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Method of Optimizing Stock Conitrol of Rock Salt for the
Fluctuating Deicing Market
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ABSTRALT

Compagnie des Saling du Midi et des Selines de VEst fias a
mine normally working ar one shift per duy which is envugh to
cover the needs of the deicing market in an “wverage” winter.

Deicing salt needs fluctuate in proportivus of ane to four, de-
pendent on the winter. Int order to serve thix markei without
breakdawn in supply. it is possible e double the production by
working a second shift. Apother sofutinn consisis of increasing
salt stockpifes built up in the off season. Obviousty the social
difficulties and incunveniences involved in flucruations of em-
plovment must be taken into uccount.

Ar a purely rechnival and financial level, our method never-
theless &s wimed ar finding the most economival sefution. The
mudet used sivulpies all possible developmenis in corsump-

tion, production end stocks, based on monagement rufes and @
history of the needs. and then calculotes the corresponding
CUSES,

Constrainis taker into account ure stockpiling capacity and
the mtinipnem saft stockpile required af the beginning of the
witler.

Estimared deicing salt consumption levels are selected ar run-
dom jrom the consumpiion records of the last few years. They
are brought wp 10 date ro make allowance for pust market
growth and can he adfusied according to Jts estimated future
growth. Studies are alsu being carvied ot to determine the vor
relativn between deicing salt consumption and meteorologival
coaditions fsnowfulls, risk of black ice).

INTRODUCTION

COMPAGNIE DES SALINS DU MIDI ET DES
SALINES DE L’EST operates a rock salt mine at Var-
angéville in eastern France. Its production s mainly in-
tended for the deicing marke: and subsidiary for other
minor markets. Although the latter are relatively regu-
lar, the demand from the deicing market, being directly
nked to weather conditions, can be mcreased fivefold.

Normally, production from the mine operating a single
eight-hour shift a day is sufficient to meet average pres-
ent requirements. But to cope with the large varfations in
demand, there are two possible courses of action:

* Form large stockpiles
» Operaie the mine from time to time with two shifts
instead of 4 single one.

The cbject of this study is 1o diseover the best combi-
nation of these two possibilities, having regard for the
ceonemic and social facrors involved,

Its originality lies in the way in which the uncertain
character of demand has been taken into account:

s On the basis of actual past sales, an updated sales
history has been drawn up for the sales that would

have been made if salt for deicing purposes has been
used at its present ievel. It has been assumed that
future sales would follow the same law of probability
as previcus sales thus actualized.

* On the basis of this updated sales history, one thou-
sand possible sales sequences for the next five yeats
have heen compiled by random selection. A compu-
tor model was prepared, simulating for each of these
thousand sequences the mine operating procedure
with its management rules, in order to calculate the
probability of the various possible events (two-shift
operation; slowing down the mine activity; loss of
sales).

This medel also computed the probable operating cost,
which depends on management parameters and, in partic-
udar, two of ther:

* The minimum volume which it is desired to hoid in
stock at the beginning of the winter seascn
» The storage capacity avatlable at the mine.

The stockpiling capacity for Varangéville mine was so
determined on the basis of this study.

667



668

HISTORY AND UPDATING REQUIREMENTS

in France, the use of salt for deicing has developed only
during the last twelve years. It is difficult to establish a
truly representative law of probability on the basis of such
scanty information.

This difficulty is aggravated by the fact that consump-
tion does not only depend upon unpredictable weather
conditions byuf also on the increase of the use of melting
products to improve traffic conditions during the winter
SCRSOIL.

Because the use of deicing salt can begin in France in
early December, we have started the “deicing vear” on
December Lst of the preceding calendar year,

Thus, the “1975 deicing year” begins on December 1st,
1978 and ends on November 30th, 1979, For convenience,
we shall call “winter” the peried from December st to
March 31st and “summer"” the period from April ist to
November 3(th.

As i has been stated zbove, data related te tonnages of
salt sold for deicing purposes are available over the last 12
years,

As a first stage, we were concerned with assessing the

" past growth rates of the salt deicing matket, analyzing the
evolution of the rumber of roads treated, the increase in
salt spreading vehicles ficet and the relevant credit avail-
able to public authorities. _

After this detailed analysis, we have adopted growth co-
efficients for each of the previous years to adjust past re-
quiremsents at the 1982 level,

By applying these coefficients to actual past consump-
tions, we have ohiained the updated deicing salt demand
history ar the 1982 fevel of requirements. I our estimates
of the development rate of the market are correct, the fig-
ures of this deicing salt demand only depend upon cli-
matic variation.

SALES OF DEICING SALT
Updaied Values— 1982 Level

Erefcing Years Tornage index
1976 137
1971 i
1972 89
1973 70
1574 62
1978 43
§976 7%
1977 86
1978 149
1973 204
1980 52
1981 13
Average 1970- 1981 100 (Reference Index)

A very wide variation, from one year to another, of the
apdated reguirements can he ohserved in the above tabie.
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For example, in 1975 the updated requirements repre-
sented 43% of the average year needs for deicing sait,
though some 204% was required in 1979.

We then compared requirements for the “winter pe-
riod” (December, January, February and March; with re-
guirements for the “summer period” {April 10 November),
This comparison showed that deicing salt demand during -
the “summer period” was & function of deicing salt re-
quirements during the preceding “winter period.”

In this study we have adopted a linear formula that isa -
fairly faithful representation of the actual sitnation (the ..
correlation coefficient is 0.33)

Df = a+bD?

where

D, = demand during the winter period
y = demand during the summer period

DESCRYPTION OF THY. MODEL

The main parameters used in the model are the follow-
ing: tg, ..., bys ..., ts: forecast market growth rafes for
each of the next five years, Smini: minimum stock whick |
the mine considers compulsory at the beginning of each -
“winter period,” Smaxi: mine storage capacity.

The main data required by the mode! are as follows:

e« —C, ..., G ..., Cpr updated consumptions (see
above 2.2.) for the past rwelve winters

¢ —D? = g + bD} the linear correlation (1} between
winter and sunmer consemptions {see above 2.3)

* 8% 49 stock existing at beginning of the first winter,

* Mine operating initial conditions {one or two shifts).

The model selects atr random (selection with repetition)
five winter consumgption figures among the twelve refer-
ence figures C;. Taking into account the market growth
rates £, it calculates, on the basis of these selected figures,
the winter consumptions D, for each of the vears L to 5, on:

7= (1t - {1+ tn)C,. Then using the linear cos-
relation between summer and winter consumptions, it
cajculates the summer period consumption figures DY for
each of the years 1 to 5.

It then simtuiates the mine working system in the follow- .
ing way. At the end of the first winter period, i.e., on April
Ist of year 1, the model uses the correlation between win-
ter and summer demand {1} to estimate the stock of salt
that will be available at the beginning of the following
winter, oa the assumption that the mine will be operated
during the summer period under the same conditions
(1- or Z-shift operation) as during the previous winter
period.

If this hypothetical stock figure is below the minimum
stock, Smind, which it is considered essential to hold at the
beginning of each winter period, the mine decides to
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operate {or maintain} fwo shifts with effect from the April
st of year 1.

This second shift will be maintained as long as the stock
is untikely ta reach the maximum stockpiling capacity of
the mine, Smaxi. The “‘decision tree” shown in Chart | -
lustrates the detailed caleulation flow.
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On the basis of the stock position on April Ist, year n,
the forecast stock figure before the fullowing winter (ie.,
November 30th} s calculated en the assumpiion that the
mine will be operated during the summer period in the
same way as during the previous winter period (single shift
or two shifts), according 1o forecast sales for the summer

Stockpile on
4/1 of year n

Two shifts
4

gingle shift

A

Two shifts operation
assgggtion
calculation of forecast

stockpile 5 o 11/30 of
year n

| Decision of operating the

mine two shifts

from 4/1 of year n
to 4/1 of year n + 1

Single shift operation
assumption

Caleculation aof forecast
stockpile S on 11/30 of
vear n

Is
5 larger than
$ mini ?

Decision of operating the
mine one shift

from 4/! of year n
to 4/1 of year n + !

Calculation of : +

» possible under activity

. possible lost sales

. real stockpile on 11/30
of year n, and on 4/1 of
year n + 1

Calculation of :
. possible under activity
. possible lost sales
. real stockpile
on 11/30 of year n and
on 4/1 of year n + !

- 7

Simulation of following

year according fo the
same pattern

Chart 1. Decision tree
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period, which result from the correlation (1} between the
winter peried demand and the summer one.

If this forecast stock on Nevember 30th is less than the
minimum stock figure considered compulsory (Smini), it
is decided 1o operate two shifts from April 1st of year n un-
tif March 3lst of yearn + I,

If the mine Is still working on a 2-shifts hasis and if the
forecast stock on November 30th is greater than the mine
storage capacily, Smaxi, it is decided to come back to a
single shift operation for the period between Aprif 1st,
year n to March 31st, vear n -+ 1, except if it would have as
a conseguence an insufficient stock at the beginning of
next winter,

fn both cases, the model caleulates stock positions on
November 30th of the current year and on April 1st of the
following vear, As far as the position on Movember 30th is
concerned, the model takes the following factors into ac-
count:

» Summer period {April to November) production, sin-
gle or douhle shift, as applicable

¢ Summer period demand resuiting from the preced-
ing winter period deniand and trom the correlation
formulda (1}.

If potential summer period production is higher than
the total requirements {sales and avaitable storage capac-
itv), the model issues a message indicating that the mine
has to slow down its production and calculates ihe ton-
nages not produced during the summer. In that case, the
actuai stock position on December st will be equal to the
maxinium storage capacity, Smaxi.

As far ax the stock position on Apnil 1st is concerned,
the model takes info account the following factors:

» Winter production (December, January, February
and March), single or double shift, as applicable

¢ Winter period demand, caleulated on the basis of the
random selection from the updated history

DE= (14 t) (1 + ) (L £)C,

If the winter demand is higher than the available sup-
piy. December 1st stock position increased by winter pe-
riod prodaction, the model will issue & message specifying
that the mine wilt Iose sales and calcufates the tonnage of

-these lost saies. In that case, the actual stock figure on
Aprit 1st is nil. This process has been modelled as shown
in the algorithm in Chart 2.

The model makes 1,000 random selections of five-year
sequences and simulates for each of these setections the
operation of the mine according to the principies de-
scribed previously. It then computes the average of the
following tesuhls:

N = number of months during which the sscond shift
has worked aver the five-year petiod
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production was slowed, owing to insnfficient
storage capacity

X = tonnage which could have been sold but which was
not soid due to shortage

T = stockpile tonnage at the end of the five-year
period,

Chart 3 shows an example of results supplied by the
modet for various values of the rwo main parameters, i.e.,
Smini (minimum storage targer at the beginning of the
winter season) and Smaxi (storage capacity).

The table should read as follows {first box): If the max-
imum storage capacity Smaxi is cqueal 1o nine months of
single shift production, and if the operating requirements
necessitate a minimum stock of 4.8 months of production
at the beginning of the winter period, the random evalu-
tion of the five future vears will be represented, on
average, by

s the coming into operation of a second shift during a
period of 13.7 months

* 4 reduced mining aclivity because of insufficient
storage capacity, corresponding Lo a drop in output
of 4.8 months of production

* a tonnage of lost sales due to insufficient storage ca-
pacity, corresponding to 0.34 month of production

¢ an increase of the stockpile, from the beginning to
the end of the S-year period, of .65 month of preduc-
tion.

The model also computes an economic function Z,
which represents the additional cost according {o the ideal
conditions in which the niine would be permanently oper-
ated o single-shift conditions, without any production
slowing down and/or sales losses. Z is equal o

+ the value of the initial stockpile figure less the value
of the final stockpile figure (at the end of the five-year
period), estimated at the cost of second shift prodac-
tion

* less the amount of operating cost savings due fo re-
duced cutput periods in the mine

* plus the total expenses incurred in two-shift opera-
tion

¢ plus the turnover figure not achieved because of
orders that could not be filled,

7 s (To — Tjs = Rd -+ Np * Xv @
where

To = initial stock
5 = ynit valee of the stock
d = charges saved when the mine is running at re-
duced rate
[ = unit operating cost of the 2nd shift
v = sellitig price of deicing salt.
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Stock on Aprit Ist of year n.
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Chart 2. Algorithm.
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Example of Resuits
Minimum Stockpiie, Smini
Maximum Stockpile
Smaxi .8 5.4 6.4 1.2 3
9
N 13.7 17.3 20.5 08 218
R 4.80 .64 8.04 812 K32
X 0.34 0.17 0.08 .09 008
T-To 0.65 0.13 0.29 0.2 037
1
N 1.6 13.0 14.6 18.0 19.8
R 2.44 3.44 4.32 520 5.68
X 0.22 015 0.08 004 502
T-To 0.33 0.66 1.21 E68 1,94
13
N 1.9 12.0 13.4 3.9 16.2
(14 1.2 1.88 2.34 2.60  3.16
X 0.22 6.12 0.06 0.04  0.02
T-To 1.22 1.77 2.20 230 288
15
N 10.3 11.9 13.3 W] 152
R 0.44 0.88 .16 1.32  L6b
X 0.30 0.11 0.05 4.4 0.0
T-To 1.80 244 316 3.60 3.88
17
N 10.6 11.9 12.4 142 151
R 0.16 0.32 0.44 056  0.64
X .28 068  0.05%6 003 04
T-Te 2.2t 2.91 3.34 415 472
14
N 10.4 113 12.5 137 144
R 0.04 0.08 .16 0.20  0.18
X 0.24 0.10 0.05 003 002

T-To 2.16 L1 1.9 4.33 481

Smini: minimum stockpile the mine considers compulsory on
November 20th before winter begins.

Smaxi: storage capacity available at the ming,

N: Operating period (menths) of the second shift during the next five
years,

R: Nun produced tonnage during the slack periods of mine activity,

X: Lost sales during shortage periads.

T-To: Increasing of the stockpile from the beginning to the end of
the five years period.,

Tonnages of Smaxi, Smini, R. X, and 'I-To are ealendated in months
of single shift production.

Chart 3. Example of resuits.

RESULTS

Chart 4 gives the value of Z for the different Smini (min-
imun stock} and Smaxi (maximum stock) assumpiions
shown i Chart 3. The difference beiween two values of 2
shows the variation of costs for the mine when one or the
other of the relevant operating conditions is adopted.

Expenses incurred in stockpiling the salt are not taken
isto account in the caiculation of these costs. The preced-
ing results may therefore be used to calculate expenses the
mine can allncate for storage purposes.

Let us assume that the mire can choose between two
possibilities. The first one, for example, consists of oper-
ating with 2 minimum stockpile of 7.2 months and a stog-

Sixth international Symposium on Satt, 1983— Vol I}

Minimuam
stockpile
{manths)
stockpile
{months) 4.8 5.6 6.4 7.2 8
g 5216 5,337 5,703 582 6,075
11 3,632 3,BRS 3,844 4385 4,201
i3 3,46 3,09 3,089 3,118 3,39
15 3,288 2,800 2,712 2,692 2,744
17 3124 2364 2,385 2,438 2,379
19 3016 230 2,104 2,225 117N

Thousands of Frenck Francs,

Chart 4. Values of the economical function Z.

age capacity of 9 months. If involves, on average, a two-
shift operation during 20.8 months while the lost sales
amount to 0.09 months, ie., an additional cost of Z =
5,826 kF.

The second pessibility consists, for example, of operat-
ing with a minimum stock of 4.8 months and a storage ca-
pacity of 17 months, Then, the second shift on average
would be operating for 10,6 months and there would be on
average a saies loss of 0.28 months, i.c., an additional cost
of Z #= 3,124 kF. For the mine, the additional cost follow-
ing from this fatter case would be smalier than the addi-
tional cost resulting from the former case by 5,826 —
3,124 =2,702 kF {for a five-year period).

In order to select the most suitable assumption, the
mine must compare this gain of kF 2,702 with the costs
(investment, overheads, operating charges, etc.) involved
in increasing the storage and the stockpiling capacity.

The analysis of the following two alternatives is parricu-
lazly interesting: When the minimum stock Smini is fived,
Z depends on the value of the mazimum stock Smaxi. The
five curves are grouped on Figure 1. £ decreases with the
storage capacity Smaxi. Deduction is made of the increase

tion in storage capacity.

C iz the maximum aliowable cost for an additional stock-
pile capacity corresponding to two months of production.
For example, with a minimum stockpile corresponding to
6.4 months of production, the cost 7 is decreased by

when storage capacity increases from I to 13 months of
production. If the cost invalved by increase of the storage
capacity is higher than 755 kF, it is not beneficial for the
mine to increase its capacity. On the other hand, if this
cost is less than 735 k¥, the mine will earn money by in-
creasing its storage capacity.

Variations of this allowable cost C for marginal storage,
in terms of maximum stockpile, are shown in Chart 5 and
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Figure 1. 7 function of Smaxi (for five different values of Smini}.
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Figure 2. Possible expenses for stockpiling (for five different values of Smini).
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- O o Minintam Stockpile {monthy)
"7 dSmaxi
Maximom stockpie
{menths) 48 56 64 7. 8
g 7425 7306 920.5 7155 B
H 93 3945 3775 6385 447
13 79 148 1885 213 325
15 82 I8 1835 127 182.5
i7 57 f12 140 HB.S 105

Thousands of French Francs.

Chart 6. Maximum acceptabie cost for siockpiling,

Figure 2. It can be noted that this cost figure falls sharply
as the maximum stock figure increases.

Maximum storage capacity, Smaxi, being fixed, 2 is
stvdied in terms of the minimum stock vaiue, The corte-
sponding eurves are shown in Figure 3. For storage capac-
ities greater than 13 months, there is a maximam level for
Z, which represents the ideal minimum stockpile. Smini,
which, in the above example, is between 6 and 7 months of
production (single-shift condition).

CONCLISIHON

The method described above has bee used to modify
operations of the Varangeéville mine. In particular it has
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provided a means of establishing the desirable storage ca-
pacity level and formulating a production policy which is
based on creating, at the beginning of the winter period, a
stockpile that is at least equivalent to the optimal minimum
stock, Smini. This method can be improved and extended.

COMPAGNIE DES SALINS DU MIDI ET DES SA
LINES DEL L'EST is currently carrying out research in
an endeavour to correlate the winter weather conditions
{number of days of snow, ete.) to consumption of rock salt
for deicing purposes. The findings of this research work
would permit the use of more than one hindred vears of
meteorclogical records in order to define a probahility law
relating to consumption of deicing salt in France.

Further improvements are still possible. In particuiar,
the economic formula Z could also include storage costs
and the cost of money. The main advantage of this method
is that it can be used in many cases where economic deci-
sions must be made on matters involving unpredictable
factars.

Thus, COMPAGNIE DES SALINES DU MIDI ET
DES SALINES DE L'EST has applied this method to
define its production apd stockpiling policy for solar sait,
since both production and market (as far as the deicing
market is copcerned) depend on two unpredictable fac-
tors: weather conditions during summer period, on which
depends the production level of solar salt, and weather
conditions during the winter period on which depends
deicing salt consumption.
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