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Abstract of the Thesis
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L8 minimum cransport cost routing pattern for coal

each colliery and required at each coke oven were
assumed to be the same as the quantities aectually

A model 1a developed from the
Koopmans transport model of linear pro ramming for
minimizing rail ton-mlleage travelled by a homogeneous
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commodity, The method of finding the solution to this

problem by hand than would b« posgsible using the
standard transport model and standard Cﬂ“{ﬂlﬁiﬁ“;lﬂ@t}mﬂﬁSQ

1 e i =
I'he problems peculiar to apvplving the
k ! ying 1
mocdel to coal transport are considered and the methods
-~ TP B - S (R T - R, 4= 2= 5 1 o " - 3= 1
Ol modlIlIying The model to take account of these

yeculiarities~-particuls arly the non-homos genelity of
coal--are discussed.
The optimum scolution 1s compared to

the actual transport pattern, and it is found that =

reduction of 10% in the total ton-mileage could have
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been made by The application of linear programming. It
ls estimated that this is equivalent to a saving of the

order of £500 thousand per annum in the transport cost
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of coking coal
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wO LE Stuclied 1is briefly surveyed. This includes
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coal in the different geograpvhical regions. The
relevance of these prices to the priecing poliey end
the development policy of the National Coal Board is
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direct orders. That would depend entirely on the
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thelr direction or the tonnage they carrv it will

be seen that, with the exception of two small
areas (just south of Leeds, and west of
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encountered in practice 1s illustrated in Appendix




Faced with a problem of the
type which forms the subject of this report, a
transport manager could do worse than solve it in
the accustomed fashion, or by some rule of thumb
method, and then go through it and systematically
eliminate all loops. But he could do better than
yattern of Map 2 not
only that it contains no loops but also that there

1

is no unused stretch of railway line™, connecting

any two points of the solution graph, which could be
used to form a loop and enable a tour of adjust-

ments to be made resulting in a reduction of total

Let us consider an unused route

from A to B, where A and B are points on the

solution graph. In so far as the solution forms
a connected tree” there is a2 chain of routes

belonging to the solution pattern (probably partly

l. The term ‘uﬂuvﬁﬂ stretech of railway line"
means not 11 of the rsilway network not
i

}
but also the reverse
routes which are used,

need

direction of t

O C'A'Ln"‘

2. The question of the unconnected parts of the
solution graph will be discussed at a later stage,




with the direction of coal movement, and partly
counter to it) between A and B, To transfer one
ton of coal from A to B, one could either use the
unused route AB or make a series of adjustments
along the chain of routes connecting A to B in

the solution tree, adding one ton on to each

=

route on which coal moves in the same direction

as the ehain, and subtracting one ton from the

routes on which coal moves in the direction opposite

to the echain, The net result of such a series
of adjustments would be an indirect transfer of
one ton of coal from A to B, just as effective as
the direet transfer, For instance, consider the
loop of Diagram 1l. This loop was formed by
adding to the solution tree of Map 2 the route
joining the point A to the point B, One ton of
coal could be transferred from A to B either
directly or by sending one ton extrg from A to
the coke oven at ¢, one less ton from d to that
coke oven, and hence one more from d to B,

In general, either the direct
shipment or the indirect tour of adjustments may

-

be the cheaper., The answer, in any particular
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fact in this model the chart will be a formalized
representation of the actual routing graph on the

railway network., One way in which such a chart

Y
can be arranged is like an inverted tree, with

?

e " —— 4 3 vy Ty -. 1
branches spreading outwards and downwards from the

origin point, The directions of some of the routes

will be downwards coinciding with the direction of

" .

the chain from the origin to every point, and some
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: 3 - & nde P f seommantae hesoiieo &2 de

it has been cut into six segments because ol 1TlS

i1ical and horizontal measure=

(4]

by adding the distances of every down=pointing

route gnd subtracting the distance of every

long every branch,
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che whole graph is notionally made into a cone
nected one by assuming that some route between
is part of the
solution but happens to carry zero tons, so that

calceculation procedure outlined in seection




Chapter 2. Application of the Model to EBoal
Transport.

In Chapter 1 we discussed a highly

n n

simplified problem where lknown quantities of "ecoal
were avallable at points scattered over a railway
network, and were required at other points on the
railway network (Map 1l). The problem was to move
the coal from the pits to the coke ovens in such

a way as to minimize the total ton-mlleage travel-

led by the ccal, The model both allocated the

coal avallable at each plt between the different

coke ove (the conventional linear programming

transport model) and planned the actual routing of

- : 1.1

the coal in such a wav asgs to ensure that the

This model fells to correspond in
meny respects with the actual situation, Coking
coal is not a homogeneous commodity, with certain
standardized properties.s The properties of coal
--gize, chemical composition, dirt content, etc.--
vary greatly from one pit, (and indeed seam) to

another, and coke ovens have been designed to use
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different types, and different combinations of
types, of coal, Then agailn, marketing of coal is

a matter for loecal arrangement and the data for

FF‘

such a nationwide planning of allocetion are not
normally aveilable centrally, The amount of coal
from eafh pit which 1s to go to coke ovens is not,

in practice, determined entirely independently of

N - ot ;o - -~

the allocation bet cween different coke ove mna, as
weé heve assumed in our model Furthermore. th
'y O LAt o AW ATl b3 F & AT L e & L.-__,\.qui.l(/rv, Ll 8

allocation and the planning of the routing are

not carried out by the same suthority. The

decision 1s taken to deliver ecoal from Pit A to
coke oven B, and the rallway authority instructed
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planning the actual routing
of that and all the other coal, the railways take

"

into acecount not merely the shortest distence. but
e ?
timetables, convenient marshalling yerds, and

problems of congestion, But they cannot change

the allocation pattern, even 1f they are called

A

upon to carry the same type of coal from A to B
and from B to A againe. Other complications which
have been neglected are the availablility of other
forms of transport, and the question of the

frequency with which the plan should be changed,




This chapter will be concerned

with the possible modifications in the simple

model of Chapter 1 which could be made in order
to use 1t for the actusl planning of the alloeca-
tion or the routing of coal., But before pro-

eeding to these questlons of detail, let us
4= 1n -3 £ 8
thod of alloeation,

and a possible alternative method also ceclaimed to
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ent quallties of coal,

I'he price of coal ls not used for
;her geographlcal or between differ-
ent uses, but is regarded principally as a method
of reising revenue, There have been arguments

elscwharel as to the desirabllity of equating the

S P - et

le E.g., IMD Little "The Price of Fuel",
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over all demand for and supply of coal by means

is well below
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such an equilibrium valile). Differential prices
uld also be used to carry out the allocation

- - " . [ 4

0ol coal ol different types and at different

p ~% = - = "' . 2 “ ] 1 -
of coal at each place which will exactly clear

ke 1y s 90 1r o d - A d= 1 . o~ oy o ey il - 1 NP -
the mariket during the period for which those data
remain unchanged., Purthermore, the cost cf trans-

port for each type of coal will be minlmized by

of the preceeding periods Such a system would

eventually reach the equilibrium set if the data

l, See P.,A, Samuelson”Spatial Priece Equilibrium
L er Programming . American Economic Review,
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were unchenging in successive time periods, and
should work reasonably well as & practical

method of control so long as the data do nob
change too violently. DBut there are considerable
practical difficulties in the way of Instituting
such a price system, particularly the great
number of separate price quotations to be brought
into some sort of relstionshlip with one another.
Admittedly it would not be expected that The

initial price set would be the equilibrium one,
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but it would certalilnly be
tion that no price set is a possible equilibrium

one unless it conforms to the conditions of the
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in operation, might be by solving the appropriate
linear progreams, 1t is of interest in this
eontext that 1t has not proved possible to insti-
as opposed to pithead

o

tute fixed delivered
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plus cost of transport prices, for industrial coal
as has been done for household coals Either the
house cogl retallers have been given sufficient
inducement to sccept the scheme, or the optimum

price pattern has been found for this grade of
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conlliect between the ti.;-&,:. In this _1_;__-_E_iu&_s:l(36 the

11 8% ~ 11 ") o~ 7 o mey L 1 7 - 4 — ~ o~ o e L | ks BY,
410 INe L\}‘ CO8LS8 0l LI'ansSporec do not rerirlecut the

real costs accurately, Hall charges are based on

ls the one actually travelled by the goods, or
even 11 iU 18 & possible route, in faect the
shortest rail distance would not usually coincide
with the shortest practicable working distance,

which has to take account of the limited man-

ceuvrablllity Ol Trains. lhnere 18 1no reason in
principle wl Y charges shoul¢ ot be basgsed on

minimum working distance instead of on minimum

e Al b arman BE o Voo R - ek @
all C1lS8STance a8 a8t presenc. Still closer aprroxi-

. .

mation to marginal real cost would be to allow

charges on congested routes to rise sufficiently

to cut the volume of traffic on them down to the

manageable level, This would mean charging accord-

+tmn Adcatarnnc a1 +tearmmat s N y -
ing to the distance of the alternatlive oute, Oy-

essing the congested segment, travelled by the
"marginal” ton™.
Although this marginal real cost

1

charging is a possibllity for the fubture, there
remains the present question as to whether the
allocation of coal ought to be based on money

costs or real costs of transport. Minimization of

1, 3See Appendix B to Chapter 3.
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Chapter 4 Hesults

The simple transport problem represented
by Map 1 has been solved to minimize total ton-mileage
travelled by the coal, by the method deseribed in
Chapter 3, The data and the solution are described in
Appendices A and B to this chapter.

Appendix A shows both the actual
distribution of the coal and the optimum pattern. The
pits and coke ovens are referred to by numbers in this
Appendix, and ean be identified from the list in
Appendix B, The entire name and postal address of each
coke oven has been listed, but in the interest of
brevity only the names of the collieries as printed in

L have been reproduced,

the Mines Index

The matrix of all the plt-to-coke-oven
routes 1s too large to reproduce conveniently. Further-
to the particular form of this computation,
there are no data for the routes of that matrix whiech
did not form part of either the actual solution or the
optimum solution, so that the bulk of the matrix is
necessarlily blank, There are two ways in which the
matrix could be compressed, either row-wise or column-
wise, i.e., the routes classified either under pits or
under coke ovens., In fact, only one of these is

reproduced in Appendix A, Thus the source of every

consignment of coal received by each coke oven under
l. See for example "Gulide to the Coalfields" published
annually by the Celliery Guardian.
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but it would be 1ecessary to reclassify the data of
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APPELUlX A dn order to compare the destination of

coal from each pit under the two solutions.

'ne first column of A ppendix A shows the
coke oven number, The second lists (in numerical order)
all the pits which send eosal to that coke oven under
elther solution., The thirc column shows the shortest

raill distance from +he 2+ 1z e E
: ICe irom The plt to the coke oven. For the

yubkes used in +he A2t maoe 11142 o9 3
routes used in the optimum solution, the distance is
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the month of the survey. The fifth column is the
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are totalled for each coke oven, and for each page of
the table 'he cumulative total for each page is also

L4

The otimum solution

f~a
t
2
1-— v
,.__u
{_Jn-
r_}
I_J
,....J
ed
5
“;
..__‘
o




the program (218) i,

@ the comparison between the optimum

are shown by gero's

are many more

576) than the
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and
patterns of
of routes) has been
The

routes.

in the
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tonnage and n-mileage columns of the optimum solution.
Those routes which are used in the sctual solution and
are not admissable in the optimum solution are left
blank in the imum columns.

1f linear programming were being used
as a curren iethod of control, the full list of
admi ble routes could be issued to the market ting
officers who could work within it to satisfy as far
as possible the particul rishes of the consumers.
The drawback to the latter method is that it

prcobably result in more than
LY
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different routes being used,

smeller consignments,
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therefore possibly
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than n-1

But where two

ngle point, the solution
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is the case for very many
are restricted to
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mileage. This is as one would expect from the prineiple
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LIAL LNe COKEe Covens hnave been regarded as mer 31}!‘ units

of a national economy for which the cost of transport
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ictual solution, the tonnage and the ton-mileage have
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been totalled for each page, and the eumulative Hotal
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also recorded.

dlenation of the two remaining
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colunmns of Appendix A will be found in Section V

(below) of this chapter,

1t in another way, the average distance travelled by
each ton of coal was 20,06 miles, whereas under the
1ave been 18,03

miles.
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colliery. 1t will be recalled that these "prieces" are

net absolute but rather the price differences which
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orice at Pit 2 would have % D¢ N oney equlvalent

of two miles higher then the price at Pit 1., But there
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particularly as there is no colliery or coke oven
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priced zZero sS0 onas L. TNe other prices could

1ierely means that Pit 1 yuld hav: he lowest price
in the above rice system.,

If the prices themselves in Appendix B
have no direct significance, the figures in the "value"
column have even less., They are simply the product of

the prices and the tcocnnage avallable or reqguired at
each pit or coke oven. They cannot be compared one

with another, because a shift in the origin of the
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> the real
cost of the transport. In either case, however, the

money equivalent 1s of some interest.
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he 154 pits actually supplied the 65
coke ovens by 355 different connections (or 322,

omitting those where the coke oven l1ls located on the
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What weas available in the original

data was the transport cost (aechually, the difference

T - 3 - —— g . g o J e - — L3 —_— ) s
between pithead and delivered price) of those routes

used in the actual solution, Regarding these as a
sample set of cost gquotations from which to estimate
the ton mileage rate, the following regression equation
for cost upon mileage was obtained:-

where x = the transport cost per ton, and v-the short-

est rall mileage. The correlation coefficient between
Xx eand y 18 0,905, Thus the transport cost is made up,

on the average, of 3/1 per ton hendling charges, plus

l.3d per ton-mile travelled. The reduction in ton-

el

mileage would affect only the latter i
Thus the variable part of the total
transport cost due to mileage was actually 1.327d. x
049,212.18 = £176,653, whe s the optimum would
have been 1.,327d. x 28,726,056.38 = £158,831; a saving
of £17,822 for the one month, or £213,854 ner annum.
(South Wales has been exeluded altogether from both the

optimum and the actual solutions).

The data for these ealculations are
incomplete (by excluding South Wales) and out of date,

nake a very rough estimate of the potential current
annual saving In transport cost, we can assume that the

average saving in mlleage per ton 1s applicable to the
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S G e TR L

Ly, leaving the bulk of the tree
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Junctions as well as origins and destinations are

included., Jut_the size of tree is mueh less

1. e.f. L, Orden "The Transhipment Problem llanage-
ment Seience, April 1956, Vol II No. 3 p.276.
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conmpubtation. ther or not this is a useful

cCONTIibution depends on how i1t compares in both
peed and cost with existing electronie methods of
1, 8nd also on whether the new method ecan

ieveloped ToO use gpeclal or general purpose

ychanical or electronic devices with any saving in

-
n

o ™ i 2y ol il s o S BT o e b L e
It 18 understood that there is

sl sndsae o - -~ vl e e % oo ol m AP - Po e e er a
rirt 1y 1imi » the size of problems which

ey & .~ - b > o~ B e B o se — o, s
nically by exlisting programs

In the United States, but the cost and time are
unknown, In the United Kingdom the only electronic
computer known to have & program for the transport
problem is the Ferranti Pegasus. This is designed

to deel with up to 128 points and up to about 1,000

routes. The only information as to the cost of
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1 i LTS, recompu ‘@ program, however,
£ e 1 LC1T16s rai required changed

| 2 ; 5t LO or 1 f, either way, at

3 point , lLd take Ly ¢ C a week or s
fortni .

‘he part of the computationa
procedure which would yield the greatest returns
irom some Form of mechanisation is the modification
Ol the prolits table at each change of basis. It
will be re caLled Thatv the Proritcs taf’."li‘; consgists of

ogative)s For each route there are iour possibili-

ties: (1) neither end point oI the route is on the

¥ - J g3

list of points--in which case the profit 1is unchanged

(2) both end points of the route are on the 1ist--in
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which case the profit is unchanged (3) the origin
point of the route is on the list end the destination

oint is rot--in whi 5 L 1s reduced by x
(4) the destination point of tl route is on the list

d t Origdn point is nob--in which case the profit is

raise Xe mne & ] l1res indication at each

change of basgis of & Largest profit.

out ©on a svandard electronic di
magnetic tape Lo record the proi
implies the regulsr but intermii

computer ior perhaps 10 minutes
hour intervels. This would not

(unless of course there

concurrently). Iurthermore, the
computer would be wasted S0 S

constructing. 1t could be

somewhat improved form of the

(v

also be mechanized
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computation could usefully be incorpecrated in a complete

o
- 5

program Ior a general purpose electronic digital

computer, There 1s no real reason why its great
advantage in hand computation should carry over into
electronic computation as 1t has been devised to
explolt to the full the visual sense (in tracing the
chaln bebtween two polnts and in deciding which is the
smaller "half" of the tree) whereas the electronic
computer would have to “grope"™ for the chain. At an
earlier stage in the development of the model, the
tracing of the chain and the bullding up of the price
change list were done purely numer:
course, of carrying extra information)., It was the
lack of a means of finding the smaller ™half" of the
the chart method being developed.
But this is a deficliency in the numericecal method which

might concelivably be remedied (again by carrying extra

-

information)., The whole point of changing the standard

=

simplex method at all, however, was to make use of the

fact that not all the prices and profits change at each
basls change. If, in fact, the electronic computer has

to scan every entry in the profits table in any case, it

ko)

probably makes little difference if it also recomputes
each one,
Nevertheless, it is considered that the

hend computational advantage of this method is suffi-

clently great to warrant planning an electronic




program on these lines and making an estimate of the

(-

g X . -n s 7 - . .. o, " . - 1 p———- | L Jo b - .
tlme required to change a basis, and of the sbtorage

space required.
One completely different method under

consldergation 1s an analogue computer which would

yleld an instantaneous answer to a transport problem.

Such an analogue appears to be possible in theory, but

the investigation is at too early a stage to determine

whether 1t will prove to be practicable.

Vv

Relevance of the transport model to pricing

f o ——— e ——

This study has been concerned with
linear programming prineipally as a form of operations
research, and hence the dual solution has been only
touched upon. It will be recelled (Chapter 1) that the
solution of a transport problem consists not only of
the minimum cost allocation pattern but also of a set
of equilibrium price differences for the commodity in
the different geographical locations. These are
equilibrium prices in the limited sense that only if

“this were the equilibrium price pattern would the
quantities demanded and supplied be the same as those
which form the inlitlal data of the transport problem.
It is quite possible that they are not the prices
which would be established in the long run by a free

market when the quantities avallable and required could
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has a kmown demand and supply
schedule for a homogeneous commodity, has been shown to
be soluble by an electrical analogu
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Samuelson”® has shown that the solution to this problem
contains within it the solution of the minimum transport

4

cost problem for the quantities actually traded in the

- o e e
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1, S.Enke "Equilibrium among Spatially Separated Markets:
Solution by Electric Analogue"., Econometrica, Jan,1951.
2, P.A.Samuelson "Spatial Price Equilibrium & Linear
Programming”. American Economic Review. June 1952,
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for the next iteration would be
e zero posi-
tion of the dual set beling selected to make the total

volume of lmports equal to the total volume of exports
1en the new transport prob-

e =% 33 T i 3 -y ARG | TP . — A &
lem could be solved, the dual prices again used to

etermine a third set of quantities. The solution

-

hed when the quantlties for the final

ld be rea

o
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§

1teration can be disposed along the routes of the

previous tree wilthout any reversal of direction,
This modification of the transport

problem amounts to a form of non-linear programming

here the boundary conditlons are functions of the




t would have to be proved

that the procedure outlined above (or some modification
of it) 1s in faet convergent to the unique solution.,
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because of their ionopoly position and partly because,
in the case of coal at 1 8t, prices have been consis-
tently below the squlilibri level since nationalization.
Indeed, in the short run, the demand for eoal may be
very price inelastie 8 1t 1s determined largely by
installed equipment, The demand 10or coking coal, in
particular, is t price ensitive, as there is no
alternative for the production of coke, and as the
to
cost of coal can be readily passed cn/the coke and
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1f a plant situsted on 3 coal field produecing poor
quality coal had a relatively larger price incentive
o install equipment capable of uvesing that ecoal, than
a plant situated on a2 coal field producling good
quality coal, This incentive would be lost if a

uniform price relationship were imposed for every

; ——— o w Aaviarma AT o2 4 My
S0 much for demand elasticity. The

price elasticity of supply of eoal at cach pit may be
zoero 1f the National Coal Board chooses to make 1+ 80
The development planfs can be determined completely

without regard for the selling price of coal, and a

uniform price charged recardless of costs, There 1is

no obligation on the Wational Coal Board to ensure

that each individual colliery covers its ecostsl. In
fact, one assumes that in order %o keep down the

l. The only requirement ess *o priecin olicy in the
Coal Industry 1 ationalization Act, 1946 ls that coal
should be made availlable "at ruxd -TLCQ; as may seem to
them best calculated to further the public interest in
all res; ocﬁs, including the avoidance of undue or

ea able pr ofurenc or acvgqsate" (Section 1,
:'L m (1)): and %hat the revenues of the %qud
Shhml not be less men sufficient for meeting all their
outgoings properly chargeable to revenue account...on
an average of good and bad years" (Seection 1, Subsection

(4),(e)).




average cost of production as far as possible, develop-

ment effort is concentrated on the lowest production
cost places,

It will be recalled that the dual
gsolution assigns prices to coal not only at each

- L ~y — - - Lum s - - -y 4. 1 - p—
consuming point but also at each pit, hese prilces are

the locational values (with respect Lo the actual
quantities available and required) of the pits, In a

o -
1 i

theoretical perfect competition model the equilibrium

- 2 . & - . o aided A B & whima dieeiiil e -
production costs™., In practice it 1= reasonable to

claim that pits with a hizh locational value should be

y 3 o

expanded even if at a higher cost of procduction than
pits less favourably located with respect to the
market. Probably this considerstion is not neglected
in development plangs, if only in that the costs at

the different pits would be considered rolative to

1T =V . &%
aversge, Nevertheless

production and consumption moves away from the pre-

5

war pattern which

, however imperfectly, underlies the

present price structure, the greater is the need for a

redetermination of the locational values, even if these

l, The greater the production at any point, the lower
would its locational value fall, and, in general, the
greater the productidén the higher would rise the margin-
al costs of production., Thus the egullibrium equality

would arise from the movement of both factors.
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such & price pattern would be a valid guide to develop-

ment both for coal users and for the coal producers.
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absolute price differsences bebtween the different
locations are in accordance with the dual solutions for
quantities actually coming on to the market. If the
prices are fixed at the pits and announced for the
consuming points, no purchaser could do better by

purchasing at the pithead and arranging for the trans-
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reletively under-developed part of economics, largely,

one suspects, because of the discontlnuous steps

introduced into the functions by transport costs, which
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prohibit the use of the usual calculus concepts. 1T
mayvy be that linear programming, which deals with such

discontinuities explicitly can provide alternative
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formulations of the theorems of Interreglional trade,
which incorporate transport costs, and so lead to a
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patterns on
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tonna
& tonnage as

=
=1

putting as great tonn

clockwise routes, Th

the first case by one

second place by c of clockwise routes being
;0 carry zero tons,
Unce the amounts entering and
the loop at each point are imown, the differences

possible on

m

loop, from putting as
the clockwise route

2 yogsible on the

(s

great

anti-

imit to the range i1s set in
the anti-clockwise rout
z zero tons, and in the

each roub

°r words, i1I The tonnage on any one route is
Iixed, the others are also determinate. We ca:
express the tonnage on all the routes in terms of
the tonnage on any one. Bvery point on the loop is
visited only once™, therefore each point has & routs
preceding 1t 1In the tour, and one following it, If
the tonnage is determined on the preceding route,
then it is also determined on the following route,
But that route itself is the precedi g route for the
next point on I our, and so on, round the entire
10”13.
l, If a point were visited twice we Should b5 Jsa] ling

with two looos not one.
loops would apply

All ths discussion about

to each loop taken singlv.
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By way of example, let us call the

tonnage on the route from the point (2) to the point

(1) on Diagram 1, "x" and determine all the other

-

tonnages by a clockwise tour of the loop:-

Route tonnage

T@T;rl) - X Ihe coke oven at point (1)
which recalves 42,609 tons

altogether, receives x tons

frc? (2), and thgrafo?e

: "":Q;'-Q’Og - X tons from r())

(9)>(1) = 42,609 e potut I§

9 )a(: $2,009 = x The point (9) receives 10,669
tons from outside the laﬁn. It
sends (42,609 - x) to (1),
therefore it must send 10,669

(> - O
(8)48) s1.0s0 mnti22009 = x) o @)~ °
o X - DL, J2V 1 QO¢nu (u) receives QU,OUQ
' 1 outside the loop and
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(7){6) = x - 32,443
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must receive
- 32,443):-
ends out 7,186 and
32 - x), therefore it must
ve the gsamet-
receives 9 ,483, and sends
(5) (oL,ubu -~ xs therefore
t must send to (3) 0,483 -
01,568 = X))t~
3) recelves (x - 42,085 from
a ), " |
), 84,129 from outside the
p, and sends 37,257 to a
oke oven oubtside tne loop,
therefore it must send 84 L°9
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(5)(6) = 44,382 - x

e A i‘.ﬁ
o

D e

(4)2{5) = 51,568 - x

CF 8 ~a y = b

_. .
) H

(4)2£3) = % - 42,085

:—-‘ Ay S, i...“

X - 42,085) - 37,257 to (2):-
leaves the point (2) in

5, receiving (4,78 x)
from (55 and eﬁdlﬂ” 4,787 out-
side the loop, plus x to the
pt.z..t..l.’b (1 )

(3)a(2) = x4 4,787 whi
-




It will be seen that the eclockwise
routes ((9)2(8), (8)a(7), (7)2(6), (4)x(3), (3){2))

LIVOLVES pOo81¢ive terms 1n x, X being the tonnage on

'— *
)
! ]
4y
1
L ]
- ]
r
U
-
D
)
L
[
oy
&
L
s
i_.l‘
P
W
-
O
=
-
—
i |
)
"I"‘\
@
Q
-
i
O
cr
d
i
&

- L) " 1
e » J % ol
LL l_' ] : | 1 q 3 2 —‘J_ ™ 2 ..
o v e B .‘.-’ " F - ot P tL‘T-l l’l{r“:._; r/J_ U}lO
) -
. d 4 — !
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Q P o 9 « p ! ! ' & rAa11d & e .
£ Lal’ 1 - Ly ¢ L=-CLOCKWLSE TIoutes are adae

o carry negative tonnage., The route (9)a(1l) would

® made negative 1if x were > 42,609; (5)»(6), if x

44 zZao { 4 F 5t B o 51 ELQ L, TR
> 44,3823 (4)9(5) if x > ¢ L,008. Therefore x must

x = 5,958; (7)»(6), x > 32,443; (4)3(3), x > 42,085;
(3)>(2), x = -4,787. The greatest of these is
42,085, therefore x must be at least 42,085,

This gives us & maximum range of
x = 42,085 to x = 42,609, and the alternative possi-
bilities of eliminating either the route (4)»(3) or
the route (9)a{(1l), aeccording to whieh is shorter, the

sum of the distances of the clockwise routes or that

of the anti-clockwise routes.
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Ap endix €C to Chapter 1--ReLub¢o“swlp of L%e model
to the qt““"?l@ trh“u ort problem and to general

linear prc

T

An ettempt has heen made in Chapter
1 to treat the transport problem in isolation as a
transport problem in the wider context of linear

In Section 1II of this appendix there

2 Tars d - ¢ 3= U o de & 2 4 e e andd fatam T & e

18 & Driel mavtinemavical stavement of the Linear

Bains soan e weor  satben S0l s T, M1 o= e Bl aam e

3 rogramming pIroolells 111 Lnapoer 1l it was asserted

that the irredueible minimm cost had been found if

P o P R op = 2 J At & - ol v e
Lnere wer 10 POSLILLVE PIrOIly Ol &Il unused routce,

-

This condition 1s expressed for the general form of
linear programming as equations (1ll1l) and (21) in

this appendlx, and the assertion
proved. The dual (pricing) aspect of the solution

is introduced, and the equivalence of the total

value of the commodities with the total cost of the
optimum solution 1s demonstrated. Bubt the "dual
theorem" of linear programming is stated without
prof8f, end 1s in fact not strictly applicable to the
formulation of the Linear Programming problem in this

Sppendix. Thus Sectlon II is intended to provide an

e
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programming to a mathematician interest in applica-
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of the Firm" by Dorfman,

Section 1II of this appendix is a
translation of section II Into non-mathematical terms,
using only simultaneous equaticns,

Section 1V relates the transport
problem to the general linear programming form, and

Seculon ¥V aesclrlipes vae __-__Hl_l..g._x_\};_ﬁi.lcd'.t J[JC k,..-._J LLSU.&.].
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containing not more than n 'positive elements X355
the remaining (m-n) elements x. being zero.
Re-ordering the elements of x* so that the last
m-n elements are zero, and re-ordering the metrix
A and the vector ¢ in the same way, the two vectors
and the matrix can be partitioned:-
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b (provided P is non-singular. It is
always possible to construct the program so that if
there 1s a solution then one of this form exists,
vize., with P non-singular).
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A sufficient condition™ that x™ should

(11) eojP™™Q = o}

l., Although in some cases there maey be minimum solutions
where this condition does not hold, it is always possible
to find one where it doess Therefore it can be trezted
as a necessary as well as a sufficient condition,
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Each row of A refers to a single homogeneous commodity
expressed in any convenlent units, in the usual
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economic sensgse of the term which includes services

as well as material commodities. A negative figure
in the matrix represents an input of so many units of
a commodity, and a positive figure an output. Thus

any oné column will list the amounts of each commodity

in the system which are inputs or outputs for any
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1s that the total use and production of commodities

should equal the boundary condiltions, b. It is, in

fact, a whole set of equations:
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| B SN Loss
i oohobual | Optimum | per -
COPit| Miles|Tons (Ton miles { Tons _|Ton miles | Ton Total Lossi
1i2r "1.500 5102 7653.00] 5330|  7995.00 0 |
13| 17.69 228] _4033,32; 0,52 %398:g%¢
23301 11686,32] 5330 995,00 2398, 56! |
2iraig 942 0 QP42 0 0 i
5 3.50] 1787  6254.50 5.000 8935.00
6l 1,08 _ = | 1,787 1,787.,00
11029 6254,50| 11029 1707,00L 8935,00
31 12] O 3564 0 3336 0 0 0
13 16.19| 2616| 42353.04 10,52 27520.32||
15 3,00 %544 2.00 ;
6180 42353,04 180 8532,00 27520, 32! |
4 1 4,25 2681, 11394,.25
2| 2.25| 4543| 10221.75| 4610/ 10372.50 {
3| 3.50 981 0,933 50 2,50 43952 50} |
6| 9.50| 5471 51974.50 0.50 %735 50|
7 16.75 866| 16 55.50] 9958| 16679650
8 11,25 926 10417,50 27 %546 50|
13§ 24,53 57151 140188,95 ¥
15| 21,86 352 7694, 72
83164, 96 729l _87263,84 275 454,791
53316] 332066.5% % 23316| 336446,92 11689.25
1 12.00| 7270 87240,00] 4589 55068,00] O 0
2| 10.00 67 670,00{ O 0 0 0
3| 10.00| 5797\ 57970.00 1.25 7246,25
7l 24,50 92 3;54 00 O 0 0 0
8 16.25| 9715 157868.75 10041} 17 916,25| 0 0
9 35.25| G685 235646.25| 6685 235646.25| O 0
10 21.00 L7 2 457 00| 14366 3OLO86 00| O 0
13| 32.28| 2871 9%975 88 O 0 0
15 29,61 3196| 94633.56] O o 0 0
510 68,46 28521 480447,92 .50 27094.00
57168.,04 0 0
oné6,96 0 0
60[L65, 71 934| 154773.14| O 0 0
61[164,96 0 0 |
620167.71 0 0
66[164 ,36 0 0
67152, 90 3582 547687,80
3Mé2.36 0 0
69[155,20 2836| 440147.20
7465 .36 0 0
75065,61 0 0
79163, 86 0 0
83[L69, 96 0 0
840170 ,46 0 0 *
86[L71.53] 2103 360727.59 5,52 11608,56
e 25 Z ooF 57 ? 1,50 5043, 8
42699 1748364 ,09! 42, %9 L5051 Hul 4594
Total| 08554 2140724.54] 38554 2107%912,.42 96491.9
Brought fd ® 0 O 0] 0 |
Carried fdl 88554l 2140724,54] 685541 2107912 .42 96491,941 i
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1 | Actual _Optimum | per |
COP1t Miles Tons [ Ton miles | Tons | Ton miles | Ton Total Lo3s |
6| 3| 10,50 | %778 9.00 - |
5 16,00 | 1787 28592,00
6! 18,50 3684 6815400 { |
’ 18,00 ) '0 0
9 37 o% e 0 ! 0 5 k
10) 22,75 20414 464418.50 7L 163003,75 O
57 69 79 B 0 |
| 5906 0 0
| 61 66 71 0 0 |
' 620169,46 0 0
166 66,11 0 0
L 67 54.65 0 0
680164,11 0 0
691156, 95 0 0
740167,11 0 0
| 75067, 86 0 0
79165, 0 0
3071.71 0 0
84 72421 0 0
| 20414| 464418,50 20414 34141 i 0
71 16] 6.00] 2142 12852.00] 2,J42] 12852,00, O 0
1 17| 3.50] 1602 507,00 1602 607,00 0O 0
(18 0 13,100 0 13,100 0 0 0
| 19| 6.50 6%76 % 44.gg 6376 41g44.002 0471280318 a5
31L13.94) 9512 10063797, Yo .
| 5700259 565| 57963435
59[101.51 0 0
61} 99.51 0 0
62102,26| 2544| 257605.44| O 0 0 0
63] 91,91 6428] 590,797.48
| 66| 98,91 0 0
67| 87.45 0 9
68| 96,91/ 0 0
69| 89,75 3886| 348768,50
741 99491 0 Q
75100,16 L0 0
79! 98,41 0 0
gﬁﬁoé'SI Q776 494 gL 0 0
05.01 94 :
89/ 96.66 1 ﬂlgéégéaﬁé
L 0] 1413720,66] 35370] 1180287,10 2
| Total| 557 78139.16] 55784 1,521705,94 2 2911 04
Brought fd| 88554|2140724,54| 88554 2;07912.42 96491 ,94
Carried fdl 144338 4018563;29 1443381 3629618,36! 376810,58
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Actual e, Optimum per
COPit{ Miles|Tons |Ton miles {Tons | Ton miles | Ton Total Losd
28} 20,23 7ot 19677721 0 0 0 0
30{ 18,99 860 111281,40{ O 0 0 0
31}23,08 0 0
32127.73] L159( 32139.07| 10493 296516.39 O 0
34}122,59 991 22386.,69] O 0 0 0
351 20,20 el ST 0
37{ 20,20 719] 14523.,80[ O 0 0 0
38} 22,68 683 15490,44| O 0 0 0
39118,59| 1500, 27885.,00, O 0 a0 0
g3129%¢ 15 269 7841435 2,08 55953
46129,93 610} 18257.30 5,000 3050,0Q
47134,37 58] 1,993 .46 5.00 290,00
50{31.45 0 0 |
51]32,12 | 0 0 |
53{32,611 0 0 |
55130.41 0 0
56|32,64 0 0 |
E ] 97141, 14 0 0 I
59140,12 0 0 |
1 61 38.12 O O ] I.
62{40,87| 3205| 130988.35| 14083 575776.56] O 0
82134,14 0 0 i i
83{43,12 | 0 0 |
84{43,62 _0 0 i |
0 A 24781| 579564,07| 247811 B72293,49 | _3899,5d |
{ 9[28]18.23 0 0 y
30{16.99 | 0 0
31121,08| 4776] 100678.08| 5996 126395.68 O 0
32/25,73| 1380fF 35507.40, O 0 0 0 *
34120,59| 1656 34p97,04f O 0 0 0
35]18,20 0 0
37{18.,20| 3096 56347.20f O 0 0 0
38(20,68| 6817] 140975.56| O 0 0 0
39{16.591 3355 59059.45 O 0 0 0
40123,92 100 2392,00 | 5,20 520,00
50]29,45 0 0 |
511{30,12 0 0
53130,61 0 0
55128.41 0 0
gé 30,64 8 8
7139.14
159]38.12 23 876,76 i
61136,12 0 0
62{38,87 0 o
82132,14 0 | '
83141.12 529 é752 .48 f i
84141,62 14632| 60 |
180 42§WEQL%1 | 21,180 | 520,00
Total 4 061 45961 0302 21 4419,
Brought fd*lﬁ4§38 %Pl 863 70 144538 29618,36 376810.5
 Carried fd 1190299 5024084,50! 190299 %259920,57 | 331230,1




"Loss| l
. _ Actual Optimum | per
iCOPit| Miles| Tons | Ton miles | Tons ITon miles | Ton Total Loss
110 21| 38,0 2282  86830,10 ‘ 0,10 228,20
28| 22,40 0 0
. 6569 67,29 12 3
25| 16569 7.25 12092 305323,00 O 0
32/ 29,90, 6208 18 $19.200 0 i0 0 0
34| 24,76 6493| 160466,68 O 0 0 0
3olee 87 0 0
37/ 22,37 154570 345773.09 19272 431114,64f O 0
38| 24,85 26730] 664240,500 26016 646497.60 O 0
39 20,76 14301] 296888,74 21103 438093,28 O 0
20/ 28,09 ~ 100 2809.00 5.200 520,00
411 29,33 48 1407, 84 7.68 368,64
50[ 33.62 0 0
51} 34,29 ;929 134725 ,41
53| 34.78 930; 206245 ,40
551 32,58 0 0
56/ 34,81 3349 116578,69
57| 43+ 31 0 0 |
| 59| 42.29 0 0
60} 41,04 475 19494,00 O 0 0 0
61| 40,29 0 0
62| 43,04 0 0
75 55.79] 3028 168932,12 14,85 44965,380
82| 36,31, 0 0 |
83| 45.29 0 o |
84 45.79 0 o
91901123)1128 ““69; 242&583,02 | 46082.64] W
11 46 O | 13326{ i 21921 0 0 in
47 4,44 1260 %594 40
50{ 19,20 ﬁgﬂ 100,704 ,00 12,68 66506, 60|
56 20,39 _ 93997, 90 12.68 _58454.80
| 3&3%* 194701,90|. 2318 DEO4.40 12496140
12[ 43| 2,82 721.92 3.9 1D00, 94
| 44 4,82 8328, 96 3.9 6956 48
4 0 1q;91 0 12581 0 0 :
50f 5.12] 1980 10137.60 183 3623 40/
53| 4,45 i 4 7004, 30 e
| _TZ155| 15188.48 T4155| ZDO*!3OM* 11380,84
13[ 4 ST 09 0 Y 0 0 |
431 3.32 4852 16108,64! 6056 2q;05 92| 0O 0
44 5,32 11469 61015,08 O 0 0
] 327301 77123 32730 20105 92 0 I
Total] 161757| 2642142 .64 161757 2311287, 7.6 | 182424, 88
Brought fd 190299 5024084 ,50 19Q299 5§ 59920,57 381230.10
Carried fdl 352056! 7666227,14 352@5__252;208 21 563@55J9&




|

3657.36 | (&8
5720

s, M : . Loss|
e {  Actual ___ Optimum per k
COPit| Miles Tons | Ton miles Tons Ton miles | Ton Total Loss
141 57/ 10,68, 5716] 61046, 0 0 N 0
59|~ 9.60| 0 0
| 61] 7, 60 7103| 53982.80
162/ 10.35 11119 115081.65| 14561 150706.35 O 0
163 0 | 822 0 3595 0 0 0
66| 7.00] 22470| 157290,00f 22470 157290,00{ O 0
67| 4.46f 3582 15975.72 8.99 31951.44
| 68 g.oo 2218 11p90,00| 2218 11090.00, O 0
41 8,00 0 0 J
75| 8.25| 3000 24%50,00f O 0 0 0
79] 6.501 155|  1p07.50| 1969 12798,50, O 0
83| 12,60 0 0
84| 13,10 5100{ 66810,00{ O 0 0 0 i
89| 4.75| _1272 6042 ,00 538 _14805 0 0 |
1, 594941 459093.75( 55454 402673,1 31951,.44
15| 45| 18,38 1562 ,30 P4,23  2D59.
1 461 18,88] 1113| 21013.44 p4,23 26967.,99
50| 7.24 145 1049,80 6,07 880,15
521 0 13964 0 14078 0 0 0
531 2,33 1656 3858.48
56| 8.43] __427 Qégggh%% o 6.07 gg 9;.8
15734 : 157344 3@3 4 ’ ;Eé
16/ 21| 9.02 2282 20583.64 -
22| 6,07 2009 121 94.6%
57| 14 .44 | 12777 184£99,8
| 74112,00| 15239| 182868,00 0.24
75| 12,25 15 Lo 0,24
771 8.25] 3D33| 25063.,50] 3P38f 25063.50f O 0
79| 10,50 14 ;1,39%2.00i 0.24 439,36
1. 20106| 227162,25| 20J06| 242341,65| | 4D96,32
17|44 0 | 7591 0 044 3D36.40
49! 3,14 2390 %2504 ,60 44,45 10635450
50| 1.98 0 0
(1951 94 %73 5144 462
Igé 3.%7 3508 14%90.36
2| 4,67
i 9981 7504 .60 9981 19434.98] | 13671.90
18/ 62[12,60| 7642 9%2 9,20 4,500 34389.00
| 63| 2425 Sk 079+ 79 4,50 L759.50
74t 5,750 21821 12546,50) 17639 102574.25 0 0
79| 6.00 0 0
79 4025" | 0 @) _
1 84115,35| 10468, 160683,80| 4,50 47106,00
589 2,50| _9322! _23305.00| 12166| _30415,00/ O 0
! |_30005!_293704,25| 30005| 132989,25 53254, 50|
Total 131280 1014690,00] 131280 80L297.51 165473, 74
Brought fd 352056 7666227,14| 352056] 757120821 563554 98}
| Carried fd¢48%%%6 868&917.14_§8&326 8372505472

729128,72]




| Loss|
‘ ___Aetual Optimum per
COPiti Miles| Tons Ton miles | Tons Ton miles | Ton {fotal Loss
19 57 12.01] 4145 49781,45] O 0 0 TR
59 10,93 0 0
3 158 1 196,96
. 11147 130496,9
63l 1.33| 8810] 11717.30 é; % 0 0
66| 8,33 0 0
68 6.33 0 0
70l 4.55] 1176 %350, 80 5.0  55903,52
i e 0 0
29 9«55 6043f 57%891.9%
A 7.83 0 0
83| 13,93 0 0
84f 14,43 207 2987.01 O 0 0 0
89 6.08 _2852} 17340.16] _O0 0 0 0
173190 87176,72} 17190 188088,90 5903 .52
20 52 14.66]  114]  1671.24 P3.25  2550.50
55 1,25 ' 6231 7788.75] 6208 7760,00, O 0
60| O 10332 0
611 0,75 10195 7646.25 1,50 15292.50
62| 2,00 0 0
83 4.25 0 0
84 4,75 0 0
16540, 17106.,24} 1654 7.760,00 17943 ,00
211 34 155 40 62,00
390 2,45 40 98,00 4,90 196.00
40| 98,0 __40f 62,00 196,00
22| 38 0.50 12848 6424 ,00 |
42| 10,49 3472| 36421,28 8,92 30970.24 i
451 10,97 978] 10728,66 8,72 8528.16| M
46| 11.47] 2866| 32873,02 8,72 24991.52
471 15,91 1388] 22083,08 8,72 12103.36
531 16,83f 2511| 42260,13 6,40, 16070,40
82| 18,36 1%3% 29981, 88 6-40 _10451.20
| 12848 174348,09 12848]  &424.00 | 103114.8
23] 971 1323 O 0
70| 0.75 289 216,75 1465 1098.75 O 0
71 1,000 4222 4222,00] 4222 4222,00, 0 0
3] 2435 822 L931.70 822 1931.70{ O 0
741 12,63 418 5279 .34 2,08 869,44
841 15,65 2771 43366,15
86| 11,20 0 0
S aonl O 2,08
9 9.3 35%9 33;Q_4%rw .0 40,32
) | 9230 44751 9280 50618,60 209,79
54 46[ 27,73 4D06| 111086.3 11,09 164500, 54]
60 10,08 2053 206%4.24 9450 12503.5@
69| 14,00 249 3466,00 23,93 958,57
84| 5,33 3389 2073.37] 4594 24486,02 O 0
86| 0,88] 52860, 46516.80| 54963 48367.44 O 0
87, 2,031 12705 28912, 950 1 2 0 Q
72322] 209769 ,74| 72322| 98766 90008,C],
Totall 128220 533250.56f 128220 351,719,911 325435477} ||
Brought fd| 483336| 8680917.14| 483336| 8372505, 72 729128,72
| Carried f£d| 611556! 9214167.70! 611556 8724225 ,6

51564 .49




- -. I Losg
E_ - l_____ Actual | Optimum | per |
COPiti Miles| Tons fTon miles r'].“ons | Ton mlleJ Ton Total Loss|
ig: %322 | 972é1 1%?62 th |
o) ‘ 724 9 8 0
31 17.64 | # L
321 22429 ] |
41 17. 1] | %100'156 65 00
| 351 14, 76] { 4163 61’245 88
| 37! 14,76 | 0 |
| 381 17.24 0 o
| -39|13.1)2 19 249,85 O 0 0 0
| [42123.21 409  96296.96 5.200 21299.20
431 26,83 3429 92000,07 5.204 17%830,80
501 26.01; 2409 62658.09] 9779 25@51.79 0 0
51} 26.68 10774 T 28734.36] O | 0 0
531 27.17| 6649 180653.33] O o 0 0
551 24,9 5473 136660.81] O 0 0 0
56| 27,201  2820] 76704.00| 0 | 0 0 0
57| 35.76] 3481 124480,56] O 0 0 0
59l 34,68 0 0
60 33,4 2581 86282.83] O 0 () 0
61} 32,68 169 55457.96| 3589 119288,520 O 0
62| 35,43 9873| 349800,39] O 0 0 0
82| 28, 70! 0 0
83| 37.68 b B 0
82! 38,18 L0 o
92| 22, 73] 0 e L
S SO _iggo/ 1289979,21] 43604 ?EL;9€ 82 3%130,00
26 401 1.24| ~ 3200 3968 00! 152 ;908.;8 0 0
43l 0 | §?68 Pl u%glé G 0 s B e
| | 11668 39%8 00| 1 3908, 4
271 231 17.10]  1404] 24008.40| 1404] 24008,40] O 0
24| 12,92] 3663 fz3¢5 96{ 3663 a7 25.96] O 0
26| 7,02 8156 5’7,25).12
| 129/ 11.03] 2026 22346,78] 2026| 22367.04f O 0
30| 9.25] 4697| 43447.25| 3311} 30626,75] O 0
32| 22,62 1946 4A 16452 4463 009,98
| 38} 20,68 70| 15923.60 7 o 74 959.80
331:38 Hee %‘35% e 05 17&323; i
’ - \9) 6 o Lol . . |
Bl | 18560| 299743,81] 18560| 181583,27 33206,70
28110] 0 | 10593 0 10593 0 o 0
30 2,00 0 0
| 42| 3,75 0 0]
l"'-_"}f 9-75; K, 9 pliegey 0 e
i | 10598 8 J&aifz%,._, 8“ 5 0_
29f139] O . 1120 1;@0 (it 0
] ) 1551’208 5 ; 8 15‘;20 "6,6%8 5 292 6,70
Totall 95633 1593711.28] 95633[L01 eD7 30,70
| Brought fd| 61L95 %2 14,167, 70| 61L556 724225 ,63 Lps%SéL.I
| Carried fd 70718910807878,98: 707189R740914 ,20 27201 ,19




Pl f ) f Loss
0 Tt | Actual 1 Optimum per i
COPit M;;ech ons 1Ton miles | Tons +Ton miles | Ton Total ILoss
30109 3 50| 359 125650 3,00 1D77.00
114 f 8958 0 8953 0 8 0
Ill7 1 210 1{,529075 3025I 685- 75
119 2 oo | 6702] 13404,00
120/ 5, 501 1933] 10631.50 075 449,79
121 5.75) 906 209,50 0 50 453,00
%29 %g . 25] 3g40 JLIEC .00 %.go %560L%S
34 00{ __253 3209.00 d s 00 L;Q_
o | izgo__“2397 25| 15660 13404.00. | 9617,00Q
31 98] 6.00 0 i
104 0O 1%514 0 19514 0 0 0
105| 13. 551 = oy o e 0
n 14 g Famnal B Sl ¢ Q
32 31,83 10 | 0 0
A287 7) | 0 0
34| 82,61 0 0
| 38182.70; 0 0
{ | 40| 80,74 0 0
| 43 87,09 2505 218160,45]
! wlbg O,[ 0 0
iI -115| Oz.. I) O O
| 47| 89.39! 0 0
3 50; 91,47 0 0
I 51 92,14 0 0
|| 53] 95,63 O 0
| 55} 90.43 0 0
|| 56| 92.66 0 0
| | 57001,22 0 0
| | 591100, 14 0 0
| 61] 98,14 0 0
| | 621100, 89 0 0
| | 82| 94.16 0 0
| | 83[103.14 0 0
; 840103 ,64 0 0
| [140| 32,75 63 ap63 25 9,50 1858,50
| 43l 15,75 64 1008,00 13450 864,00
! 145] 10,50] 4477 azp08 50 575 2%742,75
| 46! 5.75] 2014f 11580.50 3.00 6@42.00
i 151 1.75 8204 14357.00
w52l 5.00] 4091 20455.00 1,000 4091.00
1531 0 | 12D29 g 12029 0 0 0 j
154 1.00] _9234 9234,00 _9234f __9234,00! O e
WLEN R 7 9L3€%25u;££%rgk Tﬂ-g% 38598, 2
Total|] 67148] 144425,50] 07146] 255155,4 48215,2
| Brought fd i707150 0807%878.98 702189 3740914 ,20 127201,19
| Carried fdl 77433510952304,48 774335 3996069,65 1,175416,44




——

5 T 1 Loss]
o | ___Actual ) Optimum | per
COPit! Nlles Tons 1Ton miles |Tons {Ton miles | Ton Total Lossl
33107 75‘ 16072]  64270,00
110 1. 75! 1Q522| 18063, 50
116 5 50; 10211 56160,50 | | 1.25 12763,75
120 20303 0 | 025 e
121 O, 25 3;20. 1,030,00
1301 3. 751 | 0
142 10, 50, o | 0
144! 11,50 I o B o Tl i
, | _30514| 5&160,50 14_4*7a§§§L§6+wﬂ_4m~1 8 0
34121 3,50 1309 1150 | 7,00 12663,.00
128 2.75| 187  '868.25 [3.29 ~607.75
1300 0 | 10575 0 10997 0 0 0
138 5.00! 26 130,00 | 5.00 130,00
142 6.7%@ 0 | 0
144\ 7.75| ____ o Q0] 12400,00
L — _,__j &9_2 Aty 2 7131491 75 1%597 Al 1¥OO l__O....Q.. ot ey S 1 OO !
35| 98] 18.25 160 2920, 00 11350 ;%40.00
.99 1.50 1960  2940.00
| 1100 O 302 0 6870 0 0 0
' 1108 18,751 3943} 73931.25 | 10,50, 41401.50
118, 12,00 201 2412,00 3.00 603.00
120| 11,25] 23138| 24052,50 1.75] 3741450
1291 15.25 213 7838.50 175 399.50
134] 12,25 1572 19257,00] O 0 0 0
137 11,00 — . 0 0 "
830; 130411,2 0l 2940,00 _48485,50
3§ 99] O 10698 0 73 0 0 0
1211 11,50 9 103, 50 3,00 27,00
129] 16,00 1223| 22768.00 4,00 5692,00
1134 10,75 1 10,75 O 0 0 0
136 7.25 3768/  27318,00 |
138} 13,50 _ 37" 1,50 0
__ | 12506 27944 95! 12506] 27318,00f | _ 0
37132] 22484 0 22484 0 0 0
142" el 0 0
144 6.75 T ng_gﬁ 0 -
| 22484 0 22484 0 gt e
[3§1& 55| 4408 " I8/34.00| 4408 18734.00] 0O 0
| 150 2.75 16 69,00( _7116! 19569,00/ O 0
- 1 24 03,00 11522 5830300 0
| Totalr AT 169,25 98455/ 160324, 50 ‘8%507.25
| Brought fd 77@335&@05 o+.18l77@335 9996069,65 75416 ,44
_Carried f£dl 87279011212473,73) 87279010156394,15]  0261423.69




o : | ,‘ 5 | Losg

; i L dotwal Optimum | per |
COPitl Miles' Tons {Ton miles | Tons | Ton miles | Ton Total Loss
139107 11,75 0 0 |

109 3.501 7129 24951.50, O | 0 0 0

110 ,.75| 0 0

112| soi | 0 0
| 113 0 2464 0 464 0 0 0
| 118 12 25 E | <

119 5,00 0 0

120 /5 1820{ 14105, 00| © 0 0 0
| 121 8.25 194 " 1600.50] O 0 0 0

128| 13.25| 0 0

129 11,75 0 0

130 11,75 0 0

133| 15.25] 902  13755.50

134 10.50] 2383 25021.50| O 0 0 0

136 7,00 %ﬁé3 24,101,00

137 9.25 0

139! 21.25 1062  22567.50
| [p42] 18,50 oLl 0 |

143| 16.75 6119 102493,.25

144| 19, 50| i ' .0 0 Y-

* 139901 65678,501 13990] 162917,25 0

40l133] 10,75 902. %96 .50 1,00 902,00
| 134{ 5,00 7631 38155,00 1%129' 95645,00] O 0
| 135 0 | 17183' 0 | 17,1d3| 0 0 0

‘ljo 1,50 12874] 19311,00 2278 3417.,00{ O 0
W i | 38590 02162 20, 30! 9@62Lgo 902,00
l Tot?li gaggg . ;1 gg 37 280'q§6é§7 g iﬁ6 98§ .00
! Brought .H, 173 90 5 91.1 6

Carried fdl 925370 lﬁzéhla. 3700104 _;26é§251§a




! Loss
ol i LSctual Optimum _ per
bOPlt.NllGSITOHS _ Ton m%les Tons | Ton miles | Ton [fotal Loss
41l 97| 1.29 310 387.50] 5566 6957.50] O 0
98l 13.25 3015 39948,75 1.75]  Betsel
100 5,00 6568] 32840,00 0,25 1642,00
1031 5.2 0 0
107| 18,25 | 0 0
109| 10,00 0 0
110f 16,25 0 0
112| 9,00 | 0 0
113 6,50 0 0
116| 18.75 0 0
119} 11,50 | 0 0
120 14,25 0 0
121 1475 0 0
128| 19,75 4787  94543.25
129| 18,2 0 0
130| 18.25 0 0
133| 21.75 0 0
134| 17,00 460 7820,00, O 0 0 0
136| 13,50 0 0
Lok 15575 0 0
138| 18,25 0 0
1L39| 27.75 0 0
142| 25,00 0 0
143| 23.25 | 0 0
144| 26,00 0 0
al 10353 80996,25] 10353 101500,7 6918,25
421170 4,50 103 463,50 6,00 613,00
118 3,25 97 315,25 4,50 436,50
I120{ 0,25 2958 739,50 1,000 2958,00
121f O 5411 0 025 L352-75
12u| 4,75 0) 0
129; 3.25 8569 27849.25
1850 6,75 0 0
139| 12,75 0 0
143| 8,25 0 0
_ | 356 1518.25| 8569 278492 5305 42
43137 O 2 0 12 0 0 0
1_*&912 0 12 0 0
44743 0 | 494 0 494 0 0 0
! %hgg Rl 8494 0 0
45131 0 | 27907 0 27907 0 0 0
137/ 2,75, 710 @ 1952,50 5,00 3.,550.ooi
138| 1.25] G048  10060,00 1.00[  8048,00
122 7,00 1370l  13090,00
[144| 8,00 _%%é%_ 04,00
. 36565 12@12;36 3 194, oo 1L5 3.00
Total 9903 94527,00] 70993 197544,00 23881, 50
Brought fd o134 §bl4°73 9253701104 18373 .40 1263325 69
Carried fd19295 3 1439841, 73] 6310615917,40! 1286207,19




f 1 "Loss }
. Actual Opt imum per
COPit| Miles| Tons on miles | Tons iTon miles | Ton Total Loss
461231 0 %518 0 7518 0 0 0
1adl 2.75 9367 25799.25 5.50 51516450
1451 9.00 44771 40293.00
146 7,00 3545| 24815.00
1491 4,00 0 0
%g% % 55 0 0
0 ;%45 11432,50
16885 25759.25| 168385 _zé?&o.go 5L518_§_
47124 0 1 17973 0 17973 0 0
1261 9.75] 467  4553.25 12,75 195ﬁ 25]
1281 5,00 879 4395,00 5,50 4834.50
1295 5,50 76 418,00 7.50 570 00
130 8.00| 143 1,144 ,00 10,000  1430,00
143 3,00 2800 8400, 00 -
44 10,751 _1235 2 5.000 _G&175,00f
1y 20773 23786 20,773 8400,00 18963.75
48107 D2 2322] 21478, ﬂ 0 0 0 0
108| 15,50, 2105 32627. 50 11,50 24207,50
109] 1.00 0 0 -
110| 7.25} 7312 53012,00] 17476] 126701.00 O 0
112 0 10409 0 10409 0 0 0
116 9.75 0 0
118 6,00 4115 24690,00 le25 5143 .75
119 2,50 0 0
120| 5.25 0 0
LR 75 O 0 0 0
1221 10,50f 15074 @ 15823.50 4,000 6028,00
128| 10,75 0 0
129| 9.25 poal  24272,00, O 0 0 0
130 9.25 279 2580.75 O 0 0 0
1331 12,75 0 0
134 8,00 0 0
136| 4.5 3385 1%232 .50
1371 6475 880 940,00
139 18,75 0 0
142| 16,00 0 0
l"-;ZB l£;°25‘ 0 0
1441 17,00 ol o N SO NI e sgilos e HNERY
_35450 182972 00, 32150| 147873,50 3837925
4997 0O 11916 13750 0 oLt 0
105| 21.75| _13834 %Q@8ﬁ.50 y 4425 4. 50
1! 933750]  39889,50 13750 0 7794 « 50
Total] 03550 272412,25 ©3558] 232814,00 113656,00
Brought fd| 996363[L1:3981.73 996363[L0615917 ,40 L28@207 19
| Carried ral07992111712253.98107552110848731.40 1399863 - 19




: W:. L*L FTiOSg
Actual __Optimum | per
COPit| Miles| Tons | Ton miles |Tons | Ton miles | Ton [fotal Loss
50971 3,50 2695 9432, 50 .50 17517450
98| 18.00 z128 00 10,759 %257 00

0T O Q&}S 16435 0 0

102| 14,25 6633 9@520.25 10, 79) 1;304 75

103| 1,00 8,667 8667,00 8667 8667.00 O 0

104| 12,00 1116,00 10. 75 999. 75

105} 25.25 2180 130795.00 10.75 55085.00

107| 14.00 334 4676,00, O 0 0 0

108| 17.50] 2068 36190.00 8,75 18095.00

Ot 575 7488  43056,00 :

110{ 12,00 0 0

1121 4,75 0 0

113| 2.25 0 0

116| 14,50 2898 42021.00

119|  7.25 2401 17407 .25

120{ 10,00 0

121} 10,50 1238 1%999 00

122| 15,25 123 187579 4,00 492,00

125 16,75 869 14555.75 7,00  6083.00

128{ 15,50 0 0

129| 14,00 101 1414,00, 2714 37%996,00, O 0

130| 14,00 0 0

132| 20,50 3954| 81057,00 5.50 21,747,00]

133] 17450 0 0

134 12,79 5374 68518.50] O 0 0 0

136 9.25 0 0

137| 11,50 0 0

138| 14,00 H7a 8022,000 2297 32158.00, O 0

139] 23.50 0 0

142| 20,75 197 4087.75] O 0 0 0

143) 19,00 0 0
| 44| 21,79 } 9554 207.799,50
L 53692 472055.50] 53692 402103,79 196181,00
’ Totall 53692 472055.50 53692 402103,.7 196181, .00
| Brought fd[L07992111712253., 981L079921110848731 .40 1,399863.19
| Carried £dl.133613012184309.4801,133613011250335.15

L596944.19




| | Loss;
Actual il Optimum per |

COPIY Miles Tons [Ton miles | Tons | Ton miles | To t Ss
51 29134,85] 2009 270913 ,65 4,00 %%3é.oo
| §§%§§.79 500/  64395,00 : | e 14.01 7005,00
| 21,10 | 769 1546325,90
32125, 75 % f 0
34120,61 0 0
38120,70 992| 113734.40, O 0 0 0
40118, 74 248  29447.52
43(125,09 245 30647,05
420127.09 20,788| 2621946 .92
45122 ,45 1063 130164 ,35
4727,39 186, 23694,54
50(129,4 0
51130,14
53[130.63
551128 ,43
56]130,66
57139.22
59A138,14
61j136,14
620138, 89
6H43.40] 2745 393633.00
82132,16
83[141,14
841141 ,64
97 45.00| 4395 19%775.00 26,75 117566 .25
102 38,50| 4336| 166936.00 13.75 59620,00
1051 35, 75
106| 35.75
1070 37.50| 3257 122137.50
108 30,00, 1734| 52020,00
1101 35.50| 3565 126§557.50
116 35,75
117 30,50
| 118 30.75
122 32,50 904 29380,00
1231 33479
125 31,00
126( 34,25
128 38,50, 3085 118772,50
134] 41.25 248/ 10230,00
139 46,50 1062 49383,00
142 44,25 3014 133369,50
143 42,00 3441 144522,00
144 45,251 7313} 330913.25
145 42,75
146 40,75
e 75
152 42,00
1551 42,25
| 42600] 2330672,301 42600 53
Total| 42600 2330672.30[ 42600 53
Brought fd{,133613(12184309,48[1,133613112
| Carried f£dlL17621304514981, 781176213166

06,48

17,02 46719,90

~]
o\
\©®)
N
W

71,04

OO OJVOOOOOOO

U1l
(F0)
\®]
o
R

0 SO

2425 7326425
0
2,25  8021,25

OG0 OO O O O O
D000

(@)

(&)

5398.75
1798.00
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| | Loss
s o - Actusl _ Optimum per
COPit Miles| Tons | Ton miles | Tons 'Ton miles | Ton fotal Loss
92/ 260127, 791 7656 978360,24 14,01 107260.56
1 31120,10 0 0
' 321124, 75 0 0
| 340119,61 0 0
' 380119, 70 0 0
40017,74 0 0
| 43[124,09 0 0
440126 ,09 0 0
45021 ,45 0 0
501128,47 0 0
51[129,14 0 0
93[129.63 0 0
56[129,66 0 0
571L38.22 0 0
SOL37.14 0 0
61135,14 1587 214467,18
620137.89 0 0
82[131,16 0 0
83140, 14 0 0
| 8240, 64 0 0
1051 34,75 4089 142092,75
106} 34.75 11202| 389269,50
107 36,50 21341 77891,00 2,25 4801.50
108] 29,000 5753 166837.00| 0 0 0 0
110{ 34.50, 2748  94806,00 2,25  6183,00
116 34,75 0 0
117| 29,50 314 263,00
118 29,75 5818 173085.50| 3500/ 104125,00 O 0
121 33,00 816] 26928,00 2,25 1836,00
122| 31,50 998 31;37 00 3532 111258,00 O 0
L231 32,75 0
125} 30,00 1qg36 307080.00
126] 33,25 2868 ~95361,00
128] 37,500 1846 69225,00 175 30,50
129 37,50 2723 102112,50 3.25) 849,75
132143.000 2799 120357.00 775" 21692325
| [L34]40,25 1207 48581.75 7+25) 475007
i 1.37141,50 170 7055.00 979 165750
138{ 41,50 461 191J1 50 7.25 3342,25
20 56,500 1955 457,50 16,25 31,768,75
142 43,25 4763 20 999« 75 2x29 10716, 75
1431 41,00, 2464 101024,00 ! 1.75 4312,00
. 45l 41,75 0
| [146{39.75 7701« 30130,50
149] 36,75 10338 379921,50
151} 42,25 8204 346619,00 3.50 28714,00
52| 41,00 | 4091 16%731.00
55141,25 014 N 0
B L Ll p ol 267:907_74r_§%g;%jzgg%;ﬁﬁz“ '2@311;;;%
Total] 52515 a67%907 741 525151 1,950699,43 24%%1
| Brought fdlL17621314514981, 78,17 3&%?2 038.95 1888653 .59
| Carried fdfl22 201219$88/.52i22 57G738.38! %13L769-15




T | |' | Loss l
Actual o L OnETmim per
COPlt‘ Miles! Tons Ton miles |Tons | Ton miles | Ton [fotal Loss
53 '31[120.385 | 0 0 ,
| 321250 50 0 0
{ 1120.36 0 0
| 38[L.20,4 B 0
lt 40118 ﬂ9 0 0
| 4312_.84 0 0
| 440126, 84 0 0
1 45122.20 0 0
| 47127,14] 0 0
| 50[L29,22 0 0
510129, 89 0 0
531130,38 0 0
55128, 18 0 0
56[130,41] 0 0
571138, 97 0 0
59137 39 0 0
61135, 89 0 0
62138.6@ 3247 45Q0164,08, O 0 0 0
82%31.91 0 0
| 83[140,89 0 0
8441,39  3182] 449902,98/ O 0 0 0
98] 32,25 1848 59598,00 4,000 7392,00
105] 35,50 798| 28329,00[ O 0 0 0
106] 35,50 0 0
1081 29.75|  2047| 60898.25| 20075 597231.25| O 0
116} 35.50 7313| 259611,50
117] 30,25 0 0
118 30,50 10331 315%095.50
121} 33.75 936 31590,00 2,25 2106,00
122| 32,25 0 0
1231 33,50 0 0
125 30,75 0 0
126} 34,00 2401 81534.00 0 0 0 0
128 38,25 2062 78871.50 Le79 3@03 50
129| 38,25 7821  29911,50 3.25] 2541450
142f 44,00/ 3557 1;9508 00 225 &po3 25
1431 41,75 130 5427 .50 1,75 227.50
1441 45,00 3497 1;2369 00 2] %868,25
| [142] 42.50 0 0
| ,1&0 40,50 1549 62734.50 O 0 0 0
| 149|37.50; 10338 387%675.00, 0 0 0 0
| [52]4l,75 0 0
i 1551 42,00{ _1345] _ 56490,00( _0 0 0 0
| | 37719 53097:890._3_ gggigl 1“1‘71“332 = ;1, 47,00
| Totall 37719 2097099.31 74
Brou*’fht fdﬂ922a728‘17l9 889, 52[L2 25728%%7 738,36 2131769, 15
' Carried fd%goq*_71%§9g908 83266447 QQ5Q@76.Q; 216 516 15




r L0oss !
E 9. Actual Opt imum per
COPit! Miles| Tons §Ton miles | Tons | Ton miles { Ton Total L.osSs
541163 8.00; 109 872,00 109 872,000 0O 0
1641 2,75 3916l 10,769,00 916; 10,769.00] 0 0
1651 7.00] 891  6237,00 891  6237.00] O 0
166] 6.25 7047 44043,75| 7047,  44043,75 0O 0
167/ 8.001 9229 73832.00, 9229  73832,00, O 0
168 7.25| _2110| _15297.50 110/ _15297,50 0 0
_ 23302 151051,25 23302| 151051,25 | __ O
551071 55.000 1805  99275.00 15,00 27075.00
1101 49,50 6106, 302247.00 11.50 70219.00
132| 41,00 | 1243 50963,00
140 46,00 3674 169004,00, O 0 0 0
142| 46,75 | 14908, 696949,00
143| 50,00 2820| 141000.00 5,00 14100,00
144 47,75 17460 83371.501 O 0 0 0
1591 12,50] 5377 67212.50, 53771 67212.50] O 0
160] 8,50 3527 29979.500 3527 29979.50{ O 0
161 11.50] 3294{ 37881,00] 3294 37881.00[ O g
162| 12.50( _3201| _4Q012,50| _3201 _4Q0012.50 O 0
| | 31550] 969983,00 31550 922997.50, | 111.394,00
56[L71 16,25 | 4934 8Q177.50
172 16,425 i 0 0
174 9,50 | TN 0
1751 7.50 1450  10875.00
176 12,75 3687 47009,25 0,50 843,50
178/ 3,00 2650  7950,00] 2650  7950.00/ O 0
iggl 4,50 6143] 27643.50
120‘ i,gg QSSO 3%{80,09 » e 1600 ag4o.oo
181 1. 123 | 3 1534
| 77300 9459300 15300, TPE790.75 | T0683.50
571 82[150.41] 3136] 471685.7 7,00 21952,00
84159,89 2557 408838.73 7,00, 17899.00
142! 53,75 247 282026.25 0500 2623450
144| 54,75 4251 232742.25 0,501 .« 2125.50
1710 25,75 %39 147676.25 |
72| 2575 15336 40%777.00
1741 19,00 6242 118598,00
175! 17.00 0 0
178| 12.50 0 0
| [L79} 14.00] 0 0
| 1%2;21,50' 5049 %0&553.38 %.gg 12@§é°58
| [LO3| 18,00 7 b d 4,00 o .
| ,hgjééétlééd;%ooe9 27813 674p51,25 66058,00
T Total] 97965 2856087, 74 97965 L874899.75 188135.50
| Brought f£d[L26644719291988, 83026644 719750676.63 P1635160.15
. Carried fdil36441222148076,57036441221625576,38! P351651,65




o | i Loss
| e SRR 1 el L PO, 'perJL*
Pitl Miles{ Tons on miles tTons | Ton miles | Ton {fotal Loss
53103| 9,00 0 0
107 22,00 0 0
109| 13.75 0 0
110| 20,00 0 0
112 12,75} 0 0
113| 10,25 0 0
116| 22,50 0 0
119| 15,25 0 0
120 18,00 29887 537966,00
121| 18,50 6200 114,700,00 :
128| 23,50 6522 153267,00}
129| 22,00 0 0
130| 22,00 0 0
133] 25,50 0 0
134 20,75 0 0
136| 17.25 0 0
1371 19,50 0 0
138| 22,00 0 0
1398 31450 0 0 !
142| 28,75 0 0
143 27,00 0 0
144| 29,75 0 0
171 2,00} 10267 2Q534,00 0575
172 4.@5 24821 10/&89.%5 3.09
176] 7.50 zg2; 56407,50 102
4&4&_;@5%u%‘4%@9 805933,00f
59 35187.40] 4163] 780146,20 2,43
38[L85.9 2872 534048,40 8,50
60pP02,14| 4289 866978.46 8.50
61P01,39 2919| 587857.41 8450
69pP08,6 3728| 777347.20 2552
98| 85,25 3020 257455.,00{ 8439 719424,75 O
02| 81,50 10969 893973.50
104| 79,25 93 7370429
105] 92,50 1398] 129315.00| 5121] 473692,50 O 0
107| 94,75 6220] 589345,00 2,75 1%105,00]
108| 90,00, 2425 218250,00 251 TEBILEY
110{ 93,00, 8067, 750231.00 3.00 24201,00
118] 91.50] 3600 329400,00 4,00 14400,00
119| 87,50, 9103| 796512,50 2,25 20461 .75
120 91,25 735 ©67068.75 3«25} 2388.75
1261 97.25] 3250 316062,50 3.75] 1=2182.5
146[107,.00 740  79180,00 9.50] 7030,0
170f 70,25 625 43906,25 625  43906,25 O 0
L 71,25 0 0
172| 71,25 1524 108585.00
174| 66,00 1919, 126654,00 1,500 2878,50
176| 67.2 19680 1,323480,00 -
182} 63,500 3079 195516.50; 8128 516128,00 O 0
183| 63,00 9328 587664.00 16901 1064763,00 O 0
| T1A80| B033438.17 71480] 5151.308,25 4111840,
Total] 114089 8215868,92| 114089 595725642 500371 ,90
Brought fd[l,364412R2148076,57[L364412P1625576,38 P351651.65
Carried fdi478501 2852023.55]

0363945 .49147850127.582832,,63

—— e T T




| ! . Loss]
] . o Actual Optimum | per ‘
l%gPi;lI;Iéles Togg ETon__g;;_iles Tons | Ton miles | Ton [fotal Logs
6q 42127,77 97| 344595.69 | 7.50] 20227450
1179 1.25] 8291 10363.75] 2148  2685,00 0 0
| sl 0425 = 8840 0,00
11 | 10938 354.959.44] 10988 895,00 20227,50
61138 28.75 7186] 206597, 50
172 11,25 3429 38576,.25 3.25| 1L144,25
175 “4.25 1450 6,162, 50 5.00f  7250,00
176 12,50 2307 28837.50 8,50 l%?gat%%
_ | 7asel 735768 7186  206597,50 38003
64171 7.50 402 3015.00] O 0 0 0
172 7.50, 1049 7867.50] 11939 89542.50] O 0 ]
| {1731 O 2927 0 2927 0 0 0 .
| 1174 2,751 4323] 11888.25 2,00 8646,00 (i &=
| 1176 10.50| _6165| 64732.50 | 7.000 43155,00 | &
i 143061 §7503.25] 14868 89542 501 5] .
63171 6.75 0 0
: 172 6,75 : 0 : 0
174 0 14387 0 | 0 0 0
| 14387 0 14387 0 AT
64132 58,00 5510 319580,00
| [140] 63,00 5692 358596,00
' 1142| 63,75 0 0
| |144| 64,75 | 0 0
| 184 3.25| 7042 22886,50 3,000 21126,00
| 1186 4.75 3392 16112,00 8,00 27136,00
| 191l 1.75] 11944 20902,00 11176l _19558,00f 0 | _ 0O
| | 22278] 59900,50] 22378 69%734,00 48262,00
651106[ 81.25] 11202] 91G162,50 19,00 212838.00
| 1321 62,75 0 0 k
| 1140| 67.75 0 0
142| 68,50 0 0
1441 69,50 0 0 |
184| 5,00 7042  35210,00
1851 0.75 12547 9410,25] 12547 %10,25] 0O 0
186] 1.501 2802 4203.00] 6194 9291,00] O 0
196l 3479 2166 34,372.50 166] 34372,50f O 0
189 7.50, 5051 37882,50, 5051  37882,50f O 0
190 2?8 3799 13R96.50 399 13’292'%8 0 0
191| 6. :
Z7567 P03 7.5 Z@%E? 'Ti%%%@?7§ S12838.00
i Total] 114372 L585266.69 114372 1143233 ,75| ETINERITEC
' Brought fdjla78501R30363945.490147850127582832,63 352023 ,55
| GRA&.D TOTATL [1.59287331.949212, 18[1.5928732 8726056 ,38 R223155,80
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Carried fd

539,669

Pit‘ Tons
Noo["Price"lavaila ¢
1j 157.9 7 g%s Togai4ggalue" e
17 et g y 441 4,90 Auchengeich
Jlelied  Fend 1 st ad D
dl 154" 55 i i 3,969.16] Cardowan
i E ,235,501.24 Dumbreck
S L = 8,271.64 Gartshore
7 125,470 97958 1,448 500" ofl Becennt
ol 153,70 1oleall  Nen'raanml
e L ,9%5,704.52 Kingshill No.l.
o el e 0,603, 20| Kingshill No. 2,
i e 1,287,475.07 Polkemmet
el e ,7§§,357.?6 Bannockburn & Plean
15/ 140,36 3’196 e oo
Tl 2,142 11,5...0.,56 Polmaise
s O ? _,02?.84 Risehow
Tgoi el ’ 161,854,04f St, Helens
Rt L ,222,212.00 Harrington
L0 28,08 6 24,975.52 Walkmill
3 g 16,772,701 Washington
L b 20,692.70] Usworth
24 20,47 3,663 747961+ 53] Sarane
26| 26,37 8156 215707579 Dy s
o S 225,075.72 Blackhall
R 2’026 1?,748.30 Deaf Hill
30, 24.14 10,55 054 545, 39| Minuenn
31) 20.05| 30857 516" 685, 85 Bangan
59 15.40 10693 1627675, 20| Snanbun
ol Sl 18¢,672.2O Sherburn Hill
e At 97,755.60 East Hetton
Se i L 19,272 445,457.59 Fishburn
38 20,45 38,864 794076080 Dasm &
e 21,103 51;,768.80 Dean & Chapter
e S 76,86?.62 Mainsforth
ik L ,194,00| Ranshaw
agd 19,38 26’674 516 045,19 Pesagsrs
o rot s 141,942.1a Brancepeth
44 14,08 20,788 295 o ol Erner
i s S 15,279.28 Brandon, Pit House
o Ak e g 398,8’78.10 Hole-in-the-Wall
e Sl ol 10,962.20 Wooley & Roddymoor
al Ter e 185’896.96 West Thornley Harve
50, 11.68 9,779 114’ oi6 7y Bon parke i
51| 11.01 5. 258. 20| K1
o i 12,852 1;5,258.29 Kimblesworth
e = 90,902.50 Langley Park
S st 66,565.20 Malton Amy
Bl el 89,?16.56 Ushaw Moor
= s 15,342 25,:19.93 Waterhouses
= b2 S 18,'750.06 Beamish Mary & Second
60| 4.26] 10,332 PV
oy 14)811 r?!ﬂJ,OZL.r.Sz Sacriston
e A =, 203,11} South Pelow '
; 89,938.96| Craghead "Busty" & "Os
ol K wald" & Ty 1
Broughgt?é 5596669 24,1086129.02 et
24,108,129,02




I8

| Pit Tons h
Noe|"Pricc"lavailable| Total "valuc" Name
64 1T2.:61 10.085 126,390403| Axwell Park & B%agdon
66 5,61 22,470 126,056%70| Chopwell HaeE
6 17.07 3,582 6l,144,74|Clara Vale
68 7461 2,218|. 16,878,98|Garesfield
691 14,77 6,728 99,283.94|Greenside
701 14,41 1,465 21,110,65|Lilley Drift
71 14,16 4,008 59,783,52|Victoria Garesfield
7o 126l 822 10,529,.,82]| Burnopfield
74 4,61 17,839 82, 237,791 Byermoor
75 4o 36 6,043 26,347,48| East Tanfield & Tan-
7 8,19 3,038 24 ,668,56| Kibblesworthield Lea
79 6,11 1,969 12,030,59 Mar10% Hill & Black-
urn Fell Drift
84 8499 4,769 42,873,311 | Hedley
83 0l 529 5.29|Louisa
84 —-449 2L 807 -10,778,53| Morrison Busty
86 3.96] 54,963 2L'7,653,48| Derwent & Crookhall
, _ | "Wictory"
g7 2.81 12,765 35,869,65| Edon & South Medomd-
89 7.86 16,975 133,423,50| Watergate Ley
9 122490 19,316 2,573,936,440| Brookhouse
08 112,65 8, 439 950,653,35{ Maltby Main
99| 117,90, 10,698 1,261,294,20{ Nunnery
100f 119,40 6,870 820, 278,00{ Handsworth
1Ol 119,90 16,435 1,970,556.50|Orgreave
109 116,40, 10,969 1,276,791.60| Thurcroft Main
103} 118,90 8,667 1,030,506,30{ Treeton
104 118,65 19,607 2,326,370,55| Dinnington Main
105 105,40 S, 970,734.00| Firbeck Main
106] 105,440 11,20 1,180,690,80|Brodsworth Main
107 105,90 16,074 1,702,024,80| Hickleton Main
108 111,15 20,0795 2,231 ,336425]| Yorkshire Main
109 114,15 7,488 804,755, 201 Aldwarke Main
1101 107,90 38,3914 4,142,388.,90{ Cortonwood & Elsecar
Main & Wentworth
113 115,15 10,409 1,198,596,35| New Stubbin
113| 117,65 2,464 289 ,889,.60| Rotherham Main
114 114,65 8,958 1,027,034,70| Silverwood
116 105,40, 10,2114 1,076,239,40| Barborough Main
L17 110,65 334 34,744,10f Cadeby Main
118 110,40f 13,831 1,526,942,40| Denaby Main
119F 112,65 9,103 1,025,452.95| Kilnhurst
120t 109490 &l 8t 35,284,581.30| Manvers Main
{ 121} 109,40, 11,55 1,264,445, 20{ Wath Main
125 108,60 3,53 383,751.80| Frickley
123 107440 7,51 807, 433+ 20 Hemsworth
I241 103,90 17,97 1,867,394,70| New Monckton Nos& 1
125/ 110.18 10,23 1,127,495,40| South Kirkby 2
126| 106490 2,86 306,589, 20| Upton
128 104,40, 11,309 1,180,659,60| Grimethorpe
1291 105490 11,285 1,194,869,'70] Houghton Main
130 105.90 10,997 1,164,582,30| Mitchell Main & Dar- || [
field Main ||
Total 568,304 42,938,528.25
Brought fd 539,669 24,108,129.09
Carried fd 1,307,990 67,046 657,27




218 1 Toms |
Noo"Prico"availabld Total "value" Name
181 106, 15 27,907 2,962,328.08 Barrow
132 104490 29,2387 3,066,961,30 Dodworth
133| 102,40 904. 92,564,800 Monk Bretton
154 10%7,.15 L9120 2,049,672.39 Rockingham
135/112,18 17,183 1,927,073.45 Smithy Wood
136| 110,684 12,874 1,424,508,10 Thorncliffe i
137! 108, 40 7,794 844,652,800 Wharncliffe Silkstonefl M
138 105,90 9,483 1,004,249.70 Wombwell Main
139 96,4 12,270 1,182,828,00 Crigglestone
140{ 99,99 5,699 568,630,80 Park Mill & Eyle
142 99,18 16,7794 1,663,538,70 North Gawber
143/ 100,90 17,4131 1,756,971,70 Wharncliffe Woodmoor
144 98,15 18,049 1,770,822.30 Woolley
145 98,40 4,477 440,536,80 01d Roundwood
146| 100, 40 4,303 432,021, 20| Sharlston
148/ 97,90 4,408 431,543, 20 Rothwell N
1491 103, 40 10,338 1,068,949, 20| Sharleton West i i
150 99,40 W ,116 707,330,440 Nevmarket Silkstone | [
151 101,40 8,204 831,885,.60] Whitwood
168 9915 4,091 405,622,65 Ackton Hall
153| 103,15 12,029 1,240,791.,39 Glass Houghton |
154 102,15 9,234 943,253410] Prince of Walecs i
155 98.90 1,345 133,020.50{ St, Johns |
129] 133, 40 0,377 717,291.,80] Nook, Gin & Astley
160| 137, 40 5,580 484,609.80| Maypole Green f
161} 134,40 3,294 442,713.60 Parsonage '
162 133,40 3,201 427,013.40 Garswood Hall
163| 119,65 109 13,041,835 Bank Hall
164| 124,90 3,916 489,108, 40| Calder
165| 120,65 891 L0%,499415 Clifton
166|121, 40 7,04% 855,505.80 Hapton Valley
167 119,65 9,229 1,104, 249,85 Huncoat
168| 120, 40 2,110 254,044,00{ Scaiteliffe
170] 127,65 625 79,'78l. 25 Bolsover
171 126,694 10,669 1,351,228,85 Ireland
1721 126,65 29,299 3,710,718.35 Markham
173§ 134.15 3,927 392,657,095 Grassmoor
174 133,40 20,629 2,751,908,60[ Holmewood
175} 135,40 1,450 196,330.,00| Pilsley
1706 130,69 19,680 2,571,192,00] Glapwell
1784 139,90 2. 650 370,735.00| Alfroton
179} 138, 40 8,291  1,147,474,40| Blackwell "A" Winning
180§ 139, 40 8,840; 1,232,296,00| Blackwell "B" Winning
L81] 141,65 123 17,422.95 Langton
182] 13444 8,128 1,092,403,20| Pleasley
183 134,90, 16,901 2,279,944,90] Silverhill
184| 162,65 7,042 1,145,381,30[ Chatterley Whitfield
185| 166,90, 12,547 2,094,094,30| Deep Pit
186| 166,15 6,194 1,029,133,10| Sneyd
188! 163,90 9,166 1,502,307.40| Apedale & Holditeh
189| 160,15 5,051 6808,917,65 Madeley
190| 164,15 & 199 623,605,85| Stafford
1O1] 161,15 11,944l 1.924,775.60! Victoria
Totall 484,903] 58,166,941,.45
Brought £d 1,107,970 67,046,65%7,27

Grand Totall1,592,873] 125,213 ,598,72




-

gol " - | Tonxn I
_Jof'Price" | required|{Total "walue" | Name,.
1 144,86 5,330 772,103,80| Carnock Coking Plant,
' Falkirk
4 154,22 11,029 1,700,892,38|Dumbreck Coking Plant,
Twechar, nr, Glasgow
3 143,36 6,180 885,964,80|Plean Coking Plant,
Plean, Stirlingshire
4 162,22 25,316 3,782,321,52|Bairds & Scottish Steel
Ltd., Gertsherrie Iron
Works, Coatbridge
S| 169,97 42,699 7,297,549,03|Colvilles Ltds, Clyde
Ironworks, Tollcross,
nr. Glasgow
6}171.72| 20,414 3,505,492,08|Dixons' Ironworks Ltd.,l|l
Govan Ironworks, Crown
Stroot, Glasgow
71104.52| 35,370 3,696,872,40|United Steel Companies
Ltd., (Workington Iron
& Stcel Branch) Mosgs
Bay, Workington, Cumbie
8] 43.13 24,7811 1,068,804.53|Cargo Fleet Iron Co,.
Ltde, Cargo Floeet Iron
Works, Middlesborough| s
O] 41413 21,180 871,133.40 | Dorman Long & Co. Ltd,,||
Acklam Iron & Steel |
Works, Middlesborough||
10| 45,30 91,691 4,153,602.30 | Dorman Long & Co. Ltd.,l||
Cleveland Works, Southj|
Bank, Yorks.
11| 18420 23,181 421,894.20 | Bankfoot Coking Plant, || @
Bankfoot, Crook, Co.| [
Durham
12 4,97 14,155 211,900.35 |Bearpark Coking Plant, || [
Bearpark Colliery,|| [
Co. Durham
15] 19,38 82,730 634,307,.,40 |Brancepeth Gas & Coke
(Strakers & Love) Ltd.,| [H8
Brancepeth Coke Works,|!
Willington, Co. Durham
14| 12,61{ 55,454 699, 274,94 | Derwenthaugh Coking 3
! Plant, Blaydon-on-Tyne
15| 12,851 15,734 202,181,90 |Langley Park Coking
Plant, Langley Park
Coe Durham
16| 16,37 20,106 529,135, 22| Monckton Coke & Gas
Works, Gateshead 10,||
Co. Durham|i |
17| 13,66 g 98l 136,340,46 [New Brancepeth Coking |!
Plant, New Brancepeth| |
CO. Durhamn| §
18| 10,36 ( 30,005 310,851480 |Norwood Coking Plant, |
Dunston, Gateshead onf |
Tyne
Total | 483,336| 30,640,622,51
Brought fd 0 0
Carried fd | 483,336! 30,640,622,51




CU|
Nol'Price™

“Tong

required

e ) R

Tota

TV

1T "walues”

AT e

Name

19 135494
20 4426

2l 22,09

29 20,95

2ol 1B.LE

24 "1. 84

20| 3'7.69

26| 23,65

27 33439

28] 107,90

29

30 114,65

31| 118,65

32 103,15

33| 109465

34| 105.90
35[119.40

i
H

17,190

16,540

12,848

9,280

72,322

43,604

11,668

18,560

96.40 |

| 10,593

11,208
15,660
19,514

31,972

30,514
12,597

8,830

1)

L1,

l)

1)

2,

S,

S,

1)

1.’

259, 628, 60
70, 460, 40
883460

269,165, 60

140, 684,80

350,038,48

643, 434,76

275’9"‘18. 20

619,718, 40

142,984,70:

080, 451,20

795, 419,00

315,336,10

297,911, 80
345,860,10

334,022,30

054,302,00

Ottovale Coking Plant,
Blaydon-on-Tyne
Stella Gill Coking

Plant, Pelton Fell Jil
Chester-le~Street, ||
Durham

COe
Thristlington Coking
Plant, West Cornforth,
Ferryhill
Tudhoe Coking Plant,
Spennymoor,
Co. Durham
Victoria Colking Plant,
Victoria Garestield
Colliery, Rowlands Gill)
Co. Durham
Consett Iron Co. Ltd.,
Coke & Brick Works
Office, Templetown,
Consett
I.C. I, Ltd., Billingham
Division, Billingham,
Cos Durham
sSadler & Cos Ltd.,
Middlesbrough, Randolph
Coke Ovens, Evenwood,
nr. Bishop Auckland
South Durham Steel &
Iron Co, Ltde., Cargo
Fleet Ironworks,

Middlesbrough .“
Cortonwood Colting Plant,

Wombwell, nr. Barnsley
Crigglestone Coking
Plant, Crigglestone,
nr. Wakefield
Dalton Main Coking
Plant, Silverwood
Colliery, Thrybergh,
nr, Rotherham
Dinnington Coking Plant,
Dinnington, nr. Sheffield
Glasshoughton Coking
Plant, Castleford, Yorks.
Manvers Main Coking
Plant, Wath-on-Dearns,
nr. Rotherham
Mitchell Main Coking
Plant, Wombwell,
nre. Barnsley
Nunnery (Handsworth)
Coking Plant, High
Hazels, Handsworth,
Sheffield

5

Total
rought fd

342,940
1483, 336

arried £d

1826, 276

18,
30,
49,

976, 250,04
640,622, 51
616,872.55




CO| Tons
Wol'Price”| required|Total "value" | Name
12,506 1,474,457.40| Nunnery (Sheffield)

36] 117,90
| Coking Plant,
| Attercliffe, Sheffield|

37| 104,90 22,484 2,358,571.,60|01d Silkstone Coking

0 Plant, Dodworth,

nr. Barnsley

38 102,15 11,524 1,177,176,60| Robin Hood Coking Plant

-] ‘ Robin Hood, nr, Wakefield

39| 117.65( 13,990 1,645,923,50( Rotherham Main Coking

Plant, Canklow,
| nr. Rotherham

40/ 112.15] 38,5901 4,327,868.50| Smithy Wood Coking

Plant, Chapeltown, |

nr. Sheffield

411 124,15 10,353 1,285,324,95| Waleswood Coking Plant,

Waleswood, nr., Sheffleld

42 109,15 8,569 935,306.35| Wath Main Coking Plant,

Wath-on-Dearne,
nr, Rotherham|

749,260,80| Wharncliffe Silkstone |

Coking Plant, Tankersley,

nr, Barnsley
44| 100,90 8,494 857,044,60| Wharncliffe Woodmoor
Coke Oven Plant,
_ Cerlton, nr. Barnsley
45/ 106.15| 36,665 3,891,989,75|The Barnsley District
Coking Co. Ltd.,

Warsborough, nr Barnsley

46| 107,40 16,885 1,813,449,00f Hemsworth & United !

Kingdom Coke Oven Co.

Ltd.s, Fitzwilliam,
nr. Pontefract

47| 103.90 20,773 2,158,314,70| The Monckton Coke &
Chemical Co. Ltd.,

Monckton, nr. Barnsley

48/ 116.15| 32,150 3,702,072,50| South Yorkshire Chemi-

cal Works Ltd., Parkgate,

nr, Rotherham
49| 122,90 13,750 1,689,875.00|United Coke & Chemicals
| Co., Ltd., Brookhouse

Coke Ovens, Beighton,
| nre. Sheffield

00/ 119,90 53,692| 6,437,670,80|United Steel Companies
| Ltd., Orgreave,
| Handsworth, Sheffield

1| 141.15{ 42,600| 6,012,990,00 Appleby-Frodingham

| Steel Co. Ltd., Soun-
r thorpe, Lincs,

52| 140,15 02,915 7,359,977,25|John Lysaght's Scun-

' thorpe Works Ltd,.,
Normanby Park Steel
Worlks Scunthorpe, Lincs,

43| 108,40

(@)
©
=
0o

|
Total | 402,452 47,877, 273.30
Brought fd| 826, 276 49,816, 572, 65

Carried fd|1,208.728 1 97,494 145,85




50 B TR
Nol'"Price"| required| Total "value" Name
03| 140,90 S, 1LY 5,514,607,1L0| Richard Thomas &
Baldwin Ltd., Redbourn
Worlks, Scunthorpe
04| 127,65 23,302| 24974,500,30| Altham Coking Plant,
Altham, nr. Accrington
55| 145.90| 31,550 4,603,145.00|The Lancashire Steel
Corporatlon Ltd., Irlam
Works, Manchester
56| 142,90 15,300 2,186,370,00| The Notts. & Derby Coke;
& By-Product Co. Ltd.,
Pinxton, Nottingham
57| L52440 27,813 4,238,701420{ The Stanton Ironworks
Co. Ltde., Stanton,
L nre. Nottingham
o8| 127.90 42,609 0,449,691,10f{ The Stavely Iron &
Chemical Co. Ltd.,
Hollingwood,
nr. Chesterfield
59| 197.90 71,480 14,145,892.00| Stewarts & Lloyds Ltd.,
Corby, nr. Kettering
Northants
60 139,65 10,988 1,534,474.20(Blaclwell Coking Plant,
Huthwaite, Mansfield,
Notts
61} 134,65 186 967,594,90| Clay Cross Coking Plant,
Clay Cross,
nr, Chesterfield
621 134415 14,866 1,994,273,90| Grassmoor Coking Plant,
Grassmoor Collieries,
nr. Chesterfield
63| 133,440 14,387 1,919,225,80|Hardwick Coking Plant,
Holmewood,
nr., Chesterfield
64| 162,90 22,3781 3,645,376,20fBirchonwood Coal &
Coke Co. Ltd., Kidsgrove,
nr. Stoke-on-Trent
69| 167,65 44 , 56" 7,471,657,55|The Shelton Iron, Steel,
& Coal Co. Ltd.,
Stoke-on-Trent
Total| 364,145| 56,445,509, 25
Brought f£d|1,228728| 97,494,145.85
Grand Total {1,592,873153,939,655,10
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