Al1 normally be in the 2,000 short

toae lnes pavee . PWARY, demards of 1,000, 7,00C and 2,000 .

chort tovs/day uere nred fo develop the aforememtioned’

Ao 1er, The «

4

nmr irteowest,

Fal

reyn demand cnce T roloo

The yraultc of the cnlenlatiorsiare summarsi sed in FIGURE

(S

/'y The Tollavdincserample serves Yo illustrate the methodology.

3/ [short tor.

. ~o o Ao
* o .o N
=107 . T AN ‘
~ = 78,60C short tons . ’
u= 3,00¢ short tons/Qay
: v o= sf0,000/ay 7 .
)

. Subctitubion in equatior (1) yields: _ -

© = (2,000) (A.510) (2.628)-= 51,5oo~sh3rt tons

D
fol
=
]
o+
.
o}
o
[N
@]
3
}-de
3
(g
2
j¢)

ation (7) yields:

/

T = 51,500 + 28,000  £%5,500 short tons,.

S
.

)kk .

e
(Ws) -



- Ne  Inveniory Manarement for "lormal® and.-"Abnormal' Conditions
i R N ] )
T mairn "abnormal® conditbions can potentially oeccur. First,”

the suppliers of the Phosphate Rock may he reludtant to meet their

e

commitments to Tseco Chemical Canada 1f greater opportunities for

)

profit exist Ty cubplying other users wvhg are prepa fed to pay hlnher

pricecs  Seeond, strikes can oceur.

v ‘ . : _
Teither dissue is dealt with in a rigorous mathematical fashion.

~

However, it ir clear that a sipnificant incentive exists to lower
inventory levels from the presont level.of 15C,000 short tons to a
1rvel nenrer RC,000 ¢ 1ort tons = an incentive in uhn order of 500,000

per years ﬁwmreforo a <trlto~v that ie cogrluant of houh the optimum

e S

Teveles of 1“\°ntor" uuﬁﬂr,"rorﬂal" co“('ltlone and "abnorma l" conditions

.

that can ‘occur ir s“pproprinte. The following is proposed:

o - L. » . " L]
. e oo i .

=" Invertory levels. GWM““T" e waw*talﬂed 2t a level dictated s

. .

by the uppeymost curve in FIGURT /[ at the point of maximum

3
)

ar* capabiliiy, “Under present conditiong an inventory level

 heteeen 15,000 and 55,000 short tons woul® he dppropriate.
- - ) ’( : K e : .
fuch a strotezy is noh:e“ﬂa'lvc for "rnormal" condi{éonS'

due to the afofementiehed model ulmpll}lCr ions that added a- .
4

derree of conrervatism, does not ‘take credit for . Phosphate

 Rock inventory 2 Tancouver ard handles the potentially most<:~

B B - el
i damagirs economic cese (higH lost production cost and high
v ) . o
pli "t rate)s «

. - =The T 1*°t "pbnormal" conditi on‘(short supbly) be handled -

éimr by moni torlnr the supply. oltuqtlon. This would include-



being aware of suppliers:inventory situations and the demand/

supply picture for Phosphate Rock., Times of tight supply ,<;

would coinecide with profitable times for fertilizef‘products

as well (ieee tinfes of rhigh" démand) and thus dictate that

Phosphate Rack inventory.levels at, Beameryse ihcreased.
Histo‘rical data from 'I‘ABLF‘ 2 indicates a general‘shift'of

twenty=~three days for all thps durlnp the crltlcal perlod.

Inventorv management, pollcv for normal condltlons allows

approx1mately flfteen days of delay of shlps prlor'to aJrun-

out condltlon occurrlnp. Increa51ng 1nventory levels bﬁ the’
capac1tv of one ship would thus have. v1rtually assured the,

av01dance of a runout condltlon. ' . L

Thus 1t is probably appropriate to increase 1nventory : \, l
‘ le\éﬂs ‘at Beamer to 80,000 ‘to 100 000 short tons prlor\to the
commencement of a tlght supply 51tuat10n. lq \\\\\\
Thelﬁecond "abnormal" condltlon (strlkes) be handled by . '6

-

bulldlng 1nventory in the three month perlod prier to the

explratlon date of union contracts at Tampa or Vancouver; The

’

© level would be reduced to "normal" levels when it became clear

that “a settlement had been reached at the port in. questlon.
Such a strategy 1nvolv bulldlng 1nventory anmally in ~

the October/November period and reduclng 1nventory in the _

January/February/March period to accomodate the Vancouvers

contracts. In addltlon’the Tampa contracts would have 'to be

accomodated every three years.

a .

(SV]

A%, |



An ' t -
T -
data and the potential for the

.

Again, a review of past
involvement of the Federal Government in any sustained strike
~would supgest an increase bf‘BO;OOO'to'S0,000 short tons-?dne

or two ships) would be an appropriate increase.

3A
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Summary and Conclusions

"

3.

-

A practical inventory model has heen, devcloped'that can he

lax

need as a tool for Inventory banqrnment undcr "IormaT"

conditiors. This model, althourh Heveloped in a very

concervative fashion, indicates +hat the maxd mum Optlmum

" Under.conditions of low demand for finished product the

optimim leveT iz much lotwss

. i o ) .
inventory level ab.Reamer is.less thar. 55,000 short tons.

-

A straters of raisirg and lowering inventory lcvels from

4 Bl

eoreflcc_ Ontjmum 1eve1% nr’or to and 3Vter, respe ,tively;

o

union corfract terminotion dates and the onset 99 "tlrht"
Phosphiate Rock cuppWV pereoﬂs can- be employeé to deal xnth

"Abnormal" cornditions, quch a strateg" would 1 creafe ‘he

yearly averapc inventory to a level qf 45 000 short tons.

The acdoption of such a ateby vwould reduce cnrrcnt 1nventory
' o !
Tevels by nearly OC, OOO chort ‘tons 1rd thuc yield an annual

saving of $500,000 based on 2 Phosphate Rock cost of $/,L; per.

short tor (FOn neamer) and a Cost of Gapital of 127,

The. curreft contract with thekC.H.R; must be renegotiated i
the above savings are to be realized during "soft" market
corditiors for finished fertilizers.



CHAPTER 2
ASSFSSMFNT OF THF, STATIC OPTIMIZATION MODFL
UNDFR CONDITIONS OF CHANGING PRICE

A Backgrbund P : . o
. . . [}

J During the course of reviewing the world supply of Phosphate

Rock An preparFthn for contract negotlatlons in 1977 1t became apparent
that the cost of P&osphate Rock was p01ng to increase significantly
over the next few xearé. (Seer%ABLR ) As a result, the question

arase as to whetﬁef‘there was an economic incentive to increase the

take of Phosphate ﬁock to'the paximum'éllowed'ﬁy the contracts irith

Mobil and Swifte. Testing of this approach essentially tests the

s "a

orev1ouqhv developed static Optlm17af10n model under conditions of

rising cost for Phosphate Rocke . o

O

.0
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1

De Alternative Stratepies

} .
To alternative stratecsies rere considered to test the

:t:tlr moﬁnl ahdvarn dgpictod in FIGURE 5; Thé first strateoy simply
involves the COﬂtinuour‘%nintonance of an averagé Phosphate RPock. \
inventory level st Zeqmer of‘;0,000 chor, tons,’ This.ffﬁure,vbnécd
or the previous optirums determined in Chaptc;ii,jis hdt optimum for
311 nEnge rateg ”epicteé in FIGURF g.‘ At 250, Oon/ﬂ”j the actual

[

ortimume ranse from 2,0 r~hr1r+ torr to 40,000 short” tons gnd are

thur Yeers thar 50,00C chert tore on average. As a result‘ the use

of £0,00C chort” tone hiaces the comparison of the two ctr“tegle in

favour of the cecond stratery thnﬁ providire a wirorous test for the-

“”CV“GW”WV developed optimum irventory level moded. .

"he second 2ltermative stratery involves increasing the

Phosphkate Pock inventory level a2t Beamer from 50,000 short tons to -

FEC,O0C short tors over n one year period and then consuming .this -
Thosphate Rock until an inventory level of 50,000 short tons is
reacher at “gome later time. Points A, R, C and D indicate the time

recuired to reach the 50,000 short'ton inventory level at respective

lart corsumption rates of 485, 012, 1370 and 2732 short tons/day.

=

411 2re rered on no Phosphate Rock being purchased durine the run

dovm periods,

4 figure of 550,000 short tons is chosen for th{'second_
. hd 1 .

©etratecy 0 thet the comparicson will be biaseﬁ in favour Qf the

socond strategy an thus provide a rlgov'oue test for the prev1ouslv

[ty

develoned optimum inventory level model, i.e. If the secth‘strategy'
. - . ,\/\J’\



rid buildup that is possible
nildup to £50,000 short tons in

L - * . .“"/,__ . B . .
noonc year pn;zgg-zﬁﬁs-enheﬂ@es the =econd g%ratngy since: |

.

- 1. A1l the Phosphate Rock 'rill be purchased at the minimum

poseitle cost, C,.

: 2. From a practical point of view it would be very difficult
tn huild'inventpry levels hy 500,000 short tons in one year,

\

- dyg Lo the lack of storape capacity and the difficulty in

LscneeLing éuch a larre movement, '
: ‘ ‘ T .
e The dashed curve in FIGURD /. depicts the rising cost of
. - i : -
* Phosphate Rock durirs the period under cons;deration. ‘For simplicity
of analyeis the ircremerts Auring the period under consideratior are
: N :

) -

coneiderad to te eoual,
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C. mho Fconomic Nodel : . . t .

< In ordnr to compj’% the two strat¥gies the Present Value of

the costs HSSOCTFde'Wlth oach stratery are determined and compared.

Three costs arc considered to' be cirhifiéant'— the carrying cost
‘1qcoc1atcr with lnvento@y, the ﬂotuql purch se cost of the Phosphate

A
Réck and the co~t 1c~ocnﬂtoﬁ with lovt profit due to a Phosphate Rock

“rur out rituation.

™he factors of greatest importance in an analysis such as

this are the opportunity cost associated jith thdAcarrying cost of

inventory and the discount rate ‘to le used in determining the present
iralue of a futurc stream of costs. The opportunity cost was previously

- ) ’ N b '.":o | . - .
diccussed and was showm to be the Cost of’Capitall. The discount rate

to be uceb”mﬁst be such thav Abt present costs having a valdé of zero

w111 cause the market vqlue of the firm to rcmpln unc@zﬁged. Thereforc,

tho <41°c'oun+ rate must qlso be the Cost of Capltal}l

[

_ Formu’ae for detprmlnlng the present values of Carrylng Cost
and Purchaqe cost can be determlned bJ direct, 1nspect§on of FIGURE 5e
- The agrlvaulon of a Carryl.g Cost formula in each case 51mply 1nvolve

deﬂermining tke average itventory level malntalned in each period,

1p1y1nf it by the cogt of the 1nventory and applylng the Cost of

Capital to quantlfy the opportun;ty cost and to dlscgunt the period.-




c;hl w.=-1370 short tons/day
. Second perlod (Mid 1077 to Ild 1078)

) [Avcrapr Invontory = I* + T . . . o
. Cost of InVOrtorv = 0,
present Vﬁlun For Pnrlod (I* + f) ) (r)( )
o ‘ 2 1+r
1y A ] .
'Tho dorlv"t*on of ﬁ_“ormhM for Purchnﬂc Po st in each caée
’}'Q ; '

"Vmp"trvoT«ev determining he amourt of P hO”pHatP rok purchased in

<«

[ "

each nerloﬂ multiplying it vy tho coot of Phoaphhte Roclk: for tha%

.‘x

'*orioﬂ ﬁrd ﬁﬂnlyﬂrr the €ost of Cnnl*ql to dl*count the perlod cost

/KJ
. s"‘

to the presenty As lﬂh Carrylrr POGf the prgsert values of each
period are ther’ summed to d‘termth the totql prpver% value for a'

particular.ctratesy and consumptlonnrate.

o El

" Eefe = 127C short tons/day
> mhlr@ period (Mig 1078 to Mid 1070)

Rock P ~hased = 36‘u
coSt.gf-Pufchase % Ca
. A .

* Present Value for Period = 365u [ ] ‘ -'Qf:

v

~he Lost Production cost is determined by ‘evaluating the

folloving ecuality devgioped in Chapter l.

Y - o |
; (3) 1rC= 28_2 §° X [x - ?I o,&)]f (x) dx

. . R e : .

\
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The valué for k was chosen to be $S0,000/day for all caser

thur ornce arain ¥1251 g the comoarleon in favour of the second

ctratery.
The intepral was ovqluatnd in the following manner:

L i table of valuev ’or the function. r(-x) wAs dotermlnod,'

from “Tormal, 'T"ﬂ*]r"‘w so-that the Drol'abwllty of a trip’

Ve v

- exceedinr the mean trip tlmo hy any daily increment ‘could
1.%9 determired, (See TARLE 18)

. - o
2, The expected cost for 11$Qrunout aituation was then:

détcrminod_ﬁy multiplying the daily cost by the runout Ste

" hrobability ard swming all the daily costse . .

A

30, 000 short tonv .
u = 2, chort tons/day : : .

>

.

.

o -
Sy
n

¢ >

1o probability of runout exists until after the 15th dey

(s/uj=;15);_ | - B o . . . ,,  /
=, Fpected Cost = 80,000(. oonL) + (2)(20,000)(» oms) i/
' +(3)(80,poo)(.0011)+ -———— $°720/trip

’ 0

~The results of these calculat’ons are summarlzed in r“ABLE 19.
”hc Lost Productlov Cost can then be obtalned bj 51mply,

referring to mABLw, " ' R "
. . o . Sy

. ' ’ : " . tee = S
e.ge u = 2732 short toms/day AN 3}
. rT‘hlrd period (Mid 1978 to Mid 19797 - ..
\_\ . o ’ N D ~H‘:{\ i

‘\\\‘ .? .&\4. : « / . “‘ ‘. Ji;



)
N/

Arred

I A6 (‘O” chort, tone - B
c.- I =/7 = 26,000 chort tons '
hamter of Dﬂyr'%oyond mear trip time
Ferord ~thich  probakility nf runout exicts
~hyn S ‘ ' ' B
Co Tepeeted cort /Trip - SESR2 | (From "T‘AQT i ]O)
N Sapher 8 Crins MYear - 205y ?5.4 i .
. E a ——a— - -
. ‘ ' .
.« A o . y-3 Y = 9 N
LAnnunl Coct = (5382)(25,4) = 210,000
y « .
? - o t o - ’
“he pros‘r‘m‘, volue Ts ther determined by appliine the
. .
:i*oonri ‘rate i the rormal fashion, .
- ‘ ¢
'\J*]lCﬂ Liorn of the atove methodologtr thus led Lo the
Iormert of the £o170Fre Sormulae: - : -
: s . .
©J. Strate—r I
D —————
=) Corperine Cost "
. Ir[,. + 0ge 03 ]
: 14+ (],-H‘,z '
& r) )
) Purchase Cost ‘
- a6y [c, +.0, + G ¢ :
l+r (1+r)? ’
 -¢) " Loct Production Poct \
. j V N
‘ o/ o/ o/ 200,000 ' ‘ .
‘P Stratbﬂy 2 , _ o
G g : ' ’
a) Plant Pate of 68‘ short +OQS/HQJ (8 -
I (i) . Carring Cost. ’
W ; ';=(i*+l of . ?6§u>r \ ( §6§u+
! > ] 2 l—l—r 1+r)‘2
7 {i1) Purchase Cost

= (1%~ T + 3659)’0,

. 1{.’1




(333) Tost Productior fost

O

2
[
‘

TN Pl ant abe of C12 chort, tons/dav (r)

() . fopping Gort

. I¥+T)r, (3T*_"Aa”) y
‘ 1+

(31} Purchase Cogt IR , .

(e Ty _Qf’ssu) 0, 18 o )
o + 23
| | . +r)

(¥11) " Loct Procuction Cont.

.0 v

N . R . 4

.+« &) "Plapt Date of 1370 short tons/ddv‘(c) o

» - ot

(i) Cafnjiny fnet ) : !
\ - y z T
= fIMI T (IXNTNR O Ir{ ¢ .
' (” ) . \ 2 ) (1+'17>+ =YL

(i1)" Purchare fo-+

e (T% =T 2Amg) o s 345&1( c ) :
. . ﬁ:??)! O F

& ii) Iost Productior Cost

/4‘ B » N .
: . ¢
L. :

“ = 0

o . " ' ’ [
) Plart Date of 2732 short tons/day (D)

(i\ Carrving “o*t

.

e ) () [

3 PurChase=Cost ' L T -

J

i) Lert! Prc- - n~tion Cost

t 7

rac . rn o
BRI

- (TeTa3hsn) o 18 (Eg‘}"aésu( c )
o B
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rear period comercin® inomtd 107

- 3 . )
et oL fined valitees

[} i
_{‘
LT EEL OO0 ~hort tarnn '
e

r o= 1 o ,' ; ;

Tnlues for Cé y O3 m 21lowed to vary 40 that 2 plot

AT enct A2 Popehtia botuoofAth?togy lfard strateéy 2 vercus Phosphate

\J

. i : .
Pocls price inernase (Tp =) or Ca-|C g different plant consumption ..

ratne eouls ke determined, he mernll % are s umrerised in TARLL 10 and
FIRUPE £,

™ tect the semritisfii of the results the Cozt of Capital,
7y w2 varied Srom 10 to 157 with 211 other parameters held constant.

The recultc of thic cenzit’ 7 iwanolvais are summarized in FIGURT 7,



Summary and Gonclucions

N
[

1. The statde optimi~ation model developed in Chapter 1.can he

ured with eqnfidence 1 Phosphate Noelr prices (FOP Poamer) 2re

. . *
inerearine 2t or oasnunl mate of lese than
b : A !

{

suitable for the forescentle ™ture sivne

10, "he model ir thur

prices’are nredictefl to

inereace huroar arvnual ‘amount of five te cix dollers, (TABLE o)

.
-~ ~

Ao T rnlid rencons o?irt,fo? maintainin

urti! Jure 30, 1977, .

v

b} . . ) - 2 3 ‘- g h ’ . L ’
7). Such = stratery improves Isco Chemical Canada's barcainine
i . . - —~ " . ~

-~

position -7d#h Phorphate Rock suppliers, = »

*

W\

ey

i

-“-‘-‘"&fiﬂg] . v

2, hifl inventory levels

»
. . -

a
.

.

1o L . .

b} The prohihitive, prnalty associsted with the CoM.R. contrdct.

~2



. CHAPTFR 3 L
“ATTFRNATTVE SOURCES OF FUTURF. PHOSPHATE

ROCK SUPPLIES
o o

B ¢
A. Yorld Supplv !
2

Phosphorous is the twelfth most abundant element in the

/

'mrt.h'\c crust., Estimat.ed world réserves of Phosphate' Rock total-140
billior short tons with 857 located in Morocco, U.SeAs and U.S.S.Re

About 50 rillion tons are recoverable using present methods — enough

] ’ . .o ) .
10 supply the world demand for 500 years based on current world

consumpti‘c;n rates, TABLE 11 sun}rharizes total world reserves by arga.
. v ) /,.? - - ] e
TARIF 12 sugmarizes-tot”a{i world recoverable reserves by area. TABLE
o v . S ‘

13 sx_.\mdn'mes predicted area production 'capébi}ities in 1978,

L brief description of potential ‘s,uppliérs follows:

1. Morocco

' Morocco, hased- on its recover/able reserves and quality
. ’ - - . X e, . . '
é of Phosphate Rock is the most important Phosphate Rock \'

wproducing aré:a ’in thevwo.rld\ today. Production capabihi,ity\:l-'
/1/< nod .P;i_gh in comparison with récoverabie féserves but. ,'b
. evpansion plang ar;e in'progress - mainly iéng term jéint
_ " ventures with the U.S.S+ R. Costs, F O B Beamer, Alberta
" are high in c§mparis§n to aiternative comparable supplies;.'
(+ $30/ short ton) |
2. UsSySeRs
- "Russ_ia v»r.illAnot contribute to the expanding. world

markets since its own needs; and those of its satellite

-




Lo

‘s,

L

countries, will exceed its productive capacity - thus its
1nterest in a 101nt venture w1th the Moroccanse

Spanlsh Sahara

. . 4 R .
The controversy with Morocco’over ownership continues /

4

ano the outcome remains in doubt thus making security ?f
supply questionable. Asvwith Moroccan Phosphate Rock
costs, FOB Beamer, are not cohpetitive with alternative
suppiiers. | | | | |
Production capacity suitable to meet.projected demahd
wvill be avallable in bbth the Southern and Western U.S.A.
in the foreseeable future. rT‘he cost of PhOSphate Rock -
from either source (F O B Beamer, Alberta) is. less than

comparable Phosphate Rock from anywhere else in the.world.

The securltv of supply from elther source is, as well,

-better than from any other world source.

Phosphate Rock from the Yestern U. SeA. is not as good a

ouallty as Phosphate Rock from Flor1da, U.S.A. but has .

0‘

'both a cost and 1ogistlca1 advantage. A comparmson of the

two SUpplleS’Wlll be the subgect of the. next,sectlon of

this paper. ' v
3

Other : - R . .

A1l other Phosphate Rock sources are suitable for "spot"

purchases only due to‘qost, seturity of supply or stage of

development consideratiop

o
N

49
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A1l the 1nformation avallable p01nts to the UeSeAu belng

¢

:/thn only loglcal quppller of Phosphate Rock to h&stern

Canadavln the foreseeable futur « Adequate resefvgs;exist- .
to last for at leaét 25 - 30 yeqrs. Develdpment ﬁians>
indicate that supply w111 meet r exceed demand in the
foreseeable futu?e. Costq, FOB Beamer, are less than
from‘ény other world source, Security of supply is second

to. no other potentiél éupplier. The only Question left

unresolved is the choice bétween Western and Florida

Phosphate Rock and is the subject of the next.seétion of

s
.

this chapter.
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& ’
R, Hesterniversug Florida Phos sphate Rock
L] - o~ X N ‘ \
I TAPTT 1. summari-ec the rredicted costs for PhOﬁphate Rock

- from {F@ w10 ﬂW.rrr-k>f ’uup]lﬂ“° (VOB Qoamor, ATbnrta\ An apparent

.
ircentive to siteh to Wosterﬁ'Phosphnto Rock erxists in.the near term
\ . . .

bPats o “um‘h“ 0" nepaliics exist uith ”euunrn Phosphate Rocl: and must

.-

St aceescad Before an final decicions can te made,

.:/ L . . . &
‘ : o paritive rencort eriet for chanming to'liestern Rock.
Firctl:r, the cont»i:-loss(x,ﬁcdondly, since the numheér of links in the
e . A ) ) . . ' ’ : . v
~upply chain are feuwer the variance of the sunply should e less thus
“1V5ins the maintenarce of lower inventory lavels,
- . e ’ ! ) ) . ] )
N A numbgz of disndvantares are alro associated --ith 2’ change S
e - ‘ ) Cy : ’ . /,/' '
hép fiestorn ”OFK- ®retly, Testorn rock fo firer and thuc wind losses
S . ‘ - i W
111 belerenters  Seeondly, plant mainterance " cocte Ath “Yestern rocl.
g - . " : . .

arc/éjjhar.due-to the increase? scalins tendencics of “ecterr rock, -

mhircl:, fhorphorous losces are higher writh “lectern rock due to the

poorey dicrstive ChquCu“TWNVICVQ TFourthly, it is uncledr, at this
. . : S A

3
Q
=

£oint, if pricecc for “estern rock are on an equivalent bas iéf'nth
Florida rock and 2 penalty may thus exdst there as well, "ifthly,

filterarility of 'ectern reck crystals 's only A0 - ,~o” of‘ F'lcr'ida

Brs

roék filterability thus reducing offectivc maximum pIént throughputs

The halance of this paper is concerned ith as e°sing he
S : ' \(.o N
totzl impact of' the penalties and incentives h sed on ne”ént'a changes

o

\

from the prev1o sly st‘ l shed Opt*mum "nventory 1f Weqterﬂ rock was

‘p ea.' ”he ccp901ty penalty is ignored ‘since it is not a real penalty



$oint and thé f07lo ﬂvr nw“7v~un iz therefore only -2 first piss in

the Cecictorn prOC?SF.

.’ A R

? depresred markets eituatior and since determination of the over-

w

3 ' 13 h . had
211 ireentive crelucive of thecopacity Dnnaltv utahliehCP ! ha

for jurtificction of plart changes to- rllmanntc Lhe capac:tj nenaltJ.

4

- . . - '

1

Bogte and pernslties “ro, of cour "not r1p1d1" ecrahll shed at this

1 v, . .
1o Inventory fonsiderations ¥ . oo

! The ct andard dev:au1or of *T]p".fTOW'VWﬂCOUVGT to Beumer
nng.-./f Hay" éqppared Lo 2 total trip standard dcviekion of

. . ~ : L |
£.5Y days, “he tT;p from the Uestern U.S. to,Beamer is
raturally °horter thar the FlOrld“ trwp and includes feweér
lirks ir the trn::portntion'chait. However, it is doubtful

thet a standare deviation of 3,42 days can be achleved for

"tr“p t1re° nince three railways are involved and the potential

for unit trein movement is unkr0nm at this twme. For purposes

of analysis = ‘tanuard 0év1atlon o’ 4 dafs Ulth méan of 15

.
/

days is cbbscn in order to Hetnﬂmlne the minimum 00551ble
ventorv level thn* could be lertalned at Béamer. Completlon
of an identical ana1251s tO‘the ana1151s carrled out in CHAPWVR

, |
1 indicat ed that an 1nchtory 1evel at Bezamer of 36 000 qhort

 Rock - would be c0mparab1e N risk to ar invent-

;

ory level of 50,000 short ton;_of.Florida< ock at Beamer,

~ Therefore, it is indicated that the most-optimistic
;assessmeht ofji oroved’risk-with Vestern-Roék'alIOWS an

1nventorv reduct on of only 1/:,000 short tonu. However, the

“
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need to build inventory to negate the impact of strikes would
be avoided. Also, the demand for Western Rock.will hot be |
nearly as volatile as with the Florida Rock sinoe of fshore
supply chains are not existent and willvgenerally remain non=
existent., _
A strateay of 1nventory buildup with Florlda Rock to
80,000 short tons in November/Decmeber and subseouent reductlon :
to 50,000 short tons upon contract settlement actually yields
_an average inventory level at Beamer of 65 000 short tons.
- mhus further. analysis is based on average permissable inventory
. levels of 65,000 short tons and 36,000 short tons with Florida .
..and Western Rock respectlvely. . _

21
2e Malntenance Costs

Experimentation vith'wesoern Phosphaﬂe‘ﬁock ahd
discussions with other users of Western Rock 1nd1cate that -
malntenance costs will increase by $0,5 O - $l 75 per short ton
of Phosphate Rock._ K
3. vind LOSSes?2 . ‘

Two per cent more Phosphaoe‘Hock isvexpeeted to be lost
-due to wind action w1th Western Rock. Thls equates’ to $0.80

V;per short ton of Phosphate Rock.' However, losses are dlrectly
proportional to the amount of out51de 1nventory and lower
f‘\\\\ Western Rock 1nventory levels will offset thls cost,. The ‘ ]
- 1nventory change actually results in a credit of $0.08 per short

ton of Phosphate Rock.



-

‘1980 above what would be aéhieved_witthlorida Rock would ocecurs '

5h

' 3
.« Phosphorous Process losses

)

Plant tests indicate that an increased loss of two per
cent is anticipated.‘ This equateé to $0.80 per short ton of
Phosphate Rock. S ' S o

£.. Carrving Cost Reduction -

An inventory re 'on of 20 OOO qhort tons results in
a‘carrying”66§£ 8 E ,30:30 per short ton of Pﬁ/ phate

Rock based df”a T KEN) of 127 and Phosphate ‘Rock cost
& 2 %T s | .
In order fo a fe&§~the 1mpa t of the varioué\penalties

PR

over the next three years each’ penalty was escalated 1n an .

appropriate fashion. Maintenance costndwere-65calated at &%
per year, All other coqts were escalated on the basis of T ‘/J

%

chanplnp Phoephate Rock prlces. The total penaltv escalation

is summarized 1n‘TABLE 154 mABLF 16 summarizes the 1ncent1ves,”

'that_e;ist to change to Western Rock. Both tables are exc1u51ve

»

" of rate considerations. : o \

This analysis indicates that no'ihcentive'existé to changé
o { -

1

Kd . L . [
tb Yestern Rock until 1979. If Western Rock was.uged in 1979

and 1080 and the plant was debottlenecked to 830,000 short 3hs

per year cash flows of $2,0.2,000 in 1979 and $3,528,000 in. .

'




Summary and Conclusions

¢

Y

N

. ‘ . .
Mo apparent incentive exists to switch to Yestern Rock in.
1077 or 1978,

[}

P, Consideratior Thould be riven to securins Florida Phosphate
Nock: contracts for the immediate &ure with a view to securing

Yestorn Phosphate Rock contracts in the medium term. = Also,

\ . .
concsideratior should he given to debottlenecking the plant to

handle "estern Roclk at capacityfhy 1980,

4

The ahove conélusions are, of course, hased on the best
» - : T . )
available cost.data“today, Further plant testing or a more

Aetailed review of the costs of other ufers of Western Rock

’

however is the ﬂrade comnarabllltv. mhe standard dev1at10n

ed f‘or Teatern Rock trlps wAas qulte subjectlve and assumed
+hat unit trq1n~ vere not ava.lab’e. Much,addltlonal work is
eoulrpd to Pl*m up the transoortation mode and the attendant

ﬁtandard deV1atlon for the travel tlge as the 1muact on costs

is si gnlflcant.. However,: the data is of a hlgh enough quallty

 .to 1nd1cate that no great 1rcentwve e11sts to change to

Nestern Rock in the .chort term unless'lower prlces~gan'be

necotiated for West®rn Rocks ; .
< e A

could chnnve the malntenavce and loss penal*1°s. " More critical;,



CHAPTER L

' The ,‘analySJ:__s has indicated that a significant i'ncent:i}ve
does exist‘to maintain Inventory levels at more optimum levels. The
data and disdpssion‘have indicated'desirable 1evelsbthat should be
maintained in *normal® and 5abnormal" times. ‘The'incentive'fnd amount
of effort required to. continually monitor and regulate inventory

levels dmctate a(definite resourc1ng committment is requlred. To date:

" a good deal of effort has been invested in ‘the day to day management

\

‘of thelvarious contracts, ‘the scheduling of PhOsphate Rock shipments

,
*

and preparatory worm for the preparatlon of new contracts in 1977 by

'the Toronto Supply Group. The workycarried out has been.excellent

and the work load was obviously not smalls .If the prOposals made

earller are worthy of additlonal effort then the Toﬁonto Supply Group

L3

must detenmlne if the additional effort can be readily handled by the

[ 4
ex1st1rg force or if addltlonal resourcing is requlred. Con51derat10n

“should perhaps be: glven to computerlzatlon of the methods employed

4

«previously. Such an effort would potentlally reduce the need for

su@talned additional resourc1ng. o

~ Cost accountablllty for Inventory Carrylng Costs are not i

- clear or at least not expli t. It would be worthwhile to. make them

exp11c1t in the cost statemenfs of, Agrlcultural Qhemlcals. Thls could

presumably be done very simply by determdning the Cost of Capltal on

a regular basis or even using a constant flgure such as 12% and

'S

applylng it to the avefikﬁ%?nventory levél maintalned at Beamer. fe€e

\

[

, . . . GENERAL CONSIDFRATIONS A

\

56



G . .
JTH is’a true cost of operatinp and should be qtewarded to by the ‘ )
personnel reepanlhle for managlnp ‘the Aprlcultural Chemicals ' .
Operations, - o o :Ef w1¢;v- -

- The maintenance of relafively large Inventorv Levels at the

.

pre°ent time is reasonable since contract nepotlatlons are in.progress

" gnd no guarantee exists that new-contracts will be in place on June .-

30y 1977. Thus a high level of inventory does improve Fsso Chemlcal

Canada's bargaining posiflon.
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R ‘ : CHAFTFR 5
| SIMMARY KD CONCLUAROLS
The purpose of this section is to summarize all the
condlusions drawm in previous' eecflone thus ensurlnp conolstency . "
° N . 8
and ﬂf-o to act as a comprehen sive summary for the reader. . :' o »
le Tt is .doubtful that an 1ncm!tnve emétq to move away from ! .
momrh Phosphate Rock in the short term (1077 and 1078) .
Pertnwnlv vrith the eyagptlon of Weqtern Phosphate Rock no
_cdmpetltlve SupplIPTS exist aanhere else in the world. ’
Veqtern Phosphate Rock {: verv worthy of con51derat10n’as a ’ﬁ;'
’ source of supply commenc1ng in 1979, In order to make such a s
g e ’ .
decislon ‘additional uzrk is reaulred in he fo"ow1ng areass _
] a) Retter deflnltlon‘of costs a55001ated wltha{unnlng Western ) b
“Rock at Beamer. .J’ jh. ' ‘ R h ,VJ 'jﬁx.
) h\ A clear deflnltloh of the facilities requlred together w1th '
"‘he Ca pltal Investment which would ‘allow plant capa01ty to be \ ®.
'- 1ncrea<ed to a leuel sueh that plant rates would be equal w1th /"?;ff
elther Western Rock or Florida Rock.. Q;?A/,/ CeE

S o) Better def;nltlon of future coats of Western and Florida
: Phosphate Rock on & comparable Phosphorous content basis. . . [

oL,
.r'

/p

;'Gf Tt is recognlzed that a lot of effort has been put 1n§9




e

“heine nppronfiate. A

L /
‘1“c0nt¢ve a<so%ﬁ3te6 \ath it (QSOO‘FOO per vear) ggﬁ therefore

i
. _ /
-
price inereaces doer not make ecoromic sonce unlesgs the cost
(TOP Peamer) is ircreasing hy at leart ten dollars per short

h ‘ } N .
torn ~nnunllys  Predicted price increases over the forerceeable

1
,

future thuﬁ do not .dictate an inventory. bunldun molicy o«

An incrpase of ten Aol lare per cho?oton -

N »

.‘.\. oms .
of Phorphate Rxck & n "jW“Q”iqcht increase = 1* represente
.. ‘,;f, ; :‘1 ,«"“ .
a Tt Ancuter in ifh Y prie of‘*ﬂorﬂd T{oc}f' §¢ 1077. . .

’imilar con rqch normal average inventory
ntained in the 50,000 short tor range iAth

b 4

b

. ,a ,} N : ) .
Fen e Iq in orba rins and decroasinq levels prior to‘and sub= - .
: R AR . o
*afueag'fﬁ, r9°nevf"vp1 Lany contractuNI perlod". ssociated
,¢ g2

~~@’Hed00f -ernr 1t Tamoﬂ oru ahcouuer. “The uctual levela to.

K ‘\".

hwch v"ventor" °houlﬁ Ho 4nrrowﬁeﬂ during contractual. porlodq

'

is w1+u“°]1v hased A” *ud:nent and the most current irformation .

, -
[~

Srom, Jrformpﬂ "ourremlfamlTLar ith the ootenulal for strike

kY

actinv, q1=tqr’cﬂ7r|rnorﬁﬁtwoﬂ and < judgmpnt as to'the”likélj:

-t " . h Lliman -

mooﬁ of any Federyd w-rerement Y*buld suggest that,an inérease

’,

to *hﬂ 80 000 to 100,000 qhort éon range would be appropriate.

el The manaoemcnt of PﬁOﬂqute ock Inventorv has a hlBh

P -

-~

should be resoﬁgced proper v and accod%tabllluy established”’
in a mnmw ,ehon. ' )
: . “ : .

Rosourc1nk reailres a rev1ew by the Toronto Supply Group

: S
§04det¢rminebwhe€h

- 2

in the short or long term.

)\
?k or not %ddltidnal resodr01ng is apprqprlate

,)Q

L



Cost appear in an explicit fashio

Aericultural Chemicals.
Sy

-,

!

AN

Cost accountability is bhest handied by having the Carrying

in the cost statements of

6C
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APPENDIX 1 -
CALCULATIONS OF MFANS AND STANDARD DEVIATICNS
FOR TRIP DURATIONS - :
The data from TABLES 2, 3 and /i was combined to determine
total trip tim{;s for each of the nineteen trips.. Fornmula used for
0 :
the calculations were: by
. | e N
. B /a = = =x; a
. " e Tt ‘ ‘ -
/9 N , . LR
cr =,
»

' TABLE 5 summarizes the intermediate calculations. TABLE 6

summarizes. the values of/L and o calculated for each trip.

». -—
N
".
R A
ra _\' P2 Sy
! o
{ -
NS -
’ e
.
- .
o
o4
5 4 ~
1¥) W
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S -
;\—' . o
e y ;
' /
v e .
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TABLE 1

SUMMARY OF CONTRACT TONNAGE OBLIGATIONS

o v
CONTRACT - ECC OBLIGATIONS | SECOND PARTY | PENALTIES PAYABLE
S (SHORT TONS/YEAR) | OBLIGATIONS ~ |BY ECC FOR TONNAGE
, “(SHORT "TONS/YEARY. BREACHES .
] ,\ | ($/SHORT TON)
MOBIL - 50% (+ 5%) OF | UP TO 400,000 .
| REQUIREMENTS e
- NO MINIMUM .« | .. 5% vy
SWIFT - 50% (+\5%) OF | UP TO 400,000 -
- 'REQUIREMENTS | .
- NO MINIMUM
R
_ T | o
STAR A - _UP TO 1,008,000 | - -
SHIPPING  ° o . B
NEPTUNE - |- 190,000 UNTIL | AS REQUIRED BY N/A
TERMINALS | TOTAL OF | OTHER CONTRACTS |
‘ : 2,850,000 SHORT L
S TONS REACHED ,
L . Fa
- - _] Py
G s 7 ‘ , ’ [ ) (
CNR =" %, |- 51,000/MONTH |- UP TO 816,000 0.85
ape L |ema,000 . |- uP TO 916,000 |
“omml | Y. .. | WITH NEGOTIATION
VTR L B ?*' e
" Sources . Five '_-an"bract‘s -descri%e’dg-in ybliog'aphy
h/":z"‘ by 13 ? . . o o
a1

.,
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\ TABLE 2 - _
SHIP. ARRIVAL TIMES AT TAMPA, FLORIDA

N
A%

Tl .
-VOYAGE PLANNED AR VAL ACTUAL ARRIVAL DIFFERENCE
X : —DAT - DATE {DAYS) -
100 Dec. 4/74 Jan. 2/75 -29-
101 . Dec. 18/74 Jan. 21/75 -34
102~ Jan. 1/75 "Jan. 19/75 -18
103 - Jan. 15/75 Feb. -6/75 -22
104 Jan. 29/75 Feb. 20/75 =22
105 - Feb. 5/75 March 3/75 -26
106 - Féb. 19/75 March 7/75 ~16
107 March 7/75 April 5/75 -29
108 . March 19/75 April 14/75 -26 -
109 April 2/75 April 22/75 -20
‘110 May 7/75 May 26/75 -19
m - May 21/75 June -3/75 -13
N2 - June 4/75 June 29/75 -25
113 July 15775 - July 2/75 +13
14 ~ Aug. 10/75 - July 29/75 +12
115 . Aug..25/75 Aug. 13/75 412
116 Sept. 5/75 - Sept. 10/75 -5
n7 Oct.  15/75 ~ Oct. 11/75 .+
118 - Nov. 10/75. - Nov. 12/75 =7
119 Nov. 20/75". No'\l.'&s -9
2120  bec. 20/75 Dec. 2€ATS . - -8
21 " Decs 31/75 . -Dec: 3%.75 "0
122 Jan. 13/76 Jan~ 8/76 +5
123 Jan. 28/76 Feb. 2/76 - -5 )
- 124 - -Feb. 9/76 Feb. 5/76 L
125 g -~ Feb. J4/76 Feb. 19/76 -5
126 ¢ Feb. 26/76 ~ Feb. 24/76 +2
127 4 March .15/76 * March 18/76 -3
128 March 23/76 ‘March 30/76 -7
=129 - April 2/76 - |  April 4/76 -2
130 - April 16/76 April 17/76 -1
132 Oct. 1/76 ..0ct. 4/76 . -3
s .
/,’ ) ’ ]
&7 Y

63



64
TABLE 3 “
ELAPSED TIME - LOADING COMMENCEMENT AT TAMPA TO UNLOADING
' ’ COMPLETION AT VANCOUVER . _ .
B Y o~ : - . ©
VOYAGE | DURATION (DAYS) . T
‘ 100 L 33 o ,
101 . 32
102 29 '
/-~ 103 45
104. 38
105 39
106 26 ‘
107 22
108 26
109 - 22
110. 28 - .
& m c21 .
112 20
113 23 a
& 114 «23
‘Jéd 15 »'/ [N ‘ 32,6 A ot Cet
117 23 $q
118 - 22
119 - 24 s ‘
120 - 20
“ 121 23
£ A22. - 31 .
123~ 23
124 24
125 ' 20
126 21
\ 127 22
128 24
x 129 28
. 130 26
¢ oL 13 . 19
3! VAR /
. . . ' -Jﬂ‘\ 3
oo . . . ) .
. Source: Fsso Chemical Canada Plant Records .
[
3 A
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-] TABLE 4
. 'ELAPSED TIME - LOADING COMMENCEMENTZAT VANCOUVER TO

e
who
) UNLOADING COMPLETION AT BEAMER

'

PSEUDO VOYAGE .'| DURATION (DAYS),

900 20
) 10 R T
. }82 . 8 ‘ 5
37 - "13.. v
. 04 - 18 . N
- | SR [ . 18
06 . | s,
107 207 R
108 - 13 -
e .09 : n -\\ :
= om0 n oy
S m - o150
ne . - 23
L S ¥ : N
S 4 I S 7 L
ens T 1777 .
. Ne ¢ S T |
N7 T T
,ong L6
SOoNne 12
1200 -~ 7. M

L ‘ 18 S p e
. - ..‘1;.; ;} > - . .23

. .-
- . K4

Source#  Esso Chemical fanada Plant Records = ...

Ly
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TABLE 5

- INTERMEDIATE. DATA FOR MEAN AND STANDARD DEVIATION CALCULATIONS

TABLE 2 TABLE. 3 TABLE 4 TOTAL
x, ! X, x} z, x. z, x;
f ' . %
13 [ 169 23 529 17 289 27 729
L12 144 23 529 17 289 28 784
-12 144 25 625 17 289 /| 30 900
5 25 22 484 19 -361 /| 46 2116
-4 16 23 529 20 400 / 39 «1521
7 49 22 484 16 256 45 2025
9 81 24 576 12 144 / 45 2025
‘ 8 64 20 400 n 121/ 39 1521
-0 0 23 529 15 225 . 38 " | 1444
~5 25 3 961 15 225! 41 1681
P05 25 23 529 | 913 169 4 1681
-4 16 24 576 12 144 32 1024
5 25 20 400 12 144 37 1369
# -2 4 21 am | 12 144 3 961
3 9 22 484 12 144 37 1369
7 49 24 576 12 . 144 43 1849
2 4 28 784 13 169 43 1849
1 1 4. 26 676 22 484 49 2401
3 9 T" 19 361 23 529 - 45 2025 gy
1 - -
. 3 859 443 10473 290 4670 736 29274 °
A - ’
/ oy
X % o -
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TABLE 6

\

MEANS AND STANDARD DEVIATIONS FOR TRIP DURATIONS

1

[

i

ANCOUVERI VAN

67

TAMPA-BEAMER

STATISTIC

(DAY$)

TAMPA ANNUAL FAMPA-V

 (0AYS)

COUYER-
BEAMER
(DAYS)

(DAYS)

38.74

s

Mean ()u )

STANDARD

6.9

0.6

23.32. |

15.26

3.68

o

6.5

DEVIATION

(o).

. ] |
. ‘ ’/
\
\ .:Eﬁf

o »

BN . SN &



" |DURATIOM TRIP. [ DEVIATE|TO LEFYOF CLAS$ FREQ.

68
TABLE 7

" GOODNESS OF FIT TEST DATA

P
!

Mm@ @ @6 J© 0 Je | e
TRIP | ACTUAL | NORMAL ',}'AREA AREA XPECTEL

(DAYS{\ FREQ. OF x | INTERVAY ¢5)x 19

i\ RS
X fa L Zﬁ,ﬁ/ﬂ : ] fe fa - fe . .(ﬁ,* - $e)
30 | 2 | -1.34| .0901[-0001 [ 1.72 |0.28 | 0.08
30-3 | 3 ‘d&?;73 2327 1426 | 2.7 | 0.29 | 0.08
36-39 | 5 .04 | .5160| .2833 | 5.38 [-0.38 [ 0.1
4s0-44 | 4. | .81 .7910| .2750 | 5.23 |-1.23 | 1.5
45-49 | 5% | 1.58 | .9429x.1519 | 2.89 | 2.11 | 4.45
>49-1 ¢ oo |1.0000| 0571 | 1.08 |-1.08 | 1.17
’ *\ S I B : 't » g' ‘
N IR CIR A 1.0000- | 19.00 X4 3.015
. - . . h . I- ’
DEGREES OF FREEDOM = 6-1 =5
_ /
o
4 -
. ! b
: g P
. g . B



| TABLE 8
'PROBABILITY DATA FOR TRIP DURATIONS FROM TAMPA TO BEAMER
. . {
“[PROBABILITY THAT, ' : ' —
R ILITY. THAT, POSITIVE DEVIATION FROM MEA TRIP TIME
LESS THAN POSITIVE MDA -, ,
|t TAMPA TAMPA TO | VANCOUVER | TAMPA TO
|PRDICAON VALUE | ARRIVAL * | VANCOUVER |TO BEAMER BEAMER
: (DAYS) (DAYS) | (DAYS) ©(oAYs)
0.8, - 691 2.83 | 3.6¢ 6.51
0.9772 13.82 5.66 7.36 13.02
0.9987 . 2073 8.49° | 11.04 19.53
0.99997 27.64 ©11.32 14.72 - 26.04
)

69
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'PREDICTED PHOSPHATE ROCK PRICES TO 1985

TABLE 9

TIME PERIOD - .|.COST FOB MINE | LOGISTICS COST | TOTAL €OST
o ($/sT). ($/5T) | ($/5T)
‘ " . N . ;‘.
MID 76-JUNE 30/77|  13.50 25 38.50
BALANCE OF 1977 16 i 26 42
. 1978 20 . 28 a8
679 22 1 53
1980 26, .. 33 - 59 ’
1985 T 45 o
| o, .‘ . .
Source:’v Hryciuk, Rasi:iB.; Esso' Chemical Canada ‘iSupply Groué B
- - - o
g o R .
. RN L ‘
iy e e



TABLF 10 . |

Y /

NTT PRESFIT COST OF STRATFGY 1 LFSS STRATEGY 2 AT VARIOUS ' .
PHOSPHATT, ROCY PRICES AND PLANT .CONSUMPTION RATES

Y . . - . . - @

¢ ) ' wa -

AP RATF |
NG ol B o o 1970 2732
AmmuALN\ 1O/ 685 s A= 370 . | PR
PHOS~ DAY)| - , : o o -/
A= moCR L B0l
‘IprICE DIG- S . - K

REASE (8) - - L :‘rg' J o .
1. R 4 TN C

s v |(2,200,000) | (2,900,000) | (2,150,000) | (2,100,000)
106,000 | - .Ae,000
S R |

20 6,360,000 | 5,690,000 | 1,630,000 | k750,000 "
3, T T 17,720,000, | 114430,000 | 9,140,000 | 916Q0,000 -

i .
Id rd N ..
! .
¢ FE3
9 R
e .
.
Y o M . - "
W ‘ -
T e \ - .
S 8\' i ."a o ’& . \
"~ LN [T B
! o 3 * - .
. { e e .
’ .’ i a e - . -
' i , v )
\ 4 . . . .f' 4 .
- R ST . R
. - I '.'K."-"'»-r"lﬂlh" Al <’ Lo
e G 370 R .
- hd | . ..\,,1 &<
4 7 v .
¥ N ' L 0!-
o : : N
’ LN £ N ..
- ) [ e
- -
* o A , ,/
.
hd
o -

)_ 5. o / :
' : A



o ey e T2
- A ©% O TABLE 1T T : - e
' 4 - % : ' ‘u N N o - " N ' t :\V ) . ' ) {5;‘3 . "
‘ | WORLD RESERVES, OF PHOSPHATE ROCK . o .

S
,

v ‘3’? ! L o R :
'» ‘ : - AREA s * _ ‘r. 4 ‘ E :
N 7 e - R \S
’ | ’: - . — D N y ” i
Cwl Morocco - . . : ‘
g Pusa. L . Y S
@ | U.$:5.R. e B | Y T
b “|Africa (Excluding Morocco) . - B T X " B B
lx; | . South America ) oo P *' . . 0.3 -
Y T , - T N
L |Europe & Near East.(Exeluding USSR) |, ~ -1~ 1.0y L
g Asia’ . T e e : . d o
” . S R R o e,
o Oceania .-, &= . ‘o .

K . K . . (;.‘ ¢ 0
' s+ Total - R
' R v El “ . * .

3 € . o -
< .

o

; ? Sourcet Hryciiuk, -Ray Bey  Eeso Chemical ‘Canada, Wo¥ld Phosphate Rock. -
—— - siudy — Phade g2 Reserves and -Supplw/ ; o
. Qetober, 197/ :p, 2. . = - , s S
. - R o ’ w oo . te N - L . .[. -
- g . o - j - s -
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ASduth Amerlca e e
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‘ a TABLE 12
» ' e

3

a1

!

VRECOVERAlgLE WORLD "RESERVES QF PHOSPHPAE

|

\ .
v
M
4
N
"
¥
~
7
&
.
R
.
«

RECOVERABLE RESERVES (MFNST)

s -

-*'lk"" ' ’ B

’Europe e& Near East (Exc]udmg USSR)

W W e e

" -~
. “ e *

Morocco’ o N

H . - . b! . ‘1_5
Ju.s.A- e

X " 1 :Iv 3 v ¢
USSR e T
‘ .bd\ I3

Africa (Excluding Morbcco) L.
s, ‘“: ‘S ‘

" 'S.tudz -':&asé I: Re!ervés and SugglﬂDesand Balances' \\f' I S l

F P
.

A A

.or o NB v -
L P

P
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s TABLE 13

1

WORLD PHQSPHATZ ROCK PRODUCTION CAPACITY (1978) .
. i ! ) ' : - : ' l ‘
' "

1

Tl

U.S.A. -
Southern-
“ . Western

- 0.S.S.R. . ¥

1 Morocco
"vaunigga .

10cean Nauru

W

N 2 China ’ 5 '
i _;4: -»TO}O . ,@w
! Senega
| e Chrigﬁéss Isiand

w :

South Africa f

Egypt '

: %Spqp%h Saha ra

A]ger1é k ﬁf  .3‘v’ |

. Jordon
Israel ,

Austrqg1a'ilﬂaui'

b

-

‘ . A . FE i .
o ' Peru - ~ " :
“|- Other CT 4
7 Total o o 1825
. N 1
o .Jource' WPyne Tho s Ince; The /Elomda" Phosghate Indust‘ry Domestlc
‘ . ) - and Horld Narlrets, Apra_l € \&975 : p. 31, \
jf 1 & o . i ' -
o . ’ ' g .
. @
R o ' , P h
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e \\2..\" ; o . TABLE 14. ) Q
\v{\‘ ~«i"i‘ 7 "§ \‘ . B ﬂﬁ() o " g o
o FUTURE PHOSPHATE ROCK COSTS (FOB BEAMER) )
. o
. N : : B -’ ‘:Q’Q - o Y

FLORIDA

~($/SHORT TON)

o

WESTERN
($/SHORT TON)

P

44 °
. 46
51

- g

o

1985 © 79 £, BRI 3
S e . PR -
..b . : . v ’ R 4
SRR B
o V. v N , . : A LI .
g‘}' L S - ' . ! gy
‘,Jr,‘(", vw,- u‘. P
raw

- Sourchs ﬁf&Ciukv Ray 3'7

€

4
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c TABLE 15 ‘ o

- . PENALTIES ASSOCIATED WITH USING WESTERN ROCK v

N ‘ o &

)

!

- - ) .“; '- ‘ N . - ‘ [ . N »
‘. | PENALTY AREX. , - COST OF PENALTY ($/SHORT TON)

"

977 [ TE8- | 1979 1980

4

uarwTenance ] T s | cves o | cz.08 | 2.2

PHOSPHOROUS .L0SS 0.80 | o0.88 0.94 1.04
SBLosses 0.08) | & | @0 | 010
BR\CT ek E ‘ - . f‘::‘ "" A E T o
, ”tmecos: & ‘(o.;—o) g‘-_‘; ‘ﬁ”w« (0._35) ,"‘(0'39)

Coromas .l 277 |2 T |oam A

@4,

" ) . et
- « ’

"y 4 } L

— g . . » o

. L s ' ’ L,
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L - | TABLE 16

T,

. iy INCENTIVE,TO. CHANGE TO MESTERN ROCK
';Q .:"‘ v 0 )
“ :,$ . .,' Eal ¢ ‘.
P M ~.COST ($/SHORT TON) g CHE N
: 1977 1928+ b vite79 .| s
X . . @ r | ;."]979‘ E ]980" |

L Western

 »ﬂ#f§?ida.

Caites B "Pena]ty

297 . 2.3

¥ A -, o

N d : . PR ] 5 By
©y | INCENTIVE (N o N T 4.25.
. . LI A . JER A P
- N ’ wa . 8 K
f - Y ’
.q A : :
. o I "
. S :
2 . - -
. °
oo ) t O -
¥ » }
\ ’
* L] %

e
L]

o N
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P
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/
\
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HISTORICAL INVENTORY LEVELS

© TABLE 17

S

B
h

78

[

b

S OTE
(MOﬁ{ﬂ/YEAR)

¥

[ toRr Tons) '."

“NEPTUNE

_BEAMER .

" (SHORT - TONS)

X

1/75 -
. 2/75 -
,ﬁ/?S
k)75
5/75
6/; 5,.
/754
8775 "
,  10/75
' .}11% su '

1/76- "
2f767. .
3/76 -+
4/76
5/76 -
'6/76-
1976
. 8/76 .
- 9/76
.10/76 S
11/76 .
VY m ) .

P

NG
o
=

P

rd
ﬂ

v

ﬁ"

T
oo

208 vt
ﬁ"‘)“"”;ﬁ Jﬁf

BOOg

&38501 R
a 96 ¢ .
26100

' 28384
272000 ¢ -
14882 - .
o 23490 .. ¢
> g5764 ¢
4 w;8008 -
¥ 1080 -
’Jssem I

of'
o
i :
&

!’

38000» ;ﬂff;J.._
©.21000. . - %
21293 I
24904 .;' -

. 622 , :
20846 ) o &

"« 48166 A

~23542

AR T
DA BN

f9000 BN B

SOURCE :

| ESSO CHEMICAL CANADA PLANT

RECORDS .
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FXPECTFD GOST OF RUNNTNG OUT OF PHOSPHATE ROGK
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FIGURE PR . L e
NET PRESENT COST OF STRATEGY 1 LESS STRATEGY 2. VS ANNUAL INCREASE
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