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Chapter 1

"Background to the Project!

The author was sponsored by British Steel Corporation to
carry out a programme of research into the efficient util-
isation of raw materials in special steelmaking. The
experimental studies were carried out at River Don Works,
Sheffield and most of the models developed relate to the
methods of operation at this plant. Prior to nationalisa-
tion this works was a part of English Steel Corporation
Limited. River Don Works operates as an integrated organ-
isation for the manufacture of special steel products, with
production facilities for steelmaking, forging, casting and
machining. The works produces Forgings and Castings in the
weight r;nge 0-250 Tons. The following is a sample of the
product range: Turbine Rotors for power stations, marine
propulsion shafts, chemical reaction chambers, high pressure
vessels, locomotive crankshafts, automobile components, etc.
The steel qualities required for such items are mainly alloy
steels. 7The main steelmaking facilities of the company are
electric arc melting furnaces, for which the major raw
material is steel scrap. This research project has been
concerned with scrap as a raw material in the production of

special steels.

nitial phases of the rescarch programme were concerned

e

The
with the development of a model to represent the decision
making systems for the efficient blending of raw materials,
Appraisal of the resulis from experimental studies using
the model indicated the need to examine associated problem

areas within the broader framework of the company as a



whole, with particular reference to scrap flow.

In addition to considerations of physical inter-actions,
the sociclogical aspects of human reactions within the
organisation have been studied with paxrticular reference to
the resistance to change or innovation. Coverage of this
aspect has been regarded as being relevant and important,
because industrial systems are usually sensitive to human

involvement or interference.

The results of a Literature sﬁrvey of previous and conteme
porary work on this topic are included in this thesis. The
discussions include an appraisal of these contributions and
an assessment of originality in this thesis in relation to

work by others.

During the course of this project the author was awarded a
Travel Scholarship by British Steel Corporation, to study
computer applications in Electric Steelmaking Plants in
Noxth Amexica. Ihis.study has enabled the inclusion in this
thesis of an appreciation of contemporary approaches in the
field of raw material allocation in North American Steel-

plants.

The = thesis terminates with proposals for further work in

associated problem areas,

It is anticipated that the subject matter presented herein

will be of interest to both academic and industrial readers.



ChaEter 2

2- (1) Introduction to the Research Topic

The topic of research is - '"The Efficient Utilisation of
Raw lMaterials in Special Steelmaking''. The object of this
chapter is to outline the principles of special steelmaling
an& 40 define the problem arcas associated with this pxocess

which have been studied in this project.

"Special Steels" is a term used to denote steels which have
chemical compositions withinlthe categories of alloy stcels,
stainless stecels, enhanced Carbon Steels and steels for
specialist applications. These steels tend to have signif-
icant amounts of Nickel, Chromium and HMolybdenum which
promote favourable physical properties in steel., These
elements fron virgin sources command high market prices and
hence special steels are priced very much higher than "mild
steels", Special steels are produced mainly in electric arc
melting furnaces. Steel scrap constitutes the major raw

material for electric arc furnaces,

The requirements of a particular steel at the melting stage
are stipulated by a specification of chemical composition.
This chemical specification constitutes the production
objective of the meliing shop for that order. The furnace
accepts a charge of steel scrap which is melted by the arc
struck between three graphite electrodes and the scrap. A
furnace may require several charges of scrap before it
achieves its nominal capacity of molten metal. The "melt-
down' phase is deemed to be complete when all the charge in
the furnace is fully melted. A sample is drawn from the

furnace and the chemical composition determined by spectro-



graphic means. The level of each chemical element at this
stage is referred to as the '"melt-out" value. The next
production phase is ''refining", during which attempts are
made to adjust the "melt-out' values,to converge towards

the specification, The levels of some elements can be
controlled by altering the chemical condition of the slag

(a non-metallic floating layer) to promote slag-metal
reactions., Some elements can be roxidised by injecting
oxygen into the bath, Positive adjustments for most elements
can be made by adding these elements in the virgin forn.

Some elenents are termed ''stable clements' by virtuce of their
resistance to reduction, i.e. stable clements cannot be
removed from the bath. The refining period terminates with
all element values within the bounds of the specification.
The molten metal is tapped into a ladle and cast into ingot

moulds., The furnace is then prepared for the next melt.

The cost objective in selecting a charge of scrap is to
seélect the cheapest blend of scrap which will provide the

required melt-out values of the major elements included in

the specification. The elemenis usually included in special
steel specifications are Carbon, Silicon, Manganese, Sulphur,
Phos:phorus, Nickel, Chromium, Molybdenum, Copper and Tin,

An upper and lower bound is normally specified for most of
these elenents. The scrap required to 'make-up" furnace
charges:is acquired and stocked in bunkers or rail wagons,
according to a scrap classification code. A typical scrap

classification system is indicated on the next page.



Scrap Type

Carbon Scrap

Attributes

05 Carbon Sulphur and Phosphorus ,05% MAX

o4 n " " " 045

Basic Carbon Unspecified

Alloy Scrap Nickel Chromium Molybdenum
1.CR.MO 0/.5 .8/1.8 1/ ed
3.CRLIMO 0/.3 2.5/3.5 «3/1.2
1 .NCM ¢5/1.2 «3/4¢9 ¢15/.35
2 JNCI 1.2/2.2 «5/1.7 2/
3,.NCM 2.3/3.5 e5/4+8 /a7
CP «5/1.0.  1,0/1.8 «3/¢5
Mixed Unspecified

The content of other elements such as Si, Mn, Cu, Sn,
in the scrap 1s: not usually known,
these values are stringent in the specification as is
case for certain steels, it is often necessary to use

grades of scrap with guaranteed specifications, which

Where the levels

(

-

Pz
——

)

etc.,,
of

the
special

are

usually expensive., The scrap classification code is des~

igned to cater more to the problems concerning scrap col-

lection; where due to space problems the segregation of

scrap from a wide variety of steels, has to be based on..

a limited number of scrap codes.,

Therefore,the scrap codes

tend to have a wider range for cach element, than the steel

qualities for which they cater,

The typical specifications

for some well known steels are indicated on the next page.



Acceptable %

Range for each element

Steel
Quality c Si Mn s P Ni Cr Mo v cu| 5n
35/40. CARBON (.35/.40|.15/.30{.7/.9 |0/.05 |0/.,04 |0/.3 0/.2 0/.1
CP .27/.3 |0/.3 .5/.7 |0/.02 |os/.015|.6/.8 |1.4/1.6|.35/.4
1 NCM .48/.53(0/.35 |.9/1.0|.02/.05|0/.04 |1.0/1.2{1.0/1.2|.5/.6 |.03/07
EN.24 .35/.45|.1/.35 |.4/.7 |.0/.02 |o/.02 |1.5/1.8|.9/1.1 |.2/.28
3 NCMV .34/.37|.15/.3 |.6/.7 |o/.012 |o/.012|3.0/3.2|.7/.8 |.33/.38|.04/.08|0/.2|0/.02




The scrap charge selected for the production of a given

steel quality should fulfil the following conditions.

i) It should provide melt-out values of all relevant
elements at levels which provide the feasibility of
convergence towards the bounds stipulated for the steel

quality being made.

ii) The scrap density of the charge should not result in an
excessive numbex of charges.,
iii) As far as possible the melt out values of cost sensitive

elements such as Nickel, Chromium and Molybdenum should
be near or within the specified bounds.

iv) For commercial reasons it is highly desirable to select
the qhegpest blend of scrap and virgin alloys which will
fulfil the steel quality requirements,

v) It should be possible to supply the requirements from the

scrap stocks,

Let us now consider how this list of requirements are accoun-

ted for by the scrap-mix planner in melting shops.

Fulfilling requiremsnts i, iii and iv

The‘spécified bounds for the control elements are considered
and by a recursive process of 'trial and error", a blend of
scrap is determined, which should provide a feasible '"melt-
out", based on anticipated yields of the elemenis as indi-

cated by the scrap code.

Fulfilling requirenments ii and v
Using the sclutions determined above and with reference to
the secrap inventory record, the scrap charge directive is

prepared, = During the assignment procedure attempts are made



to ensure satisfactery charce densities by judicious selec-
tion of heavy and light scrap. ~In cases where it is in-
feasible to meet the requirements of a particular blend due
to shortages or "run-out" situations in scrap stocks it will
be necessary to determine alternative solutions which are

feasible in terms of stock levels.

Although in principle a planner should try to fulfil require-

ment iv), he usually does not have the time to consider more

than a few alternative solutions. It is hence reasonable to...

assume that the solutions obtained by manual procedures as
described above, will in most cases be non-optimal in terms

of cost.

The development of systems which will assist in the search
for optimality in this decision making process and the exam-
ination of the problem areas associated with such decision

making, constitute the remit for this programme of reseaxrch.
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ChaEter 3

Development of an Efficient Material Allocation Systen

The Scope for Improvement

It was shown in the preceding chapter that the manual system
could not be expected to produce Least Cost blends for
furnace charges because of the large solution space and the
constraint on time available for blend evaluation. If the
decision rules involved iﬁ the blend calculation can be
incorporated into a model, which can be solved readily to
provide Least Cost Blends, then the scope for improvement

does exist and should be examined.

An efficient system for Least Cost furnace charge blending
should include facilities to appraise optimality in texms of
the following:

a) To provide a blend of raw materials which will "melt-out"
with the specified attributes at least cost, without
involving operational proﬁiems.

b) To ensure that the collective demands of a group of
casts are both feasible and optimal within the -’

inventory level for the relevant raw materials.,

The evolution of an improved system would involve the follow-

ing stages of development:

i) Representation of the basic features of the allocation
problem in a model.

Examination of the methods for manipulating the model

e
=2
S

to determine optimal solutions.
iii) Evaluation of the savings potential, from the use of
new methods, using historic situations for comparison.

iv) Appraisal of the limitations associated with the new



system based on experimental experience, leading to an
examination of the scope for overcoming the limitations.
Stages i) and ii) are outlined in this chapter, whilst iii)

and iv) are considered in subseguent chapters.

Development of a Charge Blending Model

The basic features of this problem are similar to optimum
blending in other industries, viz: blending of:- ores, diets,
petroleum. etc. The optimal blends in thesc cases have been
evaluated by Linear Programming, normally referred to as
L.P., Linear Programming is well known as an iterative
optimisation procedure and there are numerous publications

. . . 63 113 13y 155 39,5 46
devoted exclusively to this topic.

We now consider the formulation of the furnace charge alloca-

tion problem in terms of an L.FP. model,

Fets (The coefficient representing the yield of attributeti ,
fs T (from resource j (raw material)

(The resource variable representing the quantity of
e gresource j that is included in a particular solution.

(The desired level of attribute it in a particular
b, = (
(selution,

The unit cost of ecach resource j.

0
i

We will initially formulate the model for the single furnace
situation which will provide the basis for extending the
formulation to the multi-furnace situation.

Single furnace charge blending with n resources
n

Minimise Z = 2 c; X (1)
J=1

subject to:
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The single furnace model thus formulated can be represented

schematically as shown below.

THE ORJECTIVE FUNCTION

| MELT
HEAVY SCRAP LIGHT SCRAP ALLOYS  REQUIREMENTS
| F .,
Ni
5
Cr THE ATTRIBUTES COEFFICIENTS H A
: o
jasy
, O
Mo
T /
DENSITY AWARENESS . | DENSITY
5 ? '§ ; | 2
TOTAL WBIGHT AVARENESS | | .| | 'z WEIGHT
T i 1] j ! 1 : PUESSEREINEEENEE .
?4
| &
INVENTORY AWARENESS ©
G A
" g
:
J "
.
=
H

i
|
| ]

1

The co1umns represent candidates for a particular blend whilst
the rows represent attributes and controls. The inclusion of
virgin alloys as candidates assists in reducing the occurence
of infeasibility at lower bounds of the chemical requirements.
Inventoxry awarenesshfor alloys will usually be redundant and

hence they are not included in the above representation. Ue



now consider extending the single furnace charge blending
model to the multi-furnace model, which will cenable optimis-

ation on a broader scale and reduce the chances of sube

optimisation,
Let, ¥ = (Column Vector representing resource variables for
v (
(cast i-

(Row vector representing the segment of the objece

i

(tive function for cast i.

BL = Requirements vector for castii.

A= (Matrix representing attributes, and controls foxr
(density and weight for cast i.

IL = (Identity matrix representing the controls for
(Inventory awareness |

B = Raw Material Inventory

The relation : represents the set of equalities and in-
equalities, whexe the relation can be converted to an equal-

ity by the introduction of slack variables for inequalities.

The multi-cast L.P., model is represented below:

B ® % v = » o n 8 s 6 00 C_‘ ;— ] [ ]
C, C, Cs; n | B.
N X, B,
AL X, B,
X B
3 3
AS
[ 7
. ° !
(-]
X B
: An " "
-_I1 Ia 13...000000.‘. IL L — BI
‘ ]

Mnivwise B

o



Obtaining Solutions from L.P., Models

Solutions to L.P. Models are usually obtained from Simple:x
algorithms. A number of alternative versions exist and are
largely based on the pioneering work done in this field by
G. B. Dantzig. It is reasonable to assume that most practi-
cal applications of Linear Programming rely on digital
computers for evaluating solutions. Computer software for
L.P, is usually based on the Two Phase Revised Simplex
algorithm, The original developnents on the computational
aspects of the Two Phase Revised Simplex were carried out by
G. B, Dantzig and W. Orchard-Hayg&. A brief outline of this
method follows: The initial phase is concerned with reduce
ing all artificial variables (arising from > constraints) to
zero, This is achieved by assigning a price of -1 to all
artificial variables x%,fero to all other variagles and
maximising a secondary objective function Z*=}£{ (-1) X,
where s = number of artificial variables. The maxinum value
of Z¥ is zero which is reached when all artificial variables
are zero. If max Z¥%0 then the artificial variables cannot
be reduced to zero and the problem is infeasible. During
phase two the actual objective function is optimised, com-
mencing from a basic feasible solution, any artificial var-

iables present being at zero level.

An outstanding feature of the Revised Simplex Method is that
during the transition from one basic feasible solution to
the next, the amount of tableau updating is kept to a
minimum, This is mainly because the following useful rela-
tionship is utilised: Given the associated elementary

matrices the inverse of the pth basis can be computed as



BL L BS, e .8 LB =B

where the clementary matrices E, are Identity matrices

except for one colurmn, and ¢ is the index which corresponds

to the index of the column in the preceding basis that is

being replaced. The inverse of the original basis Bo‘is an
-1

Identity Matrix, i.e. Bo =1 = Eo

The above outline is extremely brief and interested readers
are directed to publications by Orchard-Hay’s, G. Hadley and
S, I, Gasd'for detailed expositions. In using the computer
for industrial applications in Linear Programming there are

a number of considerations which demand attention, outlined

as follows.

i) Turnround Time: The time required for a computer to
calculate optimal solutions to an L.P, problem is
dependent on the problem size, matrix density, core
store availability and ancilliary file store media.

In addition to actual elapsed time on the computer there
is the time required to obtain the data for the run from
various sources to the data preparation centre and the
punching of this data for computer input. Operating

in this conventional off-line mode there will be an
expected turn-round time for an L,P, run, which may or
may not be compatible with the speed of response that

is required at the melt-shop for the receipt of charge~
blending information., Where the speed of response from
off-line operations is not satisfactory, the justifica-
tion for on-line access using remote terminals should
be considered.

ii) Assessment of the number of casts that should be conside-



ered jointly in a Multi Cast Model: Ideally, the chances -
of sub-optimisation can be avoided by using a Multi |
Cast Model ﬁhich considers all casts to be made, over

a long time périod. But such an ideal faces a number

of practical limitations which are outlined below:

The computing time becomes prohibitive and impractical
within industrial computer centres if more than about
15 casts are included in the L.P, model, The useful-
ness of solutions from large models is further limited
by frequent changes of the cast schedule and replenishe
ments to the resource inventory which could introduce
the scope for more optimal blends than previously
obtained. Furthermore,it is likely that after the
nelting of the initial casfs in a solution set, new
information on the prevailing yield levels from parti-
cular scrap types, may become known, The availability
of up to date information on replenished inventcory levels
and current attribute yields could necéssitate - -

a mew. - L,P, run, deleting the casts already made.

If this situation is recurrent, then we are seldom
utilising the many solutions to each cast that we are
continually generating at great expense owing to the
large model size. It would be sensible to select a
model which only considers as many casts that are likely
to be unaffected by the above considerations. In
practice the associated time scalec will usually be
between one shift of 8 hours and a 24 hour day, depende-
ing on.the standard cycle times for particular melt-

shop furnaces, operating on given steel dualities.



iii) The use of Solution Libraries

This system could be regarded as an alternative to the
method of obtaining fresh solutions at cach planning
stage for a given set of casts. The case for consider-
ing the solutions library would be strong provided it
can be shown that the Inventory consiraints are redun-
dant most of the time due to the relative abundance of
the resources that are required. The Library of Solu-
tions would consist of blends that have been evaluated
from single cast models, When the blends for a given
set of casts are required they are obtained by consul=~
tation from the standard optimal blends in the library
file and a feasibility test for aggregate resource
demands against available stocks is carried out, If
feasible then it is equivalent to solutions that would
be obtained from a multi-cast model, If there is in-
feasibility it is reasonable to consider either of the
following second stage operations.

a) To initiate a multi-cast L.P., run to examnine the
scope for feasible optimality at the current stock
levels,

b) To identify the particular solution or solutions from
the library set which cause the infeasibility and
determine alternative solutions to just those casts

which are feasible. These solutions can be added

to the library file for use in similar situations in
future,
The advantage of this Library system is that it minimises

the number of computer runs for generating L.P. solutions



with consequent cest savings and reduction in response
time for obtaining solutions.

Mode of Operations and Communications Intexface

The software that is normally available for L.P., requires
that data be presented in a strict format with numerous
control parameters which organise input, moniter and
direct the L.’ run and print results in standard
formats., This structurce is suited more to the nceds of
trained uscers rather than production staff whose knowe-
ledge in such fields is limited. .It is hence necessary
and desirable to design software systems which will
assist in producing a satisfactory interface between the
central L.P, and the simplified input/output for the

o
r &

production staff. The input segment would consist o
matrix generator which will produce the necessary input
from brief and essential information provided by the

melt shop staff, In its gencration process the matris
generator will have provisions 1o considexr a number of
relevant rules in formulating the L.P. nodel. Similarly
the output segment will translate the L.P. solutions into
a lucid form for use by melt shop staff at various levels,
The structure of the Matrix Generator and Reporti Writer

are detailed in the following section.

The Matrix Generator

The matrix generator consists of the following routines:

a) Validation of input data and merging with standard
information from backing store to amplify the coded
input data.

b) Candidate Selection,

c) Attribute LEstimation.



Routine a

This routine carries out checks to test for errors that
may have been introduced at some stage of data input.
preparation. Using the codes for steel quality and othex.
markers for special restrictions, the routine amplifies
the details of the steel specification and aim points

for each element from a file in backing store. The
backing store information would also provide the inform=-
ation required for the operation of the routines b and c.

Routine b « Candidate Selection

The aim of this routine is to prevent the inclusion of
certain types of scrap in blends for the production of
particular steel qualities, The eligibility of each
scrap t&pe for blends to produce particular steel
qualities are usually stipulated by the management,
based on their experience of '“"material credibility" and
the associated yield variance of control elements., For
purposes of illustration a small sample of the reasons
for candidate selection are outlined as follows:

i) Some steel qualities have stringent requirements
on the permissible maximum of 'residual' or 'tramp'
elements such as Copper, Tin, Arsenic, etc. The
standard scrap classification code does not acknow-
ledge the levels of these elements. As such the
vield of these elements from samples within the
standard code will tend to be unpredictable., How-
ever there could exist within the standard code
scrap stocks, some sub-sets of consignments which
have identified levels of residual elements. This

situation requires that where residwal element



levels are a significant consideration, eligibility
of scrap should be restricted to the identified sub-.
sets.,

ii) Some scrap types have}a wider range of element
yields and should therefore be either excluded oxr
have a usage limit imposed, to reduce the chances
of violating specified bounds.

iii) In certain melt shops the layout of the scrap
bunkers, the railway supply lines to the shop and
disposition of overhead cranes, are relevant con-
siderations in terms of feasibility for executing
particular solutions from the total scrap inventory.
The candidate selection routine will incorporate

such limitations.

It is important that the L.P. system should incorporate
rules to deal with the numerous practical problems which
the manual planning system deals with in the same situa~

tion.

The candidate selection routine can be operated using a
library reference for each steel quality which defines
the approved scrap eligibility in relation to the  full

range of resources that could be selected.

Routine ¢ - Attribute Estimation

Each E%j in the L.P. model represents the exact yield of
attribute ¢+ from resource j. However, resource j could

have a range of yields for attributeii, due to the "range"
structure in steel specifications and the scrap code, as

well as poor scrap segregation., All planning is based



on the "'expected" yield of various attributes from a
particular raw material, With a knowledge of the
"expected" yield and the variance, it is possible to

assign a value for a,. which is biased to give a greater

J
chance of either positive or negative errors at "melt-
out", The desired bias will usually be stipulated by
managenent within the framework of their operating
strategy for each steel quality and particular melt shop
configurations. It is not uncommon for the expected
value and the variance fox element yield to drift at
random intervals., It is desirable that such trends axe
identified and appropriate updating of the reference
matrix should be carried out to ensure that the model

adapts to changes in the real systemn.

The Report Writer

The purpose of the report writer is to express the sol-
utions from the L.P, run in a readily understood and
sensible form for direct use by melt shop staff, In

some ways its role is simii&r to a translator, in that it

reads the brief solutions from the L.P. package and

expands the description of the variable names. Some of
the major functions of the report writer are outlined
below.

i) Variable Names « These are usually required to be
less than 8 characters in length in most L.P, packages.
Such a brief identification does not permit adequate
description of most scrap resources and hence the
report writer extends the description using a refer-

ence file.
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)} Numerical Quantities - The L.P. solution for a part-

icular furnace charge could consist of a number of
raw materials, The matrisx generator should examine
if the quantities involved are “significant" and

carry out minor rounding off with monitoring of the

I
0

effects of such corrections, This procedure
vulnerable to criticism from some schools of thought,
on the grounds that Integer prograrming is the
correct procedure, Whilst their arguments are cert-
ainly valid, it should be noted that on large prob-
lems, Integer programming extensions tend to demand
a prohibitive anmnount of computing time, hence the
justification for a well designed report writer
routine to assist in this particular aspect of using

the solutions from the L.P. package,
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"SIMULATION MODEL: TO ESTIMATE EXTRA COSTS DUE

§ .

TO VARIABLE ELEMENT YIELDS FROM SCRAP"

MACRO LEVEL FLOW DIAGRAM

( START |

L

READ DATA '/7

Aig, 935, SPE
LEND, ETC.

RESET COUNIER,

CAST = 1
%
GENERATE )
SIMULATION Yes ASTS =MAX
RUN = SIMULATED
REPORT
PSEUDO | DISTRIBUTION
RANDOM , RELATED
NUMBER __=<_| RANDOM.....a,.
GENERATOR GENERATOR  *J
WRITE
MONITOR
VALUES;
RANDOM ai 3j
CALCULATE
"MBELT-OUT"
COMPOSITION
& STORE
COMPUTE
ERRORS & .
EXTRA COSTS,
& STORE

CYCLE COUNTER
CAST CAST + 1
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Experimental Results from Stage I

The findings from this study are summarised below. The break-
dovmn of costs used in the comparisons between manual blends

and L.P. blends -is: presented on the next page.

Casts from Week Ending: 20th December, 1969

Number of Casts: 26

Type of Steels : Alloy

Furnaces Concerned: F, J, K and X, of RIVER DON WORKS,

British Steel Corporation
e . Average
Misxture Cost Total per Ton
£ >

Manual Blends: 23,995,16 19.93

Least Cost Blends: 17,0675.85 14,08

Estimated"Extra Cost"

for Least Cost Blends: 1,425,40 1.18

Potential for Cost

Reduction: 4,803,901 4,07

Total Production Volume = 1,2C4 Tons

% Cost Reduction Potential on Manual Blends = 20%
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These resulis were discussed with the melt shop manage-
ment which led to plant trials on 22 casts the findings

from which follow,
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- MINTURE COSTS INCURRED BY L.P. BLENDS

MIXTURE COST

o-| sTEEL CAST WEIGHT | (SCRAP + ALLOYS)
E | qUALITY | NUMBER TONS
. . TOTAL & £/TON
C.Cr.Mo | 5J 4580 34.29 625.67 | 18.25
" SJ 4502 | 20.07 504.42 | 17.35
. " SJ 45903 35,82 593.75 | 16.58
4 " VJ 4604 34,08 641,12 | 18,81
Cr.Mo FH 6908 12,56 191.28 | 15.23
cr FJ 4583 26.02 542.20 | 20.84
" FK 4015 26.06 545.63 | 20.94
L .NCM FH 6910 13.05 254,23 | 19.48 .
s n VJ 4589 34,25 663.83 | 19.38
: " FK 4030 | 30.50 . 507.20 | 16.63
" VJ 4602 32.61 715.08 | 21.93
" VJ 4579 32,52 637.87 | 10.61
1 NCMV | VX 3517 03,13 2,333,01 | 25.32
2 NeMv | VK 4011 32.55 082.26 | 30.18
o | BN 25 VK 4012 30.31 1,128.36 | 37.22
" VK 4014 35,45 1,257.17 | 35.46
" VK 4021 32.78 1,501.56 | 45,81
" VK 4020 30.33 1,249.00 | 41.18
3 NCMV | FK 4013 | 33.97 1,665.06 | 49,02
5 " FK 4019 34,38 1,800.64 | 52.37
" FK 4028 33.81 1,436.39 | 42.48
" VK 4022 35,32 2,250.43 | 63.97
5 | HYKRO VJ 4600 32.37 809.16 | 24.99
" VJ 4601 34,81 032.69 | 26.79
TOTAL 800.04 |23,847,01




COMPARISON OF MINTURE COSTS

L.P. BLENDS - MANUAL BLENDS
MIXTURE COST (SCRAP + ALLOYS)
s o " )
| casT WEIGHT - AVERAGE MANUAL
© | NUMBER < |- TONS L.P. BLEND BLEND
TOTAL £ £/TON | &/TON TOTAL £
SJ 4580 34.29 625.67 { 18.25| 18.00 617.22
SJ 4592 29.07 504,42 | 17.35| 18.00 523.26
A | 8J 4593 35.82 593.75| 16.58| 18.00 - 644,76
VJ 4604 34,08 641.12 | 18.81| 18.00 613,44
FH 6908-| 12,56 191.28 | 15.23| 17.10 - 214.78
SUB-TOTAL 145,82 2,556.24 2,613.46
FJ 4583 26.02 542,20 | 20,84| 23,40 608.87
FK 4015 26.06 545,63 | 20.94| 23,40 609.80
FH 6910 13.05 254,23 | 19.48| 20.47 267.13
g | VJ 4589 34,25 663.83 | 19,38| 20.47 701.10
FK 4030 30.50 507.20 | 16.63| 20.47 624,34
VJ 4602 32.61 715.08 | 21,93| 20.47 667.53
VJ 4579 32,52 637.87 | 19.61| 20.47 665,68
VX 3517 93,13 2,333,01 | 25.,32| 24,30 2,358,05
SUB-TCTAL 288.14 6,199.05 6,502.50
VK 4011 32.55 982.26 | 30.18| 324,42 1,120,37
VK 4012 30.31 1,128,36 | 37.22| 37.80 1,145.72
C | VK 4014 35.45 1,257.17 | 35.46| 37.80 1,340.01
VK 4021 32,78 1,501.56 | 45.,81| 37.80 1,239.08
VK 4029 30.33 1,249.00 | 41,18| 37.80 1,146.47
SUB-TOTAL 161.42 6,118.35 | 5,991.05
FK 4013 33.97 1,665.06 | 49.02| 41.17 1,398.55
p | FK 4019 | 34,38 1,800,64 | 52,37 | 41.17 1,415,.42
Fii 4028 33.81 1,436,39 | 42,48 41.17 1,391.96
VK 4022 35.32 2,259.43 | 63.97| 51.68 1,825.34
SUB~TOTAL 137.48 7,161.52 6,031.27
g | Vg 4600 | 32,37 809.16 | 24,99 25.65 830.29
VJ 4601 34.81 932.69 | 26.79| 25.65 892.88
‘SUB-TOTAL 67.18 | 1,741.85 | 1,723.17
TOTAL 800,04 |23,847.01 22,862.05
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