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PARTICULARITIES OF ºROCESS CONTROL AND REGULAT!ON 
OF THE SOLMER COKE PLANT 

BY C. MELTZHEIM 

ABSTRACT 

As soon as started up in 1974, S01...MER coke plant, located at Fos-sur-Mer, was 
already high graded equipped; it has still regularly kept on improving its fa
cilities to incresse its working results. 

Nowaday, the 108 ovens (7.5m high) are producing 1.5 MT of metallurgical . coke 
per year, for a 16 hour coking cycle corresponding to about 160 pushings a day. 
using one out of the two sets of machines. 

This h~gh working rate is directly in connection with increas ed coke requirement 
of the t,,o blast furnaces, enlarged in 1982. 

All along the first operation years, the eflorts got on improvement upon working 
reliability of the facilities, specially oven machines. ln 1980, a computer was 
set to automatic ally control heating of the batteries (patented proc eeding CRAPO); 
then, it has been extended t o lollowing other functions : 

- coke quenching automatic control, 
- gas temperature into ascension pipes, 
- strength o f current while pushings, 
- operator guide íor coal reclaiming, 
- printed reports conc erning daily operation rate, management of materials 

(coals, coke, gas •. ) 

Linked with such techno logical points , an important trend has been developped as 
regard as human relationship. Fi r st oí all, the staff have systematically been 
involved in any strategy concerning the facilities (setting, modifying, etc.) 
Besides, within general polic y o f t he whole plant, tearn works, traíning, sell 
liability were increased in view t o imp rove the staff's motivation. 

ln short, present per f ormances of the coke plant, reached under high productivity 
since two years, are in accordanc e wi t h coke needs (quantity-quality) of Solmer 
blast furnaces, well known os regard a s their good operating results. Moreover, 
the coke plant people's active parti c ipation is a great deal in operating rate 
regularity, and it is quite impo rtan t for kee ping up the working tool. 
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J . JNTR ODUCTION 

~ithin the conte~t of the SOU!ER integrated steel mill in FOS sur MEk 
wh ich began production i n 197~, the function of the coke plane ls to fee d the 
cwo blast furna c es cxclusively with coke. These blast furnaces hav e a daily 
maximum cap a city of 6,000 tons of pig !ron. The coke plane installations 
cor responded to the mosc recent technological advances of its ti me when it wa s 
built s o as to ensure that it was highly productive and cost-e ffective . 

Afterwards, a ~onstant effort was made to im prove the plane, especiall y 
for increased efficiency of the ovens and automa tion of various functions. Thi s 
effort was c omple ted by a new approach to t he problem of human relations and 
involvement of the personnel . 

These endeavours lead the coke pl a ne t o a level of results which are 
aroo ngst the best ir. the world. 

We TJill n o-...• develop the di f ferent poi nts where progress has beefl ma de 
and present the re cent achie vements o f the coke pl ant. 

II . CHARACTERI STICS AND OPERATING CONDITIONS 

The c oke p lant is made up of 108 ovens built by the DELATTRE-LEVIVIER 
company under an OTTO licence (Fig.!). They are d l vided into t wo batterie s n f 72 
an d 36 ovens ; their ho t sizes are provided in table J. 

Th e ba tte rie s are the 11 compound 11 type IJi.th 34 flues twinned by walls and 
ar e heared ei ther wi eh blast furnace gas enriched wi th coke plant gases or ... 'i t h 
coke plant gas alone. Two sets o f mach i n~s s upply the batterl c s , one of which is 
on stand-by . 

The blend is composed mainly of coal impo r te<l f r om the U.$ . A .• Aus t ral ia 
and Canada. 
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Cokc quenc hing i s carricd out in the classic wa y by ~aterini. 
Sc reen ing of the coke ~ives two sizes (O - 25 and 2 5 - 100 mm) with th c 
possibi lity o: crushi ng pieces larger than 100 mm. 

The r,as treatment p l ant has a capacity of 96,000 MJN / h. 1 t ~ 
characteristics are as follows (fig. 2) 

- va r iable speed gas exhausters are inscalled down st ream from the 
r.:as treatment, 

- co ndensation is the dire c t type, 
- n o by-pr od octs are recovered except for tar, 
- ammonia is extracted from the gas by washing ~ith water, 
- ct1e f ixed aromonia sales in this water are tre~ted with soda, 
- a f ter stripping, the effluents are bioloRica lly processed in an 

aeration tank and then flow into a lagoon before being emptied 
into the sea. 

Th e general context for the plantas defined in 1972 assumed an annual 
pr od uction ob jective of 3 ruillion tons of pig iron with a coke consumpti on r ate 
o f app roximately 400 kg per ton of pig iron, completed by the injection of 8 0 k ~ 
fu el oil ; the c oke pl ant was designed for this requíremen t i n coke on the basi. s 
o f an op erating rate of 150 pushings per day with a coking time of 17.3 hour s . 
As the bl as t furnaces were enlargened in 1982 and the injection rate reduced, 
there 1.1as incre ased need for coke which justified the efforts unde rtak en for 
increasi ng ca pac ity to the present level of 1.5 Ht per ye ar of metallurgic al 
cok e . The pushing rate thereby increaseci to 160 per day with a cokín_g t ime of 16 
hou rs . 

II[. EVO LUTl ON OF THE PLANT 

!. DA TA PROCESS l NG 

Th e i nstallation of the CRAPO system for the automati c heatlng of the 
ove ns (see § 111 .5) ~as the beginning of an important data processing ne tuo r k 
for t he cokc plane. Thi s fi rst called for a 16 /65 SOLAR computer sup plied by 
SE:-1 S- BULL , having a RAM of 1,024 kilobytes. This unit is surrounded by a 
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group of pcripl1erals (analog input s and outputs, automatic con trol devic es 
and system concrol s), several console-moni tor s (b la c k and white and co l ar) 
with hard copies and numerous printers fn the two sect ions (produc ti on 
and te c hnical offices). 

This computer was chen userl to handle tasks other tl1an t l1 e ovcn 
hcating functions : materials manar; ement (coal, coke, ga s es), qualit y c ontrol 
follo1.-up in connection with the blast furnace computer and optimizatior. of 
coal feeding from the storage areas (see § lTI.2). 

The coke pla n e was equipp ed with complementary computers for the 
different seccions (production, rnaintenance, laboratorv, technical 
o ffice) 

- Apple II and III, Victor Sl and Vectra HP microcompucers, 
- computers installed on the oven machines and the reclaimer, 
- an HP 3000 computer for the maintenance section. 

A general d iag ram of this data processing assembly is provid ed in 
figure 3 ; note especially the numer o us inter-connections with ihe other 
d ívis ions of the steel mill. 

All the installations of the coke plant are remote-controlled from t~ o 
centralized control rooms. One manages the handling of coai, blend preparation , 
oven heating, the moving of the machines and the coke handling ; the o ther one 
includes all the controls for the r.as treatment and water purification unit. 

2. HANDLING AND TREATHENT OF THE COAL AND COKE 

a. Storage and recovery 

Th e coa i arrives by ship onl y (ships of up to 175,000 ton s ) anC ar e :h e 1i 
s to red in an area hav i ng a 500,000 ton c apacit y. The stackers are automati c a nrl 
provide, if nec ess ar y , storage b y small heaps for redu c 1n~ p. rai n size 
segregation. The central co mputer, connected to a mic rocomputer in s talled 
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on tlle reclaimer, knows the exact co-ordinates of the latter. An alRorichm 
checks that there are no erro~s in the coal ouality and ootimizes thc plannin~ 
for taking the coal from thc storage area. An example of automati.c scrcen 
display is given in fiRure 4 . 

b. Blend preparation and ch.:1rging 

The blend is fab r ica ted in precise proportions thanks to the dosime t ers 
located under the ten storage silos. The compucer permanently checks the 
concordance between the theoretical and real ratios. Optimum ~rain si~ing is 
obtained by milling with the possibility of by-passing for the fine coal. 

Ove n charging is car ried out by volume. The wei ~ht of the coai is firsc 
me asured in five hoppers placed on balances and automati cally transmitted to the 
computer- vhich tr-igger s an alar-m in case of a hitch ; calibration of these 
hopper-s i s c arried ou t b y the computer at least once per shift. 

e . Coke quen c hing 

The quantity of quenching water is regulated by the computer which take s 
the following parameters into account for each oven : 

the exact weight of the coke to be quenched, 
its averaRe temperature, 
the cernperatur-e o[ the quenchin~ vater. 

lnfra-red detectors crigger water sprayers on the coke wharf conveyor 
belt whenever necess a ry. This provides a complement to all the other actions for 
perfecting the mo is ture level whlle protecting the installations. 

3. OVEN HACHINES 

Designed for high ope rating rates ( up to 8 - 10 operations per hour ) , 
these machines, built by the Koppers company, are now very efficient . The 
following particularities provide some examples of their modern equl pmen t 

the tra nsl a ti on and pushin~ by o.e . motors fed by thyristor 
bri dges, 
The other devices a c tiva t ed by hi~h pressure 1,ydraulic j~cks, 
t hr ee command possibilities : seqnential ( normal ) operation, 
s te p b y s t ep (man11.1l) , and local opcration (by jack). 
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air - cond i ci o nned control c abin s and elect ri cal rooms 
vi dco c~me r as and mo nitors as aids to the ma ch i ne opcr at or s 
pu s he r and c ok.e guide lasers which provi de prec i se p o s i ti o ni n i~ 
a n inductive conn e c tion system which ensures conc o r d a nce be t u e e n 
t he pu sher , coke guide and coke c ar. 

Mo reovcr, various new functions have been developped : 

a mi croco mputer i nstalled on the pusher t ransmits the pushing: 
mo t or 's electric al current c urve to the cen tral COr'tputer. Thi s 
computer then analyzes and processes the data in arder to detec t 
and i nd icate any abnormal ities , especially in relat ion t o the 
co nd it ion of each oven. 
the movements of the as~ension pipe and collecting mai n valves 
are automacically and independently carried out by the pushing a nd 
the charging ma c hines, 
th e luting of the charging pad s is aut omat icall y carried out by 
the cha r gi ng machine, 
water is sprayed o n the oven inlet p l ates the momen t the door is 
extrac ted in arder t o limit the d eposits, especiall y of tar. 

We s houl d also note that a projec t has recently been de ve loped for th e 
autornation of al l these machines. This project includes severa! · phase s 

acqu i sition of the oven number during operation, 
automation o f the translations , 
s ynchronization of each machine's sequenc e s by the central comput e r, 
f inally, and graduallY, the complete automation of each machi ne. 

The coke car will wor k automaticall y by the end of this year. 

4. THE OVEN BATTERIES 

After 13 years of operati.on and approx i matel y 5,800 pus h i n~s per ove n, 
all of che ma chi nes and the two batteries are in ~ood 1o,1orking ard e r 
despit e che high ope rat i ng rate over the last three yea r s and several ch a1,~ e s 
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in the orera ting rat e in t h e pas t . An anal ys i s of this 5i.tuati on allows u s t o 
an cicipate a v ork li.f e of JO ye ars for the .coke plane f or a tot a l of 1),000 
operati ons per o v en . 

Taking into account the large size of the s c ovens, espec l ally their 
exception.11 heip;ht, it is evident th at chi. s objective can only be reached by 
being cxtre mely careful about tl1e i r operating conditions. Three essential points 
~r eto be considered : 

the regula r i ty of opera t ion which implies respect of the operatlng 
pla n establis l1 ed with the coraputers, taking the followin~ paramet e r s 
into account : 

the determined operat i ng rate, 
the tolerance of t he c oking time deviations 
planned st ops or shuc-downs dueto shift changes and programmed 
wo r ks 

the systema tic maintenance of the cells according to the followin g 
aspects : 

ma intenance of the refractory materials 
the removal of the graphite is carried out according 
t o the e mpty oven technique. a method which SOLMER has mastered 
particularly well, 
cleaning of the goosenecks, the ascension pipes and the charging 
h o les. 

peri odica l follow-up of the evolution of the metal and refractory 
parts, with co rres p o nding data processing. 

5. OVEN HEATING 

5 .1 - Automatic operation by computer 

l n che begi n ning . oven hea ting was based on the tradicional method b y 
measurin g thc temper ature of cl,e walls with manual pyrometers. Given the 
antiquat e d aspect of this method , studies beean in 1975, leadinR ltS to the 
de velopment of a n ori~i na l process for automatlc heattn~- The Frenc h a c r o nym for 
this r r oc e s s is the " CRAPO" syst em (Chauffage avec Rér,ulacion Automat ique d 1.." la 
P,1use par Ordina t e t1 r ) . te was fi rst pu t in or,eratlon tn Oecember 1qs2 ; it uas 
de~cr iber1 ir. detai. l in an car l ie:- publication. We will now outline its mrtin 
char.1 cte r i sei e~. 
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The main principle is the automatic adju s tment at any moment and a priori of th e 
:1ddition of the heat ne cessary for coki ng . ln arder to carry out this task . thc 
followinr, elements are taken into co nsideration : 

- t he heat nec ess ary for drying and coking the coal whic h 
depen d s , especially, on the fixed pushed coke temperature, 

- the coal charge rate in the ovens, 
- the characteristics of the heating gas (composition, calorific val ue 

and specific gravity) 
- the se ~s ible heat of the waste gases arising from the r egeneracors 
- the heat lasses of each battery. 

The corresponding requi red data is used in the following equation whi c h 
rep re sents the hourly heat flow for each battery 

v. P ~ e . o + v • F + 3 • p • A + e 

Gi ven 
v and P = mean hourly flow rate and net calorific value of the 

heati ng gas 
C and O e hourly flow rate and coking heat of wet coal blend 
F and A• sensible heat of waste gases and of circulacing air 

du~ing the heating pause 
S ~ hourly heat loss es for each battery 
p • duration of the pause (heat cuc off) 

Acquisition of this data and che different calculations are carried out 
co nst antl y by che computer. Given set models and knowi.ng the duration r of th e 
inversing cycle and the instant heating gas flow rate V, it then deduces t h e 
duration of the heating pause wh ich is to be applied at the be~inning of eacl, 
invers1on according to the following e quation : 

p • C • (1 - V 

V 

Th~ evolution of chis paus e is also displayed on a mo n itor (f i gure)). 
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The final objective of t11e regulation is to p11sh the coke ata 
pre-detcrmined temperature as t~ken into account by the calculation modc l . ln 
ard e r to che ck that this objective is attained. the measurement of the 
tem pe ra tu re of th e cok e mass is controlled as Riven by tl1ree py romcters mounterl 
on the c oke guide (figure 6.). There is then a return action in function of tl1e 
de viation not ed in relation to the target value. 

The general flow sheet of this process is shown in figure 7. 

Recently, a continuous measurement of the ternperature of the gas in ea c h 
ascension pipe was put irrto service ln order to improve the system's performanc e 
( f i gure 8 ) . With a basis depending especially on the moment which corresponds to 
the passage of i t s maximum temperature, very reliable information is thus 
acquired which allows us 

- to improve the individual sdjust~ent of each oven, 
- to have a more precise indication concerning th~ degree of coking 

with the possibility of ancicipacive correccive measures, 
- to detect various abnormalíties in oveo operation 

ln arder to take full advantage of this new information, a comple
mentary calculation model has been developed and taken into account by the 
computer at the beginning of this year. 

Since its start up more than three years ago, the CRAPO system has been 
operating regularly without incident. Optimization of heat consumptíon has been 
confirmed. At the present time, according to today's conditions (maínly the 
nature and moisture content of the coal and the weather conditions), this 
consumption rate is approximately 600 to 650 th/t of dry coal. Numerous 
development s and related uses have been made in the form of reports and screen 
displays. Two examples are given in figures 9 and 10. The first one is relative 
t o the f o ll o ~-u p of the charging operations, the second is a synthesis of the 
coke p la n e r e sul ts in the form of a daily repare. This provides an tmportant 
c o mp l e ment f or t h e o peration and daily survelllance of the coke plant. Moreover, 
from th e poin t o f vie~ of the personoel, thls step in the use of computers h as 
been most f ruitful and rewarding. 
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5.2 - lmprovement in adjust me ncs 

lndependently of the automatic heati ng of the h.1tterics 1 studies .,re 
carricd out to improve t he exiscing re~ulati on soas to e11sl1re optimizatio n o f 
the ovc11 heating nrocess. We will cite cvo r cce n t example s of works in progre s s 
and carried o uc in collaboration \Jith the "Centre d e Pyro l_vse de Mari en au" a n<l 
"IRS!D" 

on the one hand, a theo ret ical study for establishi ng modc ls o[ 
the transfer of ma ss and heat in the coke oven, und ertakcn in 
c hc context of a Un i vers ity chesis. This work will be prolo nr. ed 
with analyses of tra nsi t ory phenomena wh ich is ve ry usef u l [or 
programmed or non-progra mmed variation s of the coke plant 1 s 
ope r ati ng rate . 

- on the other hand, a theoret i cal and exrerimental study concernin~ 
the kinetics of gas co nsump tion i n the flues and the heat f low 
distribut ion accordi ng to he ig h t. 
The origi nali ty of the stud y l ies especially in the fact that at 
this occasion a p rob e was petfected fo r mea s ureme nt of the 
te mpera ture of the flue walls. This has been named the "PYROFIL" 
p robe (patented system) and includes a measuring head eq uipped ~i t h 
pencil pyromete r suspe nd ed from a steel rape (Fig.11 ). Thi s flexible and 
non- cooled ass embly all ows us to establish, in a veri u se ful way, 
the vertica l temperature profiles of the flue walls during the 
combus t ion phase or during the waste gas descent phas e . An exampl e 
of a profi le is gi ven in figure 12. 

6. TREATHE!H OF THE GASES AND \/ATER 

The gas proc essing line de sig ned by the Koppers company inc lude s t ~e 
following work shops : 

separation of the col lecti ng ma in waters 
condensation in the direct conta ct appara tus 
electros ta tic de-tarring and de-dusting of the ga s 
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rem ov.1 1 of volatilc ammon\ac ln the packing \Ja s her s by water 
absorpti.on 
remova l o f naphthalene ln a packing wa s h er by absorption in fu e l oi 1 -
extract i on of purified gas downs trcam from the treatment plane. 
Th e QX l1 aus ters are driven by a speed multiplier-variator an~ an 
electric motor. 

Particulnr care has been taken for the purification of the water be fo r e 
emptying i nt o thc sea. The following measures should be noted : 

. the vo lati le ammonia contained in the ammonia-liquor from the washers 
i s ext ra cted by steam stripping in two towers 

. to t al ammonia content (volatile and fixed) of the collecting ma in 
~aters is a lso rem oved by stripping in a third tower, but in the presence of 
soda s o a s to eliminate the fixed aminonia as well. 

This supp l e mentary precaution was taken beRinning in 1976 upon request 
of the 11 s e rvic e des Mines" governmental agency in view of avoiding the 
phenomenon o f eutrophi zation of the sea. 

The vapo r s which exit the cwo groups of toYers are incinerated in a 
fur na ce . A re c overy boiler is placed in the circuit and provides approximatel y 
t o 6 tons pe r hour of medium · pressure steam. 

Befo re emptying into the sea, the residual waters are treated in 
i nst a l lat ions desig ne d by the Degremont company which include 

an 18,000 m3 homogenization lagoon, 
a p re-d ecant ation and a floculation tank 
a t a nk f o r biological treacment by activated sludge 
a sett ling cank 
a fi nal water aeration lagoon followed by natural lagoons with 
a r e s i de nc e time o f approximately one month before empt yi ng inc a 
the sca, 
a mu<l settling la goon. 

This sop histic ated treatment system provides good ouality water and 
meets t l1e req u i r ements of the environmental agency (Teble II ) . 

All o( the installations <lescribed, as well as the collectinR main wate r 
de cancation , the sto rage of tar, ammoniac wacer and fuel oil are monito red, 
man,3ged an d r e mo ce - cont r o lled fr om the control roem. The i ntroducti o n of 
c omputers i s bcin~ s tudicd and ~il l be operacional next year. 
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7.THE CONTROL LABORATORY 

The labo ratory ~as designed for very complete anal ys cs of the 
characteristics of coals, cokc and by-products ( gases, tar, waters ). 

Ouring the last few year s, ~reat efforts ha ve been made for moderniz i ng 
a nd automating certain tese s such as the follo~ing : 

petr og raphi c analysis of coal carried out automati cally by a 
texturc analyzer system, 
inunediate analysis of coal and coke (moisture, ash and volatile 
ma t ter i nde x ) carried o ut si mul taneousl y and automatically 
using a MAT 400 (LECO) mach lne wh ich treats 19 samples in 4 hours. 
elementary analysis of coal, cok e and fuel oil wh ich is handled by 
a single apparatus (CARLO-ER BA) capable of making approxlmately 20 
to 30 complete analyses per day (C, H, S, N, O). 
the measurement of the calorific value of the coal, coke and fuel 
oi l automatically in an adiabat ic calorimeter, 
chrornatographic analyses of the gases and liquids made on automat i c 
chromato~raphs coupled \.11.th integrators. 

lV. HUMAN RELATl ONS 

Prod uctivi ty, regu la rity of operation and the qual ity of work and the 
re su lts depend on the leaders who enl is t the cooperation and participation of 
all. 

ln this spi rit, the coke plant at SOU1ER has alwa y s been interested in 
the hu~an aspect of wo rk . Nume r ous pro jects have been undertaken i n this 
direction. The m3 in lines are given in figure 13 . 
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The followíng providc some examples : 
a calling inco question of the organization of the malntenance 
se c cio n and creation of cells in direct relation with production 1 

the creat i on of a technical section working on problems of 
• progrc ss but also involv~d in the daily operation of the 

coke plane 1 

an important effort in training and education at all levels, 
Pe rmanent information for the personnel: 

• ueekly bulletins 
. monthl y meetings. 

Gr oup work has been developed and numerous problems thereby solved 
in groups of 5 to 10 persons in the splrlt of circles of quality 
called "Groupes Euréka 11 at SOLNER. 
consultation of the personnel for defining objectives and fixing 
"Ouali t y Action Plans" (PAQ) once a year. 

V. PRESENT PERFORMANCE OF THE COKE PLANT 

The numerous endeavors for pçogress which have just been described have 
enabled a pl a nt which ~as already efficient to attain a very hi~h \evel of 
results in both productlvity and Guality. 

Tabl e III p ~o vides a synthesis for the last two years. 

Up on examination, the following essential points can be underlined : 

productivity has considerably advanced, now reaching a level which 
has rarely been attained for a plane comprised of a group of ovens 
associated with its set of machine s ; the high level of reliability 

· of the latter is the main reason. 

the thermal level of the bacceries remains reasonable given a 
wall temperature of less than l ,300•c for- a coking time of 16 hours. 
Horeover, t he great regularity of the charglng/pushing operations 
also shows the tendancy towards a mastering of the operating 
condit ions of the ovens. 

heat cons umpt ion i s at A relatlvely low l'evel consldering, 
especially, the high wo rk rate . The automatlc heating operacion 
with the CRAPO process t1as provided a source of ~reat progress 
in t_hi s f i eld . 
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the quality of the coke in regards to both its physic~l and chcmical 
charactertstics has been perfectly, continuously ma s tered. This 
quality thus meets the requirements of the two blast furnaces whi ch 
are wel l-known for their excellent results. We should empha size the 
lou moisture level of the coke combined with its great regularity 
which is essencial for modern blast furnaces which have a very low 
consumption leve! (approximately 450 k~ per ton of PÍR iron at 
SOLMER). 

the relatively low volatile matter content of the blend and the high 
coking ra te require extra-careful surveillance in regards to bot h 
s welling pressure on the walls and coke shrinkaRe• For this 
reason, tests are regularly carried out with the assistance of 
the ''Centre de Pyrolyse de Marienau'' using a pilot oven with a 
movable wafl. 

in a similar line of thought, which concerns the permanent endeavor 
for preserving the batteries, these levels of performance are of 
course realized while maintaining continuous surveillance of the 
state of the ovens an4 the r~lated tools of coke produ~tion. 

The actual operation of the coke plane meets SOLHER's objectives which 
is to attain a high level of productivity and cosc-effectiveness while 
constantly improving the quality of the products. Such an ambition can be 
realized only if there is joint action ln the social domain of motivation and 
participation of all the personnel. 

Onl y in these conditions can we hope to maintain a viable world-scale 
level of competitivity. 
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CIIMl~CTER!STICS O~ SOU<ER ' S OVENS 

CARACTERISTIQUES DES F0URS DE S0LMER 

NOMBRE 

(ONSTRUCTEUR 

TvPE 

31-1 CARNEAUX 

Nunaber 

Bullder 

JUMELES PAR 
J4 couplcd rlues per heatlng 

ÜJMENSIONS A CHAUD 

~ batterles or 72 'l,nd )6 ovcn s 
L BATTERIES DE 12 ET 36 FOURS 

DELATTRE LEVIVIER - OTTO 

COMPOUNO - UND:RJET 

PIEDROIT 
wall 

HAUTEUR (SOLE A VOUTE) 7.59 M 

HAUTEUR UTILE 7.22 M 

Length race to face LoNGUEuR ENTRE ARl'IATURES 16 .67 M 

Workl.ng lengtn LONGUEUR UTILE 15.81 M 

Average width L ARGEUR MOYENNE 438 MM 

Oven taper (ON I CITE 76 MM 

center distances ENTR 'AXE 1.4 M 

Thickness ar wall f;.PAISSEUR DES PANNERESSES 100 MM 
liners 

EPA!SSEUR Oven-roor thickness OE LA COUVERTURE 1.7 M 

Work1ng volu•e VOLUME UTILE 50 M3 

Table I 
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O!O L OC!CAL WASTE WATER TREATNENT 

TR/\fTEMEtH BIOLOGIQUE DES EAUX 

RESULTATS EN MG/L 

RESULTS !N MG / L 

1 ! Oeíore After aft e r ae r ation 

1 
AVANT APR ES APRES basin 

TRAI TEMENT TRAI TEMENT L AGUNAG E 
1 

(R EJfT EN MER ) Treat•ent Treat•ent 

(S EA EHLUENT) 

PHENOLS PHENOLS 290 0,19 0, 10 

CYANURES CYANIDES 6 LO 0,11 

. 1 
SULFOCY ANURE S SULFOCYANIDES 110 2 2 

AMMONIAC L!BRE f"REE AMNO~IA 50 !J2 !J4 

AMMON[AC FfXE FIXE O AMMPNIA 115 130 l!J2 
1 

o.e.o. e.o.o. 2080 !JOO 205 

MATIERES EN SIJSPENSION - 135 15 
SUSPENOEO SOLIOS 

Table Il 
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RESULTAT S CARACTERISTIQUES 
O~ERnTIONAL DnTA 

ANNEE 1985 
YEAR 1965 

PRODUCTION 
pushlng s / day 

NOMORE DE DEFOURNEMENTS/JOUR 
Dry coal input (t/d) 

CHI\RBON S EC ENFOURNE lt / j) 
Ory coke productlon (t/d) 

COKE TOTAL SEC PROOJIT {t/j) 

CDKING CONDIT!ONS 

CONDITIONS DE CARBONJSATION 
Cl.JRiEkbÊ9 cL1r~ ( h) - ..o~E.~~egc 

standard dcviâ ion 
- ECART TYPE 

heating wall temperature 
TEMPERATURE DE PIEDROIT (º C l 
heat consumption 

CQNSQ!4,\A TI 0N THERM I QUE 
( t h/t charbon scc } 

(th/t dry coal) 

MELANG( BLEND 

f-UMIDITE (¾ ) Hoisture 

rNi\i~ibi ~~liklsctôt.i½Lit~1it 
bulk densit_y (on dry basls) 

DENS I TE DE CHARGEMENT/SEC 

BLAST FURNACE COKE 

COKE DE HAUT-FOURNEAU 

~iWttt c,: 1 

I 10 

I ~ O 

C.S . P.. 
ash 

CENDR ES (¾) 
sulphur 

SOUFR E ( ¾ ) 
alkalis 

ALCALINS ( ¼ dan s les c endre s} 

Table III 

156.ll 
5860 
%11 

16.35 
0,58 

1276 
643 

7.2 
23.7 
0,75 

2,8 
19,0 
ll2,9 
57 ,7 
10,5 
0.65 
2,01 

YEAH r906 
ANNE E 1986 

TRIMESTRES 1.2.3. 
QUARTER S 1,2,} 

158. 9 
5941 
ll710 

16,12 
0,42 

1281 
632 

7 ,ll 
23 ,9 
0,75 

2, 3 
19,l 
42 ,9 
58, 9 
10,8 
0,58 
1,78 
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FIGURE 5 EVOI.UTION OF Tl1E IIE ATING PAUSE FOR 24 1101:JR S 



l!Ji1 17.0~IT}. 1. r:iot l LIS 

0 1, S • Coke le ve i - - - - - - ·- - - - - - -
0 !. . 1,. 
0 6 , l!, • 

6 

5 

L. . 

3 

2 

• W11ll (Pyro,,1111ter) 

em 1000 1200 

FIGURE 6 COICE TEMPERATIJRE PROFILES GIVEN BY THE CôKE-GUIDE PYROMF.TERS 



C.'\l.("l :(.A TION 
<H' C:OKI~(.; 

IU:AT 

IATlUlY Ct1ARGING 

ILEtlO 
WElC .. T 

- · tl(ATIN(i l 
CA5 

-CALC~~-:T:~M'ALClll.ATION}-{---- -·1 1--- ---7 
1-• --1 or IIEAT . OF JIE,HING TIM EA ~ OVENS j ' 

REQU.JREMENTS l'AUSF. _ _ _ _ ,._! 1 

' -- ·--·--· -4· -··---- -1· -

FIGURE 7 

CALCUI.ATION 
OF CORIIF.GTION 

COF.FFICIENT 

WASTE ~ 
GAS 

~~RACH:_T~ 

CQK E 
T(MP[ílATURE 

DY C011;E GUIO( 
PY.11.QMIT[.II.S 

PIIODUC[D 

GAS 

nM,u•.ATVl'lt: 

FLOW SHEET OF THE CRAPO SYSTEM 



467 

~:.-~. 
-,,._,....;,....,..,.. ..... -.-...... ..,..;...,_,..;,.. ...... .,.,,,~-..c.. ..... ..,..-.-.-..--~-.r-too 

:.,,·;;·,. :1:., 

1 lft? 

,. ,....,.,.,-rr=,. vl1.I 
"li:ij 

FIGURE 8 GAS TEMPERATURE IN THE ASCENSION PIPE 



,, 

468 

" ,:; U J V I n E !i O E F° O IJ R li E h C H T ~; 1: r C N F O U R N ( H l:." t" T S f' O S T E: 

í1/\T(: l4 --0~,-C7 tClli,'C: :-'l·-00-1i 

•••• ..................................................................... 11:.II ••t:••••·••-••••••••••••••••-•••·••·••••·•••• •• •••• 
"NVHERl'lttO-ff'OllRMEHEJiT•OCFCXJRN(:t'lt;'.NT• rat..lREE • ECAAT •E:)-Ê°OllRh'EKCNT•HEURE ['IEF"OURN. •TONNI\GE•S ILO• 
" Ff'll rR • Pf.."ECEDf"NT • •CUl !;-S(.V~• •F"REVT S JONt~ELLC• FQUR • 

l ,. 
3 • 

. :-, . 
6 • 

7 • 
H • 

10 ,, 
1 :! • 
, 3 .. 

• 1-t 

16 
tõ 1 7 • 
-t 1 9 

• 20 • 

"' 
- :-:; ,. 

26 
• ~7 • 

• 28 . ~· 
• 30 • 

"' 36 
• :'.\7 

• 38 
:•.<,· 
<O 

• 1,1 

" 42: • 
., 1,3 • . ,,_., . 
'"~ . 
• :,t, • 

•·,7 • 
,.,a • 

~J .. 

tS6 • 
tl,1 • . 
171 • 
2,"11 • 
~Oó 

211 " 
153 
216 • 
2:!l 
226 " 
23 1 • 
~36 • 
Jl):l 
\CO • 
113 " 
118 • 
1 ~3 • 
t20 • 
133 
130 -. 

1'\~ -
\• 8 -
15A .. 
163 .. 
16" • 
':?03 " 
208 • 
::!13 w 

210 • 
?.23 • 
27~ tt 

?.33 • 
I(,:", • 

;.10 • 
ll ~ tt 

l20 • 

139 • 
1.::1:;,. 
t•o .. 
l"!'i"' 
1~0 "' 

. 1:;:--; -
160 • 
ll--, • 
t7O t

·~0-~ • 

210 • 

:-:--o . 
'. ~2:;i .. 

:!:--o " 
:-! ~ ';- " 

21H1? 
::!UC!P 
21H36 
:,1H:",) 
:!th':;O 
22HO:::; 
VIDE 
:'2H",0 
✓.2H"\6 

23-(.."';5 

~~~ 
2-'!.JJb 
2ZH"•5 
23HS2 
231-G'1 
OOf:06 
OOH12 
OOH19 
OOK26 
OOH3:? 
OOH-"'\8 
OOH49 
C>O..r.ió 
01HO:J • 
O LH19 
01H24 
OLH31 
OLH..'7 

: OLH4::S 
01H:'i1 
OlH:"";7 
O~HC·"J 
02H1.6 
O:!H:'.",C,, 
0Zli3:! 
O:' ll~i::? 
r):! tl".1 
02H::i0 
n21r.·i? 
o:um:--; 
03H10 
03111:::; 
03H:!:! 
OJH:'0 

o:,:•1:-0:::; 
03if:;1 
03ten 
~.\,,,·,.; 
CV,HlO 
0-41117 
0'iH;'4 
O✓.HJl 

13)1lJ 
t3ff.JO 
13)1:J::; 
13111, ::;:: 

13H~l 
1::-1r:;1 
VIDE 
14Hl7 
1 4H:\6 
tliH-',4 
1 "if-G:": 
1SH07 
l!°,H13 
L!:;HJt 
1:iH37 
t:.H4•l 
1~1-r.:il 
lSHSó 
16H07 
lóH lJ · 
16H::?.3 
lóH29 
16H3/,•-
16H-4!; 
1óH:i5 
17HC.'.> 
17H l2 
17H10 
l7H:;:.A 
1;"1t3:? 
17H41 
I7114 7 
} .~:...:- ,: 
h1H J3 
1 ~. :; 1:• :" 
1 : ·., ô.~ t 
1~; 11 •. -, 
l!JiF,S 
l t!I ;4 ~: 

i?ll'>2 
lrhHI 
J.';>H L7 
1?117:' 
1'111:!7 
i?il:1:\ 

1'7•1', ~ 
, -.. H":",,'.) 
l'"i'/1:';'? 
20H•6 
:'OH~O 
:"OH26 
:.'OtB::! 
::011:::.n 

• 1:-•«s6 • OCt-101 
lóHV:"? ~ 00t•r,-, • 
ISH5? ,. 00.10<4 • 
l~l • 00H{l4 

• 1~G3 • OOHO:! • 
11 l ~<S4 " OOHOt 
• VIOE • VIOC " 
• L:;t-07 ot OOU 10 • 

L:";i~0 • OvHOS • 
• l!'".fl'\? • OOH06 • 

[9,Gt « OOH.'.>.; 
• l~.f('-.,;,:,l • 001f03 

l:"1117 li OOHlE, ,e 

• L::.1--1•6 • t)ôH09 • 
lSH-',:; • OOHlO • 

• lSH,.,5 • OOHtO • 
l!kl45 • OOH10 • 

• 15i•l'o ✓• • OOHl 1 • 
• 15Ht,8 • OOH0 7 
• LSl-i",7 11 OOH08 • 

ls.Gl • OvHv~ • 
• 1?--(51 • OOHQ ✓, • 

15H47 • OOHOB • 
• 1!'.iH"'i9 • OOH06 • 
• 15tt5J t1 OC>H02 • 
• 1SH•H • OOHl 4 • 
• \ 5"48 • OOH07 • 
11 1:Sft.47 • 00Hô8 • 
• 15H49 • OOH06 • 

1!"".H• 7 111 OOHOB • 
l!iH:'iO • 001105 11 
l!:'4CO • OOHOS • 
l~ã. "O,~H:)-', 

,1 l:iHSi' 111 O<'•H02 • 
1.::..,.r. ;<., ,. O·)HOl • . 
1 :-"of-<::•; • OOHO,\ ,, 

J l>ft<,2 1;t>:f.'.>7 • 
i. tt.H04 íl'\,! •:0•1 • 

1 ~~{J • O•:•H-03 
• , lt.1-103 • O":>HOB • 
• ll.HOl.., 0<)1•11 
.. 1t.:;07 • ov111:..: • 

\6H•7 • OOHI ~ • 
• ll.llOS ,. OCIUO 
• 1 /dK,:; • 0(\;1!0 

lMUO • Of'Hl:i • 
l!:.iC'i? • C,OH01, • 
J6H01 • OOHOI., 

• 16HO~ ()()H07 
• 16HIO oo,u::; 

J/.lt07 • C)Ott1.; 
• li-11·:,0 • OOHlJ 
"' lhUOi' • OOtlt 2 

13HJ? 
131(34 
13109 
13H4t, 
tJH:iS 
14H03 
14Hl3 
14H21 
1.t,H ,,O 
14H.1,9 
J 'iH:;7 
1=-i111 
l!illt? 
t!'iH3S 
lSH"'I 
l!iH48 
l~S 
16HOO 
16HL1 
lbH1 7 
16H:'.!7 
1óH3J 
16H'i0 
16H49 
16H'59 
17H04 
17Hló 
17H22 
171-00 
l?'H36 
l 7H4:; 
17851 
lB"rl00 
10Hl7 
lBH:26 
1BH3=:; 
1EIH44 
VIDE 
l~~~ 
191i0.!. 
\91it :; 
u·11:.:1 
19H;: .S 
t9H31 
19HT:" 

1911.Jt? 
19tG.r. 
20HO:J 

. ~CHl O 
:0".'.>H:''-
20H30 
::01 1!.t, 
201M:! 

o:;i. 11 .1, 

0'5H2? 
0$1134 
0'5H"il 
o~.::;o 
OSH::iO 
06HOB 
06Hl 6 
06H) ~ 
06H•3 
OólG:-' 
()7HV6 
07111 ;> 
07H30 
071f3l, 
07l-••',J 
07""'0 
0-,...r.:;:s 
08H06 
OBHl:! 
OSH2 :! 
OSK:!O 
08H3S 
OBH44 
OB~"• 
omrs? 
0 9Hll 
09Hl7 
091-<7.:r; 
09HJ1 
09H.Jo0 
09l14b 
09tW~~ 
10Hl 2 
101-i~i 
1:"llf.JO 
10H3? 
vrr1c 

101;.•, 7 

11110 1 
tllU0 
!Hil l, 
llll:-"1 
JJ ll2.l, 
l!H~:: 

11t1.Ji 1, 

11141,',' 

1 111::;o 
J.2HOS 
1:.!HlC: 
1 :'J--•:~~ 
i :.-11.,· 
1 ~11.17 

• 41.70 • l • 
• '\ l. 7 0 • 1 • 
• -4 1 . 70 • J • 
• 41.80 • 1 • 
• ✓.1.76 • 
• .ijl .80 • 
• ~l - 70 • 1 • 

..\1 .:;ó • 1 
• 41.i'O • 1 • 
• .Ji1. 70 • 1 " 
• -'11 . 6 6 • l • 
.. -.1 • . e.e 1 • 
• ✓.t . 7C • 1 • 

41.7"' • l 
41.9<lti • 1 • 

" ·'12.02 • 1 • 
"', 2 •. 18 • 1 

• 4 2 .1"' • 1 
• .t. 2 .10 • 1 • 

42.16• 1 • 
• J\l.'90 • 

1,1.00 • 
• 1,1 .02 • 2 
• 41.90 • :! • 

4-t , 76 • 2 • 
.ltl .Dó • :? • 

• .c.1-E.c, • 2 • 
4l .94 • 2 t1 

111 .J,2.')l, • 2 • 
.;:,:.oo • ':! "' 
.·,1 . 11l, • 2 • 
•i l .:lO • 2 
-.1.é:4 • 
.·.2. 12 • 1 
.J,~.10 • ·1 
.... ~.18 • 
4i.oa •. 

VIDE H • 
"•:! - ~2 • l 
·i:'.~b 1. • 

• "=-~e • 1 • 
42 .28 1 
'-2.:!0 1 • 
'- ~ .:'b 1 • 
.1,~.20 l • 

.\~. 18 1 • 
4:!. 30 • 1 .. 
-'2-~R l • 
.:+:'!.~2 l • 
.. :.-.te 

• "i::! . :'6 
4o2.:.06 • 
4' 2 .32 • .. . ~" .. ·"'""'' .. "" ................ ., ........... ,. ............................ ~ .. , ... ,_ ............ , ..................... . 

10 

r-inns MOYH, 11.::., o.:::;1 n.-v, r. .. -•1 c.:\b n.49 a .. :.:.1 u . .J1 o .... .l fJ.JA 

TOLER.-.t••cr:5 o.:'h Q ;.ii 0 . . 1.6 C.:'t. n .. "'!~ ó.~3 o .. u 0 .. 30 o.JJ JO.:'J 

r:riJ:r.r.r.rTn;i 1 .vo:, 1 .·."':'11 l . 'lOO O.',"';Ç' 1 ."'lf'!O O.?'}'I 0.9'-19 1 .O~ J 0.796 l .<iOt. 

SOLMER COKERIE Fig. 9 



........... ·······-···················· ............... . 
• RAPF'ORT JO URNALIF.R CUKCRJ(• .......................................................... 

t,LL Ul ,t. : l l,:.' , /J [Otf::E l',( CUlS~f VISE[ 1 1~C~ JOlK.:rn: c r,1 ~:' •t>? - :1~. tl •: !',,, n ~,,, 

F·r;CJl~ICTltlN ••••••••••••• .......... , ... , ... , COt/$ 011. TttEnr·nOUE.s •••••••••••••••••••••••••• ll'.hí-"[f<l\ 'TU'l,1: rl),!.E ........... .. 
n r·:! .. , ,3 • ro r • ,o, ru1n • %' f"OUfl • / S(C •Cll'P<.•tll-'I'.• (V l $E.(: 11r-c 10:.'1) .. CYt;u: • {:'f t:U : • .~lt!'., 

• / !i[C COt< 10~0> -:! • - l 
• f"rlJOIJ1 ; ~1t nffl l 

1,1: rrn11:111111 " ' :; ,, !,3 Ili\ • 

1.•Jld '.I 1·.111 ~;•. :, )11 • l : ,1~ ~ • 111110 :'.i • J~.11 ' •" • 1~ 1~, " • 
l•f'\ 11 EHtE :! 

• OOH1J ":, • OOH1 :t •OOJ IOU • OOI t l ~ • 

• , 111 flll 1,1r.:r1 r cr.· niun OIF OUlmE ['1 f ·:, :':Jt. • l•n f TEl( l ES 

COK 

COt( 

6 :-!5 . . l 11F( l t'O:i . • 10.I~ . • 10:.· .. ,. 

" · 1 l,1 :' . 0 • f'<t\ l 'f [1~ 1 E' 1 

100.0 6 :111.0 
l lf'f ~ft\. • '1?J . • •;11•1. • 

º··º " o.o 1<,"lllt'.l.:JE ::' 

o . • o . • {). • 

97.J 630.5 
l,:10.0 ........ T(:,r[, : ,'\ lllf ,:( 1:,, z l\l l'l( CU, .. CINl't\.'.'i • • • • •• • 

• lltl 1-n; FU\11; !; 'JI I<:~ f\ (~1 0 116 O • l c r :! 

• • ••••••• •••• ••• t'ICLNK;[ •••••••••••••••• 

CIJI'\ 

COKE•l:f" 

2. 7 • l,l:!.O 

97 .3 • ó:15.2, 

.,,o I •[ f"Ol.:/\\Jl.[ fl :;11::;7 <\J l,(í--U I S L[r':!0-09••·· rhU! ;F.: (Etl ~EC> •••• Cllt\lí::Ufl l'lf CílKEFAC T 
:tL,; •flJH l tE 

• f'O tl•!· H\."1 {1€ c r,R[lt)tll S[ / f'OUR t -'tO . ~l T • MTTERIE l 60 . 
l,OJ . 1"11/'T 

• (l :N fí - T'l'n'. O. IM ~tf·nLAllF../'Fl'II.IHtO.JOT • ltATTF.Rl( 101 . 

••n~ 1 :.-,06 • 1:-1 11,. 1:·11::. · • 
• Ml./l'i[ Ul l• ,"11 1 1 

'" 
• H/\:itll1llf"I • 1v,rr :· 

l,; ()f( • OOt l()•J• l'l'll'.1(1 • O\ ,, .. ,. , . 

Clll"lt EIIR IJE' rn.:::1,c111 1N •••••••••••• rrnr·rr,r1 TU'-l~ Pt([,f,·l)Jl5 ......... . 
•(;J.•f,,I\J I (O.:: : 17 .tJ e:! : 1,5 ." )t':UI 7.2 •'111••• IIF ENRl(:111 ••••• -+ E.t:,ºff{ í IWCLAflf. (FIINlr ti€ C':/\WlJ:,AUX) • ,J·· ~ • •J- 1 .J•I\Jl .: 

• t1<J I~ 1 1•f;l1J\Jt:r:. :.-J.5 J:.1.:ELL[S .J- 1 :!~\.<\ • Jr.J VJ !:F t\ !;li 811:"; • 110 TI V T tlf"E l:-!1.1~.• 1zi::o. • 1 ~••1'.!.. • 
lV\f'TF.RfE 1 

.............. f)lJ,'\L J rr. COKI::'. •••••••••••••• Tnu,: IJ ' ENn t r.tll SSMí ....... Gt\l Pf~1lf',UC'TJON COK l:'7;'.• 1~'11.• l':fl :l.• 
PJ • f ' l • 1'2 • (•nTT 1 5.'I • 

[ lf::l.llT VULINHJ/10 O:.{ . 1• ••·e 1~7s. • 1201.• ,~·,,,_ . 
• ll,IM11t1T( IV:fTH<l f. ~ 

rcr (KCAL /t!MJ) .-. :.; 16 . • CO"- 11 o .• o . • o .• 
1 10 19. :;? • J 9 .I,• lY-~• • PC I . /OURU , IIF 1,00. • 

• ... . •••• • • c:ur,r.-rr:r 10 ,4 C:ON5 . ri11:..'1~r1 . • • • • • • • • • 

1 "º • ... , .:.•• 1, 0 .9 • 1,1 .';! • llfl"l ''º'·· · 112 63 .?lt • Clll, ~<\ . :') • ,-1,1Jf'{1tn 1nN,,CLl[ •lXlt:-J • t :1.ii:-:--,:1:11. - 1• 

::e .o•, 1•: f.:! ?l~. • LU :i .'7 1 • N:! I .':.? • 

.. 1:!lt l . llJl1fitlf:E l'IU XX. XXI XX .XX ...................... 1:cw·,~•ILE \.fJM(l!J!.llflN 

••• .. ••-•••••••• F.:XTlttCTION 11••• .. •-••••••• 
F'l • r·z • r·:\ • CO:! tl(ilfíR€ (I IFC) Gl'IZ 

• [ lllf';F.E 6?.• 7:!. • 1,1\. • 

,. 11:~ . ,,,,r.,tt.: 
rn,11 :·ru111 J;rl tiE:r~IT . ... ......... co 1-11t1t."E ~ 

(IÃTT. 1 l tl\11 .;: 

:!l.,.'i'J 

XX . XX 

XX . X 

XX .X 

'2A. 70 

26.SII 

J .JIL 

O. U(I 

• f'(f,M ;1: O r-nc,~,E ,,, XXX 11 : : XXX ••••••••• (!fJI Jr; l_f'l l:if 01· • l tlll"'" l '. 2/ llr•r'I: .... , 

• (X I ltJf: I 11.HI O. E. r,.II CIII í': Hr11 •:: 'li, . <\ /'CIIINI[ : ?'I. 7 ltl~ll1'1 II ~ I Oil.:' 

. . 

1111/ 1)~~· · · ,,un. 
f •l"\ITI 1: tf: l 

onr TER 1c :-

1,,, 1 ,rn11: 1 

(1,,1 l f. HIC :! 

,,:-,:: - 11.1 - l.4 -:: .u 

Cl"lt: l '.'.ô IO.:; 10.~ 

u ·r 

COK 

rnr< 

o.o 

o.n 

O.ti 

o.o 

o.o 

1. ·1 .. -0.J 

o. o • o .o 

•.O 

0 .1.1 

n.o 

o. o 

(l . 1\., 

11 . Cl 

o. ,, 

O.ti 

....................................... "' .................. li"' ........................................... " ••••• " ••••••• ••••••••••• •••• •• 

FIGURE 10 : DAILY REPORT 
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